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Chapter 1

INTRODUCTION

ARFA OF INTEREST. This study--ftc third of four Pakistan, For this study, the region known as the Near
volumes that cover the entire PSWANEA" (Southwest East Mountains has been divided Into six mwnc of
Asia-Northeast Africa) region shown in Figure "climatic commonality", the Indus River Valley, the
I1-1I--describes the geography, climatology and Eastern Mountains, the Central Deserto, the Western
meteorology of the Near East Mountains This area Mountains, the Caspian Sea Plain, and the Black Sea
Includes Turkey, northern Iraq, Iran, Afghanistan. and Plain. These zoncs arc. shown in Figure 1-2,

-:maw

%-(

Figure 1-1. The Southwest Asia-Northeast Africa (SWANEA) Regi~m. The shaded portion
marks the Near East Mountains region,
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Figure 1-2. The Near East Mountains and their Six "Zoe orCiai omnlt. 1 h nu ie
Valley, (2) the Eastern Mountains, (3) the Ccntral Deserts, (4) the Westcrn Mountains, (5) the Caspian Sea Plain,
and (6) the Black Sea Plain.

GEOGRAPHY. The Near East Mountain region STUDY CONTENT. Chapter 2 provides a detailed
extends across a 2,300) mile (3,7(X) kin) arc from Asia discussion of thc major meteorological controls that
Minor to the Indian Subcontinent. Rugged mountains affect the Near East Mountains. These range from the
and high plateaus, many over a mile (1.6 kin) high, macroscale ("semipermanent climatic controls') through
dominate the region. Lowlands, primarily on the coasts the synoptic ('synoptic disturbances") to the mesoscale
of the Black and Caspian Seas and in the Indus River ("mesoscale and local features). Individual treatments of
floodplain, are confined to the region's northern and each climatic subregion in subsequent chapters (10 not
eastern borders. A line separating the coastal lowlands include repeated descriptions of these phenomena, b~ut
from eleva'tions above 3,280 feet (1,000O meters) forms provide specifics unique to an indlividlual subregion by
the region's western and southern borders to Pakistan's focusing on mean distributions arnd local anomalies or
Hab Ri ier. sky cover, visibility, wind1s, precipitation (inches), andl

temperature. Meteorologists using this study should readl
East of the Hab, the Indian Ocean defines the southern and consider the dletailed (discussions in Chalpter 2 before

border. The borders that separate Turkey, lran, and trying to understand or apply the individual climatic ,.one
Afganistan from the Soviet Union forms the region's discussions in Chapters 3 through 8. This is particularly
northern limits. On the east, the region is bounded by the important becaus•e this study was dlesignedl first als a
India-Pakistani border. At the time of this writing, areas master reference to thc entire Near East Mountains
of extreme northern Pakistan and India were in dispute; region, •,n(l second as a' modular relference to its
the region defined here extends to the current cease-tire subregions. C'hapters 3-8 dliscuss "siltualion andl relief"'
line, and "gcneral wcaihcr" of ealch subregion by sealson.
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The Indus River Valley (Chapter 3) extends from 670 to CLIMATOLOGICAL REGIMES., Although the
750 E and from 240 to 340 N. Monsoonal circulations climate of the Near East Mountains ranges from

(Southwest and Northeast) dominate its weather and monsoonal to arctic, temperate zone weather affects all
climate. Because cyclonic activity reaches the Indus six subregions during at least part of the year. Tropical
River Valley during the Northeast Monsoon, temperate meteorology plays a major role only in the Indus River
zone and tropical meteorology for this season are Valley and parts of the Eastern Mountains subregions.
discussed. Tropical meteorology, however, controls this One tropical feature, the Southwest Monsoon, affects the
subregion the rest of the year. Central Deserts and the eastern portions of the Western

Mountains. Because all six subregions see major
The Eastern Mountains (Chapter 4) lie between 320 N, differences from the classic 3-month "winter-
610 E and 380 N, 750 E. Massive mountain ranges, deep spring-summer-fall" pattern of the temperate zones,
elevated valleys, and plateaus dominate weather and seasonal definitions are given at the beginning of each
climate, which can vary significantly from one valley or subregional discussion.
ridge line to another. Precipitation distributions are
controlled by cyclonic activity, while cloudiness CONVENTIONS. The spellings of cities and
distributions are affected by local mountain/valley geographical features are those used by the United Suites
circulations. Southwest Monsoon circulation only Defense Mapping and Aerospace Center (DMAAC).
occasionally produces heavy rainfall, thick cloudiness, Distances are in nautical miles (NM) except for
and low visibility over sections of the Eastern visibilities, which are given in statute miles. Cloud bases
Mountains; the discussion of this region therefore and ceilings are in feet/meters above ground level
mentions monsoonal flow patterns, but emphasizes (AGL)* but cloud tops are above mean sea level (MSL).
"temperate zone" meteorology. In some mountain ranges, bases may be given in MSL,

also. Elevations are in feet with a meter or kilometer
The Central Deserts (Chapter 5) form a vast plateau (kin) equivalent immediately following. Temperatures
surrounded by massive mountain ranges that are are in Fahrenheit (F) with a Celsius (C) conversion
responsible for the subregion's aridity. The region lies following. Wind speeds are in knots (kt). Precipitation
between 500 and 650 E anJ between 270 and 370 N. It (inches) amounts are in inches with a millimeter (mm)
has only two distinct seasons: wet anti dry. Transitions conversion following. When synoptic charts are not
between wet and dry seasons are so short (1-3 weeks) provided, only local standard time (LST) is used,
that they are not discussed.

*NOTE: The AGL cloud bases given in this study are
The Western Mountains (Chapter 6) comprise three generalized over large areas, and readers must consider
large and distinctly different mountain complexes that terrain before applying them. The AGL cloud bases are
control weather and climate; these complexes are the normally representative of valley reporting stations, but
Anatolian Plateau, the Zagros Mountains, and the not of locations in surrounding mountains where ceilings
Northern Iranian Mountains (also called the Elburz and and cloud bases would be lower and where, in fact, many
Turkmen-Khorasan Ranges). Each is discussed in detail, locations would be obscured.
with important differences highlighted by individual
figures for each climatic variable. Chapter 6 deals DATA SOURCES. Most of the information used in
exclusively with "temperate zone" meteorology and preparing this study came from two sources, both within
mesoscale (mountain/valley) circulations. the United States Air Force Environmental Technical

Applications Center (USAFETAC). Studies, books,
The Caspian Sea Plain (Chapter 7) is an isolated strip of atlases, and so on were supplied, with rare exceptions, by
flat coastal plain that rims the so)uthern Caspian Sea. the Air Weather Service Technical Library (AWSTL),
This narrow subregion lies between 360 and 400 N and the only dedicated atmospheric sciences library in the
between 490 and 56' E. Department of Defense and the largest such library in the

United States. Climatological data came direct from the
The Black Sea Plain (Chapter 8) is another isolated strip Air Weather Service Climatic Database or through
of flat coastal plain that rims the southern Black Sea Operating Location A, USAFETA('--the branch of
between 400 and 410 N and between 290 and 420 E. USAFETAC responsible for maintaining and managing
This region is wedged between the Black Sea and the this databasc.
rugged mountains of central Turkey.
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RELATED REFERENCES. ThIs study, while more Section (ECR) occasionally prepaes special narrative
thn ordinarily comprehensive, is certainly not the only climatologlies for smaller areas or points within this
source of meteorological and climatological information region; contact ECR directly for Information on such
for the military meteorologist concerned with the Middle studies, Station Climatic Summaries for Africa and Asia
East Peninsula, The United States Navy has published provide summarkied observational data for many stations
severa excellent studies for the Persian (Arabian) Gulf in the Near Eat Mountains, Staff weather ofllcers and
and northern Indian Ocean; these studies also discuss the forecaster are urged to contact the Air Weather Service
meteorology for southern portions of the Near East Technical Library for as much data on the region ax is
Mountains region, USAFETAC's Readiness Support 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.

Page
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SEMIPERMANENT CLIMATIC CONTROLS

SEA SURFACE TEMPERATURES (SSTs). SSTs in the Aegean (49-590 F/9-15 0 C) and
Although not much of the Near East Mountains region is Mediterranean (59-650 F/15-18 0 C) Seas are lowest in
coastal, the five large bodies of water on its periphery January due to the presence of polar continental air
contribute to its weather and climate. The water bodies masses and subsurface mixing. In spring and summer,
to be discussed here arc the eastern Mediterranean and wanner SSTs moderate polar air masses that cross the
Aegean Seas, the Black Sea, the Caspian Sea, and the region. By July, SSTs peak throughout the basin, eastern
North Indian Ocean. Mediterranean coastal waters are at 78-820 F (26-280 C).

Fall SSTs stay high in the Mediterranean Sea, dropping
The Mediterranean and Aegean Seas control climate faster in the Aegean.
over the Anatolian Plateau indirectly by providing
moisture and energy for systems moving as far cast as The Black Sea inlluences the Black Sea Plain directly,
Central Iran and the Persian Gulf. Although their with an indirect effect on the Anatolian Plateau. The
coastlines are not in the Near East Mountain region, the relatively warm waters result in mild winters and cool
proximity of their warm waters results in mild winters summers within the marine boundary layer. The annual
and cxol summers within the marine boundary layer. SST range is from 32 to 760 F (0-240 C). The southern
The annual SST range is 49-820 F (9-28' C). The and eastern portions are normally warmest. Mean
southern and eastern portions are warmest, and the monthly SSTs for the four seasons are shown in Figures
Aegean Sea is always coolest. 2-la-d.
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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 Sea. As mnight be,
expected, the southern coast is warmest. Deeper waters in the eastern end reduce cooling.
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Figure 2-lb. 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 Sea; the warmest water is along the eastern coastline (74-760
F/23-240 C).
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Figure 2-1d. Mean October Sea Surface Temperatures (F) in the Black Sea. Fall SSTs are
9-12° F (5-70 C) lower (64-66o F/18-190 C) than in the central Mediterranean. Coolest watcrs
arc along northern shores.

The Caspian Sea is an area of winter cyclogenesis. Makran Coastal Range. The Persian Gulf is a moisture
Heat andi moisture are added to the boundary layer of air source for cyclonic activity (luring the Northeast
mnasses advecting into the region or io fioehn winds Monsoon; it primal ily affects the Zagros Mountains.

S~blowing off the Caucasus or the Elburz onto the Caspian The marine boundary layer (where relative humidities
Sea. The end result is routine cyclogenesis on the average 40%) rarely exten(ls more than 20 NM inland or
trailing end of cold fronts moving eastwarud through above 3,0(XX) feet (915 mneters) MSL. Coastal areas have

Soviet Central Asia. Only the northern two-thirds of thc a small dliurnal temperature range (10-20° 1F/5-1O0 C), S
Caspian Sea (the area north of an east-west line (Irawn but outside the boundary layer's iniluence the range is "-
from Bakum, on the western shore) is shallow enough to larger (20-35o F/10-200 C). SSTs along the Pakistan
ice over; by mid-December, most of it is frozen. South coast (the Indus River Valley subregion) vary little
of this imaginary line, however, depths exceed 3,0(X) feet throughout the year', ranging from 730 F (220 C) in
(915 meters) and the surface does not freeze. January to 800 F (270 C) during most of the rest of the

ye,,r.
Most clouds and precipitation that affect the Iranian

Caspian Sea coast occur after the cold front passes. The TleHF AZORES HI(GH is part of the global ,subtropical
flow becomes strong northerly or northeasterly and circulation pattern. This semipermanent high pressure
orographic effect,' cause extensive cloud layers andl cell's center varies from 290 N, 290 W in January to
heavy precipitation. Once the upper-level trough moves about 370 N, 370 W in July. Mean sea level pressure

through, upper-level ridging creates subsidence that caps varies from 1021 mb ini January to 1025 mb in July. The
-- any development. Low-level winds no longer have an Azores High's inlluence on 'he Mediterranean Sea is

overwater fetch, and the clouds and precipitation end strong from May to October, when it produces northerly
until the next system enters the Caspian Sea. and northwesterly winds over the Western Mountains

(the Anatolian Plateau) and the Central Desert
The North Indian Ocean, a moisture source during the subregions. It is weak fromn November to April.
Southwest Monsoon season, primar~ ly affects the

2-4
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Figre2.a. len anaryPoiton f heAzresHih.FmmDeemerto ebuay, heAzrc Hih xtnd

cagut 2-asiadJnarcoqto of the Azores HighinoteorhcnrlSar. Thm esouthwrd displbracemten pzroues cold weatherd

outbicaks and severe duststorms in the eastern Mediterranean Basin and eastward. The Near East Mountains
subregions -ifected are the Western Mountains, Central Deserts, Eastern Mountains, and the Indus River Valley.

4 3N 60 so 100 120

F'igure 2-2b. Mean April Position of the Azores High. From~ March to May, the Azores High moves slowly
west-northwest to neai 300 N, 320 W, This westerly spring migration away fromt the African continenit weakens [he
mean high-pressure ridge over north Africa. C'yclonic activity dipsý ,outhiward over the western Mediterranean Sea
andI Atllis Mountains. The eastward track of these (lepr&'ssions al lcctsý all the Near Fast Mountains region cNccp1tfor
the Caspian Sea Plain.
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Figure 2-2c. Mlean .1tely Position of the Azores High. From June to September, the Azorces High's mean central

pressure (at 370 N, 370 W),strengthens to 1025 mb. It can effectively block any significant cyclonic activity into thc

regilon. When the ridge is weak and low pressure 4ff Icelandl is strong, cyclonic activity can penetrate southward.

Once every 5 to 7 years, the wintecr storm track remains active across the Mediterranean Sea eastward into Iraq and

central Iran. The prevailing rnid-lcvel winds (WNW to NW) over the i-cgion become moderate with thc strong

mnid-and tipper-level troughs causing sign ificant convective weather.
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THE MONSOON CLIMATE. The term "monsoon" is *Wind directions and speeds must exhibit high

generally applied to areas where there is a seasonal degrees of'steadiness; and
reversal of the prevailing surftace winds. The generally

accepted definition of a "monsoon" climate incorporates
the following criteria (after Ramage, 1971): eNo more than one cyclonc/anticyclone couplet

occurs during January or July in any 2-year period

*Prevailing seasonal wind directions between within any 5 degree grid square.

summer and winter must change by at least 120 Figure 2-3 shows the northern limit of' monsoon

degrees; climate (dark line) throughout the Near East Mountains

(shaded). Note that the Indus River Valley, the Central

"eBoth summer and winter mean wind speeds must Desert, and the Eastern Mountains (Pakistan,

equal or exceed 10 knots (5 meters/scc); Afghanistan, anti eastern Iran) tire the subregions affected

by the monsoon climate.

Figure 2-3. The Mortsorn Climate with Respect to the Near E~ast Mountains. The (lark

line shows the northernmost limit of' monsoon conmlitions according to Ramnage (1971).

THE SOUT'HWEST MONSOON is at full strength Southwest Monsoon circulation with respect to the

between June and September. Rainfall over regio)n. Figure 2-4 is a three dimensional view of' the

northwestern India begins in late May or early June and low- (dark portion of' the arrow), mid- (hatched po~rtion

endis in early to mid-September. Several f'eatures of' the arrow), and upper-level (unshaded portion of the

maintain, control, and regulate the low-, mitd-, andI arrow) Southwest Monsoon circulation and several of its

upper-level monsoon circulation. Differential heating, important features. The comnponents of' this circulation

Coriolis Force, and condensation/evaporation o1' water that alfctl thc Near Fast Mountains arc dliscu~ssedl later.
vapor trigger the mons(x)n. Figure 2-3 shows the
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Figure 2-4. Southwest Monsoon Circulation Over Southern Asia and !he Indian Ocean (fromn Ijamltltqn,
1987). The T1ropical Easterly Jet (TEl) is discussed later. The Southern Equatorial Trough (SET) anti the Somali Jet
have no direct influence on thie Near East Mountains and are not discussed in this publication.The Monsoomn Trough can be difficult to locate showers and thundershowers over the Indus River Valle),

Precisely us it Mnoves into the Makran Mountain Ranges, and over the Zagros and Makran Mountain Ranges. On
but Figure 2-5 shows its mean position in July. rare occasions, the moist warm" air is deflectednotws
Normally it moves about 25 to 30 NM inland until an etoe fhnsa noeser Irn Th
reaching Jiivani, 7akistan, where it turns to the presence of elevated inversions due to -strong subsidence
norih-northeast, Moist southwesterly flow is lifted as it aloft can prevent development of convection along the
meets the coastal ranges. The Monsoon Trough produces Trough.

T:M ilil

Figure 2-5. Mean July Surface Position or the Monsoon Trough.



Thermal Trotugh. A brond-scale, low-level thermal eastern end of the trough from India to the Sahara Desert,
trough lies over northwestern India, southern Pakistan, The low is normally cloud-free. Central pressure
Iran, Saudi Arabia, and the Sahara Desert between May averages 992-996 mb by late June. Separate secondary
and early October (Figure 2-6). Its primary pressure lows formi over the deserts of southwestern Afghanistan
center is the Pakistani Heat Low, which anchors the and southeastern Iran.

N'L -+" 3

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 2-7b) shows the large-scale anticyclone anchored over
have little effect on the region's weather because they the Tibetan Plateau. Abnormally strong upper-level
have no immediate moisture sources. The Pakistani Heat troughs may cause the cell to disappear temporarily.
Low usually breaks down in October as solar insolation
decreases and the Asiatic High becomes established over Satellite research shows the Tibetan Plateau to be
south-central Asia. snow-free 80% of the time (luring the early months of the

Southwest Monsoon. But by August, moderate snow
Tibetan 200-mb Anticyclone. This semipermanent cover produced by Southwest Monsoon convection
upper-air cell acts not only as an upper-level heat source, begins to lower surface temperatures and increase surface
but as an outflow mechanism for s~istaining surface albedo. Heat energy that would normally have been used
Monsoon Trough convection between May and October, for surface heating is now used to melt the snowfall and
Latent heat o," condensation from widespread convection evaporate t(ie runoff. Surface temperatures are affected
over Burma warms the troposphere and starts forming immediately, but cooling aloflt is gradual. Typically, it
the anticyclone in late April and early May (see Figure takes 1 to 2 months for surface changes to affect upper
2-7a). Strong surface heating on the Tibetan Plateau levels. The upper-level anticyclone weakens by October
(mean elevation about 500 mb) shifts this massive as the surface trigger is eliminaled and upper-level
upper-level high to Tibet in late May to June. The mean westerlies move southward over the Plateau.
July 200-mb flow pattern over south-central Asia (Figure

* 2-9



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 believed to initiate the
anticyclone and set up the Southwest Monsoon's upper-level flow pattern over the western Indian
Ocean. The dashed lines are isotachs (kts).

--.-

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

Tropical Easterly Jet Stream (TEJ). Found only in and 18' N from May through October. The TEJ is
summer, the TE.J provides an outflow mechanism along generally found between 100 and 2(X) nib. Its mean wind
the southern edge of the Tibetan 2(X)-mb circulation that speeds average 50-60 knots, but 10) knots are not
sustains Southwest Monsoon convection. Its mean uncommon. Sec Figure 2-8 for the mean July position ol'
position is at about 11 N, but it oscillates between 70 N the TEJ.
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Figure 2-8. Mean ,July 200-mob Zonal Flow Showing Tropical Easterly Jet (TEJ). The d'ark arrow is the TEJ.

The stippled area represents easterly flow. The dashed lines are easterly flow isotachs (kts), and the solid lines arc

westerly flow isotachs.

S The "Onset Vortex" is a cyclone associated with the produced by the low-level Somali Jet develop beforeth

arrival of Southwest Monsoon flow over the Indian onset vortex.
Ocean-Arabian Sea area. They normally develop
between mid-May and mid-June in the eastern Arabian Figures 2-9a-c show 850-mb flow befo~re (2-9a),

Sea or Bay of Bengal. They resemble, and can become, during (2-9b), and after (2-9c) a 1979 onset vortex.

tropical cyclones or hurricanes. The disturbances arc 200 Researchers differ on the relationship between an onset

to 500 NM in diameter with a lif•espan of 3 to 10 days. vortex an(d the Southwest Monsoon. Some believe the

Surface winds near their centers reach 50 knots or more. vortex is a trigger for the Southwest Monsoon, while

Formation occurs at mid-tropospheric levels (usually 700 others think it forms in response to the Southwes•t

mb); there is subsequent intensification down to 85() mb Monsoon's move toward the Asian landmass.

with strong low-level convergence. Strong wesierlies
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Figure 2-9a. 850-mb Streamline Chart (1200 Z) for 23 May 1979 Prior to "Onset Vortex."

400

Figure 2-9b. 850-mb Streamline Chart (1200 Z) for 17 June 1979 During "Onset
Vortex." The "C" shows its position. 2-12



Figure 2-9c. 850-mb Streamline Chart (1200 Z) ror 27 .June 1979 After "Onset Vortex."
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TI IiE NORIII1EAST MiONSOON--TH1E ASI ATIC dominates much of' file Asian confincni. Radiatijonal
HIGH. TIhe Northeast Monsoon dlevelops in OJctober cooling is thc prinmary mechanism for its formation and
and lasts through April. Outflow fromn the Asiatic High intensification. C'entered ov'er western Mongolia, its
proiduces the low-level mnonsoonal flow andI primarily mean central pressure: is strongest (10t35 nilt) in January
alfects the eastern portion of thc region. Thc Indus11 River and February. Its vertical extent rarely execeeds 850(lilt.
Valley, howevcr, is the only subregion actually subject to0 Migratory Arcti air masses moving southwardl into
a Northeast Monsoon season; it lasts there fromn central Asia temporarily reinilore andl intensity tile
December to March. Thc Asiatic Hi-gh is a strong and Asiatic High.
very shallow semipermanent high pressure cell that

402402 0 08

Figure 2-10a. Mean October Surface Position of the Asiatic High. Mean central pressure (1023 rnb) is near 480

N, 900 E; in November, it strengthens to 1031 mb. Note that thle Pakistaini Heat Low (MIOl inb) and thermnal
trough (shaded) are still present in October: however, they weaken and disappear by the endl of November.
Low-level northerly and northeasterly flow penetrates intermittently into Iran, Afghanistan, Iraq, and Turkey. On
rare occasions, this cold air even penetrates into the Indus River Valley. Radiational cooling strengthens tile Asiatic
High over south-central Asia. This is normally the beginning of' the transition from Southwest to Northca-t
Monsoon.

2-14



00

24!00 120

Figure 2-10b. Mean January Surface Position of the Asiatic High. The Asiatic High is shown at mean peak
strength (1035 mb) near 490 N, 970 E. The maximum low-level northeasterly flow is in January and February
because south-central Asia is coldest at this time. 'The Asiatic High may exceed 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, 940 E with a mean central pressure of 1029 mb. Northerly and northeasterly flow over the region weakens.
Initially, the Northeast Monsoon retreats along the equator. By the end of March, northeasterlies only penetrate
south to 10- 11 N.
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Figu~re 2-l0c. Mean April Surface Position of' the Asiatic High. The dleveloping thermal trough is shadecd.I
Increasing radliation weakens mean central prcssure to 1022 rob. Thc broad-scale thermal trough rcappcars over

Indlia, Saudi Arabia, and northeastern Sudan. Northcasterlies disappear throughout the region as thc transitionl
begins.

MID- AND UPPER-LEVEL FLOW PATITERNS. oscillates from 60 N in January (Figure 2-1 Ie) to 24-27°

Figures 2-I11 through 2-14 show January, April, July, and N in July (Figure 2-1 3e). This oscillation provides the
October streamline flow at 850, 700, 500, 300, and 200 region with alternating periods of westerly anti easterly
millibars over the entire SWANEA study area, upper-level flow. Upper-level westerly flow occurs
Streamlines at the 850)-mb level are broken tip in higher throughout the year north of 300 N. Upper-level

terrain. easterlies may temporarily develop (luring the summer
over this region in conjunction with the Southwest

THE SUIBTR()PICAL• RIDGE. This upper-level Monsoon. April and October positions of the
feature is seen on 200-mob charts as an anticyclonic ridlge Subtropic.al Ridge can be inferred fromn Figures 2-I12c
that divides upper-lcvel westerly andl easterly flow. It and 2- 14e.
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Figure 2-11a. Mean January Upper-Air Flow Pattern, 850 mb.
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400.,

Figure 2-11b. Mean January Upper-Air Flow Pattern, 700 nil).
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Figure 2-11c. Mean January Upper-Air Flowi Pattern, 500 mb.
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Figure 2-1lie. Mean January Upper-Air [low Pattern, 200 mb.
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Figure 2-121). Mlean April Upper-Air Flow Pattern, 700 nib.
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Figure 2-12c. M1eaii April tipper-Air Flow% Pattern, SO0 nil).

2-20



00 IV 2V 300 404 50 00V 70'

Figure 2412d. Mean April Upper-Air Flow Pattern, 200 mb.
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Figure 2-13a. Mean July Upper-Air Flow Pattern, 750 nib.
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Figure 2-13c. Mean ,July Upper-Air Flow Pattern, 500 mb.
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Figure 2-13d. Mean July Upper-Air Flow Pattern, 300 mb.
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Figre -14. Man ctberUppr-Ar Foi' Ptteo, 5()mb
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Figure 2-14b. Mean October Upper-Air Flow Pattern, 700 mb.
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Figure 2-14c. Mean October Upper-Air Flowi Pattern, 500 nib.
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Figure 2-14d. Mean October Upper-Air Flow Pattern, 300 mb.
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Figure 2- 14e. Meamn October Upper-Air Flow P~attern, 200 ml).
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SYNOPTIC DISTURBANCES

. JET STREAMS. The Polar Jet (PJ) controls cold-air provides upper-level steering, shear, and outflow. Figure
advection and mid-level steering for developing 2-15 shows the mean positions of the PJ and STJ in
Mediterranean cyclones, while the Subtropical Jet (STJ) January and July.

40
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Figure 2-15. Mean January and July Positions of the Polar Jet (PJ) and the Subtropical Jet (STJ).

The PJ's mean monthly position over Europe ranges The STJ shows more seasonal and less daily
from 55 to 650 N. Mean daily PJ positions vary north to variability than the PJ. Mean STJ positions over the
south by 10-300 NM. Maximum wind speeds occur in subtropics range from 25 to 450 N. Maximum
December through March, varying from 60 to 160 knots December-April wind speeds average 80 to 18(1 knots at
near 30,(XX) feet (9,146 meters) MSL. Southward a mean hcighl of 39,000 feet (12,0(X) meters MSL) near
movement to between 30 and 45' N is most frequent 200 robs. May-November wind speeds only average
between December and March, but can, on rare 30-60 knots. The STJ is weakest (30 knots) in July and
occasions, temporarily enter the eastern Sahara Desert or August.
northern Middle East Peninsula as late as June. 2-27
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Figure 2-16. Vertical Cross-Section Along 450 E On 5 january 1978 (OOOOZ). The "Y" axis is in millibars,
while the "X" axis is a north-south cross-section with slation identification codes (5-digit code number) and latitudes

given. lsotachs (solid lines) depict wind speed in knots; isotherms (dashed lines) depict temperatures aloft (F).

There are two cores--one near 3 10 N at 150 mb (mean core speed 200 knots), the other near 250 N at 220 nib (mean

core speed 160 knots). Two-core development of the STJ is possible in December and January.

The greatest effects of either jet are seen between mean position of the STJ. Surface lows developing in

December and April when cyclogenesis is most common, the eastern Mediterranean Sea and moving

Surface lows develop in the Mediterranean when a strong east-southeastward may also be alfected by jet stream

PJ digs south of 300 N and forms a deep upper-level interaction. Figures 2-17a and b illustrate generalized

trough. Northerly flow often develops on the cast side of PJ/STJ interaction and low-pressure intensification areas

a blocking surface high-pressure ridge over the eastern I-or Alias and Cyprus Lows.
Atlantic Ocean. The preferred area of low-pressure
center intensification is under the southeast quadrant of Figure 2-18 gives analyzed data for mean January

the upper-level trough. The low often deepens in the wind speeds across the region. Note that the STJ ridges

area between the two jet streams. Jet stream interaction across the Near East Mountains region, providing

most frequently occurs with Atlas surface low formations uplper-level divergence.
because they develop between 25 and 300 N--close to the
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Figure 2-17a. An Example of Jet Positions During Figure 2-17b. An Example ofl' et Positions During
Formation of' an Atlas Low. Surface low formation Formation of a Cyprus Low. Surface low formation
and intensification area is denoted by the circled X. and in tens ification area is (lnoted by the circledl X.
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STORM TRACKS. Figure 2-19a shows typical
Deccmbcr-February storm tracks that affect the Near 2
East Mounlains; Figure 2-19b shows March-May tracks,
and Figure 2-19c shows November's. Mid-latitude
storms from June to October are very rare; an intense
upper-level trough, however, can cause abnormal rainfall
over Turkey and northern Iran in isolated cases.

41

2b 410 610

i41

BFigure 2-19b. Primary (short, solid arrow) and
Secondary (dashed arrow) Mid-Latitude Storm
Tracks, March, April, and May. The "X" identifies the
important northern Sahara Desert storm track that can

A ,affect southern Iran. Cyclogenesis over the northwest
Black Sea can bring a weak cold front across the region.
Leeside troughing along the Atlas Mountains initiates
Atlas Low cyclogenesis inland over northwest Africa.

Figure 2-19a. Primary (short, solid arrow) and The Atlas Low track produces mid-latitude, frontal-type
Secondary (dashed arrow) Mid-Latitude Storm weather in the region in April and early May. Several
Tracks, December, January, and February. The secondary surface low storm tracks may occur during
primary track passes through the eastern Mediterranean this period.
Sea basin. Secondary tracks reflect surface cyclogenesis
associated with Cyprus Lows and troughs with southern
European cold fronts. This is particularly true for storm'. 4 60

tracks that run through the Persian Gulf ("A") and thie
Fertile Crescent ("B").

Figure 2-19c. Primary (solid arrow) and Secondary
(dashed arrow) Mid-Latitude Storm Tracks,
November. The inean November storm tracks shown
here normally originatc in the Me(literranean Basin and
m(ove east toward the Near East Mountains. Lows

(devehlop iii response to Ihe southward mov lememne o)l tilet

Polar Jet.
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CYCLONIC ACTIVITY. Five cyclogenesis areas Iraq, Iran, Afghanistan, and even Pakistan between late

affect the Near East Mountains; their locations and NovemLvr and April.

movement are shown in Figure 2-20. Fronts move into

ew 40

20

Figure 2-20. Mid-Latitude Cyclogenesis Regions. The five primary zones of cyclogenesis are (I) the Atlas

Mountains, (2) the Eastern Mediterranean, (3) the western Black Sea, (4) the southern Caspian Sea, and (5) the
Western Mediterranean.

Synoptic considerations determine the specific area systems with upper-level support are necessary to

for initial low formation and movement. Resulting develop a secondary low and bring heavy showers and

wealher varies greatly with each frontal passage. Surface thundershowers to Afghanistan and Pakistan. These

pressure patterns, shortwave troughs, vorticily advection, secondary lows typically form to the north of Turkey and

and jet stream positions help to determine the severity of Iran ove, the Black and Caspiani Seas, and to the south

a system. Low-pressure systems and surface cold fronts over the Persian Gulf and the extreme northern Arabian

affect the region's weather between late October and Sea.
April. Systems reaching Iran, Afghanistan, and Pakistan
are called "Western Disturbances" by most South Asian True frontal passages through Afghanistan are almost

meteorologists. unknov.n because o1 [he high mountain ranges. Cold air

Irom Central Asia filters through the mountains ol

Cyprus Lows and Atlas Lows may extend cold fronts Afghanislan behind (depre-;ions to the south, as shown in

into Iraq and Iran; however, very deep low-pressure Figure 2-21.
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Figure 2-21. Mediterranean-(enerated Cyclhne Crossing Near East M~ountains. The Cyprus Low developedalong a co~ld fronlt (not shown) that extended from southern Europe. The solid arrow shows the path of the southern

European cold fr'ont, while the dashed arrow represents Cyprus Low movement.6

From late October to April, frequent frontal systems April when the A/ores High moves northwest, resulting
affect northern Turkey, the northern third of Iran, and in a shift in mean mid-level flow Iromn zonal to
northern Afghanistan. The most severe and widespread meridional. Northerly flow favors a sotuthward

conditions are with secondary lows forming in the Black movement of European disturbances alotng the Polar Jet.

and Caspian Seas. Significant weather south of this axis
normally occurs three to five times a month from late The PJ often (digs along the backside of the 500-mob

November through mid-April. Extremely strong trough to produce uplift along the Atlas Mountains.

upper-air troughs can bring anomalous condlitions south Midl-level coldl air and moisture crosses the Atlias range

into the Northern Arabian Sea. as a cohl core, cut off low or shortwave. If northerly
flow persists for more than 3 dlays amnd intense po~lar air

The Atlias ILow. From March to April, Atlias L~ows form sutrges sottth of 300 N, the P1 andl the mean Atlias L~ow
southeast of the Atlas Mountains in the north- central stonn tr'ack shiift southward into the north-central Sahara.
interior of" Algeria. They mnay also form from O)ctober to These storms move (lue east across the noriherni Sahara

early December near" 300 N, 20 E. "lhe Pola_.r andl and into the centiral Red Sea. With upper-level support,
Sr kbtropical Jets are iil~xirtant in providing upper-levi' the surflace low crossecs central Sau~di Arahia into the Gulf

sunpport to these systems, whic'h form when a m io(r of ( )nian and finally enters ,southern Pakistan. Sonic
upper-level trough, orientedl NE-SW over Spain, i • Io•, srac'k northeast into the soutlhwestern Zagros

ip)sitionedl over a surface low reoving southeastwardl nulotlaitns of Iran. Figure 2-22 shows a secondlary low
across Europe. These conli tiotns ot'r in March amid 11,0n fl( crss Saudli Arabia.
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Figure 2-22. Synoptic Surface Chart (17 April 1964, 1200Z/1500 LST) Showing
Secondary Low Formation Along the Active Cold Front. Note the strong pressure gradient
across Iran with easterly winos. 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 along the polar-subtropical jet axes (WSW zonal flow).
increase the warm and dry southeasterly Sahara surface A well-defined cold front that remains intact and mnoves
flow ahead of the developing Atlas Low. Without into southeastern Egypt at 22-25' N may also develop a
sustained northerly flow, Atlas Lows move secondary surface low along the surface cold front.
northeastward over the south-central Mediterranean
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The Cyprus L~ow generally moves east-southeast across ,inflow of' northwestcrlics f'rom (ihe Aegean Sea over
Iraq and northern Saudi Arabia; it can move through the warmn castern Mediterranean waters and (2) instability
Persian Gulf into the northern Arabian Sca. B~etween late alol't causedl by cold, slow-moving, migratory (mlid- and0
November and late March, sccondlary lows forming on upper-level) polar troughs. Figure 2-23 shows sLir!"Icc
such systems in thc extreme southern Persian Gull'or the circulation duiring Cyprus low dlevelopmcnt, and Figure
Gull' of Omnan are, normally the. only surface systems 2-24 shows a generalizecd mean surf'ace pressure pattern
reaching the Indus River Valley. Two factors that or thie dlevelopmnent of a Cyprus Low.
contribute to Cyprus Low cyclogenesis are: (1) low-level
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In winter, 25-50% of Cyprus Lows produce cold Cyprus Lows inost frequently track cast or southeast
fronts that reach the Persian Gulf: about half of these into the Fertilc Crescent and Persian Gulf. Occasionally,
system% form a secondary low in the southern Persian the Cyprus Low moves into the (ulf of Oman toward
Gulf or Gulf of Oman that moves eastward into the Pakistan. C)ylogenesis nonnally occurs over the
southern Indus River Valley. These fronts arc the southern Persian Gulf or the Gulf of Oman. An actual
primary weather producers for the southern Zagros Cyprus Low rarely reaches the Indian sub-contincnt.
Mountains, the extreme southern Central Deserts, the
southern Eastern Mountains, and the southern Indus Cyprus Lows are generated over warm water surfaces.
River Valley. As a result, less instability is needed to sustain lower

surface pressures. Furthermore, favorable mid- and
A thunderstorm outbreak with significant rainfall upper-level westerly flow is frequent from December

requires cold air (usually 15-18' F/8-10 0 C cooler than through March, whereas the Alias Low cyclogenesis area
the environment) between %0) and 7(X) mb. Very cold requires a sustained northerly flow pattern only common
polar troughs occasionally penetrate into the eastern during transitions. Cyprus Low formation does not occur
Mediterranean Sea with moist low-level support through exclusively between December and March, and Figures
the Aegean Sea. Warm Sahara air combines with Red 2-25a-d illustrate a sequence that occurred in
Sea moisture advected ahead of the cold front to create mid-November. The first three figures are surface charts
favorable low-level conditions for severe thunderstonns showing the low's development; the fourth is the
over the southern Anatolian Plateau; strong positive accompanying 5(X)-mb chart.
vorticity advection, however, is required to trigger their
development.
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Figure 2-25a. Surface Synoptic Chart (16 November 1953, 0000Zt, Cyprus Low. Pressures are in millibars.
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Figure 2-25b. Surface Synoptic Chart (17 November 1953, 0090Z), Cyprus Low. Pressuresa~re in minilibus.
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Figure 2-25c. Surface Synoptic C hart (18 November 1953. 00007). Cyprus Lim PP. sstjw.ý acI in niilliharii
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The Illaick Seat Low. Although Black Sea lows can Figures 2-26a and 1) show 500-mb flow patieriis over
develop year-rouaid, they typically form f'rom April to North Arrica and~ Europe on 18 amid 20 August 1949 ait
Ocxtobecr as secondary lows. Primary summenr stormn 03(X)Z. They also show a (Jeep 500-nih trough extendIing
tracks normall y cross central and northern Europe, hut onl from Scandinavia south to 250 N, with a cut-off' low
rare occ~asion, a decp mnid-latitude trough extendIs south fbrming in support of the surface cyclone ovcr tilc Black
over the Black Sea where thc warmer water initiates Sea. Although this flow pattern is rare, it produtces
cyclogenesis. These lows nomnially track northeast or significant precipitation.
cast-northeast. Thunderstorms, heavy rains, andf high
winds are not unusual over the the Black Sea Plain and
the immediate mountains,

ggsoO

.7'

Figure 2-26a. 500-mb Flow Pattern (18 August 1949, tflOZ), Black Sea Low. Contours represenit heightilml
gcopxotcntial meters (gpm).
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Figure 2-26b. 500-mb Flow Pattern (20 August 1949, 030OZ), Black Sea Low. Contours represent height in
geopotential meters (gpm).
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Figures 2-26c and (I are (XOOOZ surface charts r()r 19 low-pressure cell (levelops ncar Italy anid oil thle 2011l,
and 20 August 1949. The most significant weather whcn the Black Sca Low dlleepes and the cold f'ront
features shown in these figures are oil the 19th, as a mnoves into the Sahara,
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Plgurcs 2-27a-d depict a mid-January Black Sea Low ihunderstorms also develop in winter, but less
sequence. T17he coldl front nonnally extendls south Into the frequently, Miaximum tops tire normally below 30,(XX)
Mediterranean Sea, Although the Black Sen's northern feet (9,146 meters) MSL. Heavy snlow falls over the
fringes freeze over (luring the winter, the southern half northern Anatolian Plateau and the mountains of'
normally remains ice-free and the warm water helps northeastern Turkey.
initiate cyclogenesis. This synoptic situation can
produce extensive freezing rain over the northeastern
Black Sea.

40 4 @* cv o t~WE ~ 40, W .1
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Figure 2-27c. Sy~noptic Surface C hart (20 jaunuary 1951, OOOOZ), Black Sea L ow. Pressures ar m i'ibars,
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Figure 2-27d. Synoptic Surface (hart (21 Jlaniuary 1951, 000074, Black Sea Low.i PreSSure is in mlillibairs.

