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WEATHER BRIEFING SERVICES

The Canadian Flight Supplement (GPH 205) indicates the weather services available at
each aerodrome in the flight planning section using the legend below.

a. WD1 - Aviation weather information, including weather maps, briefing service and
forecaster consultation are available in the military Forecast Centre.

b. WD?2 - Aviation weather information, including weather maps and briefing service
are available in the military Weather Office.

C. W1 (FSS) - Aviation Weather Briefing Service (AWBS), including weather maps,
satellite and radar imagery, and interpretive consultation service.

d. W2 (FSS) - Aviation Weather Information Service (AWIS), including pictorial
display, is available from Flight Service Station.

e. W3 - Limited aviation weather information is available at the weather station or on
the UNICOM frequency.

f. W4 - Limited, self-service aviation weather information may be available on-site.
g. FIC - Flight Information Centre operated by NAV CANADA provides full flight
planning

facilities as well as AWBS (Aviation Weather Briefing Services) that include full
weather
interpretation services, NOTAM and PIREP information.

h. PIK - Pilot Information Kiosks provide internet access to the NAV CANADA
Aviation
Weather Web Site (AWWS). Kiosks have facilities that display and print graphic
and
alphanumeric weather data. Each PIK also has direct toll free telephone access to
aFIC.
MILITARY WEATHER SERVICES
2. Weather Services Centres (WSC) are weather offices that have
forecasters writing forecasts for military aerodromes. Current Weather Services
Centres are:
a. TRENTON - At this location they write terminal forecasts for Trenton, Bagotville,
Borden, Valcartier, Petawawa, Namao, Cold Lake, Moose Jaw and Portage la
Prairie.
b. COMOX issues its own forecast.
C. GREENWOOD issues its own forecast as well as the forecast for, Gagetown and
“quiet hours for” Goose Bay.
d. Serco, A private company at Goose Bay issues the Goose Bay TAF forecast and

specialty forecasts during weekday hours.
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MetOc in Halifax issues the Shearwater forecast.

Two of these Centres also produce tailored prognostic charts for DND. Examples
can be found at the end of Chapter 6.

3. During quiet hours, weather information and interpretation can be
obtained by contacting a Weather Services Centre. by either direct line or
AUTOVON (CSN). These numbers are in the Canada Flight Supplement. If
normal weather services are not accessible, weather information can also be
obtained at 1-800-WXMETEO (996-3836) from anywhere in Canada and the
continental U.S.

4. Pilot to metro service (PMSV) is a military service that provides direct
liaison between the pilot in flight and a weather office. Locations with a METRO
service are indicated on page E10 of the Canada Flight Supplement.

5. At military bases in Canada, a computer in the flight planning area is
generally available to aircrew to access weather information. These computers
are usually easy to use but if you need help, ask your weather office.

DND also has an official weather site on the Intranet at _http://met.forces.gc.ca. General
weather information is available on the site but specific weather briefings can also be
provided on request.

FLIGHT INFORMATION CENTRES (FIC)

NAV CANADA has nine Flight Information Centres (FIC) aimed at providing pilots with
access to pre-flight and enroute planning information. The nine regional FIC sites are
situated at the following locations in Canada.

Halifax - Winnipeg - North Bay
Québec - Edmonton - Yellowknife
London - Kamloops - Whitehorse

They are responsible for providing information to assigned service areas across the
country as shown in the diagram on the next page.
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Each Flight Information Centre is responsible for providing its particular service area with
the following types of information:

Emergency

Aviation Weather Briefing

Flight Planning

Enroute Flight Information Services

Remote Aerodrome Advisory Services (RAAS)

Broadcasting flight safety information

Processing pilot reports (PIREPS)

Processing flight safety reports

Operating and monitoring communication and navigational aids

Processing NOTAM and runway surface condition (RSC) and Canadian Runway
Friction Index (CRFI) reports

Weather observations

Coordinating Community Aerodrome Radio Stations (CARS) activities
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Pilots can access any one of the regional FIC facilities directly through their toll free
access numbers (within Canada and US) which are listed below, or by calling the national
toll-free number, 1-866-WXBRIEF or 1-866-992-7433 (1-866-GOMETEO 1-866-466-3836
for French).

Halifax: 1-866-541-4106  Winnipeg: 1-866-541-4103 orth Bay: 1-866-541-

4109
Québec: 1-866-541-4105  Edmonton: 1-866-541-4102  coo"<1e: 1-866-541-
London: 1-866-541-4104  Kamloops: 1-866-541-4101 X\i%';e“mse; 1-866-541-

Pilots calling a FIC will be able to access the following services by use of a touch-tone
phone. Those callers using a rotary telephone will be placed in the queue for Weather
Briefing and Flight Planning:

a. Emergency: These crucial calls will be immediately identified to Flight Service
Specialists and will receive a higher priority than regular customer requests.
Callers should only use this option when assistance is required for
obtaining flight planning and weather information f or an immediate
Medevac departure, or when reporting an accident or other emergency.

b. Weather Briefing or Filing a Flight Plan: Callers will be routed to the appropriate
Specialist within the FIC.

C. Pilot’s Automated Weather Answering Service (PATWAS): The pilot can choose
to go directly to PATWAS, an automatically-generated, continuous voice
recording of selected aviation weather information based on routes, areas or
individual weather reporting stations. Through PATWAS, pilots can access the
following weather data: AIRMETs, METAR and SPECI, Aerodrome forecasts
(TAF) and forecast Winds and Temperatures aloft. Future enhancements to the
system will include a fax-back capability, and a voice recognition system that will
supplement touch pad access.

PILOT INFORMATION KIOSK (PIK)

A Pilot Information Kiosk (PIK) provides Internet access via a kiosk to NAV CANADA'’s
Aviation Weather Website (AWWS) and telephone access to a Flight Information Centre.
Kiosks are located at sites where face-to-face briefings are not available. Eighty-one
kiosks are deployed at NAV CANADA (and third party) facilities across Canada. Housed
in a metal casing, the stand-alone kiosk features a 17-inch touch screen, a full size
keyboard, a thermal printer, a touch pad and a telephone handset with speakerphone
capabilities. A table provides a surface for writing and for laying out maps and other
documents. The telephone/speakerphone at each kiosk connects the client through a
direct toll-free line to Flight Service Specialists at the Flight Information Centre (FIC), who
have access to the same data and maps being reviewed by the client. A fax capability is
also provided, enabling briefing specialists to send NOTAM information directly to the
kiosk. All information is available in both official languages. Aviation weather and
NOTAMS can also be found at http://www.flightplanning.navcanada.ca/

The Automated Supplementary Enroute Weather Prediction System (ASEP) is available
on the NAV CANADA Aviation Weather Website at



WU&R 2010

http://www.flightplanning.navcanada.ca/. ASEP provides pilots with detailed route,
date/time and altitude-specific weather predictions. The ASEP graphic products are
computer generated directly from processed numerical forecast data. There is no human
intervention or alteration of the displayed products.

AIR TRAFFIC CONTROL (ATC) BROADCAST SERVICE

13. ATC operates a flight advisory service, which includes the provision of
meteorological information to aircraft in flight. Weather reports and forecasts can
be requested by radio.

OTHER SERVICES

14. Transcribed Weather Broadcasts (TWB) are available at some
aerodromes. An auxiliary code “C” is used after the published radio frequencies
of navigation facilities listed in the Canada Flight Supplement to indicate that a
TWB is available on that frequency.

15. Automatic Terminal Information Service (ATIS) consists of a continuous
tape recorded broadcast on discrete frequencies. These frequencies are listed in
the "COMM" (Communication) section of each airport that has an ATIS.

16. The Direct User Access Terminal (DUAT) may have
graphic/alphanumeric weather or NOTAM information available and may permit
the filing of flight plans. The specific installation sites are listed under the “FLT
PLN" section.



WU&R 2010

CHAPTER 2

HOURLY REPORTS
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NORTH AMERICAN METARs

The METAR format in North America has some differences from the worldwide format. The
North American METAR code is as follow:

METAR CYWG 172000Z 30015G25KT 3/4SM R36/4000FT/D -SN BLSN BKNO08
OVC040 M05/M08 A2992 REFZRA WS RWY36 RMK SF5 NS3 SLP134

METAR Type of report. SPECI would indicate a special report. Not always
indicated.

CYWG 172000Z Four-letter ICAO indicator with date and time (UTC) of
the observation. If "AUTQ" appears after the time, it means that the weather has
been reported by an automatic weather observing station (AWOS).

30015G25KT Mean wind direction and speed over a 2 minute runni  ng
average, sampled at 5 second intervals; peak gustt  aken from a 10 minute
history, sampled at 5 second intervals . Wind direction 300 degrees true (from
the west northwest), speed 15 knots with gusts to 25 knots. The direction is
rounded off to the nearest 10 degrees. Speeds are in knots (KT) and can be 3
digits if equal or greater than 100 knots. “VRB” is used in the US only, if the
direction is variable and the speed is 6 knots or less (e.g. VRBO3KT). Calm winds
are encoded as 00000KT. Variations in wind direction is included if during the 10-
minute period preceding the observation, the direction varies by 60 degrees or
more and the mean speed exceeds 3 knots (e.g. 260V340).

3/4SM Prevailing visibility three quarters of a statute mile (SM). Visibility more
than 15 statute miles are often encoded “15SM". Lower sector visibilities, which
are half or less of the prevailing visibility, are reported in the remark.

R36/4000FT/D Runway Visual Range (RVR) for the touchdown zone of runway
36 is 4,000 ft and decreasing. It is a 10-minute average, based on the operational
runway light settings at the time of the report. It is included if the prevailing
visibility is 1 mile or less and/or the runway visual range is 6,000 feet or less. For
values higher than the instrument range, a "P" will prefix the RVR value; an "M"
will indicate a value below the reporting range. A trend is indicated if there is a
distinct upward or downward trend from the first to the second 5-minute part
period. “D” indicates a downward trend, “U” an upward trend and “N” no change.
If the RVR varies significantly prior to the report period, the minimum and
maximum one- minute mean RVR values during the 10-minute period preceding
the observation will be reported separated by a "V" (e.g. RO6L/1000V2400FT/U).

-SN BLSN Light snow and blowing snow. The present weather is
composed of weather phenomena (precipitation, obscuration, or other) preceded
by one or two qualifiers (intensity or proximity to the station and descriptor).
“FZFG” represents fog at temperatures below 0°C. If different forms of
precipitation are combined in one group, the predominant form is reported first.
The intensity qualifier selected represents the overall intensity of the entire group.
See below for information on qualifiers and weather phenomena symbols.
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QUALIFIER WEATHER PHENOMENA
Intensﬁy or Descriptor Precipitation Obscuration Other
Proximity
- Light MI Shallow DZ Drizzle BR Mist (3 5/85M) | PO Dust/s and Whirls
PR Partial RA Rain FG Fog (< 5/8SM) | SQ Squalls
Mod_e_rate (no BC Patches SN Snow FU Smoke FC Funnel Cloud
qualifier)
DR Drifting (raise
+ Heavy less than 2 metres GS Snow Pgllets HZ Haze +FC Tornado or
or Small Hail (US) Waterspout
above ground)
VC In the vicinity BL Blowing IC Ice Crystals DU Dust SS Sandstorm
(within 5SM but not | SH Shower(s) PL Ice Pellets SA Sand DS Duststorm
at the station) TS Thunderstorm GR Halil PY Spray (US)
FZ Freezing SG Snow Grains VA Volcanic Ash
UP Unknown
precipitation
(AWOS only)
BKNO0O8 Broken cloud at 800 feet above ground.
OvCo040 Overcast skies at 4,000 feet above ground. All cloud layers are

reported based on the summation of the layer amounts as observed from the
surface up. Sky cover amounts are:

MO05/M08

SKC
FEW (few)

SCT (scattered)
BKN (broken)
OVC (overcast)

sky clear
>0 to 2 oktas (8ths) summation amount

3 to 4 oktas summation amount
5 to <8 oktas summation amount
8 oktas summation amount

A vertical visibility (VV) is reported in hundreds of feet when the
sky is obscured. “CB” or “TCU” is appended to the cloud group
without a space when present. A cloud ceiling is said to exist at
the height of the first layer for which a coverage symbol of BKN or
OVC is reported. The existence of a vertical visibility constitutes
an obscured ceiling.

Temperature and dew point, rounded to the nearest whole

Celsius degree, are -5°C and -8°C. "M" signifies a negative temperature.

A2992 This is the altimeter setting in inches of mercury (29.92 inches of
mercury). "A" is the group indicator. Other countries generally use "Q" for group
indicator to indicate that the altimeter setting is in hectopascals.

REFZRA

This group reports recent weather of operational significance

(recent freezing rain). The group indicator “RE” is followed by weather observed
during the period since the last routine report but not at the time of observation.

WS RWY36

Low level wind shear along runway 36. Reports of low level wind

shear (within 1600 feet AGL) along the takeoff or approach path of the
designated runway. “WS ALL RWY” means that low level wind shear exists and
applies to all runways.

10
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RMK  Remarks following. General weather information can be found in this
section (Canada only). Used for climate information in the US.

SF5NS3 Cloud opacity, 5 eighths of stratus fractus and 3 eighths of
nimbostratus (Canada only).

SLP134 Sea level pressure at 1013.4 hPa.

NOTES

1. In AUTO reports, cloud types will not be identified unless the report has been

augmented by a human observer. If no layers exist below 10,000 feet (12,000 feet
in the US), “CLR” will be reported.

2. METARSs may be displayed differently at different weather offices. Some METARs
may have a communication heading, others don’t. Please note that if a METAR
has a time different from its normal time, it is a SPECI! On occasions “CCA”,
“CCB” or “CCC” (“COR” in the US) may appear after the time group. It tells the user
that the initial METAR was corrected.

3. The term “CAVOK” is not used in METARs across North America.
4, Temperature and dew point are included in US and some Canadian special reports

(SPECI). Altimeter setting is not included in SPECI. Otherwise the code is the
same as in METARSs.
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INTERNATIONAL METARS

Countries other than Canada, the United States and Mexico use a slightly different METAR
code. Each country might have some differences, but in general they are similar to the
example below.

ENBO 290750Z 19003KT 9999 -RADZ SCT035 BKN070 11/10 Q1005 BECMG 23015KT

Location Bodo in Norway

Time the 29" at 0750Z

Surface Wind From 190 degrees true at 3 knots

Visibility 10 km or more

Weather Light rain and drizzle

Cloud scattered at 3,500 ft and broken at 7,000 ft above ground
Temperature 11°C

Dew Point 10°C

Altimeter Setting 1005 hPa

TREND winds forecast to become 230 degrees true at 15 knots within the

next 2 hours.

NOTE: In many countries, METARSs are issued twice an hour (20 and 50 minutes past the
hour or on the hour and 30 minutes past the hour). International SPECIs carry all
the information of a regular METAR including temper  ature, dew point and
altimeter setting. Many North American SPECIsdo n ot include these three
items.

The surface winds are normally in knots but some countries use meters per second (MPS).
One meter per second equals a little less than two knots. The following METAR for Beijing
indicates a wind speed of 3 meters per second, which is equivalent to roughly 6 knots.
ZBAA 041400Z 31003MPS 280Vv340 CAVOK 29/15 Q1001 NOSIG
The visibility is the minimum visibility in meters (always four digits). 9999 indicates a
visibility of 10 km or more. When the visibility is low an RVR is usually given. It will be in
meters.
Cloud layer amounts are not summed as they are in North American METARS but each
layer is taken separately. CAVOK may be used to replace the visibility, weather and cloud
groups if:
a. the visibility is 10 km or more;

b. there is no cloud cover below 5,000 feet or below the highest minimum
sector altitude, whichever is greater;

C. there is no precipitation or thunderstorm; and

d. there is no shallow fog, low drifting snow, dust or sand; also no sandstorm
or duststorm.

Hectopascals are normally used for the altimeter setting. The group indicator is "Q".

There is a provision for providing a trend forecast for a two-hour validity period , which
supercedes the terminal forecast. The abbreviations used in these trend forecasts are:
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BECMG: When a change is expected to take place in a relatively short period of

time.

TEMPO: When temporary changes are expected to occur (like a shower).

NOSIG: When no expected changes are forecast for the next two hours.

COLOUR CODE

Belgian, Dutch, British and German Air Force stations use the colour code when a
forecaster is on duty. It could be found at the end of METARs and/or in the trend forecast.
In the trend forecast it can consist of two colours separated by one of the terms: TEMPO or
BECMG. It uses the criteria shown in the table below.

LOWEST
COLOUR CODES BASE OF LOWEST
SURFACE VISIBILITY CLOUD LAYER
USAFE * RN/RAF USAFE * - 5/8 OR MORE
Km (SM) Km (nm) COLOUR ABBREV RN/RAF - 3/8 OR MORE
8 (5) 8 (4.3) BLUE BLU 2,500 ft AGL
5(3) 5(2.7) WHITE WHT 1,500 ft AGL
37 (23) 37(2) GREEN GRN 700 ft AGL
16 (1) 1.6 (0.9) YELLOW YLO 300 ft AGL
0.8 (0.5) 0.8 (0.4) AMBER AMB 200 ft AGL
LESS THAN RED BELOW 200 ft AGL
0.8 (0.5) - 0.8 (0.4) OR SKY OBSCURED
BLACK

Aerodrome not usable for reasons other than cloud or visibility minima.

