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Chapter 1

INTRODUCTION

ARFEA OF INTERENST. This study--the third of four
volumes that cover the eatire "SWANEA" (Southwest
Asia-Northeast  Africa) region shown in Figure
1-1--describes  the geography, climatology and
meteorology of the Near East Mountains, This area
includes Turkey, northern Iraq, Iran, Afghanistan, and

Pakistan, For this study, the region known as the Near
East Mountaing has been divided into six zones of
“climatic commonality”: the Indus River Valley, the
Eastern Mountains, the Central Deserts, the Wesiern
Mountains, the Caspian Sea Plain, and the Black Sca
Plain. Thesc zoncs are shown in Figure §-2,

Figure 1-1. The Southwest Asia-Northeast Africa (SWANEA) Region. The shaded portion

marks the Near East Mountains region,
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figure 1-2. The Near East Mountains and their Six "Zones of Climatic Commonality." (1) The Indus River
Valley, (2) the Eastern Mountains, (3) the Central Deserts, (4) the Western Mountains, (5) the Caspian Sca Plain,

and (6) the Black Sea Plain.

GEOGRAPHY. The Near East Mountain region
extends across a 2,300 mile (3,700 km) arc {rom Asia
Minor to the Indian Subcontinent. Rugged mountains
and high platcaus, many over a mile (1.6 km) high,
dominate the region. Lowlands, primarily or the coasts
of the Black and Caspian Seas and in the Indus River
floodplain, are confined to the region’s northern and
eastern borders. A line separating the coastal lowlands
from clevations above 3,280 feet (1,000 meters) forms
the region’s western and southern borders to Pakistan’s
Hab Rier.

East of the Hab, the Indian Ocean defines the southern
border. The borders that separate Turkey, Iran, and
Afganistan from the Soviet Union forms the region’s
northern limits. On the east, the region is bounded by the
India-Pakistani border. At the time of this writing, arcas
of extreme northern Pakistan and India were in disputc;
the region delined here extends to the current cease-fire
linc.

STUDY CONTENT. Chapter 2 provides a detailed
discussion of the major meteorological controls that
affect the Near East Mountins. These range from the
macroscale ("scmipermancnt climatic controls”) through
the synoptic ("synoptic disturbances”) to the mesoscale
("mesoscale and local fcatures). Individual treatments of
each climatic subregion in subsequent chapters do not
include repeated descriptions of thesc phenoincna, but
provide specifics unigue to an individual subregion by
focusing on mean distributions and local anomalics of
sky cover, visibility, winds, precipitation (inches), and
temperaturc. Mctcorologists using this study should rcad
and consider the detailed discussions in Chapter 2 before
trying to understand or apply the individual climatic zonc
discussions in Chapters 3 through 8. This is particularly
important because this study was designed first as a
master reference o the entire Near East Mountains
region, and sccond as  a modular reference o its
subregions.  Chapters 3-8 discuss "situation and reliel”
and "gencral weather™ of cach subregion by scason.
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The Indus River Valley (Chapter 3) extends from 67° lo
75° E and from 24° to 34° N. Monsoonal circulations
(Southwest and Northeast) dominate its weather and
climate. Because cyclonic activily rcaches the Indus
River Valley during the Northeast Monsoon, tempcraic
zone and tropical meteorology for this scason arc
discussed. Tropical melcorology, however, controls this
subregion the rest of the year.

The Eastern Mountains (Chapler 4) lie between 32° N,
61° E and 38° N, 75° E. Massive mountain ranges, deep
clevated valleys, and platcaus dominate weather and
climate, which can vary significantly from one valley or
ridge line to another. Precipitation distributions are
controlled by cyclonic activity, while cloudiness
distributions are affected by local mountain/valley
circulations.  Southwest Monsoon circulation only
occasionally produces heavy rainfall, thick cloudiness,
and low visibility over scctions of the Eastern
Mouniains;  the discussion of this region therclore
mentions monsoonal flow patterns, but cmphasizes
"temperate zone" meteorology.

The Central Deserts (Chapter 5) form a vast platcau
surrounded by nassive mountain ranges that are
responsible for the subregion’s aridity. The region lies
between 50 and 65° E and between 27° and 37° N, It
has only two distinct seasons: wet and dry. Transitions
between wet and dry seasons are so short (1-3 wecks)
that they are not discussed.

The Western Mountains (Chapter 6) comprisc threc
large and distinctly different mountain compiexcs that
control weather and climate; these complexes are the
Anatolian Plateau, the Zagros Mountains, and the
Northern Iranian Mountains (also called the Elburz and
Turkmen-Khorasan Ranges). Each is discussed in detail,
with important differences highlighted by individual
figurcs for cach climatic variablc. Chapter 6 dcals
exclusively with "temperatc zone” meteorology and
mesoscale (mountain/valley) circulations.

The Caspian Sea Plain (Chapter 7) is an isolated strip of
flat coastal plain that rims the southern Caspian Sca.
This narrow subregion lies between 36° and 40° N and
between 49° and 56° E.

The Black Sea Plain (Chapicr 8) is another isolated strip
of flaL coastal plain that rims the southern Black Sea
between 40° and 41° N and between 29° and 42° E,
This region is wedged between the Black Sca and the
rugged mountains of central Turkcey.,

CLIMATOLOGICAL REGIMES.  Although the
climatc of the Near East Mountains ranges [(rom
monsoonal to arctic, temperate zone weather affects all
six subregions during at least part of the ycar, Tropical
meleorology plays a major role only in the Indus River
Valley and parts of thc Eastern Mountains subregions,
One tropical feature, the Southwest Monsoon, allccts the
Central Deserts and the castern portions of the Western

Mountains.  Becausc all six subregions sec major
differences  from  the  classic  3-month  “winter-

spring-summer-fafl” pattern of the temperatc zones,
scasonal definitions arc given at the beginning of cach
subregional discussion.

CONVENTIONS., The spellings of citiecs and
geographical [eatures are those used by the United States
Defense Mapping and Aerospace Center (DMAAC).
Distances are in nautical miles (NM) except for
visibilitics, which are given in statutc miles. Cloud bascs
and ceilings are in fect/meters above ground level
(AGL)* but cloud tops are above mcan sea level (MSL).
In some mountain ranges, bases may be given in MSL,
also. Elevations arc in feet with a meter or kilometer
(km) cquivaicnt immediatcly following. ‘Temperaturcs
are in Fahrenheit (F) with a Celsius (C) conversion
following. Wind speeds are in knots (kt). Precipitation
(inches) amounts arc in inches with a mitlimeter (mm)
conversion following.  When synoplic charls arc not
provided, only local standard time (LST) is used.

*NOTE: The AGL cloud bascs given in this study arc
generalized over large areas, and readers must consider
terrain before applying them. The AGL cloud bascs are
normally representative of valley reporting stations, but
not of locations in surrounding mountains where ccilings
and cloud bascs would be lower and where, in (act, many
locations would be obscured.

DATA SOURCES. Most of the information uscd in
preparing this study came from (wo sources, both within
the United States Air Force Environmental Technical
Applications Center (USAFETAC).  Studics, books,
atlases, and so on were supplied, with rarc cxceptions, by
the Air Wcather Scrvice Technical Library (AWSTL),
thc only dedicated atmospheric sciences library in the
Department of Defense and the largest such library in the
United States. Climatological data came direct from the
Air Weather Scrvice Climatic Database  or  through
Operating  Location A, USAFETAC--th¢ branch of
USAFETAC responsible for maintaining and managing
this databasc.
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RELATED REFERENCES. This study, while more
than ordinarily comprehensive, is certainly not the only
source of meteorological and climatological information
for the military meteorologist concerned with the Middle
East Peninsula, The United States Navy has published
several excellent studies for the Persian (Arabian) Gulf
and northern Indian Ocean; these studics also discuss the
metcorology for southern portions of the Near Eas(
Mountains region. USAFETAC's Readiness Supporn

Section (ECR) occasionally prepures special narrative
climatologics for smaller arcas or points within this
region; contact ECR directly for information on such
studies. Station Climatic Summarics for Africa and Asia
provide summarized observational Jata for many stations
in the Near East Mountains, Stalf weather officers and
forecasters are urged (0 contact the Air Weather Service
Technical Libeary for as much data on the region as is
currently available,
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Chapter 2

MAJOR METEOROLOGICAL FEATURES OF THE NEAR EAST MOUNTAINS

The "major meteorological features” of the Near East Mountains are listed below as they appear and arc described in
this chapter, These features generally affect the weather and climate of the Near East Mountains the year-round;
because of the study area’s size, however, some features may not affect all six subregions. These large-scale
features may be discussed further in subsequent chapters as they relate to an individual subregion.
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SEMIPERMANENT CLIMATIC CONTROLS

SEA SURFACE TEMPERATURES  (8STs).
Although not much of the Near East Mountains region is
coastal, the five large bodies of water on ils periphery
contribute 1o its weather and climate. The water bodics
o be discussed here are the castern Mediterrancan and
Aegean Scas, the Black Sea, the Caspian Sea, and the
North Indian Ocean.

The Mediterranean and Aegean Seas control climate
over the Anatolian Plaleau indirectly by providing
moisture and energy for systcms moving as far east as
Central Iran and the Persian Gulf. Although their
coastlines arc not in the Near East Mountain region, the
proximity of their warm waters results in mild winters
and cool summers within the marine boundary layer.
The annual SST range is 49-82° F (9-28° C). The
southern and eastern portions arc warmest, and the
Aegean Sea is always coolest.

SSTs in the Aegean (49-59° F/9-15° ) and
Mediterrancan (59-65° F/15-18° C) Scas arc lowest in
January due 0 thc presence of polar continental air
masses and subsurface mixing. In spring and summcr,
warmer SSTs moderate polar air masses that cross the
region. By July, SSTs peak throughout the basin; castern
Mediterranean coastal waters are at 78-82° F (26-28° C),
Fall SSTs stay high in the Mecditerrancan Sca, dropping
faster in the Aegean,

The Black Sea inllucnces the Black Sca Plain dircely,
with an indirect effect on the Apatolian Platcau. The
relatively warm waters result in mild winters and cool
summers within the marine boundary layer. The annual
SST range is from 32 to 76° F (0-24° C). The southern
and castern portions are normally warmest.  Mcan
monthly SSTs for the lour seasons are shown in Figurcs
2-1a-d.

At
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Figure 2-1a. Mean January Sea Surface Temperatures (F) in the Black Sea. January SSTs show

the strong influence of polar (and occasionally, arctic) air that reaches the Black Sca.

As might be

expected, the southern coast is warmest. Decper watcers in the castern end reduce cooling,
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Figure 2-1b. Mean April Sea Surface Temperatures (F) in the Black Sea. April SSTs
show significant warming along the southern shore of the Black Sea, but only slight warming
along northern coasts. Warmer water surfaces moderate polar air masses descending into the

region.
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Figure 2-1c. Mean July Sea Surface Temperatures (F) in the Black Sea. By July, SSTs
peak throughout the Black Sca; the warmest water is along the castern coastline (74-76°
F/23-24° Q).
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Figure 2-1d. Mean October Sea Surface Temperatures (F) in the Black Sea. Fall SSTs arc
9-12° F (5-7° C) lower (64-66° F/18-19° C) than in the central Mediterranean. Coolest walters

arc along northern shores.

The Caspian Sea is an arca of winter cyclogenesis.
Heat and moisture are added to the boundary layer of air
masses advecting into the region or 0 foehn winds
blowing off the Caucasus or the Elburz onto the Caspian
Sea. The end result is routine cyclogenesis on the
reiting end of cold (ronts moving castward through
Soviet Central Asia. Only the northern two-thirds of the
Caspian Sea (the area north of an east-west line drawn
from Baku, on the western shore) is shallow enough o
icc over; by mid-Dccember, most of it is frozen. South
of this imaginary line, however, depths exceed 3,000 feet
(915 meters) and the surface does not freeze.

Most clouds and precipitation that affect the Iranian
Caspian Sea coast occur after the cold front passes. The
flow becomes strong northerly or northeasterly and
orographic effects cause extensive cloud layers and
heavy precipitation. Once the upper-level trough moves
through, upper-level ridging creates subsidence that caps
any development. Low-level winds no longer have an
overwater fetch, and the clouds and precipitation end
until the next system enters the Caspian Sca.

The North Indian Ocean, a moisturc source during the
Scuthwest Monsoon season, primarily affects  the

Makran Coastal Range. The Persian Gulf is a moisturc
source for cyclonic activity during thc Northcast
Monsoon; it primarily affects the Zagros Mountains.
The marine boundary layer (where relative humiditics
average 40%) rarely extends more than 20 NM inland or
above 3,000 feet (915 meters) MSL. Coastal arcas have
a small diumal tcmperature range (10-20° F/5-10° C),
but outside the boundary layer’s influcnce the range is
larger (20-35° F/10-20° C). SSTs along the Pakistan
coast (the Indus River Valley subregion) vary lite
throughout the year, ranging from 73° F (22° C) in
January to 80° F (27° C) during most of the rest of the
year.

THE AZORES HIGH is part of the global subtropical
circulation pattern. This semipermanent high pressurce
cell’s center varies from 29° N, 29° W in January (o
about 37° N, 37° W in July. Mean sca level pressure
varies from 1021 mb in January to 1025 mb in July. The
Azores High's influence on e Mediterrancan Sca is
strong from May to October, when it produces northerly
and northwesterly winds over the Western Mountains
(the  Anawlian  Platcau) and the Central  Desen
subregions. It is weak from November o April.

N
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Figure 2-2a. Mean Januvary Position of the Azores High. From December 1o February, the Azores High exicnds
castward over the western Sahara an.! couples with a sccondary high pressure celi (the Saharan High) 1o form a weak
high-pressure ridge over north Africa.  This supports a Mcditerrancan storm track that directly affects most of the
region. I the Azoves High ridges northward over the coastal waters of western Europe in winter and early spring, a
blocking pattern may be estublished. This pattern can ict the Polar Jet slide south or southeast along the north and
cast side of the Azores High into the nonh-central Sahara. The southward displacement produces cold weather
outbicaks and severe duststorms in the castern Mediterrancan Basin and castward.  The Near East Mountains
subregions ¢ifecied are the Western Mountains, Central Deserts, Eastern Mountains, and the Indus River Valiey.
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Figure 2-2b. Mean April Position of the Azores High. From March to May, the Azores High moves slowly
west-northwest 1o acar 30° N, 32° W, This westerly spring migraton away from the African continent weakens the
mean high-pressurce ridge over north Africa. Cyclonic activity dips southward over the western Mediterrancan Sca
and Atlas Mountains. The castward track of these depressions affects all the Near East Mountains region except lor
the Caspian Sca Plain.
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Figure 2-2c. Mean July Position of the Azores High. From Junc to Scptember, the Azores High's mean central
pressure (at 37° N, 37° W) strengthens Lo 1025 mb. 1t can cffectively block any significant cyclonic activity into the
region. When the ridge is weak and low pressure nff Iceland is strong, cyclonic activity can penctrate southward.
Once every 5 to 7 years, the winicr storm track remains active across the Mediterrancan Sca castward into lraq and
central Iran. The prevailing mid-level winds (WNW to NW) over the region become moderate with the strong
mid-and upper-level troughs causing significant convective weather,

/
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Figure 2-2d. Mean October Position of the Azores High. In October and November, the Azores High weakens
and moves 1o a mean position of 35° N, 30° W, Depressions and [rontal systems again track far cnough south (o

affect the central and northern portions of the region.
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THE MONSOON CLIMATE. The term “monsoon” is
generally applied 10 areas where there is a scasonal
reversal of the prevailing surface winds, The generally
accepted definition of a "monsoon” climaic incorporates
the following critcria (after Ramage, 1971):

*Prevailing  scasonal wind  dircctions  between
summer and winter must change by at least 120
degrees;

*Both summer and winter mean wind speeds must
equal or exceed 10 knots (5 meters/sec);

*Wind dircctions and speeds must exhibit high
degrees of steadiness; and

*No morc than onc cyclonc/anticyclone couplet
occurs during January or July in any 2-ycar period
within any § degree grid square.

Figurc 2-3 shows the northern limit of monsoon
climate (dark line) throughout the Near East Mountnins
(shaded). Note that the Indus River Valley, the Central
Desert, and the Eastern  Mountains  (Pakistan,

Afghanistan, and eastern Iran) arc the subregions affected
by the monsoon climatc.

Figure 2-3. The Monsoon Climate with Respect to the Near East Mountains., The dark
line shows the northernmost limit of monsoon conditions according to Ramage (1971).

THE SOUTHWEST MONSOON is at {ull strength
between  June and  Seplember. Rainfall  over
northwestern India begins in latc May or carly Junc and
ends in early to mid-September.  Several [features
maintain, control, and regulatc the low-, mid-, and
upper-level monsoon circulation.  Differential heating,
Coriolis Force, and condensation/evaporation ol water
vapor trigger the monsoon.  Figure 2-3 shows the

[\

Southwest Monsoon circulation  with respect to the
region.  Figure 2-4 is a three dimensional view of the
low- (dark portion of the arrow), mid- (hatched portion
of the arrow), and upper-level (unshaded portion of the
arrow) Southwest Monsoon circulation and scveral ol its
important fcaturcs. The componcents of this circulation
that alfeet the Near East Mountains are discussed later.
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Figure 2.4, Southwest Monsoon Circulation Qver Southern Asig and the Indian Ocean (from Hamilton,
1987). The Tropical Easterly Je (TEJ) is discussed later. The Southern Equatorial Trough (SET) and (he Somali Jeg
have no direct influence on the Near East Mountains and are not discussed in this publication,

The Monsoon Trough can pe difficult 10 locate showers and thundershowers over the Indus River Valley
precisely as it moveg into the Makran Mountain Ranges, ang over the Zagros and Makran Mountain Ranges. On
but Figure 2.5 shows its mean positicn jn July.,  rare occasions, the moig warm air is deflected northwest
Normally it moves about 25 10 30 NM infand untj] and west over Afghanistan ino eastern Iran. The
reaching Jiwani, Pakistan, where it tums 1o he presence of elevated inversions due (o strong subsidence
north-northeast. Moist southwesterly ilow s iifted as it alof can prevent development of convection along the
meets the coastal ranges. The Monsoon Trough produces Trough.

- “

Figure -8, Mean July Surface Position of the Monsoon Trough,
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Thermal Trough, A broad-scale, low-level thermal
trough lies over northwestern India, southern Pakistan,
Iran, Saudi Arabia, and the Sahara Desert between May
and early October (Figure 2-6). Its primary pressure
center is the Pakistani Heat Low, which anchors the

castern end of the trough from India to the Sahara Desert.
The low is normally cloud-free.  Central pressure
averages 992-996 mb by late June. Separate sccondary
lows form over the deserts of southwestern Afghanistan
and southeastern Iran,

Figure 2-6. The Pakistani Heat Low. This low is associated with a large-scale thermal low-pressure trough
(shaded) over the SWANEA region during northern hemisphere summer.

Thermal lows over Afghanistan and Iran normally
have liltle effect on the region’s weather because they
have no immediate moisture sourccs. The Pakistani Heat
Low usually breaks down in October as solar insolation
decreases and the Asiatic High becomes established over
south-central Asia,

Tibetan 200-mb Anticyclone., This scmipermanent
upper-air cell acts not only as an upper-level heat source,
but as an outflow mechanism for sustaining surfacc
Monsoon Trough convection between May and October,
Latent heat of condensation from widespread convection
over Burma warms the troposphere and starts forming
the anticyclone in late April and early May (sce Figure
2-7a). Swong surface heating on the Tibewan Platcau
(mean elevation about 500 mb) shifts this massive
upper-level high to Tibet in late May to June. The mean
July 200-mb flow pattern over south-central Asia (Figure

(3]

2-7b) shows the large-scale anticyclone anchored over
the Tibetan Platcau.  Abnormally strong upper-level
troughs may causc the cell to disappear temporarily.

Satcllite rescarch shows the Tibetan Plalcau o be
snow-free 80% of the time during the carly months of the
Southwest Monsoon,  But by August, modcrate snow
cover produced by Southwest Monsoon . convection
begins to lower surface temperaturcs and increase surface
albedo. Heat energy that would normally have been used
for surfacc heating is now used to melt the snowfall and
evaporate the runoff. Surfacc tcmperatures are affected
immediately, but cooling alolt is gradual. Typically, it
fakes 1 to 2 months for surface changes to affect upper
levels. The upper-levet anticyclone weakens by October
as the surface trigger is climinated and upper-level
westerlics move southward over the Platcau.




Figure 2.7a, Mean May 200-mb Flow Pattern Over the North Indian Ocean and Arabian Sea,

Showing the Tibetan 200-mb Anticyclone (A).

Heavy convection is belicved to initiate the

anticyclone and sct up the Southwest Monsoon’s upper-level flow pattern over the western Indian

Ocean. The dashed lines arc isotachs (kts).

Figure 2-7b, Mean July 200-mb Flow Pattern Over the North Indian Ocean and Arabian Sea,
Showing the Tibetan 200-mb Anticyclone (A). The dashed lines are isotachs (kts).

Tropical Easterly Jet Stream (TEJ). Found only in
summer, the TEJ provides an outflow mechanism along
the southern edge of the Tibetan 200-mb circulation that
sustains  Southwest Monsoon convection.  Its mean
position is at about 11° N, but it oscillatcs between 7° N

and 18° N from May through October. The TEJ is
generally found between 100 and 200 mb. Its mean wind
specds average 50-60 knots, but 100 knots arc not
uncommon. Sce Figure 2-8 for the mean July position of
the TEJ.
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Figure 2-8. Mean July 200-mb Zonal Flow Showing Tropical Easterly Jet (TEJ). The dark arrow is the TEJ.
The stippled area represents casterly flow. The dashed lines are casterly flow isotachs (kis), and the solid lines are
westerly flow isotachs.

The "Onset Vortex" is a cyclone associated with the
arrival of Southwest Monsoon flow over the Indian
Ocean-Arabian Sea area.  They normaily develop
between mid-May and mid-June in the eastern Arabian
Sea or Bay of Bengal. They resemble, and can become,
tropical cyclones or hurricanes. The disturbances are 200
10 500 NM in diameter with a lifespan of 3 to 10 days.
Surface winds near their centers reach 50 knots or more.
Formation occurs at mid-tropospheric levels (usually 700
mb); there is subsequent intensification down to 850 mb
with strong low-level convergence. Strong westerlics

produced by the low-level Somali Jet develop before the
onsct vortex.

Figures 2-9a-¢ show 850-mb flow before (2-9a),
during (2-9b), and after (2-9c) a 1979 onsct voriex.
Researchers differ on the relationship between an onset
vortex and the Southwest Monsoon. Some belicve the
vortex is a trigger for the Southwest Monsoon, while
others think it forms in response o the Southwest
Monsoon’s move toward the Asian landmass.






80 !

Figure 2-9c. 850-mb Streamline Chart (1200 Z) for 27 June 1979 After "Onset Vortex."




THE NORTHEAST MONSOON--THE ASTATIC
HIGH. The Northcast Monsoon develops in October
and fasts through April. Outflow from the Asiatic High
produces the low-level monsoonal flow and primarily
alfects the castern portion of the region. The Indus River
Valley, however, is the only subregion actually subject 1o
a Northcast Monsoon scason; it lasts there from
December to March, The Asiatic High is a strong and
very shallow semipermanent high pressure cell that

dominates much of the Asian continent.  Radiational
cooling is the primary mechanism for its formation and
intensification.  Centered over western Mongolia, its
mean central pressure is strongest (1035 mb) in January
and February, Its vertical extent rarcly exceeds 850 mb.,
Migratory Arctlic air masscs moving southward into
ceniral Asia temporarily reinforce and  intensily  the
Asiatic High,

60

Figure 2-10a. Mean October Surface Position of the Asiatic High. Mcan central pressure (1023 mb) is near 48°

N, 90° E; in November, it strengthens to 1031 mb.
trough (shadcd) arc stil! present in October;

Note that the Pakistani Heat Low (i010 mb) and thermal
however, they weaken and disappear by the end of November.

Low-level northerly and northeasterly flow penetrates intermittently into Iran, Alghanistan, Iraq, and Turkcy. On
rare occasions, this cold air even penetrates into the Indus River Valley. Radiational cooling strengthens the Asiatic

High over south-central Asia.
Monsoon.

This is normally the beginning of the transition from Southwest 10 Northcast
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Figure 2-10b. Mean January Surface Position of the Asiatic High. Thc Asiatic High is shown at mcan pcak
strength (1035 mb) near 49° N, 97° E. The maximum low-level northeasterly tlow is in January and February
because south-central Asia is coldest at this time. The Asiatic High may excecd 1050 mb for 1-3 day periods; the
highest recorded surface pressure is 1083 mb. Strong highs can bring northeasterly flow into the region despite the
mountains that block its path. In March, the cell migrates northward and weakens. The mean March position is 53°
N, 94° E with a mean central pressurc of 1029 mb. Northerly and northeasterly flow over the region weakens.
Initially, the Northeast Monsoon retieats along the equator. By the end of March, northeasterlics only penctrate

south 1o 10-11° N,

(3

-15




40

Figure 2-10c. Mean April Surface Position of the Asiatic High. The developing thermal trough is shaded.
Increasing radiation weakens mean central pressure o 1022 mb.  The broad-scale thermal trough reappears over

India, Saudi Arabia, and northeastern Sudan.
begins.

MID- AND UPPER-LEVEL FLOW PATTERNS.
Figures 2-11 through 2-14 show January, April, July, and
October streamline flow at 850, 700, 500, 300, and 200
millibars over thc cntirc  SWANEA study arca.
Strcamlines at the 850-mb level arc broken up in higher
Lcrrain.

THE SUBTROPICAL RIDGE. This upper-level
featurc is scen on 200-mb charts as an anticyclonic ridge
that divides upper-level westerly and casterly flow. It

Northeasterlies disappear throughout the region as the transition

oscillates from 6° N in January (Figure 2-11¢) 1o 24-27°
N in July (Figurce 2-13¢). This oscillation provides the
region with alternating periods of westerly and casterly
upper-level flow.  Upper-level westerly flow  oceurs
throughout the ycar north of 30° N.  Upper-level
casterlics may temporarily develop during the summer
over this region in conjunction with the Southwest
Monsoon. April and Oclober  positions  of  the
Subtropical Ridge can be inferred from Figures 2-12¢
and 2-14c¢,
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igure 2-11b. Mean January Upper-Air Flow Patter
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Figure 2-11d. Mean January Upper-Air Flow Pattern, 300 mb.
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Figure 2-12a. Mean April Upper- Air Flow Pattern, 850 mbh.
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Figure 2-12¢. Mean April Upper-Air Flow Pattern, 500 mb,
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Figure 2-12e. Mean April Upper-Air Flow Pattern, 200 inb.
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Figure 2-13d. Mean July Upper-Air Flow Pattern, 300 mb.
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Figure 2-13e. Mean July Upper-Air Flow Pattern, 200 mb.,
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Figure 2-14a. Mean October Upper-Air Flow Pattern, 850 mb.
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Figure 2-14e. Mean October Upper-Air Flow Pattern, 200 mb,
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SYNOPTIC DISTURBANCES

JET STREAMS. The Polar Jet (PJ) controls cold-air
advection and mid-level steering for developing
Mediterrancan cyclones, while the Subtropical Jet (STJ)

provides upper-level steering, sheor, and outllow. Figure
2-15 shows the mean positions of the P) and STJ in
January and July.

Figure 2-15. Mean January and July Positions of the Polar Jet (P)) and the Subtropical Jet (STJ).

The PJ’s mean monthly position over Europe ranges
from 55 to 65° N. Mean daily PJ positions vary north (o
south by 10-300 NM. Maximum wind spceds occur in
December through March, varying from 60 to 160 knots
near 30,000 feet (9,146 mcters) MSL.  Southward
movement (o between 30 and 45° N is most frequent
between December and March, but can, on rare
occasions, tlemporarily enter the eastern Sahara Desert or
northern Middle East Peninsula as late as June,

more scasonal and less daily
variability than the PJ. Mcan ST) positions over the
subtropics range from 25 to 45° N.  Maximum
December-April wind spceds average 80 to 180 knots at
a mean height of 39,000 feet (12,000 meters MSL) near
200 mbs.  May-November wind speeds only average
30-60 knots. The STI is weakest (30 knots) in July and
August.

The STI shows
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Figure 2-16. Vertical Cross-Section Along 45° E On

5 January 1978 (0000Z). The "Y" axis is in millibars,

while the "X" axis is a north-south cross-section with station identification codes (5-digit code number) and latitudes

given. Isotachs (solid lines) depict wind speed in knot

s; isotherms (dashed lines) depict temperatures aloft (F).

There are two cores--one near 31° N at 150 mb (mean core speed 200 knots), the other near 25° N at 220 mb (mcan

core speed 160 knots). Two-core development of the STJ

The greatest effects of either jet are scen between
Dcceember and April when cyclogenesis is most common.
Surface lows develop in the Mediterrancan when a strong
PJ digs south of 30° N and forms a deep upper-level
trough. Northerly flow often develops on the cast side of
a blocking surface high-pressure ridge over the castern
Attantic Ocean. The prelerred area of low-pressurc
center intensification is under the southeast quadrant of
the upper-level trough. The low often deepens in the
arca between the iwo jet streams. Jet stream interaction
most frequently occurs with Atlas surface low formations
because they develop between 25 and 30° N-~close (o the

is possible in December and January.

mean position of the STJ. Surface lows developing in
the eastern  Mediterrancan  Sca  and  moving
east-southcastward may also be alfected by jet strcam
interaction.  Figurcs 2-17a and b illustrate gencralized
PJ/STI interaction and low-pressure intensification arcas
for Adas and Cyprus Lows.

Figure 2-18 gives analyzed data for mean Januvary
wind speeds across the region. Note that the ST ridges
across the Near East Mountains region, providing
upper-level divergence.
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Figure 2-17a. An Example of Jet Positions During Figure 2-17b. An Example of Jet Positions During
Formation of an Atlas Low. Surlace low formation Formation of a Cyprus Low. Surface low formation
and intensification area is denoted by the circled X. and intensification arca is denoted by the circled X,

bl
A

Figure 2-18. Mean January 39,000-Foot (11,890-Meter) MSL Wind Speeds (kts).
2-29




STORM TRACKS. Figure 2-19a shows typical
Deccmber-February storm tracks that affcct the Near
East Mountains; Figure 2-19b shows March-May tracks,
and Figurc 2-19c¢ shows November’s.  Mid-latitude
storms [rom June to October are very rare; an intense
upper-level trough, however, can cause abnomal rainfall
over Turkey and northern Iran in isolated cases.

Figure 2-19a. Primary (short, solid arrow) and
Secondary (dashed arrow) Mid-Latitude Storm
Tracks, December, January, and February, Thc
primary track passes through the eastern Mediterranean
Sea basin. Secondary tracks reflect surface cyclogenesis
associated with Cyprus Lows and troughs with southern
European cold fronts. This is particularly true for storm
tracks that run through the Persian Gulf ("A") and the

Fertile Crescent ("B").

Figure 2-19b. Primary (short, solid arrow) and
Secondary (dashed arrow) Mid-Latitude Storm
Tracks, March, April, and May. The "X" identifics the
important northern Sahara Desert storm track that can
affect southern Iran.  Cyclogenesis over the northwest
Black Sca can bring a weak cold [ront across the region,
Leceside troughing along the Atlas Mountains initialcs
Atlas Low cyclogenesis inland over northwest Africa.
The Atlas Low track produces mid-latitude, [rontal-type
weather in the region in April and early May. Scveral
sccondary surfacc low storm tracks may occur during
this period.

Figure 2-19¢. Primary (solid arrow) and Secondary
(dashed arrow) Mid-Latitude Storm  Tracks,
November. The mcan November storm tracks shown
here normally originate in the Mediterrancan Basin and
move cast toward the Near East Mountains.  Lows
develop in response 1o the southward movement of the
Polar Jet.
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CYCLONIC ACTIVITY. Five cyclogenesis arcas
alfect the Near East Mountains; their locations and
movement arc shown in Figure 2-20. Fronts move into

Iray, Iran, Afghanistan, and cven Pakistan between lale
November and April.
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Figure 2-20. Mid-Latitude Cyclogenesis Regions. The five primary zoncs of cyclogenesis arc (1) the Alas
Mountains, (2) the Eastem Mediterrancan, (3) the western Black Sca, (4) the southern Caspian Sea, and (5) the

Western Mediterrancan.

Synoptic considerations dctermine the specific arca
for initial low formation and movement. Resulting
weather varies greatly with each frontal passage. Surface
pressure patterns, shortwave troughs, vorticity advection,

and jet stream positions help to determine the severity of

a system. Low-pressure systems and surface cold fronts
alfect the region’s weather between latc October and
April. Systems reaching Iran, Afghanistan, and Pakistan
are called "Western Disturbances” by most South Asian
meteorologists.

Cyprus Lows and Atlas Lows may extend cold fronts
into Iraq and Iran; however, very deep low-pressure

systems  with upper-level  support  are  nccessary 10
develop a sccondary low and bring heavy showers and
thundershowers 10 Afghanistan and  Pakistan.  These
sccondary lows typically form to the north of Turkey and
Iran oves the Black and Caspian Scas, and to the south
over the Persian Gulf and the extreme northemn Arabian
Sea.

True frontal passages through Alghanistan are almost
unknewn because of the high mountain ranges. Cold air
from Central Asia filters through the mountains of
Afghanistan behind depressions to the south, as shown in
Figure 2-21,
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Figure 2-21. Mediterranean-Generated Cyclone Crossing Near East Mountains. The Cyprus Low developed

along a cotd front (not shown) that extended (rom southern Europe. The solid arrow shows the path of the southern
European cold front, while the dashed arrow represents Cyprus Low movement.

From latc October to April, frequent frontal systems
affect northern Turkey, the northern third of ITran, and
northern Afghanistan. The most severe and widespread
conditions are with secondary lows forming in the Black
and Caspian Seas. Significant weather south of this axis
normally occurs three to five times a month from late
November through mid-April. Extremcly  strong
upper-air troughs can bring anomalous conditions south
into the Northern Arabian Sca.

The Atlas Low. From March to April, Atlas Lows form
southeast of the Atlas Mountains in the north-central
interior of Algeria. They may also form from October o
carly December near 30° N, 2° E. The Polar and
Suibtropical Jets are important in providing upper-lev-l
support 1o these systems, which form when a mig-or
upper-level trough, oriented NE-SW over Spain, s
positioned over a surface low moving southeastward
across Europe.  These conditions occur in March and

| )

April when the Azores High moves northwest, resulting
in a shift in mecan mid-level flow from zonal (o
meridional. Northerly  flow  favors  a  southward
movement of Europcan disturbances along the Polar Jet.

The PJ often digs along the backside of the 500-mb
trough o produce uplift along the Atias Mountains,
Mid-level cold air and moisture crosses the Atlas range
as a cold core, cut off low or shortwave, If northerly
flow persists for more than 3 days and intense polar air
surges south of 309 N, the PJ and the mean Atlas Low
storm track shift southward into the north-cemtral Sahara,
These storms move due cast across the northern Sahara
and into the central Red Sea. With upper-level support,
the surlace Tow crosses central Saudi Arabia into the Gulf
of Oman, and finally ¢nters southern Pakistan,  Some
lows track northeast into the southwestern Zagros
mountains of Tran, Figure 2-22 shows a sccondary tow
moving across Saudi Arabia,
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Figure 2-22.
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SURFACE CHART-—— \

Synoptic Surface Chart (17 April 1964, 1200Z/1500 LST) Showing

Secondary Low Formation Along the Active Cold Front. Note the strong pressure gradicnt
across Iran with easterly winds. Moist air from the Arabian Sea is forced up over the front into

the southern portions of the region.

Strong pressure gradients along the frontal boundary
increase the warm and dry southeasterly Sahara surface

flow ahcad of the developing Atlas Low. Without
sustained northerly  flow, Atlas  Lows move
northeastward over the south-central Mediterrancan

along the polar-subtropical jet axcs (WSW zonal flow).
A well-defined cold front that remains intact and moves
into southcastern Egypt at 22-25° N may also develop a
sccondary surface low along the surface cold (ront.




The Cyprus Low generally moves cast-southcast across
Iraq and northem Saudi Arabia; it can move through the
Persian Gull into the northern Arabian Sca. Between late
November and latc March, sccondary lows (orming on
such systems in the extreme southern Persian Gulf or the
Gull' of Oman are normally the only surface systems
reaching the Indus River Valley. Two factors that
contribute to Cyprus Low cyclogenesis arc: (1) low-level

inflow of northwesterlics from the Aegean Sca over
warm castern Mediterrancan waters and (2) instability
aloft caused by cold, slow-moving, migratory (mid- and
upper-level) polar woughs,  Figure 2-23 shows surface
circulation during Cyprus low development, and Figure
2-24 shows a generalized mean surface pressure pattern
for the development of a Cyprus Low.,
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Figure 2-24,
Cyclogenesis and Intensification.

Generalized Mean Surface Pressure Pattern (mb) Depicting Cyprus Low




In winter, 25-50% of Cyprus Lows produce cokl
fronts that reach the Persian Gulf; about half of these
systems form a sccondary low in the southern Persian
Gulf or Gulf of Oman that moves castward into ihe
southern Indus River Valley. These fronts arc the
primary weather producers for the southern Zagros
Mountains, the extreme southern Ceniral Deserts, the
southern Eastern Mountains, and the southerm Indus
River Valley.

A thunderstorm outbreak with significant rainfall
requires cold air (usually 15-18° F/8-10° C cooler than
the environment) between 500 and 700 mb. Very cold
polar troughs occasionally penetrate into the eastern
Mediterranean Sea with moist low-level support through
the Aegean Sea. Warm Sahara zir combines with Red
Sca moisture advected ahead of the cold front o create
favorable low-level conditions for severe thunderstorms
over the southern Anatolian Plateau; strong positive
vorticity advection, however, is required to trigger their
development.

Cyprus Lows most frequently track cast or southeast
into the Fertile Crescen and Persian Gulf. Occasionally,
the Cyprus Low moves into the Gulf of Oman loward
Pakistan.  Cyclogenesis normally  occurs over  the
southern Persian Gulf or the Gulf of Oman. An actual
Cyprus Low rarely reaches the Indian sub-continent,

Cyprus Lows ar¢ gencrated over warm water surfuces.
As a resull, less instability is needed to sustain lower
surface pressurcs.  Furthermore, favorable mid- and
upper-level westerly flow is frequent from December
through March, whereas the Atlas Low cyclogenesis arca
requires a sustained northerly flow pattern only common
during transitions. Cyprus Low formation does not occur
exclusively between December and March, and Figures
2-25a-d illustrate a sequence that  occurred  in
mid-November. The first three (igures are surface charls
showing the low’s development; the fourth is the
accompanying 500-mb chart.

Figure 2-25a. Surface Synoptic Chart (16 November 1953, 00007}, Cyprus Low. Pressures are in millibars,
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Figure 2-25¢. Surface Synoptic Chart (18 November 1953, 0000Z,), Cyprus Low. Pressures are in miifibars, .
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Figure 2-25d. 500-mb Flow Pattern (18 November 1953, 0300Z), Cyprus Low. Contours represent heights in

‘ geopotential meters (gpm).




The Black Sea Low, Although Black Sca lows can
develop year-rouad, they typically form (rom April 0
October as secondary lows.  Primary summer storm
tracks normally cross central and northern Europe, but on
rare occasion, a deep mid-latitude trough extends south
over the Black Sea where the warmer waler initiates
cyclogenesis.  These tows nosmally track northeast or
cast-northeast.  Thunderstorms, heavy rains, and high
winds are not unusual over the the Black Sca Plain and
the immediate mountains,

Figures 2-26a and b show 500-mb flow patterns over
North Alrica and Europe on 18 and 20 August 1949 at
0300Z. They also show a deep 500-mb trough extending
from Scandinavia south to 25° N, with a cut-off low
forming in support of the surface cvclone over the Black
Sea.  Although this flow pattern is rare, it produces

significant precipitation,

Figure 2-26a. 500-mb Flow Pattern (18 August 1949, 0360Z), Black Sea Low. Contours represent height in

geopolential meters (gpm).




.1

A\

SR

Figure 2-26b. 500-mb Flow Pattern (20 August 1949, 0300Z), Black Sea Low. Contours represent height in
geopotential meters (gpm).



Figures 2-26¢ and d are (000Z surface chorts for 19 low-pressure cell develops near Haly and on the 20th,
and 20 August 1949. The most significant weather  when the Black Sca Low deepens and the cold front
features shown in these figures are on the 19th, as a  moves into the Sahara, .
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Figure 2-26c. Surface Synoptic Chart (19 August 1949, 0000Z), Black Sea Low. Pressures arc in millibars.
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figure 2-26d. Surface Synoptic Chart (20 August 1949, 0000Z), Black Sea Low. Pressures are in millibars.




Figures 2-27a-d depict a mid-January Black Sea Low
sequence. The cold front normally extends south into the
Mediterranean Sea. Although the Black Sea's northern
fringes freeze over during the winter, the southern hall
normally remains ice-free and the warm water helps
initinte cyclogenesis.  This synoptic situation can

produce extensive [reezing rain over the northeastern
Black Sca.

Thunderstorms  also develop in winter, but  less
frequently. Maximum tops are normally below 30,(XK)
feer (9,146 meters) MSL. Heavy snow falls over the
northern  Anatolian Platcan and the mountwins of
northcastern Turkey.