Casp~in ea Lw. 'ire 'asian ea po\' des IHeav y cumulus w ith a rare t huniderstormr, very hecavy
low-level moisture source for inigratory inid- and~ rains, and~ high winds occur immtiediately beh1ind tlhese
upper-level troughs. Extensive mountain rngeps along systemis as (hiey, pass over (the Caspian Sea Plainl and die

- ~~~the ccriitral anrd sou thern rsections of, the ('asp nan Sea iiou rita iris to thre 11111 ed ial southm(I. In wjinll C ria in
coastline often generate second~ary surl'ace lows through usuiallY changes to snow above 5001- I ,U( X fee ( 157-3015
lee side troughing. This can occur at any, time of tile nreiers MS1 I'l lurndc I storirr tops ire usually below
year, hut November to3 March is favoreul. 'These systemls 30,N ()1 Icect (9.146 nieters NIS[ L.lows. average f roim
p~lay a maJor role in the weather of (Ihe (iaspiarr Sea Plain one to thiree a mronth lio om uid-l c-ccnrber thrrotugh early
andl~ northern Iran. [Juritig thle wiliter. file nordiern11 March, huut actuali rirecv 'aies 1wIl rorcar to eCar.
two-thirds of thie C'aspiani Sea bCcomes ic-c-Covered
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Genoa Lows form in the Gulf of Genoa (in the Subtropical Cyclones. The subtropical cyclone shown
northern part of the Ligurian Sea); they (levelop in Figure 2-28, also known as the "monsoon
primarily from December to March and account for 69% mid-tropospheric low," forms in the Arabian Sea. Its
of all Mediterranean Basin cyclones. Airflow over the circulation is strongest at mid-tropospheric levels.
Swiss Alps produces lee side troughing off the coast of Unlike tropical cyclones, which are warmn-core
Italy. Transient disturbances intensify in this trough, throughout, the subtropical cyclone has a cold core in the
normally intensifying for 12 to 48 hours before moving mid-layers and a warm core aloft. Latent heat released
out into the north-central Mediterranean. There are three through deep convection may provide enough warming
common patterns for Genoa Low development: to create the appearance of a tropical cyclone circulation

and, given time, can actually change the low into a
1. The movement of a surface cold front into the Gulf tropical cyclone.

of Genoa from the west in advance of an upper-level
trough. The trough produces southwesterly flow aloft in The rare subtropical cyclones that develop in the
the warm sector. Unstable cold air advected by strong northeast Arabian Sea between June and September are
northerly surface winds through the Rhone Gap in not frontal-type systems. They develop from downward
southern France produces cyclonic turning at the lower penetration of a mid- or upper-level low. The
levels. The warm Mediterranean Sea supplies moisture pre-existing upper-level low is enhanced through
to the developing low, which moves southeast into the interaction with an advancing upper-level trough in the
Mediterranean Sea, then turns east toward Turkey. The westerlies. The Somali jet may assist in initiating
primary track is east-southeastward into Cyprus with a cyclonic curvature at the 850-mb level.
secondary east-northeastward track into the Black Sea.
The cold front normally extends 2(X) NM inland into Subtropical cyclones also occur once or twice a year
northern Africa, but the southern end is weak. (between November and early March) in the Arabian

Sea. Deep polar surges can temporarily disrupt
2. The establishment of a blocking 500-mb ridge over Northeast Monsoon flow and cause a subtropical cyclone

the eastern Atlantic along the coast of Europe that brings to form in the wake of a migratory upper-level trough (or
north-to-northwesterly mid-level flow into the Mecdi- cut-off low). The circulation may become self-sustaining
terranean basin. Icelandic Lows passing to the north as it is gradually surrounded by warmer air. Movement
extend cold fronts southeastward over Spain and France. is generally westward with resumption of nonnal
The blocking longwave ridge steers shortwaves into the mid-level flow. Successive polar troughs prevent
Gulf of Genoa, where the cold air aloft, warm water at intensification.
the surface, and lee side troughing combine to intensify
them. The low normally tracks southeastward over the Some characteristics of subtropical cyclones arc:
central Mediterranean Sea. These migratory systems
may bring short periods of light showers, (frizzle, or I'hey are self-sustaining. Convection near the center
virga to areas east of 150 E and north of 230 N. produces a closed circulation. Maximum convergence is

between 400 and 6W) rob, also the zone of steepest
3. Cyclonic shear over the Strait of Gibraltar pressure gradients and strongest winds. Upward motion

produces an upper-level cut-off low in the western above this zone leads to condcnsadion and (lee)
Mediterranean. About 10% of these vorliccs reach the convection, while descending motion below the
Gulf of Genoa and intensify into a Genoa Low; they convection is c(xole(l by evaporation.
bring mid- and upper-level clouds, but no precipitation in
northeast Africa down to 250 N. Trade winds prevail at the surface away from the

centcr. There is a subsidence inversion over the trade
TROPICAL ACTIVITY. Monsoon Trough convection winds. Trade wind flow is disrupted at the surface closer
organizes into intense tropical disturbances over the to the center. The cyclone may or may nol actually
Arabian Sea, the Bay of Bengal, and the north Indian develop eyclIonic circulation at the surface.
Ocean, primarily (luring the transition nmonths of May,
October, and November. Subtropical and iropical Subtrolpical yctloncs (to not normal!) di Ssipate:
cyclones can bring severe weiather, hut it is rare. These, instead., s1ucc•ssiv' uipper- lvcl Irrotighs aihrh Iht lmu ilot
stornms affcct the Indus River Valley and Ih sutmlhern 111th %cscrliehs. surflac riction pIlal :,I limilt'd ide

portions of the Eastern Mountains. Organielld tr10pical IheCaIeC th11 ,lituirh.n',CS arc (over \\acite and doll'i
squall lines are extremely rare. nornrally reach thc sýurlacc.
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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 minuses. Regions of air moving
vertically and undergoing dry adiabatic temperature changes are denoted by r'D"; regions
undergoing moist adiabatic temperature, by "M".

Tropical Cyclones are most frequent in the Arabian Sea Monsoon Depressions. Originating in the Northern Bay
during the transition months of May, October, and of Bengal, these warm-core tropical disturbances move
November, but a few (10%) develop in the summer. The west-northwest across extreme northern India towards
surface Monsoon Trough is responsible for the the Indus River Valley. They develop when the
development of tropical cyclones as it moves north and Monsoon Trough lies parallel to the Himalayas in the
south from the Asian landmass during the transition. A Ganges River Valley from late May through early
major source region of Arabian Sea tropical cyclones is September. They generally begin as tropical cyclones at
centered at ! 10 N, 71 E, but some form in the Bay of tropical storm strength, but winds dic rapidly as they
Bengal and move across southern India into the Arabian move inland. Stronger depressions stay iniact long
Sea. enough to bring isolated rainshowers and towering

cumulus to the Indus River Valley and the Eastern

No tropical cyclone statistics are included here Mountains subregions. Stronger showers and
because so few actually strike the Near East Mountains thunderstorms can occur over the higher ridges on the
region, where only three have been recorded in 95 years. north and west sides of the Indus River Valley and the
Most turn to the northeas: and make landfall in India. lower peaks ol the southern Hindu Kush. These
The others go west into the Arabian Peninsula or the depre!.sions can occur every 10-14 (lays and persist for 2
Horn of Africa. An occasional storm may hit between to 3 (lays. Figures 2-29a and b show monsoon
Bombay and Karachi, producing significant rainfall depression tracks region during their peak period in July
amounts along the Indus River Valley's Indian Ocean and August.
Coast. Rainlall and area coverage vary widely Irom year
to year.
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TRACKS OF CYCLONIC STORMS
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Figure 2-29a. .Iuly Monsoon Depression Tracks in the Northern Indian Ocean Basin, 1891-1960) (Indian
Meteorological Department, 1964).

2-48S



TRACKS OF CYCLONIC STORMS
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Figure 2-29b. August Monsooon Depression T'racks in the Northern Indian Ocean Basin, 1891-1960 (Indian
Meteorological Department, 1964).

Monsoon Breaks. Recent research (from preliminiary Indlian subcontinenit requires the 500-mbh subtropical
results of the November 1988 World Meteorological ridlge to stay' north of' 23-25' N. One the ridge retreats
Symposium at Pune, India) suggests that extremely south of that point, a 'monsoon break" occurs, A
strong troughs in the upper-level westerlies may hc the numerical nmodel shows that the Tibetan High breaks
primary cause for "monsoon breaks,' thc name given to a down, and in extreme cases disappears, when anl
sudden surge of the Monsoon Trough northward into the extremely strong trough in the tipper-level wester lies
lower Himalayas, followed by cessation of' rainfall over north of' the Tibetan Plateau brings unusually cold air
central an(I southern India. A new Monsoon Trough then southward. The immediate result is the very temporary
forms near 100 N and advances northward to the Ganges (48 to 72 houirs) appearance of mid- andl upper- level
River Valley. The cycle takes from 10 (lays to 3 wecks. westerly flow south of the Himalayas. The 500-mib

subtropical ridge retreats to necar 15c N. Convect ion
Indlian Geosynichronous Meteorological Satellite dramatically' weakens andl precipitation ceases north of

(INSAT) data, along with upper-air soundings, shows 2 2--213 N.
that sustained mfonsoonl flow and precipitation over the
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Abnormal Southwest Monsoon Flow. About once Iran. Precipitation amounts are variable over
every 4 years, a deep "omega" pattern in upper-level northwestern Pakistan and northern Afghanistan due to
westerlies over the European Soviet Union results in the orographic lifting in the mounltainous terrain. This
development of a closed low over southern Iran, This phcnornenon generally occurs early in the southwest
brings Southwest Monsoon moisture northwest and then monsoon and lasts from 3 days to 3 weeks. Figure 2-30
west into Afghanistan and, in extreme cases, northern shows a 700-mb chart for such a case in latc July 1956.

0 0

Figure 2-30. 700-mb Contours Ov'er Central Asia With Abnormal Southw~est Monsoon
Flow, (25 July 1956, 0200Z). Isolines arc in gceopotential meters (gpm ).
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MESOSCALE AND LOCAL EFFECTS

O MOUNTAIN/VALLEY WINDS develop under fair Mesoscale Mountain/Valley Winds average 6-12
skies with light and variable synoptic flow. They are knots. Daytime valley winds (Figure 2-31a) arc
site-specific phenomena, common everywhere near strongest, averaging 10-15 knots between 650 and 1,3(X)
mountain ranges. Mid- and upper-level subsidence limits feet (2(X) and 4(X) meters) AGL. Nighttime mountain
regular diurnal convection over the mountains, but winds (Figure 2-31b) average only 3-7 knots at the samne
shallow, mesoscale convection can occur diurnally due to level. Deep valleys develop more nocturnal cloud cover
mountain/valley circulation. than shallow valleys because convergence is stronger.

Mesoscale mountain/valley circulation has a maximum
There are two types of mountain/valley wind: the vertical extent of about 6,5(X) feet (2,0(X) meters) AGL,

mesoscale, and the localized microscale (upslope or depending on valley depth and width, the strength of
downslope). The key differences lie in temporal and prevailing winds in the mid-troposphere, and the breadth
spatial scales. of microscale slope winds.

00

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

00- 06h

400

Inversion

Figure 2-311). Typical Nighttime Mountain/Valley (Circulation (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 upsiope windl~~'~
speeds are 6-8 knots; mean nighttime (Iowflslolpc speedls .,

are 4-6 knots. These speeds are, foundI at elevations no
higher than 130 feet. (40 meters) AOL. 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 life cycle of a typical mountain-valley wind Figure 2-32d. LATE AFTERNOON. East-lacing
circulation. The light arrows represent microscale slopes begin to cool; upslope flow weakens.
circulation; the dark arrows, mesoscale circulation.

Figure 2-32a. SUNRISE. Sunshine almost Figure 2-32e. SUNSET. Although rnicroscalc
immediately generates upsiope windI development, hut (lownslopc wind component% dominate the surface
the downslope mountain wind persists because boundary layer, mesoscale upslope valley flow retains
mesoscale flow overrides microscale flow. Generally, weak momentum.
the transition between Figures 2-32a and b is 0700-l(X)0
LST, but local terrain determines how soon sunlight can
start the i-icroscale upslope wind, which is not fully
developed until the entire valley surface is heated enough
to stop the mesocale clownslope mountain wind.

Figure 2-321'. LATE EVENING;. Downslope winds
domi11nate.

Figure 2-321h. LATE MORNING. Widkspread surface
heating continues to generate mnic roscake upslope flow,
cutting off any downslope mountain circulation.

Figure 2-32g. MID)NIGHIT. Downslope, winds fceed thc

Figure 2-32c. MID)DAY. Sunshine covers the entire
valley floor, and upslope flow feedls v'alley circulation. 25



MOU!NTAIN WVAVIES. Mountain wave tuirbulence,
~~XI

dowidrllsof he ave,. Rotor clouds, rarely scee over
the soulthern Hindul K ush and ZagroIs ia nges, produic e thle
strongest turbulence because., of' sudden directional
shears. B~etween November andl April, occasional mid-
andI uppcr-level troughs in thc westerl ies may prodluce

Figuire 2-32h. PRIE-IAWN. Winds are calmi Just lighatLo moderate turbulence over the coastal fringes
before surIface heating beg' ns at( thie microscale; the immnediately adJacent to the Taurus and Zagros
inesoscale (lownslopc mountain circulation retains its Mountains, as well as potentially (dangerous mountain
momentum. Microscale olownslope windls end Just waves along their eastern slopes. Turbuilenice may also
befbOre sunrise; upslope winds begin again at first light, occur near the Subtropical Jet.

Orographic tupl ift may accentuate inesosca le C'onditlions necessary Imr mountain wave. formiation
mountain/valley convergence above 6,000-7,0(X) feet include sustained winds of 15-25 knots with wind flow
(1,830-2,130 meters), producing short-lived convective orientedl within 3(0 degrees of perpendicular to the ridIge.
cells. This is common in the extreme southern Z.agros Waves develcp when air at lower- levels is l'orced uip andl
mountains of' the Western Mountains stibregion dutring over the windwardl side of the ridge.
summer. The Taurus, Zagros, Fibur,., Hindu Kush, and
Himalaya Mountains produce extensive Upl if), heavy Wavelength ampl it ude is dlependtent onI Wind speed
cloud cover and heavy precipitattion between November and lapse rate above the ridge. Light w~inds h1 llow the
and April, but transitory low-pressure systems andl their contour ol' the ridge with I i! te (lisplauL cnct above arid
associated upper-air troughs are necessary to provide the rapid dampening beyond. Stronger winds (displace air
moisture, above the stable inversion layer; upward displacement of'

air can reach the tropopause. D~ownstream, the wave
Mountain inversions (levelop when coldl air builds up propagates Imr an average dlistanice of' 5(0 times tihe ridlge

along wide valley floors where nighttime downslope height.
wind convergen~ce is weak, The ,:old air dlescendis fromt
the slopes above. the vailey at 8- 12 knots, but loses L-enticular clouds fOrin when air is forced up alIe

mometumwhe itspreds ut verthe valley floor. By wave. These. cigar- or ihsaeclusdvopmny
tL im h downslope flow Irom both slopes can in the miiid- and upper-leve Is, and are often -,tacked one
comnverge, wind speeds average only 2-4 knots, The c:01( above the othecr. Rotor clouds formi when a core of'
air rep~laces warm valley air at the surl'ace. If' there is strong wind that dloes not exceedl 1.5 times thle ridge
sufficient nicisture or pollution, a fog and/or smoke layer height moves over the ridge. heecodmant
l'orms near ihe base of' the. inversion. First light initiaies always become visibte in dtry regionis. Figure 2-33 shows
upslope vinds by warming the cold air trapped on thie a ftil iy developed Iec-wavz' system.
valley floor. Warming of' the entire boundIary layer
commences neat thec 5(10-foot ( 150-mecter) lcvel AU I..
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Figure 2.33. Fully Developed Lee-Wave System (from Wallace and Hobbs, 1977).

DUSTSTORMS. Given the right conditions, duststorms Synoptic Conditions.
generally form at elevations below 4,(XX) feet (1,220
meters) MSL. Although they occur most often in the Active cold fronts. Between November and April.
Central Deserts, no location is totally without these dusLstorms may develop with frontal passages. Gusts of
phenomena. Duststorms carry suspended particles over 15-20 knots are enough to lift dust and sand. A pressure
large distances, often reducing visibilities to less than 30 gradient of 6 to 8 mb/100 NM produces widespread
feet (9 meters). Season of occurrence, wind direction, duststorms with low visibility. Severe duststorms occur
amount of particulate matter, and duration vary by with persistent northwesterly and northerly winds over
locality. Large-scale duststorms often persist for I or 2 the Central Deserts and the Hindu Kush.
days prior to a frontal passage (such as with an Atlas or
Cyprus Low). Convective activity. Convection produces local

cumulus downdrafts well in excess of 30 knots.
Dust devils are, in effect, miniature tornadoes set off Visibilities can be greatly reduced within minutes.

by intense summer heating. Diameters range from 10 to
300 feet (3-91 meters). Dust devils may last 1-5 minutes. Local Surface Conditions. Soil type and condition
They occur most frequently over the sandy portions of controls the amount of particulate matter that can be
the Thar Desert and the Central Deserts subregion. raised into the atmosphere. Dry sand or silt, for example,

is easily lifted with a 10-15 knot wind. Thin haze is a
Surface temperature inversions tend to dampen persistent feature of the Near East Mountains area

turbulent mixing in the lowest layers and reduce the between April and October when lighter winds may
effects of sand and duststorms from day to day. leave particles suspended for several hours to several
Typically, inversions break down several hours after days. Strong winds may cause fine (lust, sand, salt, or
sunrise, allowing turbulent mixing in the lower layers; silt to travel hundreds of miles from the source.
however, large-scale synoptic disturbances may override
the nighttime duststorm minima. A knowlcdge of surface conditions helps in

(ttcrmining whciher or not a strong frontal passage or
The origin and nature of a duststorni depcnds on mid-level Irough will reduce visibility to less than 3

general synoptic and local surface conditions, as well as miles. Recent precipitation obviously inhibils the raising
on seasonal and diurnal considerations, as shown of' dust. Low visibilities in (luststornls arc coninion
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where the soil is very fine, but mountainous and stony "Common" land/sea breezes affect all coastal areas.
surfaces limit particle suspension. Vehicular traffic in Prevailing local sea-breeze wind directions can vary by
the desert raises dust and makes conditions more 45 degrees or more from prevailing flow. In cases of
favorable for duststorms, even with lighter winds, weak synoptic flow, the sea-brecze component can

override synoptic-scale winds completely. Figure 2-34
Seasonal Considerations. shows the "common" or land/sca breeze circulation under

calm conditions with no terrain influences and a uniform
November to March. Thin dust-haze is the most coastline. Onshore (A) and offshore (B) flow intensifies

frequent restriction to visibility during fair weather, in proportion to daily heat exchanges between lind anrd
Several weeks of fair weather allows surface heating and water. Common land/sea breezes normally reverse at
sea breezes to accumulate fine silt in the air. Duststonns (lawn and dusk.
associated with warm and/or cold frontal boundaries are
not common, but they may produce potentially severe A Day
duststorms with low visibility (1-3 miles) over large
areas. Sustained 20-knot or greater surface winds that -
persist for 3-9 hours occur with Atlas and Cyprus Lows.
Low visibilities may occur, along with abnormally strong HI LOW
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 duststorms that restrict visibilities to 3-6
miles. IB -. . . Night

Diurnal Considerations. f -

lDaytime. Hot and dry surface conditions in June, LOn• HIGH
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. :an7 Breeze

Nighttime. Cooler surface temperatures create stable
conditions in the adjacent surface layer, minimizing Figure 2-34. The "Common" Daytime Sea Breeze (A)
turbulent mixing, and Nighttime Land Breeze (11). Thick arrows

represent pressure gradient and direction of flow.

LAND/SEA BREEZES generated by differential "Frontal" land/sea breezes arc the product of the
heating are found on the Black Sea Plain, on the Caspian "front" between the land and sea air masses. The
Sea Plain, and along the coastline of the Indus River transition for wind reversal is delayed by 1-4 hours
Valley sub-regions. They rarely extend above 2,000 feet because gradient flow prevents the sea-breeze boundary
(610 meters) AGL or 15 NM inland without supporting layer or "front" from moving ashore. Figure 2-35a-f
synoptic flow. The transition between land and sea shows a typical "frontal" land/sea breeze sequence. Solid
breezes and wind strength vary greatly depending on blocks denote the land surface, while dashed lines
season and location. Local land/sea breezes can be very represent water. Vertical lines show the sea-breeze
complex, depending on synoptic circulation, shoreline boundary layer and arrows represent wind circulation. A
configuration, and terrain. There arc two types: knowledge of gradient now direction and strength will
"common" and "frontal." determine what eflcct this land/sea breeze type will have

in delaying onshore flow.
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Figure 2-35a. (gradient Flow With Offshore Wind Figure 2-35e. Sea Breeze "Front" Reaches The
Component Slopes Gently Over A Dense, Cooler Coast. Note the increased deplh or onshore flow il the
Marine Boundary Layer. Shearing action along the marine botundary layer. Compare with Figure 2-35c.
"Iront", or land/sea air mass interface, compacts the
layer. Gradient flow strength delermines the magnitude
"of compacting. -'

- --- ..- Figure 2.351'. Land/Sea Breeze Mechanism In Full
Swing. Offshore flow alolt, onshore flow at surface.

Figure 2-35b. Increased Compacting Tightens
Pressure Gradient Along Land/Sea Interface. If the Topography parallel to coastlines modifies the
gradient is weak, land surfaces heat rapidly. As a result, land/sea breeze in several ways. For one, orographic
the surface pressure gradient and winds resemble those in uplift induces sca-breezc stratiform/cumuliform
Figure 2-35a. cloudiness and deflects surface winds. The mesoscale

mountain circulation accelerates the land breeze over
open water. High coastal terrain produces steep
nighttime temperature gradients. Strong offshore

_ _'_gradient flow produces the "frontal" type land/sea breeze.

Coastal configuration also has an effect on land/sea
Figure 2-35c. Maximum Compacting of the Marine breezes. Coastlines perpendicular to synoptic flow
Boundary Layer. At this instant, the surface winds maximize sea breeze penetration, while coastlines
inside the marine boundary layer show onshore direction, parallel to the (low minimize the effect. Hot and dry
The marine-layer surface flow may take several hours to land surfaces along coastlines significantly mnodify moist
reach the coast. Momentum accelerates wind speed with onshore flow within 20 NM of the coast. Without
time. significant orographic uplift, sea-breeze cumulus rarely

develops beyond the immediate coastline.

Figure 2-35d. Frontal Sea Breeze Accelerates
Towards Shore. Initial "frontal" sea breezes may
sustain 20-knot winds for 15-45 minutes.
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REGIONAL WINDS. moderating temperatures and bringing clear skics.
Winds of 30 knots have been recorded along the Caspian

Eteslan winds are northerly. They affect the coastlines Sea, but stronger winds in this data-sparse area are
of Turkey from mid-May through mid-September. This possible.
monsoon-like flow persists because of a thermal trough
over the Turkish interior that interacts with high pressure WET-BULB GLOBE TEMPERATURE (WBGT)
over the Balkans. Speeds occasionally reach 30 knots, HEAT STRESS INDEX. The WBGT heat stress index
usually in July or August. provides values that can be used to calculate the effects

of heat stress on individuals. WBGT is computed by
Sirocco winds occur over the Central Anatolian Plateau. using the formula:
Siroccos are hot, dry, and dusty southerly to
southeasterly winds in the warm air sector of advancing WBGT = 0.7WB + 0.2BG + 0. 1 DB,
lows moving east or northeast across the eastern
Mediterranean. The warm air originates in the deserts of where: WB = wet-bulb temperature
Northeast Africa, Israel, and Syria. BG = Vernon black globe temperature

DB = dry-bulb temperature
The "Wind of 120 Days" is the name given to the
sustained northerly winds over the Central Deserts and A complete description of the WBGT heat stress
the Afghanistan valleys of the Hindu Kush that flow out index and the apparatus used to derive it is given in
of central Asia into the thermal heat lows during June, Appendix A of TB MED 507, Prevention, Treatment and
July, and August. Visibility can decrease to near zero as Control of Heat Injury, July 1980, published by the
dust and sand rises to 5,W01-l0,000 feet (1,575-3,050 Army, Navy, and Air Force. The physical activity
meters) AGL. Afghan citizens have reported winds guidelines shown in Figure 2-36 are based on those used
exceeding 50 knots during especially severe conditions, by the three services. Note that the wear of body armor
but the sparse weather observation record here doesn't or NBC gear adds 10' F to the WBGT, and activity
confirm this. shouid be adjusted accordingly Figures 2-37a-d give

average maximum WBCiTs for January, April, July, and
Foehns are also present in and near the mountains, October. For more information, see USAFETAC/
particularly in the Black and Caspian Sea coastal plains TN-90/(X)5, Wet-Bulb Globe Temperature, A Global
where southerly winds are adiabatically warmed, Climatology.

WATER WORK/REST

WBGT (OF) REQUIREMENT INTERVAL ACTIVITY RESTRICTIONS

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

88-90 1.5-2 quarts/hour 30/30 No heavy exercise for troops with less than 12
weeks hot weather training.

85-88 t-1.5 quarts/hour 45/15 No heavy exercise for unacclimatcd troops,
no classes in sun, continue moderate training
3rd week.

82-85 .5-1 quart/hour 50/10 Use discretion in planning heavy exercise for
unacclimated personnel.

75-82 .5 quart/hour 50/10 Caution: Extremely intense exertion may cause
heat injury.

Figure 2-36. WB(;T Heat Stress Index ActivitY' Guidelines.
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Chapter 3

THE INDUS RIVER VALLEY

The Indus River Valley comprises the Indus River flood plain, the. deserts of eastern Pakistan, and the foothills of thc
high mountains in western and northern Pakistan. After describing the area's situation and relief, this chapter
discusses "general weather conditions" by season.

Situation and Relief...r.............................................................................................................................. 3-2

Northeast M onsoon--Decem ber-M arch ............................................................................................... 3. -7
General W eather ............................................................................................................................. 3-7
S k y C o v e r ......................................................... ............................. ............................................... 3 -7
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W in d s. ............................................................................................................................................. V ..
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THE INDUS RIVER VALLEY SITUATION AND RELIEF

STATION: LAlI3I- N-PUNJAS PAKISTANI

LAT/LON: 31 31 _ 74 24 X EZLV: = FT
IELEMETS JAN il FZ MAR A4R MAY JUN JUL AUG j1531 !OCT INOV I DEC r AII
EXT MAX 82 91 1061 115 118 120 118 11 1o6, 95 87 120

AVG MAX 69 72 83 195 104 10o 100 7
AVGI 40 4 3 72 79 80 79 1 13 60 47 41 61

MEXT MIM 28 30 137 1 46 59 1 4 69 66 1 80 45 3 29 28

AVG PCP 1.210.9 0.So. 0.5i 1.51 4.8 4.8i 3.21 0.4i 0.1' 0.41 19.0t MAX MON 3.9i 4.7 6.51 3.3 4.41 8.8!17.3i2o.4120.7T 3.61 1.51 2.8 37.8.
MIN ImO 0.0 0.0 0.0 0.0 o .o0 o.0. 0.31 o .o 0.0o 0.0o o.o0 0.oI 6.2
MAX DAY 2.91 2.4 2.31 1.6 3.0 4. .3a .1. 90.0
TSDAYS 1 1 2 31 41 51 7 8 1 i 5 1 1 1 46

STATION: MULTAN PAKISTAN
LAT/LON: 30 12 K 712 EL•V: 400 ET

ELEMENTS JJAN I FEB MAR 1APR IMAY I JUN I JUL AUG SEP OCT NOV IDEC i ANN
EXT MAX 83 93 108i 1161 122 121! 1201 113 112 1061 1041 94 I 122
AVG MAX 70 7 4  

8
6
s

9 8 
1 1071 108i 1041 1o1011 0o 1s 85 74 92

AVG MIN 42 1 47 I 57 68 1 77 65 86 1 63 78 i 64 51 I 43 65
EXT MIH 29 1 4 59 1 63 70 02 15o 1 3430 29
AVG PRCP 0.3 0.41 0.5 0.21 0.3 0.3 1.8; 1.3 08 0.41 I0.2 .6
MAX HON 12.4ý 2.0! 2.8! 1.51 2.3! 2.61 11.5; 10.3 5.3i 1.21 2.3i11.6 20.4
MIN MON 0.O 0.01 0,0 0' 0.0; 0.0i 0.0! 0.01 0.01 0.01 0.01 1.4
MAX DAY 1 1.2! 1.11 1.41 1.11 1.51 1.8i 6.9i 5.11 4.3! 1.2! 1.31 0.91 6.9

TS DAYS U *1* ! 11 1 2 ! 2: I 1 : 0 01 10

q STATION: PESHAWAR PAKISTAN
LAT/LON: 33 80 N 71 31 9 ELJEV: 1180 EFT

9LJ=NTS JAN FEB :MAR !APR MAY JUN JUL 'AUG !SEP jOCT INOV 'DEC I ANN
EXT MAX 77 86 99 108, 118. 120' 1221 1181 110! 1O1 91 1 83J 122
AVG• MA 3 66 75 8 5, 99 107 104' 1001 96 1 9851 77 6 7 8 6
AVG MIN 40 44 52 61 70 7'7 80 79 1 72 61 49 41J 61
ZXT MIN 26 26 33 40 51 I 62 66 s 6i 57 I 43 ; 25 28 j 25

AVG PRCP 1.5' 1.6, 2.6 1.71 1.6, 0.3 1.5, 1.61 0.6, 0. 4
i 0.4! 0.61 14.4

MAX NON 5.1, 5.11 7.8 7.41 5.2 3.9 6.9117.81 7.01 2.01 8.51 4.41 27.9

MIH NON 1 0.0o 0.0 o.0 0.01 0.0' o.o: 0.o0 0.0! 0.01 0.0o 0.01 o.o! 4.1
M X DAY 3.01 2.21 2.2! 2.41 3.91 2.7 2.89 5.91 2.01 1.2i 2.0, 1.6, 5.9

TS DYS• * I 2 5 6 -7 1 61 9 8 8 1i * 53
DUST DAYS 0 , * 1 , 3 2 3 I 2 1 2 1 Oj 14

STATION: -A-A/.PIND]/ISLAJABA pAKIRTAN

LAT/LON: 31L7 N__ 73 08 N E(EV: I1665FT.

ELEMENTS JJAN IFEB jMAMR APR IA JUN jJUL AU SEP JOCT NOV jDEC iANN
EXT MAX @0 8e 99 1 11 115 1 ,117 1.11 1071 001 90 iO82 118

AVG MAX 62 65 75 86 9s 104 98 94 93I89 76 67 84

AVG KIN 38 42 50 59 1 99 57 44 38 58
_ HIM 25412 43 57 6 1 57 53 42.30 1 27.25

AVG P-C 2.5 2.5 .71f 1.9, 1.31 2.3i 8.1i 9.2 3.91 0.6 0.31 1.21 36.4
MAX MON 8.4 7.0 12 ll6 11.3! 5.41 .41 .91 58.1

,N NO O.O 0.Oi 0.O O.01 O.61 1.91 * j 0.01 O.O 20.6

MAX DAY 3.01 3.81 4.01 2.5 3.71 4.71 9.89 7.5; 5.8; 1.7; 2.2

TS DAYS I 1 2 1 3 I 6 1 5 : 8 1 14 13 i 7 ' 3 1 1 1 63
* = LESS THAN 0.05 INCHES OR LESS THAN 0.5 DAYS

Figure 3-lb. Climatological Fummaries for Selected Stations in the Indus River Valley.
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0

STATION: MYDERARAD PAKI•TAN
LAT/LON: 25 19 N ___21 E ELIZV: 130 FT _

EL[EMNTS JAN 7E MAR I APR MAY I JUN JUL AUG SEP I OCT NOV IkC ANN
EXT MAX 95 99 108 110 113 11 99 97 97 98 I 92 113
AVG MAX 85 89 97 101 103 1 95 1 87 186 66 88185 841 90'
AVG MIN 59 63 668 76 80 175 73 72 71 68 62 56 18
,XT MIN 43 48 52 1 64 o60 5 67 64 3 456 45 43

AVG PRCP 0.3 0.4 0.5 1.2 1.11 4.4 6.01 5.3 6.41 2.4 1.11 0.3 29.4i

MAX HON 5.2 3.8 4,2 5.61 4.0112.7114.4 10.9 19.'7!14.0 7,2 3.4 56.3J
MNI MON 0.01 0.001 0.0 o.o i 0.7"1 I.j j 1.3; 0.01 o.o0 o.o0 17.91

MAX DAY i-3.7 1.7 4.11 2.4i ,.61 4.81 4.31 7.5 6.0 4.6i 3.81 1 .5i
TSDAYS 1* i 1 2 2 551 6 1 5 4 " 3* 1 0 1 29

STATION: JACOBANAD AWn PAKISTAN
LAT/LON: 28 17 N L8 27 RELEV: 8FT i

LEMEZNTS ;JAN iFED IMAR 'APR MAY ,JUN JUL 'AUG SEP OCT INOV DEC ANN

tXT MAX 1
8 9 11031 1121 119t 1261 127. 1261 1181 1151 1121__10

3
1 90 127.

AVGMAX [ 73 78 91 1001 1121 1141 109? 105t 1041 99 8 76 i9

IAVG MIN 144 49 60 70 79 18 85 1 05 2i7 ,53451 2 7j -

XT 29I7N4 61 164 ;71 88160 147 1 33131 2
AVG FCP : 0.31 0.31 0.3 o.1i 0.21 0.21 1.5, 0.91 * ; 0.0' * i ° .9-

M X NON' 2. 1 2.9 1.61 2.31 1.61 3.31,12.8i 5.0o 4.81 0.71 2.5! 2.5j 10.9ý 1
HimN moN 1 0.01 0.01 0.01 0.01 OO 0.01 0.01 0.01 0.01 0.01 0.0! 0.1!0.0

IMAX DAY 1 1. .1 1.31 1.91 1.61 3.31 4.2: 4.011.3 7 1., 1.91 4.2,I
TSDY 7 * 1 1 1 _ 1 1 i* 12 i -211 0 10 * 6

STATION: KARACRI AIRPORT PAKISTAN
[LAT/,ON: ?L4.s4 . 67 09 X ILV: 100 F7

ELEMETS JAN WEB MlAR APR INAY JUN JUL, AUG ISEP I OCT INOV DEC IANN
UKT MAX 90 95 106 Ill 118 117 110 102 109 1091 100 93 118

AVG MAX 77 61 89 94 96 95 96 69 9O 94 al90 81 9

1 09AVG HIM 51 155 64 1 71 78 82 76 79 177 169 1 60 53 68

IXT HIN 32 37 47 55 63 68 72 73 64 50[ 43 36 32

'AVG PCL 0.53 0.2[,,0.1 "0.71 3.21 1.61 .5 * 1 0.1 I.
MAX MON 2.82.0 38 4, 19 10618.6 1 40.5 1 2.6 22 7
HIN MON .O .0 0.00 1 0.0 0.0 0.000.0 O.0 0. O .01 O.6i

MAX DAY 1.61 1.21 2.11 4.11 1.21 7.2 7.9 5 .11 0.5i 0.9j 1.81 8.1i

TS DAYS I i 1 I i i 1 3 21 2 1 0 1 , I

SLES• THAN O5 INCEMS OR LE00 THAN 0.5 DAYS

Figure 3-1c. More (limatological Summaries ror Selected Stations in the Indus River Valley.
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THE INDUS RIVER VALLEY SITUATION AND RELIEF

GEOGRAPHY. As shown in Figture 3-2, the Indus The Sialkot Plateau in northeast Paki[tan is bounded
River Valley consists oi the Trans-Indus Plain, which by the Chenab and Ravi Riverm, It covers 2,(XX) sq NM
lies above 656 feet/2(Xi meters MSL in the north, and the and features rolling hills and numerous glacier-fed
Indus Valley floodplain (0-656 fee)/0-2(X) meters MSL) streams.
in the south. The southern edge of the Sulaiman Range
(290 N, 690 E) i,% on the. ubregion's western edge. DRAINAGE AND RIVER SYSTEMS. The Inldus

River and its five main tributaries form a nerth to south
The Indus Valley floodplain, a level, silt-covered drainage basin that covers 380,(XX) stq NM. Or'ginating

valley, covers about 2X),L0)0 ,sq NM. At its southern in China, the Indus' NNE-SSW course through Pakistan
end, the Indus River delta covers over 3,(XX) sq NM. At runs for more than 1,500 NM. Much of its lower course
its northern end, the Thai Desert forms a triangle (below the 656-f-ot/2(X)-meter level) meanders through
between tGie Indus, Jhelum, anti Chenab Rivers. The an interconnected network of channels--a braided streanm
Thai is 75 NM wide jus. south of the Salt Range and 170 bed. Its floodplain is extensive and water levels vary
NM long. Its landscape is dominated by sand and sand seasonally. At tlhe end of the Northeast Monsoon, river
dunes. In the floodplain's cast-central portion, India's width may be as little as 1/4 NM, but after Southwest
Thar Desert penetrates into cast-central Pakislan. The Monsoon rains, width increases to 2 NM.
Thar's landscape includes isolated rocky outcrops and
shifting dunes. It is 500 NM long from north to south The Kabul River is the main Indus tributary in the
and 2(X) NM wide. Trans-Indus Plain. Originating in Afghanistan, the

Kabul is 320 NM long. The Chenab (675 NM long) and
The Indus River Valley's northern and western the Sutlej (850 NM long) are ',he main tributaries of tile

boundaries arz marked by the 3,280-foot (1,0(X)0-meter) Indus Valley Floodplain. They merge to form the
contour line running from the Pakistan/India cease-fire Panjnad River 50 NM SSW o( Multan. The Panjnad
line to the Hab River, then following the Hab River to flows for only 50 NM before entering the Indus.
the Arabian Sea west of Karachi. The southern boundary
follows the Arabian Sea coastline from the Hab River The ihelum anti Ravi Rivers are the Chenab's main
east to the Pakistan/India border, then noith back to the tributaries. The Jhelum is 480 NM long; the Ravi, 475
cease-fire line. I IM. Bc.h originate in the Himalayas and drain into the

Chenab about 50 NM north-northeast of Multan.
Large rivers (all branches of the Indus) divide the

Trans-Indus Plain into three major plateaus: the LAKES AND RESERVOIRS. Even though many
Peshawar, the Potwar, and the Sialkot. The Peshawar, in rivers flow through the region, there are 1-w darns or
the extreme northwest, is bounded on the east by the reservoirs. The two most prominent dam/reservoirs are
Indus River and on the south by the Kabul River. It the Tarbela (on the Indus) and the Mangla (on tile
covers 1,5(X) sq NM and includes the foothills, of the high Jhelum). Both are flood control and hydoelect ýc
mountains to the north of the region, primarily the Hindu facilities. The reservoirs are also used lot irrigation. Thkm
Kush. Average elevation is I,(XX)-1,2(X) feet (30()-370 reservoir behind Tarbela Dam is about 35 NM lor.g
meters) MSL. (NNW-SSE) and 20 NM wide (NE-SW); the one behind

Mangla Dam is about 20 NM long (NW-Sl) and 13 NM
The Potwar Plateau, in the north central Trans-Indus wide (NE-SW). There are no other major water bodics in

Plain, is 110 NM long from north to south and 40-8() NM the region.
wide. The Indus River forms its western edge; the
Jhelum, its eastern edge. Elevation averages 1,2(X)- 1,9(X) VEGETATION. Vegetation thi-oughout the region is
feet (370-580 meters) MSL. Terrain includes rolling limited to stunted bushes, wiry grasses, and scattercd
sandstone hills covered by loess (wind deposited clays). stands of trees. Plants are usually hardy ,arieties, well
Numerous steep, narrow stream beds dissect the plateau. adapted to areas with little precipitation. Nlarsh grasws'
The Salt Range, a 2(X) NM long ridge line oriented grow along the Indus River delta near th,: Arabian Sea
northeast to west, forms the plateau's southern boundary. coast. Irrigaled areas support wheat, coilor, ant , c.
Elevation averages 2,2(X) feet (670 meters) MSL, but the Fruit trees are found on plantahions m in mo., st
highest point is 4,992 feet (1,522 meters) MSL. reservations.
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THE INDUS RIVER VALLEY
MORTHEAST MONSOON December-March

O ~GENERAL WEATHER. Cyclonic activity ~'7
prodxuces what. South Asian meteorologists refer to
as "a wcstern disturbanc.e," the major weather z- ,'
producer throughout the Northeas~t Monsoon.039152 dr
Upper-level troughs move into the area. primarily 3

fromn the Persian Gulf or Iran and rarely from
Afghanistan, Truc polar cold air outbreaks dto not.J
occur in the Indu~s River Valley. Instead1, cold1 air 301527

filters south and southwestward across the Hindu40
Kush and is reinforced by cold air moving (down the 302

Indlus Valley from the western Himalayas.

SKY COVER. Skies are clear except for clouds30
resulting from the occasional western disturbance
andl some jet stream cirrus. Mean cloudiness039152
(shown by the isopleths in Figure 3-3) averages 302

20-40%, increasing steadily across the Trans-Indus
"Plain to more than 40% north of a line running from 11-
Peshawar to Rawalpindi/Islamabad. This increase 20% 0
results from a combination of stronger upper air C 0.1_2

troughs and increasing proximity to the Hindu 7F.TFU

Kush. Ceiling-, ame below 3,0(X)O feet (915 meters) 03015

(see tabular (daia in Figure 3-3) less than 5% Of the.511616
timc' throughout the region. The highest occurrence26
(4%) is along the Arabian Sea coast where Onshore+ 0309151 15

flow ahead of anr unusually strong cold front brings .51. ~ 41.41.

low clouds inland.2Z

Layered middle andl high clouds associated with / .- '\ 20% 244
western disturbances are normally the only 031091151 21 %CLOUD COVER - ISOPLETHS

031911512 b---j4- LOCAL TIME 03109115121
woll-delincd overcast layers. Bases are rarely .3 141 ... . CIG LT 030_FTF

below 8,(XX) 'cct (2,400 metcrso AGL except in an I _J1-?r?1

occaf:ional shcwer. Tops5 Among multilayered cloud~s
may exceedl 30,W)$ feet (9,1W~ met~ers) MSL. Frontal Figure 3-3. Mean Northeast Monsoon Cloudiness
sy stemns air(l isolated ýhowcrs provide thc rare ceilings (isopleths) and Frequencies or Ceilings B~elow 3,000
hchow 3,(X)() feel. Rases averag( between 1,500 and Feet (915 meters) , Indus River Valley.
2,5W0 feel (,460) anO 760 meters) AWl Tops range from
3,0(X)-5,0(X)( "cet (9 '0-1 5W( mecters) MSI_ to 30,00) fect Lahore, because of its larger population and factories,
(9,146 meters) MW. with an isolated thunderstorm, has one of the poorest sunrise visibilities among m~a'jor
Bases may go as low its 50W feet (1>) ineters) AGL in urban areas. Rural regions away fomun terrain barriers (1o
the rare heavy showor. not have this problem. Above the inversion (4,0(XX)-5,0(X)

1eet/ 1,200- 1,W() mecters MSL), visibility is unrestricted.
VlSIBIIILITI ES. Visibility is resti iciedt throughout much
of the season by persiste~nt sviok. anc dust haZe in and Visibilities are goo(l in the souithern third of the Indus
near populated areas. 'This is particuilarly noliceable near % alley except along teiicufmnediatc Arabianm Sea coast
large towns or citivs in mouintain valleys becausce of' wh('rc, even without mna jor uirban pollution, die afternioon
temperature inversions, lonk -r air temperatures sea Ibree,.e brings in marine salt ham,. Visibilities in the
inceffic ienti home heating syswie s, and extensive brick al ternoon average 4 to 6 mniles. Karachi has thle same:
firing, For example, Peshawat vi si bil ity is only 4 to 5 poll lit ion-catise(1 sin IL' ind dust ha/e problen ats inland
in i ls in sin ( )k and "a/iie' . i" late le r 101 h aIi(05 hut a m a rkcd ( a nd/sea brec /e in pro ve s
Visibility at (lawn can go dtown a )o inc. visi~i iI).
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THE INDUS RIVER VALLEY
NORTHEAST MONSOON December-March

Visibility in a rare precipitation event may
average 3 to 5 miles. Light fog occurs briefly with ..........
ant after rain, but dense fog is almost unknown. 91-6

Figure 3-4 shows frequencies of visibility below 2 ., _
1/2 miles for selected stations around sunrisc r

(0800L) and sunset (1700L).

WINDS. Gradient winds are light northerly to
northeasterly. However, well-defined land/sea and ,-X,)
mountain/valley breezes may override the gradient
flow, particularly along the Arabian Sea coa.,;t and .
in river valleys surrounded by relatively sharp "
mountain ridges. Surface winds reflect the synoptic
gradient (luring western disturbances. Speeds are 3(1_

relatively light. Figure 3-5 shows primary surface 08117
wind directions 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 28-

winds shift to the southwest by season's end.

General mid-level flow is northwc.torly at 0

southern, low-elevation stations; winds at northern
stations, which are higher and closer to the main .811
mountain ranges, vary from westerly to northerly. +_11

See Figures 3-6a-d for representative 5,(XX)-,
10,(XX)-, and 15,(X)-foot (1,5(X)-, 3,(XX)-, and 0711 NM

4,6(X)-meter) MSL wind directions. O ,., ,,," 1 '5"0 7kiii@ 24.
Local Tlae 08117

I Freq Via LT 3%1

_ ,2 24

Figure 3-4. Mean Northeast Monsoon Frequencies (if
Visibilities Below 2 1/2 Miles, Indus River Valley.

DEC JAN FEBE MAR

N, .Sw Chhor 2.40 3.00 3.30 4.40
N]E:ZSW Hyderabad 2.60 2.80 2.90 3.50
NW,,.-E Jacobabad 1.40 1.90 2.70 3.60

iNE Khonpur 1.30 1.80 1.90 2.70
NW-N4 Lohore 1,70 1.90 3.00 3.70
SE-SW Peshawar 1.50 2.10 2.50 2.80

N_-3E Khushab 0.90 1.40 1.90 2.30
iN Multan 1.00 1.30 1.90 2.80

NW Dera Ismoil 1.60 2.00 2.10 2.40
SW Sorgodho 1.50. 2.00 2.50 3.20

NEsw Karachi 2.80 3.40 4.00 4.bO
NW-N, Nawabshoh 2.001 2.00 1.70 i 2.60

Figure 3-5. Mean Northeast Monsoon Surface Wind Speeds fkts) and
Prevailing Direction, Indus Rhier 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 Jacobahad, 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, Pakistan.
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Figure 3.6Id. Mean Annual Wind Direction ror Peshawar, Pakistan.
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THE INDUS RIVER VALLEY
NORTHEAST MONSOON December-March

O PRECIPITATION. Western disturbances produce I,
the only precipitation during the Northeast DEC JAN FEB MAR 'DEC JAN FEB MAR

Monsoon. Mean precipitation (Figure 3-7)
averages under an inch (25 mm) a month for the
southern two-thirds of the Indus River Vatllcy. DEC10JAN0FEB1'AR

Precipitation only exceeds this amount north of a * . . '-Z. 9.6

line from Khushab to Lahore; amounts rise sharply DEC JAN FEB MAR .

as one approaches the mountains to the north. .J.1.711.412.1
Rawalpindi/lslamabad, for example, averages . .2,' 32

between I and 3 inches (25 and 75 mm) a month.
DEC JAN FEBMAR -,AT. 3.2

Snow is common with stronger western o.zj1.31.4
disturbances on isolated ridges above 3,000 feet 2.4

(915 meters) MSL in the Hindu Kush foothills
northwest of Peshawar, but rare to nonexistent
elsewhere. Newly fallen snow melts within 3 to 6 EC JAN FEB MAR

hours. '411",1°'!1°'!
"DEC JAN FEB MAR

Maximum 24-honr precipitation amounts are the.' SE JN BA

result of heavy convection associated with western DEC JAN FEB MAR

disturbances. Arabian Sea moisture advected o 110.310.310.3
inland ahead of fronts increases rainfall at Karachi.
The mountains in the north and west also enhance D J

rainfall. Low rainfall amoumts on the Indus River " AI
floodplain reflect a lack of orographic lift and the i~1%, DEC JAN FEB MAR1.6 0.1I * I0.11
influence of the Thar Dese.m Figure 3-7 shows . 2
mean seasoKal (isohyets), monthly, and maximum M * < 0.05 inch
24-hour precietation for selected stations. . Ili

DECD JAN FEB AAN

Thmnd slstonns (Figure 3-8) are rare in the DEC JAN FU "a R o.il.2lO.7l F MEAN PIECIP --

southern two-thirds of the region until March. when T-fax 2-Ht vs?
frequency rimes as the transition to the Southwest
Monsoon pproaches. Stations close to the Hindu Kush Figre 3-7. Mean Northeast Monsoom Monthly/
see higher thundernsto frequency in March: for Maximum 24-Hour Prdcltationm (inthel), Indus
example. Peshawar jumps from less than a half-day with River Valley. Isohyas represent mean weasonal rainfall
lmadestonmis in December and Janury to 5 days in totals.

March. Aldmough sever thowdersorms are most
frequent in April and May, they can occu in March.
Thudmom burms awe nornmaly above 3,000 reet (915
meFrs) AGL. Tops are near 30.000 feet (9,1(M) meters)
MSL. but occasodally reach 40.000 feet (12.195 meters)
MSL by the end of March. The usual thunderstorm
iezanrk am preaent downbusts ae possible under high
thunderstorm baes.
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THE INDUS RIVER VALLEY
NORTHEAST MONSOON December-March

Temperatures show at least a 220 F diurnal variation
~ JA~lthroughout the region, even along the coast. By
DEC im FB KAMarch, stations near the Thar Desert show variations

Il-34- of more that 300 F. Figure 3-9 shows mean maximum
DEC JN FE KANand minimum daily temperatures for selected stations.

DEC JAN 738 VAN ~
2-

34-

1~TI~1IT~ 67162165175

DEC JiC JAN MAN V43

.,tjDEC AN FE HANmk;

4,~I71 7 L4I8

-7mbm 161?21781$T

DEC JN FEBMAP 7617301786191

DEC JA Fit VANgr2r

Figure 3-9. Mean Northeast Monsoon INN;14Sl8 Wff11TEI
Thunder-stiirm Days, Indus River Valley. st -

Dec JAN Fee MiAP

TEMPER~ATURE. Temnperatures reflect the I
predominantly clear ~~"in the southern half, N4
while increasing altitude and snow-covered
mountain ranges. affect temperature-, in the nrwthern
half. The Thar Desert has an influence in the Figure 3-9. Mean Northeamst Morisooi Daily
southeast. Sea breezes moderate Karaichi Maximum/Minimum Temperature-, I F, Indus River
temperatures, In March, temperature% rise Valley.
thruoughout the region with increasing insolation
and a weakening Northeast Monsoon circulation.
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THE INDUS RIVER VALLEY
NORTHEAST TO SOUTHWEST MONSOON TRANSITION April-May

OGENERAL WEATHER. Cyclonic activities (or
"western disturbances") end rapidly as the
Northeast Monsoon breaks down. This is the
hottest time of year as insolation increases rapidly 03109152 ii,
and skies remain clear; the Southwest Monsoon's 0 .5

clouds and moisture have yet to appear. I P
Upper-level troughs still move into the area from
the Persian Gulf and Iran, acting as triggers for 03109115121
thunderstorms; they do not have surface systems. .. 21 A

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 3 03912

half. Mean sky cover averages less than 25% but I
increases steadily to the north. It exceeds 40% 201ý 11

north of a line from Peshawar to Rawalpindi 2,Z , •( 5,121

because of a combination of stronger upper-air ,'
troughs and increasing proximity to the Hindu
Kush. Ceilings are below 3,000 feet/915 meters
MSL less than 5% of the time throughout the .

subregion except along the Arabian Sca Coast 03109 '5(21

where increased low-level onshore flow from the
sea breeze is no longer opposed by Northeast
Monsoon flow. The highest cloud cover occurrence 21.2 01"2

at Karachi (which is 15 miles inland) is 17% at 10o ,

21(0) LST belore the land breeze develops: low
cloud occurrence along the immediate coast is
higher. 5 21 %CLOUD COVER - ISOPLETHS

S'i .7 .2; .2 ,. •,LOCALLTTIMEo300109 15 i21

The only well-defined middle and high overcasts _M 1 %"I, LT 0

arc with the steadily decreasing numbers of I -
"western disturbances." Bases are rarely blkow Figure 3-10. Mean NE-SW Monm~som Transliem
K.1XX) feet (2.4(X) meters) AGI. except in occasional C('hdiness liscpleths) and Frequenckes of Ceilngs
showers or iiolated thundershowers. Muhilayered cloud Below 3.000 Feet (915 meters) Indus Rier Valley.
lops cAcced •I00X) feet (9,l(X) meters• MSL. Isolated
fromtal system showers rarely lower ceihng'ý belou 1.(NXt VISIBIiTIFSN. Visibdit) improve- as the Nvthcast
reet. hut when they) do. slx• , ascrage I.i(,M-2.S(Nl feel Monvxon wecakcns Only larger inland towns in ri'er

!450-7fN)l meter-i A(G. lop% are ;.tK(X-5.(10i feet valk-ss tontinue to sufler lou voilhtces cauqed by a
(910-I.54) metersi MSL.. and up it) ;0.(tM) Ice'l. Itli iornhinatinri of temperature insersion% and extcnrsise
meters) MSI with an iolated thund-rtorm In a rare brk k firing. a i(odritvi most t' 1dknt at Lathrc and
hea), yhow'er. ha•,% may go a% iow as w (, feel i I-2 Khanpur % iibilitci in iwc,,ipltaim ascrage 4-; mile%

meters•) AG. (Coastal stratu% Ases range Irom 71) Ito F-og (ocsur% brfitlh during and alter rain% % isibiluitc arn
0I.Nl loci 215-4S7 mnwete A(;I.. tops Irmn ISIN) to pxi ',en kilong ilk inimtwdiac Arabhan Sia (a'-.4. but
2.50N) eetl (44s7-762 melters.i MSI the atternoon ,,ta bfc--,- bwings in mw1. ,,af! ha,,'
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THE INDUS RIVER VALLEY
NORTHEAST TO SOUTHWEST MONSOON TRANSITION April-May

Afternoon visibilities average 4 to 6 miles. Figure 3-11 WINDS. Gradient winds are mostly light and
shows frequencies of visibility less than 2 1/2 miles for variable; however, surface winds become light
selected stations around sunrise (0800L) and sunset southwesterly by the transition's end, reflecting the
(1700L). increasing influence of the Southwest Monsoon.

Well-defined land/sea and mounta;n/vallcy breczes
are the predominant local wind systems, especially

"081 ... along the Arabian Sea coast and in river valleys
surrounded by sharp mountain ridges. Surface
winds may reflect the synoptic gradient close to the
strongest western disturbances. Figure 3-12 shows

- •primary surface wind directions and mean speeds for
081 ':.selected stations. Refer to Figures 3-6a-d for

representative 5,(XX)-, 10,(X)0-, and 15,(XX)-foot
(1,500-, 3,000-, and 4,600-meter) MSL wind

- • ',directions.

APR MAY

" Chhor 5.10 5.30
17 NE Hyderabad 5.20 a. 00N1E dacobobad 8.70 7.60

' w Khanpur 5.50 6.50
S-SW Lahore 9.00 12.30

SE-SW Peshowar 8.10 8.70
01 -"N-E Khushab 8.00 8.30

N W MuItOn 7.50 7.20
W_,TE Oera Ismail 7.50 7.20
NE Sargodho 8.00 8.50

,, w Karachi 6.20 8.80
071 S-SW Nawabshah 6.60 6.30if '- -F-w ..... o 6 24-

Local Time 08117
r FREQ VIS LT 3mi T

3 12 74 Figure 3-12. Mean NE-SW Monsoon Transition
'' Surface Wind Speeds (kts) and Prevailing

Figure 3-11. Mean NE-SW Monsoon Transition Direction, Indus River Valley,
Frequencies of Visibilities Below 2 1/2 Miles, Indus
River Valley.
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THE INDUS RIVER VALLEY
NORTHEAST TO SOUTHWEST MONSOON TRANSITION April-May

. PRECIPITATION. Rainfall averages between 0.1 and Thunderstorms occur I day or less a month in the
1 inch (2.5-25 mm) a month at all locations except for southern two-thirds of the region, except in Hyderahad,
those near the Hindu Kush. Islamabad (Rawalpindi) and where they occur once every 4 to 5 days, developing over
Peshawar get between I and 2 inches (25-50 mm) a mountains to the west. The same frequency is found
month from orographic thunderstorms during western north of a line from Dera Ismail to Lahore.
disturbances.

Severe thunderstorms (called "northwesters" locally)
Maximum 24-hour precipitation amounts reflect me are most frequent now because of increasing moisture,

heavy convection associated with western disturbances, higher temperatures, and western disturbances. Actual
the only precipitation-producing mechanisms during the frequency, however, varies greatly from one year to
NE-SW Monsoon transition. Arabian Sea moisture at another. Thunderstorm bases are normally aox)ve 3,(XX)
Karachi and in the northern and western mountains feet (915 meters) AGL; tops are 40,0() f'eet (12.2 kin)
increases precipitation at those locations. Southern MSL, rising to more than 50,0W0 feet (15.2 kin) MSL in
stations east of the Indus River get less rainfall because the strongest storms. The usual thunderstorm hazards
of the Thar Desert and a lack of orographic lift. Figure occur. Downbursts are possible, as well as winds greater
3-13 gives mean seasonal rainfall (isohyets) and mean than 50 knots and large hail.
monthly/maximum 24 hour precipitation.

APR M AY , , - _ _, - - 4

,, ' APR KAY '

APR MAY "C, ". 1 . 34 3 4-

O.49 '.5 3.2 APR MAY

AAPR MAY

32-1

APR MAY (' .. P A

1.111.5

APRAP MAAYA

APR MAY JVAY' -4 A- 7 ..

S•APR MAY

"•L•MANPREP MA A28 A -•i-
K. ~ 0--1 M 0.2•-| C T (. ~,w hne.o

S Figue 3-13 MeanNE.SW onsoonTranstion Fgure 314. M AnPR-S MAnYn rnsto

MonhlyMaxmum24-ourPR eitaon MnuAhnYrtw asIdsRve tly
Rivr aley lohct rprseTmensaoarinaL

N& h'a", 1.10.1 PR-MA



THE INDUS RIVER VALLEY
NORTHEAST TO SOUTHWEST MONSOON TRANSITION April-May

TEMPERATURE. Temperatures reach their annual moderate Karachi's temperatures, where highs are "only"
maximums, reflecting the predominantly clear skies 94-96) F (34-360 C). Stations near the Thar Desert show
across much of the region. Temperatures rise rapidly diurnal variation of more than 300 F (170 C). Variations
except on the Arabian Sea Coast. Even stations close to of 250 F (140 C) are common tltroughout the region,
mountain ranges in the northern half see highs at or except along the Arabian Sea cozst where increasing
above 1000 F (380 C). Highs in the southern half, except moisture holds the range to 180 F (100 C) by mid-May.
for Karachi, are close to 1100 F (430 C). Sea breezes

S 851991 r
) 170. ' 86198

5 '0 ~ 59T694

Cr 1~951 104

1671

10 ~~*991 109_657 6
7065 6/2

102 1109) _ _2

1031106
69 77

94196 75 807119
NMlG 5 24-
APR MAY

iUDMIN I

68 2 7.4

Figure 3-15. Mean NE-SW Monsoon Transition Daily Maximum/Minimum
Temperatures (F), Indus River Valley.
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THE INDUS RIVER VALLEY
SOUJTH WEST MONSOON JuneSeptember

. ~GENERAL WEATHER. This Southwest __________________

Monsoon Is the rainy season. Extremely strong
upper-level troughs occasionally affect the
extreme northern edge of the region, causing 3034
"monsoon breaks" that greatly reduce the amount 1 -FTT 10

of badly needed precipitation in the northeastern
quarter.

SKY COVER. Mean cloudiness (Figure 3-16) 2
increases most rapidly in the extreme south. ~S-202
TOta sky cover averages more than 60% along
the coast, decreasing to 25-30% at Nawabshah. ~~
Most cloud cover is stratus, but some is cumulus
with showers. Over the northern hair, mean sky
cover is 20-30%. Increasing cloudiness in the 20Z 30152
extreme northeast reflects westward intrusions or
monsoon depressions with cumulus and showers.
Ceilings are below 3,000 reet (915 meters) AOL 202039151
less than 7% of the time except nea th2cat;a
Karachi, ceilings are below 3,000 feet (915 1
meters) AOL 40-55% or the time, with little039152
diurnal variation.

Low clouds along immediate coasts, and those 40Z 02
in and around a dying monsoon depression, form 01 30152
the only well-defined overcasts. Middle and high 602 o 51T~T_
layers are also associated with monsoon
depressions or with a dying subtropical cyclone.6Z H
Bases are rarely below 6,000 reet (1,800 meters A~442 54~u c lie -ISOLE 24

AOL except in the occasional shower.1 12 LOCALTIM 0310911
Multilayered cloud tops can exceed 40,000 feet 030152 CGL 3-rTI L
(9,100 meters) MSL. Bases average 1,5010-2,500 1
feet (460-760) meters) AOL in showers. Tops
range from 3,000) to 5,000 feet (915 to 1,500 Figure 3.16. Mean Southwest Monsoon Cloudiness
meters) AOL, and up to 45,000 feet (13.7 kin) (isopleths) and Frequencies oit Ceilings Below 3,000
MSL with thunderstorms near monsoon Feet (915 meters), Indus River Valley.

* ~depressions. Bases may go as low as 5WX feet
(150 meters) AOL in heavy showers.
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THE INDUS RIVER VALLEY
SOUTHWEST MONSOON June-September

VISIBILlITES. Visibility is restricted by persiuent Arabian Sea Coast. Even though dhe afternoon sea
smoke end dust hae in and near major populated arez's breeze b-ngs in salt haze, sustained wind flow keeps
where there is no steady wind flow. This is particularly visibility high. Visibilities in rain average. 3-5 miles but
noticeable near large towns or cities in mountain valleys, can go as low as 1/2 mile. Fog occurs during and after
especially Khanpur and Lahore, where temperature rains. Eairly morning ground fog occurs briefly over
inversions and extensive brick firing are the primary marshes.
causes. Viaibilities are better along the immediate

08117 ~m 011
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THE ;NDUS RIVER VALLEY
SOUTHWEST MONSOON June-Sepiember

WINDS. Gradient winds are light, from the southwest directions and mean speeds for seleclted stations. Note
or southeast. Well-defined land/sea and mountain/valley that only mountain valley stations, such as Peshawar, arc
breezes may override gradient Pow, but the land brceze exceptions to Southwest Monsoon flow.
along the Arabian Sea coast is rarely strong enough to
override onshore flow. Winds in and around a monsoon Refer to Figures 3-6a-d for representative 5,(XX),
depression reflect the synoptic gradient. Speeds are I f,(XX), and 15,(XX)-foot (I,5(X)-, 3,(X)0-, and
higher in the north due to monsoon depressions and 4,6(X)-meter) MSL wind directions.
thunderstorms. Figure 3-18 shows primary surface wind

JUN JUL AUG SEP

SW Chhor 5,70 5.30 6.00 4.00
S W Hyderabad 8.30 7.60 8.50 7.40
SIE Jacobabod 8,00 7.80 7.00 7.50
SW Khanpur 4.90 5.70 5.80 5.10
E-S Lohore 13.70 16.30 13.90 10.90

NW-NE Peshnwar 10,80 8.90 8.20 6.70
,E-S Khushab 12.10 C 10.30 9.00 6.70

S Multan 10.40 9.80 8.60 6.00
NM Dera Ismail 8.40 7.4') 6.90 5.80
NE Sargodho 8.30 9.20 9.10 8.00
w Karachi 8.20 9.10 8.40 9.20

s-sw Nawabshch 6.60 7.50 6.90 5.30

Figure 3.18. Mean Southwest Monsoon Surface Wind Speeds (kts) and
Prevailing Direction, Indus River Valley.
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THE INDUS RIVER VALLEY
SOUTHWEST MONSOON June-September

PRECIPITATION. Mean rainfall amounts shown in occur in the highest northern and northwestern sections
Figure 3-19 reflect relative distanc,;s from the Arabian of the region about once every 4 years. This abnonual
Sea Coast and from the Ganges River Valley of northern penetration, discussed under "Transitory Synoptic
India--the preferred track for monsoon depressions. Features," is caused by a cut-off low over southern Iran
Rainfall, even near the Thar JDesert, averages 1-2 inches and a westward extension of the Tibctan 200n mb
(25-50 mm) a month. Stations close to the Arabian Sea, anticyclone to nearly the longitude of Rawalpindi.
near the preferred monsoon depression track, or close to Experienced Indian, Pakistani, and Iranian
the mountains, get the most rainfall; examples are meteorologists believe that this phenomenon, which
Karachi, Lahore, and Peshawar. originates as an omega block over the southern portion of

the European Soviet Union, is the cause of highly
Maximum 24-hour rainfall amounts reflect heavy abnormal, widespread precipitation over northwestern

Southwest Monsoon coylvection. Peak rainfall events Pakistan, Afghanistan, and Iran.

JUN JUL AUG SEP 9' 19 JUN JUL AUG SEP

JUN JUL AUG SEP 2.4 '.

JUN JUN JUL AUG SEP

3.114.715so .01 '-•

LJUN JUL AUG SEP

.3201.19[11.-.07 0 ME1RC

1...5b..5!2.714.3

_.. 2 4

•,''JUN JUL AUG SEP

JU JU AUG SEP 26-

Fiue319 eSotws M.so Month.ly/axmu 2-Hu

--,JUN JUL AUG S EP
0.2112.510.91 17•-S, \ 4.2 14 .011.3 13.7

q•" JUN UN JUL AUG' SEPJU

