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A warm front occurs when a warm mass of air advances and replaces a body of 
colder air. Warm fronts move slowly, typically 10 to 25 miles per hour (mph). The slope 
of the advancing front slides over the top of the cooler air and gradually pushes it out of 
the area. Warm fronts contain warm air that often have very high humidity. As the warm 
air is lifted, the temperature drops and condensation occurs.
Generally, prior to the passage of a warm front, cirriform or stratiform clouds, along with 
fog, can be expected to form along the frontal boundary. In the summer months, 
cumulonimbus clouds (thunderstorms) are likely to develop. Light to moderate 
precipitation is probable, usually in the form of rain, sleet, snow, or drizzle, accentuated 
by poor visibility. The wind blows from the northeast to south-southeast, and the 
outside temperature is cool or cold, with an increasing dew point. 



Finally, as the warm front approaches, the barometric pressure continues to fall until the 
front passes completely.

During the passage of a warm front, stratiform clouds are visible and drizzle may be 
falling. The visibility is generally poor, but improves with variable winds. The temperature 
rises steadily from the inflow of relatively warmer air. For the most part, the dew point 
remains steady and the pressure levels off.

After the passage of a warm front, stratocumulus clouds predominate and rain showers 
are possible. The visibility eventually improves, but hazy conditions may exist for a short 
period after passage. The wind blows from the south- southwest. With warming 
temperatures, the dew point rises and then levels off. There is generally a slight rise in 
barometric pressure, followed by a decrease barometric pressure.







A cold front occurs when a mass of cold, dense, and stable air advances and replaces a body of 
warmer air.
Cold fronts move more rapidly than warm fronts, progressing at a rate of 25 to 30 mph. However, 
extreme cold fronts have been recorded moving at speeds of up to 60 mph. A typical cold front 
moves in a manner opposite that of a warm front. It is so dense, it stays close to the ground and acts 
like a snowplow, sliding under the warmer air and forcing the less dense air aloft. The rapidly 
ascending air causes the temperature to decrease suddenly, forcing the creation of clouds. The type 
of clouds that form depends on the stability of the warmer air mass. A cold front in the Northern 
Hemisphere is normally oriented in a 
northeast to 
southwest manner 
and can be several 
hundred miles long, 
encompassing a 
large area of land.



Prior to the passage of a typical cold front, cirriform or towering cumulus clouds are 
present, and cumulonimbus clouds are possible. Rain showers and haze are possible due 
to the rapid development of clouds. The wind from the south- southwest helps to 
replace the warm temperatures with the relative colder air. A high dew point and falling 
barometric pressure are indicative of imminent cold front passage.

As the cold front passes, towering cumulus or cumulonimbus clouds continue to 
dominate the sky. Depending on the intensity of the cold front, heavy rain showers form 
and might be accompanied by lightning, thunder, and/or hail. More severe cold fronts 
can also produce tornadoes. During cold front passage, the visibility is poor, with winds 
variable and gusty, and the temperature and dew point drop rapidly. A quickly falling 
barometric pressure bottoms out during frontal passage, then begins a gradual increase.

After frontal passage, the towering cumulus and cumulonimbus clouds begin to dissipate 
to cumulus clouds with a corresponding decrease in the precipitation. Good visibility 
eventually prevails with the winds from the west-northwest. Temperatures remain cooler 
and the barometric pressure continues to rise.

















Fast-Moving Cold Front
Fast-moving cold fronts are pushed by intense pressure systems far behind the actual front. The friction 
between the ground and the cold front retards the movement of the front and creates a steeper frontal 
surface. This results in a very narrow band of weather, concentrated along the leading edge of the front. 
If the warm air being overtaken by the cold front is relatively stable, overcast skies and rain may occur for 
some distance ahead of the front. If the warm air is unstable, scattered thunderstorms and rain showers 
may form. 
A continuous line of 
thunderstorms, or squall line,
may form along or ahead of 
the front. Squall lines present 
a serious hazard to pilots as 
squall type thunderstorms are 
intense and move quickly. 
Behind a fast-moving cold 
front, the skies usually clear 
rapidly and the front leaves 
behind gusty, turbulent winds 
and colder temperatures



Aviation Routine Weather Reports (METAR) and Special Weather Reports 
(SPECI). Surface weather observations are fundamental to all meteorological 
services. Aviators typically view surface observations through METARs and 
SPECIs.



General Types of Observations. There are three general types of surface observations:

• Manual Observation. Weather observations done by a human weather observer who 
is certified by the NWS or the FAA.

• Automated Observation. Automated observations are derived from instruments and 
algorithms without human input or oversight. In the United States, there are two main 
kinds of automated observing systems: the automated surface observing system 
(ASOS) and the Automated Weather Observing System (AWOS). Detailed information 
on ASOS and AWOS can be found in the Aeronautical Information Manual (AIM).

• Augmented Observation. At select airports in the United States, the automated 
observing system will have input and oversight by human weather observers or tower 
controllers certified in weather observing. These are referred to as augmented 
stations. Human observers report weather elements that are beyond the capabilities 
of the automated system and/or are deemed operationally significant. The weather 
elements observed and reported by the human observer vary, depending on the 
selected airport. AUTO is not used in augmented reports.



Aviation Routine Weather Report (METAR). The METAR report has been adopted by 
the United States to provide surface observations in support of aviation for the 
terminal. A METAR report includes the airport identifier, time of observation, wind, 
visibility, Runway Visual Range (RVR), present weather phenomena, sky conditions, 
temperature, dew point, and altimeter setting. Excluding the airport identifier and 
the time of observation, this information is collectively referred to as the “body” of 
the report. Coded and/or plain language information elaborating on data in the 
body may be appended to the end of the METAR as “remarks.” The contents of the 
remarks section varies with the type of reporting station.



Recency of Observed Elements at Automated Stations. For those elements that 
the human observer evaluates using spatial averaging techniques (e.g., sky 
cover and visibility), the automated station substitutes time averaging of sensor 
data. Therefore, in an automated observation, sky condition is an evaluation of 
sensor data gathered during the 30-minute period ending at the actual time of 
the observation. All other elements are based on sensor data that is within 10 
minutes or less of the actual time of the observation.





Type of report—there are two types of METAR reports. 
The first is the routine METAR report that is transmitted 
on a regular time interval. The second is the aviation 
selected SPECI. This is a special report that can be given 
at any time to update the METAR for rapidly changing 
weather conditions, aircraft mishaps, or other critical 
information.

METAR KGGG 161753Z AUTO 14021G26KT 3/4SM +TSRA 
BR BKN008 OVC012CB 18/17 A2970 RMK PRESFR



Station identifier—a four-letter code as established by the 
International Civil Aviation Organization (ICAO). In the 48 contiguous 
states, a unique three-letter identifier is preceded by the letter “K.” 
For example, Gregg County Airport in Longview, Texas, is identified 
by the letters “KGGG,” K being the country designation and GGG 
being the airport identifier. In other regions of the world, including 
Alaska and Hawaii, the first two letters of the four-letter ICAO 
identifier indicate the region, country, or state. Alaska identifiers 
always begin with the letters “PA” and Hawaii identifiers always 
begin with the letters “PH.” Station identifiers can be found by 
calling the FSS, a NWS office, or by searching various websites such 
as DUATS and NOAA's Aviation Weather Aviation Digital Data 
Services (ADDS).

METAR KGGG 161753Z AUTO 14021G26KT 3/4SM +TSRA 
BR BKN008 OVC012CB 18/17 A2970 RMK PRESFR



Date and time of report—depicted in a six-digit group (161753Z). 
The first two digits are the date. The last four digits are the time of 
the METAR/SPECI, which is always given in coordinated universal 
time (UTC). A “Z” is appended to the end of the time to denote the 
time is given in Zulu time (UTC) as opposed to local time.

METAR KGGG 161753Z AUTO 14021G26KT 3/4SM +TSRA 
BR BKN008 OVC012CB 18/17 A2970 RMK PRESFR

Zulu time—a term used in aviation for UTC, which
places the entire world on one time standard



Modifier—denotes that the METAR/SPECI came from an automated 
source or that the report was corrected. If the notation “AUTO” is 
listed in the METAR/SPECI, the report came from an automated 
source. It also lists “AO1” (for no precipitation discriminator) or 
“AO2” (with precipitation discriminator) in the “Remarks” section to 
indicate the type of precipitation sensors employed at the 
automated station.
When the modifier “COR” is used, it identifies a
corrected report sent out to replace an earlier report that contained 
an error (for example: METAR KGGG 161753Z COR).

METAR KGGG 161753Z AUTO 14021G26KT 3/4SM +TSRA 
BR BKN008 OVC012CB 18/17 A2970 RMK PRESFR



Wind—reported with five digits (14021KT) unless the speed is 
greater than 99 knots, in which case the wind is reported with six 
digits. The first three digits indicate the direction the true wind is 
blowing from in tens of degrees. If the wind is variable, it is reported 
as “VRB.” The last two digits indicate the speed of the wind in knots 
unless the wind is greater than 99 knots, in which case it is indicated 
by three digits. If the winds are gusting, the letter “G” follows the 
wind speed (G26KT). After the letter “G,” the peak gust recorded is 
provided. If the wind direction varies more than 60° and the wind 
speed is greater than six knots, a separate group of numbers, 
separated by a “V,” will indicate the extremes of the wind directions.

