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Figure 17

            c) Desert Front.  Actually a mean polar frontal position over the northern Red Sea, the desert front is not active every year.  It does, however, represent a relatively rare storm track that lies across southern Egypt and the northern Red Sea into central Saudi Arabia.  This storm track often results in the formation of a secondary wave over the central Red Sea as the mean jet stream position is displaced southward over the southern Mediterranean or northern Africa.  Extensive thunderstorms and heavy rains accompany the movement of the secondary low across the Saudi Arabian peninsula.  This track is only present in late winter and during the spring transition.  Although variations in temperature and wind may identify the surface frontal position, there are times when this disturbance loses its surface characteristics.  When it does, the only indications are in the associated weather and upper level trough.  These fast-moving fronts/troughs can affect a station’s weather for 2-3 hours; they are often restricted to the area west of the Strait of Hormuz.  The mean position of the desert front is shown in Figure 18.

            d) Omani convergence zone (OCZ).  The OCZ marks the boundary at which the predominant low level northwesterly flow meets the intensifying southwesterly flow ahead of the Southwest Monsoon.  Although the OCZ is mainly delineated by wind shear across it, occasional convective activity can be found over higher terrain.  By the end of the spring transition, the monsoon trough/ITCZ has moved into the OCZ.  As the spring transition progresses, the OCZ moves northwestward into the extreme southern Arabian Gulf.  This movement is due to the strengthening thermal lows over Saudi Arabia combined with increasing southwesterly flow over southwestern Arabia and the Arabian Sea.  Figure 19 gives the mean April location of the OCZ.
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MEAN POSITION OF THE DESERT FRONT

Figure 18
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MEAN APRIL POSITION OF OCZ

Figure 19

            e) Convergence Zone Cloud Band (CZCB).  The CZCB (in the Red Sea) gradually retreats southward during the period.  Northwest flow follows the retreating CZCB. Gale force winds are rare during this season. 

            f) Land/Sea Breezes.  These become the dominant feature along coastlines during undisturbed conditions.  Sea breezes are considerably stronger than land breezes because of strong daytime temperature gradients.  The land-sea breeze effect can cause abrupt changes in temperature, relative humidity, and wind direction.  

    c.  Mesoscale synoptic features.

        (1) Gulf of Oman low.  This mesoscale low is located in the western Gulf of Oman.  It dominates during the early part of the transition season.  It is caused by a combination of a Zagros mountain lee side effect and the mountainous terrain along the Omani coast.  As the Northeast Monsoon weakens, so does the low.  Establishment of the Southwest Monsoon destroys this mesoscale feature.

        (2) General Weather.

            a) Sky Cover.  Middle and high level cloud decks occur only with those few upper level troughs that penetrate the area early in the transition.  Ceilings range from 10,000-14,000ft over the region.  Convective clouds may form in the afternoon, especially along the Strait of Hormuz’s Iranian shore, caused by a combination of strong land-sea breeze interaction and mechanical lifting over nearby higher terrain, and have relatively high bases at 5,000-7,000ft.  Late in the transition season, cirrus layers are sometimes advected westward from tropical disturbances in the eastern Arabian Sea.  These layers reach the area only when strong upper level easterlies have set up south of the sub tropical ridge.  The cirrus dissipates near the eastern portion of the Gulf of Oman due to strong mid-tropospheric subsidence.

            b) During the Spring Transition period, the changes in the northern Red Sea are mainly related to cloudiness, but in the southern Red Sea, they are mainly related to the wind flow. Cloud coverage in the north, most of which is caused by extratropical disturbances, gradually diminishes during the transition period as the disturbances become weaker and less likely to penetrate south of the Mediterranean.  Increasing air temperature also reduces low-level cloudiness over water areas.

            c) Winds.  Weak low level winds reflect the synoptic pattern reversal.  Late in the period, wind speeds increase to reflect the development of strong continental thermal lows.  April speeds average 5-7kt, increasing to 10-12kt in May.  Directions continue to be northwesterly in the Northern Arabian Gulf, westerly in the Southern Arabian Gulf and turning southerly over the Strait of Hormuz.  On the immediate coasts of the Strait of Hormuz, winds show large diurnal changes due to land-sea breezes.  At Bandar Abbas, Iran, the winds maintain the mean southerly flow found in the other seasons while at Dubai, UAE, mean wind direction changes to westerly through southerly.  Complicating these localized patterns is the pronounced venturi effect through the narrowest part of the Strait.  Sea breezes strengthen in May as thermal lows develop and surface heating increases.  

