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What Is a geostationary satellite?

e Located 36,000 km
above the earth, the
GOES (Geostationary
Operational
Environmental
Satellite) continuously
observes the same
region (the western
hemisphere).

 Why 36,000 km?
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GOES Aviation Products

 The GOES aviation e Cloud characteristics:
forecast products are — Composition
based on energy — Morphology: form and
measured in different structure and change
wavelength bands: with time

— formulas that add or
subtract satellite
measured temperatures
to show regions of high
risk to aircratft.
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Electromagnetic Spectrum
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GOES Channels

Band Wavelength (um) Use

1 (Visible) 0.52-0.77 Cloud detection and
identification

2 (Shortwave IR) [3.76-4.03 Fog identification,
water vs. ice clouds

3 (Water Vapor) 5.77-7.33 Moisture content

4 (Longwave IR) [10.2-11.2 Cloud top temperature

5 (Longwa\/e |R) 11.5-12.5 Low-level moisture

6 (Longwave IR) |12.96-13.72 Cloud characteristics
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Presenter
Presentation Notes
GOES measures energy in spectral regions ranging from the visible portion of the electromagnetic spectrum to the far infrared. At visible wavelengths, that energy is only reflected solar radiation (radiation from the sun which is reflected by the earth's surface and clouds); at far infrared wavelengths, that energy is only emitted terrestrial radiation. However for the short wavelength infrared channel, the 3.9 um spectral band, energy measured by the satellite can be a mixture of solar radiation that is reflected by the earth's surface or clouds and radiation that is emitted by the earth's surface or clouds. 
The exact combination of solar and terrestrial energy measured by the satellite at 3.9 um depends on the time of day as well as the reflectance and emissivity of the underlying surface. This combination of emitted terrestrial energy and reflected solar energy during daytime, combined with information on cloud and surface characteristics, is one of the things that make interpretation of imagery at 3.9 um so interesting. 


Quiz

What Is a geostationary satellite?

What generates energy received by the
satellite in the visible band?

What generates energy received by the
satellite in the infrared bands?

Name 3 weather hazards to aviation.
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Aviation Weather

Considerations:

o Aircraft characteristics:
— Size
— Design
— Instruments

 Pilot experience
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Alrcraft Instruments

Most aircraft are equipped with a standard set of flight
Instruments which give the pilot information about the
alrcraft's attitude, airspeed, and altitude.

Most aircraft have these six basic flight instruments:
Altimeter

Airspeed indicator

Magnetic compass

Heading indicator

Turn and bank indicator

Vertical speed indicator
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Aircraft Icing

« In-flight icing is the A
accretion of AT
supercooled liquid
water (SLW) on the kA
airframe. This SLW st
can be in the form of
cloud droplets or
freezing rain/drizzle.

D EMO
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Aircraft Icing Hazards

* |cing can adversely affect the flight
characteristics of an aircraft. Icing can
Increase drag, decrease lift, and cause
control problems.

e Recent icing-related accident: Canadalr jet,
Montrose, Colorado, 28 November 2004.
— SiX occupants on board: 3 dead, 3 seriously
Injured
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Aircraft Icing

» \Weather conditions related to aircraft icing:

— liquid clouds with temperatures in the 0 to -20
C range

— large water drop sizes
— large liguid water content

— thick, extensive cloud systems resulting in long
exposure to icing conditions during flight.
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Icing Intensity

 LIGHT: The rate of accumulation may create a
problem if flight is prolonged in this environment
(over one hour).

« MODERATE: The rate of accumulation Is such
that even short encounters become potentially

hazardous and use of deicing/anti-icing equipment
or diversion Is necessary.

e SEVERE: The rate of accumulation is such that
deicing/anti-icing equipment fails to reduce or
control the hazard. Immediate diversion IS
necessary.
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Satellite Icing Detection

Decision Tree For GOES-12 Aircraft Icing Image Product
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Presentation Notes
At temperatures below -20 degs. C, clouds consist mostly of ice particles, while below -40 degs. C they are composed entirely of ice particles. However, between 0 degs. C and -20 degs. C, a significant number of clouds may be primarily composed of water droplets. Water droplets below 0 degs. C are supercooled, and clouds containing large, supercooled droplets can pose an extreme hazard to aviation. During day-time, 3.9 um imagery can be used to infer droplet phase at cloud top because of differences in reflection between ice particles and water droplets, as discussed earlier in the section on emission and reflection. By using the 3.9 um imagery to identify phase, and the 10.7 um imagery to determine cloud top temperature, cloud tops consisting of supercooled water droplets may be located. 