METAR KGGG 161753Z AUTO 14021G26KT 3/4SM +TSRA 
BR BKN008 OVC012CB 18/17 A2970 RMK PRESFR



Visibility—the prevailing visibility (¾ SM) is reported in statute miles 
as denoted by the letters “SM.” It is reported in both miles and 
fractions of miles. At times, runway visual range (RVR) is reported 
following the prevailing visibility. RVR is the distance a pilot can see 
down the runway in a moving aircraft. When RVR is reported, it is 
shown with an R, then the runway number followed by a slant, then 
the visual range in feet. For example, when the RVR is reported as 
R17L/1400FT, it translates to a visual range of 1,400 feet on runway 
17 left..

METAR KGGG 161753Z AUTO 14021G26KT 3/4SM +TSRA 
BR BKN008 OVC012CB 18/17 A2970 RMK PRESFR



Weather—can be broken down into two different categories: 
qualifiers and weather phenomenon (+TSRA BR). First, the qualifiers 
of intensity, proximity, and the descriptor of the weather are given. 
The intensity may be light (–), moderate ( ), or heavy (+). Proximity 
only depicts weather phenomena that are in the airport vicinity. The 
notation “VC” indicates a specific weather phenomenon is in the 
vicinity of five to ten miles from the airport. Descriptors are used to 
describe certain types of precipitation and obscurations. Weather 
phenomena may be reported as being precipitation, obscurations, 
and other phenomena, such as squalls or funnel clouds. Descriptions 
of weather phenomena as they begin or end and hailstone size are 
also listed in the “Remarks”
sections of the report 

METAR KGGG 161753Z AUTO 14021G26KT 3/4SM +TSRA 
BR BKN008 OVC012CB 18/17 A2970 RMK PRESFR



METAR KGGG 161753Z AUTO 14021G26KT 3/4SM +TSRA 
BR BKN008 OVC012CB 18/17 A2970 RMK PRESFR



METAR KGGG 161753Z AUTO 14021G26KT 3/4SM +TSRA 
BR BKN008 OVC012CB 18/17 A2970 RMK PRESFR

Sky condition—always reported in the sequence of
amount, height, and type or indefinite ceiling/height
(vertical visibility) (BKN008 OVC012CB, VV003).
The heights of the cloud bases are reported with a
three-digit number in hundreds of feet AGL. Clouds
above 12,000 feet are not detected or reported by an
automated station. The types of clouds, specifically
towering cumulus (TCU) or cumulonimbus (CB)
clouds, are reported with their height. Contractions
are used to describe the amount of cloud coverage and
obscuring phenomena. The amount of sky coverage is
reported in eighths of the sky from horizon to horizon



METAR KGGG 161753Z AUTO 14021G26KT 3/4SM +TSRA 
BR BKN008 OVC012CB 18/17 A2970 RMK PRESFR



METAR KGGG 161753Z AUTO 14021G26KT 3/4SM +TSRA 
BR BKN008 OVC012CB 18/17 A2970 RMK PRESFR

Temperature and dew point—the air temperature and
dew point are always given in degrees Celsius (C) or
(18/17). Temperatures below 0 °C are preceded by
the letter “M” to indicate minus.



METAR KGGG 161753Z AUTO 14021G26KT 3/4SM +TSRA 
BR BKN008 OVC012CB 18/17 A2970 RMK PRESFR

Altimeter setting—reported as inches of mercury
("Hg) in a four-digit number group (A2970). It is
always preceded by the letter “A.” Rising or falling
pressure may also be denoted in the “Remarks”
sections as “PRESRR” or “PRESFR,” respectively.



METAR KGGG 161753Z AUTO 14021G26KT 3/4SM +TSRA 
BR BKN008 OVC012CB 18/17 A2970 RMK PRESFR

Remarks—the remarks section always begins with the
letters “RMK.” Comments may or may not appear in
this section of the METAR. The information contained
in this section may include wind data, variable
visibility, beginning and ending times of particular
phenomenon, pressure information, and various other
information deemed necessary. An example of a
remark regarding weather phenomenon that does not
fit in any other category would be: OCNL LTGICCG.
This translates as occasional lightning in the clouds
and from cloud to ground. Automated stations also use
the remarks section to indicate the equipment needs
maintenance.



METAR KGGG 161753Z AUTO 14021G26KT 3/4SM +TSRA 
BR BKN008 OVC012CB 18/17 A2970 RMK PRESFR

Routine METAR for Gregg County Airport for the 16th
day of the month at 1753Z automated source. Winds are
140 at 21 knots gusting to 26. Visibility is ¾ statute mile.
Thunderstorms with heavy rain and mist. Ceiling is 
broken
at 800 feet, overcast at 1,200 feet with cumulonimbus 
clouds.
Temperature 18 °C and dew point 17 °C. Barometric 
pressure
is 29.70 "Hg and falling rapidly.





Special Weather Report (SPECI). A 
SPECI is an unscheduled report 
taken when any of the criteria given 
in SPECI Criteria, are observed 
during the period between hourly 
reports. SPECIs contain all data 
elements found in a METAR. All 
SPECIs are issued as soon as 
possible when relevant criteria are 
observed.
Whenever SPECI criteria are met at 
the time of the routine METAR, a 
METAR is issued









Pilot Weather Reports (PIREPs)

PIREPs provide valuable information regarding the
conditions as they actually exist in the air, which cannot be
gathered from any other source. Pilots can confirm the height
of bases and tops of clouds, locations of wind shear and
turbulence, and the location of inflight icing. If the ceiling is
below 5,000 feet, or visibility is at or below five miles, ATC
facilities are required to solicit PIREPs from pilots in the area.
When unexpected weather conditions are encountered, pilots
are encouraged to make a report to a FSS or ATC. When a
pilot weather report is filed, the ATC facility or FSS adds it
to the distribution system to brief other pilots and provide
inflight advisories.



UA/OV GGG 090025/TM 1450/FL 060/TP C182/SK
080 OVC/WX FV04SM RA/TA 05/WV 270030KT/TB
LGT/RM HVY RAIN

Explanation:
Type: .................................Routine pilot report
Location: .......................... 25 NM out on the 090° radial,
Gregg County VOR
Time: ................................ 1450 Zulu
Altitude or Flight Level: 6,000 feet
Aircraft Type: ...................Cessna 182
Sky Cover: ........................8,000 overcast
Visibility/Weather: ...........4 miles in rain
Temperature: .....................5 °Celsius
Wind: ................................270° at 30 knots
Turbulence: .......................Light
Icing: ................................ None reported
Remarks: .......................... Rain is heavy





Weather radar observations 
and their resultant images are 
graphical displays of 
precipitation and non-
precipitation targets detected 
by weather radars. Weather 
Surveillance Radar–1988 
Doppler (WSR-88D), also 
known as next generation 
weather radar (NEXRAD), 
displays these targets on a 
variety of products, which can 
be found on the Web sites of 
all NWS Weather Forecast 
Offices (WFO), the AWC, 
Storm Predication Center 
(SPC), and various flight 
planning and weather service 
providers.



WSR-88D radars are continuously 
generating radar observations. Each 
radar observation, called a volume 
scan, consists of 5 to 14 separate 
elevation “tilts,” and takes between 4 
and 11 minutes to generate, depending 
on the radar’s mode of operation. 
Once one observation is complete, the 
next one begins. Radar observation 
times are not standard, nor are they 
synchronized with other radars. The 
valid time of the observation is the 
time assigned to the product, which is 
the end of the last radar scan.



WSR-88D Radar 
(NEXRAD) Network. 
The WSR-88D radar 
network consists of 160 
radars operated by the 
NWS, FAA, and 
Department of Defense 
(DOD).  Location of 
WSR-88D Weather 
Radar in the CONUS 
and Their Respective 
Coverage at 4,000 Feet 
AGL, 6,000 Feet AGL, 
and 10,000 Feet AGL



The WSR-88D employs scanning strategies 
in which the antenna automatically raises 
to higher and higher preset angles, or 
elevation scans, as it rotates. These 
elevation scans comprise a volume 
coverage pattern (VCP). Once the radar 
sweeps through all elevation slices, a 
volume scan is complete. The WSR-88D 
radar can use several VCPs.
There are two main classes of VCPs, which 
are commonly referred to as Clear Air and 
Precipitation Modes.



In Clear Air Mode, the radar is in its most sensitive operation. This mode has the slowest antenna rotation 
rate, which permits the radar to sample the atmosphere longer. This slower sampling increases the radar’s 
sensitivity and ability to detect smaller objects in the atmosphere. The term “clear air” does not imply “no 
precipitation” mode. Even in Clear Air Mode, the WSR-88D can detect light, stratiform precipitation (e.g., 
snow) due to the increased sensitivity.
Many of the radar returns in Clear Air Mode are airborne dust and particulate matter. The WSR-88D images 
are updated approximately every 10 minutes when operating in this mode.



