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    5.  Sea Heights.  High seas (greater than 12 ft (3.7m)) occur with greatest frequency during winter, which coincides with the deepening of the Icelandic Low and the southwest to northeast orientation of the primary storm track.

Table II-1  Keflavik Climatology (1949-1995)
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	JAN
	FEB
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	APR
	MAY
	JUN
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	AUG
	SEP
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	AVG TEMP

RECORD HIGH  RECORD LOW 
	32
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4
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1
	34
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	AVG WIND CHILL 
	7
	8
	11
	16
	27
	32
	36
	36
	29
	22
	14
	8
	21

	AVG PRECIP
	4.3
	4.4
	4.4
	3.4
	3
	2.8
	2.5
	3.7
	4.3
	5
	4.7
	4.9
	47.5

	MAX PRECIP
	9.2
	12.4
	9.9
	6
	8.2
	6.2
	5.2
	7.6
	10
	9
	12.3
	9.6
	65.9

	AVG SNOW
	15
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	14
	6
	1
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	9
	19
	80
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	67
	55
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	25
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	12
	34
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	5.8
	8.6
	11.8
	15.1
	18.3
	20.5
	19.3
	16.2
	13
	9.8
	6.7
	4.6
	12.5

	FOG DAYS
	6
	6
	7
	8
	8
	10
	12
	10
	9
	8
	7
	6
	97
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[image: image20.wmf]C. SEASONAL VARIATION
     1. Winter

         a. Winter in Iceland occurs from November through April and is generally characterized by deep, rapidly moving low-pressure systems transiting the North Atlantic.  These systems can occur as frequently as four times per week, and move as fast as 35-45 knots (18-23 m/s).  Occasionally, a deep penetration of arctic air will move south from Greenland, disrupting the southwesterly flow aloft.  The presence of arctic air can result in good flying conditions (unlimited ceilings and visibility) over southwestern Iceland and may persist longer than two weeks. Figure II-8 shows the primary storm tracks for February.


b.  Prolonged snowfalls rarely occur at Keflavik due to the relatively warm central Atlantic air often ahead of these systems, with limited snowfall usually occurring behind as they move out of the area. However, these systems often drag Arctic air off the Greenland Plateau, which result in southwesterly flow and moderate to heavy snow showers mixed with snow pellets. The frequency and severity of these showers is directly proportional to the severity of the Arctic air outbreak. Ceilings and visibility within these showers are usually reduced to near zero. 














c.  Winter temperatures are fairly constant due to the moderating effect of the ocean, with January being the coldest month (32F/0(C average).  During this period there is no record of temperatures exceeding 52F/11(C or -4F/-20(C

[image: image21.wmf]     2. Summer
   
a.  Summer, May through October, is characterized by a decrease in cyclonic activity as the polar jet now assumes a more zonal flow. However, when the Azores High shifts to a more northerly latitude than usual, cyclonic activity increases. Occasionally, low pressure systems will track in from the east as winds aloft flow across Iceland from the southeast through east.  This flow can occur when a closed upper level low (cut-off low) is centered south of the island. Fronts extend to their greatest heights during summer, with clouds often as high as 25,000 to 30,000 ft (7620-9144 m) vice 18,000 to 25,000 ft (5486-7620m), which is common in the colder months. Figure II-9 shows the primary storm tracks for August.

 
b.  During summer, frequency of advection fog increases with June, July and August having the highest percentage of days with fog.  The fog can be attributed to a frequent southerly flow of mTwmod air over progressively cooler ocean waters.  An occasional snow shower is also possible during the summer with northwesterly flow, although no more than a trace of snow has ever been recorded.  The wettest month of the year is October with over 5 inches (12.7 cm) of rain.


c.  Temperatures increase during the summer, with July being the warmest month of the year. July and August are the only months that no freezing temperatures have ever been recorded in Keflavik.  The average temperature in July is 51F/10.6(C, with a record maximum of 75F/24(C.

SECTION III

PRIVATE 

GENERAL SYNOPTIC PATTERNS AND ASSOCIATED WEATHER  

A.  ANTICYCLONES - The semi-permanent Azores High in the central Atlantic and the Greenland High centered over the Greenland Plateau are the two major anticyclones influencing Icelandic weather. Their position and strength affect local conditions throughout the year. 

Figure III-1
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Figure III-2
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1.  The Greenland High.  Keflavik can often experience extended periods of good weather (scattered cloud cover, unrestricted visibility) during the winter months when the Greenland high produces a northeasterly flow over Iceland. Due to the orographic effects and the short trajectory between eastern Greenland and northern Iceland, southwestern and southern Iceland remain fairly clear. However, the weather across the north and northeast portions of the island are typically harsh (Figure III-1). The air reaching Keflavik picks up little moisture as it passes over the open water and dries as it’s forced aloft over the mountains in the northern and central regions of Iceland. These periods of good weather generally last for 3 to 5 days, but may persist for 2 to3 weeks if a strong blocking long wave ridge is situated just to the west of Iceland. The typical 500mb/hPa pattern (figure III-2) associated with this weather regime is extensive ridging extending from the North Atlantic, through the Denmark Strait, to northern Greenland.  Once this pattern begins to weaken, or the upper level ridge begins to move eastward, expect gradually increasing cloudiness and the possibility of a splitting high forming.

Figure III-3
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2.  Splitting of the Greenland High.  If the Greenland High splits and a minor high center moves southeastward over Iceland, cloudiness and precipitation will develop (Figure III-3). This precipitation is the result of low level convergence from the surface to 7000 ft (2100 m) and the influx of moisture from the ocean. Forecast the ceiling from 0700-1200 ft (210-370 m), with visibility from 1-3 miles in light snow, decreasing to 0400-1200 meters in moderate snow.  The precipitation will persist until the cut-off high weakens substantially. Splitting high’s usually last from 6 to 12 hours, but in severe cases have lasted nearly 24 hours. It is not uncommon for Keflavik to receive 2-4 inches (5-10 cm) of fresh snow from a splitting high.


