CHAPTER 1

HIGH LATITUDE METEOROLOGY
OBJECTIVE

Determine the effects of high latitude weather conditions on Naval and Marine Corps operations.

INTRODUCTION

In 1985, the Deputy Chief of Naval Operations directed the establishment of a U.S. Arctic/cold weather program for ships.  A review of the events of World War II in the North Atlantic provided us with many lessons learned.  The loss of men and ships and limited weapons' operation resulting from adverse weather conditions was a driving force that triggered the need for the cold weather program.  The British experience in the Faulkland Islands (1982) also confirmed this need.


Naval Polar Oceanography Center (NPOC), Suitland, MD, is responsible for supporting Arctic and Antarctic operations.  It is recommended that vessels planning high latitude operations task NPOC to provide a ship rider during the transit.

INFORMATION
Geography

The high latitudes encompass the polar regions, the polar (or frigid) zones [defined by the Arctic Circle (66.33N)] to 90N, and the Antarctic Circle (66.33S) to 90S.

Arctic (north of the Arctic Circle).  


The Arctic is bordered by the United States (northern Alaska), Canada, the Confederation of Independent States (CIS) (formerly the Soviet Union), Norway, Finland and Greenland.  Arctic Ocean areas consist of approximately 4,600,000 square nautical miles.  Permanent sea ice covers most of the ocean areas north of 85(`N.

Arctic region (north of 50N to the Arctic Circle).  


The Arctic region includes all the arctic countries (United States, Canada, CIS, Norway, Finland, Greenland) plus Iceland, Sweden, Ireland, United Kingdom, Poland, and Germany.  The ocean areas within the Arctic region include all of the Arctic Ocean areas plus the Bering Sea, Sea of Okhotsk, North Sea, Labrador Sea, extreme northern Atlantic and Pacific Oceans, and the Hudson Bay area.  Seasonal sea ice (pack ice) in these regions extends south to approximately 40N in the winter.  Pack ice concentrations are dependent upon latitude, wind, and cloud cover.

Antarctic (south of the Antarctic Circle).  


The Antarctic includes the Antarctic continent and all peripheral islands.  Ocean areas of the Antarctic include the extreme southern Indian Ocean, Atlantic and Pacific Oceans, Bellingshausen Sea, Ross Sea, Weddell Sea, Amundsen Sea, and Davis Sea.  Permanent ice covers the Antarctic continent and extends out along the continental shelf from 15 to 40 nautical miles.

Antarctic region (south of 50S to the Antarctic Circle).  


The Antarctic region includes the Palmer Peninsula and the tip of Chile and Argentina.  The ocean areas of the Antarctic region include all of the Antarctic ocean areas plus the Tasman Sea.


When dealing with climatology for the Southern Hemisphere, one must remember that the seasons are reversed:


Seasons

  Northern Hemisphere


Southern Hemisphere

Spring

  March ‑ May



September ‑ November


Summer

  June ‑ August



December ‑ February


Fall


  September ‑ November


March ‑ May


Winter

  December ‑ February


June ‑ August

General circulation patterns
Synoptic Circulation Patterns


A high pressure cell, created by the cold, dense continental Arctic/Antarctic (cA) airmass at the poles, flows toward the less dense air in the mid‑latitudes.  The discontinuous circumpolar  troughs exist at the edge of the high pressure area where the cA airmass approaches cP or mP air.


Arctic.  In winter, three ridges can typically be found over the Northern Hemisphere:  one is found over the Eastern Pacific and the Rocky Mountains, one over the Eastern Atlantic and Scandinavia, and a weaker ridge over the Urals and Western Siberia.  Frequent blocking highs can cause persistent weather systems to exist over the region.  The Arctic trough actually exists over three areas of extensive winter ice: the Bering and Okhotsk seas, the eastern Canadian Arctic and Sub‑Arctic, and the Barents Sea.


In winter, the mean arctic frontal zones are well south of the ice margins and can be located over three areas: the Canadian Archipelago, from Novaya Zemlya southward through the White Sea (northern Asia), and over Siberia through Kamchatka and extending southward into the Aleutian Islands.  There is also a secondary "Arctic" front in the northeastern north Atlantic.  Other patterns are: a minor trough extending east‑southeast from Kamchatka into the Aleutian Islands, and a major depression track from Newfoundland to Iceland which parallels the ice margin, although it is displaced southward 8‑9 of latitude.


