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PREFACE

This Meteorologcal Technigues technical note is a ridgeviand update of the old AWSM 105-56 “Forecasting
Techniques.” It incorporates both old and new rules of thumb, results of studies, lessons learned by experience,
etc., from Ndonal Wed#her Service, foreign meteorological services, thenfor AWS wegher wings and
MAJCOM directorates of weather, the former AWS and AFWA, and other sources.

We intend it to be updated yearly. We solicit your inputs of techniques you have found successful in observing
and forecasting the weather. Especially useful are examples of research results that can be distilled into advice
and procedures for the duty forecaster. Please send us your inputs in a Word6.0/Win3.1 format similar to this
version; be sure to include a copy of supporting material or list of references. We have produced this tech note
as a paper copy in a binder for easy page changes and additions, as well as a CD which incorporates color
graphics. We will issue a new CD annually, with paper changes coming at various times of the year, or announced
and available for downloading tite AFWA/DNT homepage (URL: http://wwscott.af.mil:81/afwa/dn/dnt/
dnt_home.htm).

We have some exciting ideas for the futurghid “living document,” and hope you will find it useful and
contribute to its continued improvement as we move into the reengineered Air Force Weather of the 21st Century.

Air and Space Sciences Directorate
Air Force Weather Agency
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Meteorological Techniques
Chapter 1

Surface Weather Elements

I. VISIBILITY . The Glossary of Meteorology visibility to near zero. The critical wind speed for
defines visibility as “the greatest distance in a given lifting dust and sand varies according to vegetation,
direction at which it is just possible to see and soil type, and soil moisture. Specific forecasting
identify with the unaided eye, in the daytime, a rules vary by station and time of year. The Local
prominent dark object against the sky at the horizonArea Forecast Program (LAFP) should document
or at night, a known, preferably unfocused, the wind speeds and directions and the surface
moderately intense light source.” Forecasting moisture conditions in which visibility restrictions
visibility is a challenge due to the difficulty in are most likely to occur.
predicting the complicated behavior of dry and
“moist” (both liquid and solid) airborne particles
which obstruct or reduce visibility. A description B.WET OBSTRUCTIONS (HYDROMETEORS)
of these obstructions, some rules of thumb, andCondensation or sublimation of atmospheric water
several techniques for forecasting visibility are vapor produces a hydrometeor. It forms in the free
given below. atmosphere or at the earth’s surface, and it includes
frozen water lifted by the wind. Hydrometeors,
A. DRY OBSTRUCTIONS (LITHOMETEORS) which can cause a surface visibility reduction,
A lithometeor is the general term for particles generally fall into one of theotlowing two
suspended in a dry atmosphere; these include drcategories:
haze, smoke, dust, and sand.
1. Precipitation Precipitation includes all forms
1. Dry Haze Dry haze is an accumulation of of water particles, both liquid and solid, which fall
very fine dust or salt particles in the atmosphere; it from the atmosphere and reach the ground; these
does not block light, instead it causes light rays toinclude: liquid precipitation (drizzle and rain),
scatter. Dry haze particles produce a bluish colorfreezing precipitation (freezing drizzle and freezing
when viewed against a dark background, but lookrain), and solid (frozen) precipitation (ice pellets,
yellowish when viewed against a lighter hail, snow, snow pellets, snow grains, and ice
background. This light-scattering phenomenon crystals).
(calledMie scattering also causes the visual ranges
within a uniformly dense layer of haze to vary 2. Suspended (Liquid or Solid) Water Patrticles.
depending on whether the observer is looking into Liquid or solid water patrticles that form and remain
the sun or away from it. Typically, dry haze occurs suspended in the air (damp haze, cloud, fog, ice fog,
under a stable atmospheric layer and significantly and mist) and those liquid or solid water particles
affects visibility. As a rule, industrial areas and that are lifted by the wind from the earth’s surface
coastal areas are most conducive to dry haze(drifting snow, blowing snow, blowing spray) cause
formation. restrictions to visibility. One of the more unusual
causes of reduced visibility due to suspended water/
2. Smoke.Smoke is usually more localized than ice particles is whiteout, while the most common
other visibility restictions. Accurate visibility cause is fog.
forecasts depend on detailed knowledge of the local
terrain, surface wind patterns, and smoke sources a. Whiteout Conditions. Whiteout is a
(including schedules of operation of smoke- visibility-restricting phenomenon that occurs when
generating activities). a uniformly overcast layer of clouds overlies a snow-
or ice-covered surface. Most whiteouts occur when
3. Blowing Dust and Sandwind-blown paticles the cloud deck is relatively low and the sun angle is
such as blowing dust and sand can cause seriouat about 20° above the horizon. Cloud layers break
local restrictions to visibility, often reducing up and diffuse parallel rays from the sun so that
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Chapter 1

evaporate into the air, raising the dew point of this
stable layer, accelerating radiation fog formation.

(3) Upslope fog (Cheyenne fogJ.his type
occurs when sloping terrain lifts air, cooling it

m: EII;'H"i .,' i'-': Ji , Low unitom cloud layer adiabatically to its _dew point. and saturation.

A% Y ;in;;.:;:;,;,.',, P Upslope fog may be viewed as either a stratus cloud

E‘ailh-'h’h'l yr by -y — -_ or fog, depending on the point of reference of the
SHOW observer. Upslope fog generally forms at the higher

elevations and builds downward into valleys. This
fog can maintain itself at higher wind speeds
because of increased lift and adiabatic cooling.
Upslope winds more than 10 to 12 knots usually
result in stratus rather than fog. The east slope of
they strike the snow surface from many angles the Rocky Mountains is a prime location for this
(Figure 1-1). This diffused light reflects back and type of fog.
forth between the snow and clouds until the amount
of light coming through the clouds equals the (4) Steam fog (arctic sea smoké).northern
amount reflected off the snow, completely latitudes, steam fog forms when water vapor is
eliminating shadows. The result is a loss of depth added to air that is much colder, then condenses
perception and an inability to distinguish the into fog. It is commonly seen as wisps of vapor
boundary between the ground and the sky (i.e., thereemanating from the surface of water. This fog is
is no horizon). Low-level flights and landings in  most common in middle latitudes near lakes and
these conditions become very dangerous. Severativers during autumn and early winter, when waters
disastrous aircraft crashes have occurred in whichare still warm and colder air masses pikv A
whiteout conditions may have been a factor. strong inversion confines the upward mixing to a
relatively shallow layer within which the fog

b. Fog. Fog is often described as a stratus cloud collects and assumes a uniform density. Under these
resting near the ground. Fog forms when the conditions, the visibility is often 3/16 mile (300
temperature and dew point of the air approach themeters) or less.
same value (i.e., dew-point spread is less than 5°F)
either through cooling of the air (producing (5) Frontal fog. Associated with frontal zones
advection, radiation, or upslope fog) or by adding and frontal passages, this type of fog can be divided
enough moisture to raise the dew point (producing into three types: warm-front pre-frontal fog; cold-

Figure 1-1. Whiteout Conditions. Occur when
light reflected back and forth between snow- or ice-
covered ground and low stratus clouds

steam or frontal fg). When composed of ice
crystals, it is called ice fog.

(1) Adwection fog Advection fog forms due to

front post-frontal fog; and frontal-passage fog. Pre-
and post-frontal fog are caused by rain falling into
cold stable air thus raising the dew point. Frontal-
passage fog can occur in a number of situations:

moist air moving over a colder surface, and the when warm and cold air masses, each near
resulting cooling of the near-surface air to below saturation, are mixed by very light winds in the
its dew-point temperature. Advection fog occurs frontal zone; when relatively warm air is suddenly
over both water (e.g., steam fog) and land. cooled over moist ground with the passage of a well-
marked precipitation cold front; and in low-latitude
(2) Radiation fog (ground or valley fog). summer, where evaporation of frontal-passage rain
Radiational cooling produces this type of fog. Under water cools the surface and overlying air and adds
stable nighttime conditions, long-wave radiation is sufficient moisture to form fog.
emitted by the ground; this cools the ground, which
causes a temperature inversion. In turn, moist air  (6) Ice fog.lce fog is composed of ice crystals
near the ground cools to its dew point. Depending instead of water droplets and forms in extremely
upon ground moisture content, moisture may cold, arctic air (—29°C (—20°F) and colder). Ice fog
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Surface Weather Elements

of significant density is found near human a. Dry Haze Dry haze layers normally restrict

habitation, in exemelycold air, and where burning  visibility to between 3 to 6 miles and occasionally

of hydrocarbon fuels adds large quantities of water to less than 1 mile. It usually dissipates when the

vapor to the air. Steam vents, motor vehicle atmosphere becomes thermally unstable or wind

exhausts, and jet exhausts are major sources ofspeeds increase. This can occur with heating,

water vapor that produce ice fog. A strong low- advection, or turbulent mixing.

level inversion contributes to ice fog formation by

trapping and concentrating the moisture in a shallow b. Duststorm Generation Duststorm

layer. generation is a function of wind speed and direction
and soil moisture content. Tablel lists the

In summary, the following characteristics are conditions favorable for generation and advection

important to consider when forecasting fog: of dust.

* Synoptic situation, time of year, and station After generating blowing dust upstream (in a
climatology. duststorm), wind speed becomes important in
advection of the dust. Dust may be advected by
» Thermal (static) stability of the air, amount winds aloft when surface winds are weak or calm.
of air cooling and moistening expected, wind Duration of the advected dust is a function of the
strength, and dew-point depression. depth of the dust and the advecting wind speeds.
Synoptic situations, such as cold frontal passages,
» Trajectory of the air over types of may change the wind direction and increase or
underlying surfaces (i.e., cooler surfaces or bodies decrease the probability of dust advecting into your
of water). area.

« Terrain, topography, and land surface Forecasting dust generation is more difficult than
characteristics. forecasting the advection of observed dust into the
area. Important factors to consider include location
of favorable source regions, soil dryness, and

C. VISIBILITY FORECASTING RULES OF agricultural pactices. Aeas where sound soil

THUMB. conservation methods are practiced are less prone
to blowing dust. Plant cover protects soil from wind
1. Dry Obstructions - General. erosion by slowing and breaking wind flow, similar

Table 1-1. Conditions favorable for the generation and advection of dust.

Parameter or Condition Favorable When
Location With Respect to Source Region Located Downstream and in Close Proximity
Agricultural Practices Soil Left Unprotected
Previous Dry Years Plant Cover Reduced
Wind Speed > 30 kt
Wind Direction Southwest Through Northwest (Dust Source Upstream)
Cold Front Passes Through the Area
Squall Line Passes Through the Area
Leeside Trough Deepening and Increasing Winds
Thunderstorm Mature Storm in Local Area or Generates Blowing Dust
Upstream
Whirlwind In Local Area
Time of Day 1200 to 1900L
Surface Dew Point Depression >10C
Potential Advection Blowing Dust Generated Upstream
Wind Speed > 10 kt
Wind Direction Along Trajectory of the Generated Dust
Synoptic Situation Ensures the Wind Trajectory Continues to Advect Dust

1-3



Chapter 1

to the effects of a snow fence. Conversely, military * When a strong subsidence inversion is
or civilian operations may disturb the soil, destroy present, restriction to evening visibility may occur
vegetation in an area, and increase the chance foas early as 1500L.
dust generation. Tailor parameters and conditions
in Table 1-1to better help forecast dust affecting b. Southern Japan
customer’s opetmns. Also, do not forget pilot
reports (PIREPSs); they are helpful in forecasting » Generally, visibility is restricted (if smoke
dust. and haze is expected) about 2 hours prior to sunrise
and sunset.
2. Dry Obstructions - Regional.
« If smoke is observed before the daily
a. Central Japan warming trend begins, it persists until the maximum
temperature is reached.
* Weak southeasterly flow causes visibility
restrictions in the northern and western Kanto Plain ~ ¢. Okinawa Haze and smoke drift in with light

area. breezes from the Naha industrial areas.

« Visibility restrictions, when they do occur, d. Far East (Yellow Wind). In spring (April
generally occur up to 2 hours after sunrise and 2and May), strong winds up to 20,000 feet and higher
hours before sunset. advect dust, fine sand, and loess (very fine, loose

yellowish dust) from northern China and Inner
» An east to east-northeast wind in summer Mongolia into Korea, greatly reducing visibility.
causes persistent low visibility in smoke and haze. The dust has a lesser effect further downstream in
Japan and Okinawa. Trailing cold fronts from
* Visibility in smoke increases rapidly when Mongolian lows often cause the advecting dust.
winds increase to 10 knots or more. When the low moves past Lake Baikal in Russia, a
strong cold air mass pushes the trailing cold front:
* No haze or smoke occurs with strong 24 to 30 hours later into and through Korea, 48 to
southerly or northerly winds. 56 hours later into and through Japanese stations,
and 56 to 60 hours later through Okinawa.
« If the dew-point depression is greater than
3.3°C (6°F) between midnight and dawn, haze and (1) Korean EffectsYellow Wind events occur
smoke do not reduce visibility before sunrise. 1to 2 times per year and are reported an average of
3 days per year. They occur within 1 day after an
* When the dew-point depression is 3.3°C intense cold front passage. The dust lowers visibility
(6°F) or less at 0100L in winter, or 2.8°C (5°F) or to between 2 to 4 miles, and occasionally to 1 mile
less 0100L in spring, haze and smoke reduceor less at the surface. Normally, visibility is 3 to
visibility in the morning, including the period 0700 5 miles from 500 feet to 20,000 feet above ground

to 0900L. level (AGL), but can be as low as 2 1/2 miles.
» Haze and smoke usually start dissipating in (2) Okinawan Effects.Yellow Wind dust
winter at a temperature of 9°C (48°F). occurs 2 to 3 days after intense cold frontal passages

during the winter and spring, reducing visibility as
» Evening visibility becomes unrestricted low as 2 to 3 miles. Visibility is lowest during the
within 1 hour after the land breeze begins and windsday and improves at night, when the dust settles.
have switched from southeast to northwest. This dust often affects visibility to a height of 20,000
feet over Okinawa, and may persist from 1 to 3 days.
 Visibility is lower on the following day if
there is no air mass change. (3) Japanese Effectsvisibility is reduced
aloft up to 20,000 feet. However, the JapaneseAlps
block effects on their leeside, the location of most
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United States bases. On the windward side of Japan, f. Mediterranean. Salt haze occurs mostly in
dust effects are similar to that over Korea. the summer and early fall and appears bluish white.
It scatters and reflects light more than regular dust
e. Saudi Peninsula.Suspended dust, and to a haze. Salt haze can extend to over 12,000 feet and
lesser extent, blowing sand &od, can significantly ~ has been reported as high as 20,000 f&étough
obstruct visibility in Saudi Arbia. Thedust is surface visibility may be 4 to 6 miles, the slant range
caused by a combination of a northwesterly visibility for a pilot making an approach can be near
channeling effect due to mountain systems and longzero if the approach is into the sun. The haze may
desert stretches (Tigris-Euphrates River valley) overbe thicker aloft than at the surface. Visibility may
which the prevailing winds blow. Dust and blowing be less of a problem after sunset. Salt haze is most
sand occur year-round, with a maximum occurrencelikely to develop in a stagnant air mass without
in June and July. In June, reduced visibility occurs mixing. This is especially prevalent when there is
an average of 261 hours over the peninsula—thea strong ridge at the surface and aloft. The haze
equivalent of 11 days. Although duststorm effects does not completely disperse until there is an
on flying are similar year-round, the cause of theseairmass change, but visibility does improve with
storms varies considerably between winter andincreased wind speeds at 850 or 700 mb.
summer.
3. Moist Obstructions - General.
(1) Wnter. Strong winds due to tightly
packed isobars behind winter cold fronts and troughs  a. Precipitation Although there is no one strict
against the Zagros Mountains in western Iran causerule of thumb relating the intensity of rain to
winter sandstorms. Six hours of blowing sand expected visibility,Table 1-2 may be used as a guide
usually accompany the passage of minor low- to forecast visibility based on the intensity of
pressure systems. Sandstorms associated with morrecast precipitation; this table may also be used
intense systems carry dust aloft over all of Iraq andto estimate visibility in snow and drizzle, but only
northwest Saudi Arabia. Wen low-pressure when expecting that particular type of precipitation
systems closely follow each other, the southerly to occur alone. When forecasting more than one
winds preceding a second system return theform of precipitation to occur at a particular time,
suspended dust carried into southern Saudi Arabiaor forecasting fog to occur with the precipitation,
by the first system. |If the gradient is tight, even consider forecasting a lower visibility than shown
more blowing sand and dust occur. Although winter in Table 1-2.
duststorms are usually more intense than summer
duststorms, winter duststorms do not last long due  b. Blowing snow.Blowing snow due to strong
to the rapid movement of winter pressure systems.surface winds can greatly reduce horizontal
visibility. Visibility of less than 1/4 mile is not
(2) Summer. Periodic increases in the unusual in light or moderate snow when the winds
prevailing nathwesterly winds during earsummer  exceed 25 knots. The composition of the snow and
generate clouds of sand and dust along a narrowthe effects of local terrain are as important as
corridor south of the Zagros Mountains and along meteorological factors in forecasting visibility
the Arabian shore of the Persian Gulf. The lateral reductions caused by blowing snow. The following
extent of these storms is usually small compared toforecasting hints may be helpful in forecasting
winter stoms. This summer Shamal wind may reduced visibility in blowing snow:
reduce visibility for 5- to 12-day periods during the
summer months. Dust is almost continuously raised » The stronger the windhe lower the
in the Mesopotamian lowlands (between the Tigris visibility in blowing snow. The converse is also
and Euphrates Rivers in Iraq) and transportedtrue; visibility usually improves with decreasing
southeastward in layers up to 12,000 feet thick.wind speed.
Duststorm activity rapidly decreases in SaudiArabia
in August as pressure gradients relax; it reaches an ¢ Moderate, dry, and fluffy snowfall with
annual minimum in late November. wind speeds exceeding 15 knots usually reduces
visibility in blowing snow.
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Table 1-2. Visibility limits based on precipitation c. Fog A general summary of characteristics
intensity. important to fog formation and dissipation are given
' — here. This is followed by general fog forecasting
Intensity \(/S'?'aﬁ'tlj'g kﬂ'ﬂ!f; guidance and guidance specific to advection,
Light rain showers As low as 5 miles radiation, and frontal fogs.
Moderate rain showers As low as 2 1/2 miles
Heavy rain showers As low as 1/2 mile (1) Formation. Fog forms by increasing
Light snow showers > 1/2 mile moisture and/or cooling the air. Moisture is
Moderate snow showers | > 1/4 mile but < 1/2 nfile  increased by the following:
Heavy snow showers < 1/4 mile

 Precipitation.

« Loose snow becomes blowing snow at wind
speeds of 10 to 15 knots or greater. Although any
blowing snow restricts visibility, the amount of the
visibility restriction depends on such factors as
terrain, wind speed, snowuth, and composition.

» Evaporation from wet surfaces.
» Moisture advection.

Cooling of the air results from the following:

* Snow cover that has previously been subject
to wind movement (either blowing or drifting)
usually does not produce as severe a visibility
restriction as new snow.

» Radiational cooling.
» Advection over a cold surface.

* Upslope flow.
e Snow cover that fell when temperatures pSIop

were near freezing does not blow except in very

. » Evaporation.
strong winds.

(2) Dissipation. Removing moisture and/or
heating the air dissipates fog and stratus. Moisture
is decreased by the following:

* Fresh snow drifts or blows at temperatures
of —20°C (—4°F) or less. After 3 or more days of
exposure to direct sunlight, snow forms a crust and
_does not read!Iy drift or blow. The cr.ust, howeve_r, * Turbulent transfer of moisture downward
is seldqm uniform across a snovvﬁeld. Terrain to the surface (e.g., to form dew or frost).
undulations, shadows, and vegetation often retard

the formation of the crust. * Turbulent mixing of the fog layer with

. : adjacent drier air.
« Long-term internal pressure changes in the

snow stabilize a snowpack that has been undisturbed

: » Advection of drier air.
for a long period.

» Condensation of the water vapor to

« |If additional snow falls onto smgack that clouds.

has already crusted, only the new snow blows or
drifts. Heating of the air results from the following:
* Blowing snow is a greater hazard to flying
operations in polar regions than in mid-latitudes
because the colder snow is dry, fine, and easily lifted.
Winds may raise the snow 1,000 feet above the
ground and lower visibility. A frequent and sudden
increase in surface winds in polar regions may cause
the visibility to drop from unlimited to near zero
within a few minutes.

 Turbulent transport of heat upward from
air in contact with warm ground.

» Advection of warmer air.

» Transport of the air over a warmer land
surface.
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» Adiabatic warming of the air through air, dense fog can occur with a relatively small water

subsidence or downslope motion. vapor content.
o Turbulent mixing of the fog layer with » After sunrise, the faster the ground
adjacent warmer air aloft. temperature rises, the faster fog and stratus clouds
dissipate.
* Release of latent heat associated with the
formation of clouds. » Solar insolation often lifts radiation fog

into thin multiple layers of stratus clouds.
(3) General Forecasting Guidance.ln
general: « If solar heating persists and higher clouds
do not block surface heating, radiation fog usually
» Fog may thin after sunrise when the lapse dissipates.
rate becomes moist adiabatic in the first few hundred
feet above ground. » Solar heating may lift advection fog into
a single layer of stratus clouds and eventually
» Fog lifts to stratus when the lapse rate dissipate the fog if the insolation is sufficiently

approaches dry adiabatic. strong.
» Marked downslope flow prevents fog (4) Specific Forecasting Guidanc€onsider
formation. the following when faced with advection, radiation,

or frontal fog situations.
* The moister the ground, the higher the
probability of fog formation. (a) Advection Fog. Advection fog is
relatively shallow and accompanied by a surface-
» Atmospheric moisture tends to sublimate based invesion. The dpth of this fog increases
on snow, making fog formation less likely. with increasing wind speed. Other favorable
conditions include:
» Rapid formation or clearing of clouds can
be decisive in fog formation. Rapid clearing at night e Light winds, 3 to 9 knots. Greater
after precipitation is especially favorable for the turbulent mixing associated with wind speeds more
formation of radiation fog. than 9 knots usually cause advection fog to lift into
a low stratus cloud deck.
» The wind speed forecast is important
because speed decreases may lead to the formation e Coastal areas where moist air is
of radiation fog. Conversely, increases can preventadvected over water cooled by upwelling. During
fog, dissipate radiation fog, or increase the severitylate afternoon, such fog banks may be advected
of advection fog. inland by sea breezes or changing synoptic flow.
These fogs usually dissipate over warmer land; if
« A combination advection-radiation fog they persist through late afternoon, they can advect
is common at stations near warm water surfaces. well inland after evening cooling and last until
convection develops the following morning.
* In areas with high concentrations of
atmospheric pollutants, condensation into fog can * In winter when warm, moist air flows
begin before the relative humidity reaches 100 over colder land. This is commonly seen over the
percent. southern or central United States and the coastal
areas of Korea and Europe. Because the ground
» The visibility in fog depends on the often cools by radiation cooling, fog in these areas
amount of water vapor available to form droplets is called advection-radiation fog, a combination of
and on the size of the droplets formed. At locationsradiation and advection fogs.
with large amounts of combustion products in the
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« Warm, moist air that is cooled to « Stable air mass with cloud cover
saturation as it moves over cold water forses during the day, clear skies at night, light winds,
fog: and moist air near the surface. These

conditions often occur with a stationary, high-
*« [fthe initial dew pointis less than the pressure area.
coldest water temperature, sea fog formation is
unlikely. In poleward-moving air, or in air that has » Relatively long time for radiational
previously traversed a warm ocean current, the dewcooling, e.g., long nights and short days associated
point is usually higher than the cold water with late fall and winter in humid climates of the
temperature. middle latitudes.

« « Sea fog dissipates if a change in wind * In nearly saturated air, light rainfall will
direction carries the fog over a warmer surface. trigger the formation of ground fog.

e+ An increase in the wind speed can * In valleys, radiation fog formation is
temporarily raise a surface fog into a stratus deck. enhanced due to cooling from cold air drainage.
Over very cold water, dense sea fog may persistThis cooled air can result in very dense fog.
even with high winds.
* In hilly or mountainous areas, an upper-
« « The movement of sea fog onshore to level type of radiation fog—continental high
warmer land leads to rapid dissipation. With heating inversion fog—forms in the winter with moist air
from below, the fog lifts, forming a stratus deck. With underlying a subsiding anticyclone:
further heating, this stratus layer changes into a
stratocumulus cloud layer and eventually into e» Often a stratus deck forms at the base
convective clouds or dissipates entirely. of the subsidence inversion and lowers. Since the
subsiding air above the inversion is relatively clear
(b) Radiation Fog.Radiation fog occursin  and dry, air at the top of the cloud deck cools by
air with a high dew point. This condition ensures long-wave radiational cooling which intensifies the
radiation cooling lowers the air temperature to the inversion and thickens the stratus layer.
dew point. The first step in making a good radiation
fog forecast is to accurately predict the nighttime s A persistent form of continental
minimum temperature. Additional factors include high-inversion fog occurs in valleys affected by
the following: maritime polar air. The moist maritime air may
become trapped in these valleys beneath a
« Air near the ground becomes saturated. subsiding stagnant high-pressure cell for periods
When the ground surface is dry in the early evening, of two weeks or longer. Nocturnal long-wave
the dew-point temperature of the air may drop radiational cooling of the maritime air in the
slightly during the night due to condensation of valley causes stratus clouds to form for a few
some water vapor as dew or frost. hours the first night after the air becomes trapped.
These stratus clouds usually dissipate with
« In calm conditions, this type of fog is surface heating the following day. On each
limited to a shallow layer near the ground; wind successive night, the stratus cloud deck thickens
speeds of 2-7 knots bring more moist air in contact and lasts longer into the next day. The presence
with the cool surface and cause the fog layer to of fallen snow adds moisture and reduces daytime
thicken. A stonger breeze prevents formation of warming, further intensifying the stratus and fog.
radiation fog due to mixing with drier air aloft. In the absence of airmass changes, eventually the
stratus clouds lower to the ground.
» Constant or increasing dew points with
height in the lowest 200 to 300 feet, so that slight *e The first indicator of formation of
mixing increases the humidity. persistent high-inversion fog is the presence of a
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well-established, stagnant high-pressure system at s Fog usually dissipates after frontal
the surface and 700-mb level. In addition, a strongpassage due to increasing temperatures and surface
subsidence inversion separates very humid air fromwinds.
a dry air mass aloft over the area of iatr The
weakening or movement of the high-pressure » Post-frontal, or cold-frontal, fog occurs
system and the approach of a surface front dissipatetess frequently than warm-frontal fog.
this type of fog.
es  Slow-moving, shallow-sloped cold

* Radiation fog sometimes forms about fronts (Figure 1-3), characterized by vertically
100 feet (30 meters) above ground and buildsdecreasing winds through the frontal surface,
downward. When this happens, surface temperaturgoroduce persistent, widespread areas of fog and
rises sharply. Similarly, an unexpected rise in stratus clouds 150 to 250 miles behind the surface
surface temperature can indicate impending frontal position to at least the intersection of the
deterioration of visibility and ceiling due to fog.  frontal boundary with the 850 mb.