3.  Blocking High over Greenland or in the Denmark Strait - When the anticyclonic wind flow is northeast over the island, the southern half of Iceland (particularly the Reykjanes Peninsula) experiences mostly clear skies. This clear slot often extends 100-150 miles (160-240 km) off the south coast. If the blocking ridge axis is located far enough to the west, the possibility exists for minor short wave troughs to move over Iceland. When the short waves transit during the winter, forecast the ceilings at 1500 to 3000 ft (450-900 m) with unrestricted visibility, decreasing to 2-4 miles (3-6.5 km) in intermittent light snow.  During the summer, forecast unrestricted visibility with periods of light rain.  Precipitation is usually light over southwestern Iceland, but very heavy on the northern through northeastern coast.


4. Overrunning with Weak High Pressure at the Surface During the Winter - When the winds from the surface to 10,000 feet (3048 m) are north to northwest and the winds above this layer are southerly, precipitation is induced due to moist air from the south overrunning the surface inversion (usually associated with the weak high). The base of the overcast layer will initially be at the level of the southerly winds and then lower with the start of precipitation.  Forecast light snow within 12 hours after the gradient wind is forecast to become southerly, southwesterly or west-southwesterly. This rule is particularly reliable when there is snow on the ground.  Note - The snow will usually change to rain within 8 to 12 hours after the surface winds become southeast.

Figure III-4
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5. Winter Snowfall under Northeasterly Flow - During winter, with a northeast flow over the Reykjanes Peninsula, forecast light snow flurries in the local area if the pressure at Keflavik becomes the lowest in Iceland. This implies a weak surface trough has formed over southwest Iceland. Forecast the snow to stop when the pressure rises or the temperature drops below -4C (24F).

Figure III-5
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6. The Azores High - The Azores high has its greatest effect on Keflavik during the summer, when it’s centered over or just west of the United Kingdom. This pattern generally produces a long persistent southerly flow of warm moist air, advancing over progressively cooler water and provides the necessary conditions for the formation of advection fog (Figure III-4). Additionally, the upper level ridge axis which supports the high at the surface, is usually located to the east of Iceland, with the jet stream located over Iceland or the Denmark Straits. The result is fast moving surface lows tracking over, or just to the west of Iceland, producing extended periods of rain, drizzle and fog. (Figure III-5).  Forecast the ceiling between 1000 to 2000 feet (300-600 m) with intermittent light drizzle and visibility from 5 to 7 miles (8-11km), decreasing to near the surface to 300 feet (91m) and visibility 400 to 600 meters in rain, heavy drizzle and fog. Stations a short distance inland may report scattered stratocumulus and unrestricted visibility. Reykjavik, for example, will have much better weather under these conditions with scattered to broken clouds at 1000-1500 feet (300-450 m). This is due to the blocking effects of the low mountains located along the southern portion of the Peninsula.  The general wind flow will range from southeast to southwest, with the actual speed dependent on the location of the weak lows which move with the jet stream. Conditions will also deteriorate with the approach of major and minor short wave troughs which move over the local area. If the upper level ridge axis is more southeast to northwest and remains west of Keflavik, forecast the ceiling from 2000-4000 ft (600-1200 m), occasionally as high as 5000-7000 ft (1500-2150 m) with periods of intermittent light rain. In winter, with the same basic synoptic situation, generally forecast the ceiling between 1500-3000 ft (450-900 m) and visibility 5-7 miles (8-11 km) in light snow mixed with rain, temporarily 1-2 miles (1.6-3.2 km) in light snow. As a general rule, the more persistent and prolonged the southerly flow, the lower ceilings and visibility. 

B. CYCLONES

Figure III-6
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     1. Skagerraking Low Formation over Southern Greenland.  Low pressure systems which develop over North America typically move northeast toward the Northern Atlantic (e.g. Iceland, Norwegian Sea). However, when a low pressure system tracks more northerly towards Greenland, the occluded portion of the system is disrupted by the islands’ southern tip, which rises to an elevation of 7,546 ft (2300 m) just north of Cape Farewell and nearly 10,000 ft (3048 m) further north.  As a result, a new low forms in the Denmark Strait along the disrupted portion of the occlusion  (instant occlusion), the strength of which is dependent on the angle of the jet stream. When the jet stream is oriented over Greenland itself, the main low will remain dominant, while the new low, which forms in the Denmark Strait, will remain relatively weak. However, if the jet stream is oriented over the Denmark Strait, then the main low will lose its strength, while the new low which forms in the Denmark Strait becomes very dynamic, re-enforced by arctic air off the Greenland plateau. (Figure III-6).

Figure III-7
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2.  Lows Transiting the Denmark Strait - Low pressure systems advancing into the Denmark Strait can produce Keflavik’s most severe winter weather (Figure III-7). The longitudinal position of the long wave trough is the same as a Skagerrak Low. As the storm moves toward Iceland from the southwest, the southeasterly winds ahead of the system can reach gale force with storm force gusts. Occasionally, winds are sustained at storm force with gusts over 70 knots (36 m/s). If the low continues to deepen as it passes directly over southwest Iceland, Keflavik will usually experience a temporary decrease in wind speed (1-4 hours), with the winds dramatically intensifying (typically from the northwest) to gale or even storm force as the low exits to the northeast.   During the summer, low pressure systems are generally less dynamic than during the winter.

During the winter, with a strong low pressure system approaching, forecast the ceiling between 500 to 1000 ft (150-300 m) with visibility 2-4 miles (3-6.5 km) in snow, decreasing to 400-1200 meters in moderate snow as the front approaches. However, if sufficient warm air is present ahead of the system, forecast visibility 5-7 miles (8-11 km) in light rain and drizzle, decreasing to 800-1200 meters in moderate rain, drizzle and mist as the front approaches. 