GOES Icing Product
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Presenter
Presentation Notes
Although infrared (IR) satellite imagery senses conditions at the tops of opaque clouds, it can be an effective remote sensing tool in icing detection, since supercooled water has been found to accumulate in the top several hundred meters of cloud layers (Rauber and Tokay, 1991; Defer, 1996). The standard longwave IR window channel (CH4-10.7 microns) observes cloud top temperatures, as well as horizontal extent. The shortwave IR channel (CH2-3.9 microns), when combined with CH4 IR, provides information on cloud phase at night, because differences in thermal emissivity result in distinctive brightness temperature differences between the two channels.
During daytime, CH2 has both thermal and reflected solar components. The latter results in a warming effect that is dependent on cloud phase (Curran and Wu, 1982), and to some extent, droplet size (Kleespies, 1995). Early evaluation has shown that severe icing in daytime often occurs in slightly cooler (2-3 C) areas embedded within liquid water clouds in CH2 imagery (Ellrod, 1996). It was hypothesized that this was a result of the presence of larger droplets necessary for heavy ice accumulations. Visible image brightness data (CH1-0.5 mircons) can be used to infer cloud thickness and phase, as well as horizontal extent. Unlike CH2 however, CH1 brightness data is not particularly sensitive to cloud droplet diameters.


Aircraft Icing Quiz

e What is Icing?
 Why is icing a hazard to aircraft in flight?

« Why is icing important to detect and
forecast?
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Turbulence
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Turbulence

o Definition:
— Irregular motion in the
atmosphere, can be

observed as gusts and
lulls in the wind.

e Causes:
— Vertical wind shear
— Convection
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Causes of Turbulence

%?g[]?elrrlce IO Cloud-in_duced or
(CAT) % _Convectlvely-
induced
Pl g Turbulence (CIT)
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wave
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Fig 8~ Aviation turbulence classifications. This figureNg a pictorial summary of
LOW |eve| t ;ﬁ ulence-producing phenomena that may occur in each turbwlence classification.

Terrain-induced .
TU‘WGHCE (LLT)  Source: P. Lester, “Turbulence — A new perspective for Convective boundary

pilots,” Jeppesen,d904 Aviation Products Layer turbulence



Turbulence Hazards

» Why is turbulence a hazard to aircraft?

— Structural Damage: Results from encountering severe clear air
turbulence. In extreme cases, this can lead to the break up of the
aircraft. In even moderate turbulence, damage can occur to fittings
within the aircraft especially as a result of collision with
unrestrained items of cargo or passenger luggage. Prolonged
exposure to turbulence will shorten the fatigue life of the aircraft.

— Physical Injury to Crew/Passengers: Passengers and crew
walking around the aircraft cabin can be injured.

— 1997: United Airlines B747 encountered CAT over the Pacific
ocean. Several passengers and crew were severely injured, one
death.

 Why is it important to forecast turbulence?
— Aircraft can avoid regions of severe turbulence.
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Jet Stream Turbulence
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| ow-level Turbulence

View Projections
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Turbulence Quiz

nat Is turbulence?

nat are different types of turbulence?

ny IS turbulence a hazard to aircraft?

ny IS It Important to forecast turbulence?

nere can turbulence occur?
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Volcanic Ash Hazards

 Inaddition to damaging the
leading edge surfaces of
aircraft, ash ingested into jet
engines results in loss of
performance, and possibly
complete shutdown.