» Finally, radiation fog dissipates from e Strong turbulent mixing behind fast-
the edges toward the center. This area is not anoving cold fronts, characterized by vertically
favorable area for cumulus or thunderstorm increasing winds through the frontal surface, often

development. produce stratus clouds but no fog.
(c) Frontal fog. Frontal fogforms from the 4. Moist Obstructions - Regional.
evaporation of warm precipitation as it falls into
drier, colder air in a frontal system. a. Europe The following rules have proven

useful in forecasting fog formation in Europe:
» Pre-frontal, or warm-frontal, fog
(Figure 1-2) is the most common and often occurs « Consider forecasting fog if you expect
over widespread areas ahead of warm fronts. precipitation, then clearing, and a ridge axis
upsteam. his is dependent on time of day, season,
*«\Whenever the rain temperature exceeds strength of the ridge, and other factors. Local rules
the wet-bulb temperature of the cold air, fog or of thumb are beneficial in this case; consult your

stratus form. local TFRN.
.
R
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Figure 1-2. Pre-frontal Fog Associated with Warm Fronts.This is most common type of fog,
and it often occurs over widespread areas ahead of warm fronts
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* Heating of 3° to 5°C at 850 mb, combined extensive rainfall. When this situation does occur,
with a slight cooling at the surface, are indicators of it is frequently associated with either a cold front
an inversion layer formation. from the northwest bringing moist North Sea air

into central Europe (upslope flow is generally

+ Do not forecast fog if 850-mb winds (or necessary) or a low moving northeastward from the
925-mb winds) are greater than 15 knots. (WindsBay of Biscay or Spain over France and bringing
below 2,000 feet above ground level should ideallywarm, moist air from the Mediterranean into central
be less than 10 knots). Europe.

* Under persistent high pressure, if the The following rules are useful in forecasting fog
850-mb temperature over the UK is higher than thedissipation in Europe:
sea surface temperature, poor visibility covers most
of the islands until cooling occurs in the 850- to * In central Europe, forecast radiation fog
500-mb layer. to last all day if it has not broken by the times listed
in Table 1-3.
» Fog is likely today if it occurred yesterday
and the synoptic picture has not changed (diurnal » Radiation fog becomes persistent from
persistence). September through early October when flow is
anticyclonic southerly or southeasterly, 850-mb
» The first indicator of the end of a fog temperature is 15°C or greater, and 850-mb wind is
episode is a change of flow aloft from anticyclonic |ess than 15 knots.
to cyclonic.
« If fog forms, it usually persists until the
« Different‘Baur weather types "are noted flow pattern changes, if the latest observed 850-mb
for the foggy conditions they bring to different temperature is higher than the previous day’s
regions of Europe. Use 2WWEurope Map Type  observed surface temperature.
Catalogs to associate various synoptic situations with

fog (and other weather parameder \Wblumes X » Forecast fog to be persistent if the
describes how to use the map type series. following conditions are simultaneously met:
» Frontal Fog. Fog and low ceilings are ¢ Anticyclonic southerly to southeasterly

less common during the summer, but the intrusionflow over central Europe and/or the UK.
of maritime air often brings low ceilings due to

Warm stable air

20,000

Stratiform clouds

COLD AIR flisi " WARM AIR

400 miles 300 200 100 Surface front 100 200

Figure 1-3. Post-frontal Fog Associated with Slow-Moving Cold FrontsPersistant fog may occur
with this type of cold front.
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e The previous day’s maximum surface b. United Kingdom Under persistent high
temperature is lower than the current 850-mb pressure, if the 850-mb temperature is higher than
temperature on the representative sounding. the sea surface temperature, poor visibility covers

most of the islands until cooling occurs in the 850-

e« The 850-mb wind speed is less than to 500-mb layer.

15 knots.
c. Mediterranean Fog over the interior regions
» Radiation fog is normally expected to is usually either radiation or radiation-advection
clear (visibility 1,000 meters or greater) when type fog, which form under the control of an initially
insolation raises the surface temperature to at leastvarm anticyclone. Upslope, advection, sea, and pre-
a saturated lapse rate from the surface to the fogrontal (warm-frontal) fogs account for most of the
top (Figure 1-4). Conditions should become 3,000 remainder of fog events. Often, low sun angles and
meters when the surface temperature rises enouglshort daylight periods do not create sufficient
to give a dry lapse rate from the surface to the topheating to dissipate the fog.
of the fog . Upslope and downslope effects are not
considered with this method. To our knowledge, (1) Southeastern Mediterranean Fog and
this technique hasn't been extensively tested in area$tratus. In summer, continental tropical (cT) air
outside the UK. develops over Middle East countries, the interior of
Turkey, and the lowlands around the Caspian Sea.

e |f 850-mb winds are between The cT air is drawn into the etesian winds over the
southwest and north, and less than 15 knots, denséegean and eastern Mediterranean. Moving over
fog forms in lower teain, but dissipates near noon. the water, the air cools from below, and its moisture

content increases.hik results in an inversion up to

e |f 850-mb winds are between north around 900 to 800 mb (dependent on the distance
and east, check inversion height and strength. Ofterof the over-water trajectory). If this air returns
two or even three inversions form. Fog is then inland, very low stratus with patches of fog occur
restricted to the lowest levels and usually dissipatesin the early morning hours because of radiational
quickly, unless the flow is upslope. cooling overnight. This low stratus is common in

the Nile delta, coastal strips of Egypt, Libya, Tunisia

e |f 850-mb winds are between east- and over islands besen Tunisia and Sicily from
southeast and south-southwest, regardless of speed/ay through September. Southern Turkey
and surface winds are east to northeast, fog formsexperiences short durations of higher stratus/
but dissipates very slowly. If the 850-mb stratocumulus during the summer months, usually
temperature at 0000 UTC becomes higher than theoccurring in the early morning hours. Afternoon
maximum temperature of the preceding day, fog is sea breeze moisture invades the area, but it is usually
likely to be persistent, unless the surface flow is displaced back out to sea as a nighttime drainage
downslope.

\
N
Table 1-3. Central Europe ~
radiation fog timing guidance. b i ™,
Month Time
September 09Z
October 10Z o
November 117
December 127 .
January 127 Figure 1-4. Radiation Fog. Dissipation occurs
when the surface temperature is raised to the
February 017 saturated lapse rate of the fog layer
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wind develops or the seasonal etesian wind takesortheasterly and after a high over the Sea of
over. Okhotsk migrates south.

(2) Winter Fog in the Northern » Sea fog may form if the dew-point
Mediterranean.(Ebro Valley, Spain; the Po Valley, depression is less than 9°C at 1200L and flow is
Pisa and Naples areas, Italy; the Plains of Thessalyeasterly.
near Larissa, Greece and Macedonia; near
Thessaloniki, Greece and parts of@pean Turkey). * Fog and stratus move over the area and
Winter fog develops under high pressure as soon asemains persistent if the SST and ambient air
cold-air advection stops and an inversion develops.temperature difference is small.

Look for the 0000 UTC 850-mb temperature to be
equal to or higher than the surface temperature at » Sea fog is likely if the surface dew point
0000 UTC The850-mb winds should be overlandis higherthan the sea-surface temperature.
southeasterly and less than 20 knots.
» Sea fog does not occur if cold advection
d. Northern Japan Sea Fog is caused by occurs in the layer from surface to 850 mb or if the
warmer air moving over the cold Oyashio Current, layer is dry.
which runs down the eastern shore of Hokkaido and
northern Honshu before subducting between 40° and » Do not expect sea fog or stratus once the
42°N. It occurs from late spring (May) into late SST reaches 20°C (usually late August and
summer (August) when the water and free air September).
temperatures are at their greatest contrast. In
addition, the seasonal easterly gradient windflow * The longer the fetch (path of air over
brings warmer air across this cooler water. Knowing water), the more persistent the sea fog.
sea surface temperatures (SST) and currents reveals
cooler pockets of water where sea fog forms. In » Sea fog occurs in spells. Each spell
addition, identifying low-level windflow determines usually lasts 2 or 3 days, but may last up to 10 days.
where this sea fog and stratus adis. The A sea fog spell may begin as radiational fog and
following rules of thumb help forecast sea fog: then transition into sea fog. Inside each spell, the
sea fog lifts and scatters over the land during the
» Sea fog forms from late March through day and lowers or returns in the evening.
August, with maximum occurrences in June and
July. Advection sea fog forms when relatively warm » Sea fog persists throughout the day with
air flows over cooler seawaters, and the lower layersoccasional drizzle if the top reaches 3,000 feet.
cool to condensation. This sea fog pushes onshore

with the sea breeze and can extend inland a » The fog has a tendency to dissipate earlier
considerable distance. each day with the progression of spring.
* High pressure to the northeast or east that » Sea fog and stratus burn off during the

causes easterly flow (northeast through southeastplay if the 0500L observed ceiling and/or visibility
may lead to sea fog formation. If a strong stationaryis greater than 200 feet/1/2 mile, with no broken or
ridge to the north-northeast of Japan stacks fromovercast deck above.
surface to 300 mb, then sea fog forms.
» Winds more than 20 knots cause sea fog
* When a migrating high reaches 140°E to lift into stratus.
and return flow is easterly, expect advecting sea fog
within 48 hours in May and within 12 to 24 hours » When the synoptic-scale flow is from the
in June and July. east over the southern half of the peninsula, fog
seldom forms to the west of the east coastal
» Sea stratus below 1,000 feet (with drizzle) mountains. Due to the adiabatic drying effect of
occurs within 8 hours after winds become this flow, it is responsible for the best visibility.
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» Radiation fog usually forms between » Morning fog occurs when precipitation
0000L to 0400L and usually dissipates between stops during the night with light winds.
0700L and 0900L.
» Expect dense, persistent fog with light
e. Central Japan The following rules apply  southerly winds from a subtropical high that persists
mainly to the Kanto Plain: for several days.

» Fog is persistent when a northeast flow g. Okinawa Fog is rare on Okinawa; when it
continues in the gradient layer. does form, consider the following:

» Morning fog occurs when precipitation » Patchy ground fog occurs in moist low
stops during the night with light winds. areas on nights with strong radiational cooling.

* In spring, radiation fog dissipates by » Expect fog during darkness in spring with
0900L. east through southeast winds 5 knots or less.

 With the formation of a strong Kanto Low » Sea stratus, not sea fog, forms in spring
in the afternoon, stratus and fog do not form until as a ridge moves to the east of Okinawa. Itis formed
the low fills. On these nights the formation does by southerly flow advecting moist air over cooler
not occur until 0200L or later. water surrounding the island.

» Suspect fog and stratus on any night the h. Korea.
1600L dew point is 18°C (65°F) or higher.
* Most dense fog occurs around sunrise
« Post-frontal fog and stratus seldom forms with surface winds from 90° to 120° and speeds 5

or persists after the 700-mb trough passes. knots or less.
» Seafog persists in early summer in coastal » Fog forms over most of central Korea
districts with northeast winds. during spring and fall when a migrating high stalls

over the peninsula for more than 24 hours.
» Sea fog begins to increase in May and

reaches a maximum in Jubnd August and » Sea fog forms from late March through
decreases in September. August with maximum occurrences in June and July.
» Sea fog forms within the southerly air » Sea fog begins as advection sea fog that
flow on the east side of a low or with the easterly forms when relatively warm air flows over cooler
flow on the southemn fringes of a high. seawaters and the lower layers cool to condensation.

Once formed, it pushes onshore with the sea breeze
 Sea fog persists if associated with a warm and can extend inland a considerable distance.
front and the air temperature is higher than the SST.
» The key to forecasting sea fog is to locate
« Sea fog may move inland 12-18miles. colder pockets of water and determine the low-level
windflow.
f. Southern Japan.
» The following four conditions are
» Fog, once formed, persists when a necessary for sea fog: relative humidity greater than
northeasterly flow exists through the gradient level. 70 percent, surface dew point minus sea-surface
temperature greater than 0, wind direction of 240°
» Expect fog with a weak pressure gradient to 320° (on the west coast), and wind speed less
on the southwestern side of a high. than 12 knots.
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» Fog depth depends on the height of the temperatures are colder than —39°C (—-39°F),
inversion and the amount of turbulent mixing. If temperatures do not warm to —37°C (—34°F) until a
the four conditions below are met, consider major change in the weather pattern occurs.
forecasting radiation fog:

 In November, February, and March there
s Winds less than 7 knots, clear skies. is enough solar heating to warm the temperature to
above -37°C (-34°F) by 1400L.
e Thin cirriform cloud cover.
» When temperatures are colder than
*« Radiational cooling dropping the air —-39°C (-39°F), 2200L to 0300L, there is a
temperature to equal or nearly equal the dew point.50 percent chance of visibility being above 1/2 mile.
At—-39°C (—39°F) and colder temperatures, visibility
s Constant or increasing dew points with is above 1 1/2 miles only 30 percent of the time at
height in the lower 200 to 500 feet. any time of the day.

i. Alaska. Ice fog is caused by extreme cold * When temperatures range from -37° to
temperatures, —32°C (—25°F) and colder, and the-39°C (-34° to —39°F), visibility is above 1 1/2
availability of water vapor and pollutants in the miles 80 percent of the time between 2000L and
atmosphere from human activity. Temperature, 0700L, and below 1 1/2 miles 80 percent of the time
time, availability of water vapor, and the availability between 1000L and 1600L.
of pollutants control the development of ice fog.

j- Northern Gulf of Mexica Sea fog and stratus
* Ninety-five percent of visibility can affect extensive areas of the northern Gulf of
restrictions below 3 miles and 98 percent of the Mexico, especially during winter and early spring
restrictions below 1/2 mile occur after temperatures months (December to March). Polar and/or arctic
drop below —39°C (—39°F). outbreaks bring colder air south across the Gulf and
cool the shallow waters near the shore. Cooler water
» Over 99 percent of the time, visibility from major rivers emptying into the Gulf also adds
rapidly improves to above 1 1/2 miles as to the cooling of the immediate coastal waters.
temperatures warm to —37°C (-34°F) and improves
to above 3 miles when the temperature warms toSea fog during winter and early spring occurs with
-36°C (—33°F). several synoptic patterrisee Table 4). The
coldest air masses of the season usually invade the
» The most likely time for temperatures to Gulf during January and February, creating ideal
grow colder than —39°C (—39°F) is between 0600L conditions for widespread sea fog. The four
and 1000L. During December and January, if different types of sea fog identified in the northern

Table 1-4. Guidelines for forecasting sea fog and low stratus in the northern Gulf of Mexico from
December to March.

Type of Sea Fog Ceilings Visibility Occurrence | Frequency
(hundreds of ft) (miles) %
Warm Advection <5 <2 Occasional 50
(cooling) 5-10 2<6 Frequent
> 10 >6 Frequent
Cold Advection <5 <2 Occasional 25
(evaporation, steam) 5-10 2-3 Frequent
> 10 >3 Occasional
Frontal <5 <2 Frequent 20
(along and 50-70 NM north of 5-10 2-4 Occasional
warm or stationary front) >10 >4<6 Occasional
Radiational <2 <1/2 Frequent 5
(light wind--clear skies) > 2-5 >1/2<2 Occasional
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Gulf are warm advection (cooling), cold advection northwest over the northern Gulf. The warm, moist
(evaporation/steam), frontal (mixing), and air flowing over the colder, shallower waters of the
radiational. Of the four types, warm advection and continental shelf produces tfugy. Figurel-5 shows
cold advection fog are most prevalent. the location of the continental shelf. The warmer
air eventually becomes maritime tropical (mT) if
The following synoptic patterns are responsible for return flow continues long enough before another
sea fog development in the Gulf of Mexico: cold front moves into the Gulf. Figure 1-6 illustrates
a typical wintertime synoptic flow pattern that is
(1) Warm Adection Fog.High pressure over  conducive for the development of advection fog.
the southeast United States produces warmThis is a stable pattern with the prevailing surface
advection fog with the return flow from this pattern. wind direction from southeast to southwest (120°
Cool air flows out of the high, becomes modified to 220°), which brings warm moist air over colder
over warmer water, then spreads to the north orwater. The scalloped area denotes areas of potential
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Figure 1-5. Continental Shelf in the Northern Gulf of Mexico.Contour
shown at 200-meter depth.
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Figure 1-6. Wintertime Synoptic Pattern for Sea Fog over the Northern
Gulf of Mexico. This pattern brings warm, moist air over colder water.
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sea fog; dashed lines are sea surface temperaturedea fog is usually less than 330 feet deep, depending

in °C. on the wind speed. This type of fog is usually
extensive with a long duration. Depending on the

Use Figure 1-7a to help forecast the occurrence ofsynoptic pattern and wind profile, this type of fog

sea fog under these situations. Figures 1-7b anctould last for several days.

1-7c give estimates of visibility with sea fog using

water temperature (J and dew-point depressions Sea fog duration and dissipation in the northern Gulf

(T, minus T, where Tis atmospheric temperature). of Mexico depends strongly on wind speed, dew
point (T ), and water temperature (T

32 ] | T
x|  NOFOG |
24 %mi (3200m- 9000m) ]
20 -
Wind FOG
Speed 16 -
(kts)
12 -
8 -
4 -
1 I I
0 1 2 3 4
Ta -Td (°C)
a.
] 1 ] 1 1 ] 1 I 1 | 1 1 1
T NO FOG m °r NO FOG N
4 - — 4 - —
3 °r 2<6 mi B
B 22 mi <6 mi - Ta-Td 22<6 mi
Ta-Td 9 3200m - 9000
?oc) ) (3200m - 9000 m) C) o= (3200m m) -
; FOG
] FOG = -
<2 mi (3200 m) \ ob Il <2mi (3200 m) ~N |
ol- FOG _
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Figures 1-7a, 1-7b, and 1-7cOccurrence of Sea FogGiven the synoptic pattern depicted in Figure 1-6,
the occurrence of sea fog can be forecast by comparing (a) wind speed and dew-point depresgjon (T
where T is atmospheric temperature angdi§ dew-point temperature); (b) and (c) show how estimates of
visibility can be obtained by using water temperaturg @hd dew-point depressions.
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« T, of 20°C (68°F) is critical for
development of significant sea fog (visibility less
than 2 miles).

» T, of 20° to 24°C (68° to 75°F) causes
light to moderate fog (visibility 2 to 6 miles).

« T, above 24°C (75°F) means fog is
unlikely.

* If the dew-point depression (fiinus T)
is greater than 3°C (6°F), then fog is unlikely
regardless of Tsubtracted from T

» Cold advection causes visibility greater
than or equal to 3 miles.

» Fog is unlikely with relative humidities
less than 83 percent.

» Dense fog is normally found with relative
humidities greater than 90 percent with minus
T, less than or equal to 15°C (59°F).

(2) Cold Advection FogStrong (winter), cold
high pressure over the western United Stateses

Surface Weather Elements

the Gulf of Mexico. The wind direction is normally
from northwest to northeast (310° to 040°). The
lowest visibility is found with relative humidities
of 90 percent or greater, andsubtracted from J
less than or equal to 15°C (see Figure 1-8).

* Visibility can be zero even with a north
wind of 30 knots.

 This sea fog type forms in an unstable air
mass and the fog depth is usually about 110 to 120
feet.

» Steam fog duration is normally less than
18 hours, with dense steam fog typically lasting 6
hours or less.

» Areas of dense steam fog are usually not
as widespread as fog.

» Refer back to Table 1-4 for the various
ceilings, visibility, and frequency of occurrences
with this type of fog.

(3) Radiation FogHigh pressure with a weak
gradientover the northern Gulf of Mexico causes

cold advection fog, commonly known as steam fog. calm seas with light winds and clear skies. These
Colder air accompanied by moderate-to-strong wind conditions form a rare type of radiational sea fog.

flows south over relatively warmer waters such as

70— -
NO FOG
80— -
(Ro/i-; <3 mi (4800 m)
N FOG
90 -
<2 mil (3200 m)
FOG
100 | L L I
6 9 12 15 18
Tw -Ta (°C)

Figure 1-8. Occurrence of Steam Foddetermine
steam fog visibility over the northern Gulf of
Mexico by comparing relative humidity with the
difference between the air (Tand water
temperatures (J).

(4) Frontal Fog. A warm or stationary front
in the northern Gulf of Mexico causes a frontal type
fog commonly known as mixing fog. The fog is
formed when warm, moist air overruns a shallow
layer (330 to 990 feet) of cold air near the surface,
as well as evaporation of warm precipitation into
the cold air.

D. VISIBILITY FORECASTING AIDS/
TECHNIQUES.

1. Using Streamlines to Facast Visibility Near
the Coast Fog and stratus form near coastlines
where moist air flows over cooling land. Surface
streamlines can be used to forecast fog and stratus
in those agas. Taise streamlines effectively, follow
three rules:

* Look at all available observations in the
area.
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« Consider sea surface temperatures. Some  Connect the plotted temperature values
of the continental United States (CONUS) area with a line, extending the line to the right edge of the
bulletin headings are MTUE KNWC, MTUM  graph. Similarly, connect the plotted dew-point values
KNWC, and MTUW KNWC. Check the U.S. Navy, and extend this line to the edge of the graph.
Internet, or local sources for non-CONUS sea

temperatures. * If the lines do not intersect—stop; do not

forecast fog for the following 4 hours. If the lines

« Refer to a topographical map. The scale do intersect, from the point of intersection you can

must be large enough to show detailed terrainfind the forecast time by proceeding vertically
features. Follow the flow over terrain or across land- downward to the time scale. Add “N” to the forecast

sea boundaries to identify the heating, cooling, andtime to arrive at an onset time for the fog. For
lifting processes. example, irFigure1-9 if the current time was 0900
UTC, then forecast fog at 1200 UTC (0900 + 3

2. Graphical Method for Forecasting FagThis hours).
method is valid for short (0 to 4 hours) periods and
all times of day. The previous 3- and 6-hour 3. Determining Fog Height An upper-air
temperature and dew point and graph paper are theounding taken when fog is present usually shows
only tools required. Use the temperature scale ina surface inversion. If the temperature and dew point
effect for the period being plotted on the graph. Forremain equal to the top of the inversion, assume
example, Figure 1-9 shows aY-axis scale gradationfog extends to the top of the inversion. If they are
from +4 to —2 because the 6-hour temperature waghot equal, average the mixing ratio at the top of the
4°C and dew point was —2°C. If the 6-hour inversion and the mixing ratio at the surface. The
temperature and dew point was 20°C and 15°Cintersection of this average mixing ratio with the
respectively, then use a Y-axis gradation from 20 totemperature curve is a good estimate of the top of
15. Apply the following when using the graph: the fog layer.

« Plot the current temperature (T) and dew 4. Determining Surbice BmperatureNeeded to

point (T)) on the vertical line labeled “N”.
a. Form Radiation Fog (Fog Point) This value
« Plot the 3-hour old temperature and dew indicates the temperature (°C) at which radiation
point on the vertical line labeled “N-3, the 6-hour fog forms. Todetermine the fog point, find the
old data on the “N-6" line. pressure level of the lifted condensation level (LCL).
From the dew point at this pressure level, follow

Time in 30 Minute Increments Time in 30 Minute Increments
e e

™ ¥a
410 40
3 0 3 O
2 0 2 3
1 1 >

=
0 0 0 3
prd
-1 0 -1 2
]
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Figure 1-9. Graphical Method of Determining Fog Occurrence Method uses previous 3- and 6-hour
temperatures and dew points.
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the saturation mixing ratio line to the surface. The 1-5 to determine the likelihood of radiation fog
isotherm value at this point is the fog point, or the formation.
temperature at which radiation fog forms.
Fog Threat = WBPT,,, — Fog Point
Note: TheBritish Quick Fog Point (BQFPpicked
up by UK forecasters while deployed in the former 6. Fog Stability Index (FSI) The Fog Stability

Yugoslavia areas, may also prouseful. This Index (FSI) was developed and tested by Herr
parameter is valid as long as there is moisture on Harald Strauss and 2WW for use in Germany in the
the ground: late 1970s. Using the representative 1200 UTC

sounding, the FSI is designed to give you the
BQFP = Dew-point temperature (°C) (at max likelihood of radiation fog formation (see Table 1-
heating) — 2 6), and is defined as:

b. Dissipate Radiation Fag FSI = 4T, - 2(T,, + Tdg,) + W,

Step 1 Determine the average mixing ratio Where,
on your local upper air sounding at the lowest 50 to

100 mb of the sounding. Ty, = Surface temperature in °C.
Tgs, = 850-mb temperature in °C.
Step 2 Find where the mixing ratio line Td,, = Surface dew pointin °C.
intersects the temperature curve. W, = 850 mb wind speed in knots.
Step 3 Descend from this intersection, dry « Stability from the surface to 850 mb is

adiabatically, to the surface pressure. The the main feature and is denoted by the temperature
temperature of the dry adiabat at the surface is thelifference between layers.
temperature necessary.
» Moisture availability is given by the
Note: The temperature is approximate, since the surface temperature and dew-point spread.
method assumes no changes take place in the
sounding from the time of observation to the time « The 850-mb wind speed is included for
of dissipation. the amount of atmospheric turbulence in the lower
layer.
Step 4 Modify the fog dissipation
temperature to reflect changes in local and synopticNote: Thresholds may require some adjustment.
scale patterns and local effects. Test results showed that this should not be used as
the sole predictor. An AWDS command sequence
5. Fog Threat This value indicates thpotential can be made for this parameter. T-TWOS #29 has
of radiation fog formation. It is calculated by additional informéion. The fornula may also be
subtracting the fog point from the 850-mb wet-bulb entered as an AWDS Skew-T Severe Weather
potential temperature (WBR]). Refer to Table  Algorithm.