With the passage of frontal system, forecast ceilings to improve to 2000 to 3000 ft* (600-900 m), visibility to unrestricted and a temporary decrease in winds**, with snow showers developing 3-6 hours after frontal passage. With the onset of snow shower activity, wind will generally increase out of the southwest to 25-30 knots (13-15 m/s), increasing to 30-40 knots (15-21 m/s) with gusts to 50 knots (26 m/s) in showers. Forecast the ceiling from 2000-3000 ft (600-900 m) with unrestricted visibility, temporarily near zero in heavy snow showers, blowing snow and snow pellet showers. If the low is forecast to pass over southwestern Iceland, forecast a dramatic decrease in winds to variable 08-12 knots (4-6 m/s), with ceilings from 1000-2000 ft (305-610 m) in light snow. However, as the low exits, forecast a dramatic rise in winds to gale force with storm force gusts, ceiling and visibility near zero in moderate to heavy snow for 4 to 7 hours, with gradually improving conditions during the next 12-24 hours. 

* Note - With inactive cold fronts, Keflavik can experience dramatic clearing after frontal passage, which lasts from 2 to 5 hours. Satellite imagery will reveal this feature.

** Note - occasionally winds increase with frontal passage. A good surface analysis should indicate this feature.)

During the summer, forecast the ceiling between 800-1200 ft (250-370 m) with visibility 4 to 6 miles (6-10 km) in light rain and drizzle, decreasing to near the surface to 300 ft (90 m)) with visibility 400-2000 meters in moderate rain, drizzle and fog. Depending on the synoptic situation, after passage of the low pressure system, the low ceilings and visibility can remain or can improve. If improvement is expected, forecast ceilings between 2000-3000 ft (610-914 m) and unrestricted visibility, decreasing 800-6400 meters in rain showers. Use satellite imagery to determine the conditions after frontal passage. 

Figure III-8
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3. Decaying waves - As a strong low pressure system passes over Iceland, a new low will usually form along the triple point and the entire system will follow the jet stream to the northeast. At the same time the main low will detach from the system, become quasi-stationary in the vicinity of the Denmark Strait/Northwestern Iceland and slowly fill during the next 2 to 4 days (decaying wave stage).  Winds associated with the remaining low are usually southwest to west over western Iceland, with west to northwest winds over the southern Greenland Plateau (Fig III-8). As a result, Arctic air is forced off Greenland and transported over the warmer ocean surrounding southwest Iceland. Due to great instability of this synoptic situation in the winter, cumulonimbus cells (CB’s) are common. Additionally, shortwave troughs usually pinwheel around the upper level low, providing upper level support for the stronger CB’s. 


During winter, forecast the ceiling between 2000-3000 ft (600-900 m) and visibility unrestricted, temporarily near zero in moderate to heavy snow showers with snow pellets. Winds will generally be westerly to southwesterly at 22-28 knots (11-14 m/s), gusting 35-45 knots (18-23 m/s) in showers.


During Summer, forecast ceilings between 2500-3500 ft (750-1050 m), with unrestricted visibility, temporarily 4000-6400 meters in rain showers.  


4.  Decaying Wave Approaching from the Southeast - In winter, when a decaying wave moves over or near the Reykjanes Peninsula from the south or southeast, the system often stagnates, resulting in pressure rises over the local area. Forecast intermittent snow showers. Occasionally, the low and/or associated mature occlusion moves to the east again with the upper level flow. In this case look for a change from showers to continuous snow and forecast the ceiling from 800 to 1200 ft (250-350 m) with visibility 5-7 miles (8-11 km) in light snow showers, decreasing to 300-500 ft (90-150 m ) and visibility 800-1600 meters in moderate snow showers. If the system tracks eastward, there will be a rapid deterioration to indefinite obscured and 200 meters in heavy snow and fog. This can last for 2-5 hours and 1-3 inches (2.5-7.6 cm)of new snow is not uncommon. The wind is usually light and variable.


5.  Surface Low Transiting South of Iceland - When a low pressure system passes south of Iceland, the wind flow is usually east to northeast, with mostly cloudy to overcast skies over the local area. However, with the blocking effects from Iceland’s mountains to the east, ceilings and visibility remain generally favorable. During the winter, Forecast the ceiling from 2500-4000 ft (750-1200 m) and visibility 5 to 7 miles (8-11 km), temporarily 1000-2000 ft (300-600m) and 4000 to 6400 meters in light snow. During the summer, forecast similar predominate conditions, temporarily 1500-2500 ft (-750) and unrestricted visibility in light rain.

Figure III- 9
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6.  Lows South and Southeast of Iceland (Backdoor Occlusions) - Low pressure systems which develop south or southeast of Iceland, and then pass over the island, are usually very intense and can produce some of Iceland’s worst weather (Figure III-9). Synoptically, the jet stream is oriented southeast to northwest with an intensifying ridge over Norway and western Europe, ensuring any supporting major shortwave trough will likely be negatively tilted and diffluent. (Intense cyclogenesis normally occurs in troughs with a negative tilt (Sanders and Gyakum, 1980)). Additionally, due to the skewed orientation of the jet stream, the supporting major shortwave trough will be slower moving and less likely to outrun the surface low, allowing the system to further intensify (Figure III-10). The warm air advection ahead of the developing low usually intensifies the blocking ridge and can even cause it to retrograde slightly. The result is an explosively developing low pressure system tracking directly over Iceland. Backdoor occlusions can produce extended periods of blizzard conditions, with several inches of snow accumulation.  Depending on the strength of the low, wind speeds can reach gale force with storm force gusts.

Figure III-10
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During the winter, as the system approaches, initially forecast the ceiling between 2500-4000 ft (750-1200 m) with unrestricted visibility, temporarily decreasing to 4000-6400 meeters in light snow. Winds will be northeasterly at 20-25 knots (10-13 m/s) with gusts to 35 knots (18 m/s). As the system gets closer, forecast a decrease in the ceiling and visibility to near zero in moderate to heavy snow and blowing snow. Winds will be north to northeasterly at 25-30 knots (13-15 m/s) with gusts to 45 knots (23 m/s), occasionally sustained at 35 knots (18 m/s) gusting over 50 knots (26 m/s). Since backdoor occlusions are typically slow moving, these blizzard conditions can last for as long as 24 hours.


During the summer, as the system approaches, forecast the ceiling between 2,500 and 3,500 ft (750-1050 m) with unrestricted visibility and intermittent rain. Winds will be northeasterly at 20-25 knots (10-13 m/s) with gusts to 35 knots (18 m/s).  As the system gets closer, forecast ceilings between 1500-2500 feet with 5-7 miles (8-11 km) in moderate rain. Winds will be north to northeasterly at 25-30 knots (13-15 m/s) with gusts to 45 knots (23 m/s). 