            Winds over the Gulf of Oman switch to southwesterly in late May or early June to herald the end of the transition season.  Northeasterly winds at Masirah become southwesterly by May.  Winds at Salalah, Oman shift from the southeast to southwest.  Winds speeds are near their annual minimum.  Directions stay constant through May, with speeds increasing to 10-15kt just before the onset of the Southwest Monsoon.

            d) Dust/Sand.  Over the Arabian Gulf, the most significant weather is the increasing frequency of blowing dust and sand.  Late in the spring transition, strengthening northwesterly winds cause lower visibilities, with the highest frequencies in the Northern Arabian Gulf.  Visibilities drop to less than 6NM during the day.  During the afternoon, with higher wind speeds, visibilities can drop to less than 3NM.  Over the Strait of Hormuz, the occurrence of dust is confined to rare cases of advection from the Arabian Gulf or central Saudi Arabia following frontal passages.  Visibilities normally remain above 6NM.  Blowing dust or sand may occur with the rare thunderstorm over higher mountains on either side of the Gulf of Oman. 

            e) Thunderstorms.  Thunderstorms are less frequent during this period with the exception of Yemen and Djibouti which are of the air mass variety  They can develop over land areas and are caused by intense heating; strong sea breeze; or mid level unstable air associated with an upper level trough which air lifts orographically over the Zagros mountains.  A very rare thunderstorm may occur over higher mountains on both the Iranian and Omani shores of the Gulf of Oman.  The most common cause is locally induced convection resulting from the lifting of moist air over coastal mountain ranges.  Thunderstorm tops often exceed 40,000ft, and bases average between 4,000-6,000ft.

            f) Precipitation.  Rainfall decreases steadily during the Spring Transition.  Mean values of 0.5-1.0 inch early in the transition decrease to less than ½ inch by early May, to near zero by the start of the Southwest Monsoon.  Precipitation occurs only with the rare thunderstorm and is confined to mountainous areas.  Over the Gulf of Oman area, except for that from the rare tropical cyclone, precipitation is thunderstorm associated, and almost always falls over mountains.

            g) Temperature.  Temperatures rise significantly during the Spring Transition.  Daytime maximums in coastal regions of the Arabian Gulf climb to between 95-97(F.  Minimum April temperatures at most locations range from 62-65F, warming rapidly to 73-75(F in May.  Dew points in coastal regions range from 50-53(F.  Dew points drop dramatically inland.  

            Over the Strait of Hormuz, maximum temperatures average from 97-99(F.  Minimums rise from the lower 70’s on the Iranian shore in April to the upper 70’s by May.  On the Arabian shore, temperatures are slightly lower, from the upper 60’s in April to the low 70’s in May.  Temperatures farther inland are cooler due to increased elevation and the diminishing sea breeze effect. 

            Over the littoral of the Gulf of Oman, maximum temperatures on both shores warm from 87-89(F in April to 94-96(F in May.  Minimum temperatures on the southern coast rise from near 80(F in April to 85(F in May.  Minimum temperatures on the northern coast are nearly 5(F cooler.  Maximum and minimum temperatures are at their highest annual mean at both Masirah and Salalah where maximums average 90-96(F, and minimums average 77-78(F.

            h) Sea surface temperature (SST).  By April, SST begin to increase across the Arabian Gulf with average temperature of 75(F (Figure 20).  An increasing evaporation rates result in a continued steady northwestward flow of surface water through the Strait of Hormuz into the Gulf; the current just west of the Strait reaches 1-2 kts.  The counter current continues to 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 kts, 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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SPRING SEA SURFACE TEMPERATURE

Figure 20

3.  Southwest Monsoon (June-September)

    a.  Description

        (1) By comparison, the Southwest or Summer Monsoon is stronger and more complex than the Winter Monsoon.  Interaction between the two hemispheres; Africa, the Middle East, the Tibetan Plateau and India in the Northern Hemisphere and the Mascarene High of the Southern Hemisphere combine to produce a monsoon unequaled anywhere else in the world.

        As summer approaches the Northern Hemisphere, thermal lows begin to form over the land surrounding the Arabian Sea (Figure 21).  Thermal lows form a trough that extends from Somalia into West Pakistan (the position of the principal low).  The thermal belt connects with the equatorial trough, which has moved northward to a position paralleling the base of the Himalayas.  Wind flow at the surface reverses becoming southwest as the upper level flow becomes predominately east to northeast.  The Himalayan mountains prevent the relatively cooler air to the north from flowing southward from the higher latitudes in Asia.  The intensity of the heat trough increases so that the basic intensity of the Southwest Monsoon is greater than that of the Northeast Monsoon.

        Unlike the Northeast Monsoon, the Summer Monsoon is influenced by the Southern Hemisphere subtropical high and the deserts of northern and eastern Africa.  In May, when the transition from the Winter Monsoon to the Summer Monsoon is taking place, the deserts of Africa, being closer to the equator, have undergone greater heating.  The pre‑monsoon southeast flow is deflected to the right as it crosses the equator.  This additive effect of cross equatorial flow combined with the initial acceleration of the flow along the deserts of Africa results in the Summer Monsoon being much stronger, with winds often reaching gale force during the peak of the Southwest Monsoon.  Fetch areas exceed 1,000 mi. (1610 km) and average swell heights in the Arabian Sea often exceed 18 ft (5.5 m) off the Somalia coast during the height of the monsoon.
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SOUTHWEST MONSOON WIND FLOW

Figure 21

    b.  Climatic Controls

        (1) Thermal Low Pressure Trough.  This trough has its primary axis along the Arabian Gulf, with a secondary center over south central Saudi Arabia.  It is a westward extension of the summer thermal low centered in extreme western Pakistan.  The entire system is anchored by a combination of terrain (Zagros Mountains) and the extremely hot and dry air over the Arabian Peninsula.