Figure 2-27a. 500-mb Flow Pattern (19 January 1951, 0300Z), Black Sea Low. Contours represent height in

geopolential meters (gpm).
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Sea Low. Pressures are in millibars.
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Figure 2-27b. Surface Synopt




Figure 2-27¢. Synoptic Surface Chart (20 January 1951, 0000Z), Black Sea Low. Pressures are mu!ibars,
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Figure 2-27d. Synoptic Surface Chart (21 January 1951, 00007, Black Sea Low. Pressure is in millibars,

The Caspian Sca provides a
tow-level moisture  source  for migratory  mid-  and
upper-level woughs,  Extensive mountain ranges along
the central and southern sections of the Caspian Sca
coastline often gencerate secondary surlace tows through
lce side troughing.  This can occur at any time of the
year, but November to March is favored. These systems
play a major role in the weather of the Caspian Sca Plain
and northern Iran.  During the winter. the northern

Caspian Sea Low.

two-thirds of the Caspian Sca becomes ice-covered.

Heavy cumutus with a rare thunderstorm, very heavy
rains, and high winds occur immediately behind these
systems as they pass over the Caspian Sca Plain and the
mountains (o the immediate south,  In winter, rain
usually changes to snow above 500-1,000 feet (157-305
meters) MSLE. Thunderstorm tops are usually  betow
30,000 feet (9146 meters) MSLL Lows average from
one 10 three a month from mid-December through carly
March, but actual frequency varies from year to year,




Genea Lows form in the Gulf of Genoa (in the
northern part of the Ligurian Sea); they develop
primarily from December to March and account for 69%
of all Mediterranean Basin cyclones. Airflow over the
Swiss Alps produces lee side troughing off the coast of
laly. Transient disturbances intensify in this trough,
normally intensifying for 12 to 48 hours before moving
out into the north-central Mediterranean. There are three
common patterns for Genca Low development:

1. The movement of a surface cold {ront into the Gulf
of Genoa from the west in advance of an upper-level
trough. The trough producces southwesterly flow aloft in
the warm sector. Unstable cold air advected by strong
northerly surface winds through the Rhonc Gap in
southern France produces cyclonic turning at the lower
levels. The warm Mediterranean Sea supplics moisture
o the developing low, which moves southeast imto the
Mediterrancan Sca, then turns easi toward Turkey. The
primary track is east-southcastward into Cyprus with a
secondary rast-northcastward track into the Black Sca.
The cold front normally extends 200 NM inland into
northern Africa, but the southern end is weak.

2. The establishment of a biocking 500-mb ridge over
the eastern Atlantic along the coast of Europe that brings
north-to-northwesterly mid-level flow into the Medi-
errancan basin. {Icclandic Lows passing o thc north
extend cold fronts southeastward over Spain and France.
The blocking longwave ridge steers shortwaves into the
Gulf of Genoa, where the cold air aloft, warm water at
the surface, and lee side troughing combine to intensify
them. The low normally tracks southcastward over the
central Mediterrancan Sea. These migratory sysicms
may bring short periods of light showers, drizzle, or
virga (o areas cast of 15° E and north of 23° N,

3. Cyclonic shear over the Strait of Gibraltar
produces an upper-leve! cut-off low in the western
Mediterrancan.  About 10% of these vontices reach the
Gull of Genoa and intensify into a Genoa Low;  they
bring mid- and upper-level clouds, but no precipitation in
northeast Africa down 10 25° N,

TROPICAL ACTIVITY. Monsoon Trough convection
organizes into intensc tropical disturbances over the
Arabian Sca, thc Bay of Bengal, and the north Indian
Occan, primarily during the transition months of May,
October, and November.  Subtropical and tropical
cyclones can bring severe weather, but it is rare. These
storms affcct the Indus River Valicy and the southern
portions of the Eastern Mountains.,  Organized tropical
squall lincs arc extremely rarc.

Subtropical Cyclones. The subtropical cyclone shown
in Figure 2-28, also known as the "monsoon
mid-tropospheric low,” forms in the Arabian Sca. Its
circulation is strongest at mid-tropospheric levcls.
Unlike tropical cyclones, which ar¢ warm-corc
throughout, the subtropical cyclone has a cold core in the
mid-layers and a warm core aloft. Latent heat relcased
through deep convection may provide cnough warming
to create the appearance of a tropical cyclone circulation
and, given time, can actually change the low into a
tropical cyclone.

The rare subtropical cyclones that devclop in the
northeast Arabian Sca between June and September are
not (rontal-lype systems. They develop rom downward
penctration of a mid- or upper-level low.  The
pre-cxisting upper-level low  is  cnhanced  through
interaction with an advancing upper-level trough in the
westerlics.  The Somali jet may assist in initiating
cyclonic curvature at the 850-mb level.

Subtropical cyclones also occur once or twice a year
(between November and carly March) in the Arabian
Sca.  Deep polar surges can lemporarily disrupt
Northeast Monsoon (low and cause a subtropica! cyclone
to form in the wake of a migratory upper-level trough (or
cut-off low). The circulation may become self-sustaining
as it is gradually surrounded by warmncr air. Movement
is gencrally westward  with  resumption o normal
mid-level flow.  Successive polar troughs prevent
intensification,

Some characteristics of subtropical cyclones are:

Fhey are sclf-sustaining, Convection near the center
produces a closed circulation. Maximum convergence is
between 400 and 610 mb, also the zonc of steepest
pressure gradicnts and strongest winds. Upward motion
above this zone leads to condensation and  deep
convection,  while  descending  motion below  the
convection is cooled by evaporation.

Trade winds prevail at the surface away [rom the
center. There is a subsidence inversion over the trade
winds. Trade wind flow is disrupted at the surface closer
to the center. The cyclone may or may not actually
develop cyclonic circulation at the surface.

Subtropical  cyclones  do not normally  dissipate:
instead, successive upper-fevel troughs absorb them into
the westerties, Surface Triction plays o limied roie

because the disturbances are over water and don’l
normally reach the surlace.
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Figure 2.28. Vertical Cross-Section of a Subtropical Cyclone (from Ramage, 1974).

Divergence is indicated by plus signs, convergence by minuscs.
vertically and undergoing dry adiabatic temperature changes are denoted by "D";

undergoing moist adiabatic temperature, by "M".

Tropical Cyctones arc most frequent in the Arabian Sca
during the transition months of May, October, and
November, but a few (10%) develop in the summer. The
surface Monsoon Trough is responsible for the
development of tropical cyclones as it moves north and
south from the Asian landmass during the transition. A
major source rcgion of Arabian Sea tropical cycloncs is
cenicred at 11° N, 71° E, but some form in the Bav of
Bengal and n:ove across southern India irto the Arabian
Sea.

No wopical cyclone statistics are included here
because so few actually strike the Near £ast Mountains
region, where only three have been recorded in RS ycears.
Most turn 1o the noriheas: and make landfall in India.
The others go west into the Arabian Peninsula or the
Horn of Africa. An occasional storm may hit between
Bombay and Karachi, producing significant rainfall
amounts along the Indus River Valley's Indian Occan
Coast. Rainfall and arca coverage vary widely (rom year

10 ycar,

Regions of air moving
regions

Monsoon Depressions. Criginating in the Northern Bay
of Bengal, thcse warm-core tropical disturbances move
west-northwest across extreme northern India owards
the Indus River Valley. They develop when the
Monsoon Trough lics parallel to the Himalayas in the
Ganges River Valley from late May through carly
September. They gencrally begin as tropical cyclones at
tropical storm strength, but winds dic rapidly as they
move inland.  Stronger depressions stay iniact long
cnough 1w bring isolated rainshowers and lowering
cumulus to the Indus River Valley and the Eastern
Mountzins  subregions, Stronger  showers  and
thunderstorms can occur over the higher ridges on the
north and west sides of the Indus River Valley and the
lower peaks of the southern Hindu Kush.  These
depressions can occur every 10-14 days and persist {or 2
to 3 days.  Figures 2-29a and b show monsoon
depression tracks region during their peak period in July
and August.




TRACKS OF CYCLONIC STORMS »d]

MONTH JULY
PECRIOD : 1891 -1880

- Deprassion — Storm . Severe Storm

°

Figure 2-29a, July Monsoon Depression Tracks in the Northern Indian Qcean Basin, 1891-1960 (Indian
Meteorological Department, 1964).
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Figure 2-29b. August Monsoon Depression Tracks in t
Meteorolegicai Department, 1964).

Monsoon Breaks. Recent rescarch (from preliminary
results of the November 1988 World Meteorological
Symposium at Pune, India) suggests that cxtremcly
strong troughs in the upper-level westerlies may be the
primary cause for "monsoon breaks," the name given to a
sudden surge of the Monsoon Trough northward into the
lower Himalayas, followed by cessation of rainfall over
central and southern India. A new Monsoon Trough then
forms near 10° N and advances northward to the Ganges
River Valley. The cycle takes from 10 days to 3 wecks.

Indian Geosynchronous  Meleorological — Satellite
(INSAT) data, along with upper-air soundings, shows
that sustained monsoon flow and precipitation over the

he Northern Indian Ocean Basin, 1891-1960 (Indian

Indian subcontinent requires the 500-mb  subtropical
ridge to stay north of 23-25° N, Once the ridge retreats
south of that point, a "monsoon break” occurs, A
numerical model shows that the Tibetan High breaks
down, and in cxtreme cases disappears, when  an
extremely strong trough in the upper-level westerlies
north of the Tibetan Platcau brings unusually cold air
southward. The immediate result is the very temporary
(48 1o 72 hours) appearance of mid- and upper-level
westerly flow sonth of the Himalayas.  The 500-mb
subtropical ridge retreats o near 15° N. Convection
dramatically wcakens and precipitation ceases north of

22-23°N




Abnormal Southwest Monsoon Flow, About once
every 4 years, a decp "omega” pattern in upper-level
westerlies over the European Soviet Union results in the
development of a closed low over southern Iran,  This
brings Southwest Monsoon moisture northwest and then
wesl into Afghanistan and, in extreme cases, northem

Iran, Precipitation  amounts  are  variable  over
northwestern Pakistan and northern Alghanistan due to
orographic lifting in the mountainous terrain,  This
phenomenon generally occurs carly in the southwest
monsoon and lasts from 3 days to 3 weeks, Figure 2-30
shows a 700-mb chart for such a case in late July 1956.
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Figure 2-30. 700-mb Contours Over Central Asia With Abnormal Southwest Monsoon
Flow (25 July 1956, 0200Z). Isolines are in geopotential meters (gpm).
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MOUNTAIN/VYALLEY WINDS develop under [air
skies with light and variable synoptic flow. They are
site-specific phenomena, common cverywhere near
mountain ranges. Mid- and upper-level subsidence limits
regular diumal convection over the mountains, but
shallow, mesoscale convection can occur diurnally due to
mountain/valicy circulation.

There are two types of mountain/valley wind: the
mesoscale, and the localized microscale (upslope or
downslope). The key differences lie in temporal and
spatial scales.

“12-16h

MESOSCALE AND LOCAL EFFECTS

Mesoscale Mountain/Valley Winds average 6-12
knots.  Daytime valley winds (Figure 2-3la) arc
strongest, averaging 10-15 knots between 650 and 1,3()
fect (200 and 400 mecters) AGL. Nighttime mountain
winds (Figurc 2-31b) average only 3-7 knots at the same
level. Deep valleys develop more nocturnal cioud cover
than shallow valleys because convergence is stronger.
Mesoscale mountain/valley circulation has a maximum
vertical extent of about 6,500 feet (2,000 meters) AGL,
depending on valley depth and width, the strength of
prevailing winds in the mid-troposphere, and the breadth
of microscale slopce winds.

//l\\

Figure 2-31a. Typical Daytime Mountain/Valley Circulation (from Flohn, 1969).

Inversion

Figure 2-31h. Typical Nighttime Mountain/Valley Circuiation (from Flohn, 1969).
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Microscale Slope Winds develop along the surface
boundary layer (0-500 feet/0-152 meters AGL) of
mountains and large hills, Mean daytime upslope wind
speeds are 6-8 knots; mean nighttime downslope speeds
are 4-6 knots. These speeds are found at clevations no
higher than 130 feei (40 meters) AGL. Downslope
mountain winds are strongest between November and
March, while upslope valley winds are strongest between
April and October. Figures 2-32a-h {from Geiger, 1961)
show the lile cycle of a typical mountain-valley wind
circulation. The light arrows represent microscale
circulation; the dark arrows, mesoscale circulation.

Figure 2-32d. LATE AFTERNOON. East-lacing

slopes begin to cool; upslope flow weakens.

Figure 2-32a. SUNRISE. Sunshine  almost
immediately generates upslope wind development, but
the downslope mountain  wind persists  becausc
mcsoscale flow overrides microscale flow. Generally,
the transition between Figures 2-32a and b is 0700-1000
LST, but local tcrrain determines how soon sunlight can
start the microscale upslope wind, which is not fully
developed until the entire valley surface is heated enough
to stop the mesocale downslope mountain wind.

Figure 2-32b. LATE MORNING. Widesprecad suriace
heating continues to generate microscale upslope flow,
cutting off any downstope mountain circulation.

Figure 2-32¢. MIDDAY. Sunshine covers the entire
valley floor, and upslope flow feeds valley circulation,

39}

Figure 2-32e. SUNSET.  Although microscaic
downslope  wind components  dominate the surface
boundary layer, mesoscale upslope valley flow retains
weak momentum.

Figure 2-32f, LATE EVENING. Downslope winds

dominate.

Figure 2-32g. MIDNIGHT. Downslope winds [ced the
mountain circulation.
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Figure 2-32h. PRE-DAWN. Winds are calm just
before surface heating begns at the microscale;  the
mesoscale downslope mountain circulation retains its
momentum.  Microscale downslope winds end  just
before sunrise; upslope winds begin again at first light

Orographic  uplift  may accentuate  mesoscale
mountain/valley convergence above 6,000-7,000  feet
(1.830-2,130 meters), producing short-lived convective
cells. This is common in the extreme southern Zagros
mountains of the Western Mountains subregion during
summer, The Taurus, Zagros, Eiburz, Hindu Kush, and
Himalaya Mountains produce cxtensive uplift, hcavy
cloud cover and heavy precipitation between November
and April, but transitory low-pressure systems and their
associated upper-air troughs are necessary (o provide the
moisture,

Mountain inversions develop when cold air builds up
along wide valley floors where nighttime downslope
wind convergence 18 weak, The cold air descends from
the slopes above the vailey at 8-12 knots, but loses
momentuin when it spreads out over the valley fleor. Ry
U timz the downslope flow from both slopes can
converge, wind speeds average only 2-4 knots, The coid
air replaces warm valley air at the surface. If there is
sulTicient maisture or pollution, a fog and/or smoke layer
forms necar the base of the inversion. First light initiates
upslope winds by warming the cold air trapped on the
valley floor. ‘urming of the entire boundary layer
commences near the SO0-foot (150-meter) level AGLL.

t2
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MGUNTAIN WAVES.,  Mountain wave wirbulence,
usually moderate to scvere, occurs ia the updrafts and
downdrafts of the wave., Rotor clouds, rarely seen over
the southern Hindu Kush and Zagros ranges, produce the
strongest  turbulence  because ol sudden  directional
shears. Between November and April, occasional mid-
and upper-level troughs in the westerlics may produce
Hght o moderate turbulence over the coastal (ringes
immediatcly  adjacent to the  Taurus  and  Zagros
Mountains, as well as potentially dangerous mouniain
waves along their castern slopes. Turbulence may also
occur near the Subtropical Jet.

Conditions necessary for mountain wave formation
include sustained winds of 15-25 knots with wind flow
oricnted within 30 degrees of perpendicular 1o the ridge.
Waves develap when air at lower levels is forced up and
over the windward side of the ridge.

Wavelength amplitude is dependent on wind speed
and lapse rate above the ridge. Light winds fotlow the
contour of the ridge with littie displacanent above and
rapid dampening beyond.  Suonger winds displace air
above the stable inversion layer; upward displacement of
air can rcach the tropopause.  Downstream, the wave
propagates for an average distance of S0 times the ridge
height,

Lenticular clouds form when air is forced up a lee
wave. These cigar- or fish-shaped clouds develop mainly
in the mid- and upper-levels, and are often stacked one
above the other.  Rotor clouds form when a core of
strong wind that does not exceed 1.5 times the ridge
height moves over the ridge.  These clouds may not
always hecome visible in dry regions, Figure 2-33 shows
a fully developed lee-wave system,
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Figure 2-33. Fully Developed Lee-Wave System (from Wallace and Hobbs, 1977).

DUSTSTORMS. Given the right conditions, duststorms
generally form at elevations below 4,000 feet (1,220
meters) MSL. Although they occur most often in the
Central Deserts, no location is totally without these
phenomena. Duststorms carry suspended particles over
large distances, often reducing visibilities to less than 30
feet (9 meters). Season of occurrence, wind direction,
amount of particulate matter, and duration vary by
locality. Large-scale duststorms often persist for | or 2
days prior to a frontal passage (such as with an Atlas or
Cyprus Low).

Dust devils are, in effect, miniature tornadoes set off
by intense summer heating. Diameters range from 10 10
300 feet (3-91 meters). Dusl devils may last 1-5 minutes.
They occur most [requenily over the sandy portions of
the Thar Desert and the Central Deserts subregion.

Surface temperature inversions lend to dampen
turbulent mixing in the lowest layers and reduce the
cffccts of sand and duststorins from dav 0 day.
Typically, inversions brcak down several hours after
sunrise, allowing turbulent mixing in the lower layers;
howevcr, large-scale synoptic disturbances may override
the nighttime duststorm minima.

The origin and nature of a duststorm depends on
general synoptic and local surface conditions, as well as
on seasonal and diurnal considerations, as shown,

Synoptic Conditions.

Acrive cold fronts. Betwcen November and April,

duststorms may devclop with frontal passages. Gusts of

15-20 knots are cnough 1o lift dust and sand. A pressure
gradient of 6 to 8 mb/100 NM produces widcspread
duststorms with low visibility. Severe duststorms occur
with persistent northwesterly and northerly winds over
the Central Deserts and the Hindu Kush.

Convective activity.  Convection produces local
cumulus downdrafts well in excess of 30 knots.
Visibilities can be greatlly reduced within minulcs.

Local Surface Conditions. Soil type and condition
controls thc amount of particulatc matler that can be
raiscd into the atmosphere. Dry sand or silt, for cxample,
is easily lificd with a 10-15 knot wind. Thin haze is a
persistent feature of the Near East Mountains arca
between April and October when lighter winds may
lcave particles suspended for several hours 10 scveral
days. Strong winds may causc finc dust, sand, salt, or
silt to travel hundreds of miles from the source.

A knowledge of surface  conditions  helps  in
determining whether or not a strong (rontal passage or
mid-level rough will reduce visibifity 1o Tess than 3
miles. Recent precipitation obviously inhibits the raising
of dust.  Low visibilitics in duststorms arc common
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where the soil is very fine, but mountainous and stony
surfaces limit particle suspension. Vehicular traffic in
the desert raises dust and makes conditions more
favorable for duststorms, even with lighter winds.

Seasonal Considerations.

November to March., Thin dust-haze is the most
frequent restriction to visibility during fair weather,
Several weeks of fair weather allows surface heating and
sca breezes to accumulate fine sili in the air. Duststorms
associated with warm and/or cold frontal boundaries arc
not common, but they may produce potentially severe
duststorms with low visibility (1-3 miles) over large
arcas. Sustained 20-knot or greater surface winds that
persist for 3-9 hours occur with Atlas and Cyprus Lows.
Low visibilitics may occur, along with abnormally strong
Northeast Monsoon flow (15-25 knots) in the Central
Deserts.

April to October. Late-April frontal passages,
heat-induced free convection, and mesoscale squall lines
produce most dusisiorms that restrict visibilities to 3-6
miles.

Diurnal Considerations.

Daytime. Hot and dry surface conditions in June,
July, and August across most of the region produce
localized dust and haze. Persistent dryness allows dust to
rise into the mid-levels, and weak synoptic flow allows it
to remain suspended for days or weeks.

Nighttime. Cooler surface temperatures create stable
conditions in the adjacent surface layer, minimizing
turbulent mixing.

LAND/SEA BREEZES generated by differcntial
heating are found on the Biack Sea Plain, on the Caspian
Sca Plain, and along the coastline of the Indus River
Valley sub-regions. They rarely extend above 2,000 fect
(610 meters) AGL or 15 NM inland without supporting
synoptic flow. The transition between land and sea
breezes and wind strength vary greatly depending on
season and location. Local land/sca breezes can be very
complex, depending on synoptic circulation, shorcline
conliguration, and terrain.  Thcre arc two types:
“common" and "frontal.”

"Common" land/sea breezes aflcct all coostal arcas.
Prevailing local sca-brecze wind directions can vary by
45 degrees or more from prevailing flow. In cases of
weak synoptic flow, the sca-brecze component can
override synoptic-scale winds completely. Figure 2-34
shows the "common" or land/sca breeze circulation under
calm conditions with no terrain influcnces and a uniform
coasilinc. Onshore (A) and offshore (B) flow intensilics
in proportion to daily hcat exchanges between land and
waler. Common land/sca breezes normally reverse at
dawn and dusk.

A g - b= Day
o‘ne!i ﬁt.ow
Suamu
B - —— Night
TmW— *-!lG‘ll-i
Land Breeze

Figure 2-34. The "Common" Daytime Sea Breeze (A)
and Nighttime Land Breeze (B). Thick arrows
represent pressure gradient and direction of {low.

"Frontal" land/sea breezes arc the product of the
“front” between the land and sea air masses. The
transition for wind reversal is delayed by 14 hours
because gradient flow prevents the sea-breeze boundary
layer or "front" from moving ashore. Figure 2-35a-f
shows a typical "frontal” land/sca brecze sequence. Solid
blocks denotec the land surface, while dashcd lines
represent watcer.  Vertical lines show the sca-brecze
boundary layer and arrows represent wind circulation, A
knowledge of gradient flow dircction and strength will
determine what cflcct this land/sca breeze type will have
in dclaying onshore flow.
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Figure 2-35a. Gradient Flow With Offshore Wind
Component Slopes Gently Over A Dense, Cooler
Marine Boundary Layer. Shcaring action along the
"lront”, or land/sca air mass interface, compacts the
layer. Gradicnt flow strength determines the magnitude
ol compacting.
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Figure 2-35b. Increased Compacting Tightens
Pressure Gradient Along Land/Sea Interface. Il the
gradient is weak, land surfaces heat rapidly. As a result,
the surface pressure gradient and winds resembie those in
Figure 2-35a.
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Figure 2.35¢c. Maximum Compacting of the Marine
Boundary Layer. At this instant, the surface winds
inside the marine boundary layer show onshore dircction.
The marine-layer surface flow may take several hours 10
reach the coast. Momentum accelerates wind speed with
time.
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Figure 2-35d.  Frontal Sea Breeze Accelerates
Towards Shore. Initial "frontal" sca breezes may
sustain 20-knot winds for 15-45 minutcs.
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Figure 2-35¢. Sea Breeze "Front” Reaches ‘Fhe
Coast. Note the increased depth of onshore Tow in the
marine boundary layer. Compare with Figure 2-35¢.
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Yigure 2-35f, Land/Sea Breeze Mechanism In Full
Swing. Offshore flow alolt, onshore flow at surface.

coastlines  modifies  the
For one, orographic

Topography parallel (0
land/sca breeze in scveral ways.
uplift  induces  sca-breeze  stratiform/cumuliform
cloudiness and deflects surlace winds., The mesoscale
mountain circulation accelerates the land breeze over
open water.  High coastal terrain  produces  steep
nighttime  temperature  gradients. Swrong  offshore
gradient flow produccs the "frontal” type land/sca breeze.

Coastal configuration also has an cffect on land/sea
breezes.  Coasdines perpendicular 10 synoptic  fow
maximize sca breeze  penetration, while  coastlines
parallel o the (low minimize the effect.  Hol and dry
land surfaces along coastlines significantly modify moist
onshore flow within 20 NM of the coast.  Without
significant orographic uplift, sea-brecze cumulus rarcly
develops beyond the immediate coastline.




REGIONAL WINDS,

Etesian winds are northerly. They affcct the coastlines
of Turkey from mid-May through mid-September. This
monsoon-like flow persists because of a thermal trough
over the Turkish interior that interacts with high pressure
over the Balkans. Speeds occasionally reach 30 knots,
usually in July or August.

Sirocco winds occur over the Central Anatolian Plateau.
Siroccos are hot, dry, and dusty southerly to
southeasterly winds in the warm air sector of advancing
lows moving cast or northcast across thc castcm
Mediterranean. The warm air originates in the deserts of
Northeast Alrica, Isracl, and Syria.

The "Wind of 120 Days" is the name given to the
sustained northerly winds over the Central Deserts and
the Afghanistan valleys of the Hindu Kush that flow out
of central Asia into the thermal heat lows during June,
July, and August. Visibility can decrease to near zcro as
dust and sand rises to 5,000-10,000 feet (1,575-3,050
meters) AGL. Afghan citizens have reported winds
exceeding S0 knots during especially severc conditions,
but the sparse weather observation record here docsn’t
confirm this.

Foehns arc also present in and near the mountains,
particularly in the Black and Caspian Sea coastal plains

moderating temperatures and bringing clear skics.
Winds of 30 knots have been recorded along the Caspian
Sea, but stronger winds in this data-sparsc area are
possible.

WET-BULB GLOBE TEMPERATURE (WBGTY)
HEAT STRESS INDEX. The WBGT heat stress index
provides values that can be used 0 calculate the cffcets
of heat stress on individuals. WBGT is computed by
using the formula;

WBGT =0.7WB + 0.2BG + (.1DB,
where: ' WB = wet-bulb temperature

BG = Vemon black globe tempcrature
DB = dry-bulb temperature

A complete description of the WBGT heat stress
index and the apparatus used to derive it is given in
Appendix A of TB MED 507, Prevention, Treatment and
Control of Heat Injury, July 1980, published by the
Army, Navy, and Air Force. The physical activity
guidelines shown in Figure 2-36 are based on thosc used
by the three services. Note that the wear of body armor
or NBC gear adds 10° F 1o the WBGT, and activity
shouid be adjusted accordingly Figures 2-37a-d give
average maximum WBGTSs for January, April, July, and
October.  For more information, secc USAFETAC/
TN-90/(X)S, Wet-Bulb Globe Temperature, A Global

where  southerly winds are adiabatically warmed,  Climatology.
WATER WORK/REST
WBGT (°F) REQUIREMENT INTERVAL ACTIVITY RESTRICTIONS

90-up 2 quarts/hour 20/40 Suspend all strenuous cxercise.

88-90 1.5-2 quarts/hour 30730 No heavy exercise (or troops with less than 12
weeks hot weather training.

85-88 1-1.5 quarts/hour 45/15 No heavy excrcisc for unacclimated troops,
no classes in sun, continuc moderate training
3rd week.

82-85 .5-1 quart/hour 50110 Use discretion in planning heavy exercisc for
unacclimated personnel.

75-82 .5 quart/hour 50710 Caution: Extrcmcly intense exertion may cause

heat injury.

Figure 2-36. WBGT Heat Stress Index Activity Guidelines.
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AVERAGE MAXIMUM
WET-BULB GLOBE
TEMPERATURE INDEX (°F)

JANUARY _

Figure 2-37a. Average Maximum WBGT-- January.
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AVERAGE MAXIMUM
WET-BULLB GLOBE
TEMPERATURE INDEX (°F)

APRIL

Figure 2-37b. Average Maximum WBGT--April.
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AVERAGE MAXIMUM
WET-BULB GLOBE
TEMPERATURE INDEX (°F)

OCTOBER

Figure 2-37d. Average Maximum WBGT--October.
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Chapter 3
. THE INDUS RIVER VALLEY
The Indus River Valley comprises the Indus River (Tood plain, the deserts of castern Pakistan, and the foothills of the

high mountains in western and northern Pakistan,  Alter describing the arca’s situation and relicf, this chapter
discusses "general weather conditions” by scason.
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THE INDUS RIVER VALLEY

SITUATION AND RELIEF
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Figure 3-1a. The Indus River Valley. Reporting stations used in this study are shown., along
with the Indus River system. Note that Rawalpindi is conterminous with Istamabad--the same
major airport serves both cities. In this repod, consider "Rawalpindi™ and "Iskunabad” the same

reporting station.
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THE INDUS RIVER VALLEY SITUATION AND RELIEF

STATION: LAHORE-IN-PUNJAR PAKISTAN

LAT/LON: 31 31 N __ ELEV: 700 FT ___
ELKMENTS JAN FEB |MAR |APR |MAY |JUN |JUL ]AUG |SKP |OCT |ROV |DEC | ANN
ZXT MAX 82 | 81 | 108, 115] 118 120] 118} 114| 110 108! 95 | 87 | 120
AVG MAX 69 | 72 | 83 | 95 | 104( 108/ 100| 97 | 98 [ 98 | 83 | 73 | 80
AVG MIN 40 | 45 | 53 | 63 | 72 | 79 | 80 | 79 | 73 | 60 | A7 | 41 | 61
EXT MIN . 28 | 30 | 37 | 46 | 59 | 64 | 693 | 66 | 60 | 46 | 32 | 29 | 28
AVG PRCP . 1.2{ 0.9] 0.9 0.6 0.5/ 1.5{ 4.8] 4.8/ 3.2] 0.4{ 0.1, 0.4| 19.0
MAX MON 3.9/ 4.7| 6.5, 3.3] 4.4] 8.8/17.3i20.4(20.7[ 3.6] 1.6 2.8, 37.8
MIN MON 0.0f 0.0] 0.0| 0.0 0.0] 0.9 0.3] 0.0| 0.0{ 0.0 0.0{ 0.0 6.2
MAX DAY | 2.9 2.4] 2.3/ 1.6 3.0| 4.9 8.3 6.1] 9.0{ 2.0/ 0.7| 2.2| 9.0
TSDAYS | 1| 2| 3 4] 85| 7| 81 9] 65| 1] | 1| 48

STATION: MULTAN PAKISTAN

LAT/LON: JO 22 N ___ _ 71 25 K ELEV: 400 FT ___

W E——— S— ¥
ELEMENTS | JAN [FKB |MAR [APR {MAY |JUN [JUL [AUG |SEP |[OCT [NOV [DEC | ANN
EXT MAX 83 | 93 | 108] 116] 122! 121] 120] 113 112| 108] 104] 94 | 122
AVG MAX 7O | T4 | 86 | 98 | 107] 108] 104| 101{ 101| 88 | 85 | 74 | 92
AVG MIN 42 | 47 | 57 | 86 | 77 | 85 | 86 | B3 | 78 | 64 | 51 | 43 | 85
EXT MIN 290 | 31 | 40 | 48 | 59 | 58 | 63 | TO | 62 | 50 | 34 | 30 | 29
AVG FRCP | 0.3 0.4] 0.5| 0.2 0.3} 0.3} 1.8( 1.3] 0.8 0.4/ 0.1 0.2 6.8
MAX MON 2.4/ 2.0/ 2.8/ 1.5{ 2.3] 2.6/11.5{10.3] 5.3 1.2 2.3] 1.8] 20.4
MIN MON 0.0{ 0.0/ 0.0! 0.0{ 0.0i 0.0! 0.¢{ 0.0{ 0.0] 0.0{ 0.0] 0.0] 1.4
MAX DAY 1.2) 1.1f 1.4j 1.1/ 1.5/ 1.8] 6.9 5.1] 4.3] 1.2 1.3{ 0.8 6.9
TS DAYS . 1 1 1 2 2 1 1! *x{ 0: 0} 10
STATION: PESHAWAR PAKISTAN
LAT/LON: 233 80 N__ 71 31 K ELEV: 1180 FT
 —— > Apa——
ELEMENTS  JAN (FEB :MAR 'APR MAY .JUN JUL AUG ;SEP {OCT |[NOV 'DEC | ANN
EXT MAX 77 : 86 ; 99 ; 108, 118. 120° 122) 118/ 110| 101} 81 ; 83 | 122
AVG MAX | 83 ; 66 | 75 - 85 , 99 , 107 104 100| 86 ; 88 | 77 ' 67 | 86
AVG MIN | 40 | 44 | 52 - 61 70 ' 77 , 80 | 79 | T2 | 61 | 49 ; 4L | 61
EXT MIN | 28 | 28 | 33 40 . 51 1 62 : 66 , 66 | 57 | 43 | 25 ' 28 | 25
AVG PRCP - 1.6 1.8, 2.6 1.7, 1.6. 0.3 1.5 1.8/ 0.6 0.4/ 0.4; 0.8] 14.4
MAX MON . 5.1, §.1) 7.8 7.4] 5.2° 3.9 6.9/17.8; 7.01 2.0, 8.5, 4.4/ 27.9
MIWN MON | 0.0] 0.0/ 0.0{ 0.0/ 0.0 0.0: 0.0! 0.0{ 0.0i 0.0f 0.0j 0.0] 4.1
MAX DAY | 3.0| 2.2( 2.2 2.4; 3.9( 2.7 2.8 5.9 2.0{ 1.2] 2.0/ 1.6/ 5.9
TSDAYS | ®| 2| 5: 6 7| 6! 9| B8] 5| 4| 1, #| 53
DOSTDAYS i O ! i ® ' 1 3 2. 3| 2( 2| 1| ». 0] 14

STATION: RAWALPINDI/ISLAMARAD PAKISTAN -

LAT/LON: 33 37 N _ 13 06 K ELRY: 1660 FT
ELEMENTS |JAN {(FEB |[MAR [APR [MAY (JUN |JUL {AUG |SEP |OCT |NOV |DEC | ANN
EXT MAX 80 | 88 | 89 | 111] 115{ 118] 117} 111 107 100] 980 | 82 | 118
AVG MAX 62 | 85 | 75 | 88 | 98 | 104! 98 | 94 | 83 | 89 | 18 | 67 | 64
AVG MIN 36 | 42 [ 50 | 59 | 69 { 76 | T7T | 76 | 69 | 57 | 44 | 38 | 58
EXT MIN 26 | 27 [ 34 | 41 | 43 | 57 | 63 | 57 | 53 | 42 | 30 | 27 | 25
AVG PRCP | 2.5[ 2.5/ 2.7] 1.8 1.3] 2.3 8.1 B8.2| 3.9{ 0.8 0.3] 1.2} 38.4
MAX MON 8.4 7.8{11.4] 6.1/ 8.2{13.6{21.1{23.6/11.3| 5.4] 3.4] 5.8( 58.1
MIN HON 0.0f * . 0.0/ 0.0 0.0 0.0 0.6/ 1.8 = | 0.0] 0.0| 0.0 20.6
MAX DAY 3.0/ 3.8y 4.0/ 2.5 3.7/ 4.7 9.8 7.5/ 5.8; 1.7/ 2.2, 2.4] 9.8
TSDAYS | 1§ 2] 3| 6, S! 814 13| 7 3 11 1: €3

OR LESS THAN 0.5 DAYS

LESS THAN 0.05 INCHES

Figure 3-Ib. Climatological Summaries for Selected Stations in the Indus River Valley.

33



SITUATION AND RELIEF

THE INDUS RIVER VALLEY
STATION: HQYDERABAD PAKISTAN
LAT/LON: 2518 N _ _ _68 20 K _  KLEV: 130 FT
RLEMENTS [JAN [FEB [MAR [APR [MAY |JUN [JUL [AUG |SEP [OCT |NOV |LEC | ANN
EXT MAX 96 | 89 | 108] 110] 113] 111) 95 | 87 | 87 | 98 | 83 ; 92 | 113
AVQ MAX 85 | 89 | 97 | 101] 103| 86 | 87 | 86 | 86 | B8 | 85 | 84 | 890 i
AvG MIN 89 | 63 [ 88 | 78 | 8O | 75 | 73 | T2 | 7L | 68 | 62 | 56 | 68 |
RXT MIN A3 | 48 | 52 | 61 | 64 | 60 | 65 [ 67 | 64 | 53 | 45 | 45 | 43
AVG PRCP | 0.3] 0.4] 0.5 1.2{ 1.1] 4.4/ 6.0[ 5.3/ 6.4; 2.4| 1.1] 0.3] 29.4
MAX MON 5.2| 3.8 4,2| 5.8 4.6/12.714.4/10.9{19.7/14.0] 7.2| 3.4f 58.3
MIN MON 0.0 0.0] 0.0{ 0.0] 0.0y 0.7] 1.7 1.0{ 1.3/ 0.0] 0.0; 0.0| 17.9|
MAX DAY | 3.T7| 1.7| 4.1 2.4] 2.6, 4.8y 4.3| 7.5] 6.0] 4.6/ 3.8| 1.8 7.5
TS DAYS , * 1 21 5, 6, 51 1 2z 4 3, x 0| 29
STATION: JACOBABAD AFB PAEISTAN
LAT/LON: 28 17T N ___ _68 27K KLEV: 180 FT é
ELEMENTS ;JAN |FEB |[MAR |APR (MAY 'JUN [JUL 'ADG SEP OCT |NOV |DEC i ANN
EXT MAX | 89 | 103] 112| 119 126, 127. 126) 118( 115, 112| 103] 90 | i27T
AVG@ MAX | 73 | 78 | 81 | 100{ 112 114| 108; 105: 104; 98 | 87 | 76 | 96
I AV MIN | 44 | 49 [ 80 | 70 | 78 | 85 | 85 ,L 82 | 77 | 64 | 53 | 45 | 86 |
{ EXTMIN [ 25 [ 29 | 37 | 48 | 61 , €4 i 71 . 68 | 60 | A7 | 33 | 31 | 25 !
AVG PRCP : 0.3 0.3} 0.3{ 0.1] 0.2{ 0.2] 1.6: 0.9] * 1 0.0/ % | 0.1/ 3.9
| MAXMON | 2.2) 2.9| 1.6] 2.3 1.6/ 3.3(12.8. 6.0] 4.8 0.7 2.5| 2.5 10.9
MIN MON | 0.0] 0.0/ 0.0{ 0.0; 0.0 0.0y 0.0! 0.0| €.0f 0.0| 0.0{ 0.0l 0.1
MAX DAY | 1.1 1.0| 1.3 1.9] 1.6] 3.3| 4.2} 4.0] 1.3( 0.7| 1.8 1.9| 4.2
YSDAYS | | 1| 1| 1{ 1| x| 2| 2] x| 0o o] = 8
STATION: KARACBI AIRPORT PAKISTAN
LAT/LON: 24 54 N _ __67 Q9 & RLEV: 100 FT ___
ELEMENTS |JAN |FEB |MAR |AFR |MAY |JUN |JUL |AUG |GEP |OCT [NOV |DEC | ANN
EXT MAX 90 | 95 [ 1068] 111 118] 117] 110[ 102[ 108] 109] 200{ 93 | 118
AVG MAX 77 { 81 | 89 [ 84 | 96 [ 95 | 96 | 89 | 8O [ 84 | 50 |{ 81 | 89
AVG MIN 51 | 55 ( B84 { T1 | 78 | 82 | 76 | 79 | 77 ( 68 | 60 | 63 | 68
EXT MIN 32 | 37 [ 47 {55 | 63 [ 68 | 72 | 72 | 84 | 5O | 43 | 38 | 32
AVG PRCP | 0.5] 0.4] 0.3] 0.2,0.1] 0.7) 3.2/ 1.6/ 0.8] * | 0.1] | 7.7
MAX MON | 2.8 2.0] 3.8] 4.7 1.8{10.8{18.6]/14.2|15.4| 0.5 1.0{ 2.8| 22.7
MIN MON | 0.0{ 0.0 0.0/ 0.0] 0.0{ 0.0{ 0.0{ 0.0] 0.0] 0.0 0.0| 0.0 0.8
MAX DAY | 1.6 1.2 2.1 4.1f 1.2{ 7.2] 7.8 5.4| 8.1 0.5/ 0.9] 1.8/ B8.1]
TS DAYS = & | 1 1 1 1 *( 3| 2| 2{ 1 0| *i 11

x =

Figure 3-1c. More Climatological Summaries for Selected Stations in the Indus River Valley.

LESS THAN 0.05 INCHES OR LESE THAN 0.5 DAYS
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THE INDUS RIVER VALLEY SITUATION AND RELIEF

'W“ﬁiﬁ'ﬁ'm“" il

Elev. above i
|"@l§® Elev. between 200 m and 1,000 mf
i «7) Elev. below 200 m

Figure 3-2. Main Topographical Features of the Indus River Valley.
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THE INDUS RIVER VALLEY

GEOGRAPHY. As shown in Figure 3-2, the Indus
River Valley consists of the Trans-Indus Plain, which
lies above 656 feet/200 meters MSL in the porth, and the
Indus Valley loodplain (0-656 feet/)-2(0) meters MSL)
in the south. The southern edge of the Sulaiman Range
(29° N, 69° E) is on the subregion’s wester edge.

The Indus Valley floodplain, a level, silt-covered
valley, covers about 290,00 sy NM. At its southern
end, the Indus River delta covers over 3,000 sq NM. At
its northern end, the Thal Desert forms a triangle
between the Indus, Jhelum, and Chenab Rivers. The
Thal is 75 NM wide just south of the Salt Range and 170
NM long. Its landscape is dominated by sand and sand
dunes. In the floodplain’s east-central portion, India’s
Thar Desert peaetrates into east-central Pakistan. The
Thar's fandscape includes isolated rocky outcrops and
shifting dunes. It is 500 NM long from north 0 south
and 200 NM wide.

