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13 REMOTE SENSING OF AIRCRAFT JCING REGIONS
' USING GOES MULTISPECTRAL IMAGER DATA
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1. INTRODUCTION

The advanced imagers on the GOES-8/9 spacecraft
are providing five multi-spectral channels for
observing clouds and surface features (Menze! and
Purdom, 1994). The higher resolution, greater
{requency, and additional channels compared to
zatlier satellites will improve our ability to detect

related to aircraft icing are well known (e.g., WMO
1954; Hansmasn, 1989; Schultz and Politovich, 1992).
The most important ingredients are: (1) liquid phase
clouds, (2) temperatures in the 0 to -20°C range, (3)
"Targe droplel diameters (> 50pm), (4) weak upward
motion to replenish The available supercooled water,

woather hazards of interest to aviation. For example,

¢ =ditins associated with the presence of aircraft
wing (Eflrod, 1996). Efforts are underway to develop
3 1ot that effectively combines information from
thoag imager channels to show areas where aircraft
%74 1 a significant risk day or night (Ellrod, 1996;
n:.:x-:.‘:.mdan, ct. al, 1996). The purpose of this
497 L to provide an update om progress in
=2+ ing a GOES multi-channel icing image product
M-ie :!:-.: National Eavironmental Satellite, Data and
L= e=.ton Service (NESDIS).

¢ EACKGROUND

ulf .*-'1 icing is a serious hazard for many types of
h;'_"';_‘c-‘{“w“'y light, fixed wing or rotary aircraft
" “ km .:. telatively slow cruising speeds and limited
s drt..g:. The crash of an ATR-72 commuter
- x to severe icing on 31 October, 1994
» ”,.:-1-... «d the significance of icing in aircraft
lony. Meicoralogical conditions
S i
T 7~=rp author's address: Room 601, NOAA
l_cr.:::. E/RA2], Washington, DC 20233 -
[ SRR nesdis.noaa.gov

Heag PREE PR
THU wik

.
-y, -

'-'\.1..

i) Yt Aval

“(5) large liquid water contents, and (§) thick, extensive
cloud systems resulting in long exposure to icing
conditions during IHght. Convection embedded within
stratiform cloud systems can also Iead to severe icing
conditions. The role of cloud droplets of drizzle size
(about 100pm diameter) is being viewed as very
critical in light of investigations following the ATR-72
accident . These have been referred to

as Supercooled Large Droplet (SLD) events.

3, APPLICATION QF GOES IMAGERY
TO ICING DETECTION

Although infrared (IR) satellite imagery senses —— .
conditions at the tops of opaque clouds, itcanbean
Effective remote sensing tool in icing detection, since
supercooled wafer bas been Tound to accumulate s
the top several bundred meters of cloud layers
"(Rauber and Tokay, T99T; Defer, 1996). The standard

longwave oW m) observes
cloud top tem 2s well as horizontal extent.
¢ shortwave IR channel (CH2-3.9 when

combined with CH4 IR, provides information on cloud °
phase at night, becausc dillerences in thermal
cmissivity result in distinctive brightness temperature

“differences between the two channels.

e
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During daytime, CH2 has both thermal and
reflected solar components. _ The latter results in a
F “Warming effect that is dependent on cloud phase
(Curran and Wu, 1982), and to some extent, droplet
size {Kleespies, 1995). Early evalvation has shown
that scvere icing in daytime often occurs in slightly

to icing was reduced. This problem is espee:.
noticcable around sunrise. In addition, the slope

the CH2-CH4 threshold was adjusted to that showy.
Figure 1. Table 1 summarizes the current ajggit_h-,-:

The biggest improvement in the product was in .

! cooler (2-3°C) areas embedded within Tiquid water
clouds 1n CH2 imagc:x SEllrod. 1996). It was
Bypoihesized that this was a result of the presence of
larges droplets necessary for heavy ice accumulations.
Visible image brightaess data (CH1-0.5um) can be

P used to infer cloud thickness and phase, as well as

“horizontal ~ exteat. ~ Unlike” TH2 however, "CH1
brightness data is not particularly sensitive fo clou

droplet diameters.
— T

4. INITIAL PRODUCT DEVELOPMENT

Digital IR bri tcmpcramrc@;)lnd visible
brightness count$ (B) were collected frdm GOES-8 for

about fifty reportsof aircraft icing on thirteen days
between December 16, 1994 and April 13, 1995.
Based on data collected during this period, a decision
tree was developed for day/night icing detection using
channels 1, 2 and 4. At night, the shortwave IR T, ’s

reduction of crroncous positive icing signatufe: W

WW—JM ght bours. The CHS ;

" (12pm) has been used for many years to "cloud-cley
regions of thin cirrus in various cloud climatolog
projects or in sca surface temperature estimatio:
using Advanced Very High Resolution Radiomet:
(AVHRR) data onboard the NOAA polar orbitiy
satellite series. Data collected for GOES-8 duringh.

" winter of 1995-96 has shown that CH4 T, ’s are usual:

»2°C warmer than CHS in daytime when thin cirras

- Erescn! ]_F_‘ggrc 2).