If the system is approaching from a more southerly trajectory, use the forecasting guidelines provided in the preceding “Lows transiting the Denmark Strait” discussion. 


7.  Induced Lee-side Trough South of Iceland - During the winter, when a deep low passes east of Iceland, an induced or lee side trough can form near 62N, causing the wind in Keflavik to remain northeast. The weather in this trough varies in intensity and character depending on the temperature and wind speed. Ceilings can be as low as 200 ft (76 m) in heavy snow and snow showers. Cloud tops in the showers can reach 20,000 to 25,000 ft (6-7.6 km). 

Figure III-11
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8.  Cut-off Lows South of Iceland - Occasionally, a cut-off low will establish itself south to southeast of Iceland and remain from 5 days up to 2 weeks. Under this synoptic situation, conditions over western Iceland are generally favorable, while conditions along the northeast through southern coast are poor (Figure III-11).  If the low is strong enough, weaker systems often develop over the United Kingdom and move westward over Iceland. Winds around the low often range from 35-50 knots (18-26 m/s) sustained. However, due to a lee-side trough forming over western Iceland, wind speeds throughout this part of the island will be much lower. It is not uncommon for Vestmannaeyjar (the Westmann Islands) to have sustained winds of 45 knots (23 m/s), while the winds at Keflavik are less than 10 knots (5 m/s).

During the winter, forecast unlimited ceilings and visibility. If a weak system is expected move around the low and pass over Iceland, forecast the ceiling between 3000-5000 ft (900-1500 m) and unrestricted visibility, temporarily 1000-2000 ft (300-600 m) with visibility ranging from 2 ½ to 5 miles (4000-8000 m) in light snow. Winds may marginally increase as the system passes over western Iceland. 


During the summer, forecast unlimited ceilings and visibility. If a weak system is expected move around the low and pass over Iceland, forecast the ceiling between 3000-5000 ft (900-1500 m) and unrestricted visibility, temporarily 1500-2500 ft (450-750 m) with unrestricted visibility in light rain and drizzle. Winds may marginally increase as the system passes over western Iceland. 

Figure III-12

Polar Low near Iceland 13 Dec 1986
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C. POLAR LOWS - Polar Lows (or Arctic Hurricanes, Arctic Lows) are small scale cyclones (approximately 200-400nm in diameter) which generally form between October and April (Figure III-12).  They are difficult to forecast due to their rapid life cycle (as short as 6-12 hours), the data sparseness of the arctic, and the lack of resolution of current numerical models. Although small in size, Polar Lows can be very dangerous, producing zero visibility, winds reaching hurricane force, seas as high as 15 meters (45-50 ft) with dangerous ship ice accretion.  Unexpected encounters with these storms have cost the Norwegians an average of three ships per year for many years. Although numerical models rarely forecast these systems, numerous studies have provided some insight into these elusive and deadly storms: 

     1. Structure - Polar Lows have been referred to as Arctic Hurricanes because they exhibit similarities to tropical cyclones. First, fully mature Polar Lows often display a “clear eye” surrounded by strong convection, suggesting a warm core configuration. Secondly, they generally form in areas of pronounced convective activity. Third, Polar Low circulation is strongest at the surface and weakens with height. Finally, polar low’s which pass over land often dissipate rapidly due to the loss of thermal support (sea temperature) and orographic interaction.

     2. Conditions For Initial Formation

a.  Low Level Positive Vorticity - One of the primary conditions for polar low formation is low-level positive vorticity. This condition is usually found around dissipating synoptic lows or areas of topographic forcing (i.e. leeside troughing to the east of Greenland). Upper level shortwave troughs, with associated areas of strong positive vorticity advection rotating around a dissipating synoptic low, seem to enhance the possibility of development.


b. Strong Outflow of Arctic Air - Another primary condition for polar low development is a strong outflow of arctic air over open water (often associated with Boundary Layer Front formation). This cold dry air, in contrast to the relatively warmer modified arctic air over the ocean, provides the conditional instability necessary for polar low formation and intensification. The arctic outflow also produces large negative temperature/height values in the mid to upper levels, another requirement for Polar Low formation.  Thickness values between the 850mb and 500mb levels must be below 3960m for formation to occur, with temperatures at the 500mb level below -35C. Boundary Layer Fronts, which often form during these outbreaks, can play an important role in formation, due to the fact they often develop several small scale cyclonic vortexes (especially when oriented north to south).


c. Reversed Shear - It has been noted that Polar Lows frequently develop when reversed shear conditions exist in the lower levels (1000mb - 850mb thickness). Under these conditions, the thermal wind in the lower levels opposes the surface flow. This condition commonly occurs when a cold pool moves south to southeast of the surface low. 


d. CISK - Conditional Instability of the Second Kind (CISK), is thought to play a role in formation, providing a release of latent heat, which in turn increases instability of the polar vortex, creating a positive feedback loop.

     3. Intensification 


a. CISK - As mentioned before, CISK plays an important role in the initial formation of Polar Lows.  However, it is thought to play a much larger role during the intensification process. Under ideal conditions, as the initial release of latent heat from convection occurs, instability is increased in the lower levels, while the air above is heated. This produces localized high pressure over the polar vortex resulting in divergence over the area and inducing increased convergence at the surface. This in turn will provide increased convection and the release of more latent heat. A positive feedback loop develops which allows the polar low to intensify.


b. Upper Level Shortwave Troughs - Upper level shortwave troughs also play a role in intensification, especially in some of the stronger Polar Lows, providing upper level support. Lower level positive vorticity is enhanced by mid to upper level vorticity, providing favorable conditions for further development.  


c. Enhanced Sea Surface Temperature Gradient - A polar low moving over an enhanced Sea Surface Temperature gradient can also aid in intensification, due to the natural baroclinicity of the area.

     4. Movement - The steering flow for a polar low is generally representative at 850mb level.  Average speeds of 30 knots are not unusual. As a general rule, the stronger the polar low, the higher the representative level steering flow. 