The Indus River Valley’s northern and western
boundaries arz marked by the 3,280-foot (1,000-mclcr)
contour line running from the Pakistan/India cease-fire
line o the Hab River, then following the Hab River o
the Arabian Sea west of Karachi. The southern boundary
follows the Arabian Sea coastline from the Hab River
cast to the Pakistan/India border, then north back to the
cease-fire line.

Large rivers (all branches of the Indus) divide the
Trans-Indus Plain into three major plateaus:  the
Peshawar, the Potwar, and the Sialkot. The Peshawar, in
the extreme northwest, is bounded vn the east by the
Indus River and on the south by the Kabul River. It
covers 1,500 sq NM and includes the foothills of the high
mountains to the north of the region, primarily the Hindu
Kush, Average clevation is 1,(0-1,200 feet (300-370
meters) MSL.

The Powwar Platcau, in the north central Trans-Indus
Plain, is 110 NM long from rorth to south and 40-80 NM
wide. The Indus River (orms its western edge:;  the
Jhelum, its castern edge. Elevation averages 1,200- 1,900
feet (370-580 meters) MSL. Terrain includes rolling
sandstonc hills covered by loess (wind deposited clays).
Numerous steep, narrow stream beds dissect the platcau.
The Salt Range, a 200 NM long ridge line oriented
northeast to west, forms the platcau’s southern boundary,
Elevation averages 2,200 feet (670 meters) MSL., but the
highest point is 4,992 feet (1,522 meters) MSL.

SITUATION AND RELIEF

The Siatkot Plaleau in northcast Pakistan is bounded
by the Chenab and Ravi Rivers, 1t covers 2,000 sy NM
and featurcs rolling hills and numerous glacier-fed
streams,

DRAINAGE AND RIVER SYSTEMS. The Irdus
River and its five main tributarics form a ncrth o south
drainage basin that covers 380,000 sq NM. Originating
in China, the Indus’ NNE-SSW course through Pakistan
rums for more than 1,500 NM. Much of its lower course
(below the 656-foo/200-meter level) meanders through
an interconnected network ol channels--a braiGed stream
bed. Its floodplain is extensive and water levels vary
seasonally. Al the end of the Northeast Monsoon, river
width may be as litlle as 1/4 NM, but after Southwest
Monsoon rains, width increases to 2 NM.

The Kabul River is the main Indus tributary in the
Trans-Indus Plain.  Originating in Afghanistan, the
Kabul is 320 NM long. The Chenab (675 NM long) and
the Sutlej (850 NM long) are the main tributaries of the
Indus Valicy Floodplain. They merge to lorm the
Panjnad River 50 NM SSW ol Multan. The Panjnad
flows for only 50 NM before entering the Indus.

The Jhelum and Ravi Rivers are the Chenaly’s main
iributarics. The Jhelum is 480 NIM long: the Ravi, 475
i IM. Bgih originate in the Himalayas and drain into the
Chenab about 50 NM north-northeast of Multan.

LAKES AND RESERVOIRS. Even though many
rivers flow through the region, there are fow dams or
reservoirs. The two most prominent dam/rescrvoirs are
the Tarbela (on the Indus) and the Mangla (on the
Jhelum).  Both are flood control and hydroclectiic
faciliucs. The reservoirs are also used for irrigation. Thy
reservoir behind Tarbela Dam is about 35 NM long
(NNW-SSEj and 20 NM wide (NE-SW); thc one behind
Mangla Dam is about 20 NM long (NW-SE) and 13 NM
wide (NE-SW). There arc no other major water bodics m
the region.

VEGETATION. Vegetation throughout the region s
limited to stunted bushes, wiry grasses, and scattered
stands of trecs.  Plants are usually hardy varictics, well
adapted to arcas with little precipitation. Marsh grasses
grow along the Indus River delta near the Arabian Sca
coast.  lrrigated arcas support wheat, cottor, and e e,
Fruit trees arc found on plantsions or in o 1en st
reservations,
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THE INDUS RIVER VALLEY
MORTHEAST MONSOON

December-March

GENERAL WEATHER. Cyclonic  activity
produces what South Asian meteorologists refer to
as "a wosiern disturbance," the major weather
producer throughout the Northeast Monsoon.
Upper-tevel troughs move into the arca, primarity
from the Persian Gull( or Iran and rarcly from
Alghanistan. Truc polar cold air outbrezks do not.
occur in the Indus River Valley. Instead, cold air
filters south and southwestward across the Hindu
Kush and is reinforced by cold air moving down the
Indus Valley from the western Himalayas.

SKY COVER. Skies arc clear except {or clouds
resulting from the occasional western disturbance
and some jet stream cirrus.  Mean cloudiness
(shown by the isopleths in Figurce 3-3) averages
20-40%, increasing steadily across the Trans-Indus
Plain to more than 40% north of a line running (rom
Peshawar to Rawalpindi/lslamabad. This increasc
results from a combination of swonger upper air
troughs and increasing proximity to the Hindu
Kush. Ceilings are below 3,000 fcct (915 meters)
(sec tabular data in Figure 3-3) Iess than 5% of the
time througbout the region. The highest occurrence
(4%} is along the Arabian Sea coast where onshore
flow ahcad of an unusually strong cold front brings
low clouds inland.

Layered middie and high clouds associated with
western  disturbances  are normally  the  only
well-delined overcast fayers.  Bascs are rarely
below 8,000 Teet (2,400 metersy AGL except in an
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occasional shower.  Tops among imultilayered clouds
may cxceed 30,000 feet (9,103 meters) MSL. Frontal
systems and isolated showers provide the rare ceilings
below 3,000 feet.  Bases average between 1,500 and
2,500 leet €460 and 760 meters) AGL - Tops range from
3.000-5,000 Seet (Y '0-1,500 mcters) MSL 10 30,000 feet
(9,146 mcters) MSE with an isolated thunderstorm.
Bascs may go as low as 500 feet (150 meters) AGL in
the rare heavy shower.

VISIBILITIES, Visibility is restucted throughout much
of the scason by persistent smoke ana dust haze in and
necar populated arcas. This is particularly noiiceable near
large wowns or cities in mountain valleys because of
{emperature  inverssons,  lowsr  air emperatures
incfficient home heating systerss, and extensive brick
firing. For example, Peshawar  visibility is only 410 5
miles in smoke and  haze, late alternoon.
Visibility at dawn can go down .y a mile,

SUIENIE

Figure 3-3. Mean Northeast Monsoon Cloudiness
(isopleths) and Frequencies of Ceilings Below 3,000
Feet (915 meters) , Indus River Valley.

Lahore, because of its larger population and factorics,
has onc of the poorest sunrise visibilitics among major
urban arcas. Rural regions away from terrain barriers do
not have this problem. Above the inversion (4,000-5,000
feet/1,200- 1,500 racters MSL), visibility is unrestricted.

Visibilitics are good in the southeen third of the Indus
Valley except along the immediate Arabian Sca coast
where, even without major urban pollution, the afternoon
sca breeze brings in marine salt haze. Visibilitics in the
alterneon average 4 W 6 miles. Karachi has the same
pollution-caused smoke and dust haze problem as inland
locations.  but marked  land/sea breese improves
visibility.

d
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THE INDUS RIVER VALLEY
NORTHEAST MONSOON

Visibility in a rare precipitation cvent may
average 3 (0 5 miles. Light fog occurs bricfly with
and after rain, but dense fog is almost unknown.
Figure 3-4 shows frequencies of visibility below 2
1/2 miles for sclected stations around sunrisc
(0800L) and sunset (1700L).

WINDS. Gradient winds arc light northerly to
northcasterly. However, well-defined land/sca and
mountain/valley breezes may override the gradient
flow, particularly along the Arabian Sca coast and
in river valleys surrounded by relatively sharp
mountain ridges. Surface winds reflect the synoptic
gradient during western disturbances. Spceds are
relatively light. Figure 3-5 shows primary surface
wind dircctions and mean speeds for selected
stations. Note that (except for Peshawar, which is
in a well-defined mountain valley) Karachi, Chhor,
and Hyderabad are the only stations at which mean
winds shift (o the southwest by season’s end.

General mid-level flow is northwesterly at
southcrn, low-clevation stations; winds at northern
stations, which are higher and closer (o the main
mountain ranges, vary from westerly (o northerly.
Sce Figures 3-6a-d for representative 5,(00-,

December-March
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10000-, and 15,000-foot (1,500, 3,000-, and e M
4,600-meter) MSL wind directions. hfw--#»«i../l;.o’g T — y
Local Time 08]17
% Freq Vis LT 3mt ~ |
L 1 "
Figure 3-4. Mean Northeast Monsoon Frequencies of
Visibilities Below 2 1/2 Miles, Indus River Valley,
DEC | JAN | FEB : MAR
NE/SW |Chhor 2.40: 3.00  3.30  4.40
NE./SWHyderabad | 2.60  2.80 ' 2.90 ' 3.50
NW_E |Jacobabad | 1,40 1.90: 2.70 i 3.60
NE |Khanpur 1.30:1.80 1 1.90 : 2.70
NW-N |Lahore 1,701 1,90 : 3.00 ¢ 3.70
SE—-SW/|Peshawar 1.50: 210 2.50 , 2.80
N-E |Khushab 0.90 : 1.40 ' 1.9C : 2.30
N |[Multan 1.00: 1.30 : 1.90 : 2.80
NW |Dera lsmail | 1.60: 2.00 0 2.10 ; 2.40
SW [Sargodha - | 1.50:2.00: 2.50 @ 3.20
NE./SW |Karachi 2.80: 3.40 : 4.00 : 4,80
NW-—N {Nawabshah | 2.00; 2.00 ;: 1.70 . 2.60

Figure 3-5. Mean Northeast Monsoon Surface Wind Speeds (kts) and

Prevailing Direction, Indus River Valley.
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THE INDUS RIVER VALLEY
NORTHEAST MONSOON December-March
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' Figure 3-6a. Mean Annual Wind Direction for Karachi, Pakistan.
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Figure 3-6b. Mean Annual Wind Direction for Jacobabad, Pakistan.
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THE INDUS RIVER VALLEY
NORTHEAST MONSOON

December-March
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Figure 3-6c. Mean Annual Wind Direction for Multan, Pekistan.
368
315 e o,
—— - -
. . - — —— =
Fding < JS SRR ——— \ / “x'h.
2es \\d’”/,
1380 -
135
v
-me. 1% BBO {1 Dosh-to-0Bot | aine
2,4 e 10 BDOD {1t Solia Laine
-_— ., B0n ft Dashed Lane
RN A S I e S Y E St it s
JAN FLE MTAR HPE MATY JURN JuL HU G “SEF e T 1o pge

Figure 3-6d. Mean Annua! Wind Direction for Peshawar, Pakistan.
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THE INDUS RIVER VALLEY
NORTHEAST MONSCON

Dacember-March

PRECIPITATION. Westem disturbances produce
the only precipitation during the Northeast
Monsoon. Mean precipitation (Figure 3-7)
averages under an inch (25 mm) a month for the
southern two-thirds of the Indus River Valley.
Precipitation only exceeds this armount north of a
tine from Khushab to Lahore; amounts rise sharply
a8 one approaches the mountains (o the north.
Rawalpindi/Islamabad, for example, averages
between 1 and 3 inches (25 and 75 mm) a month,

Snow is common with stronger western
disturbances on isolated ridges above 3,000 feet
(915 meters) MSL in the Hindu Kush foothills
northwest of Peshawar, but rare (0 nonexistent
elsewhere. Newiy fallen snow melts within 3 to 6
hours.

Maximum 24-hour precipitation amounts are the
result of heavy convection associatcd with westem
disturbances. Arabian Sea moisture advected
inland ahead of fronts increases rainfall at Karachi.
The mountains in the north and west also enhance
rainfall. Low rainfall amounts on the indus River
floodplain reflect a lack of orographic lift and the
influence of the Thar Desert. Figure 3-7 shows
mcan scasonal (ischyets), monthly, and maximum
24-hour precipitation for selected stations.

Thundersiorms (Figure 3-8) arc rarc in the

L Ll L) L
DEC_JAN FEB MAR DEC_JAN FEB MAR
0.6]1.5[1.6]2.6 . %
T.8]3.012. 7122 . B3,

DEC JAN FEB MAR

DEC JAN FEB MA

<

Ve .
DEC JAN FEB MAR

DEC JAN FEB MAR

FEB

southern (wo-thirds of the region until March, when

C_JAN MAR
1] * 10.210.1 24
[o. 10 510°2
DEC JAN FEB MAR
e * < 0.05 inch
‘ .I:lc JAN FEB MAR ' ot
DEC JAN F
° * ° Nulzplmll’
. 1} MAX 24-HR PCP
TINC 3 »

frequency rises as the transition 10 the Southwest
Monsoon approaches. Siations ciose (o the Hindu Kush
sce higher thunderstorm frequency in March;  for
exampic, Peshawar jumps from less than a half-day with
(wnderstorms in December and January to 5 days in
March. Although scvere thundersiorms arc  most
frequent in April and May, they can occus in March.
Thundersiorm bases are normally above 3.000 feet (915
meicrs) AGL. Tops are near 30,000 feet (9,100 meters)
MSL., but occasionally reack 40,000 fect (12,195 mcters)
MSL by the end of March. The usual thunderstorm
hazards arc present; downbursts are possiblc under high
thunderstorm bases.

Figure 3-7. Mean Northeast Momsoon Monthly/
Maximum 24-Houwr Precipitation (inches), Indus
River Valley. Isohycts rcpresent mean scasonal rainfall
totals.

3-11



THE INDUS RIVER VALLEY
NORTHEAST MONSOON
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Figure 8. Mean Northeast Monsoon
Thunderstorm Days, Indus River Valley.

TEMPERATURE. Temperaiures reflect the
predominantly clear il in the southern hall,
while increasing  altiwde and  snow-covered
mouniain ranges affect temperatures in the northern

half. The Thar Descrt has an influence in the
southeast. Sea breczes moderate  Karachi
temperatures. In  March, (emperatures rise

throughout the region with increasing insolation
and a weakening Northeast Monsoon circulation.

December-March

Temperatures show at leasta 22° F diumnal variation
throughout the region, even along thc coast. By
March, stations near the Thar Desert show variations
of more that 30° F, Figure 3-9 shows mean maximum
and minimum daily temperatures for selected stations.
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Figure 3-9. Mean Northeast Monsouvn  Daily

Maximum/Minimum Temperatures (F), Indus River
Valley.

3-12



THE INDUS RIVER VALLEY
NORTHEAST TO SOUTHWEST MONSOON TRANSITION

GENERAL WEATHER. Cyclonic activities (or
"western disturbances”) end rapidly as the
Northeast Monsoon breaks down. This is the
hottest time of year as insolation increases rapidiy
and skies remain clear; the Southwest Monsoon's
clouds and moisture have yet 1o appear.
Upper-level troughs still move into the area from
the Persian Gulf and Iran, acting as triggers lor
thunderstorms; they do not have surface systems.

SKY COVER. Mean cloud cover (shown by the
isopleths in Figure 3-10) remains low, and is almost
the same as during the Northeast Monsoon. Skies
are clear except for jet stream cirrus in the southern
half. Mean sky cover averages less than 25% but
increases steadily to the north. It exceeds 40%
north of a line from Peshawar to Rawalpindi
because of a combination of stronger upper-air
troughs and increasing proximity to the Hindu
Kush. Ceilings are below 3,000 fect/915 meters
MSL less than 5% of the time throughout the
subregion except along the Arabian Sca Coast
where increased low-lcvel onshore flow (rom the
sca breeze is no longer opposed by Northeast
Monsoon flow. The highest cloud cover occurrence
al Karachi (which is 15 miles inland) is 17% at
2100 LST belore the land brecze develops:  low
cloud occurrence along the immediate coast is
higher.

The only well-defined middie and high overcasts
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arc with the steadily decreasing numbers  of
"weslern disturbances.”  Bases arc rarely below
8000 feet (2,400 meters) AGL except in occasional
showers or isolated thundershowers. Muluilayered cloud
tops cxceed 30,000 feet (9,100 meters) MSL. Isolated
trontal system showers rarcly fower ceilings below 1((K)
feet, but when they do. hases average 1,500 500 feet
1450-760 meters) AGL. Tops are 3.000-5000 fecl
(910-1,500 meters) MSL, and up 10 30.000 fect (9100
meicrs) MSL with an solated thunderstorm  In o rare
heavy shower. hases may go as low as SOO feet (182
meters) AGL Coastal stratus hases range from 700 (o
SO0 foet (215-457 meters) AGL. wops lrom 1500 10
2.500 fect (457-762 metcrs) MSH

Figure 3-10. Mean NE-SW Monsoon Transition
Cloydiness (isopleths; and Frequencies of Ceilings
Below 3000 Feet (915 meters) Indus River Valley.

VISIBILITIES. Visibility improves as the Nertheast
Monsoon weakens.  Only larger inland towns i niver
valleys continue o suffer low  visibilities caused by a
tombination ol Icmperatgre anversions and  cxiensive
brick Nnng. a condinon most evident at Labore and
Khanpur  Visbiliies i precipitatson average 3. mides
Fog ocours bnicthy dunng and after rans Visibiliics ane
goad cven along the immeduate Araban Sca Coast, bt
the attermoon sea breeze brings in some sah haze



THE INDUS RIVER VALLEY
NORTHEAST TO SOUTHWEST MONSOON TRANSITION

Afternoon visibilitics average 4 to 6 miles. Figure 3-11
shows frequencies of visibility less than 2 1/2 miles (or
selected stations around sunrise (0800L) and sunset
(1700L).

April-May

WINDS. Gradient winds are mostly light and
variable; however, surface winds become light
sonthwesterly by the transition's end, reflecting the
increasing influence of the Southwest Monsoon.
Well-defincd land/sca and mounta‘n/vallcy breczes
are the predominant local wind systems, cspecially

08[17 along the Arabian Sea coast and in river valleys
surrounded by sharp mountain ridges.  Surfuce
winds may reflect the synoptic gradient closc to the
strongest western disturbances.  Figure 3-12 shows

0s8l17 L primary surface wind directions and mcan speeds for
Th, selected stations. Refer to Figures 3-6a-d for
representative  5,000-, 10,000-, and  15,000-foot
‘,‘\‘\_} (1,500-, 3,000-, and 4,600-meter) MSL  wind
AN directions.
P 08]17
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ONG T NE |Hyderabad 8.20 8.00
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w  |Khanpur 550 i 6.50
& S—SW|Lahore 9.00 12,30
\ SE-SW|Peshowar | B.10 | 8.70 ‘
\ ¢ N—E |Khushab 8.00 { 8.30
N |Muitan 7.50 7.20
NE {Deralsmail] 7.50 7.20
NE |Sargodha 8.00 | 8.50
e < ‘\; Karachi 6.20 8.80
1 ——
i o1 S T— y s Nawabshah| 6.60 6.30
Local Time 08{17
$ FREQ VIS LT 3wt [
@ ; n ” Figure 3-12. Mean NE-SW Monsoon Transition
. ! Wind (kts) and Prevailing

Figure 3-11. Mean NE-SW Monsoon Transition
Frequencies of Visibilities Below 2 1/2 Miles, Indus
River Valley.

Surface Speeds
Direction, Indus River Valley.
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THE INDUS RIVER VALLEY

NORTHEAST TO SOUTHWEST MONSOON TRANSITION

PRECIPITATION. Rainfall averages between 0.1 and
1 inch (2.5-25 mm) a2 month at all locations except for
those near the Hindu Kush. Islamabad (Rawalpindi) and
Peshawar get between 1 and 2 inches (25-50 mm) a
month from orographic thunderstorms during western
disturbances.

Maximum 24-hour precipitation amounts reflect the
heavy convection associated with westerm disturbances,
the only precipitation-producing mechanisms during the
NE-SW Monsoon transilion. Arabian Sea moisture at
Karachi and in the northern and western mountains
increases precipitation at those locations.  Southem
stations east of the Indus River gel less rainfall because
of the Thar Desert and a lack of orographic lift. Figure
3-13 gives mean secasonal rainfall (isohyets) and mean
monthly/maximum 24 hour precipitation.
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April-May

Thunderstorms occur 1 day or less a month in the
southern two-thirds of the region, except in Hydcrabad,
where they occur once every 4 (o § days, developing over
mountains to the west. The same [requency is found
north of a line from Dera Ismail to Lahore.

Severe thunderstorms (called "northwesters" locally)
are most frequent now because of increasing moisture,
higher icmperatures, and western disturbances.  Actual
frequency, however, varies greatly from one year 1o
another. Thunderstorm bases are normally ahove 3,(X0)
feet (915 meters) AGL; tops are 40,000 [eet (12.2 km)
MSL, rising to more than 50,000 fcet (15.2 kin) MSL in
the strongest storms. The usual thunderstorm hazards
occur. Downbursts are possible, as well as winds greater
than 50 knots and large hail.

ey
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28+
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Figure 3-13, Mean NE-SW Monsoon Transition
Monthly/Maximum 24-Hour  Precipitation, Indus
River Valley, Isohyets represent mean seasonal rainfall.

Figure 3-14. Mean NE-SW Monsoon Transition
Thunderstorm Days, Indus River Valley.
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THE INDUS RIVER VALLEY

NORTHEAST TO SOUTHWEST MCNSOON TRANSITION

TEMPERATURE. Temperatures reach their annual
maximums, reflecting the predominantly clear skies
across much of the region. Temperatures risc rapidly
except on the Arabian Sea Coast. Even stations close to
mountain ranges in the northern haif see highs at or
above 100° F (38° C). Highs in the southern half, except
for Karachi, are close to 110° F (43° C). Sea breezes

April-May

moderate Karachi’s temperaturcs, where highs are "only"
94-96° F (34-36° C). Stations near the Thar Dcsert show
diurnal variation of more than 30° F (17° C). Variations
of 25° F (14° C) are common tkroughout the region,
cxcept along the Arabian Sca coast where increasing
moisture holds the range to 18° F (10° C) by mid-May.
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Figure 3-15. Mean NE-SW Monsoon Transition Daily Maximum/Minimum

Temperatures (F), Indus River Valley.




THE INDUS RIVER VALLEY
SOUTHWEST MONSOON

GENFRAL WEATHER. This Southwest
Monsoor: is the rainy scason. Extremely strong
upper-level troughs occasicnally affect the
extreme northern edge of the region, causing
"monsoon breaks" that greatly reduce the amount
of badly needed precipitation in the northeastern
quarter.

SKY COVER. Mean cloudiness (Figure 3-16)
increases most rapidly in the extreme south.
Total sky cover averages more than 60% along
the coast, decreasing to 25-30% at Nawabshah.
Most cioud cover is stratus, but some is cumulus
with showers. Over the northern haif, mean sky
cover is 20-30%. Increasing cloudiness in the
extreme northeast reflects westward intrusions of
monsoorn depressions with cumulus and showers.
Ceilings are below 3,000 feet (915 meters) AGL
less than 7% of the time except ncar the coast; at
Karachi, ceilings are below 3,000 feet (915
melers) AGL 40-55% of the time, with litlle
diurnal variation.

Low clouds aicng immediate coasts, and those
in and around a dying monsoon depression, form
the only well-defined overcasts. Middle and high
layers are also associated with monsoon
depressions or with a dying subtropical cyclone.
Bases are rarely below 6,000 feet (1,800 meters)
AGL except in (he occasional shower.
Multilayered cloud tops can exceed 40,000 feet
(9,100 meters) MSL. Bases average 1,500-2,500
feet (460-760 meters) AGL in showers. Tops
range from 3,000 to 5,000 feet (915 to 1,500
meters) AGL, and up to 45,000 feet (13.7 km)
MSL with thunderstorms ncar monscon
depressions. Bases may go as low as 500 feet
(150 meters) AGL in heavy showers.

June-September
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Figure 3-16. Mean Southwest Monsoon Cloudiness
(isopleths) and Frequencies of Ceilings Below 3,000
Feet (915 meters), Indus River Valley.
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THE INDUS RIVER VALLEY
SOUTHWEST MONSOON

VISIBILITIES. Visibility is restricted by persiclent
smoke snd dust haze in and near major populated arers
where there is no sieady wind flow. This is particularly
noticeable near large towns or cities in mountain valieys,
especially Khanpur and Lahore, wherc temperature
inversions and extensive brick firing are the primary
causes.  Vigibilities are better along the immediate

June-September

Arubian Sea Coast. Even though the aftermoon sca
breeze brings in salt haze, sustained wind flow kecps
visibility high. Visibilities in rain average 3-5 miles but
can go as low as 1/2 mile. Fog occurs during and afler
rains. Eurly moming ground fog occurs bricfly over
marshes.

Local Time 08117
% FREQ VIS LT 3mt — [

R L

Figure 3-17. Mean Southwest Monsoon Frequencies of Visibilities Below 2 1/2

Miles, Indus River Valley.




THE \NDYJS RIVER VALLEY
SOUTHWEST MONSOON

WINDS. Gradient winds arc light, from the southwest
or southeast. Well-defined land/sea and mountain/vailcy
breezes may override gradient f'ow, but the land brecze
along the Arabian Sea coast is rarcly strong cnough o
override onshore flow. Winds in and arcund a monsoon
depression reflect the synoptic gradient.  Speeds are
higher in the north due 0 monsvon depressions and
thunderstorms. Figure 3-18 shows primary surface wind

June-Sepiember

directions and mcan speeds for sclected sttions.  Nole
that only mountain valley stations, such as Peshawar, aic
exceptions (o Southwest Monsoon flow,

Refer to Figurcs 3-6a-d for representative 5,000,
10,000, and 15,000-foot  (1,500-, 3,000-, and
4,600-metcr) MSL wind directions.

JUN | JUL AUG SEP

SW |Chhor 570 530 6.00: 4.00
SW |Hyderabad 8.30: 7.60: 8,50 : 7.40
SE |Jaccbabad 800 7.80: 7.00: 7.50
swW |Khanpur 49C: 570 580 5.10
E—-S |Lghore 13,701 16.30 { 13.90 i 10.90
NW-NE|Peshawar 10.80¢ 8.90: 8.20: 6.70
NE-S|Khushab 12.10 { 10.30 i 9.00: 6.70
S [Multan 1040 : 9.80: 860 6.0C

NE |Dera lsmail 840! 7.4% 6.90:. 5.80
NE |Sargodha 8301 9.20: 9.10: 800
w {Karachi 820 910! 840 9.20
8—8WwW |Nawabshch €60 7.50: 6.90: 5230

Figure 3-18.
Prevailing Direction, Indus River Valley.

Mean Southwest Monsoon Surface Wind Speeds (kts) and




THE INDUS RIVER VALLEY
SOUTHWEST MONSOON

PRECIPITATION. Mean rainfall amounts shown in
Figure 3-19 reflect relative distanccs from the Arabian
Sea Coast and from the Ganges River Valley of northern
India--the preferred track for monsoon depressions.
Rainfalt, cven near the Thar Cesert, averages 1-2 inches
(25-50 mm) a month. Stations close (o the Arabiun Sea,
near the preferred monsoon depression track, or close to
the mountains, get thc most rainfall; examples are
Karachi, Lahore, and Peshawar.

Maximum 24-hour rainfall amounts reflect heavy
Southwest Monsoon convection, Peak rainfail cvents

June-September

occur in the highest northern and northwestern sections
of the region about once ¢very 4 years. This abnormal
penctration, discussed under "Transitory  Synoptic
Features," is caused by a cut-off low over southem Iran
and a westward cxicnsion of the Tibetan 200 mb
anticyclonc to nearly the longitude of Rawalpindi.
Experienced Indian, Pakistani, and Iranian
meteorologists believe that this phcnomenon, which
originatcs as an omega block over the southern portion of
the European Sovict Union, is the causc of highly
abnormal, widespread precipitation over northwestern
Pakistan, Afghanistan, and Iran.
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THE !INDUE RIVER VALLEY
SOUTHWEST MONSOON

Thunderstorm  frequency increases over the entire
region; they occur in the extreme north almost ¢very
other day. Severe storms are rare.  Thunderstorm bases
are normally above 3,000 feet (915 meters) AGL. Tops
are ncar 40,000 feet (122 km) MSL, but can rcach
50,000 feet (15.2 km) MSL. The usual thunderstorm
hazards arc present.

June-September

TEMPERATURE. Decreasing temperateres  reflect
somewhat cloudicr skics, especially in the southern half,
The influence of the Thar Desert in the southcast is
fargely countered by moist southwest flow that holds
temperatures  down but  makes . conditions  extremely
uncomfortable,  Karachi and Hyderabad temperatures
show Southwest Monsoon influence, while temperatures
in the extreme north arc influcnced more by the
mountains,
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Diurnal variation decreascs throughout the region,
showing the effects of increased cloudiness and humid
air over much of the arca. Figure 3-21 shows mcan
maximum and minimum tcmperatures.
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Tigure 3-20. Mean Southwest Monsoon Thunder-
storm Days, Indus River Valley.
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THE INDUS RIVER VALLEY

SOUTHWEST TO NORTHEAST MONSOON TRANSITION

GENERAL WEATHER.

September, the Southwest
withdrawn from most of Pakistan;  western
disturbances have yet to fully appear.
Temperatures moderate as insolation decreases.
By the end of the tramsition, upper-level troughs
begin to move in from the Persian Gulf or Iran.

By mid to late
Monsoon  has

SKY COVEK. Mecan cloud cover (isoplcths in
Figure 3-22) decreases to less than 25% during
Ocicber and November. Skics are clear except
for clouds caused by an occasional western
disturbance and some jet stream cirrus in the
southern half. Sky cover increases steadily in the
northern half because of increasing upper-air
trough passages and relative proximity (o the
Hindu Kush. Ceilings are below 3,000 feet/915
meters AGL less than 1% of the time except in
the extremc south. The highest occurrence (6%)
is along the Arabian Sea coast, as onshore flow
with a sea breeze brings moisture inland.

The only well-defined overcasts arc middle
and high cloud layers associated with the isolated
weslern disturbance in November.  Bascs are
rarcly below 8,000 feet (2,400 meters) AGL
except with the occasional shower, Tops in
multilayered clouds may exceed 30,000 feet
(9,100 mcters) MSL. The rare low ceiling north of
the immediate Arabian Sea Coast is caused by an
upper-air trough or an isolated early October
thunderstorm;  bases average 1,500-2,500 fecet
(460-760 meters) AGL. Tops range from 3,000 o
5,000 feet (915 to 1,500 meters) MSL, but can
reach 30,000 feet (9,146 meters) MSL. In a rare
heavy shower, bases may go as low as 500 fect
(150 meters) AGL. Coastal stratus bases range
from 1,000 0 1,500 fect (300 10 460 meters)
AGL; tops range from 1,500 to 2.500 feet (460 to
760 meters) MSL.

October-November
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Figure 3-22.
Cloudiness (isopleths) and Frequencies of Ceilings
Below 3,000 Feet (915 meters), Indus River Valley.




THE INDUS RIVER VALLEY

SOUTHWEST TO NORTHEAST MONSCOON TRANSITION

VISIBILITIES, Visibilities are the best of the year,
The only major restrictions arc in large towns or cities
where  inversions,  increasingly  lower  nighttime
temperatures, incfficient home heating systems, and
cxtensive brick (iring result in widespread smoke and
dust haze. Visibilities are worst in the northeast at
Lahore and Khanpur where visibilities in rain average 3
to 5 miles.

October-November

WINDS. Gradient winds become light from the north or
northeast, rcflecting the onset of the Northeast Monseon.
Well-defined land/sca and mountain/valley breczes inay
override the gradicnt flow, cspecially along the Arabian
Sea coast and in river valleys surrounded by sharp
mountain ridges. Figure 3-24 shows primary surfacc
wind directions and mcan speeds for sclected stations.

Local conditions secm 10 determine wind directions.

General mid-level flow slowly reverts 1o the Northcast
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Monsoonal patterns shown in Figure 3-6a-d.
3 -
OCT | NQV
S/WNW [Chhor 3.80 | 3.30
1 E |Hyderabad | 6.70 { 6.20
N—E [|Jacobabad | 7.00 { 6.10
SSW./N |[Khanpur 4.60 | 4.40
SSW—-E |lLahore 7.40 1 6.10
N Peshawar 6.60 : 7.10
» INNW Khushab 7.G0 : 7.20
WINW Multan 4.10 : 5.40
NNW (Dera lsmaily 6.70 : 6.2
s |Sargodha 760173
SSW. /N |Karachi 6.60 1 510
26 s—w |Nawabshah| 5.00 : 4.&80
Figure 3-24, Mean SW-NE Monsoon Transition
Surface Wind Speeds (kts) and Prevailing
x4  Direction, Indus River Valley. The slashes between
wind directions for Chhor, Khanpur, and Karachi
denote prevailing directions at the beginning and cnd
of the transition scason,
249

Figure 3-23. Mean SW-NE Monsoon Transition
Frequencies of Visibilities Below 2 1/2 Miles, Indus
River Valley.




THE INDUS RIVER VALLEY

SOUTHWEST TO NORTHEAST MONSOON TRANSITION

PRECIPITATION. Mean rainfall amounts (Figurc
3-25) drop dramatically as Southwest Monsoon moisture
is no fonger available. Even siations close to the Hindu
Kush see very little precipitation. Mean monthly rainfall
averages less than 0.6 inches (15 mm) at all locaiions.
Maximum 24-hour precipitation amounts rellect the
remaining heavy convection associated with isolated
upper-air trough passages. They also reflect orographic

Qctober-November

showers in the north and west. Precipitation totals at
locations cast of the Indus River (south of 28° N) reftect
the lack of orographic effect and the influcnce of the

Thar Desert.  Snow is unknown except in the foothills

surrounding  cxtreme  northern and  northwestern
tocations.  Figure 3-25 show mcan scasonal rainfall
(isohyets) and monthly/maximum 24-hour precipitation
for sclected stations.
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Figure 3-25. Mean SW-NE Monsoon Transition Monthly/Maximum 24-Hour
Precipitation, Indus River Valley. Isohycts represent mean seasonal rainfall.




THE INDUS RIVER VALLEY

SOUTHWEST TO NORTHEAST MONSOON TRANSITION

Thunderstorms are rarc cxcept for those in October
over the cxtreme south and north.  Hyderabad, in the
extreme south, shows a small peak of 3 to 4 days in
October, possibly from the remains of a  wopical

October-November

depression,  Thunderstorm bases are normally  above
3000 feet (915 meters) AGL, and wops arc ncar 40,000
feei (12.2 km) MSL.. The usual thunderstorm hazards,
including downbursts, are present,
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Figure 3-26. Mean SW-NE Monsoon Transition Thunderstorm Days, Indus

River Vailey.




THE INDUS RIVER VALLEY

SOUTHWEST TO NORTHEAST MONSOON TRANSITION October-November

TEMPERATURE. Decrcasing temperatures reficct
decreasing insolation and mostly clear skies in ihc
southern half of the region. Karachi temperatures show
the cficcts of the October sea breczes that bhegin to
diminish in November.

There are  large diurnal temperature  variations
throughout the region. Stations ncar the Thar Desert, for
cxample, sce diurnal variations of more than 30° F (17°
C) by November. Variations of 25° F (14° C) arc
common throughout the region, even along the Arabian
Sca coast,
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Figure 3-27. Mean SW-NE Monsoon Transition Daily Maximum/Minimum

Temperatures (F), Indus River Valley.
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Chapter 4
THE EASTERN MOUNTAINS

The Easiern Mountains comprise the Karakoram Ranges (or westemn Himalayan Mountains) of northern Pakistan
and northeastern Afghanistan, the Hindu Kush ranges in north/central Afghanistan, and the mountain ranges of
western Pakistan, After describing the area’s situation and relief, this chapter discusses "gencral weather conditions”
by season. Because conditions change rapidly from onc mountain valiey to another, all cloud heights in Chapter 4
are given in feet above mean sea level (MSL) unless otherwise stated.
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THE EASTERN MOUNTAINS SITUATION AND RELIEF

Figure 4-1a. The Eastern Mountains Region, Showing Political Boundaries and Reporting
Stations. White stars indicatc upper-air stations.




THE EASTERN MOUNTAINS SITUATION AND RELIEF
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MAX HOM 4.7 6.8{ 6.0] 8.9{ 6.0] 0.8) 1.8 0.3 0.4 2.8] 2.2] 3.8/ 27.7
MIN MON 0.6{ 1.0] 1.9| 3.0] 0.¢] 0.0] 0.0/ 0.0{ 0.0 #» |™0.0| 0.2] 1J.9
HAX DAY 1.0{ 1.8 1.3] 1.98] 2.2] 0.4 0.7{ 0.2| 0.3] 0.7] 0.9{ 0.7] 2.2

T8 DAYSB 0 0 | 3 [] b 3

DUST DAYB L 0 1 2 2 1 3 3 3 2 * b 18

BNOW DAYS T 8 3 » [ ) Q

AVG R8 % g0 | 78 | 73 | T1 ] ea | 45 35 | 29 | 35 | &8 | 69 | 78 (1
» = LESS THAN 0.05 INCHES OR LKSS THAN 0.5 DAYS
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‘ Figure 4-1b. Climatological Summaries for Selected Eastern Mountain Sites.
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MAX MON 6.4) 7.8] 6.3] 6.1) 2.0] 2.7j11.3[ 4.0] 1.2] 1.9] 3.8] 4.4] 21.8
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Figure 4-1c. More Climatologicai Summaries for Selected Eastern Mountain Sites.
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Figure 4-2. The Eastern Mountains Region, Showing Mountain Ranges and Rivers. This
region includes the rugged, fold-and-fault mountains of Afghanistan and Pakistan; some of the
highest elcvations in the world are found here.
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GEOGRAPHY. As shown in Figure 4-1a, the northern
boundary of the Eastern Mountains extends westward
from 77° 40’ E along the Pakistan and Afghanistan
borders with China and the Soviet Union. The western
boundary runs along the Iran-Afghanistan border for 25
miles before joining the 6,360-foot (2,000-meter) contour
along the Paropamisus ridge line. This contour is
followed southeast, then south, to the
Alghanistan-Pakistan border near 31° N, 67° E. The
boundary follows the border about 75 NM south to the
3,280-foot (1,000-mcter) contour, which serves as the
boundary around the Ras Koh Range until ii reaches
Nihing, Pakistan. A short 10-NM line then extends
castward to Gidar, Pakistan, and the Hingo! River. The
western boundary then follows ihe Hingol River o the
656-foot (200-meter) contour near the Arabian Sca coast.
The southern boundary follows that contour to the Hab
River. The castern boundary follows the Hab River
north 1o the (3,280-foot) 1,000-meter contour, then
continucs north untit it intersects with the cease-fire line
that marks disputed territory claimed by India, Pakistan,
and China.

Afghanistan’s Hindu Kush, the largest range in the
region, runs 400 NM f{rom the Karakoram Range into
central Afghanistan. Most peaks arc between 15,000 and
22,000 feet (4,600 and 6,700 meters) MSL. The highest,
Tirich Mir at 25,263 feet (7,702 melers), lics along the
Pakistan-Afghanistan border ncar 36° N, 72° E.
Numerous mountain passes, averaging 12,000 feet (3,700
meters) MSL, dot the Hindu Kush,

A series of ranges branches out from the main
highlands, extending west of the Hindu Kush and
averaging 10,000-14,000 fect (3,000-4,300 meters) MSL.,
These ranges are separated by deep river valleys and
gorges;  passes are at 8,000-11,000 feet (2,400-3,400
meters)  MSL. The northernmost  range  (the
Band-i-Turkestan) is 100 NM long--its highest clevation
is 11,590 feet (3,530 meters) MSL. The Band-i-Baba
(100 NM long), the Paropamisus (325 NM long), and the
Band-i-Baian ranges extend wesiward towards Iran.
Shah Fuladi (16,872 feet/5,144 mcters MSL) is the
highest peak in the three ranges. The Siah Koh Range,
oriented northeast (o southwest, runs 150 NM in west
central Afghanistan. The highest peak is 12,000 feet
(3,700 mcters) MSL.

The Karakoram Range extends 400 NM from the
Afghanistan/Pakistan border to India and China; it licks
the Hindu Kush to the Himalayas. Pcaks here are mostly

SITUATION AND RELIEF

16,000-23,000 feet (4,900-7,000 meters) MSL, with
many glacicrs. K2, or Mt Godwin Austen, is the highest
peak in the arca at 28,250 fect (8,613 meters) MSL. K2
is located along the Pakistan and China border near 36°
N, 76° E.

The Eastern  Mountains  include a  scrics  of

discontinuous ranges south of the Hindu Kush, most
oricntcd north to south throughout southern and
wesl-central Pakistan. The Safed Koh Range is the only
west-to-cast ridge ling; it forms the southern cdge of the
Kabul River Valley. The Khyber Pass (3,500 feet/1,000
meters MSL) is the main passage from the Indus River
Valley into the Hindu Kush. Elevations arc mostly
8,000-12,000 feet (2,400-3,700 meters) MSL, with a high
point of 15,620 fcet (4,800 meters) MSL at Sikaram. The
other southern mountain ranges include the Toba-Kakar,
the Sulaiman, the Ras Koh, and the Central Brahui.
These arc 120 to 300 miles long and reach 5,000-9,000
feet (1,500-2,700 meters) MSL.  Passes here average
3,000-9,000 feet (900-2,700 meters) MSL.. Farther south
arc the Kirthar and Pab Ranges, where clevations are
6,000-7,000 fcet (1,800-2,100 meters) MSL.. The Kirthar
Range is 20 NM wide and 220 NM long. Its limestone
ridges contain numcrous hot springs. The Pab Range
contains four finger-like ridge crests, cach averaging 20
to 70 NM widc. The cntirc Pab is 190 NM long, and it
exlends to within 5 NM of the Arabian Sca. Elcvations
in thc Kirthar and Pab ranges are 3,000-6,000 icet
(900-1,800 meters) MSL.