~~~~~~~~JUN JUL AUG S.E.1.717DX- EN PR.I
1.212.6 1.611.

7.217.915.418.1,. - -- MAX 24-HR PCP I

Figure 3-19. Mean Southwest Monsoon Monthly/Maximum 24-Hour

Precipitation, Indus River Valley. Isohycls rcprescnt mcan seasonal rainfall.
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THE INDUS RIVER VALLEY
SOUTHWEST MONSOON June-September

0Thunderstorm frequency incecases over the entire TEMPERATU'IRE. Decreasing (cmpcr,.V-es reflect
region; they occur in the extreme north almost every somewhat cloudlier skies, especially in the soudicrit hall'
other (lay. Sevcre stormis arc rare. Thunderstorm bases The influence of' the Thar Desert in the, souitheast 'is

-ire normally abo~ve 3,000) feet (915 meters) AOL. Tops largely counteredl by moist southwest flow th1,-! holds
are near 40,000) feet (12.2 kin) N4SL, but can reach temperatures dowvn but makes conditouns cxtrcincly
50,0(X) feet (15.2 kin) MSL. The usual thunderstorm uncomfortab~e, Karachi and Hyderabad temperatures
hv7.ards are present. show Southwest Monsoon influence, while temperatures,

in the extreme north are influenced] more by the
mnounuitins.

6 1 9 5Diurnal variation (decreases throughout the region,

.1 '.1 a showing the effects of increased] cloudiness and humid
JUN JUL AUG SEP N. did air over much of' the area. Figure 3-2 1 shows mean

max imunu andl minimumn temnperatures.

JUN JUL AUG SEP

1071 1041I100196 Jrd

JUN JUL AUG SEP f1 1 I04198194193

L,107110216010019788
,. ~ * JUN JUL AUG SEP ý9_ 4

isoo______ (7 1 0 79 79T

JU IN JUL AUG SEP XF 73

5r~ 2288-`

JUN JUL AUGF T SE W:191031019

6*8~ ~ 72 14 T- 8 69
18 1 t80419107 10 s

955 871&6T8 44\

224~~JUN JUL AUG SEP 1I

09- -5 -2 72 7

<FIIr .521 daysm w/~hm~s thmdrstinm1 I2FTF0ili 6
Nl~i ~ mum' Ni iflif % 11Im)ati e II. duRi r

7,2 74 10 19819619
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THE INDUS RIVER VALLEY
SOUTHWEST TO NORTHEAST MONSOON TRANSITION October-November

GENERAL WEATHER. By mid to late
September, the Southwest Monsoon has
withdrawn from most of Pakistan; western
disturbances have yet to fully appear. 031 y
Temperatures moderate as insolation decreases.
By the end of the transition, upper-level troughs
begin to move in from the Persian Gulf or Iran.

SKY COVER. Mean cloud cover (isopleths in 031091.15121
Figure 3-22) decreases to less than 25% during 03522.51
October and November. Skies are clear except
for clouds caused by an occasional western 44

disturbance and some jet streamn cirrus in the ý4
southern hall'. Sky cover increases steadily in the lox
northern half because of increasing upper-air
trough passages and relative proximity to the 101 03 09O15.21

Hindu Kush. Ceilings are below 3,0(X) feet/915
meters AGL less than 1% of the time except in / ,03109115121

the extreme south. The highest occurrence (6%)
is along the Arabian Sea coast, as onshore flow
with a sea breeze brings moisture inland. ý1ý152

The only well-defined overcasts are middle 2_______--__
and high cloud layers associated with the isolated '2_FU S25.
western disturbance in November. Bases are .• : 0 0
rarely below 8,(XX) feet (2,400 meters) AGL 21.21-51 0
except with the occasional shower. Tops in
multilayered clouds may exceed 30,(XX) feet % f NM
(9,1(X) meters) MSL. The rare low ceiling north of ,/ 10 24
the immediate Arabian Sea Coast is caused by an 3109115 21 %CLOUD COVER 0 ISOPLETHS

0310152 51U1j0 LOCAL, TIME 03 09115121
upper-air trough or an Nsolated early October - %CG.c LT 030I I [
thunderstorm; bases average 1,5(X)-2,5(X) feet Qm 1, 24
(460-760 meters) AGL. Tops range from 3,(X)O to
5,0MX) feet (915 to 1,500 meters) MSL, but can Figure 3-22. Mean SW-NE NIcnscon Transition
reach 30,0(X) feet (9,146 meters) MSL. In a rare Cloudiness (isopleths) and Frequencies of Ceilings
heavy shower, bases may go as low as 5(X) feet Below 3,000 Feet (915 meters), Indus River Valley.
(150 meters) AGL. Coastal stratus bases range
from I,(X0) to 1,5(X) feet (300 to 460 meters)
AGL; tops range from 1,5(X) to 2.5(X) feet (460 to
760) meters) MSL.
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THE INDUS RIVER VALLEY
SOUTHWEST TO NORTHEAST MONSOON TRANSITION October-November

VISIBILI'IF•S. Visibilities are the best of the yeair. WINDS. Gradient winds become light from the north or
The only major restrictions are in large towns or cities northeast, reflecting the onset of the Northeast Monsoon.
where inversions, increasingly lower nighttime Well-defined land/sea and mountain/valley breezes may
temperatures, inefficient home heating systems, and override the gradient flow, especially along the Arabian
extensive brick firing result in widespread smoke and Sea coast and in river valleys surrounded by sharp
dust haze. Visibilities are worst in the northeast at mountain ridges. Figure 3-24 shows primary surface
Lahore and Khanpur where visibilities in rain average 3 wind directions and mean speeds for selected stations.
to 5 miles. Local conditions seem to determine wind directions.

General mid-level flow slowly reverts to the Northeast
, 'Monsoonal patterns shown in Figure 3-6a-d.
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Figure 3-24. Mean SW-NE Monsoon Transition
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Figure 3-23. Mean SW-NF Monsoon Transition
Frequencies of Visibilities Below 2 1/2 Miles, Indus
River Valley.
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THE INDUS RIVER VALLEY
SOUTHWEST TO NOR IHEAST MONSOON TRANSITION October-November

PRE~CIPITATION. Mean rainfall amounts (Figure showers in the north and west. Precipitation totals lit
3-25) drop dIramatically as Southwest Monsoon moisture locations east of the Indus River (south of 280 N) reflect
is no longer available. Even stations close to the Hindu the lack of orographic effect and the influence of tlic
Kush see very little precipitation. Mean monthly rainfall Thar Desert. Snow is unknown except in the foothills
averages less than 0.6 inches (15 mm) at all locations, surrounding extreme northern and northwcstern
Maximum 24-hour p~recipitation amounts reflect the loc~ations. Figure 3-25 show mean seasonal rainfall
remaining heavy convection associated1 with isolated (isohyets) and month ly/inax inmur 24-hour lprecilpitation
upper-air trough passages. They also reflect orographic for selected stations.

1, -7j 4O T4O
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THE INDUS RIVER VALLEY
SOUTHWEST TO NORTHEAST MONSOON TRANSITION October-November

i ''t]hunderstorms are rare except for those in ()ctobr (depression, Thunderstorm hases are normally above
over the cxtrcme south and north. Hyderabad, in the 3,0(X) kect (915 meelrs) AGL, and tops arc near 40,(KX)
extreme south, shows a small peak of 3 to 4 (lays in leel (12.2 kin) MSIS. The usual thunderstorn hazards,
October, possibly from the remains ol a tropical including downbursts, arc present.
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Figure 3-26. Mean SW-NE Monsoon Transition Thunderstorm Days, Indus
River Valley.
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THE INDUS RIVER VALLEY
SOUTHWEST TO NORTHEAST MONSOON TRANSITION October-November

TEMPERATURE. Decreasing temperatures reflect There are large diurnal temperature variations 0
decreasing insolation and mostly clear skies in the throughout the region. Stations near the Thar Desert, for
southern half of the region. Karachi temperatures show example, see diurnal variations of nore than 300 F (170
the effects (f the October sea breezes that begin to C) by November. Variations of 250 F (140 C) arc
diminish in November. common throughout the region, even along the Arabian

Sea 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 western 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 "general weather conditions"
by season. Because conditions change rapidly from one mountain valley 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
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Figure 4-1a. The Eastern Miountains Region, Showing Political Boundaries and Reporting
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THE EASTERN MOUNTAINS SITUATION AND RELIEF
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Figure 4-2. The Eastern Mountains Region, Showing Mountain Ranges and Rivers. This
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THE EASTERN MOUNTAINS SITUATION AND RELIEF

(;EOGRAPHY. As shown in Figure 4-la, the northern 16,000-23,(X)0 feet (4,9(X)-7,000 meters) MSL, with
boundary of the Eastern Mountains extends westward many glaciers. K2, or Mt GCodwin Austen, is the highest
from 770 40' E along the Pakistan and Afghanistan peak in the area at 28,250 feet (8,613 meters) MSL. K2
borders with China and the Soviet Union. The western is located along the Pakistan and China border near 360
boundary runs along the Iran-Afghanistan border for 25 N, 760 E.
miles before joining the 6,560-foot (2,0X0-meter) contour
along the Paropamisus ridge line. This contour is The Eastern Mountains include a series of
followed southeast, then south, to the discontinuous ranges south of the Hindu Kush, most
Afghanistan-Pakistan border near 310 N, 670 E. The oriented north to south throughout southern and
boundary follows the border about 75 NM south to the west-central Pakistan. The Safed Koh Range is the only
3,280-foot (1,000-meter) contour, which serves as the west-to-east ridge line; it forms the southern edge of the
boundary around the Ras Koh Range until it reaches Kabul River Valley. The Khyber Pass (3,500 fect/I,000
Nihing, Pakistan. A short 10-NM line then extends meters MSL) is the main passage from the Indus River
eastward to Gidar, Pakistan, and the Hingol River. The Valley into the Hindu Kush. Elevations are mostly
western boundary then follows the Hingol River to the 8,000-12,000 feet (2,400-3,700 meters) MSL, with a high
656-foot (2(X-meter) contour near the Arabian Sea coast. point of 15,620 feet (4,800 meters) MSL at Sikaramn. The
The southern boundary follows that contour to the Hab other southern mountain ranges include the Toba-Kakar,
River. The eastern boundary follows the Hab River the Sulaiman, the Ras Koh, and the Central Brahui.
north to the (3,280-foot) 1,000-meter contour, then These are 120 to 300 miles long and reach 5,000-9,000
continues north until it intersects with the cease-fire line feet (1,500-2,700 meters) MSL. Passes here average
that marks disputed territory claimed by India, Pakistan, 3,000-9,000 feet (900-2,700 meters) MSL. Farther south
and China. are the Kirthar and Pab Ranges, where elevations are

6,000-7,000 feet (1,800-2,100 meters) MS[.. The Kirthar
Afghanistan's Hindu Kush, the !argest range in the Range is 20 NM wide and 220 NM long. Its limestone

region, runs 400 NM from the Karakoram Range into ridges contain numerous hot springs. The Pab Range
central Afghanistan. Most peaks are between 15,000 and contains four finger-like ridge crests, each averaging 20
22,000 feet (4,6(X) and 6,700 meters) MSL. The highest, to 70 NM wide. The entire Pab is 190 NM long, and it
Tirich Mir at 25,263 feet (7,702 meters), lies along the extends to within 5 NM of the Arabian Sea. Elevations
Pakistan-Afghanistan border near 360 N, 720 E. in the Kirthar and Pab ranges are 3,000-6,0(X) feet
Numerous mountain passes, averaging 12,000 feet (3,700 (900-1,800 meters) MSL.
meters) MSL, dot the Hindu Kush.

A series of ranges branches out from the main DRAINAGE AND RIVER SYSTEMS. The
highlands, extending west of the Hindu Kush and headwaters for many tributaries of the Indus and other
averaging I0,(XX)-14,000 fcct (3,(X)0-4,300 meters) MSL. important rivers are in the Eastern Mountains. Most
These ranges are separated by deep river valleys and rivers flow through extremely deep gorges and ravines in
gorges; passes are at 8,(X)0- 11,000 feet (2,400-3,400 the high mountains.
meters) MSL. The northernmost range (the
Band-i-Turkestan) is 100 NM long--its highest elevation The Indus is one of the major rivers of the world; it
is 11,590 feet (3,530 meters) MSL. The Band-i-Baba flows for 1,900 NM from the Chinese Himalayas to the
(I(X) NM long), the Paropamisus (325 NM long), and the Arabian Sea. It has many tributaries. The Gilgit River,
Band-i-Baian ranges extend westward towards Iran. originating from a glacier in the Hindu Kush, forms a
Shah Fuladi (16,872 feet/5,144 meters MSL) is the sinuous canyon along its 150-NM course before joining
highest peak in the three ranges. The Siah Koh Range, the Indus. The Kabul River, flowing through the Khyber
oriented northeast to southwest, runs 150 NM in west Pass, originates in the Koh-i-Baba Mountains and flows
central Afghanistan. The highest peak is 12,(X)O feet 320 NM before entering the Indus in north central
(3,700 meters) MSL. Pakistan. The Gumal River, originating in the Kattasang

Hills, and the Zhob River, originating in the Toba-Kakar
The Karakoram Range extends 400 NM from the Range, meet near 32' N, 70' E. The Gumal is a seasonal

Afghanistan/Pakistan border to India and China; it lir.ks waterway along its lowcr course (below 3,290 fect/I ,(0)(
the Hindu Kush to the Himalayas. Peaks here are mostly meters MSL).
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THE EASTERN MOUNTAINS SITUATION AND RELIEF

Three rivers dominate tihe western ranges of the LAKFES AND RIESERVOIRS. Although there are no
region. The 7W() NM Hari River begins in the maijor lakes or reservoirs in the region, numerous small
Band-i-Baba Range, separating it from the Band-i-Baian. glacier-Iled lakes are scattered throughout the highest
The river's northward sweep into the USSR forms the mountains of the Hindu Kush and the Karakoram
Afghanistan-Iran border before ending in the Turkman Ranges.
Province of the USSR. Farther south, the Farah River is
located between the Hari and Helmand Rivers. The VEG'ETATION. Thick forests grow on the slopes of
Farah originates along the southern Band-i-Baian. It the high mountains and are particularly luxuriant oil the
flows 350 NM southwest to the Seistan depression slopesof the Hindu Kush. Juniper, ash, oak, walnut, and
(discussed in Chapter 5) that covers southwestern various shrubs grow to about 5,500 Feet (I,700 ineters)
Afghanistan. The 7(X) NM Helmand River, starting in MSL. Cedars are common between 5,500 and 7,2(X) feet
the Koh-i-Baba, also drains into the Scistan Depression. (I,700 and 2,200 meters) MSL. Fir and pine trees

dominate between 7,200 and 10,000 fect (2,200 and
The Hingol and Hab Rivers are the most important 3,000 meters) MSL. Lichens and mosses, typical of

waterways in extreme southern Pakistan. The Hingol, alpine vegetation, are found between the tree line (10,M00
the longest river in southern Pakistan, originates in the fcet/3,000 meters MSL) and the pennanent snow cap.
Central Brahui and forms a narrow gorge from the Vegetation in the lower foothills of Afghanistan and
Central Brahui to within 30 NM of the Arabian Sea. The Pakistan is less plentiful. Junipers, scrub bush, and
Hab's source is in the north Pab Range; it empties into grasses may be found along the higher slopes up to 1,000
the Arabian Sea. feet/3,400 meters MSL.
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THE EASTERN MOUNTAINS
WINTER December-March

(ENERAL WEATHER. Winters in the Eastern clouds, precipitation, icing, turbulence, low ceilings or
Mountains are so severe that, as of 1988, Pakistani mountain obscuration, and poor visibilities) are mnost
Airlines could not guarantee service from mid-November marked in the northeastern part of the region.
through early May to stations east of a line drawn from
Termcnz to Jalalabad. On numerous occasions, airline Conditions moderate dramatically southwest of a line
service to stations in the central Hindu Kush was not drawn from Termcnz to Jalalabad. Snow occurs at
available for 4 to 6 weeks. elevations as low as 2,(XX) feet (6(X) meters) and as far

south as Quetta once ev'riy 4 to 5 years. The rare snow
Winter and spring snowfall results in extensive event requires a combination of abnormally cold air and

snowpacks in the higher ranges. Snowpacks are unusually strong western disturbances.
permanent above I 1,8(X) feet (3,6(X) meters).

SKY COVER. Mean monthly sky cover increases
"Western disturbances" (the local name for transitory dramatically north of 28' N. It exceeds 40% north and

upper-level troughs and, often, their associated surface west of a line from Quetta to Peshawar, and is 50% over
cold fronts) cross the Hindu Kush every 4 to 6 (lays. The the Hindu Kush and Karakoram Ranges.
effects of these phenomena (which include multilayered
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Figure 4-3. Mean Winter Cloudiness (isoplethis) anid Frequencies ot' ('viling~s I~ehoi• 3,000
Feet (915 meters), Eastern Mountains. Rccarsc ol rcrrain. ihe frequcncies shown hcrc arc'
unique to individual stations anti riot necessarily represernLarive ol auiy other arear.
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THE EASTERN MOUNTAINS
WINTER December-March

Between western disturbances, cloud cover is usually ceilings below 3,(X)0 feet (9XX) meters) AGL. Ridges are
confined to cirrus, but the formation of cumulus, with obscured above 6,(KX) lcet (1,830 meters) only by the
bases at 8,0(X) to 12,0(X) feet (2,400 to 4,400 meters), is strongest systems. Multilayered broken to overcast
normal (luring the (lay over the main ranges. Tops range clouds have bases near 0,),(X)0 feet (3,0(X) meters) and
from 14,(XX) to 18,0(X) feet MSL (4,3(X) to 5,5(X) meter,:). extend to 30,A(X) feet (9.1 kin) MSL. Cumuliform clouds

with showers occur along the trough axis, lowering
Conditions deteriorate for 48 hours before the onset of ceilings to 6,(X)0 feet (1,80() meters) MSL. Moderate

a western disturbance, (luring iis passage, and for 36 to mixed icing and moderate to severe turbulence are found
48 hours after passage. In the northeast, mountains in clouds over ridges.
axove 5,(XX) feet (1,5(X) meters) MSL are obscured;
multilayered clouds extend to 35,(XX) feet (10.7 kin) VISIBILITY. The visibilities shown in Figure 4-4 are
MSL. There is moderate to severe mixed icing and representative of valley stations only. We must assume
turbulence. In mountain valleys, ceilings are as low as that visibility in cloud, which obscures most mountains
3(X) to 5(X) feel (90 to 150 meters) AGL in rain or, above above 6,(XX) to 7,(XX) feet (1,830 to 2,135 meters) MSL,
3,0(X) feet (915 meters), in snow. is zero. Poor visibilities at North Salang and Kabul are

caused by snow. Low early morning visibility at Quetta
Conditions improve rapidly southwest of a is from smoke. At other stations, low visibilities are

Termenz-Jalalabad line. Except for local terrain effects, caused by a combination of precipitation and/or early
the strongest of western disturbances rarely lowers valley morning fog.
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too 03109115121, 7 113 1 ,61 6 . ,• • •

S" 03109115121 7T 3 6r• o . , ,• . _ ."..................

4 31 3 2l~ *' r-. Murree .

-- € - -- ' . :,''. ', 03109115121I " I ••
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Figure 4-4. Mean Winter 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 area.
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THE EASTERN MOUNTAINS
WINTER December-March

WINDS, Surface winds are mostly terrain-controlled, in Afghanistan. The highest peaks of the Hindu Kush
especially in the northeast. Except over ridges, and Karakoram are at jet stream elevations; winds of
mountain/valley orientation determines wind dlirection over 150 knots are common. At southern and western
even when there is a strong synoptic gradient. Figure 4-5 stations, wind speeds and dlirections are determined by
shows mean surface wind speeds and directions for terrain; only (luring western disturbances are steady
selected stations. Speeds at low levels are light (usually winds above 10 knots. The mountain wave is found
less than 4 knots), but considerably higher on ridge tops routinely above 10,(X)) feet MSL (3,050 meters) when
and at higher stations such as North Salang and Ghazni upper-level wind and ridge orientation meets criteria.

DEC JAN FEB MAR

NW Khuzdar 3.90 4.20 4.50 5.40
W Maz.ari 4.20 4,90 6.10 7.00

S--Wz Quetta 1.80 1 .80 2.50 2.70
NE-SE Drosh 1.90 '2.40 2.60 1 .90

N-NiE&SW Zhob 1.10 1,40 2.10 2.40
E Chakhcharan 2.80 2 .70 1.30 3.60

NW Kobul 2.70 3.40 3.60 4.00
w Jallalobad 1 .00 .1.70 2.00 1 .60
-N Ghazni 5.00 5.90 6.10 5.40
N Faizabad 1.00 1.00 1 .30 1.90

W Kunduz .080 3.20 3. 5.50
S-NW Turghundi 3.00 3.40 3.40 2.30
SENW Mimana 3.40 3.70 14.00 4.20

S N. Salang 6.90 8.10) 7.40 6.60N,.'sw 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-, 15,(X)0- and feet (3,0(X) meters). Note that these are mean winds;
20,(XX)-fxoot (3,050-, 4,580-, and 6,1(X)-meter) MSL actual directions range from southwesterly to southerly
winds for Kabul, Khorag, and Quetta. At these levels, ahead of an upper-air trough to northwesterly or even
winds are WSW to WNW at every station but Khorag northerly behind it. Also note that thcte are few
throughout the winter. At Khorag, the 10,(X)O-foot upper-air stations in the Eastern Mountains; Khorag is a
(3,050-meter) wind reflects the station's location in a Soviet station just north of the region.
deep valley surrounded by mountains higher than 10,(X)O
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THE EASTERN MOUNTAINS
WINTER December-March
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Figure 4-6a. Mean Annual Wind Direction, Kabul, Adghanistan.
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THE EASTERN MOUNTAINS
WINTER December-March
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THE EASTERN MOUNTAINS
WINTER December-March

PREI~CPITATION. Precipitation increases in the north wvinds andl many other (iactors. but by winter's en(I, mean

and at higher elevations. Figure 4-7 shows seasonal depths are 10-15 feet (3-4.5 meters) at valley stations
rainfall (isohycLs) an(I mean monthly and maximum with elevations of' 7,(XX)-I0,(XX) f'eet (2,I(X)-3,(XX)

24-hour precipitation for selected1 stations. A~cuiIacv of meters). These stations have reportedI 30-loot (9-mieter)
isohyct preparation in this region is limited because of snow decpths.
the mountainous terrain. Precipitation amounts over the
higher elevations (5,(XX)-7,(XX) feet/I ,5(X)-2,l(X) meters Most precipitation falls as rain in the south and] west.