When lbquid stratiform
convective clouds are present, T, ditierences decrease
and become <2°C between CH4 and CHS. Some
data for- nd ar lake surfaces 15 aiso plotted (g
show that CH35 cannot be used to screen these type
of scenes. The incorporation of CHS in the icing
product generation was completed in April 1996, As
a result, there has been a significant reduction (but
not a complete elimination) of bogus icing areas due

are typically >2°C colder than the longwave IR in
regions of water clouds. During the day, the CH4-
CH2 T, difference varies according to ‘solar zenith

‘angle (an effect of fime of day and séason). Figure 1
shows the relationship of T, difference as a function
of observed CHI1 values of B. The plot also includes
additional data collected from December 1995 to
; April 1996 from clouds identified as liquid stratiform,
’ but with no confirming reports of icing.

Software was then developed to simultaneously
process digital data from these channels to screen out
areas not conducive to icing. Possible icing regions
were color coded, while non-icing regions were
indicated by the CH4 IR image data. A CH4 cloud
top temperature range from -2 to -17°C was used.

"Preliminary results were encouraging, but there were
numerous "false alarm” areas during the daytime due
to thin cirrus and cold ground. Some areas where
icing actually occurred were also inadvertently
screened out.

5. RECENT PRODUCT IMPROVEMENTS

Some recent changes itnplemented in the software
have resulted in noticeable improvements in the icing
product. By raising the lower visible brightness
threshold for day vs night conditions, the number of
cold ground pixels incorrectly identified as conducive
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to thin cirrus.

The GOES experimental icing product has been
generated since the winter of 1995 on an HP-755
workstation at the NOAA Scicnce Center in Camp
Springs, Maryland. It now runs sevea times per day,
every 2 hours from 0815 to 2015 UTC, and requires §
about 10 sec of CPU time.

6. EXAMPLE: 12 APRIL 1996

A significant icing event occutred on the afternoon
of 12 April 96 in the upper Midwest. Icing was
observed in a narrow band from northern Wisconsin
across south-central Minnesota, with a larger area of
light to moderate rime icing in Iowa and eastern
Nebraska. Moderate to locally severe mixed or clear
icing was reported in the Minneapolis arca by large
commercial jetliners as well as general avation
aireraft. Figure 3 is the GOES multichanne! icing risk
product for 1915 UTC (1315 Central Standard Titme).
The uniform light gray arca denotes possible icing.
The narrow band across Minnesota and the broader
area 10 the south relate well to pireps of moderate or
greater icing. The whiter areas to the north and south
show high, cold cirrus clouds. Some light snow or
rain was oceurring with multitayered clouds in ceatral
Minnesota and eastern South Dakota. A visible image
at the same time (Figure 4) shows bright, smooth
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/ stratus clouds in the icing areas, whereas the cirrus

clouds have more tlexture.
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/ 3. SUMMARY AND FUTURE WORK

A multichannel screening technique has been
applicd 1o GOES visible and infrared data to show
arcas of supercooled water clouds conducive to
aircrafl icing conditions._The recent addition of data
from a longwave IR window channel (12um) to

chrmime i ctrros;—and—oher moditications, has

Fesulled 1o anamproved product that ¢ casicr for

aviation Torecasters and other users to interpret.

Somc dilliculies wath false icing swgg_qold
ground still exist, particularly near Suarise and sunset.
Whilc it may not be posSibIE To complelcly eliminate
these, further work will attempt to reduce their
impuct. There will also be some experimentation with
a two-level enhancement in an effort to identify
possible areas of severe SLD icing sitvations.
V'erification is also needed, which will be a significant
cffort, The best approach may be to verify in the
vicinily of large airports as suggested by Brown (1996},
since pireps (positive or negative) are nearly always
asailable,
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Table1

Thresholds/Ranges Used in GOES Icing Product
Test Daytime / Nighttime
Cloud top -2 10 17 «2t0ATC
temperature
Water vs ice > (0.168)- E) £ +2.0C -
clouds f"‘-—

T ({Ch2} - T {Ch4) "K)

Day/Night 8 2 40 counts B < 40 counts
Thin cirrus fliter z22C None

T{Ch4) - T (ChS) -

15™ CONFERENCE ON WAF

=

(o
-



. —

e

CH2 - CH4 Temps vs CH1 Brightness for Water Clouds
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Figure 1. Plot of CH2 - CH4 Ty, (°K) versus visible (CH1) brightness counts (based on a scale of 0 to 255 counts)-
Day/night separator is vertical line. Diagonal line for daytime, horizontal line Jor night are thresholds_for water

clouds versus ice clouds.
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Cloud/Surface Properties in GOES CH4/5
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Figure 2. Scatter plot of CH4 - CH5 Tb ("K) versus
CH4 T, during daytime for thin cirrus clouds, opaque
stratus or altostratus, and cloud-free ground or lake
water.
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Figure 4. GOES-8 visible image at 1915 UTC, I2
April 96.
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