In summer, the Arctic front lies over the forest‑tundra region on land, but there is a secondary cyclone track along the Arctic coasts of Siberia and Alaska both in the summer and the fall.  The North‑South temperature gradient relaxes during the spring and summer causing the circumpolar trough to contract and weaken until a single high center lies over the pole.  This causes the Jet Stream to retreat northward, taking with it the principal cyclone tracks.  Cyclone frequency diminishes during this period of less baroclinicity as more zonal flow replaces the meridional flow of winter.  Then, in the fall, the trough expands and strengthens and the flow shifts to lower latitudes and becomes more meridional.


Antarctic.  The Antarctic trough is a deep, permanent, circumpolar baroclinic frontal zone with the lowest pressure occurring in October.  The actual division of polar and subpolar air is 2‑4 wide and occurs at different latitudes around Antarctica.  It can be found as far north as 45S over the Atlantic and near 60S over the Pacific, with an average latitude of 53(S in all seasons.  A weak trough exists at approximately 70S.  Latitudinal movement of troughs is slight due to absence of mesoscale systems, caused by continental‑oceanic interaction.


The Subtropical Ridge intensifies during the Southern Hemisphere's summer.  Heat Lows form over the southern latitudes of the continent during summer.  The gradient associated with the Subtropical Ridge is steeper over the Eastern Hemisphere, and is strongest over 50(S in summer.

Synoptic Pressure Systems

There are several distinct synoptic pressure systems located around the Arctic region.  These systems, together with one or more other atmospheric phenomena will effect an area's weather pattern.


Arctic


Arctic High.  In fall, surface pressure builds over eastern Siberia and the Arctic Ocean.  Then the two systems develop into a single ridge.  It reaches its peak intensity in April and May.  In summer, the gradient loosens to such an extent that the Arctic High loses its identity.  It is frequently displaced by migratory lows.


Yukon High.  The Yukon High is an extension of the Arctic High over the Mackensie Valley.  It starts to build in November, reaching its peak intensity in February and breaks down in the spring.


Baffin Bay Trough.  The Baffin Bay Trough is a westward extension of the Icelandic Low.  Continuous cyclonic activity and migratory lows approach from the south and west during all seasons.  Southward moving storms from the pole entering the area are usually very weak but may regenerate in Baffin Bay, because of temperature and moisture increases.  Most intense in the winter, the trough extends westward over the islands from the head of Baffin Bay.  This system begins to fill the spring and is centered off the coast of northern Labrador in the summer.  However, it frequently loses its identity in the summer.  The circulation over this region is influenced more by Icelandic/Baffin Bay lows than by systems originating in the Pacific.


Icelandic Low.  The Icelandic Low is a semipermanent low pressure area centered over the Norwegian sea and is responsible for much of the northern Europe and Siberian climate.  Storms move northeast to the Norwegian area (away from Iceland) following the warmer North Cape current along 75N to the Barents Sea.  Most cyclones stagnate near Novaya Zemlya.  However, a few will move toward the North Pole through the Kara Sea.


Alberta Low.  Pacific systems produce closed surface lows on the lee side of the Rockies.   This causes cyclogenesis over Alberta.  An "Alberta Low" generally moves eastward and converges in the eastern Arctic with the Icelandic Low.  This convergence is most evident over the ocean immediately southwest of Iceland bounded by 60N, 65N, 15W, and 30W.  In winter, the cyclones move east‑southeast to the upper Great Lakes region where their track converges with tracks from lows from the southern and southwestern U.S.  Most of these move through eastern Canada to the Labrador/ Newfoundland coastal region and converge with eastern U.S. storm tracks.  These storms are later split by the Greenland plateau.  One will move northeast along the east coast of Greenland and the other will move south around the tip of Cape Farvel.  In summer, when cyclogenesis occurs, the low retreats northeastward into the Canadian Archipelago.  (This should not be confused with an "Alberta Clipper", which is a rapid southward surge of arctic/polar air into the central U.S.)


