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SECTION I - BASIC DESCRIPTION

1.  Naval Central Meteorology and Oceanography Center, Bahrain.
    a.  Command Mission.  Provide 24 hour, full spectrum meteorological and oceanographic services to U.S. Naval Forces Central Command, Department of Defense (DOD) activities and to joint and coalition forces in the USCENTCOM area of responsibility.

    b.  Background.  Naval Central Meteorology and Oceanography Center, Bahrain (NAVCENTMETOCCEN) was originally established on 10 July 1994 as the Naval Pacific Meteorology and Oceanography Detachment.  The command was upgraded to NAVCENTMETOCFAC on 11 November 1997, then upgraded again to NAVCENTMETOCCEN on 01 April 1999 and is a tenant command of Naval Support Activity (NSA), Bahrain, which is located on the northeast portion of Bahrain.  The command spaces are adjacent to the COMUSNAVCENT compound in buildings 93R (ADMIN/OPS) and 46R (MET/AIS).

    c.  Specifics.

        (1) Coordinates: 26’ 16” N  050’ 39” E  (Bahrain International

            Airport is located approximately 4 miles northwest of NSA)

        (2) WMO Number:  Block 41, Station Number 150 (Bahrain International

            Airport)

        (3) ICAO: KQNB (NSA Bahrain Aviation Unit), non weather reporting

            station.

            OBBI  (Bahrain International Airport), weather reporting station.

            OBBS  (Shaik Isa AB), non weather reporting station.

    d.  Meteorological Equipment.

        (1) Navy Satellite Display System – Enhanced  (NSDS-E) is located in the NAVCENTMETOCCEN spaces, building 46R.  Satellite imagery is received using NSDS-E, processed by the Sun Solaris workstation using TeraScan Software. Satellite images are distributed via FTP to NAVCENTMETOCCEN Image Server via JODI.

        (2) Remote Automated Weather Station(s) (RAWS) are located at the

following three locations: Aviation Unit, Mina Salman Pier, and NSA Bahrain.  RAWS displays temperature, relative humidity, wind speed/direction, heat stress, wind chill, barometer and rain totals.  

        (3) METCAST Client / Joint METOC View (JMV) server is located in the NAVCENTMETOCCEN spaces, building 46R.  METCAST Client allows a user to define data requirements (areas of interest, data requirements for each area, and frequency with which data are required for each area) and "subscribe" to the required data. Once a subscription is updated, the specified server will automatically update the data at whatever interval the user has specified. METCAST uses the Joint METOC Viewer (JMV) to display the data that has been updated.  METCAST data is available via NIPRNET / SIPRNET download from the following IP Server Addresses: NIPRNET http://152.80.49.210/cgi-bin/mcsrvr/rest/server ; SIPRNET http://204.34.146.101/cgi-bin/mcsrvr/rest/server .

       (4) GCCS Joint Operational Tactical System (JOTS) is located in the NAVCENTMETOCCEN spaces, building 46R.  JOTS is hosted on a TAC-3 workstation and fully integrated into the NAVCENT tactical local area network backbone.  NITES METOC software resident on the TAC-3 workstation.

        (5) Meteorology and Oceanography Integrated Data Display System (MIDDS) is located in the 
NAVCENTMETOCCEN spaces, building 46R.  

        (6) Tactical Atmospheric Modeling System/Real-Time (TAMS/RT) is located in the NAVCENTMETOCCEN spaces, building 46R.  TAMS/RT independently ingest local observations, satellite-derived observations and boundary conditions from a central or regional center and maintain an organic data assimilation, nowcast and forecast capability.

        (7) M08X is the NAVCENTMETOCCEN NIPRNET circuit.

        (8) M08A is the NAVCENTMETOCCEN SIPRNET circuit.

        (9) NAVCENTMETOCCEN SIPRNET Web Server is located in the NAVCENTMETOCCEN spaces, building 46R, and is hosted on the TAMS/RT "FOG" System which is a Silicon Graphics O2 workstation.

        (10) JODI is located in the NAVCENTMETOCCEN spaces, building 46R.  JODI transfer unclassified data from an unclassified network to a classified system.

        (11) Image Server is located in the NAVCENTMETOCCEN spaces, building 46R.  The Image Server allows other METOC commands to ingest Satellite images that are received by the NSDS-E System.

    e.  Commands and staffs supported.  

        (1) COMUSNAVCENT/COMFIFTHFLT – Daily Battle Update Brief’s (BUB) and METOC support to N30 Staff METOC.

(2)  EODMU FOUR/CTF 56; NAVSPECWARUNIT THREE – Special Operations

support briefs, tidal and currents data, and solar/lunar data. 

        (3) COMMANDER TASK FORCE FIVE THREE; MSCCENT – Logistic ship maritime forecast support and aircraft DD175-1 flight forecast support.

(4)  NAVAL SUPPORT ACTIVITY BAHRAIN – local forecast support to 

include harbor operations, and C-12 aircraft permanently based at Naval Aviation Unit Bahrain.

        (5) COMMANDER TASK FORCE FIVE SEVEN – this includes all the VP/VQ squadrons that rotate in theater (i.e., VP-40, VP-1, and VQ-1 DET SWA).  Flight reconnaissance and antisubmarine support, in addition to sensor performance products.

        (6) COMMANDER JOINT TASK FORCE HORN OF AFRICA/SOCCENT – per USCENTCOM directive, weather support is provided to forces based in the Horn of Africa and includes text forecasts, flight briefs, terminal aerodrome forecast, warnings and advisories, and personnel augmentation.

        (7) COMDESRON FIVE ZERO/COMMINDIV THIRTY ONE – Maritime Intercept Operation forecast support, MCM and littoral forecast support.

    f.  Mobile Environmental Team (MET), Bahrain.  MOBENVTEAM Component Bahrain is separate UIC (39969) and is collocated with the Center.  It is primary mission is to provide support to Commander Destroyer Squadron Five Zero, the permanently assigned at Sea Warfare Commander in the Arabian Gulf.  MET Bahrain is also the designated in theater Mine Warfare METOC support provider to Commander Mine Division Thirty One.

    g.  Area of Responsibility.  The command's area of responsibility (AOR) is assigned by NAVMETOCCOMINST 3140.1 (Series).  It covers the Red Sea, Gulf of Aden, Arabian Gulf, Gulf of Oman and Northwest Arabian Sea north of 20 deg North and West of 62 East used by units of the Fifth Fleet and all land areas within the COMUSCENTCOM AOR. (Figure 1).
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NAVCENTMETOC AOR (Figure 1)

SECTION II - CLIMATOLOGY

1.  Topography.  A basic understanding of the topography and ocean features in the NAVCENTMETOCCEN AOR is necessary to understanding the climatic features that affect this region.

    a.  BAHRAIN (26°16'N, 50°39'E)

        (1) Bahrain is a flat island 22 NM (40 km) long by 8.6 NM (16 km) wide just northwest of Qatar, consists of sand interspersed with rocky outcroppings.  The only major harbor is on the north end of the island.  The international airport, elevation 7 feet (2.1 meters), is on a manmade island just off the northeast end of Bahrain and is connected with the capital city by a causeway.  

        (2) Bahrain consists of 33 islands (Figure 2).  Three of the islands are inhabited: Al Bahrain, Al Muharraq, and Al Sitra.  Manama, the capital, is located on the largest island, Al Bahrain (Figure 2).  Many of the country’s smaller islands are actually under water during high tides.  The total land area of Bahrain is 240 sq. mi.  A causeway connects it to Saudi Arabia.  Generally flat, the country is mostly dominated by desert terrain with a low interior plateau and low hills dominating the interior.  The Port of Mina Sulman is located approximately 1 mile southeast of  NSA.  Sitra Anchorage is approximately 3 miles southeast of NSA.  Bahrain Bell is approximately 12 miles northeast of the Port of Mina Sulman.

        (3) Winter transition period (November-April)

            a) General Weather.  The weather on the southern Arabian Peninsula exhibits characteristics of a monsoon climate, but the mean position of the near equatorial trade wind convergence (NETWC) usually stays south of Bahrain.  Because of this, Bahrain weather is not a typical a monsoon climate; northerly winds prevail at Bahrain year-round.  During the cool season, the thermal Asiatic high, strongest in January-February, and the Sudanese low over 

equatorial Africa cause general northerly flow over Bahrain.  This flow starts 

cold and dry, but the temperature and moisture content are greatly modified by 

the Persian Gulf before the air mass reaches Bahrain.

            b) Sky Cover.  This is the cloudiest time of the year, but the average cloud cover is clear to scattered.  Ceilings below 25,000 feet occur 5 percent of the time or less all day in November and 15-20 percent of the time the rest of the season.  Ceilings below 10,000 feet are rare in November and occur 5-10 percent of the time the rest of the season.  There is a slight daytime maximum at 06-11L all season.  Ceilings below 3,000 feet are rare in November, March and April, and occur 2-3 percent of the time in December-February.  Ceilings below 1,000 feet are very rare in December-March and do not occur in November or April.  Ceilings below 200 feet do not occur at all.

c) Visibility.  Blowing dust/sand, dust haze, and occasional

shallow fog restrict the visibility.  Although winter is when Bahrain receives most of its annual rainfall, rain reduces the visibility below 7 miles (11,000 meters) far less often than salt haze, dust, and fog.  Fog occurs 2-3 days per month in November-February and 1 day or less per month in March and April.  Blowing sand/dust reduces the visibility below 7 miles (11,000 meters) 1 day or less per month, but dust suspended in the atmosphere can reduce visibility for days after the winds blow the sand into the atmosphere.  

               Visibility below 11,000 meters occurs 60-70 percent of the time all season except April, which gets it 75 percent of the time.  Visibility below 3 miles (4,800 meters) occurs 5 percent of the time or less all season with the lowest rates (rare) at 09-02L in November.  Visibility below 1 mile (1,600 meters) is very rare or does not occur all season.  Visibility below 1/2 mile (800 meters) does not occur outside of brief, localized dust storms.

            d) Winds.  Prevailing winds come from the north-northwest at 11-15 knots.  An occasional Cyprus low from the eastern Mediterranean Sea moves from northwest to southeast through the Persian Gulf and can cause strong winds.  These lows are most likely in February.  Maximum wind gusts reached 50-60 knots all season.

            e) Precipitation.  Bahrain has an arid desert climate with only 3 inches (76 mm) of rainfall per year.  All or most of it falls during the cool season, when 0.3-0.6 inch (8-15 mm) falls each month.  December-February average the most and November and April average the least.  Most months average 3-4 days with rainfall, but November and April average 2 days per month.  Thunderstorm activity is at its maximum during this season; they occur 1 day or less per month in November-February and 2 days per month in March and April.  Extreme monthly rainfall was 5.8 inches (147 mm) in November, 3.8 inches (97 mm) in December, 5.4 inches (137 mm) in January, 3.4 inches (86 mm) in February, and 2.8 inches (71 mm) per month in March and April.  The maximum 24-hour rainfall can equal the maximum monthly rainfall.

            f) Temperature.  Mild days and cool nights are typical of this season.  Mean highs are 66 to 71F (19 to 22C) in December-February, 74F (23C) in March, and 82 to 83F (28C) in November and April.  Extreme highs were 89 to 95F (32 to 35C) most of the season and 107F (42C) in April.  The temperature rises to or above 90F (32C) on an average of 1 day in November and 5 days in April.  Mean lows are 71F (22C) in November and April and 57 to 63F (14 to 17C) for the rest of the season.  Extreme lows were 53 to 56F (12 to 13C) in November and April, 43 to 46F (6 to 8C) in December and March, and 37F (3C) in January and February.  The average relative humidity is 70-75 percent in the morning (05L) and 55-60 percent in the afternoon (13L)

        (4) Summer Transition Season (May-October)

            a) General Weather.  Hot, dry, clear weather is the rule during this season.  The Asiatic high weakens and disappears by the end of the cool season.  The thermal Asiatic low, which replaces it, fully develops by July.  The NETWC divides the southern Arabian Peninsula into two distinctly different weather patterns.  North of the NETWC, the weather is hot, dry, stagnant and rainless, while south of it, isolated rainfall and more clouds prevail.  The mean position of the NETWC is south of Bahrain all season.  It is extremely rare for the NETWC to move far enough north to bring rain to Bahrain during the warm season.  This would be most likely during July when the NETWC reaches its northernmost position just to the southeast of the United Arab Emirates (UAE).  The NETWC begins to move south again during August.

            b) Sky Cover.  Clear skies prevail most of the time.  Ceilings

below 25,000 feet occur 4-8 percent of the time in May and are very rare the rest of the season.  Ceilings below 10,000 feet are very rare in May and do not occur the rest of the season.  Ceilings less than 3,000 feet do not occur all season.

            c) Visibility.  Dust and salt haze restrict the visibility slightly most of the time.  Fog restricts visibility below 7 miles (11,000 meters) on an average of 1 day or less per month.  In May-August, fog that restricts visibility below 11,000 meters does not occur every year.  Dust restricts visibility below 11,000 meters often but visibility below 5 miles (8,000 meters) occurs only on an average of 1-2 days per month but does not occur every year in July and August.  Visibility below 11,000 meters occurs 80-85 percent of the time all season.  Visibility below 3 miles (4,800 meters) occurs 3 percent of the time or less all season except for 03-11L in June and July, when it occurs 10 percent of the time.  Visibility below 1 mile (1,600 meters) is very rare in May-July and does not occur in August-October.  Visibility below 1/2 mile (800 meters) does not occur.



d) Winds.  Northerly to north-northwesterly winds at 9-15 knots prevail all season.  Peak wind gusts of 50-55 knots have occurred in each month except August and October when peak gusts reached only 40-45 knots.  In September, local winds such as the sea breeze (near the coast) take control.  Winds decrease and become light and variable from late morning until evening.



e) Precipitation.  June-September are precipitation-free.  May and October are when thunderstorms are possible, if rare, but there may be a rare dry thunderstorm in early June.  In May the mean monthly rainfall is 0.1 inch (3 mm) and October averages a trace.  The extreme monthly rainfall was 0.5 inch (13 mm) in May and 1.2 inch (31 mm) in October.  During both months, only 1 rain day or less per month is average.



f) Temperature.  This is the hottest time of the year.  The mean high in May is 93F (34C).  Starting in June, the mean highs are 97F (36C), or above, every month until October when the mean high drops to 91F (33C).  Extreme highs reached 106 to 115F (41 to 446F).  The temperature rises to or above 90F (32C) on an average of 23 days in May, every day in June-September, and 19 days in October.  The mean lows are 80F (27C) in May, 84F (29C) in June and September, 87F (31C) in July and August and 79F (26C) in October.  Extreme lows were 65F (18C) in May, 70 to 73F (21 to 23C) in June-September, and 56F (13C) in October.  The average relative humidity is 65-75 percent in the morning (05L) in May-August and 40-50 percent in the afternoon (13L).
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MAP OF BAHRAIN (Figure 2)

    b.  Saudi Arabia

        (1) Saudi Arabia occupies about four-fifths of the Arabian Peninsula .  From the Hijaz-Asir mountains range that run paralleling along the coast of the Red Sea, the land slopes gently eastward toward the Arabian Gulf.  The topography is mainly desert, including the Rub Al-Khali, a vast uninhabited expanse of land.  Saudi Arabia has no permanent rivers or bodies of water (See figure 3). 

        (2) Saudi Arabia is mainly harshly arid desert.  The Hejaz Asir Mountains line a narrow coastal plain that faces the Red Sea.  This range rises in elevation from north to south from average peaks of 5,000-5,500 feet (1,500-1,700 meters) in the north to 9,000-9,500 feet (2,700-2,900 meters) in the south.  Isolated peaks close to the Yemen border top 10,000 feet (3,000 meters).  The Tihama Plain occupies the southern end of the coastal plain from south of Jeddah to the Yemen border.  Elevations average 1,100-1,700 feet (335-520 meters) with the south end of the plain higher than the north end.   Aside from the Hejaz Asir, the Jabal (mountain range) Tuwayq is the largest  range in the country.  This range, minor compared to the Hejaz Asir and roughly v-shaped with the point facing eastward, extends from north to south on the western rim of the Rub Al-Khali Desert.  Elevations in this discontinuous range are 2,500-3,500 feet (760-1,070 meters), with most at 2,500-2,800 feet (760-850 meters).

        (3) Interior Saudi Arabia starts at the eastern foot of the mountains as a desert-steppe plateau that decreases in elevation from west to east.  The western half to two-thirds of Saudi Arabia is primarily plateau with hills (some considered large enough to be called the Aja Mountains just north of Ha'il) scattered throughout.  Elevations in most of the plateau decrease from west to east from 4,300-4,700 feet (1,300-1,400 meters) at the foot of the Hejaz Asir to 2,000-3,000 feet (610-915 meters) in central Saudi Arabia and then down to 150-300 feet (45-90 meters) on the Persian Gulf coast.  The hills and mountains average 500-1,000 feet (150-300 meters) higher than the surrounding terrain.  There are many seasonal streams (called wadis) in this region and they originate in the higher terrain, mainly in the Hejaz Asir.  There are no permanent surface rivers, streams or lakes, but wadis, wells and oases dot the plateau.

        (4) The entire southeastern quarter of Saudi Arabia is the Rub Al-Khali Desert.  This virtually unpopulated desert is 650 NM (1,200 km) long by 345 NM (645 km) wide.  The Rub Al-Khali, known as the Empty Quarter, occupies a vast structural  basin.  It has extensive dunes (ahqaf in Arabic) in its western portions and a mix of loose sand ridges, limited dunes, mounds and hardscrabble elsewhere.  In the western desert, the dunes are aligned northeast to southwest, the same as the prevalent wind direction.  At the lowest point in the basin, seasonal rains 

collect in a large area of tiny lakes (they line the feet of sand dunes) enclosed by 19 to 23N and 53 to 56E.  Desert elevations increase from 1,100-1,500 feet (335-455 meters) in the northwest to 2,700-3,000 feet (825-915 meters) in the southwest.  They decrease from west to east to 200-300 feet (60-90 meters) at the lowest point in the basin and increase from there to the Oman border to 300-600 feet (90-180 meters).

        (5) The next largest deserts in the country are the An Nafud Desert in the north (extends into Jordan) and the Mazhur Desert just southeast of that.  The two deserts together are smaller than the Rub Al-Khali alone and both are better watered.  Elevations in the An Nafud average 2,500-3,500 feet (760-1,070 meters) and those in the Mazhur average 2,000-2,500 feet (600-760 meters).  These deserts have dunes, sand ridges, and mounds with limited pasturage in winter and spring.  The Dahana (Dahna) Desert, is a long, narrow desert, 700 NM (1,300 km) long and 13-45 NM (24-80 km) wide, in east central Saudi Arabia.  It averages 1,300-1,600 feet (400-490 meters) elevation.  It is a mix of hardscrabble and loose sand in the north and expands into sand dunes and the Rub Al-Khali in the south.

        (6) Winter (November-April)

            a) General Weather.  The Asiatic high is over Siberia and the Azores high shifts westward out of the Mediterranean basin.  At the same time, the Saharan low of summer dissipates and is replaced by its winter counterpart, the Saharan high.  This changes overall wind flow to northerlies for the Arabian Peninsula and opens the winter storm track across the basin, mainly north of the African coast.  The storm track is along the polar front, which moves into the northern Mediterranean in winter.  Lows move along the polar front at regular intervals.  Although southern Saudi Arabia is too far south for most of these lows to affect the weather, associated cold fronts can reach as far south as the Gulf of Aden to produce rainshowers and isolated thunderstorms.  The mountains of the Hejaz Asir strip most moisture from these fronts before they get to the interior, but rain occurs when fronts are strong.  For most of the country, this is the relative wet season, but for the southern rim, it is the dry season.

           
Storms that reintensify over or develop on cold fronts over the Persian Gulf on their way eastward can sometimes become very powerful and produce very strong winds and stormy conditions along the coast.  These generally occur 2-3 times per season but only an average of 1 per season gets very strong.  This is most likely to happen in February.


The Red Sea convergence zone (RSCZ) occurs over the Red Sea where wind flows from large-scale systems converge.  When strong, it can cause thunderstorm activity on the western slopes of the Hejaz Asir.  It can also interact with migratory systems to produce unexpectedly strong rainshowers and thunderstorms on the Red Sea coastal plain and in the Hejaz Asir.  The RSCZ oscillates north and south between 15 and 18N.  In this season, the interaction is between overall northwesterly flow from the north, southwesterly flow from the Ethiopia and Sudan area, and southeasterly flow through the Strait of Aden into the Red Sea.  The RSCZ generally persists around 17-18N, roughly in the south central Red Sea, in the northeast monsoon season.


The season begins to transition toward summer by mid March as the Azores high strengthens and expands over the Mediterranean once again.  At the same time, the Saharan high of winter begins to dissipate.  It will slowly be replaced by its summer counterpart, the Saharan low.  The Asiatic high of winter also fades away over Siberia and will eventually be replaced by the Asiatic low.  All these factors combine to close the winter storm track and shift the near equatorial trade-wind convergence (NETWC) northward toward the southern end of the Arabian Peninsula.  For most of Saudi Arabia, this ends the wet season ends by the last weeks of April, but for the southern most rim of the country, the relative wet period begins.


Convection increases even before the NETWC gets into Yemen and rainfall increases considerably but even now, it is not a large amount.  Thunderstorms develop over the southern mountains in Yemen.  This is the time of year when the Rub Al-Khali gets what little rainfall is possible from convection that slides down the mountains to the south and this is when tiny lakes at the lowest point in the desert basin develop.  The mountains typically shear off most of the moisture from convection before it gets over the ridgeline, so the desert rarely gets much rainfall.  The southern end of the Tihama Plain on the Red Sea coast can get heavy rainfall in mountain thunderstorm activity.

            b) Sky Cover.  Winter is the cloudier of the two seasons but even now, skies are rarely cloudy for very long with frontal systems.  The mountains upwind of Saudi Arabia tend to strip off a good deal of the moisture a front carries into the eastern Mediterranean and the systems are commonly pretty dry by the time they arrive.  The only places with relatively high cloudiness rates are on the high western (windward) slopes of the Hejaz Asir Mountains.  These get considerably more cloud cover than the rest of the country because of orographic lifting.  They wring out most, if not all, of the remaining moisture from fronts before they move eastward and this leaves little cloud cover for the rest of the country.  Daytime cloud cover tends to be greater than that of the night and midday to early afternoon is generally the peak cloud cover period.


Ceilings below 10,000 feet occur 5 percent of the time or less at all hours all season in most of the country.  They occur most in the south central Hejaz Asir, especially at higher elevations, and in the northeastern quarter of the country.  At higher elevations in the Hejaz Asir, they occur 5-10 percent of the time most of the day and 25-35 percent of the time at 15-20L.  For the rest of that area, they occur 5-10 percent of the time most of the day and a maximum of 15-20 percent of the time at 15-20L.  In the northeastern quarter of Saudi Arabia (Riyadh northward), ceilings below 10,000 feet occur 5-10 percent of the time in November and 10-15 percent of the time the rest of the season.  The highest rates typically occur during the afternoons.


Ceilings below 3,000 feet are rare or do not occur in most of the country.  In the Hejaz Asir, they occur 5 percent of the time or less most of the day and 10-15 percent of the time at 12-17L.  Ceilings below 1,000 feet or below 200 feet do not occur anywhere in Saudi Arabia except at high elevations on windward slopes of the Hejaz Asir, where cloud cloaking causes them to occur with strong passing storm systems, roughly 5-10 percent of the time all season.



c) Visibility.  Visibility is restricted most by dust in most of Saudi Arabia and a combination of dust haze and moist haze on the seacoasts, especially the Persian Gulf coast.  While visibility is often below 7 miles (11,000 meters) throughout the country, visibility below 3 miles (4,800 meters) is uncommon.  The high windward slopes of the Hejaz Asir have much higher rates of poor visibility than the rest of the country but this is mainly due to cloud cloaking, which translates to fog at high elevations.  Visibility below 11,000 meters occurs 55-65 percent of the time at all hours in much of the country and as much as 85-95 percent of the time in some areas.  The Persian Gulf coast is most likely area to have restrictions in moist haze and dust and the northern deserts are the most likely to have some restrictions in dust, but the whole country is subject to the same dust problem.  Visibility below 4,800 meters typically occurs with sand or dust storms in high winds.  This occurs most often with strong cold fronts that produce little to no rainfall.  Visibility below 1 mile (1,600 meters) is very rare where it occurs and does not occur at all in most of the country.  Visibility this low is localized in effect and is generally the result of a dust storm.



d) Winds.  Overall wind flow is more or less northerly all season, however, from September through April, a weak area of mean anticyclonic (clockwise) surface wind circulation exists in Saudi Arabia.  Wind speeds are generally 5-10 knots.  Partially thermally induced in cooling conditions, particularly at night, and partially terrain induced through steering of overall northwesterly flow by the mountains in the south and west, this circulation develops around a weak high that oscillates east and west roughly along the 24N latitude.  The high center is generally around Riyadh when it is strong enough to be tracked.  This brings the winds from the west through northwest north of the high, from the north east of it, from the east-northeast through east-southeast south of it, and generally from the south west of the high.  This circulation is so weak, it is often overridden by passing storm systems or by local terrain effects, but it persists over interior Saudi Arabia through the entire cooler season.  

The coasts, especially the Red Sea coast, which is isolated from this circulation by the mountains that help create it, have land/sea breeze winds and the Red Sea coastal locations also feel storm system winds as fronts sweep through the region.  Frontal winds also alter winds in the interior but to a lesser degree as the mountains often blunt their force.  Peak gusts are generally 45-65 knots.


A shamal is a strong northwesterly wind that sets in suddenly and persists from 1-5 days at a time most of the year.  It dies down at night and strengthens again during the day.  Such winds are often dust or sand-laden.  Kaus winds are moderate to gale-force southeasterly winds on the Persian Gulf.  They occur in the forward sector of migratory lows that are centered west or northwest of the Persian Gulf.  Most frequent in December-April.



e) Precipitation.  Kaus (southeast) winds accompany humid, cloudy weather and rainsqualls on the Persian Gulf ahead of migratory lows.  They are replaced by Shamal (northwest) winds that herald rapidly improving conditions and an end to rainfall; however, stronger wind conditions typically followed with dust.  Almost always after FROPA or trough passage.  Although this is the rainy season, most places do not get much rain.  Most places average 1-3 rain days per month.  A few places in the northern quarter of the country and along the Persian Gulf coast get 3-5 days per month.  Thunderstorms occur on an average of 1 day or less per month and many do not get thunderstorms in those months every year.  Thunderstorms over the deserts are rare and usually dry.  Most places average 0.5 inch (13 mm) or less per month all winter.  In the Rub al Khali, rainfall is rare at best.  On windward mountain slopes in the Hejaz Asir, a few places average 1-2 inches (25-51 mm) per month.  Extreme monthly rainfall was 1-2 inches (25-51 mm) in general, 3-5 inches (76-127 mm) per month at higher elevations and 7-9 inches (178-229 mm) at the highest windward elevations in the Hejaz Asir, especially likely in April.



f) Temperature.  In the northern third of the country, mean highs are 70 to 75F (21 to 24C) in November, 60 to 65F (16 to 18C) in December, 55 to 65F (13 to 18C) in January and February, and then warm to 60 to 70F (16 to 21C) by March and 75 to 85F (24 to 29C) in April.  Most places in the area reported extreme highs of 85 to 95F (29 to 35C) all season but temperatures above 100F (38C) occur all year round.  A few places in this area reported extreme highs of 105 to 110F (41 to 43C) in November, March and April.  Mean lows are generally 50 to 60F (10 to 16C) in November, 40 to 50F (4 to 10C) in December-February, 45 to 55F (7 to 13C) in March, and 50 to 60F (10 to 16C) in April.  Extreme lows occur in cold air outbreaks behind cold fronts and are reported at 20 to 30F (-7 to -1C) for the most part.  A few locations report extreme lows of 12 to 18F (-11 to -8C), mostly in the northwestern corner of the country.  In the rest of the country, except for the Red Sea coast, mean highs are 78 to 88F (26 to 31C) in November and March, 70 to 80F (21 to 27C) in December-February, and 85 to 95F (29 to 35C) in April.  The warmest highs occur in the Rub al Khali.  The extreme highs exceeded 100F (38C) somewhere in this region in every month of the season and a few topped 110F (43C).  The hottest extreme highs occurred in April in the desert.  Mean lows are 55 to 65F (13 to 18C) just about all season, and extreme lows reached 25 to 35F (-4 to 2C) in November-March and 35 to 45F (2 to 7C) in April.  Many places at low elevations have never had temperatures below 40F (4C).


On the Red Sea coast, temperatures remain warmer than in the rest of the country.  Mean highs are 80 to 90F (27 to 32C) at the north end in November and 90 to 95F (32 to 35C) at the south end.  In December-March, they are 75 to 85F (24 to 29C) with the warmest temperatures in the southern areas.  In April, they are 90 to 95F (32 to 35C) in all but the northernmost coastal areas, which average 80 to 85F (27 to 29C).  Extreme highs exceed 100F (38C) in every month and some places reported extreme highs above 110F (43C) in March and April.  Relative humidity is typically low for most of Saudi Arabia.  The exceptions are the Red Sea and Persian Gulf coasts.  The warm water keeps relative humidity around 80 to 85 percent on the coasts all season.

        (7) Summer (May-October)



a) General Weather.  For most of Saudi Arabia, this is the hot, dry season when little to no rainfall occurs anywhere in the country.  The Azores high cuts off the Mediterranean storm track as the Saharan Low reaches full strength by July.  This combination pulls in hot dry air over the Arabian Peninsula and temperatures soar.  In this season, there is a thermal low over interior Saudi Arabia that shows up in lowered pressure far more than in wind flow.  It peaks in June and July and is replaced by the beginnings of a thermal high that shows up in surface circulation by early to mid September, especially at night.  It is generally not the dominant feature until late October or early November.  In southernmost Saudi Arabia, the southwest monsoon is well in progress by May and the near equatorial trade wind convergence (NETWC) (also called the monsoon trough) lies along the southern Arabian Peninsula coast.  Moist, unstable air reaches 200-300 NM north of the surface NETWC and provides fuel for convection in the mountains of Yemen and Oman.  The NETWC is at its farthest north position in July and August and it retreats back to the southern peninsula coast by September.  The RSCZ is at its farthest south position (over the southern end of the Red Sea) at the same time, which allows the two convergence zones to interact extensively, especially when a low or wave moves along the NETWC into the region.  The most rainfall occurs when a low along the NETWC interacts with the RSCZ.


The transition into the winter season is quick, quiet and abrupt in southernmost Saudi Arabia.  Rainfall stops and temperatures cool as the NETWC retreats southward.  It is weak, discontinuous and well south of the peninsula by October and northerly wind flow dominates the region once again.  The RSCZ shifts north of 15N and dry conditions prevail over the region.  For the rest of Saudi Arabia, the cold fronts associated with early winter storms generally reach the country by November and rainfall begins to increase.



b) Sky Cover.  Cloud cover drops off to practically nothing for the season throughout Saudi Arabia.  By the end of May, most places typically have little to no cloud cover.  Occasional wisps of high clouds occur everywhere on occasion, but surprisingly, the southern Rub al Khali Desert is most likely to see it.  This is because of the near equatorial trade wind convergence (NETWC) and the southwest monsoon that can occasionally bring rainfall to the desert's southern rim between late June and late August.  In May, ceilings below 10,000 feet occur 5 percent of the time or less in most of Saudi Arabia and are rare in the northwestern quarter of the country as well as along the Red Sea coast.  The maximum rates occur in the Hejaz Asir on windward slopes, especially at higher elevations.  In the Hejaz Asir, ceilings below 10,000 feet occur 5-10 percent of the time most of the day and a maximum of 35-40 percent of the time at 15-20L.  For the rest of the season, ceilings below 10,000 feet are rare in most of the country.  In the Hejaz Asir, they occur 5-10 percent of the time most of the day, an average maximum of 30-40 percent of the time at 15-20L in most of the range, and a maximum of 45-55 percent of the time at 12-20L in the southern sections.  This cloud cover occurs primarily in convection that builds on windward mountain slopes.  Ceilings below 3,000 feet are very rare or do not occur all season in most of the country.  At higher elevations in the Hejaz Asir, mainly on windward slopes, they occur a maximum of 5-15 percent of the time at 15-17L.  Ceilings below 1,000 feet do not occur anywhere in Saudi Arabia all season.  The probable exceptions are mountain peaks in afternoon as convection builds on them.  



c) Visibility.  Mirages, sandstorms and dust storms are all hallmark visibility problems for this desert country.  Mirages are far more common in summer than in winter, but a hot day at any time of year produces these phenomena, primarily in the deserts.  The most common types are shimmering air, the inferior mirage (images either appear displaced downward from the true positions or two images appear and the lower image is inverted and smaller) and the water mirage.  


Visibility is restricted most by dust in most of Saudi Arabia and a combination of dust haze and moist haze on the seacoasts, especially the Persian Gulf coast. While visibility is often below 7 miles (11,000 meters) throughout the country, visibility below 3 miles (4,800 meters) is uncommon.  The high windward slopes of the Hejaz Asir have much higher rates of poor visibility than the rest of the country but this is mainly due to cloud cloaking, which translates to fog at high elevations.  Visibility below 11,000 meters occurs 55-65 percent of the time at all hours in much of the country and 85-95 percent of the time in some areas.  The Persian Gulf coast is most likely area to have restrictions in moist haze and dust and the northern deserts are the most likely to have some restrictions in dust, but the whole country is subject to the same dust problem.  Visibility below 4,800 meters typically occurs with sand or dust storms in high winds, especially in shamal winds in which winds remain strong for prolonged periods.  Visibility below 1 mile (1,600 meters) is very rare where it occurs and does not occur at all in most of the country.  Visibility this low is localized in effect and is generally the result of a dust storm.



d) Winds.  Overall wind flow for Saudi Arabia is from the northwest at 5-10 knots.  Southern areas of the Rub al Khali desert often have easterly winds (east-northeast through east-southeast).  The closer a location is to the southern mountains, the more variable the winds become.  Coastal locations, especially on the Red Sea coast, have land/sea breeze winds that often override the overall flow.  Terrain plays a major role in local winds.  The higher the local mountains or hills, the more terrain effects the winds.  Mountain locations and Red Sea coastal locations close to the mountains experience up and downslope winds.  