        (2) Upper Level Ridge.  An upper level ridge forms over the Arabian peninsula and Iran.  500mb high height centers are located over extreme western Saudi Arabia and over the Zagros Mountains.

        (3) Monsoon Trough.  Sometimes termed near equatorial trade wind convergence (NETWC) lies on the southwestern Omani Arabian Sea coast and follows the Omani mountain crest line to the Strait of Hormuz.  After crossing the Strait of Hormuz it lies at or near the 1,640 foot (500m) contour line of the Zagros Mountains, about 25-30NM inland of the Iranian coast.  Upon reaching extreme western Pakistan near Jiwani, the Monsoon Trough turns north-northeastward.  Unlike other tropical regions, the Monsoon Trough here marks the boundary between moist tropical air at low levels and hot, subsiding air above.  It slopes gradually upward towards the southeast, and is the cause of extremely strong elevated ducting south and east of its surface position.  In southeastern Saudi Arabia and Oman, the Monsoon Trough absorbs the OCZ.  Figure 22 shows the mean July surface position of the Monsoon Trough. 
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MEAN JULY SFC POSITION OF THE MONSOON TROUGH / ITCZ

Figure 22

        (4) Strong Upwelling.  Strong upwelling along and just off the coast of Somalia and the Omani North Arabian Sea coast, results from the high speed winds of the Southwest Monsoon.  The cold subsurface waters that replaces the surface waters causes a stratocumulus deck offshore that turns onshore in the lee of peninsulas.  This deck is similar to California coastal stratus and is critical to flight operations based at Masirah. 

        (5) Tropical Easterly Jet (TEJ).  The northern edge of the TEJ crosses the southern Arabian Peninsula and the Northern Arabian Sea from west to east.

        (6). Somalia Jet.  The Somalia Jet is a LLJ of southwesterly winds that flows off the coast of Somali and is only seen during the Southwest Monsoon (Figure 21).  As the Somalia Jet strengthens, reaching gale force winds, the seas in the North Arabian Sea will begin to build reaching 18ft  (5.5 m) and greater.

        (7) Airflow Features.  A northwesterly flow occurs at all levels over the Arabian Peninsula.  Extremely dry, this flow is the primary atmospheric cause for the persistent dust layer found over the entire region.  Embedded in this flow is the Summer Shamal, an enhancement of the northwesterly and northerly flow, which usually reaches its peak in June and July.

            a) Mid level easterly to southeasterly flow at 700/500mb over Iran and at 600/500mb over the Omani Peninsula originates with the mid-high level anticyclone centered over central Iran and western Pakistan.

            b) Mid level trough occurs at the 600/500mb over the southern portion of the Arabian Peninsula and separates the northwesterly and southerly flows.  Occasionally thick altocumulus layers can be found here.

    c.  Synoptic Features

        (1) Weak upper level troughs in the westerlies.  In June and early July these troughs may penetrate southward into the Arabian Peninsula when a blocking high over northern Europe results in a jet maxima propagating through the westerlies across the Mediterranean into Iraq.

        (2) Northwest Movement of Monsoon trough.  The Monsoon Trough normally lies over the southeastern Arabia, the Strait of Hormuz, and along the Iranian coast of the Gulf of Oman shore.  Further northwest positioning into the Southern Arabian Gulf, can result from:

            a) Easterly troughs moving westward over the Indian Ocean in the southern hemisphere trades.   These trades recurve toward the east after crossing the equator and become the “Southwest Monsoon.”

            b) Shear lines moving northeastward up the Mozambique Channel between Africa and Madagascar.  These shear lines originate as southern hemisphere cold fronts.  The ridges following them provide additional mass that after merging with the southern hemisphere trade winds over eastern Kenya and Tanzania, result in increased winds speeds of the Somali jet and a “surge” in the Southwest Monsoon, as a result wind speeds in excess of 60 kts can be observed.

        (3) Tropical Cyclones.  A late spring/early summer phenomena.  Almost always the remains of a Bay of Bengal cyclones that cross India, regenerate in Monsoon Trough over the extreme North Arabian Sea, and then move toward the west.  June storm tracks are shown in Figure 23.  Tropical Storms declines with the onset of summer as the monsoon trough moves northward to a line across the southeast Arabian Peninsula, the Strait of Hormuz eastward along the Iranian Gulf of Oman coast into extreme western Pakistan.  Storms that do form and survive the influence of cooler water found in the extreme eastern Gulf of Oman make landfall near Salalah.
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MEAN TROPICAL STORM TRACK - JUNE

Figure 23

    d.  Mesoscale synoptic features.