Aleutian Low.  The Aleutian Low is a semipermanent low-pressure area over the Aleutian Island chain.  The most violent storms occur over the Aleutian Islands bordering the Bering Sea in the south.  This is due to the topography of Alaska which is largely bordered by mountain chains.  The mountains act as a natural barrier to warm air generated by transiting storms approaching from the south.  The cold temperature over the ice cover in the North combines with the warmer air trapped in the Chuckhi Sea to create almost constant cyclogenesis.  These cyclones rarely move into the Bering Sea; many move southeast along the Alaskan panhandle into British Columbia and the Pacific NW.


Greenland Low.  The Greenland low occurs with great frequency along the Baffin Bay, Davis Strait area.  When deep low lie south of Greenland, the easterly flow over the icecap will intensify lows over Baffin Bay.  Lows on the east side of Greenland will often regenerate due to adiabatic warming of air off the ice cap or Skaggerak Effect.


East Asian Lows. When the Himalayas split the westerly jet stream into two branches, the northern branch often creates cyclogenesis off the east Asian coast.  Cyclones move northeastward toward the semipermanent Aleutian Low and either stagnate or move eastward south of the Aleutian island chain, regenerated by the Kuroshio and North Pacific Currents.  Some cyclones enter the Arctic ocean through the Bering Strait or northeastern Siberia and stagnate.


Antarctic 


Antarctic High.  Two high-pressure centers form over the western and eastern portions of Antarctica with the highest pressures and strongest gradients occurring in winter.


Ross Sea Lows.  Cyclogenesis occurs during the summer over recurring polynyas in the west and east side of the permanent ice shelf in the Ross Sea.  Cyclones move south into the trans‑antarctic mountain region and fill or move around Cape Colbeck to the east.  (Polynyas:  A nonlinear‑shaped opening enclosed in ice.)  Figure 1-1 depicts the major polynyas that reoccur seasonally in the Southern Hemisphere.
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Figure 1-1.  Major Polynya Locations (closely shaded)


Ice Shelves are cross hatched

Amundsen Sea Low.  The Amundsen Sea low occurs frequently over recurring polynya similar to the Ross Low.  It moves east toward the Palmer Peninsula and may split into two centers through the Drake Passage.  These lows typically deepen, creating copious convective precipitation along the peninsula.


Weddell Sea Low.  The Weddell Sea low is generated over the Cape Norvegia polynya.  It transits eastward to the Amery ice shelf where it may move northeast and stagnate, or move east and fill along the Wilkes Land coast.


Snow and Ice
Surface Snow and Ice Cover


The amount of snow and ice cover determines the radiation budget.  Solar absorption over snow‑free land may be high.  As a result, summer temperatures may rise to 40F ‑ 50F (4.4C ‑ 10C).  Solar absorption over the ice pack is much less, causing temperatures to remain near 32F (0C) year‑round.


At the ice edges, temperature and moisture gradients are often quite large.  Greater than normal precipitation, cloudiness, fog and altered cyclone tracks occur at the Sea‑Ice interface.  Leads and polynyas have a similar effect.  They provide a significant source of heat and moisture.  Open water produces a moderating effect on local temperatures, while snow covered land or ice produces extremely cold temperatures. (Lead:  Any fracture or passageway through sea ice that is navigable by surface vessels.) 


Snowfall amounts are small due to the lack of water vapor at low temperatures.  Snowfall over the Arctic Ocean averages 5 inches annually whereas the ocean margin areas average 10 inches annually.  Blowing snow is prevalent in the high altitudes, creating an illusion of more snowfall than is actually occurring.  Average snow depth from March to April ranges from 8 ‑ 20 inches over the frozen oceans and 16 ‑ 28 inches over the subarctic regions.  The effect of the variation in snow cover is reflected by the fact that there is a very short transition period between winter and summer.

Ice Zones  (Sea water freezes at 28F or ‑2C)

Seasonal Sea Ice Zone (SSIZ) - The SSIZ is a region characterized by the periodic presence of ice.  It is delineated by the maximum and minimum extent of the sea ice cover.  SSIZ ice limits are partially determined by the cA air mass.  The SSIZ does not set up a unique climatological regime.
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                                                 Figure 1-2.                                                       Figure 1-3.