Downslope winds occur at night and weaker upslope winds occur during the day.  Peak gusts reached 45-65 knots in most places.  From September, a weak area of mean anticyclonic (clockwise) surface wind circulation exists in Saudi Arabia.  The circulation is strongest at night, when temperatures are coolest, and sometimes vanishes altogether in the heat of the day.  Wind speeds are generally 5-10 knots.  This brings the winds from the west through northwest north of the high, from the north east of it, from the east-northeast through east-southeast south of it, and generally from the south west of the high.  This circulation is so weak, it is often overridden by passing storm systems or by local terrain effects.


A shamal is a strong northwesterly wind that sets in suddenly and persists from 1-5 days at a time most of the year, but often lasts longer in summer.  Summer is when the 40-day shamal is most likely to occur.  Shamals die down at night and strengthen again during the day.  In summer, shamals are at peak strength and persistence.  They reach maximum strength in June and July when it sometimes continues almost without cessation.  Such winds are often laden with dust or sand.  Silt from the Tigris-Euphrates lowland is the principal dust source in summer.



e) Precipitation.  Rainfall decreases to nothing just about everywhere by June and mean monthly rainfall drops to nothing as well.  Only higher elevation sites on windward slopes get rainfall, generally in orographic rainshowers and thunderstorms.  If the Rub al Khali Desert ever gets any rain, which is very rare, it gets it from convective spillover from the mountains to the south.  Rainfall in the Yemen Mountains peaks in July and August (especially August) and then decreases sharply as the NETWC retreats southward once again.  On rare occasions, roughly once every 10-20 years, convection gets deep enough to top the ridgeline of the mountains and rainshowers occur in the southern Rub al Khali Desert.  By mid September, the brief desert "rainy" season is over.  Most places in Saudi Arabia average 1-2 rain days in May, 0-1 day per month in June-September and the northern quarter increases to 1-2 rain days in October while the rest of the country remains dry.  The mean monthly rainfall is a trace to 0.5 inch (13 mm) in May and none to a trace in June-October in nearly the entire country.  The southern Hejaz Asir gets the most rainfall in the country.  Here thunderstorms and rainshowers develop over the mountains and mean monthly rainfall is 0.2-0.8 inch per month (5-20 mm).  Thunderstorms occur on an average of 4-8 days per month on windward slopes of the interior mountains of the Hejaz Asir and nowhere else.  Extreme monthly rainfall has never exceeded 4 inches (102 mm) per month in the Hejaz Asir and has never exceeded 1 inch (25 mm) per month anywhere in the rest of the country.



f) Temperature.  Temperatures really climb in summer and the deserts get very hot.  Mean highs are already 90 to 100F (32 to 38C) in May, hit 95 to 105F (35 to 41C) in June-September, and cool to 85 to 95F (29 to 35C) in October in most of the country and in September in the northwestern corner and at higher elevations in the mountains.  Extreme highs were 110 to 120F (43 to 49C) in most of the country but there are places in the deserts that reportedly reached 120 to 130F (49 to 54C).  Mean lows, thanks to the arid air, are much cooler.  Mean lows are generally 75 to 85F (24 to 29C) except at higher elevations in the mountains and in the northern quarter of the country, where they are 60 to 70F (16 to 21C).  Sites on the coasts tend to have the higher mean lows because of the higher relative humidity there.  May and October extreme lows were 45 to 55F (7 to 13C) in the northern quarter of the country and at higher elevations in the mountains and 65 to 75F (18 to 24C) everywhere else.  The rest of the season, extreme lows were 50 to 60F (10 to 16C) in the northern quarter and at higher elevations in the mountains and 70 to 80F (21 to 27C) in the rest of the country.  Relative humidity along the Persian Gulf and Red Sea coasts can be horrendously high in summer, especially in July and August.  Because the water temperatures are so high, both seas evaporate considerable water vapor into the air.  Since this layer is shallow and convection is suppressed, the moisture builds and builds.  On occasion, the air on the Persian Gulf coast is so humid, stepping out of an air-conditioned building will cause water vapor to condense onto your skin and clothing and get you wet.  Under these conditions, so much moisture condenses on metal rooftops (on and near the water) late at night, quite a lot of water flows into roof gutters.
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Figure 3

    c.  Qatar.

        (1) Qatar occupies a peninsula on the eastern coast of the Arabian Peninsula between Bahrain and the United Arab Emirates (UAE).  The peninsula extends north from its border with Saudi Arabia into the Persian Gulf.  Doha, the capital, is about halfway up the east coast of Qatar.  The elevation is just above sea level at 33 feet (10 meters).  Doha International airport is at the eastern edge of the city, 1-2 NM (2-4 km) from the Persian Gulf.  Inland the barren sand coastal plain merges into a flat, barren desert covered with loose gravel and sand.  Elevations there are generally 200 feet (60 meters) or less.  The coast at Doha has narrow, flat foreshore.  Coral reefs exist offshore.

        (2) Cool Season (November-April)

            a) General Weather.  The weather on the southern Arabian Peninsula exhibits characteristics of a monsoon climate, but the mean position of the near equatorial trade wind convergence (NETWC) usually stays south of Qatar.  Because of this, Qatar weather is not a typical a monsoon climate; northerly winds prevail at Doha year-round.  During the cool season, the thermal Asiatic high, strongest in January-February, and the Sudanese low over equatorial Africa cause general northerly flow over Qatar.  This flow starts cold and dry, but the temperature and moisture content are greatly modified by the Persian Gulf before the air mass reaches Doha.

            b) Sky Cover.  This is the cloudiest time of the year, but the average cloud cover is clear to scattered.  Ceilings below 10,000 feet occur 10-15 percent of the time, mainly in the morning during December-February.  Ceilings below 3,000 feet occur 5 percent of the time in the morning and less than 5 percent of the time otherwise.  Ceilings below 1,000 feet occur only 1-3 percent of the time in the early morning when fog is most likely to occur.

            c) Visibility.  Blowing dust/sand, dust haze, and occasional shallow fog restrict the visibility.  Visibility below 7 miles (11,000 meters) occurs 70 percent of the time overall, but as much as 80 percent of the time in the morning.  Although winter is when Doha receives most of its annual rainfall, rain reduces the visibility below 7 miles far less often than salt haze, dust, and fog.  Only about 10 percent of visibility below 7 miles (11,000 meters) is due to rain.  Visibility below 3 miles (4,800 meters) occurs as often as 15 percent of the time in the morning, but only 5 percent of the time or less the rest of the day.  


Fog occurs 7 days per month in December-January and 3-5 days per month the rest of the season.  Blowing sand/dust reduces the visibility below 7 miles (11,000 meters) 1 day per month, but dust suspended in the atmosphere can reduce visibility for days after the winds blow the sand into the atmosphere.

            d) Winds.  Prevailing winds at Doha are north-northwesterly at 10-12 knots.  An occasional Cyprus low from the eastern Mediterranean Sea moves from northwest to southeast through the Persian Gulf and can cause strong winds.  These lows are most likely in February.  Maximum wind gusts at Doha were strongest in March when the peak gusts reached 62 knots.  Peak gusts of 40-50 knots occurred during the other months of the cool season.

            e) Precipitation.  Doha has an arid desert climate with only 3.3 inches (84 mm) of rainfall per Year.  All or most of it falls during the cool season, when less than 1 inch (25 mm) falls each month.  January-February average the most, 0.8 inch (20 mm) per month, and November and March average the least, 0.2-0.3 inch  (5-8 mm) per month.  April averages 0.5 inch (13 mm).  Most months average 4-5 days with rainfall, but March has 7 days.  Thunderstorm activity is at its maximum during this season; they occur 1 day per month.  Some years have had as much as 12 inches (305 mm) of rainfall and the maximum rainfall per month varies considerably.  November had 1.8 inches (46 mm), December 6.1 inches (155 mm), January 4 inches (100 mm), February 2.1 inches (53 mm), and March and April 2.7 inches (69 mm).  Some years have no rainfall during those months.  The maximum 24-hour rainfall can equal the maximum monthly rainfall.

            f) Temperature.  Mild days and cool nights are typical of this season.  Average highs during the coolest months are 70F (21C) in January and 72F (22C) in February.  It is hotter at the beginning and end of the season when the average high is 85F (29C) in November and 87F (31C) in April.  Average low temperatures are highest in November and April, 69F (21C) and 70F (21C), respectively.  During the coldest months, January-February, the average low is 55 to 57F (13 to 14C).  The extreme high has been 90 to 91F (32 to 33C) in December-February, but 102F (39C) in March and 109F (43C) in April.  Extreme low temperatures were 34F (1C) in December-January, 44 to 45F (7C) in February-March, and 50F (10C) in November and April.

        (3) Warm Season (May-October)

            a) General Weather.  Hot, dry, clear weather is the rule during this season.  The Asiatic high weakens and disappears by the end of the cool season.  The thermal Asiatic low, which replaces it, fully develops by July.  The NETWC divides the southern Arabian Peninsula into two distinctly different weather patterns.  North of the NETWC, the weather is hot, dry, stagnant and rainless, while south of it, isolated rainfall and more clouds prevail.  The mean position of the NETWC is south of Qatar all season.  It is extremely rare for the NETWC to move far enough north to bring rain to Doha during the warm season.  This would be most likely during July when the NETWC reaches its northernmost position just to the southeast of the UAE.  The NETWC begins to move south again during August.

            b) Sky Cover.  Clear skies prevail most of the time.  Ceilings less than 3,000 feet due to fog or stratus in the early morning hours occur only 5 percent of the time or less.  Ceilings below 1,000 feet are rare and occur only in the early morning.

            c) Visibility.  Dust and salt haze restrict the visibility to 4-7 miles (6,000-11,000 meters) most of the time.  Shallow fog mixed with dust haze is common at night.  Northwest winds over the northern Arabian Peninsula combined with the thermal Saudi Arabian low generate surface winds over the desert that lift dust high into the atmosphere, where it remains for weeks.  In addition, the low-level Persian Gulf jet stream, which extends from southeast of Kuwait to southeast of Dubai, UAE, helps raise more dust throughout the western Persian 

Gulf.  Visibility below 7 miles (11,000 meters) occurs 90 percent of the time at Doha in the morning and 80 percent of the time the rest of the day.  Visibility below 3 miles (4,800 meters) occurs mostly from sunrise to late morning, up to 20 percent of the time then and less than 10 percent of the time the rest of the day.

            d) Winds.  Northerly to north-northwesterly winds at 10-12 knots prevail at Doha.  Peak wind gusts of 55-60 knots have occurred at Doha in each month of the warm season except October when 35 knots has been the peak gust.  In September, local winds such as the sea breeze take control.  Winds decrease and become easterly at 5-10 knots from late morning until evening.

            e) Precipitation.  June-September are precipitation-free.  May and October have the most precipitation for the season and are when thunderstorms are possible, if rare.  In May the average rainfall is 0.3 inch (8 mm) and the maximum monthly rainfall is 4.2 inches (107 mm).  October averages 0.1 inch (3 mm) and had a 

maximum monthly rainfall of only 0.7 inch (18 mm).  During both months, only 1 rain day per month is average.

            f) Temperature.  This is the hottest time of the year.  Starting in June, the mean highs are 100F (38C), or above, every month until October when the mean high drops to 93F (34C).  The hottest months of June-August have mean highs of 103 to 105F (39 to 40C).  Extreme highs during May-September have been 115 to 118F (46 to 48F).  Every day of May-September has temperatures above 90F (32C); in October, it is still almost every day.  The average lows during the hot months of June-September are 82 to 86F (28 to 30C).  By October the average low drops to 76F (24C).  Extreme lows are 70 to 74F (21 to 23C) during the hottest months, and 63F (17C) in May and October.
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    d.  Kuwait

        (1) Kuwait is a small country on the northwestern shore of the Persian Gulf.  It shares its southern border with Saudi Arabia and its western through northern border with Iraq.  Most of its western border is delineated by Wadi al Batin (a wadi is a seasonal stream).  Roughly wedge-shaped, Kuwait is flat to rolling desert plain.  The terrain is mainly a combination of sand and gravel and wadis and seasonal lakes dot the landscape everywhere.  Elevations rise from the coast westward.  Kuwait can be divided in half diagonally from northwest to southeast.  In the eastern half, elevations average 100-300 feet (30-90 meters) with the highest elevations at the eastern rim of the plateau that makes up the western half of the country.  The western half of the country is a plateau with average elevations of 500-800 feet (150-245 meters).  The terrain rises toward the southwestern corner of the country and Ash-Shaqaya, the highest point in Kuwait at 951 feet (290 meters), is there.  Kuwaiti territory includes several islands.  Khawr as Sabiyah (khawr means inlet or creek) separates Jazirat Bubiyan (jazirat means island), which makes up the northeastern corner of Kuwait, from the mainland.  This large island is very low, under 20 feet (6 meters) in the high spots, and much of its coastline is half submerged.  Jazirat Faylaka is at the outlet of Khalij (bay) al Kuwait, and there are several smaller islands scattered in Kuwait's territorial waters.  Most of the Kuwaiti coast is lined with sand and mud flats.  Open pit gravel mines abound inland and numerous offshore oil fields, well lit at night, are in Kuwait's territorial waters.  Kuwait City, on the Persian Gulf coast, about centered on the Kuwait coast, is really the only city in the country.  This sprawling seaport has an excellent harbor that serves as a port for much of the region.


(2) Winter (December-March)

            a) General Weather.  A thermal low, the Sudan low, is centered in southern Sudan and Ethiopia.  This low occasionally builds an inverted trough into the area that can cause frontal systems to intensify and move south.  The Asiatic high, centered over Central Asia, is the source of occasional cold air intrusions into the region, especially in December and January when the high is strongest.  The Sudan low and the Asiatic high combine with flow from the Mediterranean Sea to cause northwesterly to northeasterly winds all season.

            A weak high over northwestern Saudi Arabia often develops from a ridge of the Saharan high.  Most storms that affect the area move eastward through the Mediterranean into Iraq and then southeast through the area.  The most severe storms occur in February and early March.  These produce winter shamals in their wake.  These strong, northwesterly winds cause dust or sandstorms.  Occasional thunderstorms occur along and just ahead of the surface cold front.  The strongest storms occur in December through February.  In March, the frequency and intensity diminish.  

            Unusually high winter rainfall amounts and warmer temperatures tend to occur in years the North Atlantic Oscillation (NAO) Index is low, which means the pressure gradient between the Icelandic low and the Azores high is shallow.  Shallow pressure gradient allows Atlantic westerlies to flow in a zonal path, which drives more lows through the Mediterranean (along the polar front) and the Middle East than normal.  Low index years can increase precipitation by as much as 50 percent.  Conversely, precipitation decreases by as much as 50 percent and temperatures are cooler than normal in high index years.  High index years mean the pressure gradient is steeper than normal between the Icelandic low and Azores high, which causes the Atlantic westerlies to flow in steep curves and sweep warmer and wetter conditions (with storms) across northern Europe and leave the Mediterranean and the Middle East drier than usual.  There is no variances in rainfall amounts or temperatures in the other seasons that can be definitively related to the NAO.

            b) Sky Cover.  Coastal:  The mean cloud cover is nearly clear in January and February and scattered in December and March.  Low ceilings are rare.  Ceilings below 10,000 feet occur 10-15 percent of the time with the peak rate at 09-20L.  Ceilings below 3,000 feet occur 2-3 percent of the time in December and January and at 03-14L in February.  They are rare the rest of the day in February and at 03-14L in March.  They do not occur the rest of the day in March.  Ceilings below 1,000 feet are rare in December and January and at 03-14L in February.  The do not occur the rest of the day in February or at all in March.  Ceilings below 200 feet do not occur.  Interior: Winter has the most cloudiness of the year, but clouds are only scattered to broken and low ceilings are rare.  Ceilings below 10,000 feet peak in January at 30 percent of the time.  By March, the frequency falls to about 15 percent of the time.  Ceilings below 3,000 feet occur mostly in December-February when most lows and frontal systems pass through the area, but the frequency is only 5 percent of the time overall and 6-8 percent of the time in the early morning when fog contributes to the occurrence rate.  Ceilings below 1,000 feet occur 3-7 percent of the time in the morning and rarely at other times except in February from evening through early morning when they occur up to 5 percent of the time.  Ceilings below 200 feet are rare in December and January, but occur about 2 percent of the time in February, mostly at night through early morning.

            c) Visibility.  Coastal: Although generally good, the visibility is below 7 miles (11,000 meters) most of the time in dust and salt haze.  Early morning fog occurs more in winter than in any other season.  Fog that restricts visibility below 11,000 meters occurs on an average of 6-8 days per month in December-February and 3 days in March.  Dust storms last 2-4 hours, but visibility below 5 miles (8,000 meters) can last 24 hours in shamals (strong northwesterlies).  Dust restricts visibility below 11,000 meters occurs on an average of less than 1 day per month all winter.  

            Sandstorms with winds above 27 knots can reduce surface visibility to less than 30 feet (9 meters) and extend to 15,000 feet.  Dust storms occur in winds of 17-27 knots.  The frequency and severity of both sand and dust storms depends on wind speed and ground conditions.  Recent rain lowers their probability.  As waste oil and natural gas are burned, oil processing plants occasionally produce areas with layers of dense smoke at 500-1,500 feet with near zero visibility.  Visibility below 11,000 meters occurs 85-90 percent of the time all winter with a slight diurnal improvement at 15-20L.  Visibility below 3 miles (4,800 meters) occurs far less often, only 10-15 percent of the time at 06-14L and less than 5 percent of the time the rest of the day.  Visibility below 1 mile (1,600 meters) occurs 5 percent of the time or less at 03-17L and is rare the rest of the day all season.  Visibility below 1/2 mile (800 meters) is rare most of the day all season and does not occur at all at 18-02L in February and March.

            Interior: Generally good, the visibility is 7 miles (11,000 meters) or better most of the time; visibility below 11,000 meters occurs 25-30 percent of the time in January-March.  Fog causes most of the restricted visibility in December-February, followed by dust, haze, and rain, except for January when rain causes more restricted visibility than the haze or dust.  In March, fog occurs about half as often as in February and dust becomes the primary cause of restricted visibility.  Fog causes visibility below 11,000 meters on an average of 10 days in January and 5-8 days of the other winter months.  Blowing sand and dust cause visibility below 11,000 meters on an average of 3-5 days per month.  Dust storms are common with shamals and last 2-4 hours, but visibility below 5 miles (8,000 meters) can last 24 hours.

            Visibility below 3 miles (4,800 meters) occurs 10 percent of the time or less except for December-February mornings when fog causes it up to 15 percent of the time.  In March, dust causes visibility below 4,800 meters in the afternoon up to 15 percent of the time.  Visibility below 1 mile (1,600 meters) occurs 5 percent of the time, or less, mainly in the early morning.  Sandstorms with winds above 27 knots can reduce surface visibility to less than 30 feet (9 meters) and extend to 15,000 feet.  Dust storms occur in winds of 17-27 knots.  The frequency and severity of both sand and dust storms depends on wind speed and ground conditions.

            d) Winds.  Coastal: The prevailing winds come from the northwest or north-northwest  at 10-11 knots all season.  Calms occur often, especially overnight and afternoon winds come from the sea on warm days.  Peak gusts reached 51 knots in December, 43 knots in January, and 32 knots in February and March.

            Interior: The prevailing wind is west northwesterly at 7-10 knots.  Maximum peak wind gusts have been highest in December at 43 knots, but gusts to 50 knots have occurred in December.  Gusts of 30 knots have occurred in the other months, but some places have had 43 knots in January.

            e) Precipitation.  Coastal: Rainfall is highly erratic, but 70-80 percent of the average annual total occurs in winter.  One storm may produce more rainfall than the mean annual rainfall.  Desert sands quickly absorb rain, but flash flooding can occur in wadis when heavy rains occur in short periods.  Rainfall occurs on an average of 1-2 days per month all winter and thunderstorms occur on an average of 1 day per month in December-February and 2 days in March.  The mean monthly rainfall is 0.8-1 inch (20-25 mm) per month in December and January and 0.5-0.7 inch (13-18 mm) per month in February and March.  The extreme monthly rainfall was 4.6 inches (117 mm) in December, 2.9 inches (74 mm) in January, 3.8 inches (97 mm) in February, and 2 inches (51 mm) in March.  The maximum 24-hour rainfall was 0.7-1.1 inch (18-28 mm) in each month.

            Interior: Rainfall is highly erratic, but most of the annual total occurs in winter.  One storm may produce more rainfall than the mean annual rainfall.  For example, Ahmed Al Jaber received 9.5 inches (241 mm) of precipitation in 1999, the only year this data was available.  Mean monthly amounts average 0.5-1.0 inch (13-25 mm) with the higher amounts in December-February.  Extreme monthly rainfalls range from 2 inches (51 mm) to 4.5 inches (114 mm) with the higher amounts in December-February.  The maximum 24-hour rainfall was 1.8 inches (46 

mm) in December.

            f) Temperature.  Coastal: December-February is usually the coldest period during winter due to cold surges from the Asiatic high, which is fully developed and extends westward across Europe.  Mean highs are 64 to 67F (18 to 19C) in December-February and 75F (24C) in March.  The extreme highs were 86F (30C) in December and February, 81F (27C) in January, and 102F (39C) in March.  The mean lows are 49F (9C) in December, 44F (7C) in January, 47F (8C) in February, and 55F (13C) in March.  The extreme lows were 29 to 31F (-2C) all season.  The average relative humidity is 80 percent in December, 70 percent in January and February, and 65 percent in March.

            Interior: December-February is the coldest period of the year.  Mean highs during those months are 65 to 70F (18 to 21C), but in March, the mean high jumps to 75F (24C).  The extreme high at Ahmed Al Jaber was 102F (39C) in March, the warmest winter month, and 81F (27C) in January, the coldest month.  December and February extreme highs were 86F (30C) and 88F (31C), respectively.  The monthly mean lows are 45 to 55F (7 to 13C), with the lowest in January and the highest in March.  Extreme lows were not much below freezing at 30F (-1C).

        (3) Spring (April-May)

            a) General Weather.  The Asiatic high weakens and disappears over central Asia by early May and its summer counterpart, the Asiatic low, begins to form.  The Asiatic high can still produce late season cold snaps through early May.  By early April, the near equatorial tradewind convergence (NETWC) moves north of the equator but remains south of Kuwait.  The summer heat low over interior Iran and southeastern Saudi Arabia begins to form.  Low-level winds remain northwesterly over Kuwait and slowly strengthen.  By late May, winds are sustained northwesterlies over Kuwait as the Saudi Arabian and Pakistani heat lows dominate the circulation.

            Fronts become fewer and weaker than in winter.  Systems that penetrate the area in May are often dry.  Frontal frequencies decrease from 1 every 5-7 days in early April to near zero by late May.  Blowing sand increases in frequency as the rainfall decreases with fewer frontal passages and the sandy soil dries.

            b) Sky Cover.  Coastal: Clouds diminish as lows and frontal systems decrease in frequency and weaken.  Clouds are scattered in April and nearly clear in May.  Ceilings below 10,000 feet occur 5-10 percent of the time in April and 5 percent of the time or less in May.  There is no diurnal variation at this level.  Ceilings below 3,000 feet are rare in April and do not occur in May.  Ceilings below 1,000 feet do not occur.

            Interior: Clouds are scattered to broken in April and scattered in May.  Ceilings below 10,000 feet occur 5-10 percent of the time in April and less than 5 percent of the time in May.  Ceilings below 3,000 feet are extremely rare and ceilings below 1,000 feet do not occur.

            c) Visibility.  Coastal: Overall visibility is good, but visibility is persistently below 7 miles (11,000 meters) in dust and salt haze.  Fog occurs less and less often, but dust gradually becomes more of a problem as the soil dries.  Dust haze persistently hangs in the air by the end of May but does not seriously impair visibility unless the winds are strong.  Early morning fog restricts visibility below 11,000 meters on an average of 1 day or less each month.  Visibility below 11,000 meters occurs 90-95 percent of the time.  Visibility below 3 miles (4,800 meters) occurs 10-15 percent of the time at 06-17L and less than 5 percent of the time the rest of the day.  Visibility below 1 mile (1,600 meters) occurs 2-4 percent of the time at 06-17L and is rare the rest of the day all season.  Visibility below 1/2 mile (800 meters) is rare at 06-17L and does not occur the rest of the day all season.

            Interior: Overall visibility is good as visibility below 7 miles (11,000 meters) occurs only 20 percent of the time.  Fog is no longer the main cause of restricted visibility, dust is.  Visibility below 11,000 meters in fog occurs 1 day per month or less.  Dust and haze are the causes of restricted visibility 95-100 percent of the time.  Visibility below 3 miles (4,800 meters) occurs 5-10 percent of the time in April at any time of the day.  In May, it occurs 15-20 percent of the time in the morning and 5-10 percent of the time the rest of the day.  Visibility below 1 mile (1,600 meters) occurs up to 5 percent of the time on April and May mornings.

            d) Winds.  Coastal: The prevailing winds come from the northwest or north-northwest at 10-12 knots all spring.  Afternoon sea breezes occur all along the coast.  Calms occur often in April, especially at night.  Peak gusts reached 28-32 knots in both months.

            Interior: Prevailing winds are northwesterly at 8-10 knots.  Peak gusts of 30-35 knots occurred in both months.

            e) Precipitation.  Coastal: Mean monthly precipitation decreases through spring to practically nothing by May.  Rain occurs on an average of 1 day in April and less than 1 day in May.  Thunderstorms occur on an average of 2 days in April and 1 day in May.  Some thunderstorms produce only virga (rain that evaporates before it hits the ground).  The mean monthly rainfall is 0.5 inch (13 mm) in April and 0.2 inch (5 mm) in May.  The extreme monthly rainfall was 2.4 inches (61 mm) in April and 0.7 inch (18 mm) in May.  The maximum 24-hour rainfall was 1.5 inch (38 mm) in April and 0.1 inch (3 mm) in May.

            Interior: Mean monthly rainfall decreases through spring.  In April, 0.5 inch (13 mm) is average, and in May, only 0.1-0.2 inch (3-5 mm) is average.  Only 1 day of each month has any rainfall, on average, but as much as 1.5 inches (38 mm) in 24 hours has occurred during April at some sites.  In May, the 24-hour rainfall was only 0.1 inch (3 mm).  Thunderstorms occur only 1-2 days in April and 1 day in May.

            f) Temperature.  Coastal: As spring progresses into summer, temperatures soar.  The mean highs are 88F (31C) in April and 100F (38C) in May.  The extreme highs were 106F (41C) in April, and 118F (48C) in May.  The mean lows are 66F (19C) in April and 77F (25C) in May.  The extreme lows were 47F (8C) in April and 59F (15C) in May.  The average relative humidity is 55 percent in April and 35 percent in May.

            Interior: The mean high for April is 90F (32C); in May it warms to 100F (38C).  The extreme highs at Ahmed Al Jaber were 113F (45C) in April and 122F (50C) in May.  The mean low is 70F (21C) in April and 76F (24C) in May.  Extreme lows were 59F (15C) in April and 63F (17C) in May.  The relative humidity is 45 percent in the morning and 20 percent in the afternoon during April.  During May it is 35 percent in the morning and 15 percent in the afternoon.

        (4) Summer (June-September)

            a) General Weather.  Summer is sunny, extremely hot, and dry, with dust commonly suspended in the lower atmosphere.  The Azores high builds across Europe, which cuts off the Mediterranean storm track, and the Asiatic low is fully developed over central Asia.  These, along with the Saudi Arabian and Pakistani heat lows, cause a general westerly to northerly flow over Kuwait.  Low-level winds are sustained northwesterlies over Kuwait.  These winds persist all summer below 15,000 feet and maintain a persistent dust layer.  By June, frontal systems do not penetrate the area.

            b) Sky Cover.  Coastal: On average, summer skies are clear.  Ceilings below 10,000 feet are rare in June and July and do not occur in August or September.  Ceilings below 3,000 feet are rare in June and do not occur the rest of the summer.  Ceilings below 1,000 feet do not occur.

            Interior: Summer skies are clear to scattered.  Ceilings below 10,000 feet are rare.  Lower ceilings, below 3,000 feet, are extremely rare or do not occur at all.

            c) Visibility.  Coastal: Summer visibility is the worst of the year due to dust and salt haze.  Dust haze restricts visibility below 7 miles (11,000 meters) all day all summer.  Fog that restricts visibility below 11,000 meters is only a minor problem at sunrise and occurs on an average of less than 1 day per month in June and July and 2 days in August and September.  Visibility below 11,000 meters occurs 95-97 percent of the time all day all season.  Visibility below 3 miles (4,800 meters) occurs 20-30 percent of the time at 09-20L in June and July and a minimum of 5-10 percent of the time the rest of the day.  In August, it occurs 15 percent of the time at 09-20L and 5 percent of the time or less the rest of the day.  In September, it occurs 10 percent of the time at 06-17L and less than 5 percent of the time the rest of the day.  Visibility below 1 mile (1,600 meters) occurs 5-10 percent of the time at 09-23L in June and July and is rare the rest of the day.  In August and September, it occurs 5 percent of the time or less at 09-29L and is rare the rest of the day.  Visibility below 1/2 mile (800 meters) occurs 5 percent of the time or less at 12-20L in June and July and does not occur the rest of the day.  It does not occur in August and September.

            Interior: Summer visibility is the worst of the year due to dust and haze.  When the visibility is below 7 miles (11,000 meters), 25 percent of the time for all hours in June-August and 10 percent of the time in September, dust and haze are responsible 95 percent of the time.  In the late afternoon, 15-17L, they restrict visibility as often as 46 percent of the time.  Fog usually does not occur in June or July, but August and September have 1-2 days with early morning fog.  Most visibility below 3 miles (4,800 meters) occurs in June-July, 10 percent of the time overall and up to 20 percent in the time during the daytime.  In August, visibility below 4,800 meters occurs 5 percent of the time overall and up to 10 percent of the time in the daytime.  In September, visibility below 4,800 meters occurs about 5 percent of the time during the day and rarely the rest of the day.  Visibility below 1 mile (1,600 meters) occurs about 5 percent of the time on June afternoons, and rarely in July-September.

            d) Winds.  Coastal: Summer winds are the strongest of the year.  Prevailing winds come from the northwest at 12-16 knots all summer.  Sea breeze winds occur regularly during the afternoons.  Peak gusts reached 42 knots in June, 50 knots in July-August, and 40 knots in September.

            Interior: Summer winds are the strongest of the year.  Prevailing winds are northwesterly at 10-15 knots.  Wind speeds over 25 knots occur 5-10 percent of the time in June-August from 09-17L at Ahmed Al Jaber.  A maximum peak gust of 55 knots occurred in August and 27-36 knots occurred during the other summer months.  Other sites had peak gusts to about 50 knots in July-August and 40 knots in June and September.

            e) Precipitation.  Coastal: Rainfall is all but nonexistent all summer.  June and September both average a trace of rainfall and July and August have none.  Typically, rain does not occur all summer. Thunderstorms are extremely rare and typically dry.

            Interior: Rainfall is nearly nonexistent.  June and September both average less than 0.05 inch (1 mm) and July and August have none.  Thunderstorms are extremely rare.

            f) Temperature.  Coastal: Summer is oppressively hot.  July and August are the hottest months of the year with mean highs close to 115F (46C).  Extreme highs were 121 to 124F (49 to 51C) in June through August and 118F (48C) in September.  The temperature rises to or above 90F (32C) on an average of 28 days per month all season except in July, when it exceeds 90F (32C) every day.  The mean lows are 83 to 87F (28 to 31C) in June through August and 78F (26C) in September.  The extreme lows were 70 to 71F (21 to 22C) in June through August and 65F (18C) in September.  The average relative humidity is 20 percent in June and July and 30 percent in August and September.

            Interior: July and August are the hottest months of the year with mean highs close to 115F (46C).  Mean highs for June and September are 105 to 110F (41 to 43C).  Extreme highs have topped 120F (49C) every month of summer and have reached 129F (54C) at Ahmed Al Jaber.  The average low is 89F (32C) in July-August and 83 to 85F (28 to 29C) in June and September.  The extreme lows were 70F (21C) each month.  The relative humidity is 20-35 percent in the morning and only 10 percent in the afternoon.

        (5) Fall (October-November)

            a) General Weather.  The Asiatic low disappears from Central Asia as the Asiatic high begins to build there.  Only synoptic systems that move east from the Mediterranean and, more rarely, south from Turkey, break this pattern.  By early October, moist air from the Mediterranean occasionally enters the area with east-moving lows (about twice per month).  Dust storms and sandstorms occur often with migratory lows and cold fronts.

            b) Sky Cover.  Coastal: Cloudiness begins to increase as more fronts and lows pass through the area from the Mediterranean, so there are fewer clear days and the average cloud cover is scattered.  Ceilings below 10,000 feet occur 2-3 percent of the time in October, mainly during the day, and 5-9 percent of the time in November.  Ceilings below 3,000 feet do not occur in October.  They are rare at 03-14L in November and do not occur the rest of the day.  Ceilings below 1,000 feet do not occur in either month.

            Interior: Cloudiness begins to increase as more fronts and lows pass through the area from the Mediterranean, so there are fewer clear days and the average cloud cover is scattered.  Ceilings below 10,000 feet occur 5 percent of the time or less in October, but 10-16 percent of the time in November.  Low cloud ceilings are still rare as ceilings below 3,000 feet occur only 2 percent of the time in October, mainly at night and in the early morning with fog.  During November the rate increases to 5 percent of the time in the morning.  Ceilings below 1,000 feet occur 2 percent of the time or less each month, again mainly in the morning.

            c) Visibility.  Coastal: Visibility is restricted below 7 miles (11,000 meters) almost continuously in dust and salt haze.  Fog and rain increase in frequency, which helps reduce dust haze a little.  Smog increases around oil facilities when excess gasses are being burned and the smoke restricts visibility.  Fog restricts visibility below 7 miles (11,000 meters) on an average of 4 days per month in both October and November.