Precipitation Mode. Precipitation targets typically provide stronger return signals to the radar than non-
precipitation targets. Therefore, the WSR-88D is operated in Precipitation Mode when precipitation is 
present, although some non-precipitation echoes can still be detected in this operating mode.
The faster rotation of the WSR-88D in Precipitation Mode allows images to update at a faster rate 
approximately every 4 to 6 minutes.



The colors on radar images represent the reflective power of the 
precipitation target. In general, the amount of radar power received 
is proportional to the intensity of the precipitation. This reflective 
power, commonly referred to by meteorologists as
“reflectivity,” is measured in terms of decibels (dBZ). A decibel is a 
unit that describes the change of power emitted versus the power 
received. Since the power emitted is constant, the power received 
is related to the intensity of the precipitation target. Each 
reflectivity image includes a color scale that describes the 
relationship among reflectivity value, color on the radar image, and 
precipitation intensity. WSR-88D (NEXRAD) Weather Radar Echo 
Intensity Legend, depicts the correlations for most NWS radar 
images. The scale ranges from -30 dBZ to greater than 75 dBZ. The 
scale also includes ND correlated to black, which indicates no data 
was measured. The colors and decibel scale can vary depending on 
the service provider and Web site..



Reflectivity is correlated to intensity of precipitation. For example, 
in Precipitation Mode, when the decibel value reaches 15, light 
precipitation is present. The higher the indicated reflectivity value, 
the higher the rainfall rate. The interpretation of reflectivity values 
is the same for both Clear Air and Precipitation Modes.
Reflectivity is also correlated with intensity terminology 
(phraseology) for air traffic control (ATC) purposes. WSR-88D 
Weather Radar Precipitation Intensity Terminology, defines this 
correlation.



Values below 15 dBZ are typically associated with clouds. However, 
they may also be caused by atmospheric particulate matter such as 
dust, insects, pollen, or other phenomena. The scale cannot reliably 
be used to determine the intensity of snowfall. However, snowfall 
rates generally increase with increasing reflectivity.



The NWS produces many radar 
products that serve a variety of users. 
Some of these products are of interest 
to the aviation community. This 
paragraph will discuss radar mosaics, 
composite reflectivity, base reflectivity, 
and the radar coded message products.



Radar Mosaic. A radar mosaic consists of multiple single-site radar 
images combined to produce a radar image on a regional or 
national scale. Regional and national mosaics can be found on the 
Web sites of NWS, AWC, all NWS WFOs, as well as commercial 
aviation weather providers



Radar mosaics can be assembled from either composite reflectivity  or base 
reflectivity, depending on the Web site or data provider. At this time, NWS 
national, NWS National Radar Mosaic Example, Which Utilizes NEXRAD Base 
Reflectivity) and regional, NWS Regional Radar Mosaic Sector Example, Which 
Utilizes NEXRAD Base Reflectivity), and Alaska, Alaska Radar Mosiac Example) radar 
mosaic sectors are assembled using only base reflectivity data (0.5º radar beam 
angle with a 124 NM range) and are set up to display all echoes (precipitation and 
non-precipitation). 

Most commercial aviation weather providers use composite reflectivity for their 
mosaics and configure the display to eliminate most non-precipitation echoes. 
NEXRAD radar data data-linked to aircraft cockpit displays via FAA Flight 
Information Service-Broadcast (FIS-B) use the composite reflectivity data for their 
radar mosaics.





NWS Regional Radar Mosaic Sector Example, Which 
Utilizes NEXRAD Base Reflectivity



Composite Reflectivity. Because the highest precipitation 
intensity can be at any altitude, the composite 
reflectivity product , WSR-88D Weather Radar Composite 
Reflectivity, Single-Site Product Example) is needed. 
Composite reflectivity is the maximum echo intensity 
(reflectivity) detected within a column of the 
atmosphere above a location. During its tilt sequence, 
the radar scans through all of the elevation slices to 
determine the highest decibel value in the vertical 
column, Creation of a Composite Reflectivity, Single-Site 
Product), then displays that value on the product. When 
compared with base reflectivity, the composite 
reflectivity can reveal important storm structure features 
and intensity trends of, Weather Radar 0.5º Base 
Reflectivity (left) versus Composite Reflectivity (right) 
Comparison).
NEXRAD radar displays on airplane avionics use the 
composite reflectivity data for their radar mosaics.





RADAR
Composite Radar 
Reflectivity: The 
radar takes several 
sweeps of the 
atmosphere and 
combines the 
images into one 
image. Problem is 
it makes showers 
appear as storms.  



Base reflectivity product is a display of both the location 
and intensity of reflectivity data from the lowest 
elevation angle, or 0.5º above the horizon.

The Base reflectivity product is one elevation scan, 
whereas composite reflectivity looks at all elevation 
scans. Base reflectivity products are available several 
minutes sooner than composite reflectivity products.



Precipitation at any location may be heavier than 
depicted on the base reflectivity image because it is 
occurring above the lowest elevation angle. Both a short-
range, WSR-88D Weather Radar Short-Range (124 NM) 
Base Reflectivity, Single Site Product Example) and long-
range, WSR-88D Weather Radar Long-Range (248 NM) 
Base Reflectivity, Single Site Product Example) image are 
available from the 0.5º base reflectivity product. The 
maximum range of the short-range, single-site radar 
base reflectivity product is 124 NM from the radar 
location. Long-range, single-site, base reflectivity 
product’s range is 248 NM from the radar location.
When using a single-site radar, i.e., not using a radar 
mosaic, echoes farther than 124 NM (short-range) or 248 
NM (long-range) from the radar site will not be 
displayed, even if precipitation may be occurring at these 
greater distances.











The Terminal Doppler Weather 
Radar (TDWR) network is a 
Doppler weather radar system 
used primarily for the 
detection of hazardous wind 
shear conditions, precipitation, 
and winds aloft on and near 
major airports situated in 
climates with great exposure to 
thunderstorms in the United 
States. NCEI archives the 
derived products (called Level 
III), which are in the same data 
format as Next Generation 
Weather Radar (NEXRAD) Level 
III. 



Comparison of the TDWR to the WSR-88D

The range resolution of the TDWR is finer than what is available in the Weather Surveillance Radar, 1988 Doppler (WSR-88D), 
or any other FAA radar that has weather channel capability. The TDWR utilizes a range gate resolution of 150 m for Doppler 
data. It has a resolution of 150 m for reflectivity data within 135 km and 300 m from beyond 135 km to 460 km. By contrast, 
the WSR-88D employed by the National Weather Service, FAA, and Department of Defense has a maximum range gate 
resolution of 250 m for Doppler and 1 km for surveillance data.

The angular (azimuth) resolution of the TDWR is nearly twice what is available in the WSR-88D. Each radial in the TDWR has a 
beam width of 0.55 degrees. The average beam width for the WSR-88D is 0.95 degrees. The following table shows a 
comparison of technical specifications between the TDWR and the WSR-88D.





Satellite is perhaps the single 
most important source of 
weather data worldwide, 
particularly over data-sparse 
regions, such as countries 
without organized weather data 
collection and the oceans.
The National Oceanic and 
Atmospheric Administration’s 
(NOAA) Geostationary 
Operational Environmental 
Satellite (GOES) imagery can be 
found on the AWC’s Web site, 
as well as all NWS WFO Web 
sites. Additional satellite 
imagery for Alaska can be found 
on the NWS Alaska Aviation 
Weather Unit (AAWU) Web site.



Three types of satellite imagery are commonly used: 
visible, infrared (IR), and water vapor. Visible imagery is 
only available during daylight hours. IR and water vapor 
imagery are available day or night.



Visible Imagery. Visible imagery, 
Visible Satellite Image—U.S. Example) 
displays reflected sunlight from the 
Earth’s surface, clouds, and 
particulate matter in the atmosphere. 
Visible satellite images, which look 
like black and white photographs, are 
derived from the satellite signals. 
Clouds usually appear white, while 
land and water surfaces appear in 
shades of gray or black.

The visible channel senses reflected 
solar radiation. Clouds, the Earth’s 
atmosphere, and the Earth’s surface 
all absorb and reflect incoming solar 
radiation. Since visible imagery is 
produced by reflected sunlight 
(radiation), it is only available during 
daylight.



The data legend, Visible Satellite Data 
Legend) on a visible image displays 
albedo, or reflectance, expressed as a 
percentage. For example, an albedo of 72 
means 72 percent of the sunlight that 
struck a feature was reflected back to 
space.



Infrared (IR) Imagery. IR 
images, Infrared (Color) 
Satellite Image, Unenhanced 
Infrared (Black and White) 
Satellite Image—U.S. Example) 
display temperatures of the 
Earth’s surface, clouds, and 
particulate matter. Generally 
speaking, the warmer an 
object, the more IR energy it 
emits. The satellite sensor 
measures this energy and 
calibrates it to temperature 
using a very simple physical 
relationship.



