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1. Purpose. To issue a revised Forecaster's Handbook in accordance with reference (a).

2. Cancellation. NAVOCEANCOMDETSOUDABAYINST 3140.2A.

3. Background. This Local Area Forecaster's Handbook is a revision to the Handbook dated 15 JAN 82. The handbook is designed to acquaint forecasters at NAVEURMETOCDET Souda Bay Crete with local area effects used to forecast weather conditions and in providing support to units attached to the local Area of Responsibility with discussions of synoptic-scale patterns typical of the region as well as local effects and a brief discussion of climatology.

4. Action.

a. All forecasters at the U.S. Naval European Meteorology and Oceanography Detachment, Souda Bay, Crete, will become familiar with the information contained in this handbook.

b. All personnel shall be vigilant for additional forecasting techniques applicable to the local area. New techniques should be forwarded to the Officer /Chief Petty Officer in Charge for consideration in future revision.
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SECTION I: BASIC DESCRIPTION
A. LOCATION

1. GREECE. Greece is located on the southern most portion of the Balkan Peninsula in the east-central Mediterranean Sea.  The terrain is mountainous and the ranges extend into the Aegean Sea as peninsulas or chains of islands. Crete is one of many islands in this area and the fifth largest island in the Mediterranean Sea. Much of the elevated terrain is over 3000 feet and many summits reach over 6000 feet. The lowlands, located in both narrow coastal plains and the interior of Greece, comprise less than five percent of the country. In the north, the rugged mountains and plateaus play an important part in moderating the climate to the south. Generally the cold air masses of central Eurasia are unable to move south over the Rhodope Mountains of southern Bulgaria. 

2. AEGEAN SEA. The Aegean Sea is bordered by Greece and Asia Minor (Turkey). This area is surrounded by complex topographical features. To the west, on the mainland of Greece are the Pindus Mountains; to the east the Alacam Daglar and Boz Daglar in western Turkey. The Sea of Crete is a southern extension of the Aegean Sea, bordered by Crete on the south, the Cyclades on the north, the straits of Kithira on the west, and the straits of Kasos and Karpathos to the east and southeast. 

3. CRETE. The island of Crete is located in the east central Mediterranean Sea, southeast of Greece. Crete is 160 miles long and 7 to 35 miles wide. The land is rugged and mountainous. A ridge of mountains exceeding 3000 feet MSL extends the length of the island. The mountains are divided into three separate ranges with the western range being the longest, the central range the highest and the eastern range the lowest.  A few north to south oriented valleys cut deep passages through the mountains, and deep gorges are common from the peaks to the sea on both the north and south sides of the primary ranges. The highest mountain on the west end of the island is 8048 feet MSL. It is located 15 miles south-southwest of the airfield. Mount Ida, near Iraklion, in the center of the island, is the highest point on Crete at 8056 feet MSL.

4. NAVAL SUPPORT ACTIVITY (NSA) SOUDA BAY. NSA Souda Bay is located on the northwest side of the island of Crete on the Akrotiri Peninsula. The peninsula is nearly circular in shape and approximately 6 miles in diameter. The immediate terrain is similar to a shallow bowl with rising land in all directions from the base; the land to the west slopes gradually to Stavros Beach. A plateau, with a mean height of 700 feet MSL begins abruptly near the northern boundary of the base. This extends to a low range of mountains oriented southeast to northwest with a mean height of 1000 feet MSL, located 1/2 to 2 miles north of the station. A peak of 1732 feet lies 2 miles to the northeast. NSA is a tenant of the 115th Hellenic Air force Base encompassing 110 acres on the northeastern side of the airfield. It is approximately 6.5 miles east-northeast of Chania, Crete, 1 mile inland from the eastern rare of the Akrotiri peninsula.

5. SPECIFICS.

     a. Coordinates: 35’ 32" N 024’ 09" E

     b. WMO Number: Block 16, Station Number 746

     c. ICAO: KQNC

B. FACILITIES

1. NAVSUPPACT. NATO Maritime Airfield Souda Bay, Crete, is operated by the 115th Combat Wing of the Hellenic Air Force. The U.S. Navy is a tenant activity. The Hellenic Air Force provides host nation responsibilities for the operation of the utilities and buildings. The U.S. Naval Support Activity is responsible for the support of U.S. Sixth Fleet Aircraft, U.S. Navy Air Detachments deployed at Souda and transient U.S. Military Aircraft.

2. AIRPORT. The airfield has one main runway, which has a concrete surface, and two parallel taxiways. The runway is 11,738 feet long and 148 feet wide. The south parallel taxiway is 9,850 feet long and 72 feet wide. The north parallel taxiway is 9,850 feet long and 100 feet wide. The field elevation is 430 feet at the approach end of runway 11 and 492 feet at the approach end of runway 29.

3. AIRCRAFT MINIMUMS. Standard ICAO weather minimums apply. Official field weather and conditions, IMC or VMC, are set by the Hellenic Air Force.

VFR MINIMUMS      IFR MINIMUMS
   
        1500/3
               300/2

4. TOWER. The airfield control tower is manned by the Greek nationals. NAVEURMETOC DET does not have direct access to the tower. Air Operations coordinates duty runways with the Greek nationals.

5. LOCAL OBSTRUCTIONS

OBSTRUCTION          ELEVATION     TACAN DME     BEARING
MOUNTAIN
       

1,736
    
5.0 NM
       148

MOUNTAIN
       

4,961
    
15.0 NM
       170

MOUNTAIN
       

8,048
    
15.0 NM
       208

MOUNTAIN
       

2,215
    
8.0 NM
       218

MOUNTAIN
       

6,942
    
18.0 NM
       221

MOUNTAIN
       

2,001
    
5.0 NM
       230

MOUNTAIN
       

2,726
    
18.0 NM
       250

MOUNTAIN
       

1,371
    
5.0 NM
       325

MOUNTAIN/TOWER 
1,732/2,017     2.0 NM
       040

C.  U.S. NAVAL EUROPEAN METEOROLOGY AND OCEANOGRAPHY DETACHMENT

1. NAVEURMETOC DET. The U.S. Naval European Meteorology and Oceanography Detachment, Souda Bay, Greece was established on July 1, 1972, as a Naval Weather Service Office and is a tenant command of the U.S. Naval Support Activity, Souda Bay. NAVEURMETOC DET is located in the Air Passenger Terminal building adjacent to the NSA hangar. The detachment spaces house working spaces for Flight Weather Briefing, Aviation Weather Observation, communications, supply, and an administrative office. Flight Weather Briefing is conducted within a joint Air Terminal Operations, Flight Planning room

2. METEOROLOGICAL EQUIPMENT.

a.  The AN/UMQ-5 Wind Gage transmitter is located approximately 600 feet south of the NSA hangar, 400 feet northeast of the taxiway on the U.S. Navy side of the field. The nearest obstruction is the Hangar.

b. TMQ/36-1 Wind Gage transmitter is located at the end of runway 29. A tactical wind measuring set on loan to the Hellenic Air Force has a hand-held indicator located at the observer's desk. The Hellenic weather office has the recorder for this system.

c. The Thermoscreen is located 30 feet east-southeast of the Air Terminal Building. The standard 4-inch rain gage (ML-217) is located 4 feet east of the Thermoscreen.

d. The Aneroid Barometer (ML-448) is located in the flight weather briefing area of NAVEURMETOC DET. The barometer is calibrated by NAVEURMETOCCEN Rota Spain.

e. Satellite Receiving Equipment.

(1) Satellite imagery is processed using the Geostationary Satellite Imagery Display System (GSIDS). The data is stored and displayed on a PC workstation.