Table 1-5. Fog threat thresholds indicating the ~ Table 1-6. Fog stability index thresholds

likelihood of radiation fog formation. indicating the likelihood of radiation fog
Fog Threat Likelihood of Radiation Fog formation.
>3 Low FSI Likelihood of Radiation Fog
>0 and< 3 Moderate > 55 Low
<0 High > 31 andk 55 Moderate
<31 High
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7. Skew-T Telenique. Note: To our knowledge, « If a radiation inversion has not formed
this technique hasn't been extensively tested outsideon the 0000 UTC sounding, the point 35 millbars
the UK. The following technique modifies the 0000 above the surface is joined to the night minimum
UTC sounding so it is representative of conditions surface temperature (without subtracting 1.5°C) and
near sunrise. It estimates the top of radiation fog the fog top is estimated as in the above paragraph.
(visibility less than 1,000 meters) at dawn so that a
fog dissipation temperature can be forecast. It » Use of the Teknique in Forecasting
requires that little or no advection is taking place. Dense Fog. If the forecast temperature curve near
The average depth of the radiation inversion is aboutthe surface shows a significant area of saturation, it
35 mb. Once the radiation inversion initially forms, stands to reason that dense fog is likely. The theory
the height of the top of the inversion rarely rises is similar to that of the fog point in that the amount
more than 5 mb from its initial height from 0000 to of low-level moisture is critical to fog formation.
0600 UTC. Thetemperature at the top of the
inversion decreased on averagelby°C. This 8. Forecasting Yibility Using Climatology
information is used to construct the following Climatology provides trends and averages of a
technique for modifying your 0000 UTC sounding variety of weather occurrences over a period of
for conditions near sunrise; letters in parenthesesyears. Consult it first to identify prevailing ceiling
below refer to Figurd-10. and visibility for the location and time of interest.

Climatology can also be used to estimate diurnal

« If the nose of the radiation inversion has variations of temperature and dew point at your
already formed at 0000 UTC, the top of the station as a function of the time of year and general
inversion is raised by five millibars (A) and the synoptic conditions. There are several AFCCC
temperature is decreased by 1.5°C (B). This pointsources of climatological data available from their
is joined to the forecast night minimum surface homepage or from tiér Force Wegher Tebnical
temperature (C) by a straight line on the Skew-T Library (AFWTL).
(D). Itis assumed that the dew-point curve changes
little in the period from midnight to dawn (little or a. Modeled Ceiling and Visibility (MODCV)
no advection). Therefore, the point where the new MODCYV is a software program that provides
temperature curve intersects the 0000 UTC dew- climatologically based forecasts for ceiling and
point curve (E) represents the fog top at dawn.

NN \
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FCST TMP curve)
Intersects DFTl I B.
Clrve 1.5°C
S || 5 I
D ) My Nl
IF'CET TMP cumrEl — /'-— H
L
1000 |
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Figure 1-10. Skew-T Method for Estima&ing the Top of
Radiation Fog. Uses data at sunrise to calculate the dissipation
temperature.
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visibility (MODCYV is gradually replacing the older c. Station Climatic Summaries These are
Wind-stratified Conditional Climatology (CC) regional collections of individual station climatic
tables). Use this program as a guide to what is likelysummaries for seven major geographical areas.
to happen based on current conditions. It is best toThese summaries normally include monthly and
use MODCV after fog has formed and when annual climatic data for the following elements:
conditions will improve. Adjust the display to meet temperature (means and extremes, daily and
current or expected weather conditions that affectmonthly), relative humidity, vapor pressure, dew
visibility forecasts. Mis data can prevent over- point, pressure altitude, surface winds, precipitation,
forecasting an unfamiliar situation or help refine a mean cloud cover, thunderstorm and fog occurrence
best-guess forecast. (mean number of days), and flying weather by
ceiling and visibility categories. Station climatic
« MODCYV output can be a very valuable summaries include both a station's SOCS and
tool, but do not use it blindly or indiscriminately. It climatic brief, as described below.
is based on the month, time of day, wind direction,
and the initial ceiling and the visibility category at d. Surface Observation Climatic Summaries
your station—it only indirectly considers the (SOCS) SOCS contain the percentage frequency
synoptic situation. It is generally not useful in of occurrence of ceiling and visibility based on
forecasting low ceilings and visibility due to smoke month, time, wind direction, and wind speed. The
or duststorms. SOCS replaced the Revised Uniform Summary of
Surface Weather Observations (RUSSWO) in July
 While the numbers in the data are 1988. Each SOCS summarizes hourly observations
important, the trends they represent are more(and summary of dayata) for a given weather
important. Consider these trends in the light of the station in eight categories: atmospheric phenomena;
normal diurnal changes that take place at yourprecipitation, snowfall and snow depth; surface
station. Look at the values above and below yourwind; ceiling, visibility, and sky cover; temperature
category—do they follow the same trends? If the and relative humidity; pressure; crosswind
wind sector is near the border of another, look at summaries; and degree days. Each SOCS includes
both sectors and the “all” wind category. If winds a Climatic Brief, described below.
are light, look at the “calm” category. Remember
look for trends as well as numbers. e.Climatic Briefs These are two-page
summaries of monthly and annual climatic data for
» When there are very few observations in any station with a SOCS, as part of a larger
the category (less than 10), there may be insufficientpublication entitled Station Climatic Summaries.
examples to make a good émast. Vden six or  This product consists of a seven-part series that
seven cases all follow the same pattern, use theseomprises North America; Latin America; Europe;
data with a fair degree of confidence. When four or Africa;Asia;Antarctica, Austalia, and Oceania; and
five cases, or the few cases you have, show no setySSR, Mongolia, and China. The publications also
pattern, confidence is low. include collections of the Operational Climatic Data
Summaries (OCDS).
b. Modeled Diurnal Curves (MODCURVES)
This product provides summarized parameters f. Operational Climatic Data Summary
including temperature, dew point, and relative (OCDS) This product is a summary of monthly
humidity by hour for stations from which surface and annual climatic data prepared manually when
observations are available. The product providesthe creation of a standard computerized climatic
data in monthly increments and includes four wind brief is impractical due to lack of data. The most
sectors and two sky cover cateiger \alues are  recent 10-year period of record is used unless more
displayed in graphic and tabular form. These data is available. Data is supplemented from other
summaries resemble older temperature/dew-pointsources such as earlier periods of record, data from
summaries, but are menu driven in a Windows contemporary and/or earlier stations, and published
environment. data from other sources.
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g. International Station Meteorological to-vision forecasts are for one of the categories
Climate Summary (ISMCS) ISMCS is a joint  shown in Table 1-8 for the CONUS and Alaska.
USN/NOAA/USAF-produced CD-ROM that
contains station climatic summaries. 10. Some Hknal Thoughts on \sibility

Forecasting Experience plays an important role in

h. Regional Climatological Studies.These determining visibility. Note the following:
AFCCC technical notes describe the major
meteorological features and seasonal climatic a. Actual Preailing Visibility. A drop in
controls on fog and other weather parameters in visibility (i.e., from 25 miles to 15 miles) could
specific regions of the earth. indicate a significant increase in low-level moisture

that could go unnoticed if reported as 7+ miles.

i. Theater Climatic Hes. These products
consolidate climatological information for various b. Sector V&ibility. If sector visibility is
regions around the world. The tailored information significantly different from prevailing, it could mean
for each region is provided on one compact disk. something significant is occurring. For example,

the lowering of sector visibility could mean a fog
Note: These forecasting aids are available at mostbank is forming or that dust is rising due to an
weather stations or can be ordered through theincrease in winds from a thunderstorm.
AFWTL.
c. Obstuctions to Visibility Reports should
9. Forecasting &ibility Using Model Output include what is obstructing vision (i.e., fog, smoke,
Statistics (MOS) GuidanceMOS is an excellent  haze, etc.) as well as an estimated layer height top
tool to help forecast visibility and vision and/or base. For examplgsibility 10 miles in haze,
obstructions. As always, it's important to initialize top of haze layer approximately 1,500 féatludes
and verify the model before using MOS. haze as being the obstruction to vision and identifies
the layer of haze.

a. Visibility (VIS). Visibility forecasts are valid
every 3 hours from 6 to 36 hours, then every 6 hours  d. Tops and Bases of Haze LayefBhese are
from 42 to 60 hours after 0000 and 1200 UTC. In important because they may mark the bases of
the CONUS and Alaska, MOS visibility forecasts inversions. Tops and bases of haze layers are usually
are grouped by categories as shown in Table 1-7. difficult to estimate, but a definite top and/or base

is sometimes detectable when looking towards the

b. Obstruction to Vision (OBVIS) Visibility horizon. Determine the height by noting the
forecasts are valid every 3 hours from 6 to 36 hours, orientation to higher terrain,ges, or buildings, if
then every 6 hours from 42 to 60 hours after 0000 available. Pilot reports of haze tops and/or bases
and 1200 UTC. Inthe CONUS, MOS obstruction- are also useful.

Table 1-7. MOS visibility (VIS) categories for  Table 1-8. MOS Obstuction to Visibility

the Continental United States and Alaska. (OBVIS) categories for the Continental United
States and Alaska.

MOS VIS Category Visibility (Miles) MOS OBVIS Category | Obstruction to Vision

1 <1/2 l': Eog
aze
<

2 b2<1 B Blowing Phenomena
3 1<3 N Neither Fog, Haze, nor
4 3<5 Blowing Phenomena
5 >5 X Missing Data
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II. PRECIPITATION. For precipitation to occur, temperatures colder than —12°C; in 63 percent of
two basic ingredients are necessary: moisture andthe cases, with cloud-top temperatures colder than
a mechanism for lifting (i.e., expanding and cooling) —20°C.

the air sufficiently to promote condensation. Lifting

mechanisms include convection, orographic lifting, Table 1-9 illustrates the relationship between cloud-
and frontal lifting. There are many techniques and top temperatures and the probability of showery
methods available for forecasting precipitation.  precipitation in the United Kingdom.

A. PRECIPITATION GENERAL GUIDANCE. Table 1-9. Relationship between cloud-top

temperatures and showery precipitation.
1. Extrapolation. Extrapolation works best in

short-period forecasting, especially when Cloud-top Shower
precipitation is occurring upstream of the station. Temperature Probability
First, outline areas of continuous, intermittent, and 0°to -12C Slight possibility
showery precipitation on an hourly or 3-hourly 13 to -40C Likely
surface product. Use radar and satellite data t -
refine the surface chart depiction. Use different Below -40C Almost certain

types of lines, shading, or symbols to distinguish 3. Dew-point DepressionAn upper-level dew-
the various types of precipitation. Next, compare point depression less than or equal to 2°C is a good
the present area to several hourly (or 3-hourly) pastyredictor of both overcast skies and precipitation.
positions. If the past motion is reasonably pew-point spreads less than or equal to 2°C on the
continuous, make extrapolations for several hours.g5g. and 700-mb forecast products are a good
(Note: Consider local effects that may block or slow jngication of potential precipitation, assuming there
the movement of the extrapolated area.) is potential for upward vertical motion.

2. Cloud-top Temperatures The thickness of 4 Associating Precipitation with Fronts.
the cloud layer aloft and the temperatures in the

upper-levels of clouds are usually closely related a. Cold fronts A cold front moving
to the type and intensity of precipitation observed soytheastward into the central and eastern United
at the surface, particularly in the mid-latitudes. gtates may produce widespread, prolonged poor
Climatology reveals the following: weather. After passage of the cold front, a band of
stratiform ceilings with fog, drizzle, rain or frequent
* In 87 percent of the cases where drizzle was gnow 200 to 500 miles wide often forms behind the

reported at the surface, the cloud-top temperaturegont, bringing several days of bad weather.
were colder than —5°C.

(1) Synoptic Pattern. With the following

~* In95 percent of the cases during continuous sequence of events, expect widespread post-frontal
rain or snow, the cloud-top temperatures were colderyeather.

than —-12°C.

* A cold front moves into the area east of the

* In 81 percent of the cases, intermittent rain Rockies, followed by a rather shallow dome of cold
or snow fell from the clouds with cloud-top gtinental air.
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e Figure 1-11 shows a thermal ribbon at front; weather associated with more northerly
500 mb. Dot consider an area part of the ribbon oriented fronts (050° to 230°) usually extends only
when the isotherm spacing becomes greater than 15@00 miles behind the front. In general, the more
miles. east-west the frontal system, the slower the weather
pattern movement. Note the extent of precipitation

with the east-west orientation of the surface front
in Figurel-12.
R I
+ P
24 Hour Ny ’.f
Precipitation s
e Frpian
- Surface Chart
Depression < 5°C '\\
Figure 1-11. Themal Ribbon Spacing. A -
thermal ribbon is three or more nearly parallel
isotherms in 5°C increments with spacing 2y

between isotherms about 50 to 150 miles. Figure 1-12. Widespread Precipitation Scenario

The resulting spread of precipitation 24 hours after
The 24-hour forecast pOSItIOﬂ of the 500-mb troughthe System shown iﬁigure 1-13.

remains west of the affectedear Any notherly

flow below 500 mb tends to disrupt the thermal field. (2) Forecasting Procedures foot-Frontal

* The pre-trough air at 850 mb has a dew- Precipitation and Wetaer.

point depression of 5°C or less. Step 1 Determine whether a packed thermal

« The 500-mb system must lag behind the gradient on the 850-mb chart is present.

short-wave 850-mb dugh. Wether in this post- Step 2 Forecast the 24-hour movement of

CO!O.I frontal pattern normally_lncludes the usua_l low the 500-mb trough. If the forecast calls for eastward
ceilings and gusty surface winds associated with the .
movement or the retrogression of the 500-mb

cqld front: Expect the worst c_qndltlons 2510 75 trough, the flow at 850 mb behind the trough decays

miles behind the front where ceilings are 200 to 600 and leaves the isotherm ribbon in an area of weak

feet and visibility of 1/2 to 2 miles can occur in rain, :

snow, and fog. From 75 to I50 miles behind the flow. This decay generally proceeds from south to

front, ceilings average 500 to 1,000 feet with rain or ngrth. If the 500-mb trough progresses normally
with the 850-mb trough, the thermal ribbon moves

show and pOSS'.ny freezing rain. Beyond the 159- with the surface front and widespread post-frontal
mile range, ceilings are above 1,000 feet with rain
g)/veather does not form.

or snow showers. In most cases, a band of freezin
rain is present in areas between the 850-mb 0°C and

surface 0°C isotherms. Step 3 Determine if the 850-mb pre-trough

air has dew-point depressions of 5°C or less. See

The orientation of the front is also an important Figure1-13.

indicator of the nature of the post-frontal weather.
Weather associated with east-west oriented cold
fronts usually extends 500 miles to the rear of the

Note: If all three of the above are present, then
conditions are potentially good for widespread post-
frontal weather and proceed with Steps 4 and 5.
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Step 4 Forecast the 24- and 30-hour position
of the surface cold front.

Weather persists until one of the following occurs:

» The 700-mb trough axis passes east of the
area.

oI .-_||-i — I-‘t:
« Cyclogenesis takes place and associated=s:=+—= M-H__-;_-_,'*
temperature advection disturbs the pattern.

" i -:fn}?ﬁ-’%‘— — ‘y
[Degpreasion = 5°1 H"'\-\. Nl'.l'_
Step 5. Forecast the area of bad weather by

. . . Figure 1-13. The 500-mb Product The 500-mb
using the cold front as its leading edge. If the front trough retrogrades slightly on the northern end and

is oriented more north-south than a 50° to 230° axis, .
. . moves slowly east to the southern end. Within 24
expect bad weather to stretch 200 miles behind the, " - "a=6. b winds over the ribbon south of

front. If the front is more east-west than a 50° to the Great Lakes had fallen to almost calm
230° axis, expand the area to 500 miles (see Figure '
1-12).

« A new cold front moves in, breaking the
pattern.

e The 925-mb or 850-mb product reveals if
In any case, bad weather persists until active coldthe available moisture to the south and the wind
air advection is established. In persistent cases oflow are favorable for the advection of this moisture
poor post-frontal weather, the southerly flow into the area.
gradually modifies the thermal field while
intermittent precipitation lowers ceilings and * The 700-mb product reveals if the thermal
visibility. When cyclogenesis occurs in an area of structure is adequate to produce overrunning
persistent post-frontal weather in the Midwest, the precipitation. In general, overrunning requires
added vertical motion produces bad weather overwarm-air advection and cyclonic curvature at 700
the entire eastern United States. mb to produce significant precipitation. Therefore,
the outer limits of overrunning precipitation are
b. Warm Front—Overrunning. Overrunning  usually the 700-mb ridge line in advance of the
precipitation occurs in association with active warm system (beginning of precipitation) and behind the
fronts, surface cyclones passing south of yoursystem where the wind changes from veering with
station, stationary fronts, and to a lesser degree, wittheight (warm-air advection) to backing with height
slow-moving cold fronts. Stratus is a by-product (cold-air advection and the ending of precipitation).
and geneally results from the evaporation of
relatively warm precipitation into cooler air. The Figurel-14 is an idealized model of an overrunning
cold-air sections of a cyclone or frontal zone must precipitation pattern that occurs with an active warm
have precipitation to have overrunning conditions. front to the north of a surface cyclone. Figli¥&5
depicts stationary front type overrunning. The
Use 925-mb or 850-mb (whichever is more location of the precipitation area is dependent upon
applicable for your location) and 700-mb products the moisture source. In this case, the moisture is of
to determine whether sufficient moisture and maritime Polar (mP) origin. Had it originated in
sufficient vertical motion are present to produce the Gulf of Mexico, the precipitation area would
overrunning precipitation: displace further south.

Forecasting the onset of overrunning precipitation
associated with a stationary front is a difficult task
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700mb Flow— = — -
850mb Flow ——»

Yeering Heginnm

[Owerrunning]

Figure 1-14. Overmunning Associated with a  Figure 1-15. Overrunning Precipitation
Typical Cyclone. This pattern occurs with an active Associated with a Stationary Front. This type of
warm front to the north of a surface cyclone overrunning occurs well to the north of the surface

: : frontal zone.
near the surface dnt. The pimary concern is

moisture advection over the top of the cold air

(consider the 925-mb or 850-mb product first). Except for the upward motion, the requirements for
During the long time span between 850-mb drizzle can be determined by inspecting products.
products, monitor other data, especially those closévertical motion at 700 mb generally is not relevant
to a moisture source. A good indicator is the increaseto fog and stratus. The 850-mb Q-vectors may be
of low-level cloudiness at the warm stations useful at stations at elevations closer to 850 mb.
upstream. Advect this moisture at the speed of the

low-level winds. Dissipation takes place with one Note: T-TWOS #1 has detailed information on Q-
of the following two occurrences: vectors and their applications.

« When an upper-level short wave (watch The vertical motion of concern is near the ground;
upper-level analysis and vorticity forecasts) forms identify it by drawing streamlines on surface work
a low on the stationary front and the low moves charts to locate and track local axes of confluence.
through. Make a reasonable estimate of whether surface

confluence is stronger or weaker than usual. Drizzle

« When the 700-mb flow changes from onset is faster and more likely with stronger
cyclonic curvature to anticyclonic curvature. confluence.

5. Drizzle Formation.The basic requirements for Sometimes upslope flow and sea breeze confluence
significant drizzle are: produces the gentle vertical motion needed without
observations that indicate local confluence.
» Acloud layer or fog at least 2,000-feet deep. Similarly, persistent large-scale southerly flow
naturally converges as it moves northward and can
* Cloud layer or fog must persist several provide the needed low-level gentle upward motion.
hours to allow droplets time to form. Finally, the lift associated with the front supplies
the needed upward motion to generate large areas
« Sufficient upward vertical motion to of fog and stratus. In many of these instances, it is
maintain the cloud layer or fog. possible to observe the onset of drizzle at stations
upstream and to extrapolate. Extrapolation may
» A source of moisture to maintain the cloud serve only to improve timing on arrival of
or fog. (Light drizzle can fall from radiation and conditions.
sea fog without the help of upward vertical motions).
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When extrapolating, remember the nature of thethe 850- to 700-mb, 1,530 meter thickness line.
drizzle process. The drizzle area is likely to move Studies show snow is rare when the 850- to 700-mb
or expand discontinuously since it is strongly thickness is greater than 1,550 meter, or the 1000-
dependent upon the lifetime of the cloud. to 500-mb thickness is greater than 5,440 meters.

This has been limited to warm (above 0°C) and a. Analyzing/Extrapolating Patterns
supercooled water clouds between —10°C and 0°C.

At colder temperatures, the clouds are likely to have (1) Method 1.Figure 1-16 shows the 1000-
increasingly larger numbers of ice crystals andto 500-mb thickness associated with an equal
different physical cloud processes are occurring. Ofprobability of precipitation being liquid or frozen
course, when surface temperatures are equal or legsvhere the number in parentheses is the number of

than 0°C (32°F), forecast freezing drizzle. cases used to determine the equal probability value
at that station). Figure 1-17 shows the probability
B. MODEL GUIDANCE. of precipitation being liquid or frozen as the

thickness increases or decreases from the thickness

1. Model Output Statistics (MOS) MOS values given in Figure 1-16. For example, if the
guidance is usually a reliable tool for forecasting expected thickness for Fort Campbell, Ky., is 5340
precipitation since it considers climatology for your meters, or 60 meters less than the thickness value
station. MOS bulletins provide probability of of 5,400 meters shown on Figure 1-16, then Figure
precipitation (POP), quantitative precipitation 1-17 indicates the probability of precipitation being
(QPF), probability of precipitation type (POPT), and frozen is greater than 80 percenhese figures are
probability of snow accumulation (POSA) forecasts. a good starting place for determining whether
Use MOS guidance carefully during extreme precipitation is liquid or frozen. Modify these
weather events since climatology steers MOSwhenever thickness values are not representative;
guidance from forecasting rare or extreme events. for example, for lake effect and relatively thin layers

of warm or cold air.

2. Trajectory Bulletins Trajectory bulletins
provide 24-hour forecasts for parcels of air in the (2) Method 2.This method requires that both
lower atmosphere that are helpful in preparing the low- and mid-level thickness be calculated and
detailed forecasts of the factors needed to forecasplotted, but the precipitation analysis is rapid and
precipitation: temperature, dew point, and vertical straightforward. Use forecast charts by looking at
motions. The trajectories trace the paths of parcelghe isotherms, isodrosotherms, and thickness lines.
of air below 700 mb that are forecast to arrive in 24 Plot the following parameters, manually or by
hours. Use the trajectory data to prepare a forecastomputer, on one map.
Skew-T. Note, however, that trajectory forecasts

do not take into account local (e.g., diurnal, and » The midlevel thickness (700-mb height
airmass) changes in the air parcel’s temperature andhinus the 850-mb height).
dew point.

* The low-level thickness (850-mb height

C. DETERMINING PRECIPITATION TYPE. minus the 1000-mb height), specifically the
thickness ridge line.
1. Thickness Thickness is the most common

predictor for precipitation type. Thickness is the * The 700-mb contours.
vertical distance between two constant-pressure
surfaces. Itis a function of temperature: the warmer
the air, the thicker the layer. If the thickness of the
layer is known, then something is known about its
mean temperature. The most used 1000- to 500-mb
thickness value for forecasting precipitation type is » The surface 0°C (32°F) isotherm.
the 540 (5,400 meter) threshold. Another predictor
is the 0°C 850-mb isotherm. A third predictor is

The 700-mb dew points.

The 850-mb dew points.

The 850-mb 0°C (32°F) isotherm.
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Figure 1-16. Equal Probability of Liquid or Frozen Precipitation. Based
upon 1000- to 500-mb thickness (climatology).