Clouds that are very high in 
the atmosphere are 
generally quite cold (e.g., -50 
ºC), whereas clouds very 
near the Earth’s surface are 
generally quite warm (e.g., 
+5 ºC). Likewise, land may be 
even warmer than the lower 
clouds (e.g., +20 ºC). Those 
colder clouds emit much less 
infrared energy than the 
warmer clouds and the land 
emits more than those warm 
clouds..



The data measured by satellite is 
calibrated and colorized according to the 
temperature. If the temperature of the 
atmosphere decreases with height 
(which is typical), cloud-top temperature 
can be used to roughly determine which 
clouds are high-level and which are low-
level.
When clouds are present, the 
temperature displayed on the IR images 
is that of the tops of clouds. When clouds 
are not present, the temperature is that 
of the ground or the ocean. A major 
advantage of the IR channel is that it can 
sense energy at night, so this imagery is 
available 24 hours per day. The scale is in degrees Celsius. Blue/purple colors indicate 

colder temperatures, while orange/red colors indicate warmer 
temperatures.



NWS Radar Summary chart

The displayed image is the edited 
reflectivity. The RCM includes the 
max top for each radar's area of 
coverage. The other tops shown on 
the display are derived from the 
satellite images at the centers of 
convective activity. Movements 
shown are the radar centroid 
movements as generated by the 
Nexrad processor. 

The images are updated twice 
hourly and are posted at HH:15 and 
HH:45



The scale is in degrees Celsius. 
Lighter gray shades indicate colder 
temperatures, while darker gray 
shades indicate warmer 
temperatures.



Water Vapor Imagery. The water vapor 
imagery, Water Vapor Satellite Image—
U.S. Example) displays the quantity of 
water vapor generally located in the 
middle and upper troposphere within the 
layer between 700 mb (approximately 
10,000 ft MSL) and 200 mb (approximately 
flight level (FL) 390). The actual numbers 
displayed on the water vapor images 
correspond to temperature in degrees 
Celsius. No direct relationship exists 
between these values and the 
temperatures of clouds, unlike IR imagery. 
Water vapor imagery does not really “see” 
clouds, but “sees” high-level water vapor 
instead.



The most useful information to be gained from the water vapor images is the 
locations and movements of weather systems, jet streams, and thunderstorms.

Another useful tidbit is aided by the color scale used on the images. In general, 
regions displayed in shades of red are very dry in the upper atmosphere and may 
correlate to crisp, blue skies from a ground perspective. On the contrary, regions 
displayed in shades of blue or green are indicative of a lot of high-level moisture 
and may also indicate cloudiness. This cloudiness could simply be high-level cirrus 
types or thunderstorms. That determination cannot be ascertained from this 
image by itself, but could easily be determined when used in conjunction with 
corresponding visible and IR satellite images. 

A major advantage of the water vapor channel is that it can sense energy at night, 
so this imagery is available 24 hours per day.



Blue/green colors indicate 
moisture and/or clouds in the 
mid/upper troposphere, while dark 
gray/orange/red colors indicate dry 
air in the mid/upper troposphere.



The second of three distinct 
types of weather 
(meteorological) information are 
analyses. Analyses of weather 
information are an enhanced 
depiction and/or interpretation 
of observed weather data. Prior 
to the 1990s, most analysis 
charts were hand drawn by 
forecasters. Today’s analyses are 
automated, and depending on 
the weather information 
provider (i.e., NWS, commercial 
weather services, and flight 
planning services), the 
appearance and content of 
these analyses will vary.



Radiosonde Observations. Since the late 1930s, the NWS has taken 
upper air observations with radiosondes attached to weather 
balloons. Weather data from the radiosonde are foundational to all 
computer model forecasts produced by the NWS.
The radiosonde is a small, expendable instrument package (weighing 
100 grams (g) to 500 g) that is suspended below a large balloon 
inflated with hydrogen or helium gas. As the radiosonde rises at about 
300 m per minute (about 1,000 ft per minute), sensors on the 
radiosonde measure profiles of pressure, temperature, and moisture. 
These sensors are linked to a battery-powered radio transmitter that 
sends the sensor measurements to a ground tracking antenna. Wind 
speed and direction aloft are also obtained by tracking the position of 
the radiosonde in flight using Global Positioning Satellites (GPS)..



Weather balloons with radiosondes are launched twice a day 
worldwide from designated locations, U.S. Radiosonde Network, for 
U.S. locations) at around 1100 UTC and 2300 UTC. It takes 
approximately 90 minutes for the balloon to reach an altitude of 
100,000 ft. The weather data collected is assigned the observation 
times of 1200 UTC and 0000 UTC. Special radiosondes may be 
launched at select times for various reasons, including when severe 
weather is expected in a region.
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Surface Analysis Charts. 
Surface analysis charts are 
analyzed charts of surface 
weather observations. The 
chart depicts the distribution 
of several items, including sea-
level pressure; the positions of 
highs, lows, ridges, and 
troughs; the location and type 
of fronts; and the various 
boundaries such as drylines. 
Pressure is referred to in 
mean sea level (MSL) on the 
surface analysis chart while all 
other elements are presented 
as they occur at the surface 
point of observation.





Land, ship, buoy, and Coastal-Marine 
Automated Network (C-MAN) stations 
are plotted on the chart to aid in 
analyzing and interpreting the surface 
weather features. These plotted 
observations are referred to as station 
models. Some stations may not be 
plotted due to space limitations. 
However, all reporting stations are used 
in the analysis.
NWS Surface Analysis Chart Station Plot 
Model, NWS Surface Analysis Chart 
Ship/Buoy Plot Model, contain the most 
commonly used station plot models 
used in surface analysis charts.



The NWS Unified Surface Analysis Chart is a surface analysis product produced collectively 
and collaboratively by NWS’s WPC, the OPC, the National Hurricane Center (NHC), and 
Weather Forecast Office (WFO) Honolulu. The chart contains an analysis of isobars, pressure 
systems, and fronts.



Ceiling and Visibility Analysis

The CVA product provides a real-time analysis of current observed and estimated ceiling and 
visibility conditions across the continental United States (CONUS). The product is primarily 
intended to help the general aviation pilot (particularly the Visual Flight Rules (VFR)-only 
pilot) avoid instrument flight rules (IFR) conditions. However, CVA’s overview of ceiling and 
visibility conditions can be useful to others involved in flight planning or weather briefing.

CVA is issued every 5 minutes and is available through http://www.aviationweather.gov.
CVA presents information via full-CONUS graphic and 18 regional graphics. Each graphic is 
rendered on a horizontal grid of 5 km resolution and shows viewer-selectable representations 
of ceiling height (AGL), surface visibility in statute miles (sm) and flight category designation.
Each regional display includes an overlay of station plots showing the current ceiling and 
visibility observations reported at selected Aviation Routine Weather Report (METAR) 
stations. 

To avoid overcrowding, the overlay shows only a subset of the total number of stations 
available at the CONUS scale view. Additional stations are displayed when zooming in.



The CVA Ceiling Analysis uses observed and estimated ceiling heights as follows:

• At display points corresponding to METAR locations, CVA uses the ceiling values observed 
by the nearest METAR.

• At display points between METAR locations (where there are no direct observations), CVA 
uses estimated ceiling values derived by adjusting the ceiling observation from the nearest 
METAR to take into account intervening changes in terrain height. When corresponding 
Geostationary Operational Environmental Satellite (GOES) observations yield an 
unambiguous indication that no cloud is present, adjusted ceiling observations are reset to 
indicate clear conditions.





CVA Strengths.

• The CVA’s area-wide graphics highlight observed and estimated IFR, VFR, and possible 
ground obscuration conditions, enabling a user’s quick recognition of ceiling and visibility 
hazards, as represented by existing observational tools.

• The CVA is issued every 5 minutes using the most current METAR and GOES observations 
available. These rapid updates enhance recognition of trends when conditions are changing. 
The CVA incorporates “special” METAR observations as they are issued.



CVA Limitations.

• The CVA is an analysis of estimated real-time conditions only. It is not a forecast and cannot 
be used in place of a forecast.

• The CVA must only be used with products such as METARs, Terminal Aerodrome Forecasts 
(TAF), and Airmen’s Meteorological Information (AIRMET).

• The CVA’s representation of ceiling and visibility conditions in regions between METARS 
(where direct observations are unavailable) can be significantly in error. As distance from the 
nearest METAR increases, the uncertainty in represented conditions increases.

• Impacted ceiling and visibility conditions can be highly localized and smaller in scale than 
the 5 km grid used to convey CVA information. Thus, small-scale variations in ceiling and 
visibility conditions may not be represented by CVA, even in regions close to observing 
stations.