        (1) Summer Shamal.  The Summer Shamal, also known as the “40-Day Shamal,” describes the prevailing northwesterly winds that occur during the Southwest Monsoon season.  They are strongest from early June through late July with an average wind speed of 13 kts which is much less significant than the Winter Shamal in terms of wind strength and weather conditions, however, 25-35kt wind speeds have been observed.  The summer Shamal winds result from a combination of the flow around the Pakistani semi-permanent low pressure area, the Saudi Arabian heat low, the “valley” of the Arabian Gulf, and the barrier affect of the Zagros mountains that induces an inverted trough over the Gulf near the Iranian shore.

        (2) Lee-side induced surface low (Zagros Mountains Trough).  An inverted trough over the southeastern Arabian Gulf, anchored against the Iranian coast.  It is caused by the complex interactions between terrain features (the Zagros and Omani Mountains) and the Summer Shamal winds, the low results in low level easterly and southeasterly winds along the Iranian coast as far northwest as Bushehr.  The low causes the tightened gradient that is partially responsible for the Low Level Jet.

        (3) Low Level Jet (LLJ).  From the combination of terrain and synoptic features described above, a LLJ develops during most of the Southwest Monsoon season along the Saudi Arabian coast from about 75 miles southeast of Kuwait to 100 miles southeast of Doha.  The changing terrain orientation between Doha and Abu Dhabi results in relaxation of conditions favorable for LLJ formation.  Speeds within the LLJ can exceed 50kt; altitudes of the strongest wind speed cores are between 800-1,500ft.  As with all LLJ’s, altitudes and core speeds are subject to diurnal variations - the lowest altitude of the wind maximum, and the highest speeds, occur just before dawn.  Figure 24 shows a representative case.  In late afternoon, speeds drop to those of the gradient wind.
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LOW LEVEL WIND PROFILE OVER BAHRAIN

Figure 24

        (4) Extremely dry soil.  Winds above 15 kts pick up soil particles to form the ever present suspended dust that is a characteristic feature of the region during the entire Southwest Monsoon season.  Winds above 25kts pick up heavier sand particles.

        (5) Dust devils.  These vortex phenomena occur over land areas throughout the Arabian Gulf region.  The strongest occur along the coast lines in the vicinity of sea breeze fronts.  During late morning and afternoon, rising thermals in the hot air just inland of advancing sea breezes are reinforced and twisted by the moist, cooler air of sea breezes.  The resulting dust devils rise to heights of over 330ft.  They can be advected inland several miles along the sea breeze front before dissipating.  These vortices occur most often at the end of the season as the difference in SST and land temperatures are greatest.  

        (6) Forecasting Rules and Aids “Onset” of Southwest Monsoon.

            a) Increase in the strength of the Southern Hemisphere tradewinds.

            b) Strengthening of the cross-equatorial flow.

            c) Speed increase in the southwest flow off the northern African Coast (the Somalia Jet), frequently accompanied by development of an area of enhanced convection.

            d) Formation, development and movement northward of the “ONSET VORTEX”.

            e) Sharp increase in the precipitation along the southern Indian Coast.

            f) Northward spreading of strong southwesterly flow to eventually cover all of the Arabian Sea.

            g) Establishment and strengthening of the upper level Easterlies.

            h) The time period from an increase in the Somali Jet to the arrival of an associated surge in the Southwest Monsoon over the southern Indian Coast is 3 to 4 days.

        (7) Forecasting Rules and Aids “Breaks” of Southwest Monsoon.

            a) “Breaks” will not occur when troughs in the mid-latitude Westerlies (40(-50( North) move unimpeded across the longitudes 90( to 120( East.

            b) Regular development and movement of the mid-troposphere monsoon depression from the Bay of Bengal across India is NOT conducive to a “break”.

            c) Development of a blocking high between 35( to 70( North and 90( to 115( East is favorable for a “break” in the flow.

    e.  Arabian Gulf Maritime Weather

        (1) General Weather.  General weather over the Arabian Gulf and Arabian Peninsula normally consists of high clouds.  Patchy low stratus will form along and just west of the Saudi Arabian coast from Dhahran southwestward in the late evening.  Coastal stratus forms due to a complex combinations of land breeze, sea breeze, and Summer Shamal strength.  Visibility throughout the region during June and early July average from 3-5NM in suspended dust.  Visibilities after mid July normally improve to 5-7NM in suspended dust.   Over the Gulf of Oman, extensive night and morning low cloudiness frequently occurs, with bases from 800-1,500ft and tops between 3,000-4,500ft, after mid June along the coast and inland about 50NM.  Seaward extent is beyond 100NM from the shore.  These clouds occur after the full onset of the Southwest Monsoon.  Low cloud occurrence decreases rapidly after mid September as the Southwest Monsoon weakens and the Monsoon Trough shifts south.  The greatest occurrence of low cloud is over the part of the Omani coast  nearest those regions of the Arabian Sea where strong upwelling occurs.  Stratus ceilings lift from 600-1,000ft before dawn to 2,000-3,000ft by mid afternoon.  Low ceilings persist over the coldest waters for a distance of 50-75NM from the coast.  Drizzle in the pre dawn hours occurs nearly half the time.  Low cloud ceilings decrease rapidly the closer one gets to Ras al Hadd, due to decreased upwelling.  Low clouds dissipate onshore after 0900L.  Skies are nearly cloudless beyond 50NM inland. 