;_-From FAA:‘AVZIaIIOHESafet"Hr

& Mt. Redoubt, AK 1750 UTC 26 March 2009
Taken from Diamond Ridge near Homer, AK
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Satellite VVolcanic Ash Detection

e Combine Iinformation

from the shortwave IR
(CH 2), with two
longwave IR channels (4
and 5). -
« Temperature differences
in Bands 4 and 5 can help
identify areas of volcanic

aSh due tO unique energy 125_0 264 268 Z2F? 276 23|] 284"“288“ 292 296 3;"]
properties. rion

Volcanic Ash Characteristics in Moist Tropical Airmass
NOAA/NESDIS/ORA
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Presenter
Presentation Notes
The resolution of the IR bands (4 km) and temporal frequency (30 min) are sufficient for the detection of most volcanic ash plumes. IR bands 4 and 5 are longwave channels that are transparent to upwelling thermal radiation from the earth’s surface. However, band 5 is not as transparent as band 4, with absorption due to low level moisture resulting in slightly cooler brightness temperatures than in band 4. The reverse absorption effect has been found for volcanic aerosols and ash, resulting in slightly warmer brightness temperatures in band 5 than in band 4. Band 2 is also a window channel with very little moisture absorption that is very sensitive to heat sources (such as fires or volcanoes), and can also provide information about cloud phase. Since it is a near-IR wavelength, Band 2 also has a strong component from solar reflectance during the daytime. 


Satellite VVolcanic Ash Detection

Anchorage Radar GOES Volcanic Ash Product
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Satellite VVolcanic Ash Detection
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Presentation Notes
A large eruption of Redoubt volcano began at roughly 09:24 AKDT (17:24 UTC). National Weather Service reports the cloud height to be at least 65,000 ft above sea level. 


Volcanic Ash Quiz

* Why Is volcanic ash a hazard to aircraft in
flight?

e \Why is volcanic ash important to detect and
forecast?
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Volcanic Ash Quiz

(IR CHs 2y 4, 3) (IR CHs 2,4 3)

Splipr=, Spurr-
Redobt Redoubt

Iltamne Illamme

FODIAK L FODIAK L

GOES Aviation Products



Presenter
Presentation Notes
Another phase of vigorous ash eruption at Redoubt Volcano began at 7:41 pm (AKDT). AVO remains at Aviation Color Code RED and Alert Level WARNING. The top of the ash cloud is estimated to be at least 50,000 ft above sea level based on NWS radar. 


Downburst and Microburst

o Strong downdraft
produced by a convective
storm (or thunderstorm)
that causes damaging
winds on or near the
ground.

711 ¢ Due to the resulting

Intense wind shear,

3kt downbursts are a hazard

to aircraft in flight,

especially during takeoff
and landing.

15 km

12 km

9 krm
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Microburst Hazards
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Microburst Hazards

Microburst

Headwind Dowwndralt

Slows and hifts plane

above normal path Downdraft

Wihile piltol
compensates for
headwind by Gipping
nose. plang enlaers

downdrait

Tailwind

plane’s specd
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Historic Microburst-Related
Alrline Disasters

Eastern 66, New York (JFK), June 1975
Continental 426, Denver, August 1975
Pan American 759, New Orleans, July 1982

Delta 191, Dallas-Ft. Worth (DFW),
August 1985

USAIR, Charlotte (CLT), July 1994
American Airlines, Little Rock (LIT), June

1999
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Microburst Quiz

nat 1s a downburst/microburst?
Ny are microbursts a hazard to aircraft?
Ny IS It Important to forecast microbursts?

nere do microbursts occur?

GOES Aviation Products



Icroburst Quiz
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Presenter
Presentation Notes
The GOES sounder MWPI is a predictive linear model developed in the manner exemplified in Caracena and Flueck (1988), consisting of a set of predictor variables that generates output of expected microburst risk. 
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Current Images / Loops from GOES-East/West
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Summary

Aviation weather requires understanding:
Aircraft characteristics
Hazards

Weather conditions
Detection methods

Satellite imagery interpretation
— ldentify meteorological features/hazards
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Questions?

Ken.Pryor@noaa.gov
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