(2) The parabolic dish antenna used to receive geostationary satellite (METEOSAT) pictures is located approximately 30 feet east of the Air Passenger Terminal building. The antenna faces 219 degrees, mounted on a concrete pad.

f. PCGRAFAX HF FACSIMILE

(1) The radio receiver (R-2174 (P)/URR) is located in the flight weather briefing space. The products are stored and displayed on a PC workstation. Although the system has capability for dual signals, the receiver has the capability to monitor only one.

(2) The antenna used for this system is located within the Naval Communications Detachment compound.

3. COMMUNICATION CIRCUITS AND EQUIPMENT

a. A Pilot to Forecaster UHF Voice Circuit, frequency 379.0 MHz, is located in the flight weather briefing space.

b. HFFAX Radio Facsimile products are received via the fleet facsimile broadcast originating at NAVEURMETOCCEN Rota Spain. The broadcast from Bracknell, England is also copied periodically.

c. EURMEDS (WAW9) is a high speed printing communications system used for collecting and disseminating meteorological data. Fed by the Automated Weather Network (AWN), this system incorporates data from all AWN circuits and is programmed to provide tailored bulletins, messages and graphics per the station's individual data requirements.

d. AUTODIN send and receive capabilities are provided by the U. S. Naval Communications Detachment.

e. NODDS capability is provided via a PC workstation with modem for access through AUTOVON or commercial lines. OPARS is also available on this system.

4. LOCAL UNITS AND SUPPORT PROVIDED

a. NAVAL SUPPORT ACTIVITY: Full-time weather briefing services (DD 175-1, HWD, OPARS) to squadrons and transient aircraft; full-time Surface Aviation/Synoptic Land observation program; Terminal Aerodrome Forecasts (TAFs) updated every six hours; destructive weather warnings; daily forecasts distributed to base residents; weekly Navy Broadcasting Service weekend forecasts; inport weather forecasts; monthly input to NSA base newspaper with climatology for the month.

b. NAVY MOBILE CONSTRUCTION BATTALION. Daily meteorological outlooks and monthly climatology information.

c. RECONNAISSANCE SQUADRON TWO (VQ2): Mission weather briefs as requested. NAVEURMETOC DET has weather, IREPS, and ASW capabilities.

d. DET 1, 922nd RECON SQUADRON: Mission weather briefs as requested.

e. FLEET LIAISON: Ship visits are conducted to ships in port Souda Bay, Crete. Inport weather forecasts and pre-sailing briefings are available upon request via LOGREQ telephone, or visit requests.

SECTION II: CLIMATOLOGY
A. CONTROLS

1. TOPOGRAPHY

a. Temperature - The Mountains of Crete and the surrounding Aegean Sea have a marked influence on the climate at Souda Bay. The Aegean waters serve to moderate temperatures year round resulting in a mean annual temperature range of 28 degrees. During the summer months, temperatures are cooled by the northwesterly, on-shore flow of the Etesian winds. During the winter months, the warmer sea along with the relatively low station elevation of 480 feet, ensure that the occurrence of frozen or freezing precipitation is rare. Snow is seen on the higher mountains and often remains on the higher peaks well into late spring. 

b. Wind - The effect of the peninsula's topography on a gradient wind of less than 10 knots from 360 to 020 degrees is rather unique at the airfield. The surface winds are deflected to a northwest direction over the western end of the runway, while the east end of the runway experiences southeast winds that veer around the southeast end of the small cluster of hills north of the base. Due to the light winds when this condition occurs, it is not considered a significant hazard to aircraft operations.

(1) Sea Breeze - Due to the abruptly rising bluffs along most of the coastline of the Akrotiri Peninsula, there is no pronounced sea breeze at Souda Bay. During the summer afternoons the prevailing northwesterly winds are normally super gradient caused partially by heating and partly by the slight basin that slopes from the base westward to the sea.

(2) Etesian - During strong northerly Etesian winds, fog and haze on the lee side of Crete clears. The turbulence created by the airflow over the mountains can cause the mixing of warm dry air from above the low-level inversion, normally present in heavy haze or fog conditions, with moist air below the inversion. This mixing process reduces the relative humidity and initiates the clearing of the fog or haze in the area. The same phenomena may also be present to a lesser extent on the lee of the many islands of the Cyclades. The changes in temperature, humidity, and the associated decrease in the state of the sea, provide valuable information for use in operations.

(3) Bora - The Bora is a strong, cold, katabatic wind. The air is cold enough that the warming due to subsidence as it flows down the mountain ridges towards the coast is not sufficient to raise the temperature to the normal range for the region and season. It's source is the cold continental polar air mass that spills south from Western Russia. Occasionally, arctic air may be advected far enough southward so that it reaches the mountain passes and flows over the Eastern Mediterranean Sea. The Bora is basically a dry wind as the result of its katabatic nature and continental source region. Skies are normally clear and visibility is good when there is no cyclonic activity in the area.

2. AIR MASSES

a. Continental Polar - In winter, continental polar air masses often extend down into the central Mediterranean from their source region in the northern C.I.S. and Finland to produce cumulus and cumulonimbus with showers. Occasionally this air mass initiates the development of a deep cyclonic system over the central Mediterranean. After becoming modified, haze layers form, which reduce visibility. In summer, scattered clouds and rainshowers are produced when the air mass extends far enough south.

b. Maritime Tropic - Maritime tropical air from the Atlantic is modified to a cool air mass by the time it reaches the Eastern Mediterranean due to its trajectory over the relatively cooler waters. In winter this air mass will produce rain and drizzle. Cumulus will also form but does not produce showers.

c. Continental Tropic - Continental tropic air from North Africa modifies as it moves over the central Mediterranean. Dust from North Africa will reduce visibility. This air mass constitutes the major source of heat for the development of the Mediterranean cyclonic storms most common during winter and spring. Continental tropic air from North Africa is by far the warmest air mass. In summer it extends over Asia Minor and into the Balkans.

B. ANNUAL OUTLOOK

1. TEMPERATURE - January is the coldest month of the year. The average temperature is 53° Fahrenheit, with a record low of 32° Fahrenheit recorded in 1983. July is statistically the hottest month of summer at Souda Bay. The average temperature is 79° Fahrenheit with a record high of 108° Fahrenheit recorded in June in 1982. Monthly climatology is contained in Appendix A.

2. WIND - The average annual wind speed is 10 knots and the average direction West-Northwest. The extreme peak gust was from the west at 54 knots recorded January 1988 and February 1990. February averages 45 knots for peak gusts.

3. CLOUDS/CEILINGS/VISIBILITY - The following table shows averages for the last sixteen years at NSA Souda Bay

  SKY COVER <= 3/10 VSBY >= 2 1/2 MILES
43%


CEILING c1000 FT VSBY < 2 MILES
1%


CEILING <1500 FT VSBY < 3 MILES
2%


CEILING <3000 FT VSBY < 3 MILES
12%


CEILING <5000 FT VSBY < 5 MILES
23%

The lowest ceilings and visibility occur from November through March.

4. PRECIPITATION - The average annual precipitation is 28 inches. Maximum precipitation occurs from October through February. July and August average only traces.

5. SEA HEIGHTS - The average sea height around the island of Crete is less than 2 meters 60 percent of the time. The highest waves are reported primarily in the winter. The highest recorded wave near the island of Crete was in January, southeast of the island, measured at 11 meters.

C. SEASONAL VARIATION

Seasonal weather patterns of the Eastern Mediterranean are controlled to a great degree by the monsoonal character of the surrounding land/sea interface.