Analyze the midlevel thickness for 1,520 and 1,540 (3) Method 3. You will need to move
meters and analyze for these dew points: —5°C (850analyzed thickness contours to their position at he
mb) and —10°C (700 mb). Forecast two or more valid time of your precipitation fecast. The
inches of snow to occur in the area within these following are generalules for extrgolating
lines where precipitation is expected (see Figure 1-thickness patterns:

18). Analyze the midlevel thickness for the 1,555-

meter line. Forecast freezing precipitation to occur (a) Low-level ThicknessChoose several

in the area between this line and the 1,540-meter1000- to 850-mb thickness lines that give a good
line and within the above dew-point lines, provided estimate of the thickness pattern; e.g., the 1,300-,
the surface temperature is below freezing. Find any 1,340-, 1,380-meter lines. Move each line in the
areas of appropriate thickness but lacking sufficient direction of the wind at 3,000 feet with 100 percent
moisture at either 850 mb or 700 mb. Be alert for of that wind speed. The thickness ridge moves at
any changes in the moisture pattern by advectionthe speed of the associated short wave. In a strongly
or vertical motion. Expect only liquid precipitation baroclinic situation, it moves slightly to the left of
on the warm side of the 850-mb 0°C (32°F) the 500-mb flow at 50 percent of the wind speed.
isotherm. Since thickness patterns merely depict the large-
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Figure 1-17. Probability of Precipitation being Frozen Versus Liquid.
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. Hoving freezing precipitation type is not always clear cut.
ot ’._1} — Refer to station rules of thumb for local adaptations
o S Ty T .
. D to this table.
. Ny BT RSN
Eg 1520 oo - /- / {J’;n{/* S . L. .
=3 WARToRY { Table 1-10a. CONUS thickness/precipitation
- e . SopR T thresholds.
[ L P PLL) - N i = \‘-\
Surface 329F - 7 . Layer Flurries | Snow Mixed Rain
850 mb 0°C AN (mb)
Low-Level 10°C
.5“C_ Thi(_:klless Dew Point 850-500 4,050
Dew Point Ridge {700 mb)
(850 mb) 850-700 1,520 1,540 1,555
1000-500 | 5,240 | 5,36( 5,400 5,49p
Figure 1-18. Method 2. Plotting indicated 1000-700 2,800 2,840 2,87(
parameters on one map shows where to expec{_1000-850 1,300 1,325

different precipitation types.

scale mass distribution, take care to adjust for rapidTable 1-10b. 1000-500 mb CONUS thresholds.
changes at 500 mb. Compare the thickness analysis

with the surface analysis to ensure a reasonablg¢ 1000-500-mb Thicknesg Type of Precipitation
forecast product. Value (m)
> 5,400 Rain

(b) Midlevel ThicknessMove the 1,520- <5435 Snow
to 1,540-meter band at 100 percent of the 8,000 5,385 - 5,435 Mixed Rain and Snpw
foot wind field. Consider continuity, the latest 5,330 - 5,410 Ice Pellets
surface analysis, and other charts when developin 5,330 - 5,520 Freezing Drizzle
a new thickness forecast chart. T 5,330 - 5,440 Freezing Rain

Snowfall begins with the approach of a low-level

thickness ridge after the passage of the 700-mb (2) Koreaand Japan. Table 1-11 lists
ridgeline or the line of no 12-hour temperature common thresholds used in Korea and Japan to
change (the zero isallotherm) and with the approachdetermine precipitation type.

of the low-level thickness ridge. Snowfall usually

ends after the passage of the low-level thickness (3) UK and Northwestern Europdable 1-
ridge and the 700-mb trough. Snowfall is heaviest12a considers terrain along with thickness values
1 to 2 hours before, and usually ends after the

passage of the low-level thickness ridge and the 700-_|_able 1-11. Thikness values for determining

mb trough. S
precipitation type for Korea and Japan.
b. Regional Interpretations
Thickness 90% 50% Chance 90 %
. . (mb) Chance Freezing Chance Rain
(1) CONUS. Table 1-10alists typical Snow (m) | Precipitation (m) (m)
thickness values used in the continental United ggg'ggg <i~g§8 ivg‘s‘g >i‘§§§
. . « . ” - <4, y >4,
States. Consider the' yalues_llsted l_Jnder mixed” 00850 <1.300 1300 >1325
as 50 percent probability of either rain or snow. A [ 1000-700] <2,800 2,840 > 2,870
value listed under “snow/rain” indicates 1000-500 < 5,340 5,400 > 5,490

precipitation is nearly all snow/rain for lower/higher
values. Table 1-10b looks specifically at the 1000-
500-mb thickness to determine precipitation type.
Some of the parameters overlap because forecasting
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Table 1-12a. Determining precipitation type in Table 1-12b. Determining precipitation type in
the UK and northwestern Europe using 1000-to  the UK and northwestern Europe using 1000-

500-mb thickness values. to 700-mb thickness values.
Area Critical Value for 1000-700-mb Precipitation
Equal Probability of Thickness (m)
. Rain and Snow (m) > 2850 Snow rare
Normal Terrain , 5270 2,820 - 2,850 | Snow uncommon
Ove_r established snovvflelds_ 5,360 2,780 Rain and snow equally probablg;
At windward edges of snowfields 5,280 ice pellets likely
Over windward coasts 5,230 <2760 Rain rare

used in the UK and northwestern Europe, while

Table 1_12b IOOkS Spelelca”y at the 1000_ to 700_ 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 12 12 11 10 09 08
mb thickness to determine precipitation types. ssz0 | :
5430
c. Nomograms Nomograms are easy-to-use
tools for forecasting precipitation type. Figure E 5160
19 uses thickness to predict solid or liquid §
precipitdion. The ¥axis is the 850-700-mb
. e . X
thickness and X-axis is the 1000-850-mb thickness.g "
Figures 1-20 and 1-21 were developed by the § s
National Weather Service Central Region. oo
5310
1600 T T T T T T T T T T T T
\ 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 09 08
\ LIFTED INDEX
Figure 1-20. Precipitation-Type Nomogram.
\ Precipitation type is based on lifted index and
1000- to 500-mb thickness (meters).
H SLEE[T OR \ RAIN
ﬁ 1570 28 24 20 16 12 08 04 00 96 92 &8 &1 80 V6 72 638
c n» 49—4—
i | FRESENGRAN w11
E - 111 - | T S
= ETE I B NN
e o e N .
g 3000 1 N+ e eooooll RAIN IIIIIIIII
DYTD  sescacaeseM o + % 4 4 4 2 2 o 0 4 b b bbb
SNOW g 29901 A
B MO ErE N
1540 el T T
=] B L L L L N R ) EE
E ZBED  #6 a a6 3 3 3 a6 a6 26 6 6
- F MMM MM MM MM MMM
Po JEID { %3 MM MMM MMM MMMN + 5+ b b bbb bk
- arep | REERRERRERRERRAN T IIITINY
1280 1290 1300 1310 1320 1330 1340 NN [ N
i 2TED A » xxx SNOW MM + F F o F ot
1000 to 850 mb Thickness, (meters) MWW HINI K H NI + + + F F o+ o d
2T { # ¥ HHHEHHE AR AR R R R g ¢+ + o+ o+ o+ o+t
Figure 1-19. Determining Precipitation Type by PTL ] [ooioioioietototetepepepepopopoopioiin NI
. . . R R LR R R R R R R R R R R R R R R R, T
Comparing Thickness. The figure compares 850- I Boboioioioieieieietoboieteboieeboioneioionoiobs \OREEN

to 700-mb thickness to 1000- to 850-mb thickness. % = —
SURFACE PRESSURE
2. Temperature. Figure 1-21. Precipitation-Type NomogramThe
figure uses 700-mb height and sea-level pressure to
a. Air Temperature One study compared determine if rain or snow will occur.
approximately 1000 surface observations of solid
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or liquid precipitation with the corresponding Step 1. The technique uses three graphs
surface temperature. The study concluded there iFigures 1-22 through 1-24). Use the first two
an equal chance (50 percent) of rain or snowgraphs to quickly compute the wet-bulb
occurring at surface temperatures of approximatelytemperatures on the 850- and 1000-mb surfaces.
3°C (36.5°F). The average temperature for the Enter the forecast air temperature and dew point
occurrence of rain mixed with snow was also and read the wet-bulb temperature in °C from the
approximately3°C (36.5°F). Astemperatures dashed lines.

decrease below 3°C (36.5°F) the probability of

precipitation occurring as snow increased Step 2. Determine precipitation type directly
significantly. At 1°C (34°F) the probability of snow from Figure 1-24 by plotting the 850-mb wet-bulb
rose to 95 percent. On the other hand, astemperature against the 1000-mb wet-bulb
temperatures rise there was a decreasing probability
of snow. At 6°C (42°F) there is only a 5 percent
chance of snow. No snow was observed when -6 e . A~
temperatures equaled or exceeded 6°C (43°F).6 PN ,
Note: This study did not incorporate reports of
freezing rain or freezing drizzle.

-4
N\

mperature (©
AN
N
\

Results compiled from various studies in different g \ . |-
geographical areas are shown in Table 1-13. Whileg z T =
surface temperature should not be used solely as §
predictor of precipitation type (other ) -7 -
thermodynamic parameters need to be considered - |-
as well), one study for the northeastern United States e s 2 1 4 7 a0 a3 e e 22 25 28
found 2°C (35°F) to be a critical value (predict snow

at 2°C (35°F) and below, rain above 2°C (35°F).

I
EN
A

(-2

—

850 mb Dew Point (°C)

Figure 1-22. Computation of Wet-bulb
Temperature at 850 mb. Use this figure to

Table 1-13. Rain/Snow Thresholds
compute 850-mb wet-bulb temperature.

Level Show Rain
Surface < +0.7C >2.2C
Dew Point < -3C >+3°C
850 mb <0°C >0°C 8 Z - - P
(-2°C East-Coast US) s h8 | - -
700 mb < -6C >-6°C _ Aol - -
500 mb: N of 40°N & mountaing < -30°C é" 4 4 = =7
S of 40°N < -20C ° A E Ve A
g 2 4 0 P I - - i I
. -2 -
b. Wet-lulb Temperature Techniques that use @ ) g e -t
s
the 1000- and 850-mb wet-bulb temperature tog RidE L -
determine precipitation types are often more 8 +# e T-3-1
effective than techniques that use temperature values . - e 1 -
alone. Wet-bulb temperatures are more conservative S - L-10
with respect to evaporation and condensation. 8 5 2 -1 4 7 -0 13 116 -19 22 -25 -28
Compute the wet-bulb temperatures directly from 850 mb Dew Point (°C)

lechmie s alid ony cast of e Rocky Mocniains, FI9Ure 1-23. Computation of Wet-bulb
q y ' Temperature at 1000 mb. Use this figure to

al stations greater than 1000 mb. compute 1000-mb wet-bulb temperature.
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temperature and reading the type of precipitation Step 3 Then find the coesponding T5
from the graph. Use this technique in combination temperature on the left-hand margin.
with other objective techniques to predict

precipitation type. Step 4 Read across to the correct column to
s find the corresponding probability of each type of
6 precipitation.
=]
I
g& 4 FREEZING RAIN RAIN Example If T1 =99, T3 =00, and T5 = 03, then
S 2 probability of Rain = 0.463 (46.3 percent), Snow =
T T~ 0.370 (37.0 percent), and Mixed = 0.167 (16.7
5, N percent).
r SNow MIXED
; - \\'/ 4. Freezing Precipitation Indicators.
© -6
-8 E a. European Snow Index (ESI) This index

8 -7 -6 5 -4 3 -2 A1 0 1 2 3 4

1000 mb Wet-bulb Temperature (°C) accounts for evaporative cooling potential to

determine precipitation type in continental Europe
Figure 1-24. Expected Precipitdon Type Based  north of the Alps. It is the algebraic combination
onWet-bulb Temperatures. Derived from Figures  of surface temperature and the surface dew pointin
1-23 and 1-24. The striped area indicates no data.°C.

c. Height of the Wet-bulb Freezing Level (UK » The threshold for steady precipitation is 1
and Northwestern Europe) Use the relationships  (less than or equal to 1 means snow; greater than 1
shown in Table 1-14 to help forecast precipitation means rain).
type based on the wet-bulb freezing level.

* A value of 1 to 5 indicates mixed
3. Models (NGM & Eta). Use the Nested Grid precipitation with rain possibly changing to snow.
Model (NGM) or early Eta numerical bulletin to
forecast the probability of the type of precipitation. » The threshold for showery precipitation is
The NGM T1, T3,and T5temperatures roughly 3 (less than or equal to 3 means snow showers;
correspond to the 500-, 3,000-, and 7,000-foot levelsgreater than 3 means rain showers).
above ground level and are ideal for determining

the low-level temperatures necessary to forecast * Values of 3 to 7 indicate widespread mixed
precipitation type. precipitation with the possibility of rain changing
to snow.

Step 1 Determine the NGM or Eta T1, T3,
and T5 temperatures for the period of interest from Example A temperature of 3°C with a dew
the bulletin. point of —3°C would equal an ESI of 0. In this
case, forecast steady snow.
Step 2 Locate the correct column across the
top of Table 1-15 (left to right).

Table 1-14. Height of the wet-bulb freezing level (UK and northwestern Europe).

Height of the Wet-bulb Freezing Level Form of Precipitation

> 3,000 ft Usually rain; snow rare.
2,000 - 3,000 ft Mostly rain; snow unlikely.
1,000 - 2,000 ft Rain can readily turn into snow.
< 1,000 ft Mostly snow; only light or occasional precipitation

falls as rain. Moderate or heavy precipitation may
persist as rain near the windward coasts.
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Table 1-15. T1, T3, and T5 values.

Surface Weather Elements

T1>01 T1=01 97 (-3) <Tl< T1 < 90(-10)
or 01 or
[T1> 95 (-5) and [89(-11) < T1 < 98(-2)
and T3<02] and
T3> 01] or T3<98(-2)]
95 (-5) <T1<98[-
2)
and
97 ((3)<T3<
02]
or
[89(-11) < T1 <
96(-4)
and
T3>97(-3)]
T5 Rain Snow Mix Rain Snow Mix| Rain Snow Mix Rain Snow Mix
> 06 1.000 .000 .000 | 1.000 .000 .00Q 1.000 .000 .00(Q 1.000 .000 .000
06 .981 .019 .000 | .967 .032 .00Q .750 .250 .00 .700 .300 .000
05 977 .023 .000 | .952 .048 .00Q .727 .273 .000 .600 .400 .000
04 975 .025 .000 | .929 .071 .00Q .500 .340 .16d0 450 .500 .050
03 973 .027 .000 | .925 .075 .00Q .463 .370 .167 .300 .600 .100
02 .968 .032 .000 | .810 .095 .095 .409 .409 .182 .100 .700 .200
01 .871 .080 .049 | .720 .160 .12Q .361 .532 .107 .096 .793 .111
00 .861 .082 .057 | .662 .200 .138 .317 .578 .105 .060 .877 .063
99 .650 .200 .150 | .625 .214 .161 .258 .638 .104 .043 .922 .035
98 607 .268 .125 | .574 .295 .131 .183 .714 .103 .032 .936 .032
97 .556 .344 .100 | .529 .353 .11§4 .168 .736 .09 .022 .948 .030
96 521 .399 .080 | .364 .545 .091 .136 .775 .089 .019 .954 .027
95 500 .467 .033 | .214 .714 .072 .113 .825 .062 .017 .961 .022
94 450 550 .000 | .156 .783 .061 .000 .844 .056 .014 .967 .019
93 .333 .667 .000 | .080 .866 .054 .071 .881 .04§ .012 .971 .017
92 .200 .800 .000 | .042 .925 .033 .033 .926 .041 .011 .989 .000
<92 .000 1.000.000 | .000 1.000.00¢ .000 1.000.000 .000 1.000 .000

b. Height of Freezing LevelForecasters often  strong warm-air advection, the freezing level rises as
use the freezing level to determine the type of much as a few thousand feet in a 6- to 8-hour period.
precipitation (see Table 1-16). The forecast is based
on the assumption that the freezing level must beThe following methods use the number of freezing
lower than 1,200 feet above the surface for most oflevels to forecast the type of precipitation expected
the precipitation reaching the ground to be snow. at the surface. Each one considers the change of
However, forecasters must understand the complexstate of precipitation from liquid-to-solid or solid-
thermodynamic changes occurring in the low-levels to-liquid as it falls through the atmosphere.
to correctly forecast tricky winter precipitation
situations. For example, the freezing level often lowers (1) Single Freezing Levellf the freezing
500 to 1,000 feet during first 1.5 hours after level equals or exceeds 1,200 feet above ground level
precipitation begins, due to evaptivta. When (AGL), forecast liquid precipitation. If the freezing
saturation occurs, evaporation ceases and freezindevel is less than or equal to 600 feet AGL, forecast
levels rise to their original heights within 3 hours. With solid precipitation. If the freezing level is between

600 and 1,200 éet AGL, forecast mixed

Table 1-16. Probability of snowfall as a function  precipitation.

of the height of the freezing level.

Height of Freezing | Probability Precipitation (2) Multiple Freezing Levelshen there are

Level above Ground | will Fall as Snow mUItlpIe erEZing Ievels, warm Iayel’s exist where
12 mb 90% the temperature is above freezing. The thickness
25 mb 70% of the warm and cold layers affects the precipitation
35 mb 50% type at the surface. If the warm layer is greater
45 mb 30% than 1,200 feet thick and the cold layer closest to
61 mb 10% the surface is less than or equal to 1,500 feet thick,
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forecast freezing rain. Conversely, if the warm layer than 5,000 feet? If yes, the precipitation may
is greater than 1,200 feet thick and the cold layer change to freezing drizzle, or a prolonged period
closest to the surface is greater than 1,500 feet thick,of mixed snow and freezing drizzle is possible.
forecast ice pellets. Finally, if the warm layer is
between 600 and 1,200 feet thick, forecast ice pellets * Is midlevel moisture increasing? |If
regardless of the height of the lower freezing level. freezing drizzle is occurring and midlevel moisture

is increasing, precipitation may change to all snow.

(3) Freezing Precipitation ChecklistThe

freezing precipitation checklist (Table 1-17) has * Is elevated convection occurring or forecast
proven useful in Europe, especially for northern to occur? If yes, the midlevel dry layer may be
Europe. Do not forecast freezing precipitation eroded, causing snow instead of freezing drizzle.
unless all answers axes

D. FORECASTING RAINFALL AMOUNTS.

c. Checklist for Snow vs. Freezing Drizzle

There are two types of atmospheric situations where 1. Quantitative Method.The following method
freezing precipitation occurs. The most common can help forecast the amount of rainfall to the
case occurs when ice crystals melt as they fall nearest 1/4 inch. It is valid for the central United
through a sufficiently deep warm layer (temperature States. Simply follow the directions based on the
greater than 0°C). The wea droplets hit a cold  period of the forecast and the geographical location
surface that has a temperature at or below freezing,of the 850-mb trough relative to the 100°W
and freeze on contact. The following technique is longitude. Note: The following methods must be
effective when the forecast decision involves the adjusted for terrain.
choice between snow vs. freezing drizzle. This
technique is based on the precipitation nucleation a. 850-mb Trough is West of 100°W
process. It applies to the continental United States,Longitude.
Europe, and the Pacific regions. However, freezing

precipitation is relatively rare in Kea. The (1) O- to 12-hour Forecast.
chedlist below assumes the atmosphere is below
freezing through its entire depth, and the water Step 1 On a local area work chart,

droplets remain supercooled until surface contact. determine the area where you expect precipitation
to occur in the next 12 hours. Plot the location of
» Does a lower-level moist layer (below the forecast 850- and 700-mb trough axes.
700 mb) extend upward to where temperatures are
—15°C? If not, then freezing drizzle is possible. Step 2 Draw a line showing the maximum
850-mb warm-air advection through the forecast
* Is a midlevel dry layer (800 to 500 mb) precipitation area.
present or forecast? If yes, freezing drizzle or a
mixture of snow and freezing drizzle is possible. Step 3 Find the 850-mb dew point at the
point where the line drawn in Step 2 first intersects
e Is the midlevel dry layer (dew-point the area outlined in Step 1.
depression greater than or equal to 10°C) deeper

Table 1-17. Freezing precipitation checklist for EuropeIf any answer is “No,” do not forecast freezing
precipitation.

Surface temperature less than or equal to 0°C for at least 12 hours? Yes | No
850-mb temperature greater than or equal to 4°C? Yes | No
Warmest temperature aloft is greater than or equal to 0°C? Yes | No
1000-850-mb thickness in between 1,280 and 1,320 meters? Yes | No
1000-500-mb thickness in between 5,350 and 5,450 meters? Yes | No

1-34



Surface Weather Elements

Step 4 Measure the surface dew point Step 3 Find the 850-mb dew point at the
(°C) directly below the 850-mb dew point. point where the line drawn in Step 2 intersects the
area outlined in Step 1.
Step 5 Add the 850-mb dew point
temperature to the surface dew-point temperature (°C). Step 4 Measure the surface dew point (°C)
directly below where you obtained the 850-mb dew
Step 6 Measure the distance in nautical point.
miles from the 700-mb trough line to the center of
the forecast precipitation area. Step 5 Add the 850-mb dew point to the
surface dew point (°C).
Step 7 Enter the values obtained from
Steps 5 and 6 into Figure 1-25a. The graph gives Step 6 Measure the distance in nautical miles
the expected maximum precipitation accumulation from the 700-mb trough line to the center of the
during the next 12-hour period. forecast precipitation area.

(2) 12- to 24-hour forecast: Step 7. Enter the values obtained from Steps
5 and 6 into Figure 1-25b. The graph gives the
Step 1 Determine the area where expected precipitation accumulation during the 12-
precipitation is expected to occur in the 12- to 24- to 24-hour period.
hour forecast period.
b. 850-mb Trough is East of 100°W Longitude
Step 2 Draw a line showing the maximum
850-mb warm-air advection through the forecast (1) 0-to 12-hour forecast.
precipitation area.
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Figure 1-25a. Maximum Precipitation when the Figure 1-25b. Maximum Precipitation when the

850-mb Trough is West of the 100Meridian. 850- mb Trough is West of the 100 Meridian.

Figure shows 0- to 12-hour maximum precipitation. Figure shows 12- to 24-hour maximum
precipitation.
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Step 1 Determine the area where Step 6 Add the 850-mb dew point to the
precipitation is expected to occur (next 12 hours). surface dew point (°C).

Step 2 Draw a line indicating the maximum Step 7 Enter the values obtained from the
850-mb warm-air advection through the forecast steps 5 and 6 into Figure 1-26a. The graph gives
precipitation area. the expected precipitation accumulation during the

next 12-hour period.

Step 3 Find the 850-mb dew point at the
point where the line drawn in Step 2 intersects the (2) 12- to 24-hour forecast.
area outlined in Step 1.

Step 1 Outline the forecast precipitation area

Step 4 Measure the surface dew point (°C) expected for the 12- to 24- hour forecast period.
directly below the 850-mb dew point.

Step 2 Measure the maximum 850-mb

Step 5 Measure the difference in surface warm-air advection (°C) through the forecast
pressure (mb) between the point where the line precipitation area.
indicating the maximum 850-mb warm-air
advection first intersects the forecast precipitation Step 3 Measure the maximum 850-mb cold-
area to the point where it exits the forecast air advection (°C) into the precipitation area.
precipitation area.
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Figure 1-26a. Maximum Precipitation, 850 mb  Figure 1-26b. Maximum Precipitation, 850 mb
Trough East of 100 Meridian. Figure shows 0-  Trough East of 100 Meridian. Figure shows 12-
to 12-hour maximum precipitation. to 24-hour maximum precipitation.
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Step 4 Enter the values obtained into e Quasi-stationary thunderstorm systems,
Figure 1-26b. This gives the expected precipitation those that regenerate, and those that move over the
amount for the next 12- to 24-hour period when the same area.
850-mb trough is east of the 100°W longitude.

* Rapid horizontal expansion of the anvils.

2. Heavy Rainfall Infrared (IR) imagery picks this up best.
a. Radar Signatures Associated with Flash « Rapid vertical growth.
Floods. Monitoring weather radar is the best way
to detect the potential for heavy rains and flooding. * IR tops colder than —62°C.

Pay particular attention to the signatures below:
» Overshooting tops.
« Rapidly growing echoes.
* Merging of convective cloud lines and

» Slow-moving echoes. thunderstorms.

 Persistency (long lasting). » Mesoscale Convective Complexes (MCCs).

« Train echoes (echoes that mogpededly * Rapid clearing to the rear of thunderstorms

over the same area). associated with sinking air. This is an indicator of

strong vertical circulation and suggests heavy

» Hurricanes and tropical storms. convective precipitation.

e Lines. * Thunderstorm anvils that stretch out in a
thin narrow band parallel to the upper-level wind

e Line Echo Wave Patterns (LEWPS). flow, new thunderstorms often develop upwind.

e Converging echoes and lines. c. Excessive Rainfall Checklist for the East

Central United States Table 1-18 identifies most
b. Satellite Signatures Satellite imagery isa of the meteorological conditions associated with
valuable tool to use in evaluating heavy falh flooding over the east-central portion of the United
potential. Consider forecasting heavy rains with if States. The Weher Service Forecast Office in
any of the following parameters or signatures occur: Philadelphia developed this checklist.

Table 1-18. Excessive rainfall checklist for the east central United States.

1. Is there existing (or forecast to be) an active boundary or convergence zone in the forefcast
area?
2. Does the hodograph have high directional shear and low speed shear with veering in the
lowest 8,000 ft, and winds equal to or less than 25 knots above (ignore winds below) a
radiational inversion?

3. Is the 1000- to 500-mb thickness within or exceeding the local parameter for heavy rain?
4. Is the precipitable water 50 percent above normal (150 percent of normal) or greater fgr the
time of year?
5. Have rain amounts of more than 1 inch in 12 hours or more than 2 inches in 24 hours ¢ccurred
the day(s) before, in an area equal to or less than 350 miles from the forecast area in the flow
pattern?

6. Is the air mass considered tropical (i.e., dew points higher than 68°F) with warm top
precipitation occurring or expected to occutiodeep convection anticipated through the
tropopause with cold top precipitation?
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E. SNOWFALL. b. Snow Index Using 200-mbWarm Advection
This method is effective when used between 10
1. General Guidance The following rules are  October and 10 March. It uses warm-air advection
empirical in nature: at 200 mb moving into an area of cold air to forecast
the snowfall amounts for the next 24 hours. Warm-
« The average relative humidity for the layer air advection at 200 mb is the key indicator because
from the surface to 500 mb must be at least 70 to 8&he 200-mb warm pocket usually coincides with the
percent in order to have significant synoptic-scale 500-mb vorticity maximum, particularly in ell-
precipitation. developed systems. Thus, warm-air advection at
200 mb is a way to measure weather system strength.
« Snowfalls greater than 2 inches are
associated with warm advection and positive Warm air normally occurs in 200-mb troughs and
vorticity advection, assuming adequate moisture iscold air in the ridgs. "Emperatures are usually
available (except for lake and orographic effects). -40° to -45°C in strong troughs and are -65°C or
colder in strong ridgs. Emperatures typically
« Most precipitation occurs within the 65 remain in the -50°C range with weaker systems.
percent (or higher) relative humidity areas on model Generally at 200 mb, the direction of movement of
forecast charts. Similarly, most heavy precipitation the 500-mb vorticity maximum is parallel to a line
occurs within the 80 percent relative humidity area. connecting the 200-mb warm and cold pockets—
except in the case of large-scale cyclonic flow over
« The 850-mb -5°C isotherm usually bisects North America associated with rapidly moving short
the area that receives heavy snow accumulationwaves, or cutoff lows in the southwest United States
during the subsequent 12 hours. that have remained nearly stationary for the previous
24 hours. |If the storm is not well developed
« Heavy snow occurs in the area north of the vertically (i.e., weak 200-mb temperature contrasts),
850-mb 0°C isotherm and south of the 850-mb heavy snow usually does not occur. If dynamics
-5°C dew-point line or the 700-mb -10°C dew- point are strong, moisture usually advects into the storm.
line.
* When there is warm-air advection at 700
* Beginning and Ending Times. Snow begins mb into a snow threat area, the total average snow
as the 700-mb ridgeline passes overhead. Snow endsccumulation for the next 24 hours (providing the
at the 700-mb trough line (and in some cases, at theeolumn of air is cold enough for snow) is given, in
500-mb trough line). Heavy precipitation tends to inches, by the following: determine the amount of
begin as the 500-mb ridgeline passes overhead and/arm air advection at 200 mb by taking the
ends as the contour inflection point passes overheaddifference (°C) between the warm core in the trough
and the cold core in the ridge area; then divide by 2,
2. Estimating Rates/Accumulation ignoring the units. If the indicated warm air
advection extends less than 6° latitude (360 nm)
a. Using Weather and igibility. Visibility upstream from the forecast area, the precipitation
measurements can be used to estimate snowfall rateis usually of short duration. See Figure 1-27 for an
and average snow accumulatigsse Table 1-19). example.