        (2) Sky Cover.

            a) Upper level troughs early in the season produce patchy layered middle and high clouds in which light icing is found.  Bases average from 14,000-16,000ft.  Very rare thunderstorms may form along the trough axis.  During incursions of more moist air from the North Arabian Sea into the Southern Arabian Gulf, thunderstorms occur along the mountains of the Iranian and Omani shores.  Bases range from 2,000-3,000ft; tops reach 45,000ft.  


b) Over open waters of the Gulf of Oman patchy low clouds with bases from 1,000-1,500ft and tops 2,500-3,500ft. Over either shoreline, from early through late morning, ceilings of 800-1,200ft can develop. The Omani coast normally has clear skies, but patchy low clouds from over the immediate coasts just after dawn about 1/3 of the time, clearing rapidly with morning heating.  Less frequent is the stratiform ceiling and occasional drizzle which develops over Masirah. 


c) Under the effects of a Southwest Monsoon onset vortex or tropical storm, the usual multi-layered low, middle, and high clouds are found over an area within 300NM of the storm track or landfall.  But, as discussed earlier, these storms rarely enter the Gulf of Oman. Pulses in the Southwest Monsoon temporarily deepen the maritime layer.  Under these conditions, moist air forced onshore can result in isolated thunderstorms, layered clouds, and low ceilings over the main Omani mountain range that leads toward the Strait of Hormuz.  

        (3) Winds.


a) Winds over the northern half of the Gulf are characterized by sustained northwesterly flow of 15-20 kts, with much higher gusts, all reflecting the Summer Shamal.  The LLJ described above is a significant feature of this season.  Winds over the southern half of the Arabian Gulf and over the Gulf of Oman reflect a complex pattern influenced by the orientation of the Gulf, land-sea breeze regimes, and the topographic features of the surrounding land masses.  These circumstances turn the prevailing winds, first westerly, then southwesterly, finally southerly, as one approaches the Strait of Hormuz from the west.  Even under strong Shamal conditions winds over the Gulf of Oman will “back” only as far as westerly.


b) Winds over the Strait of Hormuz reflect are even more complex, predominated by land/sea breezes, and a general easterly to southeasterly flow around the southern end of the Zagros Mountains Trough.  In the absence of a well developed Shamal, winds along the north shore of the Strait are northeasterly to easterly during the night and early morning, and southerly to westerly during the late morning and afternoon.  Along the southern shore, normal winds are southwesterly to westerly east of the Strait during the night and early morning, and southeasterly and southerly west of the Strait.  During late mornings and afternoons, strong southwesterly to west-northwesterly sea breezes blow along the Omani shore and northerly to northeasterly east of the Strait.


c) Over the coastal areas of the Iranian side of the Gulf of Oman a complex winds pattern results from the interaction of the Gulf of Oman low and the pronounced land-sea breeze.  Iranian shore winds are east-southeasterly 8-10 kts in July and August.  The normal land breeze is reinforced by the “fall wind” effect of the high mountains that line the immediate coast.  Winds on the coast closer to the Strait of Hormuz show a marked land-sea breeze circulation.  Macroscale gradients immediately southeast of the Strait of Hormuz are extremely weak.  As a result, night and early morning winds are southwesterly to westerly 4-6 kts; late morning, afternoon, and early evening winds are east-northeasterly to easterly 8-12 kts.  Over the Gulf of Oman itself, winds turn southeasterly and increase in speed markedly during daylight hours as the Strait of Hormuz is approached.  Night winds along the Iranian shore east of the Strait and over the northern Gulf of Oman tend to be variable due to the opposing influences of the land (mountain) breeze and the gradient winds.  Average wind speeds increase from less than 8 kts just east of the Strait of Hormuz to 13-14 kts in the Arabian Sea.  Surface winds over the southern half of the Gulf of Oman and Omani coast are westerly to west-southwesterly at 4-8 kts at night.  The sea breeze establishes shortly after 0900L and persists through 1900L.  This onshore flow is northeasterly to easterly and reaches peak speeds of 15-20 kts in late afternoon.


d) Winds beneath coastal stratus and stratocumulus decks over the Omani coast average 10-15kt, with higher gusts.  After clearing, speeds increase to 15-25kts, with higher gusts.  Over water, winds beyond 25-30NM offshore, average 20-30kts, with some gusts above 30kts.

