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MEAN WINTER STORM TRACK (Figure 5)

        (2) Arabian Gulf Trough.  This relatively weak, semi-permanent feature results from a combination of heating over the Arabian Gulf and an induced “lee side trough” over the Zagros Mountains of southwest Iran.  It forms a natural pathway for low pressure centers moving out of southern Iraq.  Intensification and movement into the Arabian Gulf often occurs as the result of the following factors:

            a) The southeasterly passage of a cold front over the Gulf. 

            b) Increased ridging over central Iran. 

            c) The temporary weakening of the Saudi Arabian high pressure area.  

        (3) Saudi Arabian High is centered over northwestern Saudi Arabia and is an eastward extension of the Saharan pressure ridge.

        (4) Northerly Airflow component.  The prevailing wind component is northerly over the entire region.  Periodically, this northerly flow is interrupted by the passage of upper level troughs and their surface fronts associated low pressure areas.  

        (5) Siberian High’s primary axis across central Russia and a mean center over eastern Siberia.  Since direct northerly flow around the south side of this ridge is blocked by the Caucasus, Aborz, Hindu Kush, and Himalayan mountains, the cold Siberian air is forced to spill southwestward across Iran and eastern Turkey into Iraq and the northern portion of the Arabian Gulf.  Snow covers over the Zagros Mountains and intensifies this cold air.  With subsequent strengthening of downslope winds off the Zagros into the northeastern side of the Gulf.

        (6) Arabian Peninsula/Iran Upper Level Ridge.  The 500mb high height centers are located over  extreme western Saudi Arabia and over the Zagros mountains in southwestern Iran.  At 300mb, this ridge is displaced southward to between 20(N and 22(N.

        (7) Polar Front Jet (PFJ).  Mean position of the PFJ is located near 30(N.  December core speeds average 90kt at 300mb.  In January it dips to latitudes of 27(N and 29(N with speeds of 110kt, then shifts back northward to just above 30(N with the maximum speeds of 80kt in March.  Actual positions vary considerably.  In January, flow around the bottom of a deep 500mb low may reach as far south as 20(N.  Under these conditions, it occasionally merges with the subtropical jet stream.

        (8) Sub-tropical Jet (STJ).  The sub-tropical jet flows from west to east over the Arabian Peninsula.  Mean position is between 25(N and 28(N.  At 200mb, core speeds exceed 110kt over the Peninsula.  Deep upper level lows may displace the jet as far south as 20(N. 

    c.  Synoptic Features

        (1) Omani Convergence Zone (OCZ).  During normal Northeast Monsoon conditions, there is a convergence zone over Oman south of the Omani Mountains.  It lies parallel to, and about 100-150NM inland.  Figure 6 shows its mean January position.  Low level northwesterly flow coming from southern Egypt and Saudi Arabia meets the northeasterly monsoonal flow that has been deflected inland due to a strong sea breeze circulation.  This zone does not exist when there is southwesterly flow ahead of cold fronts, or northwesterly flow behind.
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MEAN JANUARY POSITION OF THE OCZ

Figure 6

        (2) Surface Cold Front/Strong Upper Level Troughs in the Westerlies.

            a) From mid December through mid March these fronts, with their associated upper troughs (and occasional accompanying closed 500mb low height centers), cross the region routinely.  Occurrence is most common when a blocking high over northern Europe results in a jet maxima propagating through the Westerlies across the Mediterranean into Iraq.  The middle and high clouds signature produced by these troughs show up well on both visual and IR satellite imagery.  These systems are accompanied by the following phenomena:

            b) Transitory Saudi Arabian Highs - Form in response to the subsiding air beneath upper level ridges moving across the area from the west.  These cells break off from the semi-permanent Saudi Arabian ridge and move eastward and southeastward across the peninsula following cold fronts.  

            c) Northwestern Arabian Sea Highs - Form from the northward extension of the subtropical ridge.  They become isolated from the subtropical ridge as strong fronts move to the Gulf of Oman.  These features can significantly enhance the gradient and sustain the Shamal in the southern Gulf, though very difficult to identify on computer generated forecast products.  Careful analysis of the surface pressure pattern is key to their identification.

            d) “Aziab” is the Arabic name for the hot and dry low-level southerly winds that blow occasionally over Saudi Arabia in March.  These winds occur ahead of secondary lows that often result from the northeastward extension of the Sudan low, which moves eastward towards the Arabian Gulf as a wave on a slow moving cold front.  These winds cause temperatures to rise dramatically.