                                  SSIZ coverage in N. Hemisphere
      SSIZ coverage in S. Hemisphere


The limits of the Seasonal Sea Ice Zone in the Arctic (Figure 1-2) show the extreme southern limits of the ice edge, and the Antarctic (Figure 1-3) show the extreme northern ice edge limits.  These diagrams also show the average ice edge limits.


Marginal Ice Zone (MIZ).  The MIZ is the region from the ice edge (where ice is first encountered) to a point that is sufficiently far enough from the ocean boundary so as not to be affected by the presence of the open ocean (no evidence of wave action, swell, etc.).  Pack ice bounded by the open ocean is considered a region of pronounced and complex ice‑atmosphere‑ocean interaction.  Typical MIZ conditions occur along the southern edges of the ice pack in the Bering Sea, Greenland and the Barents Sea, Baffin Bay, and along the complete northern edge of the Antarctic ice pack.  In the Northern Hemisphere, approximately one quarter of the global meridional heat is transported to the Arctic basin by the MIZ.


Shear Zone.  The Shear Zone corresponds to the MIZ when the ice cover is bounded by a fixed boundary of either land or landfast ice.  Shearing motion of the pack against the coast results in a broad band of deformed ice (prevalent in winter) and continually opens and closes flaws and leads.

(Flaw:  A narrow separation zone between pack ice and fast ice, where the pieces of ice are in chaotic state; it forms when pack ice shears under the effect of a strong wind or current along the fast ice boundary.)

Permanent Ice and Icebergs

Permanent ice fields exist over Greenland in the Arctic and over the continent of Antarctica in the Southern Hemisphere.  This permanent ice may be sea ice or landfast ice created from eons of snow accumulation and glaciation.  The Greenland icecap has an elevation of over 10,000 feet and the vast ice shelves of Antarctica are over 14,000 feet AGL.   Figure 1-4 depicts general ice pattern movement within the high lattitudes of the Northern Hemisphere.  Figure 1-5 delineates permanent ice limits within the Artic Circle.
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Figure 1-4.  General ice pattern movement within the high lattitudes of the Northern Hemisphere
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Figure 1-5.  Permanent ice limits within the Artic Circle


Icebergs "calve" off the landfast ice and follow the wind and currents.  Icebergs are most prevalent in the Davis Strait by Greenland's western edge.  They travel at rates up to 12 miles a day.  They tend to move with the predominate currents but are affected by the wind and coriolis force.  The freeboard (portion of the iceberg above the water) acts like a sail.

Effects on Naval Operations


Transiting near sea ice is extremely dangerous and only ships with ice‑reinforced hulls should attempt a transit through pack ice.  The thickness of sea ice is deceiving and its hardness is greater than many metals.  Sea ice leads are large enough for Frigates and Destroyers to navigate, but leads may close within hours and beset (trap ships in the ice pack).  Sea ice may be sighted by "ice blink."  Ice blink occurs when the ice or snow reflects light off low clouds (or refracts in the lower atmosphere) creating a white glare on the horizon up to approximately 15 above the horizon.


Icebergs are very unstable.  Ships transiting close to them may be put off course or even damaged as the bergs roll.  Submarines are in danger of colliding with the keel of icebergs and the bummocks of sea ice.  Submarines can snorkel only through the initial stages of ice formation and only ascend through thin sea ice (3‑5 feet).  (Bummock:  A downward projection from the underside of an ice canopy; the counterpart of a hummock.)

Special Weather Features
Clouds


In the high latitudes, maximum cloudiness is in the summer and minimum cloudiness in the winter.  Extensive ice cover depresses cloudiness in the winter, however, cirrus is often reported at altitudes as low as 15,000 feet.  In the summer, stratus and stratocumulus persist over areas of open water.  Cloud bases are typically below 1,000 feet; thickness is approximately 1,500 feet.  Clouds may occur 80% of the time in the summer because warm air condenses quickly due to the cooling created by the ice.  Seasonal changes in cloudiness occur rapidly.  Clearing begins several days after the onset of Fall (Polar Night) and cloudiness increases significantly within days of the beginning of the Spring (Polar Day).  See Figure 1-6.
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Figure 1-6.  Annual depiction of Polar Day/Polar Night