     5. Areas of Development

a. Dissipating Synoptic Lows - Polar Lows have been observed to develop in a variety of situations, with more common formation in the western and southern sectors of dissipating synoptic lows.  These areas are favorable due to potential severe cold air outbreaks at the 500mb level (<-35C), as well as strong surface cold air advection. Additionally, shortwave troughs moving cyclonically around the upper level synoptic low provide a rich environment for formation.


b. Ice Edge Boundaries - Ice edge boundaries or the Marginal Ice Zone (MIZ) are another formation area.  If a mass of unmodified arctic air surges off an ice sheet and turns cyclonically, the cold air wraps around a warmer inner air mass.  The result is the arctic air, thus forming the basic structure of a Polar Low, surrounds the warmer maritime polar air. This condition often exists when a strong flow from the west to northwest exists over the Greenland plateau.   

Figure III-13
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D. BOUNDARY LAYER FRONTS - As with polar lows, boundary layer fronts (BLFs) can be difficult to forecast due to the limited resolution of numerical models. However, understanding how boundary layer fronts form, combined with a knowledge of the synoptic conditions favorable for formation, gives forecasters an edge regarding this phenomena.

     1.  Formation - Boundary Layer Fronts (BLF’s) form when cold arctic air surging off an ice pack, comes in contact with the modified arctic air over open water (Figure III-13). Due to the disparity between the ice pack and the relatively warm open ocean (the Marginal Ice Zone (MIZ)), a natural baroclinic zone exists at this region.  When viewed by satellite, a BLF often resembles a rope cloud with cloud streets behind, indicating a strong outbreak of cold arctic air.  Depending on synoptic conditions, BLFs can travel for hundreds of miles from their area of formation, with vortices often forming along the frontal boundary. While every vortex does not develop into a polar low, BLFs are primary triggers in polar low formation.

     2.  Structure - Winds ahead of a boundary layer front often have a southerly to southeasterly component (5-10 kts, 3-5 m/s), while the winds behind the front are often northwesterly and relatively much stronger (15-20 kts, 8-10 m/s). Vertically, the strongest winds are often close to the surface and gradually decrease with height. While an inversion is present when the BLF forms, over time, the inversion behind the front becomes higher than the inversion ahead of the front. Temperature differences range from 2-5(C.  BLFs are characterized by moderate continuous snow, with intermittent snow showers following after frontal passage. 

     3.  Forecasting – BLF’s, which affect the western coast of Iceland, originate east of Greenland in the Denmark Strait. Light winds in the Denmark Strait, combined with a west to northwest flow over the southern half of the Greenland Plateau (>20 kts or 10 m/s) at the 700mb to 500mb level is conducive to BLF formation.  The enhanced mid-level synoptic flow forces arctic air down the eastern side of the Greenland plateau. The steep slopes on Greenland’s east coast combined with very sheer sided valleys and fjords (e.g. Kangerlugssuaq) further enhance flow through funneling. The result is a strong surge of arctic air off the eastern ice edge surrounding Greenland, colliding with a relatively stagnant pool of maritime polar air over the open ocean. A weak southerly to southeasterly wind within the pool of maritime polar air will further increase the likelihood of BLF formation, due to the enhanced convergence at the surface. Once formed, CISK is theorized to allow the front to maintain identity.  BLFs usually move at a steady rate away from their source region, with average speed determined by the initial surge of arctic air which induced frontal formation. Hence, continuity is often a good forecasting method when trying to determine when a BLF will pass over the station.

During passage of a BLF forecast 300 to 500 ft (90-150 m) ceilings with 600-1200 meters visibility in moderate, continuous snow.  After frontal passage, forecast winds to shift to the northwest and increase to 17-22 kts (9-11 m/s) with gusts to 35 kts (18 m/s) while ceilings will lift to 1200-1800 ft (370-550 m) temporarily decreasing to 500 ft (150m) with 1600-3200 meters visibility in snow showers.  Forecast a 2-3(C temperature decrease.

Knowing what conditions preclude formation of BLF’s, combined with diligent monitoring of polar orbiting satellite imagery, should provide the forecaster a lead-time of 2-4 hours prior to frontal passage.

E.  STREAMLINE ANALYSIS - Under conditions where the surface pressure gradient is weak, streamline analysis is often a helpful tool in determining actual wind flow over the Denmark Strait.  Utilizing Polar orbiting satellite imagery, the forecaster can often identify small-scale circulations, as well as surges of arctic air off the Greenland Plateau.  Some mesoscale numerical models may help in identifying key features and streamline analysis. 

F.  THERMAL LOWS AND BUBBLE HIGHS - During the winter, when the surface pressure gradient is weak, small scale areas of high pressure (Bubble Highs) often form over Iceland’s interior during the late evening and early morning. The snow pack, combined with the relative isolation from the surrounding warmer oceans, often produces pressure rises of 3-4 millibars, with occasional rises of 6-7 mb’s.  Interior high pressure can often be identified with a surface analysis of plotted Iceland chart. Identifying these smaller areas of high pressure can be important during an outbreak of the Greenland High, as it can increase the likelihood and strength of the splitting high.  

Conversely, during the summer months when the surface pressure gradient is weak, small-scale areas of low pressure (Thermal Lows) can develop over Iceland’s interior.  On clear days, Iceland’s interior temperatures can reach 20-25(C due to the low albedo of the volcanic rock, while the relatively cooler water surrounding Iceland maintains coastal temperatures between 9-14(C.  During the summer, when numerical models show light and variable winds over southwestern Iceland, afternoon winds generally become west to southwest and can increase to 10-15 kts (5-8 m/s).

Identifying and forecasting these small areas of high and low pressure can supplement numerical models and give the forecaster a much needed edge when determining how Iceland’s land mass will affect local conditions.