Table 1-19. Accumulation rates of snowfall as a

: o * If there is cold-air advection at 700 mb into
function of visibility.

the snow threat area (or if it's observed within 8° of

Average Weather Visibility latitude (480 nm) of the_for_ecast_ area at 70_O_n_1b),
Accumulation (snowfall rate) the total snow accumulation is estimated by dividing
0.2 inches/hour Light > 5/8 mile the amount of warm-air advection at 200 mb by 4.
1to 1.2 inches/hour Moderate 5/16 to 5/8 njile

1.6 inches/hour Heavy <5/16 mile

* The maximum snowfall occurs near the
Note: Strong surface winds may contribute to coldest 200-mb temperature found downstream
restricted visibility due to blowing snow. from the warmest 200-mb temperature.
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cyclonic curvature) in order for the technique to
work as well as it does for stations closer to the
water source. This method may also be applicable
to rain shower and thunderstorm forecasting

The proper use of the following radar procedures
requires two aids. First, streamline the LAWC to
depict the areas of confluence and diffluence. Next,
streamline the 925- or 850-mb winds and highlight
the areas of cold and warm advection. The 12-hour
gap between the 0000Z and 1200Z products need
Determine amount of warm air advection (differ- not be a problem if continuity of significant troughs
ence between K and W) -64 -42 = 22°C. Divide by and cold pockets is maintained. Continuity of
2 for estimated snow amount (22 divided by 2 = 11 diffluent and confluent areas helps in the forecasting
inches). of clouds and icing, but alone does not indicate the
onset, intensity, accumulation, or duration of the
c. Using Precipitable Water IndePWI, PPW  snow. For snowfall forecast, focus on the period
on AWDS Skew-T) The PWI is the total  during which the 925- or 850-mb cold pocket begins
atmospheric water vapor contained in a vertical to overrun the surface area of confluence; this
column. The PWI is expressed in terms of heightjdentifies the probable period in which snow
(inches of water) to which water would stand if showers or squalls become identifiable on the radar.
completely condensed out and collected in a vessel
(rain gauge). Identify a band of snow upstream of the station on
the radar; extrapolate its movement to determine
* Estimate 12-hour snow amounts from the whether it affects the forecast area. Synoptic-scale
PWI by using the formula: Snowfall in 12 hours rain, snow, or thunderstorm bands normally move
equals PWI multiplied by 10. perpendicular to the band’s orientation (i.e., north-
south lines move east); however, snow showers or
* However, If the ground is wet and snow squall bands usually move parallel along the
temperatures around are near freezing, use théyands. The LAWC streamline explains the reason
formula: Snowfall in 12 hours equals PWI for the unique movement of the snow shower bands.
multiplied by 5. Snow showers are a direct result of confluence at
the surface, cold air advection above, and sufficient
« If there is a strong influx of moisture, these moisture. Snow showers form along and move with
techniques underestimate the snowfall. the axis of the surface confluence. If either the band
of snow showers or the confluent axis moves
* The highest accumulation amounts usually towards the station, forecast snow showers to begin.
follow the 1,520- to 1,540-meter 850- to 700-mb
diffluent thickness band when it is packed betweenyse 90 to 100 percent of the 2,000 or 3,000-feet
2 degrees of latitude (approximately 120 NM).  winds to forecast snow shower nemnent. The
reason for using such a high percentage of the low-
Example:|If the PWlis 0.75, the ground is wet, and |evel wind speed is that snow can precede the low-
the surface temperature is 0°C (32°F), the snowfall|evel clouds by as much as 5 minutes, depending
in 12 hours is 3.75 inches (0.75 multiplied by 5).  uypon the actual strength of the winds just below the
cloud bases. The next step is to determine the snow
3. Forecasting Snow ShowersThe technique  shower intensity and duration, and snow amount.
and information discussed applies to any station that
experiences snow showers and has a large moisturg s often difficult to forecast the movement of snow
source within 250 NM. Stations located 100 NM shower lines and bands because they shift directions
or more from water sources must include additional frequently. Although the directional shift usually

parameters (such as upslope and terrain-induceds not greater than 15 degrees, it can make the
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difference between snow and no snow at a specificclearing is likely. Examine the surface wind pattern
location. This shifting is most common when the upstream for a diffluent wind pattern, and advect
wind core at 3,000 feet is less than 25 knots. Whenthe pattern at the same rate the snow moved.
the wind speed core at 3,000 feet is greater than 25
knots, directional shifts are less frequent, and ifthey 4. Lake Effect Snow Lake effect snowstorms
occur, they are usually less than 15 degrees. occur during the late fall and winter when
cyclonically curving cold air crosses warmer lake
By using the technigues and information provided waters and creates localized areas of instability.
above, forecast lead times can improve for snowLake effect snowstorms are experienced a few
showers. Once snow begins, use the radar to look fohundred miles downstream in persistent tivea
openings or shifts in the orientation of the bands tosystems. The checklist in Table 1-20 provides a
forecast when the snow tapers offemrds. These list of weighted parameters that determine one of
openings and shifts may indicate temporary breaks.three possible forecast choices: snow, snow alert,
If they are upstream, determine whether there is a solicbr no snow.
band or a series of snow shower cells. A solid band
does not change the observed condition, but a cellulaifotal the score. Greater than 40 points, forecast
pattern indicates an intermittent condition with periods snow. If the score is greater than zero but less
of heavier snow and reduced visibility. than 40, snow is possible. This indicates there
is a potential for lake effect snow but conditions
Use the LAWC to forecast when the snow ends. are marginal. Do not forecast any snow with a
When a diffluent wind pattern arrives at the station, total of less than zero.

Table 1-20. Lake effect snowstorm checklistlf total score is less than 0, don’t forecast snow; O
to 40 snow is possible; greater than 40 forecast snow.

Lake Effect Snow Checklist/Score Sheet Score
Step 1 Vorticity greater than 18 crossing lake (+20)
Step 2 If no, vorticity 12 to18 crossing lake (+10
Step 3 Vorticity maximum crosses lake directly (+10)
Step 4 Cyclonic curvature (surface to 500 mb) (+5
Step 5 If anticyclonic curvature at surface and cyclonic curvature a

go to Step 8
Step 6 Anticyclonic curvature aloft (-10)
Step 7. Anticyclonic curvature at surface (=10
Step 8 Inversions: NGM temperatures:

T5 — T3 greater than 3° (<10

T5 — T3 greater than 1° (-5)
Step 9 Temperature (lake) minus temperature (850 mb) less than 10°C -35)

Temperature (lake) minus temperature (850 mb) greater than (0)
10°C and less than 13°C
Step 10 | Instability:

Conditional (+10)
Moderate (+20)
Extreme (+30)
Step 11 | 850-mb/boundary layer wind: 0° to 210° (-3%)
850-mb/boundary layer wind: 340° to 020° or 220° to 230° ()]
850-mb/boundary layer wind: 240° to 0° (+20)

Total
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5. Heavy SnowGenerally, forecast heavy snow » At 850 mb, outline areas having dew points
if all of the following conditions are met: < 4°C and moisture.
» 850-mb dew point between —5° to 0°C. « At 700 mb, outline areas having dew points

< 10°C and moisture. Also, locate areas showing
+ 700-mb dew point warmer than —10°C.  the greatest 12-hour cold advection.

* 500-mb temperature North of 40°N less » At 500 mb, locate the jet (—20°C isotherm)
than or equal to —35°C; South of 40°N less than orand cold thermal troughs.
equal to —25°C.
* Outline areas of 80 percent relative
Additionally, the following guidance may help in  humidity (RH) from surface to 500 mb.
forecasting heavy snow occurrences.
* Outline areas of positive vorticity advection
a. Non-convective snowfall Table 1-21 lists  (PVA) and 12-hour forecast position.
rules of thumb by criteria for forecasting snowfall
during non-convectivesituations. » Perform a low-level thickness analysis
(850-700-mb thikness). A1,520 to 1,540 meter
b. Locding Areas of Maximum 12-hour  band about 120 miles wide, is a good first
Snowfall. Perform the following analysis to approximation of the heavy snowfall zone. Width
pinpoint the areas of heavy snowfall. Maximum is seldom greater than 200 miles and the axis of
snowfall occurs where these areas intersect the mosheaviest fall is 2 to 4 degrees of latitude on the cold
side of the surface low.
* Outline the surface 0°C (32°F) istherm and
0°C (32°F) dew points.

Table 1-21. Rules of thumb for forecasting heavy non-convective snowfall.

850 mb and Surface Analysis The 0°C isotherm at the surface moves little when
steady precipitation is occurring and the 850-mb
level is saturated. Heaviest snowfall occurs in mpist
air, with dew points between -4hd 0°C, northwest
of the surface low.

700 mb The heaviest snow occurs along the track of a closed
low at 700 mb. Snow ends with trough passage.
Heaviest snow also occurs in moist air with the 790-
mb dew point in the range of -10° to -5°C. Heavy
snow is also possible where warm anticyclonic wind
flow converges with colder northwest flow. On thp
surface product, this surface convergent region id
also favored for freezing drizzle on the northwest
side of a polar high. Itis important to locate the
center of the strongest 12-hour cooling and its
movement. The area into which this cold advectipn
moves is also a likely area for heavy precipitatior].
500 mb When trough temperatures are -20°C or colder,
heavy snow occurs approximately 400 to 800 NM
downstream from the trough axis.

Precipitable Water Index (PWI) A simple conversion for potential 12-hour snowfall
is to multiply the PWI by 10.

Average Relative Humidity Average relative humidity from surface to 500 njb
should be 80 percent or greater.

Low-level Thickness 1000- to 850-mb thickness, 1,300 meters or lesk.

850- to 700-mb thickness, 1,555 meters or less.
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c. Satellite TechniquesTwo satellite imagery » The southern edge of the clouds and the
interpretation technigues are useful in pinpointing southern edge of the attendant heavy snow band should
heavy snow areas. The first mique uses the develop about 1 degree of latitude (60 NM) left looking
southern edge of the coldest cloud tops in satellitedownstream of the shear zone.
imagery to approximate the southern boundary of
the heavy snow band. A line drawn through the (2) Shear Zone Heavy Show EventA.
center of the coldest tops approximates the northernrcommon feature of snow events occurring with
boundary of the most significant snalif The weaker storms is a pronounced cyclonic speed shear
second technique focuses on the midpoint of thezone aloft. This type of situation also exhibits three
enhanced cloud band. Extrapolate the cloudother important characteristics.
midpoints downstream.

 Cloud and precipitation development are
Note: The heaviest snow usually does not occur usually very rapid and forecast lead time is minimal.
where the infrared temperatures are the coldest.
» The weather associated with the shear
(1) The Shear Zone Interpreian Tednique. zone often turns out to be thmain event
The southern edge of the coldest cloud tops, oftenalthough most tend to focus most on the
the location of the heaviest snowfall, typically developing storm lifting out with the upper
develops just to the left of, and parallel to, cyclonic trough.
shear zones. A shear zone is a narrovoreghere
there is an abrupt change in the horizontal wind » The heaviest snow of the event generally
component. occurs where the PVA and warm-air advection act
together or in succession.
» To forecast the shear zone location,
visualize a line from the vorticity maximum to just This first method is most reliable when there is a
left of the downstream bulge in the dry slot. A line long and narrow dry slot, which may be the result
extended eastward or downstream through the coldof a sharper shear zone in this area. Significant
cloud tops approximates the cyclonic shear zone. snowfall is still possible until the vorticity maximum
passes. Use extrapolation of arrival of the back edge
* The leading edge of maximum wind of clouds to approximate the time when the snow
speeds associated with the jet is near the furthestapers off.
downstream extension of the dry slot.
d. Favorable Synoptic PatternsAnalyzing
» A vorticity maximum is located in the the synoptic situation can help identify areas most
area of the greatest speed shear. Locate the vorticityikely to receive heavy snow. See Teb 1-22
maximum near the upstream edge of the enhancednd 1-23.
clouds.

Table 1-22. Location of heaviest snow relative to various synoptic features.

Feature Downstream Distance Area Lateral Distance
500-mb vorticity maximum 6.5 to 7 degrees 2.5 degrees to the left of path
Surface low-pressure center 5 degrees 2.5 degrees to the left of path
500-mb low center 1 degree downstream from inflectjolong track
point
1000-500-mb thickness Along thickness ridge Between 5,310 and 5,37p m
700-mb low center Along track
500-mb 12 hr height fall Left of track
Intersection of 850-mb and 500-mb Along track
maximum wind axes
850-mb low center 3to 12 degrees 1 to 4 degrees to the left
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Table 1-23. Synoptic snowstorm types.

Deep Occluding Low The track of the low is to the north-northeast and its speeii
slows from an initial 25 knots to only 5 to 10 knots during §he
occluding process. In practically all cases a closed low eXists
at 500 mb and captures the surface low. The area of
maximum snowfall lies from the north to west of the cente
with rates of 1/2 to 1 inch per hour. The west edge of the
maximum area is at the 700-mb trough of low center and g
snow ends with the passage of the 500-mb trough or low
center.
Non-Occluding Low The track of the low is to the northeast or east-northeast gt
25 knots or more. It is associated with a fast moving open
trough (occasionally with a minor closed center) at 500 mi.
The maximum area is located parallel to the warm front fr¢gm
north to northeast of the storm center. Duration is short (4 to
8 hours).
Post-Cold Frontal Type A sharp cold front oriented nearly north-south in a deep
trough. A minor wave may form on the front and travel
rapidly north along it. The troughs at 700 mb and 500 mblare
sharp and displaced to the west of the fron2@§ to 300
NM. Ample moisture is available at 850 mb and 700 mb. |The
area of maximum snowfall is located between the 850- anfl
700-mb troughs. The snowfall duration is 2 to 4 hours.
Warm Advection Type Occurs infrequently. The lack of an active low near the
maximum snowfall area makes it different from the others| A
high-pressure ridge or wedge is situated north of a nearly
stationary warm front. The area of maximum snowfall is i a
band parallel to the front.
Inverted Trough Snowstorm This consists of an inverted trough extending northward frpm
a closed low-pressure system to the south. It may be justfan
inverted trough at the surface. The available moisture
determines the extent of the snowfall area. Snowfall ends
with the passage of the 700-mb trough. Heavy snow may
occur when the flow at 500 mb is nearly parallel to the surface
trough. The surface and 700-mb troughs move very slowlly
when this occurs.

e. Jet Stream Snow BurstsConsider three » Weak positive vorticity advection should be
necessary and interrelated parameters when usingccurring. \orticity values generally range from 8
this technique: to 12 with a center no higher than 14.

» The area should be to the south of the 300-mb ~ Note: \orticity units are measured in radians
jet on the anticyclonic shear side. Strong diffluence per second. Typical orders of magnitude aré 10
in the wind field on the trailing side of the jetinduces
low-level convergence. The maximum for heavy snow occurs at the
intersection of the strongest 850-mb advection
» Strong warm advection at 850 mb must be between 0° and -5°C, the strongest PVA (but
present. The area of concern is between the 0° andorticity values of less than 14), and a diffluent zone
—10°C isotherms. If the air is above freezing at 850associated with the anticyclonic shear side of the
mb, the air must be dry. 300-mb jet. This event occurs in a small vertical
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layer between 800 mb and 500 mb. The average(especially near KunsanAB) and northeast due to on-

relative humidity of this layer is 60 or 70 percent. shore flow situations. In fact, very heavy snow events

(4 to 6 inches) occur on the northeast coast of Korea

6. Regional Guidance. near Kang Nung and Sokcho when low-pressure

systems stall or rapidly develop off the east coast of

a. Central Japan Forecast snow for the Kanto Korea and strong southeasterly onshore flow is firmly
Plain when: established.

e The 1000- to 500-mb thickness is 5,400 (1) Forecast aids for instability snow showers
meters or less. at Kunsan AB:

» The surface temperature is predicted to be » 850-mb flow cyclonic or neutral?
3°C (37°F) or less when precipitation begins.
* Sea surface temperature minus 850-mb
» Clear evidence exists of cold advection at temperature value greater than 17°C?
the 925-, 850-, 700-, or 500-mb levels.
» 850-mb wind direction 250° to 340°? (280°
* The 850-mb temperature is —3°C or colder. to 320° is ideal).

« The freezing level is 2,100 feet or less. « 850-mb wind speed greater than 19 knots?

» Low-level winds (1,000 and 2,000 feet) are * 850-mb temperature less than 8°C
northeasterly. (November, December, March).

b. UK and Germany If located in hilly or * 1000-500-mb thickness. Less than

mountainous terrain, determine both the elevation5,280 meters for all snow, between 5,280 and 5,320
and detailed location. Obviously the higher the meters for mixed, greater than 5,320 meters for all
elevation, the more snow expected. Temperaturegain.
are generally lower on northern slopes due to
reduced solar insolation. * Freezing Level. Less than 1,200 feet for
all snow, between 1,200 and 1,600 feet for mixed,
« If unstable cold air is entering Germany and greater than 1,600 feet for all rain.
the UK after a warm spell, snow falls if the 850-mb
temperature is less than or equal to -6°C or the 1000Note: If the above apply, forecast instability snow
500-mb thickness is less than or equal to 5,260showers.
meters.
e Sea Suiice Bmperature minus 850-mb
« If warmer air is entering Germany and the temperature greater than 20°C?
UK after a cold spell, snow can fall if the 850-mb

temperature is less than or equal to -2°C or the 1000- « Southern low over Republic of Korea in
500-mb thickness is less than or equal to 5,380advance of cold front?
meters.

Note: If the two above apply, forecast heavy snow
Note: These rules of thumb do not work with showers.
Gulf of Genoa Lows.
(2) Lake Effect Snow at Kunsan AB, Korea
c. Korea Heavy snow events in the northwest Lake effect is generally considered a snow-
and interior sections of Korea are uncommon. producing regime. However, early and late in the
Therefore, forecasters in Korea, especially new season, rain showers occur. Ideally, a low-pressure
ones, tend to over-forecast snow amounts. Howeversystem is east of the base. Cyclonic flow produces
heavy snow events are quite possible in the southwesa fetch that causes showers to advect inland.
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e Forms when the sea surface water accompanied by heavy snowfalls. These systems
temperature is at least 17°C warmer than the air massgevelop along frontal boundaries south of 40°N and
above it. (Salinity may account for the lower east of the Appalachian Mountains, usually near the
temperature spread of 13°C needed in the US andoast. They move northward to northeastward and
Canada). Calculate this by subtracting the 850-mbreach maximum strength near New England.
temperature from the SST. When the temperaturdJsually, storm development begins as frontal
difference is 20°C or more, heavy snow is likely. systems approach the southeast United States from

the west and/or southwest. Frequenthygnfis
» Convergence or lift must be present. Lake moving across the Southwest become so weak that
effect forms when there is cyclonic circulation on the they are not detectable from surface data alone, and
surface and at 850 mb, or when there is anticyclonicthey often are dropped from the surface analysis.
circulation on the surface and cyclonic cirtigda at Surface frontal features would likely include a
850 mb. It does not generally form when there isstationary polar front lying east-west across the
anticyclonic circulon at 850 mb regardless of what South and/or Gulf of Mexico as shown in Figure
is happening on the surface. However, neutral flow at1-28a. A deepupper trough can trigger
either level is still capable of supporting the process. cyclogenesis near the stationary polar front, and
explosive cyclogenesis occurs when warm, moist
» The fetch, or winds exposed to the lake air fromtheGulf Stream is entrained in the developing
surface, is important in determining where the cyclone. The following synopsis shows such a
downwind end of the instability showers reach. The development of a Nor'Easter along a polamtr
fetch follows the gradient winds and must be at least
20 knots to keep the convective process alive. In Figure 1-28a, high pressure dominates nearly all of
the United States. Inverted troughs appear over the
* In November and December, there are Appalachians and the Raes. A weak mP frontal
surface to 500 mb thickness thresholds to predictsystem, which entered the Pacific Northwest 3 days
snow versus rain for lake effectests: less than earlier, weakened over the strong high-pressure ridge.
5,280 meters for all snow, 5,280 to 5,320 meters forSnow development over the western Plains and
mixed, above 5,320 meters for all rain. In January, southern Rockies likely reflects both an upslope flow
use: less than 5,320 meters for all snow, and the approaching short wave.
5,320 meters to 5,360 meters for mixed, and above
5,360 for all rain.

Note: The more northerly the 850-mb flow, the
greater the rain/snow thickness threshold may be.

» If the freezing level is less than 1,200
feet expect all snow, 1,200 to 1,600 feet expect
mixed precipitation, above 1,600 feet expect all rain.

» During periods of enhanced convection,
the freezing level may drop, temporarily changing
rains showers to snow showers until the stronger
convection ends.

d. Northeastern US.Intense storm systems Figure 1-28a. A 1200Z Surface PatternA sta-
may affect the northeastern United States any timetionary polar front lying east-west across the South
of the year; however, they are more frequent andand/or Gulf of Mexico
violent during the winter season. These intense
storm systems (called Nor'easters) are often
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eastern and central continental Unitedt&ta A
weak short wave, which had developed over the Gulf
of Alaska area 4 days earlier, moved southeastward,
now located over the southern Rockies within the
long wave. Note the cold air advection over Arizona.

At the 500-mb level, 24 hours later, a closed low was
not drawn within the trough as shown in Figure
1-29b, however, low development was in progress over
eastern Oklahoma and/or Arkansas north of the tighter
height contour/thermal gradients.

During the subsequent 24 hours, the storm system
Figure 1-28b. Surface Pattern 24 Hours Later.  moyes across the Carolinas and moves offshore near
The surface low has organized and deepened.  \jrginia. In the next 12 hours, the surface low is
located off the New Jersey coast and has deepened
again. A tosed low develops over southeastern
In Figure 1-28b, the swate low has organized and pennsylvania. Mor¢han 6 inhes of snowfall
deepened with the approach of the upper trough.occurs from West Virginia to Maine. If thistern
The precipitation area has increased over the Ohigjevelops, expect heavy snow in New England.
Valley and East Coast areas. Explosive cyclonic
development is expected when the low-pressure e, Midwestern United StatesThe following
system moves further to the east and taps into thenformation illustrates where the significant snow
warm waters of the Gulf Stream. area is in relation to the storm system. Studies of
past Midwest snowstorms indicate that the 500-mb

In Figure 1-29a, the upper-level pattern was a long-height fall tracks are associated with areas of
wave trough oriented northeast-southwest across thgignificant snowfall, and the track of the 500-mb

10

12002 500mb HEXT DAY

Figure 1-29a. The 1200Z 500-mb PatternThe  Figure 1-29b. The 500-mb Pattern 24 Hours
upper-level pattern consists of a long-wave trough | ater. Low development is in progress over eastern
oriented northeast-southwest across the eastern andklahoma and/or Arkansas north of the tighter height

central continental United S&s. This chartisvalid  contour/thermal gradients. This chart is valid at the
at the same time as Figure 1-29a. same time as Figure 1-29b.
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height fall center (HFC) is the dividing line between height fall center track alignment occurs when a
frozen and liquid precipitation, with snow occurring strong surface high-pressure system is present over
to the left (northwest) of the track. The three heavy the central and upper Midwest.
snow track patterns shown in Figures 1-30 through
1-32 depict various relationships between the (1) Heavy Snow Track Pattern In Figure
surface low, the 500-mb height-fall track, and 1-30, the alignment and movement of the surface
significant snowdll. Two subjective rules need to low, the 500-mb low, and the 500-mb height fall
be kept in mind when looking at these figures: center tracks are sivm. The 500-mb leveind the
short wave/low is moving towards the Midwest and
« When the surface low is to the left of the bottoms out over the southern Rockies/western and
500-mb height fall center track (as in Figure 1-30), northern Texas area before turning northeastward.
the significant snowfall area lies approximately The main frontal low would likely be along an mP
parallel to, and to the left of, either the surface low frontal system approaching from the west.
track or the 500-mb low track, depending on how
cold the storm system is. In nearly all cases, (2) Heavy Snow Track Pattern 2n Figure
snowfall occurs along the 500-mb low track. 1-31, the main surface low is likely to be a frontal
However, when there is no strong surface high-low with maritime polar (mP) or continental polar
pressure system over the central and upper Midwest(cP) air. The low is located some distance to the
snowfall occurs along the track of the surface low. southwest of the upper low-pressure system due to
the presence of a strong high-pressure area or ridge
« When the surface low is to the right of the over the Midvest. There are many vations to
500-mb height fall center track (as in Figure 1-31), the pattern shown in Figure 1-31 depending upon
the significant snowfall area lies approximately the paths of the upper and surface low-pressure
parallel to and to the left of the 500-mb height fall systems. This is an excellent overrunning i
center track. Usually this surface low/500-mb and considerable precipitation occurs southward to

'mP FRONTAL LOW
~DEVELOPMENT WITHIN
LEE-SIDE TROUGH

500mb HFC TRACK

) Y
SFC LOW TRACKS

N

SFCLOW TRACK
g
5

00mb LOW TRACK
RECEDING HIGH

Figure 1-30. Heavy Snow Track Pattern 1The  Figure 1-31. Heavy Snow Track Pattern 2.the
alignment and movement of the surface low, the alignment and movement of the surface low, the
500-mb low, and the 500-mb height fall center tracks 500-mb low, and the 500-mb height fall center tracks

are shown are shown, as well as the heavy snow area.
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the surface low-pressure center. The division line path of both featws. Theocation of prevailing
between rain and snow lies along and to the surface high-pressure areas during storm
northwest of the height fall center track. development often provides a reliable indication of
this relationship.

(3) Heavy Snow Track Pattern’Bhe alignment
of tracks shown in Figure 1-32 is similar to f. Western U.S Forecasting heavy snow in the
Figure 1-31. The pattern is presented because itwest is more difficult than other areas of the
occurs quite frequently over the central and westerncontinental United States for two reasons:
United States and accounts for the majority of influences of the terrain, and lack of knowledge
missed snow forecasts. In this pattern, a deepeningconcerning circulation patterns associated with
trough over the western United States exists as aheavy snow development in the West. Several
long-wave feature. Short waves move through the subjective rules can help in forecasting heavy
long wave, bottom out over the Colorado Plateau, snows:
and swing northeastward across thestgrn Plains.
At the surface, there is usually a stationary mP or * Most heavy snow occurs under an area
modified cP front lying northeast-southwest across bounded by the -20°C and -30°C isotherms at 500
the Midwest. The main low development usually mb.
occurs along thedint. The snowfall path issually
found along and to the northwest of the 500-mb « Heavy snow occurs between 5,340 to
height fall track, within the colder air of the surface 5,460 meter 1000-500-mb thickness values.
ridge rather than along the main surface low track.

e Storms Moving to the Southeast. The

Each storm system track is different; therefore, greatest probability of heavy snow is
carefully evaluate the situation and focus on where 4 to 5 degrees latitude downsam and 3 degrees
the 500-mb height fall center bottoms out, where left (cold side) of the 500-mb vorticity maximum
the main surface low develops, and the subsequentrack.

» Storms Moving to the Neéheast. The
greatest probability of heavy snow is 3 to 5 degrees
latitude downstream and 3 degrees left of the 500-
mb vorticity maximum track. A secondary area of
maximum snows exists about 7 degrees latitude
downstream and 1 to 2 degrees left of the track.

\H

g. Alaska.

o * (1) Cold Adwection Snow (Southern Alaska)

B Follow the guidelines in Table 1-24. This technique
Low TS T works well 12 hours prior to the beginning of cold
h /A advection-type snow in southern Alaska, especially

— near Anchorage. It helps determine if 4 to 8 inches

or more of snow, are likely. All parameters should
Figure 1-32. Heavy Snow Track Pattern 3This be met, and the stronger the 500-mb trough, the
pattern occurs quite frequently over the central and greater the snowfall amount expected.
western United States and accounts for the majority
of missed snow forecasts. (2) Determining Snowfl Accumulation
Determine the mean mixing ratio from the
Fairbanks and McGrath soundings as follows:

500mb HFC TRACK
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Table 1-24. Cold advection snow checklist for southern Alaska.