            Visibility below 11,000 meters occurs 90-95 percent of the time all season with slightly higher rates in October than in November.  Visibility below 3 miles (4,800 meters) occurs 5-10 percent of the time at 06-17L and under 3 percent of the time the rest of the day.  Visibility below 1 mile (1,600 meters) and visibility below 1/2 mile (800 meters) are both rare all season.

            Interior: Visibility is good.  Dust and haze still cause most visibility restrictions in October, but in November, fog and rain increase in frequency and dust becomes less of a problem.  Smog increases around oil facilities when excess gasses are being burned and the smoke restricts visibility.  Fog causes the visibility to go below 7 miles (11,000 meters) on an average of 3 days in October and 6 days in November.  Visibility below 11,000 meters from all causes occurs 15 percent of the time in October and November in the morning.  In October, it occurs less then 10 percent of the time the rest of the day, but there is little diurnal change in November.  Visibility below 3 miles (4,800 meters) occurs most in the morning hours, 5-10 percent of the time in the morning of both months, and less frequently the rest of the day.  Visibility below 1 mile (1,600 meters) occurs 5 percent of the time in the morning and less often the rest of the day.

            d) Winds.  Coastal: The prevailing wind is from the west-northwest at 6-10 knots.  Sea breeze winds weaken as the temperatures cool.  Peak winds were 40 knots. 

            Interior: The prevailing wind is from the west-northwest at 6-10 knots.  Peak winds were 25 knots at Ahmed Al Jaber in October-November, but some places reported peak gusts of 40 knots.

            e) Precipitation.  Coastal: Rainfall increases slightly due to the first incursions of moist air from the Mediterranean, especially in November, as the storm track of winter is reestablished.  Monthly totals are highly variable.  Thunderstorm frequency increases.  On average, rain falls on less than 1 day in October and on 1 day in November.  Thunderstorms occur on an average of 1 day in October and 2 days in November.  The mean monthly rainfall increases from a trace in October to 0.6 inch (15 mm) in November.  The extreme monthly rainfall was 0.5 inch (13 mm) in October and 4.2 inches (107 mm) in November.  The maximum 24-hour rainfall was a trace in October and 1.3 inch (33 mm) in November.

            Interior: Rainfall increases slightly due to incursions of moist air from the Mediterranean, especially in November.  Monthly totals are highly variable.  The average for October is less than 1 day with rainfall that totals less than 0.05 inch (1 mm) and the average for November is 2-3 days with rainfall that totals 0.6 inch (15 mm).  The extreme monthly rainfall was 0.5 inch (13 mm) in October and 4.2 inches (107 mm) in November.  The mean monthly rainfall is zero in October and 2.9 inches (74 mm) in November.  The maximum 24-hour rainfall was 2.2 inches (56 mm) in November 1999.  Thunderstorm frequency increases from 1 day in October to 3 days in November with thunderstorms.

            f) Temperature.  Coastal: Early fall is still hot, but not as bad as summer and temperatures cool rapidly in November.  The mean highs are 94F (34C) in October and 80F (27C) in November.  The extreme highs were 111F (44C) in October and 97F (36C) in November.  The temperature rises to or above 90F (32C) on an average of 23 days in October and 2 days in November.  The mean lows are 69F (21C) in October and 59F (15C) in November.  The extreme lows were 49F (9C) in October and 36F (2C) in November.  The average relative humidity is 52 percent in October and 66 percent in November.

            Interior: Fall is still hot, but not as oppressively hot as summer because the mean highs drop below 100F (38C).  Mean highs are 95 to 99F (35 to 37C) in October and 80 to 85F (27 to 29C) in October.  The extreme high was 117F (47C) in October and 104F (40C) in November.  The mean low in October is 70F (21C) and the mean low in November is 60F (16C).  The extreme low in October was around 61F (16F), but in some places, the extreme low was 49F (9C).  A November extreme low of 36F (2C) was once reached at a site in eastern Kuwait.  The average relative humidity in October is 50 percent in the morning and 20 percent in the afternoon.  In November, it is 65 percent in the morning and 30 percent in the afternoon.
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    e.  Iraq

        (1) A bit more than twice the size of Idaho, Iraq is nearly landlocked.  Syria and Turkey border it to the northwest through north, Iran is to the northeast through southeast, Kuwait occupies most of the southern border, Saudi Arabia takes up the south through southwestern area, and Jordan is between Saudi Arabia and Syria.  Iraq has only a small coastal area east of Kuwait.  The Syrian Desert occupies much of western Iraq and the Arabian Desert occupies much of the country to the south-southwest through southwest.

        Iraq is mostly composed of broad, arid plains, but two easily flooded river valleys, the Tigris and the Euphrates, bisect the country diagonally from northwest to southeast.  These river valleys are narrow and steep-walled for the first third of their path in Iraq but open into broad flood plain valleys (just north of Baghdad) that are the lowest and best watered terrain in the country.  Fully 80 percent of these two river drainage systems are part of the region known as the Fertile Crescent.

        The Tigris (locally called Nahr Diljah) flows out of Turkey into northern Iraq and flows south-southeastward to the Persian Gulf.  (The word nahr means river.)  The river flows to the gulf through the Sha’tt Arab delta.  The Euphrates (locally known as Nahr al Furat) enters Iraq from Syria and flows diagonally across the plains to join the Tigris at Hawr (Lake) al Hammar, a shallow, brackish lake in the southeastern corner of Iraq.  These two rivers meander quite a bit, have many minor tributaries (most seasonal), and get close enough to be connected with manmade canals in the Baghdad vicinity before they separate once again.  A number of oxbow lakes and shallow ponds dot the flood plain around both rivers from Baghdad to the Persian Gulf coast.

        West of the flood plain, the terrain rises steadily toward the west onto a broad plain that is essentially a desert plateau.  Wadis (seasonal streams) flow downslope toward the east into the Euphrates River.  Elevations rise to 900-1,200 feet (275-365 meters) on the plateau.  In the river valleys, elevations decrease from north to south from their entry points, Syria at 1,100 feet (335 meters) and Turkey at 1,800 feet (550 meters), to 100-180 feet (30-55 meters) just a few miles north of Baghdad and to 30-80 feet (9-25 meters) in the flood plain from As Samawah southward to the gulf.  Roughly the southernmost eighth of the river valleys is marshy with areas that become seasonal lakes.  In eastern Iraq, both wadis and permanent rivers flow toward the west to join the Tigris River from the higher terrain in Iran.  It has been reported that many of the marsh areas have been drained entirely or seriously deprived of water by reservoir construction upstream.  This exacerbates dust problems as the former lake and marsh beds are exposed and dry silt lifts into the air in the wind.

        The northern part of Iraq includes the southern part of the Guneydogu Toroslar (Taurus Mountain Range), which is part of the great Anatolian Plateau that occupies most of Turkey.  Elevations in the Iraq portion rise from 5,000 feet (1,525 meters) to 9,000 feet (2,745 meters), near the border, with a few peaks above 11,000 feet (3,350 meters).  Northeastern Iraq shares the western portion of the Kuhhaye Zagros (Zagros Mountains) with Iraq.  A couple of minor outlying ridges that average 4,000-7,000 feet (1,220-2,135 meters) are in Iraq and close to the northeastern border, elevations begin to rise into the true mountains and reach 11,000 feet (3,350 meters).

        There are three freshwater lakes in central Iraq near Baghdad, all lined up more or less north to south in the broad river valleys.  Buhayrat Ath Tharthar is the largest of the three, but all shrink and expand dramatically with the changing seasons.  Buhayrat Ath Tharthar is 48 NM (55 km) northwest of Baghdad between the Euphrates and the Tigris north of where the two rivers get close together.  Al Taqaddum, also called Hawr al Habbaniyah, the middle lake, is the smallest of the three.  It is 17 NM (31 km) south of Buhayrat Ath Tharthar, just southwest of the town Al Habbanyah, which is due west of Baghdad.  The third lake, Bahr al Milh, is 5 NM (9 km) south of Al Taqaddum and just southwest of the Euphrates River.  It is slightly smaller than Buhayrat Ath Tharthar and its southern end is west of the town Karbala.  There are also at least three manmade reservoirs in the northeastern mountains (Zagros Mountains).  Dukan Reservoir is just northeast of the city of Kirkuk in the northeastern corner of Iraq.  Darband-i-Khan Reservoir is just southeast of As Sulymaniyah, and a smaller reservoir built on the Nahr Diyala is northeast of Baghdad.

        (2) Winter (December-March)

            a) General Weather.  Winter weather generally features fair skies but migratory lows and troughs may affect the region every 3-5 days.  These systems bring short periods of precipitation and occasional dust storms.  The origin of these systems is important.  Cyprus lows consistently produce more rain, cloud cover and thunderstorm activity in this region than any other type.  A deep Cyprus low with strong cold air support can produce heavy, even severe, thunderstorm activity and associated localized flooding.  Hail, although small, can occur with these systems, usually no more than once or twice per winter.  Very cold mid-level troughs occasionally bring snowfall to elevations above 2,000 feet (600 meters).  This occurs on an average of 1-2 days every 3-4 years.

            The 24- to 36-hour shamals (shamals are strong northwesterly winds) can occur with deep polar air surges.  Intense Black Sea lows sometimes contain enough polar air aloft to extend a well-defined cold front deep into Iraq.  The fronts bring extensive cloudiness, rainfall and fog to the region.  This appears to occur more frequently during El Niño years.  Additionally, there is a strong correlation between El Niño and increased cloud cover and rainfall with all storm systems that move through the region.  There also appears to be a good correlation between overall warmer temperatures, increased rainfall and cloud cover with negative (low gradient) North Atlantic Oscillation phases and the opposite occurs during positive (high gradient) phases.

            By early December, the monsoon trough is south of the equator.  A weak high over northwestern Saudi Arabia is periodically reinforced by migratory highs out of the Mediterranean.  The low-level flow is mainly northwesterly, but low-level winds vary with the synoptic situation.  Dust and sand lift in strong winds behind and ahead of troughs/fronts.

            By early January, upper-air troughs and associated surface cold fronts or troughs occur every 3-5 days.  Only the strongest lows have surface cold fronts.  Precipitation occurs only with fronts, but blowing dust occurs with troughs or fronts.  When a strong high moves east over Turkey, flow becomes northerly or even northeasterly.  This brings relatively dust-free air south out of eastern Turkey or Russia.  Local dust is picked up by winds ahead of and behind the trough.  By early January, secondary waves may form on fronts that cross northern Saudi Arabia.  Southeasterly flow ahead of these systems allows moist, warm Persian Gulf air to move inland, on rare occasions, as far north as Baghdad.  Such flow brings isolated early morning fog or low stratus around the Tigris and Euphrates and the coast as well as isolated thundershowers with the upper-level trough axis.  Such thunderstorms are rare.

Low visibility in nocturnal and early morning fog and stratus in the Tigris and Euphrates river valleys is caused by intensified thermal highs over Iran and in advance of lows out of the Mediterranean.  Fog and stratus occur most at night and towards sunrise and burn off before midday in most cases.

            There are two basic causes for reduced visibility or for cloud cover at any level in this season.  The first relates to the Mediterranean storm tracks “A” and “B”.  Track A storms move through the Mediterranean just south of Turkey and curve northward into the Caspian Sea.  Multiple cloud layers (low cloud to cirrus) and precipitation with the low take 2-4 days to transit Iraq.  Track B Mediterranean storms come out of the sea into Jordan, Syria, and Iraq on the way into the Persian Gulf.  They exit the area through the Strait of Hormuz and the Gulf of Oman into the Indian Ocean and heads toward India.  These systems also cause multiple layers of cloud cover 1-2 days ahead of and 1-2 days behind the system.  Most storms pass through in 2-3 days, but some stall and take as many as 6 days to move out of the area.

            The second cause for cloud cover is the subtropical jet stream (STJ).  In this season, the jet flows across the Arabian Peninsula and brings a band of cirrus through the area.  Deep lows displace the jet south for short periods.  Foehn winds occasionally occur in the northern plains.  They descend from the mountains of Turkey and Iran and are largely responsible for the absence of severely cold weather in Iraq.  They occur when the Asiatic high expands and intensifies to send outbreaks of bitterly cold northerly flow over Turkey and Iran, which flows into the foothills of northern Iraq.  The strongest foehn winds are most likely when there is heavy snow cover over the mountains of the Anatolian Plateau of Turkey.

            Flooding along the lower courses of the Tigris and Euphrates Rivers and some Tigris tributaries (where they cut across the lowlands of eastern Iraq to join the Tigris) occurs nearly every year.  Flooding is most frequent in winter and spring when exceptionally heavy precipitation in the mountains produces torrential flow into the tributaries.  Melting snow compounds the problem.  In winter and spring, wadis, dry much of the year, can fill suddenly and produce flash flooding.  Late winter and early spring is when these seasonal streams are most likely to contain water.

            b) Sky Cover.  Even though this is the rainy season, the mean cloud cover is still only scattered over most of Iraq.  Windward mountain sites have more cloud than other locations in the country and mean cloud cover is broken there, but only the highest windward peaks remain cloud cloaked for any length of time.  Cloud cover varies widely in the mountains and leeward sites are often far less cloudy than windward sites.  Ceilings below 25,000 feet occur 40-50 percent of the time all winter in the mountains with a daytime maximum rate.  In the rest of Iraq, they occur 25-35 percent of the time all winter with a daytime maximum rate.

            Ceilings below 10,000 feet occur 25-35 percent of the time all winter in the mountains and a maximum of 40 percent of the time in late morning through sunset.  In the rest of the country, they occur 15 percent of the time most of the day and a maximum of 20 percent of the time during the late morning through sunset.  Ceilings below 3,000 feet occur 15-20 percent of the time in the mountains with an afternoon maximum.  Elsewhere, they occur 5 percent of the time or less in most places and rarely in the southern desert.  Ceilings below 1,000 feet or below 200 feet are rare all season everywhere except in the windward mountains, where cloud cloaking occurs with passing storm systems.

            c) Visibility.  The main causes of restricted visibility are fog, blowing sand and dust and dust haze.  The restrictions in dust haze and blowing sand/dust are fewer in winter because of the rainfall, but rain is so limited even now, conditions are often dry in many parts of Iraq.  Dust haze is frequently present, but visibility is generally somewhat better in winter than in other seasons.  Fog occurs more often in winter because of the additional moisture in the air and some places are more apt to get it than others.  Fog restricts visibility below 7 miles (11,000 meters) on an average of 1-2 days per month in the desert regions, 5-10 days per month in the rest of the country in December and January and 2-5 days per month in the rest of the country in February and March.  Most places have only 1-2 days per month when blowing sand or dust restricts visibility below 11,000 meters.  It occurs 5-8 days per month in the southern quarter of the country all season and the rate increases in the Tigris-Euphrates basin in February and March to 4-6 days per month.

            Visibility below 11,000 meters occurs 55-65 percent of the time all season in the mountains.  December and January show a maximum rate of 70-75 percent of the time at 06-11L but February and March do not.  In the rest of Iraq, it occurs more often in urban areas than elsewhere as pollution adds particulate matter to the existing dust haze and fog.  In urban areas, visibility below 11,000 meters occurs 50-60 percent of the time most of the day all season and 70-75 percent of the time at 09-11L.  Pollution restrictions are particularly noticeable in Baghdad.  Elsewhere, it occurs 35-45 percent of the time all season with the maximum rate at 09-11L.

            Visibility below 3 miles (4,800 meters) occurs 5 percent of the time or less most of the day all season in the mountains with a maximum rate of 15-20 percent of the time at 03-09L.  Elsewhere in Iraq, it occurs 5 percent of the time or less most of the day all season with a maximum rate of 10-15 percent of the time at 06-11L.  In urban areas, December and January show maximum rates of 30 percent of the time at 09-11L but February and March do not.

            Visibility below 1 mile (1,600 meters) is rare most of the day all season all over Iraq, including the mountains and occurs 5 percent of the time or less at 03-11L.  There are many places that do not get visibility this poor at all.  Visibility below ½ mile (800 meters) occurs 5 percent of the time or less at 06-11L all over Iraq and does not occur the rest of the day.  In many lowland locations, visibility this poor is very rare or does not occur even at sunrise.

            d) Winds.  Throughout Iraq, overall surface winds come from the northwest at 5-10 knots on average.  Winds vary locally from west through north and the mountain sites have considerable local terrain influences.  Foehn winds occur in north-south oriented mountain valleys during cold air outbreaks and up- and downslope winds are typical.  Peak gusts reached 40-50 knots all over Iraq but sheltered locations, especially in the mountains, get only 30-40 knots.  The strongest winds generally occur with passing cold fronts but funneled winds are the more common culprits in the mountains.  Conditions are calm 15-20 percent of the time in most of the country, 35-45 percent of the time in protected mountain valleys, and only 5-10 percent of the time in the exposed southern third of the country.

            e) Precipitation.  A simple winter precipitation maximum occurs here, mainly in rain and rainshowers.  Thunderstorms do not occur more than 1-2 days per month all season and most places have them 1 day or less per month.  Snowfall is most likely in the mountains but is possible anywhere in Iraq.  In the southern third of the country snow flurries are very rare but in the rest of it, they occur every 2-3 years.  Precipitation occurs 7-12 days per month in the mountains and decreases to 3-6 days per month in the middle of the country and decreases again to 1-3 days per month in the south.  Rainfall distribution and amounts are erratic.  Rainshowers may dump a year’s precipitation on a small area in a short time and leave adjacent areas, sometimes even adjacent fields or houses, dry.  In many cases, the extreme monthly rainfall amounts a station reports is associated with single rainfall events of 24 hours or less.  The more violent downpours often result in flash floods.

            Monthly mean precipitation uniformly decreases from 4-9 inches (102 mm) per month in the windward mountains to 1-3 inches (25-76 mm) per month in the Tigris-Euphrates basin, to less than 1 inch (25 mm) per month in the rest of the country.  Leeward mountain sites often get half or less the precipitation of windward sites.  Extreme (record) monthly precipitation reached 12-15 inches (305-381 mm) per month in the mountains, 5-8 inches (127-203 mm) per month in the middle of Iraq, and 3-5 inches (76-127 mm) in the southern third of the country.  The southwestern third of the country has the lowest mean and extreme amounts.  Isolated, windward mountain sites had extreme monthly accumulations of 20 inches (508 mm) of precipitation.

Note:  Rainfall and monthly precipitation are reported in inches and millimeters (mm) while snow is reported in inches and centimeters (cm).  The average ratio in this arid region is 15 inches (572 mm) of snow per 1 inch (25 mm) of precipitable water.

            While snow flurries are possible all over the country, they are rare in the southern half and accumulations are rare except in the mountain.  Winter snows occur occasionally on the lower slopes and snow cover may last for several days before it melts.  In the higher reaches, above 3,500 feet (1,065 meters), snow is frequent and continuous snow cover may last for several months.  A deep snow cover may persist on sheltered plateaus above 5,000 feet (1,525 meters) and snowdrifts often close down mountain passes.  January and February are the biggest snow months.

            f) Temperature.  Winter temperatures are generally mild except in the high mountains.  Temperatures at or above 100F occur as early as March in some places and are most likely in the southern half of the country.  Freezing temperatures are observed as early as October and as late as April in most places and as early as September and as late as May in the high mountains.  There, temperatures hover near freezing much of the winter.  Mountain temperatures provided below are for inhabited areas, commonly valleys.

Mean highs are 45 to 55F (7 to 13C) in December-February in the mountains and 55 to 65F (13 to 18C) in March.  In the interior plains, they are 55 to 65F (13 to 18C) in December-February and 65 to 75F (18 to 24C) in March.  Extreme highs reached 70 to 80F (21 to 27C) in December-February in the mountains and 80 to 85F (27 to 29C) in March.  In the plains, they were 90 to 95F (32 to 35C) in December and February, 80 to 85F (27 to 29C) in January, and 95 to 100F (35 to 38C) in March.  The southern third of the country is typically the warmest region of Iraq.  The temperature rises to or above 90F (32C) on an average of 1 day or less just about everywhere in Iraq in March and very rarely in December.  Temperatures above 90F (32C) do not occur in January or February.

            Mean lows are 35 to 45F (2 to 7C) all season in the mountains.  In the plains, they are 35 to 45F (2 to 7C) in December and January and 45 to 55F (7 to 13C) in February and March.  The southern third of Iraq has 45 to 55F (7 to 13C) for mean lows all season and the southern Tigris Euphrates valley has 60 to 65F (16 to 18C).  The extreme lows were 15 to 25F (-9 to -4C) all over Iraq except for the southern third of the country, which had extreme lows of 25 to 35F (-4 to 2C).  The temperature falls to or below freezing on an average of 1-3 days per month in December and January for most of Iraq, 8-12 days per month in the low mountains, and as much as 20-25 days per month in the high mountains.  In February and March, most of Iraq gets subfreezing temperatures 1 day or less per month and rarely in the southern third of the country.  The low mountains get them 2-5 days in February and 1-2 days in March while the high mountains get them 8-10 days in February and 3-5 days in March.

        (3) Spring (April-May)

            a) General Weather.  This season is usually at least warm and often hot.  Temperatures have been known to reach 112F (44C) as early as March in the desert areas and well above 100F (38C) in the river valleys.  The monsoon trough shifts back north of the equator by early April.  The summer heat low over interior Iran and southeastern Saudi Arabia begins to form.  Weak highs cross the northwestern Arabian Peninsula behind ever-weaker cold fronts and upper air troughs from the Mediterranean Basin.  Occasional strong cold air outbreaks may move southwestward and southward across Turkey and Iran behind intense lows that move southeastward into Iran.  Cyprus, Black Sea and Atlas lows all reach this region in spring but move farther and farther north as the season progresses until they no longer affect Iraq by late in the season.  In El Niño years, the period of activity sometimes extends into June.

            Low-level winds remain northwesterly over Iraq and slowly strengthen.  By late May, these winds become sustained northwesterlies over Iraq as the heat lows dominate the region.  Low-level winds in April and early May vary with the synoptic situation.  Dust haze becomes more common during May.  Shamal winds, strong northwesterlies that carry sand and dust far downwind, gradually intensify and occur with greater frequency as the summer heat low strengthens.

            Frontal systems and their upper-level troughs cross Iraq every 5-7 days in early April; by late May, these systems are weak and very rare.  Blowing sand occurs over the Tigris Valley with strong frontal associated winds over areas of loose soil or fine sand.  In early April, a rare secondary low can occur on fronts in southern Iraq or northern Saudi Arabia.  Onshore flow ahead of these systems allows moist, warm Persian Gulf air to move inland, on very rare occasions, inland as far as Baghdad.  This flow brings isolated early morning fog or low stratus to the Tigris and isolated thundershowers over the Tigris-Euphrates River valley with the upper level trough axis.  Such infrequent thunderstorms reach maximum frequency during April.  By May they are rare.

            b) Sky Cover.  The mean cloud cover is scattered almost everywhere in April except for windward mountain sites.  There, broken or nearly broken conditions are the norm.  Cloud cover varies widely in the mountains and leeward sites are often far less cloudy than windward sites.  By May, scattered conditions prevail everywhere except for a few windward mountain sites where cloud cloaking still occurs, especially early in the month.  By the end of May, scattered skies are the norm everywhere in Iraq.  Clear or nearly clear skies prevail over much of Iraq by mid-May.

Ceilings below 25,000 feet occur 25-35 percent of the time in the mountains all season with a maximum rate of 40 percent of the time in the afternoons.  In most of the rest of Iraq, they occur 15-25 percent of the time with the maximum rate in the afternoons.  In the southern quarter of Iraq, they occur only 10-15 percent of the time all season.  Ceilings below 10,000 feet occur 25 percent of the time in the mountains in April and 10-15 percent of the time in May.  In the rest of Iraq, they occur 5-10 percent of the time in April and 5 percent of the time or less in May.  In southernmost Iraq, they are rare all season.

Ceilings below 3,000 feet occur 10-15 percent of the time in the mountains in April and 5 percent of the time or less in May.  In the rest of the country, they occur 2-3 percent of the time in April and are rare or do not occur at all in May.  They are rare or do not occur at all in southernmost Iraq all season.  Ceilings below 1,000 feet or below 200 feet are rare in the mountains in April and do not occur except where cloud cloaking occurs at high elevations in May.  In the rest of Iraq, they are very rare or do not occur in April and do not occur at all in May.

            c) Visibility.  Visibility is generally fair to good with dust haze in the air frequently.  As the scanty winter rainfall falters, fog rates decrease.  Blowing sand and dust and dust haze are the main causes of restricted visibility.  By the end of May, dust haze is in the air more often than not in the plains.  Fog that restricts visibility below 7 miles (11,000 meters) occurs 3-5 days per month in mountain valleys and 8-10 days per month on cloud cloaked mountain slopes.  In the Tigris-Euphrates valley, it occurs 1-2 days in April and is rare in May.  Fog that restricts visibility below 11,000 meters is rare all season in the rest of the country.  Blowing sand or dust occurs 1-3 days per month in the mountains and varies widely site by site depending on exposure.  It occurs 6-9 days per month in most of the plains and 8-11 days per month in the southern third.

            Visibility below 11,000 meters occurs 55-60 percent of the time all season in the mountains.  In the rest of Iraq, it occurs 35-40 percent of the time most of the day and 55-60 percent of the time at 03-05L all season.  Urban areas, like Baghdad, have higher rates because of pollution.  There, visibility below 11,000 meters occurs 55-60 percent of the time all season with a maximum rate of 70 percent of the time at 06-11L.

Visibility below 3 miles (4,800 meters) occurs 3-5 percent of the time all season in the mountains.  In the rest of Iraq, it occurs less than 5 percent of the time in April and is rare in May.  Urban areas have higher rates.  There, it occurs 5 percent of the time or less most of the time and 8-10 percent of the time at 09-14L in both months.  Visibility below 1 mile (1,600 meters) or ½ mile (800 meters) is very rare or does not occur at all in spring.  In most places, only sand storms, dust storms or dust devils cause visibility this low and only for the duration of the event.  Windward mountain sites at high elevation may get poor visibility in cloud cloaking in April.

            d) Winds.  Overall surface winds continue to come from the northwest at 5-10 knots all season.  The circulation pattern is like that seen over the top and to the east of a high-pressure system to the south of the area.  Western Iraq has westerly winds, the desert west of the Tigris-Euphrates valley has northwesterlies, and the remaining eastern part of the country has northerlies.  As always, mountain winds are highly variable because of the terrain.  Wind direction is decided by terrain steering and terrain effects such as upslope/downslope winds more often than by large-scale weather features.  Conditions are calm 15-20 percent of the time in most of the country, 35-45 percent of the time in protected mountain valleys, and only 5-10 percent of the time in the exposed southern third of the country.

            e) Precipitation.  Rainfall decreases toward the summer dry as storm systems move north out of the region.  By the end of May, the summer regime is in control and little to no rainfall occurs.  Rainshowers are the main rainfall type with occasional steady rainfall with the last of the winter systems in April.  Thunderstorm activity, never great increases a little where local water sources supply fuel for them.  Snowfall is still possible in the mountains but accumulations only occur above 3,500 feet (1,065 meters) and linger only above 5,000 feet (1,525 meters) by the end of April.

            Precipitation occurs on an average of 2-5 days in April in most places and 6-9 days in the mountains.  By May, it occurs 1-3 days in most places and 3-5 days in the mountains.  By the end of May, rainfall is very limited across the whole country.  Thunderstorms occur on an average of 1-3 days per month in most places and some of them are dry, especially after early May.  A few places in the Tigris and Euphrates valley get 3-4 thunderstorm days per month.

            The mean monthly precipitation is 2-4 inches (51-102 mm) in April in the mountains and 1-2 inches (25-51 mm) in May.  In the middle third of Iraq, April mean monthly rainfall is 1-2 inches (25-51 mm) and in May, it is 0.5 inch (13 mm) or less.  In the southern third, April mean monthly rainfall is only 0.3-0.6 inch (8-15 mm) and in May it decreases to a trace to 0.3 inch (8 mm).  Extreme monthly precipitation was 5-7 inches (127-178 mm) per month in the mountains with one or two isolated windward sites that got records of 15-18 inches (381-457 mm) in April.  In the rest of the country, the extreme monthly rainfall was 3-5 inches (76-127 mm) in April and 2-5 inches (51-127 mm) in May with the southern third of the country the driest.  In spring, the heaviest rainfall events occur with rainshowers or thunderstorms and are often very localized and highly erratic (hit or miss).  Flash flooding can occur with a sudden downpour.

            f) Temperature.  Temperatures warm quickly once rainfall begins to taper off and skies clear of the last storm clouds.  Because of the arid atmosphere, the diurnal temperature spread between daily highs and lows spread as rainfall slows and then stops.  Temperatures cool roughly 3-4 Fahrenheit (1-2 Celsius) degrees per 1,000 feet (300 meters) of increase elevation.  Mountain temperatures provided are for inhabited areas, commonly valleys.

Mean highs are 70 to 75F (21 to 24C) in the mountains in April and 80 to 90F (27 to 32C) in May.  In the interior plains of Iraq, mean highs are 78 to 88F (26 to 31C) in April and 90 to 98F (32 to 37C) in May.  Extreme highs reached 100 to 106F (38 to 41C) in April in the mountains and 108 to 110F (42 to 43C) in May.  In the plains, they reached 105 to 110F (41 to 43C) in April and 115-118F (46 to 48C) in May.  The central Tigris-Euphrates valley has the highest reported record temperatures but other areas of the country have undoubtedly reached them as well.  Isolated locations, especially in the desert, have probably had extreme highs that reached 120 to 125F (49 to 52C) by the end of May.  Temperatures rise to or above 90F (32C) on an average of 1-2 days in April in the mountains and 8-14 days in May, depending on elevation.  In the plains, they occur 8-14 days in April and 25-30 days in May.

Mean lows are 45 to 55F (7 to 13C) in April in the mountains and 55 to 65F (13 to 18C) in May.  In the plains, they are 55 to 65F (13 to 18C) in April and 65 to 70F (18 to 21C) in May.  In plains areas around water, additional moisture in the air moderates mean lows.  In these places, mean lows are 70 to 75F (21 to 24C) in April and 80 to 85F (27 to 29C) in May.  Extreme lows reached 30 to 35F (-1 to 2C) in April in the northern half of Iraq and 40 to 50F (4 to 10C) in the southern half.  In May, they are 45 to 50F (7 to 10C) in the northern half and 55 to 60F (13 to 16C) in the southern half.  The temperature falls to or below freezing on an average of 8-10 days in April at elevations above 3,000 feet and 1-2 days below that level in the mountains.  In May, they occur 4-6 days above 3,000 feet and are rare below it.  In the plains, subfreezing temperatures are very rare in April and do not occur at all in May.  They occur mainly in early April.

        (4) Summer (June-September)

            a) General Weather.  The summer thermal lows over interior Iran and southeastern Saudi Arabia are at peak strength.  Conditions are clear, hot and dry, often extremely hot.  Winds persist from out of the northwest over Iraq as the heat lows dominate the region.  Dust haze is common and visibility, especially in the south, is often restricted.  Sustained northwesterly winds in the lower 15,000 feet maintain a persistent dust layer throughout the summer.  Frontal systems no longer reach this area and what little rainfall occurs, rare, is from local moisture sources, mainly the lakes in the center of the country.  Even here, the heat is such that rainshowers typically only produce virga (rainfall that evaporates before it hits the ground) and thunderstorms are practically nonexistent.

            Rainfall drops to the annual minimum; rainfall essentially stops; and shamal winds cause dust storms and sandstorms.  Shamals, northwesterly winds, can set in very suddenly and persist for 1-5 days.  Shamals weaken overnight and strengthen during the day as the heat low that parents them waxes and wanes with the diurnal heating and cooling typical of such an arid area.  The shamals reach maximum intensity in June and July when they may continue without cessation.  This is often called the time of 40-day shamals, an indicator of the persistent nature of these conditions.  The fine silt of the Tigris and Euphrates lowland is typically a significant source of visibility restrictions associated with shamals.

            b) Sky Cover.  The mean cloud cover all over Iraq is clear or nearly so all summer, including over the mountains.  Ceilings below 25,000 feet occur 5 percent of the time or less in June and September over the mountains and are rare or do not occur in July and August.  In the rest of Iraq, they are rare or do not occur all season.  Ceilings below 10,000 feet are very rare or do not occur all over Iraq all season.  Ceilings below 3,000 feet are very rare on June afternoons in the mountains and do not occur the rest of the season.  They do not occur all season in the rest of the country.  Ceilings below 1,000 feet or below 200 feet do not occur.

            c) Visibility.  Overall, visibility is generally good most of the time but summer visibility is also the worst of the year.  Dry, hot winds lift the fine silt in the Tigris-Euphrates valley high into the air, sometimes as much as 15,000 feet, where it lingers for long periods.  Blowing sand and dust are the main causes of restricted visibility and dust haze is a permanent feature in the summer sky.  Fog is all but non-existent.  Blowing sand or dust that restricts visibility below 7 miles (11,000 meters) on an average of 1-3 days per month in the mountains, 5-10 days per month in most of the remaining country and 12-15 days per month in the central Tigris-Euphrates valley.

            Visibility problems have worsened in the last twenty years as lakes are depleted and shrink and wetland areas are drained for agriculture.  This shrinkage (sometimes disappearance) of water exposes the fine silt of former lake and marsh beds, which is then easily lifted by the wind.  This not only exacerbates visibility problems but increases respiratory problems experienced by the local populace as well.

            Visibility below 11,000 meters occurs 50-60 percent of the time all summer in the northern mountains.  Rates are lower at night than during the day.  In the rest of Iraq, they occur 45-55 percent of the time in most places and 65-75 percent of the time in the central-southern Tigris-Euphrates valley and southeastern mountains.