1. Winter - Winter commences abruptly with the breakdown of the Azores High over central Europe. During the winter season (November through February), the Eurasian land mass to the north becomes very cold in comparison with the sea surface temperatures of the Eastern Mediterranean Sea. On a synoptic scale, the Mediterranean in winter is generally in a broad area of low pressure blocked by the Siberian High to the northeast and the Azores High to the west. The Polar Jet stream is generally over the southern Mediterranean in winter and cyclonic activity, unstable weather, and strong winds are common. The winters at NSA Souda Bay are mild and rainy with temperatures generally remaining within a few degrees of the surrounding sea temperature.

2. SUMMER - The monsoonal effect of the summer season (June through September) leads to the development of an intense thermal low over southern

Asia Minor that extends westward over Turkey. Higher pressure dominates over the relatively cooler Mediterranean, and settled dry weather persists. Etesian winds dominate the eastern Mediterranean during this period, flowing as a southeastward extension from this northerly wind regime in the Aegean. At NSA Souda Bay, Etesian winds are from the northwest. Another predominant feature of summer is haze, which frequently causes IMC at levels above the surface.

3. TRANSITIONAL SEASONS - The two transitional periods are quite different in length. The spring season lasts from March through May and is noted for periods of winter-type weather associated with an increased occurrence of North African Cyclones. The spring season is much like summer with stable air masses, warm temperatures, clear skies and little to no precipitation. The fall transition lasts only one month. October is the normal time frame, but the transition can be as late as November. The transition from fall to winter is an abrupt change to the unsettled weather of the winter months.


4. HAZE - Salt haze can be a serious problem for flight operations over the Mediterranean. Salt haze is bluish white in color as opposed to the brown of dust haze. It is most prevalent over the Mediterranean during the summer and early fall in conjunction with the presence of the subtropical ridge. Although surface visibility in salt haze generally remains between 4 and 6 nautical miles, the slant range visibility for a landing aircraft may be near zero, especially if the approach is in the general direction of the sun. This further decrease in visibility is due to the ability of salt haze to scatter and reflect light more so than dust haze. After sunset, salt haze is less of a problem than during the daytime.

a. Aloft, a salt haze layer sometimes extends to over 12,000 feet and has been reported up to 20,000 feet. It is most likely to develop in a stagnant air mass where there is a lack of mixing; therefore it is especially prevalent over the Mediterranean when a strong ridge is present.

b. Salt haze will not completely disperse until there is a change in the air mass. Since frontal passage rarely occurs during the summer, haze remains an almost constant problem; however, visibility will increase during periods when there is an increase in the wind speeds at the 850MB and 700MB levels. In addition, visibility often increases in the Aegean and south of Crete due to turbulent mixing during an Etesian.

5. WIND REGIMES- The three primary wind regimes affecting Crete are the Etesian winds of the Aegean Sea and Western Turkey, the Bora winds of northern Greece, and the Sirocco winds of North Africa. 

a. Etesian - The Etesian is defined as a northerly wind prevailing during the summer in the Aegean Sea and the Eastern Mediterranean. Northerly winds prevail along the Greek coast during the winter, too, but only those northerly winds occurring between May and November are considered to be Etesian. Etesians are at their maximum frequency and strength during July and August.

(1) The pressure gradients necessary to drive the Etesian winds result from a combination of:

(a) High pressure over the Balkans and a low pressure trough over Turkey. During a strong Etesian, the trough may extend relatively far to the west, well beyond Rhodes. A closed low may also form over Rhodes, resulting in almost calm winds at Rhodes.

(b) A jet-effect wind increase caused by channeling of the wind between islands and mountain valleys. On the lee of Crete, katabatic flow off the mountains generate gusty winds similar to the Foehn of the Alps. The mountain valleys tend to channel the flow, which increases the wind velocity. Near gale force winds are frequent along the southern coast of Crete during the peak Etesian season with the flow offshore and extending well out to sea.

(2) Etesian Clouds/Weather - The surface flow is generally divergent, and the weather is generally thought of as being dry with clear skies; however, this is most true during July and August. During this peak Etesian period, scattered altocumulus appear a day before an Etesian, and the only other clouds are orographic cumulus that may form on the windward side of islands in strong Etesians. During the early and late months of the Etesian season, there is weather associated with the synoptic scale disturbances and associated cold fronts that initiate these winds. Thunderstorms frequently occur both ahead of and behind the front over the Balkans, often in northern Greece, and sometimes as far south as Athens. These thunderstorms frequently precede the Etesian by one day and may continue for an additional 24 hours.

 
(3) Etesian Climatological Properties

(a) Extent - The maximum wind axis of the Etesian extends from the northeast Aegean Sea, passes slightly east of Lemnos and Skyros, through the Cyclades, through the gap between Rhodes and Crete, then to the southeast. A second maximum wind axis is located off the coast of the southern Peloponnesus between Kithira and Crete.

(b) Direction and Strength - The direction follows the maximum wind axis, which results in northerly winds for the Aegean, becoming northwest over Crete, and westerly to the southwest of Crete. As a general rule the winds decrease in strength with distance from the source.

(c) Diurnal - There is a large variation in the strength of the Etesian. During the day, differential heating causes a tightening of the pressure gradient. In addition, turbulent mixing of the lower layers during the daytime provides transport to the ground for higher winds. At night there is generally a large decrease in wind speeds. During the Etesian, it is common for the winds to slow down after sunset and to pick up again after several hours to their former speed. During the daytime hours, brief breaks in the winds are not unusual, especially during July.

b. Sirocco - The word sirocco comes from a Greek verb meaning, "to dry up" which expresses the dryness of a true Sirocco. Siroccos that affect the eastern Mediterranean have their origins in the desert of North Africa and the Sinai and Arabian Peninsulas. Sirocco winds occur more than twice as frequently in the western Mediterranean than the east. Those that do occur in the eastern Mediterranean are most frequently during the cool season, November through April. They are found in the warm sector of eastbound Mediterranean disturbances that develop either over the southern Aegean Sea/Sea of Crete or near Cyprus. As they leave their desert source region, Sirocco winds are very dry and temperatures range from very hot in summer to moderate in winter. Near the coastlines, visibility is occasionally poor in blowing sand and/or dust. The dust clouds are generally deep along the northern coast of Africa, but generally shallow along the coast of Israel and Lebanon. Wind direction is southerly. By the time the Sirocco reaches southern Turkey and Crete, the trajectory over water has increased the moisture content of the air in the lower layers. A strong surface inversion is produced over the water areas and stratus, fog and drizzle are common along with the associated low visibility. The weather near frontal boundaries and topographical barriers is typified by heavy rain.  

(3) Etesian Climatological Properties

(a) Extent - The maximum wind axis of the Etesian extends from the northeast Aegean Sea, passes slightly east of Lemnos and Skyros, through the Cyclades, through the gap between Rhodes and Crete, then to the southeast. A second maximum wind axis is located off the coast of the southern Peloponnesus between Kithira and Crete.

(b) Direction and Strength - The direction follows the maximum wind axis, which results in northerly winds for the Aegean, becoming northwest over Crete, and westerly to the southwest of Crete. As a general rule the winds decrease in strength with distance from the source.