DRAINAGE AND RIVER SYSTEMS. The
hecadwaters for many tributarics of the Indus and other
important rivers arc in the Eastem Mountains,  Most
rivers flow through cxtremely deep gorges and ravines in
the high mountains.

The Indus ts one of the major rivers of the world; it
flows for 1,900 NM from the Chinese Himalayas (o the
Arabian Sca. It has many tributaries. The Gilgit River,
originating from a glacicr in the Hindu Kush, forms a
sinuous canyon along its 150-NM course before joining
the Indus. The Kabul River, flowing through the Khyber
Pass, originales in the Koh-i-Baba Mountains and (tows
320 NM before cntering the Indus in north central
Pakistan. The Gumal River, originating in the Kautasang
Hills, and the Zhob River, originating in the Toba-Kakar
Range, meet near 32° N, 70° E. The Gumal is a scasonal
watcrway along its lower course (below 3,280 feet/1,000
mcters MSL).
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Three rivers dominnte the western ranges of the
region.  The 700 NM Hari River begins in the
Band-i-Baba Range, separating it from the Band-i-Baian,
The river’s northward sweep into the USSR lorms the
Afghanistan-Iran border betore ending in the Turkman
Province of the USSR, Farther south, the Farah River is
located between the Hari and Helmand Rivers.  The
Farah originates aiong the southern Band-i-Baian. It
flows 350 NM southwest to the Scistan depression
(discussed in Chapter 5) that covers southwestern
Alghanistan, The 700 NM Helmand River, starting in
the Koh-i-Baba, also drains into the Scistan Depression.

The Hingol and Hab Rivers arc the most important
walcrways in extreme southern Pakistan. The Hingol,
the longest river in southern Pakistan, originates in the
Central Brahui and forms a narrow gorge from the
Central Brahui to within 30 NM of the Arabian Sca. The
Hab's source is in the north Pab Range; it empties into
the Arabian Sea.

4.7

SITUATION AND RELIEF

LAKES AND RESERVOIRS. Although there are no
major lakes or reservoirs in the region, numerous small
glacicr-fed lakes are scattered throughout the highest
mountains of the Hindu Kush and the Karakoram
Ranges.

VEGETATION, Thick forests grow on the slopes of
the high mountains and are particularly luxuriant on the
slopes of the Hindu Kush. Juniper, ash, oak, walnut, and
various shrubs grow to about 5,500 feet (1,700 metersy
MSL. Cedars arc common between 5,500 and 7,200 teet
(1,700 and 2,200 meters) MSL.  Fir and pinc trees
dominate between 7,200 and 10,000 feet (2,200 and
3,000 meters) MSL.  Lichens and mosscs, typical ol
alpine vegetation, are found between the tree line (10,000
fee/3,000 meters MSL) and the permanent snow cap.
Vegetation in the lower foothills of Afghanistan and
Pakistan is lcss plentiful.  Junipers, scrub bush, and
grasses may be found along the higher slopes up to 1,000
feet/3,400 melers MSL.
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GENFERAL WEATHER. Winters in the Easicrn
Mountains are so severe that, as of 1988, Pakistani
Airlines could not guarantee service from mid-November
through early May to stations c¢ast of a line drawn from
Termenz to Jalalabad. On numerous occasions, airline
service to stations in the central Hm(lu Kush was not
availablc for 4 to0 6 weeks.

Winter and spring snowfall results in cxtensive
snowpacks in the higher ranges.  Snowpacks are
permaricnt above 11,800 fect (3,600 meters),

"Western disturbances” (the local name for transitory
upper-level troughs and, often, their associated surface
cold fronts) cross the Hindu Kush every 4 10 6 days. The
elfects of these phenomena (which include muliilayered
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clouds, precipitation, icing, turbulence, iow ceilings or
mountin obscuration, and poor visibilitics) arc most
marked in the northcastern part of the region,

Conditions moderate dramatically southwest of a line
drawn from Termenz to Jalalabad.  Snow occurs al
clevations as low as 2,000 feet (600 meters) and as lar
south as Quetta once every 4 to § years. The rare snow
cvent requires a combination of abnormally cold air and
unusually strong westem disturbances.

SKY COVER. Mecan monthly sky cover incrcases
dramatically north of 28° N. It exceeds 40% north and
west of a line from Quelta to Peshawar, and is 50% over
the Hindu Kush and Karakoram Ranges.
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Belween westemn disturbances, cloud cover is usually
confined to cirrus, but the formation of cumulus, with
bascs at 8,000 o 12,000 fcet (2,400 to 4,400 mclers), is
normal during the day over the main ranges. Tops range
from 14,000 10 18,0(¥) feet MSL. (4,300 to 5,500 meters).

Conditions deteriorate {or 48 hours before the onsct of
a western disturbance, during iis passage, and for 36
48 hours aller passage. In the northeast, mountains
above 5,000 feet (1,500 mcters) MSL are obscured;
multilayered clouds extend to 35,000 feet (10.7 km)
MSL. There is moderate to severe mixed icing and
turbulence.  In mountain valleys, ccilings arc as low as
300 0 500 feet (90 10 150 meters) AGL in rain or, above
3,000 feet (915 melers), in snow.,

Conditions improve rapidly southwest of a
Termenz-Jalalabad line. Except for local terrain effects,
the sirongest of western disturbances rarcly lowers valley

December-March

ceilings below 3,000 feet (900 meters) AGL. Ridges arc
obscured above 6,000 fcet (1,830 meters) only by the
strongest systems,  Multilayered broken to  overcast
clouds have bases ncar 10,000 feet (3,000 meters) and
extend 1o 30,000 feet (9.1 km) MSL. Cumuliform clouds
with showers occur along the trough axis, lowering
ceilings 0 6,000 feet (1,800 meters) MSL., Moderale
mixed icing and modcerate 1o scvere urbulence are found
in clouds over ridges.

VISIBILITY. The visibtlities shown in Figure 4-4 arc
representative of valley stations only,  We must assume
that visibility in cloud, which obscures most mountains
above 6,000 w0 7,000 fcet (1,830 10 2,135 meters) MSL,
is zero. Poor visibilitics at North Salang and Kabul arc
caused by snow. Low ecarly morning visibility at Qucuta
is from smoke. At other stations, low visibilitics arc
causcd by a combination of precipitation and/jor carly
morning log.
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Figure 4-4. Mean Winter Frequencies of
Because of terrain, the frequencics shown here
necessarily representative of any other arca,
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WINDS. Surface winds are mostly terrain-controled,
especinlly in the northeast.  Except over ridges,
mountain/valiey orientation determines wind dircetion
cven when there is a sirong synoptic gradient. Figurc 4-5
shows mecan surface wind speeds and directions for
selected stations. Speeds at low levels are tight (usually
less than 4 knots), but considerably higher on ridge tops
and at higher stations such as North Salang and Ghazni

December-March

in Afghanistan. The highest pcaks of the Hindu Kush
and Karakoram arc at jet strecam elevations;  winds of
over 150 knots are common. At southcrn and western
stations, wind speeds and directions are detcrmincd by
terrain;  only during western disturbances are stcady
winds above 10 knots. The mountain wave is (ound
routincly above 10,000 feet MSL (3,050 meters) when
upper-level wind and ridge oricntation mects criteria,

DEC . JAN © FEB | MAR

NW |Khuzdar 390 4.20 . 450 ! 5.40

W IMozari 420 490 : 6.10: 7.00
S~NW |Quetta 1.80 1 1.B0 1 2,501 2.70
NE—SE|Drosh 1.90 0 2,40 2.60 1 1.90
N-NE&SW |Zhob 1100140 210 2.40
E |Chakhcharan] 2.80 2,70+ 2.30 ¢ 3.60
NW |Kabul 2.70 1 3.40 ¢ 360 . 4.00
W |Jalalabad 1.00 1 1,70 : 2.00 : 1.60

N (Ghazni 5.00: 5.90 : 6.10 : 5.40

N |Faizobad 1.00 0 1.00 : 1.30 : 1.9C

w  |Kunduz 2.80 1 3.00 3.20  3.50
S—INW jTurghundi 3.00: 3401 3,40 2.30
E.-NW|Mimanag 3401370 4.00 : 4.20
s N. Salang 5.0 18101 7,40 : 6.60
N.7sw]|Bar Khan 3.30 : 3.00 : 3.80 : 4.40

Figure 4-5. Mean Winter Surface Wind Speeds (kts) and Prevailing Direction, Eastern
Mountains. Slashes between directions for Mimana and Bar Khan indicate changes between

December and March.

Figure 4-6a-c show mean 10,000-, 15000- and
20,000-foot (3,050-, 4,580-, and 6,100-mcter) MSL
winds for Kabul, Khorag, and Quctta. At these levels,
winds arc WSW 10 WNW at every station but Khorag
throughout the winter. At Khorag, the 10,000-foot
(3,050-meter) wind rcflects the station’s location in a
deep valley surrounded by mountains higher than 10,000

fect (3,000 metcrs). Note that these are mean winds;
actual directions range {rom southweslerly o southerly
ahcad of an upper-air trough to northwesterly or cven
northerly behind it.  Also note that there are few
upper-air stations in the Eastern Mountains; Khorag is a
Sovict station just north of the region.

4-10




THE EASTERN MOUNTAINS
WINTER

December-March

3604 #_,--""\

315

g7e

225

186
135
9@
—-— 20,000 ft - Dosh-to-Dot Line
465 15,888 ft - Solid Line
_— 10,00P ft - Doshed Lines
0 T T T T T 7 T T T T I

Mean Wind Direction(Degrees)

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOU DEC

Figure 4-6a. Mean Annual Wind Direction, Kabul, Adghanistan.
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Figure 4-6b. Mean Annual Wind Direction, Khorag, USSR.
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PRECIPITATION. Precipitation increases in the north
and at higher elevations. Figure 4-7 shows scasonal
rainfall (isohyets) and mean monthly and maximum
24-hour precipitation (or selected stations.  Accuiacy of
isohyct preparation in this region is fimited because of
the mountainous terrain,  Precipitation amounts over the
higher elevations (5,000-7,000 feet/1,500-2,100 meters
MSL) of the Hindu Kush and Karakorarn Range may be
two or three times greater than the amounts shown.

Precipitation above 5,000 feet (1,5(X) meters) in the
northcast falls as snow. Frrgmentary reports indicate
that 36- 1o 60-inch (920 1o 1,520) mm) accumulations at
elevations of 7,000 feet are possible from onc western
disturbance.  Actual snow depths arc delermined by
b2 DEC ,\N FEB l?R

FOToTIT.1[1.%

DEC JAN FEB MAR
RIEE L3]3.3 ¢

———

4.

’
Dl( JAN kB MA; __,,—r

DEC

December-March

winds and many other factors, but by winter’s end, mean
depths are 10-i5 feet (3-4.5 meters) at valley stations
with elevations of  7,000-10,000 feet (2,100-3,000
melers). These stations have reporied 30-foot (9-meter)
snow depths.

Most precipitation falls as rain in the south and west.
Snow is normally confincd Lo clevations above 6,004 (ect
(1.830 meters), but snow has been reported (rarcly) at
Quetia and other locations with elevations of 2,000-3,000
feet (610-915 meters). Scasonal rainfall ranges from 1.5
inches (40mm) t0 4.8 inches (122 mm).  Precipitation
maximums show the variability that would be expected
in this region and climate.
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Thunderstorms are rare in this region cxcept over the  increased thunderstorm  frequency.  Frequencies  are ‘
southesn and western ranges in March, where warmer  much higher over ridge lines.
temperaturcs and latc western disturbances result in
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Figure 4-8. Mean Winter Thunderstorm Days, Eastern Mountains.
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TEMPERATURE. Elevation is the main determinant
of temperature.  The mean freczing level is near 7,000
fcet (2,100 meters).  Diumal variations reflect the high
mean cloud cover and frequent passages of western
disturbances and precipitation. Temperatures over higher
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ridges arce considerably lower than those in the valleys.
Wind chill temperatures are considerably lower than
those shown in Figure 4-9, c¢specially in the higher
ranges.
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Figure 4-9. Mean Winter Daily Maximum/Minimum Temperatures (F), Eastern Mountains.
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GENERAL WEATHER. Conditions over the Hindu
Kush and the Karakoram improve slowly. April can bhe
as scvere as any month of the winter, but conditions
improve rapidly by carly May. The snowpack line rises
steadily, reaching 13,000 to 15,000 fect (4,000 to 4,575
meters) by the end of May. Snowfalls arc restricted by
that time 0 cxuremcly strong western disturbances over
the highest ranges of the Hindu Kush and the Karakoram
ranges. By carly May, airline schedules again become
reliable for (lights 10 stations in the higher ranges. Mild
conditions prevail over the southern and  western
sections,
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The frequency with which western disturbances cross
the Eastern Mountains drops from onc every 6 days to
one every 10 days by the middle of May. The cffcets
(multilayered clouds, precipitation, icing, turbulence, tow
ceilings or mountain obscuration, and poor visibility) arc
most marked over the high ranges. Lesser ¢./ects are (elt
as far south as the Termenz-Jalafabad axis.

SKY COVER. North of 32° N, mcan cloud cover is
highest of the year, exceeding 60% over the Hinde Kush
and Karakoram Rangcs.
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“igure 4-16. Mean Spring Cloudiness (isopleths) and Frequencies of Ceilings Below 3,000
Feet (Y15 meters), Eastern Mountains. Bcecause ol terrain, the frequencies shown here are
unique 1o individual stations and not necessarily representative of any other arca.
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Cloud cover is cirrus except over main ranges, where
daytime cumulus bases are 8,000 to 12,(XX) fcet (2,440 (0
4,400 meters) MSL, with tops from 14,000 o 18,000 fect
4270 1v 5490 meters) MSL. Isolated aflernoon
cumulus that produces ceilings below 3,000 fect (915
meters) begins (0 appear in central Afghanistan vallcys.

Conditions are much worse for 48 hours before onset
of a western disturbance, during its passage, and for 36 to
48 hours after passage. North of 32° N, mountains arc
obscured above 5,000 feet (1,525 meters) MSL.
Multilayered cloud extends through 35,000 feet (10.7
km) MSL, with moderate to severe mixed icing and
turbulence. In mountain valleys, ceilings arc as low as
300 1o 500 feet (90 o 150 meters) in rain or, above 3,000
feet (915 meters), in snow.

030911521

2T 1T 11,5 03109115121

Aprll-May

Conditions are better south of 32° N, Even the
strongest  western  disturbances  rarely  lower  vailey
ceilings below 3,000 fect (915 mcters).  Ridges arc
obscured above 7,000 feet (2,135 meters) only in the
strongest systems.  Multilayered  broken o overcast
clouds have bases near 10,000 feet (3,050 meters), tops
at 30,000 fect (9.1 km) MSL. Cumulus and showers
occur along the trough axis, Jowering bases to 6,000 fcet
(1.830 meters) MSL,  Moderate mixed icing and
moderate to scvere turbulence arc found in clouds over
ridges.

VISIBILITY. Visibility is zcro in cloud-shrouded
mountains above 6,000 o 7,000 feet (1,830 10 2,135
meiers) MSL. Clouds causc low visibilitics at North
Salang and Bar Khan. Early morning smoke is the
problem al Quetta.
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Figure 4-11. Mean Spring Frequencies of Visibilities Below 3 Miles, Eastern Mountains.

Because of terrain, the frequencies shown he
necessarily representative ol any other arca,

re are unigue 1o individual sations and not
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WINDS. Except over higher ridge  lines,
mountain/valley orientation determines wind direction.
Figure 4-12 gives mean wind speeds and directions for
selected stations. Winds st low elevations are light, but
speeds are considerably stronger on ridge tops and at
stations in the higher elevations, such as North Salang
and Ghazni in Alghanistan. The highest peaks of the

April-May

Hindu Kush and Karakoram arc at jet strcam clevations;
winds of over 150 knots arc common. Al stations in the
south and west, winds arc determined by terrain; steady
wind speceds arc above 10 knots only during western
disturbances. Mountain waves are found routincly above
10,000 feet (3,050 meters) MSL when upper-level wind
and ridge orientations mect criteria.
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Figure 4-12.
Direction, Eastern Mountains.

Refer 1o Figures 4-6a-¢ for mean 10,000-, 15,000-,
and 20,000-foot (3,050-, 4,580-, and 6,100-meter) MSL
winds at selected stations.  Upper-level winds at cvery
station cxcept Khorag are WSW 10 WNW throughout the
winter. At Khoraq, the 10,000-foot (3,050-meter) wind
reflects the station’s location in a deep valley surrounded
by mountains over 10,000 feet (3,000 meters). Note that

Mean Spring Surface Wind Speeds (kts) and Prevaifing

thesc are mean winds;, actual dircctions range from
southwesterly ¢ southerly ahcad of an upper-air trough
to northwesterly or cven northerly behind it.  Also note
that there arc few upper-air stations in thc Eastern
Mountains; Khorag is a Sovict station just north of the
region.
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PRECIPITATION. Spring precipitation (shown by the
isohyets in Figure 4-13) over the highest mountains is
hatl what it was during the winter. Northern stations,
and those in the higher elevations, get the most. The
main Hindu Kush and Karakoram ranges between 5,000
and 7,000 feet (1,525 and 2,140) meters) MSL may get
twice the precipitation shown in Figure 4-13,

Precipitation above 6,000 feet north of 32° N falls as
snow. Reports are fragmentary as 10 amounts, but 36-60
inches (915-1,525 mm) from a single western
disturbance carly in the season are possible at elevations
near 7,000 feet (2,140 meters). The snow line riscs
steadily with increasing insolation; by mid-May, snow is
conflined to clevations above 12,000 feet (3,660 meters).
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Snow depth depends on winds and other factors. The
greatest mean depths are in late April when they reach 15
to 18 fect (4.5 to 5.5 mclers) at valley stations with
clevations from 7,000 to 10,000 feet (2,135 w0 3,050
meters). These stations have reported maximum depths
of 30 feet (9 meters).

South of 32° N, most precipitation falls as rain,
Scasonal averages range from (0.4 inches (10 mm) 10 2.4
inches (60 mm).

Maximum 24-hour precipitation is highly variablc,
with the greatest 24-hour amounts reporied by Hindu
Kush stations. Amounts decrease rom April to May.
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Figure 4-13. Mean Spring Monthly/Maximum 24-Hour Precipitation (inches), Eastern
Mountains. Isohyets represent mean seasonal precipitation.

4-19




THE EASTERN MOUNTAINS
SPRING

Spring is the season for thunderstorms, which, as
shown in Figure 4-14, cceur once every S 1o 6 days in
April over western and northern ranges.  Occurrence is
higher over isolated ridges. Murrec, Pakistan, averages |
thunderstorm cvery 3 days in May. Hail 2 to 4 inches

Aprli-May

(50 to 100 mm) in diameter has been reported at
clevations up o 10,000 fect (3,050 mceters), most
associated  with  western  disturbances.  ‘The  usual
thunderstorm  aviation  hazards — apply,  including
downbursts.
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Figure 4-14. Mean Spring Thunderstorm Days, Eastern Mountains,
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THE EASTERN MOUNTAINS
SPRING

TEMPERATURE, Temperatures increase dramalic-
ally. The mean [reezing level rises to near 13,000 leet
(4,000 meters) by mid-May. Decreasing mcan cloud

e T N4

Figure 4-15.
Mountains.

Mean Spring Daily Maximum/Minimum Temperatures

April-May

cover and lower incidence of western disturbances resutt
in higher diurnal variations,
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THE EASTERN MOUNTAINS
SUMMER

GENERAL WEATHER. Skics over the Hindu Kush
and Karakoram range arc gencrally clear.  Only the
higher Karakoram ranges see significant cloud cover
because weak western disturbances still affect this arca.
Moist Southwest Monsoon air affects the Arabian Sca
coast and the extreme southern ranges. Rare western
disturbances or extremely strong monsoon depressions
are the main producers of precipitation, usually affecting
only the Karakoram ranges. Precipitation can be hcavy,
cspecially over higher ranges where storm totals are
sometimes 10 inches (250 mm). An upper-air low is cut
off over south-central lran once every 4 1o § ycars
resulting in the diversion of southwesterly monsoon air
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June-September
westward  over  the  region, Multilaycred  clouds,
thunderstorms, heavy rains, and poor flying wcather

result. Such conditions have persisted for up to 2 wecks.
Sce the discussion under "Abnormal Southwest Monsoon
Flow" in Chapter 2.

Skics arc mostly clear, with only
Increasced  cloudiness over  the

SKY COVER.
scattered  cirrus.

Karakoram range (40% covcrage) and the mountaing just
north of the Arabian Sca coast (40-50% coverage) results
from convection over the
availability.

mountains and moisture

Mean Summer Cloudiness (isopleths) and Frequencies of
Ceilings Below 3,000 Feet (915 meters), Eastern Mountains. Because of terrain,
the frequencies shown here are unigue to individual stations and not necessarily
representative of any other arca.




THE EASTERN MOUNTAINS
SUMMER

Cloud cover in the north is usually cirrus, but cumulus
forms over the high Karakoram ranges during the day.
Bases are 8,000-12,000 lect (2,440-4,400 meters), tops
14,000-18,000 feet (4,270 to 5490 meters) MSL.
Conditions are much worsc {or 48 hours before onset of a
western disturbance, during passage, and for 36 o 48
hours altcr passage. North of 34° N, and cast of Kabul,
mountains arc obscured above 5,000 fect (1,525 meters)
MSL. Muliilayered cloud extends through 35,000 feet
(10.7 kin) MSL, with moderate to scvere mixed icing and
turbulence. In mountain valicys, ccilings arc as low as
300 0 500 feet (90 to 150 meters) in rain or, above
14,000 fect (4,270 melers), in snow. Only cirrus oceurs
south and west of this area, except lor isolated late
afternoon cumulus. The extreme south has stratus and
stratocumuius at night and in the morning, clearing by
mid-morning. Bases are 1,000 o 1,500 feet (305 to 460
meters); tops are 2,000-3,000-feet (610-920 meters),
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June-September

Conditions over the central and castern  regions
deteriorate  whenever  the  remains of  a  monsoon
depression moves in from northern India, Ridges above
6,000 feet (1,800 meters) are obscured in hcavy cumulus
and cumulonimbus,  Multilayered broken to overcast
clouds have bascs ncar 10,000 feet (3,050 mclers) and
tops to 30,000 feet (9.1 km) MSL. Moderatc mixed icing
and moderate to scvere turbulence are found in clouds
over ridges.

VISIBILITY. Clouds [requently lower visibilitics (o
z¢ro at clevations above 6,000 o 7,000 ieet (1,830 0
2,135 meters) MSL.  Elscwhere, visibilitics arc good.
Low visibilitics at Zhob and Bar Khan arc duc to
mountain valley fog. The rcason for Quelta’s distinet
carly morning minimum is unknown, but pollution is
suspect.
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Figure 4-17. Mean Summer Frequencies of Visibilities Below 3 Miles, Eastern Mountains. Because of tervain,
the frequencics shown here are unique 1o individual stations and not necessarily representative ol any other arca.
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WINDS. Terrain determines mountain and valley winds,
but synoptic flow is the main factor over plains and
higher ridge lines. Figure 4-18 gives mean wind speeds
and directions for selected stations. At lower elevations
south of the main ranges, wind speeds are less than 4
knots. Over the ridges and at higher clevations in the
north (such as at North Salang and Ghazni in

June-September

Afghanistan), speeds are considcrably higher. The
highest peaks of the Hindu Kush and Karakoram are at
jet strcam elevations; speeds of over 80 knots arc
common. Mountain waves occur routinely above 10,000
feet (3,050 meters) MSL when upper-level wind and
ridge orientations meet usual criteria.

JUN | JUL | AUG | SEP

NW/SE |Khuzdar 4,901 4,70 1 4,50 | 4.00
w Mazari 7.60 : 8.30: 7.80 : 5.50
S—=NW [Quetta 3.00:2.30 : 2.30 | 1.90
SW Drosh 2.80 : 3.20: 350290
W—sSW&E-N Zhob 2,40 :2.40 2,40 2.10
N |Chakhcharan| 3.20 : 4,10 : 3,60 : 2.60

N Kabul 7.10 1 6.30 | 5.20 | 3.6C

E Jalalabad 2.80 : 2,40 : 190 1.20

N Ghazni 5.80 : 4.80: 500 5.10

N Faizabad 2701 3.40 1 350 3.10

N Kunduz 4.60 1 450 4,40 4.20

N Turghundi 4,30 4.10 : 400 2.80

N Mimana 540 1570 : 5.40 ' 490

N N. Salang 8.40 { 7.90 1 8,70 | 6.20

sw  |Bar Khan 3.70  2.60 2,40 2,70

Figure 4-18. Mean Summer Surface Wind Speeds (kts) and Prevailing Direction, Eastern Mountains. The
slashes separating Khuzdar direciions indicate a change taking place between June and Scpiember.

Refer to Figures 4-6a-¢ for mean 10,000-, 15,000-,
and 20,000-foot (3,050-, 4,580-, and 6,100-mctcr) MSL
winds, which vary from WSW to NNW. Note that these
arc mean winds--actual winds range from southwesterly

ahead of an upper-air trough to northerly behind it. Note
that there arc fcw upper-air stations in the Easlern
Mountains; Khorag is a Sovict station just north of the
region.




THE EASTERN MOUNTAINS
SUMMER

PRECIPITATION. The southeastern side of the
Karakoram range, exposed to intcrmittent monsoon flow,
gets the most summer precipitation, as shown by the
isohyets in Figure 4-19. Isohyet accuracy is limited by
mountainous terrain.  Precipitation amounts between
5,000 and 7,000 feet (1,525 and 2,135 meters) MSL in
the Hindu Kush and Karakoram mountains may be two
or three times greater than shown,

b4 b8
JUN JUL AUG_SEP

JUN JUL AUG bl:P

June-September

Precipitation falls as snow only above 14,000 feet
(4,270 mcters) in the imain Karakoram ranges. Reports
from this region arc fragmentary, but 1S to 25 inches
(380 to 635 mm) from a single western disturbance arc
possible at ncar the freezing level.  Precipitation
clsewhere falls as rain. Murree data is representative of
locations on the south and southcast sides of the main
Karakoram ranges. West and north of  this arca,

precipitation amounts decrcase rapidly.
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Figure 4-19, Mean Summer Monthly/Maximum 24-Hour Precipitation, Eastern Mountains.

Isohyets represent mean scasonal precipitation.



THE EASTERN MOUNTAINS
SUMMER

Thundcrstorms, as shown in Figure 4-20, are most
frequent over the southern Karakoram. Murrce averages
a thunderstorm cvery 2 to 3 days during thc summer, but
frequency decreases in September as the Southwest
Monsoon retrcats.  Thunderstorm frequency at other

June-September

locations is a fanction of monsoon flow; alternoon
heating is cnough w produce thunderstorms il cnough
moisture is available. Thunderstorm frequency is much
higher over ridge lines.
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Figure 4-20. Mean Summer Thunderstorm Days, Eastern Mountains.




THE EASTERN MOUNTAINS
SUMMER June-September

TEMPERATURE. Smaller diurnal variations rcflect  the southeastern Karakoram, cloud cover. Temperatures
the increased presence of atmospheric moisture and, in - over higher ridges arc considcrably lower.
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Figure 4-21. Mean Summer Daily Maximum/Minimum Temperatures (F), Eastern
Mountains.
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THE EASTERN MOUNTAINS
FALL

GENERAL WFATHER. Fall is by far the most
pleasant scason of the year. Cloudiness and precipitation
gencrally decrease, cven though western disturbances
incrcase in frequency and strength as the scason
progresses. ‘These disturbances cross the higher Hindu
Kush and Karakoram Ranges every 6 10 8 days. Their
elfects  (multilayered  clouds, precipitation, icing,
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- October-November

turbulence, low ceilings, mountain obscuration, and poor
visibility) only affcct the arca north of 34° N,

SKY COVER. Sky cover decreases dramatically. Only
the high Hindu Kush and Karakoram ranges sece cloud
cover greater than 30%, most from western disturbances.
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Figure 4-22. Mean Fall Cloudiness (isopleths) and Frequencies of Ceilings Below 3,000 Feet
(915 meters), Eastern Mountains. Because of errain, the frequencies shown here are uniguce 1o
individual staiions and nut necessarily representative of any other arca.




THE EASTERN MOUNTAINS
FALL

Betlween western disturbances, most cloud cover is
cirrus.  Over the main ranges, daylime cumulus may
form with bases at 8,000-12,000 feet (2,440-4,400
meters). Tops range from 14,000 to 18,000 feet (4,270 to
5,490 meters) MSL.

Conditions are much worse for 48 hours before the
onset of a western disturbance, during passage, and for
36 1o 48 hours afler passage. Mouniains north of 34° N
arc obscurcd above 5,000 feet (1,525 meters) MSL.
Multilayered clouds extend o 35000 fect (10).7km) MSL
and produce moderate to scvere mixed icing and

) 0310911521
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Figure 4-23.

October-November

wrbulence, Ceilings in mountain valicys arc as low us
300-500 feet (90150 meters) in rain or, above 7,000 leet
(2,135 meters), in snow. South of 34° N, only cirrus
occur.

VISIBILITIES. In the Eastern Mountins and
Karakoram ranges, visibilities arc at or near zero above
7,000 feet (2,100 meters) during passage of western
disturbances.  Elsewhere, only urban arcas in valleys
(such as Quctta and Bar Khan) sce reduced visibilitics,
most confined Lo carly morning,.
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Mean Fall Frequencies of Visibilities Below 3 Miles, Eastern Mountains.

Because of terrain, the frequencies shown here are unique to individual stations and not

necessarily representative of any other arca,

4-29




THE EASTERN MOUNTAINS
FALL

WINDS. Even when synoptic gradients are strong,
mountain/vallcy oricntation determines wind direction,
especially in the northwest. Only over ridges are wind
directions and spceds determined by synoptic flow,
Figure 4-24 shows mean surface wind speeds and
directions for selected stations. Speeds at low elevations
arc below 4 knots, but much higher at higher clevations,

October-November

such as at North Salang and Ghanzi in Afghanistan, The
highest pcaks ol the Hindu Kush and Karakoram arc at
jet stream clevations;  winds of over 120 knots are
common. Mountain waves occur routinely above 10,000
feet (3,050 meters) MSL when upper-level wind and
ridge oricntations mect criteria.

O
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NW Khuzdar
W [Mazari
S—INW |Quetta
SE~SW |Drosh
SW-—-INW |Zhob

W |Chakhcharan

NWwW  |Kabul

W Jalalabad
N Ghazni
N |Faizabad
W Kunduz
N [Turghundi
WA-E |[Mimana
N N, Salang
N |Bar Khan
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Figure 4-24. Mean Fall Surface Wind Speeds (kts) and Prevailing Direction,
Eastern Mountains. The slash between Mimana directions indicates a change
taking place oetween October and November.

Refer 1o Figure 4-6a-¢ for mean 10,000-, 15,000-, and
20,000-foot (3,050-, 4,575-, and 6,100-mcter) MSL wind
dircctions. At all stations except Khorag, winds vary
from WSW 1w WNW. Notc that thcse arc mean
winds--actual winds range from southwesterly ahcad of

an upper-air trough to northwesterly or cven northerly
behind it.  Note that sounding stations in the Eastern
Mountains are few; Khorag is a Soviet statien just north
of the region.




THE EASTERN MOUNTAINS
FALL

PRECIPITATION. Fall precipitation (shown by the
isohyets in Figure 4-25) is mostly limited (o higher
elevations in the northemmost mountains. Precipitation
over the Hindu Kush and Karakoram ranges only falls
routinely at stations with elevations above 7,(00-9,000
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Figure 4-25.

4
// MEAN PRECIP —_ _
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October-November

feet (2,135-2,745 mcters). It is rare elsewhere, and
confinied to an occasional shower; 24-hour maximums
show the variability o be expected. Fall thunderstorms,
shown in Figurc 4-26, arc almost unknown cxeept over
the higher ranges in October.
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Mean Fall Monthly/Maximum 24-Hour Precipitation (inches), Eastern

Mountains. Isohyets represent mean scasonal precipitation,
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Figure 4-26. Mean Fall Thunderstorm Days, Eastern Mountains,



THE EASTERN MOUNTAINS
FALL October-November

TEMPERATURE., Temperatures begin to decrease.  reach arctic values.  Higher diurnal variations reflect
By latc November, the mean freezing level is near 7,000 clear skics and the infrequent  passage of  western
fect (2,135 meters) and temperatures over higher ranges  diswrbances.
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Figure 4-27. Mean Fall Daily Maximum/Minimum Temperatures (F), Eastern Mountains,
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Chapter 5

. THE CENTRAL DESERTS

The Central Deserts subsegion includes the descrts of central and southeastern Iran, southwestern Afghanistan,
and western Pakistan.  Alter describing the area’s situation and rclicf, this chapter discusses "general weather
conditions” by season. Note that Lthere are only two "seasons” here--wet and dry.
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SITUATION AND RELIEF
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Figure 5-1a. The Central Deserts. {
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THE CENTRAL DESERTS SITUATION AND RELIEF

STATION: DBIRJAND IRAN

LAT/LON: 32 64 N 59 10 E ELEV: 4823 FT
ELEMENTS |JAN |FEB |MAR |[APR |MAY |[JUN |JUL [AUG |{SKP |OCT |NOV |DEC ANN
EXT MAX 11 79 84 97 104 108 113 117} 104 97 84 73 117
AVG MAX 54 59 88 17 88 95 99 95 a1 a1 68 55 77
AVG MIN 30 34 43 50 67 64 | 70 84 1) 46 36 30 48
EXT MIN T 18 19 27 41 52 55 48 39 27 18 3 k]
AVG PRCP 1.1] 0.8{ 1.0/ 1.4] 0.5 * * x ] * | 0.3] 0.4 5.8
MAX MON 3.3] 3.4| 2.8]| 3.6] 2.3] 0.1} 0.1 ® * 0.4|] 0.9] 1.1 7.7
MIN MON 0.0 * 0.2] 0.3] 0.0{ 0.0| 0.0} 0.0 0.0| 0.0{ 0.0f 0.0 2.8
MAX DAY 0.8 1.2{ 0.6| 0.8] 0.7} 0.1 x x x 0.3 0.7| 0.8 1.2
TS DAYS 1 ] 1 3 1 * * * * w x 1 7
nDUST DAYS 0 4 4 3 0 2 5 [ 0 1 1 0 20

» = LESS THAN 0.05 TNCHES OR LESS THAN 0.5 DAYS

STATION: LASKAR GAN AFGHAWISTAN

LAT/LON: 31 33 N ___ __ 64 22 E ELEV: 2558 FT
ELEMENTS |JAN [FEB |MAR {APR |MAY |[JUN [JUL |AUG [SEP |[OCT |[NOV |DEC | AHN
EXT MAX 84 | 8T | 94 | 89 | 109 116 116 115| 107 98 | 80 | 79 | 118
AVG MAX 69 | 64 | 76 | B84 | 96 | 105 107| 104| 96 | 85 | 72 | 62 84
AVG MIN 33 | 38 | 48 | 54 | 64 | 70 | 75 | 69 | 59 | 48 | 38 | a3 53
EXT MIN 5| 18 | 28 [ a7 | 51 | 59 | 83 | 55 | 43 | 29 | 17 | 11 5
AVG PRCP 0.e| 0.6/ 0.8/ 0.5 0.1] 0.0] 0.0/ * { 0.0{ 0.0y 0.1 0.5/ 3.5
MAX MON 4.4] 1.8( 1.7] 2.8} 1.3] 0.0 0.0/ x| 0.0{f x| 0.6 2.1 8.2
MIN MON 0.0 0.0! 0.0} 0.0[ 0.0{f 0.0| 0.0] 0.0] 0.0 0.0| 0.0] 0.0} 2.3
MAX DAY 2.3 0.9/ 0.9{ 1.2| 0.8 0.0/ 0.0 * | 0.0/ = | 0.4] 1.2| 2.3
TS DAYS *| 0 1 2 1 0 [ * 0 0 * 0 4
DUST DAYS 1 2 4 4 [ 4 6 4 2 1 * 1 35
AVG RH X 59 | 82 | 60 | 47 | 37 | 27 | 28 | 28 | 29 | 37 | 54 | 52 43

* = LESS THAN 0.05 INCHES OR LESS THAN 0.5 DAYS

STATION: FEABAH AFGHANISTAN

LAT/LON: 32 22 N 8211 E ELEV: 2296 PT _
ELEMENTS |JAN |[¥EB |MAR [APR |MAY [JUN |JOL |AUG [SEP [OCT |NOV |DEC ANN
EXT MAX 83 a8 o4 103] 10| 117} 118 117 111} 100} 90 78 118
AVG MAX 61 85 75 84 95 105| 108 105| 97 86 73 83 85
AVG MIN 33 38 47 56 83 72 76 70 61 50 a7 a 53
EXT MIN 13 18 27 37 45 556 81 54 42 32 11 11 i1
AVG PRCP 0.7{ 0.9| 0.5| 0.3} 0.1 * 0.0 % x x| 0.1 0.4 3.0
MAX MON 2.4 2.7{ 1.6{ 1.3} 1.0 * 0.0 * * 0.3 0.6/ 1.6 4.2
MIN MON 0.0/ 0.0{ C.0f 0.0/ 0.0{ 0.0{ 0.0/ 0.0 0.0/ 0.0{ 0.0f{ 0.0 1.0
MAX DAY 0.8 1.0| 0.8| 0.8] 0.6] 0.0{ 0.0 * 0.1 0.3 0.4 1.4 1.4
TS DAYS * * 1 1 1 0 (] 0 L] * * * 4
DOST DAYS 2 4 8 3 2 2 4 4 3 1 1 2 34
AVG RB %X 83 62 56 55 43 33 33 36 38 44 48 52 AT

* = LES8 THAN 0.05 INCHES OR LESS THAN 0.5 DAYS

Figure 5-1b. Climatological Summaries for Selected Stations, Central Deserts.
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THE CENTRAL DESERTS SITUATION AND RELIEF

STATION: HERAT AFGHANIQTAN

LAT/LON: 342N _____ 62 14 K ELEV: 3208 FT __ ‘
ELEMENTS |[JAN (FKB |MAR |APR |{MAY {JUN |JUL [AUQ |SEP jOCT [NOV |[DEC | ANN
EXT MAX 74 | 82 87 100| 104 108| 112{ 109| 103| 85 46 | 78 112
AVG MAX 81 568 85 T4 64 94 | 98 | 95 ag 78 83 | 54 75
AVG MIN 27 32 | 40 47 L) 85 | 70 | 86 58 44 33 | 28 47
RXT MIN -18 8 L 28 a7 48 | 59 | 47 37 24 9 | -8 ~16
AVG@ PRCP 1.8( 1.4{ 1.9} 1.3} 0.3 * | 0.0 0.0] = * | 0.4) 1.3 8.3
MAX MCN 4.6/ 3.8) 4.5| 4.0 3.6/ 0.1 0.0| 0.0 = 0.6/ 0.9] 5.0{ 12.0
MIN MON 0.2|] 0.2| 0.3y = | 0.0{ 0.0{ 0.0( 0.0f 0.0| 0.0| 0.0[ 0.0 4.4
MAX DAY 1.0/ 1.2 1.4] 1.2{ 1.2] 0.1] 0.0{ 0.0f = | 0.2 0.7 1.6 1.6
TS DAYS x ® 2 4 1 0 * * 8
DOST DAYS 1 1 3 2 2 2 6 5 '3 1 1 1 28
SNOW DAYS 3 2 1 0 0 0 0 0 0 0 1
AVG RH X 71 88 | &3 81 44 38 { 33 | 31 37 45 56 | 67 51

* = LESS THAN 0.05 INCHES OR LESS THAN 0.5 DAYS .
... .. .