        (4) Dust


a) The major Southwest Monsoon weather hazard throughout the region is the suspended dust and sand raised by the strong northwesterly low level winds of the summer Shamal.  The top of this persistent dust layer is between 13,000-16,500ft.  Much of the dust has been picked up from the Iraqi deserts to the southwest and west of Basrah.  Critical wind speed for lifting the dust into the atmosphere is about 15kt, a condition that is nearly constant during June and July.  Salt haze contributes to the restriction to visibility in the Strait of Hormuz and Gulf of Oman, restricting visibility to 5-10NM.  Lower visibilities are only found during a strong summer shamal.  Dust raised by the Shamal has been observed on satellite imagery as far east as central Gulf of Oman.  Lowest known visibilities were observed at less than 3NM, but then only briefly.


b) Considerably lower visibilities, sometimes near zero, can occur throughout the season as a result of stronger sustained winds caused by shear lines embedded in the westerlies that penetrate into southern Iraq and/or northern Saudi Arabia.  These conditions are most common in June and early July and are surface reflections of weak upper level troughs that produce rare thunderstorms.  Winds behind these shear lines can exceed 30kts.  Such winds generate a “haboob” type wall of dust.  Tops of the dust wall have been reported as high as 19,000-20,000ft.  In such cases, “clearing” can be said to have occurred once winds drop below 15kt and visibility returns to the “normal” 3-5NM. 


c) Sustained occurrences of very low visibility are tied to the existence of an Omega block over northern Europe, and the resulting depression over the southern Mediterranean.

        (5) Thunderstorms.


a) The extreme northern portions of the Arabian Gulf will experience a rare thunderstorm associated with weak troughs in the westerlies.  These are most common in June/July, all of which are associated an enhanced southwest to northeast flow in the mid latitude westerlies.  These thunderstorms are similar to those in the southwest U. S. bases are high, above 8,000ft, with virga and strong downbursts common. Isolated thunderstorms can occur over the interior Zagros mountains.


b) Thunderstorms are only found in the higher mountains on both the Iranian and Omani coast.  On rare occasions, there is widespread thunderstorm activity over the northern Omani mountains and Zagros mountains.  This activity is caused by a strong pulse in the Southwest Monsoon that combines with the approach of a weak upper level trough over the Arabian Gulf.  This combination advects low-level monsoon air from over the Gulf of Oman and the Strait of Hormuz into the extreme southeastern Arabian Gulf.  Thunderstorms occur over the interior Omani mountain ranges in the northeast and southwest, but they are primarily confined to those rare occasions when pulses in the Southwest Monsoon are strong enough to force moist tropical air inland to the mountains.

        (6) Precipitation.  Precipitation reaching the ground, except from isolated showers over the Zagros Mountains, is nil.  Even with a rare thunderstorm, much, if not at all, evaporates before reaching the ground.  In Oman the only precipitation of any significance is from the rare tropical disturbance strong enough to make it to the coast.  Near Masirah, precipitation is confined to drizzle associated with stratocumulus clouds.

        (7) Temperature.


a) Daytime maximum temperatures along the immediate Arabian Gulf coastlines average between 105-111(F.  Inland, temperatures rise to 115-120(F.  Minimum temperatures along the coast fall to 75-79(F.  Despite high Gulf water temperatures, dew points along the northern coastline range from 56(F in June to 66(F in September.  The southern coast has marginally higher dewpoints because of the flow off the water, but drop rapidly inland.  


b) Maximum temperatures along the immediate shore on either side of the Strait of Hormuz average 90-95(F.  Minimums average 80-82(F.  Temperatures inland are modified by increased elevation and diminishing sea breeze.  Temperatures along the Iranian coast and over the Gulf of Oman, maximum temperatures range from 92(F in June to 88(F in September.  Dew points drop from 78(F in June to 73(F in September.  Along the Omani coast, maximum temperatures in July and August are 95(F and 91(F.  Dew points average 70-75(F   Over land areas adjacent to the Gulf of Oman and northern North Arabian Sea there is a distinct moderation in temperature.   The highest temperatures occur in May and June before the onset of the stratus season (July-September).  Although Salalah is outside the area of study, its temperatures are representative of those in the Omani-Arabian sea coasts’ stratus area.  Salalah’s maximum temperatures in July and August average 81-82(F.  Minimums average 74-75(F.  Masirah, 100NM southwest of Ras al Hadd, has a much lower low cloud frequency, with resulting higher temperatures.  Maximum temperatures average 86-88(F in July and August.

    f.  Major Ocean Currents

        (1) Southwest Monsoon Currents.  During the Southwest Monsoon from June to September, the North Equatorial Current disappears and is replaced by the Southwest Monsoon drift, which flows eastward south of India.  The speed south of Sri Lanka is 1-2 kts, occasionally up to 3 kts.  Its branches flow clockwise in the Arabian Sea and Bay of Bengal, following the coastlines (Figure 25).
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CURRENTS DURING THE SOUTHWEST MONSOON

Figure 25

        (2) Somali Current.

            a) The Somali Current is an extension of the South Equatorial Current.  In the Northern Hemisphere summer with the southwest monsoon, it flows northeastward along the coast of Somali to the Horn of Africa.  The northeast current starts in April when the monsoon changes.  In July and August, the maximum surface current reaches 4 kts, occasionally 7 kts (Figure 25).

            b) In September, when the monsoon starts to change, the northeastward flow is still strong near the coast, but it is weakened offshore.  In November, the southwest current occurs as often as the northeast current.  In January and February, the current flows northeastward again while the current offshore is to the northwest.