BLACK will precede the actual colour code.

* |t includes USAFE (USAF Europe), Netherlands and German Air Bases.

Example:

SPECI EHLW 2611177 24012KT 2500 R24/P3000N GSRA SCT020CB SCT022

BKN220 13/09
Q1012 YLO BLU TEMPO GRN

13
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AUTOMATED WEATHER OBSERVATION SYSTEM

Automated weather observation systems (AWOS) are mainly located at small airports or
are used during off-hours at other airports. The word "AUTO" is added at the beginning of
these METARSs. The format looks the same as regular METARs but some of the
information is different. A similar system exists in the US but the following discussion
concentrates on the Canadian system.

Cloud heights are measured above the station (up to 10,000 feet) in a cone shaped volume
of atmosphere above the ceilometer. Depending on the persistence of the cloud detected
overhead within a height category in the last hour, the value of that category is indicated as
CLR (which mean clear below 10,000 feet), FEW, SCT, BKN or OVC. Ceilometers cannot
assess the cloud types, will not detect the presence of clouds toward the horizon, but are
sensitive to thin clouds, falling precipitation and temperature inversions.

If the laser ceilometer is receiving no returns due to attenuation but the precipitation sensor
is reporting snow or the visibility is reduced, clouds will be reported following the table
below.

Horizontal Visibility Inferred cloud base
6 to 9+ SM unlimited
3to 6 SM 2,500'
1to 3 SM 1,500
.7tol1lSM 1,000’
5to0.7SM 500'
.3to.5SM 300'
.2t0.3SM 200'
0to.2 SM 0}

The visibility is a point visibility —contrary to the prevailing visibility used in METARS
reported by human. It does not always indicate the reason for the reduced visibility.

The precipitation sensor only detects rain, snow, drizzle, hail, freezing rain and freezing
drizzle. Only the predominant type is detected. At near freezing temperatures, the
AWOS may have problems reporting the type of precipitation and may report the
precipitation type as “UP” (undetermined type). Ice pellets, ice crystals, snow grain, snow
pellets and thunderstorms cannot be detected.

The precipitation amount may be indicated in the RMK (remark) section at the end of the
report. The liquid precipitation is collected while frozen precipitations are melted to find out
the amount of water equivalent. For example, the remark:

"PCPN 1.6 MM PAST HR" means that 1.6 mm of precipitation (water, or water equivalent)
has been collected in the last hour.

The AWOS is equipped with an icing sensor. This sensor can detect freezing rain, freezing
drizzle, freezing fog or rime, wet snow and frost. If icing is being detected in conjunction
with precipitation, then the appropriate weather will be reported in the weather group.
Otherwise it will be reported as:

"ICG" meaning icing is being sensed.

"ICG UNAVAILABLE" meaning the icing sensor is unavailable.

"ICG INTMT" meaning icing is occurring at the time of the report, but was intermittent in the
last hour.
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"ICG PAST HR" meaning the icing has occurred within the past hour, but not within the past
15 minutes.
Certain AWOS sites have humans augmenting the AWOS reports. For example, sector
visibilities, fog banks, thunderstorms or conditions at variance with the values reported by
the AWOS may be added.
The following are examples of typical AWOS reports:
CYWA 130800Z AUTO 22002KT 9SM FEW069 M07/M10 A3048 RMK SLP329
CYXD 020800Z AUTO 24004KT 9SM CLR 08/02 A2986 RMK SLP121

CYTL 040600Z AUTO 31008G17KT 2 3/8SM RA BKN028 OVCO081 13/12 A2960 RMK
VSBY VRBL 1.8V5.0 PCPN 2.5 MM PST HR PRESRR SLP025
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CHAPTER 3

AREA FORECASTS
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CANADIAN GRAPHICAL AREA FORECAST (GFA)

1. The GFAs provide national coverage through a series of regional products. The seven
GFA regions are shown below at Figure 3-1.

2. In addition, a Local Graphic Forecast (LGF) for the West coast is available at the
NavCanada site: http://www.flightplanning.navcanada.ca/cqi-
bin/GenerProduit.pl?Produit=L GF&lL angue=anglais&Region=zvr&NoSession=NS Inconn
u. The format is very similar to the standard GFA. There is no icing product.

Figure 3-1. GFA regions

_;.'k‘.-_\ -
GFACN3G6E

¥

GFACN31

\

3. Corrections to a GFA or changes of a technical nature are handled by re-issuing the
affected charts with the reason for the correction in the comments box. Amendments to a
GFA are made by issuing an AIRMET or a SIGMET.

4, GFAs are issued every 6 hours. For each issue and each region, three sets of maps are
produced, one for T+0hr, one for T+6hr, and one for T+12hr. Each time step has one
chart showing clouds and weather and another showing icing, turbulence and freezing
level. The clouds and weather chart for the time step T+12hr also contains an IFR
outlook (“IFR OTLK?") at the bottom of the comments box for the following 12-hour period

17
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(Figure 3-2).

5. The units used on the GFA are as follow: wind speed is in knots (KT) with the direction in
degrees true; visibility in statute miles (SM); distances in nautical miles (NM);
atmospheric pressure in hectopascals (hPa); base and top of clouds, icing and
turbulence in hundreds of feet ASL (above sea level), unless specified as AGL (above
ground level); freezing level in hundreds of feet ASL and time in UTC (2).

6. Figure 3-2 is an example of a GFA for clouds and weather. It includes all the weather

information up to 24,000 feet ASL. Convective cloud tops above 24,000 feet are always
mentioned.

Figure 3-2. GFA for clouds and weather
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7. The chart itself shows such features as cloud layers (bases and tops), precipitation and

restrictions to visibility, fronts, upper troughs (double dashed line in purple), surface
troughs (single dashed line in purple), isobars, and centres of highs and lows. Broken
and overcast cloud layers are enclosed in scalloped lines. Intermittent precipitation is
represented by green dashed areas and continuous precipitation by green shaded areas.
Areas with winds stronger than 20 knots are indicated on the chart (same format as on a
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wind chart). All other abbreviations used on the charts are the same or similar to what is
currently used in other products.

The information panel to the right of the GFA depiction contains all the vital information
about the graphic. For example, it identifies the GFA as the “clouds and weather” panel
for the Atlantic region. It specifies that the graphic was issued at 11317 on July 8 2003
and that the forecast depiction is valid at 0000Z on July 9 2003 (12 hour forecast). The
legend contains important symbolism that may be used in the graphic for
meteorologically significant events such as thunderstorms, ice pellets, freezing rain and
freezing drizzle. A comment section with additional information is also included. In this
example, the comment indicates that in addition to what is depicted on the graphic,
isolated cumulonimbus cloud (CB) topped at 32,000 feet ASL are giving light
thunderstorms and mist reducing visibilities to 2 statute miles over the Maritimes and the
southwestern waters at 00Z. This area is identified on the graphic by an “A” in a box and
by the two red thunderstorm symbols in the Maritimes.

Figure 3-2 shows a 989 millibar low approaching the region from Quebec at 00Z. From
the low, a warm front extends southeastward and a cold front extends southward. The
fronts are moving approximately northeastward at 10 knots. The depiction shows a large
scalloped area of cloud associated with this low. The predominant clouds are broken in
layers between 2,000-3,000 ft ASL (above sea level) and 20,000 ft ASL. North of the
warm front, visibilities are as low as 3 statute miles in continuous light rain and mist and
scattered embedded altocumulus castellanus (ACC) cloud topped at 22,000 ft ASL can
reduce visibilities to 2 statute miles in moderate rain showers and mist. Local stratus
cloud ceilings based at 600 feet AGL are also expected. Any mention of “CIGS”
automatically means that the bases are AGL (above ground level). In the warm sector,
the precipitation is in the form of showers produced by numerous embedded ACC cloud
topped at 22,000 ft ASL reducing visibilities to as low as 2 statute miles in moderate rain
showers and mist. In addition, scattered CB clouds topped at 32,000 ft ASL reducing
visibilities as low as 1 statute mile in moderate thunderstorms and mist and local status
ceilings based at 600 feet AGL are forecast. The outlines of other clouds and weather
areas on this graphic are shown as other scalloped areas with the specific details clearly
marked therein.

Since this chart is the T+12hr panel, a comment box containing an IFR outlook for the
following 12-hour period ending at 12Z, 9 July 2003 is included. It outlines the areas of
expected IFR clouds and weather conditions for this outlook period.

Figure 3-3, shown on the next page, is an icing, turbulence and freezing level chart for
the same region, valid at the same time, namely 00Z, 9 July 2003. The graphic shows
the distribution of expected icing and turbulence, and the freezing level at 00Z. The
information panel to the right of the graphic has the same format as in the clouds and
weather graphic in figure 3-2. The legend box shows the freezing level contours as
dashed lines. They are labeled in hundreds of feet ASL. Also in the legend box, the
symbolism for moderate and severe, icing and turbulence are indicated. On the graphic,
areas of moderate or severe icing are depicted in blue shaded areas and areas of
moderate or severe turbulence are depicted in red dashed areas. These areas are
generalized areas of icing or turbulence and exclude the icing and turbulence that would
be associated with convective clouds like thunderstorms. The bottom of the information
panel to the right of the graphic contains the statement that CB TCU and ACC imply
significant turbulence and icing and the presence of CB cloud implies low level wind
shear (LLWS). In addition to all above, a statement in the comments box implies that
light to nil turbulence is to be expected otherwise.
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Figure 3-3. GFA for icing, turbulence and freezing level
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Figure 3-3 shows the 15,000 foot ASL freezing level contour as a red dashed line
(labeled as 150) extending across southwestern Nova Scotia and then southeastward
over the Atlantic. The other freezing level contours are shown in similar fashion (intervals
of 2500 ft). The graphic also shows, in blue stippling, an area of moderate mixed icing,
with risk of severe mixed icing, from the freezing level up to 17,000 feet ASL.
Additionally, outlined in red and dashed is an area of moderate mechanical turbulence
below 4,000 ft ASL. Note: Only areas of moderate intensity or greater of icing and
turbulence are outlined on the icing and turbulence charts. For 2009 onward, in addition
to all above, a statement generally included in the comments box indicates that light to nil
icing is expected in all other clouds above the freezing level.

AREA FORECAST (USA)

The American FA message, identified as FAUS in the message header, is a forecast of
VER clouds and weather conditions over a fairly large geographical area. This VFR
forecast must be used along with AIRMET Sierra, which is a bulletin of IER weather
conditions, in order to obtain a complete picture of the forecast clouds and weather
conditions. Additionally, AIRMET Tango is to be used for forecast turbulence over the
area, and AIRMET Zulu is to be used for forecast icing and freezing levels. All together,
four separate bulletins are required to complete the aviation forecast picture for any
particular area of the United States.

The FAUS bulletins are issued 3 times daily from Kansas City for each of six forecast
areas in the contiguous United States. FAs for Alaska and Hawaii are issued by the
forecast centres in those states.

The format of the FAUS consists of a header, a synopsis, a 12 hour forecast and a 6 hour
outlook. Times are UTC, distances are in nautical miles, and visibilities are in statute
miles.

The synopsis _is a brief description, written in abbreviated language, of the location and
movement of weather features and circulation patterns for an 18 hour period.

The VER clouds and weather _ section is a 12 hour forecast of VFR clouds and weather
conditions that are significant to flying operations followed by a 6 hour categorical
outlook.

Cateqgory Ceiling (feet AGL) Visibility (statute miles)
IFR less than 1,000 and/or less than 3
MVFR 1,000 to 3,000 inclusive  and/or 3-5 inclusive
VFR more than 3,000 and more than 5

The following FA and the accompanying AIRMET Sierra, Tango and Zulu bulletins will be
used to explain formats and interrelationships.

)$86  ..&,
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The Headers

The headers of the FAUS and AIRMETS contain information about the issue times and
valid times of the bulletin, and indicate the region for which the forecast is valid. In this
case, the FAUS was issued at 1736 UTC on the 6™ day of the month and becomes valid
at 1745 UTC. The forecast is for the Boston (BOS) aviation region which includes all the
states listed in the FAUS header, along with the American waters of LE (Lake Erie) and
LO (Lake Ontario). Appended to BOS will be the letter ‘C’ to signify the forecast is for
clouds and weather. The letters S, T and Z will be appended to BOS in the header of
AIRMET Sierra, Tango and Zulu respectively.

Below the FAUS header is a statement drawing attention to AIRMET Sierra for IFR
forecast conditions. Also, there are the other standard statements relating to turbulence
and icing and that non MSL (mean sea level) heights are denoted by AGL and CIG.

The Synopsis

This synopsis is valid until 1200Z the next day. It says that a weak trough axis is
continuing from southeastern Massachusetts to Salisbury to south of Lynchburg line. An
upper trough over Wisconsin and northeastern lowa is moving eastward to lie from
eastern Michigan through northwestern Ohio by 12Z. Chance of strong thunderstorms
from southern New York southward.

15. The VFR Clouds and Weather Section

This section lists the groupings of states covered by the forecast followed by the VFR
forecast details for each grouping. In this particular example, the states of WV, MD and
VA are isolated for the forecast of clouds and weather that follows.

9 0' 9%
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The forecast is written in a similar format than the Canadian GFA with cloud bases and
tops expressed in hundreds of feet ASL (unless noted to be AGL). In this example, for
the period until 00Z, the forecast is for a SCT to BKN cloud layer based between 4,000-
6,000 ft ASL and another SCT to BKN cloud layer based at 12,000 ft ASL topped at flight
level 20,000 ft. There will also be SCT CB tops to flight level 40,000 ft giving moderate
thunderstorms. Some of the thunderstorms may be locally severe. Between 00Z and
06Z, the forecast is for SCT cloud based at 6,000 ft ASL, more SCT cloud based at
12,000 ft ASL and a layer of BKN CI (cirrus cloud) above. The OTLK section, valid from
067 to 127, indicates that VFR conditions will prevail until 09Z when conditions will
deteriorate to MVFR due to visibility restrictions in mist (BR).

AIRMET Sierra
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The FAUS bulletin must be used in conjunction with AIRMET Sierra, which describes any
IFR weather conditions in the FA region.

In this case, the BOSS bulletin is valid until 2000Z and represents the third update for IFR
conditions and mountain top obscuration for the states mentioned.

AIRMET Sierra states that occasional ceilings below 1,000 ft AGL (the mention of CIG in
any aviation type forecast implies that heights are AGL) and visibility restricted below 3
statute miles in mist are expected until 16Z when IFR conditions will end.

AIRMET Tango

AIRMET Tango provides information on turbulence over the FA region.
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This AIRMET is the second update for turbulence over the Boston FA region and is valid
until 2000Z. Since the forecast is not divided into separate groups of states, it implies this
forecast is valid for the entire BOS aviation region. The forecast indicates that no
significant turbulence is expected for the BOS aviation region except in vicinity of
convective activity.

AIRMET Zulu
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For information on icing and freezing levels over the FA region, reference must be made
to AIRMET Zulu.
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This AIRMET is the second update for icing and freezing level for the entire Boston FA
region and is valid until 2000Z.

The forecast indicates that no significant icing is expected for the FA region outside
convective activity. It implies that icing will occur within convective cloud. In addition, the
freezing level is forecast to be between 9,500 and 13,000 feet ASL north of the stated line
joining Toronto (YYZ) and St John, NB (YSJ) and between 13,000 and 15,000 feet ASL
south of the stated line.

NOTE: In early September 2008 the US National Weat her Service has begun
issuing graphical Airmets. These products will be a vailable on the NWS aviation
weather site:

http://adds.aviationweather.gov/airmets/ further explanations on this are in
Chapter 11 Page 7 of this document

Amendments and Corrections

Amendments to the FA are made when needed. Amended FA bulletins are identified by
AMD in the header. The use of UPDT (update) is used to identify the part of the clouds
and weather forecast that is amended and the reason for the amendment. See the
example of an amended FAUS below.

FAUSS5 KSLC 261255

FASW

SLCC FA 261255 AMD

SYNOPSIS AND VFR CLDS/WX

SYNOPSIS VALID UNTIL 270500

CLDS/WX VALID UNTIL 262300...0TLK VALID 262300-2 70500
ID MT WY NV UT CO AZ NM

AZ.. UPDT

SW OF A PGS-SSO LN...SCT080 SCT-BKN120. WDLY SCT -SHRA. ISOL

-TSRA. CB TOPS FL350. TSRA BECMG WDLY SCT AFT 21 Z WITH CB TOPS
FL400. OTLK...VFR. UPDTFOR DVLPG SHRA/ISOL -TSRA...
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If an FA must be corrected (not amended), the entire FA is re-issued. "COR" is added in
the header and the reason for the correction is mentioned.
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NORTH AMERICAN TAFs

1. Aviation (aerodrome) forecasts, called TAFs, (Terminal Aerodrome Forecasts), are
formatted in a standard code that is used around the world, but with some differences
from country to country. The TAF is a description of forecast weather conditions that are
most likely to occur within a radius of 5 nautical miles of the centre of the runway complex
at a particular aerodrome. The coded TAF uses the same abbreviations that are used in
the METAR code discussed in Chapter 2.