Wind


The Coriolis effect deflects the winds from the surface to 25,000 feet in an easterly direction. However, winds are westerly aloft.  The easterly surface flow over the polar regions in the lee of icecaps (Greenland, Antarctica) is warmed adiabatically by downslope.  These Foehn winds may reach 100 knots in 2‑3 hours.  Strong offshore winds near mountains can induce stratiform cloudiness and deep fog layers over open water, despite high wind speeds.  Channeling through the several east‑west oriented mountain chains in the high latitudes may induce a low-level surface jet over the Arctic and Antarctic ice packs.  Rapidly developing low-pressure systems, along the southwestern coast of Greenland and along the coast of Antarctica, commonly produce winds over 60 knots.  The temperature vertical gradient directly over the ice is typically strong enough to produce eight to ten knots of wind throughout the year.

Temperature


Winter ‑ January has the lowest mean daily temperature over the central Arctic at ‑30F (‑34C), with a mean annual temperature of ‑09F (‑23C) at the geographic North Pole.  Summer ‑ July air temperatures typify summer air temperatures over the Arctic Ocean.  They range from +32F to +35F (0C to +2C) with temperatures over the ice pack between +32F and +36F (0C to +2C).  Antarctic temperatures are lower than those in the Arctic.


Temperature inversions occur frequently at high latitudes.  They may form as low as 300 feet AGL which and have the following effect(s):

· contribute to the entrapment of fog, pollutants or low clouds under the inversion.

· suppress convection.

· seriously degrade electromagnetic systems.

· contribute to Looming and Fata Morgana.


Looming.  Objects below the horizon become visible when greater than normal refraction occurs in strong temperature inversions accompanied by a rapid decrease in humidity.  


Fata Morgana.  A complex mirage that is characterized by multiple distortions of images, generally in the vertical, so that objects such as islands, bluffs, etc., are distorted and magnified in the vertical.

Fog


 Fog occurs on (an average of) 100 days per year, mostly in the summer.  Offshore winds reduce the probability of fog over land.  During periods where some daylight is present, night/early morning fog is common.  


Advection fog.   Advection fog is usually patchy, but may last for several days.  


Radiation fog.   Generally thin and shallow, usually develops in the Arctic river valleys.  


Steam fog.  Develops when the sea surface temperature is greater than 16F (‑9C) warmer than the ambient air temperature.  This condition usually exists over leads and polynyas in sea ice.  It is often called Arctic Sea Smoke.


Ice fog.  Composed of ice crystals with small vertical velocities that remain suspended for extended periods of time.  It develops in inhabited areas at temperatures of ‑30F (‑34C) or below.

Haze

Widespread haze is common in late winter and early spring.  Concentration increases with height, reaching a maximum at several thousand meters AGL.

Precipitation


Snow is the most common weather element at high latitudes.  Arctic snowfall is light in the  winter primarily due to the low moisture content of the cold air.  Annually, snowfall occurs frequently (approximately 160‑170 days), but is very light and of short duration.  Maximum precipitation (up to 90%) occurs from July through October in the Northern Hemisphere and from November through February in the Southern Hemisphere.

Icing


The inability to forecast vessel icing is a significant marine meteorological problem encountered at high latitudes.  Rapid accretion on decks and superstructures creates an extreme stability hazard to vessels.  Danger increases as vessel size decreases.  The added weight on a smaller ship reduces freeboard.  Ice forming high on masts, rigging, and superstructures produces a large heeling lever; the vessel may become top heavy and capsize.


Our concern is primarily with large ships.  Accumulation of ice on decks, deck equipment and superstructures impairs overall efficiency and maneuverability.  Accumulation on antennas may render radio and radar systems inoperative.  Regions historically known for producing significant icing conditions lie in the North Atlantic and North Pacific Oceans.  (Figures 1-8 and 1-9)
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Figure 1-8.  Regions of heavy icing in North Atlantic
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Figure 1-9.  Regions of heavy icing in North Pacific 


Rate of Icing.  The rate of icing depends upon several elements.  First, consider precipitation types.  Snow is not a threat due to the inherent lack of adhesion.  Freezing rain coats with fresh water glaze (clear) ice.  Accumulated weights of ice are unlikely to be sufficient to endanger the vessel directly.


