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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
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