MSL) of the Hindu Kush and Karakoram Range may be Snow is normally confined to elevations above 6,(Xx) f'eet
two or three times greater than the amrounts shown. ( 1,830) meters), but snow has been reportedl (rarely) at

Quetta and other locations with elevations of 2,(XX)-3,(HX)

Precipitation above 5,(XX) feet (1,5(X) meters) in the feet (61i0-915I meters). Seasonal rainflall ranges from 1.5
northeast f'ails as snow. Fr-,mencnary reports indicate inches (40mim) to 4.8 inches (122 mim). Precipitation

that 36- to 6)-inch (920 to 1,520 mm) accumulations at maximums show the variability that would be expected
elevations of 7,(XX) feet are possible from one western in this region andl climate.
disturbance. Actual snow depths are dIeterminedI by
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THE EASTERN MOUNTAINS
WINTER December-March

"Tunderstorms are rare in this region except ovcr the increased thunderstorm frequenicy. Frequencies tirc
southern and western ranges in March, where warmer mnuch higher over ridge lilies.
temnperatumes and late western disturbances result in
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THE EASTERN MOUNTAINS
WINTER December-March

'Il'ENIPERA1'URE. Elevation is the main decerininant ridges are considlcralfly lowcr Ohwn flhose. in thie valleys.
of' temperature. The nican Creezing level is near 7,000) Windl chill temperatures are considerahly lower Owni
1lect (2,1 (X) meters). Diurnal variations reflecti the high those shown in Figirc 4-~9, especially in the highier
niean clouid cover and Irequent passages of' western ranges.
(listurhances an( precipitation. Temperatures over higher
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THE EASTERN MOUNTAINS
SPRING April-May

(CENIRAL WEATHEIR. Conditions over the Hindu The frequency with which western (listurlances cross
Kush and the Karakoram improve slowly. April can be the Eastern Mountains drops from one every 6 days to
as severe as any month of the winter, but conditions one every 10 days by the middle of May. The effects
improve rapidly by early May. The snowpack line rises (multilayered clouds, p~rccipitation, icing, turbulence, low
steadily, reaching 13,(XX) to 15,(XX) feet (4,0(X) to 4,575 ceilings or mountain obscuration, anrd pxor visibility) are
meters) by the end of May. Snowfalls are restricted by most marked over the high ranges. Lesser ccts are felt
that time to extremely strong western disturbances over as far south as the Termenz-Jalalabad axis.
the highest ranges of the Hindu Kush and the Karakoram
ranges. By early May, airline schedules again become SKY COVER. North of 320 N, mean cloud cover is
reliable for flights to stations in the higher ranges. Mild highest of the year, exceeding 60% over the Hindu Kush
conditions prevail over the southern anl western and Karakoram Ranges.
sections.

962 4 6 10 50%12 4o+ 'A

,1 1 03009 J5021- 0 11•121

"3," 42I0114 9

8 ,228

-- J I . 'M I SC [)ATA
3LOCL TIME 03 09 15

I "/.FREQ CIC LT 030

,o-I" NM
,' •8 2"5 s"o i8g ilo 2

62 4 68 70 ', 12 14 16

Figure 4-10. Mean ,Spring Cloudiness (isoplethis) and Frequencies of C:eilings IBelouw 3,000
Feet (915 meters), Eastern Mountains. P, otalisc of Iterrin, (he frequecnties shown here arc'
unique to indlividlual staitions andI not necess'arily relpresenlative o)1 any other are'a.
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THE EASTERN MOUNTAINS
SPRING April-May

Cloud cover is cirrus except over main ranges, where Conditions are better south of 320 N, Even ihe
daytime cumulus bases are 8,(XX) to 12,(XX) feet (2,440 to strongest western disturbances rarely lower valcy
4,400 meters) MSL, with tops from 14,(XX) to 18,(X)0 feet ceilings below 3,000 feet (915 meters). Ridges are
(4,270 to 5,49(0 meters) MSL. Isolated afternx)n obscured above 7,(X)0 fect (2,135 meters) only in the
cumulus that produces ceilings below 3,0(X) feet (915 strongest systems. Multilayered broken to overcast
meters) begins to appear in central Afghanistan valleys, clouds have bases near 10,(XX) feet (3,050 meters), tops

at 30,0(X) feet (9.1 km) MSL. Cumulus and showers
Conditions are much worse for 48 hours before onset occur along the trough axis, lowering bases to 6,(X)0 feet

of a western disturbance, during its passage, and for 36 to (1,830 meters) MSL. Moderate mixed icing and
48 hours after passage. North of 32' N, mountains are moderate to severe turbulence are found in clouds over
obscured above 5,0(X) feet (1,525 meters) MSL. ridges.
Multilayered cloud extends through 35,0M) feet (10.7
kin) MSL, with moderate to severe mixed icing and VISIBILITY. Visibility is zero in cloud-shrouded
turbulence. In mountain valleys, ceilings are as low as mountains above 6,(X)0 to 7,0(X) feet (1,830 to 2,135
300 to 500 feet (90) to 150 meters) in rain or, above 3,(X0) meters) MSL. Clouds cause low visibilities at North
feet (915 meters), in snow. Salang and Bar Khan. Early morning smoke is the

problem at Quetta.
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Figure 4-11. Mean Spring Frequencies of' Visibilities lBeloi% 3 Miles, Eastern Mountains.
Because of terrain, the lrequcncics shown here arc unitutic Io indlividtal station, ; s and ll

necessarily representative otf any tlthcr arca.
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THE EASTERN MOUNTAINS
SPRING April-May

WINDS. Except over higher ridge lines, Hindu Kush and Karakoram are at jet stream elevations;
mountain/valley orientation determines wind direction. winds of over 150 knots arc; common. At stations in the
Figure 4-12 gives mean wind speeds and directions for south and west, winds are determined by terrain; steady
selected stations. Winds at low elevations are light, but wind speeds are above 10 knots only during western
speeds are considerably stronger on ridge tops and at disturbances. Mountain waves arc found routinely above
stations in the higher elevations, such as North Salang 10,000 feet (3,050 meters) MSL when upper-level wind
9nd Ghazni in Afghanistan. The highest peaks of the and ridge orientations meet criteria.

APR MAY

MW Khuzdar 5.00 5,20
W Mazari 6.30 5.70

SW-NW Quetta 2.70 3.60
N"E-S Drosh 2.00 2.20

sw-Nw Zhob 2.60 2.50
w Chakhcharan 3.50 3.10

I'q Kabul 4.40 5.10
w Jalalabad 1.70 2.40

N Ghazni 5.50 6.10
N Faizabad 2.10 2.30

N-E Kunduz 3.90 4.20
N Turghundi 2.60 2.30
W-N Mimana 4.30 4.60

S N. Salang 5.30 5.50
SW Bar Khan 3.50 4.40

Figure 4.12. Mean Spring Surface Wind Speeds (kts) and Prevailing
Direction, Eastern Mountains.

Refer to Figures 4-6a-c for mean 10,0X)0-, 15,0(X0-, these are mean winds; actual directions range from
and 20,(XX}-fCx~t (3,050-, 4,580-, and 6,100-meter) MSL southwesterly to, southerly ahead of an upper-air trough
winds at selected stations. Upper-level winds at every to northwesterly or even northerly behind it. Also note
station except Khorag are WSW to WNW throughout the that there are few upper-air stations in the Eastern
winter. At Khoraq, the 10,000-foot (3,050-meter) wind Mountains: Khorag is a Soviet station just north of the
reflects the station's location in a deep valley surrounded region.
by mountains over 10,0(X) feet (3,000 meters). Note that
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THE EASTERN MOUNTAINS
SPRING April-May

0 PRFCIPITATION. Spring precipitation (shown hy the Snow depth depends on winds and other factors. The
isohyt•s in Figure 4-13) over the highest mountains is greatest mean depths are in late April when they reach 15
half what it was (luring the winter. Northern stations, to 18 feet (4.5 to 5.5 meters) at valley stations with
and those in the higher elevations, get the most. The elevations from 7,(XX) to 10,(XX) feet (2,135 to 3,050
main Hindu Kush and Karakoram ranges between 5,W(X) meters). These stations have repx)rted maximum depths
and 7,(XX) feet (1,525 and 2,140 meters) MSL may get of 30 feet (9 meters).
twice the precipitation shown in Figure 4-13.

South of 320 N, most precipitation falls as rain.
Precipitation above 6,000 feet north of 32' N falls as Seasonal averages range from 0.4 inches (10 mmn) to 2.4

snow. Reports are fragmentary as to amounts, but 36-60 inches (60 mm).
inches (915-1,525 mm) from a single western
disturbance early in the season are possible at elevations Maximum 24-hour precipitation is highly variable,
near 7,0(X) feet (2,140 meters). The snow line rises with the greatest 24-hour amounts reported by Hindu
steadily with increasing insolation: by mid-May, snow is Kush stations. Amounts decrease from April to May.
confined to clevationr above 12,000 feet (3,660 meters).
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TWE EASTERN MOUNTAINS
SPRING April-May

Spring is the season for thunderstorms, which, as (5(0 to 1(W mmn) in diameter has been reported at
shown in Figure 4-14, ocvcur once every 5 to 6 days in elevations up to 10,0(X) WetL (3,05(0 meters), miost
April over western and northern ranges. Occurrence is associatedl with wcstern disturbances. The usual
higher over isolated ridlges. Murree, Pakistatn, averages I thunderstorm aviation hazards apply, including
thunderstorm every 3 days in May. Hail 2 to 4 inches downbursts.
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THE EASTERN MOUNTAINS
SPRING April-May

TEMrFRATUR.'R~ Temperatures increase drimalic- cover and lower incidence of western disturbances result

ally. TIhe mneart freezing level rises to near 13,0(XX) feet in higher dliurnal variations,

(4,0(X) mneters) by mid-May. Decreasing mean cloud
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681 8o 58 72185 ~. 681763875187 Tr5u
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Figure 4-15. Mean Spring Daily Maximum/Minimum Temperatures (F.), Fastern

Mountains.
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THE EASTERN MOUNTAINS
SUMMER June-September

(;F.NERAL WEATHER. Skies over the Hindu Knsh westward over the region. Multilayered clouds,
and Karakoram range are generally clear. Only the thunderstorms, heavy rains, an(l poor flying weather
higher Karakoram ranges see significant cloud cover result. Such conditions have persisted for up to 2 weeks.
because weak western disturbances still affect this area. See the discussion under "Abnormal Southwest Monsoon
Moist Southwest Monsoon air affects the Arabian Sea Flow" in Chapter 2.
coast and the extreme southern ranges. Rare western
disturbances or extremely strong monsoon depressions SKY COVER. Skies are mostly clear, with only
aic the main producers of precipitation, usually affecting scattered cirrus. Increased cloudiness over the
only the Karakoram ranges. Precipitation can be heavy, Karakoram range (40% coverage) and the mountains just
especially over higher ranges where storm totals are. north ol' the Arabian Sea coast (40-50% coverage) results
sometimes 10 inches (250 mm). An upper-air low is cut from convection over the mountains and moisture
off over south-central Iran once every 4 to 5 years, availability.
resulting in the diversion of southwesterly monsoon air
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THE EASTERN MOUNTAINS
SUMMER June-September

Cloud cover in the north is usually cirrus, but cumulus Conditions over the central and eastern regions
forms over the high Karakoram ranges during the day. deteriorate whenever the remains of a monsoon
Bases are 8,(XX)- 1 2,(XX) feet (2,440-4,400 meters), tops depression moves in from northern India. Ridges above
14,0(X)-18,000 feet (4,270 to 5,490( meters) MSL. 6,000 feet (I,800 meters) are obscured in heavy cumulus
Conditions are much worse for 48 hours before onset of a and cumulonimbus. Multilayered broken to overcast
western disturbance, during passage, and for 36 to 48 clouds have bases near 10,(W)0 feet (3,050 meters) and
hours after passage. North of 340 N, and cast of Kabul, tops to 30,0() feet (9.1 kin) MSL. Moderate mixed icing
mountains arc obscured above 5,0(X) feet (1,525 meters) and moderate to severe turbulence are found in clouds
MSL. Multilayered cloud extends through 35,W0() feet over ridges.
(10.7 kin) MSL, with moderate to severe mixed icing and
turbulence. In mountain valleys, ceilings are as low as VISIBILITY. Clouds frequently lower visibilities to
3(K) to 5(W) feet (.90 to 150 meters) in rain or, above zero at elevations above 6,000 to 7,000 feet (1,830 to
14,(XX) feet (4,270 meters), in snow. Only cirrus occurs 2,135 meters) MSL. Elsewhere, visibilities are good.
south and west of this area, except for isolated late Low visibilities at Zhob and Bar Khan are due to
afternoon cumulus. The extreme south has stratus and mountain valley fog. The reason for Quetta's. distinct
stratocumulus at night and in the morning, clearing by early morning minimum is unknown, but pollution is
mid-morning. Bases are 1,0(K) to 1,500 feet (305 to 460 suspect.
meters); tops are 2,000-3,(XX)-feet (610-920 meters).
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Figure 4-17. Mean Summer Frequencies of Visibilities IReloý% 3 Miles, Eastern Mountains. Bccau:c of lerrain,
the frequencies shown here arc unique to individual stations and [not necessarily rcpresentative ol any other arca.
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THE EASTERN MOUNTAINS
SUMMER June-September

WINDS. Terrain determines mountain and valley winds, Afghanistan), speeds are considerably higher. The
but synoptic flow is the main factor over plains and highest peaks of the Hindu Kush and Karakoram are at
higher ridge lines. Figure 4-18 gives mean wind speeds jet stream elevations; speeds of over 80 knots are
and directions for selected stations. At lower elevations common. Mountain waves occur routinely above 10,(XX)
south of the main ranges, wind speeds are less than 4 feet (3,050 meters) MSL when upper-level wind and
knots. Over the ridges and at higher elevations in the ridge orientations meet usual criteria.
north (such as at North Salang and Ghazni in

JUN JUL AUG SEP

-W,,-'SE Khuzdar 4.90 4.70 4.50 4.00
W Mazari 7.60 8.30 7.80 5.50

S-:N'W Quetta 3.00 2.30 2.30 1.90
SW Drosh 2.80 3.20 3.50 2.90

W-SW&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 6.30 5.20 . 3.60
E Jalalabad 2.80 2.40 1.90 1. 20
N Ghazni 5.80 4.80 5.00 5.10
N Faizabad 2.70 3.40 .3.50 3,10
N Kunduz 4.60 4.-50 4.40 4.20
N Turghundi 4.30 4,10 4.00 9.80
N Mimana 5.40 5.70 5.40 4.90
N N. Salang 8.40 7.90 6.70 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 directions indicate a change taking place between June and September.

Refer to Figures 4-6a-c for mean 10,000-, 15,000-, ahead of an upper-air trough to northerly behind it. Note
and 20,0(X)-foot (3,050-, 4,580-, and 6,1(X)-meter) MSL that there are few upper-air stations in the Eastern
winds, which vary from WSW to NNW. Note that these Mountains; Khorag is a Soviet station just north of the
are mean winds--actual winds range from southwesterly region.

4
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THE EASTERN MOUNTAINS
SUMMER June-September

0PRECIrITATION. The southeastern side of thc Precipitation falls as snow only above 14,000 feet
Karakoram range, exposed to intermittent monlsoon flow, (4,270) mcters) in thc main Karakoram ranges. Repo~rts
gets thc most summer precipitation, as shown by the from this region arc fragmentary, hut 15 to 25 inches
isohycts in Figure 4-19. Isohyet accuracy is limited by (380) to 635 mm) from a single western disturbance are
mountainous terrain. Precipitation amounts between possible at near the freezing level. Precipitation
5,0(X) and 7,(XX) feet (1,525 andl 2,135 mecters) MSL in elsewhere falls as rain. Murree dlata is representative ol
the Hindu Kush and Karakoram mountains may be two locations on the south andl southeast sides of the main
or three timies greater than shown. Karakoramn ranges. West and north of' this area,

prec ipitation amounts decrease rapidly.
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THE EASTERN MOUNTAINS
SUMMER June-September

Thundcrstorms, as shown in Figure 4-20, are most locations is a Itinclion of( monsoon flow; afternoon 0
frequent over the southern Karakoram. Murree averages heating is enough to produce thunderstorms if enough
a thunderstorm every 2 to 3 days during the summer, but moisture is available. Thunderstorm frequency is much
frequency decreases in September as the Southwest higher over ridge lines.
Monsoon retreats. Thunderstorm frequency at other

62 4 ~ 6 8 .u 10u fU494~~iu l• l 38

JUN JUL AUG SEP -' JUN JUL AUG SEP
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8 0 1 0 O 1 5-" o o'0I o / . .Fazbaad
/ ... ,/~~~~"Ir ..... ,.Ter menz ,,", .. , ,...
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011iaat br. '- - -- q-L { . _ . . • r K m i,, z ._ - ~ ', -. JU JU AUG SEP 36

aIazar 0-, JUN JUL AUGi SEPm "Dr __U JUL AGSEP -- i"

I. , I 1 1 34
• aB,..,-""' \ '1 . 0 'Z.:: Gi b•.•:• M,,,, U •lgt •.114131JUL AUG SE Dros
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~~~~ 17. 4' "1 3" 1 3-
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Figure 4-20. Mean Summer Thunderstorm Days, Eastern Mountains.
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THE EASTERN MOUNTAINS
SUMMER June-September

'TEMNPiERATU1RE. Smaller diurnal variations reflect the southeastern Karakoram, cloud cover. Temperatures

the increased presence of atmospheric moisture and, in over higher ridges are considerably lower.
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Figure 4-21. Mean Summer Daily Maximum/Minimum TleemperaIures tF), Eastern

Mountains.
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THE EASTERN MOUNTAINS
FALL October-November

GENERAL WVEATHER. Fall is hy lar the most turbulence, low ceilings, mountain obscuration, and poor
pleasant season of the year. Cloudiness and precipitation visibility) only affect the area north of 340 N.
generally decrease, even though western dlisturbances
increase in frequency andl strength as the season SKY COVER. Sky cover (lecreases dramnatically. Only
progresses. These disturbances cross the higher Hindu the high H-indu Kuish and Karakoram ranges see cloudl
Kush and Karakoram Ranges every 6 to 8 days. Their cover greater than 30%, most fromn western disturbances.
effects (multilayercd clouds, precipitation, icing,
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030911ýLý 1 0 3 0 9 J l f1 5 21 0191~915121
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THE EASTERN MOUNTAINS
FALL October-November

Between western disturbances, most cloud cover is turbulence, Ceilings in inounlain valleys are as low as
cirrus. Over the main ranges, daytime cumulus may 3(X)-5(X) feet (90-150 meters) in rain or, above 7,0(X) feet
form with bases at 8,(XX)-12,(XX) feet (2,440-4,4(X) (2,135 meters), in snow. South of 340 N, only cirrus
meters), Tops range from 14,(XX) to 18,(XX) feet (4,270 to occur.
5,490[ meters) MSL.

VISIBILITIES. In the Eastern Mountains and
Conditions are much worse for 48 hours before the Karakoram ranges, visibilities are at or near zero above

onset of a western disturbance, (luring passage, and for 7,(XX) feet (2,1(X) ineters) during passage of western
36 to 48 hours after passage. Mountains north of 34' N disturbances. Elsewhere, only urban areas in valleys
arc obscured above 5,0(X) feet (1,525 meters) MSL. (such as Quetta and Bar Khan) see reduced visibilities,
Multilayered clouds extend to 35,(00 feet (10.7km) MSL most confined to early morning.
and prod.ce moderate to severe mixed icing and

06 8 10 A' 9+ 16
15121 03109115121 06109115121 , - 0310911512 .1 3

38 13 31 3 "-31 2 11i -47777i ,/ --- i-

03109115121 . .Fafbad
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',f . ta-Bazar - , 
3"

031091151 No DNsrthhw %Imt
.7T--"--4-

03039o915,2e 3_I.• 3 1 O -
% 'Gh"1%zrMurree I,.

-03109i 15121 %•'

T -' 2i2- 1.5" 1-- 03109115!21 q,,,

03109115121

S. .51 81 61 4

0 Ajeotta
'3fl 0310911512 30
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Figure 4-23. Mean Fall Frequencies of Visibilities Below 3 Miles, Eastern Mountains.
Because of Icrrain, !he frequencies shown herc are unique to individual suitions and not
necessarily representative of any other area.
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THE EASTERN MOUNTAINS
FALL October-November

WINDS. Even when synoptic gradients are strong, such as a( North Salang and Ghanzi in Afghanistnm. rhc
niountain/valley orientation determines wind direction, highest peaks of the Hindu Kush and Karakoran arc at
especially in the northwest. Only over ridges are wind jet stream elevations; winds of over 120 knots are
directions and speeds determined hy synoptic flow. common. Mountain waves occur routinely above I0,0(X0
Figure 4-24 shows mean surface wind speeds and feet (3,050 meters) MSL when upptr-level wind and
directions for selected stations. Speeds at low elevations ridge orientations meet criteria.
are below 4 knots, but much higher at higher elevations,

OCT NOV

NrW Khuzdar 3.60 3.50
W Mazar1 5.40 4.50

S-NW Quetta 1.40 1.30
SE-SW Drosh 2.00 1.50

sw-Nw Zhob 1 .40 1.20
W Chakhchar-on 2.60 1,70

, Kabul 2.70 2.70
w Jlalab ad 1.00 1 .00
N Ghazni 5.40 4.90

N Faizabad 2.10 1.20
W Kunduz 5 "q 3.10
N Turghundi 2.10 1.80

W/E Mimana 4.30 3.40
N N. Salong 5.00 5.20
N Bar Khan 2,90 3.20

Figure 4-24. Mean Fall Surface Wind Speeds (kts) and Prevailing Direction,
Eastern Mountains. The slash between Mimana directions indicates a change
taking place between October and November.

Refer to Figure 4-6a-c for mean 10,0(X)-, 15,000-, and an upper-ai" trough to northwesterly or even northerly
20,(X)O-foot (3,050-, 4,575-, and 6,100-mecter) MSL wind behind it. Note that sounding stations in thc Eastern
directions. At all stations except Khorag, winds vary Mountains are few; Khorag is a Soviet station just north
from WSW to WNW. Note that these are mean of the region.
winds--actual winds range from southwesterly ahead of
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THEF EASTERN MOUNTAINS
FALL October-November

PIRIMCITIATION. Fall precipitation (shown by the feet (2,1 35-2,745 melcers). It is rare elsewhere, andi
isohycts in Figure 4-25) is tmostly limited to higher confined to an occasional shower; 24-hour iliax iniums
elevations in the northernmost mountains. Precipitation show (lie variability to be expectedl. Fall thundcrstornis,
over t~hc Hindu Kush and Karakoram ranges only [tills shown in Figure 4-26, tire almost unknown excep)t over
routinely at stations with elevations above 7,O(X)-9,(K)() the higher ranges inl October.

8 0 OCT NOV
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OC~OC NOV1. .
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THE EASTERN MOUNTAINS
FALL October-November
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Figure 4-26. Mean Fall Thunderstorm Days, Eastern Mountains.
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THE EASTERN MOUP,47AINS
FALL October-November

'II TEPERATURE. Temperatures begin to decrease. reach arctic values. H]igher diurnal variations reflect
By late November, the mean freezing level is near '7,O(X) clear skies anti Ihe infrequent passage of western
fIet (2,135 meters) and temperatures over higher ranges (lislurb)ances.

62 ,4 7,60 i , A 4 .O9 u 16
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Figure 4-27. Mean Fall Daily Maximum/Minimum Temperatures (F), Eastern Mountains.
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Chapter 5

THE CENTRAL DESERIS

The Central Deserts subregion includes the deserts of central and southeastern Iran, southwestern Afghanistan,
and western Pakistan. After describing the area's situation and relief, this chapter discusses "general weather
conditions" by season. Note that there are only two "seasons" here--wet and (try.
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THE CENTRAL DESERTS SITUATION AND RELIEF
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THE CENTRAL DESERTS SITUATION AND RELIEF

STATION: BIRJAND IRAN
LAT/LON: :12 4 N - 69 16.E_ -_ ELEV: 4823 FT-

ELEMENTS JAN M MAR APR MAY JoN JUL AUG SEP iOCT iNOV DEC ANN

ETMX 77 79 84 97 -1 "041 108 11314117 1041 97L 84 173 11

AVG MAX 54 59 68 77 -6 95 99 9 95 91 81 88 66 55 77
AVG MIN 30 34 43 50 57 64 710 64ý 55 46ýG 36 "30j 48

XT MIN 7 16 19 27 41+ 52 5 48 39 27 1, 1 3 3
AVG PRCP 1.1 0.9 1.0 1.4 0.51 * * * * * 0.31.0.41 5 .86

MAX MON 3.3 3.41 2 .e8 3.8 2.31 0.1 0.1 0.4 0.9 1.1 7.71
MIN MON 0.0 • 0.2 0.2 0.0 0.0 0.0 0.o .01 0.0 0.0 0.0 2.o

,AX DAY 0.8 1.2 0.6 o0 O.71 o011 * * 1 31 0.71 0. 1.21

TS DAYS 1 *1 1 3 1*1 *4 7..4 "
DUST DAYS 0 4 4 3 0 2 5 0 0 1 1 0 1 20

= LESS THAN 0.05 'NCHES OR LESS THAN 0.5 DAYS

STATION: LASKAR GAN AFgI A TAN

LAT/LON: 31 33 N 64 22 E - ELEV:

ELEMENTS__JAN_ FEB MAR jAPR I MAY JUN IJUI, AUG ISEP I OCT INOV I DEC IANNI
EXT MAX 84 8o' 94 99 I109 1181 116 I115 I107 98 190 79 1161

AVG MAX 59 64 76 84 96 105 107 104 96 4 5 72 62 I 84

AVG -IN 33 38 48 54 64 70 75f 69 59 48 38 33-3 1
EXT HIN 5 18 28 37 51 59 83 55 43 29 17 j 11 5

"aV PRCP 0.8 0.6 0.8 0.51 0.1 0.0 0.04 * 1 0.014O.0_O.lJ 0.5 3.6j

MAX MON 4.4 1.8 1.7 2.8 1.3 0.0 0 O. O * 1 0.04 * 0.6j 2.11 6.21

MIN MON 0.0 0.0 0.0 0.0 0.01 0. 0. 0 0 01 010.01 0.0 2.31

MAX DAY 2 .3 0.9 1.2 o o 04 0.0 0 ° 2.30

TS DAYS * 0 1 2 1 0 10 1* 10 0 * 0 __

DUST DAYS 1 2 4 4 5 4 I14 1-2 3-1

AVG RH % 59 62 50 47 37 27 28L 28 29 37 54 J 52 43
* LESS THAN 0.05 INCHES OR LESS THAN 0.5 DAYS

STATION: FARAH AFGHANISTAN

LAT/LON: 32 22 N _ 2 I2 1 ELEV: 2296 FT

ELEMENTS JAN iFED MAR APR MAY JUN JUL AUG SEP OCT- NOV I DEC AN
EXT MAX 83 86 94 103 110 117 118 117 l 1001 90 78 _11

AVG MAX 61 85 75 84 95 105 108 1051 97 86 73 163 1 8 5 J
AVG MIN 33 38 47 55 83 72 76 70 61. 50 _L7 I37 ] 53

EXT MIN 13 18 27 37 45 55 61 54 42 32 114 11 11
AVG PRCP 0.7 0.9 0.5 0.3 0.1 * 0.0 * * * 0.1 0.44 3.0
MAX HON 2.4 2.7 1.6 1.3 1.0 * 1 0.01 * * .3 0.8 1.8 4.21
MNI MON 0.0 0.0 0.0 0.06 0.0 0. 1 0. 0 0. 0.l0 0.0 0.0 0 .0

2.01 - - f_ 4:o __0ý
MAX DAY 0.8 1.0 0.8 0.8 O.6 O.0 0.Ot * O.1 0 .4 1.4
TS DAYS 1 1 0±I 24 f [ 024~ 1 j*j*I
DUST DAYS 21 1 6 4 4 3 1 1 4L 1 2 34

AVG RB 63 62 55 1 43 i 33 133 136 38 j 44 48 52 4
* = LESS THAN 0.05 INCHES OR LESS THAN 0.5 DAYS

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

BTATION: 8MAT AZJGHANIfTAN -
LAT/LON: 3 82 14 - XLEV: _20 . .,

-LzEMmTs JAN nD ma. APR HAY JUN JUL ,AUG ISEI'OCT [NOV [DEC IANN
EXT MAX 70 62 87 100 104 100 112 1091 103 95 86 1, 78 112

AVG MAX 51 56 65 74 84 94 98 95 89 78 3 54 175
AVG MIN 27 32 40 47 56 85 70 68 58 44 33 28 47
XXT IHI -16 8 - 28 37 48 59 47 37 24 9 -8 1-16
AVG PRCP 1.8 1.4, 1.9 1.3, 0.3 *. 0.0 0.01 * I * o.4 1.31 8.31

MAX MON 4.6 3.8 4.5 14.0j 3.6 0.1 0.0 O.01 * 1060.9 5.0j 12.0 1
MIN HON 0.2 0.2 0.3 * 1 0.0 o.o 0.o1 0.01 0.0 0.01 1.014.41
MAX DAY 1.0 1.2 1.4 1.21 1.2k 0.1 0.01 o.oi i o.2 0.71 1.61 1.6

_________ ' _ --
TSDAYS 2 4 1 O{O 0 * __0 *0
DUST DAYS 1j 1 3 2 6 j 5 '3 1 L 1 281
SNOW DAYS 3 [2 1 0 0 ]?4j O01 0l~ .4 .. Z ~
AVG 1RW 71 89 &3 44 3.. 1 33  j 3 37j 45 j .6 7 _71

• LESS THAN 0.05 INCHES OR LESS THAN 0.5 DAYS

STATIONt: K'HANISTAN
LAT/LON: 31 30 N _. . 5 51 K ELIV: 3312 2X.

,LEMKNTS JAN MAR APR IMAY JUN JUL AUG ISIP OCT iNOV DECI ANN
EXT MAX 79 82 90 102 1061 113 120 111 104 99 84 1771 120
AVG MAX 56 81 73 82 93 102 105 1011 93 83 71 601 82

AVG MIN 32 38 46 54 60 67 I 73 88 56 48 38 33 l 51

AVG PRCP 15 .3080.7 * 0.0 * 0.0 * 4.20.91 5.EXT MIN 10 16 28 38 47 47 59 54 45 30 17 11 10

MAI ON 3.2 1.8 0[ .8 0.2, 0.0 * 0. 0 0* 0.0 70 5.6!HIM',od ** 0 .1 0.1 •. . o~ ~{oo ~, ~{ 0.

MAX DAY 1.3 1.2 0.7 0.5 0.2 0.0 * I . 0.4 .41 1.

TS DAYS 0 * 1 1 * * 0 ---0 3'"1
DUST DAYS 7 6 7 8 4 6 5  6 I 4 1 2
AVGRHX,, 55 58 47 43 27 22 291 20 20 91 8  38 49 36

* LESS THAN 0.05 INCHES OR LESS THAN 0.5 DAYS

STATION: ZAHEDnAN IRAN __ "__

LAT/LON: 29 28 N 6054 X ELEV: 4517 FT
ELEENTS ,JAN FEB IMAR APeR MAY IJUN iJUL i ^o E - OCT u NOV _DKC _ANN
EXT MAX 7 182 90 1021 104i 113 111 1O9 104 1 0o• 4,1 99 113
AVG MAX 57 65 73 i 81 90 97 , 99 96 10 82 69 30 80

EXT MIN 17 1 1 36 25j1217 1

AVG PERC 0.41 1.01 0.51 0.5 0.1 *.. 01 * 0.2o 0.4 3.5
MAX MON 2.3.1 .21 0.9] 0.4] 2.6 0.02 0.0. 0.41 2.21 3'.2  11"8J
HINMON o.o{ o.o , 0.01 .01o 04 0.01 0.01 0.01 0.02 0.0o 0o.0 1.51
MAX DAY 1.8.21 1.311..2 *"1 ' °'O O 001 0.o[°2'1 1'.1 11.7j181
TS DAYS ff J j 3 1 0 101010 1O--±~4
DUST DAYS 6 1 5 5I 11 10 1 .6 3 2 3 . 4

* LESS THAN 0.05 INCHES OR LESS THAN 0.5 DAYS

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

0(;UEO;RAPHY. To dcfine the boundaries of the Central meters) MSL contour near 340 N, 610 E. Follow the

Deserts subregion, follow t[ie 6%..foot (2(W)-mcter) contour west, then southeast, to Shamil.

contour from Shamil (an Iranian town near the Strait of
Hormuz at 270 N, 570 E) eastward to Pakistan's Hingol The Central Deserts contain the arid and semiarid

River, then northward to the 3,280-foot (1,(X)0-meter) lowland depressions and mountains shown in Figure

MSL contour, which is followed to Gidar where a short 5-2a. Its varied terrain results from massive plate

(10 NM) line joins it to the other 3,280-foot tectonic uplift that produced faulting, fracturing, up- and

(l,000-meter) MSL contour at Nihing. Continue along down-thrusting, and volcanic activity. Extensive

the 3,280-foot (1,(00-meter) MSL contour along the Ras mountain ranges to the north, west, and southwest of the

Koh Ridge to the Pakistan-Afghanistan border. Follow Central Deserts produce a large "rain-shadow" effect that

the border until it intersects with the 6,560-foot creates vast sand and salt deserts. Two deserts dominate

(2,(X0-meter) MSL contour and follow it south of the the desolate interior Iranian plateau: the Dasht-e-Kavir

Paropamisus Ridge to the Iran-Afghanistan border. (Great Salt Desert) and the Dasht-e-Lut.

Follow the border until it rejoins the 3,280 feet (1,000

4- AFGHANISTAN

474

s.,d * ._26•¢'P NM .e$" Pl~lTA.N~o

e Figure 5-2a. Mountains, Deserts, and Depressions of the Central Deserts. Black areas indicate areas above0 6,(XI) feet (2,AXX) meters) MSL.
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THE CENTRAL DESERTS SITUATION AND RELIEF

The Dasht-e-Kavir, in Ihe subregion's northwest, is The discontinuous Makran Coastal Range is a
200 NM long (west to cast) and 140 NM wide (north to 250-NM ridge system that parallels the coast. It is
south). It is an ancient lakebed that occasionally fills between 15 and 40 NM wide; average elevation is 4,(XX)
with runoff from the Elburz and Zagros Mountains, but feet (1,2W() meters) MSL. The highest point is Bhari Hol
high evaporation normally keeps it dry. The vast salt at 5,185 feet(1,581 meters) MSL.
marshlands are covered by a thin crust of hardened salt
that doesn't support the weight of man or machine, Immediately north of the coastal range, the Central
making travel extremely difficult. Makran Range is 250 NM long and 15.40 NM wide.

Koh-i-Patandar is its highest point at 7,488 feet (2,283
The Dasht-e-Lut, in east-central Iran, is a valley meters) MSL.

formed by down-thrust faulting along the northern
Zagros Mountains to the subregion's west. The valley is Farther north, the Siahan Range is 170 NM long and
20W NM long and I(X)-I50 NM wide. The surface is about 20 NM wide. The highest point is 6,770 feet
covered by sand and gravel. Isolated salt flats lie at (2,064 meters) MSL.
elevations below 1,620 feet (500 meters) MSL.

The Hamun-i-Jaz Murian, the Hamun-i-Lora, and the
The Eastern Persian Highlands, on the east side of the Hamun-i-Mashkel are salt flats on the Baluchistan

Dasht-e-Lut, constitute the largest mountain complex in Plateau--see Figure 5-2b. The Hamun-i-Jaz. Murian, in
the Central Deserts. This 600-NM system comprises a southeastern Iran, is 180 NM long and 90 NM wide.
series of parallel, discontinuous ridges, oriented Southwest Pakistan's Hamun-i-Mashkel salt flat is
north-northwest to south-southeast, with inactive located between the Chagai Hills and Siahan Range. The
volcanoes. Elevations along the northern and southern Hamun-i-Lora, which runs along the
ends exceed 9,(X0) feet (2,700 meters) MSL. Isolated Afghanistan-Pakistan border east of the Chagai Hills, is a
ridges and rolling hills dominate the central section very small salt Ilat and marshland surrounded by a sand
(29-31 0 N), where most peaks do not exceed 7,(XX) feet and gravel desert.
(2,100 meters) MSL. The highest point is Kuh-e-Taftan,
in the south, a volcanic cone 13,258 feet (4,042 meters) The Helmand River Basin dominates southwest
MSL high. Afghanistan north of the Baluchistan Plateau. It drains

into the Iran's Seistan Depression, which is 150 NM
The barren Chagai Hills, an igneous rock formation long and 50 NM wide. Elevation averages less than

that lies along the Afghanistan/Pakistan border, is 90 NM 1,500 feet (457 meters) MSL. Along with the permanent
long and 10-25 NM wide. Average elevation is 6,(XX) Helmand River, the basin includes many intermittent
feet (1,8(X) meters) MSL; Malik Naro (29 23' N, 63 28' rivers and small deserts.
E) is the highest point at 8,060 feet (2,457 meters) MSL.

DRAINAGE AND RIVER SYSTEMS. Most rivers are
The Baluchistan Plateau, which dominates the intermittent and d(o not flow continuously from source to

repion's southern half, includes the extreme southern mouth. The 7(X)-NM Helmnand River, which drains into
fo), bhills of the Eastern Persian Highlands, the Makran the Seisutn Depression, is the only large river that flows
Ranges, and associated salt flats. The eastern part throughout the year. The Khash, another important rivcr
comprises the Makran Coastal Range, the Central in the Helmand River Basin, begins in the high
Makran Range, and the Siahan Range. The Makrans are mountains of central Afghanistan. It also drains into the
rugged and weathered mountains and hills across Seistan Depression, but often dries up before reaching if.
southern Iran. The ridges are separated by wide valleys
that contain sand dunes and rocky surfaces.
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THE CENTRAL DESERTS SITUATION AND RELIEF

Sea 3+

32

*Lake
S.alt Harsh2

0.1

NM

Figure 5-2b. MaslndLksadRieso the5 N CetrlDeserts. Some of' the lae shown mnay 2e

In Iamn ialrvran tersoriginating in The Makran Coastal Rang~es, the Central Makran, andI
th urudn onan lwito thdertandl Siahan Ranges are (fraine(I by the Maslikel, Hingol, and
evaporate. The Bainpur and the Kharan, two of' the Dasht Rivers.
semipermanent rivers in southeast Iran, dIrain into thc
area's only permanent lake: the Hamun-i-Jaz Murian. Thc Mashkcl begins in the Central Makrans and

flows northeast into the Hamun-i- Mashikel salt Hlat.
The Bampur originates in the foothills of' the
western Makran Coast Ranges. Its intermnittcnit The Hlingol begins in thc Central Brahuji Range of'
waters cut a distinct east-to-west, 130-NM valley. Pakistan and f'lows into the Arabian Sea. Its

350-NM length forms the Central D~esert's
The Kharan begins in the Zagros Mountains and southeastern boundary between 656 f eet (200)
ailso dIrains into the Hantun-i-Jaz Murian 200 NM metiers)andl I1,620) feet ( 1,000 meters) M.SI..
to the east.

Thec [Ja,;h Rivxer begins in I he Makran Co'ast Rang(,
andl flows 205 NMN to the Arabian Sea.
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THE CENTRAL DESERTS SITUATION AND RELIEF

LAKES AND RESERVOIRS. Numerous alkaline During high waler, it has several small ponds; its marsh
lakes and dry lakebeds dot the Central Deserts, but only reaches a maximum length/width of'60/15 NM.
the Hamun-i-Helmand and the Hamun-i-Jz Murian
remain visible at the surface year-round. Their size, Baluchistan's Hamun-i-Lora and the Hamun-i-
however, expands and contracts with fluctuations in Mashkel are dry saft flats most of the year, but standing
surface runoff. water may develop with heavy surface runoff. The

Hamun-i-Lora may attain a surface area of 36 NM (north
The Hamun-i-Helmand is a reed-filled lake in the to south) by 3-10 NM (east to west). The

Seistan Depression. It is 70 NM long between March Hamun-i-Mashkel may develop a surface area of 55 NM
and May, but shrinks into two smaller lakes when surface (east to west) by 8-20 NM (north to south).
runoff is low. It is fed by the Helnand, Khash, and Farah
Rivers. Two smaller water bodies nearby are known VEGETATION. Marsh plants are common on salt flats
locally as the Sabari and the Puzak--they are not shown and depressions. These patches of salt-resistant shrubs
in Figure 5-4. and grasses obtain essential moisture from groundwater

beneath the thin, hard surface. The sand and stone
The Hamun-i-Jaz Murian is a salt lake fed by the dcserts are usually devoid of vegetation. A few lowlands

Bampur and Kharan Rivers. It covers 450 sq NM in in the deserts are close to the water table and support
southeastern Iran. oases with (late palms, willows, tamarisk, anod x)plar

trees. Intermittent and permanent sireambcds may
Other lowlands include extensive salt marshlands; the support isolated areas of dense forest vegetation--again

largest are the Gaudi-i-Zirrah, the Hamun-i-Lora, and the of willow, tamarisk, and poplar. Mountain plants depend
Hamun-i-Mashkel. on elevation and precipitation. Shrobs, small willows,

grasses and camel thorn are common below 4,5(X) fcet
The Gaudi-i-Zirrah, south of the Hamun-i-Helnand, (1,400 meters) MSL while juniper, brushwood, and

fluctuates with the watem level in the Hamun-i-Helmand. dwarf bushes are common above.

0
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THE CENTRAL DESERTS
WET SEASON November-April

(;GENERAL WEATHrER. Most of the scant SKY COVER. Skies are normally clear. Broken to
precipitation in the deserts falls during this 6-month "wet overcast mid- or upper- level cloudiness only occurs with
scason." Total rainfall accumulation for the entire season the very rare strong upper-air trough. Bases average
is less than 5 inches (125 ram), except over the 12,(XX) feet MSL (3,660 meters), but clouds are usually
mountains north of the Iranian Deserts. Migratory layered through 30,(XX) feet (9.1 km) MSL. A
low-pressure systems that move east and southeast across combination of the strongest upper-air troughs and
the region cause isolated rainshowers, the only source of afternoon heating might result in isolated afternoon
precipilation. "Western disturbances", as southwesl cumulus or cumulonimbus along ridges near the trough
Asian meteorologikts refer to upper-level troughs or axis; bases are 2,5(X) feet (760 meters) AGL. Even the
frontal systems, cross the region every 4 to 6 days, but cumulonimbus associated with most upper-air troughs
only the strongest carry enough moisture to produce rain. are mid-level clouds. Only the strongest systems have
The higher mountains in the north and northeast see enough moisture in the low levels to allow clouds to
more showers than in the lower areas. form below 6,(XX) to 8,0(X) feet (1,830 to 2,440i meters).