            e) “Kaus” is the local name for the southerly or southwesterly wind, sustained at 25 knots or greater, that blow over Oman, the United Arab Emirates, and the Arabian Gulf in advance of a surface low pressure center. These winds cause extensive cloudiness and precipitation due to moisture being advected from the Northern Arabian Sea.

            f) Strong Prefrontal/Frontal Thunderstorms - Form over and near the Arabian Gulf.  Satellite imagery has shown conclusively that thunderstorms associated with cold frontal passage over the Gulf are similar to those found in the western United States.  The favored formation area for prefrontal squall lines is the central and southern Gulf. Small pea size hail has been recorded with these thunderstorms over northern Saudi Arabia, Kuwait and southern Iraq.

            g) Vortex Phenomena - in the form of water spouts have been observed in the southwestern Arabian Gulf during the winter months.  The recorded cases occurred in areas of localized convergence and resultant heavy cumulus activity behind cold fronts or shear zones.

    d.  Surface Cyclogenesis.  

        (1) Three favored locations for cyclogenesis, in order of most frequent occurrences, are:

            a) Southern Iraq-Northern Arabian Gulf.  Secondary lows form in these regions in response to cold air advection, warm water, and channeling induced by the Zagros.  The primary low is normally found north of 32N.

            b) Western Oman - Secondary lows form here for the same reasons as in the southwestern Iraq-northern Arabian Gulf.  The channeling here, however, is through passes in the Zagros mountains of Iran, along the northern Gulf of Oman coast, and through passes in the Omani Peninsula mountains along the southwest side of the Gulf of Oman.  This airflow induces cyclogenesis if the mid level (east-west oriented) ridge axis lies over Iran.

            c) Northeastern Sudan/Northern Red Sea/Western Saudi Arabia - A weak, inverted low pressure trough stretches northward into Sudan from east Africa during most of the northeast monsoon season.  Passage of a cold front southwestward across Saudi Arabia, combined with its associated upper level trough approaching Sudan from the west, often triggers the formation of a wave on the front over northeastern Sudan and the Red Sea.  The Red Sea serves as a localized moisture source for cyclogenesis.  Typically, this wave moves northeast and further develops, affecting Saudi Arabia and the southern Arabian Gulf.  This location is most active during late winter (primarily March) and during the spring transition as the strength of cold air outbreaks diminishes.

    e.  Mesoscale Synoptic Features.

        (1) Gulf Cyclogenesis.  Cold frontal stagnation over the southern Gulf results in cyclogenesis northwest of the Omani Peninsula/United Arab Emirates.  Stagnation occurs when an upper level trough slows or becomes stationary.  Formation of a cutoff low at the base of the upper-level trough enhances cyclogenesis.  Development is rapid over the warm Gulf water.  Under such conditions, strong low level winds develop rapidly.  Wind directions back from south to northeast, and finally to northwest, as the low moves through the Strait of Hormuz into the Gulf of Oman.  Precipitation along with extensive  cloud layers, occurs on both sides of the Strait of Hormuz.  The largest cloud shield and heaviest precipitation occurs over the Iranian coast.  Moderate turbulence and icing are found over both the Omani Peninsula and the Iranian shore.

        (2) Winter Shamal.  

            a) “Shamal” is an Arabic word for “north.”  A shamal is defined as sustained winds of 25 knots or greater.  Wind direction is almost always northwesterly.  The shamal produces the most widespread hazardous weather known to the region.  Strong pressure gradients develop behind a moderate to strong cold front due to upper level subsidence, and rapidly building surface high pressure over western Saudi Arabia and Iraq.  The strong northwesterly low level winds are then quickly reinforced by northwesterly upper level winds behind the middle level trough.  The winter Shamal is generally characterized by durations of either 24-36 hours or 3-5 days.