            Visibility below 3 miles (4,800 meters) occurs 5 percent of the time or less in June in the northern mountains and is rare the rest of the season.  In the rest of Iraq, it is rare in most places all season and occurs 5-10 percent of the time in the southeastern mountains and the central and southern Tigris-Euphrates valley with a maximum rate of 15-20 percent of the time in the afternoons.

            Visibility below 1 mile (1,600 meters) is very rare or does not occur all season in most places.  The southeastern mountains and the central and southern Tigris-Euphrates valley get it 5 percent of the time or less all season with the highest rates in the afternoons.  Visibility below ½ mile (800 meters) does not occur outside of the immediate area of where sandstorms, dust storms or dust devils begin and then only persists the life of the events.

            d) Winds.  Overall northwesterly winds at the surface are stronger and more persistent in summer than in any other season.  Average wind speeds are 10-15 knots with periods when winds persist above 25 knots for hours or days at a time.  Shamals occur more often now as well and, in June and July, can persist for weeks at a time.  They are weakest at night and strongest in the afternoons.  Calms occur only 5-10 percent of the time in most of the country, with the majority in the low end of the range, and 30-40 percent of the time in the mountains.  Peak gusts reached 40-50 knots in most places and 50-60 knots in a few.

            e) Precipitation.  Rainfall drops to nothing all over Iraq.  Rainshowers and thunderstorms that can gather together enough moisture to develop are typically dry or produce only virga (rainfall that evaporates before it hits the ground).  Rainfall occurs on an average of less than 1 day per month all summer, meaning it does not occur in every month or every year.  There are many places in the southern third of Iraq that never get rainfall in this season.  Thunderstorms, even the dry ones, are rare.  The mean monthly rainfall is 0 to a trace all over Iraq all summer.  The extreme monthly rainfall does not exceed 0.5 inch (13 mm) anywhere in this arid country.

            f) Temperature.  Summer is hot and dry throughout Iraq and the desert is the hottest part of the country.  Diurnal temperature spreads are the widest of the year in summer because the air is so dry it cannot retain heat after sunset.  The mountains offer some respite from the unrelenting heat but it is only comparatively cooler there.  Mountain temperatures provided below are for inhabited areas, commonly valleys.

            The mean highs are 85 to 95F (29 to 35C) in the mountains in June, 95 to 105F (35 to 41C) in July and August, and 90 to 95F (32 to 35C) in September.  In the rest of the country, mean highs are 102 to 110F (39 to 43C) all summer.  Extreme highs were 115 to 125F (46 to 52C) all summer.  Although the desert areas are typically the hottest places, even the mountain valleys have reported record highs around 120F (49C).  The temperature rises to or above 90F (32C) on an average of 25-31 days per month over most of the country all summer.  The high mountains are the exceptions.

            Mean lows are 65 to 75F (18 to 24C) all over Iraq in June and September and 70 to 80F (21 to 27C) in July and August.  The exceptions to this are the wetland areas, where lows remain in the 90 to 95F (32 to 35C) range all summer because of the higher relative humidity.  Extreme lows reached 45 to 50F (7 to 10C) in June and September all over Iraq and 55 to 60F (13 to 16C) in July and August.

        (5) Fall (October-November)

            a) General Weather.  By the end of September, the monsoon trough has moved south off the Arabian Peninsula into the Arabian Sea.  The Saudi Arabian thermal low is weakening steadily; by late October, it has been replaced by a weak high center over northwestern Saudi Arabia.  Predominant low-level flow is northwesterly; speeds decrease steadily after mid-September.  By mid-September, the prevailing dust haze of summer slowly diminishes; however, it is still present in a lesser form through late November.

            The first upper-level westerly troughs cross the area in late October.  These first troughs do not have surface fronts; only surface troughs mark their positions.  These troughs are followed by relatively dust-free air from eastern Turkey or Russia.  Surface troughs rarely reach Basrah before early December.  Southeasterly flow ahead of these systems brings warm, moist Persian Gulf air inland past Basrah.  This flow brings isolated early morning fog or low stratus on/near the Tigris and Euphrates and the coast and isolated thundershowers with the upper-level trough axis.  Thunderstorms rarely reach Baghdad until mid-December and even then, they are not common.

            b) Sky Cover.  Mean cloud cover is scattered all over Iraq in both months but slowly increases from the summer minimum to winter norms by mid-November.  High windward peaks are cloud cloaked with passing storm systems and this occurs more and more often as winter approaches.  Ceilings below 25,000 feet occur 15-25 percent of the time over the mountains in October and 25-30 percent of the time in November with a maximum rate of 35 percent of the time on November afternoons.  In the rest of Iraq, they occur 10-15 percent of the time in October and 15-20 percent of the time in November.

            Ceilings below 10,000 feet occur 10-15 percent of the time over the mountains in October and 15-20 percent of the time in November.  Over the rest of Iraq, they occur 5 percent of the time or less in October and 5-10 percent of the time in November, with a few northern plains sites reaching a maximum rate of 10-15 percent of the time during November afternoons.

            Ceilings below 3,000 feet occur 5 percent of the time or less over the mountains in October and 5-10 percent of the time in November.  In the rest of Iraq, they are very rare or do not occur in October and occur less than 5 percent of the time in November.  The farther south a site is, the lower the occurrence rates become.  Ceilings below 1,000 feet and below 200 feet do not occur anywhere except on high windward mountain slopes, where cloud cloaking occurs with passing storm systems.

            c) Visibility.  Blowing sand or dust and dust haze continue to be the main causes of reduced visibility but as rainfall begins to occur, visibility improves.  Visibility is generally fair to good in October and good in November outside of actively blowing sand/dust areas.  Fog that restricts visibility below 7 miles (11,000 meters) begins to occur as relative humidity creeps upward with the first rains.  It still occurs 1 day or less practically everywhere in October and in most places in November.  In some mountain valleys and in sites close to water sources, fog occurs 2-6 days in November.  Basrah, in the southeastern corner of Iraq is an exception.  It gets fog 4-5 days per month all season.  Blowing sand/dust that restricts visibility below 11,000 meters occurs 1-2 days per month in most of Iraq and 3-6 days per month in the southern Tigris-Euphrates valley and the southern desert areas.

Visibility below 11,000 meters occurs 40-50 percent of the time all day in October in the mountains and most of the day in November.  It occurs a maximum of 60 percent of the time at 09-14L in November.  In the rest of Iraq, it occurs 25-35 percent of the time all season in most places and 50-60 percent of the time in the central and southern Tigris-Euphrates valley and in the western parts of the southeastern mountains.  It occurs a maximum of 75 percent of the time at 18-20L in October in those places.

            Visibility below 3 miles (4,800 meters) is rare or does not occur all season in most places.  It occurs 5-10 percent of the time most of the day in both months in central and southern Tigris-Euphrates valley and southeastern mountains with the peak rate at 09-11L.  Visibility below 1 mile (1,600 meters) or below ½ mile (800 meters) is very rare or does not occur at all in this season all over Iraq.  Most places do not get visibility this low.  The most vulnerable places are in the southern Tigris-Euphrates valley.

            d) Winds.  Overall surface winds continue to come from the northwest but are lighter than they are in summer, at an average of 5-10 knots.  There is also a greater westerly component in more of the country.  West-northwest winds are as common in central Iraq as they are in western areas, where they are typical.  Mountain winds are highly variable because of the terrain and upslope/downslope winds vary wind direction and speed diurnally.  Calm conditions occur 5-10 percent of the time in the southern third of the country, 25-35 percent of the time in the remaining plains, and 45-55 percent of the time in mountain valleys.  Peak gusts reached 25-35 knots in most places but sandstorms, dust storms, and dust devils still cause 50-60 knots in a few places.  As storm systems begin to push cold fronts through the region once again, pre and post-frontal winds increase.

            e) Precipitation.  Precipitation, still mostly rainshowers and very isolated thunderstorms, gradually increases over the fall as the first winter systems begin to shift southward close enough to the region to push through cold fronts.  Although snow is possible by late November in the plains and by mid October in the mountains, it does not generally do much more than light, brief flurries in the fall, except at high elevations.  Rainfall occurs on an average of 1-2 days in October just about everywhere.  In November, it occurs 3-4 days in most of Iraq and 6-8 days in the mountains.  Windward sites have higher, sometimes double, precipitation rates than leeward sites.  Leeward sites generally have the same rates as plains locations.  Thunderstorms occur on an average of 1 day or less per month in most sites.  Places near water sources in the Tigris-Euphrates valley and in a few windward mountain locations get them 2-3 days per month in the fall.

            The mean monthly precipitation is 0.5 inch (13 mm) or less everywhere in October.  It is 0.5-1 inch (13-25 mm) in most places in November, 3-5 inches (76-127 mm) in lower elevation mountain valleys, and 6-8 inches (152-203 mm) in higher elevation, windward sites.  The extreme monthly precipitation was 1.5-2.5 inches (38-64 mm) just about everywhere in October.  In November, it was 3-6 inches (76-152 mm) in the plains, 6-8 inches (152-203 mm) in the mountain valleys, and 11-14 inches (279-356 mm) in the high, windward mountain sites.  While snow does not accumulate significantly below 5,000 feet (1,525 meters) elevation, the high passes sometimes close due to snowdrifts in early winter storms in November.

            f) Temperature.  Temperatures cool from the blistering heat of summer but October is still quite warm.  Mean highs are 85 to 95F (29 to 35C) in October in the plains and 75 to 85F (24 to 29C) in the mountains.  In November, they are 75 to 85F (24 to 29C) in most lowland sites and 60 to 70F (16 to 21C) in the mountains.  Extreme highs were 95 to 105F (35 to 41C) in the mountains in October and 90 to 95F (32 to 35C) in November.  In the plains, they are 105 to 115F (41 to 46C) in October, with a few desert sites approaching 120F (49C).  In November, extreme highs reached 95 to 105F (35 to 41C).  The temperature rises to or above 90F (32C) on an average of 8-10 days in the mountains in October and 3-5 days in early November.  In the plains, they occur 15-20 days in October and 1-5 days in November (most have 1-3 days in November).  A few sites in the central and southern Tigris-Euphrates valley and in the southern desert have temperatures above 90F (32C) 25 days in October and 8-10 days in November.

            Mean lows are 55 to 65F (13 to 18C) all over Iraq in October except near water sources, where they are 70 to 75F (21 to 24C).  In November, they are 45 to 55F (7 to 13C) in most places and 60 to 65F (16 to 18C) around water.  The extreme lows were 25 to 35F (-4 to 2C) in the mountains in October and 20 to 30F (-7 to -1C) in November.  In the plains, they were 30 to 40F (-1 to 4C) in October and 25 to 35F (-4 to 2C) in November.  The temperature rarely falls to or below freezing in the mountains in October and only 3-5 days in November.  Higher elevation sites have progressively more subfreezing days with increasing elevation.  In the plains, they occur 1-2 days in November and are very rare in October.
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    f.  Iran

        (1) Winter (December-February)

            a) General Weather.  Migratory low-pressure systems from the eastern Mediterranean move through the area on the average of once every 3-5 days.  Upper-level disturbances and high-pressure areas also move steadily through the area. 

            b) Sky Cover.  The mean winter cloud cover is broken (50 percent).  In mountainous terrain, cloud cover and height are functions of local terrain and winds.  Mountains are usually cloud-cloaked during the passage of a low-pressure system.  Fronts are the primary cause of low ceilings, which may be reach below 1,000 feet during rainshower or thunderstorm activity.  Ceilings are below 3,000 feet 11-13 percent of the time.  Multi-layered middle- and upper-level frontal clouds extend to 35,000 feet.  Thunderstorms reach 30,000 feet. 

            c) Visibility.  Fog, precipitation, and local pollution are primary causes of visibility restrictions. Visibility is below 3 miles (4,800 meters) 8-17 percent of the time.  Dust restricts visibility about 1 day a month. 

            d) Winds.  Surface winds depend on terrain.  Tehran has a diurnal variation in winds because of mountain-valley breezes.  In the morning, winds are northerly with speeds less than 7 knots more than 80 percent of the time.  By afternoon, winds are westerly at 7 knots or less about 30 percent of the time and greater than 16 knots about 3 percent of the time.  The peak gust recorded was 47 knots.  


e) Precipitation.  Precipitation is at the annual peak due to the number of low-pressure systems that traverse the area.  Mean precipitation for Tehran is 1-2 inches (25-50 mm) per month.  The mean number of snow days is 3-7 a month.  Average snowfall is 4-7 inches (100-175 mm) per month.  Snow accumulates 1-2 inches (25-50 mm) in January.  Thunderstorms are rare. 

            f) Temperatures.  Mean highs are 43 to 48F (6 to 9C), and mean lows are 28 to 34F (-2 to 1C).  The extreme high is 74F (23C); the low is 8F (-13C).  The mean is 50 days per year with temperatures at or below 32F (0C).  The average relative humidity is 65-75 percent in the morning and 45-55 percent in the afternoon. 

        (2) Spring (March-May)

            a) General Weather.  Spring is the transition from winter frontal systems to the hot, dry weather of summer.  Migratory systems decrease by 50 percent as storm tracks shift north.  By late April, few systems track through the area. 

            b) Sky Cover.  Mountains are cloaked in clouds when any frontal or low-pressure system passes through.  Tehran averages broken (50 percent) cloud cover.  Precipitation results in ceilings below 3,000 feet 2-4 percent of the time.  Thunderstorm tops exceed 40,000 feet by May. 

            c) Visibility.  Visibility is excellent but is occasionally restricted in fog or smoke.  Dust restricts visibility 1-2 days a month.  Visibility is less than 3 miles (4,800 meters) 2 percent of the time or less.

            d) Winds.  The prevailing winds are light and northerly in the morning and westerly at 8-10 knots the rest of the day.  Fronts and thunderstorms cause temporary gusts.  The peak gust recorded was 60 knots. 

            e) Precipitation.  The area relies on afternoon rainshowers and thunderstorms and fronts for precipitation.  Mean amounts are 0.6-1.6 inches (15-41 mm) per month.  Thunderstorms occur 1-2 days a month.

            f) Temperature.  Temperatures increase steadily through spring.  Mean highs vary from 57 to 59F (14 to 15C) in March to 81 to 83F (27 to 28C) in May; lows vary from 40F (4C) in March to 62F (17C) in May.  The extreme high was 101F (38C).  The extreme low was 18F (-8C).  Mean relative humidity is 45-65 percent in the morning and 25-35 percent in the afternoon. 

        (3) Summer (June-August)

            a) General Weather.  Summer is dry and clear; only a few frontal systems penetrate the region. Thunderstorms/ rainshowers are the primary rain producers. 

            b) Sky Cover.  Mean cloud cover is between 10 and 20 percent.  Ceilings are below 3,000 feet less than 1 percent of the time, but thunderstorms or rainshowers can temporarily reduce ceilings to 1,000 feet.  Thunderstorm tops exceed 40,000 feet. 

            c) Visibility.  Dust and haze are the main causes of visibility restrictions.  Dust occurs on 1-3

days a month.  Visibility is rarely below 3 miles (4,800 meters). 

            d) Winds.  Morning winds are west to northwesterly under 7 knots more than 90 percent of the

time.  By afternoon, winds become westerly below 7 knots more than 60 percent of the time.  Speeds are rarely above 16 knots.  The peak gust recorded was 44 knots. 

            e) Precipitation.  Isolated showers or thunderstorms provide summer rain.  Average monthly

amounts are 0.2 inch (5 mm) or less.  Thunderstorms occur 1 day or less a month. 

            f) Temperatures.  Mean highs are 92 to 96F (33 to 36C), and mean lows are 71 to 75F (22 to 24C).  Tehran averages just less than 100 days a year with highs greater than or equal to 90F (32C).  The extreme high is 108F (42C); the extreme low is 42F (6C).  The average relative humidity is 35 percent in the morning and 20 percent in the afternoon. 

        (4) Fall (September-November)

            a) General Weather.  September has summer-type weather, but weak frontal systems begin to cross the area by late October.  Winter frontal frequencies reestablish by the end of November. 

            b) Sky Cover.  Increased frontal activity brings increased cloud cover and is the primary cause for low ceilings.  Frontal clouds are layered to 35,000 feet.  Mean cloud cover is scattered (30 percent).  Ceilings are very rarely below 3,000 feet.  Thunderstorm tops average 30,000 feet.

            c) Visibility.  The visibility is rarely below 3 miles (4,800 meters). 

            d) Winds.  Morning winds are northerly at less than 7 knots.  Afternoon winds are westerly at 7 knots.

            e) Precipitation.  Precipitation amounts from rain and short rainshowers increase steadily as frontal activity increases, from 0.1 inch (2 mm) in September to 1.0 inch (25 mm) by November.  Mean thunderstorm days are 1 or less a month.  

            f) Temperature.  Mean highs drop from 87 to 89F (31 to 32C) in September to 60F (16C) by November.  Mean lows are 67 to 69F (19 to 21C) in September and drop to 41 to 43F (5 to 6C) by November.  The extreme high was 99F (37C); the extreme low was 27F (-3C).  Mean relative humidity is 35-65 percent in the morning and 20-45 percent in the afternoon.

    g.  United Arab Emirates (UAE)

        (1) Winter season (Dec-March) 

            a) Past climatological studies have identified the winter season (Dec-March) as accounting for the bulk of rain in the UAE. These studies were based on reporting stations located primarily along the northern coast or in the Gulf. Troughs, depressions and the occasional front, moving into the region from the west and northwest, result in large-scale systems that provide significant rainfall. During strong frontal conditions, rainfall can be experienced throughout the country but reaches a peak over the mountains due to additional uplift as airflow is forced over the mountains. Often times these systems have embedded convective elements or even isolated convective cells as the frontal system passes through the region. Strong systems with convective instability occur infrequently, perhaps once or twice a year, while weaker systems occur much more often, resulting in several days of cloud cover and light rain or drizzle. No major strong synoptic events occurred during the 2001 winter and studies were extended into 2002 to supplement the 2001 data. However, no strong systems occurred in the winter of 2002 either, emphasizing the fact that the annual rainfall in the UAE is highly variable - the standard deviation being larger than the mean. 

            Convective rainfall over the Oman Mountains during the summer season is a phenomenon that is widely known to local meteorologists but is not described adequately in climatological studies. Although there is some indication of the existence of a summer convective component in the Al Ain rainfall records (Figure 3 on the left), the frequency and importance of mountain rainfall is not well documented. During the summer, the UAE region is under the influence of upper level easterly to northeasterly flow associated with the tropical easterly belt, enhanced by the thermal low over the sub-Asian continent. This circulation can provide some moisture from the Arabian Sea. However, the flow at low levels is often from the northwest during the daytime on the UAE side of the mountains due to a sea breeze circulation, forced by surface temperature differences between the desert and the Arabian Gulf. The mountains often initiate convection under these conditions, depending on the wind flow and the thermodynamic profile of the atmosphere. Relatively small changes in the wind flow and thermodynamic structure can result in large changes in cloud development. 

Rainfall Patterns in Al Ain

            The monthly mean precipitation (µ) for the Al Ain station and includes the standard deviation (s) and the coefficient of variation (cv = s/µ). The fact that the monthly standard deviation exceeds the monthly average precipitation for the wettest months (January through March) is revealing, as the year-to-year variation in precipitation is quite extreme in this region. These results emphasize the need for caution in basing conclusions about the potential for rain enhancement on data collected for only one or two seasons. Also evident the mean precipitation figure is that although there seems to be a secondary rainfall peak in July in Al Ain, most of the intense rainfall is not captured. The most intense rainfall occurs over the mountains east of Al Ain in Oman, where there are no rainfall measurements. It is important to monitor the rainfall over the mountains in order to fully understand the hydro-meteorological interactions that occur in the UAE/Oman region. This monitoring is best done with quantitative meteorological radars in the UAE, using surface weather stations to calibrate the radar-derived rainfall measurements.

        (3) Summer months (June to September)

            a) The winter and summer conditions are delineated by distinctly different meteorological regimes, while May and October are transition months with rarely any rainfall. Mean soundings from nine years of data for January, February, and March were plotted. The soundings for each month are very similar and show generally dry, stable conditions typical of most days in the winter. The influence of strong mid-latitude westerly flow is also obvious, which occasionally brings rain-producing westerly troughs and frontal systems. 

Mean sounding conditions for the summer to late summer season were also plotted. During the summer months (June to September), the region is under the influence of weak upper-level tropical easterly flow. The beginning of the transition period is evident in the slight changes of the mean September sounding. Although the atmosphere is still generally dry in the summer, tropical moisture is sometimes advected into the region from the Gulf of Oman and Arabian Sea. Hot surface temperatures and a deeper unstable layer in the lower atmosphere often causes convection to occur as air is forced up over the mountains, developing thunderstorms over the Oman Mountains and into eastern UAE. These thunderstorms are generally short-lived but can produce intense precipitation over small regions and times. 

            b) The atmosphere in the UAE is generally very dry due in part to the drying effects of upper-level subsidence and limited sources of upper-level moisture. This moisture comes almost exclusively from frontal systems in the winter and tropical monsoon systems in the summer. However, due to the latitude of the UAE, only the fringes of the frontal systems in the winter and the monsoon systems in the summer affect the weather in the UAE. In both situations, the mountains play an important role in the distribution of rainfall over the area.

    h.  Oman

        (1) Oman occupies the eastern side of the Arabian Peninsula from the southern coast of the Strait of Hormuz to the eastern Jabal al Qamar Mountains (part of the larger Dhofar Range). Jabal means mountains.  Central Oman includes the eastern end of the Rub al Khali Desert, which occupies much of this arid peninsula.  Sand dunes ripple across much of this region.  The coast faces the Arabian Sea.  Mountains and hills line the narrow eastern coastal plain from the Strait to 22N.  The Al Jabal Akaur (also spelled Jabal Akhdar) range is the longer of the two northern ranges.  It extends from the Strait of Hormuz to roughly 23N.  Al Hajor Ash Sahrqi (Hajar Ash Sharqi) connects with the northern range at 23N and extends southward to 22N.  The two northern ranges face the Gulf of Oman, which separates the Strait of Hormuz and the Arabian Sea.  From there to 20N, Jiddat al Harasis, a broad, low plateau, opens to the Arabian Sea.  South of 20N, low hills are interspersed with flat plains to 18N.  From there, gravel plains give way to gravel hills, which then rise into Jabal Samhan (Jabal al Umr) at the eastern edge of the Dhofar Range.  Sharply defined gravel ridges, part of the Dhofar Range, are at the western boundary of Oman.

        In the northern ranges, elevations average 4,500-6,000 feet (1,400-1,800 meters), with a few peaks above 7,000 feet (2,100 meters).  The highest peak in the north ranges reaches 9,777 feet (2,980 meters); it is on the highest ridge, right at the southern end of the Jabal Ahkdar range (23N).  Elevations on Jiddat al Harasis (Jiddat means plateau) average 200-400 feet (60-120 meters) with a few hills above 700 feet (210 meters).  The southern mountains average 3,000-4,000 feet (900-1,200 meters) with a few peaks above 5,000 feet (1,500 meters), mostly in the Jabal Samhan.  One peak reaches 5,945 feet (1,812 meters) at about the middle of the Jabal Samhan.  This hilly-to-mountainous terrain backs a narrow coastal plain.  Inland of this coastal mountainous spine, elevations decrease to less than 1,000 feet (300 meters) at the rim of the Rub al Khali Desert.

        Numerous seasonal streams (wadis) lattice across this normally arid area and on the eastern rim of the Rub al Khali Desert, a long, shallow, seasonal lake extends from about 23N to just south of 20N and from 53E to 55E (56E in the northern half).  Wadis that drain the coastal mountains during the rainy season feed this short-lived lake.  This typically arid region does get downpours on rare occasions, which is evidenced by large alluvial washes that spread into the plateau at the foot of the mountains.

        (2) Northeast Monsoon (December-March)

            a) General Weather.  Oman is on the northern edge of the monsoon region.  In this region, winds change prevailing direction with the season.  Precipitation is often markedly different, and the frequency of storm systems varies with the season as well.  For most of Oman, the northeast monsoon is the rainy season although some areas have a larger variation in rainfall than others.  The southern coast (Arabian Sea) tends to have more rainfall in the southwest monsoon because of tropical disturbances and orographic convection under southwest monsoon winds.

            The northeast monsoon is dominated by northeasterly low-level winds, which are generated between the massive Asiatic high located over Central Asia and Siberia and the Australian low.  The near equatorial tradewind convergence (NETWC), which is also called the monsoon trough, is at its farthest south position by January, well south of the Arabian Peninsula.  A convergence zone lies over Oman during a typical northeast monsoon season, normally just north of the Dhofar or over the eastern Rub al Khali desert.  It is parallel to and 100-150 miles inland of the Arabian Sea coast and disappears when a cold front is in the area.

            Low-pressure systems are the most important weather-producing features of the season.  Strong surface lows move from northwest to southeast across the Persian Gulf and Gulf of Oman and produce orographic showers and thunderstorms, heavy isolated rainfall, and low ceilings 1-3 times during December and January.  Strong cold fronts produce gusty winds (15-25 knots), widespread dust and scattered rainshowers.  Deep upper-level troughs support strong surface lows.

            b) Sky Cover.  Mean cloudiness decreases from northwest to southeast.  In the northwestern half of the region, cirrus, altocumulus (with upper-level troughs), and early morning stratus and stratocumulus dominate.

Sea-breeze cumulus, with 2,000-3,000-foot AGL bases, forms ceilings 13 percent of the time at Saiq at 15L in December-March.  High frequencies of low ceilings along the Persian Gulf are due to more frequent low-pressure systems.  Stratus forms low ceilings along the Oman.

            Ceilings below 10,000 feet occur 10-15 percent of the time all season over the coasts and 5-10 percent of the time or less in the interior, especially over the deserts.  Ceilings below 3,000 feet occur 5 percent of the time or less over the coasts except for the eastern slopes of the northern mountains.  There, onshore orographic lift causes them to occur 5-10 percent of the time, with the highest rate during the afternoon hours.  Ceilings below 1,000 feet do not occur anywhere in Oman.

            c) Visibility.  Visibility is most restricted by dust, sand, dust haze, and occasional radiation fog.  Strong migratory lows track across the region 1-3 times a month.  These systems, with strong surface winds ahead of and behind them, cause blowing dust and sand.  More intense systems can bring dust from distant desert sources.  If a system is followed by an extended period of fair weather (5-10 days), thick haze can reduce visibility to 4-5 miles from the surface to 10,000 feet.  Dust storms are common along the northern coast when migratory lows enter the Strait of Hormuz.  Mist and salt haze occur under calm conditions anytime and anywhere along the coast, but visibility rarely drops below 4 miles (6,000 meters).

            Visibility below 3 miles (4,800 meters) is rare all season and occurs chiefly in dust haze.  Masirah Island gets it more than most of Oman, 3 percent of the time in January-March and rarely in December.  Visibility below 1 mile (1,600 meters) does not occur anywhere in Oman.

            d) Winds.  Although northeast monsoon flow dominates, surface winds vary from westerly to northerly.  Prevailing surface wind directions are heavily influenced by local terrain.  Local sea breezes and mountain/valley circulations control the winds at locations like Salalah, Sur, Seeb, Masirah, and Saiq.  At Saiq, winds are southeasterly at 5-6 knots between December and February, but southwesterly at 8 knots in March.  Peak winds observed for the season reached 50 knots from the north at Saiq.

            e) Precipitation.  Normally, precipitation results from the migratory lows that move from the northwest through the Persian Gulf.  About twice a month, a weak system or trough continues into the Gulf of Oman.  Lows that track through the Persian Gulf can produce significant weather throughout the region.  The surface low normally establishes a moist warm front along the northern mountains and orographic showers can occur along the western slopes.  If the surface low tracks into the Gulf of Oman, warm front showers can develop along the eastern slopes of the mountains and spread downwind over the Gulf of Oman coast.  Rainshowers along the cold front are usually scattered.  Local meteorologists classify the northwest-to-southeast storm track as a 3-5-day Shamal.

            Indirectly, Black Sea lows produce rainfall, cold air outbreaks, and strong west-to-northwest winds.  A secondary surface low sometimes forms on a Black Sea low cold front over the warm waters of the Persian Gulf.  A rare secondary low may form in the northwestern Gulf of Oman and continue east.  Heavy orographic showers can occur along the eastern Gulf of Oman coast.  Only one of six frontal passages through the Persian Gulf results in a secondary low-pressure center.  Northern Oman is most affected by orographic precipitation in this season.

            Although the northeast monsoon is normally responsible for 80 percent of yearly rainfall, some years produce little or none.  The season is abnormally dry when strong mid- and upper-level ridging prevents the development of significant troughs south of 40N.

            Mean monthly rainfall is under 0.5 inch (13 mm), often 0.2 inch (5 mm) or less, in most places all season but a few places get 1-1.2 inch (25-31 mm) in January or February.  Seeb and Sur, both on the Gulf of Oman coast, are among those.  The north coast areas (Persian Gulf and the northern Gulf of Oman) also average 0.5-1.2 inch (13-31 mm) per month in January and February, and some of them get that much in every month of the northeast monsoon season, notably those on the western side of the mountains.  Southern and inland sites are the driest, and many report a trace to 0.1 inch of rainfall every month.

            Extreme rainfall is typically related to thunderstorm activity along a cold frontal boundary and is most likely to occur in coastal areas on windward mountain slopes or on the coastal plains below windward mountains.  Another cause is a late season tropical disturbance that makes landfall on the Oman coast.  Extreme monthly rainfall at most places is 2-2.5 inches (51-64 mm), but a few places on the Arabian Sea coast reported records of 6-7 inches (152-178 mm).  Seeb once reported an extreme monthly rainfall of 6.7 inches (170 mm) in December.

            Rain occurs an average of 1 day or less over almost all of Oman, but the Arabian Sea coast and the northernmost corner get 2-3 days per month.  Sur, on the Gulf of Oman coast, reports a maximum of 4 rain days in February.  Thunderstorm activity is very limited and occurs on an average of 1 day or less per month all season all over Oman.  Most places report less than 1 day.

            Temperature.  Mild days and cool evenings are typical between December and March.  Temperatures vary with elevation and exposure to open water.  Mean highs along most of the Oman coast are 78 to 85F (26 to 29C) all season.  On the Persian Gulf and the northernmost Gulf of Oman, the mean highs are a little cooler, 73 to 80F (23 to 27C).  Inland sites are generally warmer than coastal areas by the end of the northeast monsoon but are about the same the rest of the season.  Inland mean highs average 78 to 82F (26 to 28C) in December-February, but reach 88 to 92F (31 to 33C) in March.

            Mean lows are 64 to 72F (18 to 22C) all season in all coastal areas and 52 to 58F (11 to 14C) inland, where conditions are drier.  At high elevations, mean lows are noticeably cooler, 45 to 50F (7 to 10C) at 5,700 feet (1,700 meters).  The extreme high for the northeast monsoon season was 107F (42C) at Seeb in March.  The extreme low, 32F (0C), occurred at Saiq and Thumrait, both inland sites, in December and January.  Mean relative humidity averages 60-75 percent.

        (3) Transition Northeast-Southwest Monsoon (April-May)

            a) General Weather.  The Asiatic high over Central Asia and Siberia weakens and disappears as the thermal low over Australia is replaced by the Australian high.  The resultant circulations push the NETWC northward across the Arabian Peninsula.  Migratory lows that track across the region from the west also shift northward and fewer affect the region every day as the season progresses.  The NETWC is indicated by variable winds, widely scattered rainshowers and isolated thunderstorms, but this area is so arid, even heavy thunderstorms rarely produce much rainfall.  The wettest areas are typically the windward mountain slopes in the area of the NETWC.  The NETWC is north of most of Oman by the end of May and the imminent arrival of the southwest monsoon regime in the south (Salalah vicinity) is marked by the appearance of the Somali low-level jet.

            b) Warm days, local sea-breeze convection, thin dust in the air, and salt haze characterize the fair-weather periods of April and May.  At night, thin radiation fog develops under calm conditions along coastlines, but visibility is rarely restricted very much or for very long.  Active cold fronts, isolated thunderstorms, and severe dust storms occur once or twice during April, all produced by surface lows that through the Persian Gulf and Gulf of Oman.  The strength of these systems depends on whether or not there is a mid- and upper-level trough, with cold air support, above the surface trough.

            c) Sky Cover.  Mean cloudiness decreases markedly from northwest to southeast.  The lowest cloud cover (8 percent) occurs near the coast at Seeb.  Slightly higher percentages along the southern coast are caused by the return of Somali jet’s southwesterly flow ahead of the southwest monsoon over the Arabian Sea.  Most low cloud cover results from frontal systems and early morning coastal stratus.  Only extremely rare, very intense surface lows produce multi-layered clouds.  Ceilings below 5,000 feet require instability in the mid- or upper-levels.  Mid-level clouds are found near upper-level troughs, with bases normally at 10,000-14,000 feet.

            d) Surface heating is strong in April and May, which triggers thunderstorm activity to reach its annual peak, but the average is still only 1-4 days.  Thunderstorms may be strong if they occur along an active cold front.  Cloud bases are 4,000-6,000 feet; tops can exceed 40,000 feet.  Stratus or stratocumulus produce the few ceilings below 8,000 feet at most stations except in the mountains near Saiq.  At 5,756 feet elevation, Saiq gets diurnal cumulus produced by orographic lifting, which causes the only ceilings below 1,000 feet in the region.  The Strait of Hormuz coast is the only other place diurnal cumulus occurs.  A combination of a strong land-sea breeze and orographic lifting produces shallow cloud cover with bases at 5,000-7,000 feet.

            On rare occasions, an “onset vortex” anchors a tropical cyclone that affects Oman in April and May.  Tropical cyclones are more likely to occur in May than in April.  An onset vortex makes landfall only once every 10 years; it typically enters the region between Sur and Masirah Island but may hit anywhere along the Oman coast.  Tropical disturbances produce a multi-layered cloud shield that can extend 200-300 NM from the system center.