Figure 5-3 shows mean cloud cover and frcquencies of
ceiling below 3,000 feet (915 meters).
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THE CENTRAL DESERTS
WET SEASON November-April

VISIBILITY. Very finely graincd sand or soil is easily similar to ihose of Sudan--the infamous "hahobb." These
picked up by strong winds. Panjgur's 15(X) LST stonns reduce visibilities to near zero for several hours
visibility is less than 3 miles 19% of the time. The great over large areas. Sustained winds above 25 knois,
deserts (such as the Dasht-e-Kavir and the Dasht-e-Lut) occasionally found in the rear of depressions moving
are known for poor visibilities in sand or dust haze eastward across the area, result in persistent (lust haze
during periods of sustained wind. The rare thunderstorm that lasts for several days. Figure 5-4 gives frequencies
or squall line downrush produces severe duststorms of visibilities below 3 miles.

"b 061009115121 2

213.1 31 3

Si•',:' 06191 51 d,-, . " % ."- - - P .. .

0 03109115121 30.
21t 31 2- 2

•Misg Data • igu

,06.109101159[21 1.2

Local Time 0310911 109115121
%, Freq Vis LT 3mi I~F 61 61191

NM

Figure 5-4. Mean Wet Season Frequencies of' Visibilities lBelow 3 Miles, Central Deserts. The frequencies
showni here are ,neans, and probably not representative of extremes in o)pen desert areas.
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THE CENTRAL DESERTS
WET SEASON November-April

0
WINDS. Mean wind speeds are relatively high because blowing sand. Winds behind strong cold fronts have
of the open terrain. At Zahedan and Nokkundi, for exceeded 50 knots at most stations, and gusLts above 30
example, speeds are northwesterly to northerly at 5-9 knots for several days are not uncommon. Figure 5-5
knots, with little variation. These winds, combined with gives representative station wind data.
dry soil conditions, produce blowing (lust and occasional

NOV DEC JAN FE• MR APR

E Sazevar 3.40 2.70 3.10 3.70 4.70 4.70
N-E Koshon 0.40:: 0.60 0.0i 0.80 ::2.10' 2.20
W/• B'rjund 3.40 3.40 3.50 3.90: 4.8(1 550
N-W Barn 3.10 3.10O 4.10: 430 4.50 3.90

N ZaNedun 5.40 6.70 7.00 8.10 8.60 8.10
N-w Herat 3.70 3.20: 3,50: 4.30: 5.00 4.50

N Farah 3.00 3I00 4.30 5.20 5.60: 4.90
Ea-s Laskar 3.70: 4.70 i5.30: 5.90:: 5.9015,30

w Knndahar 4.10:: 4.80:72.0 7.40:6.110::5.50
Nw Nokkundi 6.00 6.10 1.00 7.70 8.10 8.60

SN/__,,isw Dol Bondin 3.00 3.20 ,30 3.60 3.90 4.00
NW-.SW Paonjgur 3.401) 3.401 3.60 3.80 400 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 separate prevailing directions at the beginning and end of the season.

The mean 10,0(X)-, 15,0(X)-, and 20,(XX)-foot (3,(X)0-, of' southerly winds ahead of (or northerly winds behind)
4,6(X)-, and 6,(XX)-meter) MSL winds shown in Figure the low. Formation of similar cut-off lows over and just
5-6 reflect a predominantly westerly flow. Actual winds east of the Caspian Sea will advect low-level cold air
vary from southwesterly ahead of an upper-air trough to south and southwest out of Soviet Central Asia. This is
northwesterly behind it. On rare occasions, a cut-ofT low the only time during the wet season when air originating
forms over the Strait of Hormuz and slowly moves outside the region strongly affects it.
eastward. Such times are the only sustained occurrences

0
5-1 I



THE CENTRAL DESERTS
WET SEASON November-April
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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
WERT EASON November-April

PRECIPITATION. Only stations near the northern and reliable; one year might see numerous thunderstorms

northeasten mountain ranges have months in which and heavy precipitation, while others might have none.

average rainfall exceeds I inch (25 mm). However, only Desert terrain shows the characteristic washes and dry

statiol's in the extreme southeast, near the Arabian Sea, canyons typical of such an environment. The salt basins

have mean seasonal rainfall amounts exceeding 1.8 may temporarily contain a thin layer of water (luring very

inches (46 mm). Almost all precipitation is showery, wet years; other areas may become swampy very briefly.

Snow is unknown except over the highest peaks; the Thunderstorms occur on less than I day a month, When

snow line is near 7,000 feet (2,135 meters) MSL even they do occur, however, they are especially hazardous

during the coldest months. Figure 5-7 gives mean because the dry air is ideal for "downburst" phenomena

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

< 0.05 inhes 4.8 NOV DEC J AN FEB MAR APR, 34•.8 0".410.5 0.511.411.110.9
"6S 6.4-- 48 0 5 1. 1.211.910.710.8'

-- ,,,NOV DEC JAN FEB MAR APR
NOV DF.4E7.311.811.411-.912.0,• •, • . . 0.7 11.611.0 11.2 11.4 11.2

4-h,- .n,, ,. , 6 . 4

•NOV DEC JAN FEB M APR 4.

5 " 8 10.6 ENOV DEC JAN FEB MAR APR

NOV DEC JAN FEB MAR A R

Fiue57 enWtSaonMnhyMxmm2-or rcptto ice) CentralDset. sohy,. ct3s

0.4J051.1040.710.8 2.4 ,r
0 4 0 9 10 . 7 10 . 5 10 .7 11 .' 1,
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Figure 5-7. Mean Wet Season Monthly/Maximum 24-Hour Precipitation (inches), Central Deserts. lsohyets

represent mean seasonal prec~ipitation.
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THE CENTRAL DESERTS

WET SEASON November-April

TE~MPERATUIRES. Mean maximum and mninimum 5.8. Temperatures show 25 to 350 F (14 to 19* Q)
temperatures for selectedl stations are shown in Figure diurnal variations.

sawevar 63152148155164175 103
36126127132139150 -1

6174131137I776' 63154151156165174

661551541l5916817 731.~63161165175184
S3613013013414315 37131133138$147155-

691607576655636817

38133132136146[4154

6916015716517318g

NOVDECJANFEBMARA16216917e5I576384. 761661632168178189

80170165102377131'0 259

NMnh*

91111217 18 8MDA O E IJNIFBIMA P 9415125'4716136188
Figure ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~~7 5-.Ma5e9esnDiy aiu/iiu eprtue FCnrlDsrs

5-5



THE CENTRAL DESERTS
DRY SEASON May-October

GENERAL WEATHER. Dry season precipitation is occur for up to 2 weeks. See "Abnonnal Southwest

almost unknown, occurring only at the beginning and Monsoon Flow" in the "Transitory Synoptic Features"
end of the season as widely isolated showers except in section, Chapter 2.
the extreme south, where Southwest Monsoon air
occasionally pushes far enough inland to generate SKY COVER. Cloud cover is cirnus except for the very

isolated showers. The Iranian heat low is now well rare Southwest Monsoon flow arotnd a cut-off low
established. A cut-off upper-air low forms over the mentioned above. A combination of afternoon heating

extreme southern part of the region once every 4 years. and monsoon moisture reaching inland from the Arabian
The flow around its eastern and northern sides advects Sea produces very isolated afternoon
Southwest Monsoon air westward over the extreme cumulus/cumulonimbus with bases at 2,5(K) feet (760

northern parts of the region. This is the only time during meters) AGL in the extreme southeast. Figure 5-9 shows
the dry season when air from outside the subregion has a mean seasonal cloud cover (isopleths) and frequencies of
strong effect; isolated showers and thundershowers ceilings below 3,(XX) feet (915 meters) AGL.
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THE CENTRAL DESERTS
DRY SEASON May-October

VISIBILI11,1TY. Visibility is restricted wherever vcry lowerCed by sand or dust hiazc during and after periods of'
Finely gratined sand or soil can be easily pickedl up by sustainecd wind. The "Wind or' 12(0 Days" (see Chapter 2,
strong winds. At Panjgur, 15WX LST visibilities are Regional Winds) prodluces sustained winds above 25
below 3 mniles 12% or the time. In thc great deserts, such knots, resulting in dust haze that persists for several days.
as the Dasht-c-Kavir and the Dasht-e-Lut, visibilihies are

116 16 .i f

010911512

Figure~~14 5-- MenDyS+o rqece fVsblte eo ieCnrlDsrs h rqccc
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THE CENTRAL DESERTS
DRY SEASON May-October

WINDS. Mean dry season wind speeds are high in the dust and blowing sand. The "Wind of 12(0 Days" is a
desert because of die open terrain and the persistently constant north or northwest wind with specds often
high pressure gradient. At Zahedan, mean speed exceeding 30 knots; it occurs often in the eastern portion
averages 7-8 knots; at Nokkundi, 8-14 knots. Mean of the region. Speeds are lower at other stations, and
directions at both stations are northwesterly to northerly, many show a pronounced mountain/valley breeze.
with little variation. The dry winds reduce visibility in Figure 5-11 gives representative surface wind data.

MAY JUN JUL AUG SEP OCT

E Sabzear 5.10 6i,70 6.70: 6.30: 4,80: 3.90
W-E Koshan 1.90 1.80: 1.00 0.50 0.60: O.60
E/W Bfrjand 6.30 7.,30 8.90 7.60i 5.90 4.20
N-W BOrn 4.20 4.60 4.90: 5.00 3.90 3.70
N Zdedan 7.30 8.30! 8.20i 7.30! 6.60: 5.50

N-W Herat 5.10 8.:0 10.60: 9.90i 5,90! 4.31
N Forah 4.90 6370 5.70: 5,10: 5,50: 4.20

ENE-S Laskar 5.40 5.90 5.50: 5.30: 4.10 4.00
W Kandahar 6.10 5.50: 5.40: 5.00 4.70 4.60

Nw Nokkundi 9.90 13.00 13,80 U190 11.80 7.60
sw/I'r DoI Bandin 4.10 3B0 370: 3,20: 2.80: 2,80
NW-SW Panjiur 3.40 ,90 3.30: 2,80: 2 0 3.00

Figure 5-11. Mean Dry Season Surface Wind Speeds (kts) and Prevailing Direction, Central Deserts. The
slashes between directions for Biriand and Dal Bandin separate prevailing directions at the beginning and end of the
season.

Refer to Figures 5-6a & b for mean 10,0(X)-, 15,000-, over the thermal trough lying across the region. This
and 20,000-frxot (3,000-, 4,600-, and 6,(X)0-meter) MSL flow is most pronounced at 10,000 feet (3,050 meters)
winds, all reflecting the effects of Southwest Monsoon MSL. It is too dry to sustain precipitation, unlike the
circulation. The northeasterly flow at Herat from June extremely moist Southwest Monsoon air that occurs with
through August is the result of outflow that develops a cut-off low.
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THE CENTRAL DESERTS
DRY SEASON May-October

PRECIPITATION. Only Panjgur (on the Baluchistan August. Figure 5.12 gives meant seasonal (isohycts) and
Plateau) and Herat and Sab7.cvar (in the extreme selected station pecipitation data. Since rainfll aniounts
northeast) show indications of receiving isolated, heavy here vary so much from year to year, annual means arc
showers. Panjgar has recorded 24-hour amounts of 2.0) not reliable.
inches (51 mm) in July and 1.3 inches (33 mm) in

M~ ~ AY JUN JUL AUG SEP OCT, r

10.0
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THE CENTRAL DESERTS
DRY SEASON May-October

O TEMPERATUIRE. Mean higlT ard low temperatures ranges in the desert are from 30 to 350 F (15 to 190 Q).

for selected slations are shown in Figure 5-13. Diurnal

, r-e. 861 9 3 11001 9 7 190179
591661 72166159148 . , 3

6117011105071106198188 • • 4194198195189178 3
4 Th.w7 5616517016615617 1
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88195199195191181 F._ 95110511081105197186
57164170!6415516 • r 721 761 701611510.
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93110211051101193183
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Figure 5-13. Mean Dry Season Daily Maximum/Minimum Temperatures (F), Central Deserts.
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Chapter 6

THE WESTERN MOUNTAINS

The Western Mountains region comprises a large area of rugged mountainous terrain that extends from west-central
Turkey to northern and southern Iran. It includes a small portion of Iraq. After describing the area's situation and
relief, this chapter discusses "general weather conditions" by season. The well-known four seasons 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-l1b. The Anatolian Plateau.
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THE WESTERN MOUNTAINS SITUATION ANlD RELIEF
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THE WESTERN MOUNTAINS SITUATION AND RELIEF

STATION: HASH=AD IRAN

LAT/LON: 36 14 N 38 E ELEV: 3270 FT
TS IJAN FEB H AR APR I-MAY JUN JUL OCT NOV DEC AU

EXT MAX 72 80 84 91 1021 109 1091 1001 1081 97sI 90I 75 109

AVOMAX 44 47 57 69 60 89 92 901 831 6 50129

AVG'MI 23 28 35 45 55 801,63 .Ž514 42 34 29 44
[EXT MNI -12 1 -13 0 14134 [41r411 411291 19 -1 -1 -13
[wAVG PRCP 0.9 1.0 2.2 1.9 121 o.3| 0.11 * 1 09. 31 0.61 0 9.2

MAX MON 22 2.51 5.01 4.51 4.41 1.01 31 0.21 0.21 1.4 2.1.30 12.5,

MIN MON 1 0.1 0.1 .4° 1 0. ij ° 0.01 , 0.0°- °° 0.0 1 * 1 6 .41

MAX DAY 2.•44 1•" "6 1.7 10 1"--.1 - 21 0.21 1.41 1.4 1.o0 2.41TS DAYS ____ ' • 3 *_-_- * ___---
SNOW DAYS 2 3 1KL .L8
DOST DAYS 1 1 3 1 4 4 11 12 12 9 3 1 61

BMWDAYS 1 , _ 2 o 0 0o 1 ° ° °1 °1 o 1 11 1
STATION: TARRTZ TRAN

LAT/LON: 38 07 N 48 14 R LEV: §44951 FT

ILEMENTS JAN IFrn I MAR IAPR M AY I JUN JUL I AUG SEP IOCT iNOV JDEC ANN4

EXT MAX 452 16 5188 90 96 104i 10241011 844724 59 104,4

*w. •z s 5flI. .b 855AVG MAX 38 36 51 1 591 64j8490 1934i82 5 56 44 j 65

AV• MIN 23 22 32 [38[ 51 158 5 [8 57 46 . 36 26444
-EXT IHi 9 - 9 28 30 46 45 52 43 28 1 1 1-9

AVG PRC? 1.9 132.5 1.71 1.5 0.61 0.1 L* 0.91 2.5 0.41 0.44 13.81
MAX MON 2.4 136835.11 3.7 _2.0~ 1.9 1.1 1.0j 5.04 2.71 15_20.21

MIN MON I0.11_0.41 0.51 10.9i 0.0 0.04 0.0 0.01 0.04i 0.04 0.01 0.11 7.64

MAX DAY 0.7 02 J.9i 3.8i 1.54 1.1 1.21 1.21 0.840.6i4 1.24 0.91 0.6i 3.8j

TS DAYS~* 04 [1 512 ~4f 1 .22 14! 1 11
DUT ^DAYS a i 1 1 i Ii 2-1-2 211 1 1. 1
SHOW DAYS °' 9 L4" i .. o±L.2 L o o si o L 1 L 1 3. 29.

STATION: Ii5AL LIRAN
LAT/LON: 35 41 N 51 sELE: E999 FT

ELEENTS NEI MAR APR MHAY IJUN iJUL AUG SEP OCT NOIV IDEC ANN

EXT MAX 83 73 791 90 9741 03 1081 1071 001 89 j 761 651 108 1
AVG MAX 49 52 60 70 86 94 98 9 •88 74 62 53 4 74 I
AVGHIIN 31 33 39 48 80 68o 13 73 64 53 43 35-152

EXTMIN 3 1 22 32 37 48 57 52 51 3819 18s 3

AVG PRCP 14 1.1 11 1,3 05 0.1 * 0.1 0.1 0.2 1.01 1.01 7.

MAX MON 4.6 4.3- 2.6S 5.5 2.0 0.51 0.61 0.91 0.7•I 4. 14 * 6

Him.O, o 1__.o _.°_ 0.01 0.04 . o.o1 0.o 3.62

MAX DAY I 61 0.9' .5 0 °5'041 0.1' °9" 0.5'1 4 1 1 461

TS DAYS 4*"1 41 24 2 • 44Z*J 21 7
DUSTDAS 1 * , • 2 2 21 21 3 1 '2 41 2. 14 11 16.

SHOWDAYS 4 1 3 j1 i o0 0 I o O±OIo[ 0 0 9

STATION: YA.ZD IRAN -

LAT/LON: 31 54 N 5 4 16 K KLEV: 4066 FT

"SLEMATS";JAN I FEB MAR iAPR IMAY IJUN iJUL iAUG ISEP IOr iNOV

EXT MAX 81 I81 190 199 1 1041 1111 1131 113t 1081 95 1824 1 -211

AVG MAX 55 63 70 79 2~90 1 i9 1021 001 93t 82-~ 66 ~ 55 7
AVG__MIN 130 36 j46 63522
EXT MIN 1 -23 34, 46 52 1 36 2 14 i 3
AVG PRCP 1.41 1. o 0.4i 0.31 0.41 *1 0 .01 3.01 0.01 * o0.71 o.51 4.9j

MAX DAY 0 09 0.41 0.41 0.4• 0.7, 0.0! 0.11 0.01 0.0°' i 0* 4 0.4-"

TS DAYS I o01 o 1 I
DUST DAYS 4 2 .714• 3 1 3 1 1 1L 44
SHOW DAYS 1 0 0 * 0 1 0 °0 o 1 o! o 0 0 1 Z]j

* - LESS THAN 0.05 INCHES OR LEGG THAN O.b DAYS

Figure 6-2a. (Ilimatilolpgical Summaries for Selecteld St.l1ions, Western Mountains.

6•-4



THE WESTERN MOUNTAINS SITUATION AND RELIEF

STATION: ARAK IRAN

LAT/[ON: 34 05 N 4_42J2 ELICV: 5763 FT

ELD4MTS JAN IB MAR JAP MAY JUN JUL AUG SP AOCT NOV °IDC I ANN I
EXT MAX 63 68 177 8 95 10 2 6 51 64 101
AVG MAX .39. 48 586 80o 90 1,97 1 9188 1 75 1 57 45 70

AVG MIN 21 29 37 46 52 59 I6d 1 64 58 j 46 36 1 28 j 45

KXT MIN -15 -11 5 19 34 41 39 50 39 32 1 1 -15
AVG PRCP 2.3 1.4 1.8, 3.0 1.8 *1* 0.01 * 10.91 1.8 13.0

MAX "ON 3. Iti 2.3411 .4.1 0.21j 0.61 0.01 0.1 2812  . 113 .4 0
MIN MON 0.1 0.11 0. 0.0 0.00.1 0. 0 0.00 .0 .0P * 1 0.41 7.41

X DAY 1.9 011.912.5i 1.01 0.11 03 o0o 0.211.91101 1.31 2.5
TS DAYS 0 1 2 2 0 l 01 O 01 0 01 1 a
SNO DAYS 

5
NO DA S 5 I 4 2 1 O_] 0 0 j 0 ! 0 I Oi 0 ! 1 1 3 1I 15 1

STATION: gFAAN IRAN&.
LAT/LON: 551 ELEV: .QZ..II_ I

EZLEMNTS i JAN FEB I e APR IMY ' soL A Io E OCT iNOV ' I

-X A 017 918 5 1818 0 0 91 75 168 108_ _ Z - t- - .
AVG MAX 50 54 62 70 84 93 98 96 88 75 63 53 74

AVG Him 29 32 38 46 38 85 70 86 59 49 39 29 47

_XT MIN 3 8 21 23 42 50 52 51 39 27 18 7
AVG PRCP 0.6 0.4 0.8 0.6 0.21 *0.1 1 * 0.11 o.6 J 0.81 4.4
MAX MON 1.1 0.8 1.1 2.2 0.7 26 0.3 0.4 0.4 0.8 161 6.51

MIN MON 0.1 0.0 0.0 0.01 0.094 0.01 0.0 0.01 0.01 * 1.IAX DAY 0.91 0.6I 0.5 1.0 0.2 O.3 10.3 0.4 0.2 0.5i 1 . 4 i 1.4,
TS DAYS 0 0 1 2 • 0 0. - - O 4

DUST DAYS 1j 2 2j l 1
SNOW DAYS 3 2 1 1 *0 0 1 0 8 J

[ STATION: SHIRAZ TlRA M

LAT/LON: 2f 32 N 52 35 E ELEV: 4920 FT
ILIHINTS JAN jFEB J MAR IAPR [MAY IJUN JJU, JAUG ISEP JOCT I NOV j DEC IAkNNJ
EXT MAX 61 i75 81 90o 99 106 1091 1091 90 o 77 109 109

AVG MAX 55 159 87 7 71 08 96 99 1 97 92 1 2681 59 178
AVG MIN 32 34 38 1 44 55 j 60- '7 64 57 48 37 1 35 48

EXT MIN 14 17 25 1271 36 143 50 48 34 36 21 12 124

AVG PRCP 3.2 1.9 2.01 1.3 0.4 , 0.0 0.0 * 1.91 3.0 13.91

MAX DAY 4.2 
1 .

9 1.1 1.8 
3 1. ** * 0.11 82. 8.2

TSDAYS * I I,1 I0o° 0 1 41
DUST DAYS * 0 11 3 114 11j0 1SNOW DAYS 2 0 0

STATION: VAN TUEY

LAT/LON: 38 2a8N -- 12-2&-F,- ELIV: 5 Z

IEHINTS IJAN jFED M1AR APR I MAY I JUN jJUL JAUG ISEP I OCT I NOV IDE C IANN

xX 5MA1 58 69 75 " ao 921 1001 98 191 j 841 67j 57' 100
AIVG MAX .... 13 42 5 6 76 83 71 483 8
AVG MIN 171 18 24 35 43 50 57 L 57 50 41 33 i 23 2 37

EXT MIA_ -20 1-18 j -4 1 26 27 38 I 41 L:37 , -51-61-20
AVG RCP 1.7 1.1 1 1 .3 .610.61 o.2 0.11 0.41 1.71 1.91 1.2 1 14 ' 9

XT Mom 2.9 2.8 3.0 4.1 5.3 3.0 1.0 0.41 2.5 6.61 3.9 3.8 17.6

MIN MON j 0.21 0.5i 1.14 0".8 O81021 0* O' * 1 0.21 0.71 0.24 11.7
MAX DAY I 1.3! 1.11 1.51 51 1.51 1.01 0.91 0.51 1.41 1.41 1.51 1.71 1.71
TS DAYS 0 1 0 41- 3 41 2 2 11 2 * * 144

SNWDAYS 8 9 1 9 24 *1 04 °4 o0 *0 24 II 36

FOG DAYS j Il i, 0 I 0 j 0 0 1j 41
1AVG R 70 I 7 64 57 L 44 . 41 4 59 67 691 69J

, LESS TfLhAN 0.05 INCHES OR LESS THAN 0.5 DAYS

Figure ,-21). More ClimahtlogiCal& Summaries for Selected Sitations, Western Mountains.
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THE WESTERN MOUNTAINS SITUATION AND RELIEF

BTATION: KRZUHUH TURKEY .
,,'AT/LON: 39 57 N ... 110._E ELKV t 5762 FT _

ELIMETS JAN FEB MLAR JAPR HMAY IJUN i JLI AUG dSEP~ OCT I DV IDEC ANN

EXT MAX 46 51 69 4 79 6969 $ 5 LI9 7
AVG KAX 251 28 1 1.50 j 62 o1 .78 j80 72 5 59 44 33 53
AVG HIM 9 12 19 32 41 47 3 1 54 48 37 28 18 33

EXT MIN -22 -18 -13 -1 20 25 34 3l4 25 10 -10 -18 -22
AVG PRCP 1.0 1.3 1.6 2.2 3.0 2.2 1.21 07 1.1 1.9 1.5 0.9 18.5

MAX HON 3.4 4.3 3.8 4.3 7.4 4 2.31 4.1 5.41 4.21 3.7 32.7
MIN MON 0.3 O .5 0.1 0.5 0 0 00 0.11 9.7

MAX DAY 1 161 0.9 1.41 1.1 2.01 1.711.7 1.0 1.5 3.9 1.31 4,• ,'I iIo.1 1.
,TSDAYS * * * 1 4 5 3 21 2 1 0 18tSNOWDAYS1 , 12 11 .1 0 0 * 1 0 52 __

FFOG DAYS 3. - - $ 1 0] 0 *j * 1 3 1
AVG RH X 74j 73 71 63.1 58 54 1 48 44 47 58 ,70 73 7 (61

STATION: ANKARA TURKEY

LAT/LON: 39 57 N 32 5 E, ELEV: 29321LT_
l EXT MAX 102- 10 -......ELEMENS JAN Iz ,--F,{" I • i• i ", , "- , -• '".. .'}o i.. i ANNl

rxT, MA 62 69{ 3 .3 89 941 98 o21 1041 96 4 92 4 78 1 69 1 104
AVG MAX j39 j 42 1 51 1 63 1 72 1 80 8 86 87.1 78.684564 l
AVG MIN 25 1 26 31 40 49 551 '51 160 52 44 37 1 30 42

EXT MIN -13 -12 3 110 {32 39 40 42 29 22 1 1-12 -13
AVG PRCP 1.,4 .4 1.3i 2.0 1.2o 1 0.51 0.31 0.71 0.9 1.i1.8 ,4.1
MAX MON :3.3 3.2 3.51 3.71 4.3$ 3.01 4 .01 2.01 3.81 3.04. 3.14 4.81 19.71
MIN MON 0. 2 0.0 .o Oj 0.01 0.04 0.1. 6.9i

MAY DAY 1±.31 1.11 1.11 1.11 1.51 2.31 1.91 1.91 1.64 1.21 0.9 2.71 2.71
TS DAYS b * i 2l 1 4 14 *l *l. 1
SNOW DAYS 5. a 2 0 0 0 0o 04 14 24 1_

3 2 1 • *{ *4 *ji 5] 26
.A79 1 76 1 66_ 1 50 57 ... 51 43 1 4,1 1 46 1 56 11 71 l 9 { o t

S•TATON : ESKISEHI[R T URM-'

LAT/LOI.: 39 47 N 30 34 E ELEV: 2579 FT

ELEMI.-L TS !JAN FEB IMAR IAPR iHAY JUN JUL JAUG .SEP OCT NOV IDEC I NNI
EXT MAX 62 , 77 I 0 1 94 197 1021 102i 9,7 1 91 78 70 ..
AVG MAX 39 42 51 63 72 i 79 4.4 85 77 68 55 44 63$

AVG MIN 25_,26$ 304 3,4 46 52 4 564.56 4. 48 441 j 35 29 1 4o
EXT MIN -1

0 "-11 4 1 19 130 3241 41 i 36 25 16 2 -15 1 -15AVIP C I '-! { I I 1 {
AV H P 1.61 1.5 1 .4 3 1.8 4 0.51 0.2 0.11 0.91 1.2 1.91 14.51

MAX MON 1 3.2$ 3.4i 4.11 2.31 4.4 3.31 1.6 2.3 129 3.21 18.4
IN MON 1 0.21 0.110.01 0.11 0.41 * 1 0.o0 0io .01 o.o 0.01 0.01 7.61

MAX DAY 1.$• .,! . 1 .84. .91 .41 1.1 2.11 I.oj 1.74 2.11{

TS DAYS 1 .94 .j 2 1 2j 21 j I *I * "19 1
SNOWDAYS D5 4,. o1 1 1 0, o 010 010 0 11 31191
FOG DAYS 1 3 3 0 j 4.* 1 1j 1

AVGIRH ( 8 2 { 7j l- 63 64 59 J"54 547 L.o i. 65' i ' i 67

* LESS THAN 0.05 INCHES OR LESS THAN 0.5 DAYS

Figere 6-2c. More Climatoilogical Summaries lor Selected Stations, Western Motntains.
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THE WESTERN MOUNTAINS SITUATION AND RELIEF

STATION: KONYA A_ _ T__ ___

LAT/LON: 37 59 N 312 34 1 XLRV: 3390 FTl.

ELEMENTS JAN FES MAR lAPR MAY JUN IJUL AUG SEP OCT NOV DEC ANN

EXTHAX 61 75 63 87 94 97 110 10495 90 78 71 104

AVG MAX 40 44 52 63 72 79 86 86 78 68 56 44 64

AVG HIM 24 20 30 39 47 63 59 59 50 41 33 28 41

EXT MIM -19 -15 2 20 25 35 431 42 27 14 -2 -15 -19
AVG 1.51 1.3 1.21 1.1 1.71 1.0 0.2 0.1 0.5 1.1 1.2 1.8 12.4

MAX MON 2.8 3.7. 2.4 ,.0 ý.B 1.5 0.9 2.9 4.7 18.8

HIM IN014 0.1 0.0 O.0O 0.1 0.0 * 0.02 0.0 0.0 0.0 0.0 0.1 5.0

MAX D•Y 1.1 2.9I1.31 1.1 1.3 1.9 0.71 0.7 1.8 2.2 2.4 2.4 2.9

TS DAYS .* 3 2 5 4 1 1 1 1 * 
116

SNOW DAYS 3 13 2 0 * 0 0 0 0 2 10e

FOG DAYS 4 3 -1 -0 0 OT * 2 6 17
XvQ x • 74 i 65 5 7 0~,9 56 0 !LL4., 0 t e 8 7Ie[6

STATION: UMMZMAZVICX•N _•_Y_
LAT/LON: 40 49 N 35 31 x XLIV: 1783 FT

IEEMENTS IJAN VED 114AR jAPR IMAY JUN-'JUL AU ISE OCT INOV I DEC ANN

EXT MAX 84 71 e8 186 94 1001 107j 1041{98 91 80~ 71 ~107~AVG MA•X 41 441 50 1 63 72 78 1 82 1 8.3 76 7 5 .5t,

AVG HIM 28 29 32 41 L 4 9  
54 58 58 521 48 6 35 31 ' 43

KIT HIM -4 -11 9 18 .28[ 3644 44 29 24 4 -61-61

MO 2.91 2.9 4.0: 4.31 6.7 5.6 1.9 2-Q 2.91 3.01 4.71 3.0 24.1

IHI MON 0.2 0.2 0.5 0.4 0.6 0.0 0.0 0.01 0.0 0.11 0.3 0.3 12.2

MAX DAY 1.81 1.01 1.01 1.6 4.3 2.1 1.2 1.11 1.5 0.9 1.3 0.9 4.3

TSDAY - '1 2 6 5 2 2 2 1 * * 20

SNOW DAYS 4 5 3 0 0 0 0 0 0 1 1 14

FOG DAYS 2 2 1 1 * 0 * 1 2 10

A77 R 7 74 9 1 61 58 56 57 59 631 71 77 65

S TATION: _ _7 4 6

LAT/LON: 39L48LN -16 __ XLV:5222 FT

ELLMENTS JAN I;3B MAR ]APR MAY IJUN JUL 1AUG ,SEP O.T I NOV DEC I ANN

EXT MAX 52 64 77 80 88, 94 101 loU 93 18i 75 60 1 101

AVG MAX 33 35 44 8 87 _74 81 82 75 65 51 38 L 59

AVGMIN 17 20 26 36 43 47 &1 51 45 38 31 23-1 36

AVG ZMCP 1.71 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 HON 3.7 3.8 3.0 4.8 5.4 5.4 0 1.3 9.9 4.0 3.4,4.1_.3. 5

MIN MON 0.0! 0.2 0.4 0.0o 0.4 J.0 0.0 0.01 o.o 0.0 0.1+ 0

MAX DAY 1.0 0.9 0.8 1.51 1.5 1.3 0.7 0.8 1.51 2.2' 1.6 1.4 i

TS DAYS 2 1 7 5 , 1 1-- 14 1.."1. . 19

SNOW DAYS 9 10 5 1 0 0 0 0 0 1 5 1 31

FOG DAYS 5 3 2 1 1 42 4 .5_1 22

AVG RH • L 77  ', 2- J 1 51 5±4! . ± !! .=,I
* = 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 SITUATION AND RELIEF

GEOGRAPHY. As shown in Figure 6-3, major Turkmen- Khorasan Mounlains (in Iran). Thc Central
mountain ranges in this region include the Pontic Anatolian Plateau in Turkey, as well as several large
Mountains, the Taurus Mountains, and the Armenian lowland depressions in Iran (Lake Urinia and Lakc
Highlands (all in Turkey); and the Zagros, Elburz, and Gavkhancla), are also included in this region.

L

0 Ik I
6FGHASWISSN ~pian

000~~~~ ~ ~ ~ 019'1AGLS I~S e

SeaAMANGA r
Twns IL~.-

I~~ AFHAISA

SURAN

4 500

Figure 6-3. Ajr Rane fteW enMutis

EOUDARES The--- WetrPAutiKreiniISTNA9N0'E ndte320-ot(,00mlr

boudedasfolow: cnturwhih s Fllwedsothwrd rond heres o
Turkey.

On tieunorth3.By a linenfromotheheaWtetnrtipoontains.

Bay in northwestern Turkey eastward along the On the south: Follow the 3,280-foot (1,000-meter)
1,620-foot (500)-meter) height contour to the contour from Turkey to the Turkey-Iraq border near 370
Turkey-Soviet border near 41o 30' E. Then eastward 30' N, 420 45' E. Then follow the 1,620-loot
along the Soviet border with Turkey and Iraii to 480 40' (500-m-eter) contouir through Iraq to the Iraq-Iran border
E. From there eastward along the 3,280-loot at 350 N, 46 0E. Follow the Iraq-Iran border sotutheast to
ýI ,000-meter) contour aroundl the Caspian Sea to the 470 15'E for 200 NM before continuing eastwardl ilio

Iran-Soviet border. Finally, along the Iran-Soviet southerin Iran along the 656-loot (200-metecr) contour to
political boundary eastwardI to the Afghanistan border. Shamnil, Iran (2-/0 30' N. 560 50' F).

On the west: From north to south along the southern Oni the east: At Shamil, the boundary .sw'hclies tromi
lzm it Bay coastline to Mudanya, Turkey, on the ;ouithern t he 056-hoot (200 -niter) contour to the 3 ,2Xt -loot
shores of Geinlik Bay (40' 23' N, 280) 53' F). Then at ( I (H t-ureter) contour, whi ch is tol owed nort Ii arounld
straight line from Mudanya inland to Bursa, Turkey (400 the K uh-e-Shah Savaran ( Shah Savaran Moutiains)
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THE WESTERN MOUNTAINS SITUATION AND RELIEF

northwest along the north rim of the southern Zagros, The Anti.Taurus Mountains rim the eastern edge of
and finally cast along the southern edge of the Elburz the Anatolian Plateau. They comprise the Pontic and
Mountains to the Afghanistan-Iran border. The eastern Taurus Mountains in cast central Turkey. Cilo Dagi is
boundary continues along the Afghanistan-Iran border the highest peak at 13,504 fect (4,116 meters) MSL.
north to the Soviet border.

The Armenian Highlands, in extreme eastern Turkey
THE THREE SUBREGIONS DESCRIBED. and western Iran, arc rugged mountains with deep,
Although the Western Mountains region covers a vast nfllTOW valleys. Most peds average 6,(XX) feet (1,829
area, climate is generally uniform. "General Weather" at meters) MSL, but many rise above 10,(XX) feet (3,050
a given location, however, is determined by its elevation meters) MSL. The highest peak is Agri Dagi--or Mt
and specific location in this complex terrain. Chapter 6 Ararat (390 44' N, 440 15'E), at 16,853 feet (5,137
provides data for each of the three subregions of the meters) MSL.
Western Mountains (the Anatolian Plateau, the Northern
Iranian Mountains, and the Zagros Mountains) shown in The Northern Iranian Mountains consist of the Elburz
Figures 6-1a-d. The reason for this three-way division and Turkmen-Khorasan systems.
was to make the necessary distinctions in mean
distributions of precipitation, cloud cover, and winds in The EIlburz Mountains comprise a series of sceep,
these subregions, the major topographic features of narrow, parallel ranges formed by faulting and
which are discussed in turn. volcanic activity. They parallel the south end of the

Caspian Sea in Northern Iran. Peaks are
The Anatolian Plateau. The Anatolian Plateau is an snow-capped. Northern slopes are covered with thick
arid steppe consisting of low weathered peaks, rolling forests: southern slopes, with desert vegetation. Mt
foothills, and wide plateaus. It lies between 280 30' E D[emavend (350 47' N, 520 (4' E) at 18,934 feet
and 390 E in the Turkish interior. It is bordered by the (5,771 meters) MSL is not only the highest peak in
Pontic Mountains on the north, the Aegean Coastal the Elburz, but in all ofIran.
Mountains on the west, the Taurus Mountains on the
south, and the Anti-Taurus/Armenian Highlands on the The Turkmen-Khorasan Mountains form an eastern
east. The plateau slopes upward from west to east. extension of the Elburz Mountains. They extend
Erciyas Dagi (38' 32' N, 350 27' E) is the highest point eastward for 4(X) NM to the Iran-Afghanistan border.
at 12,851 feet (3,917 meters) MSL. Elevation These folded mountains have numerous parallel ridge
differences between valley floors and mountain peaks are lines that average 6,(XX0-9,0(X) feet (1,829-2,744
as much as 7,0(X) feet (2,134 meters) MSL. meters) MSL. The highest peak is 11,205 feet (3,415

meters) MSL. Highest elevations arc in the western
The Pontic Mountains arc a series of steep, rugged part; the central section transitions to a series of
ridges aligned west to east along the southern Black foothills. Sand duunes and rolling hills are found near
Sea coast. These granite and basalt structures are the Afghanistan border.
ancient volcanoes. The northern slope rises rapidly
from the Black Sea coast to 6,5(X) feet (1,981 meters) The Zagros Mountains form a rugged "wishbone-
or more. The southern slope blends into the lower shaped" mountain chain that extends 1,0(XX) NM from
foothills of the Central Anatolian Plateau. Elevations northwest to southeast across western Iran to the Strait of
in the Pontic Range increase from west to east. Hormuz. Width averages 150-2(X) NM. Terrain is
Kackar Dagi (400 50' N, 410 09' E) is the highest dominated by massive transverse ridges with slicer ridge
peak at 12,917 feet (3,937 meters) MSL. faces that rise abruptly from the valley Iloor. Some

valleys are less than 5 NM wide.
The Taurus Mountains in southern Turkey rim the
southern edge of the Central Anatolian Plateau. These The northern Zagrov are transverse ridges with large
upthrust fault structures with dee; gorges and rock faults, Iractures, and ancient volcanoes. The
impassable snow-capped ridges parallel the interior drainage pattern is (lisorganized: rivers wind
Mediterranean coastline from 290 to 40 "E. erratically through deep gorges. There are few trails,
Demirkazik Dagi (370 50' N, 350 1(1' E) is the highest passes, or roads. The highcsi point (14,92(1 fct/4,548
peak at 12,825 feet (3,909 meters) MSL. meters MSL) is in the Zard Kuh Range near 320 2(1'

N, 500 E.

6-9



THE WESTERN MOUNTAINS SITJATION AND RELIEF

The west-central and southern Zagros form a series The Aras River begins in eastern Turkey near
of parallel iidges and valleys similar to the Erzurum (390 55' N, 410 17' E) and flows eastward for
Appalachians, but with larger and higher ridge crests. 667 NM to the Caspian Sea. Few rivers form on the
The westernmost ridge is the primary one--it runs southern slopes of the Elburz, but there arc numerous dry
northwest to southeast from 50 to 540 E for 3(X0-350 creek beds; most are shallow and lack vegetation.
NM. A narrow, secondary ridge line parallels the
main western ridge from 51 to 580 E. Nestled Rivers originating in the Zagros Mountains flow
between the two ridge lines is a wide valley (the either into the Persian Gulf or into lakebeds and
Gavkhanch), a dry salt pan 50-80 NM wide. marshlands in the Gavkhanch Valley: many cut deep
Slow-moving rivers flow in the widest sections of the gorges.
Gavkhaneh; some cut deep gorges into both ridge
lines. Kuh-e-Bul is the highest point on the western The Tigris and Euphrates Rivers originate in the
ridge (13,(X)5 feet/3,965 meter., MSL), while southern Anti-Taurus Mountains; their numerous
Kuh-c-Laleh Zar is the highest peak in the eastern tributaries form ar, extensive drainage network that
ridge (14,347 feet/4,374 meters MSL). eventually reaches the Persian Gulf. The 1,150-NM

Tigris originates in southeastern Turkey. The Euphrates,
DRAINAGE AND RIVER SYSTEMS. As shown in 1,7(X) NM long, originates deep in the Central Anatolian
Figure 6-4, rivers flow north to the Black and Caspian Plateau as the Firat River. Also feeding the Euphrates is
Seas, west to the Mediterranean, east into the central Iran Keban Lake (390 N, 39' E), which drains three other
lowlands, and south to the Persian Gulf. rivers--the Kara Su (285 nm long), the Murat (38& NM

long), and the Peri (150 NM long). About 25% of the
Four major rivers in Turkey drain into the Black Sea: Euphrates' length is in the Western Mountains.

the Kizil Irmak, the Yesil Irmak, the Sakarya, and the
Coruh. The Kizil Irmak, at 715 NM, is the longest river LAKES AND RESERVOIRS. Salt lakes andi
in Turkey. The Yesil Irmak, the Sakarya, and the Coruh marshlands dominate the Iranian landscape--see Figure
each average 220 NM in length. Each river cuts a 6-4. There are several large saltwater lakes in the
narrow, winding network of canyons into the landscape. western Elburz, northern Zagros, and eastern Armenian

Highlands. The largest is Lake Urmia in northwest Iran,
Many 'if ihe uivers forming in the Elburz Mountains which lies in the Urmia basin, a large valley surrounded

drain into the Caspian Sea. Most are less than 100 NM by the Armenian Highlands to the north and west, the
long. Two of the largest are the Sefid Rud and the Aras. Zagros on the south, and the Elburz on the east. Lake
The Sefid Rud! forms in a gorge in the western Elburz, 30 Urmia's elevation is 4,(XX) feet (1,220 meters) MSL. Its
NM south-southwest. of Rasht, IR (370 16' N, 490 36' maximum depth is 20 feet (6 meters). The surface area
E). Although it is cnly 60 NM long, its configuration at fluctuates between 1,5(X) sq NM (summer) and 2,3(X) sq
the confluence of the Shah Rud and Quizil Uzun Rivers NM (winter).
is such that the drainage basin is 350 NM in length.

0
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Figure 6-4. Major Lakes of the Western Mountains.