The NAV CANADA Aviation Weather Web Site (AWWS) User’s Guide located at

http://www.flightplanning.navcanada.ca/cgi-bin/CreePage.pl?Page=weather-
products&NoSession=NS Inconnu&TypeDoc=user-guide&lLangue=anglais#taf

gives a brief description of the Canadian (North American) TAF.

The following main elements are contained in a TAF:
bulletin identifier;
amendment/correction code;
international aerodrome identifier;
date and time of origin of TAF;
date and period of coverage of the forecast;
surface wind speed and direction information;
prevailing horizontal visibility at the surface;
weather — meaning obstructions to visibility or precipitation;
cloud group(s);
temporary or permanent change groups and times;

remarks

Note: As of Nov 05 2008 there was a change inthe f  ormat of the TAF to make
allowances for a 30 hour TAF. This format change im  pacts the date and time
groups of the TAF.

This change will affect all international TAFs but other issuing agencies may have
different implementation dates.
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The following example is in the typical Canadian TAF format. The example below will be
used throughout this section.

TAF CYWG 2911407 2912/3012 24010G25KT WS011/27050KT 6SM -FZRA -SN

BKNO40

OVvCO080
FM291800 30015G30KT 3SM -SN BKN010 TEMPO 2918/3001 1 1/2SM -SN BLSN
BKNOO8

PROB30 2022 1/2SM +SN VV005
FM300100 28010KT 5SM -SN BKN020 BECMG 3006/3008 VRBO3KT P6SM SKC
RMK NXT FCST BY 2918007

TAF Header — Includes station identifier, issue dat  e/time stamp, period of
coverage:

TAF CYWG 2911407 2912/3012 This TAF is for Winnipeg International Airport

(CYWG).

of the

29

The forecast was issued the 29th day at 1140 UTC and
co¥1ers the period from 12Z on the 29" until 12Z on the
30

Amendement/Correction Code

TAF AMD CYWG 2914057 2914/3012 Examples of an amended and corrected TAF
TAF COR CYWG 2911557 2912/3012 header

Wind Forecast :

24010G25KT The mean wind direction (to the nearest 10 degrees true) and
speed is:

240 degrees true at 10 knots with gusts to 25 knots (KT).

The use of VRB means variable direction and in Canada is only
used if the wind is 3 knots or less or if associated with thunderstorm gusts.

Calm wind is coded 00000KT.

Low level Wind Shear A low level wind shear forecast may also appear when
significant for aviation and follows after the wind group.

Example: 24010G25KT WS011/27050KT

The wind shear group decoded is:

WS - wind shear

011 is height in hundreds of feet = 011 hundred feet = 1,100 feet above ground
27050KT is the true wind direction and speed at 1100 feet.

The shear is indicated by the difference between the surface and 1100 foot winds.
Note that there is a difference not only in speed but also direction .
While the main effect of turbulence is related to erratic changes in altitude and/or attitude

aircraft, the main effect of wind shear is the rapid gain or, more critical, loss of air speed.
Therefore, any cases of strong, non-convective low level wind shear within 1,500 feet
AGL will be labeled as WS. This group is not part of the international code but it will be
used in North American TAFs.



WU&R 2010

NOTE: When the wind speeds is expected to be 100ds or higher, a three-digit
figure shall be used (e.g. 120KT). Wind gusts areohallowed in this group.

Prevailing Horizontal Visibility Forecast

6SM

The prevailing visibility in the first part period of the above TAF is

forecast to be
6 statute miles.
Forecast Visibilities less than 3 statute miles may be given in whole and/or
fractions of a statute mile:
a.zero to 3/4SM (in increments of 1/8 statute mile);
b. 3/4SM to 21/2SM (in increments of ¥4 statute mile);
c.3SM to 6SM (in increments of 1 statute mile); and
d. P6SM (for visibility greater than 6SM).

Forecast Weather

-FZRA -SN

Light freezing rain and light snow are forecast.
The codes for the weather phenomena are the same as in
METARs. NSW means “no significant weather”.

QUALIFIER WEATHER PHENOMENA
Intensﬁy or Descriptor Precipitation Obscuration Other
Proximity
- Light MI Shallow DZ Drizzle BR Mist (3 5/85M) | PO Dust/s and Whirls
PR Partial RA Rain FG Fog (< 5/8SM) | SQ Squalls
Mod_e_rate (no BC Patches SN Snow FU Smoke FC Funnel Cloud
qualifier)
DR Drifting (raise
+ Heavy less than 2 metres GS Snow Pgllets HZ Haze +FC Tornado or
or Small Hail (US) Waterspout
above ground)
VC In the vicinity BL Blowing IC Ice Crystals DU Dust SS Sandstorm
(within 5SM but not | SH Shower(s) PL Ice Pellets SA Sand DS Duststorm
at the station) TS Thunderstorm GR Halil PY Spray (US)
FZ Freezing SG Snow Grains VA Volcanic Ash

30
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Cloud Group Forecast

Forecast cloud bases in a TAF are given in hundreds of feet AGL (not ASL as in the
GFA or FA).

BKNO040 OVC080 This indicates a forecast broken cloud layer based at 4,000 ft
feet AGL and an overcast cloud layer based at 8,000 feet AGL.
The only cloud type identified in a TAF is the cumulonimbus (ex.
BKNO30CB).
Cloud groups can be SKC (No cloud); FEW
(Trace - 2 Oktas or eights), SCT (2 — 4 Oktas), BKN (5 -7
Oktas), OVC (8 Oktas).

Vertical Visibility Group

VV005 This indicates that the vertical visibility in the
second part period of the above example could go as low as 5
hundred feet with obscured skies in snow
This group is used when the sky is expected to be obscured by
weather and shall be used in lieu of a cloud group and
constitutes a ceiling.

Change Groups — Temporary or Permanent

FM291800 This is a change group. A change group is used when a change
in some (or all) of the elements is expected to occur. The following are the
different change groups:

FM291800 indicates a permanent change of all the elements from that time (182
in this example).

BECMG 3006/3008 indicates a gradual change (between 06Z and 08Z in this
example) of some (or all) of the elements. Elements not stated remain the same.

TEMPO 2918/3001 indicates that the following weather elements will occur
temporarily between those two times (182 and 01Z in this example).

PROB30 2920/2922 indicates a 30% probability of an event occurring between
those two times (20Z and 22Z in this example). In Canada only PROB30 and
PROBA40 are used.

Remarks

RMK NXT FCST BY 291800Z  This remark appears at the end of Canadian TAF only,
and indicates the time of the next forecast. In the remark
section you can also find "FCST BASED ON AUTO OBS" if
the forecast is based on an AWOS.

Remarks can be used to cancel TAFs because of communication
problems.
Example: RMK FCST CNCLD DUE TO NO OBS
Remarks are also used a select Canadian Military airbases to indicate
when local flying is over and gives the time of the next TAF.
Example: RMK FCST CNCLD DUE TO END OF FLYING PROGRAM
NXT FCST ISSUED 151115Z.
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TAFs at different offices may be displayed differently. This is due to display
software and not the TAF format.

CAVOK is used in some international TAFs, but is not used in the North

Aerodrome Advisories may be issued in Canada, in place of aerodrome forecasts
for the following:

a. Offsite (OFFSITE) is used when the forecast is based on observations
that are not always considered to be representative of the weather
conditions at the airport. “ADVISORY OFFSITE” is added after the valid
time.

b. Observation Incomplete (OBS INCOMPLETE) is used when the forecast
is based on observations with missing or incomplete data on a regular
basis. “ADVISORY OBS INCOMPLETE" is added after the valid time.

C. No Specials (NO SPECI) is used when the forecast is based on
observations from a station with a limited observing program that does
not issue SPECI. “ADVISORY NO SPECI” is added after the valid time.

Most TAFs are updated every 6 hours but main airports are usually updated
every 3 hours. Example: CYVR, CYHZ, CYYZ.

Some US military TAFs contain a number of differences from the standard TAF
format. The forecast visibility is stated in metres instead being expressed directly
in statute miles.

With 9999 being the highest visibility forecast.

Also, the lowest forecast altimeter setting for the period may be included
(QNH2996INS: lowest forecast altimeter setting for the period is 29.96 “Hg). Also
included at the end of the TAF may be the forecast maximum and minimum
temperature group with the time this temperature is expected. (T23/20Z

T12/10Z) for the aerodrome. This example indicates a forecast maximum
temperature of 23°C at 20Z and a forecast minimum temperature of 12°C at 10Z.

US Military TAFs also include the turbulence (5 group) and Icing (6 group) which
are explained further in this chapter.

An example of a US Military TAF for Andrews Air Force Base follows:

KADW 1216/1310 VRBO5KT 8000 BR SCT003 BKN0O0O8 OVC012 QNH2995INS
BECMG 1219/1220 VRBO6KT 9999 NSW SCT025 BKN040 OVC080
QNH2983INS

BECMG 1222/1223 24015KT 9000 -SHRA VCTS BKN020CB BKNO050 OVC090
QNH2982INS

BECMG 1304/1305 24007KT 8000 BR BKN100 QNH2981INS T27/21Z
T16/09Z

INTERNATIONAL TAFs
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4. Pilots who fly to international destinations are cautioned to be alert to differences

between a North American TAF and an international TAF. Some key differences follow.
Valid period

Most valid period are in the same as North American TAFs, but some aerodromes
indicate a valid period in this format: 212020. This means a valid period from the 21% day
at 20Z until 20Z of the next day.

wind

Internationally, wind may be in knots (KT) or meters per second (MPS). Appropriate units
are indicated in the TAF.

Wind Shear/RMK

Neither low level wind shear, not associated with convective activity nor RMK will appear
in international TAFs.
Visibility

Internationally, forecast visibility, measured in metres, is reported as a 4 digit group (e.g.,
6000 - meaning visibility is forecast to be 6,000 meters and 9999 being the highest
forecast visibility and means greater than 10,000 m).

Pilots may also see the notation CAVOK on International TAFs.

This means Ceiling And Visibility OK and is used to replace weather and clouds if
visibility is 10 kilometers or more, there are no clouds below 5,000 feet or below the
highest minimum sector altitude, whichever is greater. Also, there must be no CB,

precipitation, thunderstorm, sandstorm, duststorm, shallow fog or drifting dust, sand or
snow.

Temperature

A forecast temperature group (T23/20Z: temperature 23°C at 20Z) for the aerodrome may
be part of some TAFs.

Turbulence

A six-figure group starting with "5" may be used to describe turbulence over the
aerodrome. Example:

590359

5- identifies a turbulence forecast.

9-  specifies frequent severe turbulence in cloud. See table next page.

035 - indicates the base of the turbulent layer: 3,500 feet.

9- indicates the thickness of the layer in thousands of feet and this turbulent
layer is 9,000 feet thick. This means that the top of the layer is at 12,500
AGL.
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It should be noted that “9” is the largest thickness value. For layers which are greater
than 9000 feet thick a second turbulence group will be added. The base of the second
group will correspond to the top of the previous group.
Example: if the layer in the above example was 12000 feet thick then the sequence of
turbulence groups would look like this: - 590359 591253

Icing

A six-figure group starting with "6" may be used to describe icing over the aerodrome.

Example:
680304

6 - identifies an icing forecast.

8 - indicates severe icing in cloud. See table below.
030 - gives the base of the icing: 3,000 feet.
4 — indicates the thickness of the layer in thousands of feet and this icing layer is

4,000 feet thick.
The explanation for forecasting thicknesses greater than 9000 ft is included in the
explanation of the turbulence group.
TAF Turbulence Intensities TAF Icing Intensities
FIGURE | TURBULENCE FIGURE | AMOUNT OF ICE ACCRETION
CODE | (TAF GROUP 5) CODE | (TAF GROUP 6)
0 None 0 No icing
1 Light turbulence 1 Light icing
2 Moderate turbulence in clear air, occasional 2 Light icing in cloud
3 Moderate turbulence in clear air, frequent 3 Light icing in precipitation
4 Moderate turbulence in cloud, occasional 4 Moderate icing
5 Moderate turbulence in cloud, frequent 5 Moderate icing in cloud
6 Severe turbulence in clear air, occasional 6 Moderate icing in precipitation
7 Severe turbulence in clear air, frequent 7 Severe icing
8 Severe turbulence in cloud, occasional 8 Severe icing in cloud
9 Severe turbulence in cloud, frequent 9 Severe icing in precipitation

Change Groups — Temporary or Permanent

34

Change groups are the same as for North American TAFs, with a few holdouts to the old

format.

The “from group” (FM) in an international TAF is only 4 characters long (ex: FM15). In
this example, the weather will change between 15Z and 16Z. On occasion, the following
combination may be seen: PROB40 TEMPO 1519.... It means that there is a 40%
probability between 15Z and 19Z of a temporary change in cloud, visibility or weather

phenomenon.

More Than One TAF Valid For An Aerodrome

Some International airports may have two simultaneously valid TAFs. One is valid for the
first 9 hours (local flights) and the second one for the last 18 hours (international flights).
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Example:

This is a 9 hour TAF for Gatwick valid between 22Z on the 10" day and 07Z on the 11"
day.

EGKK 1021127 1022/1107 26007KT 9999 SCT020 SCT045 PROB30
TEMPO 1103/1106 BKN014

Thtihs second TAF for Gatwick is valid for the 18 hour period between 06Z and 24Z on the
11" day.
EGKK 102200Z 1106/1124 30008KT CAVOK
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CHAPTER 5

DIGITAL WINDS AND
TEMPERATURES ALOFT
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DIGITAL WINDS AND TEMPERATURES ALOFT

Forecast winds and temperatures aloft (FD and FB bulletins) are computer generated
products in digital format. They are prepared for selected points across Canada to meet
aeronautical requirements for flight planning and to prepare documentation for flights in
Canada and between Canada and the United States, Greenland, Mexico and the
Caribbean.

In Canada, one set of digital winds, the FD winds, is prepared by the Canadian
Meteorological Centre (CMC) and issued for 3,6,9,12 and 18 thousand feet ASL, and
another set, the FB winds, prepared by the National Weather Service in the US, is made
available for 24,30,34,39,45 and 53 thousand feet ASL. These forecasts are issued twice
daily and are based on 00Z and 12Z data. They are generated for 6, 12 and 24 hour
forecast time steps. The period that you can use the digital winds is contained in the
forecast heading after the words "FOR USE".

Because the digital wind forecasts are generated for the airspace above widely separated
points, the forecasts, by their nature, represent an average of conditions over distances
of hundreds of kilometers. For example, the true wind speed maximum in a narrow jet
core may be swamped by the averaging process. Therefore, wind forecasts should be
used in conjunction with upper air charts such as the 700, 500 or 250 hPa analyses,
which display wind field structures in more detail.

Examples of original FD messages are given below:

FDCNO1 CWAO 181520

FCST BASED ON 181200 DATA VALID 181800 FOR USE 17-21
3000 6000 9000 12000 18000

YVR 3110 3305+04 9900+01 2812-02 2726-12

YYF 9900 3312+10 3609+02 2911-03 2726-12

YXC 1909+14 2711+06 2712-01 2634-12
YYC 3609+09 2609+04 2615-03 2531-14
YQL 9900+10 2405+06 2616+00 2544-11
YEA 3516+12 2812+07 2517-01 2543-12

YZP 9900 9900+03 9900-02 1605-05 2305-15
YZT 3207 3306+03 9900+00 2809-03 2815-14
YPU 9900+06 2510-01 2809-06 3116-16

FBCN31 KWNO 182015

FD1CN1

DATA BASED ON 181800zZ

VALID 190000Z FOR USE 2000-0300Z. TEMPS NEG ABV 24000

FT 24000 30000 34000 39000 45000 53000

YVR 2631-23 274538 264749 284453 274150 262153
YYF 2642-23 274939 265549 275354 273850 252552
YXC 2653-23 266239 266249 265854 265249 262353
YYC 2656-26 277941 269150 266549 254447 262151
YQL 2661-23 266739 266950 267054 265850 272353
YEA 2661-24 267840 268150 266951 265348 262252
YZP 2819-24 293439 285148 284955 283351 271952
YZT 2928-23 304438 306248 296155 283851 252653
YPU 2935-27 295642 295950 294649 283149 252450



38

WU&R 2010

The NAV CANADA Aviation Weather Web Site (AWWS) displays the information in a
slightly different format, but nothing is lost in the minor cosmetic changes to the display of
data.