Ceilings occur below 10,000 feet well under 5 percent of the time almost everywhere in Oman in April and become rare in May.  They do not occur at all in the desert interior in May.  The southwestern third of the Arabian Sea coast begins to see increased cloud cover as onshore maritime flow begins.  There, ceilings occur below 10,000 feet 5 percent of the time most of the day in both months and 10-15 percent of the time at 01-09L.  Inland of the southern mountains, they occur less than 5 percent of the time in April and do not occur at all in May.  Ceilings do not occur below 1,000 feet.

            e) Visibility.  Early morning mist, salt haze, and fog are the most common night obstructions to vision.  During the day, dust haze develops more often.  The Saudi Arabian heat low begins to raise large amounts of dust into the atmosphere by late April.  Inland sites show a daytime peak rate of visibility below 3 miles (4,800 meters).  Blowing dust from the deserts affect stations within the circulation of the thermal heat low, especially in central Oman.  In other cases, sea breeze can cause local dust storms and low visibility during the daylight hours.  Suspended dust can remain airborne and combine with moisture to produce persistent dust/salt haze that lasts 2-7 days.

            f) Rare migratory lows (typically Atlas lows) can produce severe dust storms and widespread low visibility that last 6-36 hours; southwesterly to southeasterly winds can exceed 50 knots over open ground.

Visibility below 3 miles (4,800 meters) is rare and occurs mainly in dust haze.  Many places do not report it at all.  Visibility below 1 mile (1,600 meters) does not occur.

            g) Winds.  General south to southwest flow prevails as the Saudi Arabian heat low develops and produces weak southerly surface circulation over most of the region.  At Salalah and Masirah, the Somali jet produces south-southwesterly flow.

            h) Precipitation.  The mean precipitation decreases markedly between April and May, but the degree of decrease varies widely.  These differences are most noticeable at Sur.  Rainfall actually rises along the southern coast under progressively stronger onshore advection and orographic lift.  Tropical disturbances are also partly responsible.  Large variations in mean monthly and maximum 24-hour rainfall are primarily associated with lower frequencies of frontal systems, but thunderstorm activity is also a factor.  The May maximum 24-hour rainfall at Salalah (6.7 inches or l70 mm) occurred with a tropical cyclone.  May is one of the peak months for tropical and subtropical cyclone formation in the Arabian Sea.

            i) Mean monthly rainfall decreases toward the southwest monsoon minimums.  Mean monthly rainfall in both is a trace to 0.3 inch (8 mm) almost everywhere.  Very few places report more than 0.5 inch (13 mm) per month.  They are mainly on the Gulf of Oman coast and in the northernmost corner of Oman, typically on or below windward mountain slopes.  Extreme monthly rainfall in most places was 1.5-2 inches (38-51 mm) in both month, but a few Gulf of Oman coastal sites reported 3.5-4.5 inches (89-114 mm) in April with the last of the winter storm systems.

            Rain occurs on an average of 1 day or less in most places and 2-3 days per month on windward slopes and on the Gulf of Oman coast.  Thunderstorms still occur 1 day or less per month all season all over Oman, but they are most probable in April, especially over the high ridges of the northern mountains.  They occur because of (1) active cold fronts that still bring in moisture and instability, (2) intense heating over land, (3) strong sea breezes that lift moist air over coastal mountain ranges, and (4) mid-level instability with deep upper-level troughs.

            Temperature.  Exposure to the moderating effects of the open sea and elevations matter more

and more as the season progresses.  Inland areas are drier and hotter than coastal areas and mountain sites at higher elevations are cooler than sites in the lowlands.  April mean highs are 86 to 92F (30 to 33C) on the coasts (warmer in the north than in the south), 92 to 98F (33 to 37C) inland, and 70 to 78F (21 to 26C) at high elevations.  As examples, Saiq has an April mean high of 73F (23C) while Fahud averages 97F (36C), Salalah has 87F (31C), and Seeb averages 92F (33C).  The extreme highs reached 108 to 110F (42 to 43C) practically everywhere.  April mean lows are bunched more closely than the mean highs.  Except at higher elevations, mean lows are 70 to 78F (21 to 26C).  At higher elevations, they are 60 to 65F (16 to 18C).  The extreme lows reached 50 to 57F (10 to 14C) in the lowland areas and 38 to 42F (4 to 6C) in the mountains.

            Temperatures warm rapidly as the air dries and cloud cover disappears.  Mean highs jump to 95 to 105F (35 to 41C) on the coast, except for the southwestern third, which remains around 88 to 92F (31 to 33C) under onshore flow.  Inland, mean highs rise to 100 to 109F (38 to 43C) and high elevation sites average 80 to 88F (27 to 31C).  Extreme highs reached 117 to 120F (47 to 49C) in many places in May.  Mean lows rise as well, but more slowly.  Along the coasts, mean lows hover at 80 to 85F (27 to 29C), but inland mean lows are cooler in the dry air, 73 to 78F (23 to 26C).  At higher elevations, mean lows are 65 to 73F (18 to 23C).  Extreme lows reached 59 to 61F (15 to 16C) in many lowland places and 45 to 48F (7 to 9C) in the highlands.

        (4) Southwest Monsoon (June-September)

            a) General Weather.  The NETWC shifts northward and reaches its northernmost point by July.  This puts all of Oman under moist, warm, and unstable air mass from the Arabian Sea and Indian Ocean by the end of June.  The northernmost areas (the Strait of Hormuz) are in the NETWC zone and fluctuate between northeast monsoon and southwest monsoon weather conditions.  North of the NETWC, a dry, stagnant air mass dominates and little to no rain occurs.  South of the NETWC, isolated rainfall, diurnal cumulus, and early morning stratus or stratocumulus occurs with moist, southwesterly low-level flow.  Despite this, the southwest monsoon is the dry season for almost all of Oman because the transitory lows that brought precipitation to the region in the northeast monsoon are forced northward out of the region.  The only precipitation occurs on the windward slopes of the mountains with orographic lift of the southwest monsoon air mass.  This effect is strongest along the Arabian Sea coast of southern Oman, where rainfall increases to the annual maximum in the southwest monsoon.  Afternoon rainshowers typically produce virga (rain that evaporates before it hits the ground) in this hot, dry region.  Tropical disturbances affect the Oman coast.  Most develop during transition seasons, but occasionally occur at the start or end of the southwest monsoon.

            b) Sky Cover.  Mean cloudiness is highest along the Arabian Sea coast between Masirah Island and Salalah.  Mean cloudiness is 60-75 percent at Salalah.  Mean cloud cover on the western Gulf of Oman coastline averages less than 20 percent.  Cloud bases average 8,000 feet near the coastline.  Orographic lifting forms daytime cumulus, accounting for increased cloudiness (20-40 percent) during the afternoons along the Akhdar Mountains, where heavy afternoon convection may form and move west in easterly flow aloft.  Thunderstorms occur along higher ridge crests; bases average 2,000-3,000 feet AGL.

            Coastal stratus is common between Salalah and Masirah Island; mean cloud cover there averages 40-75 percent during the southwest monsoon.  The stratus extends 50 NM southwest and northeast of Salalah and, in extreme cases, to the southernmost end of the Gulf of Oman (Ras al Hadd).  Upwelling and orographic lifting are the typical causes of stratus development.  Bases average 600 feet (183 meters) AGL at 04- 08L.  At 08-15L, bases lift to 1,000 feet AGL but rarely top 2,000 feet.  Tops are at 3,000-5,000 feet.  Bases are lowest at Salalah, but can be 500-1,000 feet higher over Masirah Island.  The stratus dissipates when a rare disturbance (usually a subtropical cyclone) temporarily disrupts the southwesterly low-level flow.

            Ceilings below 10,000 feet occur 5-10 percent of the time most of the day over most of Oman, and 5 percent of the time or less over the desert interior.  Windward sites on the coasts and Masirah Island have a maximum rate of 20-25 percent of the time at 01-09L and high elevation sites, such as Saiq, get the maximum rate of 15-25 percent of the time at 13-21L.  Only the southwestern third of the coast has a high rate of occurrence.  There, ceilings below 10,000 feet occur 35-40 percent of the time during the day in June and September and 85-90 percent of the time in July and August.  At night, they occur 55-65 percent of the time in June and September and 95 percent of the time in July and August.

            Ceilings below 3,000 feet do not occur over the interior and occur mainly during at 01-09L on the coast and 13-21L in the highlands.  Rates vary with location relative to prevailing winds and availability of moisture, but average a maximum of 20-25 percent of the time at the previously mentioned times and 10 percent of the time or less the rest of the day.  Only the southwestern third of the coast gets high rates of ceilings below 3,000 feet.  Salalah reports them 30-35 percent of the time during the day in June and September and 80-90 percent of the time in July and August.  At night, the rates are even higher, 55-65 percent of the time in June and September and 95-98 percent of the time in July and August.

            Ceilings below 1,000 feet are pretty much confined to July and August on the southwestern third of the coast and Masirah Island.  On the southwestern coast, they occur 30-35 percent of the time during the day in July and August and 45-55 percent of the time overnight.  They occur 5 percent of the time or less at all hours of the day in June and September.  Ceilings below 200 feet do not occur anywhere in Oman.

            c) Visibility.  Blowing dust, dust haze, and salt haze are the main obstructions to vision.  Dust haze persists all season under the subsidence inversion layer at 10,000 feet.  Northwest winds over the northern Arabian Desert combine with circulation around the Saudi Arabian heat low to generate strong daytime winds that produce blowing dust.  The dust rises into the middle layers and remains suspended for weeks at a time.  It restricts visibility to 4-7 miles (6,000-11,000 meters) over the Persian Gulf and western Gulf of Oman.

            Weak winds and warm water temperatures in the Persian Gulf produce intense surface inversions up to 3,300 feet.  High concentrations of salt and moisture help lower local visibility to 2 miles (3,200 meters).  Sites along the Persian Gulf get the highest rates of visibility below 3 miles (4,800 meters) at 09-15L.  Visibility remains low at night as light surface winds maintain the persistent dust and salt haze.

            Fog and stratus at Salalah and Masirah Island cause the high rate of visibility below 4,800 meters at night and in the early morning.  Visibility is better in the Akhdar Mountains and along the Gulf of Oman coast.  Persistent southwesterly flow from the ocean, nocturnal mountain winds, and weak low-level subsidence inversions normally keep visibility good.  Mountain winds prevent thick low-level dust and salt haze from accumulating, but haze aloft at Sur and Saiq may restrict visibility slightly at midday.  At Seeb, salt haze may occur if daytime surface winds are under 5 knots.  When the nocturnal mountain breeze is light, radiation fog and thick moisture haze may form along the coast and the marshlands.

            Visibility below 3 miles (4,800 meters) is extremely rare in the interior.  It occurs well under 5 percent of the time at sunrise only along the coast.  Salalah and Masirah Island, both representative of the southwestern coast, get it the most.  Salalah gets it most in July and August and Masirah Island gets it most in June-August.  Salalah has the highest rate, 15-25 percent of the time during the day in July and August and a maximum of 45-55 percent of the time at 04-09L in July and 60-70 percent of the time at 04-09L in August.  Masirah Island gets it 5-10 percent of the time in June-August with a maximum of 15-20 percent of the time at 04-09L.  It rarely occurs in September.  The only place visibility below 1 mile (1,600 meters) occurs is on the southwestern third of the coast, where Salalah reports it well under 5 percent of the time during the day in July and August and a maximum of 15-20 percent of the time at 07-09L.  In June and September, it is rare even at Salalah.  Visibility below ½ mile (800 meters) does not occur anywhere in Oman.

            d) Winds.  The strongest mean surface winds occur at Masirah (10-16 knots) because of the Somali Jet.  In general, southwesterly surface flow is due to the NEWTC, which, in July, lies across the Strait of Hormuz.  Weak easterly or southerly flow usually marks the position of the trough axis, but sea breeze convergence can be mistaken for NEWTC winds in the Strait of Hormuz.  On occasion, easterlies at 15-25 knots funnel through the Strait of Hormuz.  The low-level Persian Gulf Jet occurs along the western shoreline from 28 to 24N.  Maximum speeds occur just before dawn.

            e) Precipitation.  Very little rain falls from June to September, but locations south of the NEWTC get most of it.  The stratus common at Salalah results in intermittent drizzle and occasional rainshowers at any time of day, but there is a weak diurnal precipitation maximum at 04-08L.  Maximum 24-hour rainfall results from tropical disturbances or heavy monsoon convection.  The Oman coastal maximums are due to tropical disturbances.  A tropical cyclone or an onset vortex produced 11 inches (279 mm) of rain in a 24-hour period at Muscat (near Seeb) in June 1890.  Rare heavy rainfall in July and August can occur when a subtropical cyclone forms in the Arabian Sea.  Quarter-inch (6 mm) rains may occur at Masirah and Salalah, but 1-inch (25-mm) rainfalls are possible inland over the Akhdar Mountains.  Storms dissipate rapidly when they move onshore.

            The mean monthly rainfall is typically a trace to 0.2 inch (5 mm) in every month for most of Oman.  Salalah gets 1.1-1.2 inches (28-31 mm) per month in July and August but otherwise fits the norm for the whole country.  Windward mountain sites that get thunderstorms can average 1-1.5 inches (25-38 mm) per month, but this is spotty and erratic.  Extreme rainfall is under 2.5 inches (64 mm) in most places coastal locations and well under 1 inch (25 mm) inland, but tropical storms can produce many times that should they make landfall.

            Rain occurs on an average of 1 day or less over most of Oman.  Salalah gets the most under onshore orographic drizzle and rainshowers.  It averages 6 days per month in June and September and 22-23 days per month in July and August.  Despite this high rate, rainfall accumulations are low because the drizzle is so light.  Thunderstorms occur 1 day or less per month everywhere else.  Windward ridges are the most likely places to get either rainshowers or thunderstorms.

            Thunderstorms are rare, but occur most in the Jabal Akhdar range.  Daytime cumulus buildups result from sea-breeze convergence, orographic lifting, and the NETWC.  The most severe and widespread thunderstorm activity occurs when a rare upper-level trough migrates eastward over the Gulf of Oman and Arabian Sea.  Thunderstorm activity is often concentrated along the highest ridge crests of the Jabal Akhdar.  Heavy convection is the result of upper-level trough interaction with pre-existing convection.  A sea breeze can combine with these other factors to intensify convection.

            f) Temperature.  Temperatures are hot everywhere in Oman, even at high elevations.   Temperatures peak in June and July, mainly in June, and begin to gradually cool (relatively speaking).  Mean highs in the desert interior are 104 to 110F (40 to 43C) all season. Closer to the coasts but still inland, they are 100 to 105F (38 to 41C) in June and July and 98 to 102F (37 to 39C) in August and September.  On the coasts, the relatively high humidity keeps temperatures down a bit but makes conditions oppressively hot.  Mean highs on the coasts are 98 to 103F (37 to 39C) in June and 94 to 99F (35 to 37C) in July-September.  The southwestern third of the coast remains cooler under persistent cloud cover and onshore maritime flow.  Mean highs are 86 to 90F (30 to 32C) in June and 80 to 85F (27 to 29C) in July-September.  Extreme highs reach 118 to 123F (49 to 51C) all over Oman, with the hottest records in the desert regions.

            Mean lows are 80 to 90F (27 to 32C) on most of the coast and 75 to 85F (24 to 29C) on the southwestern third.  Inland and high elevation sites average lows are 73 to 83F (23 to 28C).  Extreme lows were 65 to 70F (18 to 21C) in most places and 58 to 62F (14 to 17C) at high elevations.

        (5) Transition Southwest-Northeast Monsoon (October-November)

            a) General Weather.  The transition from the southwest to the northeast monsoon progresses from north to south as the NEWTC retreats southward.  The Asiatic low fades away and the Asiatic high of winter replaces it.  At the same time, the Arabia heat low weakens and the Australian high is replaced by the Australian low.  The net circulation pushes and pulls the NETWC southward and eventually moves it south of Oman altogether.

Light and variable surface winds, early morning stratus or stratocumulus (with calm conditions), and scattered afternoon sea-breeze cumulus typically occur.  Fronts begin to reach the northern part of the region but are generally limited to the northern Persian Gulf until late in November, when a rare system crosses the Gulf of Oman.  These systems can bring orographic rainshowers to the slopes of the northern mountains.  The NETWC produces light and variable winds and unstable conditions along its boundary, but conditions are generally too dry to produce much convection over most of Oman.

            b) Sky Cover.  Mean cloudiness peaks at 20 percent near Salalah under coastal stratocumulus.  At Saiq, the highest rate occurs at 15L when shallow diurnal cumulus results from orographic lift of the sea breeze on the eastern slopes of the mountains.  Some locations in the northern mountains get little or no rain unless an orographic thunderstorm develops.  Most cumulus bases are at 2,000-8,500 feet; tops reach 20,000 feet with towering cumulus, and 40,000 feet with thunderstorms.  Shallow altocumulus with mid-level troughs occurs only once or twice a month.  Cirrus is common.

            When more intense migratory lows enter the Persian Gulf, multi-layered clouds with bases at 2,000-3,000 feet (610-915 meters) may develop over northernmost Oman.  Ceilings behind slow-moving fronts or north of surface lows may lower to 300 feet for up to 6 hours after frontal passage and up to 100 NM north of the low-pressure center.  A system sometimes tracks into the Gulf of Oman, but this is rare.

            Ceilings occur below 10,000 feet well under 5 percent of the time over Oman even on the southwestern coast.  In many places, they are rare.  Ceilings below 3,000 feet occur 5 percent of the time or less with a few windward places on the coast that peak at 10 percent of the time at 16-18L.  Many places do not get them at all, even on the coast.  Ceilings below 1,000 feet do not occur anywhere.

            c) Visibility.  Low visibility is more common at night than during the day at most stations.  Visibility never drops below 4 miles (6,000 meters) at Salalah, and does so only rarely at Masirah.  The valley breeze at Saiq causes some dust haze at 09-15L, but visibility rarely drops much.  Sea breeze winds cause salt haze restrictions along the coast but are not significant.  The rare migratory low can reduce visibility over large areas with blowing dust and sand, especially in the interior desert region.  Early morning moist haze occurs along the coast under calm conditions.

            Visibility below 3 miles (4,800 meters) is rare on Masirah Island in October, and it occurs nowhere else.  It does not occur at all in Oman in November.  Visibility below 1 mile (1,600 meters) does not occur.

            d) Winds.  Mean surface wind speeds and prevailing directions vary as the NETWC moves southward through the region.  The change from the southwest monsoon to the northeast monsoon is generally complete for Oman by mid-November.  The November south to southwesterly flow is terrain-induced along the Akhdar Mountain range.  The highest recorded wind speeds often result from isolated thunderstorm microbursts.

            e) Precipitation.  Mean rainfall is light and isolated during October because any troughs that enter the region in October are weak.  In November, Persian Gulf sites at least 0.2 inches (5 mm) as more and stronger troughs move through the area.  October precipitation at Salalah is light drizzle and scattered rainshowers from stratus and stratocumulus along the coast.  The Jabal Ahkdar range provides additional lift that results in significantly increased precipitation at nearby locations.  On average, three strong surface troughs enter the Persian Gulf proper every November, but there is less than one in October.

            In November, thunderstorms produce isolated downpours and small hailstones along the eastern slopes of the Jabal Akhdar range.  These storms can be produced in two ways.  Most often, a strong northeast monsoon surge accelerates the sea breeze up the mountain slopes.  A secondary cause is a strong surface or mid-level trough; the trough axis is often inactive, but strong northwesterly flow may converge with the sea breeze on the eastern slopes.  If conditions are right during the day, a line of active convergence thunderstorms may line the eastern slopes of the two northern ranges.  November thunderstorms are most severe along the western slopes of the northern half of Jabal Ahkdar, where the terrain extends northward towards the Strait of Hormuz.  Small hailstones have been observed there.

            Tropical disturbances can develop in the Arabian Sea.  The 1.5 inch (38mm) October maximum rainfall at Seeb occurred with one.  Maximum 24-hour rainfalls in the Jabal Akhdar and Al Hajor Ash Sahrqi ranges have exceeded 2-3 inches (51-56 mil) with a tropical cyclone.

           Mean monthly rainfall remains at a trace to 0.2 inch (5 mm) for almost all of Oman and even Salalah drops to 0.4 inch (10 mm) in October and 0.1 inch (2 mm) in November as onshore flow first decreases and then stops.  Extreme monthly rainfall is typically 0.5-1.8 inch (13-46 mm), but Salalah reported 6.2 inches (158 mm) one October when a tropical disturbance made landfall close by.  Rain occurs on an average of less than a day per month everywhere.  Thunderstorms do not occur in most places and average less than 1 day per month where they do, mainly over mountain ridges.

            f) Temperature.  Temperatures cool from the brutal highs of the southwest monsoon but are never really cool except at high elevations.  Mean highs in October are 85 to 92F (29 to 33C) on the coast, with the cooler temperatures in the southwestern third.  In the interior, mean highs are 95 to 100F (35 to 38C) in October and 85 to 95F (29 to 35C) in November.  In the highlands, mean highs are 72 to 78F (22 to 26C) in October and 65 to 70F (18 to 21C) in November.  Extreme highs were 103 to 108F (39 to 42C) in most places with 111F (44C) reported at Fahud in the desert interior.  Even in high elevation sites, extreme highs of 100 to 103F (38 to 39C) were reported in both months.

            Mean lows cool more rapidly inland than on the coasts.  Mean lows in the interior are 65 to 75F (18 to 24C) in October and 60 to 65F (16 to 18C) in November.  On the coasts, mean lows are 75 to 80F (24 to 27C) in October and 68 to 78F (20 to 26C) in November.  At high elevations, mean lows are 58 to 63F (14 to 17C) in October and 50 to 56F (10 to 13C) in November.  Extreme lows reached 60 to 65F (16 to 18C) in most coastal areas, 55 to 60F (13 to 16C) in the interior deserts and 40 to 45F (4 to 7C) in the highlands.  In the highlands, November extreme lows reached 28 to 32F (-2 to 0C), but lowland area extreme lows remained the same as in October.

    i.  Yemen

        (1) Northeast Monsoon (December-March)

           a) General Weather.  The northeast monsoon, locally called “Gilal,” lasts from December through March.  Morning fog occasionally causes problems along the coast.  Land/sea breezes affect coastal areas and the lower foothills.  Sea breezes normally last from mid-morning to early afternoon with speeds of 6-10 knots.  In the mountains, winds are N to NE at 5-7 knots.  Night winds are generally light and variable.

            Weather is generally dry along the coast.  Sea breezes produce rainshowers and thunderstorms along the mountains.  By December, a cold front crosses the area every 5-10 days with light precipitation and increased mid- and upper-level clouds.  Occasional low (1,000-2,000 foot) ceilings become scattered in the afternoon.  Inland mountains that face the coast are likely to have morning and afternoon clouds form along them between 09L and 18L.  Frontal passages in December bring primarily mid- and upper-level cloud decks with rainshowers over the highlands.  Showers and thundershowers bring as much as 5 inches (127 mm) of rain over the season to the higher mountains.  Snow occurs at elevations above 10,000 feet (3,050 meters).  Mean highs are 72F to 92F (22C to 33C); mean lows are 52F to 75F (11C to 24C).  The highlands are considerably cooler, Sa’na has dropped to 22F (-6C) in December.

        (2) Spring Transition (Late April-May)

            a) General Weather.  The spring transition (“Gu”) occurs in late April and May as the monsoon trough moves northward into its summer position across northern Ethiopia, Yemen, and southeastern Saudi Arabia.  Isolated showers and thundershowers accompany it over the highlands.  Coastal locations, especially along the Gulf of Aden, receive little precipitation.  The near equatorial trade wind convergence (NETWC), also called the monsoon trough, lies across the Yemeni Highlands only during the southwest monsoon.  Morning fog occasionally causes problems along the coast.  Land/sea breezes affect coastal areas and the lower foothills.  Sea breezes normally last from mid-morning to early afternoon with speeds of 6-10 knots.  In the mountains, winds are N to NE at 5-7 knots.  Nighttime winds are generally light and variable.

            Coastal areas remain hot, humid, and dry.  Patchy low clouds cause occasional ceilings at 2,000-3,000 feet at Aden.  Isolated showers occur in May as the NET moves through the Gulf of Aden.  Afternoon showers and thundershowers become more frequent over the southwestern highlands.  Coastal high temperatures range from 92F (33C) to 95F (35C), with lows near 65F (18C).  Highland temperatures, however, average from 75F (24C) to 82F (28C).  Lows drop to 42F (6C).

        (3) Southwest Monsoon (May-September)

            a) General Weather.  Showers and thundershowers occur over the higher mountains during the southwest monsoon.  The NETWC lies across the Yemeni Highlands.  Morning fog occasionally causes problems along the coast.  Land/sea breezes affect coastal areas and the lower foothills.  Sea breezes normally last from mid-morning to early afternoon with speeds of 6-10 knots.  In the mountains, winds are N to NE at 5-7 knots.  Night winds are generally light and variable.

            Early morning low clouds occasionally form ceilings below 1,000 feet and move onshore along the Gulf of Aden coast; they dissipate by mid-morning.  Isolated afternoon and evening thundershowers develop along the inland coastal mountains.  Some persist until near midnight in the Aden area but most dissipate after sunset.  Late afternoon showers and thundershowers are fairly common over the southwestern highlands; isolated severe thunderstorms have been reported.  Dust and haze restricts visibility down to 3 miles (4,800 meters) many afternoons.  Coastal high temperatures reach 95F (35C); lows range from 78F (26C) to 82F (28C).  Highland temperatures are 10-15 Fahrenheit degrees (6-8 Celsius degrees) cooler.

        (4) Fall Transition (Late September-October)

            a) General Weather.  The fall transition “Der” lasts 30 days or less and onset varies from late September to late October.  Once the NETWC moves south into Somalia, precipitation decreases rapidly.  Even the southwestern highlands have only isolated showers.  Snow occurs at elevations above 10,000 feet (3,050 meters) with the first of the Mediterranean cold front in late November.  Extensive middle and high clouds occur only with these fronts.  Coastal temperatures reach 92F (33C) and fall to 72F (22C); highland highs range from 55F (13C) to 72F (22C).  On rare occasions, lows in the interior drop below freezing.  Skies are generally clear, except for afternoon clouds over the higher peaks.  This is the driest season, only widely isolated showers occur over the highest terrain.  Frontal weather and tropical storms are rare.  A strong Mediterranean cold front may push southward into the Red Sea and across Arabia before dissipating.  Only 3 Arabian Sea tropical storms have ever entered the Gulf of Aden before they dissipated.  Weather is generally dry along the coast.  Sea breezes produce rainshowers and thunderstorms along the mountains.  Sea breezes normally last from mid-morning to early afternoon with speeds of 6-10 knots.  In the mountains, winds are N to NE at 5-7 knots.  Nighttime winds are generally light and variable.

    j.  Jordan

        (1) Jordan is a nearly landlocked country in the Middle East.  Mainly rocky desert with a few sandy areas, Jordan extends from the Great Rift Valley in the west to shared borders with Iraq in the northeast, Saudi Arabia in the east through south, and Syria in the north.  Israel and the disputed territory border Jordan to the west.  The only sea access for Jordan is at Aqaba, a port city on the northern coast of the Gulf of Aqaba.

        Jordan is divided into several governates.  Irbid Governate is in the northwestern corner of Jordan, and Al Balqa, Az-Zarqa and Amman Governates occupy the north central region.  Al-Mafraq Governate includes all of northeastern Jordan.  From north to south, Al Karak and At Tafilah Governates (on the western edge of central Jordan) are in the north central region, and Ma’an Governate makes up most of the southern half of Jordan.  A number of sub-states divide these large zones further into smaller provinces.

        Mountains line the eastern side of the Great Rift Valley.  The mountains of northwestern Jordan average 2,500-3,500 feet (760-1,065 meters) with a few peaks above 4,000 feet (1,220 meters).  Farther south in the chain, elevations rise to 4,500-5,500 feet (1,370-1,675 meters) with isolated peaks above 5,700 feet (1,735 meters).  The rest of Jordan slopes upward from the inland base of the mountains eastward and rises from 2,000 to 2,800 feet (610 to 850 meters) except for the Al Jafr Depression in south central Jordan.  Almost dead center in the Ma’an Governate, the depression is a vast basin toward which nearly all wadis in southern Jordan flow.  Here elevations bottom out at 1,500-1,800 feet (455-550 feet).  At the center of the depression, Qa (Lake) Al Jafr sometimes persists year round even though the wadis that fill it are dry at least part of the year.  Another persistently wet area is in the border region between the Al Mafraq and Az Zarqa Governates.  Here, the Azraq Wetland Reserve, just south of an ancient lava field, is an extensive network of wadis and marshy areas that remain wet year round.  It has a tiny permanent lake near Azraq.

        The lava fields of north central Jordan give way to the Syrian Desert in the northeastern quarter.  The Syrian Desert (locally called Al-Hamad) extends from Syria across Iraq, Jordan and Saudi Arabia.  Oil pipelines cross the desert between countries.  The border area between Jordan and Iraq has marshes and seasonal lakes.

        The Dead Sea, actually a salt lake, is on the western edge of Jordan west of the Rift Mountains and abuts Al Karak and Madaba Provinces.  At an average of 44 NM (82 km) long and 9.7 NM (18 km) wide, the Dead Sea is at a very low elevation.  Its surface level is 1,312 feet (400 meters) below that of the Mediterranean Sea.  In the Great Rift Valley, the Jordan River flows southward from Lake Tiberias (across the international border from the northwestern-most corner of Jordan) to the Dead Sea.  Wadis that flow into the Rift Valley south of the Dead Sea generally flow northward to it from as far south as the southern Al Aqabah Governate.

        (2) Winter (December-February)

            a) General Weather.  This is the relative rainy season in this region.  The Azores high shrinks westward and opens the storm tracks into the Mediterranean.  Lows out of the North Atlantic move along the polar front, which lies across the Mediterranean basin.  The polar front position shifts north and south as lows move along it.  Although the principal storm tracks of winter are north of Jordan, the cold fronts associated with lows reach well south to affect the country.  The most rainfall occurs in northwestern Jordan, especially in the windward (western) mountains.  In the lee of the mountains, rainfall is scarce.  Most of Jordan remains quite dry even in this wettest season of the year.  Only rainshowers or thunderstorms bring rain to the deserts.  Thunderstorms with strong cold fronts produce hail on an average of 3-8 days per year in the northwestern mountains and 1-2 days per year over the deserts.  They are most likely in late winter through early spring.

            Cold air is advected southward behind lows as they pass toward the east and produce the coldest conditions of the winter.  Occasionally, a high to the east will slow a low as it moves eastward or stall it altogether for a time.  This produces heavy rainfall events on the western slopes of the Rift Mountains and spread extensive cloud cover over much of Jordan.  Flash flooding from heavy rainshowers or thunderstorms is most likely in the mountains, but wadis can briefly become raging rivers even in desert areas.

Sirocco winds, also called khamsin or sharav winds, are oppressive, hot, dry, and often dusty winds that blow from the south or southeast.  These winds occur mostly over the interior but can reach the Mediterranean coast.  They occur ahead of well-defined lows that move through the Mediterranean basin.  They are most common in spring and fall but occur year round (rare in summer).  In winter, siroccos begin cold and warm day by day but not as much as in spring and fall.  Sirocco winds generally persist 1-3 days but can last longer when with a slow moving or stationary low.

            Kadim winds are strong, cold winds out of the east or northeast.  Kadims, most common in late winter and early spring, occur behind a low to the north that moves past the region.  Conditions are cold and dry.  Dust storms sometimes accompany the cold fronts that herald the kadim.  Intense lows with strong cold fronts sometimes create tornado-like whirlwinds in kadim conditions.  They can cause considerable localized damage to crops and buildings.

            During positive (high gradient) phases of the North Atlantic Oscillation (NAO), the mid-Atlantic westerlies become more meridional and advect warm, moist Atlantic air northeastward.  This results in cooler, drier late fall and winter conditions in the Mediterranean basin including the Middle East.  Conversely, when the NAO is in a negative (low gradient) phase, the mid-Atlantic westerlies are more zonal.  This results in warmer, wetter conditions in the Mediterranean basin.

            b) Sky Cover.  Even though winter is the cloudiest season of the year, this desert country still gets little cloud cover.  The northwestern quarter has the most cloud cover and the southern deserts have the least.  Daytime cloud cover is generally greater than overnight cover.  Ceilings below 10,000 feet occur 20-25 percent of the time most of the day in the northwestern quarter of the country.  Maximum rates, 35-40 percent of the time, occur at 08-19L in the mountains and at 11-16L elsewhere.  In the rest of Jordan, they occur 5-10 percent of the time most of the day and a maximum of 15-20 percent of the time at 08-19L.  Ma’an and Queen Alia are exceptions.  They have slightly higher rates than the norm for their areas and average 10-15 percent of the time most of the day and a maximum of 20 percent of the time at 10-16L.

            Ceilings below 3,000 feet occur 5-10 percent of the time most of the day in the northwestern quarter of Jordan and a maximum of 15-20 percent of the time at 08-19L.  Rates are slightly higher in windward mountain areas, 10-15 percent of the time most of the day and 25-30 percent of the time at 08-19L.  The rest of the country has ceilings below 3,000 feet only rarely most of the day and a maximum of 10-15 percent of the time at 10-16L.  Again, Ma’an and Queen Alia have slightly higher rates than the regional norm.  There, they occur 5-10 percent of the time at night and 15-20 percent of the time during the day.  Ceilings below 1,000 feet do not occur except in the high windward mountains where cloud cloaking occurs with frontal passage.

            c) Visibility.  Visibility is generally good and most of Jordan does not get much fog.  Dust haze is the main cause of restricted visibility everywhere except in the northwestern quarter of the country and in marshy areas such as the Al Jafr Depression and the Azraq Wetland Reserve.  Although dust haze is commonly present in the air all the time, visibility restrictions much below 5 miles (8,000 meters) are rarely a large-scale problem.  Localized dust storms occasionally restrict visibility below 7 miles (11,000 meters) for a few hours at a time.  The northwestern corner of Jordan is closest to the lows that cross the Mediterranean and are most likely to have cloud cloaking on windward slopes and fog conditions as a result.  In the wetlands, the basin effect and nocturnal radiation inversions combine to produce fog conditions over the moist ground.  Most of Jordan averages 1-2 days per month with fog that restricts visibility below 11,000 meters all winter.  In the northwestern quarter and in the wetlands, the average is 8-12 days in most cases and as high as 16-18 days per month in a few.  Typically, the most fog days occur in the wetlands.