The HEMS Tool is specifically designed to display weather conditions for short-distance and 
low-altitude flights that are common for emergency first responders. HEMS operators are 
extremely sensitive to changing and/or adverse weather conditions and need weather 
information presented for non-weather experts quickly and effectively. To meet this need, 
the Flight Path Tool on the AWC’s Web site was adapted and simplified to display high-
resolution grids of critical weather parameters, particularly cloud ceiling and surface visibility. 
Using a highly interactive and intuitive tool that focuses on small, localized regions, HEMS 
operators gain critical weather awareness to make all their flights safe for crews and patients.



The HEMS Tool can overlay multiple grids of various weather parameters, as well as NWS 
textual weather observations and forecasts including: ceiling, visibility, flight category, winds, 
relative humidity, temperature, icing, satellite, radar (base and composite reflectivity), 
Airmen’s Meteorological Information (AIRMET) and significant meteorological information 
(SIGMET), Aviation Routine Weather Reports (METAR), Terminal Aerodrome Forecasts (TAF), 
Pilot Weather Reports (PIREP), NWS hazards, and Center Weather Advisories (CWA). Some 
gridded products (e.g., temperature, relative humidity, winds, and icing) are three-
dimensional (3-D). Other gridded products are two-dimensional (2-D) and may represent a 
“composite” of a 3-D weather phenomenon or a surface weather variable, such as horizontal 
visibility. The tool also displays relevant NWS textual weather observations and forecasts 
needed for aviation. These data are either points of observed or forecast weather, often at 
airports, or regions of hazardous weather represented by 2-D polygons.



Visibility and Flight Category. Three products are available for the ceiling and visibility analysis 
(CVA). The ceiling, visibility, and flight category weather products originate from the CVA 
product, which is a gridded analysis of ceiling and visibility based on surface observations and 
satellite imagery, and is updated approximately every 5 minutes. 

The ceiling and visibility are used together to classify the flight category as visual flight rules 
(VFR), Marginal Visual Flight Rules (MVFR), instrument flight rules (IFR), and Low Instrument 
Flight Rules (LIFR). Due to limitations of the observations, the grid cells are approximately 5 
kilometers (km) apart at best. In data sparse regions, the best possible estimate of ceiling and 
visibility is assumed from the nearest surrounding data and may not represent the actual 
conditions at a specific point. Analyses of these fields are not available if the time slider is 
moved into the future. 





Radar. The HEMS Tool uses the Multi-Radar/Multi-System (MRMS) mosaic produced by NWS. 
The radar image combines more than 140 radars from around the country into a single 
image. Additional post-processing is performed to remove some ground clutter and 
Anomalous Propagation (AP). Due to limitations of the radar, such as blockage by mountains, 
spacing of radar locations, and over processing of clutter and AP, there may be precipitation 
when radar data does not detect or show a complete weather picture.

The image used in HEMS is the lowest reflectivity scan from the nearest radar. This is a 1 km 
image for the continental United States (CONUS). Like the satellite images, the radar mosaic 
is sliced up and put into the tile cache to provide the maximum resolution and optimal 
transmission bandwidth. The tile cache is only updated every 10 minutes (MRMS data is 
available every 2 minutes).



Satellite. The HEMS Tool uses a global satellite mosaic constructed from the five 
geostationary satellites plus the appropriate polar global imagery. The resulting image is 
created every 30 minutes from the available imagery. Images are sliced up and provided 
through a progressive tile cache to optimize data transmission and image resolution.

There are three types of satellite imagery available in HEMS:

Infrared (IR): This is a 10 km image where brighter grays show colder cloud temperatures.

Visible: This is a 5 km image showing visible reflection from clouds and the ground surface. 
Consequentially, these images will be black at night.

Water Vapor: This is a 10 km image where brighter grays show higher areas of water vapor.



Icing. The icing severity product is a 
3-D product and provides depictions 
at specified altitudes AGL at 1,000 
foot-intervals up to 5,000 ft.

These products originate from the 
Current Icing Product (CIP) and 
Forecast Icing Product (FIP) (see 
paragraph 5.19.1). These products 
start with data from the Rapid 
Refresh (RAP) model, which is run 
hourly. FIP has forecasts at 1, 2, 3, 6, 
9, 12, 15, and 18 hours. The time 
slider will use CIP for current and 
past times and time-adjusted FIP for 
future times.



Data Overlays. The HEMS Tool allows the user to select multiple fields to be overlaid 
on the grids including: METARs/TAFs, Flight Category, PIREPs, Windbarbs, SIGMETs 
and G-AIRMETs (Graphical Airmen’s Meteorological Information), CWAs, and NWS 
hazards. These fields may be selected on or off in the drop-down Overlays menu.

The METAR observations plotted using the standard station model where 
temperature, dewpoint, winds, altimeter setting, weather, ceiling, and visibility are 
displayed around the station location.

The data plotted comes from the latest available observation, including Special 
Weather Reports (SPECI). The stations displayed follow a progressive priority scheme 
that will show more stations depending on how far the user zooms in. This density 
can be changed through the Configuration menu. If the time slider is moved into the 
past, the nearest observation before the listed time is displayed. If the slider is 
moved into the future, the TAF for that station is shown. It should be noted there are 
fewer TAF stations than available METAR sites. More configuration options are 
available, including parameters displayed, scale factor of graphic, and whether the 
TAF is included in the pop-up display.



Flight Category. This displays only the flight conditions at a particular airport as a 
colored dot. The flight category display uses the same priority filter system as the 
METAR plots, but the density is much higher.



PIREPs. This displays turbulence and icing PIREPs. The default is to show only PIREPs 
reported in the last 90 minutes, and only those below 12,500 ft. These options can 
be changed in the Configuration menu.



SIGMETs. This displays the current valid SIGMETs. This will show both domestic and 
international SIGMETs. Individual SIGMET types can be toggled on and off through 
the configuration menu. SIGMETs can be distinguished by their red outline and red 
labels.



G-AIRMET. This displays the current valid G-AIRMETs. This will show all G-AIRMET 
types, which can be cluttered. Each type can be toggled on and off through the 
Configuration menu.



Center Weather Advisories (CWA). This displays the CWA issued by the Center 
Weather Service Units (CWSU) at each air route traffic control center (ARTCC). CWAs 
can be distinguished by the black outline and black labels.



NWS Hazards. This displays all current warnings, watches, and advisories. The 
Configuration menu will allow the user to select “Warnings” which will only show 
tornado, severe thunderstorm, blizzard, winter storm, and ice storm warnings..



Strengths and Limitations.

HEMS Strengths.

One-stop shop for multiple data fields.

Focused on low-altitude flights common to HEMS.

Simplified display for non-meteorologist users.

Available 24/7.



HEMS Limitations.

Due to limitations of the observations, the ceiling, visibility, and flight category 
grid cells are approximately 5 km apart. sparse regions, the best possible 
estimate of ceiling and visibility is assumed from the nearest surrounding data 
and may not represent the actual conditions at a specific point.

Due to limitations of the radar, such as blockage by mountains, spacing of radar 
locations and over processing of clutter and AP, there may be precipitation when 
radar data does not detect or show a complete weather picture. The most 
commonly seen example is very shallow clouds with light precipitation, like 
freezing drizzle or snow. 

In regions of steep terrain, AGL altitudes may have significant deviations from 
actual height above terrain, given the limiting factor of grid cell size, which is 
approximately 13 km, and the resolution of the topography in the model.



Use. The HEMS Tool has been specially designed to meet the needs of 
emergency first responders flying short-distance, low-altitude flight routes. This 
tool is not designed for General Aviation (GA) or commercial flights and does not 
constitute an official weather brief.



Weather Depiction Chart. 
The Weather Depiction 
Chart, Weather Depiction 
Chart—Example) is being 
phased out by the NWS, in 
favor of newer ceiling and 
visibility products, like the 
CVA product.



Upper-Air Analyses.
The NWS National Centers for 
Environmental Prediction (NCEP) 
Central Operations (NCO) produces 
and provides upper-air analyses and 
forecast products. Their Web site, 
Model Analyses and Guidance NWS 
NCEP Central Operations Model 
Analyses and Guidance Web Site), 
contains a user’s guide that provides 
descriptions, details, and examples of 
the various products. A select subset of 
these products is available on 
http://www.aviationweather.gov





FORECASTS
The third distinct type of weather (meteorological) information is forecasts. Will 
discuss many forecast products, including in-flight advisories, produced by the NWS 
that are either specific to aviation or are public products of interest to aviation users.



Observed weather condition reports are often used in the creation of forecasts for the 
same area. A variety of different forecast products are produced and designed to be 
used in the preflight planning stage. 

The printed forecasts that pilots need to be familiar with are the terminal aerodrome 
forecast (TAF), aviation area forecast (FA), inflight weather advisories (SIGMET, 
AIRMET), and the winds and temperatures aloft forecast (FB).