            b) The 24-36 Hour Shamal - begin with the passage of a cold front across the Arabian Gulf.  The “Arabian Gulf Trough” begins to intensify over or just northeast of the Arabian Gulf after the cold front passes through the Strait of Hormuz.  High pressure builds rapidly over northeast Iraq and Iran.  These troughs maintain stronger than normal winds over the Saudi Arabian shore.  Downslope winds on the Iranian coast reinforce normal nocturnal downslope and land breezes.  The strength of the “Arabian Gulf Trough” normally decreases rapidly within 24-36 hours after frontal passage through the Strait of Hormuz and marks the end of the “24-36 Hour Shamal.”  Such cases are relatively common, occurring 2-3 times a month.  Sustained winds typically reach 30kt with stronger gusts to 40kt.

            c) The 3-5 Day Shamal - Occurs 1-3 times a winter and produces the strongest winds and highest seas found in the Gulf.  Over exposed Gulf waters, sustained winds have reached 50kt which have produced 15+ ft seas.  The 3-5 day shamal arises from the temporary stagnation of a 500mb short wave over or just east of the Strait of Hormuz, or from the establishment of a mean long wave trough stalling approximately 56E.  Persistent dust and sandstorms will occur, see Figure 7.

            d) “Shamal” Conditions Across The Gulf of Oman - Low pressure waves may form in the Gulf of Oman on slow moving fronts that are oriented northeast-southwest.  Extensive low cloudiness, with rain or drizzle, occurs on the east side of these waves.  Under “Shamal” conditions in the Arabian Gulf, the Strait of Hormuz acts as a venturi and winds increase markedly to the immediate south and southeast of the Strait.  Once an “Arabian Gulf Trough” has moved off the Iranian coast, a bow-shaped cloud line- with the apex of the bow pointing toward the Strait of Hormuz- forms in the middle of the Gulf of Oman.  This cloud line marks convergence between the west-northwesterly winds flowing over the Omani peninsula and the northerly to northeasterly winds flowing off the Iranian coast.  The cloud line’s dissipation marks the end of the “Shamal.”
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March 26, 2003 dust event

Figure 7

            e) Typical Synoptic Conditions for the Winter Shamal:

            From the eastern Mediterranean area, and extending south of the Taurus Mountains, a cold long wave trough (at least -25( degrees centigrade at 500mb) with associated surface low and frontal system moves toward the northern Arabian Gulf.

            A second low moves eastward across Saudi Arabia from the Red Sea as the “Kaus” (strong southeasterly wind) sets in the Gulf.

            As the cold front moves over the northern Arabian Peninsula, a new low is formed on the front in the vicinity of the northern Arabian Gulf.

            The upper trough moves eastward over Iran, advecting cold air over the mountains of Turkey, resulting in strong northwesterly air flow and pressure rises west of the new surface low, producing gale force winds, high seas, thunderstorms, and advecting dust/sand over the Arabian Gulf.

               Associated seas for wind speeds of 30-40 knots:

	10-12 ft
	12 to 24 hours after onset.

	12-14 ft
	24 to 36 hours after onset.

	15+ ft
	In the southern Arabian Gulf if shamal lasts longer than 36 hours.


            f) Significant turbulence is associated with the shamal at all levels of the troposphere.  Induced turbulence is possible with the sub-tropical jet or in association with a progressing cold front.

            Refer to figures 8 through 13 for examples of synoptic patterns associated with Winter Shamal events.

[image: image4.jpg]



SURFACE CHART 24 - 36 HOUR WINTER SHAMAL

Figure 8
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500MB CHART 24 - 36 HOUR WINTER SHAMAL

Figure 9
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SURFACE CHART 24 - 36 HOUR WINTER SHAMAL

Figure 10
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500MB CHART 24 - 36 HOUR WINTER SHAMAL

Figure 11
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SURFACE CHART 3 - 5 DAY WINTER SHAMAL

Figure 12
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500MB CHART 3 - 5 DAY WINTER SHAMAL

Figure 13

    f.  Arabian Gulf maritime weather

        (1) General weather over the Strait of Hormuz during this season normally consists of dense fog, patchy low stratus and stratocumulus clouds, occurring most frequently during late evening and early morning.  Onshore cloudiness occurs only along the Iranian coast due to land-sea breeze circulation.  With no upper level troughs or frontal systems over the region, the weather is generally benign throughout the Arabian Gulf.  Radiational cooling in the marine layer will cause fog to develop after sunrise, with visibilities 2-3NM persisting well into the morning.  Patchy stratus occurs during the late night and early morning hours along and just inland of the coasts.  Favored locations are shallow marshy areas, mostly at the head of the Gulf near the Shatt Al’ Arab, and along the United Arab Emirate coastline in the extreme southern Gulf.  Otherwise, visibilities are normally good.  Only high clouds, often jet stream associated, are normally observed over the Gulf of Oman.  Visibilities remain excellent, except along the Iranian shore near dawn, when visibilities often decrease to 1-3NM due to fog.  The fog results from light wind that allows the marine layer, advected inland by the prior afternoon’s sea breeze, to condense.  Morning land breezes, reinforced by heating and the synoptic northerly flow, dissipate the fog.