In the above examples, the wind directions are forecast in tens of degrees true and the
forecast speeds are in whole knots. For example, a wind forecast of “2014”, means that
the wind direction is from 200 degrees true at a speed of 14 knots. A "9900" wind
indicates that the wind is light and variable (less than 5 knots).

Temperatures are given in whole degrees Celsius. A plus or minus sign is used before
the temperature for levels up to and including 24,000 feet. The temperature is assumed
to be minus above that level. For example, “2614+00” indicates that the temperature is
0°C, meaning that the freezing level (FZLVL) is at that level over that location. An
example such as “184643” would be for a level above 24,000 feet where no temperature
sign is given. This forecast indicates that the wind is from 180 degrees true at 46 knots
with a temperature of -43°C.

When forecast wind speeds are between 100-199 knots, the number 50 is added to the
two digits of the wind direction. For example, if the wind forecast is coded “680756", it is
recognizable very quickly that there cannot be a wind direction of 680 degrees. This is a
code to the reader that the forecast wind speed is greater than 100 knots. To obtain the
true wind direction in this case, subtract 50 from 68 to get 18, namely 180 degrees true.
We know the speed is greater than 100 knots. The digits 07 represent the number of
knots that the wind speed exceeds 100 knots, making the wind speed in this case 107
knots. The forecast air temperature is minus 56°C. Similarly, a forecast of 842852
represents a forecast wind direction of 340 degrees true at a speed of 128 knots and an
air temperature of minus 52°C. If winds are in excess of 199 knots, they will be coded as
if they were 199 knots.

In the case of locations at high elevations, the first level for which a forecast is issued is
1500 feet or more above the station level. That is because there may be too much
contamination of the wind velocity and temperature fields by the effects of the terrain if
less than 1500 feet.
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CHAPTER 6

AVIATION PROGNOSTIC CHARTS AND ANALYSIS
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Most airports listed in the Canadian Flight Supp  lement have aviation weather
charts available or accessible for display. Some o  f the current and prognostic
charts that are important for flight planning purpo ses include mid and high level
significant weather charts, wind and temperature ch arts, standard upper air
analyses and surface maps.

WORLD AREA FORECAST SYSTEM (WAFS) CHARTS

The WAFS charts are available at some weather briefing facilities listed in the Canadian
Flight Supplement and on the US aviation web site at: http://aviationweather.gov/iffdp/.

SIGNIFICANT WEATHER FL250-630

FGREDT KECI 2706800 w—/_ 7 L3
o @

PR A

[

The WAFS chart shown above is a prognostic (prog) of significant weather between
FL250 and FL630. All heights are in flight levels. The only cloud mentioned is the
cumulonimbus (CB). The amount of thunderstorm coverage is indicated by the
abbreviations ISOL (less than 1/8 of the area), OCNL (1/8 to 4/8 of the area) and FRQ
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(5/8-8/8 of the area). Isolated and occasional thunderstorms are only indicated if they are

embedded in haze or clouds.

Turbulence is indicated on the chart in areas enclosed by a dashed line. No areas of icing
are indicated. The tropopause height is provided within a small rectangle. Tropopause
height maxima and minima are indicated by the letters “H” and “L”", respectively, within a

small pentagon.

Jet streams are indicated if they have a core speed of 80 knots or more. A wind barb on
the jet core indicates the strength, location and height of the jet maximum. The base and
top of the jet are occasionally indicated below the jet maximum. “190/430" in the centre of
the map above indicate that speeds greater than 80 kts extends from flight levels 19,000’
to 43,000'. A double line across the jet core represents a 20 knot change in speed from

80 knots to 100 knots, 100 to 120 knots, etc.

Surface fronts with speed and direction, and hurricane position are also indicated.

Volcanic eruptions are represented by a small volcano on the chart (Etna in Italy on the
chart above).

o
& EEN OW0
i) ) 140
e 2L W BN OvVE
EEN OVC = 3400 (PR o
y 200 o L
100
340 ig
50 G
[ Lakl [zmo BEN 0W0
CE LYR
e o 38 BEN 0¥
L w120 RS ?EO
\;%; 2 L
340
A
410
450
20
-
& e L
L)
-4
=
BEN 0UC
L
Yoo
15 9{6 /
TS0L )
EHED 3,
B BEN OVC
4an Brn
HEK 220
e 1501
Wi
w 220 EMED
140 250
BEN OV0
CiR
220
| ‘
CE # 148 =
47
WA

240

SIGNIFICANT WEATHER FL100-450

- BEN 040
[240] |ms AC
EEN 0YC) = y 1g0|
LYR K]
140
W
340
REM AL- BEN 0V
s o
-
L tifi]
BEM 0¥ kf) 340
S
Wy
@
[rmove 5
200
340 e }i{éé
W 100
Lo
T50L
EHED
-
EEN DWE
@éa LR ogg :
< il 320 450
¥ iag
BEN OWC
LR g BEN OW0
R
- Kix " 200
y 200 A
120 10
oL 100
TGO
450 EHED
CE
L) ETHA
WK 37. TH 15. GE]
J’ WALID 0F UT
# 5 CE ImFLY Moo oR sE

HET IN FLIBHT LEY
CHECK SIGHETS

FOR VOLCAMIC ASH

The WAFS chart above shows significant weather over the Atlantic

between FL100-450. This chart only covers the Atlantic. In addition to the
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information shown on the previous chart, it shows all broken (BKN) and overcast
(OVC) clouds and all layers of icing with their intensity.
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FORECAST WINDS AND TEMPERATURES

8. Another type of WAFS chart is shown below. It is produced for FL050, FL100, FL180,
FL240, FL300, FL340, FL390, FL450 and FL600. Each level has a forecast valid for 6,
12, 18, 24, 30 and 36 hours. Wind direction and speed and temperatures are displayed at
each level. Temperatures are unsigned unless positive. Winds are displayed using wind
barbs. The direction (from which the wind is blowing) is indicated by the orientation of the
wind barb. The wind speed is indicated by the usual format; i.e. a pennant is 50 knots, a
feather is 10 knots, and a half feather is 5 knots.

NOTE: The WAFS is not the only source of wind and tempera  ture charts. There
may be charts issued by different meteorological or ganizations available for the
same area giving slightly different forecasts
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Upper level Wind charts for multiple areas ca also be found at the Canadian Forces Weather
Web Site
CF Weather Office dtttp://met.forces.gc.ca/

Links to wind charts are:

http://met.forces.gc.ca/english/charts/Windshttp://met.forces.gc.cal/francais/charts/Winds/
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OTHER SIGNIFICANT WEATHER PROGNOSTIC CHARTS

9. Most of the following charts can be found on the NAV CANADA Aviation Weather Web
Site (AWWS) at http://www.flightplanning.navcanada.ca/.

MID LEVEL SIGNIFICANT WEATHER PROGNOSTIC CHART

ENVIRONNEMENT CANADA
“l C MA C ENVIRDUMENT  CAMADA
P SIG WX/TMPS SIG
T00-400 MB
V00Z SAT/SAM 2004/09/18
UNLESS OTHERWISE INDICATED (4]
TCU, CU+ AND ACC IMPLY MODERATE

OR GREATER TURBULEMCE AND ICING
ALTITUBES IM HUNDREDS OF FEET

E

A MOINS D' INDICATION CORTAAIRE
. CR. TCU, Cus E [
DE LA TURBULENCE

MODERES @U P

10. This chart only covers Canada and is a prognostic (prog) of significant
cloud (broken and overcast layers), turbulence, freezing level and icing between
700 and 400 hPa (10,000’ to 24,000 as well as surface frontal positions and
pressure centers with their speed and direction. This prog is valid at 00Z, 06Z,
127 and 18Z.

11. Broken or overcast cloud layers are outlined by scalloped lines with the cloud amount,
base and top of cloud indicated. XX indicates that the cloud base extends below 700 hPa.
For example: BKN AC 150/XX indicates that the forecast clouds is broken AC
(altocumulus) with a base below 10,000 feet (700 hPa) and tops at 15,000 feet.

12. Areas where there is at least a 50% chance of moderate or greater turbulence are
indicated by areas of hatching with the intensity, base and top of the turbulence. For
example, over western Canada there is one area of moderate to severe clear air
turbulence forecast between 23,000 feet and 32,000 feet.

45



13.

14.

15.

WU&R 2010

The potential for moderate or greater icing is shown within the scalloped cloud areas with
the icing type, intensity, base and top indicated using the conventional icing symbols. For
example, over central Quebec, moderate mixed icing is forecast between the freezing
level and 12,000 feet.

The dotted lines represent the height of the freezing level in hundreds of feet in 5,000-foot
intervals.

SURFACE - 400 hPa SIGNIFICANT WEATHER PROGNOSTIC

Another prognostic chart shows significant weather between the surface and 400 hPa
(24,000 feet) over Eastern Canada and the North Atlantic Ocean (see below). This chart
uses the same abbreviations as the chart above but is only valid for 0000Z and 1200Z.
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NORTH ATLANTIC TURBULENCE FORECAST FOR
EASTBOUND AND WESTBOUND TRACKS

Canada also produces two turbulence prognostic charts over the North Atlantic Ocean for
FL280-430. One chart is for eastbound traffic valid at 00Z daily (when heavy eastbound
commercial air traffic occurs), and another for westbound traffic valid at 11Z daily (when
the majority of westbound commercial air traffic occurs). An example of one of these
turbulence charts valid at 117 for westbound traffic is shown on the next page. The chart
shows the location of jet streams with the height and strength of jet core max winds.
Regions of moderate or greater turbulence are shown as hatched areas. Also, areas of
cumulonimbus cloud with max tops are depicted as scalloped areas. These charts are
available on the NAV CANADA Aviation Weather Web Site.

This example shows a dual jet structure over the western part of the North Atlantic
Ocean. The more southern jet stream has two wind maxima (each shown by the letter
“J” inside a small square). Both jet maxima are at FL380 with one max of 75 knots over
northern Quebec and another max of 110 knots near 45N 45W. An area of moderate
CAT is shown in a red hatched area between 33,000 and 37,000 feet and is associated
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with both wind maxima. This area of CAT is shown to be moving eastward at 30 knots
and weakening (the minus sign in the circle). A plus sign means increasing and +/-
means staying the same. Scalloped cloud areas depict areas of CB cloud with max tops.
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UPPER AIR ANALYSES

Upper air analyses are produced from information coming from a worldwide network of
upper air stations, satellite derived winds and PIREPS of winds and temperature. This
information is used to generate the upper air analyses at 00Z and 12Z each day. Aircrew
can use this information keeping in mind that the higher the level, the less quickly the
patterns change. Upper level charts are produced for four standard levels, namely, 850,
700, 500 and 250 hPa. These charts can be displayed on the weather briefing boards in
weather offices, through the PIK, and on the NAV CANADA AWWS.

The 850 hPa chart represents an altitude of about 5,000 feet in the atmosphere. This
chart includes height contours at 60 metre intervals (solid lines) starting from the 1,500-
meter level, isotherms at 5 degree Celsius intervals (dashed lines), low and high centres,
and winds and frontal surfaces at that height.

The 700 hPa chart represents an altitude of about 10,000 feet in the atmosphere. This
chart contains the same information as the 850 hPa chart except no fronts are shown on
this chart. Height contours are drawn at 60 metre intervals starting from 3,000 metres.

The 500 hPa chart represents an altitude of about 18,000 feet in the atmosphere. There
are two types of analysis done at this level, a thickness chart and a vorticity chart. For
flight planning purposes, only the pattern of height contours (with highs and lows shown)
and winds are useful. Contours are indicated at 60 metre intervals.
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The 250 hPa chart contains information for an altitude near 34,000 feet. On this chart,

contours are at 120 metre intervals (solid lines). Highs and lows at that height are also
indicated. A "J" represents a jet maximum. The isotachs of wind speed greater than 60
knots are drawn at intervals of 30 knots (dashed lines).

UPPER AIR INFORMATION

Information is placed on upper charts the same way at each level. A wind barb is
displayed at each upper air reporting site to indicate the wind characteristics. To the
upper left of the data site the temperature is displayed in whole degrees Celsius. To the
lower left the "dew point depression” (i.e. temperature minus the dew point) is indicated.
The height code is to the upper right of the data point and is translated in the following
manner:

- 850 hPa - 54 equates to 1,540 meters
- 700 hPa - 19 equates to 3,190 meters
- 500 hPa - 68 equates to 5,680 meters
- 250 hPa - 32 equates to 10,320 meters

The thickness between 1,000 hPa to 500 hPa is also included on the 500 hPa chart. The
thickness value is placed at the lower right of the station circle. The following station
model illustrates how the information is placed on a chart.

(temperature) -51 76 (pressure surface height at 5,760 m)

\!ﬁu_j

(dew point 20 43 (1,000 hPa-500 hPa thickness — 5,430 m)
depression)

In the above example, the wind is from 270 degrees true at 115 knots. The temperature is
-51 degrees Celsius with a dew point depression of 20 degrees Celsius (dew point of -71
degree Celsius).
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SURFACE ANALYSIS CHART

W

B %W enviRonuenr cannna  NSC  ENVIRGANEWENT CANADA / 5H

SURFACE ANALYSIS
Vi12Z MON/LUN 2005/09/12

PREPARED FOR DND BY WSC TRENTON J
FREFAREE POUR MDN PAR CEM TRENTON HFITREY |/ B

25. Surface charts are produced at least 4 times per day: 00Z, 06Z, 12Z and 18Z.
Intermediate charts may also be produced locally at 037, 09Z, 157 and 21Z.

26. Fronts are indicated using the usual symbols (page 7-15 of the Air Command Weather
Manual). Colour may also be added. Blue is associated with cold fronts, red with warm
fronts and alternating red and blue with quasi-stationary fronts.

27. Pressure systems are indicated in the following manner:

- L - low pressure area

- H - high pressure area

- TROF - a line of relatively lower pressure

- COL - a neutral area between two highs and two lows (seldom used)
- RDG - a line of relatively higher pressure

28. Isobars, lines of equal pressure, are analyzed at 4 hPa intervals in most countries. In
some European countries isobars may be drawn at a 3 hPa interval. Troughs and ridges
are normally marked on the chart using a dashed line along a trough and a solid wavy
line along a ridge.

29. The past positions of pressure systems are normally placed on the map at six-hour
intervals. Twenty four hours of history is generally placed on the surface map in the
following manner:
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04 02 00 98 996

The two digits under the crossed circles indicate the central pressure of the low pressure
at the time indicated above the circle. The time is not always indicated. The pressures are
decoded as 1,004 hPa, 1,002 hPa, 1,000 hPa, and 998 hPa from left to right.

Areas of broken or overcast clouds can also be drawn on surface charts using scalloped
lines. Middle clouds are normally coloured in brown while lower clouds are in purple. IFR
conditions, that is ceiling less than 1,000 feet and/or visibilities less than 3 miles, are
shown using a red scalloped line. Yellow areas on the chart indicate areas of fog.

31. Precipitation areas will be indicated on surface charts.
Areas of continuous precipitation (hon freezing) are shaded in
green. Areas of showery precipitation (non freezing) are indicated
with green hatching. Areas of freezing rain, freezing drizzle or ice
pellets are shaded in red. Areas of thunderstorms are marked
with red hatching. Stations reporting TCU, ACC and CB type
cloud will usually have the cloud type highlighted in red. The chart
analyst will usually highlight all areas reporting precipitation or
obstructions to visibility with a large symbol representing the
predominant precipitation type or visibility obstruction that may be
occurring in those areas.

The symbols representing the main precipitation types and obstructions to visibility are
shown on the next page.
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SYMBOLS FOR PRECIPITATION AND OBSTRUCTION TO VISIBI LITY

® o0 €

Intermittent rain Continuous rain Intermittent snow

¥ b4 29

Continuous snow Intermittent drizzle Continuous drizzle

Ea3
Vv \Y

Rain showers Snow showers Thunderstorm
Freezing rain Freezing drizzle Ice pellets
.| —
] — m
L}
Mist Fog Haze
Ice crystals Drifting snow Blowing snow

>



WU&R 2010

SIGNIFICANT WEATHER DEPICTIONS AND TACTICAL PROGNOS TIC CHART

32. Two significant weather depiction charts and a tactical prognostic chart are produced for
DND (see the map below for areas of coverage). The east coast (#3) and west coast (#1)
weather depictions are produced routinely for the navy. WSC Comox prepares the chart
for the Pacific region and METOC in Halifax prepares the chart for the Atlantic region.
The Gagetown area (#2) is done on demand for the army by WSC Greenwood. These
charts can be found at CF Weather Office: http://met.forces.gc.ca/

33. They normally give the cloud edges, and the sky condition, along with weather and
obstructions to vision, freezing levels, turbulence and icing. See examples in the following
pages.