        (3) Arabian Gulf Currents.  The shallow waters of the Gulf heat rapidly and remain hot throughout the summer.  Open sea surface water temperatures by mid July are above 90F; water temperature in coastal areas can reach 100F+ (Figure 26).  High 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 2-4 kts (Figure 27a-27c).  A counter current flows southeastward along the bottom of the Arabian Gulf and out into the Gulf of Oman.
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SUMMER SEA SURFACE TEMPERATURE

Figure 26
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NORTHERN ARABIAN GULF CURRENTS

Figure 27a
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CENTRAL ARABIAN GULF CURRENTS

Figure 27b
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SOUTHERN ARABIAN GULF/STRAIT OF HORMUZ CURRENT

Figure 27c

    g. Red Sea Maritime Weather.

        (1) Large Scale Circulation Features.  Large scale circulation features associated with the Southwest Monsoon were addressed above. Over the Red Sea, fluctuations are less pronounced and much of the variability is due to diurnal and terrain effects.

        (2) Low-level Features.

            a) Low Level Clouds over the Red Sea is relatively not existent during this season, particularly in the northern part.  When clouds do occur, afternoon cumulus dominate with bases mostly between 2,000 and 5,000 ft MSL.  The area south of 15N and west of 4(E experiences the greatest cloud coverage; however, clouds seldom affect naval operations anywhere in this area.

            b) Low-Level Winds.  The semi-permanent low pressure systems over land and the terrain bordering the Red Sea cause extremely persistent winds from the northwest quadrant. Wind speeds are usually less than 28 kts but occasionally exceed 28 kts near the northern end of the Red Sea and may reach gale force near the southern shore of the Gulf of Aden.  Near shore, the direction is usually affected by diurnal (land/sea breeze) forces which add an onshore component during the daytime and an offshore component at night.  If the local terrain causes the diurnal influence to oppose/reinforce the gradient wind, significant speed variations can occur; for example, the additive effects can result in local wind maxima in the morning and minimal in the afternoon.

        (3) Upper-level Features.

            a) High clouds seldom occur over the northern two-thirds of the Red Sea in summer due to subsidence, however, the southern extremities of the Red Sea occasionally experience cirrus blow-off from thunderstorms or heavy monsoon storms in the eastern Arabian Sea.  The latter effect is most likely to occur in July when the monsoon flow is most intense.

            b) Upper Winds.  The slope of the Monsoon Trough from a surface position over the Arabian Peninsula to a middle troposphere position over the horn of Africa results in a veering of the wind direction with height over the Gulf of Aden.  The combination of terrain influences and low-level pressure gradient also produces a veering of wind direction with height over the Red Sea. Above about 20,000ft, a broad band of easterly winds extends from about 30(N well into the Southern Hemisphere.  The mean position of the axis of maximum wind speeds in the upper-level Easterly Jet is directly over the Gulf of Aden at altitudes in excess of 40,000ft. Maximum jet core speeds over 100 kts have been observed; however, in July over the Gulf of Aden they average about 65 kts. Variations in the wind direction of the Easterly Jet are small throughout the monsoon period but significant speed changes occur. These changes appear to be directly related to the strength of the low-level Southwest Monsoon flow.

        (4) Visibility restrictions.

            a) Dust and Sand.  The northern Red Sea experiences its best visibility during the summer monsoon.  Dust storms are relatively infrequent.  The only area where the visibility decreases to less than 5NM more than occasionally is near the Gulf of Aqaba.  In the area, visibility below 2NM occurs about 5% of the time due to the localized winds caused by funneling.  Poor visibility is more frequent in the central and southern Red Sea; visibility below 5NM is experienced 10% to 30% of the time in July.  Reductions to l/2NM or less occasionally occur near terrain features which tend to funnel local winds (area near Port Sudan).  In most cases, the lowest visibility occurs in the early morning hours; however, poor visibility may also coincide with the most unstable period (usually in the afternoon) if terrain influences predominate.  It is not uncommon for mesoscale dust storms and occasionally sand storms to occur along the shores of the southern Red Sea.  These storms generally travel from land toward the water and most often occur in the evening. They are often (but not always) associated with convective cloud cells. During brief periods, the visibility may be reduced to near zero, but rapid improvement in visibility is usually experienced after the wind subsides.

            b) Fog.  Fog seldom occurs during this season except in the immediate vicinity of Cape Guardafui.