        (2) Sky Cover.  Well developed high and middle cloud decks are associated with upper level troughs.  Light to occasionally moderate icing occurs in these decks above the 7,000-9,000ft freezing level.  Low clouds with 1,000-2,000ft ceilings can occur over water and coastlines.  They can extend inland over Saudi Arabia as far west as Riyadh.  Low clouds normally clear within 4-6 hours of frontal passage.  However, when appreciable rain has fallen, cold air stratocumulus will form for 1-2 days after passage.  In the absence of strong post-frontal surface winds, fog forming in coastal areas near the head of the Gulf will persist throughout daylight hours for 24-48 hours after frontal passage.  Over the Strait of Hormuz and Gulf of Oman late evening/early morning patchy stratus and stratocumulus can develop. Extensive middle and high clouds occur only in advance of upper troughs and the occasional surface low that moves eastward into Pakistan and India.  Land/sea breeze regimes limit onshore clouds to the Iranian coastline.   High and middle cloud decks are associated with upper level troughs, with ceilings ranging from 7,000ft-9,000ft.  Lower ceilings, between 1,000ft-1,500ft precede or occur in the immediate area of low pressure centers, but clear within 6-12 hours after the surface low moves eastward.  Middle clouds break with the passage of the upper trough.

        (3) Winds.

            a) Low level airflow reflects a combination of: (1) Weak outflow from the Arabian Gulf; (2) Pronounced land/sea breezes; (3) A general northerly to northeasterly flow off the Iranian coast

            The above scenario is further enhanced by the terrain-induced effects caused by coastal mountain ranges.  Ahead of an approaching Arabian Gulf cold front, winds turn southeasterly, increasing to 15-20kt.  With frontal passage, winds veer to become northwesterly at 20-30kt.  As the Shamal builds, winds increase to 25-40kt.  Winds along the north shore of the Strait of Hormuz are northeasterly to easterly during the night and early morning, and southerly to westerly during late morning and afternoon.  Along the southern shore and under normal conditions, winds are southwesterly to westerly east of the Strait during the night and early morning, and southwesterly to southerly west of the Strait.  Speeds average 3-7kt.  Late mornings and afternoons have pronounced sea breezes that are southwesterly to west-northwesterly west of the Strait of Hormuz and northeasterly east of the Strait.  Sea breeze speeds can reach 12-20kt.

            During “Shamal” conditions, low level winds turn westerly to west-northwesterly approaching the Strait of Hormuz.  Wind speeds over the Strait and along the Iranian shore reach 25-30kt (in gusts) during sustained Shamal conditions.  On the Omani shore, gusts reach 30-35kt.  As the “Arabian Gulf Trough” forms and moves southwestward across the Gulf, downslope winds blow from the Iranian coast.  Stronger winds are rare and normally confined to the most severe stages of a “3-5 Day Shamal.”

            b) Normally winds average northwest 10-15kt over the northern half of the Gulf during this season.  Winds over the southeastern half reflect the orientation of the mountains along the Iranian coast.  The south-north alignment of the mountains of the Omani Peninsula combine with the Zagros to turn the prevailing winds first westerly, then southwesterly, and finally southerly as one approaches the Strait of Hormuz from the west where speeds decrease to 5-10kt.  Land and sea breeze circulations modify this pattern.  

            During December and January, due to funneling, the water area just northeast of the Qatar Peninsula experiences speeds 10-15kt higher than at Dhahran or Bahrain and in late February and March, the area just off the Iranian coast near Levant Island, east-northeast of Qatar, has winds 10kt higher than the rest of the area.  Low level jets (LLJ’s) can occur ahead of low centers throughout the area.  LLJ’s are enhanced over the eastern side of the Arabian Gulf due to the channeling effects of the Zagros mountains.