            Visibility below 11,000 meters occurs 80-90 percent of the time in most places but only 15-20 percent of the time in the northeastern Syrian Desert and in the Dead Sea area.  Visibility below 3 miles (4,800 meters) occurs 5 percent of the time or less most of the time in the northern half of Jordan and a maximum of 10 percent of the time at 02-10L in the northwestern quarter of the country.  In the southern half of Jordan, it is rare.  Visibility below 1 mile (1,600 meters) is rare everywhere but the northwestern quarter of Jordan has a maximum rate of 5-10 percent of the time at 02-10L.

            For most of Jordan, visibility below ½ mile (800 meters) does not occur outside of windward, high-elevation mountain sites where cloud cloaking occurs.  Localized dust storms or sandstorms can briefly limit visibility to near zero while they are in progress.  A few places around lakes or wetland areas, such as Queen Alia, get visibility below 800 meters 5-7 percent of the time at 02-10L and rarely the rest of the day.

            d) Winds.  Local terrain features alter the wind directions and speeds but overall wind flow is westerly at 10-15 knots all over Jordan.  Rift Valley locations get north winds at 5-10 knots often due to terrain steering and mountain winds, particularly in eastern areas, are highly variable.  Calm conditions are common all winter.  Peak gusts are generally associated with cold frontal passage and have been recorded in the 40-60 knots range for most places.  A few places scattered all over Jordan have recorded record gusts of 70-80 knots but winds this powerful are extremely rare.

            e) Precipitation.  Even though winter and early spring have the most rainfall of the year, there is still not much in this desert country.  The northwestern mountains get the most, especially on windward slopes.  Rainfall averages 3-4 inches (76-102 mm) per month in this area and extreme monthly rainfall is 9.5-10.5 inches (241-267 mm) per month.  Rainfall decreases sharply outside of that zone and most of Jordan averages 0.5 inch (13 mm) or less per month and extreme monthly rainfall is only 1-2 inches (25-51 mm) per month all winter.  Rainfall occurs on an average of 7-11 days per month in the northwestern quarter of Jordan and 2-4 days per month everywhere else.  Thunderstorms are uncommon everywhere but are most likely in the mountains of northwestern Jordan, where they occur 1 day or less per month all season.

            Snow occurs regularly in the mountains and sometimes persists all winter on the highest peaks.  Snow depth varies widely with elevation and degree of shelter from the westerlies, but falls of several feet (meters) at a time have been reported above 5,000 feet (1,500 meters) elevation.  Outside of the mountains, snowfall occurs on an average of 1-4 days per winter in Jordan, mainly in the northern half.  Most often just a dusting, snowfall rarely exceeds 2-3 inches (5-8 cm) at a time and rarely persists more than a few hours.

            f) Temperature.  The diurnal variation in temperatures is the narrowest of the year as the relative humidity is the highest of the year.  The wetlands and mountains are cooler than the lowland deserts.  They are generally at the low end of the ranges provided.  As always, temperatures decrease an average of 3 Fahrenheit (1-2 Celsius) degrees per 1,000 feet (300 meters) of increased elevation.  The mean highs are 55 to 65F (13 to 18C) for most of Jordan and 60 to 70F (16 to 21C) in the Rift Valley.  Extreme highs were 75 to 85F (24 to 29C) in most places and 85 to 90F (29 to 32C) at the southernmost tip of Jordan.  The mean lows are 35 to 45F (2 to 7C) for most of Jordan and 50 to 55F (10 to 13C) in the Rift Valley.  The extreme lows were 25 to 35F (-4 to 2C) for the most parts but a few isolated locations reported extreme lows of 14 to 18F (-10 to -8C).  Subfreezing temperatures occur most often in the mountains and in the Syrian Desert and least often in the Rift Valley.

        (3) Spring (March-May)

            a) General Weather.  The Azores high begins to strengthen and expand eastward even as the thermal low of summer begins to develop over the North African deserts.  This pushes the polar front farther and farther north as the season progresses and gradually cuts off the Mediterranean storm track entirely.  Early spring is when the most storm systems of the year move through the Mediterranean basin.  The spring storm tracks lie mostly north of the region, but a secondary track lies over northern Jordan.  Atlas lows, lee-side lows that develop south of the Atlas Mountains, generally follow this track.  Although these lows start out dry, they gain moisture from the Mediterranean Sea as they move eastward.  Rarely as moist as polar front lows, they often bring heavy rainshowers and thunderstorms to the west-facing slopes of the Rift Mountains.

            Lows along the polar front move more rapidly through the region along the polar front in spring.  Only the cold fronts associated with these lows reach Jordan but the fronts can still be strong enough to produce rainshowers and thunderstorms over the mountains, especially over the northwestern corner of the country.  With warming temperatures increasing the instability of the air masses, thunderstorms become more violent and hail is most likely in March.  As spring progresses, however, the polar front moves father and farther north and storms along it affect Jordan less and less.  Rainfall decreases steadily toward the summer minimum and the desert areas dry completely before the end of April.  The limited moisture advected eastward by Atlas lows rains out on the western slopes of the mountains and does not reach the interior.  Dust storms or sandstorms are most likely to occur in the afternoons over the deserts from March through September with the peak activity in summer.  While relatively rare over the mountains, they can occur there as well.

            b) Sky Cover.  Cloud cover steadily decreases toward the summer minimum as spring progresses.  March rates are like those of winter and May rates are nearly like those of summer.  The predominant cloud types change from mostly stratiform to mostly cumuliform as temperatures rise.

            In March, ceilings below 10,000 feet in the mountains occur 20-25 percent of the time most of the day and a maximum of 35-40 percent of the time at 11-19L.  In the rest of the northwestern quarter of Jordan, they occur 10-15 percent of the time most of the day and 25-30 percent of the time at 11-16L.  The rest of Jordan has them 5 percent of the time or less, and the southernmost areas see them only rarely.  In April, the mountains have ceilings below 10,000 feet 15-20 percent of the time most of the day and a maximum of 25-30 percent of the time at 08-16L.  The rest of the northern half of Jordan gets them 5-10 percent of the time most of the day and some places have them a maximum of 10-15 percent of the time at 06-14L.  They are rare or do not occur in the southern half of Jordan in April.  In May, ceilings below 10,000 feet occur 5-10 percent of the time all day in the northern half of Jordan and are rare or do not occur in the southern half.

            March ceilings below 3,000 feet occur 5-10 percent of the time most of the day in the northwestern quarter of Jordan and a maximum of 15 percent of the time at 08-19L.  The rest of Jordan has them rarely or not at all.  April ceilings below 10,000 feet occur 5-10 percent of the time in the northwestern quarter of Jordan and do not occur in the rest of the country.  In May, they occur 5 percent of the time or less in the northwestern quarter of Jordan and do not occur in the rest of the country.  Ceilings below 1,000 feet occur only at high elevations in the mountains and are rare then.  They do not occur in the rest of Jordan.

            c) Visibility.  Although dust haze is commonly present in the air all the time, visibility restrictions much below 5 miles (8,000 meters) are rarely a large-scale problem.  Localized dust storms occasionally restrict visibility below 7 miles (11,000 meters) for a few hours at a time, and dust tends to remain suspended in the air for a few days after a strong dust storm.  Fog becomes less of a problem as the spring progresses.  Outside of the mountains and the wetlands, fog is rare.  In the northwestern quarter of Jordan, fog that restricts visibility below 7 miles (11,000 meters) occurs 6-10 days in March and April and 4-8 days in May.  In the wetlands, it occurs on an average of 10-16 days in March, 4-8 days in April, and 2-4 days in May.

            Visibility below 11,000 meters occurs 80-90 percent of the time in most places but only 15-20 percent of the time in the northeastern Syrian Desert and in the Dead Sea area.  In March, visibility below 3 miles (4,800 meters) occurs 5 percent of the time or less in all but the southern desert areas, where it is rare.  In April and May, it occurs 5 percent of the time or less in the northern half of Jordan and is rare in the southern half.  Visibility below 1 mile (1,600 meters) is rare or does not occur anywhere in Jordan.  Brief restrictions to near zero can occur locally in dust storms or sandstorms.

            d) Winds.  Sirocco winds occur ahead of lows and kadim winds occur behind them.  Both become less common as spring moves toward summer.  Overall wind flow remains out of the west at 10-15 knots all spring.  Rift Valley locations tend to have north winds at 5-10 knots.  Winds in the mountains are highly influenced by local terrain features.  Calms occur often everywhere in Jordan.  Peak gusts, generally with strong cold fronts in March and early April or dust devils or whirlwinds in April and May, reached 40-50 knots in most places, 50-60 in a few, and 75 knots in one or two places in the Syrian Desert.

            e) Precipitation.  Rainfall decreases rapidly in spring as the storm tracks move northward and the cold fronts that brought most of the precipitation become weaker and weaker in this area.  Rainfall occurs on an average of 8-9 days in March over the northwestern quarter of Jordan, 2-4 days over most of the rest of the country, and 1-2 days in the Rift Valley.  By April, the rain days decrease to 3-5 days in the northwestern quarter, 1-2 days in most of the rest of Jordan and 0-1 day in the Rift valley.  By May, many areas get no rain at all but the overall average, including in the mountains, is 1 day with rain all month.  Thunderstorms remain uncommon even in the mountains, where they occur on an average of 1 day or less all season.  Snowfall continues in the mountains through March and can continue into early April in cold years.

            In March, the mean monthly rainfall is 3-4 inches (76-102 mm) in the mountains, 1-2 inches (25-51 mm) in the lowlands just east of the mountains, and 0.5 inch (13 mm) or less in the rest of Jordan.  In April, the mean monthly rainfall decreases to 1-2 inches (25-51 mm) in the mountains, to 0.5 inch (13 mm) in the northern half of the country and to a trace to 0.2 inch (5 mm) in the southern half.  By May, the mountains are down to an average of 0.5 inch (13 mm) or less for the month and the rest of the country records an average of a trace to 0.1 inch (3 mm).  It is not uncommon for the whole month to go rainless over most of Jordan.  The extreme monthly rainfall was 6-8 inches (152-203 mm) per month in March and April in the northwestern quarter and 1-1.5 inches (25-38 mm) all season in the rest of the country.  By May, the extreme monthly rainfall in the northwestern quarter matches that of the rest of the country.

            f) Temperature.  Temperatures rise quickly in spring as skies clear and rainfall ends.  The wetlands and mountains are cooler than the lowland deserts.  They are generally at the low end of the ranges provided.  As always, temperatures decrease an average of 3 Fahrenheit (1-2 Celsius) degrees per 1,000 feet (300 meters) of increased elevation.  Mean highs in March are 55 to 65F (13 to 18C) in most of the country and 72 to 78F (22 to 26C) in the Rift valley.  In April they are 70 to 75F (21 to 24C) in most of Jordan and 82 to 88F (28 to 31C) in the Rift Valley.  In May, mean highs rise to 75 to 85F (24 to 29C) in most of Jordan and 90 to 95F (32 to 35C) in the Rift Valley.  Extreme highs were in the 80 to 90F (27 to 32C) range for most of Jordan in March and 90 to 100F (32 to 38C) in the Rift valley.  By April, only mountain locations recorded extreme highs that were only in the 85 to 95F (29 to 35C) range.  Even there, extreme highs reached 100 to 102F (38 to 39C) by May.  The rest of Jordan recorded extreme highs of 100 to 107F (31 to 42C) in April and May.  In the Rift Valley, May extreme highs reached 110 to 115F 43 to 46F).

            The mean lows are 45 to 50F (7 to 10C) in March for most of Jordan and 60 to 65F (16 to 18C) in the Rift Valley.  In April, they are 50 to 55F (10 to 13C) in most of Jordan and 65 to 70F (18 to 21C) in the Rift Valley.  In May they are 55 to 65F (13 to 18C) in most of Jordan with the coolest lows in the mountains.  They are 72 to 78F (22 to 26C) in the Rift Valley.  Below freezing extreme lows persist through early April everywhere in Jordan except for the Rift Valley.  March extreme lows reached 20 to 25F (-7 to -4C) in most places and 35 to 42F (2 to 6C) in the Rift Valley.  April extreme lows were 30 to 35F (-1 to 2C) in most of Jordan and 45 to 48F (7 to 9C) in the Rift Valley.  In May, the extreme lows were 32 to 42F (0 to 6C) everywhere except the Rift Valley, which recorded extreme lows of 48 to 58F (9 to 10C).

        (4) Summer (June-August)

            a) General Weather.  The Azores high and Saharan thermal low dominate summer weather.  The Azores high cuts off the storm tracks of the Mediterranean basin and Jordan goes dry for the season.  Occasional isolated thunderstorms or rainshowers develop on the sea-facing mountains of northwestern Jordan with Atlas lows, but they do not produce much rainfall.  July is the peak of the dry season.  Hot, dry weather is the rule and dust storms or sandstorms are most likely to occur in the afternoons over the deserts from March through September with the peak activity in June through August.  While relatively rare over the mountains, they can occur there.

            b) Sky Cover.  Cloud cover all but disappears throughout Jordan for the summer and early fall.  Cirrus and altostratus still occur over the northwestern quarter of the country but thin cirrus is what occurs over the rest of Jordan.  Ceilings below 10,000 feet do not occur over most of Jordan and occur only 5 percent of the time or less most of the day in the northwestern quarter of the country.  In that area, they reach a maximum rate of 15-25 percent of the time at 04-10L in June and July and 35 percent of the time at 04-10L in August.  The highest rates occur on the western mountain slopes.  Ceilings below 3,000 feet are rare in the mountains and do not occur elsewhere in Jordan.  Ceilings below 1,000 feet do not occur in Jordan in summer.

            c) Visibility.  Sandstorms and dust storms limit local visibility but tend not to engulf large areas.  

Although dust haze is commonly present in the air all the time, visibility restrictions much below 5 miles (8,000 meters) are rarely a large-scale problem.  Localized dust storms occasionally restrict visibility considerably for a few hours at a time.  This is especially true in the deserts.  Dust remains suspended in the air for days after strong dust storms.  The deserts are most likely to have sandstorms or dust storms and mountains are least likely.  Heat-induced dust devils and whirlwinds probably occur somewhere in the deserts every day from April to October.  These miniature funnels will restrict visibility briefly in small areas.

            Fog that restricts visibility below 11,000 meters is rare in most of Jordan all summer.  It occurs on an average of 3-5 days per month in the wetlands and 8-12 days per month in the northwestern mountains.  Where is occurs in the mountains, fog develops overnight and dissipates before midmorning.  In the wetlands, it begins to break down soon after sunrise.

            Visibility below 11,000 meters occurs 80-90 percent of the time in most places in Jordan.  The central third of Jordan (oriented from north to south) gets it 60-70 percent of the time.  The Dead Sea area and the northeastern Syrian Desert get it 15-20 percent of the time.  Visibility below 3 miles (4,800 meters) does not occur in most of Jordan all summer and most of the day in the northwestern quarter of the country.  There it occurs a maximum of 10-15 percent of the time at 05-07L.  Visibility below 1 mile (1,600 meters) does not occur outside of localized dust storms or sandstorms, which are most prevalent in the deserts on summer afternoons.

            d) Winds.  The prevailing winds are generally westerly to northwesterly at 10-15 knots for most of Jordan and northerly at 5-10 knots in the Rift valley.  Afternoon winds are generally the strongest of the day, especially in the desert interior.  Calms occur often at night and peak gusts reached 55-65 knots in the mountains and over the desert and 75-80 knots in isolated locations.  Dust devils and whirlwinds cause many of the extreme wind events.  Sheltered locations rarely record more than 40 knots in extreme winds.

            e) Precipitation.  Rainfall drops to nothing for the summer.  Throughout Jordan the average rainfall is a trace or none at all.  Most of the country records no rainfall in summer.  The northwestern-most corner of the mountains is most likely to get precipitation and even there a trace or less is about all that ever occurs.  Thunderstorms, even dry ones, are extremely rare over the northwestern mountains and do not occur all summer over the rest of Jordan.

            f) Temperature.  Temperatures are hot all summer and diurnal variation is the greatest of the year 

because the relative humidity is the lowest of the year.  The wetlands and mountains are cooler than the lowland deserts.  They are generally at the low end of the ranges provided.  As always, temperatures decrease an average of 3 Fahrenheit (1-2 Celsius) degrees per 1,000 feet (300 meters) of increased elevation.  

            The June mean highs are 80 to 85F (27 to 29C) in the northwestern quarter, 85 to 90F (29 to 32C) in most of Jordan, and 95 to 100F (35 to 38C) in the Rift valley and Syrian Desert.  In July and August, the mean highs are 85 to 90F (29 to 32C) in the northwestern quarter, 95 to 100F (35 to 38C) in most of Jordan, and 100 to 105F (38 to 41C) in the Rift valley.  Extreme highs reach 110 to 115F (43 to 46F) all over Jordan, especially in the desert.  Desert soil temperatures can reach 130F (54C) or hotter at peak heating in summer.  June mean lows are 55 to 65F (13 to 18C) in most of Jordan and 75 to 80F (24 to 27C) in the Rift valley.  In July and August, mean lows are 65 to 75F (18 to 24C) in most of Jordan and 80 to 85F (27 to 29C) in the Rift valley.  June extreme lows were 40 to 50F (4 to 10C) in most places and 65 to 70F (18 to 21C) in the Rift Valley.  In July and August, extreme lows were 50 to 60F (10 to 16C) for most places and 65 to 70F (18 to 21C) in the Rift Valley.

        (5) Fall (September-November)

            a) General Weather.  Summer heat gradually cools as the Azores high recedes westward and allows the polar front to slide southward once again.  Once the storm tracks open, lows begin to move across the polar front and rainfall returns.  Although the main storm tracks remain well north of the region, a secondary track across Italy and Greece brings lows through Syria.  The associated cold fronts reach into Jordan and convection occurs, especially in the mountains.  By the end of November, the winter regime is in full force.  Cold snaps occur in gusty conditions behind cold fronts as lows pull cold air from the north into the region.  The cold snaps tend to reach northern Jordan more often than southern areas but strong cold fronts can reach far to the south.  Dust storms or sandstorms are most likely to occur in the afternoons over the deserts through September but become uncommon by mid October.

            During positive (high gradient) phases of the NAO, the mid-Atlantic westerlies become more meridional.  This results in cooler, drier late fall and winter conditions in the Mediterranean basin including the Middle East.  Conversely, when the NAO is in a negative (low gradient) phase, the mid-Atlantic westerlies are more zonal.  This results in warmer, wetter conditions in the Mediterranean basin.

            b) Sky Cover.  Cloud cover slowly increases but remains very limited through the fall.  High cirrus and altostratus cloud cover begins to move back into the area with cold fronts as lows move past the area to the north.  Fronts are not generally strong enough to produce much weather or cloud cover for Jordan until winter.

            September ceilings below 10,000 feet in the mountains occur 5 percent of the time or less most of the day and a maximum of 20-25 percent of the time at 04-10L.  In the rest of the northwestern quarter, they occur 5 percent of the time or less at 04-10L and are rare or do not occur the rest of the day.  They do not occur in September in the rest of the country.  In October, ceilings below 10,000 feet in the mountains occur 5-10 percent of the time most of the day and a maximum of 20-30 percent of the time at 08-16L.  Windward sites have the highest rates.  In the rest of the northwestern quarter of Jordan, ceilings below 10,000 feet occur 5-10 percent of the time most of the day in October with the maximum rate at 11-16L.  In the rest of the country, October ceilings below 10,000 feet are rare or do not occur.  The southern deserts have the lowest rates.  In November, mountain ceilings below 10,000 feet occur 10-15 percent of the time most of the day and a maximum of 25-35 percent of the time at 14-19L.  In the rest of the northwestern quarter, they occur 5-10 percent of the time most of the day and a maximum of 20-25 percent of the time at 08-19L.  In the rest of Jordan, they occur 5 percent of the time or less most of the day and a maximum of 10-15 percent of the time at 08-19L.

            Ceilings below 3,000 feet in the northwestern quarter of the country, including the mountains, occur 5 percent of the time or less at all hours with slightly higher rates in each progressive month from September through November.  In the rest of Jordan, they do not occur in September are rare in October and November.  Ceilings below 1,000 feet do not occur, except at high elevations on windward mountain slopes.  There, they are most likely to occur in November.

            c) Visibility.  Although dust haze is commonly present in the air all the time, visibility restrictions much below 5 miles (8,000 meters) are rarely a large-scale problem.  Localized dust storms can restrict visibility considerably for a few hours at a time.  Dust haze is still the main cause of restricted visibility in Jordan but fog occurrences increase from the summer minimum in the northwestern mountains and the wetlands.  There, fog that restricts visibility below 7 miles (11,000 meters) occurs on an average of 8-10 days per month.  Elsewhere, fog is rare in September and October and occurs 1 day or less in November where it does occur.  Fog in the desert is more like early morning moist haze that quickly burns off soon after sunrise.

            Visibility below 11,000 meters occurs 80-90 percent of the time in most places in Jordan.  The central third of Jordan (oriented from north to south) gets it 60-70 percent of the time.  The Dead Sea area and the northeastern Syrian Desert get it 15-20 percent of the time.  Visibility below 3 miles (4,800 meters) is rare or does not occur in southern Jordan in September and October.  In the northern half of the country, it occurs a maximum of 5-7 percent of the time at 05-07L and is rare the rest of the day.  In the northern half of Jordan in November, it occurs 5 percent of the time or less.  In the southern half, it is rare or does not occur.  Visibility below 1 mile is rare or does not occur anywhere outside of high-elevation windward sites and in localized dust storms or sandstorms.

            d) Winds.  Sirocco winds occur ahead of lows and kadim winds occur behind them.  Both become more common as fall moves toward winter.  Overall winds come from the west or northwest all season for most of Jordan but light and variable conditions occur nearly as often.  Terrain features strongly affect local wind directions and speeds, especially in the mountains.  Calm conditions occur often at night.  Peak gusts are generally 40-50 knots in exposed locations and 20-30 knots at sheltered sites.  A few places reported peak gusts of 65 to 70 knots, mainly in late October-November.

            e) Precipitation.  Rainfall does not generally begin until October in Jordan, even in the northwestern mountains.  It remains limited even after it begins.  Rain occurs on an average of 1-2 days all over Jordan in October.  It occurs 3-5 days in November in the northwestern quarter of the country and 1-2 days in the rest of Jordan.  Thunderstorms are rare over the deserts and occur on an average of 1 day or less all season even in the mountains.  Thunderstorms are often dry or nearly so although virga is observed under the storm cloud.

            The mean monthly rainfall in October is 0.5 inch (13 mm) or less in the mountains and 0.2 inch (5 mm) or less everywhere else.  In November, the northwestern corner of the mountain region averages 2-3 inches (51-76 mm) of rainfall.  The northern half of Jordan averages 0.4-0.9 inch (10-23 mm) in November and the southern half averages 0.1-0.3 inch (3-8 mm).  The extreme monthly rainfall was under 1 inch (25 mm) in the mountains and under 0.5 inch (13 mm) in the rest of Jordan in September.  In October, the extreme monthly rainfall was 1-2 inches (25-51 mm) in the mountains and 0.5-1 inch (13-25 mm) everywhere else.  In November, the extreme monthly rainfall was 8-10 inches (203-254 mm) in the northwestern-most mountains, 5-7 inches (127-178 mm) in the remaining mountains, and 1.5-2.5 inches (38-64 mm) in the rest of the country.

            Temperature.  Temperatures cool steadily toward winter minimums.  The first subfreezing temperatures do not generally occur until mid to late November.  The wetlands and mountains are cooler than the lowland deserts.  They are generally at the low end of the ranges provided.  As always, temperatures decrease an average of 3 Fahrenheit (1-2 Celsius) degrees per 1,000 feet (300 meters) of increased elevation.  

            September mean highs are 82 to 88F (28 to 31C), 90 to 95F (32 to 35C) in most of Jordan and 93 to 98F (34 to 37C) in the Rift Valley.  By October, mean highs are 75 to 85F (24 to 29C) in most of Jordan and 85 to 90F (29 to 32C) in the Rift Valley.  In November, the mean highs are 65 to 75F (18 to 24C) in most of Jordan and 75 to 80F (24 to 27C) in the Rift Valley.  The extreme highs in September reached 105 to 110F (41 to 43C) all over Jordan.  The mountains report the coolest extreme highs but still exceed 100F (38C) in September.  In October, the extreme highs reached 95 to 100F (35 to 38C) in most areas and 100 to 105F (38 to 41C) in the Rift Valley.  In November, the extreme highs reached 85 to 88F (29 to 31C) in most areas and 92 to 98F (33 to 37C) in the Rift Valley.

            Mean lows in September are 65 to 70F (18 to 21C) in most of Jordan and 78 to 83F (26 to 28C) in the Rift Valley.  In October, mean lows are 50 to 60F (10 to 16C) in most of Jordan and 70 to 80F (21 to 27C) in the Rift valley.  Most mean lows outside of the Rift Valley tend to be around 55F (13C).  The November mean lows are 45 to 55F (7 to 13C) in most of Jordan with most places around 50F (10C).  They are 60 to 65F (16 to 18C) in the Rift Valley.  September extreme lows reached 45 to 55F (7 to 13C) in most of Jordan and 55 to 60F (13 to 16C) in the Rift Valley.  In October, they reached 38 to 45F (3 to 7C) in most of Jordan and 50 to 55F (10 to 13C) in the Rift Valley.  In November, they reached 25 to 30F (-4 to -1C) in most of Jordan and 35 to 45F (2 to 7C) in the Rift Valley.

    k.  Egypt 

        (1) Climate Overview

            a) The general climate of Egypt is “dry, hot, desert.”  There are four climatic subregions.  The coastal area north of 30°N has a Mediterranean climate with a mild winter with some rain and a dry, warm, rainless summer.

            The western desert south of 30°N has a subtropical, hot, very dry, desert climate.  The Nile and adjacent narrow cultivation belts modify the climate in a very limited region.

            The north Red Sea and coastal areas, including the Gulf of Suez, is hot and rainless like the desert, but have much higher humidity.  The Sinai Mountains have more moderate temperatures because of their elevation but very little rain.

            b) General Weather.  Egypt is predominately desert.  Most of the country is in the desert that stretches from the African Atlantic coast across the continent to southwest Asia.  There are only two seasons, a mild winter from November to April, and a hot summer from May to October.  Most rain falls in the winter; it is rare in summer.  Days are commonly warm or hot, and nights are cool.

            c) Sky Cover.  Mean winter sky cover is scattered in the north and nearly clear in the south.  The summer mean sky cover is mostly clear everywhere.  Stratus and stratocumulus with bases of 2,000-3,000 feet develop over water and move onshore in the early morning.  These clouds dissipate by 09-11L.  Fronts cause multi-layered clouds to 20,000 feet with ceilings seldom below 2,000 feet.  Embedded cumuliform clouds can extend to 60,000 feet. Stratocumulus develops over local moisture sources such as the oases in the afternoon.  Blowing dust causes most of the ceilings below 3,000 feet in the southern two-thirds of Egypt; most are below 800 feet.

            d) Visibility.  Khamsins, strong hot winds with dry lows that move eastward across the desert, cause dust storms and can occur any time in February-June but are most frequent in March and April with averages of 3-4 per month.  Visibility can drop to near zero for 6-12 hours.  Suspended dust can affect visibility for 2-3 days after the system passes through an area.  Fog occurs in the coastal areas, along the Nile Valley, and in local moisture areas such as oases; it usually dissipates by 09L and drops visibility to less than 3 miles (4,800 meters) 10 percent of the time.  Rainshowers can also briefly restrict visibility.

            e) Winds.  Winds are predominately northerly, but are sometimes westerly in the north.  Low-pressure systems can cause the wind to become southwesterly or variable.  The strongest winds are with these lows.  Khamsins often exceed 30 knots and can affect a wide area ahead of a front.

            f) Precipitation.  Rainfall diminishes sharply southward; the annual average at Alexandria is about 7 inches (178 mm), Cairo has about 1 inch (25 mm), and Aswan receives only about 0.1 of an inch (3 mm).  Rainshowers and thunderstorms vary significantly from year to year.  One rainshower or thunderstorm can account for 90 percent of a site’s seasonal rainfall total for a 2-3-year period in the desert regions.  The Red Sea coastal plain and the western desert are almost rainless.  The Sinai Peninsula averages 5 inches (127 mm) in the northern section.  On the summits of the Sinai Mountains snow falls every year between November and April; depths can reach 36 inches (914 mm).  Snow is extremely rare, elsewhere.  Thunderstorms are most frequent around Alexandria, where a mean of seven thunderstorms occur every year.  They decrease southward to two per year at Cairo then to only an average of one thunderstorm in 10 years at Aswan.

            g) Temperature.  Mean temperatures in the coastal regions range from 56F (13C) in winter to 87F (31C) in summer.  Desert temperatures vary widely during summer; they can range from 44F (7C) at night to 110F (43C) during the day.  Desert winter temperatures fluctuate less dramatically with a low of 32F (0C) at night and a high of 65F (18C) during the day.  Land/sea breezes moderate the high temperatures along the coastal regions.  Sea breezes are strongest in summer and can reach as far as 40 miles (74 km) inland.  The average maximum wet-bulb globe temperatures in January are 60F (16C) in the north and 70F (21C) in the south;  the July mean high is 85F (29C) in the north and 90F (32C) in the south.

    l.  Sudan

        (1) Overview.  Two climatic regimes dominate Sudan.  North of 16°N, the climate is semi-arid steppe, which rapidly becomes a desert toward the north and northwest.  South of 16°N, summer rains caused by the near equatorial tradewind convergence (NETWC) give a far different climate.

Thunderstorms, or any strong winds, cause a recurring problem with blowing dust north of 10°N.  Even during the wet season, thunderstorms and showers are not continuous.  Once the fine-grained soil dries, initial thunderstorm winds cause the infamous haboob.  Visibility drops to less than 100 feet (30 meters) and a wall of dust rises to several thousand feet above the ground.  Conditions gradually improve over several hours as the dust settles back to the ground.

        (2) Dry Season (Mid-November to February)

            a) General Weather.  The NETWC has moved south of Sudan.  Mediterranean frontal systems that cross the area produce blowing dust.  Only in the extreme south do occasional northward surges of the NETWC produce very isolated showers.  Skies are virtually clear below 20,000 feet except in the extreme south where isolated afternoon showers occur.  Isolated showers also occur over the mountains bordering Ethiopia; snow has been briefly observed at elevations above 10,000 feet (3,050 meters).  Winds ahead of fronts pick up dust.  A persistent dust haze restricts visibility in the northern half of Sudan below 6 miles (10,000 meters) much of the time.  Visibility drops well below 3 miles (4,800 meters) 1 day in 10.  The lowest visibility occurs when a front penetrates well south into Sudan, or when a major storm moves across northern Libya and Egypt.  High temperatures are more than 100F (38C); lows drop to near freezing over the Sahara.

        (3) Spring Transition (March-May)

            a) General Weather.  As the NETWC moves north to approximately 15°N by the end of May, summer rain showers and thunderstorms begin to its south.  Showers and thundershowers normally lag the NETWC by about 150 NM (278 km).  The NETWC does not move continuously northward; rather it advances and retreats, or surges, in response to storm systems in Algeria that move east along the coast into northern Egypt.  Periods of showers and thundershowers alternate with those of dry northerly winds.  

            Showers and thundershowers oscillate north and south with the NETWC.  By late May, they occur south of 14°N.  Haboobs are common with strong winds with isolated thunderstorms between the NETWC and the general area of rains 100-150 NM (185-278 km) to its south.  By late May, high temperatures range from near 100F (38C) in the south to over 105F (41C) in the dry air north of the NETWC.

        (4) Wet Season (June-September)

            a) General Weather.  The NETWC oscillates between 17° and 20°N; it can reach 25°N.  Showers and thundershowers are widespread south of 100-150 NM (185-278 km) south of the NETWC.  From 100 NM (185 km) south of the NETWC southward, extensive low ceilings and poor visibility are common with showers and thundershowers.  Haboobs are with strong, sometimes over 50 knots, winds of the isolated shower or thundershowers just south of the NETWC, where general rains are not occurring.  Extensive squall lines form between 15° and 30°W south of 15°N and move westward from late June through mid-September.  Seasonal rains total over 10 inches (254 mm) south of Khartoum; they exceed 38 inches (965 mm) in the extreme southwest.  Flooding is common.  High temperatures north of 15°N average near 110F (43C); south of 15°N near 88 to 92F (31 to 33C).  Low temperatures drop to 78F (26C) in the north and down to 68F (20C) south.

        (5) Fall Transition (October to mid-November)

            a) General Weather.  The NETWC moves steadily southward and reaches extreme southern Sudan by mid-November.  Surges are relatively rare.  Passage southward marks the start of the dry season, with its northerly winds and blowing dust.  Precipitation and the associated clouds recede southward rapidly as the NETWC moves south.  Weather north of the NETWC rapidly reverts to the dry, dusty conditions of winter.  Temperatures range from highs of 95 to 100F (35 to 38C) with lows of 68 to 82F (20 to 28C).

    m.  Eritrea

        (1) Eritrea is divided into a coastal lowland region 10-50 NM (19-93 km) wide that borders the Red Sea and an inland high plateau (the northern extension of the Ethiopian high plateau).  The plateau rises sharply from the coastal plain, with elevations rising to over 8,000 feet (2,400 meters) near Asmara.  In the west, the plateau slopes downward toward the Sudan.  A chain of low, sandy islands (the Dahlak Archipelago) is off the central coast.  The 2 largest islands are Dehalak Deset and Norah.  A large natural harbor is on the southwest corner of Dehalak Deset.  The Kobar Sink, a large salty lowland area 381 feet (116 meters) below sea level, is at the southern end of the coastal plain.