TACTICAL WEATHER PROG AREAS

Tactical Progs
Cartes pronostiques pour opérations tactiques
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GAGETOWN WEATHER DEPICTION
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METOC SIGNIFICANT WEATHER DEPICTION
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UNITED STATES WEATHER PRODUCTS

34. A source of comprehensive weather data for flight planning over the United States is
available on the United States Aviation Weather Center web site found at
http://aviationweather.gov/. The site contains products that are mostly produced by the
US National Weather Service. Products include all significant weather prognostics for
various levels, winds and temperatures prognostics for various flight levels, icing and
turbulence charts, SIGMETS and AIRMETS, convective weather forecast products, latest
METARS and TAFS, satellite and radar loops, FA products, and NOTAMS. This site is
intended for use in the same way that a PIK facility is used in Canada. That means the
graphics, charts and data sets are for informational purposes only and should be used in
conjunction with an official weather briefing.
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CHAPTER 7

WEATHER RADAR
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WEATHER RADAR

The figure below shows a conventional weather radar image. These images are available
at weather offices and through the NavCanada PIK facilities as well as on the web sites
of Environment Canada www.weatheroffice.ec.gc.ca and NAV CANADA
www.flightplanning.navcanada.ca and CF Weather Office http://met.forces.qgc.ca/ .
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This weather radar image shows the precipitation rate at a constant altitude of 1.5 km
over an effective range of 250 km. The precipitation rates are in millimetres per hour and
are shown using the colour scale to the right of the display. The distance rings are 40 km
apart and the time of the radar image is shown as 1920Z. The radar images can be
looped (animated) to show the direction of motion of the precipitation areas as well as
their development (strengthening or weakening).

Conventional weather radars are able to detect the intensity and location of precipitation
such as rain and snow. Doppler weather radars do this and measure the motion of the
precipitation towards and away from the radar. Meteorologists then match the wind and
precipitation patterns with the characteristic signatures of different types of severe
weather such as freezing rain, strong squalls, downbursts, severe thunderstorms and
tornadoes. With this information and other data from satellites, computer models, weather
observations and volunteer observers, the meteorologist issues severe weather
warnings.
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4, Doppler radars were installed across Canada in recent years. The location and coverage
of the thirty-one Doppler radar sites are shown on the map below. The full network is
covering those areas particularly prone to severe weather and servicing about 90 per
cent of the country’s population.

DOPPLER WEATHER RADAR COVERAGE IN CANADA

400 Kk ————

St '.‘_I ahn's

LEdmontan © . Ouébec
ontieal

Sudbu 1, Oitanwea .

.. B .
SRR el

.Tl:l ronto

Faikle Mocére Fart

T 1= s Moderate Strong

57



WU&R 2010

CHAPTER 8
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PILOT REPORTS

1. Pilot reports (PIREPS) should be passed to ATC, Flight Service Stations, FICs, METRO,
or given as a post flight report. PIREPS are invaluable . Forecasts are improved as a
result of PIREPS being made available to forecasters.

2. The following is the standard PIREP format used in Canada. In the US the format is
similar. The only addition is the “WX” group (flight visibility and weather).

3. Message Header: UACN10 CYMM 261929

EG WG

UACN10 or (01) Canadian (CN) PIREP message header:
(UACN10 means routine message while UACNO1 means urgent message )

261929 - Day and time message was sent in UTC.
EG is the 2-letter identifier for Flight Information Region (FIR) that the PIREP is

for. In this case there are two FIR’s given EG (Edmonton) and WG (Winnipeg)
because the report is near the FIR’s border.

Message text:

(UWUA/OV_ /TM__IFL__ /TP __ISK__ITA__/WV__/TB_/IC_IRM_

UA

- Identifies the message as a PIREP. UUA indicates an urgent PIREP

Reasons for an Urgent PIREP:

oV

/T™M

(a) Volcanic ash

(b) Tornado, funnel cloud, waterspout

(c) Severe turbulence

(d) Severe icing

(e) Hail

(f) Low-level wind shear below 500 m (1600 ft) AGL

(g) Any other reported phenomena considered to be hazardous or
potentially hazardous to flight operations.

- (Amended 2006) -Location of the PIREP.

A direction and distance from a Canadian navigation radio aid (NAVAID)
Or as a direction and distance from a Canadian aerodrome

Or as a geographic coordinate (latitude/longitude) without direction and
distance.

Please note: the direction is magnetic in the southern domestic airspace
true in the northern domestic airspace

- Time of the PIREP in UTC.
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- Altitude is given in hundreds of feet above sea level based on the reading from

the aircraft altimeter. e.g. FL090 = 9,000 ft. or one of the following:

60

/TP

/SK

ITA

I WV

/TB

/IC

/RM

UNKN = unknown;
DURC = during climb/after take off;
DURD = during decent/on approach.

- Aircraft type.

- Sky cover (ASL), e.g. /SK 020 BKN 060/ 100 SCT 120 indicates two layers of
cloud, one broken between 2,000 and 6,000 feet (ASL) and one scattered
between 10,000 and 12,000 feet (ASL). AGL will be indicated if used.

- Ambient temperature in degrees Celsius.

- Wind information is given in whole degrees true (3 digits) and knots (3 digits). If
the pilot reports the wind direction in magnetic degrees this will be converted to
true by the specialist before transmission of the report.

- Turbulence. It is reported by giving first the intensity, followed by the term “CAT”
(in the case of Clear Air Turbulence) or “MECH?” (in the case of mechanical
turbulence) and the layer where turbulence is occurring. The contractions used
for turbulence intensity are: LGT (light), MDT (moderate), SVR (severe) and
XTRM (extreme).

Example: /TB LGT-MDT BLO 50 indicates light to moderate turbulence below
5,000 feet (ASL).

Example: /TB LGT-MDT CAT 230-270 indicates light to moderate clear air
turbulence between 23,000 feet and 27,000 feet (ASL).

- Icing. It is reported according to type and intensity or rate of accumulation.
Abbreviations are used for intensity and type of icing. Icing intensity may be
described as TR (trace), LGT (light), MDT (moderate) and SVR (severe). Types
of icing are: RIME, MXD (mixed) and CLR (clear).

Example: /IC MDT CLR 020-080 / LGT RIME 080-100.The icing reported is
moderate clear between 2,000-8,000 feet (ASL) and light rime between 8,000 to
10,000 feet (ASL).

- Remarks. Remarks are used to report any weather conditions not previously
reported in the PIREP or to clarify information reported in one of the previous
elements. Wording may be a combination of plain language and abbreviations.
Some events that may be reported: Thunderstorms, LLWS (Low Level Wind
Shear), frontal conditions, St EImo’s fire, icing in precipitation are but a few.
Pilots are encouraged to report any phenomenon that may be of interest to other
pilots, weather briefers and forecasters.
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Examples of PIREPS:

UACN10 CYMM 261929

EG

UA /OV YMM 250030 /TM 1929 /FL UNKN /TP C185 /SK 0180VC020 /RM
VSBY 4-SHRASN, 1/2 INCH OF SNOW ON GROUND

-VIA YMM FSS-

This is a regular PIREP, 30 miles west southwest of Fort McMurray at 1929Z. This flight
was at an unspecified flight level. The aircraft is a C185 (Cessna). The base of the

overcast layer is between 1,800 feet and 2,000 feet ASL. In remarks, the visibility is 4SM
in light showers of rain and snow mixed and there is half an inch of snow on the ground.

UACN10 CYQB 201540
UL
UA /OV CYGV 035040 /TM 1540 /FLO15 /TP B0O6 /TB MDT-SVR MECH

This PIREP was taken 40 miles north northeast of Havre St-Pierre at 15407, at
flight level 1,500 feet, by a B06 aircraft (Jet Ranger type helicopter). It reports
moderate to severe mechanical turbulence.

UACNO1 CYEG 281351
EG
UUA /OV CYSM /TM 1330 /FL340 /TP B737 /TB MDT-SVR

This is an urgent PIREP. At 1330Z, at flight level 34,000 feet over Fort Smith, this Boeing
737 reported moderate to severe turbulence.
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SATELLITE IMAGES
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TYPES OF WEATHER SATELLITES

Weather satellites are divided into two main groups depending of their orbit. They are
geosynchronous and polar orbiting satellites.

FOTO USFZ3P YTR

2. Geosynchronous satellites are so named because they are in an orbit
directly over the equator and are traveling at a speed that keeps them in the
same position relative to the Earth. They orbit the Earth at an altitude of about
35,800 km above the equator (almost three times the diameter of the Earth), and
therefore can "see" almost half of the sphere of the Earth from their position.
Certain areas of the world are covered better by the geosynchronous satellites
than others. In general, low latitudes receive the best coverage while the polar
areas are covered poorly. An example of image received from the
geosynchronous satellite, GOES-E, is shown below.

GEOSYNCHRONOUS SATELLITE - GOES-E - IMAGE OF THE EARTH

10.7u GOES-E FUL



WU&R 2010

Polar orbiting satellites orbit from pole to pole at heights of about 800 km. The satellite
goes around the Earth always along the same orbit relative to the sun. Because the Earth
turns under the satellite, each orbit will look further west on the Earth’s surface, covering
the entire globe with time. Images from polar orbiting satellites are normally available four
times daily for each location. These images have uniform resolution and because of the
lower orbit, much better resolution than images from geosynchronous satellites.

POLAR ORBITING SATELLITE - NOAA-16 - VIEW OF THE WE ST COAST
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TYPES OF IMAGES

The two main types of images are visible and infrared. They are available from both
weather satellites.

5. Visible satellite images can be used as if they were photographs. The
brightest elements appearing in these images indicate the most reflective
surfaces, where a greater intensity of sunlight is being reflected back into space
from clouds or a fresh snow cover. Conversely, the darkest parts of the image
indicate the least reflective surfaces, such as nearly black ocean surfaces where
much of the sunlight penetrates the surface and is not reflected back. Land
surfaces tend to appear gray. An example of a visible image is shown below.

VISIBLE IMAGE OF THE AMERICAN MID WEST AND GREAT LA KES REGION

6. This image shows a variety of cloud types and patterns over the area.

Of particular note are the small, almost round, white areas over northeast
Nebraska, southwest Minnesota and northern lllinois that represent the tops of
cumulonimbus clouds and thunderstorms. Note that some of these
cumulonimbus clouds are casting dark shadows immediately to their east in the
late afternoon sunshine. Also, cumulonimbus cloud tops can be seen
penetrating through a layer of somewhat lower cloud near central Lake Michigan.
There are clusters of thunderstorms over central Nebraska and Colorado as well.
An area of cellular cumulus type cloud covers portions of North Dakota and
Southern Manitoba. Wispy cirrus cloud can be seen across Central lllinois.
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There is also a thin, narrow, grayish band extending from Southern Saskatchewan
diagonally across North and South Dakota. This is not cloud despite its appearance. It is
actually a plume of forest fire smoke from fires burning in Northern Saskatchewan.
Therein lies the problem in relying upon visible images alone to determine the nature of
cloud cover. Because low, middle, and high clouds, and even smoke, can reflect about
the same amount of sunlight, a visible image can be misleading, not always
distinguishing clearly among cloud types or the height of the cloud tops. Therefore, a
good practice is always to look at the corresponding infrared image to ascertain just what
type of cloud is being featured in the image.

An infrared (IR) image portrays a signature of heat-based radiation, shown in the diagram
below. In other words, the warmer the surface, the more infrared radiation it emits. Most
weather satellites are capable of measuring this pattern of IR radiation flux from the
clouds and the Earth’s surface and converting it into an image of different shades
between white and black. Cold surfaces are shown in white or light gray and warm
surfaces as dark gray or black. Since the atmosphere cools with increasing altitude, high
clouds show up as bright areas while low clouds and land surfaces show up as darker
areas. In addition, snow covered land surfaces and ice covered lakes and oceans show
up as light coloured tones.

INFRARED RADIATION FROM BELOW IS MEASURED BY THE SA TELLITE
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9. An example of an infrared image is shown below. It was taken at the same time, 2145Z,
20 July 2003, as the previously shown visible image.

INFRARED IMAGE OF THE AMERICAN MID WEST AND GREAT L AKES REGION

4:45 P

10. This figure shows the same cloud systems that were apparent on the visible picture in the
previous section, but reveal different signatures in this image. Of much importance are
the thunderstorms over northeast Nebraska, southwest Minnesota, northern lllinois, and
on the west and east sides of central Lake Michigan. Notice their very white appearance
signifying very high, cold cloud tops. Another area of cloud covering much of central
Lake Michigan and extending over toward Lake Huron is an area of mid cloud. Notice
that the tops are not as white, nor as cold, as the cumulonimbus elements. The wispy
cirrus cloud over lllinois and Indiana stands out as white, cold cloud. The cumulus and
stratocumulus cloud field over much of North Dakota and extending into southern
Manitoba is a darker gray, and therefore lower and warmer than the other cloud areas on
the image. Notice that the band of forest fire smoke, apparent on the visible image, does
not register at all in this infrared image. Smoke particles warm up in the afternoon
sunshine and become indistinguishable from the land surface below.
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An obvious advantage of infrared image is that it is available 24 hours a day while visible
images are only useful during daylight hours. But care needs to be taken when using
infrared satellite imagery to identify areas of low clouds and fog, especially at night. As
the next diagram shows, low clouds and fog are often nearly the same temperature as
the ground. An infrared image might show both as dark gray, not distinguishing between
the clouds or fog and the ground. A visible image during daylight should reveal the low
clouds and fog. Therefore, at night, a check of the latest weather observations and pilot
reports should be made to determine where low ceilings and restrictions to visibility are
occurring.

RELATIVE CLOUD TOP TEMPERATURES

Tetnp = -3 [ ] THkm

B ktin
Termp = -19°¢

Tarnd = 10°C [50°F] Graund

INFORMATION AVAILABLE FROM SATELLITE IMAGES

In summary, visible and infrared satellite images, used in combination, may reveal:

a. the amount and type of cloud cover;

b. the location of thunderstorms;

C. the location and extent of fog and stratus cloud,;

d. the presence of mountain waves indicated by rotor and lenticular clouds;
e. the location of jet streams from jet stream cirrus;

f. the location and structure of lows, fronts, and hurricanes; and

g. the location and extent of snow and ice cover.

Using the weather office computers and the help of the briefer, information on ocean and
lake temperatures and the approximate height of the cloud tops may also be obtained
from IR satellite image.
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PRESSURE ALTITUDE

1. The atmospheric pressure is highest at sea level and decreases rapidly
with height. In the standard atmosphere, the standard pressure at sea level is
29.92 inches of mercury and air pressure decreases at the rate of about 1 inch of
mercury for every 1,000 ft increase in elevation. The pressure altitude is defined
as the height, in the standard atmosphere, that a given pressure is observed.
Setting the altimeter setting to 29.92 inches of mercury on the altimeter would
give you the pressure altitude.

The pressure altitude is only an estimate of the real altitude. It does not take into account

deviations of temperature from the standard temperature profile and the presence of
moisture.

DENSITY ALTITUDE

Helicopters operating at high temperature, high humidity or at high elevations will
experience a decrease in performance because of thinner air reducing blade efficiency.
The effect of increased temperature and humidity would be similar to an increase in
elevation. The density altitude is the pressure altitude corrected for temperature and
humidity. The higher the density altitude is, the lower the helicopter performance will be.

The formula for density altitude (DA) involves correcting pressure altitude (PA) for
temperature and humidity:

DA =PA + 120 (T,- Ts)

T, = Virtual temperature . The temperature that completely dry air would have
in order to be the same density as the moist air measured at that location
(moist air is less dense than dry air at the same temperature). The virtual
temperature is calculated by adding a factor to the OAT (Outside Air
Temperature) depending on the dew point (Td).
If Td is around 4°C, calculate T, by adding 1°C to OAT.
If Td is around 15°C, calculate T, by adding 2°C to OAT.
If Td is around 22°C, calculate T, by adding 3°C to OAT.
If Td is around 27°C, calculate T, by adding 4°C to OAT.
If Td is around 30°C, calculate T, by adding 5°C to OAT.

e.g. If the OAT is 18°C and Td is 15°C, T, = 18°C + 2°C = 20°C.

Ts=  Standard temperature at the calculated pressure altitude.

The standard atmosphere has a standard temperature of 15°C at sea
level (where PA is zero) and a lapse rate, or temperature decrease with
height, of 2°C/1,000 ft. If the PA = 1,000 ft, Ts = (15 - 2)°C = 13°C.
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Therefore, using these numbers, DA = 1000 ft + 120 ft/°C(20 - 13)°C
=1000 ft + 840 ft = 1840 ft

ICING

Icing is usually most problematic at lower altitudes where helicopters are most likely to be
operating. Their slower speeds also keep them exposed to an icing environment for a
longer period. A complete description of icing can be found in Chapter 9 of the Air
Command Weather Manual.

Generally, icing conditions are found in clouds colder than the freezing point or in
freezing precipitation. Icing usually becomes less of a problem in environments where
temperatures are colder than minus 15°C because more cloud particles are ice rather
than supercooled liquid water droplets. However, in cumuliform clouds where strong
updrafts can carry water droplets to very high altitudes before they freeze, this leads to
the potential for icing in even the highest levels of the cloud.