Arctic frost smoke occurs when the air temperature is at least 16F (‑9C) colder than the SST (steam fog or Arctic sea smoke) AND the ambient air temperature is below freezing.  It is usually confined to layer usually only a few feet thick.  Small supercooled water droplets partially freeze on contact with exposed surfaces; the remaining liquid freezes after a short period of time.  When the top of the layer is below the observer's eye level, it is often called "white frost." Arctic frost smoke is called "black frost" when the layer is above the observer's eye level.


Freezing spray produces the most dangerous form of icing.  It occurs when air temperatures are below the freezing temperature of seawater (average seawater freezes at approximately 28F, 2C).  Spray freezes on exposed surfaces of the vessel, producing clear ice or glaze, depending on the temperature.  At lower air temperatures, ice may be opaque, due to spray being supercooled, so that it partially freezes on impact and entrap air.  However, at extremely low temperatures (below 0F, ‑18C), wind induced spray may be in the form on non‑adhering ice crystals.  At air temperatures below 28F (‑2C), freezing spray is observed with winds of 18 knots or greater.  Once a spray cloud has developed, two important factors are:

· The vertical distribution of the cloud.

· The size of the droplets which determine the rate of cooling that the droplet undergoes  on its   

· trajectory toward the ship.


Wind is also a factor is determining the effects of freezing spray.  Sea spray generation depends on wave height and period, which is determined on the duration of the wind and fetch.  The higher the wind speed, the greater the ice accumulation.  The effect of high wind speeds on icing is reduced when in an ice pack concentration greater than 50%.  (Freezing spray is minimized as wave formation is limited by the ice pack.)


The critical air temperature range for icing from freezing spray is from 0F to 32F (‑18C to 0C).  The critical sea temperature range for icing from freezing spray is between 28F and 48F (‑2C to +9C).  The upper value of 48F is not an impediment to freezing since sea spray can be cooled rapidly when air temperatures are below 28F (Sea surface temperature has a direct influence on the rate of ice accretion).


Vessel design may generate freezing spray from wave caps.  Total ice accretion rate depends on vessel design and loading, the ship heading and speed relative to the waves, and relative wind (Relative wind determines vessel exposure).  


Results of the most recent studies have produced Nomograms (Figure 1-10) to be used as a baseline for estimating icing rates.  They are the best method of prediction available to date.
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Figure 1-9.  Icing Nomograms

Vessels seeking shelter in lee of land may still experience critical air and sea temperatures, but there should be some reduction of wind speeds and less spray.  Ship generated spray will also be reduced in the calmer water.  At very high latitudes, ships should NOT seek shelter in the lee of the ice edge.  It provides negligible shelter from the wind.  The coldest air and sea temperatures are located in this region, producing the most severe icing conditions.


Effects of icing on Naval Operations.  Icing has several adverse effects which have to be factored into naval operations.  Communication equipment, such as antennas, may become coated with ice and experience limited reception.  Human fatigue increases at temperatures of < 50F.  Efficiency of some equipment types decreases in colder spaces.  On aircraft carriers, operations may be radically reduced when wet snowfall, melting snow, or freezing precipitation coat the flight deck.  Strong winds require additional tie‑down lines (as many as 12 additional lines per aircraft) to prevent aircraft from "skating" across the deck.  Aircraft elevators may fail to function properly under freezing conditions.  The shorter lengths of destroyers and cruisers will create more spray, increasing the potential of topside icing.  Gun turrets may freeze, limiting azimuth and elevation.  Weapon‑launcher hatches may freeze, preventing firing.  Submarines may experience inoperative periscopes and fresh air vents while snorkeling or during surface operations.

NOTE:  Aircraft icing has been covered in Block VI of the forecaster course.  This information is for  review:


Aircraft icing is a major weather hazard to aviation.  The possibility of icing must be anticipated in any flight through supercooled clouds or precipitation at temperatures below freezing.  Icing decreases lift, increases weight and drag, and increases the stalling speed of the aircraft.  On exterior movable surfaces, it adversely affects the control of the aircraft and greatly increases fuel consumption, reducing the range of the aircraft.