            Winds over the entire Gulf of Oman are normally light and northeasterly, reflecting the monsoonal flow.  Winds near coastlines show a pronounced land-sea breeze effect because of markedly higher terrain and temperatures inland.  Nighttime land breezes are southwesterly to west-southwesterly 4-8kt.  The sea breeze begins shortly after 0900L and persists through 1900L as northeasterly to easterly onshore flow that reaches 15-20kt during the afternoon.

        (4) Dust.

            a) Dust events for the Arabian Gulf is advected either from the Iraq or Saudi Arabia source regions.  Widespread dust that restricts visibility to less than 3NM normally occurs with the first frontal passage of the season.  Light precipitation during the winter binds soil particles together; therefore, winds above 15 kts are needed to raise dust.  Dust accompanying northwesterly winds is initially picked up from the Iraqi deserts to the southwest and west of Basrah.  During March, when southerly winds ahead of a secondary low moving eastward into Saudi Arabia, dust is blown from the Saudi peninsula eastward across the southern Gulf.

            b) Dust that restricts visibility is confined to the coasts and the immediate offshore areas of the Gulf of Oman during a strong “Shamal”.  Visibility drops as low as 3-5NM.  Worst conditions are found at the mouths of rivers or canyons.  Dust settles rapidly once winds drop below 15kt.  Protected locations, such as Muscat/Seeb International Airport (OOMS) on the Omani coast, rarely experience visibility restrictions due to dust.

        (5) Thunderstorms.

            a) Thunderstorms occur over the mountains on both sides of the Strait of Hormuz and in the Gulf of Oman and are most prevalent immediately preceding, and during the passage of cold fronts, or upper level troughs.  Some may be severe with tops can exceeding 40,000-50,000ft.  Prefrontal squall line thunderstorms tend to be strongest over the Omani Mountains.  Embedded pre-warm front thunderstorms are strongest over the Zagros mountains on the Iranian shore.  Most embedded thunderstorms are associated with southern Arabian Gulf cyclogenesis.

            b) Conditions required for thunderstorm development over the Arabian Gulf are moisture, divergent quadrant of a jet max, southerly wind flow, a short-wave trough, and dry air entrainment from the west.  Any 4 out of 5 of these conditions are ripe for thunderstorms; however, dry air entrainment is not necessarily required always.  December to early March are the prime conditions for thunderstorm development.

        (6) Precipitation.

            a) Light rain, rainshowers, and occasional thunderstorms occur with low pressure centers, cold fronts, and upper level troughs.  The greatest amounts fall on the Iranian side.  As with the rest of the region, precipitation is extremely variable.  Bandar Abbas averages 4.7 inches during the winter with some years experiencing no rain to the extreme of 13.2 inches.

            b) Precipitation on the Arabian side of the Gulf averages 1-3 inches a year.  Almost all precipitation occurs during this season and usually from thunderstorms.

        (7) Temperature.  Arabian peninsula daytime temperatures along the immediate coast average between 65-75(F.  Inland, temperatures rise to 70-85(F.  Minimum temperatures along the coast fall to 45-65(F.  Despite the warm Arabian Gulf waters, dew points along the northern coastline range from 30-40(F.  The southern coast has higher dew points, 55-60(F, due to onshore winds.  Dew points drop rapidly as one moves inland.   Maximum temperatures in January range from 70-80(F along the Iranian coast.  Open water temperatures reach 70-75(F.  Omani coastal temperatures average 75(F.  Minimums range from 45-55(F depending on exposure.

    g. Major Ocean Currents.

       (1) Northeast Monsoon Currents.  The Northeast Monsoon Season dominates the Northern Indian Ocean from December to March.  The North Equatorial Current or the Northeast Monsoon Drift is well developed during this period, flowing to the west and southwest in response to the wind flow from the Indian subcontinent.  The strength of the Northeast Monsoon Drift is directly proportional to the speed of the wind.  During the Northeast Monsoon, the Equatorial Countercurrent sets in December and is formed by confluence of the current flowing southwest off the Somali coast and the East African coastal current flowing northward north of Cape Delgado (Figure 14).
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CURRENTS DURING THE NORTHEAST MONSOON