SECTION IV

FORECASTING

A.  WIND
When forecasting wind speed at Keflavik, Iceland’s topography plays an important role. A change of only 20 or 30 degrees can make a big difference in the intensity of the wind speeds affecting the peninsula.  With a wind direction ranging clockwise from 120 to 010 degrees magnetic, forecast very little change in wind speed as compared to numerical models due to the proximity of the ocean. When the wind direction is from 020 to 070, expect a 5-10% reduction compared to numerical model winds due to frictional effects of Iceland’s terrain. With a wind direction ranging from 080 to 120, forecast a 60-70% reduction as compared to numerical model values due to the blocking effects of Mýrdalsjökull and the surrounding mountains (lee-side trough).  Note - If winds are associated with a front, blocking effects due to terrain become much less pronounced.

B.  PRECIPITATION
      1. Type (Snow vs. Rain).  Forecasting snow versus rain relies on four basic parameters: freezing level height, 1000-700mb and 1000-500mb thickness and dew point temperature.


 a. Freezing Level.  Actual or forecast freezing level is used as a forecasting guideline or rule of thumb.







Freezing level (ft)/(m)


Type






2000 ft/600 m or greater

Rain







1000-2000
 ft/300-600 m

Mixed rain and snow

NOTE: (1) With surface wind from north of 110 and 230 and freezing level 2000ft/600m or less, expect predominantly snow.  (2) Snow pellets can occur in unstable weather, whenever freezing level is 4000 ft/1200 m or less and the Showalter Stability Index is +7 or less.


 b.  1000-700mb Thickness. Adjusted for expected warm or cold advection, thickness can be calculated by either the equal area method on the Skew-T Diagram or numerical models. Thickness values are read directly from a printed scale at the 850mb level. Thickness values equate to precipitation type as shown in the following table: 







Thickness (feet)



Type






9200 or greater



Rain







9100 to 9200



Mixed rain and snow







9100 or less



Snow 


c.  1000-500mb Thickness.  Generally, the 5280 meter thickness line or  “528 line” is the rain/snow line for Iceland. However a definite “lag” has been observed (up to 5 hours) of precipitation type when transiting from the warmer side of this line to the colder side and vice-versa. When passing from the warm side to the cold side of the “528 line”, forecast mixed precipitation, changing to snow 1 to 3 hours after expected passage. If passage to the warm side is expected, forecast snow becoming mixed 2 to 4 hours after passage, subsequently changing to rain. 

NOTE: Each system should be carefully studied and a forecast made based on the merits of the current situation. Thickness values generally equate to precipitation type as shown by the table below:







Thickness (meters)


Type






Greater than 5280


Rain







5280





Mixed Rain and Snow







Less than 5280



Snow

NOTE: 5100 meter thickness line usually indicates the boundary of arctic air.

 
 d. Dewpoint. If dewpoint is at or below freezing, precipitation will be predominately snow.  This rule is especially reliable when forecasting snow pellet showers.

     2. Snow shower intensity. Use 700mb and surface temperatures at Keflavik to determine snow shower intensity:







TEMP 700mb (C)


(+4 to 0)   Surface Temp (C)   (0  to –4)








-15 to -20



Moderate



   
Light








-20 to -25



Moderate



   
Moderate/Light








-25 to -30



Heavy



   
Moderate
C. FOG

     1.  Advection Fog.  During certain synoptic patterns (particularly during the summer), advection fog can persist for several days. The typical pattern for extended periods of advection fog is an extensive surface high centered over or just west of the United Kingdom and a weak frontal trough or low west or northwest of Keflavik. This pattern provides an extended track of relatively warm moist air over cooler water, which creates the necessary conditions for advection fog formation.  Fog is particularly prevalent when ambient dew-point just south of the Reykjanes Peninsula is near the sea surface temperature and the surface flow is perpendicular to the sea surface temperature gradient. 

Advection fog can be elusive to forecast due to lack of available upstream data. Additionally, Infrared Satellite imagery provides little advantage because the areas of advection fog often appear as “breaks” or “holes” in the lower cloud deck, due to areas of advection fog being nearly the same temperature as underlying ocean.  Advection fog usually needs a triggering mechanism; the most common is usually a warm front passing over or near southwest Iceland. When the flow is persistent, pulses of warm air often form southwest of Iceland resembling weak warm fronts.  These pulses often appear as increased areas of cloudiness within the lower cloud layer on visual satellite and move northward at a steady rate.  Convergence behind an upper level shortwave trough can also trigger advection fog, while divergence ahead can cause it to lift.  Weak low-pressure systems moving over Keflavik often initiate heavy periods of advection fog.  During winter, snow present on the ground can enhance advection fog due to sublimation (solid snow becoming water vapor) during periods of significant warming.  An extensive area of high pressure over Keflavik (greater the 1036mb) can  produce heavy advection fog due to strong downward vertical motion (extremely low subsidence inversion).

     2.  Radiation Fog.  Not as common as advection fog, due to maritime influence, radiation fog can form during fall through spring. After periods of strong diurnal cooling, (i.e. clear, evening skies with light winds) an extensive fog bank can form in the interior portion of the peninsula.  With light southeasterly to southerly surface flow, this area of fog occasionally moves over the airfield.  In winter, when there is extensive snow cover, Radiation Fog can become more pronounced. This type of fog is usually shallow and patchy, and visibility is not normally reduced for more than a few hours, mainly in the morning.

D. TEMPERATURE
Daily Keflavik maximum and minimum temperatures may occur at any time due to the proximity of ocean waters, long nights during the winter and long days during the summer. Temperatures are controlled more by the influencing air mass than by diurnal fluctuations. The relatively warm Irminger Current along the south and west coast of Iceland is an important moderating influence. Daily forecast temperatures should be based on the characteristics of the influencing air mass, as well as the trajectory and temperature of the surface it passes over.  The daily temperature range at Keflavik is also minimal.  Forecasting a high and low is rarely as practical as a forecast average. (e.g. “High 20's”).


1. Coldest Temperatures.  Coldest winter temperatures occur when a strong Greenland high is centered near western Iceland with a thick snow blanket.  With light northeasterly flow, southwestern Iceland remains nearly cloud free.  The increased albedo (reflectivity) of the snow along with radiational cooling above the snow blanket, combined with little heating from few hours of sunlight at a shallow angle above the horizon, can produce temperatures ranging from -8 to -13( Celsius.