        (2) Northeast Monsoon (October-March)

            a) General Weather.  The coastal plains receive most of their scant annual rainfall during this season; Mitsiwa receives rain on average of 1-2 days a month.  In the highlands, the northeast monsoon season is generally drier and less cloudy than the southwest monsoon.  Exceptions to the generally cloud-free conditions occur along northeast-facing mountain slopes.  The slopes facing the Red Sea receive most of their annual precipitation during this season, as moisture-laden air ascends the higher elevations.

            b) Although coastal areas receive almost no rainfall, they experience their most cloudy skies during the northeast monsoon.  In general, skies are least cloudy during the night and most cloudy during the day throughout the region.  Ceilings less than 2,000 feet occur less than 10 percent of the time.  Although visibility is generally good and fog forms infrequently in coastal areas, early morning fog can develop in mountain valleys.  Temperatures in the highlands are moderate all year.  Asmara has mean highs near 73F (23C) during the northeast monsoon and mean lows near 50F (10C).  Freezing temperatures have occurred on occasion in the highest mountains.  The coastal lowlands are among the hottest regions on Earth.

            Thunderstorms occur up to 5 days a month in the mountains, often with hail at higher elevations.  Icing may occur in clouds at 15,000-27,000 feet.  Early morning visibility is occasionally reduced by fog in mountain valleys.

        (3) Southwest Monsoon (April-September)

            a) General Conditions.  The Eritrea highlands are generally cloudy during the southwest monsoon, while the coast remains hot and dry.  Maximum cloudiness occurs in July and August, when afternoon showers and thunderstorms frequently develop over the mountains.  Low ceilings are especially common on southwest-facing slopes.  During July and August, thunderstorms develop almost 20 days a month in the mountains.  They are very rare along the coast.  Afternoon ceilings are below 2,000 feet as much as 50 percent of the time in the mountains and less than 5 percent of the time along the coast.  Conditions are oppressively hot in the coastal lowlands in June-August.  Average highs are near 100F (38C), with lows near 85F (29C).  Extreme highs approach 120F (49C).  The proximity to the sea does not alleviate the heat but raises the humidity.

            Generated by the extreme heat, moderate-to-severe low-level wind shear and turbulence are common along the coastal plains during the afternoon.  In the highlands, turbulence with mountain waves or thunderstorms is encountered at much higher flight levels.  Thunderstorms, often with hail, are common in the higher elevations during the southwest monsoon.  At Asmara, thunderstorms occur on 15-20 days a month in July and August.  Icing may occur in clouds at 15,000-27,000 feet.  Heavy rain is the main cause of reduced visibility in the highlands.  Dust frequently reduces visibility along the coast.  Fog is very rare along the coast, but visibility is occasionally reduced to ½ mile (800 meters) in dust storms.  Dust devils develop during calm, hot afternoons.

    n.  Ethiopia

        (1) Terrain plays a key role in the weather.  Widespread showers and thunderstorms occur over the western highlands and the mountains of the eastern highlands from April through September.  The showers end in October; good weather dominates most of Ethiopia from November through March, but showers occur in the far southwestern mountains all year.

        Mountain weather is notoriously variable; what occurs on one side of a ridge may not occur on the other.  The higher mountains in the southwest have showers and thundershowers all year.  Mountain valleys often have low overcast nights and morning cloud layers, especially if showers occurred the previous afternoon.  Winds are controlled by a complex series of terrain-deflected airflow.  Temperatures are a function of elevation.

        (2) Northeast Monsoon (December-March)

            a) General Weather.  Weather is generally good, except for extensive showers and isolated thunderstorms along the western slopes of the central mountains.  Occasional Mediterranean cold fronts that move south through the Red Sea cause isolated showers along the coast east of Asmara.  Extensive clouds, showers, and isolated thunderstorms occur over the southern mountains and the eastern slopes of the mountains near Asmara.  Snow occurs on the highest mountains.  The east and southeast have low cloud ceilings only in mid-morning; these dissipate by late morning.  Winds are variable, down valley at night and up valley in the day.  Highs range from 80F (27C) to 89F (32C) at sites at 3,300-6,600 feet (1,000-2,000 meters) elevation.  Lows range from 40F (4C) to 49F (9C) at locations in this elevation band.  Temperatures at elevations above 7,000 feet (2,130 meters) fall below freezing.

        (3) Spring Transition (April-May)

            a) General Weather.  General cloud cover, including mountain airfield low clouds and ridge obscuration, showers, and thundershowers increase as flow from the Atlantic and the Indian Ocean increasingly reaches the mountains.  Only the eastern areas are relatively cloud-free.  Showers, cloud cover, and thunderstorms move north and east as the near equatorial tradewind convergence (NETWC) moves north.  By late May, they are common over all but the northeastern third of Ethiopia.  Winds remain a function of mountain-valley influences.  High temperatures range from 75F (24C) in the southwest to 92F (33C) in the northeast; lows from slightly over 50F (10C) to near 70F (21C), respectively.  Airfields in mountain valleys often have extensive low clouds until early afternoon.

        (4) Southwest Monsoon (June-September)

            a) General Weather.  Extensive low clouds occur throughout the southwestern two-thirds of the country.  Most mountain ridges are obscured by late morning.  Showers and thundershowers become common.  Only the northeast remains relatively cloudless.  Thunderstorms, almost daily rainshowers, and extensive cloud decks occur in the southwestern two-thirds of the country.  Precipitation can be heavy.  The northeastern third is relatively cloud free.  Temperatures range from 72F (22C) in the southwest to 95F (35C) along the Djibouti border.  Lows range from 52F (11C) to 68F (20C), respectively.

        (5) Fall Transition (October-November)

            a) General Weather.  Conditions improve as the NETWC moves south.  By late November, showers and thundershowers are confined to the far southwestern mountains.  Showers and thunderstorms decrease as the moist southwesterly flow and end with the southward movement of the NETWC out of Ethiopia.  By late November, extensive cloud deck, showers and isolated thundershowers are confined to the far southwestern ranges.  Temperatures over cloud free areas rise.  Average highs range from 78F (26C) in the southwest to near 90F (32C) along the Djibouti border.  Lows drop to 48F (9C) in the mountains; valleys range from 58F (14C) to 62F (17C).

    o.  Djibouti

        (1) Northeast Monsoon (December-March)

            a) General Weather.  Isolated showers and thundershowers occur as the near equatorial tradewind convergence (NETWC) is in the area.  Rare showers and isolated thundershowers occur over Djibouti during the northeast monsoon (known locally as “Gilal”).  Precipitation and clouds are at the annual peak during the northeast monsoon.  Land/sea breezes affect coastal areas and the lower foothills.  Sea breezes normally last from mid-morning to late afternoon with speeds of 6-10 knots.  Night winds are generally light and variable.  Night and morning low clouds occasionally form ceiling at 2,000-3,000 feet.  Afternoons usually have only patchy low clouds.  Isolated showers occur in the afternoons.  Winds reflect a strong land/sea breeze; dust is common in the afternoons.  Highs are near 85F (29C); lows near 75F (24C).

        (2) Spring Transition (April-May)

            a) General Weather.  The spring transition, “Gu”, occurs as the monsoon trough moves northward into its summer position across northern Ethiopia, Yemen, and southeastern Saudi Arabia.  Showers and thundershowers become rare as prevailing wind directions become southwesterly.  Precipitation and cloud cover are almost non-existent.  Dust raised by persistent southwesterly winds becomes a problem.  Extremely heavy showers and thunderstorms and 24-hour rainfalls of more than 7 inches (178 mm) has been recorded.  Once the NETWC moves into Yemen, winds become almost exclusively land/sea breeze, offshore at night; onshore during the days.  High temperatures rise to 92F (33C); lows to 82F (28C).

        (3) Southwest Monsoon (June-September)

            a) General Weather.  The southwest monsoon, “Hagai”, is marked by dust raised by persistent southwesterly to westerly winds.  Skies are almost clear; only patchy early morning low clouds and a very rare afternoon shower interfere.  Highs climb above 100F (38C); lows are near 88F (31C).

        (4) Fall Transition (October-November)

            a) General Weather.  The fall transition, “Der”, lasts 30 days or less.  The NETWC moves southward rapidly.  Skies are generally clear, except for patchy mid-morning clouds.  By late October, isolated rain showers occur.  Patchy night and early morning low clouds again appear.  Winds become controlled by land/sea breeze cycles.  isolated showers occur.  High temperatures fall to 88F (31C); lows to 78F (26C).

    p.  Somalia

        (1) Overview.  The showers and thundershowers produced by the near equatorial tradewind convergence (NETWC), also called the monsoon trough, drive the weather along the eastern African coast.  General precipitation occurs within 150 miles (278 km) north and 250 miles (463 km) south of the trough position.  This oscillation results in two primary and two transitional seasons.

        Frontal weather and tropical storms are almost unknown.  During July and August, a very rare, extremely strong southern hemisphere cold front may push northward along the Kenyan coast before it dissipates.  Similarly, a very strong, Northern Hemisphere cold front may push southward into the Red Sea and across Arabia before it dissipates.

        Tides along both the Gulf of Aden and the Indian Ocean coasts are diurnal.  Mean Gulf of Aden coastal ranges are 3 ½ feet (1 meter), with extremes reaching nearly 7 feet (2 meters).  Those along the Indian Ocean coast are from 4 feet (1 meter) along the north coast to almost 7 feet (2 meters) at the Juga River bar.  Extremes are nearly 12 feet (4 meters).  During the northeast monsoon, offshore ocean currents are northeasterly at 1-3 knots; during the southwest monsoon they are southwesterly at 2-4 knots.  High surf along the coast normally occurs only when a tropical cyclone passes well offshore and recurves towards the southwest towards the northern Mozambique Channel.  Such a rare condition occurs in April, May, or November.

        (2) Northeast Monsoon (December-March)

            a) General Weather.  During the northeast monsoon, or Gilal, precipitation is confined to the northward and northeastward facing mountain slopes.  The weather is generally good.  Isolated showers and thunderstorms occur over the western highlands and northward facing slopes of the highlands immediately inland from the Gulf of Aden coast.  Isolated showers and thundershowers also occur over higher terrain north of Baidoa.  

            Seasonal precipitation averages slightly over 4 inches (102 mm) south of the Gulf of Aden coast and near 2.5 inches (64 mm) north of Baidoa.  Otherwise, seasonal precipitation is less than 1 inch (25 mm).  Night and early morning patchy fog and low clouds occur along the immediate coast south of Mogadishu in December and March and again over the marshes of the Juba and Webi Shabelle Rivers north and northeast of Chisimaayo.

            High temperatures range from 82F (28C) in the Highlands to 95F (35C) over the Indian Ocean Coast.  They rise to slightly over 100F (38C) over the southern Indian Ocean Coast interior.

        (3) Spring (April-May)

            a) General Weather.  The spring transition, Gu (long rains), occurs in April and May as the NETWC (monsoon trough) moves northward towards its summer position across northern Ethiopia, Yemen, and southeastern Saudi Arabia.  General rains, mostly showers and thundershowers, accompany it during its northward passage.  The trough will often oscillate southward during this period.  As a result, rain is more widespread and lasts longer than during the fall transition.  Some flash flooding may also occur.

            Conditions during the spring transition are at their worst, with extensive low clouds, showers and thundershowers accompanying the northward movement of the NETWC.  Ceilings are below 3,000 feet over half the time over the Indian Ocean Coast and the Highlands.  Only the Gulf of Aden Coast has good weather.  Even here occasional showers will move off the Highlands over the coast.  Fog and low clouds are common along the immediate coast south of Mogadishu and over the marshes of the Juba and Webi Shabelle Rivers north and northeast of Chisimaayo.

            Seasonal precipitation ranges from less than 0.5 inch (13 mm) over the eastern Gulf of Aden Coast, to over 2 inches (51 mm) over the highlands.  Totals over the Indian Ocean coast increase dramatically towards the south and rise to over 10 inches (254 mm) south of Chisimaayo.

            Temperatures drop with the onset of the rains and cloud cover moving northward.  Highs over the Gulf of Aden coast and the highlands average from 95F (35C) to 105F (41C).  The southern Indian Ocean coast cools to 82F (28C) by the end of the season.  Lows are 75F (24C) except over the highlands, where they drop to 62F (17C).

        (4) Southwest Monsoon (late May-September)

            a) General Weather.  The southwest monsoon, Hagai, is marked by sustained southwesterly winds below 7,000-10,000 feet above mean sea level.  The core of these winds, the Somali jet, can reach speeds above 80 knots.  It persists from May through early October.  Mean maximum speeds are 30-40 knots; core altitude is approximately 4,000 feet.  Scattered showers occur over the southern half of the country during the southwest monsoon.  Isolated thunderstorms are found over the western and central highlands.

            Seasonal precipitation ranges from highs of near 5 inches (127 mm) along the coast south of Mogadishu and over 10 inches (254 mm) in the highlands to less than 0.5 inch (13 mm) over the central and northern Indian Ocean coast.

            High temperatures along the Indian Ocean coast are 82F (28C) south to 92F (33C) north; interior temperatures reach 95 to 102F (35 to 39C).  Maximum highland temperatures drop to 75F (24C) to 82F (28C); Gulf of Aden coast highs reach 105F (41C).  Most low temperatures throughout the country range from 78 to 82F (26 to 28C); highland low temperatures fall to 62F (17C).  

            Persistent dust and haze occur over most of Somalia during the southwest monsoon under and east of the Somali jet.  The Somali jet is a southwest monsoon jet only; it dissipates in Northern Hemisphere fall and does not reappear until late spring.  Visibility is normally 4-6 miles (6,000-10,000 meters) in late mornings and afternoons.  Night and morning low clouds are also common along the coast and up to 50 miles (93 km) inland during this season.  These usually dissipate by mid-morning.

            Surface winds below the Somali jet core reach their highest speeds between local midnight and dawn.  Speeds can exceed 40 knots.  Afternoon surface winds gust to 20-25 knots.  In the core, which normally is found between 3,000-5,000 feet, speeds can reach 80 knots.  Moderate to severe low level turbulence occurs within 50-100 miles (93-185 km) of this core location from the surface up to 7,000 feet.  A complex, low-level eddy forms along the coast just east of Cape Guardafui, the extreme northeastern tip of Somalia.  Surface winds for about 75 NM (139 km) east of the Cape are strong and shifting.

           Patchy dense fog occurs off the extreme northeast Indian Ocean coast, especially northeast of Cape Guardafui, in July and August due to strong cold upwelling.  Patchy low clouds occur throughout the southwest monsoon along and east of the Somali jet axis.

        (5) Fall (late September-late October)

            a) General Weather.  The fall transition (“Der” also called “the short rains”) lasts 30 days or less.  However, onset varies from late September to late October.  The NETWC moves southward rapidly, unlike its behavior during the spring transition.  Consequently, showers and thundershowers, while as strong as during the spring transition, are not spread over 2 months.  Some flooding occurs with the heavier showers and thundershowers.  The fall is the secondary, and shorter, wet season.  Conditions are similar to those of spring, but due to the steady movement of the NETWC southward, the poor weather does not get as poor or last as long.

            Seasonal precipitation exceeds 5 inches (125 mm) near Baidoa and close to 3 inches (75 mm) over the central Indian Ocean coast.  Other areas receive less than 1.5 inches (38 mm).

            High temperatures along the Indian Ocean coast and over the highlands reach 88F (31C); other areas rise to 95F (35C).  Lows in the highlands drop to 65F (18C).  Low temperatures in the rest of the country range from 68F (20C) to 72F (22C).

    q.  Kenya

        (1) Overview.  Kenya is divided into two climatic regions.  These regions reflect the combined influences of the near equatorial tradewind convergence (NETWC), the rising terrain westward, and the effects of the Indian Ocean.

        This discussion primarily concerns the coastal plains.  Highland locations and Lake Victoria do not necessarily conform to these seasons due to orographic rainfall enhancement as moist Indian Ocean air is lifted up over ridges.  The Central Mountains have the wettest season in Northern Hemisphere summer; the extreme north gets it in March and April.  Lake Victoria has no dry season; a complex series of airflow interactions ensures that rainshowers and thunderstorms occur all year on the Kenyan side of the lake.  Late December through February and August through mid-October are drier seasons between the two primary plains wet seasons.  Onset, strength, and duration of these rains are extremely variable from one year to the next.

        (2) Northeast Monsoon (Late December-February)

            a) General Weather.  The NETWC is south of Kenya.  Drier, more stable, air is brought inland by northeasterly winds.  Only widely isolated afternoon rainshowers and occasional thunderstorms form over higher terrain.  Rainshowers and thunderstorms are relatively rare.  High temperatures range from 85F (29C) to 95F (35C); lows are from 65F (18C) to 72F (22C).

        (3) Spring Long Rains (March-July)

            a) General Weather.  Widespread rainshowers and thunderstorms occur as the NETWC moves slowly northward; north-south oscillations are common.  The Somali low-level jet forms over extreme eastern Kenya by late April and persists through September.  Rainshowers and thunderstorms become widespread, especially in the afternoons and at night.  The spring wet season puts the most rainfall over the northeastern plains.  Thunderstorm tops can reach 50,000 feet.  Highs reach 85F (29C) along the coast and near 100F (38C) inland.  Lows drop to 70F (21C).

        (4) Southeast Monsoon (August to mid-October)

            a) General Weather.  Rainshowers and thunderstorms decrease in coverage and frequency.  Both increase again in mid- to late-October as the NETWC moves far enough south to affect Kenya.  The Somali low-level jet persists until late September.  While rainshowers and thunderstorms decrease substantially, they still occur relatively often.  Highs drop to near 80F (27C); lows are near 68F (20C).

        (5) Fall Short Rains (Late-October to mid-December)

            a) General Weather.  The NETWC moves across Kenya into Tanzania by late December.  Unlike in spring, north-south oscillations are fairly rare.  The actual rainy season length is 4-6 weeks at any one site in the plains.  Rainshowers and thunderstorms become widespread, especially in the afternoons and at night.  The fall wet season puts the most rainfall over the southwestern plains.  Thunderstorm tops can reach 50,000 feet.  Highs reach 85F (29C) along the coast and near 100F (38C) inland.  Lows drop to around 70F (21C).

2.  Oceanography

    a.  Arabian Gulf.  The Arabian Gulf itself extends in a great 530NM concave curve from the Shatt al’ Arab (Euphrates River) delta in Iraq to the Strait of Hormuz (Figure 3).  Widths from the Shatt al’ Arab to Abu Dhabi average between 130NM to a little over 150NM.  The Gulf narrows rapidly to 70NM just east of Dubai.  Gulf waters are relatively shallow; depth varies from 65-200 feet. The broad shallow shelf has a complex topography with numerous banks and shoals.  There are some small islands, which are salt plugs, surrounded by reefs and rims of sediment extending southeast away from the dominant northwest wind and wave attack.  The bottom sediments consist predominantly of skeletal sands with variable amounts of coarser shell debris, calcilutite and some insolubles.

    b.  Strait of Hormuz.  At Dubai, the Arabian Gulf begins its rapid narrowing into the Strait of Hormuz (Figure 3). Although the strait averages 50NM in width, the narrowest part is slightly under 30NM.  Depths range from 130-260 feet.

    c.  Gulf of Oman.  The Gulf of Oman extends south and then southeastward from the Strait of Hormuz into the North Arabian Sea (Figure 3).  The generally accepted boundary between the Gulf of Oman and the North Arabian Sea is an imaginary line drawn from Bandar-e Beheshti on the Iranian-Pakistan frontier south-southwestward to Ras al Hadd, the eastern most point of Oman.  Widths rapidly increase from 30NM at the eastern end of the Strait of Hormuz to 130NM wide at Muscat and finally to 200NM where it joins the North Arabian Sea.

    d.  Red Sea.  The Red Sea extends northwestward from the Strait of Bab-el-Mandeb in the south to the Suez Canal in the north.  The Red Sea separates the African continent from Arabia.  The shores are bordered by broad, reef-studded shelves, which are less than 150 ft (46 m) deep.  These drop off abruptly to shelves about 1500 ft (458 m) deep which flank a deep, narrow, central trough in which depths reach 4500-6000 ft (1372-1830 m).  The Sinai Peninsula divides the northern extremity into the shallow Gulf of Suez on the west and the deep, narrow, high-silled Gulf of Aqaba on the east (Figure 3).

    e.  Arabian Sea.  The Arabian Sea boundaries are from the southern coast of India, along the west side of the Laccadive Islands to the Equator, then to the coast of Africa near Mombassa, excluding the Gulfs of Aden and Oman.

        The Arabian Sea is divided by the northern extension of the Mid-Indian Ridge into two major basins:  the Arabian Basin in the northeast and the Somali Basin in the southwest with depths in excess of 15000 ft (4575 m).  The Somali Basin also connects with the Mascarenes and Madagascar Basins.

        Sediments of terrigenous origin cover the Arabian Sea continental slope with red clay deposits over the basins.

    f.  Northwest Arabian Sea.  The Northwest Arabian Sea boundaries are from the Gulf of Oman to 20N 062E. The Northwest Arabian Sea is what divides the Gulf of Oman and the Arabian Sea (Figure 3).

    g.  Indian Ocean.  

        (1) The Indian Ocean boundaries are defined by 3 areas.  (1) Western Limits:  The meridian of Cape Agulhus to Antarctica (Queen Maud Land).  (2) Eastern Limits (south of Australia):  The western boundary of Bass Strait, then to northeastern Tasmania, then to Antarctica near Fisher Bay  (3) Eastern Limits (north of Australia):  The northeastern boundary runs from island to island through the Lesser Sunda Islands to Java and Sumatra and then to Singapore.

        The continental shelves of the Indian Ocean are somewhat narrower on the average than in the Atlantic Ocean, ranging from a few hundred yards/meters around islands to 322 NM off Bombay.  The continental slope, marginal escarpments and the landward slopes of trenches mark the boundary of the continental blocks.  Numerous submarine canyons indent the slope, with several prominent canyons near the Ganges and Indus Rivers.  The Java Trench bordering the Indonesian arc forms the northwestern boundary of the Indian Ocean between Burma and Australia.

        The most conspicuous provinces of the ocean-basin floor are the abyssal plains, some of the flattest surfaces on earth.  Except for isolated peaks of buried hills and mid-ocean canyons, local relief does not exceed 3-6 ft (1-2 m).  These abyssal plains, although well developed in the northern and southern parts, are relatively poorly developed off Australia.

        Some of the most notable features of the Indian Ocean are the generally north-south tending micro-continents.  From west to east, the following north-south non-seismic micro-continents can be recognized: (1) The Mozambique Ridge; (2) The Madagascar Ridge, of which the island of Madagascar is a clear example of a micro-continent; (3) The Mascarene Ridge, of which the Seychelles is an example; (4) The Chagos-Laccadive Plateau supporting the Chagos Achipeligo, which rise from along, broad, slightly curved plateau; (5) The Ninetyeast Ridge which is one of the longest and straightest in the world.

        These micro-continents can be easily distinguished from mid-ocean ridges based on morphological grounds.  Micro-continents are generally higher, blockier features with lower local relief.

        The most conspicuous feature of the Indian Ocean is the Mid-Indian Ocean Ridge.  The ridge is “Y” shaped in the center of the Ocean.  Along the axis of the ridge is a seismically active rift.

        (2) The Indian Ocean is cut by several prominent fracture zones, which offset the axis of the ridge and include:

            a) The Owen Fracture Zone lies east of Arabia and Gulf of Aden.

            b) The Wheatley Trench drops 3000 ft (915m) below the India Abyssal Plain.

            c) The Malagasy Fracture Zone lies to the east of the Madagascar Ridge.

            d) The Amsterdam Fracture Zone near the center of the ocean.

        (3) The Indian Ocean floor is covered by sediments, which can be divided into two categories.  The boundaries are not precise but merge into one another.


a) Pelagic Type Sediment is distributed over most of the Indian Ocean basin. Red clay dominates about 25% of the total area, especially between 10( North and 40( South, in the eastern half of the ocean and away from islands and continents.  Calcareous ooze covers some 45% of the ocean floor, mainly where the depth is not excessive and in areas of warmth and very high organic productivity.  Diatom ooze covers about 20% of the total area in the sub-polar areas beyond 50( South.


b) Terrigenous Type Sediment is distributed close to continents and island belts.  Transport of sediments to various trenches, troughs and basins is mainly by turbidity currents but partly by volcanic action or submarine slumping.  These trenches, troughs and basins of several different classifications are located around the northern periphery of the Indian Ocean basin.  Lava and ash accumulations mark the mid-ocean volcanic areas, which lie mainly in the western half of Indian Ocean. Fine and course material is provided by melting of ice floes and bergs and is distributed in circum-polar belts, which are marginal to the Antarctic glaciated regions.

SECTION III – SPECIALIZED FORECASTING

1.  Northeast Monsoon (December – March)

    a.  Description

        (1) In the winter, the relative cooling of the Indian plateau and the Middle East with respect to the fairly stable ocean temperature establishes a low level pressure gradient between the land and water along the south coast of India with resultant off‑shore winds.  These "Northeasterly" winds signal the start of the Northeast or Winter Monsoon (Figure 4).

        The Himalayan ‑ Hindu Kush and Zagros mountain barriers prevent the extremely cold air of Central Asia from penetrating into the area. Thus, the temperature gradient between the land south of the barrier and ocean remains relatively weak and that’s why the Northeast Monsoon is relatively weak, average wind speed 10-15 kts.  Unequal heating of the deserts of Africa causes a north‑south temperature and pressure gradient during winter. At this time of year, the Sahara becomes relatively cool compared to the Kalahari desert of South Africa and the resultant cross‑equatorial flow extends the Northeast Monsoon into the Southern Hemisphere. This allows the formation or extension of the Monsoon Trough into the Eastern and Central Indian Ocean during the Northeast Monsoon regime.

        Due to the relatively persistent though gentle northeast flow, an eddy often forms near the southwest tip of India. This eddy sometimes has a diameter of several hundred miles. As the Westerlies on the south side of the low advect moisture into the low bringing lowered ceilings, intermittent rain and rainshowers across the North Arabian Sea, Oman and southeast Saudi Arabia. This phenomenon may not be as pronounced in January as it is in November and December.  In addition, it has been reported that an attendant lee trough generally lies oriented west-northwest to east-southeast from 30( North 49( East to 24( North 60( East.
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NORTHEAST MONSOON WIND FLOW (Figure 4)

    b.  Climatic Controls

        (1) Mediterranean Storm Track.  The Mediterranean is the main source of weather systems entering the theater.  The low pressure systems move east and southeast, advecting cool air over the Arabian Peninsula.  Extensive thunderstorms and heavy rains accompany secondary lows across Saudi Arabia.  Figure 5 shows the mean January storm tracks:


a) Track A - moves through Turkey into the Caucasus Mountains, is the primary track for secondary low formation in northern Saudi Arabia-Iraq.


b) Track B - moves across Lebanon-Israel-Syria into the Arabian Gulf, is normally associated with the “winter shamal.”


c) Track C - moves from southern Egypt and the Northern Red Sea into central Saudi Arabia, is associated with a mean jet stream position over the southern Mediterranean and often results in formation of a secondary wave over the central Red Sea.  This, the least active of the three tracks, occurs in late winter and early in the spring transition.  
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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.
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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.

[image: image20.png]UNCLASSIFIED

(U) Horizontal sections of temperature (°F)
for winter

Timit of data

depth = surface contour nterval

s

%

i
”

— e —————————





WINTER SEA SURFACE TEMPERATURES 

Figure 15   

[image: image21.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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MEAN TROPICAL STORM TRACK – APRIL and MAY COMBINED

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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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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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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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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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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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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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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NORTHERN ARABIAN GULF CURRENTS

Figure 27a
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Figure 27b
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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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MEAN TROPICAL STORM TRACK – OCTOBER and NOVEMBER COMBINED

Figure 28

    c.  Transitory Synoptic Features

        (1) Weak Upper Level Troughs.  These troughs in the westerlies normally begin penetrating southward through the Arabian Gulf region by late October, often accompanied by a typical surface pressure and frontal systems.  Associated weather includes sand and dust storms, squall lines, and thunderstorms throughout most of the region.  At least one severe squall line can be expected to move southeastward down the Arabian Gulf during this period.

        (2) Winter Shamal.  Winter Shamal’s are strong northerly or northwesterly winds that can begin in mid November.  This phenomenon is often the result of intensification of a cyclone/low moving east-southeastward into Syria.  As the upper level trough moves into the Arabian Peninsula it may trigger a secondary transient low in Sudan.  This combination often results in cyclogenesis and frontogenesis in the Arabian Peninsula.  The secondary low becomes the dominant pressure center and tightens the pressure gradient in the Arabian Gulf.  Cold air advection over the mountains of Turkey and Iran can drive the cold front as far south as the northern Arabian Sea.  The rate of progress of the Winter Shamal is directly dependent on the movement of the upper level trough.  Typically these early Shamals last 24-36 hours.  However, if the upper level trough stalls near the Strait of Hormuz (due to a strengthening ridge east or another low forming to the west), the Shamal may last 3-5 days. For more information on the Winter Shamal, see Mesoscale Synoptic Features, Winter Shamal in the Northeast Monsoon Section.

    d.  Mesoscale Synoptic Features

        (1) Land/sea breezes.  Land-sea breezes become increasingly important as they become the predominant feature along coastlines during normal conditions.  Gradient wind direction and speed are often greatly modified by land-sea breezes.  The effects are greatest near coastlines with steep terrain.

    e.  Maritime Weather.

        (1) General Weather.  Patchy high clouds (mean average 1/8) and unrestricted visibilities become the rule.  In the Strait of Hormuz weather is similar to that of the Southwest Monsoon.  Patchy early morning low stratus and stratocumulus ceilings decrease on the southern coast; percent frequencies drop from 15-20% in August to less than 5% by late October.  The Iranian coast still sees upslope conditions due to mountains immediately inland.  In the Gulf of Oman except for wispy cirrus, skies are clear and visibilities excellent.

        The only cloud cover of significance is that caused by low pressure systems or the interaction of subtropical and polar jet streams.  The lows move into the area from eastern Europe or the Mediterranean.  Clouds are usually middle and high; scattered areas of 2,000-3,000ft ceilings and rain showers occur in southerly flow ahead of the low.  Isolated 1,500ft ceilings occur with rain squalls and thunderstorms in the immediate vicinity of the low and its cold front.  Such systems are relatively weak, affecting area weather for 24-36 hours.  The subtropical and polar jet streams interaction over the Arabian Peninsula often results in two distinct cirrus bands that are easily discernible on satellite imagery.  One band curves cyclonically with the polar, the other turns slightly anticyclonically with the subtropical.  Strong wind shear near the jet maxima are likely to produce complicated vertical and horizontal shear. 

        (2) Sky cover.  Over the Arabian Gulf proper middle and high cloud ceilings occur ahead of and during the passage of low pressure centers.  Ceilings of 2,000-3,000ft and visibilities of 3-5NM in rain showers are confined to the immediate vicinity of the low.  In the Strait of Hormuz patchy middle and high cloud decks occur with the few fronts and associated lows which move through the Arabian Gulf to the Gulf of Oman in November.  Multi-layered clouds occur with the rare tropical cyclone as it moves westward out of the Arabian Sea.  Occurrence of tropical cyclones in this area is less than 1% in any given year.  In the southeastern Gulf of Oman sky cover decreases to 1/8-2/8 cirrus/cirrostratus.  Flow from the northeast causes a dramatic reduction in the upwelling of cooler waters along the Omani coast and eliminates the stratus/stratocumulus decks characteristic of the Southwest Monsoon.

        (3) Dust.  Blowing dust and sand frequencies decrease sharply as the season progresses.  Average visibilities rise to above 7NM.  The northwestern shore of the Arabian Gulf maintains a higher incidence of blowing dust and sand until the first significant rain because of the extreme dryness of its very fine soil.  The occurrence of blowing dust and sand is tied to strong convective activity associated with increasing numbers of cold fronts passing through the area.  In the Strait of Hormuz and southward blowing dust or sand virtually disappears after the first rains of the season.  The rare blowing dust that is seen has been advected from the Arabian Peninsula.

        (4) Winds. 

            a) Winds remain northwesterly, but speeds decrease.  Winds veer from the northwest to the south ahead of troughs or cold fronts moving into the region from Iraq.  Speeds are stronger on the Arabian side of the Gulf (10-15kts); the Iranian coast averages 5-10 kts.  The 24-36 hour sustained high surface winds characteristic of Winter Shamals begin in November.  In the Strait of Hormuz winds, except during low pressure center passages, resemble those found in the Southwest Monsoon.  This flow results from a combination of weak inflow from the Gulf of Oman and pronounced land-sea breezes, especially along the Iranian shore.  The venturi effect through the narrow part of the Strait increases wind speeds at that point.  Strongest winds continue to be on the southern coast with speeds of 10-12 kts from the northwest.  Winds on the Iranian coast, as reflected by Bandar Abbas, continue from the south at 7-8kts.  Winds in the Gulf of Oman are predominantly land-sea breezes.  The mountains that rise immediately inland of the coast on the western side of the Gulf of Oman give such winds increased strength.  Mean winds speeds drop throughout the area, averaging 5-8kts east of the Strait of Hormuz.  Stronger winds are associated with increased pressure gradients south of migrant low pressure centers in the Arabian Gulf.  Along the Omani coast reflect the strengthening of the Northeast Monsoon behind the Monsoon Trough.  The sustained, strong southwesterlies end with the retreat of the Monsoon Trough southward.  Behind it, winds switch to and steady at north-northeast.  Speeds decrease to between 7-10kts.

            b) As the Southwest Monsoon weakens in September, the winds near Bab al Mandeb become light and variable.  Usually by the end of the month they have shifted to southeast to form a convergence zone in the southern Red Sea. This zone then migrates northward during October to a mean position near 20(N.  North of the convergence zone the winds remain northwesterly.  The semi-permanent, low-pressure trough associated with this flow provides a channel for the passage of weather disturbances from the Sudan Low across the Red Sea.  As the disturbances transit the Red Sea, the convergence zone moves northward, then southward with the gradient changes.  The convergence zone is usually marked by a recognizable cloud band.

            c) Strong, gusty winds can occur in the Bab al Mandab in November.  All coastal areas are strongly affected by diurnal affects; however, these effects are less noticeable in the areas of stronger flow.  Strong convective activity is uncommon except when frontal zones penetrate the northern Red Sea.