Terminal Aerodrome Forecasts (TAF)
A TAF is a report established for the five statute mile radius around an airport. TAF 
reports are usually given for larger airports. Each TAF is valid for a 24 or 30-hour time 
period and is updated four times a day at 0000Z, 0600Z, 1200Z, and 1800Z. The TAF 
utilizes the same descriptors and abbreviations as used in the METAR report. The TAF 
includes the following information in sequential order:

KPIR 111130Z 1112/1212 
TEMPO 1112/1114 5SM BR 
FM1500 16015G25KT P6SM SCT040 BKN250 
FM120000 14012KT P6SM BKN080 OVC150 
PROB30 1200/1204 3SM TSRA BKN030CB 
FM120400 1408KT P6SM SCT040 OVC080 
TEMPO 1204/1208 3SM TSRA OVC030CB



1. Type of report—a TAF can be either a routine forecast (TAF) or an amended 
forecast (TAF AMD).

2. ICAO station identifier—the station identifier is the same as that used in a METAR.

3. Date and time of origin—time and date (081125Z) of TAF origination is given in the 
six-number code with the first two being the date, the last four being the time. Time is 
always given in UTC as denoted by the Z following the time block.

KPIR 111130Z 1112/1212 
TEMPO 1112/1114 5SM BR 
FM111500 16015G25KT P6SM SCT040 BKN250 
FM120000 14012KT P6SM BKN080 OVC150 
PROB30 1200/1204 3SM TSRA BKN030CB 
FM120400 1408KT P6SM SCT040 OVC080 
TEMPO 1204/1208 3SM TSRA OVC030CB



Valid period dates and times—The TAF valid period follows the date/time of forecast 
origin group. Scheduled 24 and 30 hour TAFs are issued four times per day, at 0000, 
0600, 1200, and 1800Z. The first two digits are the day of the month for the start of 
the TAF. The next two digits (12) are the starting hour (UTC). The day of the month for 
the end of the TAF, and the last two digits (12) are the ending hour (UTC) of the valid 
period. A forecast period that begins at midnight UTC is annotated as 00. If the end 
time of a valid period is at midnight UTC, it is annotated as 24. For example, a 12Z TAF 
issued on the 11th of the month and valid for 24 hours would have a valid period of 
1112/1212.

KPIR 111130Z 1112/1212
TEMPO 1112/1114 5SM BR 
FM1500 16015G25KT P6SM SCT040 BKN250 
FM120000 14012KT P6SM BKN080 OVC150 
PROB30 1200/1204 3SM TSRA BKN030CB 
FM120400 1408KT P6SM SCT040 OVC080 
TEMPO 1204/1208 3SM TSRA OVC030CB



Forecast wind—the wind direction and speed forecast are coded in a five-digit number 
group. An example would be 15011KT. The first three digits indicate the direction of 
the wind in reference to true north. The last two digits state the windspeed in knots 
appended with “KT.” Like the METAR, winds greater than 99 knots are given in three 
digits.

KPIR 111130Z 1112/1212 
TEMPO 1112/1114 5SM BR 
FM1500 16015G25KT P6SM SCT040 BKN250 
FM120000 14012KT P6SM BKN080 OVC150 
PROB30 1200/1204 3SM TSRA BKN030CB 
FM120400 1408KT P6SM SCT040 OVC080 
TEMPO 1204/1208 3SM TSRA OVC030CB



Forecast visibility—given in statute miles and may be in whole numbers or fractions. If 
the forecast is greater than six miles, it is coded as “P6SM.”

KPIR 111130Z 1112/1212 
TEMPO 1112/1114 5SM BR 
FM1500 16015G25KT P6SM SCT040 BKN250 
FM120000 14012KT P6SM BKN080 OVC150 
PROB30 1200/1204 3SM TSRA BKN030CB 
FM120400 1408KT P6SM SCT040 OVC080 
TEMPO 1204/1208 3SM TSRA OVC030CB



Forecast significant weather—weather phenomena are coded in the TAF reports in the 
same format as the METAR.

KPIR 111130Z 1112/1212 
TEMPO 1112/1114 5SM BR
FM1500 16015G25KT P6SM SCT040 BKN250 
FM120000 14012KT P6SM BKN080 OVC150 
PROB30 1200/1204 3SM TSRA BKN030CB 
FM120400 1408KT P6SM SCT040 OVC080 
TEMPO 1204/1208 3SM TSRA OVC030CB



Forecast sky condition—given in the same format as the METAR. Only cumulonimbus 
(CB) clouds are forecast in this portion of the TAF report as opposed to CBs and 
towering cumulus in the METAR.

KPIR 111130Z 1112/1212 
TEMPO 1112/1114 5SM BR 
FM1500 16015G25KT P6SM SCT040 BKN250 
FM120000 14012KT P6SM BKN080 OVC150 
PROB30 1200/1204 3SM TSRA BKN030CB
FM120400 1408KT P6SM SCT040 OVC080 
TEMPO 1204/1208 3SM TSRA OVC030CB



Forecast change group—for any significant weather change forecast to occur during 
the TAF time period, the expected conditions and time period are included in this 
group. This information may be shown as from (FM), and temporary (TEMPO). “FM” is 
used when a rapid and significant change, usually within an hour, is expected. 
“TEMPO” is used for temporary fluctuations of weather, expected to last less than 1 
hour.

KPIR 111130Z 1112/1212 
TEMPO 1112/1114 5SM BR 
FM1500 16015G25KT P6SM SCT040 BKN250 
FM120000 14012KT P6SM BKN080 OVC150 
PROB30 1200/1204 3SM TSRA BKN030CB 
FM120400 1408KT P6SM SCT040 OVC080 
TEMPO 1204/1208 3SM TSRA OVC030CB



PROB30—a given percentage that describes the probability of thunderstorms and 
precipitation occurring in the coming hours. This forecast is not used for the first 6 
hours of the 24-hour forecast.

KPIR 111130Z 1112/1212 
TEMPO 1112/1114 5SM BR 
FM1500 16015G25KT P6SM SCT040 BKN250 
FM120000 14012KT P6SM BKN080 OVC150 
PROB30 1200/1204 3SM TSRA BKN030CB 
FM120400 1408KT P6SM SCT040 OVC080 
TEMPO 1204/1208 3SM TSRA OVC030CB



TAF AMD
KEYW 131555Z 1316/1412 VRB03KT P6SM VCTS SCT025CB BKN250
TEMPO 1316/1318 2SM TSRA BKN020CB
FM131800 VRB03KT P6SM SCT025 BKN250 TEMPO 1320/1324 1SM 
TSRA OVC010CB
FM140000 VRB03KT P6SM VCTS SCT020CB BKN120 TEMPO 
1408/1412 BKN020CB



Wind and Temperature Aloft 
Forecasts (FB) are computer-
prepared forecasts of wind 
direction, wind speed, and 
temperature at specified times, 
altitudes, and locations. FBs are 
available on 
http://www.aviationweather.gov in 
both text and graphic format.



Wind and Temperature Aloft 
Forecasts (FB) are computer-
prepared forecasts of wind 
direction, wind speed, and 
temperature at specified times, 
altitudes, and locations. FBs are 
available on 
http://www.aviationweather.gov in 
both text and graphic format.



AIRMETs (WAs) are examples of inflight weather advisories
that are issued every 6 hours with intermediate updates
issued as needed for a particular area forecast region. The
information contained in an AIRMET is of operational
interest to all aircraft, but the weather section concerns phenomena considered 
potentially hazardous to light aircraft
and aircraft with limited operational capabilities.
An AIRMET includes forecast of moderate icing, moderate
turbulence, sustained surface winds of 30 knots or
greater, widespread areas of ceilings less than 1,000 feet
and/or visibilities less than three miles, and extensive
mountain obscurement



An AIRMET may be issued when any of the following weather phenomena are occurring or are 
expected to occur over an area of at least 3,000 mi2:
• Ceiling less than 1,000 ft and/or visibility less than 3 sm (IFR).
o Weather phenomena restricting the visibility including, but not limited to, precipitation (PCPN), 
smoke (FU), haze (HZ), mist (BR), fog (FG), and blowing snow (BS).
• Widespread mountain obscuration (MTN OBSCN).
o Weather phenomena causing the obscuration are included, but not limited to, clouds (CLDS), 
precipitation (PCPN), smoke (FU), haze (HZ), mist (BR), and fog (FG).
• Moderate turbulence (MOD TURB).
o Top and bottom of MOD TURB layer are specified.
• Sustained surface wind greater than 30 kts (STG SFC WND).
• Moderate icing (MOD ICE).
o Top and bottom of MOD ICE are specified.
o The range of freezing level altitudes is given when the bottom altitude of MOD ICE is the freezing 
level (FRZLVL).
o Areas with multiple freezing levels are specified.
o Range of freezing levels over the area is specified.
o Lowest freezing levels above ground level (AGL) at intervals of 4,000 ft MSL (or SFC as appropriate) 
are specified.
• Non-Convective low-level wind shear potential below 2,000 ft AGL (LLWS POTENTIAL).



Each AIRMET bulletin has a fixed alphanumeric designator,
numbered sequentially for easy identification, beginning with
the first issuance of the day. 

Sierra is the AIRMET code used to denote IFR and mountain obscuration; 

Tango is used to denote turbulence, strong surface winds, and low-level wind shear; 

Zulu is used to denote icing and freezing levels.