        (5) Visibility forecast rules and aids.

            a) Normally, the critical wind speed for raising dust is about 15kt and raising sand, about 20kt. Recent rainfall raises these thresholds and vehicular traffic  (e.g., military exercises) lowers them.  Regardless of moisture content, greater than normal quantities of particulate material will become airborne at a given wind speed if the surface has been disturbed by heavy traffic.


b) Dust storms are most common in the late afternoon or evening when the atmosphere is most unstable. Exceptions to this general rule occur where the land breeze component opposes/reinforces a strong pressure gradient, (e.g., and early morning maximum at Berbera), or as a result of nocturnal thunderstorms.


c) Mesoscale dust storms, which result from convective activity tend to occur more often on days during which general wind flow is lighter than normal.


d) The first indication of a dust storm is an apparent low cloud on the horizon, which appears to be approaching. Often it will consist solely of a low, brown dust cloud. Usually the surface dust/sand cloud will not reach a given point until alter the leading edge of the cloud aloft has passed over the point.


e) Air to ground visibility is much less than horizontal visibility in the presence of dust, due to the scattering effect on sunlight.


f) Suspended dust is depicted on satellite visual imagery as a hazy veil. IR brightness is an indicator of the altitude (temperature) of the dust cloud, but is rather inaccurate due to the effect of the warm surface radiation which partially penetrates the dust cloud.


g)  The  development of large convective cells over coastal  ranges increases the probability of local dust/sand storms that evening.

4.  Fall Transition (October-November)

    a.  Description.  Like spring, the fall transition is a period of major synoptic pattern reversal (Southwest Monsoon to the Northeast Monsoon).  Although the complete transition averages 30-45 days, actual onset and ending vary by location and from one year to the next.

    b.  Climatic Controls

        (1) Weak Low Level continental anticyclones.  Weak Low Level Continental Anticyclones replace the massive heat lows of the Southwest Monsoon.  Surface high pressure centers are typically located in southern Saudi Arabia, central Iran, and northern Africa.

        (2) Strong Upper Level westerlies.  Strong Upper Level Westerlies delineate the northern extent of the subtropical ridge centered near 15(N.  Core speeds between 30,000-40,000ft range from 60-75kt.  The subtropical jet is now centered just south of the Himalayas over India.  Variation in this upper level flow comes from the frequent appearance of the polar front jet.  Jet maxima of 40-60kt will move southeastward with cyclonic disturbance from the Mediterranean.

        (3) Mediterranean Cyclones.  These cyclones and their associated cold fronts begin to penetrate into the Arabian Gulf by mid November as the Mediterranean storm track begins to reestablish itself.

        (4) Weak Mid Level Trough.  A weak trough in the northern Red Sea area acts as a steering mechanism and helps to shift Mediterranean cyclones into the Arabian Gulf.  The trough becomes a persistent mid level feature throughout the winter months.

        (5) Monsoon Trough.  Retreats southward from the extreme southeastern part of the Arabian Peninsula and the Arabian Sea coast of Iran and becomes oriented east-northeast to west-southwest near the equator.

        (6) Tropical Cyclones.  Can form in the Monsoon Trough while it is still north of 10(N.  These rarely affect the Arabian Gulf region, averaging only one occurrence every 10 years.  They primarily affected the Gulf of Oman and immediate coastlines.  These storms bring multi-layered clouds, poor visibilities, heavy rain and embedded thunderstorms.  Turbulence over coastal mountains is intensified.  Flash floods are possible.  Figure 28 shows the mean tropical storm track for October and November.

        (7) Semipermanent Sudan Low.  Late in the Fall Transition, this low acts as a source region for cyclogenesis associated with upper level troughs in the westerlies.  As these troughs move southeastward from the Mediterranean, they may trigger a transient low center that moves east-northeastward into the northern Arabian Peninsula.

        (8) Red Sea Convergence Zone.  As the Southwest Monsoon weakens and is replaced by the Northeast Monsoon, the wind flow in the Gulf of Aden and the southern Red Sea is reversed to become easterly and southeasterly, respectively. The continued northwest flow over the remainder of the Red Sea forms a sharp convergence zone in the southern part of the sea.  As the monsoon progresses, this zone drifts northward to a mean winter position near 20N.  This zone of convergence migrates with the season and with synoptic changes but seldom retreats to the southern end and rarely advances a11 the way to the northern end of the Red Sea.  It is usually marked by a distinct cloud band, which is unmistakable on satellite photos.  The convergence zone itself is usually characterized by light, variable winds.  Development of an anticyclone over the Arabian Peninsula will strengthen the southerly winds, forcing the CZCB (convergence zone cloud band) northward. The movement of a surface low pressure center from Sudan across the Red Sea results first in a northward migration of the CZCB due to enhanced southerly flow and then a rapid southerly movement as the cold surge penetrates southward behind the low center.  The CZCB persists until the latter part of the Spring Transition period when southerly winds cease in the Red Sea.
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