Coldest wind chill temperatures are produced with a strong Greenland high located well to the west of Iceland and a low located east of Iceland. This produces strong anti-cyclonic flow over the Greenland and Norwegian Seas, bringing cold, dry air from the ice-covered Arctic Ocean southeast over the ice pack to northern Iceland.  The air is essentially unmodified by its short over-water trajectory and remains very cold and dry as it passes over Iceland’s interior from the north-northeast.  This situation generally produces wind chill temperatures ranging from –11 to -22(F (-24 to -30(C).


2. Warmest Temperatures. Warmest summer temperatures occur when a cut-off low is located south-southeast of Iceland, resulting in strong easterly flow over the island. The air originates northwest of Scotland and is modified by the warm North Atlantic Drift current. As it flows over Iceland, much of the moisture precipitates over the eastern half of the island as it’s forced over Vatnajökull and Mýradsjökull. The air is then warmed adiabatically as it descends, producing scattered cloudiness over the local area with temperatures generally ranging from 59 to 64(F (15 to 18 (C).

E. AIRCRAFT ICING

Rime icing is the most common form of aircraft icing at Keflavik.  Clear or mixed icing is rare due to the small water droplet size.  Mixed icing can occur within cumulonimbus clouds during the winter months.  Although not common, severe icing does occur and is usually associated with strong synoptic systems, which can frequent this part of the world.  Severe icing can also be experienced in mountain wave clouds and cumulonimbus activity.
Icing can be determined using the Skew-T by measuring the difference between the temperature curve and the dewpoint curve. Use the following figures below by starting at where the temperature curve crosses the zero degree isotherm.








Temperatures from:


Look for:









0C to - 8C


2 or less spread








      - 8C to -15C


3 or less spread








     -15C to -22C


4 or less spread

Although it is typically uncommon to have icing at temperatures of -22C or less, due to the extreme cold, it can occur with the presence of a moist layer.

F. ICE AND FROST FORMATION ON RUNWAYS


Figure IV-1
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Frequently, ice forms on roads and runways at Keflavik with the ambient air temperature as high as 40(F/4(C. Figure IV-1 can be used to forecast the freezing of wet runways and roads at temperatures above 0(C.  In general, ice formation should be forecast if the ambient air temperature is less than 5(C with a dewpoint temperature of less than or equal to 0(C.  Runways and roads should be sufficiently wet to prevent drying before freezing.  A 10-15 knot (5-8 m/s) wind helps to accelerate the freezing process.
G. TURBULENCE
Figure IV-2

Iceland Digital Elevation Model -looking south. (Courtesy J. B. Garvin, NASA)
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     1.  Mountain Wave Turbulence – Low-level mountain wave turbulence is a common occurrence in and around Iceland.  The island’s terrain is rugged, with several mountainous areas reaching over 4,000 ft.  Height, combined with frequent high winds (>25 kts/13 m/s), makes Iceland a prime candidate for periods of severe mountain wave turbulence. To forecast MW turbulence, it is important for forecaster to have a thorough working knowledge of Iceland’s terrain and the various wind flow trajectories, which most often produce mountain wave turbulence for each particular area.


Figure IV-3
Iceland Digital Topographic Image (Courtesy J. B. Garvin, NASA)  
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a.  AREA 1 - Moving clockwise from Keflavik, the first significant mountainous area are ridges surrounding Hvalfjörður (Whale Bay) which extend to Langjökull, a large glacier located in west central Iceland. The peaks surrounding whale bay rise to over 3,500 ft (1067 m), with Langjökull reaching 4,500 ft (1372 m) and nearby Eiríksjökull reaching nearly 5,500 ft (1676 m). The mountains are oriented roughly west to east, with peaks surrounding whale bay exhibiting some of the more dramatic rises. Also, to the east of Langjökull is the Glacier Hofsjökull, which is not steeply sided but does reach a height of 5,791 ft (1765 m).  

Although mountain wave turbulence can be present with any wind direction, this area is most susceptible when wind directions are either northerly or southerly. Winds from this direction can also produce significant funneling around the mountains which surround the mouth of whale bay.  Significant funneling can also occur when the winds are either easterly or westerly.

[image: image23.png]


 



b.  AREA 2 - The next major area of interest is the mountain ridge located along the entire length of the Snæfellsnes peninsula, which has an average height of approximately 3,000 ft (914 m). Snæfellsjökull, the highest point, is located at the end of the peninsula and reaches a height of nearly 4,800 ft (1463 m). The narrow peninsula is oriented west to east with many sharp peaks located along the ridge-line. Due to this orientation, this area is most susceptible to mountain wave turbulence when the wind direction is either northerly or southerly.  Significant funneling may also occur along the northwestern portion of Snæfellsjökull when the wind direction is from the northeast. 


c.  AREA 3 - The West fjords (commonly know as the five fingers) is notable due to the numerous steep sided Fjords found in this part of Iceland. With surrounding mountains rising to a height of between 2,200 to 3,300 feet, many of the Fjords are located at right angles to each other, making this area especially susceptible to mountain wave turbulence. Consequently, significant low level mountain wave turbulence and funneling can occur with a wind from any direction.
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d.  AREA 4 - The next major mountainous area is located in the north-central portion of the island, with a large and complex network of sharp mountain peaks and valleys. Many of the mountains rise to over 4,000 ft (1220m) high, with the peak Kerling, located near Akureyri, reaching a height of 5,046 ft (1538 m). This mountainous area is flanked by two large Fjords; Skagafjörður and Eyjafjörður. The mountains surrounding Eyjafjörður are steeply sided and reach heights of around 4,000 ft (1220 m).  This area is especially susceptible to mountain wave turbulence when the wind is from a westerly through easterly direction. 


e.  AREA 5 - The eastern Fjords, located along Iceland’s eastern through southeastern coast, contain some of the most dramatic mountainous areas in all of Iceland, characterized by extremely steep sided Fjords with sharp mountain ridges rising to over 3,500 ft (1067 m).  All of the fjords open either directly eastward or in a southeastward direction. Due to the orientation of the fjords in this area, a northeasterly and southerly wind flow can produce significant mountain wave turbulence, with significant areas of funneling occurring around the mountains at the entrances to the Fjords. An easterly through southeasterly flow can also produce significant funneling throughout this area. 
Figure IV-7

LANDSAT Image of Vatnajökull (Northeast is up)
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f.  AREA 6 - Vatnajökull, located in the southeast portion of Iceland, is the island’s most impressive feature. Europe’s largest glacier, much of Vatnajökull is over 5,000 ft (1524 m) high, with several peaks reaching over 6,300 ft (1920 m).  Oræfajökull, Iceland’s highest point, reaches a height of 6,953 ft (2119 m) and is located along the southern most point of the glacier. Due to its’ proximity to the ocean, the southern through southeastern portion of Vatnajökull contains the most rugged topography. 