(c) Diurnal - There is a large variation in the strength of the Etesian. During the day, differential heating causes a tightening of the pressure gradient. In addition, turbulent mixing of the lower layers during the daytime provides transport to the ground for higher winds. At night there is generally a large decrease in wind speeds. During the Etesian, it is common for the winds to slow down after sunset and to pick up again after several hours to their former speed. During the daytime hours, brief breaks in the winds are not unusual, especially during July.

b. Sirocco - The word sirocco comes from a Greek verb meaning "to dry up" which expresses the dryness of a true Sirocco. Siroccos that affect the eastern Mediterranean have their origins in the desert of North Africa and the Sinai and Arabian Peninsulas. Sirocco winds occur more than twice as frequently in the western Mediterranean than the east. Those that do occur in the eastern Mediterranean are most frequently during the cool season, November through April. They are found in the warm sector of eastbound Mediterranean disturbances that develop either over the southern Aegean Sea/Sea of Crete or near Cyprus. As they leave their desert source region, Sirocco winds are very dry and temperatures range from very hot in summer to moderate in winter. Near the coastlines, visibility is occasionally poor in blowing sand and/or dust. The dust clouds are generally deep along the northern coast of Africa, but generally shallow along the coast of Israel and Lebanon. Wind direction is southerly. By the time the Sirocco reaches southern Turkey and Crete, the trajectory over water has increased the moisture content of the air in the lower layers. A strong surface inversion is produced over the water areas and stratus, fog and drizzle are common along with the associated low visibility. The weather near frontal boundaries and topographical barriers is typified by heavy rain. Flight operations are seriously affected by the Sirocco.  Dense belts of ACCAS approaching from the southwest are associated with radical and sudden shifts in the wind speed and direction at the surface. In addition, turbulence can be expected with the presence of ACCAS.

6. THUNDERSTORMS/SEVERE WEATHER - From June to August, thunderstorms rarely occur at NSA Souda Bay. This is primarily due to the subsidence associated with the subtropical ridge over the area during this period. Thunderstorms do occur throughout the remainder of the year with the highest frequency during the months of October through February. The mountainous terrain of Crete provides the necessary lifting in unstable air masses to produce thunderstorms. Cold fronts and troughs associated with lows that move through Greece produce scattered thunderstorm activity across Crete. The majority of thunderstorms occurring over Crete during the fall and winter months occur in advance of cold core lows moving slowly eastward out to the central Mediterranean. The occurrence of tornado activity is infrequent in the eastern Mediterranean. Funnel clouds and waterspouts have been observed but are not common.

D. SYNOPTIC CLIMATOLOGY

1. CYCLONES.

a. Primary Cyclogenesis - The primary region for cyclogenesis in the Mediterranean is in or near the Gulf of Lion or Gulf of Genoa. The associated primary storm track for these cyclones is southeast across southern Italy and Greece, then recurving northeast into northern Turkey or the Black Sea. 

b. Secondary Cyclogenesis - The secondary winter cyclogenesis region is south of the Atlas Mountains of North Africa. The associated storm track for these cyclones is eastward along the northern coast of Africa or northeastward into the Mediterranean west of Crete. Other favored areas for cyclogenesis are the Baleric Sea, Gulf of Venice and the area near Cyprus. During periods of low zonal index during the late fall to early spring, lows develop in the lee of the Taurus Mountains of Turkey between Antalya and Cyprus and become the most intense from November through April.

2. Cyclogenesis. Ultimately, cyclonic activity affecting Crete and the eastern Mediterranean basin occurs from all the systems mentioned above. Systems moving towards the eastern Mediterranean from the Gulf of Lion or Gulf of Genoa often leave the central Mediterranean only to stall off the West Coast of Greece. In order for rapid redevelopment to occur, one requirement is a vigorous invasion of cold air from the Aegean Sea. If a depression occurs along the leading edge of the cold surge, it may at first move towards the south or southwest before it moves eastward to the Cyprus area. Cyclogenesis over the southern Aegean Sea/Sea of Crete is most likely to occur during fall and winter. Cyclogenesis occurring along a trough extending southward into North Africa is often accompanied by Sirocco conditions ahead of the cyclone in its warm sector. Heavy showers with poor visibility are likely along and behind the cold front. Gale force winds are most likely north of the low center within the cold surge, but can also occur west of the depression as well.

3. CYCLONES AFFECTING CRETE AND THE EASTERN MEDITERRANEAN

a. Lows Moving South of Crete  - The type of weather experienced with a low aving a trajectory south of Crete is dependent on the origin of the low, it's intensity, and the relative temperatures of the air and sea.

(1) Lows originating from the Gulf of Genoa or Gulf of Lion that subsequently move south of Crete normally produce more precipitation than those that originate from northern Africa. Showers and thunderstorms can be expected in the warm sector of the low, accompanied by brisk east to southeast winds. Thunderstorm activity is most likely to occur during the fall and early winter months, due to the sea temperature still being relatively warm.

(2) As the low progresses east of Crete, and surface winds back to the north, ceilings frequently lower in the local area as the clouds pack up against the windward side of the mountains south of the base. Satellite data is often very useful in determining when clearing will occur. However, as a general rule, VMC will return shortly after the surface winds back to the northwest and partial clearing can be expected within 4 to 6 hours .

b. Lows Moving North of Crete - During the winter months, lows passing north of Crete usually move on mean paths across southern Greece and are frequently accompanied by a cold front, followed by a series of troughs. The larger pattern is with the long wave trough axis west of Crete with short waves passing through the pattern. As with lows passing south of the island, brisk south to east winds are experienced in the warm sector. Precipitation is primarily confined to showers and thunderstorms associated with the cold front and post-frontal troughs. Ceilings are generally higher (2000 to 3000 feet) than those associated with lows moving to the south of Crete, and clearing occurs considerably sooner. The most frequent occurrence of lows passing north of Crete is during the fall and early winter months as the primary storm track begins it's progression south.

c. North African Lows - North African cyclones develop over the desert region south of the Atlas mountains. The synoptic situation favoring development is the presence of an upper trough lying over Spain with its axis lying NE-SW, producing a deep southwesterly flow over northwest Africa. The presence of a cold front is not necessary, however, when one is present development of the low usually occurs before the front reaches the range.

(1) Precipitation and Speed - Both precipitation and speed of movement of these systems is related to the time of year.

(a) During the late fall and early winter, lows moving out of this area are noted for their extremely slow movement due to their association with a cut-off low aloft. During the same period precipitation amounts will be high because of the abundance of moisture available from the relatively warm sea.

(b) During the late winter and early spring the number of North African cyclones increases and the area becomes the primary cyclogenesis region. Unlike lows developing early in the winter, cyclogenesis at this time of year is associated with open, short wave troughs. They produce little in the way of low ceilings or precipitation, but frequently produce high winds in close proximity to their centers. Their speed of movement out of their source area is much higher with some systems noted to have been moving at 40 to 50 knots.

(2) Associated Weather/Guidance- When a north African low emerges over the Mediterranean, the 500 MB chart is a good guide to determining the likely direction of movement. Should the depression take a course towards the eastern Mediterranean, the associated Sirocco conditions will spread progressively eastward along the African coast ahead of the depression and resultant trough as it moves over water.

d. Cyprus Depressions - During periods of low zonal index during the late fall through spring, a frequent development occurs with a low becoming stationary near Cyprus.  These systems develop or intensify in the lee of the Taurus Mountains of Turkey between Antalya and Cyprus, and become the most intense from November to April.

(1) Development Factors - development of an intense Cyprus depression are similar to those associated with cyclogenesis in the Gulf of Genoa:

(a) The thermal contrast between land and water,

(b) Interaction between the polar front jet and the subtrosical let,

(c) Effects of northerly flow over the mountains of Turkey enhancing cyclonic activity along the lee trough,

(d) Northern topographic features blocking cold frontal southward movement.

(2) Associated Weather - Weather to the west of these systems is characterized by near gale force winds and heavy showers. East of the low, sirocco conditions may be present. While the low (including a cut-off upper low) remains to the east of Crete, short wave troughs frequently develop north of the area and spiral around the low. Usually, surface winds back to the northwest and decrease as the troughs approach and a brief clearing period sometimes occurs prior to the arrival of showers. After the trough passes, winds again veer to the northeast and increase in velocity. This cycle occasionally repeats itself a half dozen times in as many days before the low fills or moves to the northeast.