STATION: KANDAHAR AFCHANISTAN

LAT/LON: 31 SO N _ . _ 65 51 E ELEV: 3312 FT
ELEMENTS |JAN |FEB |MAR [APR [MAY |JON [JUL |AUG [SKP [OCT |NOV |[DEC | ANN
EXT MAX 79 | 82 90 102| 106] 113) 120 111 104| 99 | 84 | 77 120
AVG MAX 56 | 61 73 a2 83 102} 105 101] 93 83 | N1 60 a2
AYG MIN 32 | 38 46 54 80 | 87 [ 73 | €8 56 48 | 38 [ 33 51 |
EXT MIN 10 | 18 28 36 | 47 47 | 59 | 54 | 45 30 17 12 10
AVG PRCP 1.6 1.3] 0.8/ 0.7 * | 0.0/ x| 0.0 x * { 0.2] 2.9 5.6
MAX MON 3.2| 3.2| 1.8| 1.6/ 0.2 0.0/ = | G.0] *» | 0.1 0.6{ 2.4 7.6
MIN MOR * * | 0.1) 0.1] 0.0] 0.0f 0.0/ 0.0} 0.0/ 0.0} 0,0] = Q.5
MAX DAY 1.3] 1.2] 0.7f 0.5 0.2] 0.0f * | 0.0 = | 0.1] 0.4| 1.4 1.4
TS DAYS 0 * 1 1 * x 0 0 0 4] * 1 3
DOST DAYS 7 8 T 8 4 6 5 6 1 4 2 2 58 ‘
AVG RH %X 55 { 58 47 43 | 27 22 | 21 20 20 28 { 38 | 49 36

* = LESS THAN 0.05 INCHES OR LESS THAN 0.5 DAYS

STATION: ZAHEDAN IRAN
LAT/LON: 290 28 N _ __60 54 E ELEV: _4517 FT
ELEMENTS |JAN [FEB |MAR |APR |MAY [JUN |JUL |AUG |[SEP |OCT |NOV |DEC | ANN
EXT MAX 79 | 82 | 90 | 102| 104| 113] 111 1089 104| 104! 104| 99 | 113
AVG MAX 57 | 66 | 73 | 81 [ 90 | 87 | 99 | 96 | 90 | 82 | 68 | 6O 80
AVG MIN 31 | 38 | 47 | 54 | 60 | 64 | 68 | 63 | 55 | 45 | 36 | 30 48
EXT MIN T | 12| 21 | 32 | 45 | 51 | 46 | 50 | 36 | 25 | 12 7 7
AVG PRCP 0.4[ 1.0] 0.5 0.5 0.1] = x| o] o % | 0.2| 0.4 3.5
MAX MON 2.3] 1.4| 6.2] 2.2| 0.9| 0.4 2.5/ 0.0 0.0| 0.4| 2.2| 3.2 11.8
MIN MON 0.0] 0.0f * | 0.0{ 0.0] 0.0{ 0.0 0.0] 0.0{ 0.0] 0.0] 0.0] 1.5 ‘
MAX DAY 1.8 1.2/ 1.3 1.2] 0.8 =* | 0.1 0.0 0.0f 0.2 1.1| 1.7| 1.8}
TS DAYS | x 1 3 1 0| oy 0| O 0| o o 4
DUST DAYS 6 6 | 10 5 5 11 | 10 61 3 2 3| 4 71 .

* = LESS THAN 0.05 INCHES OR LESS THAN 0.5 DAYS

Figure 5-1c. More Climatological Summaries for Selected Stations, Central Deserts.




THE CENTRAL DESERTS

GEOGRAPHY. To define the boundaries of the Central
Deserts subregion, follow the 656-foot (200-meter)
contour from Shamil (an franian town near the Strait of
Hormuz at 27° N, 57° E) castward to Pakistan’s Hingol
River, then northward to the 3,280-foot (1,000-meler)
MSL contour, which is followed 10 Gidar where a short
(10 NM) line joins it to the other 3,280-foot
(1,000-meter) MSL contour at Nihing. Continue along
the 3,280-foot (1,000-meter) MSL contour along the Ras
Koh Ridge to the Pakistan-Afghanistan border. Follow
the border until it intersects with the 6.560-foot
(2,000-meter) MSL contour and follow it south of the
Paropamisus Ridge to the Iran-Afghanistan border.
Follow the border until it rejoins the 3,280 feet (1,000

2
QIp NM

@ s o o
2 S

SITUATION AND RELIEF

meters) MSL contour near 34° N, 61° E. Follow the
contour west, then southeast, w Shamil,

The Central Deserts contin the arid and scmiarid
lowland depressions and mountains shown in Figurc
5-2a. Its varied (errain results from inassive plate
tectonic uplift that produced faulting, fracturing, up- and
down-thrusting, and volcanic activity. Exlensive

mountain ranges o the north, west, and southwest of the
Central Deserts produce a large "rain-shadow" effect that
creates vast sand and salt deserts. Two descris dominatc
the desolate interior Iranian plateau: the Dasht-c-Kavir
(Great Salt Desert) and the Dasht-¢-Lut.

Figure 5-2a. Mountains, Deserts, and Depressions of the Central Deserts. Black arcas indicate arcas above

6,000 feet (2,000 meters) MSL.
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THE CENTRAL DESERTS

The Dashi-e-Kavir, in the subregion’s northwest, is
200 NM long (west to cast) and 140 NM wide (north to
south). It is an ancient lakebed that occasionally fills
with runoff from the Elburz and Zagros Mountains, but
high evaporation normally keeps it dry. The vast salt
marshlands are covered by a thin crust of hardened salt
that doesn’t support the weight of man or machine,
making travel extremely difficult.

The Dasht-e-Lut, in east-central Iran, is a valley
formed by down-thrust faulting along the northern
Zagros Mountains to the subregion’s west. The valley is
200 NM long and 100-150 NM wide. The surface is
covered by sand and gravel. Isolated salt flats lie at
elevations below 1,620 feet (500 meters) MSL.

The Eastern Persian Highlands, on the east side of the
Dasht-e-Lut, conslitute the largest mountain complex in
the Central Deserts. This 600-NM system comprises a
serics of parallel, discontinuous ridges, oriented
north-northwest 10 south-southeast, with inactive
volcanocs. Elevations along the northern and southern
ends exceed 9,000 feet (2,700 meters) MSL.. Isolated
ridges and rolling hills dominate the central section
(29-31° N), where most pcaks do not cxceed 7,000 fect
(2,100 mcters) MSL. The highest point is Kuh-e-Taftan,
in the south, a volcanic cone 13,258 feet (4,042 meters)
MSL high.

The barren Chagai Hills, an igneous rock formation
that lies along the Afghanistan/Pakistan border, is 90 NM
long and 10-25 NM wide. Average clevation is 6,000
feet (1,800 meters) MSL; Malik Naro (29 23’ N, 63 28’
E) is the highest point at 8,060 feel (2,457 meters) MSL.

The Baluchistan Plateau, which dominates the
region’s southern half, includes the extreme southcrn
fouhills of the Eastern Persian Highlands, the Makran
Ranges, and associated salt flats. The eastern pant
comprisecs the Makran Coastal Range, the Central
Makran Range, and the Siahan Range. The Makrans arc
rugged and weathered mountains and hills across
southern Iran. The ridges are separated by wide valleys
that contain sand dunes and rocky surfaces.

SITUATION AND RELIEF

The discontinuous Makran Coastal Range is a
250-NM ridge system that parallcls the coast, It is
between 15 and 40 NM wide; average clevation is 4,000
feet (1,200 meters) MSL.. The highest point is Bhari Hol
at 5,185 feet (1,581 meters) MSL.

Immediately north of the coastal range, the Central
Makran Range is 250 NM long and 15-40 NM wide.
Koh-i-Patandar is its highest point at 7,488 (ect (2,283
meters) MSL.

Farther north, the Siahan Range is 170 NM long and
about 20 NM wide. The highest point is 6,770 feet
(2,064 meters) MSL.

The Hamun-i-Jaz Murian, the Hamun-i-Lora, and the
Hamun-i-Mashkel are salt flats on the Baluchistan
Plateau--see Figure 5-2b. The Hamun-i-Jaz Murian, in
southeastern Iran, is 180 NM fong and 90 NM wide.
Southwest Pakistan’s Hamun-i-Mashkel salt flat is
located between the Chagai Hills and Siahan Range. The
Hamun-i-Lora, which runs along the
Afghanistan-Pakistan border east of the Chagai Hills, is a
very small salt {lat and marshland surrounded by a sand
and gravel desert.

The Helmand River Basin dominates southwest
Afghanistan north of the Baluchistan Platcau. 1t drains
into the Iran’s Scistan Dcpression, which is 150 NM
long and 50 MM widec. Elevation averages less than
1,500 feet (457 meters) MSL. Along with the pecrmanent
Helmand River, the basin includes many intcrmitient
rivers and small deserts.

DRAINAGE AND RIVER SYSTEMS. Most rivers are
intermittent and do not flow continuously from source o
mouth. The 700-NM Hclmand River, which drains into
the Seistan Depression, is the only large river that lows
throughout the year. The Khash, another imporwant river
in the Heclmand River Basin, begins in the high
mountains of central Afghanistan. It also drains into the
Seistan Depression, but often dries up before reaching .
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SITUATION AND RELIEF

intcrmiltent.

In Iran, many small rivers and streams originating in
the surrounding mountains flow into the desert and
cvaporalc. The Bampur and the Kharan, two of the
semipermancnt rivers in southeast Iran, drain into the

- arca’s only pcrmancnt lake: the Hamun-i-Jaz Murian.

The Bampur originates in the foothills of the
weslern Makran Coast Ranges,  Its intermittent
waters cul a distincl cast-to-west, 130-NM valley.

The Kharan begins in the Zagros Mountains and
also drains into the Hamun-i-Jaz Murian 200 NM
1o the cast.

5-7

Figure 5-2b. Marshlands, Lakes, and Rivers of the Central Deserts. Somc of the lakes shown may be

The Makran Coastal Ranges, the Central Makran, and
Stahan Ranges are drained by the Mashkel, Hingol, and
Dasht Rivers.

The Mashkel begins in the Central Makrans and
flows northeast into the Hamun-i-Mashkel salt lat.

The Hingol begins in the Central Brahui Range of
Pakistan and [lows into the Arabian Sca. Its
IS0-NM  length forms  the  Central  Desert's
southeastern boundary  between 656 feet (200
melers) and 1,620 feet (1,000 meters) MSLL.

The Dasht River begins in the Makran Coast Range
and flows 265 NM (o the Arabian Sca.
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LAKES AND RESERVOIRS. Numcrous alkaline
lakes and dry lakebeds dot the Central Deserts, but only
the Hamun-i-Helmand and the Hamun-i-Jaz Murian
remain visible at the surface year-round. Their size,
however, expands and contracts with fluctuations in
surface runoff.

The Hamun-i-Helmand is a reed-filled lake in the
Scistan Depression. It is 70 NM long between March
and May, but shrinks into two smaller lakes when surface
runoff is low. Itis fed by the Helmand, Khash, and Farah
Rivers. Two smaller water bodies nearby are known
locally as the Sabari and the Puzak--thcy are not shown
in Figure 5-4.

The Hamun-i-Jaz Murian is a salt lake (ed by the
Bampur and Kharan Rivers. It covers 450 sq NM in
southeasiern lran.

Other lowlands includc extensive salt imarshlands; the
largest arc the Gaudi-i-Zirrah, the Hamun-i-Lora, and the
Hamun-i-Mashkel,

The Gaudi-i-Zirrah, south of the Hamun-i-Helmand,
fluctuates with the water level in the Hamun-i-Helmand.

SITUATION AND RELIEF

During high water, it has scveral small ponds; its marsh
rcaches a maximum length/width of 6(0/15 NM,

Baluchistan’s Hamun-i-Lora and thc Hamun-i-
Mashkel arc dry salt flats most of the year, but standing
water may develop with heavy surface runofl. The
Hamun-i-Lora may attain a surfacc arca of 36 NM (north
to south) by 3-10 NM (cast (o west). The
Hamun-i-Mashkel may develop a surface arca of 55 NM
(cast to west) by 8-20 NM (north (0 south).

VEGETATION. Marsh plants arc common on salt Mats
and depressions.  These patches of salt-resistant shrubs
and grasses obtain cssential moisture from groundwater
beneath the thin, hard surface. The sand and stone
deserts arc usualiy devoid of vegetation. A few lowlands
in the deserts arc closc to the walter table and support
oascs with date palms, willows, tamarisk, and poplar
trecs.  Intermitient and permanent  streambeds  may
support isolatcd arcas of densc forcst vegetation--again
ol willow, tamarisk, and poplar. Mountain plants depend
on clevation and precipitation.  Shrabs, small willows,
grasses and camel thorn arc common below 4,500 feet
(1,400 meters) MSL whilc juniper, brushwood, and
dwar( bushes are common above.,
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THE CENTRAL DESERTS
WET SEASON

GENERAL WEATHER. Most of the scant
precipitation in the deserts f[alls during this 6-month "wct
scason.” Total rainfall accumulation for the entirc scason
is less than 5 inches (125 mm), except over the
mountains north of the Iranian Deserts. Migratory
low-pressure systems that move east and southeast across
the region cause isolated rainshowers, the only source of
precipitation. "Western disturbances”, as southwest
Asian meteorologists refer o upper-level troughs or
frontal systems, cross the region every 4 o 6 days, but
only the strongest carry ¢nough moisture to produce rain.
The higher mountains in the north and northeast sce
more showers than in the lower areas.
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SKY COVER. Skics are normaily clcar. Broken to
overcast mid- or upper- level cloudiness only occurs with
the very rarc strong upper-air trough. Bascs average
12,000 feect MSL (3,660 metcrs), but clouds arc usually
layered through 30,000 feet (9.1 km) MSL. A
combination of the strongest upper-air troughs and
afternoon heating might result in isolated aflernoon
cumulus or cumulonimbus along ridges ncar the trough
axis; bases are 2,500 fect {760) meters) AGL. Even the
cumulonimbus associated with most upper-air troughs
arc mid-level clouds. Only the strongest sysicms have
enough moisture in the low levels to allow clouds o
form below 6,000 to 8,000 feet (1,830 to 2,440 mclers),
Figure 5-3 shows mcan cloud cover and frequencics of
ceiling below 3,000 feet (915 meters).
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Figure 5-3. Mean Wet Season (loudiness tisopleths) and Frequencies of Ceilings Below 3,000 Feet (915

meters), Central Deserts.
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THE CENTRAL DESERTS
WET SEASON

VISIBILITY. Very fincly graincd sand or soil is casily
picked up by strong winds. Panjgur’s 1500 LST
visibility is less than 3 miles 19% of the time . The great
deserts (such as the Dasht-e-Kavir and the Dasht-e-L.ut)
are known for poor visibilities in sand or dust haze
during periods of sustained wind. The rare thunderstorm
or squall line downrush produccs severe duststorms

06109115121

03109115118 &

November-April

similar 1o those of Sudan--the infamous "haboob," These
storns reduce visibilities 10 near zero for several hours
over large areas. Sustained winds above 25 knots,
occasionally found in the rear of depressions moving
castward across the wea, result in persistent dust haze
that lasis for several days. Figure 5-4 gives frequencics
of vigibilities below 3 miles.
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Figure 5-4. Mean Wet Season Frequencies of Visibilities Below 3 Miles, Central Deserts. The frequencics
shown here are means, and probably not representative of extremes in open desert arcas.,




THE CENTRAL DESERTS
WET SEASON

WINDS. Mean wind speeds are relatively high because
of the open terrain. Al Zahedan and Nokkundi, for
example, spceds are northwesterly 10 northerly at 5-9
knots, with little vasiation. These winds, combined with
dry soil conditions, produce blowing dust and occasional

November-April

blowing sand. Winds behind strong cold fronts have
cxceeded 50 knots at most stations, and gusts above 30
knots [or several days are not uncommon. Figure 5-5
gives representative station wind data.

DEC £ JAN | FEB  MAR | APR

NV

E  |Sohzever | 340

N-E  |Kashan | 0.40:

W/E  |Bijond | 340

N-W  |Bam 310

N Zohedan § 5.40

N-W  |Herdt 3.70:

N Forch | 3.00:
ENE-S  [Losker |3.70¢
w Kondohar | 4,10

NW  [Nokkundi |6.00:

NE/SW  |Dal Bondin} 3.00 :

NW-W  [Panjgur | 340

300

470
210
480
430: 450
810860
430 500
520: 560"
590:5.90
74D 6.1
710:8.10:
360390
380400

i
080
390

2701310
060 030
340350
410!
670! 7.0
3201350
3040
470530
1870
6107001
3201330
3401360

4.70
2.0
5.5
390
8.10
45)
490
530
5.5)
8.60
440
3.50

Figure 5-5. Mean Wet Season Surface Wind Speeds (kts) and Prevailing
Direction, Central Deserts. The slashes between directions for Birjand and Dal
Bandin scparate prevailing directions at the beginning and end of the season.

The mean 10,000-, 15,000-, and 20,XX)-foot (3,000-,
4,600-, and 6,000-mcter) MSL winds shown in Figure
5-6 reflect a predominantly westerly flow., Actual winds
vary from southwesterly ahcad of an upper-air trough 0
northwesterly behind it. On rare occasions, a cut-ofl low
forms over the Strait of Hormuz and slowly moves
eastward. Such times are the only sustained occurrences

of southerly winds ahead ol (or northerly winds bchind)
the low. Formation of similar cut-off lows over and just
cast of the Caspian Sca will advect low-level cold air
south and southwest out of Soviet Central Asia. This is
the only time during the wet scason when air eriginating
outside the region strongly affcets it.
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Figure 5-6a. Mean Annual Wind Direction for Herat, Afghanistan.
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Figure 5-6b. Mean Annual Wind Direction for Kandahar, Afghanistan.
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THE CENTRAL DESERTS
WET CEASON

PRECIPITATION. Only stations near the northern and
northeastein mountain ranges have months in which
average rainfall exceeds 1 inch (25 mm). However, only
stationg in the extreme southeast, near the Arabian Sea,
have meun scasonal rainfall amounts cxceeding 1.8
inches (46 mm). Almost ali precipitation is showery.
Snow is unkncwn except over the highest peaks; the
snow line is near 7,000 feet (2,135 meters) MSL even
during the coldest months. Figurc 5-7 gives mean

scasonal (isohyets) and selected station pecipitation data.
Desert rainfall is so highly variable that means are not

November-Aprll

reliable; onc year might see numerous thunderstorms
and heavy precipitation, while others might have nonc.
Desert terrain shows the characteristic washes and dry
canyons typical of such an cnvironment. The salt basins
may temporarily contain a thin layer of water during very
wet years; other arcas may bccome swampy very bricfly.
Thunderstorms occur on less than -1 day a month. When
they do occur, however, they are especially hazardous
because the dry air is ideal for "downburst” phenomena
and resulting duststorms.

Sabzevar Nov DEC "JAN FEB MAR APR .
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Figure 5-7. Mean Wet Season Monthty/Maximum 24-Hour Precipitation (inches), Central Deserts. Isohycts
represenl mean scasonal precipitation,
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WET SEASON November-April

TEMPERATURES. Mcan maximum and minimum  5-8, Temperatures show 25 0 35° F (14 10 19° C)
temperatures for selected stations are shown in Figure  diurnal variations.
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Figure 5-8. Mean Wet Season Daily Maximum/Minimum Temperatures (F), Central Deserts.
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DRY SEASON

JENERAL WEATHER. Dry scason precipitation is
almost unknown, occurring only at the beginning and
end of the season as widely isolated showers except in
the cxtreme south, where Southwest Monsoon air
occasionally pushes far enough inland to generate
isolated showers. The Iranian heat low is row well
established. A cut-off upper-air low forms over the
extreme southern part of the region once every 4 years.
The flow around its eastern and northern sides advects
Southwest Monsoon air westward over the extreme
northern parts of the region. This is the only time during
the dry season when air from outside the subregion has a
strong effect; isolated showers and thundershowers

May-Qctober

oceur for up to 2 wecks. Sce "Abnormail Southwest
Monsoon Flow" in the "Transitory Synoptic Features®
section, Chapter 2,

SKY COVER. Cloud cover is cirrus except for the very
rare Southwest Monsoon flow aroend a cut-off low
mentioned above. A combination of aftcrnoon hcating
and monsoon moisture rcaching inland from the Arabian
Sca produces very isolated afternoon

cumulus/cumulonimbus with bases at 2,500 fcet (760
meters) AGL it the extreme southeast. Figure 5-9 shows
mean scasonal cloud cover (isopleths) and frequencics of
ceilings below 3,000 feet (915 meters) AGL.
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Figure 5-9. Mean Dry Season Cloudiness (isopleths) and Frequencies of Ceilings Below 3000 Feet (918
meters), Central Deserts.
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VISIBILITY. Visibility is restricted wherever very  towered by sand or dust haze during and after periods of
finely graincd sand or soil can be easily picked up by sustained wind. The "Wind of 120 Days" (sec Chapter 2,

strong winds. At Panjgur, 1500 LST visibilitics are  Regional Winds) produces sustained winds above 25
below 3 miles 12% of the time. In the great deserts, such — knots, resulting in dust haze that persists (or several days.
as the Dasht-c-Kavir and the Dasht-e-Lut, visibilities are
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Pigure 5-10. Mean Dry Season Frequencies of Visibilities Below 3 Miles, Central Deserts. The [requencics
shown here are means, and probably not representative of extremes in open descrt arcas.
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THE CENTRAL DESERTS
DRY SEASON

WINDS. Mean dry season wind speeds are high in the
desert because of the open terrain and the persistently
high pressure gradient. At Zahedan, mean specd
averages 7-8 knots; at Nokkundi, 8-14 knots. Mean
dircctions at both stations arc northwesterly to northerly,
with little variation. The dry winds reduce visibility in

May-October

dust and blowing sand. The "Wind of 120 Days" is a
constant north or northwest wind with speeds often
cxceeding 30 knots; it occurs often in the castern portion
of the region. Speeds are lower at oiher stations, and
many show a pronounced mountain/valley  breczc.
Figure 5-11 gives representative surface wind data,
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Figure 5-11.
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Mean Dry Season Surface Wind Speeds (kts) and Prevailing Direction, Central Deserts.
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slashes between directions for Birjand and Dal Bandin scparate prevailing directions at the beginning and end of the

season,

Refer to Figures 5-6a & b for mean 10,000-,

15,000-,

and 20,000-foot (3,000-, 4,600-, and 6,000-meter) MSL
winds, all reflecting the cffects of Southwest Monsoon
circulation. The northeasterly flow at Herat from Junc
through August is the result of cutflow that develops

over the thermal trough lying across the region. This
flow is most pronounced at 10,000 feet (3,050 meters)
MSL. It is oo dry w sustain precipitation, unlike the
extremely moist Southwest Monsoon air that occurs with
a cut-off low.
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PRECIPITATION. Only Panjgur (on the Baluchistan
Plalcau) and Herat amd Sabzevar (in the extreme
northeast) show indications of receiving isolated, heavy
showers. Panjgar has recorded 24-hour amounis of 2.0
inches (51 mm) in July and 1.3 inches (33 mm) in

Y hE B

May-Qctober

August. Figure 5-12 gives mean seasonal (isohycts) and
selected station pecipitation data. Since rainfall amounts
here vary so much from year to ycar, annual mecans are
not reliable.
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Figure 5-12. Mean Dry Season Monthly/Maximum 24-Hour Precipitation (inches) Central Deserts. Isohyects
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TEMPFRATURE., Mean high ard low temperatures  ranges in the desert are from 30 to 35°F(151019° Q).
for selected stations are shown in Figure 5-13. Diurnal
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Figure 5-13. Mean Dry Season Daily Maximum/Minimum Temperatures (F), Central Deserts.



Chapter 6
THE WESTERN MOUNTAINS

0 The Western Mountains region comprises a large arca of rugged mountainous terrain that extends from west-central
Turkey to northern and southern Iran. It includes a small portion of Iraq. Aftcr describing the area’s situation and
reliel, this chapter discusses "general weather conditions” by scason. The well-known four scasons of the
mid-latitudes prevail across the entire Western Mountains region.
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THE WESTERN MOUNTAINS SITUATION AND RELIEF
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Figure 6-1a. The Western Mountains Region. The three subdivisions of the Western Mountains Region (the
Anatolian Plateau, the Northern Iranian Mountains, and the Zagros Mountains) are shown here superimposed on a
map of the entire SWANEA region. The subdivisions are shown in greater detail in Figures 6-1b-d.
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THE WESTERN MOUNTAINS SITUATION AND RELIEF

STATION: MASHHAD I1RAN
LAT/LON: 36 14 N 59 38 E ELEV: 327Q FT
ELEMENTS {JAN [FEB {MAR [APR |MAY [JUN [JUL [AUG |SEP |OCT [NOV {DEC | ANN

EXT MAX 72 80 84 91 102| 109| 109 108| 106| 87 90 75 1089
AVG MAX 44 47 57 69 80 89 92 90 83 T2 60 50 69
AVG MIN 23 28 35 45 55 80- ,‘ 683 59 | 51 42 34 29 44
EXT MIN -12 |-12 ] 14 34 41 41 41 29 18 -1 -1 -13
AVG PRCP 0.9| 1.07 2.2| 1.9 1.2} 0.3] 0.1 * L] 0.3 0.6/ 0.7 9.2
MAX HON 2.2 2.5| 5.0{ 4.5 4.4 1.0f 1.3 0.2| 0.2] 1.4{ 2.0| 1.3} 12.5
MIN MON 0.1 0.1 1.0f 1.1} 0.1| 0.0y 0.0| 0.0y 0.0| 0.0 * * 6.4
MAX DAY 1.5/ 1.4f 2.4 1.8) 1.7} 1.0{ 1.3 0.2| 0.2| 1.4 1.4] 1.0 2.4
TS DAYS * * 2 3 1 ® * ® 1 » * 9
DUST DAYS 1 1 3 4 4 11 12 12 9 3 * 61
SNOW DAYS 3 4 2 1 [+] 0 Q [*] ] 0 1 11

STATION: ZIARRIZ IRAN
LAT/LON: 38 QT N __48 14 B BLEV: 4456 FT __
ELEMENTS |JAN |FEB |[MAR [APR [MAY [JUN [JUL [AUG [SEP |OCT |NOV |DEC | ANN

RXT MAX 52 ] 66 | 68 | 81 | 90 | 96 | 104| 102 101| 84 | 72 { 59 | 104
AVG MAX 38 | 36 | 61 | 59 | 74 | B4 | 80 | 93 | 82 | 65 | S8 | 44 65
AVG MIN 23 | 22 | 32 | 38 | 51 | 58 | 65 | 68 | 57 | 46 | 36 | 26 44
EXT MIN -9 | -8 9| 28 | 30 | 46 | 46 | s2 | 43 | 28 1 1 -9
AYG PRCP 1.9 1.3] 2.5 1.7] 1.5 0.6{ 0.1f * | 0.8 2.5{ O.4{ 0.4} 13.8
MAX MON 2.4] 3.68| 8.3] 65.1| 3.7| 2.0 1.8] 1.1} 1.0] 5.0| 2.7] 1.5] 20.2
MIN MON | 0.1| 0.4| 0.5| 0.8] 0.0/ 0.0{ 0.0 0.0| 0.0 0.0| 0.0{ 0.1] 7.6
| MAX DAY | 0.7\ 0.9} 3.8{ 1.5( 1.1y 1.2{ 1.2[ 0.8] 0.8} 1.2| 0.9 0.8 3.8]
TS DAYS 5 4 1 1 1 1 x * 14 |

x| 0 * 1
DOST DAYS 1] ¢ 1 1
SHOW DAYS | 10 9 4 1

STATION: TEHRAN IRAN
LAT/LON: 35 41 N a2l 16 E____ ELEV: 3999 FT

1 1 * » 13

'
N
N

ELKMENTS |JAN |FEB |MAR |APR |MAY [JUN |JOL [AUG [SEP |OCT [NOV |DEC { ANN
EXT MAX 63 [ 73 ( 79 | 80 | 87 | 103] 108 107{ 100] 89 | 76 | 65 | 108
AVG MAX 49 | 52 | 60 [ 70 | 86 | 94 | 98 | 97 | 88 | T4 | B2 | 53 | 74
AVG MIN 31 | 93 | 39 | 48 | 80 | 68 [-73 | 73 | 64 | 53 | 43 | 35 | 52
EXT MIN 3| 12 | 22 | 32 | 37 | 48 | 57 | 52 [ 51 | 38 | 19 [ 18 3
AVG PRCP | 1.4| 1.1] 1.1| 1.3] 0 5] 0.1 = | 0.1] 0.1 0.2] 1.0[ 1.0 7.8
MAX MON 4.6 4.3] 2.8] 5.5/ 2.0{ 0.5( 0.6; 0.9] 0.7/ 1.8 4.3 3.4 14.6
MIN MON 0.0 * | 0.0] 0.0{ 0.0] 0.0] 0.0{ 0.0[ 0.0] 0.0{ 0.0] 0.2] 3.8
MAX DAY 1.6/ 1.6 0.9 1.5 0.5 0.5 0.4] 0.8 0.5/ 0.6] 1.4] 1.5/ 1.6¢
TS DAYS « | s{ 1] 2| 2] 1 * i 1] ¢ | = 7T |
DUST DAYS | 1| = 1| 24 2| 2| 3| 1| 2| 2| 1 [ 16 |
[ snow DAYS | 4 | 3 1] ] o] of oj o] 0] 0] 0} 1 9 |

STATION: YAZD IRAN
LAT/LON: 31 S4 N . _ 54 16 E _  ELEV: 4066 FT___

ELEMENTS JAN |FEB MAR [APR (MAY [JUN (JUL [AUG |SEP [OCT [NOV [DEC | ANN {
EXT HAX | 81 | 81 | 90 | 89 | 104 111j 113{ 113| 108| 85 | 62 | 72 | 113 |

t Y +

AVG MAX | 55 | 683 | 70 | 79 | 90 | 99 | 102| 100| 93 | 82 | 66 | 55 | 79 {
AVG MIN 30 | 36 | 46 | 54 | 63 [ 72 | 75 | 72 | 83 | 50 | 37 | 28 | 52 {
EXT MIN 7] 18 [ 23 | 34 | 46 | 52 | 61 | 55 | 36 | 27 [ 14 | 3| 3
AVG PRCP | 1.4] 1.0]{ 0.4; 0.3/ 0.4/ % | 0.0] 9.0] 0.0| * | 0.7{ 0.5/ 4.9
MAX DAY 0.9) 0.4; 0.4, 0.4 0.7, 0.0! G.1] 0.0y 0.0f =* | 0.4 0.2 0.8¢
TS DAYS 0] o, o] [ 1] A 0f 0f 0| 0| 0 O© 1|
DOST DAYS | 4| 2| 7| 4| B8] 4 6 3] 31 1 1 1/ 44
SNOW DAYS | 1| *{ G, O O( Of 0 0| | 0| 1| 2
s - LESS THAN 0.05 INCHES OR LESS THAN 0.5 DAYS

Figure 6-2a. Climatological Summaries for Selected Stations, Western Mountains,
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THE WESTERN MOUNTAINS SITUATION AND RELIEF

STATION: ARAK IRAN
‘ LAT/LON: 34 O6 N 49 42 E ELEV: 6763 FT __

ELEMENTS |JAN |FEB |MAR |APR |MAY [JUN |JUL |AUG |SEP |OCT |NOV |DEC { ANN
EXT MAX 63! 68 | 77T | 88 | 95 | 104 109] 108| 102| 688 | 756 | 64 | 108

AVG MAX 39 48 68 68 | 80 | 90 | 97 98 88 | 75 | 87 45 70
AVG MIN 21 29 37 45 52 59 {86 | 64 58 | 48 38 28 45
EXT MIN -15 | -11 5 19 34 | 41 39 50 38 | 32 1 1 =18
AVG PRCP 2.3/ 1.41 1.8| 3.0y 1.8 * * | 0.0 =» * [ 0.9) 1.8{ 13.0
MAX MON 3.4 2.3 4.1] 6.1} 4.1 0.2| 0.6f 0.0; 0.5| 2.8} 2.1} 3. 20.4
MIN MON 0.8/ G.1{ 0.1} 0.7| 0.0{ 0.0] 0.0} 0.0{ 0.0 0.0 * | 0.4 7.4
MAX DAY 1.9/ 0.9y 1.98| 2.5/ 1.0f{ 0.1f 0.3| 0.0y 0.2] 1.8 1.0] 1.3 2.5

T8 DAYS 0 1 * 2 2 * L] 0 1 L] 0 [*] 6
8NOW DAYS 5 4 2 * 1 0 0 Q 0 [+] 0 1 3 15

STATION: [ESFAHAN IRAN
LAT/LON: 32 45 N _____ __61 51 E ELEV: 5072 FT ..

' ELEMENTS [JAN |FEB [MAR |AIR [MAY {JUN |JUL [AUG |SEP [OCT [NOV |DEC | ANN
EXT MAX 70 | 72 | 79 | 88 | 95 | 108| 108; 108| 102 91 | 75 | 68 | 108
AVG HMAX 50 | 54 | 62 | 70 | 64 | 93 | 98 | 06 | 88 | 75 | 63 | 53 | 74
AVG MIN 29 | 32 | 38 | 46 | 38 | 85 | 70 | 66 | 50 | 49 | 39 | 29 | 47
EXT MIN 3 8| 21| 23] 42| 50 | 62 | 51 | 39 | 27 | 18 | 7 3
AVG PRCP | 0.8| 0.4] 0.8/ 0.8 0.2] =] 0.1] *| = | 0.1] 0.6/ 0.8] 4.4
MAX MON 1.7 o.8] 1.1] 2.2] 0.7 0.3] 2.6] 0.3] 0.4] 0.4] 0.8{ 1.6] 6.5
HIN MON * { 0,1] * | 0.0] 0.0] 0.0f 0.0] 0.0/ 0.0 0.0 0.0 * | 1.8
MAX DAY 0.9] 0.8] 0.5] 1.0] 0.2] 0.3 = | 0.3] 0.4 0.2] 0.5 1.4] 1.4
TS DAYS o) o] x 1 2 0 o =| o
DUST DAYS | % | x 1 2 2 1 2| 1 1 1 x| x| 11
SNOW DAYS | 3 2| 1 1| » 0 0| 0 0 1 8

STATION: SHIRAZ IRAN N

LAT/LON: 26 32 N __52 36 E ELRV: 4920 FT
ELEMENTS [JAN |FEB |MAR [APR |MAY |JUN {JUL |AUG |SEP |OCT |NOV |DEC | ANN
EXT MAX 82 [ 75 [ 81 | 90 | 89 | 106] 109] 109 87 | B0 | 77 | 108| 109
AVG MAX 55 | 69 | 87 | T1 | 88 | 96 | 99 | 97 | 92 | 82 | 68 | 59 | 78
AVG MIN 32 | 34 [ 38 | 44 | 65 | 60| B7 | 64 | 57 | 48 [ 37 [ 35 | 48
EXT MIN 14 | 17| 25 | 27 { 36 [ 43 | 50 | 48 | 34 | 38 | 21 | 12 12
AVG PRCP | 3.2| 1.8] 2.0| 1.3} 0.4 = 0.0 0.0 = [ 1.8] 3.0 13.9
MAX DAY 4.2{ 1.9| 1.5 i.8] 1.3 x| % | % | 0.0] 0.1 8.2 2.7| 8.2
TS DAYS | = 1 1 1 x| o] o ©O * 4
DUST DAYS | x| 0 1 2( 3 1| 4 4 2 1 1] o 19
SNOW DAYS | 2 | =« " *] of ol of o} o 1 4

STATION: YAN TURKEY

’ LAT/LON: 38 28 N 43 20 E_ ELEV: 5474 FT
ELEMENTS | JAN [FEB |MAR {APR |MAY [JUN |JUL |AUG (SEP (OCT [NOV |DEC | ANN
EXT MAX 55 | 58 | 69 | 75 | 80 [ 82 { 100| 98 | 91 | 84 | 67 | S7 ! 100

- AVG MAX 35 | 36 | 42 | 55 | 66 | 76 | 83 | 84 | 7T | 63 | 51 | 40 | 58
AVG MIN 17| 18 | 24 | 35 | 43 | 50 | 57 | 57 | 50 | 41 | 33 | 23 a7

EXT MI4  [-20 [-18 | -4 1( 26| 27 | 38 | 41 | a7 7| -5 -6 | -20

| AVG FRCP | 1.7] 1.4] 1.8| 2.3] 1.6{ 0.6 0.2 0.1] 0.4| 1.7| 1.9] 1.2, 14.9
MAX MON 2.8/ 2.8] 3.0] 4.1| 5.3 3.0 1.0{ 0.4} 2.5| 6.6/ 3.9] 3.8 17.6
MIN MON 0.2) 0.5[ 1.1f 0.8/ 0.8{ 0.2 x| 0.0f x | 0.2] 0.7 0.2] 11.7
MAX DAY 1.30 1.1{ 1.5/ 1.5 1.5/ 1.0{ 0.8 0.5| L.4| 1.4| 1.5 1.7| 1.7
TS DAYS 0 0! % 1 3 4 2] 2( 1| x|+ ) 14
SNOWDAYS | 8 ( 9| 9| 2| *{ O Of 0| O] *| 2| 6| 36|
FOG DAYS *{ x| 1| 1| 1| x| 0] 0] 0] x| 1| 4}
AVG RH X 70 70 70 64 57 51 44 41 44 59 67 69 69

*x = LESS THAN 0.05 INCHES OR LESS THAN 0.5 DAYS

@ !