The second largest lake in tihe Zagros is Lake Niriz The Taurus Mountains are covered by scrub brush,
(between 500 and 600 sq NM). Others on the Anatolian grasses, and olive and citrus trees. Vegetation in the
Plateau include Lake Van (1,450 sq NM), Lake Aksehir higher elevations is similar to that in the Pontic and
(41 sq NM), and Lake Burdur (68 sq NM). Lake Tuz Elburz Mountains.
(630 sq NM) is at 2,950 feet (899 meters MSL), with a
maximum depth of 1-2 feet (0.3-0.6 meters)--it has no Vegetation on the Central Anato;ian Plateau is typical
outlet. of other steppes. Vegetation is mostly grass and scrub

brush. Oak, pine, andi juniper trees are only found in the
Freshwater lakes are rare. The two largest (Lake foothills and lower mountain slopes. Cereal grains are.

Beysehir and Lake Egridir) are in west-central Turkey. cultivated in lower valley basins.
Lake Beysehir, at 3,660 feet (1,116 meters) MSL, covers
251 sq NM. Lake Egridir, at 3,031 feet (924 meters) The Zagros Mountains are covered by forests of oak,
MSL covers 200 sq NM. elm, maple, and pistachio. Vegetation in valleys and

ravines consists mostly of stands of willow and poplar.

The Hirfarli Dam and Reservoir is about 30 NM Juniper, almond, and wild fruit trees can be found in the
northeast of Lake Tuz. They provide water for in'igation Gavkhaneh Basin. The rugged northern and the southern
in west-central Turkey. Keban Dam forms Lake Keban, sections of the Zagros are generally barren with patches
which urains into the •, ptrates River. of grass anti scrub brush.

VE(GETATION. Vegetation is widely varied. The The Turkmcn-Khorasan Mountains are covered by

north slopes of the Pontic an(i Ehburz Mountains up to Juniper, sltands of oak and poplar, and grasses. Valleys
8,0(X) feet (2,439 meters) MSL arre covered by thick are planted in wheat.
forests of pine, juniper, bezch, oak, anrd poplar, (;rasses
and licriens Ilourish above the treeline. The highest
peaks arc snow-covered year-round.
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GENERAL WEATHER. Upper-level westerlies The Anatolian Platcmt, and Northern Inmian Mountains
prevail in winter; migratory lows (with their associated above 4,(XX) 5,(•) feet (I,220-1,525 unelers) MSL arc lip
fronts), up.r-level troughs, and trailing high pressure usually in clouds during the passage o1 a frontal or
areas move steadily through the area. The average low-pressure system. Clotd bases rise ft, rther to the
frequency of passage is once every 4 to 6 (lays across south and east, reaching 7,000-8,000 feet (2,135-2,440
Turkey, once every 3 to 5 days across the northern meters) MSL in the southern Zagros Mountains.
Zagros Mountains, and once every 5 to 7 (lays across the Multilayered clouds exteml to 35,(X10 feet (10.7 kin)

I sou0.heru Zagros Mountains. Only during a rare MSL.

"blocking" upper-air pattern is this progression
interrupted. Figures 6-5a-c give mean cloudiness and frequency of

ceilings below 3,000 feet (915 meters) AGL for selected
SKY COVER, Cloud cover gradually decreases from stations in the Anatolian P;ateau, the Northern Iranian
west to east across the region. East of the Anatolian Mountains, and the Zagros Mountains, rcspcctivcly. A
Plateau, it alsodecreases from north to south. As might diurnal curve in low ceilings is only noticeable at
be expected in mountainous terrain, cloud cover and southeastern Zagros Mountain stations.
cloud heights are a function of local terrain and winds.

S3o , 40

I•'• •=.
t t,. • %CLOUD COVER - ISOPLEIHS

(" %FREQ GIG LT 031
SBlack .•..0 I o8114120
•--•'•"•.-/ L 27 ) 40 J 32 J'3"9• KastamonuO• J 27 ) 25 (21

,• lion 6 : • Ca, pt•

S-• "Ankara

02108114120 Slvas -- :rzurum•. 40
•hton. 23129J31J25 % .... "Erzlncan, ' \• 03109(15121S., _ I:rKIlel

60• •.• __ ^ 331371291
Denl• •, \ Konya 70%..-.• y /'(\ s\ .- ,•/

.--.. ... l I Jl i z•l z•

36 33 l

O" ' ' 150 ' 300 •/' .- "" r
J Figure 6-5a. Mean Winter Cloudiness (isopletlzs) and Frequencies of Ceilings Below 3,00(l Feel (•)15

meters), Anatolian Plateau.
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Coastal regions are different. With strong onshore MSL form over higher mountain ranges along and south

flow, either in front of' or behind a surface low, cloud of' jet stream axes. They also form along mountain

layers form over ridges just onshore at 1,5(X)-2,5(X) feet ranges next to coastlines. Leeward sides of ridges are

(460-760 meters) MSL. Tops are 3,5(X)-5,00() feet clear due to the downslope warming.
(915-1,525 meters) in the absence of higher cloud decks.

Expect moderate to severe mixed icing in frontal

When there are no frontal systems, layered middle and system clouds from the freezing level to 20,000 feet (6.1
high clouds with bases above 10,0X)0 feet (3,050 meters) kin), At other times, look for light to moderate icing.

22 35I233270952

60 60% •-_,' •,

2 3 37 __4Tbr_

*2 4 4...

"%60% VaL .

*Rea'ye 15 31 51. 2

03 ashhad03031091521 7l4 Shahrda
Z/1Te Ghran shfrTor;t

rIit 50% r-

% 1213

'• t . NM
" ' •~1610 260 360O 4t)O 5d}0

Figure 6-5b. Mean Winter Cloudiness (isopleths) and Frequencies of Ceilings Below 3,000 Feet (915
meters), Northern Iranian Mountains.
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THE WESTERN MOUNTAINS
WINTER December-February

VISIBILITY. Winter visibility is excellent cxcepl in precipitation cast of ihe Analolian Platcai, is reflcetd ill
clouds or precipitation, and in mountain valleys where the frequency of visibilities below 3 miles. Figures
fog and local po~llution are common. The (decrease in 6-6a-c show frequencies of visibilities below 3 miles.

%FREQ VIS LT 3mi

9yon. 11T144 201aon 02 S 108 114120ru
40 Merkiet Erzn n 4 3 2 1

% Se

02108114120i. a-
300315 1 t---ll A k r

r %

Figre6-a.N'IanWite Irequnles o Malsaityeaeo 1ls AaoinPaeu

.019152

150 36-15



THE WESTERN MOUNTAINS
WINTER December-February

'Misg Data

Local Time 03109115I1 P

0)030152 % Freg Vis LT 3mi Ff

41 .51 4Nhrc

Fiue66h enWntrFeunce rVsiiiis eo ils oter rna Mutis

I~Ms ade-Slema
031091512 Sh* /u

% *1 Kera1 6

03 090150211Jahro

NM 0 4M

Figure 6-6b. Mean Winter Frequencies of V'isibilities Below~ 3 Milies, Northrn IrniaMountains..
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THE WESTERN MOUNTAINS
WINTER December-February

WINDS. Surface winds depend on local terrain. Anatolian Plateau DEC JAN FEB
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 NE Kostomonu 2.70 2.70 3.20

S,/NE Merzifonu 3.70 3.90 5.00on plateaus or in open terrain reflect the mean westerly . Erzurun 4.00 3.40 4.30synoptic flow. E Eskisehir 5.30 5.50 6.00

w Ankara 4.10 4.30 5.10
Strong downslope "foehn" winds occur over most N Malatya .3.30 3.20 4.00

mountain ranges when winds are perpendicular to the S-SW Denizii 2.40 2.40 3.10
ridge anti the necessary stability conditions are met. N Kon/a 5.00 6.50: 7.50
When a strong migratory cell or lobe of the Asiatic High
moves southwestward into Iran, a very strong foehn, or Figure 6-7a. Mean Winter Surrace Wind Speeds (kts)
even a "bora," blows down the south slopes of the Elburz and Prevailing Direction, Anatolian Plateau. Slashes
and the southwest slopes of the central and southern between Merzifonu's wind directions separate (low at the
Zagros Mountains. Iranian meteorologists say these beginning and end of the season.
winds exceed 50 knots and produce severe turbulence
and wind shear. N Iranian Nits DEC JAIl FEB

Individual surface wind summaries are shown inFigures 6-7a-c. NE-SE T..hbi: .3.10 5.80 ",.0I
s-w Rezaiyeh 1.70 2.70 1.90

NE-SE n Oa On 2l.40 ... ..
Upper-level wind directions at 10,(XX0, 15,0(X), and -W-I hrud 4. .4P., 4..

20,000 feet (3,050, 4,575, and 6,010 meters) MSL rellect SE-SW .4uihhad 1.40 1 .6 '
the prevailing westerlies or southwesterlies. Maximvin W elrT i 1 3. 3.411 4.'J.
winds over the highest peaks of the Western Mountains S F.o 4. 3C. 4.(01 4.1.1

0 approach jet strearm speeds of above I(W) knots. E 3 5'• . I.

Moderate to severe mechanical turbulence and mountain S Arte il - . 0 4 ,.
waves occur under favorable conditions along and over w llrur ; 2.- -; 7 '

all ridges. Figures 6-8a-f give upper-level wind
directions at representative stations throughout the Figure 6-7b. Mean Winter Surface Wind %pcedl iklot
Western Mountains. and Prevailing I)irection. Nowthern Iranian

Mountains.

Z'ogro:; Mfs [fL. '- n

E _'b-A, r I r .t
SW W A

W F s jfd ,,r, . . -

SE W '_J

W N ', ."!

Figure 6-7c, ,tean •, inler Surfatve 16 ind Sp-edr
I kls) and IPre~ailinl• D~irection. Zagiro% %lountains.
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Figure 6-8a. Mean Annual Upper-Level Wind Directions for Ankara, Turkey.
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Figure 6-8c. Mean Annual Upper-Level Wind Directions for Kerman, Iran.
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Figure 6-Re. Mean Annual Upper-Level Wind Directions for Tehrin, Iran.
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PRECIPITATION. Precipitation decreases rapidly (1,07(0 mete.s) MSL on lhe Anatolian Plateaul and in the
inland from tie shores of the Mediterranean, Black, and Elburz Mountains. Snow depth information in this
Caspian Seas. The high mountains along these water region is fragmentary, but while working on the
sources receive considerably higher amounts than ranges Tchran-to-Baku railroad from 1942 to 1945, the U.S.
further inland, as shown by the 9.6 inch (244 mm) Army Corps of Engineers reported 30- to 40-foot (9- to
isohyet in Figures 6-9a-c. Amounts over the Northern 12-meter) snow depths during late winter at 6,(XX) leet
Iranian Mountains and the ranges at tht eastern end of (1,830 meters). Snow on the eastern Anatolian Plateau
the Anatolian Plateau are undoubtedly still higher, but and in the Elburz Mountains almost certainly reaches the
there is little data available for confirmation. same depths. Amounts decrease to 2 to 4 feet (1.8-2.8
Precipitation decreases eastward even in the absence of meters) in the southern Zagros Mountains north of 300 N
mountain ranges. Except for the Zagros Mountains, all 3 above 9,0(X) feet (2,745 meters).
months of winter get roughly the same amount of
precipitation. Maximum 24-hour precipitation amounts Winter thunderstorms in the Western Mountains are
vary, depending on frontal passage frequency. There is a rare except over higher ranges. The only locations to
marked rain shadow south of the Elburz Mountains along average I thunderstorm a month arc Torbat and Arak
the Caspian Sea coast of Iran and east of the Zagros during February, but storms arc more frequent over
Mountains. higher mountain ranges with deep upper-air troughs.

Tops are 30,(XX) feet (9.1 km) MSL, with the usual
Winter precipitation in the memtains is usually in the hazards.

form of snow. The permanent snow line slopes upward
from about 12,0(X) feet MSL in the Caucasus to 15,(X) Figures 6-9a-c give mean seasonal (isohycts),
feet at 360 N. Winter snow occurs above 3,5(X) cet monthly, and maximum 24-hour precipitation.
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Figure 6-9a. Mean Winter Nionthly/Maximum 24.1lomr Precipitation (inchesi, Anatolian Plateau.
Isohyets represent mcan seasonal precipitation (watcr cquival,'nl i,
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Figure 6-9b. Mean Winter Monthly/Maximum 24-Hour Precipitation (inches), Northern Iranian

Mountains. Isohyets represnt mean seasonal precipitation (water equivalent).
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TEMPERATURES. Temperatures are a function of stations nearer the coast are 15-200 F (8-110 C) warmer.
elevation, as shown in Figures 6-10a-c. Stations well Temperatures over higher elevations dccrease rapidly,
inland have a larger diurnal range as they get further becoming arctic above 12,0(X)-15,(XX. feet (3,670-4,57(0
from the moisture source. Erzurum is an example, its meters). Wind chill can be severe at higher, exposed
mean minimum is 90 F (-130 C) in January, while I(xations.

0 40 040

s';. • .JDEC JAN FEB

BClack Sea

55--4-- 8 4 Kastamonu

44191 42 5ol % •-' " r " i tr

4ik •, -iI "-A • 40445• • n, 31 39142 Sivas Erdmu*( 40

301251 n2 Erkllet Erzlncan

- , Mala6tya 394113644137

44 40 4 --
411812

1I 29124127 1.

0 ' 150 ' 300 " 0
30 A4

Figure 6-10a. Mean Winter Daily Maximum/Minimum Temperatures (F), Anatolian Plateau.
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Figure 6-10b. Mean Winter Daily Maximum/Minimum Temperatures (F), Northern Iranian Mountains.
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O(ENERAi. WEATHER. Spring is the transition from Coastal regions arc different. With strong onshore
winter fronLvl systems to the hot, dry weather of summer. flow either in front of or behind a surface low, clouds
Migratory systems decrease steadily as the storm track form over ridges immediately onshore. Bases are
shifts north and the Asiatic High disappears. By late 1,500-2,500 feet (460-760 meters) MSL, with tops at
April, few systems track all the way through the area. 3,500-5,00() feet (915-1,525 meters) MSL in the absence
Cyclogenesis in the Black Sea still brings surface cold of higher cloud decks.
fronts through Turkey into northern Iran. By late May,
the Pakistani Heat Low is well established and the In the absence o frontal systems, layered middle and
low-level winds reflect the flow around and into the high clo~'ds with bases above 10,0(X) feet (3,050 meters)
thermal trough. Smaller thermal lows form in Iran's MSL occur over higher mountain ranges; they are found
interior and temporarily over the Anatolian Plateau. along and south of jet stream axes, and along mountain

ranges next to coastlines. Leeward sides of ridges are
SKY COVER. As in whiter, total cloud cover gradually clear due to foehn winds with downslope warming.
decreases from wes. to east across the Western
Mountains, and from north t,) south across the Elburz and Moderate to severe mixed icing should be expected in
Zagros Mountains. Amounts are unly slightly lower than frontal system clouds above the freezing level to 20,0(X)
in winter. Coverage and height vary with terrain. feet (6.1 kin) when airflow is being lifted over ridges.
Increased heating produces a slight increase in the Light to moderate in-cloud icing occurs at other times.
frequency of ceilings below 3,000 feet (915 meters)
across the eastern Anatolian Plateau and the Elburz Figures 6-11a-c show mean total sky cover and
Mountains of Iran. Generally, the Anatolian Plateau and frequency of ceilings below 3,000 feet (915 meters) AGL
Northern Iranian Mountains are in clouds above 4,0(X) to for selected stations. Most stations begin to show a
5,0(X) feet (1,220-1,525 meters) MSL when any frontal or diurnal curve in low ceiling frequency due to increased
low pressure system is passing thrugh; bases are solar insolation and fewer frontal systems.

* 7,(XX)-8,000 feet (2,135-2,440 muters) MSL in ihe
extreme southern Zagros Mountains, and tops reach
35,000 feet (10.7 km) MSL.
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THE WESTERN MOUNTAINS
SPRING March-May

VISIBILITY. Visibility is generally excellent, but can the afternoon on the sonth side of the Elbirz xand the cast 0
be restricted in mountain valleys due to fog or smoke. slopes of the Zagros reflect downslope winds that raise
The decrease in precipitation east of the Anatolian dust. Figures 6-12a-c provide frequencies of visibility
Plateau is reflected in the low frequencies of visibility below 3 miles in all three subregions.
below 3 miles. The higher frequencies of restrictions in

10 ~40 6
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Figure 6-12a. Mean Spring Frequencies of Visihilities Below 3 Miles, Anatolian Plateau.
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WINDS. Surface winds reflect local terrain. Locations
in or near mountain canyons or along coasts will show
the usual diurnal variation associated with mountain/ N Iroiian kits MAR APR MAY
valley and/or land/sea breezes. Locations on plateaus or
in open terrain reflect the mean westerly synoptic flow. SSE-SW Tabriz 5.20 5.80 6.10
By late May, winds over the Anatolian Plateau become SSE-SW Rezaiyeh 3.20 3.1 0 3.60
northerly, reflecting the onset of the Etesians of summer ESE-WSW Zonjon 3.50 4.80 3.30
(which see). Individual station summaries are shown in NE Shohrud 5.90 5.90 6.00

SE Mashhad 3.20 3.60 . 3.40Figures6-13a-c. w Tehran 6.50 7.60 7.50
S/NW Kars 6.30 7.30 7.20
F,/w Van 3.40 4.00 3.90
NE Ardebil 8.90 8.40 i6.10

Analolian Plateau MAR APR MAY w Orumieh 4.90 6.30 5.30

NE Kostormonu 3.20 3.60 4.00 Figure 6-13b. Mean Spring Surface Wind Speeds
NE Merzifonu 5.80 15.90 6.90 (kts) and Prevailing Wind Direction, Northern
E Erzurum 5.40 6.60 6.30 Iranian Mountains. Slashes separating Kars and Van
W Eskisehir 5.80 5.70 5.20 wind directions indicate changes from March to May.
w Ankara 5.30 5.50 5.00

s-sw Malatya 5.10 5.9o0 5.30
NW Denizli 2.70 2.40 2.80
N IKonya 7.50 7.70 7.40 Zagros Mfs MAR APR MAY

Figure 6-13a. Mean Spring Surface Wind Speeds E/SW Bakhtaran 6.90 7.70 6.20
(kts) and Prevailing Wind Direction, Anatolian W Arak 4.00 5.70 3.70
Plateau. W Esfahan 5.80 6.50 -5.60

w Yazd 6,10 7.10 6.10
w Kerman 7.20 820 7.20

W-NW Shiraz 5.80 6.10 6.40

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

Upper-level wind directions at (J.(XX), 15,(XX), and occur under favorahbl conditions along and over all
200(X) feet (3,050, 4,575, and 6,010 meters) MSL reflect ridges. By late May, winds change rapidly toward
the predominant westerlies or southwesterlies. summer conditions. Refer to Figure 6-8a-l for
Maximum winds over the highest peaks still approach.jet upper-level wind directions at rcpresentative stations
stream conditions with specds above 80 knots. Moderate throughout the region.
to severe mechanical turbulence and mountain waves
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THE WESTERN MOUNTAINS
SPRING March-May

eRECIPITATION. Total precipitation decreases from maximum 24-hour precipitation of 10.6 inches (270
its winter maximum-, only the northern Zagros Mountains mm)-, the exact reason is unknown, but thunderstorms
average more than 9.6 inches (244 mm). Precipitation are suspectedl. Another marked rain shadow is present
also decreases rapidly inland from the shorcs of the south of the Elburz Mountains. The Zagros Mountains
Mediterranean, Black, and Caspian Seas. Amounts over act as a "precipitation island" compared to either side of
some ranges, including the Northern Iranian Mountains that mountain complex. Figures 6- 14a-c give mean
and the eastern endI of the Anatolian Plateau, are seasonal, monthly, and maximum 24-hour precip~itation.
undoubtedly higher, but there is little observational data
to support this. Precipitation cast of the Anatolian Precipitation falls as snow above the steadily rising
Plateau decreases steadily to the south and east. The rain freezing level. The permanent snow linec ;lopes upward
shadow over the Anatolian Plateau is shown by thle from near I 2,(XX) feet MSL in the Caucasus to I 5,(XX)
closed 4.8 inch (122 mm) isohyet. feet at 360 N. Spring snows occur abo~ve 4,500) led

(1,3701 meters) MSL on the Anatolian Plaleau andl in the
Maximum 24-hour precipitation amounts vary, Elburz Mountains. There is no snow south of 320 N in

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

jo ~40

MAR APR MAY

MAX 24-HR PCP ''F

11911.912.1

801 .4 30 -5
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THE WESTERN MOUNTAINS
SPRING March-May

= RECIPI'rATION. Total precipitation decreases from maximum 24-hour precipiiation of 10.6 inches (270
its winter maximum; only the northern Zagros Mountains nm); the exact reason is unknown, but thunderstorms
average more than 9.6 inches (244 mam). Precipitation are suspecte(d. Another marked rain shadow is present
also decreases rapidly inland from the shores of the south of the Elburz Mountains. The Zagros Mountains
Mediterranean, Black, and Caspian Seas. Amounts ov.-r act as a "precipitation island" compared to either side of
some ranges, including the Northern Iranian Mountains that mountain complex. Figures 6-14a-c give mean
and the eastern end of the Anatolian Plateau, are seasonal, monthly, and maximum 24-hour precipitation.
undoubtedly higher, but there is little observational data
to support this. Precipitation cast of the Anatolian Precipitation falls as snow above the steadily rising
Plateau decreases steadily to the south and east. The rain freezing level. The permanent snow line slopes upward
shadow over the Anatolian Plateau is shown by the from near 12,(X.) feet MSL in the Caucasus to 15,(XX)
closed 4.8 inch (122 mm) isohyet. feet at 360 N. Spring snows occur above 4,5(X) feet

(1,370 meters) MSL on the Anatolian Plateam and in the
Maximum 24-hour precipitation amounts vary, Elburz Mountains. There is no snow south of 320 N in

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

jo ~40 D

MAR APR MAY
€•. MEAN PRECIP

MAX 24-HR PC?

1.311.813.0 Kastamonu 1 4t11.312.0 * ur
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91.E1.812.6 nrkKoet r ' 1.4 1
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Figure 6-14a. Miean Spring• Monthuly/Maximum 24-Htour Precipitation (inches), Anatolian Pla•teau.
Isoyets represent mean seasonal 1)recipitatiorl (water equivalc.t01.
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THE WESTERN MOUNTAINS
SPRING March-May

f so
mNM

W 4 1360 400 500

!4AR APR MAY
"%' MEAN PRECIP
'4 1.612.211 MAX 24-HR PC!G Fl

6.4 48

1.812.311-6 \--nIL1.511.1 . 011
6. ..Tabrz 2

T_4•. Fr.. .TF TFO 7
Ghaivin-~ Masthad<7Th' -'

- 1.4 3.0 1.2or

% •1.111.310. 19

Figure 6-14h. Mean Spring Monthly/Maximum 24-Hour Precipitation (inches), Northern Iranian
Mountains. Isohyets represent mean precipitation (water equivalen).
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Figure 6-i4c. Mean Spring Mont hly/Mix im ur 24-11mur Prec'tilpitation (inch'les,), Zaigros4 Niontaills.

lsohyets represent mean scas;onal precipitation (water equivalent ).
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THE WESTERN MOUNTAINS
SPRING March-May

0
*Thunderstorms increase dramatically in May over the ranges. Tops .each over 40,0(X) feet (12.2 kin) MSL by

Anatolian Plateau and the northern slopes of the Elburz May because of the increased heating. Severe
Mountains. A slight increase occurs over the central and thunderstorms, with the usual hazards, may occur during
northern Zagros. The Zagros Mountains and the late spring if all thc necessary conditions are met. Such
southern slopes of the Elburz Mountains have few thunderstorms arc most common over areas downwind of
thunderstorm days; frequcncies generally deciease from ridges. Figures 6-15a-c give mnean monthly thunderstorm
north to south. Thunderstorm frequecies are probably days.
higher over 'he higher Elburz and Anatolian Plateau

a30 40 6
,I% I

"�" MAR APR MAY

- MAR APR MAY MAR APR MAY
1"/O 1 'l2 6 6 r 2

MAR APR K mAY a•louk SM

M-.MAR APR MAY

2 7 4,40~0 u• .[. MAR APR MAY cSeal.
MAR APR MAY Eaklsehli" *Ankar s,

yon. Sivas *Erzdr mMAR APR MAY 40'
e Erkilet Erzlncan A,

AMAR APR MAY

Medite-rranen M • AR "APR MAY r l
Sjea *I2 6 1 < .5 days

(MAR APR MAY %'I w/thunderstorms
NM .J -ý/ * 1 -

) 150 300 r30 . ••" 4

Figure 6-15a. Mean Spring Thunderstorm Days, Anatolian Plateau.

S
6-33



THE WESTERN MOUNTAINS
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*< .5 days w/thundet-storrns
MAR APR MAY (T17Tl K "r MAR APR MAY NM~

169 20 36 4M 510
MAR APR MAY g .

MAR APR MAY
'Tib&l

~~MAR APR MAY __

MAR APR MAY MARAPRMA

MAR ATPR MAMAYAR/A

Figure 6.15b. Mecan Spring Thunderstorm Days, Northern Iranian Mountains.

410 ,oý 60 60

/ 7 MAR APR MAY
-- .' Sana~ndal 2
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< .5 days W/Lhuaid,ýst~orms

d i00 20m 359 W -ila

Figrure 6-1 5c. Mean Spring T[hurnders~torm Days. Zagros Mountains.
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THE WESTERN MOUNTAINS
SPRING March-May

ITMrIPERAT1IRES. Temperatures increase steadily some interior Iranian stations. Temperatures at higher
(luring thec spring, hut are still a function of elevation elevations remain low. The freezing level, while rising,
(Figures 6-16a-c). The greatest diurnal variations are at is still at 12,0()(-15,(XX) feet (3,670-4,570) meters) by the
stations well inland, where they arc farther from a end of May.
moisture source. DWily variations reach 350 F (200 C) at

MMXMAR APR MAY

40 Mezifo 51 3 72Caspian

59617Erkitet Erzilncan 1913214

Sea15147

1N0 300 .-

350
30 * ~ 4P85

Figure 6-16a. Mean Spring Daily Maxim um/Minim um Trem peratures (F), Anatolian Plateau.
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Figure 6-16b. Mean Spring Daily Maxinium/Nlinimurn Temperatures (F), Northern Iranian Mountahis.
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THE WESTERN MOUNTAINS
SUMMER June-August

O GENERAL WEATHER. Summer is mainly fair; only coverage above 30%. Low clouds occur less than 10%

a few frontal systems penetrate the region, of the time except in the higher ranges and along the

Thunderstorms are the primary weather producers. Black Sea coast in the afternoon. Ceilings below 3,(XX)
Along the Black and Caspian Seas, sea breezes and feet (915 meters) have a marked diurnal variation, with

orographic lift produce mid-afternoon thunderstorms. A peaks in the afternoon and early evening (see Figures

few trailing cold fronts reach the extreme northern 6-17a-c). Much of the cloud cover is middle and high

Anatolian Plateau. Low-level winds reflect flow into the cloud produced by thunderstorms. In the absence of

thermal lows over Turkey and the high deserts of Iran. thunderstorms, layered middle and high clouds with

Etesian and "Winds of 120 Days" also occur. About bases above 1(,0(X) feet (3,05" meters) MSL occur over
every 4 years, an upper-level "cut-off' low forms in the higher mountain ranges. Leeward sides of ridges arc
southern Iran and advects Southwest Monsoon moisture clear due .o downslope warming.
into the eastern Elburz mountains; in such cases,
thunderstorms occur almost daily over the higher ridges. Moderate to severe mixed icing occurs in and near

thunderstorms above the freezing l,'vel to 25,(XX) feet

SKY COVER. Summer cloud cover decreases rapidly (7.6 kin) MSL. Light to moderate icing can occur in

south of the Black and Caspian Sea coastlines. The clouds below 20,000 feet (6.1 kin) MSL.
Pontic and Elburz Mountains are the limits for cloud

0 0 1( 6

%CLOUD COVER - ISOPL[I-S

" ... CAL TIME 03091521Blc Sea < FREQ CIG LT 030

40 5Caspian

02108114120 30 50% %0% 30
-31 41 71 4 , E",--sklqehii- * Ankara "

0202 0 42 Sivas *Erzurum 20310911512 4

1 21 65% '" -
20 3% rkie Ezica 207 % j~1j

Kony 150
20 reg.l,'0% Ma ' !a0300101512121

'' 
__0

------ T 31 41 6

Figure 6-17a. Mean Summer (loudiness (isopleths) and Frequenc'ies of ('eilinlts Btelow 3,000) Feet (915
meters), Anamo-ian Pla1 205u.
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0310911521

0% o( 1 6 0 NM 360 460 5do
40 % %CLOUD COVER - ISOPLEMh

Kare 03109115121 *-ISG DATA
0 30 *1 12 LOWCA. TIME 03109 15 21

%FREQ CIG LT 030
20%

0%~I 1 . ebil 0609151

50% 30Z

1 0 40- . .2 r ". .
03 21 JI-z1 .. Y

/009 29 * mashhade >10% /
01, * Tehran a"lud, .. ,

0310j9115ý 211 0309115121 0
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Figure 6-17b. Mean Summer Cloudiness (isopleths) and Frequencies of Ceilings Below 3,000 Feet (915
meters), Northern Iranian Mountains.

.... .Zahk 1 0 6/

5a-a.09 03109115121-" •.,,( a~a~da• 0 212 0 '

Bakhtaran .0%0310O911512_31 3 .5 .
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Figure 6-17c. Mean Summer Cloudiness (isopletlhs) and Ir'equencies of ('eilings BeIhlm 3.000 Feet (915
meters), Zagros Mountains.
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THE WESTERN MOUNTAINS
SUMMER June-August

VISIIHII,1TY. Visibility is excellent except at staitions haze that can lower visihililies helow 3 mniles in the
bordering the Central Deserts, where the prevailing afternoon. Mean summer f'requencies of* visibilities
northerly and northwesterly winds raise a per~siscnt dust below 3 miles are given in Figure 6-I1 a-c.

'(0

LOCAL TIME 03109115121
%FREQ VIS LT 3mi

40 MezlfonCaspian

021081412 *Bou _%% S&

.21 1.511 Esisehir Akar

0018 410 ruu ý0

Figurefyonhi Mea Summer .Fr 1ece .2 Sivailis Ieo 3 Mies (nt)ia Y3 lateau.2 1 41

02-f .
Denizli Er~6-k)'i i ia



THE WESTERN MOUNTAINS
SUMMER June-August

019 1 145121

/ *Misg Data
J ~Local. Time 03109115121
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Figure 6-18b. Mean Summer Frequencies of Visibi lities Below 3 Miles, Northern Iranian Mountains.
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Figure 6-18c. Mean Summer FrequIencies ofV 'isibl~iliies IBelot 3 Miles, Zagros M'outilains.
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THE WESTERN MOUNTAINS
SUMMER June-August

WINDS. Surface winds reflect the prevailing Etesians N4 Iranian Mts JUN JUL AUG
and "Winds of 120 Days" that blow into the heat lows .. .
over the interior deserts and plateaus in the absence o" NE-SE Tabriz 7.50 9.90 9.50
terrain effects. Daytime wind direction on the Anatolian E-SW/NE Rezoiyeh 3,00 2.70 2.80
Plateau can reflect the smaller heat low of the central W/'SE Zon ion 3.00 2.90 2.80
Plateau during July and August. Stations in or near NE Shohrud 6,80 6.90 6. :0
mountain canyons or along coasts show the usual diurnal E MJahhad 3.90 4.50 4.00
variation associated with mountain/valley and/or land/sca W Tehran 6.60 5.70 4.80
breezes. Selected individual station summaries are S Kcl S 7.60 7.90 8.40
shown in Figures 6-19a-c. W V cn 3.40 3.30 3.10NE Ardebil 7.70 8,30 8.cG0

W/NE Orumieh 4.70 4.70 4.40

Anatolia~n Platerau JUN J dUL A AU G Figure 6-19b. Mean Summer Surface Wind Speeds

ikts) and Prevailing Direction, Northern Iranian
NE Kastomonu 3.80 .3.80 4.410 Mountains. Slashes between directions indicate changes

E Merzifnufrom June to August.
E-NE Erzururn 5.70 6.20C 6.40

w Eskisehir 5.30 6.30 6.20
W Ankara 5.00 5.80 5.,30

NW MaIlatva 6.60 7.10 6.30 Zagros Mts JUN JUL AUG
N DW Denizli 2.90 2.70 '2-'.60N 1,'on'yo &,2019. 40 9.20N. SW-W Bnkhtarar, 5.70 5.00 5.10

W,/E rak 3.50 2.70 2.80
W/E Esfahan 5.30 4.40 4.00

Figure 6-19a. Mean Summer Surface Wind Speeds W Yo Zd 5.80 5.90 5,40
(kts) and Prevailing Direction, Anatolian Plateau. N-NW Kerman 6.30 7.20 5.80

W-N$w Shiraz 5.40 5.30 4.40

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

Upper-level wind directions change at 10,000 feet 4,575, and 6,010 meters) MSL. When conditions are
(3,050 meters) MSL, reflecting flow into the thermal right, moderate to severe turbulence occurs along and
trough. Winds aloft also reflect a complex interaction over all ridges due to thermal heating. Refer to Figures
between low-level northerlies, high-level westerlies, and 6-8a-f for upper-level wind directions at representative
intermittent ridging into southern Iran. Speeds are stations throughout the region.
relatively light at 10,0(X), 15,0(X), and 20,(X)0 feet (3,050,

0
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THE WESTERN MOUNTAINS
SUMMER June-August

PRECIPITATION. Precipitation along the Precipitation drops to less than 0.5 inches (12 mm),
Mediterranean, Black, and Caspian Sea coasts is though. in other areas of the subregion. Figures 6-20a-c
common, but less frequent than in spring except along give mean seasonal precipitation and selected station
the northwest Caspian Sea Coast. Significant mean monthly and maximum 24-hour precipitation.
precipitation also occurs over Anatolian Plateau stations Precipitation falls as snow only above the permanent
due to convective activity. The higher mourtains in snow line. This line slopes upward from near 12,(X)0 fect
northeastern Turkey and northwestern Iran receive in MSL in the Caucasus to 15,000 feet at 360 N.
excess of 6.4 inches (160 mm) clue to thunderstorms.

S0 40e)
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.'!'i'"'"'-ta• • AU _5/"• • 24-Ra PC?'

- 1.0JUN• JUL AUG JUL AUG7 lc e JUN JULAU
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2.1101. JUN JUL AU HO 1. 2 1.-1T-

-. 2.3-1.911.9 JUN JUL. AUG (
.8L~ .• erzlfon", .-4 1.3 0.71.2apa

JUN JUL AUG o JUN J AUG

1.50.50.2skisehIr Ankara JUN JUL AUG
1.910.91i1.4 4

Deniz~li na2.4-,
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"Z". 1 :8 1.6 411. "" 7 •---JUN ~JU LJU AA':/ N JfJJU Lt•G .j
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Sea 1.51o17.812 .-'

NM - / .-
150 300 -' 3.0- r

30 4.0 ."'

Figure 6-20a. Mean Summer Montlhly/Niaximum 24-11our Precipitation (inches), Anatolian Plateau.
lsohycts represent mean seasonal precipitation (vater equivalent).
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THE WESTERN MOUNTAINS
SUMMER June-August

T'hundcrstorm frequency dlecreases dramatically MSL, with the usual hazards. Thunderstorms tire rare

from June to August, with a peak on thc Anatolian south of the Elburz and in thc Zagros Mountains,

Plateau in June. Tops exceedl 40,000 feet (12.2 kin) Figures 6-2 1a-c givc mean monthly thunderstorm days.

~~fy~* Eru~.rJUN JUL AUG

'JNrULAUglac Seety

/ ~ JUN JUL AUG /hnrsrs

Figre6- I. MenSme hnestorv [)ys Anatolia JN PlateAu.
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THE WESTERN MOUNTAINS
SUMMER June-Augtist

TEMPERATUJRES. Temperatures are still a function (10 not drop to 320 F (0" C) until 1I2,(XX) feet (3,670)
of elevation, as shown in Figures 6-22.a-c. Diurnal meters) MSL in northern areas, and until I 5,0(X) feet
ranges are from 25 to 350 F (14-200 C) in the absence of (4,570 meters) MSL in southern areas.
diurnal effects. Air temperatures over higher elevations
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Figure 6-22b. Mean Summer Daily Maximum/Minimum Temperatures (F), Northern Iranian Mountains.
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THE WESTERN MOUNTAINS
FALL September-November

GENERAL WEATHER. Frontal systems do not surface low. Cloud layers form over ridges immediately 0
routinely cross the Western Mountains until late October onshore at 1,500-2,50() feet (460.760 meters) MSL.
in the north, and late November in the south. The fronts Tops are only 3,5(X)-5,(XX0 feet (915-1,525 meters) MSL.
that do cross the sub-region are normally not severe and
don't have strong temperature gradients. Predominantly In the absence of frontal systems, layered middle and
westerly upper-level winds return in late October to early high clouds with bases above 10,0(W feet (3,050 meters)
November. By the end of November, winter frontal MSL occur over higher mountain ranges, along and
frequencies are reestablished, south of jet stream axes, and inland of mountain ranges

immediately along coastlines. Leeward sides of ridges
SKY COVER. Cloud cover gradually increases from are clear due to downslope warming.
east to west and, east of the Anatolian Plateau, from
south to north. Cloud cover and heights are functions of Moderate to severe mixed icing should bc expected in
terrain and winds. By mid-November, the Anatolian frontal system clouds above the freezing level to 20,0(X)
Plateau and northern Iranian mountains above feet (6.1 km), with light to moderate in-cloud icing at
4,00()-5,(XX) feet (1,220-1,525 meters) MSL are in clouds other times.
when any frontal or low pressure system is present.
Bases rise to 7,000-8,000 feet (2,135-2,440 meters) MSL Figures 6-23a-c give mean total sky cover and
in the extreme southern Zagros, and tops reach 35,(00) frequency of ceilings below 3,(XX) feet (915 meters) for
feet (10.7 km) MSL. selected stations. Some diurnal variations in low ceilings

occur at Anatolian Plateau stations.
The Mediterranean, Aegean, and Black Sea Coasts

have strong onshore flow either in front of or behind a
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Figure 6-23a. Mean Fall Cloudiness (isopleths) and Frequencies of (eiling~s I !.,mi 3,000 Feel (915
meters), Anatolian Plateau.
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Figure 6-2.1b. Mean Fall Cloudiness (isopleths) and Frequencies of Ceilings Below 3,000 Feet (9150 meters), Northern Iranian Mountains.
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VISIBILITY. Visibility is exccllent except iii provide frequencies of visibilities below 3 inilcs across
p~recipitation and at those locations in niountain valleys the region.
where fog and local po~llution occur. Figures 6-24a-c

50 40

LOCAL TIME 0310911.5121
%FREQ VIS LT 3mi

40 MezifonCan pian

a.3'%

.3 2 1 o.3 008110 rlru.03 09 151 21 4-`4
T2_i~rn 1 .2 1 ..4 % 2L1

- rý

306~ ~~ - P 'J _

Figure 6-24a. Mean Fall Frequencies of Visibilities Below 3 Miles, Anatolian Plateau.
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Figure 6-24b. Mean Fall Frequencies or Visibilities Below 3 Miles, Northern Iranian Mountains.
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WINDS. Surface winds are strongly 0
influenced by terrain. Locations in or near ..
mountain canyons, or along coasts, show the Anatolian Plateau SEP OCT NOV
usual diurnal variation associated with -.

mountain/valley and/or land/sea breezes. NE/SW Kaotamonu 3.30 3.20 .3,10
Locations on plateaus or other open terrain NE Merzifonu 7.10 5.00 4.00
have mean westerly synoptic flow. By the end 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 W Ankara 4.20 3.50 3.40
individual station summaries are shown in sw Malatya 5.10 4.20 3.40

NW-N/SW Denizli 2.20 2.30 2.70N Konya 8.20i 6.40 6.20

Upper-level wind directions at 10,000,
15,0(X), and 20,000 feet (3,050, 4,575, and Figure 6-25a. Mean Fall Surface Wind Speeds (kts)
6,010 meters) MSL are westerly (310-2400). and Prevailing Direction, Anatolian Plateau. Slashes

indicate directional changes from September to October.
Maximum winds over the highest peaks

approach jet stream conditions; top speeds are N Iranian Mts SEP OCT NOV
above 80 knots. Moderate to severe
mechanical turbulence and mountain waves

NE-SE Tabriz 7.60 4.70 41occur under favorable conditions along and N-E Trze 7. 90! 2.20 4.10

over all ridges. Refer to Figure 6-9 for SE z y 40 2.20 1.20sE Zanjan 2.40 2,50 1.90:
upper-level wind directions at representative NE Shahrud 5.50 4.40 4.50
stations throughout the region. E-SE Moazhhad 2,80 2.10 1.40

W Tehran 4,70 4.60 3.50
S-NW Kars 6.60 5.30 4.60

E Van 3.20 3.30 3.30
NE Ardebil 6.80 5.20 4.30W Orumieh 4. 6C? 3.70 2.• G0

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

Zagros Mits SEP OCT 1'NOV

sW-W,,'E Bnkhtciran 5.40 5.20 3.2 0
sw-w Arak 2.80 3.10 2.10

E Esfahan 3.30 3.30 2.40
w Yozd 3.90 3.10 3.00

W-NW ,',ermran 5.10 3.90 2.80
NW Shiraz 4.00 3.30 3.20

Figure 6-25c. Mean Fall Surface Wind Speeds 4kts)
and Prevailing Direction. Zagros Mountains.