The Graphical AIRMET (G-AIRMET) product is a decision-making tool based on weather 
“snapshots” displayed at short time intervals. The G-AIRMET identifies hazardous 
weather in space and time more precisely than text products, enabling pilots to 
maintain high safety margins while flying more efficient routes.



Significant Meteorological Information (SIGMET). A SIGMET is a concise description of 
the occurrence or expected occurrence of specified en route weather phenomena that 
may affect the safety of aircraft operations. SIGMETs are issued in text format and 
intended for dissemination to all pilots in flight to enhance safety. SIGMETs are issued 
as soon as practical to give notice to operators and aircrews of potentially hazardous 
en route conditions.

• All SIGMETs are available on http://www.aviationweather.gov.

• SIGMETs for Alaska are also available on the Alaska Aviation Weather Unit (AAWU) 
Web site.

• SIGMETs for Hawaii are also available on the NWS Weather Forecast Office (WFO) 
Honolulu Web site.

Although the areas where the SIGMETs apply may be shown graphically, a graphical 
depiction of the SIGMET area is not the entire SIGMET. Additional information 
regarding the SIGMET may be contained in the text version.

http://www.aviationweather.gov/


AWC SIGMET Areas of Responsibility—Continental U.S.



SIGMETs (WSs) are inflight advisories concerning non-convective weather that is potentially 
hazardous to all aircraft. They report weather forecasts that include severe icing not associated 
with thunderstorms, severe or extreme turbulence or clear air turbulence (CAT) not associated 
with thunderstorms, dust storms or sandstorms that lower surface or inflight visibilities to below 
three miles, and volcanic ash. SIGMETs are unscheduled forecasts that are valid for 4 hours unless 
the SIGMET relates to a hurricane, in which case it is valid for 6 hours.



SFOR WS 100130 SIGMET ROME02 
VALID UNTIL 100530 OR WA FROM SEA 
TO PDT TO EUG TO SEA OCNL SEV CAT 
BTN FL280 AND FL350 EXPCD DUE TO 
JTSTR. CONDS BGNG AFT 0200Z 
CONTG BYD 0530Z .

This is SIGMET Romeo 2, the second issuance for this weather 
phenomenon. It is valid until the 10th day of the month at 
0530Z time. This SIGMET is for Oregon and Washington, for a 
defined area from Seattle to Portland to Eugene to Seattle. It 
calls for occasional severe clear air turbulence between FL280 
and FL350 due to the location of the jet stream. These 
conditions will begin after 0200Z and continue beyond the 
forecast scope of this SIGMET of 0530Z.



A Convective SIGMET (WST) is an inflight weather advisory 
issued for hazardous convective weather that affects the 
safety of every flight. Convective SIGMETs are issued for 
severe thunderstorms with surface winds greater than 50 
knots, hail at the surface greater than or equal to ¾ inch in 
diameter, or tornadoes. They are also issued to advise 
pilots of embedded thunderstorms, lines of thunderstorms, 
or thunderstorms with heavy or greater precipitation that 
affect 40 percent or more of a 3,000 square mile or greater 
region.



Convective SIGMETs are issued for each area of the 
contiguous 48 states but not Alaska or Hawaii. Convective 
SIGMETs are issued for the eastern (E), western (W), and 
central (C) United States. Each report is issued at 55 
minutes past the hour, but special Convective SIGMETs can 
be issued during the interim for any reason. Each forecast is 
valid for 2 hours. They are numbered sequentially each day 
from 1–99, beginning at 00Z time. If no hazardous weather 
exists, the convective SIGMET is still issued; however, it 
states “CONVECTIVE SIGMET…NONE.”



MKCC WST 221855 CONVECTIVE SIGMET 20C VALID UNTIL 2055Z ND SD 
FROM 90W MOT-GFK-ABR-90W MOT INTSFYG AREA SEV TS MOVG FROM 
24045KT. TOPS ABV FL450. WIND GUSTS TO 60KTS RPRTD. 
TORNADOES…HAIL TO 2 IN… WIND GUSTS TO 65KTS POSS ND PTN

Explanation: Convective SIGMET was issued for the central portion of the United 
States on the 22nd at 1855Z. This is the 20th Convective SIGMET issued on the 22nd 
for the central United States as indicated by “20C” and is valid until 2055Z. The 
affected states are North and South Dakota, from 90 nautical miles west of Minot, 
ND; to Grand Forks, ND; to Aberdeen, SD; to 90 nautical miles west of Minot, ND. 
An intensifying area of severe thunderstorms moving from 240 degrees at 45 knots 
(to the northeast). Thunderstorm tops will be above FL 450. Wind gusts up to 60 
knots were reported. Also reported were tornadoes, hail to 2 inches in diameter, 
and wind gusts to 65 knots possible in the North Dakota portion







The CWA is an aviation weather warning for conditions meeting or 
approaching national in-flight advisory (AIRMET, SIGMET or SIGMET for 
convection) criteria. The CWA is primarily used by air crews to anticipate 
and avoid adverse weather conditions in the en route and terminal 
environments. It is not a flight planning product because of its short lead 
time and duration. Additionally, the CWA should be meteorologically 
consistent with other products and reflect conditions at the time of 
issuance and/or in the near future. If a CWA has been issued prior to 
coordination, notification to the appropriate offices, national center, or 
WFO should follow as soon as higher priority duties permit.



CWAs are valid for up to two (2) hours and may include forecasts of 
conditions expected to begin within two (2) hours of issuance. If conditions 
are expected to persist after the advisory's valid period, a statement to that 
effect should be included in the last line of the text. Follow-up CWAs should 
be issued as appropriate. Notice of significant changes in the phenomenon 
described in a CWA should be provided by a new CWA issuance for that 
phenomenon. If the forecaster deems it necessary, CWAs may be issued 
hourly for convective activity. This may improve the usefulness of the 
Hazardous In-flight Weather Advisory Service (HIWAS) recordings which 
include those CWAs.



CWAs should be issued for any of the following events when they are 
expected to occur within two hours and have not been previously forecast 
by AWC or AAWU products, or to supplement the AWC and AAWU 
products.

•Conditions meeting convective SIGMET criteria
•Icing - moderate or greater
•Turbulence - moderate or greater
•Heavy precipitation
•Freezing precipitation
•Conditions at or approaching Low IFR
•Surface winds/gusts >30 knots
•Low Level Wind Shear (surface - 2,000 feet)
•Volcanic ash, dust storms, or sandstorms













The low-level Prognostic graphics product is a forecast of aviation weather 
hazards, primarily intended to be used as a guidance product for briefing 
the VFR pilot. The forecast domain covers the 48 contiguous states, 
southern Canada and the coastal waters for altitudes below 24,000 ft. Low 
altitude Significant Weather charts are issued four times daily and are valid 
at fixed times: 0000, 0600, 1200, and 1800 UTC. Each chart is divided on 
the left and right into 12 and 24 hour forecast intervals (based on the 
current NAM model available). The two panels depict freezing levels, 
turbulence, and low cloud ceilings and/or restrictions to visibility (shown as 
contoured areas of MVFR and IFR conditions). 













Thunderstorms

















AC 00–24C 10. DOS AND DON’TS OF 
THUNDERSTORM AVOIDANCE

• Thunderstorm Avoidance. Never regard any thunderstorm lightly, even 
when radar observers report the echoes are of light intensity. Avoiding 
thunderstorms is the best policy. Following are some don’ts of 
thunderstorm avoidance: 

• (1) Don’t land or takeoff in the face of an approaching thunderstorm. A sudden gust front of 
low-level turbulence could cause loss of control. 

• (2) Don’t attempt to fly under a thunderstorm even if you can see through to the other side. 
Turbulence and wind shear under the storm could be hazardous. 

• (3) Don’t attempt to fly under the anvil of a thunderstorm. There is a potential for severe and 
extreme clear air turbulence. 



• (4) Don’t fly without airborne radar into a cloud mass containing scattered embedded 
thunderstorms. Scattered thunderstorms not embedded usually can be visually 
circumnavigated.

• (5) Don’t trust the visual appearance to be a reliable indicator of the turbulence inside a 
thunderstorm. 

• (6) Don’t assume that ATC will offer radar navigation guidance or deviations around 
thunderstorms. 

• (7) Don’t use data-linked weather next generation weather radar (NEXRAD) mosaic imagery as 
the sole means for negotiating a path through a thunderstorm area (tactical maneuvering). 



Some Do’s
• (8) Do remember that the data-linked NEXRAD mosaic imagery shows where the weather 

was, not where the weather is. The weather conditions may be 15 to 20 minutes older than 
the age indicated on the display. 

• (9) Do listen to chatter on the ATC frequency for Pilot Weather Reports (PIREP) and other 
aircraft requesting to deviate or divert. 

• (10) Do ask ATC for radar navigation guidance or to approve deviations around 
thunderstorms, if needed.

• (11) .Do use data-linked weather NEXRAD mosaic imagery (e.g., Flight Information Service-
Broadcast (FIS-B)) for route selection to avoid thunderstorms entirely (strategic maneuvering).