As a result of Vatnajökull’s height and large surface area, mountain wave turbulence is more common and can be more pronounced than in Iceland’s other regions. Vatnajökull can induce mountain wave turbulence which extends up to 300nm downstream and several thousand feet above the glacier. For this reason, strong winds from any direction can produce significant turbulence, with a southeastern through southwestern flow generally being the most favorable. Additionally, due to the rugged nature of Vatnajökull’s southern and southeastern slopes, wind from this direction is subject to significant funneling.

A strong northwesterly to northerly wind flow over Vatnajökull can produce significant mountain wave turbulence. This wind flow usually occurs along the rear portion (backside) of a strong low pressure system, as it moves northeastward toward Norway.  The 850mb wind chart should be used for representative surface wind flow over Vatnajökull.


g.  AREA 7 - Mýrdalsjökull and surrounding mountains are located along Iceland’s most southern point, with many peaks reaching 5,000 ft (1524 m). Eyjafjallajökull, the highest, reaches 5,466 ft (1666 m), while Myrdalsjökull, although much larger, reaches a height of only 4,758 ft (1450 m). Mount Hekla, which is an active volcano (last eruption in 2000) can also be included with this group and reaches a height of 4,892 ft (1491 m).  Due to the southern proximity of Mýrdalsjökull, a southeastern through southwestern wind flow can produce significant mountain wave turbulence. Additionally a very strong northerly wind can produce significant turbulence to the south of this mountainous area.

Figure IV-8 Severe Mountain Wave Turbulence,  

DMSP Visual 1300Z September 24 1997
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Figure IV-9  Air Flow Over a Mountain
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2.  Conditions Favorable for Mountain Wave Turbulence - Most often occurs under a stable air mass (mTwmod) when the perpendicular wind component is 25 kts (13 m/s) or more, with severe turbulence occurring when the perpendicular wind component is at or greater than 50 kts (25 m/s). It is essential to access the stability of the atmosphere when forecasting for mountain wave turbulence. The more stable the atmosphere, the more likely mountain wave turbulence will occur.  Consequently, Iceland experiences most severe cases of mountain wave turbulence with a strong low-pressure system (including the cold front) located west to northwest of Iceland, and the associated warm front located roughly north to northwest of the island. This places Iceland in the warm and stable sector of the low, with significant southerly flow over Mýrdalsjökull and Vatnajökull. Both mountainous areas act as one, producing severe mountain wave turbulence throughout the interior regions reaching to heights of 20,000 ft (6 km).

MOUNTAIN WAVE TURBULENCE - Forecasting Criteria 

      WIND (knots)/(m/s)


TURBULENCE



                  LOCATION                   

25-50kts/13-26m/s


SEVERE





LEE OF RIDGE & ROTOR CLOUDS








MODERATE




PATCHY 5000 FT ABOVE RIDGE















150NM DOWNSTREAM AND IN















LENTICULAR CLOUDS


>50/ >26 m/s



EXTREME




LEE OF RIDGE & ROTOR CLOUDS








SEVERE





PATCHY 5000 FT ABOVE RIDGE















150NM DOWNSTREAM AND IN















LENTICULAR CLOUDS


>50/ >26 m/s



MODERATE




PATCHY 15,000 FT ABOVE RIDGE















150 TO 300 NM DOWNSTREAM















AND IN LENTICULAR CLOUDS


3. Turbulence over Keflavik. With a strong easterly wind, the 00Z and 12Z Skew-T diagram can be used to locate regions of turbulence. Temperature inversions aloft can indicate regions of mechanical turbulence. The levels from the base to the top of the inversion with wind speeds above 50 kts (26 m/s) are primary regions for moderate to occasionally severe turbulence and lenticular clouds. 
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4. Frontal Turbulence. Frontal turbulence below 5000 ft (1500 m) during the passage of cyclones and associated fronts is normally light to moderate.  However, moderate to severe frontal turbulence can occur when low level winds increase to or exceed 40 kts (21 m/s).

5. Convective Turbulence – During the winter months, convective turbulence resulting from cumulonimbus activity, can pose a significant hazard to aircraft. The tops of these clouds usually range from 20,000 to 25,000 ft (6-8 km), but in rare cases have reached heights of over 30,000 ft (9 km). At a minimum, cumulonimbus cells produce wind shear conditions as they move over the airfield, with micro-bursts often associated with the stronger cells.  In Figure IV-10, a very strong cumulonimbus cell can be seen just to the west of Keflavik. As the cell passed over the station, it produced a wind gust (suspected micro-burst) of 87 kts (45 m/s).  Several gusts between 55-65 kts (28-33 m/s) were observed throughout the day as cells passed over and in the vicinity, typical under this synoptic situation. When briefing convective turbulence, it’s essential to stress the significant dangers cumulonimbus activity poses to both aircraft and crew. Refer to discussions B2 and B3 of Section III for a more detailed description of the synoptic conditions for the formation of cumulonimbus activity over Iceland. 










Figure II-8


Primary Storm Tracks - February
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Figure II-9


Primary Storm Tracks - August
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Figure IV-4  DMSP Visual - Southwest Iceland
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Figure IV-5  DMSP Visual - West Fjords and Snæfellsnes Peninsula
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Figure IV-6  DMSP Visual - Central Iceland


� EMBED Word.Picture.8  ���





Figure IV-10   DMSP Visual,  1015Z 15 March 1998
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