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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.
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