Figure a-2b. More Climatological Summaries for Selected Stations, Western Mountains.
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THE WESTERN MOUNTAINS SITUATION AND RELIEF

' ERZURUM TORKEY
LAT/LON: 389 ST N ___ _4l_ 10 K ELEV: 5762 FT __

ELEMENTS |JAN {FEB |MAR [APR |MAY [JON |JUL [AUG |SEP |OCT |[KOV |DEC | ANN

EXT MAX 46 | 51 | BA | T2 | 86 | 90 | BT | B3 | B9 | 79 | 69 | 54 [ 07T
AVG MAX 25| 28 | 35 | 50 | B2 { 70 |. 78 | 80 | T2 | 50 | 44 | 33 | 63
AVG MIN 9| 12 | 19 | 32 | 41 | 47 | 53 | 54 | 46 | 37 | 28 | 16 | a3
EXT MIN |-22 |-18 |-13 | -1 | 20 | 25 | 34 | 34 | 25 | 10 |-10 |-18 | -22
AVG PRCP | 1.0| 1.9] 1.8| 2.2]| 3.0] 2.2] 1.2] 0.7] 1.1] 1.9| 1.5 0.9] 18.5
MAX. MON 3.4] 4.3] 3.6| 4.3] 7.4| 4.4] 3.8 2.3| 4.1| 5.4] 4.2| 3.7| 32.7
MIN MON «| 0.3] 0.5] 0.1 0.5 0| 0| O] *| 0| o] 0.1] 9.7
MAX DAY 1.8/ 0.9| 1.4] 1.6/ 2.0] 1.7] 1.7{ 1.8 1.5 3.8 1.3| 1.4 3.8
TS DAYS * L] x 1 4 ] 3 2 2 1 (4] 18
SNOW DAYS | 11 | 12 | 11 | 4 0| 0| = 10 | 52
| FOG DAYS 4| 3| 2 1] =| x| o o =] x| 1| 3 14

AVG RH X T4 73 71 63 58 54 '1 48 44 47 58 70 73 { 61

STATION: ANKARA TURKEY
LAT/LON: 39 ST N___ 32 53 E ELEV: 2932 FT
ELEMENTS [JAN |FEB |MAR |APK [MAY |[JUN |JUL {AUG |SEP |OCT |[NOV |DEC | ANN |
EXT MAX 62 | 69 | 83 | B9 | 94 | 98 | 102| 104 96 | 92 | 78 | 69 | 104 [
AVG MAX 39 [ 42 | 51 | 63 | 72 | 80 | B6 [ 87 | 18 | 68 | 56 | 44 | 64 |(
AVG MIN 25 | 26 | 31 | 40 | 49 | 55 | ‘59 | 60 | 52 | 44 | 37 | 30 | 42
EXT MIN _ |-13 [-12 | 3 | 14 | 32 | 39 | 40 | 42 | 29 | 22 | 1 |-12 | -13
AVG PRCP | 1.4] 1.5 1.4] 1.3 2.0 1.2| 0.5 0.3 0.7 0.9] 1.i| 1.8] 14.1
MAX MON 3.3| 3.2| 3.5| 3.7) 4.3] 3.0] 4.0 2.0] 3.8 3.0] 3.1| 4.8] 18.7
MIN MON 0.2 0.0} 0.2{ 0.2 0.4/ 0.1 0.9 0.0 0.0{ 0.0 0.0 0.1| 8.8
JMAY. DAY | 1.3{ 1.1] 1.1 1.1] 1.5; 2.3] 1.8 1.9] 1.8] 1.2] 0.8 2.7] 2.7
TSDAYS | x| *| 1| 2| 6| b] 2| 1] 1| 1| =| | 21
! BNOWDAYS | 5| 6| 2| x| 0 0] 0O 1 15
FOG DAYS | 6 3 3 2 1, = * * * 1 4 5 26
AVG RHX | 79 | 76 | 66 | 58 | 57 | 51 | 43 | 41 [ 46 | 56 | 71 | 79 | 60 |
STATION: ESKISEAIR_TURKEY
LAT/LO: 39 47 N 30 34 E ELEV: 2579 FT__
ELEMEITS {JAN  FEB [MAR |APR |MAY [JUN [JUL [AUG [SEP jOCT |NOV |DEC | ANN
EXT HMAX 62 | 77 | B84 | 88 | 94 | 97 | 102 102| 97 | 91 | 78 | 70 | 102
”AVG MAX 39 | 42 | 51 | 63 | 72 | 79 | 84 | 85 | T7T | 68 | 55 | 44 | 63
AVG MIN 25 | 26 | 30 | 38 | 46 | 52 | 56 | 56 |{ 48 | 41 | 35 | 29 | 40
EXT MIN [-10 {-11 | 4 | 19 | 30 | 32 | 41 | 38 | 25 | 16 { 2 |-15 | -15
AVG PRCP | 1.6] i.5{ 1.4| 1.3} 1.8 i1.4] 0.5 0.2 0.7] 0.8 1.2 1.9] 14.5
MAX MON 3.2 3.4{ 4.1] 2.3] 4.8] 3.3| 1.8 1.6] 2.3] 4.1| 2.9] 3.2] 18.4
MIN MON 0.2] 0.1] 0.0{ 0.1 0.4{ | 0.0i 0.0 0.0 0.0 0.0| 0.0| 7.6
MAX DAY 1.0{ 1.5 1.4! 1,0{ 1.8] 1.8{ 0.9] 1.4] 1.9 2.1] 1.0{ 1.7| 2.1
TS DAYS *| *| 1] 2| 5 4] 2| 2| 2] 1 x| 19|
SNOWDAYS | 6| 5| 4| 1| Of O 0O 0| 0} O 3 18§
| FOG DAYS 3( 3( 1| 1| *| x| 0| % x| 2 4| 19§
L AVGRH X | 82| 79| 71 | 63 | 64 | 59 | 54 | 54 | 80 | 65 | 75 | 81 | 67

¥ = LESS THAN 0.05 INCHES OR LESS THAN 0.5 DAYS

Figuere 6-2¢. More Climatological Summaries for Selected Stations, Western Mountains.
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THE WESTERN MOUNTAINS SITUATION AND RELIEF

STATION: KONYA AFR TORKEY
LAT/LON: Q7 8§23 Hj BT —. ELRV: 3330 FT __
ELKMENTS (JAN |FEB (MAR |APR |[HAY |CJUN |JUL [AUG |SEP |OCT |NOV |DEC | ANN

EXT MAX 81 75 | 83 | 87 | 94 | 87 100| 104| 86 | 90 | 78 71 104
AVG MAX 40 | 44 | 52 | 63 | 72 | 79 { 88 | 86 | 78 | 68 ( 58 | 44 64
AVG MIN 24 | 26 30 | 39 | 47 53 59 69 | 60 | 41 33 28 41
RXT MIN . |-19 |-18 2] 20| 286 | 35 42 | 42 | 27 | 14 | -2 |-15 -18
AVG PRCP 1.6/ 1.3{ 1.2] 1.1f 1.7} 1.0 0.2| ©O.1| O.5{ 1.1| 1.2 1.6]{ 12.4
MAX MON 2.8 3.7| 2.2( 2.8 4.0] z.8| 1.6f 0.9] 2.5 3.2| 3.7| 4.7| 16.8
MIN MON 0.1| 0.0| 0.0| 0.1] 0.0f = | 0.0f 0.0/ 0.0 0.04 0.0] 0.1 5.0
MAX DAY 1.1| 2.9 1.3) 1.1 1.3| 1.8 0.7] O.7| 1.8] 2.2f 2.4 2.4 2.9
T8 DAYS * ¥ 1 2 5 4 1 1 i 1 * * 18
ENOW DAYS 3 3 2 * * [ "] [+] 0 »* 2 10
FOG DAYS 4 3 1 * x 0 4] 0 < x 2 (] 17

AVGRHX | 79 ( 74 | 65 57 | 56| 50 | 41 | 40 | 46 | 58 | 72 | 80 60

STATION: MERZIFON THREEY

LAT/LON: 40 49 N 38 31 E ELEV: 1783 FT _ .
ELEMENTS |JAN |[FEB |[MAR |APR |MAY {JUN 'JOL |AUG |SKP [OCT |NOV |DEC | ANN
EXT MAX 64 71 ¥} A8 | 94 100{ 107| 104| 98 | 81 80 7 107
AVG MAX 41 44 50 | 63 | 72 78 82 83 786 { 67 | 56 45 63
AVG MIR 28 29 32 41 | 49 54 58 58 52 | 48 | 3% 3 43
EXT MIN -4 -1 9 18 | 28 38 44 44 29 | 24 4 -8 -8
AVG PRCP 1.4f{ 1.3] 1.4 1.6/ 2.3] 1.8] 0.5| 0.4] 0.7| 0.9| 1.2]| 1.3} 14.8
MAX MON 2.9} 2.9| 4.0} 4.3] 6.7 6.6} 1.9| 2.9| 2.9] 3.0f 4.7} 3.0| 24.1
MIN MON 0.2! 0.2 0.5| 0.4 0.6) 0.0 0.0/ 0.0| 0.0{ 0.1} 0.3 0.3| 12.2
MAX DAY 1.8 1.0{ 1.0{ 1.6f 4.3 2.1| 1.2{ 1.1} 1.6{ 0.9} 1.3] 0.9 4.3
18 DAYS x %= 1 2 -] 5 2 2 2 1 - x 20
BNOW DAYS 4 ] 3 * 0 e 0 (o] (o] 0 1 1 14
FOG DAYS 2 2 1 1 * [} * ® * * 1 2 10
AV3G RE %X 77 74 89 81 61 58 58 57 59 83 71 77 85

STATION: SIVAS TIRKEY

LAT/LON: 30 48 N _ __ .38 54 E ELEV: 5222 FT
ELEMENTS (JAN [FTB |MAR |APR |MAY ]JUN JOL |AUG |SEP |OLT |NOV |DEC ANN
EXT MAX 52 64 77 80 | 88 , 94 101| 1uol 93 87 75 60 101
AVG MAX 33 | 35 44 58 87 74 81 82 75 | 65 51 38 59
AVG MIN 17 20 28 38 43 47 | 51 51 45 38 31 23 a8
EXT MIN -24 [-30 [-11 12 | 22 31 37 kL] 25 18 (-12 | -22 =30
AVG DPRCP 1.7} 1.7 1.7| 2.1| 2.3} 1.3} 0.3| 0.2| 0.7| 1.2| 1.6] 1.7| 16.5
MAX MON 3.7/ 3.8| 3.0| 4.8 5.4{ 5.4 1.3| 0.9] 4.0{ 3.4 4.3] 2.3] 23.5
MIN MON 0.0! 0.2| 0.4 0.Q[ 0.4{ V.0{ 0.0] 0.9} 0.0f 0.0 0.1] O.. 4.9
MAX DAY 1.0{ 6.9 0.8] 1.5/ 1.5| 1.3| 0.7| 0.8/ 1.5] 2.2; 1.6/ 1.4 2.2
T8 DAYS * * x 2 7 5 1 1 1 1 * * 19
ENOW DAYS 9 10 5 1 Y] 0 0 [¢] o * 1 5 31
FOG DAYS 5 3 2 1 1 * * x * 2 4 5 22
AVG RH X 71 77 72 64 81 57 53 52 54 61 72 77 65

% = LESS THAN 0.05 INCHES OR LESS THAN 0.5 DAYS

Figure 6-2d. More Climatological Summaries for Selected Stations, Western Mountains.
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THE WESTERN MOUNTAINS

GEOGRAPHY. As shown in Figure 6.3, major

mountain ranges in this region include the Pontic
Mountains, the Taurus Mountains, and the Armcnian
Highlands (all in Turkey); and the Zagros, Elburz, and

SITUATION AND RELIEF

Turkmen-Khorasan Mountains (in Iran). The Central
Anatolian Platcau in Turkey, as well as several large
lowland depressions in Iran (Lake Urmia and Lake
Gavkhaneh), are also included in this region.
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Figure 6-3. Major Ranges of the Western Mountains.

BOUNDARIES.
bounded as follows:

The Western Mountains region is

On the north: By a linc from the castern tip of Izmit
Bay in northwestern Turkey ecastward along the
1,620-foor  (500-meter)  hcight  contour  to  the
Turkey-Soviet border ncar 41° 30’ E. Then castward
along the Sovict border with Turkey and Iran to 48° 40
E. From there eastward along the 3.280-foot
1,000-meter) contour around the Caspian Sea (o the
Iran-Sovict border.  Finally, along the lIran-Sovict
political boundary castward to the Afghanistap border.

On the west: From north to south along the southern
Izmit Bay coastline o Mudanya, Turkcy, on the southern
shorcs of Gemlik Bay (40° 23" N, 28° 53’ E). Then a
straight linc from Mudanya inland to Bursa, Turkey (40°

12° N, 29° 04" E) and the 3,280-toot (1,000-metcr)
contour, which is followed southward around the rest of
Turkey.

On the south: Follow the 3,280-foot (1,000-meler)
contour from Turkey (o the Turkey-Irag border ncar 37°
30" N, 42° 45 E. Then follow the 1,620-foot
(500-meter) contour through Iraq to the Irag-Iran border
at 359 N, 46 °E. Foliow the Irag-Iran border southeast to
47° 15’E for 200 NM before continuing castward ino
southern Iran along the 656-foot (200-mcter) contour 1o
Shamil, fran (27° 30° N, 56° 50" E).

On the east: At Shamil, the boundary switches (rom
the 656-foot (200-metery contour 1o the 3. 280-{oot
(1. 000-meter) contour, which is foltowed north around
the Kuh-¢-Shah Savaran (Shah  Savaran  Mountains)
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THE WESTERN MOUNTAINS

northwest along the north rim of the southern Zagros,
and finally cast along the southern edge of the Elburz
Mountains to the Afghanistan-Iran border. The eastern
boundary continues along the Afghanistan-Iran border
north to the Soviet border.

THE THREE SUBREGIONS DESCRIBED.
Althongh the Western Mountains region covers a vast
arca, climate is generally uniform. "General Weather” at
a given location, however, is determined by its elcvation
and specific location in this complex terrain. Chapter 6
provides data for each of the three subregions of the
Western Mountains (the Anatolian Plateau, the Northern
Iranian Mountains, and the Zagros Mounlains) shown in
Figures 6-1a-d. The reason for this three-way division
was 0 make the necessary distinctions in  mean
distributions of precipitation, cloud cover, and winds in
these subregions, the major topographic (cawres of
which are discussed in turn,

The Anatolian Plateau. The Anatolian Platcau is an
arid steppe consisting of low weathered peaks, rolling
foothills, and wide platcaus. It lies between 28° 30" E
and 39° E in the Turkish interior. It is bordered by the
Pontic Mountains on the north, the Acgean Coastal
Mountains on the west, the Taurus Mountains on the
south, and the Anti-Taurus/Armenian Highlands on the
cast. The placau slopes upward from west to east.
Erciyas Dagi (38° 32’ N, 35° 27’ E) is the highest point
at 12851 feet (3917 meters) MSL. Elevation
differences between valley floors and mountain peaks are
as much as 7,000 feet (2,134 meters) MSL.

The Pontic Mountains arc a scries of steep, rugged
ridges aligned west to east along the southern Black
Sea coast. These granite and basalt structures are
ancient volcanoes. The northern slope rises rapidly
from the Black Sea coast to 6,500 feet (1,981 meters)
or more. The southemn slope blends into the lower
foothills of the Central Anatolian Plateau. Elevations
in the Pontic Range increase from west (0 east.
Kackar Dagi (40° 50' N, 41° 09’ E) is the highest
peak at 12,917 feet (3,937 meters) MSL.

The Taurus Mountains in southcrn Turkey rim the
southern edge of the Central Anatolian Platcau. These
upthrust fault structures with deep gorges and
impassable  snow-capped  ridges  parallel  the
Mediterrancan coasiline from 29° 1o 40 CE.
Demirkazik Dagi (37° 50’ N, 35° 10" E) is the highest
peak at 12,825 fect (3,909 meters) MSL.

SITUATION AND RELIEF

The Anti-Taurus Mountains rim the castern edge of
the Anaiolian Platcau. They comprisc the Pomtic and
Tourus Mountains in east central Turkey. Cilo Dugi is
the highest peak at 13,504 fect (4,116 meters) MSL.

The Armenian Highlands, in extreme castern Turkey
and western Iran, arc rugged mountains with deep,
nicrow valleys. Most peaks average 6,000 [cet (1,829
meters) MSL, but many rise above 10,000 feet (3,050
meters) MSL. The highest peak is Agri Dagi--or Mt
Ararat (39° 44° N, 44° I5'E), a1 16,853 fect (5,137
meters) MSL.

The Northern Iranian Mountains consist of the Elbur,
and Turkmen-Khorasan systems.

The Elburz Mountains comprise a scries of steep,
narrow, parallel ranges formed by fauling and
volcanic activity. They parallel the south end of the
Caspian Sea in  Northern lran. Peaks are
snow-capped. Northern slopes are covercd with thick
forests; southern slopes, with desert vegetation. Mt
Demavend (35° 47° N, 52° (4 E) at 18,934 fect
(5,771 meters) MSL is not only the highest peak in
the Elburz, but in all of Iran.

The Turkmen-Khorasan Mountains form an castern
extension of the Elburz Mountains. They cxtend
castward for 400 NM to the Iran-Afghanistan border.
These folded mountains have numerous paralicl ridge
lines that average 6,000-9,000 fect (1,829-2,744
meters) MSL. The highest peak is 11,205 fect (3,415
meters) MSL. Highest elevations arc in the western
part; the central seclion transilions © a serics ol
foothitls. Sand dunes and rolling hills are found near
the Afghanistan border.

The Zagros Mountains form a rugged "wishbone-
shaped" mountain chain that extends 1,000 NM [rom
northwest to southeast across western Iran to the Strait of
Hormuz. Width averages 150-200 NM. Terrain is
dominated by massive transverse ridges with sheer ridge
faces that risc abruptly from the valley floor., Somc
valleys arc less than 5 NM wide.

The northern Zagros arc transverse ridges with large
rock faults, [lracturcs, and ancicnt volcanocs.  The
interior drainage pattern is disorganized; rivers wind
crraticatly through deep gorges, There are few trails,
passes, or roads. The highest point (14,920 fcei/4,548
melers MSL) is in the Zard Kuh Range ncar 32° 2(0°
N, 50° E.
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THE WESTERN MOUNTAINS

The west-central and southern Zagros form a scrics
of parallel ridges and valleys similar to the
Appalachians, but with larger and higher ridge crests.
The westernmost ridge is the primary one--it runs
northwest to southeast from 50 1o 54° E for 300-350
NM. A narrow, secondary ridge linc parallcls the
main westem ridge from 51 to 58° E. Nestled
between the two ridge lines is a wide valley (the
Gavkhanch), a dry salt pan 50-80 NM wide.
Slow-moving rivers flow in the widest sections of the
Gavkhanch; some cut deep gorges into both ridge
lines. Kuh-c-Bul is the highest point on the western
ridge (13,005 feet/3,965 meters MSL), while
Kuh-c-Lalch Zar is the highest peak in the castern
ridge (14,347 feet/4,374 meters MSL).

DRAINAGE AND RIVER SYSTEMS. As shown in
Figure 6-4, rivers flow north to the Black and Caspian
Seas, west to the Mediterranean, east into the central Iran
lowlands, and south (0 the Persian Gulf.

Four major rivers in Turkey drain into the Black Sea:
the Kizil Irmak, the Yesil Irmak, the Sakarya, and the
Coruh. The Kizil Irmak, at 715 NM, is the longest river
in Turkey. The Yesil Irmak, the Sakarya, and the Coruh
cach average 220 NM in length. Each river cuts a
narrow, winding network of canyons into the landscapc.

Many i the rivers forming in the Elburz Mountains
drain into the Caspian Sea. Most are less than 100 NM
long. Two of the largest are the Sefid Rud and the Aras.
The Sefid Rudt forms in a gorge in the western Elburz, 30
NM south-soutawest of Rasht, IR (37° 16’ N, 49° 36’
E). Although it is cnly 60 NM long, its configuration at
the confluence of the Shah Rud and Quizil Uzun Rivers
is such that the drainage basin is 350 NM in length.

SITUATION AND RELIEF

The Aras River begins in castern Turkey near
Erzurum (39° 55° N, 41° 17° E) and flows castward for
667 NM to the Caspian Sea. Few rivers torm on the
southern stopes of the Elburz, but there are numerous dry
creck beds; most arc shallow and lack vegetation,

Rivers originating in the Zagros Mountains llow
eithcer into the Persian Guilf or into lakebeds and
marshlands in the Gavkhanch Valley; many cut decp
gorges.

The Tigris and Euphrates Rivers originatc in the
southern Anti-Taurus Mountains; their numcrous
tributarics form ar cxtensive drainage nciwork that
eventually reaches the Persian Gulf. The 1,150-NM
Tigris originates in southeastern Turkcy. The Euphrales,
1,700 NM long, originates deep in the Central Anawolian
Platcau as the Firat River, Also (eeding the Euphralcs is
Keban Lake (39° N, 39° E), which drains three other
rivers--the Kara Su (285 nm long). the Murat (380 NM
long), and the Peri (150 NM long). About 25% of the
Euphrates’ length is in the Western Mountains.

LAKES AND RESERVOIRS. Salt lakes and
marshlands dominate the Iranian landscape--sce Figure
6-4. Therc arc scveral farge saltwater lakes in the
western Elburz, northern Zagros, and eastern Armcenian
Highlands. The largest is Lake Urmia in northwest Iran,
which lies in the Urmia basin, a large valley surrounded
by the Armenian Highlands to the north and wcst, the
Zagros on the south, and the Elburz on the cast. Lake
Urmia’s clevation is 4,000 feet (1,220 meters) MSL. Its
maximum depth is 20 feet (6 meters). The surface arca
fluctuates between 1,500 sq NM (summcer) and 2,300 sq
NM (winter).




THE WESTERN MOUNTAINS

SITUATION AND RELIEF
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Figure 6-4. Major Lakes of the Western Mountains.

The second largest lake in the Zagros is Lake Niriz
(between 500 and 600 sq NM). Others on the Anatolian
Platcau include Lake Van (1,450 sq NM), Lake Akschir
(41 sq NM), and Lake Burdur (68 sq NM). Lake Tuz
(630 sq NM) is at 2,950 feet (899 meters MSL), with a
maximum depth of 1-2 feet (0.3-0.6 melers)--it has no
outlet.

Freshwater lakes are rare. The two largest (Lake
Beysehir and Lake Egridir) are in west-central Turkey.
Lake Beysehir, at 3,660 feet (1,116 meters) MSL, covers
251 sq NM. Lake Egridir, at 3,031 feet (924 melers)
MSL covers 200 sq NM.

The Hirfarli Dam and Reservoir is about 30 NM
northeast of Lake Tuz. They provide water for irrigation
in west-central Turkey. Keban Dam forms Lake Keban,
which dramns into the Evphrales River.

VEGETATION, Vegetation is widely varicd. The
north slopes of the Pontic and Elburz Mountains up to
8,000 fect (2,439 meters) MSL arc covered by thick
forcsis of pine, juniper, bezch, oak, and poplar. Grasses
and licaens flourish above the treeline.  The highest
peaks arc snow-covered year-round.

The Taurus Mountains are covered by scrub brush,
grasses, and olive and citrus trees. Vegetation in the
higher elevations is similar 10 that in the Pontic and
Elburz Mountains.

Vegetation on the Central Anatoiian Plateau is typical
of other steppes. Vegetation is mostly grass and scrub
brush. Oak, pine, and juniper trecs are only found in the
foothills and lower mountain slopes. Cercal grains arc
cultivated in lower valley basins.

The Zagros Mountains are covered by forests of oak,
elm, maple, and pistachio. Vegetation in valleys and
ravines consists mostly of stands of willow and poplar.
Juniper, almond, and wild fruit rees can be found in the
Gavkhanch Basin. The rugged northern and the southern
sections of the Zagros arc generally barren with patches
of grass and scrub brush.

The Turkmen-Khorasan Mountains are covered by

juniper, stands of oak and poplar, and grasses. Valleys

arc planted in wheat.




THE WESTERN MOUNTAINS
WINTER

GENERAL WEATHER.  Upper-leve! westerlics
prevail in winter, migratory lows (with their associated
fronts), upper-level troughs, and trailing high pressure
areas move steadily through the arca. The average
frequency of passage is once every 4 (o 6 days across
Turkey, once every 3 10 S days across the northern
Zagros Mountains, and once every 5 to 7 days across the
sowthern Zagros Mountains.  Only during a rare
"blocking” upper-air pattern is this progression
interrupted.

SKY COVER. Cloud cover gradually decrcases from
west 1o cast across the region.  East of thc Anatolian
Plateau, it also decreases from north to south. As might
be expected in mountainous lerrain, cloud cover and
cloud heights arc a function of local tcrrain and winds.

Black Sea

December-February

The Anatolian Platcau and Northern Iranian Mountains
above 4,000-5,000 feet (1,220-1,525 mceicrs) MSL arc
usually in clouds during thc passage ol a fronal or
low-pressure system.  Cloud bascs risc further 0 the
south and east, rcaching 7,000-8,000 fect {2,135-2,440
meters) MSL in  the southern  Zagros Mountains,
Multilayered clouds extend to 35,000 feet (10,7 km)
MSL.

Figures 6-5a-¢ give mean cloudiness and frequency of
ceilings below 3,000 fect (915 meters) AGL for selected
stations in the Anatolian Piatcau, the Northermn Iranian
Mountains, and the Zagros Mountains, respectively, A
diurnal curve in low ccilings is only noticcable at
southeastermn Zagros Mountain stations,
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THE WESTERN MOUNTAINS
WINTER

Coastal rcgions are different.  With strong onshore
flow, either in (ront of or behind a surface low, cloud
layers form cver ridges just onshore at 1,500-2,500 fect
(460-760 meters) MSL. Tops are 3,500-5,000 fect
(915-1,525 meters) in the absence of higher cloud decks.

When there are no frontal systems, layered middle and
high clouds with bases above 10,000 feet (3,050 meters)

0
03]09|15]21
27 3] 3

0

911521
3

N Lo

0
3

December-February

MSL. form over higher mountain ranges along and south
of jet strcam axes. They also form along mountain
ranges next to coastlines. Leeward sides of ridges are
clear due to the downslope warming.

Expect moderate to severe mixed icing in frontal
system clouds from the freezing level to 20,000 feet (6.1
km). At other times, look for light to moderate icing.
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Figure 6-5b. Mean Winter Cloudiness (isopleths) and Frequencies of Ceilings Below 3,000 Feet 915
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precipitation cast of the Anatolian Platcau is reflected in
the frequency of visibilitics below 3 miles.  Figures

VISIBILITY. Winter visibility is exccllent cxcept in
6-6a-c show frequencies of visibilities below 3 miles

clouds or precipitation, and in mountain valleys where
fog and local pollution are common. The decrease in
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Figure 6-6a. Mean Winter Frequencies of Visibilities Below 3 Miles, Anatolian Plateau.
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WINDS. Surface winds dcpend on local terrain.
Locations that are in or near mountain canyons or along
coasts show the usual diurnal variation associated with
mountain/valley and/or land/sea breezes, while locations
on plateaus or in open terrain reflect the mean westerly
synoptic flow.

Strong downslope "foehn” winds occur over most
mountzin ranges when winds are perpendicular 1o the
ridge and the necessary stability conditions are mct.
When a strong migratory cell or lobe of the Asiatic High
moves southwestward into Iran, a very strong foehn, or
even a "bora,” blows down the south slopes of the Elburz,
and the southwest slopes of the central and southern
Zagros Mountains. Iranian meteorologists say Lhcse
winds exceed S50 knots and produce severe lurbulence
and wind shcar.

Individual surface wind summaries are shown in
Figures 6-7a-c.

Upper-level wind directions at 10,000, 15,000, and
20,000 feet (3,050, 4,575, and 6,010 meters) MSL reflcct
the prevailing westerlies or southwesterlies.  Maximuvm
winds over the highest peaks of the Western Mountains
approach jet stream speeds of above 100 knots.
Moderale 1o severe mechanical turbulence and mountain
waves occur under favorable conditions along and over
all ridges. Figures 6-8a-f give upper-level wind
directions at representative  stations  throughout  the
Western Mountains.

December-February

Anatolian Plateau{ DEC i JAN : FEB

NE Kastamonu 2.70: 2.70 1 3.20
S/NE Merzifonu 3.70 0 3.90 : 5.00
E Erzurum 4,00 240 0 4.20

E Eskisehir 530 5.60 6.00

w Ankara 4.10 : 4.30 : 5.10

N Malatya 3.30: 2.20 - 4.00
S-SW Denizli 2.40 2,40 - 3.10
N Fomya 560 :6.50:7.50

Figure 6-7Ta. Mean Winter Surface Wind Speeds (kts)
and Prevailing Direction, Anatolian Plateau. Slashcs
between Merzifonu's wind dircctions separate flow at the
beginning and end of the scason.
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Figure 6-7b. Mean Winter Surfiace Wind Speeds (kis)

and Prevailing  Direction. Northern  lranian
Mountains.
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Figure 6-7c. Mean Winter Surface Wind Speeds
(kts) and Prevailing Direction, Zagros Mountains,
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PRECIPITATION.  Precipitation decreases rapidly
inland lrom the shores of the Me:literranean, Black, and
Caspian Seas. The high mountains along these water
sources receive considerably higher amounts than ranges
further inland, as shown by the 9.6 inch (244 mm)
isohyet in Figures 6-9a-c. Amounts over the Northemn
Iranian Mountains and the ranges at the eastem end of
the Anatolian Platcau are undoubtedly still higher, but
there is litlle dala available for confirmation.
Precipitation decreases castward even in the absence of
mountain ranges. Except for the Zagros Mountains, atl 3
months of winter get roughly the same amount of
precipilation. Maximum 24-hour precipilation amounts
vary, depending on frontal passage frequency. There is a
marked rain shadow south of the Elburz Mountains along
the Caspian Sea coast of Iran and cast of the Zagros
Mountains.

Winter precipitation in the meantains is usually in the
form of snow. The permanent snow line slopcs upward
from about 12,000 feet MSL in the Caucasus to 15,000
fect at 36° N. Winter snow occurs above 3,500 fcet

o™ e v =

<D
j-7 7-7{1.7

Figure 6-9a.

Decembear-February

(1,070 mele.s) MSL on the Anatolian Platcau and in the
Elburz. Mountains. Snow depth information in this
region is fragmentary, but while working on the
Tchran-to-Baku railroad from 1942 to 1945, the U.S.
Army Corps of Engineers reported 30- to 40-foot (9- to
12-meter) snow depths during late winter at 6,000 feet
(1,830 meters). Snow on the eastern Anatolian Plaicau
and in the Elburz. Mountains almost certainly reaches the
same depths. Amounts decrease to 2 1o 4 fect (1.8-2.8
meltcrs) in the southern Zagros Mountains north of 30° N
above 9,000 feet (2,745 meters).

Winter thunderstorms in the Western Mountains are
rare except over higher ranges. The only locations (o
average 1 thunderstorm a month arc Torbat and Arzk
during February, but storms arc more [frequent over
higher mountain ranges with dccp upper-air troughs.
Tops are 30,000 fect (9.1 km) MSL, with the usual
hazards.

Figures 6-9a-c give mcan seasonal (isohycts),
monthly, and maximum 24-hour precipitation.

50

DEC JAN FEB

Mean Winter Monthly/Maximum 24-Hour Precipitation (inches), Anatolian Plateau,

Isohyels represent mean scasonal precipitation (water cquivalenu,
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TEMPERATURES. Temperatures are a function of
clevation, as shown in Figures 6-10a-c. Stations well
inland have a larger diurnal range as they get further
from the moisture source. Erzurum is an example; its
mean minimum is 9° F (-13° C) in lanuary, while
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stations ncarer the coast are 15-20° F (8-11° C) warmer.,
Temperatures over higher clevations decrcase rapidly,
becoming arctic above 12,000-15,000 feet (3,670-4,570
melers). Wind chill can be severe al higher, exposed
locations.
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Figure 6-10a. Mean Winter Daily Maximum/Minimum Temperatures (F), Anatolian Plateau.
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GENERAX. WEATHER, Spring is the transition from
winter frontal systems to the hot, dry weather of suminer,
Migratory systems decrease steadily as the storm track
shilis north and the Asiatic High disappecars. By latc
April, few systems track all the way through the arca.
Cyclogenesis in the Black Sea still brings surface cold
fronts through Turkey into northern lran. By laic May,
the Pakistani Heat Low is well established and the
low-level winds reflect the tlow around and inio the
thermal tovgh, Smaller thermal lows form in Iran’s
interior and temporarily over the Anatolian Plateau.

SKY COVER. As in winter, total cloud cover gradually
decreases from wes:. to east across the Western
Mountains, and from north to south across the Elburz and
Zagros Mountains. Amounts are only slightly lower than
in winter. Coverage and height vary with \ierrain.
Increased heating produces a slight increase in the
frequency of ceilings below 3,000 feet (915 meters)
across the eastern Anatolian Plateau and the Elburz
Mouniains of Iran. Generally, the Anatolian Plateau and
Northern Iranian Mountains are in ciouds above 4,000 to
5,000 feet (1,220-1,525 meters) MSL when any frontal or
low pressure system is passing through; bases are
7,000-8,000 feet (2,135-2,440 mcters) MSL in ihe
extremc southern Zagros Mountains, and tops reach
35,000 feet (10.7 km) MSL.

March-May

Coastal regions are different.  With strong onshore
flow either in {ront of or behind a surface low, clouds
form over ridges immediatcly onshorc. Bases arc
1,500-2,500 feet (460-760 meters) MSL, with tops at
3,500-5,000 feet (915-1,525 meters) MSL in the absence
of higher cloud decks.

In the absence of frontal systems, layered middle and
high clends with bases above 10,000 fect (3,050 meters)
MSL occur over higher mountain ranges; they are found
along and south of jet stream axes, and along mountain
ranges next to coastlines. Leeward sides of ridges arc
clear due to foehn winds with downslope warming.

Moderale to severe mixed icing should be expected in
fromial system clouds above the freezing level to 20,000
feet (6.1 km) when airflow is being lifted over ridges.
Light to moderate in-cloud icing occurs at other limes.

Figures 6-i1la-c show mean total sky cover and
frequency of zeilings below 3,000 feet (915 meiers) AGL
for sclected siations. Most stations begin to show a
diurnal curve in low ceiling frequency due to increased
selar insolation and fewer {rontal systems,




THE WESTERN MOUNTAINS
SPRING March-May

NM
N 4 6 T 1m0 300

2%
S "\ 7CLOUD COVER - LSOPLETHS
{ S - *MISC DATA
\ tdi 03]09{15{21
- zFREQ ¢I6 1T 030
{
' —_-u-"
- - -
-~ 02]08]14|20
= 17119[ 2119
02 08'14 20 & 9
aklse E ——
ozloslmlzo : 'V°"° . E"“""‘"\ 33 gg 15(21
: rzncan 6127
. o Denlal 'A\ 7| 2 .I &
. re pl
- \ - \é \§~ >
V% 03109115 21 4
02]08[14]20 50% PN A \,17'|'17l21 19
T9|2§|3§}T5 N~

s ozloalmlzo ’ \
, Weltterrasem (:f:? {03j09)15(21 Y.
173[21]28|26 1,

4 g

Figure 6-11a. Mean Spring Cloudiness (isopleths) and Frequencies of Ceilings Below 3,000 Feet (915
meters), Anatolian Plateau.
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VISIBILITY. Visibility is generally excellent, but can  the afternoon on the south side of the Elburz and the cast
be restricted in mountain valleys due to fog or smoke. slopes of the Zagros reflect downslope winds that raisc
The decrease in precipitation east of the Anatolian dust. Figures 6-12a-c provide frequencies of visibility
Plateau is reflecled in the low frequencies of visibility  below 3 miles in all three subregions.

below 3 miles. The higher frequencies of restrictions in
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Figure 6-12a. Mean Spring Frequencies of Visibilities Below 3 Miles, Angtolian Plateau.
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Figure 6-12b. Mean Spring Frequencies of Visibilities Below 3 Miles, Northern Iranian Mountains.
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Figure 6-12¢c. Mean Spring Frequencies of Visibilities Below 3 Miles, Zagros Mountains,
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THE WESTERN MOUNTAINS
SPRING

WINDS. Surface winds reflect local terrain. Locations
in or near mountain canyons or along coasts will show
the usual diurnal variation associated with mounwain/
valley and/or land/sea breezes. Locations on plateaus or
in open terrain reflect the mean westerly synoptic flow.
By late May, winds over the Anatolian Plateau become
northerly, reflecting the onset of the Etesians of summer
(which see). Individual station summaries are shown in
Figures 6-13a-c.

Anatolian Plateau| MAR | APR | MAY
NE Kastamonu 3.20 ¢ 3.60 i 4.00
NE Merzifonu 5.80:590:6.90
E Erzurum 5.40:6.60:6.2
w Eskisehir 5.80 { 5.70 { 5.20
w Ankara 5.30 : 5.50 : 5.00
-sw [ Molatyo 510 : 5,90 ;| 5.30
NW Cenizli 2,701 2.4012.80
N {onya 7.50:7.70 : 7.40

Mean Spring Surface Wind Speeds
Anatolian

Figure 6-13a.
(kts) and Prevailing Wind Direction,
Plateau.

Upper-level wind directions at 10,000, 15,000, and
26,000 feer (3,050, 4,575, and 6,010 meters) MSL reflect
the predominant  westerlics  or  southwesterlies.
Maximum winds over the highest peaks still approach jet
strecam conditions with spceds above 80 knots. Modcrate
1o severe mechanical wrbulence and mountain waves

March-May

N Irgaian Mts | MAR | APR | MAY

SSE-SW Tabriz 5.20 5.80:6.10
SSE-SW Rezaiyeh 3.20:3.10  3.60
ESE-WSW| Zanjan 3.50: 4.80: 3.30
NE Shakrud 5.90: 5,90 : 6.00
SE Mashhad 3.20 : 3.60 ; 3.40

w Tehran 6.50: 7.60 ; 7.50
S/NW Kars 6.30: 7.30 ; 7.20
E/W Van 3.40 1 4.00 | 3.90
NE Ardehil 8.90: 8.40 : 6.10

w Crumish 4.90 { 6.30 { 5.30

Figure 6-13b. Mean Spring Surface Wind Speeds
(kts) and Prevailing Wind Direction, Northern
Iranian Mountains. Slashes separating Kars and Van
wind directions indicate changes from March to May.

Zagros Mis MAR { APR | MAY

E/sw | Rakhtaran 6.90 { 7.70 1 6.20
w Arak 4.00:570: 370
w Esfahan 580 { 6.50 | 5.60
w Yazd 6.10 : 7.10 65.10
v Kermm 7.20 820 7.20
Ww-Nw | Shiroz 580 6.10 : 6.40

Figure 6-13c. Mean Spring Surface Wind Speeds
ikts) and Prevailing Wind Direction, Zagros
Mountains. The slash between wind directions lor
Bakhtaran indicaics a change from March (o May.

occur under favorable conditions along and over all
ridges. By lmec May, winds change rapidly toward
summer  conditions, Refer 10 Figure 6-8a-l (or
upper-level wind  directions at representative  stations
throughout the region.
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THE WESTERN MOUNTAINS
SPRING

PRECIPITATION. Total precipitation decreases from
its winter maximum; only the northern Zagros Mounlains
average more than 9.6 inches (244 mm). Precipitation
also decreases rapidly inland from the shores of the
Mediterranean, Black, and Caspian Scas. Amounts over
some ranges, including the Northern Iranian Mountains
and the castern end of the Anatolian Plateau, arc
undoubtedly higher, but there is little observational data
1o support this. Precipitation east of the Anatolian
Plateau decreases steadily to the south and east. The rain
shadow over the Anatolian Plateau is shown by tne
closed 4.8 inch (122 mm) isohyet.

Maximum 24-hour precipitation amounts vary,
reflecting frontal frequencies and increased heating.
Erkilet, in the eastern Anatolian Plateau, has recorded a

\sg o
e ¥ 1
)

1.9‘1.9‘2.1

Ol11.101.

""—‘-4"-—’\
——’,,

-’

Black Sea

“ gl 6.4

N
1.5' 2.011.9
/

1.
!
-
PR

30

Figure 6-14a.
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March-May

maximum 24-hour precipitation of 0.6 inches (270
min); the cxact reason is unknown, but thunderstiorms
are suspected. Another marked rain shadow is present
south of the Elburz. Mountains, The Zagros Mountains
act as a "precipitation island” compared to cither side of
that mountain complex.  Figures 6-14a-c givc mean
seasonal, monthly, and maximum 24-hour precipitation.

Precipitation falls as snow above the steadily rising
freezing level. The permancent snow line slopes upward
from near 12,000 feet MSL in the Caucasus 10 15,000
feet at 36° N. Spring snows occur above 4,500 fcct
(1,370 meters) MSL on the Anatolian Plateau and in the
Elburz. Mountains. There is no snow south of 32° N in
the Zagros Mountains.

MAR APR MAY

MFAN PRECIP
MAX 24-HR PCP

1.411.5(2.3
.0l1.6]4.3
/

r

Mean Spring Monthly/Maximum 24-Hour Precipitation iinches), Anatolian Plateau.

Isoyets represent mean scasonal precipitation twater equivalenty
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THE WESTERN MOUNTAINS
SPRING

PRECIPYTATION. Total precipitation decreases from
its winter maximum; only the northern Zagros Mountains
average more than 9.6 inches (244 mm). Precipitation
also decreases rapidly inland from the shores of the
Mediterrancan, Black, and Caspian Scas. Amounts over
some ranges, including the Northern Iranian Mountains
and the ecastern cnd of the Anatolian Platcauw, arc
undoubtedly higher, but there is little observational data
to support this. Precipitation east of the Anatotian
Platcau decreases steadily to the south and cast. The rain
shadow over the Anatolian Platcau is shown by the
closed 4.8 inch (122 mm) isohyet.

Maximum 24-hour precipitation amounts vary,

reflecting fromal frequencies and increased heating.
Erkilet, in the eastern Anatolian Plateau, has recorded a

1.8|3.0

z Bolu
Eskisehir

® Ankara

-2[4.1 ™~~Kastamonu

March-May

maximum 24-hour precipitation ol 10,6 inches (270
mm); the exact reason is unknown, but thunderstorms
are suspected.  Another marked rain shadow is present
south of the Elburz Mountains, The Zagros Mountains
act as a "precipitation island” compared o cither side of
that mountain complex.  Figures 6-14a-c give mean
scasonal, monthiy, and maximum 24-hour precipitation,

Precipitation falis as snow above the steadily rising
[reezing level, The permanent snow line slopes upward
from necar 12,000 fcet MSL in the Caucasus o 15,000
fect at 36° N. Spring snows occur above 4,500 fect
(1,370 meters) MSL on the Anatolian Platea and in the
Elburz Mountains. There is no snow south of 32° N in
the Zagros Mountains.

MAR AFR MAY

MEAN PRECIP
MAX 24-HR PCP

Toirafes

1.4]1.3|2.0

Sivas

. _
4.8 Erkilet

Figure 6-14a.

Mean Spring Monthly/Maximum 24-Hour Precipitation (inches), Anatolian Plateau.

Isoyets represent mean scasonal precipitation (water equivalent).
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SPRING March-May
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Figure 6-i4b. Mean Spring Monthly/Maximum 24-Hour Precipitation (inches), Northern Iranian
Mountains. Isohyels represent mean precipitation (water equivalent).
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Figure 6-1dc. Mean Spring Monthly/Maximum 24-Hour Precipitation (inches), Zagros Mountains, .
Isohyets represent mean seasonal precipitation (water cguivalenty,
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THE WESTERN MOUNTAINS
SPRING

Thunderstorms increase dramatically in May over the
Anatolian Plateau and the northern slopes of the Elburz
Mountains. A slight increase occurs over the central and
northern Zagros. The Zagros Mountains and the
southern stopes of the Elburz Mountains have few
thunderstorm days; frequencics gencrally decicase from
north to scuth. Thunderstorm {requencies are nrobably
higher over the higher Elburz and Analofian Plateau
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March-May

ranges. Tops ccach over 40,000 (cet (12.2 km) MSL by
May because of the increased  hcating. Severe
thunderstorms, with the usual hazards, may occur during
late spring if ail the nceessary condition:s are met. Such

thunderstorms are most common over arcas downwind of

ridges. Figures 6-15a-c give mcan monthly thunderstorm
days.
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Figure 6-15a. Mean Spring Thunderstorm Days, Anatolian Plateau,
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March-May
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Figure 6-18¢. Mean Spring Thunderstorm Days, Zagros Mountains,
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THE WESTERN MOUNTAINS
SPRING

TEMPERATURES. Temperatures increase steadily
during the spring, but are still a [unction of clevation
(Figures 6-16a-c). The greatest diurnal variations arc at
stations well inland, where they are farther from a
moisture source. Daily variations reach 35° F (20° C) at
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March-May

some inlerior Iranian stations. Temperatures at higher
elevations remain fow, The freczing tevel, while rising,
is stll at 12,000-15,000 fect (3,670-4,570 meters) by the
end of May.

Figure 6-16a. Mean Spring Daily Maximum/Minimum Temperatures (F), Anatolian Plateau.
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Figure 6-16c. Mean Spring Daily Maximum/Minimum Temperatures (F), Zagros Mountains.
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THE WESTERN MOUNTAINS
SUMMER

GENERAL WEATHER. Summer is mainly fair; only
a few frontal systems penctrate Lhe region.
Thunderstorms are the primary weather producers.
Along the Black and Caspian Seas, sea breczes and
orographic 1ift produce mid-afternoon thunderstorms. A
few trailing cold fronts reach the cxtreme northern
Anatolian Plateau. Low-level winds reflect flow into the
thermat lows over Turkey and the high descrts of Iran.
Etesian and "Winds of 120 Days" also occur.  About
every 4 years, an upper-level "cut-off" low forms in
southern Iran and advects Southwest Monsoon moisture
into the eastern Elburz mountains; in such cases,
thunderstorms occur almost daily over the higher ridges.

SKY COVER. Summer cloud cover decreases rapidly
south of the Black and Caspian Sea coastlines. The
Pontic and Elburz Mountains are the limits for cloud

: SO
‘s /
1 Y]
S {
A S
AN
P
-
P
( Black Sea
[
,—-——-—‘~_.‘\ -/—'v’\ 02108 14120
~! 3] 9121 6 “~Kastamonu

June-August

coverage above 30%. Low clouds occur less than 10%
of the time except in the kigher ranges and along the
Black Sea coast in the aflernoon. Ceilings below 3,(XX)
feet (915 meters) have a marked diurnal variation, with
peaks in the aftemoon and carly cvening (sce Figures
6-17a-c). Much of the cloud cover is middlc and high
cloud produccd by thunderstorms. In the absence of
thunderstorms, layered middle and high clouds with
bases above 10,000 feet (3,057 meiers) MSL oceur over
the higher mountain ranges. Leeward sides of ridges arc
clear due (o downslope warming.