•
• (12) Do advise ATC, when switched to another controller, that you are deviating for 

thunderstorms before accepting to rejoin the original route. 

• (13) Do ensure that after an authorized weather deviation, before accepting to rejoin the 
original route, that the route of flight is clear of thunderstorms. 



• (14) Do avoid by at least 20 miles any thunderstorm identified as severe or giving an intense 
radar echo. This is especially true under the anvil of a large cumulonimbus. 

• (15) Do circumnavigate the entire area if the area has 6/10 thunderstorm coverage. 

• (16) Do remember that vivid and frequent lightning indicates the probability of a severe 
thunderstorm. 

• (17) Do regard as extremely hazardous any thunderstorm with tops 35,000 feet or higher 
whether the top is visually sighted or determined by radar. 

• (18) Do give a PIREP for the flight conditions. 

• (19) Do divert and wait out the thunderstorms on the ground if unable to navigate around an 
area of thunderstorms. 



If unable to avoid penetrating a thunderstorm, 
the following are some dos before entering the 

storm: 
• (1) Tighten the safety belt, put on the shoulder harness (if installed), and secure all loose objects.

• (2) Plan and hold the course to take the aircraft through the storm in a minimum time. 

• (3) To avoid the most critical icing, establish a penetration altitude below the freezing level or 
above the level of -15ºC. 

• (4) Verify that pitot heat is on and turn on carburetor heat or jet engine anti-ice. Icing can be 
rapid at any altitude and cause almost instantaneous power failure and/or loss of airspeed 
indication. 

• (5) Establish power settings for turbulence penetration airspeed recommended in the aircraft 
manual. 

• (6) Turn up cockpit lights to highest intensity to lessen temporary blindness from lightning. 

• (7) If using automatic pilot, disengage Altitude Hold Mode and Speed Hold Mode. The automatic 
altitude and speed controls will increase maneuvers of the aircraft thus increasing structural 
stress. 

• (8) If using airborne radar, tilt the antenna up and down occasionally. This will permit the 
detection of other thunderstorm activity at altitudes other than the one being flown. 



• (1) Do keep your eyes on the flight instruments. Looking outside the cockpit can increase danger 
of temporary blindness from lightning. 2/19/13 AC 00–24C 

• (2) Don’t change power settings; maintain settings for the recommended turbulence penetration 
airspeed. 

• (3) Do maintain constant attitude. Allow the altitude and airspeed to fluctuate. 

• (4) Don’t turn back once in the thunderstorm. A straight course through the storm most likely will 
get the aircraft out of the hazards most quickly. In addition, turning maneuvers increase stress on 
the aircraft. 

Do’s and don’ts during the thunderstorm penetration: 









https://www.youtube.com/watch?v=HDfodeU
Rad0
https://www.youtube.com/watch?v=dKwyU1R
wPto&index=1&list=PL-
d0mjaCV9PjrHhbxpDIbYoSAFstOtRJS





High Pressure any Questions ?





Center Area of High Pressure Areas 



Needs a Wind to Form



Can Form Over Cold Water



















Dealing With Icing

• Here are a few specific points to remember: 
• 1. Before takeoff, check weather for possible icing areas along your planned route. Check for pilot 

reports, and if possible talk to other pilots who have flown along your proposed route. 

• 2. If your aircraft is not equipped with deicing or anti-icing equipment, avoid areas of icing. Water 
(clouds or precipitation) must be visible and outside air temperature must be near 0° C or colder 
for structural ice to form. 

• 3. Always remove ice or frost from airfoils before attempting takeoff. 

• 4. In cold weather, avoid, when possible, taxiing or taking off through mud, water, or slush. If you 
have taxied through any of these, make a preflight check to ensure freedom of controls. 

• 5. When climbing out through an icing layer, climb at an airspeed a little faster than normal to 
avoid a stall. . 

• 6. Use deicing or anti-icing equipment when accumulations of ice are not too great. When such 
equipment becomes less than totally effective, change course or altitude to get out of the icing 
as rapidly as possible. 



• 7. If your aircraft is not equipped with a pitot-static system deicer, be alert for erroneous 
readings from your airspeed indicator, rate-of-climb indicator, and altimeter.

• 8. In stratiform clouds, you can likely alleviate icing by changing to a flight level and above-
freezing temperatures or to one colder than _10° C. An altitude change also may take you out of 
clouds. Rime icing in stratiform clouds can be very extensive horizontally. 

• 9. In frontal freezing rain, you may be able to climb or descend to a layer warmer than freezing. 
Temperature is always warmer than freezing at some higher altitude. If you are going to climb, 
move quickly; procrastination may leave you with too much ice. If you are going to descend, you 
must know the temperature and terrain below. 

• 10. Avoid cumuliform clouds if at all possible. Clear ice may be encountered anywhere above the 
freezing level. Most rapid accumulations are usually at temperatures from 00 C to -150 C. 

• 11. Avoid abrupt maneuvers when your aircraft is heavily coated with ice since the aircraft has 
lost some of its aerodynamic efficiency. 

• 12. When "iced up," fly your landing approach with power. The man on' the ground has no way 
of observing actual icing conditions. His only confirmation of the existence or absence of icing 
comes from pilots. Help your fellow pilot and the weather service by sending pilot reports when 
you encounter icing or when icing is forecast but none encountered. Use the table in Section 16 
of AVIATION WEATHER SERVICES as a guide in reporting intensities. 



We operate in accordance with FAR 135:

Daytime Weather Minimums:
800 FT AGL Ceiling (Broken or Overcast)
3 Miles Visibility

Nighttime Weather Minimums:

Unaided
1,000 FT AGL Ceiling (Broken or Overcast)
5 Miles Visibility

Aided
1,000 FT AGL Ceiling (Broken or Overcast)
3 Miles Visibility



Stuff

Products from NWS are the only legal and approved source 
of weather.

If METAR and TAFS are displayed in the raw format….they 
are from the NWS. 

VMC: Visual Meteorological Conditions
We can SEE !! We be outside clouds and things.

IMC: Instrument Meteorological Conditions
We Can’t SEE !! Must be in da clouds or forgot to remove 
sunshades from windshield.  



VFR: Visual Flight Rules
Ceiling > 3,000 FT AGL
Visibility > 5 SM 

MVFR: Marginal Visual Flight Rules
Ceiling 1,000 – 3,000 FT AGL
Visibility 3 – 5 SM

IFR: Instrument Flight Rules
Ceiling 500 - < 1,000 FT AGL
Visibility 1 - < 3 SM

LIFR: Low Instrument Flight Rules
Ceiling < 500 FT AGL
Visibility < 1 SM 



Things to Look For



Mo Practice

KJBR 160520Z 1606/1706 10004KT 1/4SM FG VV002 
FM1608 13004KT 2SM BR OVC003 
TEMPO 160800/1612 1/4SM FG VV002 
FM161500 19013G19KT P6SM OVC100 
FM161900 31020G27KT P6SM OVC050 
FM170300 34008KT P6SM OVC025 

KSTL 160912Z 1609/1712 13006KT 5SM BR OVC035 FM161300 
13007KT 2SM -RASN BR OVC009 
FM161600 VRB05KT 3SM -RA BR OVC008 
FM162000 32008KT 5SM BR OVC010
FM170100 31006KT 6SM BR OVC010 







Brownout

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjZpMyU6OjKAhXJJiYKHQWqAcgQjRwIBw&url=http://www.microwavejournal.com/articles/print/5803-a-dual-mode-sensor-solution-for-safe-helicopter-landing-and-flight-assistance&psig=AFQjCNFAlI3qwIOkhqFs06bVq_bts2URSA&ust=1455042862475113


Whiteout

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiLhqyY6ejKAhVILyYKHb5VBhsQjRwIBw&url=http://www.rotorworks.com/Rotorworks-Blog.page?ArticleID%3D67544%26Index%3D3&psig=AFQjCNFKMmYb3iv9Nufo3dIil4wWQuE2Dg&ust=1455043389804871
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjekoHF5-jKAhUD0iYKHcImAkQQjRwIBw&url=http://jasonpineau.com/helicopters/img_5037/&psig=AFQjCNFAlI3qwIOkhqFs06bVq_bts2URSA&ust=1455042862475113
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjekoHF5-jKAhUD0iYKHcImAkQQjRwIBw&url=http://jasonpineau.com/helicopters/img_5037/&psig=AFQjCNFAlI3qwIOkhqFs06bVq_bts2URSA&ust=1455042862475113
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjekoHF5-jKAhUD0iYKHcImAkQQjRwIBw&url=http://jasonpineau.com/helicopters/img_5037/&psig=AFQjCNFAlI3qwIOkhqFs06bVq_bts2URSA&ust=1455042862475113
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjekoHF5-jKAhUD0iYKHcImAkQQjRwIBw&url=http://jasonpineau.com/helicopters/img_5037/&psig=AFQjCNFAlI3qwIOkhqFs06bVq_bts2URSA&ust=1455042862475113
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