500 mb 850 mb
Trough or closed low over western Alaska with the lowest cold thermal trough from the vicinity of the
heights between McGrath and Kotzebue. Chukchi Sea south along the west coast of Alaskajor

into the southwest interior.
A weak diffluent zone in the northwest Gulf of Alaska | McGrath is cooling faster than Fairbanks.
and/or over south central Alaska.

Warm or neutral advection into the southeast Bering SeAnchorage is either warming or showing little

while the western Alaska low or trough deepens. temperature change.
Ridge over southeast Alaska, or western British Columbildhe McGrath-Anchorage temperature gradient is
northward into the Yukon territory of Canada. increasing, with McGrath expected to be at ledét 7

colder than Anchorage within the next 12 hours.
500-mb contours normal to the 850-mb isotherms from Moisture either present at Anchorage at this level pr
the Chukchi Sea southward to Bristol Bay. being advected into the area.

Weakening trough or low in the northwest Gulf of
Alaska and/or near Kodiak Island.

Step 1 Choose which of the two soundings Step 5. Determine the length of the time
is most representative of the synoptic situation.  significant snowfall is expected. The amount of
snowfall accumulation to forecast is found by
Step 2. Divide the soundings into three entering Table 1-25 below with the total mixing ratio
150-mb layers from 950 mb to 500 mb (950-800, and duration of significant snowfall.
800-650, 650-500).
(3) Snow Associated with the Arctic Front in
Step 3 Obtain the mean mixing ratio of each Alaska. The arctic front is a primary weather
layer by dividing the dew point trace of the layer producer inAlaska during the winter months. Over
into two equal layers. Determine the mixing ratio the years, Alaskan forecasters accumulated many
value that divides the dew point trace into equal rules of thumb to help forecast the location of the
areas, interpolating as necessary. heaviest snows in relation to the arctic front:

Step 4 Add the three mixing ratios together. » The majority of the snow falls during the
The total of all three layers is the value to be usedfirst 12 to 24 hours after the arctic front passes.
in Table 1-25 . However, if the front remains just to the south and
overrunning conditions develop, light snow may last

Alaskan sites.

— _ » During periods of snow caused by the
Mixing Duration of Snowfall In Hours . . . .
Ratio overrunning of polar air or underrunning by arctic
3 6 9 12 18] 24 air, there can be periods of increased snowfall caused
1.0 2 3 5 6 9] 12 by a short-wave upper-level trough moving through
2.0 3 6 | 10| 13| 19| 25
25 4 8 | 12| 16| 24| 32 - .
30 = T 1o 151 20l 30l Zo0 ~ * The lowest ceilings and the heaviest snow
35 6 111 171 23| 35| 46 fall is found in the area between the 500-mb trough
4.0 6 13| 19] 26| 39| 52 and the arctic front. Once the 500-mb trough has
5.0 8 16| 24| 32| 48| 64 passed, expect slowly improving conditions but not
g-g 12 ;2 ;-Z j-g 2-3 g-g a rapid clearing. Slow cooling of the air can cause
: : : : : : : both stratus and light snow to be very persistent even
8.0 13| 26| 39| 52| 78 104 ) .
10.0 16 | 32 49] 65] 98 130

Precautions: Use this table as a guide only.
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« A500-mb trough parallel to the arctic front amounts of moisture into the inter of Alaska
and moving towards the front cause it to move before the colder air mass wears away at low levels.
southward. The lowest ceilings and heaviest
snowfall occur in this area. An occluded front or a « If the cold air becomes very deep in the
500-mb trough interacting with an arctic front Tanana ¥lley (6,000 to 8,000 feet), significant
(Figure 1-34) causes most of the heavy snowstormsamounts of snow can occur from overrunning
that occur within intéor Alaska. The hedestsnow  coming from the south. Normally, southerly flow
usually occurs just on the cold-air side of the arctic coming over the Alaskan Range causes downslope
front near the occluded front or the trough. In this and relatively dry conditions. However, when very
instance, significant snow can occur after the cold air fills the valley, warm-air advection from
passage of the occluded front or the 500-mb trough.the south rides over the cold air trapped in the valley,
It may also cause the arctic front to move very causing clouds and snow. In this case, the
rapidly into an area previously occupied by 1000-500-mb thickness value rises rapidly. Note:
relatively warm, moist polar air. Shallow arctic air remains until it modifies.

« Another potentially heavy snow producer « Snowfall can occur along an arctic front
is a flat 500-mb ridge building rapidly northward even with negative vorticity advection. However,
into the state from the Pacifidcean. The associated without positive vorticity advection, the
strong west-southwest flow aloft advects large accumulated snowfall is always less than 2 inches.

500mb Trough
[moving-eastward]

ML
P

Figure 1-33. The 500-mb Trough and Associated Figure 1-34. Occluded Front and Location of
Snow Areas. The lowest ceilings and the heaviest Snow. The heaviest snow usually occurs just on
snow fall is found in the area between the 500-mbthe cold-air side of the arctic front near the occluded
trough and the arctic front. front or the trough.
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[ll. SURFACE WINDS. Accurate surface wind another. The strength of the force depends on the
forecasting is an important task for a forecaster.nature of the contact surace. The more irregular the
Winds are important for safe launch and recoverycontact surface, the greater the frictional force.
of aircraft and are vital for successful low-level Friction always acts opposite to the direction of
flight, ground combat operations, and base resourcenotion. With an incease in friction, the wind
protection. velocity deceases. This force slows the wind within
the boundary layer; the resulting surface wind is
A. WIND BASICS. This section reviews the basic about 2/3 ofthe geostrophic or gradient wind.
atmospheric forces responsible for atmosphericFriction also causes winds to flow across isobars
winds and describes how these forces combine. Ifrom high to low pressure (i.e., out of highs and into
then describes how these wind types are related tdows). It may cause the wind to blow up to 50°

flow patterns around pressure systems. across isobars over rugged terrain and 10° across
isobars over water. The effect of frictional force
1. Atmospheric Forces. reaches to about 1,500 feet above ground level

(AGL) over smooth terrain and as much as 6,000

a. Pressure Gradient Force.This force is  feet AGL over mountainous terrain (i.e., up to the
responsible for winds in the atmosphere. It arises‘Friction Level” also called the geostrophic wind
from spatial differences in pressure in the |evel and gradient wind level).
atmosphere and acts to move air parcels in the
direction from higher to lower pressure. The 2. Wind Types.
difference in the pressure between two points (over
a given distance) in the atmosphere is referred to as  a. Geostrophic Wind.This wind results from
the pressure gradient (PG). The magnitude of thethe balance between the pressure gradient and
PG force is directly proportional to the strength of Coriolis forces, and blows at right angles to the
the PG. Tightly packed isobars indicate a strongpressure gradent (and parallel t isaf)ar The
PG and are associated with strong winds. Ingeostrophic wind gives a good approximation to the
contrast, loosely packed isobars indicate a weak PGactual wind when friction and isobaric curvature are
and are associated with weak winds. small.

b. Coriolis Force. The Coriolis force is the b. Gradient Wind.This wind results from a
“apparent” force that makes any mass, moving freebalance between the pressure gradient force and the
of the Earth’s surface, appear to be deflected fromsum of the Coriolis and centripetal forces. It blows
its intended path. This force deflects winds to the parallel to curved isobar. In the middle latitudes,
right in the Northern Hemisphere and to the left in this wind is a better approximation of the actual wind
the Southern Hemisphere, due to the Earth rotatingspeed than the geostrophic wind speed.
beneath them. The force is inversely proportional
to the latitude: itis zero at the equator and increases c¢. Actual Wind. The true observed wind,
to a maximum at the poles. resulting from all the previously mentioned forces.

c. Centrifugal and Centripetal Forces. 3. Flow Around Pressure SystemswWinds
Centrifugal force throws an air parcel outward from generally blow from higher toward lowerpressure.
the center of rotation. Its strength is directionally The flow is clockwise out of highs and
proportional to the speed and radius of rotation.counterclockwise into lows in the Northern
Centripetal force, equal in magnitude and oppositeHeisphere. The direction of the flow is opposite in
in direction to the centrifugal force, attempts to keep the Southern Hemisphere.
the air parcel moving around a curved path (such as
around curved height contours on a constant-Buys-Ballot’s Law is useful for identifying the
pressure surface). general location of highs and lows by observation

alone: In the Northern Hemisphere, if you stand

d. Frictional Force. Friction directly opposes  with the surface wind to your back and turn 30°
and retards the motion of one mass in contact withclockwise, a low is to your left, and a high is to your
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right. In the Southern Hemisphere, with your back Mountains upstream may delay or block winds or
to the wind, turn 30° counterclockwise and the low trigger strong downslope winds.
is to your right, while the high is to your left.

* Get a detailed topographic map from a
B. GENERAL TOOLS FOR FORECASTING tactical product, atlas, or National Imagery and

SURFACE WINDS. Mapping Agency.
1. Climatology. Climatology is a useful tool in « Locate the station of interest.
forecasting winds. It provides historic averages of
wind speed and direction over a period of years. * Note the topography around the station,

Consult it first to identify prevailing winds for the such as hills, valleys, lakes, etc.

location and time of intesst. These prevailing or

climatological winds are meso- and micro-scale 3. Trends. If the air mass and pressure systems

local phenomena such as land and sea breezes araffecting the area of interest are not expected to

thermal lavs. Varidgions from the climatological change, use persistence for short-term forecasting.

winds are often the result of migratory systems suchThis is especially true in tropical locations, where

as lows, highs, and fronts. Climatological winds conditions remain much the same from day to day.

can be retrieved from several sources, including theln these locations, diurnal variations in winds

following: usually dominate. Trend charts, such as the example
shown in Figure 1-35, are excellent tools to track

a. Station Climatic SummariesThese are  and forecast these “persistent” winds.

regional collections of individual station climatic

summaries for seven major geographical areas. 4. Geostophic\Winds. Forecasters can get a good

These summaries normally include monthly and estimate of short-term surface winds by knowing

annual climatic data for the following elements: the geostrophic wind (just above the friction layer)

temperature (means and extremes, daily andand correcting it for friction. Their sensitivity to

monthly), relative humidity, vapor pressure, dew changes in the pressure field, however, makes

point, pressure altitude, surface winds, precipitation, geostrophic winds unsuitable for long-term

mean cloud cover, thunderstorm and fog occurrenceforecasting. Geostrophic winds also do not work

(mean number of days), and flying weather by well in areas of strongly curved isobars. Use

ceiling and visibility categories. geostrophic winds in a 90-minute to 2-hour window
from valid time for best results.

b. International Station Meteorological

Climate Summary (ISMCS)This is a joint USN/ » Obtain a value of the geostrophic wind at the
NOAA/USAF summary that contains climatic location of interest. Tobtain these values, use the
summaries on CD-ROM. VAD profile from Doppler radar, a representative

sounding, an AWDS or NCEP product, etc.
c. Surface Observation Climatic Summaries
(SOCS)Part C of the SOCS includes the percentage  +« Mean surface wind speed is about 2/3 of the
frequency of occurrence of peak winds based ongeostrophic wind during the daytime period of
month, time, direction, and speed. maximum heating (due to frictional effects). The
surface wind may not be representative if the
Note: The tools noted above can be obtained from geostrophic wind is less than 15 knots.
theAir Force Wegher Tedinical Library, collocated
with the Air Force Combat Climatology Center. * The mean wind direction in the Northern
Hemisphere deviates from the geostrophic direction
2. Topography. Topography can have an by minus 10° over ocean areas and up to minus 50°
important effect on both the direction and speed of over rugged terrain. Average deviation at a station
winds. Frictional effects due to rough terrain can should be determined locally.
slow wind speeds and change their direction.
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Figure 1-35. Example of a Trend Chart Used to Forecast “Persistent” Winds.

* Cautions: represent the gradient wind speed in knots (e.g., 24
mb = 24 knots).
«» Do not use geostrophic winds to forecast
surface winds with nearby convection. » Use 50 percent of the gradient wind as a
forecast of the mean surface wind speed.
s Use geostrophic winds to forecast surface
wind speeds after a frontal passage, but not to ¢ Use 80-90 percent of the gradient wind speed
forecast wind shifts with frontal passage. as the value for daytime peak gusts.

*« Surface winds may differ considerably from * Cautions:
the geostrophic wind under a shallow inversion.
e« This method is more accurate than using
e» Geostrophic winds may overestimate the the geostrophic wind when isobaric flow is
actual wind when a low-pressure center is within markedly curved or when the wind speeds are
200 miles of the area being evaluated. greater than 50 knots.

5. Gradient \ihds. Gradient wind provide a s Gradient wind speed decreases in strength
better estimate of the actual wind in middle latitudes with either increasing latitude or air density (i.e.,
when the flow is significantly curved. However, gradientwind speed is inversely proportional to both
some adjustment must be made to account forchanges in latitude and air density).
frictional effects on the wind. The following are
valid for flow around a low in the Northern 976mb gg4mp
Hemisphere:

992mb 1900mb

» From the forecast location, choose a reference
point 6° of latitude (~360 NM) away and as
perpendicular as possible to the surface isobars. A
6° circle is best to find the reference point, as shown
in Figure 1-36.

 Find the difference in pressure (mb) between
the reference point pressure value and the forecast
point pressure value. Fronigbre 1-36: 1000.0 -
976.0 = 24 mb.

» Use the numerical difference (mb) found to Figure 1-36. Pressure Gradient Method for
Determining Surface Winds.
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6. Isallobaric Winds. Isallobaric winds result  geostrophic wind, enter Table 26a-f with the angle
from changes in pressure over time. Isallobaric and speeds to estimate an actual wind speed (see
winds flow perpendicular to isallobaric contours example 2).
from an isallobaric high to a low (Figure 1-37).

Gradient and geostrophic wind speeds should beExample 1: In Figure 1-37point W in nothern
adjusted for the isallobaric flow to better estimate Oklahoma is located near 36.5°N. The contour
actual winds. Although the gradient wind (adjusted spacing is 2° latitude or ~120 NM. At 36.5°, use
for the effects of friction) is a good estimate of the Figure 1-38b (35°N) to get the variation in
actual wind when the pressure is unchanging, it isisallobaric wind. At 120 NM, the interpolated
not always accurate when pressure rapidly changesisallobaric wind speed is 7 knots. Since the wind
at W (15010) is in the same direction as the
« Display a geostrophic/gradient wind chart. isallobaric flow, simply add the winds (i.e., adjusted
wind speed = 10 knots + 7 knots = 17 knots).
* Overlay contours of pressure tendency (e.g.,
PP in AWDS) using a base of zero and an incrementExample 2: In Figure 1-37, point Z in central
of 1.0 mb. Minnesota is near 45° N and has a contour spacing
of 1 mb per 160 NM. Figure 1-38c gives an
 Locate closed contours of pressure tendencyisallobaric windspeed of 3 knots. However, since
to identify isallobaric centers for flow direction. the geostrophic wind direction is about 120°
different than the isallobarienter Tabld.-26d with
« Compute the distance between pressurethe geostrophic speed (13 knots) and isallobaric
tendency contours for your location. speed (3 kts) to estimate a windspeed of 10 knots.

» Apply the contour spacing value obtained Some final guidance on using isallobaric winds to
to the appropriate Variations of Isallobaric Wind forecast surface winds:
Product (Figures 1-38 a-f) to get correction speed.

* Lows tend to move toward the center of

« If the isallobaric flow is opposite to the isallobaric lows, where the air is converging
geostrophic wind direction, subtract the value from horizontally and moving upward.
the geostrophic speed. If the isallobaric flow is the
same as the geostrophic wind direction, add the « Highs tend to move toward the center of
correction value to the geostrophic speed (seeisallobaric highs, where the air is subsiding and
example 1). diverging horizontally.

» For situations where there is a noticeable * Isallobaric winds are normally less than 10
angle between the isallobaric flow and the knots.
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Figure 1-37. lIsallobaric Flow. Isallobaric winds flow perpendicular
to isallobaric contours from an isallobaric high to an isallobaric low.
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Figure 38a-f. Variation of Isallobaric Winds by Latitude.
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Table 1-26 a-f. Estimating actual windspeed.Knowing the difference in direction of isallobaric flow
vector and geostrophic wind vector, enter appropriate table with wind speeds to estimate actual surface
winds.

(a) Difference in Direction of 30 (d) Difference in Direction of 120
Speed B Speed B
S J10]15[20][25]30]35]40]45] 50 5 101520 [25] 303540 [45] 50
ST 9 | 141924293439 444954 5| s s i3] 18] 22 27] 32] 37[ 427 47
10f 14[19]24]29]34]38f43] 485358 10 s[10] 13] 17] 21] 26] 31] 36] 40] 45
150192428 3338434853 58]63 15] 13 13] 15] 18] 21] 25] 30| 35] 39 44
< [20] 242933 38434853 s8] 6368 < [20] 18] 17] 18] 20] 221 26| 30] 34 39] 43
B [25] 2934|3843 [48 53] 58 626772 B 25| 22 21| 21 22] 25 27| 31 35] 39] 43
& (3034 [38[a3]as[s3]57]62]67[72]77 o [30] 27] 26] 25] 26] 271 30] 32] 36| 39| 43
35039 |43 (48|53 [58]62|67[72]77]82 35 | 32] 31} 30] 30] 31 32] 35| 37 40] 44
40| 44 [4a8[53]58]62]67|72]77]82] 86 40 | 37] 36| 35] 34| 35] 36| 37] 40| 427 45
45fa0|s3[s8]e63fer 7277828691 45 | 42] a0 39] 30] 30] 30 40 42] 45] 47
_50 54 [ 5816368172177 182 |8 |91]96 501 47| 45| 44| 43 43| 43| 44| 45| 47| 50
(b) Difference in Direction of 60 €) Difference in Direction of 150
Speed B Speed B
5 [ 10 ] 1520 [ 25]30]35]40]45] 50 5 101520 [25[30[35]40[45] 50
sTs 13182227 32]37[4a2]47]52 5| 2] 6| 10] 15[ 20] 25] 30 35] 40 45
10]13]17]21]26]31]36]40]45]50]55 10] 6] 5] sl 12] 1721 26] 31] 36] 41
1sfigf21 2530 35]39 44| 49] 54158 15[ 10| 8] 7| 10 14 18] 23] 28] 32 37
< [20]22[26]30]34]39]|43]48}52[57]62 < [20] 15[ 2] 1o 10] 127 16] 20] 24] 297 34
B [25] 273135394347 52566166 3 (25| 20] 17] 14| 12 12] 15] 18] 227 26] 30
& [30]32]36]39]43 47|51 ]s6[60]65]70 a [30]25] 21T 18] 16] 15[ 15] 17] 20] 24] 28
35§37 404448525660 65]69]73 35| 30] 26] 23] 20 18] 17] 18] 20 22] 26
4024540525660 [65][69]73]78 40 | 35| 31| 28] 24| 22| 20| 20 20| 22] 25
45fa7]s50[sa]s7]e1]es[eo[73]77] 82 45 [ 40] 36| 32] 29 26| 24] 22] 22] 23] 25
50 52155 35816266 [70]73]78]82]86 50 | 45| 41| 37] 34| 30| 28] 26| 25§ 25] 25
(c) Difference in Direction of 90 f) Difference in Direction of 180
Speed B Speed B
5 [10[15]20]25]30]35]40]45] 50 5 [10] 1520 [ 25]30] 3540 45] 50
s | 7 1] 157 20] 25] 30] 35] 40 45] 50 5] 0| 5| 10] 15| 20| 25| 30] 35| 40| 45
10 1] 1a] 18] 22 26] 31] 36] 41] 46] 50 10] 5[ of s] 10 15] 20 25] 30} 35] 40
15[ 15] 18] 21] 25] 29[ 33[ 38| 42 47] 52 15|10 5[ o s|10]15]20] 25]30] 35
<« [20] 20] 22] 25| 28] 32| 36| 40 44 49] 53 < [20] 15[ 10] 5] of s] 0] 1s5] 20] 25] 30
B [25] 25[ 26 29| 32] 35 39| 43| 47| 51] 55 B [25] 20 15[ 10] 5[ of 5] 10[15]20] 25
& [30]30] 31] 33] 36] 39] 42] 46| 50| 54 58 & [30]25]20] 15[ 10] s] of s]10]15]20
35 [ 35] 36] 38] 40] 43] 46[ 49] 53] 57 61 35|30 25] 20 15] 10| 5| of s 10]1s
40 [ 40| 41] a2] 44 47] 50] 53] 56| 60] 64 40 | 35] 30] 25 20 15] 10] 5] o] s] 10
45 [ a5] 46| 47| 49| 51| 54| 57 60| 63] 67 45| 40] 351 30] 25] 20| 15] 10| 5] of 5
50 | s0] 50] 521 53] 55| s8] 61] 64| 67 70 50 | 45| 40| 35[ 30] 25] 20} 15] 10] 5] o

7. Diurnal Temperature Data.Surface winds  the evening, does not allow higher wind speeds aloft
may change as a result of diurnal temperatureto mix down to the surface. Winds usually stay light
changes and temperature changes associated witinroughout the night and early morning until the
the formation or destruction of low-level surface inversion breaks.
temperature inversions. Generally, maximum and
minimum wind speeds occur, respectively, at the e Use a Skew-T to determine if a low-level
times of maximum and minimum temperatures. surface inversion is present.

Most diurnal effects occur in a weak pressure
gradient as the result of formation of a low-level « If surface heating is not sufficient to break
temperature inveion. The invesion, once set in  the inversion, forecast unchanged wind speeds.
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* If winds increase above the inversion (and location are useful for their station location. Since
the inversion is below 5,000 feet), expect maximum MOS bulletins are based on Nurital Weaher
gusts during maximum heating to be 80 percent of Prediction (NWP) model forecasts, initialize the
the 5,000 foot wind speed. models before using the MOS guidance.

« If winds do not increase above the inversion, a. CONUS. NGM FOUMXX and Eta
forecast 40 to 70 percent of the 5,000-foot wind FOUSXX KWBC bulletins show wind speed and

speed to mix down to the surface. direction in the layer from surface to 96 mb out to
60 hours. Use these outputs to note trends, rather
» Caveats: than as an exact guide to winds. The MOS does not

handle rare events such as tropical cyclones well;
*» Percentages shown above are only later MOS guidance converges towards climatology.
general estimates; actual values may differ widely
due to local terrain. Determine appropriate values b. Pacific TheaterNOGAPs FXPAXX KGWC
locally from forecast studies. bulletins show wind speed and direction at an
approximate gradient level (2,000 feet to 36 hours).
*« Normally, maximum gustiness occurs Generally, surface winds are 60 to 100 percent of
at the time of maximum heating. Short periods of these winds depending on terrain and synoptic
maximum gusts may also occur just as the inversionsituation. The proportion of gradient wind to surface
breaks, which may occur before maximum heating. wind should be determined by local studies.

s Other phenomena, such as propagating c. European TheaterGerman BLM FOEUXX
outflow boundaries from previous days’ ETGX, German EM FMDLXX EDZW, and the
thunderstorms, may be sufficiently strong to AFGWC BLM FOEUXX KGWC bulletins show
temporarily break the inversion. wind speed and direction at the surface. FOEUXX

ETGX is valid to 36 hours, FMDLXX EDZW for

» With southwest winds, average gusts 72 hours at 6-hour increments, and FOEUXX
approximate 70 percent of the maximum wind KGWC for 3 hours.
observed in low-level wind data. Peak gusts may
equal the highest wind speed reported in the low-Note: Deep systems that do not initialize well may
level wind field during maximum heating. lead to large errors in MOS guidance.

e With west-northwest winds and 9. Wind Profiles.Wind profiles include data from
moderate to strong cold-air advection, peak speedsskew-T, Wind Profilersand the WSR-88D Vertical
can exceed the highest value observed in the low-Azimuth Display Wnd Profile (VWP). These
level wind field. vertical profiles show the winds in a small cross-

section of the atmosphere but do represent the winds

= Under a strong pressure gradient, winds over a much larger horizontal area. The low-level
continue throughout the day or night with little jet can often be seen on the profiles.
diurnal change.

» Read the winds off the display.
8. Numerical Output Products.Numerical

output, such as Model Output Statistics (MOS) » Determine the temperature profile either
guidance products, are objective tools used tofrom a current or forecast Skew-T or upper-air
forecast wind speeds, directions, and other weatheproduct.
elements. MOS values are produced for specific
locations; other locations should conduct local * Follow rules given above in the sections on
studies to determine if the MOS values for a nearby Geostrophic WindandDiurnal Temperature Data
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10. Uniform Gridded Data Fields (UGDFs). 4 km) visible and infrared images. Keep in mind
UGDFs are forecast fields displayed on AWDS or that the winds at cloud level may not be the same as
similar weather communications and processing the surface wind. Study the terrain of the satellite
equipment. Tese fields can be displayed vertically photo (using an atlas or tactical maps). Determine

in a cross-section or horizontally in a LAWC. the type and shape of clouds, then use the following
guidance:
» Using UGDFs, plot a forecast Skew-T for
the time and place of interest. a. Open-cell Cumulus. (Refer to Figure
1-39.)
« Follow rules given in the section Diurnal
Temperature Data « Associated with straight-line or cyclonic
flow.
e Using 1000-mb UGDFs, plot a forecast
LAWC for the time and place of interest. * Doughnut shape with a hole: less than 10
knots.
» Refer to the section daradient Windgor
use with the LAWC. « Elongated doughnut shape: 11 to 20 knots.
11. Satellite-Derived Winds . Satellite-derived * Arc shape: 21 to 30 knots.
low-level winds (5,000 feet and below) can be used
to forecast surface winds. Although not as accurate  Solid elongated cloud: greater than 30

as radiosonde winds, satellite-derived winds are knots.
useful in data-sparse areas. Bulletins are TWXNXX
KWBC in the Northern HemispheasmdTWXSXX b. Closed-cell Stratocumulus.
KWBC in the Southern Hemisphere.
» Associated with anticyclonic flow.
» Extract low-level wind information from
bulletins. «Wind direction hard to determine by cloud
alone. Use other clues.
« See the Gradient Wnhds section for
application rules. » Wind speeds are generally less than 20
knots.
12. Satellite ImageryLow-level cloud patterns
from satellite imagery are valuable in forecasting c. Stratocumulus Lines.
surface winds, especially in data-sparse oceanic

areas. Best images to use are high resolution (1 to  Seen off south or east coastlines or large
lakes.
<10 kts 11 - 20 kts
21 - 30 kis > 30 kts

Figure 1-39. Open-Cell Cumulus ShapesThese formations are associated
with straight-line or cyclonic flow.
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» Associated with cyclonic, anticyclonic, or
straight-line flow.