Moderate 10 scvere mixed icing occurs in ard ncar
thunderstorms above the freezing lovel o 25,000 fect
(7.6 km) MSL. Light to moderate icing can occur in
clouds below 20,000 feet (6.1 km) MSL.
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Figure 6-17a.
meters), Anatolian Plateau.

Mean Summer Cloudiness (isopleths) and Frequencies of Ceilings Below 3,000 Feet (915
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Figure 6-17b. Mean Summer Cloudiness (isopleths) and Frequencies of Ceilings Below 3,000 Feet (915
meters), Northern Iranian Mountains.
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Figure 6-17c. Mean Summer Cloudiness (isopleths) and Frequencies of Ceilings Below 3,000 Feet (915 '
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THE WESTERN MOUNTAINS
SUMMER

VISIBILITY. Visibility is excellent except at stations
bordering the Central Deserts, where the prevailing
northerly and northwesterly winds raise a persistent dust
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haze that can lower visibilities below 3 miles in the
afternoon. Mean summer frequencies of  visibilities
below 3 miles are given in Figure 6-18a-c.
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Figure 9-18a. Mean Summer Frequencies of Visibilities Below 3 Miles, Anatolian Plateau.
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Figure 6-18c. Mean Summer Frequencies of Visibilities Below 3 Miles, Zagros Mountains.
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THE WESTERN MOUNTAINS
SUMMER

WINDS. Surface winds reflect the prevailing Elesians
and "Winds of 120 Days" that blow into the heat lows
over the interior deserts and platcaus in the absence of
terrain effects. Daytime wind direction on the Anatolian
Plateau can reflect the smaller heat low of the central
Plateau during July and August. Stations in or near
mountain canyons or along coasts show the usual diurnal
variation associated with mountain/valley and/or land/sca
breezes.  Sclected individual station summarics are
shown in Figures 6-19a-c.

Anatolian Plateau} JUN : JUL i AUG

NE Kastamonu 3.80 1 3.80: 4,10
NE Merzifonu 6.20 : 8.60 : 8.40
E-NE FZUrUm 570:6.20 : 6.40
W Eskisehir 2.30 1 6.30 {1 6.20

w Ankara 5.00: 2.80: 5.30

NwW Malatva 6.60: 7.10 : 6.3C
NW Cenizli 290 2.7C : 2.60
N Fonya 8,210 19,40 1 9.20

Figure 6-19a. Mean Summer Surface Wind Speeds
(kts) and Prevailing Direction, Anatolian Plateau,

Upper-level wind directions change at 10,000 fcet
(3,050 meters) MSL, reflecting flow into the thermal
trough. Winds zloft also reflect a complex interaction
between tow-level northerlies, high-level westerlies, and
intermittent ridging into southern lIran.  Speeds arce
relatively light at 10,000, 15,000, and 20,000 feet (3,050,

N Iranian Mts JUN © JUL | AUG

NE-SE Tabriz 7.5019.90 ¢ 9.50
E-SW/NE ezalyeh 3.00:270:2.890
w,”SE Zanjan 3.00:2.90: 2.80
NE Shahrud 65.80 6,90 €.20
E Mashhad 3.90:4.50: 4.00
w Tehran 5.60 { 5.70 : 4.80
SW/NE {ars 7.60 7,90 B.40
w Yvan 3.40 0 3,30 3.10
NE Ardebil 7.70 1 8,30 : 8.60
W/NE L Orumieh 470 1 4.70 1 4.40

June-August

Figure 6-19b, Mean Summer Surface Wind Speeds
(kts) and Prevailing Direction, Northern Iranian
Mountains. Slashes between directions indicate changes
(rom Junc to August.

Zagros Mts JUN 1 JUL @ AUG

SW-w Bakhtaran 5701500 5.10
W/E Arak 3.30 1270 2.80
W/E Esfahan 5.30 1 4.40 1 4.00
w Yazd 5.80: 590540
N-NW Karman 6.30 { 7.20: 5.80
W-NW Shiraz 5.40 : 530 4.40

Figure 6-19c. Mean Summer Surface Wind Speeds
(kts) and Prevailing Direction, Zagros Mountains.
Slashes indicate changes from June to August.

4,575, and 6,010 meters) MSL. When conditions arce
right, moderate to severe turbulence occurs along and
over all ridges duc to thermal heating, Refer to Figures
6-8a-f for upper-level wind dircctions at representative
stations throughout the region.
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THE WESTERN MOUNTAINS
SUMMER

PRECIPITATION., Precipitation  along  the
Meditcrranean, Black, and Caspian Sca coasts is
common, but less frequent than in spring except along
the northwest Caspian Sea Coast. Significant
precipitation also occurs over Anatolian Platcau stations
due 10 convective activity. The higher mourtains in
northeastern Turkey and northwestern Iran reccive in

Jur.e-August

Precipitation drops to Icss than (L5 inches (12 mm),
though, in other areas of the subregion. Figures 6-20a-¢
give mcan scasonal precipitation and selected station
mcan monthly and maximum 24-hour precipitation.
Precipitation falls as snow only above the permanent
snow linc. This line slopes upward from near 12,000 lect
MSL in the Caucasus to 15,000 feet at 36° N.

excess of 6.4 inches (160 mm) due to thunderstorms,
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Figure 6-20a. Mean Summer Monthly/Maximum 24-Hour Precipitation (inches), Anatolian Plateau,
Isohyets represent mean scasonal precipitation (water cquivalent).
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Mean Summer Monthiy/Maximum 24-Hour Precipitation (inches), Northern Iranian
Mountains. Isohycts represent mean scasonal precipitation (water cquivalent).
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Thundersiorm  frequency  decreases  dramatically — MSL, with the usual hazards. Thunderstorms are rure ‘
from Junc to August, with a peak on the Anatolian  south of the Elburz and in the Zagros Mounkins.
Plateau in June. Tops excced 40,000 feet (12.2 km) Figurcs 6-21a-¢ give mean monthiy thunderstorm days.
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Figure 6-21a. Mean Summer Thunderstorm Days. Anatolian Plateau.
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Figure 6-21c. Mean Sumnter Thunderstorm Days, Zagros Mountains,
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SUMMER

TEMPERATURES. Temperatures are still a function
of elevation, as shown in Figures 6-22a-c.  Diumnal
ranges are from 25 to 35° F (14-20° C) in the absence of
diurnal elfects. Air temperatures over higher elevations

June-August

do not drop to 32° F (0" C) until 12,000 feet (3,670
meters) MSL in northern areas, and until 15,000 [leet
(4,570 meters) MSL in southern arcas.
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Figure 6-22a. Mean Summer Daily Maximum/Minimum Temperatures (F), Anatolian Plateau.
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JENERAL. WEATHER. Froutal systems do not
routinely cross the Western Mountains until iate October
in the north, and late November in the south. The fronts
that do cross the sub-region arc normally not severe and
don't have strong temperature gradients. Predominantly
westerly upper-level winds return in late October to early
November. By the end of November, winter frontal
frequencies are reestablished.

SKY COVER. Cloud cover gradually increases {rom
east 10 west and, east of the Anatolian Platcau, from
south to north. Cloud cover and heights are functions of
terrain and winds. By mid-November, the Anatolian
Platcau and northern Iranian mountains above
4,000-5,000 feet (1,226-1,525 meters) MSL are in clouds
when any frontal or low pressure system is present.
Bascs rise to 7,000-8,000 feet (2,135-2,440) mcters) MSL
in the extreme southern Zagros, and tops reach 35,000
feet (10,7 km) MSL.,

The Mediterranean, Aegean, and Black Sea Coasts
have strong onshore flow either in fron: of or behind a
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meters), Anatolian Plateau.
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surface low. Cloud layers form over ridges immediately
onshore at 1,500-2,500 fecet (460-760 meters) MSL.
Tops are only 3,500-5,000 fect (915-1,525 mcters) MSL.

In the absence of (rontal systems, layered middic and
high clouds with bascs above 10,0u0 feet (3,050 meters)
MSL occur over higher mountain ranges, along and
south of jet stream axes, and inland of mountain ranges
immediately along coastlines. Leeward sides of ridges
are clear due to downslope warming.

Moderate to severe mixed icing should be expected in
frontal system clouds above the freezing level to 20,000
feet (6.1 km), with light 10 moderate in-cloud icing at
other times,

Figures 6-23a-¢ give mean total sky cover and
frequency of ceilings below 3,000 feet (915 meters) lor
selected stations. Some diural variations in low ceilings
occur at Anatolian Plateau stations.
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figure 6-23b. Mean Fall Cloudiness (isopleths) and Frequencies of Ceilings Below 3,000 Feet (915
meters), Northern Iranian Mountains.
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Figure 6-23c. Mean Fall Cloudiness (isopleths) and Frequencies of Ceilings Below 3000 Feet (91
meters), Zagros Mountains.
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VISIRILITY, Visibility is exccllent except in  provide frequencies of visibilities below 3 miles across

precipitation and at thosc locations in mountain valleys  the region.
where fog and local pollution occur.  Figures 6-24a-¢
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Figure 6-2d4a. Mean Fall Frequencies of Visibilities Below 3 Miles, Anatolian Plateau.
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Figure 6-24b. Mean Fall Frequencies of Visibilities Below 3 Miles, Northern Iranian Mountains,
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WINDS. Surface winds are strongly

influcnced by terrain. Locations in or near , ,
mountain canyons, or along coasts, show the Anatolian Plateau] SEP | OCT i NOV
usual diurnal variation associated with '3 ;
mouniain/valiey and/or land/sea breczes. NE/SW | Kastamonu 3,30 3.20 1 3.10
Locations on plateaus or other open terrain NE Merzifonu 7101500 i 4.00
have mean westerly synoptic flow. By the cnd w Erzurum 5.50:4.50: 4.20
of November, frontal winds, especially w/E | Eskisehir 5.00: 4.10 : 4.60
foehns, may reach 35 knots.  Selected v gnka{'c: 4.20 + 3.50 + 3.40
irfdividualqsutli(m summaries are shown in NW—N,S;'gW Dgrlw?zlyia g ‘1,:8 g%g 3;8
Figures 6-25a-c. N | Konya 8.20: 6,40  6.20
Upper-level wind  directions at 10,000,
15,000, and 20,000 feet (3,050, 4,575, and Figure 6-25a. Mean Fall Surface Wind Speeds (kts)
6,010 meters) MSL are westerly (310-240°), and Prevailing Direction, Anatoliun Plateau. Slashes
indicate directional changes from Septeinber to October,
Maximum winds over the highest peaks
approach jet stream conditions; top speeds are : . g N
above 80 knots.  Moderate to severc N Iranian Mts | SEP OF:T Moy
mechanical turbulence and mountain waves ,
occur under favorable conditions along and N}E‘:::E -IF;,Gb”.z, h ,7)88 3;8 ‘14,1)8
over all ridgt?s. Befey to Figure 6-9 _for SE zgﬁ@('])ne 5 40 280 1:50
upper-level wind directions at representative NE Shahrud 550 4.40 1 450
stations throughout the region. E-SE Mashhad 28012101 1,40
w Tehran 4,70 1 4.60 | 3.50
S-NW Kars 6.6Q i 5.30 : 4.60
E Van 3.2 3.30 ¢ 3.30
NE Ardehil ©.80:520: 4.20
W Orumieh 4601370 2.60

Figure 6-25b. Mean Fall Surface Wind Speeds (kts)
and Prevailing Direction, Northern Iranian

Mountains.

Zagros Mis | SEP : OCT | HOV

Sw-W.E |Bakhtaran | 5.40 1 5.20 | 3.20
sw-w | Arak 2.80: 3101210
E Esfahan 3.30 © 3.30 { 2.40

w Yozd 3.90  3.10 : 3.00
W-NW verrman 510 . 3.90 1 2.80
NW Shiraz 4.00 3.30 3.20

Figure 6-25¢c. Mean Fall Surface Wind Speeds (kts)

and Prevailing Direction, Zagros Mountains.
The slash between Bakhtaran directions indicates the
change between September and November,
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PRECIPITATION. Precipitation increases stcadily as
the scason progresses.  This is especn.t - true on th:
Black Sea coast and the western end of the Caspian Sea,
reflecting onshore flow behind cold fronts.  Amounts
over the Northern Iranian Mountains and the ranges at
the castern end of the Anatolian Platcau are undoubterdly
even higher, but there is little data available there. Some
precipitation also occurs over the southern Zagros in
November. Except [or the Zagros, all 3 months receive
roughly the samc precipitation amounts. Maximum
24-hour precipitation amounts generally incrcase from
south to north, most duc to increased irontal acuvity,
Amounts also vary depending on proximity to a moisturc
source;  Shiraz, for example, on the Persian Gulf,
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Figure 6-26a.

September-November

received 8.2 inches (210 mm) in November,  Figures
A-26a-¢ give mean scasonal precipitmion (isohyets) and
mean monthly and maximum 24-hour precipitation for
sclected stations.

The air is till warm cnough for rain, but precipitation
above the (reezing level falls as snow. The perinanent
snow line slopes upward (rom about 12,000 feet MSL in
the Caucasus to 15,000 feet at 36° N. By the end of
November, snow falls above 3,500 fect (1,070 meters)
MSL on the Anatolian Platcau ana in the Elburz
Mountains. The snow level slopes upward to 9,70 {cet
(2,750 meters) in the southern Zagros.

0.711.2]1.5
1. .

Mean Fall Monthly/Maximum 24-Hour Precipitation (inches), Anatolian Plateau.

Isohyets represent mean seasonal precipiiation (water cquivaleny),
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Figure 6-26b. Mean Fall Monthly/Maximum 24-Hour Precipitation (mches), Northern Iranian
Mountains. Isohyels represent mean seasonal precipitation (walter equivalent).
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Figure 6-26c. Mean Fall Monthly/Maximum 2d4-Hour Precipitation (inches), Zagros Mountains.
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Thunderstorm  frequencies decrease throughout the
period; by the end of November, thcy are almost
noncxistent.  Thunderstorms can occur over higher
mountain vanges during the passage of decp troughs.
Tops decreasc to 30,000 feet (9.1 km) MSL by
mid-November with the usual hazaids. Scvere
thunderstorms can occur if the dynamics are present,
notably over the southern Zagros due (o ils proximity 1o
the warm Persian Gulf waters; tops can cxceed 50,000
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fcet (15 km) MSL. Iranian metcorologists insist that
severe Scpte.aber thunderstorm tops over the southern
Zagros have exceeded 65,000 feet (20 km),  British
meteorologists with expericnce in the Persian Gull could
not confirm such heights, but have seen them "well in
cxcess of 15 km."  The usual scvere thunderstorm
hazards of turbulence, downbursts, and icing can be
present. Figures  6-27a-c  give mcan  monthly
thunderstorm days.
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Figure 6-27a. Mean Fall Thunderstorm Days, Anatolian Plateau,
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TEMPERATURES.
clevation, as shown in Figuics 6-28a-c.  Stations well
inlend have a large diumal range due © the reduced
moisture availability and separation from the moderating
cffects of the surrounding seas. Temperatures over

Hediterrsnoan

Temperatures are o function of

.
Erkilet

953&

JEreq Maratya 981)e8]53 <
78168156 S ~.
141 s 75 68 60

September-November

higher elevations decrease rapidly, becoming sub-Arctic
above 12,000-15,(X)) icet (3,670-4,570 mcicrs) MSL by
November.  Wind chill tecmperatures can be severe at
higher clevations,
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Figure 6-28a. Mean Fall Dzily Maximum/Minimum Temperatures (F), Anatolian Plateau.
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Chapter 7

THE CASPIAN SEA PLAIN

The Caspian Sea Plein lics on the southern shore of the Caspian Sca in Northern Iran.  After describing the arcu’s
situation and relief, ihis chapter discusses “general weather conditions” by season.
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THE CASPIAN SEA PLAIN SITUATION AND RELIEF

Figure 7-1. The Caspian Sea Plain. "A" shows the location of the Caspian Sca Plain with respect to the entire
SWANEA region. "B" shows the area in expanded detail. The white stars indicate upper-air stations.
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THE CASPIAN SEA PLAIN

SITUATION AND RELIEF

STATION: ANZALI IRAN
LAT/LON: 37 28 N 49 28 E ELEV: - -

ELEMENTS |JAN |FEB [MAR |APR |MAY {JUN {JUL |AUG |[SEP |OCT |NOV |DEC | ANN
EXT MAX 81 | 82 | 81 | DO | 86 | 95 | 95 | 95 | 91 | 90 | 86 | 81 | 95
AVG MAX 52 | 52 | 54 | 61 | 73 | 81 | 88 | 82 | TT | 70 | 63 | 55 | 68
AYG MIN 41 | 39 | 43 | 50 | 61 | 68 | 72 | 72 | 66 | 57 | 60 | 43 | 55
EXT MIN 16 | 1. | 28 | 36 | 46 | 54 | 68 | 61 | 62 | 45 | 31 | 25 | 11
AVG PRCP | 5.8| 4.3| 3.4 1.9] 1.3 1.2| 1.8| 3.5 8.7/12.0 8.9 7.3| 59.7
MAX MON  [10.2]13.8(10.7| 9.1| 4.5| '7.9] 7.6{13.2{26.1/43.5{31.6/13.6] 86.9
MIN MON 1.4{ 1.1 0.8] 0.6] 0.3] 0.2{ 0.3 1.0{ 3.3| 4.9| 2.8| 2.5 55.0
MAX DAY 3.4] 2.0 2.2| 1.9 1.4] 2.8] 2.3( 4.6{13.9)11.8{11.4| 3.5 13.9
T8 DAYS 0of o o 1{ 1| 2| of 1| *x| 1] x| o] &6
SNOW DAYS | 1| 1| 14 0| 0| O] 0| O| O O] *| x| 4

STATION: BABULSAR IRAN

LAT/LON: 38 43 N ___ . __D52 30 K ELEV: -69 FT
ELEMENTS |JAN |FEB |MAR |APR |MAY |JUN |JUL |AUG |SEP |OCT |NOV |DEC | ANN
EXT MAX 82 | 78 | 88 | 66 | 93 | 91 | 95 | 83 | 83 | 90 | 681 | 81 | 85
AVG MAX 53 | 64 | 55 | 63 | 75 | 82 | 86 | 86 | 81 | 72 | 63 | 56 | 69
AVG MIN 39 | 41 | 44 | 61 | BU | 88 | 73 | 72 | 87 | 58 | 47 | 41 | 855
EXT HIN 18 | 22 | 32 | 32 | A6 | 50 | 61 | 60 | 60 | 36 | 18 | 1€ | 18
AVG FRCP | 3.7| 2.4| 2.5 1.5 0.6] 1.1} 1.2| 2.0| 2.6| 5.8] 4.2| 3.8 31.8
MAX MON 9.3| 5.8] 4.7 2.7| 1.8 4.0| 4.8| 6.2| 6.9|10.3] 7.4| 8.68] 36.5
MIN MON 0.4)| 0.8 1.2 0.4 * | x| 0.2| 0.4] ©.7| 1.3] 1.6] 0.2 26.4

[ MAX DAY 1.9 1.4| 1.4| 1.8| 1.2] 1.9] 1.7] 2.1| 4.1] 3.8| 5.4| 2.2| 5.4

TS DAYS o] 1| o] o| 1{ 2| ol o of o] o] 1 5
SNOWDAYS | *| 1| =| 0| 0 0| 0| 0| 0| 0| 0] =« 1

STATION: GORGAN IRAN

LAT/LON: 36 51 N 54 28 E ELEV: 344 FT.__
ELEMENTS [JAN [FEB |MAR |AFR |MAY |JUN |JUL |AUG |SEP |OCT |[NOV |DEC | ANN
EXT MAX 86 | 90 | 97 | 104| 108] 111 108 108| 105 102( 93 | 90 | 111
AVG MAX 56 | 58 | 62 | 69 | B2 | 80 | 81 | 91 | 86 | 77 | 66 | 59 | 74
AVG MIN 40 | 40 | 43 | 51 | B0 | 68 | T2 | T2 | 67 | 67 | 46 | 41 | 65
EXT MIN 16 | 27 | 27 | 28 | 43 | 55 | 63 | 63 | 48 | 41 | 28 | 18 | 16
AVG FRCP | 3.0| 2.8| 3.0{ 2.6{ 1.7{ 0.8/ 0.8] 0.8] 2.1| 2.4/ 1.8| 2.7| 24.4
MAX MON 8.7 5.7| 7.3| 5.6] 4.2| 4.3| 65.4| 1.6] 2.4{10.8 6.5 3.4| 50.8
MIN MON 0.6/ 1.0{ 3.1 1.5( 0.4] * | 0.3{ 0.4 0.6 0.7| 1.3| 0.5 20.9
MAX DAY 3.0{ 1.3 1.4] 1.1] 2.9| 1.7| 1.6] 0.9 1.6| 3.1| 2.7{ 1.3| 3.1
TS DAYS 0 0| Of 0| x| 0| 0] G| O 0] 0| 0| x
sNowbpays | 1| 1{ 1| 0| 0] 0] 0| o] of 0| o] 1] 3

* = LESS THAN 0.05 INCHES OR LESS THAN 0.5 DAYS

Figure 7-2. Climatological Summaries for Anzali, Babulsar, and Gorgan, Iran,

7-3




THE CASPIAN SEA PLAIN

iLOGRAPHY. The Caspian Sea Plain is the nanow
strip of land that lics between the Elburz Mountains and
the southeim shore of the Caspian Sea. It cxtends inland
to the 3,280-foot (1,000-meter) MSL contour across
northemn lran. Its eastern and western boundarics are
formed by the Soviel and Iranian borders. The plain is
less than 50 NM wide, and its immediate shoreline is 92
feet (28 meters) below sea level. The Mordab Lagoon
(on the southwest corner of the Caspian Sea, 10 NM
northwest of Rasht) is ahout 20 NM long and 5§ NM
wide. The Gorgan Lagoon (on the southeast corner of
the Caspian Sea, 20 NM west of Gorgan) is 45 NM long
and 7 NM wide. Both contain extensive marshlands. A
large salt flat, known locally as the "Solonchak,” extends
50 NM inland and dominates the eastern end of the Plain,
The Solonchak is bordered by the Rud-e-Atrak (Atrak
River) on the north and the Rud-e-Gorgan (Gorgan
River) on the south.

DRAINAGE AND RIVER SYSTEMS. The Safid
Rud, the Rud-e-Gorgan Rud, and the Rud-c-Atrak are the
threc primary rivers, all originating in the Elburz
Mountains. The 60-NM Safid Rud forms at the union of
the Qizil Uzun and Shah Rud Rivers. The Safid Rud
flows through a deep gorge in the Elburz Mountains,
splitting into three branches on the lowland plain. The
Rud-e-Gorgan originales in the Ala Dagh ridge, flowing
westward 150 NM to the Caspian Sea. The Rud-e-Atrak
is over 300 NM long, with only 120 NM of it on the
Caspian Sea Plain. Part of the river forms the eastern
USSR/Iran border. There are no lakes or reservoirs.

VEGETATION. The subtropical climate supports a
lush mixture of forests and agriculture. The Caspian Sea
Plain is the most denscly forested area in lran. Found
herc are oak, becch, elm, walnut, ash, linden, and
tamarisk, as well as groves of citrus. Cash crops include
cotton, tea, and rice.

CLIMATIC PECULIARITIES, The narrow Caspian
Sea coast, backed by sharply rising high mountains, has a
climatic regime that is distinctly different than any other
part of the Near East Mountain region. The plain is
considered  subtropical--citrus  fruits arc  grown

SITUATION AND RELIEF

commercially here. It is extremcly narrow; most of it is
less than 5 miles wide, and only in the immediate area of
Anzali and only in the cxtreme southcast docs width
exceed 10 miles. Extremely cold air is rare becausc of
iecrain and maritime influences. The plain is routincly
exposced (0 moist onshore flow of Siberian origin, That
air, however, flows south over the Caspian Sca, which is
ice-free south of about 41° N. Heat and moisture arc
added to produce an air mass similar 10, but warmer than,
the Canadian air of the central United St:tes. The plain’s
unique situation and exposurc results in at lcast four
climatic peculiarities.

First, the combination of the narrow coastal plain,
sharply rising mountains, and the Caspian Sea result in a
pronounced land/sea breeze enhanced by mountain/
valley effects, In the absence of significant synoptic
flow, most common during late spring and carly fall,
these local winds control the weather. Nights arc clear
and dry because of the warm, dry land brecze. Onshore
flow in late morning through early evening brings in the
low clouds and fog that formed over the Caspian Sca
during the night.

Second, the southwesterly to westerly low- (o
mid-level winds ahead of lows and fronts dissipatc
clouds lower than 2,000 fcet (610 meters) below mean
mountain ridge tops.

Third, flow behind lows and fronts is northerly,
becoming northeasterly as secondary lows move
northeastward out of the southern Caspian sca. The
Caucasus Ranges just northwest of the region effectively
block any low-level northwesterly flow. Strong onshore
flow brings low ceilings, poor visibilitics and moderate
to hcavy rain.

Finally, precipitation is orographically enhanced
throughout the region cxcept in the extreme southcast.
Coastal curvature encourages convergence and cnhances
precipitation even more;  the coast from Anzali
northwestward lor about 25 miles is an exccllent
examplc. Even with such enhancements, thunderstormns
are rare along the immecdiate coastal plain.
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THE CASPIAN SEA PLAIN
WINTER

GENERAL WEATHER. Climate remains sublropical
even in winter. The southemn third of the Caspian Sca
never [reezes, and is a year-round movlerating influence
on temperature. It also serves as the main moisture
source, The Caspian Sea is a secondary cyclogenesis
region for waves forming on cold fronts crossing the
southern USSR. Frontal passages occur every 5 to 8
days. Winds from any dircction except north through
east warm adiabatically as air fiows down from the
Elburz Mcuntains. Extreme minimum (emperatures
occur with outbreaks of Siberian air from the northeast.

SKY COVER. Mean clcudiness frequency is high as
shown by the isopleths in Figure 7-3.  Although
frequency of ceilings belowe 3,000 feet (915 melers) is
also high, it decreases inland. All stations show a diurnz!
variation in ceilings. The formation of secondary lows in
the southern Caspian Sea produces the most extensive

03]09]15|21
242841132

December-February

cloud cover, but ceilings are below 4,000-5,000 fcet
(1,220-1,530 meters) only if flow crosses the Caspian
Sea. The worst case at the western end ol the plain is
with flow from 020 through 100 degroes, while Mow
from 270 through 330 creates the worst conditions in the
eastern end, where ceilings can drop to 500-1,000 (cet.
Ceilings are lower in the higher elevations; with onshore
flow, efevations above 2,000 feet (610 meters) MSL are
often in cloud.

Middle and high cloud layers with migratory systems
have bases at 6,000-8,000 fect (1,830-2,440 mciers) MSL
and tops as high as 35,000 fect (10.7 ki) MSL.
Moderate mixed icing occurs above the freezing level o
20,000 feet (6.1 km) MSL. Freezing levcls vary from
6,000 feer (1,800 meters) MSL in January to 10,000 fect
(3,050 meters) MSL by late March.

N

50 1o

%CLOUD COVER - ISOPLETHS

LOCAL TIME 03]09]15)21
ZFREQ CIG LT 030

03109]15|21
12120]22|16

06|09|15|18
1

Figure 7-3. Mean Winter Cloudiness (isopleths) and Frequencies of Ceilings Below 3,000 Feet (915 meters),

Caspian Sea Plain,
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THE CASPIAN SEA PLAIN

WINTER December-February

VISIBILITY. Visibility is dircctly related to the and precipitation with onshore flow behind  fronts,
presence of low ceilings, which is determined by wind  onshorc. This is most apparcat along the norhthwest

direction. Most visibilities below 3 miles occur in fog  coast (sce Figure 7-4),

Caspian Sea

LOCAL TIME 03[09]15]21
%ZFREQ VIS LT 3mi

03‘09'15'21 .
' 03’09’15 21

 wRamsar

06|O9|15 18

Figure 7-4. Mean Winter Frequencies of Visibilities Below 3 Miles, Caspian Sea Plain.

WINDS. Ail stations show dual mean wind directions  the northwest coast where cxposure to foehn and
(Figure 7-5) that alternate as synoptic systems move  post-frontal onshorce winds (either of which can excced
through. There are also pronounced land/sea and 35 knots) is greatest.

mountain/valley breezes. Mean specds are highest along

DEC | JAN | FEB

1 5.00

S-NW |Anzali 430 :6.10
SW~NW./N-E |Babulsar| 2.80  3.20 | 3.40
W-N Rasght 3.10 1 4.00 ¢ 3.20
W-N/N-E |Rarmsar | 2.60: 2.90 : 3.30

Figure 7-5. Mean Winter Surface Wind Speeds (kts) and Prevailing Direction.
Caspian Sea Plain. The slasnes separating wird directions at Babulsar and
Ramsar indicate changes between December and February .,
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THE CASPIAN SEA PLAIN
WINTER

Upper-level wind directions at two nearby Soviet
stations (Lenkoran and Gasan-Kul) show mean westerly
winds above 5,000 feet (1,525 meters) MSL--see Figures
7-6a & b. At Lenkoran, however, southwesterly winds
stowly become more southerly as the season passes.

n n w
] -~ -
wu @ w
I ] |

December-February

reflecting a lee side ellect from the Caucasus and
northwest Elburz Mountains.  Maximum speeds arc
Mean jet

75-10Q0 knots near 40,600 feet (12.2 km).
stream location is over central iran.

Meon Wind Directiaon(Degrees

180
135~
90
e 15,000 ft - Dash-toc-Dot Line
45— —— 10,008 ft - Solid Line
e 5,880 ft - ODashed Line
I T T T I T I I 1 T 1 1
JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

Figure 7-6a. Mean Annual Wind Directions, Lenkoran, USSR,
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Figure 7-6b. Mean Annual Wind Directions, Gasan-Kul, USSR,
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THE CASPIAN SEA PLAIN
WINTER

PRECIPITATION. Precipitation is greatest along
immediate coasts. The highest amounts fall slong the
northwest coast due to the long overwater fetch and
coastal curvature that encourages convergence. The
precipitation maximum is centered on Anzali (Figure
7-7). The 24-hour maximum rainfall amounts occur with
the strongest synoptic systems. Snow occurs only with

: 0
-\ Caspian Sea
)
\
b}
(.J )
‘\\ 9.6
‘ 04,4
.38 ‘x‘ DEC JAN FEB
8.5[5.5]4.8

3.5]3.4]2.0

December-February

strong Siberian outbreaks and in the immediate rear of a
developing low-pressure center over the southern
Caspian Sea; it usually lasts only a day. None of the
reporting stations have had more than i snow day in any
of the 3 winter months. Thunderstorms are rarc,
occurring on 1 day or less a month, Those that do occur
are associatcd with extremely cold upper-air roughs.

100

DEC JAN FEB
MEAN PRECIP
MAX 24-HR PCP |

36

3 J FEB
- Y AT2.012.1
3 1.3(3.0(1.3

Figure 7-7. Mean Winter Monthly/Maximum 2¢-Hour Precipitation (inches), Caspian Sea Plain. Isohycts

represent mean seasonal rainfall.
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THE CASPIAN SEA PLAIN
WINTER

TEMPERATURE. Winters arc mild because of the
moderating effects of the warm Caspian Seca waltcr,
Diurnal variations are less than 20° F (11° C). The
extreme eastern portions of the region, away from the
coast, are probably much cooler. Extreme highs

- Caspian Sea

S 4

\\

\,_J

\\\ :”(:

\
49
.55]52|52
i
%%_53 53

836

" 56]53|54
&1

December-February

occurring with strong pre-frontal fochns have reached
95° F (35° C). Minimums drop to 10-15° F (-9 t0 -2° )
with the rare unmodificd Siberian outbreak. Isolated
interior valley locations on the northwest coast have
recorded lows of 0° F (-19° C) once in the past 35 years.

. 4 JE,L
3 0 0 100
DEC JAN FEB
¥ MDMAX
& MDMIN

Figure 7-8. Mean Winter Daily Maximum/Minimum Temperatures (F), Caspian Sea Plain.




THE CASPIAN SEA PLAIN
SPRING

GENERAL WEATHER. The frequency of frontal
system and secondary low passage slowly decreases until
early April, when the storm track shifis north into the
central USSR. With higher iemperatures and, after carly
April, fewer synoptic systems, a combination of the
land/sea and  mountain/valley breeze  becomes
established; the effect is most pronounced along the
western (wo-thirds of the coast. All locations, but
especially those in the west, see an increase in low clouds
moving in off the sea. Areas cast of the Gorgan sec an
increase in afternoon cumulus and stratocumulus,

SKY COVER. Secondary low formzticn in the southern
Caspian Sca is most common in March and carly April.
As a result, mean cloud cover is high and ceilings are
frequently below 3,000 fert (915 meters) (see Figure
7-9). Low ceilings occur most frequentdy along the
coast, decreasing steadily to the cast. Ceilings below
4,000 to 5,000 feet (1,220 0 1,525 meters) occur only
where the flow has an overwater fetch. Flow from 020

0 .
Caspian Sea

06l09|15|21
|

O 1521

0G3{09
44164145142
“, Ramsar
N oz
N .

March-May

through 100 degrees brings low ceilings into the western
end of the plain, whilc flow from 270 to 330 brings low
ceilings to the castern portion. Ceilings lower with
increasing clevation; locations above 2,000 fect (610
meters) MSL arc in cloud with onshore flow. All
stations except Ramsar show a pronounced diurnal
ceiling variation. Anzali has its low ceiling minimum in
the afternoon as the sea breeze is advected inland.
Ramsar lies on a narrow coast next to the Elburz
mountains where any onshore (low produces clouds.
Eastern stations have an aftermoon maximum with
increasing convection,

Middle and high cloud layers with migratory sysicms
have bases from 6,000 to 8,000 feet MSL (1,830-2,440
meters). Multilayered clouds extend to 35,000 feet (10.7
km) MSL. Mnderate mixed icing occurs abovc the
freezing level to 20,000 feet (6.1 km) MSL. Freezing
levels rise from 16,000 feet (3,050 meters) MSL in
March to 14,000 feet (4,200 meters) in May.,

%CLOUD COVER - ISOPLETHS

LCCAL TIME 03|09]15]21
#FREQ CIG LT 030

03]09]15]21
16(25|16{14

06109115118
19]15]22]25

Figure 7-9. Mean Spring Cloudiness (isopleths) and Frequencies of Ceilings Below 3,000 Feet (915 Meters),

Cuspian Sea Plain.
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THE CASPIAN SEA PLAIN
SPRING

VISIBILITY. Visibility is a function of flow; most
visibilities below 3 miles arc in fog moving onshorc.
Most synoptic onshore flow is in the rear of migratory
cyclones or during Siberian air outbreaks. Low carly

03]09]15]2i
ETEE]

March-May

morning Anzali visibilitics result from a combination of
synoptic influcnces and location;  Anzali is on a
peninsula between a bay and the Caspian  Sca.
Frequencies dccrcase as frontal systems decrcasc.

NM
50

LOCAL TIME 03]09|15]21
%FREQ VIS LT 3mi

- 100

03}09]15]|21
I .

06[09[15{18
1 30 1

Figure 7-10. Mean Spring Frequencies of Visibilities Below 3 MMiles, Caspian Sea Plain.

WINDS. Surface winds show markedly dual directions,
as shown in Figure 7-11. Prouounced land/sca and
mountain/valley breczes, along with the synoptic systems
that cross the arca, arc responsible. By mid-April, the
mountain/vallcy and land/sea brecze effects have become

the primary controls for wind dircction.  Anzali sces the
highest speeds because it is most exposed to fochns and
Siberian air.  Fochn and post-frontal wind speeds can
excecd 35 knots.

MAR | APR | MAY

NW-E [Anzali | 4.50 | 4.40 | 4.40
W-NE |Babulsar| 4.20: 3.90 : 4.00
W-N/N-E|Rasht | 3.00: 3.40 | 3.70
NW-E |Romsar | 3.20 3.40 3.20

Figure 7-11.

Mean Spring Wind Speeds (kts) and Prevailing Direction,

Caspian Sea Plain. The slash in Rashe's direction indicates a change between

March and May.
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THE CASPIAN SEA PLAIN
SPRING

Figures 7-6a & b show that mean upper-level winds at
two nearby Soviet stations (Lenkoran and Gasan-Kul) are
westerly above 10,000 feet (3,050 meters) MSL. Winds
at both stations, however, also show increasing backing
at 5,000 and 10,000 feet (1,525 and 3,050 meters). By
late May, they reflect (1) 2e influence of the Caucasus
and northwestern Elburz Mountains, and (2) flow into
the Iranian thermal trough. The jet stream shilis
northward from central Iran into the southern USSR by
May. Wind speeds at 40,000 feet (12.2 km) MSL over
the Caspian Sea Plain drop to about 50 knots by late
May.

March-May

PRECIPITATION. As shown in Figurc 7-12,
precipitation decrcases toward summer minimums. The
heaviest amounts fall along the northwest coast, where
the flow has the longest over-water fetch and coastal
curvature encourages convergence. Amounts arc also
heavy in the Elburz Mountains, where moist air is lifted
over higher terrain,.  Amounts decrease where the long
northerly overwater fetch is less. By May, the increases
in 24-hour maximum precipitation amounts arc due 1o
increasing convection. Thunderstorms, however, arc
almost nonexistent, averaging only 1 day or less a month.
Stonms that do occur are associated with extremely cold
upper-air troughs.
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Figure 7-12. Mean Spring Monthly/Maximum 24-Hour Precipitation (inches), Caspian Sea Plain. isohycts
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THE CASPIAN SEA PLAIN
SPRING

TEMPERATURE. Temperalures begin to increase,
with the greatest changes away from the moderating
influence of the Caspian Sea. Diumal variations remain
low along the coast. Extreme eastern portions ol the
region arc undoubtedly warmer, with greater diurnal

53|60|71

Figure 7-13. Mean Spring Daily Maximum/Minimum Temperatures (F), Caspian Sea Plain.

'55163]75
lfe

March-May

variations. Zxtreme highs range from 85 1o 100° F (29
to 37° C) along immediate coasts when synopiic flow is
weak. Inland in the extreme southeast, highs have
reached 110° F (43° C) by latc May.
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THE CASPIAN SEA PLAIN
SUMMER

SENERAL WEATHER. Summcr is a season of weak
synoptic gradients and few frontal systeins. Local
influcnces (land/sea breeze, mountain/valley breeze, and
resulting local wind circulations) prevail.

SKY COVER. The frequency of cloud cover and
ceilings below 3,000 feet (915 melers) is lowest of the
year (Figure 7-14). Low-ceiling frequency decreases
steadily inland.  All stations show diurnal ceiling
variation. Sea breeze penetration infand is determined by
the widih of the coast. For ¢xample, at Ramsar, which
lies at the base of the mountains on a narro'w coast, the
sea breeze produces an afternoon low ceiling maximum.
In contrast, Anzali is on a relatively wide plain with the
mountaing well inland; the sea breeze here results in a
low-ceiling minimum in the afternoon. In the extreme

June-August

east, the sea breeze penetrates well inland, resuiting in
forced lift and convection,  Ceilings lower wilh
increasing clevation.  Bases vary from 1,500 10 2,500
feet (460-760 meters); tops in the immediate vicinity of
the shoreline are only 3,5(0) to 5,000 feet (1,070-1,525
meters), but isolated cumulonimbus inland can reach
40,000 feet (12.2 km) MSL.

Middle and high clouds are associated with an
isolated cumulonimbus or an occasional southward dip in
the jet stream. Bascs are above 15,000 fect (4,570
meters) MSL; layers can extend as high as 35,000 feet
(10.7 km) MSL. Modcrate mixed icing occurs above the
freezing levei to 20,000 feet (6.1 km) MSL., The freezing
level averages 15,000 feet (4,570 meters).

100

%CLOUD COVER - ISOPLETHS

LOCAL TIME 03|09}115]21
%FREQ CIG LT 030

06j09115]18
1 131

Figure 7-14. Mean Summer Cloudiness (isopleths) and Frequencies of Ceilings Below 3,000 Feet (915

meters), Caspian Sea Plain.




THE CASPIAN SEA PLAIN
SUMMER June-August

VISIBILITY. Visibility improves with onshore flow, ncarly calm.  Other low visibilitics arc in showers,
most of which is land/sea breeze assisted by a weak  Inland in the southeast, dust restricts afternoon visibility
onshore gradient. Fog doesn’t form until carly moming,  on rare occasions.

and then only on those rare occasions when winds are

Caspian Sea o

) LOCAL TIME 03[{09]|15]21
%FREQ VIS LT 3mi

21

2

Figure 7-15. Mean Summer Frequencies of Visibilities Below 3 Miles, Caspian Sea Plain.

WINDS. Sutface winds show marked dual directions 7-16). Downslope winds from thanderstorms over the
due (0 land/sea and mountain/valley breezes (Figure  Elburz can exceed 35 knots.

JUN | JUL | AUG

’ NW-E |Anzali 570: 4.60 : 4.60
SW-Nw |Bubulsar] 4.40: 3.70 : 3.70

N-E/N-W|Rasht 290 2.41 ¢ 3.00

N-E Rarnsar | 3.20: 3.50 i 3.10

Figure 7-16. Mean Summer Surface Wind Speeds (kts) and Prevailing
Direction, Caspian Sea Plain, The slash between Rasht's dircctions indicates a
change between June and August.