4. ANTICYCLONES

a. Migratory - During the summer, shallow but persistent high pressure dominates the Mediterranean basin. Migrating highs west of Spain are usually break-offs of the subtropical ridge. They generally migrate eastward and track over mainland Europe, spilling into the Mediterranean basin. High pressure in winter also results from migrating anticyclones which are break-offs of the subtropical ridge. In winter these anticyclones track eastward across North Africa.

b. Semi-permanent - During summer, high pressure often ridges well into the Mediterranean basin as an extension of the Azores high. Although this isn't classified as a blocking system, it effectively produces a barrier to transitory lows of the middle latitudes. The subsidence effects of this subtropical ridge results in dry, cloud free conditions existing from June through August. As a semi-permanent system, this ridge begins to break down in mid to late September as the winter long-wave pattern pushes into the Mediterranean basin. 

SECTION III: FORECASTING
A. ETESIAN

1. DESCRIPTION - The Etesian is a northerly, gale force wind that prevails during the summer in the Aegean Sea and the Eastern Mediterranean. The wind is a result of a monsoonal effect between the extremely hot Asian continent and the relatively cooler waters of the Mediterranean. Northerly gale winds during the winter are those associated with cold air outbreaks across Europe. These are referred to as bora winds.

2. SYNOPTIC FEATURES - Low pressure over the eastern Mediterranean and high pressure over the central Mediterranean combine to create a northerly flow over the Aegean Sea. A semi​permanent thermal trough extends northwest across Palestine and out over the eastern Mediterranean, with opposing weak high pressure in the Aegean. The resultant pressure gradient over the mountainous land along the coasts of Greece, Turkey and Crete produces the north to northwest monsoonal wind.

3. FORECASTING:

a. Thumb-rule pressure differences associated with northerly/southerly winds of 25-35 knots over the Aegean Sea are 7.5 mb between Rhodos/Maritsai and Istanbul/Yesllkoy; and 6.0 mb between Rhodos/Maritsai and Athens.

b. An extended Etesian period is likely if there is a deep surface depression in the Black Sea region associated with a cut-off low at 500 mb. Strong northerly winds prevail at upper 1PVP19 over the Aegean Sea.

c. A blocking long-wave ridge over France and western Germany is associated with extended Etesian periods of five days or more.

d. A Mistral and the Etesian occur out of phase: if one prevails, the other is suppressed. If the onset of Mistral conditions is predicted, the gale force Etesian should end.

e. During an Etesian, gale force winds extend into the area just east of Crete and south of Rhodes. Northerly winds 20​-25 knots with higher gusts off the coast of eastern Crete should be forecast.

f. In well-formed Etesian situations, winds in excess of 27 knots are frequent along the south coast of Crete.

g. During a gale force Etesian over the Aegean Sea, the axis of maximum winds passes southeastward through the opening between Rhodes and Crete into the eastern Mediterranean. The strength of the Etesian diminishes downwind, and south of Cyprus its direction becomes westerly.

h. The Etesians are driven primarily by differential heating. In winter, cold Alpine air in the Turkish Mountains is drawn downward over the Aegean Sea toward Crete. Adiabatic warming occurs but is not enough to warm the icy temperatures. This results in brisk, cold winds over the region. The actual temperature will drop significantly but resulting wind chill temperatures make the change in weather appear far greater.

i. The surface flow is generally thought of as being dry with clear skies; however, this is most true during July and August. During this peak Etesian period, scattered altocumulus appears a day before an Etesian. The only other clouds are orographic types that may form on the windward slopes of islands in stronger Etesians. During the early and late months of the Etesian season, there is generally weather associated with the synoptic scale disturbances and associated cold fronts that initiate these winds. Thunderstorms frequently occur both ahead and behind the front over the Balkans, in northern Greece, and sometimes as far south as Athens. These thunderstorms frequently precede the Etesian by one day and generally continue for an additional 24 hours.

B. SIROCCO:

1. DESCRIPTION - The Sirocco is a southeast to southwest wind that blows offshore from northern Africa or the Middle East countries across the Mediterranean Sea. The source region for the Sirocco is the Sahara dessert that extends along the length of North Africa and the western portion of Asia, primarily the Sinai. Because its source region is a dessert, the Sirocco is very dry. It is warm in winter and very hot in summer.

2. SYNOPTIC FEATURES - Low pressure located over the south central Mediterranean and high pressure over the eastern Mediterranean combine to create a Sirocco. This setup carries continental tropical air from the North African dessert across the Mediterranean Sea. The air is advected by troughing extending far enough into the desert to draw the air out over the Mediterranean.

3. FROZEN VERSUS LIQUID PRECIPITATION - Use the 540 contour and the -25° isotherm on the 500 MB chart to distinguish between frozen and liquid precipitation. If the -25° isotherm is below Crete, forecast frozen precipitation; if the -25° isotherm is above Crete forecast liquid precipitation.

4. TURBULENCE: - Forecast moderate turbulence surface to 15,000 FT when winds are 15 to 20 knots and are perpendicular to mountain ranges.  When the wind is 15 knots or greater at NAVSUPPACT Souda Bay, forecast moderate turbulence from the surface to 5,000 FT.

5. FOG - A northwest wind bringing cooler air to the local area (Low pressure to northwest and High pressure to southwest) can be a set up for fog at NSA. The wind will go calm after sunset and the humidity will rise. Micro scale high pressure forms over the bay in Souda and a light wind picks up from the east. When the wind is calm, humidity is high, and a temperature of 14° - 15° celsius is expected, forecast fog until 0900 local.

C. LOCAL AVIATION CONDITIONS - The following local conditions of turbulence, stratus/fog, breeze, and localized ridging were developed by the 115th Hellenic Air Force Meteorology Office.

1. TURBULENCE - Two primary situations produce turbulence ln the vicinity of the air field.

a. Case One - Low pressure over the vicinity of Sicily coMBined with high pressure over the Balkans and Turkey.

(1) Local effects - Local winds will be east to southeast 110-160 degrees at 8 to 12 knots. Aircraft frequently report moderate to severe turbulence between 5 and 25 nautical miles east of the air field through descent or departure of runway 29.

(2) Air field state - Situation does not affect field minimums.

b. Case Two - Strong west to northwest winds, 250-290 degrees at 15 gusting to 30 knots in the vicinity of western Crete.

(1) Local effects - Light to moderate turbulence and wind-shear is reported on the last portion of approaches to runway 29. Under this condition in winter and spring stratocumulus or cumulus will form west through southwest of the airport.

(2) Airfield State - Situation does not affect field minimums.

2. STRATUS OR FOG CONDITIONS - Four primary situations result in stratus or fog conditions over the airfield.

a. Case One - Low pressure west to southwest of Crete and prevailing northeast winds of 10 to 15 knots over the airfield.

(1) Local effects - Stratus will appear over the northern portion of the airfield. This will move over the approach to runway 29 during periods of precipitation causing reduced ceilings and visibility. In the absence of precipitation the stratus will generally remain to the north of the airfield.

(2) Airfield State - Extensive stratus combined with precipitation will reduce both ceilings and visibility below field minimums. As precipitation diminishes and the stratus moves north of the airfield, conditions improve above field minimums.

b. Case Two - Cold frontal passage over southern Greece with accompanying weather extending to Crete. This situation produces the same general effects as Case One.

c. Case Three - A high pressure invasion over the southern Aegean Sea generally associated with high pressure ridging from western to central Europe and low pressure over the Mediterranean Sea east of Crete.