Figure 14

        (2) Arabian Gulf.  By mid January, surface water temperatures average 70F (Figure 15).  Although considerably cooler than during the Southwest Monsoon, they are about 3F warmer than that of the air.  Low Evaporation rates result in a steady northwestward flow of surface water through the Strait of Hormuz into the Gulf; the current just west of the Strait reaches 1-1.5 kt (Figure 16a-16c).  A counter current flows southeastward along the bottom of the Arabian Gulf and out into the Gulf of Oman. Elsewhere in the Gulf, tidal currents are not strong, usually 1-1.5 kt, but they may attain high velocities at the entrance to lagoons, estuaries and in narrow straits.  Surface drift due to wind is sometimes so great that tidal streams will fail to fully overcome its effect.
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WINTER SEA SURFACE TEMPERATURES 

Figure 15   

[image: image12.png]470 4s° 490 0%

s

520

31|

a0

20|

UNCLASSIFIED

259

"\ Prevailing surrent

05-07 Hean speed inknots
Thn=051 mfs

Hpproximats boundsry
between inflowing and
outflowing currents





NORTHERN ARABIAN GULF CURRENTS

Figure 16a
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CENTRAL ARABIAN GULF CURRENTS

Figure 16b
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SOUTHERN ARABIAN GULF/STRAIT OF HORMUZ CURRENTS

Figure 16c

    h.  Red Sea Maritime Weather.

        (1) Large Scale Circulation Features.

            a) Although the Northeast Monsoon is the dominant feature during the winter season, considerably more variability occurs in the flow pattern than during the Southwest Monsoon.  Most of this variability is due to cold air intrusions resulting from the penetration of Polar Jet troughs south of the mountain barrier.  This phenomenon affects the Red Sea, Gulf of Aden, Arabian Gulf, Gulf of Oman and northern Arabian Sea. 

            b) Severe weather is infrequent in the Red Sea during the winter season.  The southern Red Sea is dominated by the Northeast Monsoon; however, the prevailing wind flow is southeasterly due to the channeling effects of the terrain.

        (2) Low-level Convergence Zone.  The Convergence Zone Cloud Band (CZCB) is a semi-permanent feature during this season but may vary in position from the southern end of the Red Sea to near the northern end.  The mean position is near 20(N. It moves up and down the Red Sea in response to the passage of weather disturbances from the eastern Mediterranean and northern Africa toward northern Saudi Arabia and Iraq. It persists near its mean position during undisturbed Northeast Monsoon flow. It is well defined on satellite pictures as a persistent cloud band or area, which is usually more pronounced over water.

        (3) Low-level cloud and wind patterns.

            a) Low level clouds in the northern Red Sea are mostly associated with weather disturbances and are seldom heavy or persistent. Occasionally they produce light showers.  South of the CZCB, broken to overcast stratocumulus is rather common during night and early morning hours (particularly along the African shore).  These clouds usually dissipate by afternoon. 

            b) The winds in the extreme southern Red Sea are very persistent; the largest variation is diurnal.  The direction tends to be parallel to the orientation of the basin but includes strong land breeze components particularly near steep terrain.  There is strong funneling through the southern entrance to the Red Sea causing large speed increases in the northern approaches to the strait of Bab al Mandab.  Average speeds through the strait in December and January approach 20kts and are greater than 11kts more than 80% of the time.  Occasionally, winds reach gale force.  In the maximum wind region (vicinity of the Hanish Islands), land/sea breeze effects are less noticeable due to the strength of the gradient and terrain-forcing effects. Wind speeds near the straits are somewhat less in February and March than in December and January.

            Winds are increasingly variable northward of 15(N due to the effects of weather disturbances moving across the northern Red Sea and southeast Mediterranean.   Locations north of 20(N have a high percentage of fresh northwesterly winds but southerly winds ("Khamsin", "Aziab") are not uncommon in advance of transient low pressure systems.  Coastal areas along the Gulf of Aqaba are known as one of the most windswept in the world.  The CZCB is, of course, an area of light variable winds.

        (4) Visibility restrictions.  Particularly vigorous cold fronts will raise enough dust to temporarily reduce visibility, particularly late in the season (February and March).  These restrictions are usually confined to the northern two-thirds of the Red Sea and are generally of short duration (1 or 2 days). Fog patches may occur in coastal areas in the early morning hours, but are uncommon.