Atmospheric distribution of icing.  Icing is mainly a function of temperature and cloud structure.  The frequency of icing decreases rapidly with decreasing temperature, becoming rare below ‑22C.  Standard vertical temperature distribution in the atmosphere is such that icing is usually restricted to the lower 30,000 feet.  The type of icing is also highly dependent on temperature.  Clear icing usually occurs at temperatures just below freezing with a relative frequency of 10%.  Rime icing is predominate at colder temperatures with a relative frequency of 72%.  Mixed icing frequency is 17% with in-flight frost occurring only 1% of the time.


Cloud types help determine types of icing.  Icing in low and mid level stratiform clouds is typically confined to a thickness of 3,000 to 4,000 feet.  Intensity of icing generally ranges from a trace to light, with maximum values occurring in the upper portion of the cloud.  It is possible to have both rime and mixed icing.  The main icing hazard lies in cloud decks of great thickness.


High level clouds are composed mostly of ice crystals and produce little icing.  In cumuliform clouds, the zone of probable icing is smaller horizontally, but greater vertically than with stratiform clouds.  Icing is more variable because of the different stages of cumuliform clouds.  Icing intensities range from a trace (in small supercooled cumulus) to light‑to‑severe in cumulonimbus.  Icing occurs at all levels above the freezing level in building cumulus and is most intense in the upper regions of a mature cumulonimbus or in a shallow layer near the freezing level in a dissipating thunderstorm.  Cumuliform cloud icing is usually clear or mixed.


Icing associated with warm and occluded frontal activity is generally widespread.  Isolated areas of icing are common in cold frontal activity.  In warm fronts, icing may occur above and below the frontal surface.  Warm fronts can have moderate rime or mixed icing 100 to 200 miles ahead of the front.  In cold fronts the horizontal extent is usually less and areas of moderate icing are localized.  Clear icing is more prevalent with moderate clear icing usually limited to cumuliform clouds within 100 miles to the rear of the surface cold frontal position.


Icing is most intense immediately above the frontal zone.  Light icing is often encountered in the extensive layers of stratocumulus clouds that typically exist behind a cold front.  Orographic influences add to the icing effect.  High, steep terrain causes icing to be more intense than is usual under identical conditions over flat terrain.  Icing is greater over ridges than over valleys and is greater on the windward side than on the lee side of ridges and mountains.  Moderate icing, usually clear, is experienced in convective clouds over mountainous terrain.  The windward side of mountainous coasts in winter is especially subject to extensive aircraft icing.  Wide variation between geographic areas of aircraft icing potential is due to area‑to‑area variations in temperature and available moisture.  Areas favorable for winter icing conditions are:

· Over warm water areas off the east coast of continents.

· To the lee of large inland water bodies.

· Over western portions of continents where winds transport ample moisture inland from the ocean.


Because of comparatively small amounts of moisture and small liquid water content of clouds, icing is seldom regarded as a serious problem in the Arctic winter.  The greatest frequency of icing occurs in the winter over the northern and western north Pacific and the north Atlantic.  The least icing occurs over the Arctic Ocean.   As a forecaster, you can never rule out the possibility of icing in the Arctic.  When moisture‑laden air from the North Pacific or North Atlantic invades the Arctic, conditions conducive to copious icing exist.  Maximum icing in the high latitudes occurs in the summer.

SUMMARY

As you can see, high latitude weather can be detrimental to operations.  Knowledge of high latitude weather conditions is crucial for success.  Your ability as a forecaster to foresee the complications of high latitude weather can save lives, equipment, and prevent the limited use of weapons.  By now, a basic understanding has been established.  Not everyone is guaranteed to be involved with the operations of a cold weather program, but the likelihood is always possible.  Keep abreast on new studies and with climatological data.  Operational planning will depend on you.

REVIEW EXERCISE 1

1. Explain why annual snowfall rates in the polar regions are relatively small.

2. List the different causes for icing and the criteria for their existence.

3. What is freeboard?

4. During what season is the most weather likely to occur?

5. Where should ships seek shelter to reduce the effects of icing?

6. Where are ships most likely to become best and crushed by ice?

7.
Define the area that encompasses the high latitudes.