THE CASPIAN SEA PLAIN
SUMMER

As was shown in Figure 7-6a & b, upper-level winds
at two nearby USSR stations are predominantly westerly
above 10,000 feet (3,050 meters) MSL. Both stations
show southeasterly to northeasterly winds at 5,000 and
10,000 fcet (1,525 and 3,050 meters), rellecting a
complex combination of Caspian Sea/Caucasus and
northweslern Elburz Mounwins troughing and flow into
the Iranian thermal wrough.

PRECIPITATION, Precipitation is greatest along the
immediate coast and just inland over higher terrain, The

a0

June-August

largest rainfall amounts are found along the northwest
coast due to the long overwater feich and a coastal
curvature  that  encourages  convection, Increased
precipitation  extends  castward  from  the  coastling,
reflecting advection of moist air up and over the Toothills
ol the Elburz Mountains, The 24-hour maximum
precipitation is duc primarily o showers. Figurc 7-17
shows mean seasonal (isohyets), monthly, and maximumn
24-hour precipitation. Summer thunderstorms are almost
nonexistent and conlined to the higher ranges ol the

Elburz.
)

JUN JUL. AUG

MEAN PRECIP
MAX 24-HR PCP

Figure 7-17. Mean Summer Monthly/Maximum 24-Hour Summer Precipitation (inches), Caspian Sea Plain,

Isohyets represent mean seasonal rainfall.




THE CASPIAN SEA PLAIN
SUMMER

TEMPERATURE. Summer is the warmest season.
The Caspian Sea moderates temperatures and keeps
diurnal variations low. Extreme eastern parts of the plain
are undoubtedly much warmer than most stations shown
in Figure 7-18, with greater diurnal variations--see the
higher mean daily maximums at Gorgan. With light

79|83|83

-

June-August

winds, extreme highs reach 95-100° F (35-37° ) along
immediate coasts. Southeastern interior lemperatures
have exceeded 110° F (42° C). Lows have reached 50°
F (10° C) along immediate coasts, but only 55° F (i0°
C) in the southeast.

JUN JUL AUG

MDMAX
MDMIN

'82|86‘86

‘,wf.ﬁ:.:,;‘-ﬂﬂ '.’P‘;g' vy

i

90|91l91

Figure 7-18. Mean Summer Daily Maximum/Minimum Temperatures (F), Caspian Sea Plain.




THE CASPIAN SEA PLAIN
FALL

GENERAL WEATHER. 'through lale Octooer, most
clouds are either stratocumulus or cirrus; by the end of
October, however, the storm track shifts back to the
south. Cold fronts again reach the area; secondary low
cyclogenesis over the Caspian Sea resumes. Frontal
passage frequencics reach winter levels by the end of
November.

SKY COVER. Fall cloud cover frequency is high;
ceilings are frequently below 3,000 feet (915 meiers)
(Figure 7-19) because the Caspian Sea is now warmer
than the air flowing across it. This becomes more
significant when cold fronts reach the area and bring
onshore [low behind them., Low-ceiling frequerncies
remain highest along the northwest coast; the area east of
Gorgan iy aifected least. The sea breeze produces a
daytime low ceiling maximum at most locations, but
inland penetration is determined by the width of the
coast. Ramsar, on a narrow strip of coast at the base of
the Elburz Mountains, has an afternoon low cciling
maximum. In contrast, Anzali is on a rclatively wide
plain; the sea breeze moves well inland, resulting in an
afternoon minimum. Bases are 1,500 to 2,500 feet

50
"\ ; Caspian Sea
2
2
O
SON L, )

)

September-November

(460-760 meters); wps near the shoreline are 3,500 to
5,000 feet (1,070-1,530 meters).

By MNovember, secondary lows [orming in the
southern Caspian Sca produce cxtensive cioud cover, but
cedlings are below 4,000-5,000 feet (1,220-1,525 mcters)
only when flow has an overwater trajectory. On the
western end of the plain, low ceilings are most
pronounced whe n flow is from 020 o 100 degrees, but
the eastern end sees most low ceilings when liow is from
270 to 330 degrees. Ceilings lower with increasing
elevation; stations above 2,000 feet (610 meters) MSL
are in clouds with onshore synoptic (low.

Middle and high cloud layers associated with
migratory sy.iems have bases [rom 6,000 to 8,000 fcet
(1,830 w0 2,440 meters) MSL, extending as high as
35,000 feet (10.7 km) MSL. Moderatc mixed icing
occurs above the fieezing level to 20,000 feet (6.1 km)
MSL. Freezing levels drop from 14,000 feet (4,200
mcters) MSL in September to 10,000 feet ((3,050 mcters)
in November.

) 0 % 100
7%CLOUD COVER - ISOPLETHS

LOCAL TIME . 03]09]15]21
4 %FREQ CIG LT 030

Figure 7-19. Mean Fall Cloudiness (isopleths) and Frequencies of Ceilings Below 3,000 Fect (915 meters),

Caspian Sea Plain.
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FALL

pronounced

THE CASPIAN SEA PLAIN

VISIBILITY. Visibility is a function of onshore flow;
most visibilities below 3 miles are in fog and
precipitation moving onshore behind cold fronts and

September-November

secondary lows. By November, most onshore flow is
behind migratory cyclones.

.‘ g“uﬁ 1o I

LOCAL TIME
AFREQ VIS LT 3mi

03|09|15|21

Figure 7-20. Mean Fall Frequencies of Visibilities Below 3 Miles, Caspian Sea Plain.

WINDS. Surface winds show markedly dual directions
(Figure 7-21) because of synoptic systems and

land/sea and mountain/valley bicezes.

Speeds arc highest on the northwest coast, which is most
exposed to both foehns and Siberian air. Foehn and
post-frontal wind speeds can exceed 35 knots.

NW-E/SW-NW }|Anzali
W-NE [Babulsar
SW-N |Rasht
W-NE |Ramsar

SEP | OCT | NOV
4.80  6.70  4.50
3.10 | 3.40 : 2.50
2.70 | 2.60 | 2.90
2.80 1 2.30  2.10

Figure 7-21. Mean Fall Wind Speeds (kts) and Prevailing Direction, Caspian
Sea Plain. The slash between Anzali's wind directions indicates the change

between September and November,




THE CASPIAN SEA PLAIN
FALL

Upper-level wind directions at two nearby Soviet
stations (Lenkoran and Gasan-Kul) show a rapid return
10 winds that are predominantly westerly above 5,000
feel (1,525 meters) MSL--refer to Figure 7-6a & b. At
Lenkoran, upper winds return to southwesterly by
November, refllecling the lee side effect of [low over the
Caucasus and northwestern Elburz Mountains. Mean jet
stream locations move southward across the region into
central Iran by late Movember. Core speeds exceed 75
knots at 40,000 feet (12.2 km) MSL by the end of
November,

September-November

PRECIPITATION. Rainfall increascs dramatically in
the fall, producing the largest amounts of the ycar
(Figure 7-22), The most rain falls along the northwest
coast duc to the long overwalcr fcich and a coastal
curvature that ecncourages convection. Almost the entire
Caspian Sea coasl gets more than 9.6 inches (24() mm)
during the fall scason. The 24-hour maximum
nrecipitation reflects convection throughout September
and Oclober. Fall also has the highest 24-hour maximum
prccipitation amounts of the year. The only
thunderstorms are over the Elburz Mountains to the south
of the Caspian Sca Plain.

Figure 7-22. Mean Fall Monthly/Maximum 24-Hour Precipitation (inches), Caspian Sea Plain,

represent mean seasonal rainfall.

Isohycts
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THE CASPIAN SEA PLAIN
FALL September-November

’ TEMPERATURE. Temperatures decrease slowly due  colder, with greater diurnal variations. Extremc highs
to the moderating influence of the Caspian Sca (Figure  are 90-100° F (33-37° C) along the coast and ©0-105° F
7-23). Diurnal variations are less than 20° F (11° C).  (33-40° C) inland. Lows reach 28° F (-2° () by mid-
The extreme eastern portions of the area are undoubtedly  November.

%

SEP OCT NOV

’ P , MDMAX
. MDMIN

77‘71 63

81|72 63

T e g )

86|77]66
[ 46

Figure 7-23. Mean Fall Daily Maximum/Minimum Temperatures (F), Caspian Sea Plain.
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Chapter 8

THE BLACK SEA PLAIN

‘ The Black Sea Plain lies along the southern shore of the Black Sea in Turkey. After describing the area’s situation
and relief, this chapter discusses "general weather conditions” by season.
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THE BLACK SEA PLAIN

2

7
. / Y/
/__ '— -_.
Istanbul

Figure 8-1a. The Black Sea Plain.

STATION:  ISTANBUL TURKEY :

LAT/LON: 40 58 N___ _28 49 K RLEV: 121 FT ____
ELEMENTS |JAN |VEB |MAR |APR |HMAY |JUN |JUL |AUG |S8EP |OCT |NOV |DEC | ANN
EXT MAX | 66 | 86 ] 77| 60 | 66 | 82 | 64 | 88 | 91 ] 84 ] 76| 68 ] 86
AVG MAX | 49 | 48 | B0 | 61 | 70 | 77 | 83 | 64 | 77 { 68 | 58 | 6L | 65
AVG MIN 33 | 96 | 37 [ 44 | 52 | 60 [ 83 | 64 | B9 | 52 | 48 | 40 49
EXT HIN 17 | 18 | 17 | 28 | 37 | 48 | 68 | 60 | 44 | 59 | 22 | 18 | 18
AVQ PRCP | 3.0] 2.8] 2.8] 1.8| 0.8] 1.8/ 0.8] 1.0] 1.8] 2.2| 2.7 2.7] 25.0
MAX DAY 1.7| 2.2] 1.4] 1.8 0.0] 1.4] 2.4 2.8] 2.0] 2.1] 1.5] 2.0| 2.8
T8 DAYS 1| | 1| *|.2 3] 1|.1] 1] 1] *| *]| 11
FOG DAYS 1 1 1 2 1 * 3 * * 1 1 1 10
SBNOWDAYS | 2| . 2| 1| 0| 0] o| 0] o| 0] o] »| 1t 7
AVG RH X | B8 | 83 | 78 | 78 | 77 | 71 | 68 | 70 | 73 | 79 | 82 | 83 | 18

STATION: ZONGULDAK TURKEY

LAT/LON: 40 58 N - ' _ 28 49 R ELEY: 121 BT
ELEMENTS |JAN | FEB |MAR |APR |MAY |JUN JJUL |AUG | SEP ]OCT |NOV |DKC | ANN
EXT MAX 71 78 89 82 88 105| 99 104] 01 ay 88 82 1056
AVG MAX | 49 | 49 | 61 | 67 | 65 | 72 | 77 | 17T | 72 | 66 | 59 | 53 | 62
AVG HIN 38 | 36 | 39 | 45 | 52 | 69 | 83 | 64 | 59 | 63 | 47 | 42 [ 50
EXT HIN 16 | 18 | 26| 32 | 57 | 48 | 52 | 60 | 46 | 36 | 26 | 19 | 18
AVG FRCP | 5.7] 4.7| 3.8] 2.8] 2.1] 3.1| 2.7| 3.4] 4.0] 6.7| 5.8] 5.5] 48.4
MAX DAY 2.1| 2.1 2.0{ 4.9| 2.3] 5.8| 8.8/17.0( 4.2 5.0| 3.0| 3.4| 17.0
T8 DAYS *| | »| 1] -2] 8] 8| 5] 3| 2| 1| | 16
F0G DAYS 3 3 1 8 ] 1 L 3 x ] *® 1 1 28
BNOW DAYS | 3| 6] 2| *| 0] o| 0 0| 0] 0| | 1| 11
AVG RH % | 75 | 73 | 74 | 77 | 79 | 77 | 77 | 78 | 77 | 77 | 77 | 13 | 76

s = LEBS THAN O.05 INCHES OR LESE THAN O.5 DAYE

Figure 8-1b. Climatoiogical Summaries for Selected Stativns. Black Sea Plain,




THE BLLACK SEA PLAIN SITUATION AND RELIEF

STATION:  BINOE TURKEY
LAT/LON: 42 Q2 N ____ 35 04 B KLRY: 4 FT ______
ELEMENTS (JAN |FEB |MAR [APR [MAY [JUN [JOL [AUQ [SEP [oCT [NOV [DEC | ANN
EXT MAX 72 | 18 | 63 | 90 | 81 | 80 | 84 | 80 | 91 | 88 | 82 | 81 94
AV3 MAX 49 | 49 | 80 | 58 | 64 | TS | 78| 78 | 73 | 88 | 80 | 54 83
AVG MIN 40 | 39 | 39 | 45 | 53 | 61 | 67 | 88 | 62 | B8 | 5O | 44 52
EXT MIN 21 | 20 | 17} 81 | 38 | 50 | 54 [ b8 | 44 | 33 | 30 | 25 17
AVG PRUP 2.8{ 2.3 2.0] 1.5} 1.3] 1.4] 1.2{ 1.3| 2.7 2.8 3.5] 3.3 28.1
MAX DAY 1.4 1.9 1.5| 1.2} 2.8/ 8.0 3.9| 2.8| 3.6| 3.8( 1.8| 1.8/ 8.0
T8 DAYS x * » 1| ‘2 3 2 2 2 1 1 * 14
FOG DAYS 1 1 3 5 8 2 * ] * x* * * 19
SNOW DAYS 2 3 1 * 0 0 0 0 0 0 % x 7
AVG RY X 7 | 17T (79 (82 ] 84 | 82 ) 72 | 79| 78| 79| 19 | 78 79

* _
STATION: SAMSUN CITY TURKEY
LAT/LON: 41 17 N __ 36 10 K ELEV: 531 FT
== —
ELEMENTS |JAN |FEB |MAR |APR |MAY |JUN |JUL (AUG |SEP [OCT [NOV |DEC | ANN
EXT MAX 74 | 60 | 92 | 92 | B9 | 97 | 97 | 102 100{ 86 | 90 | 81 | 102
A¥G MAX 51 | 51 | 63 | 50 | B8 | T4 | 79 | 60 [ 75 | 89 | 83 | 66 | 66
AVG MIN 30 | 36 | 40 | 46 | 53 | 60 | 66 | 67 | 61 | 55 | 49 | 44 | 62
EXT MIN 17 | 14 | 20 | 26 | 37 | 48 | 52 | 54 | 44 | 38 | 27 | 23 | 14
AVG PRCP | 3.2| 2.9] 2.8| 2.1] 1.7| 1.8} 1.4 1.2] 2.2[ 2.8] 3.3 3.1 28.3
MAX MON 6.4| 5.9] 6.2] 8.8 4.4| 4.3] 8.1 6.1] 5.4 6.2 '.1] 8.8] 44.2
MIN MON 0.4 0.0/ 0.3] 0.5/ 0.3] = | 0.0{ 0.0] 0.0f 0.1] 0.2] 0.2{ 20.4
MAX DAY 2.1 2.2 2.8] 1.7] 1.8] 2.1] s.6] 3.0] 5.4] 5.3/ 2.8f 3.7[ 3.7]
T8 DAYS «| = | 1| 8| 8| 2] 1§ 2| 1| »| =] 13
TOG DAYS 1| 1| | 3] 8| *«| *»| =«| o| | ¥ 1| 10
‘lll" BNOWDAYB | 2| 3| 1| 0| 0] O| 0| Of O O0f =] = 7
AVGRH X [ 66 [ T0 | 75 | IT | T9 | T4 | T2 { T2 | 73| V3 [ 70| 65 ( 73

= BYATION: IRANZON YORRRY
LAT/LON: 41 QO N 30 AT K ____ ELEV: 115 FT_
ELEMENTS {JAN |FEB [MAR [APR [MAY |JUN [JUL |AUG |8EP |OCT [NOV {DEC | ANN
KXT MAX | 79 | 81 | 95 | 100 101) 88 | 88 | 101] 80 | €3 | 91 [ 80 | 101
AVG MAX [ 51 [ 51 [ 63 | 68 [ @8 | 73 | 78 | 79 | 74 | 68 | 62 | 66 [ 64
AVG MIN | 40 | 40 [ 41 [ 47 { 55 | 63 [ 66 | 69 | 63 | 57 | 51 | 44 | 53
XXT MIN 19 | 19 [ 22 | 31 | 40 | 48 | 68 | 56 | 45 | 40 | 28 | 26 | 19

AVG PRCP 3,6] 2.7| 2.4| 2.2] 2.1| 2.0y 1.5 1.8( 9.1| 4.3} 4.0 3.1] 32.7
MAX MON 6.2] 8.6] 6.,1] 4.8| 6.8| 6.4 5.4| 68.4[{11.7] 8.0/11.7] 0.5] 48.0
MIN MON 0.4} 0.6{ 0.5] G.8| 0.4/ 0.4] 0.0 0.2| 0.5} 0.5} 0.4 0.4 22.8
, MAX DAY 3.1} 1.7] 1.2| 1.8f 2.8| 2.7| 2.4 3.2] 2.4] 3.8] 2.7| 2.4 3.8
T8 DAYS x * * 1 4 4 2 2 2 2 * * 16
FOG DAYS * 1 2 3 3 1 * * ] - * x 10
BNOW DAYS 1 2 ® ® 4] o] 1] ] 0 o} 0 * 3

AYG RH X 89 | 71 | 73 | 76 { T8 | TT | 75 | T4 | T8 ! T4 | 72 | 68 74
* = LESS THAN 0.05 INCHES OR LISS THAN 0.5 DAYS

Figure 8-1c. More Climatological Summaries for Selected Stations, Black Sea Plain.




THE BLACK SEA PLAIN

GEOGRAPHY. The Black Sea Plain lies on the
southern coastal region of the Black Sea. This narrow
strip is about 750 NM long and only 1-25 NM wide. The
Pontic Mountains parallel the coast; foothills (avcrage
elevation 2.000 feet/610 meters) rise sharply within 3
NM of the shoreline. The ridge line is broken by long
river valleys in the weslern portions.

The Biack Sea Plain boundary parallels the coast from
the Bosporus Strait to the Turkey/USSR border and
follows the border to the 1,600-foot (500-meter) contour.
It foliows the coniour westward to 31° 09° N, where it
crosses the Sakaya River valley to the eastern tip of
lzmut Bay and follows the bay’s northern shore
westward (o the Bosporus Strait.

DRAINAGE AND RIVER SYSTEMS. Over 40 small
rivers flow through the plain, most originating in the
Pontic Mountains. The Sakarya, the Filyos, the Kizil,

SITUATION AND RELIEF

and the Yesil are the largest and most important.  The
Sakarya and the Filyos cut wide flood plains, while the
Kizil and the Yesil form vast deltas along the coastline.
Cape Bafra is the headland formed by the Kizil River,
while Cape Civa is created by the Yesil.

LAKES AND RESERVOIRS. There arec no natural
lakes along the Black Sea Coast, but the Omerli Dam has
created a 10- by 11-NM man-made reservoir along the
Riva Dere River. The dam is a major source of
hydroelectric power for northwestern Turkey.

VEGETATION. Mediterrancan-type plants, such as
shrubs, grasses, scrub bushes, and isolated trec groves,
grow west of 32° E. The low growth gives way to
subtropical forests (pine, spruce, beech, oak, and clm) as
rainfall increases east of 32° E.

8-4




THE BLACK SEA PLAIN
WINTER

GENERAL WEATHER. Cloud cover and
precipitation peak in winter. Cold fronts routincly move
southeastward across the plain. If they slow down,
cyclogenesis occurs over the southwestern Black Sca.
This normally occurs when a decp upper-air trough stalls
over southeastern Europe or the eastern Mediterranean,
The only breaks in clouds and precipitation occur when
transitory highs move across Turkey, bringing low-level,
southwesterly winds. Frontal passages occur about every
4 10 6 days through most of the winter.

SKY COVER. Mean winter cloud cover excecds 70%

over the plain’s western three-quarters; slightly less over
the eastern quarter. Skies are virtually clear below 4,000
fect (1,200 meters) with downslope winds coming {rom

30
B43 7CLOUD COVER - ISOPLETHS

*MISG DATA B|aCk
LOCAL TIME

0309|1521
%FREQ CIG LT 030
42 ozloslmlzo

Zongulda

100

Inebolu

December-February

the Pontic Mountains. Broken to overcast clouds with
bases from 1,000 to 1,560 fect (300 0 460 melers) and
tops between 2,500 and 3,500 feet (760 to 1,065 meters)
arc common along the immediate coast. These clouds
form closc to shore or move in from the sca with an
onshore wind. The greatest low cloud {requencies, shown
in Figure 8-2, roughly paralict the 70% mcan total cloud
cover isopleth. Cloud cover varies little during the day.
Within aboui 300 NM of an upper-level trough, clouds
are broken to overcast from 4,000 to 5,000 feet (1,200 o
1,500 meters) MSL with 30,000-foot (9.1 km) (ops.
Moderate mixced icing occurs up o 20,000 feet (6.1 kim)
in these clouds above the freczing level, which varies
from 3,500 feet o 10,000 feet (1,065 1o 3,050 meters)
MSL.

Sea
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Figure 8-2. Mean Winter Cloudiness (isopleths) and Frequencies of Ceilings Below 3,000 Feet (915 meters),
Black Sea Plain.




THE BLACK SEA PLAIN

WINTER Dacember-February

VISIBILITY. Wintcr visibility is gencrally good. The overwater fetches.  The Pontic Mountains’  steep, ’
frequency of lowered visibility (most in rainfall) seaward-facing slopes are often in cloud.
decreases eastward along the coast due to shorter

: Trd:T:n
02‘08’14'20 03/09!15]21
LOCAL TIME 03]/09]15]21
AFREQ VIS LT 3mi

Figure 8-3. Mean Winter Frequencies of Visibilities Below 3 Miles, Black Sea Plain.

WINDS. All stations show two preferred wind  Sinop. Moderate low-level turbulence and wind shear .
directions, most opposing one another. The directional  are common with southerly winds. Mountain waves are

switch reflects high frontal passage frequency along the  possible. Figure 8-4 shows mean monthly surface wind

coast. Mean winds speeds are highest at Zonguldak and  directions and speeds for selected stations.

DEC | JAN | FEB

S-NW |Trabzon 390 ¢ 4.20: 4.10
S-NW |{Samsun 4.70 ¢ 4.50: 4.30
SE-SW/S-Nw|Zongquldok] 7.00 i 7.00: 5.90
S-NW |Sincp 9.40 :11.10: 9.50 .
E-S |lzmit 530 ¢ 5.80; 5.30

Figure 8-4. Mean Winter Surface Wind Speeds (kts) and Prevailing Direction,
Black Sea Plain. The slash in the direction for Zonguldak indicates a wind shift
between January and February.

Mean upper-level winds below 20,000 fect (6.1 km)  Mcditerrancan. Figures 8-5a & b give summarized upper
range between southerly and  westerly, reflecting @ winds for Samsun City, Turkey. and Batuma, USSR, the
tendency toward troughing  over  the  castern  two closestupper-air reporting stations.
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WINTER December-February |
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THE BLACK SEA PLAIN
WINTER

PRECIPITATION. Rainfall avcrages from 3 to §
inches (75 10 125 mm) a month throughout winter, but is
significantly higher on the extreme eastern coast because
of coastal configuration and orographic lift. More than
19 inches (480 mm) falls here during the scason,
compared to less than 14 inches (360 mm) to the west.
At isolated coastal sites and on the slopes of the Pontic
Mountains, totals may be cven higher. Snow is rare, but

> / .-u\

DEC JAN FEB
4.5]4.4
1.9]2.6

December-Fgbruary

is most common in the castern quarter duc to the short .

overwater fetch. Maximum 24-hour precipitation is not
high, reflecting the predominance of stratiform clouds.
Thunderstorms are rare.  incbolu, for cxample, averages
one thunderstorm in February and less than 0.5 in the
other winter months. All other stations average less than
(0.5 thunderstorm a month,

DEC JAN FEB

MEAN PRECIP

MAX 24-HR PCP

represent mean seasonal rainfall.

Figure 8-6. Mean Winter Monthly/Maximum 24-Hour Precipitation (inches), Black Sea Plain. Isohyets

winds and foehns. The record winter high is 83° F (28°

TEMPERATURES. Temperatures and their diumnal
C); the record low, 12° F {-11° Q),

variations reflect the moderating influence of the Black
Sea. Temperatures increase significantly with southerly

| 30 B R
3 Black Sea
inop__54 l 49 l 49

Batumi

SB'SAIS&

p-.

2 54]48(49 s
52147]48  “2138[38 4 .

55 50.&9

Trabzon

=) i
26151151

55]51]51
] %

DEC JAN FEB

MDMAX
riDMIN

Figure 8-7. Mean Winter Daily Maximum/Minimum Temperatures (F), Black Sea Plain.
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THE BLACK SEA PLAIN
SPRING

GENERAL WEATHER.  Spring is the gradual
transition from winter’s overcast skies and rain 0
summer's {air weather, Low-level southwesterly {low
behind transitory highs 0 the souh provides the best
weather, Coid fronts continue to move inland from the
Black Sca during March and April;  secondary
cyclogenesis occurs when they move slowly.  The
interval between frontal passages decreases (rom 4 to 6
days in March to 10 to 14 days by mid-May. By fatc
May, frontal activity has all but stopped and the Etgsian
winds have begun.,

SKY COVER. Mean spring cloud cover exceeds 70%
only over the coast between Zonguldak and Sinop.
Ccilings below 3,000 feet (915 meters) are still common,
but frequency decreases gradually. There is a
pronounced decrease in low clouds from west to cast.

30

%CLOUD COVER - ISOPLETHS
*MISG DATA

LOCAL TIME 03109/15}21
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ozios‘ul%_(ig

March-May

With southwesterly or southerly low-level winds, there
arc few clouds below 4,000 feet (1,220 meters) duc to the
drying clfeets of downslope winds.  Broken io overcast
clouds are common with onshore flow; these ciouds,
with bases 1,000-1,500 feet (305-460 meters) and ops
2,500-3,500 feet (760-1,065 melers), cither move in from
the sea or form along the immediate coast. Clouds have
night and carly morning maximums, reflecting increasing
onshore flow in late spring. Layered broken (o overcast
clouds form within 300 NM of an upper-level wrough;
bases are 4,000-5,000 tect (1,220-1,545 meters) MSL
with tops through 30,000 feet (9.1 km). Moderate mixed
icidg is found above the lreczing level, which varics
from 5,000 feet to 12,000 feet (1,545 0 3,660 m:ters)
MSL, but can reach 20,000 fect (6.1 km). Figurc 8-8
shows mecan scasonal cloud cover (isopleths) and
frequency cf ceilings below 3,000 feel (915 meters).

Sea

Figure 8-8. Mean Spring Cioudiness (isopleths) and Frequencies of Ceilings Below 3,000 Feet (915 meters),

Bizck Sea Plain.




THE BLACK SEA PLAIN
SPRING

VISIBILITY. Visibilitiee are still generally good, but
begin to deteriorate a'ong the coasi during the night and
carly morning. They are generally better eastward due 1o
the shorter vverwater fetches. Mosi low visibilitics are

LOCAL TIME

03j09j15]21
#FREQ VIS LT 3mi

Mearch-May

now dur to combinations of precipitation and fog
advected onshore. The Pontic Mountain's steep slopes
are oficn obscured in cloud.  Figure 8-9 shows
frequencics of visibilitics less than 3 miles.

|
03]09]15]21

Figure 8-9. Mean Snring Frequencies of Visibilities Below 3 Miles, Black Sea Plain.

WINDS. All stations continue to show two preferred but
opposing wind directions, again reflecting frontal
passage frequency along the coast as well as the
incrensing effects of land/sea and mountain/valley
breezes. Mean wind speeds at Sinop are highesi hecause
of its peninsula- location, Moderate low-1evel turbulence

and wind shear arc common with southerly winds, and
mountain waves can occur with higher speeds. As was
shown in Figure 8-5, mcan upper-level winds below
20,000 feet (6.1 km) range from southwestcrly to
west-northwesterly.

MAR | APR = MAY

N-E {Trabzon

4,40 370 3.50
NW-NE !Samsun 3.90: 3.20: 2.80
w-N |Zonguldak] 4.50: 4.60: 3.50

SE or Nw |Sinop 10.80 : 10.00 : 7.90
E-SE or W |lzmit 5.00: 5.60; 4.90

Figure 8-10. Mean Spring Wind Speeds (kts) and Prevailing Direction, Black Sea Plain.
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THE BLACK SEA PLAIN
SPRING March-May

‘ PRECIPITATION. Rainfall decreases steadily from  even higher at isolated coastal locations and on the
March through May. The greatest accumulations are still  slopes of the Pontic Mountains,  Maximuim 24-hour
along the extreme eastern coast, where a combination of  precipitation increases, reflecting the increased incidence
terrain and convergence produc<s seasonal rainfall wotals  of showers. Figure 8-11 gives scasonal (isohyets) and
of more than 9.6 inches (244 mm). Amounts may be  monthly precipitation data.

' : , 39 S— .

- Sea
MAR APR MAY MAR APR MAY .
-~ 2.011.5]1.3 5.013.313.7 Batuml) 9.6

.8 1.011.212.6 3.4{1.9]0.7 o
¥ #
[}
d“- J RAALS

WUKAPRBMX MARAPRPMY
2.912.111.7 T.410.217.1
2.8{1.711.5 1.2]1.6 2 [

0 ?SL 100

\
|
Figure 8-11. Mean Spring Monthly/Maximum 24-Hour Precipitation (inches), Black Sea Plain. Isohycts
‘ represent mean seasonal rainfall.

Thunderstorm frequency increases as a function of  eastern coast. Tops reach 35,000 to 40,000 fect (10.7 to
station exposure and height. By May, thunderstorm days  12.2 km). The usual hazards are present. Figure 8-12
range from 2 0 4 a month, except along the extreme  shows mean spring thunderstorm days.

0 ' A —
43 Black Sea

. inop — MAR_APR MAY MAR APR MAY
_ * I i l Z *% ' Yo | j
42 MAR APR MAY RS ! Mo
%

Inebolu V" >
/ ) o amsun
MAR' APR MAY SRS MW’
* [ 2 [ 4

e W Tratzon

/

MAR APR MAY MAR APR MAY
SFTIT3 3 £x

MAR APR MAY |

K3

) 40 IIM . * < .5 days w/thunderstorms

‘ Figure 8-12. Mean Spring Thunderstorm Days, Black Sea Plain.
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THE BLACK SEA PLAIN

SPRING Mearch-May
TEMPERATURE. Temperatures increase. The Black  offshore winds. The record high (101° F/38° C) was ’
Sea moderates temperatures, especially with onshore  recorded at Trabzon.

winds. Temperatures are significanly higher with

{
Sea

50|56 |64 56|62]69 Batum
nop-g'g‘lﬂ'l'gg ZT|TT|'3'5'

9 51|57|65
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|
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Figure 8-13. Mean Spring Daily Maximum/Minimum Temperatuves (F), Black Sea Plain.




THE BLACK SEA PLAIN
SUMMER

GENERAL WFEATHER. Summer has the least cloud
cover, and usually the least precipitation, of the ycar.
Only a rare cold front moves southeastward through the
arca. The Eles'an winds partially overridc a marked
land/sea and mountain/valley breeze over the western
three-quarters of the coast.

SKY COVER. Mean seasonal cloud cover exceeds 50%
over the eastern quarter, decreasing to slightly less than
40% over the western half. Most cloud cover is a
combination of marine low cioud and cirrus. Broken to
overcast low clouds with bases 1,000-1,500 feet
(305-460 meters) and tops 2,500-3,500 feet (760-1,065
meters) occasionally form close to the shore,
occasionally moving onshore. The greatest low-cloud

43 CLOUD COVER - TSOPLETHS
#MISG DATA BlaCk

LOCAL TIME 03j09]15]21
Z#FREQ CIG LT 030

02'08]14|20
2016119

June-August

frequencies are in- the weslern quarter.  With rare
southwesterly or southerly low level winds, skics arc
clcar. Diurnal variation is greatest in summer, with a
slight increase in cloud cover at night and in the carly
morning.

Once or twice a month, layered broken o overcast
clouds from 4,000-5,000 feet (1,220 to 1,545 meters)
MSL through 30,000 feet (9.1km) form within 300 NM
of an upper-level trough. Moderate mixed icing above
the freezing level, which varies from 7,500 fcet to 12,000
feet (2,300 to 3,700 meters) MSL, up to 20,000 lcet (6.1
km) occurs in the trough's cloud cover. Figure 8-14
shows mean seasonal cloud cover (isopleths) and
frequency of ceilings below 3,000 feet (915 meters).

Sea

Figure 8-14. Mean Summer Cloudiness (isopleths) and Freguencies of Ceilings Below 3,000 Feet (915
meters), Black Sea Plain.




THE BL.ACK SEA PLAIN
SUMMER Junhe-August

VISIBILITY. Visibilitics are excellent. Portions of the  move onshore.  Figure 8-15 gives frequencies of
Pontic Mountains are obscured in cloud when low clouds  visibilities less than 3 miles.

02108114]20 03]09]15]21
T.il Gl.I 6|.I| U|.i

LOCAL TIME 03[09]15]21
%FREQ VIS LT 3mi T

Figure 8-15. Mean Summer Frequencies of Visibilities Below 3 Miles, Black Sea Plain.

WINDS. The Etesian wind, along with mountain/valley  Figure 8-16 shows sclected station mean monthly surface
and land/sea breezes, controls preferred wind directions,  wind directions and speeds. Mean upper-level winds
which are about 90° apart. Specds at exposed coastal  below 20,000 feet (6.1 km) range from wesicrly to
locations are strong. Moderate low-level turbulence and  northerly, reflecting southerly flow into the hcat lows of
wind shear are common with the rare southerly wind.  Asia and Africa--refer to Figure 8-5.

JUN § JUL @ AUG

. NW-E |Trabzon 3.60 i 3.40 : 3.60

' NW-NE |Samsun 3.40 : 4.20: 3.80
N-w |Zonguldak| 3.60 i 4.10 | 4.80 .

w-N |Sinop 8.50 : 8.70 : 8.40

NE-SE |lzmit 4,70 : 5.50 : 5.30

Figure 8-16. Mean Summer Surface Wind Speeds (kts) and Prevailing
Direction, Black Sea Plain.
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THE BLACK SEA PLAIN

SUMMER June-August

| PRECIPITATION. Summer rainfall totals are high, 8-17 gives seasonal (isohyels) and monthly precipitation

especially in the east. Maximum 24-hour precipitation  data.
reflects the fact that most rain falls as showers. Figure

30 | 30 5 B
p43 Black Sea

Figure 8-17. Mean Summer Monthly/Maximum 24-Hour Precipitation (inches), Black Sea Plain. Isohyets
represent mean seasonal rainfall.

. A thunderstorm occurs along the immediate coast (12.2 to 13.7 km) MSL. Isolated cells drifting off the
once every 10 to 15 days, but much more often over the  mountains may become severe. Figure 8-18 gives mean

Pontic Mountains. Tops reach 40,000 0 45,000 feet  summer thunderstorm days.

30 ’ | B 9

13 Black Sea

Sinop- JUN JUL A%Q JUN JUL AUG

Batumi/

2 JUN JUL AUG
JUN JUL auG L° | '

JUN JUL AUG

JUN JUL AUG
JUN JUL AUG ERNEES

* < .5 days w/thunderstorms

100

Figure 8-18. Mean Summer Thunderstorm Days. Black Sea Plain,




THE BLACK SEA PLAIN
SUMMER June-August

TEMPERATURE. Although temperatures are highest  gives mean maximum and minimum temperatures for
of the year, the Black Sea continues to moderate both  selected stations, The record high (105° F/41° C) was
temperature and its diurnal range. Downslope winds  recorded at Zonguldak.

yield significantly higher temperatures. Figure 8-19

3 Black Sea
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Figure 8-19. Mean Summer Daily Maximum/Minimum Temperatures (F), Black Sea Plain.
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THE BLACK SEA PLAIN
FALL

GENERAL WEATHER. Cloud cover and
precipitation increase as cold fronts resume their routine
southeastward movement. If they slow while over the
Black Sea (normally due to a deep upper-air trough over
southeastern Europe or the eastern Mediterranean),
secondary low cyclogenesis occurs over the southwestern
Black Sea. By November, only low-level south westerly
flow behind transitory highs provides breaks .n clouds
and precipitation. Frontal passages reach their winter
average of one every 4 to 6 days by mid-November,

SKY COVER. Mean seasonal cloud cover exceeds 50%
over the entire coast, reaching slightly more than 70%
over the exireme eastern coast. With southwesterly or
southerly low-level winds, skies are clear below 4,000

30

| %CLOUD COVER - ISOPLETHS
3 WIS DATA Black
LOCAL TIME

03109]15|21
%FREQ CIG LT 030
02|08,14|20

September-November

feet (1,220 meters) due to downslope winds over the
Pontic Mountains. Broken to overcast clouds with bases
from 1,000 to 1,500 feet (300 o 460 meters) and tops
between 2,500 and 3,500 feet (760 to 1,100 meters) form
close to shore with onshore low-level winds. The
greatest low-cloud frequencies are in the west. Diurnal
variations become smaller. Layered broken to overcast
clouds occur from 4,000 10 5,000 feet (1,200 to 1,500
meters) MSL up through 30,000 lcet (9.1 km) within 300
NM of an upper-level trough. Moderate mixed icing
occurs in these clouds above the freezing lcvel, which
varics from 6,000 feet (1,800 meters) MSL 10 20,000 fect
(6.1 kmyj. Figure 8-20 gives mean seasonal cloud cover
(isopleths) and selected station percent frequency of low
ceirings.

Sea

Batu 6078

%OQIISIZI\H */
‘70
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Figure 8-20, Mean Fall Cloudiness (isopleths) and Frequencies of Ceilings Below 3,000 Feet (915
meters), Black Sea Plain.




THE BLACK SEA PLAIN
FALL

VISIBILITY. Visibilities are stifl excellent, but
the coastal slopes of the Pontic Mountains may be

, 30
3 Black

z' o

142 oz|os|14|20 .

0 l.r?ﬁﬂﬂm

LOCAL TIME 03]|09]15|21
%FREQ VIS LT 3mi

September-Nevember

obscured when clouds move onshore. Figure 8-21
gives frequencies of 'isibilities less than 3 miles.

15|21  Batu

IS

03|09

b{,on
03|09l%5’?1

02]08]14]20
23] 3T

Figure 8-21. Mean Fall IFrequencies of Visibilities Below 3 Miles, Black Sea Plain.

WINDS.  All stations show two preferred
directions, most close to 135° apart. This reflects
increasing frontal passage frequency along the
coast and the influence (still strong) of land/sea and
mountain/valtley breezes. Speeds decrease slightly
from summer. In November, moderate low-level
turbulence and wind shear are common with

southerly winds ahead! of frontal systems. Figure
8-22 shows mean monthly surface wind directions
and speeds. Mean upper-level winds below 20,000
feet (6.1 km) arc predominantly westerly,
reflecting the slow reestablishment of the Black
Sea storm track--refer 1o Figure 8-5.

SEP { OCT | NOV

SE-swW |Trabzon 3.60:3.50:3.70

S-Nw |Samsun 3.50 1 3.10  3.60

SE-W |Zonguldak| 4.80: 4.80 ! 5.40

SE or NW |Sinop 7.90 : B.00 : 8.10
E-SE |lzmit 4.90 : 4.50 : 4.30 ’

Figure 8-22. Mean Fall Surface Wind Speeds (kts) and Prevailing Direction, Bluck Sea Plain.
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THE BLACK SEA PLAIN
FALL

PRECIPITATION. Rainfall increases, especially in the
cxtreme east, where the year’s highest accumulations
(more than 29 inches/735 mm) occur. A combination of
increased onshorc flow, still active convection, and
rapidly rising terrain is responsible. Isolated coastal
locations and the slopes of the Pontic Mountains may
receive even higher amounts. Decreasing maximum
24-hour precipilation reflects the decreasing occurrcnce

SEP OCT NOV

MEAN PRECIP
MAX 24-HR PCP

September-November

of shower aclivity. Figure 8-23 gives seasonal (isohyets)
and monthly precipitation data.

As shown in Figurc 8-24, thunderstorm occurrence
decreases steadily.  Tops lower 10 30,000 feet (9.1 km)
by late November, but the normal hazards are still
present.

SEP OCT NOV
inop~2.712.8
NP 3%

Figure 8-23. Mean Fall Monthly/Maximum 24-Hour Precipitation (inches), Black Sea Plain. Isohyets

represenl mean scasonal rainfall.
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SEP OCT NOV
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1

Trabzon
SEP OCT NOV SEP_OCT NOV
TTIT V2 I N

* < .5 days w/thunderstorms

Figure 8-24, Mean Fall Thunderstorm Days. Black Sea Plain,
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THE BLACK SEA PLAIN
FALL

TEMPERATURE. Temperalures decrease steadily
toward winter minimums. The Black Sea still moderates
temperature extremes and diurnal ranges. Temperatures
are significanlly higher with southerly winds and fochns.

/
73'66|60

September-November

Figure 8-25 gives mean maximum and minimum
temperatures for selected stations. The record high is
96° F (35° C). The record low for September is 44° F
(6° C); for November, 22° F (-5° C).

SEP OCT NOV

MDMAX

MDMIN

Figure 8-25. Mean Fall Daily Maximum/Minimumn Temperatures (F), Black Sea Plain.
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