        (5) Forecasting Rules and Aids

            a) Low-level cloudiness maximum occurs in the vicinity of Cape Guardafui during the Northeast Monsoon.  Total coverage averages greater than one half.

            b) Stratocumulus, which forms during night and early morning hours in coastal areas, usually dissipates by mid afternoon.

            c) One or more "moisture fronts", which mark the limits of maritime air surges, may exist south of the Convergence Zone Cloud Band (CZCB). During a vigorous surge, these bands resemble cold fronts as they move southeastward into the Gulf of Aden.

            d) Depressions transiting the Mediterranean frequently induce a northerly, then southerly displacement of the CZCB.

            e) As perturbations from the Sudan Low move northeastward across the Arabian Peninsula, winds in the central and/or southern Red Sea can increase temporarily to gale force.

            f) The entrance to the Gulf of Aqaba is known for gusty winds.  Strong northerly winds result in momentary gusts with large speed and direction variations.

            g) In the southern Red Sea (south of the CZCB) stratocumulus coverage is greatest near 0900 and least near 2100 local time. It is most common along the western shore.

            h) Dust storms are infrequent during the NE Monsoon season except in the northern Red Sea where vigorous weather disturbances cause temporary strong, gusty winds.

2.  Spring Transition (April-May)

    a.  Description

        (1) The Spring Transition season sees the reversal of the synoptic scale flow.  The actual onset of the southwest monsoon is triggered by the mid tropospheric cyclone over either the northern Arabian Sea or Bay of Bengal.  Incoming solar radiation increases dramatically.  Changes in circulation occur at low levels first.  The northeast monsoon circulation gradually loosens its grip on the region as low level anticyclonic flow over the Arabian Sea is replaced by cyclonic circulation.  The end of the transition season is signaled by southerly cross-equatorial flow from the southern hemisphere moving northward along the east coast of Africa, then turning southwesterly, and finally reaching the Indian coast.

    b.  Climatic Controls

        (1) Upper-level subtropical ridge.  Oriented east-west between 5(N - 10(N during the winter, strengthens and moves northward.  This movement is directly related to the northward shift of the Monsoon Trough/ITCZ and rising upper level heights above the shallow continental thermal lows.  Near the end of the Spring Transition, the ridge is anchored by the upper level high over Tibet.

        (2) Interaction between the polar/subtropical jets.  The interaction between the PFJ and the STJ is greatly reduced.  As the mean position of the polar jet moves northward, winter upper level short waves disappear.  Occasional strong upper level northwesterly winds are possible early in the period.  Weak upper level flow patterns are common over the Arabian Sea during the transition.  The sub-tropical ridge separates the easterly flow aloft south of 15(N from the westerly flow between 15(N and 35(N.  As the ridge moves northward, strong upper level easterly flow becomes established over the entire region.

        (3) Transitory Synoptic Features.

            a) Tropical Storms in the S.W. Asia / Horn of Africa region are relatively infrequent.  Between 1890-1950, only 14 were recorded in the Arabian Sea during April and May.  Between 1891-1969, only 8 storms reached the Omani coast.  Storms usually form in the eastern Arabian Sea between 10-15(N, and between 70-75(E.  In the rare cases of landfall, expect flash floods in and near mountains on either coast.  Ceilings can be as low as 1,000-1,500ft with layers through 40,000ft.  Visibility can be as low as 1/2NM, and winds can reach hurricane force.  Tropical cyclones originating in the Arabian Sea may affect the Omani Coast, but incidence is not high.  Mean April/May storm tracks are shown in Figure 17. 

            b) Onset Vortex.  The tropical “onset” vortex, resembling a tropical storm, occurs only at the end of the Spring Transition and marks the start of the Southwest Monsoon.  The onset Vortex reaches the Omani Arabian Sea coast less than 25% of the time.  Statistically, it occurs about every other year in the Arabian Sea.  Occurrence ranges from mid May to mid June and is apparently the trigger for the deep lower level southwesterly flow that marks the Southwest Monsoon.  These cyclonic systems form at the mid tropospheric levels over the surface Monsoon Trough.  Movement is generally westward toward the Omani Peninsula, southeastern Saudi Arabia, or the Gulf of Oman.  Layered clouds occur from 1,000-3,000ft up to 35,000-40,000ft over the entire region within 400NM of the vortex center. There are heavy cumuliform buildups with rain showers within 50NM of the center, and moderate icing and turbulence within 150NM of the center.  Flash floods in and near the Omani mountains are common even when the vortex does not actually make landfall.
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