(1) Local Effects - During winter stratus will remain over the northern portion of the airfield accompanied with northeast winds. This situation will generally be long lasting (3 to 4 days).

(2) Airfield State - Stratus will often drop below field minimums and a 15 to 25 knot cross-wind condition will prevail.

d. Case Four - A col area develops over Greece and Southern Aegean Sea, during spring.

(1) Local Effects - Very low stratus and fog will develop over the sea West and East of the airfield. Light winds either easterly or westerly at 2 to 4 knots will advect the fog over the airfield during the evening or early morning. Fog will qenerally burn off by 1000 or 1100 local.

(2) Airfield State - Visibility and or Ceilings (vertical visibility) will often go below field minimums. Below minimum conditions are generally short lived, however fog and stratus may linger over Souda Bay to the south and the Gulf of Chania to the east. Residual fog or stratus east of the airfield will often affect the final descent to runway 29.

3. BREEZE - Three basic breeze regimes may occur at the airfield.

a. Case One - High pressure over Europe and low pressure over the southeastern Mediterranean Sea, with Greece and Crete under a col.

(1) Local effects - Breeze conditions at the airfield can be expected from east through southeast (070-110 degrees) at 8 to 14 knots. Speed will increase to near 18 knots during the afternoon, and drop off to near calm by 1800 local.

(2) Airfield State - Conditions do not generally affect airfield operations.

b. Case Two and Three - Case Two: High pressure over the Western Mediterranean Sea and low pressure, with Greece and Crete under a col. Case Three: Westerly winds of 15 to 20 knots prevailing higher than the 850 MB level. The effects of both conditions are similar.

(1) Local Effects - Breeze conditions at the airfield can be expected from the west through northwest (280-320 degrees) at 10 to 15 knots. Speed will increase to near 20 knots during the afternoon, and diminish to near calm by 1800 local.

(2) Airfield State - Conditions do not generally affect airfield operations.

4. HIGH PRESSURE RIDGING - High pressure ridging south of Athens will often produce strong northerly winds throughout the central and southern Aegean Sea.

a. Local Effects - A prevalent north to northeast wind at 15 to 20 knots gusting to 24 knots will develop over the airfield. Broken to overcast conditions are the norm with ceilings of 1500 to 2000 feet and tops between 2500 and 7000 feet. Because of the inversion accompanying the high pressure, stratocumulus will form over the mountains near NAVSUPPACT. This condition will generally persist from 3 to 6 days as the ridge moves over Crete.

b. Airfield State - This condition will often create cross-wind conditions with gusts to 24 knots, however, once the conditions set in, wind speeds will generally decrease to 10 to 20 knots by the second day.

SECTION IV: SPECIALIZED FORECASTS

A. OPTIMUM PATH AIRCRAFT ROUTING SYSTEM (OPARS)

1. OPARS is a Navy Computer Flight Plan system that selects optimum routes for military aircraft. Unclassified flight plans are processed via telephone lines through FLENUMMETOCCEN. Classified flight plans may be processed by AUTODIN message.

2. Pilots should submit requests for OPARS well before the desired weather brief time. Due to communications problems, computer and power outages, the more notice given the more probable an OPARS will be available.

B. TROPICAL CYCLONE INFORMATION

1. Various squadrons and detachments are deployed to NAVSUPPACT Souda Bay. Often they have property, families, or other concerns in areas that could be affected by tropical storms/hurricanes. When tropical storms/hurricanes threaten areas of concern, NAVEURMETOC DET provides the storm track update from NODDS. The chart is displayed in the spaces for reference for those who are interested in the information and don't have access.

C. ANTISUBMARINE WARFARE

1. NAVEURMETOCDET Souda Bay has the capability via PC Geophysics Fleet Mission Program Library (GFMPL) to provide a full ASW packet to interested customers. The Standard Operating Procedures (ASW SOP) is located in the ADMIN Safe.

D. INPORT FORECASTS

1. Ships visiting Souda Harbor often request docking, inport, and/or presailing weather via LOGREQ message traffic. Procedures are outlined in the Forecaster's SOP.

E. DAILY FORECAST FOR NAVAL SUPPORT ACTIVITY

1. A 36 HR forecast is provided to NSA on a daily basis. The forecast includes the previous day's temperatures and precipitation, sunrise, sunset, moonrise, moonset and a 36 HR outlook for weather, temperatures and wind.

SECTION V: ENVIRONMENTAL EFFECTS

A. GENERAL. The accuracy and timeliness of environmental forecasts in support of aviation can be directly related to the success of airborne operations. This includes not only the aircraft themselves, but the sensors they employ and the conditions prevalent during maintenance. Navy Mobile Construction Battalion detachments also depend on forecasts and appropriate warnings for success of projects. This section will focus on these environmental effects and how they influence local operations.

B. AVIATION.

1. ICING. Icing is a major winter hazard to flightO With a low freezing level and dense winter clouds it can become a major factor in local operations, and, it can be an important hazard to aircraft enroute to and from Souda Bay. Icing conditions, including freezing precipitation associated with frontal systems, are not uncommon over Europe during the winter.

a. Factors Affecting Icing. Many factors affect the amount and rate of ice accumulation on an aircraft. These include temperature, liquid-water content of the cloud, droplet size, collection efficiency, and the aerodynamic heating of the flying aircraft. Unfortunately, temperature is generally the only parameter readily available with which to forecast icing conditions.

b. Air Temperatures. The temperature range that ice is most likely to occur is from +2 to -20 degrees Celsius, and to a lesser extent from -20 to -40 degrees Celsius. Icing is rare in temperatures colder than -30C, and most icing is found at altitudes below 30,000 feet.

c. Cloud Types.

(1) In stratiform clouds at middle and high levels, icing is generally confined to a layer between 3,000 and 4,000 feet thick, and continuous icing conditions rarely exceed a depth of 6,000 feet in stratiform clouds.

(2) In cumuliform clouds, the icing extends greater vertically than in stratiform clouds, but less horizontally. Icing conditions in cumuliform clouds range from light, in small supercooled cumulus, to moderate or severe in cumulus congestus and cumulonimbus clouds.

(3) Aircraft icing rarely occurs in cirriform clouds except in dense cirrus and anvil tops of cumulonimbus where conditions of up to moderate icing have been encountered.

d. De-icing/anti-icing. The following is provided as a guide to the forecaster on the availability and quality of aircraft deicing/anti-icing equipment:


   (1) C-130:Fair to good anti-icing/de-icing gear,

               (2) C-12: Good to outstanding anti-icing/de-icing gear,

               (3) C-9: Good to outstanding anti-icing/de-icing gear,

(4) P-3: Good to outstanding anti-icing/de-icing gear (both on leading edges and engines).

               (5) H-2: No anti-icing equipment,

               (6) H-53: Poor to fair de-icing gear.

e. Icing hazards on aircraft. Icing seriously impairs aircraft engine performance, operation of control surfaces, and the airfoil of wing surfaces. Specific hazards and effects on operations depend on the type of aircraft and systems. Four general types of aircraft and effects of icing are discussed below:

(1) Reciprocating Engine Aircraft. This type of aircraft generally operates for long periods at altitudes where icing conditions are most often found. Slower speeds also result in a lesser amount of aerodynamic heating of the aircraft,

(a) Propeller icing causes a tremendous loss of power and vibration. Modern propellers have deicers, but these are not preventive devices, and the danger still exists,

(b) Carburetor icing is a very serious hazard and can result in engine failure. This ice is caused by the temperature drop in the carburetor of as much as 40 degrees Celsius but usually 20 degrees Celsius or less.