The slash between Bakhliaran direclions indicales the
change between September and Novcmhcr.
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O9 PRECIPITATION. Precipitation increases steadily its receivedl 8.2 inches (210) mm) in Novembe~r. Figures
the season progresses. Trhis is especk, 1 true. on th,,. A~-16a-c givo mean scamsonaI precipihtaton (isohlyets) atld
Black Seal coast and the western end of liec Caspian Sea, mean monthly arnd maximum 24-hour precipitation lor
reflecting onshore flow behind cold fronts. Amounts selected stations.
over the Northern Iranian Mountains and the ranges at
the easter n f(' of the Anatolian Plateau are undIoubtedlly The air is -till wanm cnough for rain, but precipitation
even higher, but there. is little dato available there. Some abovo, the t'rcczing level falls as snow. The permanent
prci~pitation also occurs over the southern Zagros in snlow line slopes upwardl from about 1 20()( feet MSL inl
November. Except for the Zagros, all 3 months receive thc Caucasus to 15,(XX) feet tit 360 N. By the end of
roughly the same precipitation amounts. Maximum Novernber, snow falls above 3,500) feet (1,07(0 meters)
24-hour precipitation amounts generally increasc from MSL on the Anatolian Plateau ano in the Elbulr/
south to north, most (due to increased irontal a',tlvty. N'ouniains. The snow level slopes upward to 9,0~)0 lect
Amounts also vary depending on proximity to a moisture (2,750) meters) in the southern Zagros.
source; Shiraz, for example, on the Persian Gulf",
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4.8 SEP OCT NOV
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03411. . 2 G-zn 19,2 2.615.914
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Figure 6-26b. Mean Fall Monthly/Maximum 24-Hour Precipitation (inches), Northern Iranian

Mountains. lsohyels represent mean seasonal precipilatien (water equivalent).
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Figure 6-26c. Mean Fall Monthly/Maximum 24-Hour Precipitation (inches), Zagros r nItains.

isohyets represent mean seasonal precipitation (water equivalent).
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Thunderstorm frequencies decrease throughout the feei (15 kin) MSL. Iranian meteorologists insist that
period; by the end of Novcmber, they are almost severe Scptc.aber thunderstcrln tops over the southern
nonexistent. Thunderstorms can occur over higher Zagros have exceeded 65,(XX) feet (20 kin). British
mountain .'tnges during the passage of deep troughs. meteorologists with experience in the Persian Gullfcould
Tops decrease to 30,(XX) feet (9.1 km) MSL by not confirm such heights, but have. seen them "well in
mid-November with the usual hazaids. Severe excess of 15 kin." The usual severe thunderstorm
thunderstorms can occur if the dynamics are present, ha7ards of turbulence, downbursts, and icing can be
notably over the southern Zagros due to its proximity to present. Figures 6-27a-c give incami monthly
the warm Persian Gulf waters; tops can exceed 50,0(X) thunderstorm (lays.

4D 5
SEP OCT NOV

2 1 1

\ SEP OCT NOVII~ ~ ~- SE OCT NOV ,... , ., t•./SP 'C O

Me-To Biack 3"~Capa
.S OTOSEP OCT NOVi "^" • I I * Kastamonu i

SEr OCT NOV

Merzlfo-t Caspian

SEP SEP OCT NOV
SEP. OC"NVA61ai/a -Erzulrum SEP OCT NOV 40,

D. MAI n KoyaErkllet "Erzlncan r-!"A ̂

Sea Ty< .5 days
ul u/thunderstorms

NM 300 MalatyaSEP OCT NOV "
160O 13j • r

30 An 5P

Figure 6-27a. Mean Fall Thunderstorm Days, Anatolian Plateau.
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Figure 6-27b. Mean Fall Thunderstorm Days, Northern Iranian Mountains.
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Figure 6-27c. Mean Fall Thunderstorm )lhis. Zagros Moiuntains.
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0 TFMPFRATIIRFS. Temperatures tire a ltrnction of' higher elevations decrease rapidly, becomting sub-Arctic
elevation, as shown in Figures 6-28a-c. Stations well above 12,(XX~)15,(XX) feet (3,670-4,570) ncters) MSL hy
inland have a large diurnal range due to the reduced November. Wind chill temperatures can be severe lit
moisture availability and separation from the moderating higher elevations.
effects of the surrounding seas. Temperatures over

MDIN

65 5Z0

Figure 6-28a. Mean Fal D4il M Kaximum/Mnmum epraus(FntlnPta.
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Figure 6-28b. Mean Fall Daily Maximum/Minimum Temperatures (F), Northern Iranian Mountains.
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Figure 6-28c. Mean Fall I)aily Maximum/Mininmin Temperatures (U1 ), Zagros Mointains.
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Chapter 7

THE CASPIAN SEA PLAIN

The Cttqpian Sea PMain lies on the southern shore o'i the Caspian Sea in Northein Iran. After describing the area's
situation and relief, this chapter discusses "general weathcr conditions" by season.
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THE CASPIAN SEA PLAIN SITUATION AND RELIEF

STATION: ANZALr IRAN - -

LAT/LON: 372IJL... 49 28 X XLEV: -49 FT
ILEMINTS JAN FEB 'MNAR IAPR IHAY 'TJUN 'JUL AUG SIP IOCT ! NOV IDECI ANi
_.TX 81 8281 00(86(95195 951 91 9 86. 8 Ot a'-

KVG MAX 52 52 1 54 61 73 81 L 66 1 82 1 _70 63 55 68
AVG MIN 41 39 43 50 81 68 72 72 8 57 150 43 55RXT, MIN 16 11 1 2 36 46 54 59 61 52 45 31 25 11

AVG PRCP 5.6 4.3I 3.4 1.9 1.3 1 .8 3.5 8.7 12.01 8.9 7.3 59.7
MAX M O .2 1 3 . 7 9.1 4.5 .9 7.6113.2126.11 3.5i3l.6 13.6O8.N
III HON 1.41 1.11 0.8 _ 0.31 0.21 0.3 1. 01 3.31 4.91 2.81 2.5 55.o9
MAX DAY 34 2.01 2.2 -8 23 4.113. 11.8 1 3.53 13.91
1TS DAYS °0 0!4 1 1 112 1 14* 11 *1 0 6
SNOW DAYS 1 1 1 , o I0 O o 0 o 0 * j 4

STATION: ,'AUL&SAR I•
LAT/LON: 38.AI3N . 62 39 1LIV: -69 FT ",.

,,r__s JAN, FEBMA APR , AY iJUN JUL iAUG SZ, PocT I NOV iDZC! ANN 1
EXT MAX 62 78 88 188 j 9 91. 95 1 9 93 90 81 j 8j 95

AVG MAX 53 54 55 63 75 82 864 86 81 72 63 156. 69
AVG MIN 39 41 44 51 60 68 73 72 67 58 471 41 55
XT MIN 19 22 32 32 46 50 61 60 50 36 18 16 i

AVG PRw P 3.7 2.4 2.5 1.5 0.6 1.1 1.2 2.0 2.6 5.9 4.2 3.9 31.6
MAX MON ..9.3 . 5.8 4.7 2.7 1.6 4.0 4.6 5.2 6'.9 10.3 7•.4 9,6 36.5

IN M0.8 1.2 0.4 * * 0.2 0.4 0.7 1.3 1.6 0.2 26.4
MX OAYN 0.91 1.4 1.4 .1 2 1 1.9 1.7 2.1 4.1 3.8 5.4 .2 5

TS DAYS 0 1 1 0 0 1 1 o 2 0 o 1 5
SNOW DAYS __ 0 _0i 0 0 1,. 0 0 1

STATION: GORGAN? IRAN____ _____

LAT/LON: 3651.. 54 28 E ELIV: 344 , ,

AVGEMANT FEBt 82A 90R IM9i 74UN
EXT MAX 86 90 97 1041, 11111091 1091 1051 102.1 3, 90 1 AGA
A__VG M 56 58 62 69 1 82 1 9 1. 91 _ 86 17 66_1 59 i 74
AVG MIN 40 40 43o511601'68j72 72 7 67 157j46 . 4 1 55
EXT MIN 16 27 27 28 43 55 63 63 48 41 28 19 16

"AVG FRCP 3.0 2.8 . 2.41 1.8 2_71 4.41MAXON 3.7 !• 5.. .31 5 .61 4 .• 21 .31.,41 1.61'.,2.410, 8165 .4 08
MIN MON 0.6L 1.01 3.1i 1.S. 0.41 *40.31 0.41 0.61 0.71 1.31 0.5ý 20.9i
MAX DAY 3.01 '1.1 1.41 1.11 2.91 1.71 1.61 0.91 1.61 3.1 1 2.71 '131 3.11
TS DAYS 0 0 o 0 0 0 o ° ° Ij

LSNOW D:•YS 0 0It o. 1 oJ =0 o ,o0_ 3
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Figure 7-2. Climatologic'll Summaries for Awa;li, I ablular, and fmorgbin. Iran.
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THE CASPIAN SEA PLAIN SITUATION AND RELIEF

(;EO(;RAPHY. The Caspian Sea Plain is the nanow commercially here. It is extremely narrow; most of it is 0
strip of land that lies between the Elburz Mountains and less than 5 miles wide, and only in the immediate area of
the southern shore of the Caspian Sea. It extends inland Anzali and only in the extreme southeast (foes width
to the 3,280-foot (I,(X)-meter) MSL contour across exceed 10 miles. Extremely cold air is rare because of
northern Iran. Its eastern and western boundaries are terrain and maritime influences. The plain is routinely
formed by the Soviet and Iranian borders. The plain is exposed to moist onshore flow of Siberian origin. That
less than 50 NM wide, and its iminediate shoreline is 92 air, however, flows south over the Caspian Sea, which is
feet (28 meters) below sea level. The Mordab Lagoon ice-free south of about 41' N. Heat and moisture are
(on the southwest corner of the Caspian Sea, 10 NM added to produce an air mass similar to, but warmer than,
northwest of Rasht) is about 20 NM long and 5 NM the Canadian air of the central United States. The plain's
wide. The Gorgan Lagoon (on the southeast corner of unique situation and exposure results in at least four
the Caspian Sea, 20 NM west of Gorgan) is 45 NM long climatic peculiarities.
and 7 NM wide. Both contain extensive marshlands. A

".,. large salt flat, known locally as the "Solonchak," extends First, the combination of the narrow coastal plain,
50 NM inland and dominates the eastern end of the Plain. sharply rising mountains, and the Caspian Sea result in a
The Solonchak is bordered by the Rud-e-Atrak (Atrak pronounced land/hea breeze enhanced by mountain/
River) on the north and the Rud-e-Gorgan (Gorgan valley effects. In the absence of' significant synoptic
River) on the south. flow, most common during late spring and early fall,

these local winds control the weather. Nights are clear
DRAINAGE AND RIVER SYSTEMS. The Safid and dry because of the warm, dry land breeze. Onshore
Rud, the Rud-e-Gorgan Rud, and the Rud-e-Atrak are the flow in late morning through early evening brings in the
three primary rivers, all originating in the Elburz low clouds and fog that formed over the Caspian Sea
Mountains. The 60-NM Safid Rud forms at the union of during the night.
the Qizil Uzun and Shah Rud Rivers. The Safid Rud
flows through a deep gorge in the Elburz Mountains, Second, the southwesterly to westerly low- lo
splitting into three branches on the lowland plain. The mid-level winds ahead of lows and fronts dissipate
Rud-e-Gorgan originates in the Ala Dagh ridge, flowing clouds lower than 2,000 feet (610 meters) below mean
westward 150 NM to the Caspian Sea. The Rud-e-Atrak mountain ridge tops.
is over 300 NM long, with only 120 NM of it on the
Caspian Sea Plain. Part of the river forms the eastern Third, flow behind lows and fronts is northerly,
USSR/Iran border. There are no lakes or reservoirs. becomioig northeasterly as secondary lows move

northeastward out of the southern Caspian sea. The
VE(ETATION. The subtropical climate supports a Caucasus Ranges just northwest of the region effectively
lush mixture of forests and agriculture. The Caspian Sea block any low-level northwesterly flow. Strong onshore
Plain is the most densely forested area in Iran. Found flow brings low ceilings, poor visibilities and moderate
here are oak, beech, elm, walnut, ash, linden, and to heavy rain.
tamarisk, as well as groves of citrus. Cash crops include
cotton, tea, and rice. Finally, precipitation is orographically enhanced

throughout the region except in the extreme southeast.
CLIMATIC PECULIARITIES. The narrow Caspian Coastal curvature encourages convergence and enhances
Sea coast, backed by sharply rising high mountains, has a precipitation even more; the coast from Anzali
climatic regime that is distinctly different than any other northwestward for about 25 miles is an excellent
part of the Near East Mountain region. The plain is example. Even with such enhancements, thunderstorms
considered subtropical--citrus fruits are grown are rare along the immediate coastal plain.

0
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THE CASPIAN SEA PLAIN
WINTER December-February

O GENERAL WEATHER. Climate remains subtropical cloud cover, but ceilings are below 4,(XX)-5,(XX0 feet
even in winter. The southern third of the Caspian Sea (1,220-1,530 meters) only if flow crosses the Caspian
never freezes, and is a year-round moderating influence Sea. The worst case at the western end of the plain is
on temperature. It also serves as the main moisture with flow from 020 through 1(X) (legr.;es, while flow
source. The Caspian Sea is a secondary cyclogenesis from 270 through 330 creates the worst conditions in the
region for waves forming on cold fronts crossing the eastern end, where ceilings can drop to 5(X)-I,(XX) feet.
southern USSR. Frontal passages occur every 5 to 8 Ceilings are lower in the higher elevations; with onshore
days. Winds from any direction except north through flow, elevations above 2,0(X) feet (610 meters) MSL are
east warm adiabatically as air flows down from the often in cloud.
Elburz Mountains. Extreme minimum temperatures
occur with outbreaks of Siberian air from the northeast. Middle and high cloud layers with migratory systems

have bases at 6,(XX)-g,(X)O feet (1,830-2,440 meters) MSL
SKY COVER. Mean cloudiness frequency is high as and tops as high as 35,0(X) feet (10.7 kin) MSL.
shown by the isopleths in Figure 7-3. Although Moderate mixed icing occurs above the freezing level to
frequency of ceilings belov, 3,000 feet (915 meters) is 20,000 feet (6.1 kin) MSL. Freezing levels vary from
also high, it decreases inland. All stations show a diurnal 6,0(X) feet (1,8(X) meters) MSL in January to 10,(XX) feet
variation in ceilings. The formation of secondary lows in (3,050 meters) MSL by late March.
the soithern Caspian Sea produces the most extensive

Caspian Sea ,

.cLUD CVE - ISOPLEIMII
1LOCAL TIME 03109115121

Lenk VRELQ CIG LT 030--T

00

-3109115121-. •_,• • 24128141132 03109115121 . ,.

36 50 1:11.16121123

Figure 7-3. Mean Winter Cloudiness (iso)pleths) and Frequencies or Ceilings Below 3,000 Feet (915 meters),
Caspian Sea Plain.
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VISIBILITY. Visibility is directly telated to the and precipitation with onshorc flow behind Fronts.
presencec of low ceilings, which is determined by wind onshore. This is most apparent along tie norlithwcst
direction. Most visibilities below 3 miles occur in fog coast (see Figure 7-4).
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Caspian Sea 6 ".1 1
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Figure 7-4. Mean Winter Frequecieso Windspblteds Below 3n MruileCsiang SeiaPlaiin.
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THE CASPIAN SEA PLAIN
WINTER December-February

Upper-level wind directions at two nearby Soviet reflecting a lee side eftect from the Caucasus and
sultions (Lenkoran and Gasan-Kul) show mean westcrly northwest Elburz Mountains. Maximum speeds arc
winds above 5,000 feet (1,525 meters) MSL--see Figures 75-1(X) knots near 40,0(X) feet (12.2 km). Mean jet
7-6a & b. At Lenkoran, however, southwesterly winds stream location is over central iran.
slowly become more southerly as the season passes.
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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 December-February

PRE•CIPITATION. Precipitation is greatest along strong Siberian outbreaks and in the immediate rear olfa
immediate coasts. The highest amounts fall along the developing low-pressure center over the southern
northwest coast due to the long overwater fetch and Caspian Sea; it usually lasts only a (lay. None of the
coastal curvature that encourages convergence. The reporting stations have had more than I snow day in any
precipitation maximum is centered on Anzali (Figure of the 3 winter months. Thunderstorms are rare,
7-7). The 24-hour maximum rainfall amounts occur with occurring on I day or less a month. Those that do occur
the strongest synoptic systems. Snow occurs only with are associated with extremely cold upper-air troughs.

- Caspian Sea 0 1o
DEC JAN FEB

a. MAX 24-Ha PC•-'--p--

%9.6 "

4.4
38DEC JAN E'B 1.6f-'8.*515.514.8 2.4.'.J7•.513.412. M.

4.4DEC JAN FEB 4.8 1

] ~-•,•' Rma :2z9149.6 T.7.2 DE A .

S~~4.8•j•

36

Figure 7-7. Mean Winter Monthly/Maximum 24-Hour Precipitation (inches), Caspian Sea Plain. Isohycts
represent mean seasonal rainfall.
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THE CASPIAN SEA PLAIN
WINTER December-February

*TIEMPERATIJRE. Winters arc. mild b~ecause of the occurrnfg with strong pre-frontal fochns have reached
mnoderating effects of the warm Caspian Sea water. 950 F (350 C). Minimums drop to 10- 150 F (-9 to -20 C')
Diurnal variations are less than 200 F (110 C). The with the rare unmiodified Siberian outbreak. Isolated
extreme eastern portions of the region, away from the interior valley locations on the northwest coast have
coast, are probably much cooler. Extreme highs recorded lows of 00 F (- 190 C) once in the past 35 years.
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THE CASPIAN SEA PLAIN
SPRING March-May

GENERAL WEATHER. The frequency of frontal through 100 degrees brings low ceilings into the western
system and secondary low passage slowly decreases until end of the plain, while Flow fronm 270 to 33(1 brings low
early April, when the storm track shifts north into the ceilings to the eastern portion. Ceilings lower with
central USSR. With higher temperatures and, after early increasing elevation; locations above 2,0(X) feet (610
April, fewer synoptic systems, a combination of the meters) MSL are in cloud with onshore flow. All
land/sea and mountain/valley breeze becomes stations except Ramnsar show a pronounced diurnal
established; the effect is most pronounced along the ceiling variation. Anzali has its low ceiling minimum in
western two-thirds of the coast. All locations, but the afternoon as the sea breeze is advected inland.
especially those in the west, see an increase in low clouds Ramsar lies on a narrow coast next to the Elburz
moving in off the sea. Areas east of the Gorgan see an mountains where any onshore flow produces clouds.
increase in afternoon cumulus and stratocumulus. EDstem stations have an afternoon maximum with

increasing convection.
SKY COVER. Secondary low formation in the southern
Caspian Sea is most common in March and early April. Middle and high cloud layers with migratory systems
As a result, mean cloud cover is high and ceilings are have bases from 6,0(00 to 8,0(X) feet MSL (1,830-2,440
frequently below 3,0(0 feet (915 meters) (see Figure meters). Multilayered clouds extend to 35,(XX) feet (10.7
7-9). Low ceilings occur most frequently along the km) MSL. Moderate mixed icing occurs above the
coast, decreasing steadily to the east. Ceilings below freezing level to 20,(00 feet (6.1 km) MSL. Freezing
4,000 to 5,000 feet (1,220 to 1],25 meters) occur only levels rise from 10,(X)0 feet (3,050 meters) MSL in
where the flow has an overwater fetch. Flow from 020 March to 14,00(1 feet (4,20(1 meters) in May.

Caspian Sea 6 ý 6
A %CLODUD COVER - ISOPLMEIS

"L•CAL TIME 03109115121
-J %.FRFM CIG LT 030-HI -H

\60%

S~~~03109115121 •.-'
50 ,44444542 03109115 21

Rasr16125116 14 , 50%

36 06109115118
19115122125

50% 50%

Figure 7-9. Mean Spring Cloudiness (isopleths) and Frequencies of Ceilings Below 3,000 Feet (915 Meters),
Caspian Sea Plain.
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THE CASPIAN SEA PLAIN
SPRING March-May

VISIBILITY. Visibility is a function of flow; most morning Anzali visibilities result from a combination of
visibilities below 3 miles are in fog moving onshore. synoptic influences and location; Anzali is on a
Most synoptic onshore flow is in the rear of migratory peninsula between a bay and the Caspian Sea.
cyclones or during Siberian air outbreaks. Low early Frequencies decrease as frontal systems decrease.

48 so NM

SCaspian Sea 6 5o

LOCAL TIME 03 09 15L21
%FREQ VIS LT 3mi

.38 -06109115121..

Figure 7-10. Mean Spring Frequencies of Visibilities Below 3 •,liles, Catspian Sea Plain.

WINDS. Surface winds show markedly dual directions, the primary c ontrols for wind direction. Anzali scees the
as shown in Figure 7-1l. Proi,ounced land/sea andl highest speeds becau.se it is most exposedl to foehns and
mountain/valley breezes, along with the synoptic systems Siberian air. Foehn and post-frontal winl sp~eeds can
that cross the area, are reslx)nsihle. By mid-April, the eXccCd 35 knotl;.
mountain/valley and laad/sea brecze effects have become

MAR APR MAY

NW-E. Anzali 4.50 4.40 4.40
W-NEG Babulsar 4.20 3.90 4.00

W-N/N-E. Rasht 3.90 3.40 3.70
NW•i-E Rarnsar 3.20: 3.40 3.20

Figure 7-10 . Mean Spring Wind Speediltis Bteo a 3d Prevailin C lireat ion.
Caspian Sea Plain. The slash in R hight st ( sIeed• because it I s m ehange hl, chnAMarch ani MaM.
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THE CASPIAN SEA PLAIN
SPRING March-May

Figures 7-6a & b show that mean upper-level winds at PRECIPITA liON. As shown in Figure 7-12,

two nearby Soviet stations (Lenkoran and Gasan-Kul) are precipitation decreases toward summer minimums. The

westerly above 10,000 feet (3,050 meters) MSL. Winds heaviest amounts fall along the northwest coast, where

at both stations, however, also show increasing backing the flow has the longest over-w:'ter fetch and coastal

at 5AXX) and 10,(XX) feet (1,525 and 3,050 meters). By curvature encourages convergence. Amounts are also

late May, they reflect (1) .,)e influence of the Caucasus heavy in the Elburz Mountains, where moist air is lifted

and northwestern Elburz Mountains, and (2) flow into over higher terrain. Amounts decrease where the long

the Iranian thermal trough. The jet stream shifts northerly overwater fetch is less. By May, the increases

northward from central Iran into the southern USSR by in 24-hour maximum precipitation amounts are (lue to

May. Wind speeds at 40,000 feet (12.2 kin) MSL over increasing convection. Thunderstorms, however, are

the Caspian Sea Plain drop to about 50 knots by late almost nonexistent, averaging only 1 day or less a month.

May. Storms that do occur are associated with extremely cold

upper-air troughs.

4 so ___54_NM __ 0

..%%.Caspian Sea F 5 0

MAX 24-HR G

-38 MAR [PR MAR ARM

6.

'r ..3.112.61."6 MA AP MY

4 8
• '.•iiRams, 1.1.51. 6.1.2:4 P A ,, ,r,

4.8'

6.49
.64 MAR APR MAY

"31} ( 4.212.812.0

1..411..112.9

Figure 7-12. Mean Spring Mopthly/Maximum 24-Hour Precipitation (inches), Caspian Sea Plain. lsohycts

represent mean seasonal rainfall.
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THE CASPIAN SEA PLAIN
SPRING March-May

. TEMPERATURE. Temperatures begin to increase, variations. Zxtrcme highs rnmge from 85 to I(X)° F (29
with the greatest changes away from the moderating to 370 C) along immediate coasLts when synoptic flow is
influence of the Caspian Sea. Diurnal variations remain weak. Inland in the extreme southeast, highs have
low along the coast. Extreme eastern p)rtions oif the reached I 10 F (430 C) by late May.
region are undoubtedly warmer, with greater diurnal

-,Caspian Sea 0 Ica

MAR APR MAY
j MDMAX TTI

4.alkor¶ (MDM IN F

S 431501761

86! m56265171

* 6169182

Figure 7-13. Mean Spring Daily Maximum/Minimum Temperatures (F), Caspian Sea Plain.
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THE CASPIAN SEA PLAIN
SUMMER June-August

GENERAL WEATHER. Summer is a season of weak east, the sea breeze penetrates well inland, resulting in
synoptic gradients and few frontal systems. Local forced lift and convection. Ceilings lower with
influences (land/sea breeze, mountain/valley breeze, and increasing elevation. Bases vary from 1,5(X) to 2,5(X)
resulting local wind circulations) prevail. feet (460-760 meters); tops in the immediate vicinity of

the shoreline are only 3,5(X) to 5,0(X) feet (1,070-1,525
SKY COVER. The frequency of cloud cover and meters), but isolated cumulonimbus inland can reach
ceilings below 3,000 feet (915 meters) is lowest of the 40,0(X) feet (12.2 kin) MSL.
year (Figure 7-14). Low-ceiling frequency decreases
steadily inland. All stations show diurnal ceiling Middle and high clouds are associated with an
variation. Sea breeze penetration inland is determined by isolated cumulonimbus or an occasional southward dip in
the width of the coast. For example, at Ramsar, which the jet stream. Bases are above 15,(XX) feet (4,570
lies at the base of the mountains on a narrow coast, the meters) MSL; layers can extend as high as 35,(M0 feet
sea breeze produces an afternoon low ceiling maximum. (10.7 kin) MSL. Moderate mixed icing occucs above the
In contrast, Anzali is on a relatively wide plain with the freezing levei to 20,0(0) feet (6.1 kin) MSL. The freezing
mountains well inland; the sea breeze here results in a level averagcs 15,(X) feet (4,570 meters).
low-ceiling minimum in the afternoon. In the extreme

L lCaspian Sea -10
%cLOU D 40 - IS.PLIH
LOW .TIME 03091521

Aflk %FRJW4 CIG LT 030 I

30. 40%

Figure 7-14. Mean Summer Cloudiness (isopleths) and Frequencies or Ceilings iBelow 3,0(00 Feet (915
mieters), Caspian Sea Plain.
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THE CASPIAN SEA PLAIN
SUMMER June-August

.VISIBILITY. Visibility improves with onshore flow, nearly calm. Other low visibilitics are in showers.
most of which is land/sea breeze assisted by a weak Inland in the southeast, dust restricts al'tcrnx,n visibility
onshore gradient. Fog doesn't form until early morning, on rare occasions.
and then only on those rare occasions when winds are

60 4 5

Caspian Sea log
LOCAL TIME 219115121

%FREQ VIS LT 3mi-

38

i0310911512

36 06109115118
S01 111 l-.3

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

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

JUN JUL AUG

NW-E Anzali 5,70: 4.60 4.60
sw-Nw Bubulsor 4.40 3.70 3.70

N-F IN-W Rasht 2.90 2.41 3.00
N-E Rarnsor 3.20 3.50 3.10

Figure 7-16. Mean Summer Surface Wind Speeds (kts) and Prevailing
Direction, Caspian Sea Plain. The slash bctwccn Rasht'- (tircclions indicates a
change bctwccn June and August.
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THE CASPIAN SEA PLAIN
SUMMER June-August

As was shown in Figure 7-6a & b, uppxr-level winds largest rainfall amounts tire foufnd along the norlhwest
at two nearby USSR stations are predominantly westerly coast due to the long overwater fetch and a coastal
above 10,(X)0 feet (3,050 meters) MSL. Both stations cuwvature that encourages convection, Increased
show southeasterly to northeasterly winds ait 5,(XX) and precipitation extends eastward fmm the coastlinc,
10,(XX) feet (1,525 and 3,050 nmleers), reflecting a reflecting advection of moist air up and over the foothills
complex combination of Caspian Sea/Caucasus and of the Elburz Mountains. The 24-hour maxiinum
northwestern Elburz Mountains troughing and flow into precipitation is due primarily to showers. Figure 7-17
the Iranian thermal trough, shows mean seasonal (isohyets), monthly, and maximumn

24-hour precipitation. Summer thunderstorms are almost
PRECIPITATION. Precipitation is grez.test along the nonexistent and confined to the higher ranges o1f the
immediate coast and just inland over higher terrain. The Elburz.

Caspian Sea
•..11JUN JUL AUG

MEAN PRECIP
MAX 24-HR PCP~ 1

4.8 .JUN JUL AUG,

7-.6
JML AUG •,

JU JULN AUGA

2.4 1.6
2.7

Figure 7-17. Mean Summer Monthly/Maximum 24-Hour Summer Precipitation (inches), Caspian Sea Plain.
Isohyets represent mean seasonal rainfall.
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THE CASPIAN SEA PLAIN
SUMMER June-August

O TEMPERATURE. Summer is the warmest season. winds, extreme highs reach 95-1(X)° F (35-370 C) along
The Caspian Sea moderates temperatures and keeps immediate coasts. Southeastern interior telmpcmtures
diurnal variations low. Extreme eastern parts of the plain have exceeded 1100 F (420 C). Lows have reached 500
are undoubtedly much warmer than most stations shown F (100 C) along irmnmediate coasts, but only 550 F (100
In Figure 7-18, with greater diurnal variations--see the C) in the southeast.
higher mean daily maximums at Gorgan. With light

Caspian Sea '0e
JUN JUL AUG

MDMLX~ZIT
(~.e~oan\ (MDMIN~ I

68173172

•6 90191191
' 68172172

Figure 7-18. Mean Summer Daily Maxim um/Minimurn Tem peratures (F), Caspian Sea Plain.
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THE CASPIAN SEA PLAIN
FALL September-November

(;ENERAL WEATHER. Through late Octoner, most (460-760 meters); tops near the shoreline are 3,50W) to
clouds are either stratocumulus or cirrus; by the end of 5,(X00 feet (1,070-1,530 meters).
October, however, the stonn track shifts back to the
south. Cold fronts again reach the area; secondary low By November, secondary lows forming in the
cyclogenesis over tie Caspian Sea resumes. Frontal southern Caspian Sea produce extensive cloud cover, but
passage frequencies reach winter levels by the end of ceilings are below 4,000-5,000 feet (1,220-1,525 meters)
November. only when flow has an overwater trajectory. On the

western end of the plain, low ceilings are most
SKV COVER. Fall cloud cover frequency is high; pronounced wht n flow is from 020 to 100 degrees, buL
ceilings are frequently below 3,000 feet (915 n;eters) the eastern end sees most low ceilings when flow is Qrom
(Figure 7-19) because the Caspian Sea is now warmer 270 to 330 degrees. Ceilings lower with increasing
than the air flowing across it. This becomes more elevation; stations above 2,0(X) feet (610 meters) MSIL
significant when cold fronts reach the area and bring are in clouds with onshore synoptic flow.
onshore flow behind them. Low-ceiling frequencies
remain highest along the northwest coast; the area east of Middle and high cloud layers associated with
Gorgan is affected least. The sea breeze produces a migratory sy terns have bases from 6,0(X) to 8,0(X) feet
daytime low ceiling maximum at most locations, but (1,830 to 2,440 meters) MSL, extending as high as
inland penetration is determined by the width of the 35,000 feet (10.7 kin) MSL. Moderate mixed icing
coast. Ramsar, on a narrow strip of coast at the base of occurs above the fieezing level to 20,(00) feet (6.1 kin)
the Elburz Mountains, has an afternoon low ceiling MSL. Freezing levels drop from 14,00(0 feet (4,200
maximum. In contrast, Anzali is on a relatively wide meters) MSL in Septcmber to 10,(XW) feet ((3,050 meters)
plain; the sea breeze moves well inland, resulting in an in November.
afternoon minimum. Bases are 1,500 to 2,500 feet

Caspian Sea %i h

ZeWu COv - ISOPinLE1S
~4~Ot*ra~ ILOCAL TINE 03109115121

0 0FRE. CIG LT 030

S06109115121 ,0,ozJ%
S34132128132

S• 0310115121 •%0310-9115121.

01019(115118

6m

Figure 7.19. Mean Fall Cloudiness (isopleths) and Frequencies of Ceilings MlAh, 3,00) Fe, t (915 meters),
Caspian Sea Plain.
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THE CASPIAN SEA PLAIN
FALL September-November

VISIBI|ITY. Visibility is a function of onshore flow; secondary lows. By November, most onshore now is

most visibilities below 3 miles are in fog and behind migratory cyclones.

precipitation moving onshore behind cold fronts and

60 0
Caspian Sea -b

@ 6 0610 15118

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

WINDS. Surface winds show markedly dual directions Speeds are highest on the northwest coast, which is most

(Figure 7-21) because of synoptic systems and exposed to both foehns and Siberian air. Fochn and

pronounced land/sea and mountain/valley hieezes. post-frontal wind speeds can exceed 35 knots.

SEP OCT NOV

NW-E/SW-NW Anzuli 4-.80 ::6.70 4.50
W-NE Babulsor 3.10 3.40 2.50
SW-N Rasht 2.70 2.60 2.90

W-NE Ramsar 2.80 2.30 2.10

F;gure 7-21. Mean Fall Wind Speeds (kts) and Prevailing Direction, Caspian
Sea Plain. The slash between Anzali's wind direclions indicaics the change
between September and November.
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THE CASPIAN SEA PLAIN
FALL September-November

Upper-level wind directions at two nearby Soviet PRECIPITATION. Rainfall increases dramatically in
stations (Lenkoran and Gasan-Kul) show a rapid return the fall, producing the largest amounts of the year
to winds that are predominantly westerly above 5,(X) (Figure 7-22). The most rain falls along the northwest
feet (1,525 meters) MSL--refer to Figure 7-6a & b. At coast due to the long overwatcr fetch and a coastal
Lenkoran, upper winds return to southwestetly by curvature that encourages convection. Almost the entire
November, reflecting the lee side effecl of flow over the Caspian Sea coast gets more than 9.6 inches (240 mm)
Caucasus and northwestern Elburz Mountains. Mean jet during the fall season. The 24-hiour maximum
stream locations move southward across the region into precipitation reflects convection throughout September
central Iran by late Novemly-r. Core speeds exceed 75 and October. Fall also has the highest 24-hour maximum
knots at 40,0(X) reet (12.2 kin) MSL by the end of precipitation amounts of the year. The only
November. thunderstorms arc over the Elburz Mountains to the south

of the Caspian Sea Plain.

8 0 N ,

SCaspian Sea 1o
9.6( SEP OCT NOV)" ~MEAN PRECIP

MAX 24-HR C

1'2.2114.0 u1 %. .' . '

7-2.4

• 8.8 P SEP ONUVO
8 .8 637.51 9.9 2,6 5 9 . 4.8"

Rma 4.113.815.4 9.6-2.

B6 • 4.8

4.8 -[ 1.414.013.5
1. 613.1"2.

Figure 7-22. Mean Fall Monthly/Maximum 24-Hour Precipitation (inches), Caspian Sea Plain. lsohyets
represent mean seasonal rainfall.
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THE CASPIAN SEA PLAIN
FALL September-November

TIRMPERATURE. Temperatures decrease slowly due colder, with .,rcater diurnal variations. Extremc highs
to the moderating influence of the Caspian Sea (Figure arm 90-1000 F (33-370 C) along the coast and (J- 1050 F
7-23). Diurnal variations are less than 200 F (I11 C). (33-40' C) inland. Lows reach 280 F (-20 C) by mid-
The extreme eastern portions of the area are undoubtedly November.

(6 0 4

Caspian Sea Plain 1
SEP OCT NOV

MD MAXilZL~~
C~enkor¶MDMIN
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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 tdip area's situation
and relief, this chapter discusses "general weather conditions" by season.
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THE BLACK SEA PLAIN SITUATION AND RELIEF

3t J9 4
3 Black Sea

shm Batu

Figur~e 8-la. The Black Sea Plain.

STATION: TTANU . TURKEy T

ELEMENTS, JAN IDE MA APR 'MAY IJUN JUL AUG SEP ,OCT ,NOV .DXC ANN

EXT MAX 65 88 77 86 86 92 94 98 91 84 [75 88 96
AVOHMAX 49 48 50 61 70 77 83 84 77 661 58[ S1 85
____ BI 8 3 7 44 62 60 3 64 59 5)2 48 40 49

XT MIN 17 16 17 29 37 48a 85 50 44 39 2S 2 18 16;

AVG PROP 3.0 2.8 2.9 1.6 0.9 1.5 0.8 1.0 1.8 2.2 2.7 2.7 25.0

MAX DAY 1.7 2.2 1.4 1.8 0.8 1.4 2.4 2.6 2.0 2.1 1.5 2.0 2.8

TSDIAYS 1 *; 1 * .2 3 1 - 1 1 1 * * 11
wDAYS 1 1 1 2 1 0 3 * * 1 1 1110

SNOW DAYS 2 2 1 0 0 0 0 0 0 0 * ij 7
AxGRE 85 63 79 78j77 71 89 70 73s 7 82 863178

STATION: ZOMGILrDALI TMUY _'

"LAT/LON: 0 L6 - 2 49 _ XLEV: 1271 T

ELEMENTS JAN FEB MAR APR MAY JUN IJUL AUG SEP IOCT 'NOV 'DEC ANN
EXT MAX 71 78 T87 _ 9 I 105_ 99 6104 1 91 I 88 82 5 105

AVG MAX 49 49 5 51 70 77 8 3 "77 777824 6 5 1 62
AVG MIN 38 38 39 45 52 60 63 64 59 62 47 42 50
IT MIN 17 18 17 32 37 48 52 50 48 38 2261 19 6o18

AVG PReP 5.7 4.7 3.94 2.9 2.1, .12.7 3.,4 4.0 17 2.8 5 .4

MAX DAY 2.1 2.1 2.1"4.9 2. j o .8 1.6 2 7.412.8 2± S.02.1 1.5 17.02.

TO DAYS 1 1 * 41 2 3 1 1 1 18

FOG DAYS 1 2, 1 331 151 10

SNOW DAYS 2ý2 1 0 0- ý

AVG R• X 5 73 78 77 71 j j6 77 77 8 [3 76

* = LESS TEATs 0.05 INCS OR LESL TUAN 0.5 DAYS

Figure 8-lb. Climatosogical Surmmaries tfor Selected Stati~mn•. Black Sea Plaiin.
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THE BLACK SEA PLAIN SITUATION AND RELIEF

STATION: SINOP T.R...Y
LAT/LON: AL 02 A 36L 04 L ELICV: 4 IT

ZLDKENTS JAN FIO IMAR 'APR MAY JON JUL AUG SIP OCT NOV nDC ANN
KIT MAX 72 75 85 90 91 90 94 90 91 88 82 81 94
AVG MAX 49 49 50 56 64 73 7O 78 73 08 1 80 54 63
AVG HIM 40 39 39 45 53 61 87 86 62 56 6o 44 52

UXT HiM 21 20 17 31 38 50 54 b6 44 33 30 25 17

AVG M11P 2.8 2.3 2.0 1.5 1.3 1.4 1.2 1.3 2.7 2.8 3.5 3.3 26.1

MAX DAY 1.4 1.3 1.5 1.2 2.8 8.0 3.9 2.9 3.6- 3.9 1.8 1.8 8.0

Ta DAYS * * 1 2 3 2 2 2 1 1 * 14

FOG DAYS 1 1 3 5 8 2 * * j * * * 19

SNOW DAYS 2 3 1 *, 0 0 0 0 10 1 0 0 1 7

AVG RH 7 [2 771 79 827 84 82 78 1 79 1 79 76 79

STATION: B&MUN CITY TUREY
LAT/LON: 41 17 L 38 Is . - XLIV: i3.L T .

zLEMETS JAN FnIB mAm ýAP MAY JUN IJUL AUG SUP ' OCT NOV DEC IANN
EXTMAX 74 80 92 90 99 97 97 102.100961 o90 81 102
AV A 51 51 53 59 68 74 79 So 75 691 3 56 85
AVG MIN 39 38 40 46 53 80 68 67 61 551 49 44 52

XXT"IN 17 14 20 28 37 48 52 54 44 38 27 23 14

AVG PRCP 3.2 2.9 2.9 2.1 1.7 1.0 1.4 1.2 2.2 2.81 3.3 3.1 28.3

MAX MON 8.4 5.9 8.2 8.8 4.4 4.3 0.1 6.1 5.11 8.21 .1 8.8 44.2

HIN MON 0.4 0.0 0.3 0.5 0.3 * 0.0 0.0 0.01 0.1 0.2 0.2 20.4
MAX DAY 2.1 2.2i 2.5 1.7 1.5 2.1 3.0 3.0 3.41 3.3 2.6 3.7, 3.7,

T DAYS * 1 * 1 2 1 1 " 13

7OG DAYS I1 * 01*t
AVG W- X Ob 71 i 75 I , 1r 'i e 7 74 'r '1 72' 73 j ,73 1 70 ' 1 5 1 73,

STATION " .... * - I *

LAT/LON: 41 00 N _.39 47 - ELEV: IlFIT......

LEMENTS IJAN FEB MAR APR MAY JON JUL AUG SIP OCT NOV DEC ANN
EXT MAX 79 81 95 100 1011 98 98 101 90 93 91 80 101

AVG MAX 51 51 53 59 60 73 78 79 74 88 62 55 64

AVG MIN 40 40 41 47 55 83 68 69 63 57 51 44 53

XT MINM 1919 22 31 40 48 58 58 45 40 28 26 19
AVG PRCP 3.8 2.7 2.4 2.2 2.11 2.0 1.5 1.8 3.1 4.3 4.0 3.1 32.7

MAX MON 6.2 6.0 8.1 4.8 5.81 5.1 5.4 6.4 11.7 0.0 11.7 0.5 48.0
MIN HON 0.4 0.6 0.5 0.8 0.41 0.4 0.0 0.2 0.5 0.5 0.4 0.41 22.6

MAX DAY 3.1 1.7 1.2 1.5 2.8 2,7 2.4 3.2 2.4 3.8 2.7 2.41 3.8

TS DAYS 1 4 4 2 2 2 2 18
FOG DAYS 1 2 3 3 10

SNOW DAVS t 2 * * 10 l o 0 o 0 o 0 3
*AVG 1wx 69 71 73 1 79 7 77 75 74 75 74 72 88 74

* = LESS THAN 0.05 INCHES OR LMSS TUAN 0.5 DAYS

Figure 8-1c. More Climatological Summaries for Selected Stations, Black Sea Plain.
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THE BLACK SEA PLAIN SITUATION AND RELIEF

GEOGRAPHY. The Black Sea Plain lies on the and the Yesil are the largest and most important. The
southern coastal region of' the Black Sea. This narrow Sakarya and the Filyos cut wide flood plains, while the
strip is about 750 NM long and only 1-25 NM wide. The Kizil and the Yesil form vast deltas along the coastline.
Pontic Mountains parallel the coast; foothills (average Cape Bafra is the headland formed by the Kizil River,
elevation 2,000 feel/610 meters) rise sharply within 5 while Cape Civa is created by the Yesil.
NM of the shoreline. The ridge line is broken by long
river valleys in the western portions. LAKES AND RESERVOIRS. There are no natural

lakes along the Black Sea Coast, but the Omerli Dam has
The Black Sea Plain boundary parallels the coast from created a 10- by 11-NM man-made reservoir along the

the Bosporus Strait to the Turkey/JSSR border and Riva Dere River. The dam is a major source of
follows the border to the 1,600-foot (500-meter) contour, hydroelectric power for northwestern Turkey.
It follows the contour westward to 310 09' N, where it
crosses the Sakaya River valley to the eastern tip of VEGETATION. Mediterranean-type plants, such as
lzmut Bay and follows the bay's northern shore shrubs, grasses, scrub bushes, and isolated tree groves,
westward to the Bosporus Strait. grow west of 320 E. The low growth gives way to

subtropical forests (pine, spruce, beech, oak, and elm) as
DRAINAGE AND RIVER SYSTEMS. Over 40 small rainfall increases east of 320 E.
rivers flow through the plain, most originating in the
Pontic Mountains. The Sakarya, the Filyos, the Kizil,
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THE BLACK SEA PLAIN
WINTER Decernber-Februaty

. GENERAL WEATHER. Cloud cover and the Pontic Mountains. Broken to overcast clouds with
precipitation peak in winter. Cold fronts routinely move bases from 1,0(.9) to 1,5(X) feet (3(X) to 460 metcrs) and
southeastward across the plain. If they slow down, tops between 2,500 and 3,500 fcct (760 to 1,065 mctcrs)
cyclogenesis occurs over the southwestern Black Sea, are common along the immediate coast. These clouds
This normally occurs when a deep upper-air trough stalls form close to shore or move in from the sea with an
over southeastern Europe or the eastern Mediterranean. onshore wind. The greatest low cloud frequencies, shown
The only breaks in clouds and precipitation occur when in Figure 8-2, roughly parallel the -70% mean total cloud
transitory highs move across Turkey, bringing low-level, cover isopleth. Cloud cover varies little during the (lay.
southwesterly winds. Frontal passages occur about every Within about 3(X) NM of an upper-level trough, clouds
4 to 6 days through most of the winter, are broken to overcast from 4,0(X) to 5,0(X) feet (1,200 to

1,500 meters) MSL with 30,(XX)-foot (9.1 kin) tops.
SKY COVER. Mean winter cloud cover exceeds 70% Moderate mixed icing occurs up to 20,(XX) feet (6.1 kin)
over the plain's western three-quarters; slightly less over in these clouds above the freAzing level, which varies
the eastern quarter. Skies are virtually clear below 4,(XX) from 3,500 feet to 10,000 feet (1,065 to 3,050 meters)
feet (1,200 meters) with downslope winds coining from MSL.