General Icing Risk

Cumuliform Clouds Stratiform Clouds Rain and Drizzle

HIGH 0°C to -25°C HIGH 0°C to -15°C HIGH 0°C and below

MEDIUM -25°C to -40°C MEDIUM -15°C to -30°C

LOW < -40°C LOW <-30°C

7. Rotor System. Drag is the primary effect of ice on the rotor system. There is
also a loss of lift due to the change in aerodynamic efficiency of the blade. Five
factors seem to be important in determining the way in which ice forms on the
blades. They are:

Temperature.
Liquid content and droplet size.

Kinetic energy. (Some blade forms produce more kinetic heating than others
helping to reduce the formation of ice)

Blade section.

Mechanical flexion and vibration

High Performance Blade. On a blade with a high performance profile and a high
rotational speed, ice forms readily on the leading edge because the radius is small and
the boundary layer shallow; supercooled droplets can easily penetrate this layer allowing
the formation of ice.
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High Lift Blade. A blade with high lift characteristics, is deep in section, has a large tip
radius and a slow rotational speed. Because the tip radius is greater than that of the high
performance blade, the boundary layer that surrounds it is deeper. Most of the
supercooled droplets that penetrate this layer are shed and only a small proportion form
ice on the leading edge. This is a better blade configuration in icing conditions than the
high performance blade.
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Tail Rotor Blades. Because of the speed of the tail rotor (ratio of 5:1 with the main rotor)
it will collect ice quickly. Problems will occur when the control linkages become
obstructed. Also, shedding of ice may cause damage to the aircraft and vibrations may
become a problem.

Ice formation at different temperatures (From RAF Study)

Between 0T and -3T ice will form in natural icing conditions on the leading edge of the
blades. About 30% of the span at the tip will normally be free of ice due to kinetic heating.
If the blade ice is allowed to build up, the maximum accretion point will be the mid-point
of this area, with another area of high accretion around the blade root caused by
turbulence. The ice formed on the leading edge at these relatively high temperatures will
have the classical mushroom shape. At the blade root there may also be a degree of run-
back which, in itself, is not important as little lift is produced in this area.

Point of Maximum

Flexion/Vibration Point of
Ice sheds Outboard  Maximum Free of Ice
from here Accretion by Kinstic
\ Heating
l {

g )

Between -3T and -15C. It has been shown that at -3 about 70% of the le ading edge
span will be covered by ice. As the temperature decreases, ice is deposited further along
the blade until 100% coverage from root to tip takes place, the lower temperature having
overcome the kinetic heating. With 100% coverage of the leading edge, drag becomes
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very high and, if this ice cannot be shed, the drag will increase to a point where power is
limited.

Point of

/.&ccratinn

e 50% b 50% »

Leading edge ice formation at temperatures above -1 ~ 0T. On the figure below, the ice
formation on the leading edge has a definite depression at the stagnation point (point A).
The ice build-up at point B is heavier than at A because only a small part of the
supercooled droplet freezes on impact, the remainder runs back towards point B and
freezes between B and C. The drag factor produced by this type of ice accretion is high.

Stagnation Point

C-n
Run-Back Point
ke R i

Defined Lobes

Leading edge ice formation at temperatures below -1 ~ 0C. At temperatures below -
10%C, ice forms on the leading edge in a different way. There is no longer a concave
depression at the stagnation point and the formation is more symmetrical. This is
because a larger part of the supercooled droplet freezes on impact with very little run-
back. Consequently, the drag factor is not so high but the problem of asymmetric
shedding is now posed. The rate of accretion is much slower because the air is drier.

Symmetric Form

b
i

Lobes still form
in this Area

All main rotor blades have some degree of self-shedding and this always starts at a point
where the blade is subject to mechanical forces and flexion, and vibration. The
characteristics of the high lift blade are much better for natural shedding than those of the
stiffer, high performance blade. Before any shedding can take place in the natural
shedding range, sufficient ice must have built up. This varies with different types of
helicopters and blade design.
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Flight in continuous icing conditions can be dangerous if the helicopter is flown at
temperatures where natural shedding cannot be guaranteed. This temperature limit is
known as the critical shedding temperature.

Below critical shedding temperature, ice may be retained on all blades for some time.
However, one or more blades can suddenly shed its ice, giving an asymmetric condition.
If asymmetric shedding occurs in flight it can cause violent vibration, possibly leading to
destruction. In such conditions, the only course is to land immediately and shut down as
soon as possible.

Airframe icing represents an added burden of weight and may lower the performance
limits of the helicopter.

Engine icing can present a few problems. The only ice produced on a turbine engine is
at the throat near the first compressor stage. This is not an insurmountable problem as
there is sufficient heat available from hot air bleeds and hot oil, to heat this area, and the
inlet guide vanes (where fitted). Also, because of their delicate construction, there is a
problem of ice ingestion by high performance turbines. If a large chunk of ice or slush
were ingested, it is possible that it could flame out the engine.

TURBULENCE

In general, a helicopter behaves differently in turbulence than an airplane does. It has to
do with how much wing or blade loading there is to generate lift. Small lifting surfaces will
produce much larger “wing loads” per unit area to generate lift. For similar gross weights,
a helicopter has about 4 times the wing loading that an airplane does and will respond
much less abruptly to a straight-on wind gust than an airplane. Also, because the
helicopter blades are very flexible, they will respond by “coning” thus cushioning some of
the force of the wind gusts. However, helicopters are particularly susceptible to down
rushes of air that can have the effect of forcing the helicopter to lower altitudes very
quickly.

Low Level Wind Shear. For a helicopter, the existence of wind shear is inherently less
dangerous than for an airplane. Because a helicopter has a relatively slow airspeed
during descent, it is not as dependent upon headwinds for lift as is an airplane. However,
if a headwind suddenly becomes a tailwind in the lowest part of the descent, the
helicopter is not likely to have enough airflow over the blades and can approach stall
speed. If wind shear were also accompanied by a strong down flow, a low flying
helicopter could be driven into the ground before the pilot had time to react.

Low Level Wind Shear (LLWS) can be patrticularly strong in the presence of
thunderstorms, rotor clouds, low level jet streams, precipitation or virga, frontal zones and
other conditions such as katabatic winds, valley effects and outflow winds through coastal
fiords.

Microbursts. The type of low level wind shear that is most dangerous to aviation is the
type spawned by a microburst associated with a thunderstorm. A microburst is defined as
an area of strong downwind that covers an area less than 4 km and lasts 2-5 minutes.
This is what is potentially dangerous to aviators. Microburst development occurs in a
cumulonimbus cloud harbouring strong updrafts and downdrafts. Sometimes a powerful
downdraft pushes out of the storm and spreads radially outward when it hits the ground.
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The smaller scale of a microburst converts into tighter wind shear gradients that are
experienced as very rapid changes in wind speed and direction making helicopter
operations very dangerous.

In an extremely dry thunderstorm environment, little or no rain may reach the surface,
but the downdraft winds may exceed hurricane force, and may approach the speeds of a
weak to moderate tornado. In a wet environment, the microburst may be imbedded in
heavy rain, but its onset may be so sudden as to catch pilots unaware. The diagram
below shows the difference between a dry and wet microburst.

Dy microburet Wet microburet
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Wing tip vortices. Flying into the vortices shed by the wing tips of a large aircraft can
upset a helicopter just as easily as an airplane. Also, the vortices left by helicopter rotors
can upset small aircraft.

Mechanical turbulence . Turbulence may result from friction between the air and the
ground. This effect will generally occur in the lower one kilometre of the atmosphere that
is referred to as the boundary layer. Mechanical turbulence will be most pronounced if the
following factors are present:

Rough ground. The rougher the surface, the greater the friction and the greater degree
of turbulence. Plowed or rocky terrain will produce more friction than a smooth lake
surface.

Strong winds . The stronger the wind is, the greater is the friction and the greater is the
degree of turbulence. Winds of 40 knots will produce significant mechanical turbulence as
opposed to lighter winds.

Gusting winds . The gusts produce local irregularities in the wind flow thus creating
increased turbulence in cases of strong gustiness. A steady wind speed of 30 knots will
produce less turbulence than a wind speed of 20 knots with gusts to 30 knots.

Winds flowing over hills and mountains can cause similar turbulence to mechanical
turbulence but will disturb the flow of air over them to thousands of metres above the
earth's surface. This turbulence is often referred to orographic turbulence.

Orographic turbulence.  Wind blowing over mountain ridges and peaks may generate
turbulence that can surprise an inexperienced helicopter pilot. For example, approaching
a landing site by flying upwind is usually good procedure. But if the site is on top of a
ridge, the approach is through air that is tumbling down into the valley below, so the
helicopter has to climb just to maintain altitude. A better tactic is to approach the landing
site along a crosswind path over the upwind side of the ridge, turning into the wind just at
touchdown.

Mountain wave turbulence is a unique type of orographic turbulence marked by the
presence of mountain waves on the lee side. It may be capped by clouds at the peak and
may have roll and lenticular type clouds on the leeward side. The diagram below shows
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these details. Strong updrafts and downdrafts may extend several hundred kilometers
downwind from the mountain range and can cause rapid gains and losses of altitude for

slower helicopter flight.
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Altocumulus lenticularis clouds such as those depicted below represent bands of strong
turbulent updrafts (resulting in rapid condensation) while the clear areas between the
cloud bands represent strong downdrafts. Alternating bands of cloud and clear sky
downwind of mountain range often signify the presence of strong turbulence.

Buildings.

Under conditions of strong winds, the airflow can be very turbulent around tall

buildings. The photograph below shows the vertical extent of turbulent flow on the
downwind side of a simulated tall building structure in a wind tunnel study.
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25. Helicopter operations taking place between building structures in a high wind situation
may be subject to very localized, strong downdrafts that could cause rapid loss of
altitude. Also the interaction of the downwash from the rotors interacting with the existing
turbulent wind flow could contribute to extreme turbulence in a confined environment.

26. If winds were blowing parallel to the buildings, there would be a convergent, accelerating
wind between the structures. The diagram below shows this effect. Similar patterns of
turbulence would be generated near hedge rows, between parallel wind breaks and in the
vicinity of any other geometric arrangement of obstacles that act to impede or channel a

free flow of wind.

27. Chapter 11 of the Air Command Weather Manual discusses many other types of low level
(boundary layer) turbulence. They include turbulence associated with funnel winds,
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katabatic and glacier winds that can be particularly strong and result in very turbulent
conditions under certain circumstances.
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CHAPTER 11

SIGMETs and AIRMETs
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CANADIAN SIGMETs AND AIRMETSs

SIGMET

1. SIGMET messages are short-term weather warnings, mostly intended for aircraft in flight,
to notify pilots of potentially hazardous weather phenomena.

2. Canadian SIGMETSs describe designated hazardous weather conditions up to and
including 60,000 feet regardless of the height of the base of the phenomenon. They are
worded in abbreviated English language and cover a period never exceeding four hours.
If the phenomenon is expected to last longer, a new SIGMET is issued before the current
one ends. A domestic SIGMET automatically amends the current GFA (Graphical Area
Forecast) and the high level SIGWX Prognostic Chart.

3. The following meteorological phenomena require a SIGMET:

a. area of active thunderstorms;
b. line of thunderstorms;
c. severe squall line;

d. hurricane/tropical storm;

e. moderate or heavy halil;

—h

severe turbulence (not associated with convective cloud);
g. severe icing (not associated with convective cloud);
h. marked mountain waves;
i. widespread sand or dust storm;
j- volcanic ash cloud;
k. low-level wind shear; and
I. tornado or waterspout.
4. Except for heights, units must be stated explicitly. All distances must be given in nautical miles
(NM), visibility in statute miles (SM), times in UTC (Z), and speeds in knots (KT).
Heights, however, are stated in hundreds of feet without specifying the units “FT” and wind

directions are given in degrees true using three digits. In SIGMETSs for the Gander Oceanic
FIR, flight level (FL), rather than hundreds of feet, shall be used to denote heights.
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SIGMETs shall contain, as appropriate, the following information and structured according to the
following order:

a. area coverage;
b. meteorological phenomenon (see list in paragraph 3);
c. forecast or observed, if applicable;

d. flight levels or layers affected, if applicable;

e. type of aircraft reporting the phenomenon, if applicable;
f. expected movement; (e.g. QS - quasi-stationary);

g. expected development, if applicable (e.g. WKNG - weakening, INTSFYG - intensifying, NO
CHNG - no change); and

g. tendency beyond the period of coverage, if applicable.

SIGMET Telecommunications Header: WSCN32 CWEG 161520...where

WSCN32 means Canadian SIGMET for GFA32, issued by CWEG at 161520Z
If the header of a SIGMET begins with WV, it is a SIGMET about volcanic ash.
If it begins with WC, it concerns a tropical cyclone.
Otherwise, it begins with WS.

SIGMET Heading: SIGMET A3 VALID 161520/161920 CWEG- ...where A3 is the sequence
number and 161520/161920 is the time period that the SIGMET is valid through and CWEG is the
issuing office.

SIGMETSs are alphanumerically numbered (e.g. A3). Subsequent SIGMETs dealing with the
same phenomenon and within the same GFA area keep the same letter and are numbered
sequentially (e.g. Al, A2, A3...) until that phenomenon ends or moves out of the GFA area.

When there are two or more weather phenomena that require separate SIGMETSs occurring
simultaneously within the same GFA area, they are identified by different alphanumeric
signatures (e.g. A3, B4, C2).

Examples of Canadian SIGMETSs:

WSCN32 CWEG 161520

SIGMET A3 VALID 161520/161920 CWEG-

WTN 100 NM OF /4955N09714W/WINNIPEG. SVR CAT RPRTD BTN 300 AND 330 BY DC9
AT 1520Z. CAT EXPD TO DSIPT BY 1830Z.

END/AHB

NOTE: Latitude (4 digits) and longitude (5 digits) of the locations are mentioned.



WU&R 2010

For Tropical Cyclone:

WCCN34 CYUL 111000

SIGMET Al VALID 111000/111400 CYUL-

WTN 120 NM OF 4030N7030W.

TC FRED OBSD AT 10Z IS FCST TO MOV NEWD TO 4330N6700W BY 14Z. MAX TOPS 380
WTN 120 NM OF CNTR. OTLK...TC CNTR AT 4400N6430W BY112000 AND AT 4630N5800W
BY120200.

END/AF

For Volcanic Ash Cloud:

WVCN33 CYUL 192145

SIGMET B3 VALID 192145/200145 CYUL-

WTN 100 NM OF LN /4300N08219W/SARNIA - /4458N07918W/MUSKOKA -
/4557N07719W/PETAWAWA. PIREPS SAT PIX AND SFC OBS AT 2100Z INDC PLUME OF
VA CLD BASED AT 300 TOPPED AT 450 WAS RPRTD. LN MVG SSE AT 15 KT SLGTLY
BRDNG AND DMNSHG IN CONCENTRATION. PIREPS OR OTHER INFO RQSTD. SIGMET
WILL BE UPDATED AS INFO ALLOWS. OTLK...VA CLD WILL BE OUT OF FCST AREAS
BY 200300Z.

END/JJ

AIRMET

An AIRMET is a short-term weather advisory intended for aircraft in flight, to notify pilots of
potentially hazardous weather conditions not described in the current GFA and not requiring a
SIGMET. They describe designated potential hazardous weather conditions below 24,000 feet
and are used as a tool to amend the GFA for the non-occurrence of a forecast condition and for
the occurrence of a non-forecast condition significant to aviation. The format and numbering of
AIRMETS are similar to SIGMETSs but they are not updated on a regular basis. Under normal
circumstances, all AIRMETSs are automatically canceled when the new regular GFA for the same
area is issued. In special circumstances, they may have to be updated or canceled before the
new regular GFA.

The criteria for issuing an AIRMET are the non-occurrence of a forecast condition, or the
occurrence of a non-forecast condition, significant to aviation:

a. IFR conditions (less than 1000 FT and/or less than 3 miles);

b. Freezing precipitation (not requiring a SIGMET);

c. Moderate icing (not associated with convective clouds);

d. Moderate turbulence (not associated with convective clouds);

e. Thunderstorms (unorganized);

f. The surface mean wind speed, over a large area (at the discretion of the supervisor),
increases to 20 knots or more, or gusts increase to 30 knots or more, when lighter winds

were originally forecast;

g. The difference between observed and forecast wind speed is greater than 20 KT if winds were
mentioned in the original forecast; and

h. The difference between the forecast and observed wind direction is greater than 60 degrees.
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Examples of Canadian AIRMETS:
For IFR Conditions:

WACN33 CWUL 120730

AIRMET B1 ISSUED AT 0730Z CWUL-

AMEND GFACN33 CWUL 120530 ISSUE

WTN AREA 100 NM E JMSBA. XTNSV OVC ST 6-10 HND AG ALG THE E SHR OF
JMSBA DRFTG SLOLY INLD. ST DSIPTG BY 10Z.