(2) Turbojet Aircraft.

(a) Structural ice is usually not of much concern to turbojet aircraft operating at high altitudes. Hazards exist, however, during landings, takeoffs, climbs, and when operating at slow speeds at low altitudes,

(b) Induction icing. Besides structural icing hazards, internal icing in the air intake ducts may cause a hazard. This type of icing may occur in flights through supercooled water droplets in the same manner that wing icing occurs. It may also occur from lowered temperatures caused by low pressure in the intake systems during taxiing, takeoff and climb. Generally, if the free air temperature is 10 degrees Celsius or less and the relative humidity is high, the possibility of induction icing definitely exists.

(3) Turboprop Aircraft. These aircraft engines are a combination of turbojet and conventional, so the icing hazards combine hazards of both a and b discussed above.

(4) Rotary Wing Aircraft. Icing conditions on helicopters affect the main rotor blades, the tail rotor, control rods and links, air intakes, and filters. Icing conditions for helicopters occur either in IFR conditions or in areas of freezinq rain and drizzle, and present a very serious hazard.

f. Intensities of Icing:

 (1) TRACE - (very thin layer of ice)

(a) Not too significant to aircraft operations,

(b) Should be considered in clouds with temperatures between -22 and -40 degrees Celsius (cirrus level clouds).

(2) LIGHT - may be found:

(a) In clouds within 300NM ahead of warm fronts,

(b) With NO steady precipitation (i.e., intermittent) with temperatures from 0 to -15 degrees Celsius.

 (3) MODERATE - may be found:

(a) Up to 100NM behind the cold frontal position,

(b) Over deep, almost vertical low pressure systems,

(c) In freezing drizzle.

 (4) SEVERE - may be found:

(a) In freezing rain,

(b) In freezing drizzle if rate of fall is great enough (heavy freezing drizzle),

(c) In or near mature thunderstorms,

(d) In vicinity of jet streams - approximately sn-1oo miles towards the low pressure side.

2. Low Level Wind Shear (LLWS) - Wind Shear is defined as a significant difference in wind direction and/or speed with distance/height. The most significant area of LLWS occurs between the surface and 2000 feet. LLWS causes changes in aircraft performance, which can result in a loss of altitude and possible aircraft mishaps. If forewarned of its presence, pilots may be able to compensate for its effects on landings and takeoffs:

(1) Indicated Air Speed (IAS) is a primary indicator of aircraft performance, (i.e. higher IAS = greater performance) and is affected by LLWS in the following ways:

(a) Change in wind direction:


TW to HW = +IAS


HW to TW = -IAS

(b) Change in wind speed:

 >TW to <TW = +IAS 


>HW to <HW = -IAS

Where: TW = Tailwind, HW = Headwind, +IAS = Increased IAS, - IAS = Decreased IAS

(2) LLWS can result in a loss of lift on an aircraft wing. Since many aircraft require up to 4 minutes to compensate for a change in performance, significant LLWS can produce aircraft accidents

(3) Turbulence may or may not be present with LLWS.

(4) Conditions favorable for LLWS:

(a) Thunderstorm Gust Front. Operational impact depends on positions and movement of the storm with respect to the airdrome and the path of the aircraft. The gust front often precedes a storm by 5-10 miles, and with large storms may be 150 miles from the storm. A horizontal shear of 40kts/lNM is the required qust front with LLWS.

(b) Warm Fronts. Due to the slow movement and shallow slopes of warm fronts, LLWS may exist in one location for 6 hours or more. LLWS can be more dangerous near warm fronts than cold fronts because of both longer duration and it's usually unexpected. Conditions for development:

1 A temperature gradient of 10 degrees Fahrenheit or greater over 50NM,

2 Winds at-2000 feet of 40 knots or greater in the warm air.

(c) Cold Fronts. Due to fast movement and steeper slope, LLWS will occur for a shorter period of time (1-3 hours average) but will usually be stronger than LLWS found in a warm front. Conditions for development:

1 A temperature gradient of 10 degrees Fahrenheit or greater over 50NM,

2 A vector wind difference across the front of 20 knots or more per 50NM,

3 Surface wind directional change of 50 degrees or more across the front (i.e., the wind will shift 50 degrees with frontal passage), 4 Frontal movement of 30 knots or greater.

(d) Gusty Surface Winds. Local terran features and buildings near the airfield can cause LLWS. The resultant shear may occur within a few hundred feet of the surface, when aircraft are most vulnerable.

(e) Land/Sea Breeze. Land/sea breeze depth is approximately 2000 feet. Effects of wind direction/speed change from land/sea breezes can affect areas up to 100 miles inland.

(f) Low Level Jet. The low level jet core is normally just above the top of the inversion layer, causing large differences in wind direction and speed in tens of feet. This condition causes the most dangerous LLWS with lower inversions (e.g., in the evening as the inversion begins to develop), because aircraft do not have as much time to compensate before contacting the ground.

3. THUNDERSTORM FLIGHT HAZARDS.

a. General. Thunderstorms are local storms invariably produced by cumulonimbus clouds, always accompanied by lightning and thunder, usually with strong gusts of wind, heavy rain, and sometimes with hail at the surface. Aloft, however, thunderstorms have turbulence, sustained updrafts and downdrafts, precipitation, lightning, icing, and hail. All of these conditions present a threat to the safety of aircraft.

b. Turbulence. The chance of severe or extreme turbulence within thunderstorms is greatest at higher altitudes (between 8,000 and 15,000 feet AGL). The least turbulence may be expected when flying at or just below the base of the main thunderstorm cloud over relatively flat terrain. However, at low levels, low level wind shear caused by a gust front can cause rapid and drastic changes in low level wind direction and speed. Turbulence is greatest during the mature stage, when violent updrafts and downdrafts exist. Such conditions can cause structural damage to aircraft attempting to penetrate the storm. The heaviest turbulence is closely related to the areas of heaviest rain.

c. Icing. Severe icing should be expected in all thunderstorms. The most severe icing occurs in cumulus congestus clouds just prior to their change to cumulonimbus. Icing occurs at all altitudes above the freezing level in a building cumulus, but is most intense in the upper half of the cloud. An abundance of supercooled water droplets that occur in a cumulonimbus cloud in the layers between 0 and -15 degrees Celsius makes this area extremely hazardous, with clear ice accumulation especially rapid.

d. Hail. Hail is regarded as one of the worst hazards of thunderstorm flying. It usually occurs during the mature stage of cells with an updraft of more than average intensity. Generally the larger the storm, the more likely it is to have hail. It is thought that most mid-latitude thunderstorms contain hail, although it often melts before reaching the ground. Hail may be encountered inside a thunderstorm and in the vicinity of a cell aloft. A strong updraft may send hail out through the sides and tops of a cell and strong winds can carry it miles downstream. For this reason alone, thunderstorms should be given a wide berth by aircraft. On the ground and aloft, even small hail can dimple the skin of an aircraft.

e. Lightning. Lightning discharges are considered to occur most frequently in the area between the 0 Celsius and -9 Celsius temperature levels. However, lightning discharges may occur in other areas as the storm develops. Lightning strikes on aircraft can puncture the fuselage and damage communication and electronic navigation equipment. Because lightning may ignite fuel vapors and cause explosions, the U. S. Naval Support Activity secures aircraft refueling/defueling during Thunderstorm Condition I. Ordnance handling is suspended at the U.S. Naval Support Activity and the MOMAG (Mobile Mine Assembly Group) Detachment during Thunderstorm Condition I.