30 19 42
3 %LOD VER - ISOPLE Black SeA

;MISG DATA
LOCAL TIME 03109115121
%FRmQ CIG LT 030 0 120 Batuml

2. 021814101 1

70

e0 razo

Figzure 8-2. Mean Winter Cloudiness (isopleths) and Frequencies of Ceilingzs Below 3,000 Feet (915 meters),
Black Sea Plain.
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THE BLACK SEA PLAIN
WINTER December-February

VISIBILITY. Winter visibility is generally good. The ovcrwater 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

3 Black Sea'
€, -- 02108114120 03109115121 Bat , .._._._j•'-•-~-• 3, 4 31 3l• ,~

2 0210o81i141.20",,,.,•• f

LOCAL TIME 03.915J121
%FREQ VIS LT 3mii~7

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 oppoising 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 wi'nds speeds are highest at Zonguldak and directions and speeds for selected stations.

DEC JAN FEB

S-NW Tra~bzon 3.90 4.20 4.10
s-Nw Scornsun 4.70 4. 50 4.30

sE-s-w/s-N~w Zonguldak 7.00 7.00 .5.90

s-Nw Sinop 9.40 1 1.10 9.50
E-S IZrit 5.30 580 5.30

Figure 8-4. Mean Winter Surface Wind Speeds (kts) and Prevailing Direction,
Bldck Sea Plain. The slash in the direction for Zongulak indsicates a winds shift
between January and February.

Mean upper-level winds below 20,(XX) feet (6.1 kin) Me diterraean. Figures 8-5a & h give surinariaed upper
range between southerly anh westorly. reflecting a wins for Sainssn City. Turkey, and Batuina USSR, the
tendency toward troughing over the eastern t"wo closest upper-air reporting stations.
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THE BLACK SEA PLAIN
WINTER December-February

0 ~360 4.
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45-- 10.000 ft_- Solhid La~ne
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Figure 8-5a. Mean Annual Wind Directions, Samsun City, Turkey.
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is Figure 8-5b. Mean Annual Wind Directions, Batuma, USSR.
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THE BLACK SEA PLAIN
WINTER December-February

PRECIPITATION. Rainfall averages from 3 to 5 is most common in the eastern quarter due to the short
inches (75 to 125 mm) a month throughout winter, hut is overwater fetch. Maximum 24-hour precipitation is not
significantly higher on the extreme eastern coast because high, reflecting the predominance of stratiform clouds.
of coastal configuration and orographic lift. More than Thunderstorms are rare. inebolu, for examnple, averages
19 inches (480 mm) falls here during the season, one thunderstorm in February and less than 0.:i in the
compared to less than 14 inches (360 mm) to the west. other winter months. All other stations average less thian
At isolated coastal sites and on the slopes of the Ponfic 0.5 thunderstorm a month.
Mountains, totals may be even higher. Snow is rare, but

30_808.1.Di A E 39iI 42 E ntr3Black Sea
DEC JAN FEB D EC JAN FEB Satu 9.

DECJAN- E DEC JAN FEB 91 .7-6112.41312.2.

I•13.1. DEC J AN FEB

9.C MEAN PRF DEC JAN FEB

MAX 24-HR PCP

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

TEMPERATURES. Temperatures and their diurnal winds and foehns. The record winter high is 830 F (280
variations reflect the moderating influence of the Black C); the record low, 120 F (- 1f C),
Sea. Temperatures increase significantly with southerly

h30 A h
3 Black Sea

nnp 49 5815454 Batumi

42 54148149 44140139•-'

Tf.T7 zongul 155150149 5115

42383 441on3

I DEC JAN FEB
MDMAXZ__._Z___[
50MIN

Figure 8-7. Mean Winter Daily Maximum/M inim, um Tem peratures (F), Black Sea Plain.
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THE BLACK SEA PLAIN
SPRING March-Msy

. GENERAL WEATHER. Spring is the gradual With southwesterly or southerly low-level winds, there
transition from winter's overcast skies and rain to are few clouds below 4,000 feet (1,220 meters) due to the
sumnmer's fair weather. Low-level southwesterly Ilow drying effects ol clownslope winds. Broken to oveicast
behind transitory highs to the south provides the best clouds are common with enshore hlow; these cloutds,
weather. Cold fronts continue to move inland from the with bases 1,000-1,5(X) feet (305-460 meters) and tops
Black Sea during March and April; secondary 2,500-3,500 feet (760-1,(065 meters), either move in Irom
cyclogenesis occurs when they move slowly. The the sea or form along the immediate coast. Clouds have
interval between frontal passages decreases from 4 to 6 night and early morning maximums, reflecting increasing
dlays in March to 10 to 14 days by mid-May. By late onshore flow in late spring. Layered broken to overcast
May, frontal activity has all but stopped and the Etesian clouds lorm within 300 NM of an upper-level trough;
winds have begun. bases are 4,000-5,000 teet (1,220-1,545 meters) MSL

with tops through 30,(X)O feet (9.1 kin). Moxlerate mixed
SKY COVER. Mean spring cloud cover exceeds 70% icidg is lound above the frcezing level, which varies
only over the coast between Zonguldak and Sinop. from 5,000 feet to 12,000 feet (1,545 to 3,660( meters)
Ceilings below 3,00() feet (915 meters) are still common, MSL, but can reach 20,000 feet (6.1 kin). Figure 8-8
but frequency decreases gradually. There is a shows mean seasonal cloud cover (isopleths) and
pronounced decrease in low clouds from west to east. frequency of ceilings below 3,(X)0) feet (915 meters).

30 39 42
3 ISOIWII BI ck Sea

*MISG DATA
LOCAL TIME 031091151 21
7XREQ GIG LT 030 02081420 Batum

0 312 83-2 031095 2
2 4 1011 nebolu msun

Zongulda 70

01 8 0rabzonlzfn 21 319 ~521

5_L 60%

0 UM 60

FOgure 8-8. Mean Spring Cloudiness (isopleths) and Frequencies of Ceilings Below 3,0)00 Feet (915 meters),
Izi&ck Sca Plain.
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THE BLACK SEA PLAIN
SPRING March-May

VISIBILITY. Visibilitier are still generally good, but now dur to combinations of precipitation and fog
begin to deteriorate aWong the coast during the night and advected onshore. The Pontic Mountain's steep slopes
early morning. They are generally better ea,,;tward due to are ofien obscured in cloud. Figure 8-9 shows
the shorter overwater fetches. Most low visibilities are frequencies of visibilities less than 3 miles.

34

Black Sea
n 01011 12 0310 9 115 2 1. R atum

02 08 14 20

LOCAL TIME 03 09 15 21
40 I•M %FREQ VIS LT 3mi -0 oý 160

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

WINDS. All stations continue to show two preferred but and wind shear are common with southerly winds, and
opposing wind directions, again reflecting frontal mountain waves can occur with higher speeds. As was
passage frequency along the coast as well as the shown in Figure 8-5, mean upper-level winds below
increpsing effects of land/sea and mountain/valley 20,000 feet (6.1 kin) range fIrom southwesterly to
breezes. Mean wind speeds at Sinop are highes! because west-northwesterly.
of its peninsula- location, Moderate low-ievel turbulence

MAR APR MAY* h
N-E Trabzon 4,40 3.70 3.50

NW-NE Soamsun 3.90 3.20 2.80
W-N IZonguldok 4.50 4.60 3.50

SE or NW ISinop 1080 10.00 7.90
E-SE or w Ilzmit 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 lhrough May. The greatest accumulations are still slopes of the Pontic Mountains. Maximum 24-hour
along the extreme eastern coast, where a combination of precipitation increases, refleuting the increased incidence
terrain and convergence produce's seasonal rainfall totals of showers. Figure 8-11 gives seasonal (isohyets) and
of more than 9.6 inches (244 mm). Amounts may be monthly precipitation data.

MAR A MAY MAR APR MAY Saturn9•4n•.8 -2.ll51. 6.1331."
MAR AP MAY 61.581.212.6 3.411.915.-7\

2 MAR AApR Kky 9

MAR APR MAY MAR APR MAY MAR APR MAY

MA P AY 2.811.711.51.1626
T.7- U MAR APRMR
f.311.011.8 MEN B IP I

0 MAX 24-HR PCP'

Figure 8-11. Mean Spring Monthly/Maximum 24-Hour Precipitation (inches), Black Sea Plain. lsohycts
represent mean seasonal rainfall.

Thunderstorm frequency increases as a function of eastern coast. Tops reach 35,(XX) to 40,(X)0 feet (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 to 4 a month, except along the extreme shows mean spring thunderstorm days.

3"0 333t6 3S9 "k 4'

3 Black Sea

lnop-MAR APR MAY MAR APR MAY Batu

"-11 1 1

22- • MAR APR MAY \Hllo

MAR APR MAY n

9 •j I 2 f-4-Trbzo

MAd NR APR MAY MAR APR HAY
MAR APR MAY 1" 1 [3 [1II

NM *< .5 days w/thunderstorms

O ~ Figure 8-12. Mean Spring Thunderstorm D~ays, IPIadl Sea Plain.



THE BLACK SEA PLAIN
SPRING March-May

TEMPERATURE. Temperatures increase. The Black offshore winds. The record high (1010 F/38* C) was
Sea moderates temperatures, especially with onshore recorded at Trabzon.
winds. Temperatures are significantly higher with

i3.M Dla x Teau ) Black Sea
501561 56rn

5 1 7 6 39145156 1 6 u381144152 Zongu ,9 45015636

5315966 53 19J66

55164 73 MAXMAR IAPR IMAY

39 45 53NM MDMINMDA- I }-

Figure 8-13. Mean Spring Daily Maximum/Minimum Temperatures (F), Black Sea Plain.
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THE BLACK SEA PLAIN
SUMMER June-August

GENERAL WEATHER. Summer has the least cloud frequencies are in the western quarter. With rare
cover, and usually the least precipitation, of the year. southwesterly or southerly low level winds, skies are
Only a rare cold front moves southeastward through the clear. Diurnal variation is greatest in summer, with a
area. The Ete.-an winds partially override a marked slight increase in cloud cover at night and in the early
land/sea and mountain/valley breeze over the western morning.
three-quarters of the coast.

Once or twice a month, layered broken to overcast
SKY COVER. Mean seasonal cloud cover exceeds 50% clouds from 4,0(X)-5,(XX) feet (1,220 to 1,545 meters)
over the eastern quarter, decreasing to slightly less than MSL through 30,(XX) feet (9.1km) form within 3W() NM
40% over the western half. Most cloud cover is a of an tpper-level trough. Moderate mixed icing above
combination of marine low cloud and cirrus. Broken to the freezing level, which varies from 7,5(X) feet to 12,(XX)
overcast low clouds with bases l,000-1,500 feet feet (2,300 to 3,7(X) meters) MSL, up to 20,(XX) feet (6.1
(305-460 meters) and tops 2,500-3,500 feet (760-1,065 km) occurs in the trough's cloud cover. Figure 8-14
meters) occasionally form close to the shore, shows mean seasonal cloud cover (isopleths) and
occasionally moving onshore. The greatest low-cloud frequency of ceilings below 3,(XX) feet (915 meters).

30 A h0 42
3 %CLOUD C U - s Black Sea

*MISG DATA
LO{:CAL TI ME 031°3 i 9 115 12 1!l08 1 10l lur 0

7%FHQ CIG LT 03040% i. 10114110

21011081412010 03 9 15 21,

16 1510117I0117119122

Figure 8-14. Mean Summer Cloudiness (isopleths) and Frequencies of Ceilings Below 3,000 Feet (915
meters), Black Sea Plain.
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THE BLACK SEA PLAIN
SUMMER June-August

VISIBILITY. Visibilities 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.

309 42
3Black Sea

200310915121 Batumr

0001 102 03 0

LOCAL TIME 03109115121
to0 NM %FREQ VIS LT 3mi

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 selected station mean monthly surface

and land/sea breezes, controls preferred wind directions, wind directions and speeds. Mean upper-level winds

which are about 900 apart. Speeds at exposed coastal below 20,000 feet (6.1 km) range from westerly to

locations are strong. Moderate low-level turbulence and northerly, reflecting southerly flow into the heat 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 i3.40 3.60
Nw-NE £amsun 3.40 4.20 3.80

N-W Zonguldak 3.60 4.10 4.80
W-N Sinop 8.50 8.70 8.40

NE-SE Izrnit 4.70 5.50 5,30

Figure 8-16. Mean Summer Surface Wind Speeds (kts) and Prevailing

Direction, Black Sea Plain.

S
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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

3 Black Sea
JUNJUL AUG JUN JUL AUG Baturn 4.4

6.4 4 P gWV _op 1 4' 1_34.8 5 66.6JU JU AUG 13... J. 13.9 )14. 8

ZJUN JUL AUG 6.4 AUG 4..

642.3f T. 4-1.7 rbzo

JUN JUL AUG U GJL AUGTT. F11. 411-.2 .l .1 .|
JUN JUL AUG JUN JUt. AUG ""1"1" "1'1"1 .-9 71 1 . -9 F1 .1 M E N R c p

• 40 W" 5'0 100 24-H Pcy --
I O IGO

Figure 8-17. Mean Summer Monthly/Maximum 24-Hour Precipitation (inches), Black Sea Plain. Isohycts
represent mean seasonal rainfall.

0 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 to 45,000 feet summer thunderstorm days.

30 19 9 -4ý
3 Black Sea

-JUN JUL AUG JUN JUL AUG Batum -

2 JUN JUL AUG hvllj

3--2--- -, ' 1 2• J U N J U L A U G
/ 5{31 ' Trabzon

JUN JUL AUG JUN JUL AUG.JUIN JUL AUG 312 1 -- 4 12 1 2I

.* < .5 days w/thunderstorms

Figure 8-18. Mean Summer Thunderstorm Days. Black Sea Plain.
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THE BLACK SEA PLAIN
SUMMER June-August

TEMPERATUIRE. Although temperatures are highest gives mean maximum and minimum temperuawres for
of the year, the Black Sea continues to moderate both selected stations, The record high (1050 F/41 0 C) was
temperature and its diurnal range. Downslope winds recorded at Zonguldak.
yield significantly higher temperatures. Figure 8-19

3 4ý
3 Black Sea

nDoAX-Z73L8]F7

Figure 8-19. Mean Summer Daily Maximum/Minimum Temperatures (F), Blac~k Sea Plain.
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THE BLACK SEA PLAIN
FALL September-November

. GENERAL WEATHER. Cloud cover and feet (1,220 meters) due to downslope winds over the
precipitation increase as cold fronts resume their routine Pontic Mountains. Broken to overcast clouds with bases
southeastward movement. If they slow while over the from 1,000 to 1,5(X) feet (300 to 460 meters) and tops
Black Sea (normally due to a deep upper-air trough over between 2,500 and 3,500 feet (760 to 1,1(X) meters) form
southeastern Europe or the eastern Mediterranean), close to shore with onshore low-level winds. The
secondary low cyclogenesis occurs over the southwestern greatest low-cloud frequencies are in the west. Diurnal
Black Sea. By November, only low-level south 'esterly variations become smaller. Layered broken to overcast
flow behind transitory highs provides breaks In clouds clouds occur from 4,000 to 5,0(X) feet (1,200 to 1.5(X)
and precipitation. Frontal passages reach their winter meters) MSL up through 30,0(X) feet (9.1 kin) within 3(X)
average of one every 4 to 6 days by mid-November. NM of an upper-level trough. Moderate mixed icing

occurs in these clouds above the freezing level, which
SKY COVER. Mean seasonal cloud cover exceeds 50% varies from 6,(XX) feet (1,800 meters) MSL to 20,(XX) feet
over the entire coast, reaching slightly more than 70% (6.1 kin). Figure 8-20 gives mean seasonal cloud cover
over the extreme eastern coast. With southwesterly or (isopleths) and selected station percent frequency of low
southerly low-level winds, skies are clear below 4,000 ceilings.

30 4
%CLUD - Black Sea
*MISG DATA
LOCAL TIME 03109115121 au 67FREXQ CIG LT 030 20

200

00
t~ft02 2003101 121

Figure 8-20. Mean Fall Cloudiness (isopleths) and Frequencies of Ceilings Below 3,000 Feet (915
meters), Black Sea Plain.
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THE BLACK SEA PLAIN
FALL September-November

VISIBIIATY. Visibilities are still excellnt, hut obscured when cloud,' move onshore. Figure 8-21

the coastal slopes of the Pontic Mountains may be gives frequencies of visibilities less than 3 miles.

3 Black Sea'

n _ 81 120 03 "-V21 Batu

Zr

021081142 031Oo91,215
. 31 11 .3 O, .3 117

LOCAL TIME 03 i09115121
0 NM %FREQ VIS LT 3ri

Figure 8-21. Mean Fall Frequencies of Visibilities Below 3 Miles, Black Sea Plain.

WINDS. All stations show two preferred southerly winds ahead of frontal systems. Figure

directions, most close to 1350 apart. This reflects 8-22 shows mean monthly surface wind directions

increasing frontal passage frequency along the and speeds. Mean upp,,.r-level winds below 20,0(X)
coast and the influence (still strong) of land/sea and feet (6.1 kin) are predominantly westerly,
mountain/valley breezes. Speeds decrease slightly reflecting the slow reestablishment of the Black

from summer. In November, moderate low-level Sea storm track--refer to Figure 8-5.

turbulence and wind shear are common with

SEP OCT NOV

BE-Sw Trabzon 3.60 3.50 3.70
S-NW Sarnsun 3.50 3.10 3.60
sE-w Zonguldak 4.80 4.80 5.40

SE or NW Sinop 7.90. 8.00 8.10
E-SE Izmit 4.90 4.50 4.30

Figure 8-22. Mean Fall Surface Wind Speeds (kts) and Prevailing Direction, Ihick Sea Plain.
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THE BLACK SEA PLAIN
FALL September-November

PRECIPITATION. Rainfall increases, especially in the or shower activity. Figure 8-23 gives seasonal (isohyets)
extreme east, where the year's highest accumulations and monthly precipitation data.
(more than 29 inches/735 mm) occur. A combination of
increased onshore flow, still active convection, and As shown in Figure 8-24, thunderstorm occurrence
rapidly rising terrain is responsible. Isolated coastal decreases steadily. Tops lower to 30,0W0 feet (9.1 km)
locations and the slopes of the Pontic Mountains may by late November, but the normal hazards are still
receive even higher amounts. Decreasing maximum present.
24-hour precipitation reflects the decreasing occurrence

3Black Sea
SEP OCT NOV SEP OCT NOV Batum 9.6

SEP r NOV SE --.- 5, NOV••14 3.J.1. b.11 4.013.8\

P2PSEP OCT NOVV3.213.513 'SEP Od{ NOV .su

epreen 3.4m4.0s3.1 rraifal

, SEP OCT NOV SEP OCT NOV
S O rNV2.212.813.3[ 3.T14.314.0U

2.612.712.S SEP oc NOV T.4 3. 2--6S4.913.712.4 MEAN PRECIP 1____

S0 U.m MAX 24-HR PCP

Figure 8-23. Mean Fall Monthly/Maximum 24-Hour Precipitation (inches), Black Sea Plain. isohyets
represent mean seasonal rainfall.

42)SP C O SEP OCT NOV Btm

2 [1[1Znu SEP OCT NOV H

SFP OCT NOV SEP OCT NOV l
SEP OCT NOV 2 2I * -•--T-
-T- I II

'4[}W * < .5 days w/thunderstorms

5'0 160o

O ~ ~Figure 8-24. Mean Fa~ll lhunderstorm IVa~s. I1hia'k Sea Plain.
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THE BLACK SEA PLAIN
FALL September-November

TEMPERATURE. Temperatures decrease steadily Figure 8-25 gives mean maximum and minimum
toward winter minimums. The Black Sea still moderates temperatures for selected stations. The record high is
temperature extremes and diurnal ranges. Temperatures 960 F (350 C). The record low for September is 440 F
are significantly higher with southerly winds and foehns. (60 C); for November, 220 F (-50 C).
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Figure 8-25. Mean Fall Daily Maximum/Minimuin Temperatures (F), Black Sea Plain.

3-201



BIBLIOGRAPHY

Air France, Asian Climatology.

Air France, Climatology of Concorde Route Bahrein-Singapore.

Akman, Y., and P. Daget, "Some Synopdc Aspects of the Climate of Turkey," Montpellier, Soc.
Languedoc. Geo.Bull., 94, pp 269- 30C, 197 1.

Alaka, M.A., Aviation Aspect of Mountain Waves, TP 26, Tech Note No. 18, Technical Division of the WMO
Secretariat, WMO-No. 68, 1958.

Bultot, F., "On the Delimitation of the Humid Tropical Zone," Contributions, No. 95, 1964.

Das, P.K., The Monsoons, (2d Edition), National Book Trust, New Delhi, 1988.

Djavadi, C., The Climates of Iran, Monograph #54, 1966.

Dogniaux, R., and M. Lemoine, Distribution of Solar Radiation in the Regions Surrounding the Western and
Eastern Mediterranean Basin. Part 1. Insolation Duration, Series B No. 54, 1982.

Dogniaux, R., and M. Lemoine, Distribution of Solar Radiation in the Regions Surrounding the Western and
Eastern Mediterranean Basin. Part 2. Global Radiation, Series B, No. 55, 1983.

EI-Hady, Salama Saleh Abd, Upper Troughs In the Mediterranean and Middle East, Cairo University, Cairo, Egypt,
1960.

EI-Sawy, K. A,, Cyprus Cyclogenesis, U.A.R. Met Dept., Vol 3, No. 1, 1977.

EI-Tantawy, Abdel Hamid Ibrahim, Jet Streams In The Middle East, Cairo University, Cairo, Egypt, 1967.

Erdogmus, F., "An Investigation of Winds up to 300hPA Over Turkey Between 1970 and 1984," Journal of
Climatology, Vol.8. pp 509-606, 1988.

Erdogmus, F., Correlation Analysis of the Annual Precipitation in Turkey.

Erdogmus, F., Synoptic-Climatological Study of the Relationship Between the Macroscale Circulation Anomalies
(1949-1975) and the Precipitation Anomalies iaz the Turkish Region.

Ganji, M.H., "The Climates of iran." Bull.Sor.Geog.Egypte, 28, pp 195-299, 1955.

Ganji, M.H., Iranian Roinfall Data, Tehran, University of Tehran Arid Zone Research Centre, 1960.

Hashemi, F., An investigation of the Winds of Ghazvin Plain, 1971,

Hashemi, F., A Statistical Analysis of the Low Temperatures of Tehran, 1969.

Hashemi, F., A Statistical Analysis of the Annual, Monthly, and Daily Precipitation of Tehran, 1969.

Herman, N. M., "The Climate cf Afganistan," Monograph No 52, 1965.

* BIB-I



Iranian Meteorological Department, Aeronautical Climatological Summaries, Meteorological Publications Series
A-No. 2,3, Tehran, 1962, 1965.

Kaka, 0. et al, "A Case of Jet Stream Activity of Eastern Mediterranean Sea and the Middle East," Meteorological
Memo,'rs Vol 1, Baghdad, 1962.

Joshi, P.C. and Desai, P.S., "The Satellite-Determined Thermal Structure Of Heat Low During Indian Southwest
Monsoon Season", Advanced Space Research, Vol. 1, Number 6, pp 57-60, 1985.

Kallos, George, and Dionyssios A. Metaxas, Synoptic Processes for the "ormation of Cyprus Lows, School of
Physics and Mathematics, Meteorology Department, University of loannina (Greece), Rivista De Meteorologia
Aeronautica, Vol XL, No. 2/3, 1980.

Kheder, "A Note on Some Climatic Features of Iraq," Meteorological Memoirs Vol 1, Baghdad, 1962.

Mazumdar, S., "On Some Aspects of the Hydrology of the Tigris River at Bahgdad," Meteorological Memoirs Vol
1, Baghdad, 1962.

National Intelligence Survey 27, Turkey, Section 23, Weather and Climate. U.S. Central Intelligence Agency, 1965.

National Intelligence Survey 30 (Rev), Iraq, Section 23, Weather and Climate, U.S. Central Intelligence Agency,
1970.

National Intelligence Survey 34, Iran/Afghanistan Section 23, Weather and Climate, U.S. Central Intelligence
Agency, 1970.

National Intelligence Survey 36, Pakistan, Section 23. Weather and Climate, U.S. Central Intelligen,;e Agency,
1966.

Russekh, M., "Minimum Daily Temperatures During the Onset of Winter in Tehran," Meteorological Yearbook,
Iranian Meteorological Department, Tehran, pp 28-30, 1957.

SABENA, Aeronautical Climatology for Iran and Airport Climatological Summaries for Mehrabad and Abadan,

Iran.

SABENA, Route Cli'natologies for Southern Asia, Middle East, and Far East.

Schweitzer, B., Variability and Spatial Correlation of the Precipitation in the Indian Subcontinent.

Shomshod, K.J., The Meteorology of Pakistan, Climate and Weather, Royal Book Co., Karachi, pp 313, 1988.

Shenavar, A., and Hoyle, H.D., "Normal Temperatures at Tebran and Abadan. A Useful Diagramatic Comparison,"
Meteorological Yearbook, pp 9-12, 1957.

Shenavar, A., and Hoyle, H.D., "Surface Winds at Tehran and Abadan. Some Notes on Recent Frequency

Comparisons," Meteorologica! Yearbook, Iranian Meteorological Department, Tehran, pp. 5-8, 1957.

Aivall, T., "Sirocco in the Levant", Geografiska Annaler, Vol.39, pp 116-142, 1957.

Tehran University, Climatic Atlas of Iran, 1965.

BIB-2



Turkish State Meleorological Service, Mean Number of Simultaneous Occurrences oj'Spec(fied Visibility Rar.ges

and Specified Ranges of the Height (.'the Base of the Lowest Cloud Layer Covering More than 4/1 of the Sky.

L'senboga (Ankara), 1956-1965, Angora, 1970.

0Turkish State Meteorological Service, Mean Number of Simultaneous Occurrences of SIpecified Visibility Ranges

and Specified Ranges of the Height of the Base of the Lowest Cloud Layer Covering More than 4/8 ol the Sky:
Incirlik (Adana), 19.56-1965, Angora, 1970.

Turkish State Meteorological Service, Mean Number of Simultaneous Occurrences of Specified Visibility Ranges

and Specified Ranges of the Height of the Base of the Lowest Cloud Layer Covering More than 4/8 of the Sky:
Yesilkoy (Ist(.nbul), 1964-1968, Angora, 1970.

UK Meteorological Office, Iraq, I.D.CR. No. 1(4. Iraq, London, 1960.

UK Meteorological Offic,, Mete'orologica! Notes on Turkey, London, 1971.

UK Meteorological Office, Weather In The Black Sea, Her Majesty's Stationary Office, London, pp 264, 1963.

U:S. Navy, Marine Climatic Atlas of the World, Volume IX, Dept of Navy, NAVAIR 50-IC-65, pp 169, 1981.

U.S. Navy, Study of World Wide Occurrence of Fog. Thunderstorms, Supercooled Low Clouds and Freezing
Temperatures, NAVAIR 50-1C-60 CH.-I, pp 143, 1978.

U.S. Navy, A Climatic Resume of the Mediterranean Sea, NWSED, NAVAIR 50- IC-64, pp.3 13, 1975.

World Survey of Clima!ology Vol 2, General Climatotogy. Elsevier Publishing Company, Amsterdari, 1969.

World Survey of Climatology Vol 9, Climates of Southern and Western Asia, Elsevier Scientific Publishing
Company, Amsterdam-Ox ford-New York, 198 1.

BIB-3



DSTRIBUTION

OUSDA/R/AT/E/LS, Pentagon, W ashington, DC 20301-30(90 ................................................................................ ......................
AF/XOW , Pentagon, W ashington, .DC 20330-5054 ...................................................................................... ............................... I
AF/XOO RF, Pentagon, W ashington, L .' 20330-5054 .................................................................................................................... .I

J-34/ESD, Pentagon, W ashington, DCX 2 ()318-3(X)) ........................................................................................................................ I
M AC/DOX, Scott AFB, IL 62225-5(X1l ......................................................................................................................................... 1
AW S/IO, Scott AFR, IL 62225-5008 ............................................................................................................................................ 1
AW S/I)OJ, Scott AFB, I L 62225-5008. ...........................................................................................................................................
AW S/XTJ, Scott AFB, IL 62225-5008. ............................................................................................................................................
AW S/XTXA, Scott AFB, IL 62225-5(X8 ........................................................................................................................................
AW S/PM , Scolt AFB, IL 6222525-0 8 ........................................................................................................................................... 1
AW S/RF, Scott AFB, IL 62225-5008 ............................................................................................................................................. I
OL A, IIQ AW S, Buckley ANG Base, Aurora, CO 8(X)1 1-9599 ............................................................................................... 1I
SSD/M W A, PO Box 92960, Los Angeles, CA 9(XK)9-2960 .................................................................................................. I
OL-K, HQ AW S, NEXRAD Opnl Facility, 1200) W estheinier Dr. Norman, OK 73069 ............................................................. 1I
OL-M , HQ AW S, M cClellan AFB, CA 95652-5609 ....................................................................................................................... I
Det 1, HQ AW S, Pentagon, W ashington, DC 20330-6560 .......................................................................................................... 3..
Det 2, HQ AW S, Pentagon, W ashington, DC 20330-5054 ................................................................................ .............. 2
Det 3, HQ AW S, PO Box 3430, Onizuka AFB, CA 94088-3430 ....................................................................................................
Det 9, HQ AW S, PO Box 12297, Las Vegas, NV 89112-0297 ...................................................................................................
IW W /DN, Hickam A RB, HI 96853-500(M1 ....................................................................................................................................... 3

1I W SIDON, Elmendorf AFB, AK 99506-5(0)0 ........................................................................................................................ I
20W S/iX)N, APO San Francisco 96328-50() ..........................................................................................................................
30W S/ION, APO San Francisco 96301-0420 ................. ................................. ....................................................

2W W /DN, APO New York 09094-5000 ....................................................................................................................................... 3
7W SiDON, APO New York 09403-5000 ...................................... ......................................................................................... 1
28W S/IDON, APO New York 09127-500( .......................................... ............ .......... ..............................
31W S OON, APO New York 09136-50(X)) ................................................................................................................................. 1

Det 19, 31W S, APO NY 09289-5( ) ) ................................................................................................................................. I
3W W ,/.N, Offutt AFB, NE 68113-5( .) . .......................................................................................................................................... 3

9W S/D(O N, M arch AFP , CA 92518-5(H10 .................................................................................................................................. I
24W /IX)N, Randolph AFR, TX 78150 0-5000 ........................................................................................................................... 1
26W S/IION, Barksdale AFB, LA 71110-5(0 )2 ...... ... ................. ............................................................................... I

4W W ,'DN, Peterson AFB, CO 80914-5(XX) ..................................................................................................................................... 3
2W S!X)N, An'lrews AFB, M D 20334-50(X) ........................................................................................................................... 20

5W W /DN, Langley AFP , VA 23665-5000 .................................................................................................................................... 7
I W S/ )O N, M acDill AFB, FL 33608-5(X)0 ............................................................................................................................... 5
3W S/ )O N, Shaw ArB, SC 29152-500 ) ................................................................................................................................. 15
5W S )ON, Ft M cPherson, GAA 30330-5(XX) ............................................................................................................................ 20
25W S/IXON, Bergstrom AFR. TX 78743.50(X) ........................................................................................................................ 13

AFGW C/SDSL, Offutt AFB, NE 68113-5 ()O ................................................................................................................................ 6
AFGW C/W FG, Offtutt AFB, NE 68113-50(X) ................................................................................................................................. I

USAFETAC, Scott AFB, IL 62225-5438 ................................................................................................................................... 6
OL-A, USAFETAC, Federal Building, Asheville, NC 28801 -2123 ..................................................................................... 3

7W W /DN, Scott AFB, IL 62225-5008 ........................................................................................................................................... 3
6W S/DON, Hurlburt Field, FL 32544-5000 ............................................................................................................................... I
! 5W SI)O N, M cGuuire AFB, NJ 08641-5(X))2 .............................................................................................................................
17W S/DO N, Tiavis AFB, CA 94535-5986 ................................................................................................................................

3351) TECH TGfr "GU-W , Stop 62, Chanute AFB, IL 61868.5000 ......................................................................................... 2
3395 TCHTGJI1'K(-W , Keesler AFB, M S 39534-5000 ..................................................................................... ......... 2
AFIT/CIR, W right-Patterson AFB, OH 45433-6583 ............................................ .............. ........................ I
AFCSA/SAGW . W ashington, DC 20310I-50(M .............................................................................................................................. I
NAV(O EANC()M DET, Federal Building, Asheville, N( 28801-2723 ...................................................................................... I
NAVOCEANCOM DET, Patuxent River NAS, M D 20•70-5103 ................................................................................................. I
COM NAV(X EANCOM , Code N312, Stennis Space ('ir, M S 39529 5(4)() ............................................................................... I
COM NAVOCEANCOM , Code N332, Stennis Space Ctr, M S 39521) 5( IOI ................................................................................. I
NAVOCEANO (Ruosty Russom), Stennis Space Ctr, MS 39522-5001 ............................................

0



NAVOCEANO, Code 9220 (Tony Ortolano), Siennis Space Ctr, MS 39529-5001 .......................... ........... .........................
NAVOCEANO, Code 4601 (Ms Loomis), Stennis Space Ctr, MS 39f29-500 ..............................................................................
FLENUM OCEANCEN, M onterey, CA 93943-5006 .............................................................................................................. 1I
NANO A R L W est, M onterey, C A 93943-5006 .....................................................................................................................................
Naval Research Laboratory, Code 4323, W ashington, 1DC1 20375 ................................................................................................... I
Naval Postgraduate School, Chmn, Dept or Meteorology, Code 63, Monterey. CA 93943-5000 ....................................................
Naval Eastern Oceanography Ctr, U117 McCAdy Bldg, NAS Norfolk, Norfolk, VA 23511-52(07) ...................................

Naval Western Oceanography Ctr, Box 113, Attn: Tech Library, Pearl Harbor, HI 96860-500(X ....................................................
Naval Oceanography Command Ctr, COMNAVMAR Box 12, FPO San Francisco, CA 96630-5000 ............................................
Naval Oceanography Command Ctr, Box 31, U.S. NAVSTA FPO NY 09540-3()( ......................................................................
Pacific Missile Test Center, Geophysics Division, Code 3253, Pt Mugu, CA 93042-50(M) .............................................................
Dept of Commerce/NOAA/MASC, Library MCS (Jean Bankhead), 325 Broadway, Boulder, CO 80303 .................03................. 2
O FCM , Suite 900, 6010 ExLcutive Blvd, Rockville, M D 20852 .....................................................................................................
NOAA Library-EOC4WSC4, Attn: ACQ, 60(9 Executive Blvd, Rockville, MD 20852 ...............................................................
NOAA/NESDIS (Attn" Capt Taylor), FB #4, Rm 0308, Suitland, MD 20746 .................................................................................
Armed Forces Medical Intelligence Agency, Info Svcs Div., Bldg 1607, Ft Detrick, Frederick, MD 21701-50(4 .........................
PLOL-AA/SULLA, Hanscom AFB, MA 01731-50(X) ...................... .............. ..............................................
Atmospheric Sciences Laboratory, Attn: SLCAS-AT-AB, Aberdeen Proving Grounds, MID 21005-5001 ....................................
Atmospheric Sciences Laboratory, White Sands Missile Range, NM 88002-5501 .......................................................................
U.S. Army Missile Command, ATTN: AMSMI-RD-TE-T, Redstone Arsenal, AL 35898-5250 ....................................................
Technical Library, Dugwfy Proving Ground, Dugway, UT 84022-50X00 ....................................................................................
NW S Training Center, 617 Hardesty, Kansas City, M O 64124 .................................................................................................
N C A R L ibrary, B oulder, C O 80307-30000 .......................................................................................................................................
NCDC Library (D542X2), Federal Building, Asheville, NC 288011-2723 ..........................................
NIST Pubs Production, Rm A-405, Admin Bldg, Gaithersburg, MD 20899 ................................................................................... I
JSO CIW eather, P.O . Box 70239, Fort Bragg, NC 28307-5000 ....................................................................................................... I
75th RO R (A tn: SW O ), Ft Benning, G A 31905-5000 .................................................................................................................. I
HQ 5th U.S. Army, AFKB-OP (SWO), Ft Sam Houston, TX 78234-70(X) .......................................................... ; .........................
NASA-M SFC-ES44, A ttn: Dale Johnson, Huntsville, A L 35812-5000 ..........................................................................................
Dept of Atmospheric Sciences, 7127 Math Sciences, UCLA, Los Angeles, CA 90024-5000 .........................................................
Dept of Oceanography, A-008, Scripps Inst of Oceanography, Univ of Cal, La Jolla, CA 92093-5000 ..........................................
Library, USA FA (DFSEL), Colorado Springs, CO 80840-50(1)0 ......................................................................................................
Dept of Atmospheric Sciences, PAS Bldg, Univ of Arizona, Tucson, Ad 85721-5000 ....................................................................
Dept of Atmospheric Sciences, Atmospheric Science Bldg, Colorado St Univ, Ft Collin8, CO 80523-50(X) .................................
Meteorology Unit, NYS College of Ag and Life Science, Bradford Hall, Cornell Univ, Ithaca, NY 14853-5000 ..................
USDAO/AIRA Cairo, Box 9, FPO New York 09527-0X)61 ....................................................................................................... 2
USDAO Baghdad, State Dept Pouch Room, Washington, DC 20520 ........................................................................................
USDAO/AIRA Tel Aviv, Israel, APO New York 09672-5000 ................................................................................................... 2
USDAO/AIRA Islamabad, PSC Box 32, APO New York 09614-0006 ..................................................................................... 2
U SD A O /A IRA , A PO N ew Y ork 09254-0001 .................................................................................................................................
USDAO Damascus, State Dept Pouch Room, Washington, DC 20520 ..........................................................................................
Aeronautical Ctr Library (AAC 64D), P1) Box 25082, Oklahoma City, OK 73125-5000 ..........................................................
Dept of Meteorology, Florida State Univ, Tallahassee, FL 32306-5000 ...................................................................................... I
Dept of Meteorology, Univ of Hawaii, 2525 Correa Road, Honolulu, HI 96822-5000 ....................................................................
Dept of Atmospheric and Oceanic Science, Space Research Bldg, Univ of Mich, 2455 Hayward, Ann Arbor, MI 41809-2143 ....
Dept of Meteorology and Physical Oceanography, Univ of Miami, Miami, FL 33149-1098 ..........................................................
Dept of Atmospheric Science, Univ of Missouri, 7(1 Hitt St, Columbia, MO 65211-50()0 ...........................................................
Ctr for Ag Meteorology and Climatology, Chase Hall-East Campus, Univ of Nebraska-Lincoln, Lincoln, NE 68583.0728 .........
Dept of Marine, Earth, and Atmospheric Sciences, North Carolina St Univ, Box 8208, Raleigh, NC 27695-8208 .........................
School of Meteorology, Univ of Oklahoma, 200) Felgar St, Norman, OK 73019-500) ...................................................................
Dept of Atmospheric Sciences, Stand Agriculture Hall, Oregon St Univ, Corvallis, OR 97331-2209 .............................................
Dept of Meteorology, 503 Walker Bldg, Penn St Univ, University Park, PA 16802-5000 ..............................................................
Dept of M arine Sciences, Univ of Puerto Rico, M ayaguez, PU W(1708-5000 ...................................................................................
Dept of Earth and Atmospheric Sciences, Stadium Hall, Purdue Univ, West Lafayette, IN 47907-5(O ........................................
Library, Rand Corporation, PO Box 2138, Santa M onica, C A 90406-50( ) ....................................................................................
Dept of Earth and Atmospheric Sciences, St Louis Univ, P() Box 8099-Laclede Station, St I-uis, MO 63156-50) ....................
Dept of Meteorology, Univ of St Thomas, 3812 Montrosc Blsd, Houston, TX 77006-500 ...........................................................
Dept of Meteorology, San Jose St Univ, One Washington Square, San lose, CA 95192-5000 ........................................................



Dept of Meteorology, Texas A&M Univ, College Station, TX 77843-5000 .............................................................................. 2
US Military Academy, USMA Library, West Point, NY 10996-5000 .............................................................................................
Dept of Oceanography, Stop 9d, US Naval Acade;my, Annapolis, MD 21402-5000 ................................................................ 1I
Dept of Meteorology, Univ of Utah, Salt Lake City, UT 84112-5000 ...................................................................................... I
Dept of Meteorology, Utah St Univ, UMC 4840, Logan, UT 84322-5(w) ................................................................................ I
Dept of Environmental Sciences, Clark Hall, Univ of Virginia, Charlottesville, VA 22903-5000 ...................................................
Dept of Meteorology, Univ of Wisconsin, 1225 W Deyton St, Madison, WI 53706-5000 ..............................................................
DITC-FDAC, Cameron Station, Alexandria, VA 22304.6145 ................................................................................................. 2
A U L/L S E , M axw ell A FB , A L 36112-5564 ..................................................................................................................................... I
A W ST L , Scott A FB , IL 62225-5458 ........................................................................................................................................... I(X)

10

0

91-109313