* Wind almost parallel to cloud lines.

» The smaller the cloud elements, the
stronger the winds. isible separation between
cloud elements indicates greater than 20 knots.

d. Cumulus Lines or Streets.
» Mainly in tropical and subtropical regions.
* Wind almost parallel to cloud lines.

e. Smoke/Ash/Dust.

« Seen at different levels.

» Sharp boundaries are upstream, diffuse
boundaries are downstream.

f. Leeside Clearing.Indicates winds crossing
ridgeline more perpendicular than 45°.

g. Lakes in Summer.

» Cumulus clouds dissipate as they move
over cooler lakes.

* Cloud-free area occurs downstream over
land, before clouds start developing.

h. Lakes in Winter.

 Colder, drier air moving over an unfrozen

Surface Weather Elements

i. lce Packs on Large Lakes and Seas.
Persistent winds push the ice away from the
upstream shore and pack it against the downstream
shore.

j- Bow Waves, Plume Clouds, Karman
\ortices. These features can be found downstream
in windflow.

k. Strongest Whd Regions in Extratropical
Cyclones. The areas of strongest winds during
various phases in an extratropical cyclone are shown
in Figure 1-40. See if outlined areas are moving
over your area of interest and use other tools to
forecast wind strength.

lake forms stratocumulus lines downstream over theFigure 1-40. Strongest\Wnds in an Extratropical

lake and land.

» A cloud-free region often exists on the
upstream side.

Cyclone. Strongest winds are shown with a dashed
outline.
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13. Elevation Effects.A decrease of pressure b. Mountain Breeze.This breeze is simply a
and density of the air and decrease of friction with stronger case of drainage wind in a mountainous
elevation, cause wind speeds on average to increasarea. At night, radiation cools the mountainside air
about 1 to 2 knots for every 2000 feet above seafaster than the air in a valley. As the cooler air
level. Table 1-27 showthe increase in wind speed becomes denser, it sinks toward the lower elevations
with elevation at specific temperatg: After and collects in the valleys.
making wind forecasts using other tools, adjust wind
speeds for elevation using Table 1-27. » Speeds may reach 11 to 13 knots.

14. Local Wind Effects.After using the above * The cooler air may become several hundred
general wind forecasting techniques, forecastersfeet thick in the valley.
should fine tune their wind forecasts based on local
effects, many of which are described below. » Can be forecast using a sequence of surface
analyses and prognosis products.
a. Drainage Wind. This wind occurs at night
with strong cooling and a very weak pressure c. Fall wind. Typically, this cold wind
gradient. Due to variations in surface conditions, originates in snow-covered mountains under high
radiational cooling cools the air in contact with the pressure. The air on the snow-covered mountains
surface more rapidly at some locations than others.is cooled enough so that it remains colder than the
Since cooler air is heavier than warmer air, it sinks valley air despite adiabatic warming upon descent.
to lower elevations in sloping terrain. Near the edges of the mountains, the horizontal
pressure gradient force, along with gravity, causes
* Requires only a very shallow terrain slope the cold air to flow across the isobars through gaps
and has occurred with slopes less than 200 feet. and saddles down to lower elevations. This colder,
denser air descends rapidly to the valley below. The
* Speeds rarely exceed 2 to 3 knots. glacier wind one type of fall wind, is most
noticeable during summer due to the large
» Occurs when surface ridging affects the temperature differences. Thera, another type of
area, so it can be forecast using surface analysis ofall wind, occurs mainly in Europe. It also occurs
prognosis products. in North America when cold air flows down the east
slopes of the Rockies in Alberta and Montana.

Table 1-27. Increase of wind speed with height.

Elevation Temperature Surface Wind Surface Wind
(ft) °C (°F) 35 (kt) 50 (kt)
Speed at Altitude Speed at Altitugle

2000 7 (44) 36 52

4000 4 (38) 37 54

6000 0 (32) 39 56

8000 -3 (26) 40 58
10000 -7 (20) 41 59
12000 -10 (14) 42 61
14000 -13 (8) 43 64
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 The fall winds begin once the high pressure » Look for clouds and precipitation on the
is in place. windward side of the mountain range ending
suddenly at or near the ridgeline in a “foehn wall”
» Channeled fall winds have been known to (see Figure 1-108).
reach 100 knots for days at a time.
 Conditions associated with mountain-wave
» Temperatures in lower elevations may drop turbulence may also cause Chinooks. Lenticular
more than 11°C (20°F) when the breeze begins. clouds usually associated with mountain-wave
turbulence may signal a Chinook.
« Can be forecast using a sequence of surface
analyses and prognosis products. « Temperatures may rise as much as 28°C
(50°F) in a few minutes at the base of the mountains.
d. Valley Breeze.These winds flow in the Melting snow cover can cause flash flooding
opposite direction to the mountain breeze described
above. The valley breeze develops during the day f. Land and Sea BreezesSea breezes blow
as the mountain slopes become heated by the sunnshore from sea to land during the day; land
(more quickly than the protected valleya)r from breezes blow offshore from land to sea during the
the valleythen “slides” upward to replace the night. These breezes result from differential heating
buoyant, heated air rising from the mountain slopes.between land and water. During the day, land heats
faster than water; cool air over the water flows in
» The valley breeze averages about 13 knots.from the sea—as the sea breeze—to replace the
warmer air rising over the land. At night, the
« The stronger the heating, the stronger the opposite occurs: the warmer rising air over the
wind. Therefore, early afternoon is the most ocean is replaced by cooler air from the land—the
favorable time for the strongest winds. land breeze. In the sea and land breezes, the return
flow aloft often forms nearly closed circulation cells.
» The best conditions for valley breeze
development are clear skies and a weak synoptic « Sea Breeze.
pressure gradient.
s Occurs throughout the year in the tropics,
« Can be forecast using a sequence of surfacebut mainly in the summer in higher latitudes.
analyses and prognosis products.
*« Begins to develop 3 to 4 hours after
e. Foehn (Chinook) Wind. This warm wind  sunrise and peaks in the afternoon; the wind is gusty
flows down the leeside of mountains. The wind and may be variable.
forms when moist air is forced to ascend on the
windward side of a mountain and then descends on e« Circulation often extends 12 miles over
the leeward side. As the air rises on the windwardland and water (35 to 45 miles is not unusual).
side, it expands and cools at the relatively slow moist
adiabatic cooling rate. The moisture in the air * The depth of the circulation varies from
condenses into clouds and precipitates out. As thel3,000 feet in the tropics to 3,000 feet in higher
now dry air descends on the leeward side, it islatitudes.
compressed and heated relatively quickly at the dry

adiabatic heating rate. The result is a very strong, *» Best conditions are a weak pressure
warm, and dry downslope wind. gradient and clear skies, allowing strong heating.
e The winds start when strong winds aloft ¢ |f the ocean temperature just offshore is

flow perpendicular to a mountain range. A leeside unusually cold, fog or low stratus clouds may
trough may form consequently, further forcing the accompany the sea breeze. The fog and stratus
air downslope. generally dissipate rapidly over the warm land.
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« Horizontal convergence and convection Crosswind component values can be calculated
(forming a sea-breeze front) may mark the seausing the following technique:
breeze’s farthest penetration inland.

Step 1 Determine the absolute (positive)
= Can be forecast using a sequence of difference in degrees between the direction of the

surface analyses and prognosis products. runway heading and the direction of the actual wind
(e.g., runway orientation is 030°/210°; wind
* Land Breeze. direction is 090°). Difference off runway is 60°

(90°- 30° = 60°).
e« Much weaker than the sea breeze, with
smaller horizontal and vertical dimensions. Step 2 Using Table 1-28, relate this direction
difference to the actual wind speed to find the
*« Normally begins shortly before crosswind component.
midnight and peaks near sunrise.
2. Low-LevelWind SheaWind shear is a change
C. SPECIALIZED AIRFIELD OPERATIONS in wind direction, wind speed, or both, along a given
TOPICS. direction in space (e.g., along a horizontal or vertical
distance). The strongest wind shears are associated
1. Runway CrosswindsA crosswind is the wind  with abrupt changes in wind direction and/or speed
component directed perpendicular to a runway. over a short distance. Low-level wind shear is
Winds parallel to a runway have zero crosswind particularly hazardous to aviation operations: it
component, regardless of speed, while winds occurs so close to the surface that pilots often do
perpendicular to the runway have a crosswind not have enough time to compensate for its effects.
component equal to their actual wind speeds.

Table 1-28. Crosswind component table.

Speed| Angle Between Wind Direction and Heading)
(kts)

10| 20| 30| 40| 50/ 60 7 8 90
5 1 2 3 3 4 4 5 5 5
10 2| 3 5 6 8 9 9| 10, 10
15 3| 5 8 [ 10| 11| 13| 14/ 15 11
20 3 7 | 10| 13| 15| 17| 19 20 2(
25 4 | 9 | 13| 16| 19| 22| 23 25 25
30 5| 10| 15| 19| 23| 26/ 28 30 30
35 6 | 12| 18| 22| 27| 30, 33 34 3
40 7| 14| 20| 26| 31| 35 38 39 40
45 8 | 15| 23| 29| 34| 39 42 44 4%
50 9 | 17| 25( 32| 38| 43 47 49 50
55 10| 19| 28| 35| 42| 48 54 54 5%
60 10| 21| 30| 39| 46| 52| 54 59 60
65 11| 22| 33| 42| 50| 56| 61 64 6%
70 12| 24| 35| 45| 54| 61 64 69 7¢
75 13| 26| 38| 48| 57| 65 7 74 7%
80 14| 27| 40| 51| 61| 69 79 79 8¢
85 15| 29| 43| 55| 65| 74 80 84 8%
90 16 | 31| 45| 58| 69| 78 8§ 89 9¢
95 16| 32| 48| 61| 73] 82 89 94 9%
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1. Are thunderstorms forecast or observed within 10 NM?

2. Ts there a low-level jet below 2,000 ft?

3. Is the sustained surface wind speed 30 kt or greater?

4. Ts the surface wind speed 10 kt or greater?

5. Is the difference between the gradient wind speed and
two times the surface wind speed 20 kt or greater?

6. Is there an inversion or isothermal layer below 2,000 ft?
7. Is the value of the vector difference between the

gradient wind and the surface wind 30 kt or greater?

8. Is the value of the vector difference between the
gradient wind and the surface wind 35 kt?

9. Is a surface front present or forecasted to be in the area?

10. TIs the vector difference across the front equal to or
greater than 20 kt over 50 NM (see Table 1-29)?

11. TIs the temperature gradient across the front 5°C (10°F)
or more per 50 NM?
12. Is the speed of movement of a front 30 kt or more?

13. Located in the Western United States?

14. Do the following conditions exist?

o

. Cloud bases > 8000 above ground level.
. Surface temperatures > 27°C (80°F).

o o

o

15. Forecast no significant low-level wind shear.

Yes, LLWS assumed.
No, go to Step 2.

Yes, forecast LLWS.
No, go to Step 3.

Yes, forecast LLWS.
No, go to Step 4.

Yes, go to Step 5.
No, go to Step 6.

Yes, forecast LLWS.
No, go to Step 9.

Yes, go to Step 7.
No, go to Step 8.

Yes, forecast LLWS.
No, go to Step 9.

Yes, forecast LLWS.
No, go to Step 9.

Yes, go to Step 10.
No, go to Step 13.

Yes, forecast LLWS.
No, go to Step 11.

Yes, forecast LLWS.
No, go to Step 12.

Yes, forecast LLWS
No, go to Step 13.

Yes, go to Step 14.
No, go to Step 15.

Yes, forecast LLWS.
No, go to Step 15.

. Surface temperatures/dew point spread greater than 23°C (40°F).
. Virga, convective activity within 10 NM of runway approach.

Figure 1-41. Low-level Wind Shear Decision TreelLocal effects are not addressed.

Wind shear is often associated with fronts, level wind shear rules. The conditions are not all

inversions, and thunderstos. The chddist in
Figure 1-41 is adsted from The United Kingdom
Meteorological Office and ContinentalAirlines low-
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Table 1-29a-g. Difference of direction.

a) 0°to12.5° d) 77.6°t0102.5°
Speed B Speed B
5 | 10| 15[ 20| 25| 30 35 409 45 5p 5 (10| 15| 20| 25| 30 35 49 45{5 5p
51 0] 5] 310f 15 20| 25 30 39 40 4p 5 | 7 [ 11] 15| 20| 25| 3d 39 ad 45 sp
10)] 5| 1| 5] 10| 15| 20, 25 3 35 4p 10 11) 14| 18] 22| 26 33 36 41 46 H
150110 5 1| 5| 10] 15| 20 29 30 3p 151 15] 18| 21| 25| 29 33 38 42 4 P
§ 20| 15] 10| 5f 2| 5] 100 15 29 25 3p g 20| 20| 22| 25| 28] 3 3d 40 44 4
?é_ 251 20| 15| 10{ 5| 2| 5| 10 14 20 2b ?é_ 25| 25| 26| 29| 32| 3§ 39 43 47 51
|30 25| 20| 15| 10 3| 6] 19 15 2p O [ 30]30] 31| 33] 36| 39 49 46 50 54 8
35| 30| 25| 20f 15/ 1d 6/ 3| 6 10 1p 35| 35| 36| 38| 40| 43 44 49 58 57 d1
40| 35| 30| 25| 200 1§ 1 6 4 4§ 1 40| 40| 41| 42| 44] 47 59 53 56 6D €4
45| 40| 35| 30| 25 29 1§ 10 6 A4 1 45| 45| 46| 47| 49| 51 54 57 60 68 €7
50] 45] 40| 35| 30 29 29 1% 11 1 50| 50| 50| 52| 53] 59 54 61 641 6f 710
(b) 12.6° to 45° (e) 102.6° to 135°
Speed B Speed B
5 10| 15| 20| 25| 30| 3§ 40 45 sp 5 110] 15[ 20| 25| 30 35 40 4% 5p
51 2] 6|10 15| 20| 25 39 3§ 40 4p 518 13| 17| 22| 27| 33 31 4% 47 5p
10] 6] 4] 7] 12| 16| 21 26 31 36 4f 10] 13| 17| 21| 26 31 33 40 45 50
150110 7| 7| 9| 13| 18 23 2y 3P 3f 1501 17| 21| 25| 30 34 39 44 49 58 H8
.ﬁ; 20| 15] 12| 9f 9| 12| 15 19 24 29 3B .f, 20| 22| 26| 30 34 38 43 47 5p 57 €
§ 25| 20] 16| 13| 12| 120 14 17 21 26 F § 25| 27| 31| 34| 38 43 47 51 56 6L €
0 [ 30] 25 21| 18] 15 14 14 16 19 28 7 " 130)32| 35| 39] 43 47 51 56 6) 6b €9
35| 30] 26| 23] 19| 17 14 17 19 22 % 35| 37| 40| 44| 47| 51 56 GH 6 71
40| 35] 31| 27| 24 21 19 19 19 21 M 40| 42| 45| 49| 52 56 64 641 68 7B 17
45| 40] 36| 32| 29| 26 23 22 21 2 M 45| 47| 50| 53| 57| 61 65 6‘5 B W q
50| 45] 41| 37| 33| 30 274 2% 2 M M 50| 52| 55| 58| 62| 65 64 733 77 8L &
(c) 45.1°to 77.5° (f) 135.1°t0167.5°
Speed B Speed B
5 (10| 15| 20| 25| 30 35 40 4% 5p 5 [10] 15| 20 25( 30| 39 40 45 sp
5 | 5] 81| 13| 18] 23| 27| 32 3y 42 4f 51 9]14]| 19| 24| 29 34 3§ 44 49 5S¢
10| 8| 10f 13| 17| 22| 26 31 36 4L 4 10] 14 19| 24| 29| 34 39 44 49 583
15 13| 13| 15| 18] 22/ 26 30 35 4p 4 151 19| 24| 29| 33| 38 43 48 58 58 3
§ 20| 18] 17] 18] 20| 23 26 30 36 b a4 g 20| 24] 29| 33| 38| 43 49 53 583 63 68
?é_ 25| 23| 22| 22| 23] 25 24 31 3 3P 4B ?é_ 25]1 29| 34| 38| 43| 48 53 58 6B 67 P
O |30 27| 26| 26| 26| 28 30 38 36 4 M O 30 34] 39| 43| 48] 53 54 62 6y 7R A7
35|32 31| 30[ 30 31 33 3% 3B 4 4 35]|39] 44| 48| 53| 58 64 67 7R T G
40 | 37| 36| 35| 35 35 3§ 38 4D 4B 46 40| 44] 49| 53| 58] 63 64 72 77 8 &7
45| 42| 41| 40| 39| 39 40 41 48 4 48 45| 49| 53| 58| 63| 67 73 77 8 8 P
50 | 47| 46| 44| 44| 43 44 4% 46 4B 0 50| 54] 58| 63| 68 72| 71 82 8 R 9P

(g) 167.6° to 180°

Speed B
5 /10) 15| 20 25| 30 35 49 4% 5p
519 114[19| 24] 29 34 39 44 49 54
10) 14| 19| 24| 29 34 39 44 49 54 H
151 19| 24| 29| 34 39 44 49 54 5D 4
f,f 20| 24| 29| 34| 39 44 49 54 59 64 €
?é_ 251 29| 34| 39| 44 49 54 59 6§ 6D P
O |30 34[ 39| 44| 49 54 59 64 69 74 B
35| 39| 44| 49| 54 59 64 69 T4 7O
40| 44| 49) 54| 59 64 69 74 7P 84 &
451 49| 54) 59| 64 69 74 79 8 8 H
50] 54| 59| 64| 69 74 79 84 Sb M P

station.) The vector wind difference mentioned in ~ Step 2. Select the table that corresponds to the
Figure 1-42, line 10, is obtained from Tables 29a angular difference (Table 1-29d: 77.6° to 102.5°).
through g.

Step 3. Enter the table and apply wind speed A

Step 1 Determine the absolute angular difference and B (round to the neast 5 knots). ¥ctor

between two winds on opposite sides of a front difference is the intersection of SpeedA and B (e.g.,
approximately 50 nm apart (e.g., Wind A = 03011, Speed A = 11 rounded to 10 knots. Speed B = 19
wind B = 11019, Difference = 110 - 30 = 80°). rounded to 20 knots. Vector difference is 22 knots).
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Rules of thumb for low-level wind shear associated » They occur above very stable air; the core
with a variety of meteorological causes are given of the jet is just above the top of the inversion layer.
below:
* Other favored areas include:

a. Cold Frontal Boundary. Low-level wind
shear exists below 5,000 feet for up to 2 hours behind e Desert coastal regions, especially in
a fast-moving font. Thepotential persists until the coastal areas with cold upwelling currents.
depth of the cold air reaches the gradient level.

*« Over equatorial upwelling currents.
b. Warm Frontal Boundary. Low-level wind

shear exists below 5,000 feet for up to 6 hours ahead e Border of heat troughs.
of a surface front; it terminates with warm front
passage. Pilot Reports (PIREPS) are invaluable for e Sharply defined zones of heavy rain (e.qg.,

forecasting low-level wind shear in warm front the backside of strong United States Midwest
situations. Strong vertical wind shears are usuallythunderstorms).
accompanied by turbulence when the shear occurs
in a (thermally) stable air mass. » The most extensive and intense low-level
jets occur over the western Indian Ocean, southern
c. Low-level InversionsShear occurs in these Irag and the Persian Gulf, during the Northern
inversions with a light surface wind and a strong Hemisphere summer Indian monsoon.
gradient level (2,000 feet) wind. Always look for
strong winds aloft (from skew-T) when an inversion e Extend from east of Madagascar across
forms or is forecast to form. This frequently occurs eastern Somalia to India.
under stable air mass conditions; usually at night,
early morning, or evening, when the isobaric *» Speeds may exceed 60 knots at a core
gradient supports strong winds (see surface analysiieight of 5,000 feet.
or prognosis).
« Low-level jets also occur along the west
d. Thunderstorm Gust Front.Cold outflows  coast of South America, south of the equator, and
from thunderstorms form a mesoscale frontal in Namibia.
boundary around the base of the storm, especially

in its direction of moement. \Wihd speeds and » Found between 800 feet and 5,000 feet in the
directions are variable and hard to predict. tropics.
e. Low-level Jet.Low-level jets are bands of * May be 5,000 to 15,000 feet aloft in

air in the boundary layer which are flowing faster mountainous areas.
than the overall environmental wind. They occur
in all areas of the world at all times of the year. f. Mountain-wave conditionsLow-level wind
shear often occurs above mountain tops when the
» They are especially common in the United wind component normal (perpendicular) to the top
States Central Plains states in summer, mostlyof the mountain range is 25 knots or greater and
during night or early morning hours. winds increase with height. They are accompanied
by hazardous turbulence when the air above the
* Alow-level jet wind speed profile is typically mountaintop is stable.
calm to 8 knots at the surface with a speed increase to
2510 40 knots or more at about 650to 1,500 feetabove  g. Land and sea breeze$hese produce gusty
ground level. Speed then decreases with height aboveurface winds because of the differences in wind
1,500 feet to approach the gradient level wind speedlirection between the lower flow and the upper flow
of 15 to 30 knots. of the circulation.
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D. FORECASTING GUSTY SURFACE WINDS a. Pacific Northwest The Pacific Northwest

IN THE UNITED STATES. High wind warning box (western Washington, western Oregon, and

decision trees or flowcharts and features called extreme northwestern corner of California) is

“Notorious Wind Boxes” are discussed in this located within some major storm tksc When

section. Local wind studies should be used to further large-scale storm systems move through the Eastern

supplement and refine these methods. Pacific on a course toward the Pacific Coast between
40°N and 50°N latitude, strong winds begin within

1. High Wind Waming Decision Flowcharts. the box shortly before the arrival of the system and

Decision flowcharts provide quick analyses of high continue for periods of up to 24 hours, depending

wind potential using a few key, readily accessible on the strength and movement of the storm.

upper-air parameters. The NWS developed Figures

1-42 and 1-43 Although these flowcharts were * Rules for predicting maximum gust speed

developed primarily for use in particular locations in an approaching low-pressure system.

in the United States, they may be modified for use

in other areas. es Compute the pressure difference (mb)
across a 180 NM line from coastal to inland stations.

Figure 1-42 is used in the northeastern United

States to forecast 35 knots or greater lasting for e« Multiply the pressure difference by five

an extended period. High winds in the flowchart to determine potential maximum gust (in knots).

are defined as sustained winds of 35 knots or

greater or wind gusting to 50 knots or greater ++ Time the onset of winds to coincide with

persisting for more than 1 hour. Results may be the arrival of the outermost closed isobar of the low

adjusted to agree with local weather warning over the coastline.

criter.  The method primarily uses

thermodynamic and dynamic parameters from « Rules for predicting maximum gust speed

the surface to 850 mb. Winds and negative in approaching cold front.

vorticity advection (NVA) are considered near

the level of non-divergence (500-mb product *= Requires a deep low to the northwest,

used to approximate this level). Figure 1-43 is high zonal west to east flow aloft and at the surface.

similar to Figurel-43, except it is used in

northern Texas in winter and spring for the first *« The long-wave pattern normally shows

12- and 24-hour forecast periotllote The 12- either zonal flow or a long-wave trough near 130°W.
hour FOUS NGM forecast geostrophic wind

numerical output can be used to predict low-level es Compute the pressure difference across

boundary layer winds. If 45 knots are predicted, a 180 NM line (e.g., between the stations KUIL
or are observed upstream and likely to move into and KRBL).
the forecast area, then the first step of the chart

is satisfied and continue with the remainder of e« Multiply the pressure difference by five
the flowchart. to compute peak gusts (in knots).
2. Notorious Wind Boxes. “Notorious Wind «» Time of onset of winds is when the front

Boxes,” shown in Figure 1-44, are well known areas is within 200 NM of the coast.

of strong wind-gust patterns (over 35 knots) in the

continental United States. Of course, winds over e« Normal wind duation is approximately
35 knots may occur in areas not included in these 12 to 18 hours.

boxes. Vihd boxes for ten different geographic

areas are discussed in general terms below. More ¢ Winds do not usually exceed 50 knots.
detailed information on wind boxes can be found

in AWS/TR 219,Forecasting Gusty Surface Winds *» The direction of the maximum gusts is
in the Continental United States. usually in the range from southeast through west.
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850 mb winds
> 50 kt
or
0900L Geostrophic Wind
> 45 kt

Yes
3-hourly
pressure rise 500 mbwind > 80 kt
forecast of
5 mb or more
No

Strong Negative
Vorticity Advection
(NVA) moving in or just
South of 500 mb jet

Adiabatic lapse rate
approaching the
850 mb level

Yes

L

Issue High Do not issue High Do not issue
Wind Wind Warning High Wind
Warning Gusts to 45 kt warning
possible

Figure 1-42. High Wind Warning Decision Tree forthe Northeast United StatesUse to
forecast sustained wind 35 knots or greater or gusts to 50 knots or greater for more than 1

hour.
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the 700 mb
Pressure Gradient
=>60m per 200nm over NM or
W. Texas (current
or for;:cast)

the Positive

Vorticity Advection

(PVA) Maxima (=12 units) fcs

near or over area dur-

ing daylight
l’

YES

Is

the Progged

Surface Pressure Gradient

>4mb per 100nm
?

YES

Is

the Lifted

Index < +4

(current or progged)
?

NO —

NO >

NO >»

NO >

YES
i Y
See Table of .
Gradients Wmds_z 26 kt
Table 1-30 unlikely

Figure 1-43. High WIind Warning Decision Tree for North Texas. This
figure is similar to Figure 1-42 except itused in northern Texas in winter

and spring for the first 12- and 24-hour forecast period.
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Table 1-30. Table of gradients (700 mb) used

Surface Weather Elements

in conjunction with Figure 1-44.