END/SY

For Moderate Clear Icing in Freezing Drizzle:

WACN34 CYUL 200720

AIRMET Al ISSUED AT 0720Z CYUL-

AMEND GFACN34 CWUL 200530 ISSUE

WTN AREA /4607N06441W/MONCTON - /4428N06831W/BANGOR -
14459N06455W/GREENWOOD - /4607N06441W/MONCTON. DC9 RPRTD MDT CLR ICG
IN FZDZ ALG THE S CST OF NB AT 07Z. FZDZ EXPD TO CONT UNCHGD.

END/FU

AMERICAN SIGMETs AND AIRMETs

The NWS (National Weather Service) in the United States issues SIGMETSs for non-convective
and convective weather. Non-convective SIGMETSs are usually valid for 4 hours except for
conditions associated with hurricanes that are valid for 6 hours. They are issued for the 6 regions
corresponding to the FA areas when required. They are numbered with a name and number (e.g.
PAPA 1). Convective SIGMETSs are issued hourly for eastern (E), central (C) and western (W)
United States and are valid for up to 2 hours with an outlook for an additional 4 hours. They are
numbered with a number and letter (e.g. 19C, number 19 for Central USA).

Non-convective SIGMETSs are issued in the conterminous U.S. for the following phenomena:

a. severe icing not associated with thunderstorms;

b. severe or extreme turbulence not associated with thunderstorms;

c. duststorms and sandstorms lowering visibilities to less than three (3) miles; and

d. volcanic ash.

Convective SIGMETSs are issued in the conterminous U.S. for the following phenomena:

a. Isolated severe thunderstorm with surface winds greater than or equal to 50 knots, hail at the
surface greater than or equal to 3/4 inches in diameter and tornadoes;

b. embedded thunderstorms;
c. line of thunderstorms; and

d. thunderstorms greater than or equal to thunderstorm intensity level 4 (on radar) affecting 40%
or more of an area at least 3,000 square miles.
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AIRMETS are routinely issued for 6-hour periods with unscheduled updates and corrections
issued as necessary. They cover weather phenomena that may be potentially hazardous to
aircraft, but are at a lower threshold than those phenomena requiring SIGMETSs. They are:

a. AIRMET Sierra (IFR):

- ceilings less than 1,000 feet and/or visibility less than 3 miles affecting over 50% of
the area at one time

- extensive mountain obscuration

b. AIRMET Tango (turbulence)
- moderate turbulence
- sustained surface winds of 30 knots or more at the surface

c. AIRMET Zulu (icing)
- moderate icing
- freezing levels
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Examples of a convective and non-convective SIGMETs and AIRMETSs:

Non-convective SIGMET:

SIGMET OSCAR 2 VALID UNTIL 052100

KS NE

FROM PWE TO OSW TO LBL TO PWE

SVR TURBC BLO 60 XPCD DUE TO STG NWLY FLOW BHD
CDFNT. CONDS CONTG BYD 2100Z.

NOTE: “KS” and “NE” are states (Kansas and Nebraska).

Convective SIGMET:

WSUS40 KMKC 271852

WSTE

SIGMET CONVECTIVE SIGMET 40E

VALID UNTIL 2055Z

NC SC GA AND SC CSTL WTRS

FROM 40SE GSO-60E CHS-20WSW MCN-10NNW ATL-40SE GSO
AREA SEV TS MOV FROM 17010KT. TOPS TO FL440.
TORNADOES...HAIL TO 1 IN...WIND GUSTS TO 60KT POSS.

OUTLOOK VALID 272055-280055
FROM CSN-180S ACK-160SE MIA-80WSW EYW-GQO-CSN
REF WW 843.

WU&R 2010

WST ISSUANCES EXPD. REFER TO MOST RECENT ACUS01 KWNS FROM STORM
PREDICTION CENTER FOR SYNOPSIS AND METEOROLOGICAL DETAILS.

REFER TO MOST RECENT TPC ADV FOR INFO ON T.D. JEANNE.

JWS
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AIRMET (tango):

WAUS41 KKCI 121345

WAILT

BOST WA 121345

AIRMET TANGO UPDT 2 FOR TURB VALID UNTIL 122000

AIRMET TURB...MA AND CSTL WTRS

FROM 110SE BGR TO 200SE ACK TO 180S ACK TO ACK TO 100SE BGR
OCNL MOD TURB BLW 080 DUE TO STG LOW/MID LVL WINDS.

CONDS ENDG 17Z-20Z.

Examples of US AIRMET SIERRA and AIRMET ZULU can be found in chapter 3 of this

manual.

15. The following website provides current American AIRMETs and SIGMETSs:
http://adds.aviationweather.gov/airmets/

16. In early September 2008 the US National Weather Service has begun issuing
graphical Airmets. These products will be available on the NWS aviation weather site:
http://adds.aviationweather.gov/airmets/

The following are the products available in 3 hour increments and issued every 6 hours
at:
03002, 0900Z, 1500Z and 2100Z.

1. SURFACE VISIBILITY /IFR VIS/ BELOW THREE /3/ STATUTE
MILES... INCLUDING THE WEATHER CAUSING THE VISIBILITY
RESTRICTIONS.

2. CLOUD CEILINGS /IFR CIG/ WITH BASES LESS THAN 1000 FEET
ABOVE GROUND LEVEL /AGL/.

3. WIDESPREAD MOUNTAIN OBSCURATION /MTN OBSCN/ WHERE VISUAL
METEOROLOGICAL CONDITIONS /VMC/ CANNOT BE MAINTAINED...
INCLUDING THE WEATHER CAUSING THE OBSCURATION.

4. MODERATE TURBULENCE /MOD TURB/...INCLUDING THE TOP AND
BOTTOM ALTITUDES OF THE TURBULENCE LAYER.

5. SUSTAINED SURFACE WIND GREATER THAN 30 KNOTS /STG SFC WND/.

6. NON-CONVECTIVE LOW LEVEL WIND SHEAR POTENTIAL BELOW 2000
FEET AGL /LLWS/.

7. MODERATE ICING /MOD ICE/...INCLUDING THE TOP AND BOTTOM
ALTITUDES OF THE ICING LAYER. WHEN THE BOTTOM ALTITUDE IS
GIVEN AS FREEZING LEVEL /FRZLVL/ THE RANGE OF FREEZING LEVEL
ALTITUDES IS ALSO PROVIDED.

8. FREEZING LEVEL /FRZLVL/ CONTOURS AT THE SURFACE AND AT
4000...8000...12000...AND 16000 FEET ABOVE MEAN SEA LEVEL.

9. MULTIPLE FREEZING LEVELS /M_FZLVL/...INCLUDING THE HEIGHT OF
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THE HIGHEST AND LOWEST FREEZING LEVELS.
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CHAPTER 12

SUPERCOOLED

LARGE DROPLET

ICING

SUPERCOOLED LARGE DROPLET (SLD) ICING

1. In-flight icing has received renewed interest in North America and Europe with the
recognition that aircraft, mainly during the winter months, are encountering severe icing
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conditions for which they were not designed. New data has been obtained from recent
research to characterize the "large droplet” icing conditions that are thought to have been
a contributing factor in a number of aircraft accidents.

MECHANICS OF ICING

In-flight icing occurs when an aircraft flies through a zone containing some form of
supercooled water droplets. Water droplets become supercooled by rising in the
atmosphere within a super saturated air mass that is itself rising and cooling, until the air
and the droplets contained in it, reach temperatures that are below freezing. The
droplets that have cooled to below zero temperature are referred to as being

supercooled.

These droplets do not undergo a phase change to ice at this point, because for that to
occur, the water molecules must be rearranged into crystalline form. In order for a water
droplet to begin crystallization, an ice nucleus must be introduced into the droplet in order
for the liquid water molecules to begin their rearrangement into a crystal structure.

Ice nuclei can be already present in the atmosphere or they can form through riming.
Riming occurs when a supercooled droplet freezes from the outside in. After the outer
shell freezes first, the inside freezes a short time after and expands in the process
causing the freezing droplet to explode producing tiny shards of ice to fly into the cloudy
environment where they become new ice nuclei.

When an aircraft flies through a region of supercooled water droplets, it strikes these
droplets with its front surfaces, such as the leading edges of its wings, and the droplets
then crystallize onto the cold airframe. Here, the airframe is actually acting as a “large”
ice nucleus upon which crystallization can take place. Supercooled large droplets almost
always translate into clear icing. The larger the supercooled droplets, the greater the
potential for airframe icing.

The photo below shows the right wing of a NASA Twin Otter with cloud particle
sizing probe covered with SLD clear ice during research on SLD icing in the
Great Lakes area during the winter of 1997-98.

SUPERCOOLED LARGE DROPLETS AND CLEAR ICING
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As a general explanation, the types of droplets that cause the most serious types of icing
are those that are relatively large and supercooled by a relatively small amount.
Typically, they have diameters between 0.1 and 0.5 millimetres. They are much larger
than most cloud droplets, about the size of drizzle droplets, but much smaller than
raindrops. Droplet temperatures are between 0°C and -10°C, which is not very cold
compared to typical winter cloud temperatures. Because of their relatively large size,
they are able to penetrate the slipstream of an aircraft wing. Because these droplets have
temperatures that are only marginally below freezing, they only partially freeze on the
leading edges leaving a certain fraction of the supercooled water to stream back from the
leading edges and freeze on the upper and lower surfaces of the wing as rough ice. This
causes the greatest disruption of airflow around the wing and therefore creates the most
drag and destroys most of the lift. This type of icing also accumulates on areas that
cannot be accessed by de-icing devices.

Based on intensive research since 1997, some general characteristics of supercooled
large droplet (SLD) icing have come to light:

i) SLD icing occurs almost exclusively in winter months in stable stratified cloud
but some weak embedded convection may also be present in warm frontal
situations

ii) SLD icing is most often confined to layers less than 4,000 feet thick within
cloud

iii) The most classical events of SLD icing encountered during research flights
were confined to layers less than 500 feet thick within cloud

iv) In a few cases (less than 5%) SLD icing occurred through 10,000 feet of
cloud or more.

V) Research indicates that SLD icing occurs most frequently in three wintertime
synoptic situations:

- in layered stratus or stratocumulus cloud associated with slow,
steady ascent ahead of warm fronts often with a warm intrusion aloft.
An enhancing effect in this situation occurs when some weak
convective cloud is embedded.

- in stratus cloud associated with orographic (upslope) lift

- in stratus and stratocumulus cloud drifting across the open Great
Lakes

In these three wintertime situations, the cloud environment must be relatively
warm, namely, between 0°C and -10° C.
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SUPERCOOLED LARGE DROPLET ICING AND WARM FRONTS

8. The diagram below shows that a warm frontal slope is gentle with a
slope ratio of about 1:150 as a general rule.

9. As warm air ascends along this gently sloping boundary, the cooling of
the warm air through expansion is slow but continuous. The production of
extensive layers of stratiform cloud is commonplace in an ascending stable warm
air mass. If some weak instability is released during the ascent, the embedded
convective elements may enhance the growth of the droplet population. Initially,
the growth of small cloud droplets is continuous with many of them becoming part
of the precipitation process, leaving the cloud. The falling precipitation also acts
to scour out the droplets by capturing them and removing them from the cloud
environment. However, precipitation does not always occur continuously along
the warm frontal slope and often tapers off or ends some distance ahead of the
actual surface warm front. It is in these regions where cloud droplets may
continue to grow, eventually reaching the status of a large droplet. If the cloud
temperature is in the critical range of 0°C to -10°C, then the supercooled large
droplet population presents a problem for aircraft. The clouds that have the most
suitable environmental conditions are those that are found near or just beneath
the warm frontal slope, in the cold air, within a few thousand feet of the ground,
often where precipitation is not occurring. These clouds are usually at altitudes
where aircraft are in slow flight, often in holding patterns or on descent. As a
result, the rapid accumulation of SLD icing within these clouds is particularly
hazardous.

(Note: It should be stated that the occurrence of freezing drizzle and freezing
rain ahead of surface warm fronts also present serious clear icing problems, but
those conditions can be forecast with more accuracy and can be avoided more
easily. However, the internal conditions within the cloud that give rise to the
production of supercooled large droplets in the absence of precipitation are much
less understood and are not well forecast, hence their greater threat to general
aviation).

SUPERCOOLED LARGE DROPLET ICING AND UPSLOPE STRATUS

10. Upslope stratus cloud occurs in those regions where the terrain slopes
gradually upward and where those areas are accessible to stable moist air
masses.
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11. The Prairies of Canada, for example, often are subject to upslope
easterly and southeasterly winds in the colder seasons. Air over Manitoba may
move to the foothills of Alberta in the course of a couple of days, undergoing a
vertical lift of over 3,000 feet. Often the result is the formation of widespread
sheets of low stratus cloud and fog from the Red River Valley to the Rocky
Mountains. Because the lifting is constant and slow, the growth of cloud droplets
is relatively slow, but over time, they can grow to the size approaching drizzle
droplets. If temperatures in some portions of the cloud are in the appropriate
range of 0°C to -10°C, the development of large supercooled droplets is
enhanced.

12. The weather map segment below shows a typical winter upslope pattern
over the Prairies. High pressure resides over Manitoba while low pressure is
getting organized over southeastern Alberta. Between the high and the low
pressure systems, an easterly upslope flow prevails with extensive low cloud and
some light snow and freezing drizzle falling from the cloud layers. The
occurrence of freezing drizzle signifies that the cloud is composed, in part, of
supercooled liquid droplets and icing would be a major concern. Although surface
temperatures are quite cold (between -15 and -20°C), the temperature in the low
cloud layers is warmer by several degrees. The clouds are warmer (but still sub-
zero in temperature) due to the release of latent heat of condensation and
because the cloud layers are above the cold surface air that is chilled by
conduction processes with the intensely chilled land surface. The formation of
supercooled large droplets in the cloud occurs most frequently in the late autumn,
early winter, and in the early spring. In the heart of winter, the cloud
temperatures in a Prairie upslope condition are usually too cold to result in large
numbers of supercooled droplets.

The surface map below shows the synoptic pattern of December 16, 1999
showing upslope flow over the Canadian Prairies with large area of stratiform
precipitation that includes light snow and freezing drizzle.
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13. As in the previous case of warm frontal lift, the greatest hazard usually
occurs in cloud within a few thousand feet of the ground. Hence, aircraft that fly
through these conditions for any period of time are susceptible to rapid
accumulations of SLD clear ice.

SUPERCOOLED LARGE DROPLET ICING IN STRATIFORM CLOUD OVER THE
OPEN GREAT LAKES

14. During research flights that investigated the formation of SLD icing over
Ohio, it became evident that cloud such as stratus or stratocumulus developing
over Lake Erie, in a stable air mass, sometimes resulted in SLD icing. In those
cases, it was determined that the transfer of heat and moisture from the lake
surface into a stable atmosphere above resulted in extensive stratiform cloud
having enough internal buoyancy to promote the growth of supercooled large
droplets. These cloud layers often drifted for a considerable distance inland from
the lake and posed icing problems near some of the major airports located south
of the Lake Erie shoreline.
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15. Another example of stratus cloud decks producing large supercooled
droplets stemmed from recent research performed in the arctic. Those studies
determined that the tops of stratiform cloud radiate long wave energy back into
the atmosphere if the sky is generally clear above. The radiation cooling of the
cloud tops enhances the condensation process in the heat-losing cloud tops with
the result that large drizzle size cloud droplets are readily formed in the upper
regions of the cloud. In combination with the proper temperature ranges, the
hazard of SLD icing is created.

APPLICATIONS OF SLD ICING RESEARCH

16. The unique data set that was collected during several winters of
investigation of supercooled large droplet icing is now being used to revise
aircraft certification criteria and to improve the forecasting of SLD icing. Data has
been provided to the FAA for their evaluation of the adequacy of existing icing
certification criteria, and also used by NASA to develop improved SLD simulation
tools (e.g. - icing tunnel, computer codes) for certification compliance.
Meteorological data will be used by the National Center for Atmospheric
Research in Colorado to develop improved SLD weather forecast tools.
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CHAPTER 13

VOLCANIC ASH
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Background

1. There have been over 90 reports of aircraft entering volcanic ash clouds in the past 30
years. No deaths have been reported but extensive damage to aircraft and engines was caused.

2. Significant events:

a. The first recorded incident with significant impact on aircraft was the eruption of
Mount Vesuvius on March 22, 1944. The American 340" Bombardment Group’s
entire fleet of 88 North American B-25 Mitchell Bombers was written off due to the
damage. After that there was a quiet period of volcano activity for over 30 years.
With the eruption of Mount Saint Helens on May 18 1980, a new period of activity
resumed and aircraft were affected once again.

b. In 1982, two eruptions of Galunggung Volcano in Java, Indonesia caused two Boeing
747 passenger jets to flameout. In one case a British Airways B-747 flying from
Malaysia to Australia encountered ash that had erupted an hour earlier. All four
engines flamed out. The crew restarted one engine by the time the plane descended
to 13,000 feet and later two more. The plane landed at Jakarta. The windscreens
were too badly damaged to see through and the engines sustained significant
erosion damage.

c. On December 14, 1989, Alaska’s Mount Redoubt erupted causing a KLM B-747 to
lose all four engines. Two engines were restarted by the time the aircraft descended
to 13,000 feet. This volcano continued to affect aircraft operations for four months.

d. OnJune 15, 1991, Mount Pinatubo became the largest eruption in 60 years. Five
airports in the Philippines were affected with some being damaged as well as
covered by up to six inches of ash. At least 20 commercial jet aircraft were damaged
by volcanic ash. The majority of the Pinatubo encounters were at distances of more
than 600 miles as the ash drifted to the west and southwest. The key problem was
timely communication of this information to the avi ation community.