4. CROSS WINDS. Strong winds perpendicular to the runway pose a serious safety hazard to aircraft taking off or landing. Cross wind limitations are imposed on each type of aircraft and are published in appropriate aircraft flight manuals. Cross wind limitations for aircraft are based on a dry runway surface and are computed perpendicular (90 degrees) to the active runway. The following limitations apply:


AIRCRAFT
MAX CROSS WIND


a. C-130

35 Knots


b. C-9

30 Knots


c. C-12

25 Knots


d. P-3

35 Knots


e. H-2

none *

f. H-53

none*

* Helicopters are affected by cross winds mainly on taxi. Maximum depends on pilot judgment and aircraft limitations.

C. PRECISION GUIDED MUNITIONS.

1. DESCRIPTION. Environmental effects of weather can influence the success of a mission by affecting the use of Precision Guided Munitions (PGM). In order to brief weather conditions that may affect PGMs, an understanding of their operation is important. This section will focus on a description of PGMs and their environmental limitations.

a. A PGM is a missile, bomb or artillery shell equipped with a terminal guidance system. It contains electrical equipment that guides it in the last phase before impact. The terminal guidance unit is designed to sense emitted or reflected EMR (electromagnetic radiation) within its field of view.

b. PGM Components.

(1) Seeker or Guidance Unit. The seeker discriminates differences in energy received by its sensor. Each sensor has a threshold contrast level, and contrast levels below the threshold will not activate the unit. Each sensor has a maximum energy level too much energy will saturate and perhaps damage the unit.

(2) Tracker or Control Unit. The tracker controls the flight of the PGM to the target. "Lock-on" refers to activation of the tracker unit. The two types of trackers are as follows:

(a) Edge Tracker - flies the PGM to the area of more intense contrast between target and background,

(b) Centroid Tracker - flies the PGM to the point of maximum or minimum emitted or reflected EMR. For example, a visual centroid tracker will fly towards the center of a bright or dull spot. An IR centroid tracker will fly towards the center of a hot or cold spot.

2. GUIDANCE SYSTEM TYPES:

a. Active. Responds to energy which originates from the PGM and is reflected from the target,

b. Semiactive. Responds to energy which originates at a source other than the PGM and is reflected from the target (e.g. it may respond to EMR reflected from a laser designator at a remote location),

c. Passive. Responds to naturally emitted or naturally reflected EMR from the target. Most systems are passive.

3. ELECTRO-OPTICAL SENSORS AND ENVIRONMENTAL LIMITATIONS.

a. Visible Systems. Passive systems which respond to naturally emitted or reflected EMR in the visible spectrum. Environmental limitations are as follows:

(1) Clouds or Fog,

(2) Precipitation, blowing snow or blowing spray,

(3) Poor illumination,

(4) Low sun angle.

b. Near-IR Passive Systems. A TV-silicon vidacon which senses radiation between .5 and 1.2 microns. The longer wavelength of these systems enhances the sensor's ability to penetrate atmospheric aerosols such as haze. Near-IR systems cause an increase in contrast between natural and painted objects than at visual wavelengths. Environmental limitations are the same as for visible systems except that atmospheric aerosols are less of a problem.

c. IR Semiactive Systems. These employ a laser designator operating at IR wavelengths. The point of maximum reflected energy is sensed and tracked using a centroid tracker. These systems have the advantage of day or night operations. Environmental limitations:

(1) Clouds/Fog, other than very thin (they absorb IR energy),

(2) Haze and other dry aerosols (for near IR systems only),

(3) High absolute humidity (for far IR and far IR systems only).

d. Middle and Far IR Passive Systems. These systems respond to naturally emitted EMR from terrestrial objects in the middle and far IR wavelengths. Threshold thermal contrasts must be met for IR lock-on. These systems may be used for day or night operations. Resolution is poor due to long wavelength. Environmental limitations:

(1) Clouds/Fog other than very thin,

(2) High Absolute Humidity (for far IR only).

e. Millimeter Wave/Microwave Systems. These systems respond primarily to emitted, but also to reflected energy at millimeter wave or microwave wavelengths. Most of these systems are passive, such as the "SHRIKE" anti-radiation missile, which has a microwave sensor and homes in on microwave or radar emissions. Day or night operations are possible, but resolution is poor due to long wavelength. Environmental limitations:

(1) Dense clouds of high liquid water content (e.g. CR or TCU) .

(2) Precipitation causes attenuation.

4. TARGET ACQUISITION (TA) SYSTEMS. - TA systems must be used to employ a PGM, and include the human eye, which is the most commonly employed TA system. Others include radar, TV and forward-looking IR sensor display systems, and systems using laser quidance.

a. Target Acquisition Cycle: The classic target acquisition cycle is composed of the following five steps:

(1) Detection of target area,

(2) Detection of the target itself,

 (3) Orientation of the target,

 
(4) Target recognition,

(5) Weapon release,

b. Environmental Conditions Affecting the TA Cycle: Environmental conditions can affect target acquisition anywhere in the cycle:

(1) Severe (or greater) turbulence can break lock-on,

(2) Icing of any kind can coat sensor cover which blinds it or the ice can cause aerodynamic problems (changes shape and adds weight). Icing can also jam the controls of the tracker,

(3) Ablation or erosion of the sensor cover by pitting may occur when the PGM passes through hard atmospheric particles such as hail or sand,

(4) Lightning or Triboelectrification (static charge buildup) can foul lectronic circuitry. Lightning can cause detonation of PGM,

(5) Sun angle:

(a) Mie scattering (path radiance) causes problems for TV and near-IR systems,

(b) Low sun angle can create shadows, which may cause false lock-on

(c) Thermal contrast is affected as the different parts of the target heat up and cool down at various rates as the sun rises and sets.

(6) Target Size and shape determines the range at which target acquisition and lock-on can be accomplished,

 (7) Soil moisture content and precipitation,

(a) Change in moisture content of soil can change its color and the inherent contrast. It can also change the soil temperature, and thus affect thermal contrast (moist soil warmer than dry),

(b) Rain or snow in the target area will affect the temperatures of targets and backgrounds, affecting thermal contrast,

(c) Snow cover has a strong influence on contrast.

1 The inherent contrast can decrease,

2 Path radiance problem for VIS sensors,

3 Patchy snow cover creates alternating hot/cold spots in background, affecting thermal contrast.

(8) Radiative Temperature Crossover is a function of the diurnal temperature cycle. It occurs when the target and background achieve the same radiative temperatures and is caused by the different rates at which the target and background heat up and cool down,

 (9) Strong surface winds can lessen thermal contrast,

(10) Thermal clutter is hot or cold spots surrounding the target which can confuse or distract the IR sensor by momentarily altering or wiping out the thermal contrast.

D. MOBILE CONSTRUCTION BATTALION

1. Souda Bay Mobile Construction Battalion's workload, schedule and planning are influenced a great deal by the weather. NAVEURMETOC DET provides daily local weather support as well as warnings for severe or adverse weather. Precipitation forecasts are a major concern to the battalion. Forecasters should be aware of the effects of such forecasts. A busted forecast can be very costly in terms of manpower, equipment resources, and money in projects. In the summer, the battalion often works around the clock on projects. When severe weather is forecast or occurs, the Seabees work around the clock to repair any weather related damage to the base or prevent as much damage as possible when adequately warned.

E. HEAT STRESS/WIND CHILL

1. HEAT STRESS. In summer when temperatures are above 85 degrees F, apparent temperatures are monitored and provided to Naval Support Activity when heat stress categories are met.

2. WIND CHILL. In winter when temperatures are lower than 40 degrees F, wind chill is forecasted and noted on the 36 hour forecast distributed to Naval Support Activity.
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