200 NM Best Wind
Gradient Forecast
<20m 4-13 kt
20-29m 9-18kt
30-34m 11- 19 kt
35-39m 12 - 21 kt
40-49m 13- 22 kt
50 - 59 m 18 - 26 kt
*60 - 69 m 22 - 31 kt (gusts to 35 ki)
*70-79m 26 - 35 kt (gusts to 44 k{)
*80-89m 31 - 35 kt (gusts to 48kt
*90-99 m 35 - 44 kit (gusts to 53 k)

*Involves strong, deepening cyclones
moving through the area with no thick
clouds and Lifted Index (LI) less than or

equal to +4.
THER /
Ly
¥ THE y
N NORTHERN THE
G PLAINS Greeh Bay ) copEaT
40 5 , BOX LAKES THE,
T\ [Repia cie RO APP%A; ’EImN
N MOURTAL
] HE THE[:E mBO THE Des Moines THO% P
8N Franciaoe., T & EyERRE L
FRISCO Tongstn UTAH ’ CENTRAL AL
BOX BOX PLAINS
BOX
THE Doltg Kroavi ]
LOS/ANGELES iy
Loz Angeles, BOX . Santa Fe,
Flagstaff THE
Yum DUSTY
20" BOX

+ Abilens

Corpus Chnisli +

Figure 1-44. Location of “Notorious Wind Boxes.” The Figure shows well-known areas of strong wind-

gust patterns (over 35 knots) in the continental United States.
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s On rare occasions, north winds occur with e The 500-mb cold pool’'s direction and
the passage of strong, cold-advection systems. movement are the best predictands used to forecast
northwesterly surface wind gusts over Califar
b. Frisco. These winds (northern half of  Timing of the beginning of these winds should be
California, excluding extreme northwest) are based on the passage of the midlevel trough with
triggered by storms which move onto the West Coastcertain allowances made for the time of day and
between 35°N and 45°N, and often overlap the regional influences, such as topography.
southern portion of the Northwest Pacific box.
» Santa Ana Winds.
« Low pressure with a tight gradient must be
accompanied by southwest winds. e« Blow from the northeast and often
exceed 50 knots.
e Track 12-hour surface pressure falls to
forecast the approach of a low-pressure system. ee Can be produced by the rapid
repositioning of long-wave features.
« Average gusts usually equal the maximum
speed found in the low-level wind field. e Can also be produced by strong south-
ward-digging,short-wave troughs that rapidly (in
» Peak surface gusts can exceed 50 knots if24 to 36 hours) change the upper airflow from a
the low is strong and moving rapidly. westerly to northeasterly direction in Southern
California.
» Speeds usually remain below 50 knots; they
may reach 65 knots if the system is strong and * Mojave Winds.
moving rapidly.
e« Blow from the southwest over the
« Direction of gusts range from the southeast mountains and into the Mojave Desert.
through the southwest.
e« Similar to characteristics of the winds in
* Northwest winds occur occasionally when the Utah Box described below.
500-mb cold pools move northwest from the
Cascade Range to the Sierra Nevada Mountains in  d. Utah. Winds in this box (eastern Nevada,
the southeast. This pattern is similar to the Loswestern Utah, and extreme northwestern Arizona)
Angeles Box described below; the main difference are associated with synoptic storms that move
is the 500-mb cold pool tracks slightly west. through Nevada near 40°N and track easterly.
Winds blow from the south to southwest, and gusts
c. LosAngelesThe LosAngeles Box (southern usually do not exceed 45 knots. The Utah Box and
half of California) is small and complex. It is the Mojave winds (LosAngeles Box) often overlap.
associated with three different named winds: the
Newhall, the SantaAna, and the Mojave winds. * The low-pressure system must be moving
Each of these winds blows from a different direction from the northwest through west with a low-level
and is triggered by lows which move onto the West jet greater than or equal to 35 knots blowing from
Coast between 30°N and 40°N. All three winds the southwest.
are adiabatic, downslope winds blowing in
mountainous terrain in Southern California. These » Average gusts usually equal the maximum
winds cause severe to extreme mountain-wavespeed found in the low-level wind field.
turbulence and a windy, drying effect.
« Strongest winds will occur inside the 35-
* Newhall Winds. knot isotach area on the low-level wind field.

¢ Blow through the Newhall Pass into the
San Fernando Valley and rarely exceed 50 knots.

1-70



Surface Weather Elements

e. Livingston. These winds (central Montana « Heavy blowing dust (visibility less than
and central Wyoming) are caused by strong flow 5/16 NM) is normally confined to eastern New
over the rugged mountains of Montana and Mexico and Colorado.

Wyoming that produce adiabatic, downslope winds
along the leeside (chinook winds). The gusts are * Wind direction ranges from south-southwest
triggered by low-pressure systems moving alongto west-northwest.
three different storm tracks.
« Wind speeds exceed 60 knots when:

* Under southwest flow aloft, the box is
activated by the same storms that trigger the ** The pressure in the approaching storm is
Northwest Pacific and Frisco boxes. less than 1000 mb.

¢ In near-zonal westerly flow aloft, winds *s The storm is west of 115°W longitude.
are triggered by lows that move eastward between
45°N and 55°N. s« The storm is deepening as it moves
eastward.
* For northwest flow aloft, the box is
activated by storms moving into the Northern Plains. « During unusually dry years, speeds approach
100 knots and heavy blowing or suspended dust may
e Perform an isotach analysis of low- and reach 95° W fronKansas to central Texas. In
midlevel wind fields. addition, dust may be picked up from plowed fields
off the plains.
¢ Identify maximum wind bands.
g. Northern Plains.The Northern Plains Box
« Maximum gusts equal 50 percent of the (eastern Montana, northeastern Wyoming, North
strongest midlevel or 100 percent of the low-level Dakota, South Dakota, western Nebraska) is caused
winds. by southeast-moving storm centers which cross the
Canadian border between Montana and Minnesota.
» Expect possible severe to extreme mountain
wave turbulence with gusts to 35 knots or more. * Rules for maximum gusts with low passage
in the northern United States and southern Canada:
» Another method for determining peak gust

involves computing the average of the mid- and low- s Track surface pressure falls ahead of
level wind speed maxima. system.

« Astationary long-wave ridge above the box s Strongest winds usually stay to the west
prevents triggering. of the low-pressure system.

» Gust directions range between south- «Surface wind gusts approach the
southwest and west-northwest. maximum speed found in the low-level wind field.

» Wind speeds do not normally exceed 50 * Rules for maximum gust with secondary

knots. Terain channeling may increase speeds overcold front or trough passage.
70 knots.
ssTrack 12-hour surface pressure rises
f. Dusty. Strong winds are generated behind the front.
throughout the Dusty Box (eastern Arizona, New
Mexico, southeastern Colorado, northwestern *s Maximum gusts occur to the east of the
Texas, extreme southwestern Kansas) by winter ancgpressure rise center movement.
spring storms moving eastward between 30°N and
40°N.
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s Onset of winds in the box can be expected » Wind speeds do not normally exceed 45
to coincide with rise centers crossing the Canadianknots, but may exceed 60 knots for a dry storm that
border. has a central pressure below 1,000 mb when it

reaches eastern Colorado.

*s Maximum surface gusts can exceed the

maximum low-level wind values when combined » Sometimes this box overlaps the eastern
with strong to moderate cold-air advection. portion of the Northern Plains Box.
*+ The triggering mechanism is the passage i. Great Lakes. The Great Lakes Box is

of a cold font. Thegusts begin in a secondary activated by cold fronts or storm centers passing
surge of cold air, when the rise center of the 12- near the Great Lakes on a northeasterly, easterly,
hour surface-pressure change crosses the border. or southeasterly course.

*« Wind speeds rarely exceed 50 knots. * Rules for maximum gust with strong cold
fronts (north-northwesterly winds, northwest-
s The Northern Plains Box often overlaps southeast isobaric pattern).
portions of the Central Plains Box.
s Compute pressure difference along a 400
h. Central Plains. The Central Plains Box NM axis.
(eastern Nebraska, Kansas, central Oklahoma) is a
southerly-wind box caused by tightening of the s Each mb of pressure difference equals 3
surface-pessure gradient by storms moving through knots of wind speed. A difference of 11 mb equates
the Rockies. to 35 knots.

* Flow is southwesterly from high pressure e For north-south isobaric patterns, see
over the eastern United States, coupled with low theAppalachian Box. For other isobaric patterns,
pressure to the west or in the Northern Plains. do not expect gusty winds.

» Peak surface wind gusts equal the strength * Rules for maximum gust with strong cold
of the maximum wind in the low-level wind field.  front (northwest winds, north-south isobaric
pattern).
» Surface gusts to 35 knots or more are usually
contained within the area outlined by the 35-knot s Compute pressure difference along a
isotach in the low-level wind field. 240 NM axis.

« Strong winds depend on surface heating, so e« Each millibar equals 3 knots wind speed.
clouds and precipitation normally inhibit large 35-
knot outbreaks, although the low-level jet stream Wind speeds normally are less than
may be quite strong. 45 knots, except for when exceptionally strong
storms pass the Great Lakes.
« If low clouds are present, low-level winds

must exceed 50 knots to produce surface gusts to \Wind directions may vary when
35 knots. associated with northeasterly moving storms.
* The box may be activated a day early if, ««\Wind directions for southeasterly moving

under clear skies, the pressure falls associated withstorms and cold frontal passage range from west-
an approaching storm are enhanced by a leesidesouthwest in the lower-portion to north in the upper-
effect. This produces a stronger gradient betweenportion.

the rapidly falling pressures to the west of the area

and the smaller pressure falls to the east. »+\Wind gusts usually are less than 45 knots,
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except when very strong storms pass the Great « Land and sea breezeMake prediction at
Lakes. 0000Z (09L). Note the wind direction, estimate the
wind speed, and determine the maximum
j- Appalachian Mountain. This box occurs  temperature at your location. If the last three of the
with lows moving southeast and cold fronts. following conditions apply, consider forecasting a
land or sea breeze:
¢ Rules for maximum gust with strong cold
front (northwest winds, N-S isobaric pattern). e« Determine today’s minimum land
temperature required for a land/sea breeze using
« The Great Lakes Box and the eitherTablel-31 orthe sea surface temperature plus
Appalachian Mountains Box frequently overlap.  3.5°F. Call this T(Table 1-31 gives a clini@logical
estimate for T)."
Note: Forecasting higher speed winds depends on -

accurately forecasting the position and deepening s Determine the maximum temperature (°C)
of the Hatteras Low. expected today. Call thig,T.
e« Wind in the box may be from the e T, greater than or equal tq.T
northeast quadrant and exceed 60 knots for a
Hatteras Low. e» Wind direction at 0000Z is from land to

sea, or is calm.

E ADDITIONAL REGIONA. WIND e« Wind speed at 0000Z less than or equal to
FORECASTING GUIDANCE. 9 knots.
1. Korea. 2. Japan.

» Southwest winds greater than 35 knots seldom a. Northern.
occur during the winter; southwest winds of 15 to
25 knots ahead of a cold front are common. « If the 850-mb winds are greater than 50
knots and the surface to 850-mb lapse rate is greater
» Lows that deepen in the Sea of Japan (Eastthan 10°C, anticipate winds with gusts greater than
Sea) tighten the pressure gradient over the Korean35 knots.
peninsula and cause 25 to 30 knots with occasional
gusts to 35 knots for 8 to 10 hours. » Winter northwest winds reach a maximum
about 6 hours after a trough or low passage. This
» Strong northwesterly to northerly surface delay is due to damming of cold behind the
winds at 25 to 30 knots, with occasional gusts to mountains before spilling over.
35 knots, usually occur after a cold frontal passage
when the 850-mb isotherm gradient is greater than * During late winter through early summer,
10°C/150 NM; 20- to 30-knot winds can be expect winds more than 50 knots if an occlusion,
expected with a gradient of 5°C/100 NM. followed by a strong high, moves through the Sea

Table 1-31. Minimum land temperatures {C) required for a land/sea breeze formation. This table
uses the monthly mean sea surface temperature (SST) plGs 3.5

Coastal Areas Jan | Feb| Mar| Apr | May |Jun |Jul [Aug |Sep | Oct | Nov | Dec
Southern ROK. Kunsan AB 9 9 10 13 16 20 24 24 25 21 16 il
Central ROK. 7 7 9 11 15 20 23 28 25 21 15 11

Osan AB, Camp Humphreys,
Yongsan AIN, Seoul AB,
Koon-Ni Range
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of Japan between 45° and 35°N and 135° and 145°E. ««\With development of a strong Kanto Low,
the sea breeze generally sets in by 0900 to 1000L
* A sea breeze occurs progressively earlier with 20 to 33 knots by mid-afternoon along the
as the summer advances, usually starting 1000 tacoast.
1100L in April and May and 0700 to 0800L in
August and September. * Once the low-level inversion dissipates,
moderate to strong southwesterly to westerly
« A high to the east intensifies the sea breeze.flow at 3,000 feet over the Kanto Plain produces
surface wind speeds equal to 80 to 90 percent of
b. Central. the 3,000-foot winds.

» Kanto lows are a common cause of strong » Topography influences surface winds to be
southerly winds in the Kanto Plain. These lows either north-northeast or southeast-southwest over
result from a combination of terrain (leeside), solar 90 percent of the time. Winds from other directions
insolation, and sea-breeze effects. The lows formare weak except when a 700-mb trough axis with
under clear or mostly clear skies and are usuallystrong cold-air advection passes. Such a scenario
located in a mountain valley northwest of the Kanto produces west-northwest winds more than 20 knots
Plain during afternoon hours. for several hours.

* Forecast Kanto Low winds to begin by * Moderate northerly winds with gusts to 30
0900L if the gradient wind has a southerly knots occur when the Siberian High is well
component; by 1200L if a weak gradient wind developed and located over eastern Asia, and a well-
exists; by 1400L if a weak northerly gradient exists. developed low is located to the southeast or east.

This condition persists until the low moves to the

» Do not forecast gusty surface winds with a east.

Kanto Low:
 Tropical cyclones:
e After a 24-hour isallobaric high center
has passed east of the area. s A tropical cyclone or deep low passing
to the west and north in the Sea of Japan tends to
» When a surface inversion is present or cause gusty southerly winds.
forecast to occur.
s Southerly winds and fair weather occur
*s In winter. in the Kanto Plain as a tropical cyclone moves
through the Sea of Japan.
e Land breeze rules (near coast):
c. Southern.
e During the winter, the land breeze is
enhanced over the local area and produces 20 to 33 » Gusty surface winds from the northwest
knots from sunset until late evening. persist in the northern areas of Kyushu for 24 t036
hours after a cold front passes in tak, fwinter, or
e« With 20 to 33 knots northerly winds spring.
during the day, land breeze reinforcement produces

over 35 knot winds from sunset to near midnight. * Rapidly deepening cyclones forming off the
east coast of the Japanese islands can cause 20- to
» Sea breeze rules: 30-knot northeast winds across northern Kyushu.
*¢ During the period mid-May through mid- e Sea breezes begin when the land-sea

October, the sea breeze generally becomedemperature difference is greater than 1.5°C to 3°C.
established by late morning and dissipates by early/
mid-evening.  Tropical Cyclones:
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*¢ |f atyphoon passes to the west of Kyushu e The diurnal variation of surface wind
around a Bonin High, strong winds occur with light speeds is far less pronounced during strong trade
rain. wind flow; nighttime gusts often equal those of the

afternoon.

e« Typhoons more than 120 NM away
causes fair weather and no gusty winds. » During periods of high winds, the time of

the maximum wind is more dependent upon changes

3. Okinawa and the Ryukyu Islands. in the pressure gradient than diurnal considerations.

» Post-frontal gusty surface winds can be * When a local 24-hour pressure rise begins,
significant. a new surge of the trades begins within 24 hours.

The greater the rise, the stronger the wind speeds.
« Surface wind intensity varies with the width This is especially true if pressures continue to rise
of cloud bands. Narrow bands may contain during the afternoon diurnal pressure fall.
convective showers, move rapidly, and are
frequently associated with cold surges. The bands  During a Kona Low, the normal trade wind
are usually accompanied by gusts to 45 knots. Wideflow is reversed. Winds over the island chain comes
slower-moving weather bands may be accompaniedrom a southerly direction, windward areas become
by gusts that seldom exceed 35 knots. the leeward areas and vice versa. This soutivanty
is stronger and gustier than normal.
» Between November and March, surface
wind gusts of 30 to 35 knots are often observed 2-  Strong northwest to north winds occur 6 to
to 6-hours in advance of a cold front and frequently 12 hours after frontal passages from October to May.
persist 30 to 36 hours after the front passes. With arhis occurs when the primary low center associated
strong front, expect gusts of 35 to 45 knots. with the front is located south of 40°N moving in
an easterly direction or there is an active wave on
* In April, May, June, and October, gusts with the front.
a cold frontal passage are 25 to 30 knots. With

weak fronts, expect maximum gusts of 20 to 25 » Easterly waves cause 15- to 20-knot winds
knots. with occasional 30-knot gusts.
» During Siberian high outbreaks, forecast » Use the flowchart in Figure 1-45to forecast

surface winds of at least 20 knots gusting to 35 knotspeak tradewind gusts. Modify parameter values for
at frontal passage; gusts in a second surge mayther locations.

occasionally reach more than 40 knots 1 to 2 hours

after frontal passage. 5. Guam.

e Summer winds are usually southerly « Rainy Season: Winds greater than 25 knots
(south-southeast through south-southwest) and areccur less frequently in the rainy season but are
light and variable from sunset to sunrise. They difficult to forecast. Thedllowing parameters
increase during the early morning to 12 to 18 knots contribute to surface winds greater than 25 knots:
and continue at these speeds until about 1700L.

e« Maximum wind gust potential is from
4. Hawaii. rain showers or thunder showers. One hundred
percent of maximum wind speed to the gradient

« Winds are either predominant trade winds level (3,000 feet) plus speed of cell movement (e.g.,
or sea breezes. If the trade winds are less than 105 knots at 30° + 10 knots movement = 25 knots).
knots at 6,000 feet, then the sea breeze dominates.

s Radar: Is the speed of cells increasing?

« The trades are normally lightest in the Isthe diameter of individual cells greater than 5NM?
morning and reach their peak by mid-afternoon.
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Trade Wind Peak Gust
(Bradshaw AAF)

|
Yes

7000 - 8000 ft

No—»|

Don't forecast Trade

wind 040° - 160° Wind Peak Gust
a
Yes
Funneling factor =
7000 ft speed x 1.25
Speed increases
with height 6000 No
- 10000 ft
Yes
2
Obtain Convergence
Factor:
Incr. 5 -7 kt: +2 kt ‘
Incr. 8 - 9 ki ; +3 kt Example:
Incr.> 10 kt : +5 kt 10000 07023
9000 06021
l 8000 08020
. 7000 07019
face h f:
Surface _eatlng actor 6000 07014
=8 kt
Peak Gust =
(19x1.25)+3+8=34.750r 35 kt
Peak Gust =

Funneling factor
+ Convergence factor
+ Heating factor

Note: The convergence factor is 3 kt
because the increase in winds between
6000 and 10000 ft is 9 kt.

Figure 1-45. Bradshaw AAF, Havaii Trade Wind Peak Gust Flowchart. Use
the flowchart to forecast peak tradewind gusts.

other locations.
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e¢|s a dry slot present in the lower 10,000 es Maximum Outflow Wind Gust Potential:
feet? This feature acceléza downrush duetodry 80 percent of maximum wind speed up to the
air entrainment. Is the slot greater than a 5°C gradient level (3,000 feet) (e.g., 30 knots x 80
depression? Are winds backing in the vertical? A percent = 24 knots).
true dry slot has backing winds.
e« Guam Nadional Wegher Service office
e¢ |s the sounding not saturated? Saturation has two rules of thumb: If the maximum low-level
yields lower winds. wind speed is below 3,000 feet, maximum gust is
equal to 100 percent of that wind speed. Sustained
e« |s the monsoon trough/southwest surge winds equal 70 percent of the maximum wind speed
over Andersen? Stronger winds are present in andup to 3,000 feet.
just south of the trough axis.
6. Europe. The occurrence of extreme wind
» Dry Season: Most incidents of 25-knotwinds conditions over Europe affects flying, paradrop,
occur when the gradient level winds increase, due amphibious, and river-crossing operations, and even
to either a shear line or an approaching tropical communications equipment. This section on
wave. Usually a shower occurs, but not always. European wind conditions focuses only on winds
The following parameters contribute to surface that are unusual or severe. Figure 1-46 is a
winds greater than or equal to 25 knots: geographic summary of major winds discussed in
this section.
esRadar Analysis: Is the speed of
movement inagasing? Are downush patterns a. North Atlantic. North Atlantic gales form
present? These are indicated by cells developingwhen well-developed cyclones approach the British
and dying rapidly, with development in front of Isles or occasionally from open wave frontal
dying cells in relation to movement. Is a wave systems. A gale has mean wind speeds of at least
formation approaching?his is indicated by a clear 34 knots and gusts of at least 43 knots.
area followed by north-south lines of showers
(perpendicular to the flow) approaching from the » Cyclones forced to move south by well-
east. Is a shear line formation appitoag? This developed highs over Scandinavia produce strong
is indicated by east-west lines (parallel to the flow) gales through the English Channel, the North Sea,
of showers/ clouds approaching from the northwest. and surrounding coastal areas.
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Figure 1-46. Major Wind Systems and Local Names for European
Winds. The figure provides a geographic summary of major winds.
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» Gale winds can blow from any direction, called, “A Guide for Using Upslope and Lee Effect
but are usually strongest from the northwest. Charts.” This publication describes atetoverlays
used with Global Navigation Charts (GNC 4) for
 Hurricane force (64 knots) gales are usually central Europe. These acetates show main areas of
confined to open water. extended cloudiness with low ceilings due to
orographic lifting of air masses flng toward
» Gales occur from fall through spring, but mountain barriers, and the areas of cloud dissipation
are less common in the spring. They are rare duringon the lee side of those barriers. A limited number
the summer. of sets of overlays are available from theAFWTL.

b. Northern Europe.Bora winds are cold, dry d. Alpine Region. The foehn is particularly
northeasterly gale-force, gravity-assisted, drainage strong and extremely gusty in certain valleys in
winds which blow down from the mountains (The Europe known as “foehn channels.” In the Alpine
term “bora,” originally gplied to Yugslavian region, there are two types of Foehn winds: the
winds, is how used in other parts of the r They southerly foehn on the north slopes, and the
form when cold air over a snow-covered, elevated northerly foehn on the south slopes.
plateau is forced down by strong horizontal pressure
gradient forces associated with the approach and » The frequency of foehns depends upon the
passage of intense cyclones from the North Atlantic. number and the relative strengths of the migratory
Though adiabatic warming does occur during the lows associated with these winds.
descent, the air is still quite cold when it arrives at
lower elevations. In Northern Europe, these winds * Foehns are common during the spring,
most frequently affect the Northeamd Western summer seasons in Europe, and occur frequently
coasts of Scandinavia, such as the Norwegian fjords.(30 to 50 times a year) between Geneva,
Considerable damage can occur when these windsSwitzerland and Salzburg, Austria.
blow over relatively narrow and unprotected
peninsulas and lowlands. Mistrals are similar to e Southerly Foehn: Figure 1-47 shows a
boras, but are less violent and descend the westerttypical synoptic situation for a southerly foehn.
mountains into the Rhone Valley of France and into These prefrontal warm sectors foehns are a signal

the Mediterranean. of an approaching cold spell from north of the Alps.
» Boras occur mainly during the winter with * Northerly Foehn: The northern foehn is felt
a clear, cold high over the interior of Europe. in the valleys on the Italian side of the Alps. It occurs

when air from the north descends into mountain
* Narrow valleys or canyons channel the valleys, flowing into the Po River valley.
winds to cause speeds over 100 knots.
s Occur more frequently than the southerly
* Weak bora winds may also occur along an Foehn.
open coast.
¢ Adiabatic warming is much less dratit
c. Central Plains. This area is located in than the southerly foehn because it starts from a
northeast France and northern Germany. Cyclonegelatively cold area.
passing through the English Channel or over the
North Sea cause strong southerly or southwesterly * Foehns can also be triggered by the
winds over much of the lowland areas of this part subsidence beneath anticyclones.
of Europe. Wind speeds often exceed 40 knots.
Considerable channeling of bora winds in deep river s Anticyclonic foehns are usually dry.
valleys may cause considerable damage.
¢ Anticyclone foehns occur frequently over
* Upslope & Lee Effect Charts. The former theAlps in winter due to persistent ridging in the
5th Wedher WIing published a forecaster memo area.
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+» Extended periods of anticyclonic foehns Greece, and to a certain extent, parts of the Middle
gradually melt snow cover even in higher terrain. East. They may be felt as far east as the Caspian
They are often associated with snow-drought Sea and Turkestan.
winters in the Alps.

* They constitute the most constant and

e. Balkans and Eastern Europe.See  steady flow known on the European continent.
USAFETAC/TN-93/004,Eastern Europe, A

Climatological Studyfor comprehensive coverage » They start around mid-May and last until
of these winds. mid-September.
7. Mediterranean and North Africa.Many of  Breaks, particularly in July, are usual in

the same wind systems affect large areas of thimorthern areas.
region and are discussed by type areharhese
wind types on the Mediterranean coasts are the * Winds reach their greatest strength in the
etesian, sirocco, bora, and mistral. early afternoon and often weaken or disappear

during the night.

a. Etesian Winds.These winds occur in the
eastern Mediterranean and blow uniformly from the » Forecast 34 to 47 knots etesian winds when
north. They flow towardhe center of the Indian a strong upper ridge is forecast over France and a
monsoonal trough over Iran, Afghanistan, and strong upper trough is forecast over the lonian Sea,
northwestern India. iure 1-48 shows a typical northern Greece and the eastern Balkans.
synoptic situation for etesian winds.
* Forecast a gale force etesian when
» These winds dominate the wind flow over cyclogenesis occurs over SouttstAsia and

the Adriatic,lonian, Aegean Seas, the Levant, anticyclogenesis occurs over the Balkans. The

500mb Analysis

Figure 1-47. Southerly Foehn in the EwpeanAlpine
Region. Typical synoptic situation.
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Figure 1-48. Typical Synoptic Situation Causing an Etesian Wind.
These winds occur in the eastern Mediterranean and blow uniformly
from the north.

movement southward or southeastward of a coldthe formation of low stratuslauds. Wether
front is needed to establish a gale force etesianassociated with the sirocco shows marked variations
Forecast the end of gale force winds when a 500-fom southwest to the northeast across the
mb ridge is expected over the southern lonian SeaMediterranean and is very dependent upon the
trajectory of the air mass. See Figure 1-49 for a
« The mistral and etesian occur out of phase: typical synoptic situation associated with a sirocco.
if one prevails, the other does not. Therefore, if the

onset of mistral conditions looks to occur, the gale * Genuine siroccos are extremely hot in
force etesian should end. summer and relatively warm in winter, a direct result

of the seasonal variation of desert temperatures.

* An extended etesian is likely if there is a ' - _ o
deep surface low in the Black Sea region and a * Relative humidity at the point-of-origin can
closed low at 500 mb. Strong northerly winds Pe as low as 8 percent.

prevail at upper levels over the Aegean Sea.
» They usually last a day or two; their depth

« A blocking long-wave ridge over 