Hazards and Effects

3. The rock fragments that a volcano ejects into the atmosphere are called tephra. The
largest pieces of tephra (greater than 64mm) are called blocks and bombs. Some as large as 8-
30 tons have been dropped 1 Km from the eruption. Smaller ones have been thrown 20-80 Km
and can have velocities of 75-200 m/s.

4, Smaller ejecta are lapilli (2-64mm) and ash (<2mm). The larger particles (>1mm) will be
deposited within half an hour from eruption while the smallest particles (<. 01mm) can stay aloft
for 2-3 years. It is the ash particles that are the greatest hazard to aviation and will be discussed
in more detail.

5. The distance that the ejecta (ash) will travel depends on the power and height of the
eruption, air temperature, wind speed and direction. Eruptions that reach the jet stream will
extend over a larger area. Mount St. Helens caused 10 mm of ash to be deposited on Yakima,
WA, 80 miles away.

6. A number of hazards are associated with tephra. As the material is electrically charged, it
will produce lightning. The larger ejecta near the volcano are a hazard to people and property and
have caused extensive damage as well as burying towns. Ash disrupts electricity and
communications, causes fires and is a health hazard. Most of the deaths from the Mount
Pinatubo eruption in 1991 resulted when roofs collapsed on the people.
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7. The ash can cause damage to aircraft in several ways. The jet engines can and have had
flameouts. Ash and St. EImo’s fire can enter the aircraft. Windshields have been seriously pitted
reducing visibility. The fuselage, wings, engines, and light covers can be damaged. Aircraft on the
ground have been weighted down and tilted in a nose-up position, e.g. Mitchell Bombers in Italy.
Ash deposits on runways must be removed.

8. Damage to aircraft can be immediate or long-term. The long-term damage is related to
the gaseous components of the cloud, especially sulfur dioxide, which absorbs water vapor and is
converted to sulfuric acid. The resulting corrosion damage is not immediately apparent, may be in
locations not easily seen, and requires inspection over a period of time. Immediate damage is
caused by the sand-size rock fragments. The fragments can include sharp angular fragments of
volcanic glass, feldspar, quartz and pyroxene. They will scratch and abrade glass, plastic, and
metals especially on the forward facing parts of the aircraft. Due to its small size the ash will enter
small openings in the aircraft exterior such as the air supply and pitot static system. Engine
performance is affected in two ways: erosion of moving parts, such as compressor and turbine
blades, and accumulation of partially melted ash in hot zones in the engine. The glassy content
has a melting point below the operating temperature of the engine and will melt and deposit on
the hot turbine parts. Erosion of compressor blades reduces the compression efficiency of the
engine but has not been proven to cause engine failure. The ash deposits in the hot sections of
the engines, including the fuel nozzles, the combustor and the turbine, and reduces the efficiency
of fuel mixing. Also, it restricts air passing through the engine. This causes surging, flameout and
immediate loss of engine thrust. This loss is the main cause of engine failure.

9. Aircraft may also be damaged while on the ground. The removal of the ash deposits must
be done carefully. Washing it may produce a slurry that can penetrate openings.

10. Avoiding an ash cloud is the only way to guarantee that an aircraft is not damaged.
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Active Volcano Areas

11. An active volcano is defined as one that is currently erupting, showing signs of erupting,
or has erupted during recorded history. A problem is that different institutions have different
definitions of recorded history, varying from 200 to 10,000 years. Therefore the number of active
volcanoes in the world ranges from over 500 up to 1500. More than half of the active ones are in
the Pacific Rim of Fire area which extends from western South America, along the west coasts of
Central America and Mexico, western North America, Alaska’s Aleutian Islands, along Russia’s
Kamchatka Peninsula, through Japan, Micronesia, New Guinea, and New Zealand.

12. The USA has classified 169 as active in 2006, more than any other country in the world —
with about 40 in the Alaska area. Canada has 21 active volcanoes in British Columbia. There are
a significant number of active or potentially active volcanoes in western Canada and United
States that could affect aircraft.

Eruptions and Movement

13. Active volcanoes emit several types of plumes and clouds. Quiescent plumes consist of
water vapor and gases with no rock particles. They seldom rise above 20,000 feet and usually
disperse within tens of miles of the volcano. Quiescent plumes are not a significant threat to
aviation safety.

14. Eruption columns are the violent, cauliflower-shaped pillars of ash and gas generated
above a volcanic vent during an explosive eruption. Within tens of minutes some cloud columns
can rise to altitudes of 40,000 feet to 100,000 feet. They typically contain blocks of rock up to
several inches in diameter, plus dense concentrations of ash and gas. Eruption columns seldom
last for more than a few hours and only affect an area within a few miles of the volcanic vent, so
they pose a relatively small threat to aviation safety. However, because eruption columns contain
large blocks of rock, aircraft must avoid them.

15. Drifting ash clouds consist of finely broken rock fragments and gas that are carried away
by winds from a violent eruption column. Large volcanic eruptions produce clouds that enter the
stratosphere and may be carried by the jet stream for thousands of miles. Although these ash
clouds can circle the globe in a matter of weeks, they usually deposit most of their ash within a
few hours to a few days. Drifting ash clouds pose the greatest threat to air ~ craft. Mitigating
the ash hazard is complex because ash clouds are difficult to detect by conventional weather
radar or visually from an airplane. Ash clouds are very difficult to detect at night, and weather
clouds may obscure them.

Monitoring

16. Monitoring and timely issue of warnings can save property, avoid damage and
inconvenience to aviation, and potentially save lives. No lives have been lost in aviation, but
damage has been considerable.
17. As existing instruments aboard aircraft cannot detect or locate an ash cloud, the most
important aspect is immediate communication of the danger to a pilot. Three essential sources of
information about volcanic activity and ash clouds are:

a. observations from the ground

b. observations from pilots via pilot reports, and

c. from satellite observations to detect and track ash clouds.
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18. In the United States 56 volcanoes have erupted in the past 200 years. Forty-four of these
are located in Alaska, including 30 in the 1,000-mile Aleutian Island chain. Only 19 of the 56 are
being monitored and only one of the 30 in the Aleutian Islands.

19. Radar systems on board jet aircraft cannot detect volcanic clouds because they are not
designed to detect the small size of the ash particles. Two satellite-based systems can detect
volcanic clouds:

a. Inthe ultraviolet spectrum, the Total Ozone mapping Spectrometer (TOMS) detects
SO, gas and collects cloud position data globally about once each day during
daylight hours only.

b. Infrared detectors aboard geostationary weather satellite platforms are by far the
most useful volcanic cloud detectors because they detect volcanic ash directly and
because these satellites give frequent near global coverage. The development of a
retrieval method to obtain the mass of ash in a drifting volcanic cloud as well as its
position has greatly expanded the utility of the two band infrared method because it
gives the ability to measure the hazardous silicates as the clouds dissipate.

c. Another method is also being tested. Lightning is associated with the eruptions that
cause ash plumes but not those which only produce steam. The Alaska Fire Service
reactivated its detectors to sense lightning bolts at Mount Redoubt.

20. Within about 200 kilometres meteorological radar systems can detect eruptions and
movement of volcanic clouds. Ground based sensors have been installed at some volcanic sites,
but most are still not monitored. From 1996 to 2005 the Alaska Volcano Observatory increased its
instrumented volcanoes from 4 to 28.

Recognition and Avoidance

21. The best way to avoid a volcanic cloud is not to fly into it. This is more difficult at night.
Some planning is involved:

a. Flight crews need flight planning information about volcanic events, such as
potentially eruptive volcanoes and known ash sightings, that could affect a particular
route.

b. Flight crews also need to identify alternate routes in order to avoid airspace
containing volcanic ash.

c. Aircraft should stay upwind of volcanic ash and dust.

d. Flight crews should note that airborne weather radar is ineffective for distinguishing
ash and small dust particles.

22. Since aircraft radar cannot detect the cloud, there are some warning signs to be
aware of:

a. Odour - When encountering a volcanic ash cloud, flight crews usually notice a smoky
or acrid odour that can smell like electrical smoke, burned dust or sulphur.

b. Haze — Most flight crews, as well as cabin crew or passengers, see a haze develop
within the airplane. Dust can settle on surfaces.
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c. Changing engine conditions — Surging, torching from the tailpipe, and flameouts
can occur. Engine temperatures can change unexpectedly, and a white glow can
appear at the engine inlet.

d. Airspeed - If volcanic ash fouls the pitot tube, the indicated airspeed can decrease
or fluctuate erratically.

e. Pressurization — Cabin pressure can change, including possible loss of cabin
pressurization.

f. Static discharges — A phenomenon similar to St. EImo’s fire or glow can occur. In
these instances, blue-colored sparks can appear to flow up the outside of the
windshield or a white glow can appear at the leading edges of the wings or at the
front of the engine inlets.

Emergency Procedures

23. Unfortunately, it is not always possible to avoid an ash cloud and if a plane
does enter one there are very specific steps that the flight crew must take in
order to increase the chance of making it out of the dangerous area safely,
according to Campbell , 1994:

a. Immediately reduce thrust to idle . This will lower EGT, which in turn
will reduce buildup on the turbine blades and hot-section components. The
volcanic dust can cause rapid erosion and damage to the internal
components of the engines.

b. Auto throttles off (if engaged ). The auto throttles should be turned
off to prevent the system from increasing thrust above idle. Due to the
reduced surge margins, limit changes with slow and smooth thrust-lever
movements.

c. Exit volcanic cloud as quickly as possible . Volcanic ash may
extend for several hundred miles. The shortest distance/time out of the
dust may require an immediate, descending 180-degree turn. Setting
climb thrust and attempting to climb above the volcanic cloud is not
recommended due to accelerated engine damage/flameout at high thrust

settings.

d. Engine and wing anti-ice on . All air conditioning packs on.

e. Start the auxiliary power unit  (APU), if available. The APU can be
used to power the electrical system in the event of a multiple-engine
power |loss.

f. Oxygen mask on and 100%, if required

g. lgnition on. For systems with auto start, switch to "on" position.

h. Monitor EGT. If necessary, shut down and then restart engines to
keep from exceeding EGT limits.

i. Close the outflow valves.
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] Do not pull the fire switch

k. Leave fuel boost pump switches "on" and open cro ss-feed
valves.

|. Do not use fuel heat.

m. Engine restart . If an engine fails to start, try again immediately.
Successful engine restart may not be possible until airspeed and altitude

are within the air start envelope. After the engine starts, land at the
nearest airport.

Forecasting and Warnings
24.  Volcanic Ash Advisory Centers (VAACS)

VAACs were established in September 1995 at a meeting of the International
Civil Aviation Organization (ICAO). At this meeting it was decided that in
an effort to ensure that volcanic cloud hazards were addressed there must
be an interface between volcano observatories, meteorological agencies
and air traffic control centers. In order to meet their goal they decided the
world should be divided into different regions by their volcanic activity and
volcano observatories in the designated regions would be in charge of
keeping track of the activity in their area by analyzing satellite imagery.
VAACs are charged with providing information about volcanic clouds to
aircraft that are in flight or planning flights. This information comes from
volcano observatories, from other pilots through PIREPS, from satellite
observations and from models of volcanic cloud trajectories that are based
on winds at various flight levels.
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25. There are 9 VAACs around the world:

Area of Coverage
Anchorage VAAC Aleutian Islands and Alaska
Tokyo VAAC Kamchatka, Kuriles, Japan
Darwin VAAC Indonesia, Papua New Guinea and S. Philippines
Wellington VAAC New Zealand and South East Pacific
Buenos Aires VAAC South America S of Peru
Montreal VAAC Canada Greenland and North Pole
London VAAC Iceland and North Atlantic east of Greenland
Toulouse VAAC Africa, Europe west of Urals, Middle East
Washington VAAC continental USA, NW Pacific, Caribbean and Middle
and South America N of Peru

26. Volcanic Ash Advisory Statements.
The Volcanic Ash information available on AWWS system is composed of
bulletins and charts:

Canadian Volcanic Ash Advisory bulletins (FVCN CWAO header);

Canadian Volcanic SIGMET (WVCN);

Alaska Volcanic Ash Advisory bulletins (FVAK PANC header);

Washington Volcanic Ash Advisory bulletins (FVXX KNES header) and the

Ash density prognostic charts from the Montreal Volcanic Ash Advisory Centre (VAAC)
CANERM Model (CANadian Emergency Response Model).
27. Bulletins.

The Canadian Volcanic Ash Advisory bulletins infousers of potential hazards that can
affect the Canadian Responsibility area of the VAMGntreal Centre.
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a. Example of a Canadian Volcanic Ash Advisory bull  etin (FVCN CWAO header):
FVCNO1 CWAO 131828

VOLCANIC ASH ADVISORY

ISSUED 1828 UTC 13 MARCH 2001 BY THE MONTREAL VAAC

CLEVELAND 2001-001 ALEUTIAN_IS 5249N16957W
(LAT/LON IN DEGREES AND MINUTES)

BACKGROUND INFORMATION:
CLEVELAND - ALEUTIAN_IS (1101-24-)
SUMMIT HEIGHT 1730 METERS

PLEASE SEE FVAK20 PANC 131802 ISSUED BY ANCHORAGE V AAC
WHICH DESCRIBES CONDITIONS OVER OR NEAR THE MONTREAL VAAC AREA OF
RESPONSIBILITY.

b. Examples of Washington Volcanic Ash Advisory bul letins (FVXX KNES header):
04:13

FVXX20 KNES 240400

VOLCANIC ASH ADVISORY

ISSUED: 2001 MAR24/0400 VAAC: WASHINGTON

VOLCANO: TUNGURAHUA 1502-08
LOCATION: 0128S 7826W AREA: ECUADOR

SUMMIT ELEVATION: 16480 FT (5023 M)
ADVISORY NUMBER: 2001/43

INFORMATION SOURCE: GOES-8 VISIBLE AND INFRARED AND MULTISPECTRAL
IMAGERY. GEOPHYSICAL INSTITUTE IN QUITO.

ERUPTION DETAILS: VOLCANIC ASH CLOUD AT 23/1530Z.

DETAILS OF ASH CLOUD: NO EVIDENCE COULD BE FOUND OF ASH FROM
YESTERDAYS BRIEF EMISSION TO FL290. NO ASH WAS DETE CTED IN EITHER VISIBLE
SATELLITE IMAGERY AT 23/2115Z OR IN INFRARED AND MU LTISPECTRAL IMAGERY
THROUGH 0345Z.

TRAJECTORY: N/A.

OUTLOOK: SEE SIGMETS.

THIS WILL BE THE FINAL MESSAGE ISSUED FOR THIS EVEN T.

REAL TIME SATELLITE IMAGERY AND VOLCANIC ASH ADVISO RIES OFTEN
ACCOMPANIED BY A MAP DEPICTING ASH LOCATION ARE AVA ILABLE AT INTERNET
URL ADDRESS HTTP://WWW.SSD.NOAA.GOV/VAAC/WASHINGTON .HTML

(ALL LOWER CASE EXCEPT /VAAC/)

PLEASE REFER TO SIGMETS FOR CURRENT WARNINGS.

TURK
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28. Chatrts.

Volcanic Ash charts are produced by the Montredt®ioic Ash Advisory Centre
(VAAC) for its area of responsibility and surroundiareas and for three atmospheric
layers corresponding to Canadian air traffic cdreomes: SFC-FL200, FL200-350,
FL350-FL600. The charts are produced by the Candgilaergency Response Model
(CANERM) using the forecasts of the operational etical weather prediction model
based on 00 UTC or 12 UTC data.

Each chart consists of 6 panels. Each panel presents the average ash density
forecast for an atmospheric layer at a specific time. The first chart depicts a 6-
and 12-hour prognostic while the second chart depicts an 18- and 24-hour
prognostic. Occasionally, the Canadian Meteorological Centre (CMC) may
transmit prognostic charts valid at 30-36, 42-48, 54-60 and 66-72 hours.

The charts are usually available approximately within one hour after the
beginning of the execution of the Emergency Response Model (CANERM). The
forecast time, the date and the time of validity as well as the atmospheric layer
for which the forecast is valid are indicated above each of the panels.

For more information about the Montreal VAAC centre, consult the Environment
Canada Web site. At http://www.msc-smc.ec.gc.ca/lcmc/eer/VAAC/index e.html

or http://lwww.flightplanning.navcanada.ca/
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