        (5) Thunderstorms.  Thunderstorms occur along and ahead of cold fronts moving southeastward down the Gulf.  Severe thunderstorms occasionally occur with cold fronts or squall lines.  The main area affected is the central and southern Gulf and its immediate coastlines.  Thunderstorm winds above 50 kts have been recorded in the United Arab Emirates and by ships in the Arabian Gulf.  Hail has been reported over the Gulf and along its immediate coasts, along with the Omani and Zagros mountains.   Thunderstorms in the Strait of Hormuz and Gulf of Oman occur with squall lines ahead of cold fronts or with cold frontal passages.  Although rare, thunderstorm frequency increases towards the end of November as the Mediterranean storm track becomes established.  Bases are between 2,000-3,500ft and tops can reach 45,000ft.  Isolated thunderstorms, usually associated with squall lines, may approach or even exceed severe limits and are confined to passages of prefrontal squall lines and cold fronts over the higher Zagros and Omani mountains.  Isolated  severe thunderstorms are possible over the Omani mountains. 

        (6) Precipitation.  Precipitation shows a dramatic increase as the season progresses.  The Siberian high strengthens as the upper level westerlies build.  This combination shifts a storm track southward into the Arabian Gulf.  Average amounts of less than .25 inch increases to between .75 inch and 1.00 inch by November.  Most of the increased precipitation falls over the Zagros mountains.  Over the Omani mountains precipitation is found only in the high mountains in late November associated with the rare front.

        (7) Temperature.

            a) Temperatures drop significantly.  Daytime maximum temperatures along the immediate coast cool to between 85(F and 95(F.  Inland, temperatures decrease even more due to significant loss of solar insolation and the strengthening of continental anticyclones.  Minimum coastline temperatures average 55(F to 65(F.  Dewpoints on both coasts of the Arabian Gulf drop to between 45(F and 55(F.  Inland, dewpoints fall to between 35(F and 45(F.  

            b) Temperatures along the immediate shore on either side of the Strait of Hormuz average 85-90(F.  Minimums drop to between 65-70(F.  Temperatures inland are cooler because of increased elevation.  

            c) In coastal Gulf of Oman, temperatures cool gradually, but not as rapidly as along the shores of the Arabian Gulf and inland over the Arabian Peninsula and Iran.  Diurnal ranges, on the other hand, increase markedly from 5-10(F at the end of September to 10-15(F by November.                      

            d) Temperatures on the Iranian coast are cooler than those on the Arabian side of the Gulf of Oman due to the effects of the Zagros mountains.  Maximum temperatures are between 80-85(F north and between 85-90(F south.  Minimum temperatures range from 70-75(F north and from 75-80(F south.  With virtually clear skies, mean maximum temperatures in October rise 1-2F to 87-88(F.  Conversely, October minimum temperatures cool to between 68-72(F.  November temperatures cool still more.  Maximum temperatures range from 78-82(F while nights cool to 63-67(F.

        (8) Sea Surface Temperature (SST).

            a) By November, SST begin to decrease across the Arabian Gulf with average temperature of 81(F (Figure 29).  The evaporation rates is not as strong in the Fall as it is in the Summer, but is still strong enough to produce 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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SECTION IV – BAHRAIN

1.  Local Area Forecasting Guidance 

    a.  Temperature

        (1) Due to the proximity to the Arabian Peninsula and Arabian Gulf, Bahrain's temperatures exhibit both continental and maritime characteristic.  Slight variations in wind direction can have dramatic effects on temperature.  Computer models have improved in their temperature forecasting abilities for this region; however, models remain a distant 2nd when compared against an experienced forecaster who knows how to recognize various trends and use persistence when appropriate. 

        Max/Min Temperatures (winter):  Temperatures during the winter months generally do not vary much from day to day; therefore, persistence is definitely the best forecasting tool.  The exception would be the passage of a cold front or surface trough in which case temperatures may drop as much as 10-20(F from the previous day.  For short range forecasts (-48hr) monitoring the observations from upstream stations in Kuwait/Saudi Arabia/Iraq and noting the temperature differences before and after FROPA is the best tool.  Keep in mind the colder air moving south will modify due to warming from the Gulf.  Therefore a 20(F temperature drop at Al Jaber, KU may only equate to a 10-15(F drop in Bahrain.  For long range forecasts (48hrs+), note the differences in the computer model temperatures before and after FROPA, obtain the average temperature drop indicated by the models and subtract that from the temperatures currently being observed.  Example:

        A front will be moving through Bahrain around the 80-hour mark, how much will the temperature decrease?

MM5 45km 72/96 hr Temp Progs for 03 and 04 January indicate:


 03/12Z = 60(F

-04/12Z = 48(F

          12(F temperature drop

Comparisons with NOGAPS and GFS indicate 10(F and 20(F temperature drops respectively. 

An average of 14(F.

Recent max/min temperatures in Bahrain have been 70/62(F.  Subtract 14(F to obtain your post-frontal temps: 56/48(F.  Adjust temps accordingly as FROPA draws nearer.  

        Max Temperatures  (summer):  Under normal summertime conditions with prevailing NW'rly wind flow, max temperature will usually occur between 08 and 11Z.  Timing is dependant upon when the NW'rly wind flow becomes NE'rly due to the afternoon seabreeze setting up; thus, the longer it takes the seabreeze to set in, the warmer the temperature. The stronger the NW'rly wind gradient, the longer it will take for the seabreeze to establish itself.  *NOTE: The daytime temperature at OBBI is generally 3(F-5(F cooler than at NSA Bahrain. 

        Min Temperatures (summer):  There is generally a 9-13(F difference between max/min temperatures during the summer.  Due to Bahrain's proximity to the Arabian Gulf, minimum temperatures usually do not deviate more than +/- 1deg (F from the surrounding SST.

        Heat Indexes:  A major interest during the summer months is the Heat Index.  The dew point in Bahrain increases and decreases dramatically depending on wind direction, especially during the early morning hours when 

light onshore flow occurs.  Accordingly, the maximum heat index may or may not coincide with maximum heating.  For example:

0500L Winds 110/05 kts, Temp 91F, Dew Point 85F = 120F Heat Index

1200L Winds 360/12 kts, Temp 102F, Dew Point 75F = 116F Heat Index 

        It is imperative that forecasters understand this concept and closely monitor the daily Wind/Temp/D.P. trends as well as expected forecast conditions to accurately predict maximum heat indexes.

    b.  Wind.  

        (1) As stated earlier, the predominant wind flow in Bahrain is northerly year round.  Exceptions to this occur in the winter months, when migratory lows moving across northern Saudi Arabia into Iraq/Iran cause southerly flow ahead of the associated surface front/trough.  During the summer months, weakening of the Mediterranean surface high pressure ridge which dominates the region coupled with the formation of thermal troughs/lows along the adjacent coastlines of the Arabian Gulf will result in light variable winds and occasional southerly flow which most commonly occurs from late July thru early September.

        Wind Direction (Winter):  The models generally due an excellent job of depicting wind direction during the winter months.  The exception would be when migratory lows and associated fronts/troughs transit the area.  In these instances going with the models that are handling the synoptic situation well and are in general agreement with each other works best.  The key is to look at all the model and observational data that is available.

        Wind Direction (Summer):  The Summer or "40 Day" Shamal usually dominates the region from May thru late July resulting in NW'rly flow at 7-15 kts.  Synoptic models generally depict this well.  However due to intense daytime heating in Saudi Arabia, a northeast or southeast seabreeze typically occurs and existing low resolution models do not depict this phenomena well.

        The NE Seabreeze will occur when a NW'rly gradient is present.  Winds will veer from 300-330 to 020-040 deg. between 1100-1400L.  The timing is dependant on the strength of the gradient. The stronger the NW'rly gradient, the longer it will take the seabreeze to establish itself. 

        The SE Seabreeze will occur when a SR'ly gradient is present.  Winds will back from 200-230 to 160-140 deg. following the same principles above.

        Disruptions to the predominant NW'rly flow occasionally will occur, especially from late July thru early September.  However, models are slow in depicting these disruptions.  Good indicators that the wind will become SR'ly or variable are the formation of thermal troughs/lows in northeastern Saudi Arabia or southern Iraq, models often "hint" at the formation, but will not reverse the wind direction to correspond; therefore, it's important the forecaster understands the dynamics of what's occurring and what the model guidance is "trying" to convey so he/she can react accordingly.

        Wind Speed (Winter):  925mb winds, are a better representation of surface wind speeds due to the relatively flat terrain and lack of friction in this region, which the models over compensate for in the surface, 10m and 19m wind solutions.  When a NW'rly gradient is present, wind speeds will generally be 90%-100% of what is indicated at 925mb.  When a southerly gradient is present use 75%-85% of the 925mb wind speeds.  An additional challenge of winter is forecasting the windspeeds after passage of a cold front/trough.  More often than not, the models are 6-12 hrs late in establishing the moderate Shamal winds, which typically follows these systems.  Unless the front/trough becomes stationary over Bahrain, the Shamal strength winds can be anticipated to occur almost simultaneously with frontal/trough passage.

        Wind Speed (Summer):  In general, the same guidance can be used as winter, with slight modification's:

            a) During the daytime hours (06Z-16Z) use 90%-100% of the 925mb wind speeds.

            b) During the evening hours (17Z-05Z) use 35%-45% of the 925mb wind speeds, the decrease in winds is the result of the inversion which sets up after sunset during the summer.

*NOTE: The above guidelines apply to land stations.  Over the open waters of the Arabian Gulf, the opposite occurs, I.e. strong inversion and light winds during the day, weaker inversion and stronger winds during the evening.  (Even though Bahrain is an island, the proximity to Saudi Arabia qualifies it as a land station in this instance.)

            c) Local Wind Effects.  NW'rly winds are about 5kts stronger at Mina Salman and Sitra Anchorage compared to OBBI due to less friction over the water and funneling.  This is important to remember when considering the issuance of a Small Craft Advisories.

    c.  Visibility.

        (1) Blowing Sand/Dust, Fog and Haze account for virtually all the obstructions to vision experienced in Bahrain.  Only on rare occasions will the intensity of precipitation be significant enough to reduce visibility below 7nm.  Understanding when and when not to forecast obstructions to vision is critical for ensuring safe U.S, Joint and Coalition military aircraft and shipboard operations conducted locally.  

            a) Haze.  Haze in this region is compiled mainly of salt, smoke and dust particles.  It is the most common obstruction to visibility, accounting for reduction below 7nm 60%-70% of the time during the winter months and 80%-85% of the time during the summer months.  Rarely will haze alone lower the visibility less than 5nm locally, when it does, it generally happens in the morning hours, near sunrise.  Normally, sufficient vertical and horizontal mixing occurs and visibilities improve as the day progresses.  Stability in the lower levels of the atmosphere is the key to determining if haze will be prevalent or not.  Light surface winds with a strong subsidence inversion indicated on our Skew-T would indicate favorable conditions for haze.  Conversely, strong surface winds (>15kts) with the lack of a subsidence inversion would not indicate favorable conditions.

            b) Dust.  Forecasting reduced visibilities as a result of blowing/suspended dust probably poses the greatest local forecasting challenge.  Depending on conditions, it is not unheard of for dust to reduce visibilities to less than 1nm for 2-3 consecutive days; therefore its impacts on flight operations are significant.  The 4 main scenarios that result in significant dust events locally are:

            c) Post-Frontal.  This occurs during the winter months when Shamal conditions exist on the backside of a cold front or surface trough.  As the front/trough moves across the source regions of Iraq/Saudi Arabia widespread dust is generated by the winds behind it. The plume will be clearly evident on visible satellite imagery and often times IR as well. As the front/trough moves across Bahrain, the visibility will decrease almost instantly.  For long range forecasts, a "realistic" visibility forecast would be 1 to 2nm after FROPA.  For short-range forecasts take into account the upstream observations and plume appearance on satellite imagery.  Plumes with enough density to appear on IR imagery will almost certainly decrease the visibility to less than 1/2nm.            

            d) Pre-Frontal.  Dust generated from Kaus winds in the wintertime occur less frequently than its post-frontal counterpart. However, strong SW'rly winds ahead of an approaching frontal system occasionally advect dust from the southern Arabian Peninsula across Bahrain.  Normally the SW'rly winds don't encompass enough "fetch" over the Saudi desert or sustain for a long enough period of time to transport significant amounts of dust into the local area.  Visibility reductions below 3nm are rare with these scenarios.  Keep in mind the Post-Frontal scenario and associated conditions will most likely be soon to follow.

            e) Summer Shamal.  During the summer months, Shamal strength winds in central and southern Iraq routinely generate significant amounts of dust that greatly affect the visibilities in those areas.  Because of the complex land, sea and diurnal interactions occurring during these months, this dust USUALLY does not affect Bahrain to a significant degree.   On a typical day the winds in Iraq often exceed 20+ kts, and the temperatures exceed 115F.  Whatever dust these winds have generated reaches the Arabian Gulf and rides up and over the relatively cooler gulf air (90F).  So usually, the only impact to Bahrain is a brownish tint to the sky with no reduction to visibility.  During the evening hours, the winds in Iraq decrease considerably as radiational cooling begins and a low level inversion sets up, effectively turning off the dust machine. The next day the scenario repeats itself.   During the summer months, for dust generated in Iraq to reduce visibility in Bahrain, basically one of two things must occur:

            Scenario (1): The dust generated during the day is so extensive that when it "lowers" over the Arabian Gulf during the evening (as the gulf inversion lowers or washes out) it advects into the local area.

Sustained daytime wind speeds in the source regions of Iraq generally must be 30+ kts for 8 to 12 hrs for this to occur.  A very substantial plume over the AG will be evident on visible imagery as a result of these winds.  Visibilities ranging from 1nm - 2nm would be a realistic forecast on the following day.

            Scenario (2):  A strong enough pressure gradient exists which nullifies the normal diurnal wind pattern and results in strong NW'rly winds in Iraq throughout the night.  As the dust generated during the evening reaches the Arabian Gulf it stays at the surface and advects into the local area.  This is the less common of the two scenarios.  Keep in mind, if using the 925mb wind speeds to estimate the wind conditions over Iraq, only 35-45% of the indicated wind speed will reflect at the surface.  This is important to remember because frequently a 25kt-35kt low level jet sets up at night over southern Iraq but the observed surface winds are only 10kt-12kts.

            f) Haboob.  This is probably the most difficult dust scenario to forecast due to its high degree of variability and micro-scale nature.  A Haboob is essentially an outflow boundary with a wall of dust associated with it.  A typical scenario would be for a "MCC type" area of severe thunderstorms to develop over Saudi Arabia within approximately 200nm of Bahrain.  When these cells collapse the dust generated from the outflow eventually advects across Bahrain into the Arabian Gulf.  The prevailing surface winds may aid or hinder the plume from advecting into the local area and compounds the forecasting challenge.  Calm or light/variable winds provide ideal conditions for the dust to travel unimpeded.  Once the dust has made it to Bahrain, visibilities as low as 1/4nm are not unheard of.

            Haboob events are almost impossible to forecast outside the 6-12 hr period.  Inside this timeframe, the best rule of thumb is to be cognizant of the severe thunderstorm activity over Saudi Arabia, monitor observations from stations between "here and there" and evaluate whether or not the surface wind flow is conducive or not for advection of the dust into the local area.

            Duration of decreased visibilities?  The next consideration to the dust forecast challenge is how long will it persist once on station? The primary factors to consider are:  (1) Is the dust still being generated in the source region? (2) How long was it generated in the source region? How extensive is the plume on satellite imagery? (3) How low do you expect the visibility be?  (4) Will the local winds be strong enough to clear the dust out of the area?

            Scenario (1) Post-Frontal or Shamal:  When forecasts are being issued prior to the onset of dust generation, a safe call is to keep the dust in the local forecast for 24hrs after arrival on station. Keep in mind that if the front/trough is expected to stall just south of Bahrain or the post-frontal winds decrease dramatically the dust will persist longer, in this case 48 hrs would be a safe call.  When forecasts are being issued after the dust has been generated, satellite imagery is the best tool.  Note the extent of the dust plume, its movement, and correlate that with what you anticipate the winds to do locally.  Because strong winds generally accompany this scenario, visibilities in Bahrain usually improve to 3nm or better within 10-12 hrs providing the dust is no longer being generated upstream and advecting into the area.

            Scenario (2) Summer Shamal/Haboob:  As with the above scenario, wind speeds are everything.  If the local winds are light/calm it is possible for the dust to persist for 72 hrs or greater.  Winds 10kts or greater should equate to visibilities improving to 3nm or better within 8-10 hrs of onset. 

            g) Fog.  October thru March marks the primary period for fog formation locally.  Although not frequent, visibilities can and do decrease to less than 1/8 of a mile and therefore significantly impact aircraft and port operations.  When it occurs, the scenario is almost always the same:  Light (3-5kts) E'rly or SE'rly onshore flow during the evening hours closes the Temp/D.P. spread, radiational cooling occurs and sometime between the hours of 0100L and 0400L fog forms.  Therefore, anytime winds are expected to be light from the E-ESE during these months, fog should be a major consideration.  Once formed, visibilities will normally increase above 3nm by 0900L and above 5nm by 1000L.  The exception is when there is dense mid/high level cloudiness preventing strong surface heating with light onshore flow persisting throughout the day.  In these instances the visibility may not increase above 3nm until early afternoon and will drop below 3nm shortly after sunset as the fog reforms.

            h) Precipitation.  Due to the predominantly arid climate that prevails throughout the region year-round, Bahrain remains relatively “precip-free”.  Basically, precipitation only happens between the months of October thru early May, with the period December thru February averaging the highest monthly totals.  Almost always it is showery in nature and falls from cloud decks between 5,000ft to 12,000ft.  Because of its infrequency, it is challenging to forecast, however the guidance below should assist.

    d.  Ceilings.  

        (1) During winter, the cloudiest period of the year, average sky conditions are clear to scattered with ceilings occurring below 10,000ft only 5%-10% of the time; below 3,000ft 2%-3% of the time (Dec-Feb) and rarely if ever below 1,000ft.  A ceiling below 3,000 ft during this time of year is more than likely the result of a thunderstorm on station or fog that is lifting.  If the STJ or PFJ axis is overhead, a ceiling between 20,000ft and 30,000ft can be expected.  During the summer months the Tropical Easterly Jet will push far enough north to advect enough mid/high level cloudiness over the area to constitute a ceiling.  Average heights will generally range between 18,000ft and 30,000ft.  In general, ceiling heights rarely impact aircraft operations at OBBI.

            a) Thunderstorms.  Thunderstorm activity is at its peak during the months of October, March and April because significant daytime heating coupled with the location of the subtropical jet-stream makes the environment most suitable during these months.  It will occur in the other “wet” months if there’s sufficient SR’ly or SE’rly flow ahead of a cold frontal boundary/surface trough and the STJ or PFJ axis is overhead with an average speed greater than 90kts. The presence of a major/minor shortwave trough at 500mb or 700mb can enhance thunderstorm development but is not necessary for it to occur.  There two primary “set-ups” which result in thunderstorms on station:

            (1) Nov-Feb

     - Front/Surface Trough over the station

     - PFJ/STJ (> 90kts) axis or a shared energy area between the two is located overhead

     - Persistent L/L moisture advection ( S’rly/SE’rly flow)  * SW’rly flow = dry air thus not conducive for convective development

            (2) Oct / Mar-May:

     - Daytime temps reaching 80+ deg

     - The STJ axis directly overhead with sustained wind speeds >80kts

     - A stationary trough or convergent zone at the surface, oriented west to east, from southern Saudi Arabia into the CAG, the axis passing just north of Bahrain

     - Persistent L/L moisture advection ( S’rly/SE’rly flow)

            *NOTE: When thunderstorms have developed anywhere in the region, close attention must be given to satellite imagery and the presence of any outflow boundaries as they too can provide the necessary low-level convergence needed to develop additional cells.  Unfortunately, at present, there is no reliable local radar data available to assist.

            The absence of one of the above ingredients will most likely negate thunderstorm development.  Even when all are present, thunderstorms directly on station will be “hit or miss” but there should at least be TCU in the vicinity.  Associated ceilings will generally range from 5,000ft to 8,000ft and may occasionally lower to 3,000ft. Visibility restrictions are rare but may go as low as 5nm.  Aside from the “normal” model data and satellite imagery; stability indices from a model-generated Skew-T can be a valuable tool when forecasting local convective activity.

            b) Showers.  The local shower activity that occurs is generally light and insignificant to operations.  Commonly the 24 hour total equals no more than a trace.  Obviously when conditions are favorable for thunderstorms, they are favorable for showers as well.  However, showers should also be forecast when all the ingredients for thunderstorms are present with the exception of jet support.  Additionally, it is not uncommon from late March thru early May to get light showers out of a 10,000ft to 12,000ft alto-cu deck, therefore anytime significant mid level moisture is present this should be taken into account.
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CLIMATOLOGICAL SUMMARY FOR JANUARY

1.  January is the coldest month of the year at Bahrain.  The average temperature is 62F.  Precipitation occurs 7 days out of the month (second most wettest, along with April).  Winds predominantly from the WNW at 12kt.

2.  Statistical Data

    a.  Temperature

        (1)  Extreme Maximum (23rd, 1953)................... 82F

        (2)  Mean Maximum................................... 66F

        (3)  Average........................................ 62F

        (4)  Mean Minimum................................... 58F

        (5)  Extreme Minimum (20th, 1964)................... 41F

    b.  Precipitation

        (1)  Mean Number of Days with Precipitation......... 7 days

        (2)  Mean Number of Days with Thunderstorms......... 1 day

        (3)  Mean Number of Days with Fog................... 3 days

        (4)  Mean total precipitation....................... 14.6 mm

    c.  Obstruction to Vision

        (1)  Mean Number of Days with Haze/Smoke............. 17 days

        (2)  Mean Number of Days with Sand/Dust..............  5 days

        (3)  Mean Number of Days with Obstruction to Vision.. 19 days  

CLIMATOLOGICAL SUMMARY FOR FEBRUARY

1.  February is the second coldest month of the year at Bahrain.  The average temperature is 65F and is the third wettest month of the year.  Winds are predominantly from the NNW at 13kt.

2.  Statistical Data

    a.  Temperature

        (1)  Extreme Maximum (22nd,1973)....................  93F

        (2)  Mean Maximum...................................  69F

        (3)  Average........................................  65F

        (4)  Mean Minimum...................................  60F

        (5)  Extreme Minimum (11th, 1950)...................  37F

    b.  Precipitation

        (1)  Mean Number of Days with Precipitation.........  6 days

        (2)  Mean Number of Days with Thunderstorms.........  1 day

        (3)  Mean Number of Days with Fog...................  3 days

        (4)  Mean total precipitation.......................  16.0 mm

    c.  Obstruction to Vision

        (1)  Mean Number of Days with Haze/Smoke............. 15 days

        (2)  Mean Number of Days with Sand/Dust..............  6 days

        (3)  Mean Number of Days with Obstruction to Vision.. 17 days

CLIMATOLOGICAL SUMMARY FOR MARCH

1.  March is the wettest month of the year at Bahrain, averaging 9 days.  The average temperature is 70F.  Winds are predominantly from the NNW at 14kt.

2.  Statistical Data

    a.  Temperature

        (1)  Extreme Maximum (19th, 1966)...................  95F

        (2)  Mean Maximum...................................  75F

        (3)  Average........................................  70F

        (4)  Mean Minimum...................................  64F

        (5)  Extreme Minimum (1st, 1959)....................  50F

    b.  Precipitation

        (1)  Mean Number of Days with Precipitation.........  9 days

        (2)  Mean Number of Days with Thunderstorms.........  1 day

        (3)  Mean Number of Days with Fog...................  1 day

        (4)  Mean total precipitation.......................  13.9 mm

    c.  Obstruction to Vision

        (1)  Mean Number of Days with Haze/Smoke............. 14 days

        (2)  Mean Number of Days with Sand/Dust..............  8 days

        (3)  Mean Number of Days with Obstruction to Vision.. 17 days

CLIMATOLOGICAL SUMMARY FOR APRIL

1.  During the month of April, the temperature begins to rise dramatically - from an average of 70F in March to 78F in April.  However, April is the second most wettest month of the year, along with January.  Winds are predominantly from the N at 11kt.

2.  Statistical Data

    a.  Temperature

        (1)  Extreme Maximum (20th, 1949)...................104F

        (2)  Mean Maximum................................... 84F

        (3)  Average.........................................78F

        (4)  Mean Minimum................................... 72F

        (5)  Extreme Minimum (1st, 1979).................... 57F

    b.  Precipitation

        (1)  Mean Number of Days with Precipitation.........  7 days

        (2)  Mean Number of Days with Thunderstorms.........  2 days

        (3)  Mean Number of Days with Fog.................. <.5 days

        (4)  Mean total precipitation.......................  10.0 mm

    c.  Obstruction to Vision

        (1)  Mean Number of Days with Haze/Smoke............. 12 days

        (2)  Mean Number of Days with Sand/Dust..............  8 days

        (3)  Mean Number of Days with Obstruction to Vision.. 15 days

CLIMATOLOGICAL SUMMARY FOR MAY

1.  The month of May also sees a dramatic increase in temperature - from an average of 78F in April to 87F in May.  Precipitation starts to decrease also, with an average of 3 days.  Winds are predominantly from the NNW at 13kt.

2.  Statistical Data

    a.  Temperature

        (1)  Extreme Maximum (29th, 1972)....................109F

        (2)  Mean Maximum.................................... 92F

        (3)  Average......................................... 87F

        (4)  Mean Minimum.................................... 80F

        (5)  Extreme Minimum (1st, 1967)..................... 66F

    b.  Precipitation

        (1)  Mean Number of Days with Precipitation........... 3 days

        (2)  Mean Number of Days with Thunderstorms........... 1 day

        (3)  Mean Number of Days with Fog................... <.5 days

        (4)  Mean total precipitation.......................   1.1 mm

    c.  Obstruction to Vision

        (1)  Mean Number of Days with Haze/Smoke............. 12 days

        (2)  Mean Number of Days with Sand/Dust..............  9 days

        (3)  Mean Number of Days with Obstruction to Vision.. 16 days

CLIMATOLOGICAL SUMMARY FOR JUNE

1.  June’s temperature continues to rise, with an average of 91F.  The month of June is virtually precipitation free.  However, there is an increased number of days with obstruction to vision due to suspended sand/dust.  This is contributed to the summer shamal.  Winds are predominantly from the NNW at 15kt.  

2.  Statistical Data

    a.  Temperature

        (1)  Extreme Maximum (5th, 1979)........................115F

        (2)  Mean Maximum....................................... 97F

        (3)  Average............................................ 91F

        (4)  Mean Minimum....................................... 85F

        (5)  Extreme Minimum (14th, 1967)....................... 73F

    b.  Precipitation

        (1)  Mean Number of Days with Precipitation......... <.5 days

        (2)  Mean Number of Days with Thunderstorms......... <.5 days

        (3)  Mean Number of Days with Fog................... <.5 days

    c.  Obstruction to Vision

        (1)  Mean Number of Days with Haze/Smoke............. 15 days

        (2)  Mean Number of Days with Sand/Dust.............. 14 days

        (3)  Mean Number of Days with Obstruction to Vision.. 21 days

CLIMATOLOGICAL SUMMARY FOR JULY

1.  The temperature gradually rises during the month of July with an average of 94F.  Vision continues to be a factor due to the suspended sand/dust.  Winds are predominantly from the NNW at 12kt.

2.  Statistical Data

    a.  Temperature

        (1)  Extreme Maximum (27th, 1987)......................113F

        (2)  Mean Maximum...................................... 99F

        (3)  Average........................................... 94F

        (4)  Mean Minimum...................................... 88F

        (5)  Extreme Minimum (19th, 1991)...................... 75F

    b.  Precipitation

        (1)  Mean Number of Days with Precipitation.......... <.5 day

        (2)  Mean Number of Days with Thunderstorms.......... <.5 day

        (3)  Mean Number of Days with Fog.....................  1 day

    c.  Obstruction to Vision

        (1)  Mean Number of Days with Haze/Smoke............. 18 days

        (2)  Mean Number of Days with Sand/Dust.............. 13 days

        (3)  Mean Number of Days with Obstruction to Vision.. 23 days

CLIMATOLOGICAL SUMMARY FOR AUGUST

1.  No significant changes from July to August.  Temperature average is 94F and winds are predominantly from the NNW at 12kt.

2.  Statistical Data

    a.  Temperature

        (1)  Extreme Maximum (9th, 1993).......................113F

        (2)  Mean Maximum...................................... 99F

        (3)  Average........................................... 94F

        (4)  Mean Minimum...................................... 88F

        (5)  Extreme Minimum (31st, 1987)...................... 73F

    b.  Precipitation

        (1)  Mean Number of Days with Precipitation......... <.5 day

        (2)  Mean Number of Days with Thunderstorms........... 0

        (3)  Mean Number of Days with Fog................... <.5 days

    c.  Obstruction to Vision

        (1)  Mean Number of Days with Haze/Smoke............. 19 days

        (2)  Mean Number of Days with Sand/Dust.............. 10 days

        (3)  Mean Number of Days with Obstruction to Vision.. 21 days

CLIMATOLOGICAL SUMMARY FOR SEPTEMBER

1.  During the month of September, temperatures gradually start to fall.  The average temperature is 91F.  The summer shamal is virtually gone.  Obstruction to vision due to sand/dust is on the decline.  Winds are predominantly from the N at 9kt.

2.  Statistical Data

    a.  Temperature

        (1)  Extreme Maximum (11th, 1979).......................109F

        (2)  Mean Maximum....................................... 97F

        (3)  Average............................................ 91F

        (4)  Mean Minimum....................................... 85F

        (5)  Extreme Minimum (26th, 1995)....................... 75F

    b.  Precipitation

        (1)  Mean Number of Days with Precipitation.......... <.5 day

        (2)  Mean Number of Days with Thunderstorms............ 0

        (3)  Mean Number of Days with Fog...................... 1 day

    c.  Obstruction to Vision

        (1)  Mean Number of Days with Haze/Smoke............. 19 days

        (2)  Mean Number of Days with Sand/Dust............... 5 days

        (3)  Mean Number of Days with Obstruction to Vision...21 days

CLIMATOLOGICAL SUMMARY FOR OCTOBER

1.  Temperatures continue to drop throughout the month.  The average temperature is 85F.  Winds are predominantly from the NNW at 11kt.

2.  Statistical Data

    a.  Temperature

        (1)  Extreme Maximum (3rd, 1986).........................106F

        (2)  Mean Maximum........................................ 90F

        (3)  Average............................................. 85F

        (4)  Mean Minimum........................................ 79F

        (5)  Extreme Minimum (30th, 1975)........................ 61F

    b.  Precipitation

        (1)  Mean Number of Days with Precipitation.......... 1 day

        (2)  Mean Number of Days with Thunderstorms.......... <.5 day

        (3)  Mean Number of Days with Fog.................... 1 day

        (4)  Mean total precipitation........................ 0.5 mm

    c.  Obstruction to Vision

        (1)  Mean Number of Days with Haze/Smoke............. 16 days

        (2)  Mean Number of Days with Sand/Dust..............  4 days

        (3)  Mean Number of Days with Obstruction to Vision.. 18 days

CLIMATOLOGICAL SUMMARY FOR NOVEMBER

1.  November experiences a considerable decrease in temperature, going from an average of 85F in October to an average of 76F in November.  Winds are predominantly from the NNW at 12kt.

2.  Statistical Data

    a.  Temperature

        (1)  Extreme Maximum (1st, 1963)........................ 92F

        (2)  Mean Maximum....................................... 81F

        (3)  Average............................................ 76F

        (4)  Mean Minimum....................................... 71F

        (5)  Extreme Minimum (30th, 1982)....................... 55F

    b.  Precipitation

        (1)  Mean Number of Days with Precipitation........... 2 days

        (2)  Mean Number of Days with Thunderstorms......... <.5 day

        (3)  Mean Number of Days with Fog..................... 2 days

        (4)  Mean total precipitation......................... 3.8 mm

    c.  Obstruction to Vision

        (1)  Mean Number of Days with Haze/Smoke............. 15 days

        (2)  Mean Number of Days with Sand/Dust..............  3 days

        (3)  Mean Number of Days with Obstruction to Vision.. 16 days

CLIMATOLOGICAL SUMMARY FOR DECEMBER

1.  December is the second wettest month of the year (along with February).  Temperatures continue to drop, with an average of 68F.  Winds are predominantly from the WNW at 12kt.

2.  Statistical Data

    a.  Temperature

        (1)  Extreme Maximum (9th, 1958)........................ 91F

        (2)  Mean Maximum....................................... 72F

        (3)  Average............................................ 68F

        (4)  Mean Minimum....................................... 63F

        (5)  Extreme Minimum (25th, 1967)....................... 50F

    b.  Precipitation

        (1)  Mean Number of Days with Precipitation........... 6 days

        (2)  Mean Number of Days with Thunderstorms........... 1 day

        (3)  Mean Number of Days with Fog..................... 3 days

        (4)  Mean total precipitation.......................  10.9 mm

    c.  Obstruction to Vision

        (1)  Mean Number of Days with Haze/Smoke............. 17 days

        (2)  Mean Number of Days with Sand/Dust..............  4 days

        (3)  Mean Number of Days with Obstruction to Vision.. 18 days
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