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There danger cloud area to aircraft icing occurred

TUNG MAO -SHIANG

Abstract

Aircraft icing is one of the significantly hazards weather can affect aircraft safety. This article will introduce the
Japan Meteorological Agency how to use a variety of METSAT satellite images to grasp the affect icing occurred and
the characteristics of pattern clouds and cloud type at that time. Thus take advantage of the aircraft icing forecasts and

live monitoring, proved to be highly effective.

. An overview of icing

The main cause for aircraft icing (abbreviated late, ricing) occurrence is the sublimation of water vapor and
supercooled water droplets hit the aircraft body. When the icing occurs, it will result in reduced buoyancy, engine stop,
postural control, and the impact of landing gear operation.

Although the clouds area of icing occurred are mostly accompanied in the low pressure system, cold fronts,
thunderstorms, typhoons and other weather systems. But most of cloud areas at temperatures between 0°C ~ -20°C
may induce the icing occur. From the investigation cases of icing occurred in the past, the supercooled water droplets
have absolute influence. When the cloud contains a loud of water, special attention area at temperatures between 0°C
~ -15%C is necessary ( aviation forecasts Operations Guide ). In addition , there are other reports when the outside
temperature of aircraft is from about from -3°C to -10°C, the incidence of icing occurrence is the most frequent (ANA
AVIATION WEATHER).

Fig 1 shows the relationship between the Fig 2 is the diagram of relationship between icing
frequencies of icing occurs with temperature and pressure patterns.
near Japan.

(1 BH = W =

_l = Wb RB AT LT L
20-2-4-6-8-10-12-14-16 -18 -20 %

2 B T)

78
Flight Safety Quarterly, Winter 2013 .



There danger cloud area to aircraft icing occurred

2.|Cil‘lg forecast and lives received from the aircraft.
monitoring of the current To investigate the correlations between the different
status cloud shapes and icing occurrence, had survived several

o o ) execution in the past. However, even for the same cloud
The icing information is one of the important
o ) o o o shape, because of its different genesis lead to different
intelligence in FIR for aviation official. Current projections ) o ) )

) ) . display characteristics. So, just only using the cloud
technology is not yet very clear, so in current conditions o o
o ) ) ] ) shape observed on the ground for classification statistics,
is primarily for processing according to the information ) )

the result is not satisfactory.

Table 1: The strength of icing

Light Icing - LGT ICE

Deicer can be processed using the degree of icing.

Moderate Icing : MOD ICE

Using common Deicer only showed growth inhibition effect of the icing.
Thus, while the de-icing operation, but the icing will still grow slowly.
Severe Icing : SEV ICE

Even if you execute deicing operations, icing will still rapidly grow.

At this stage, the aircraft will lose air speed and altitude will fall.

Fig 2 is the models with relationship of air pressure patterns and Fig 3: Energy plans to join -8D

icing, many strongly icing occurs in the vicinity of low pressure system examples of line

and frontal, cumulonimbus. Ahead about 500km of the active warm
front, the cloud in this area prone moderate to strong icing occurrence. -1600 hpa
In general, near the center of development low pressure system is also 4700
considered moderate to strongly prone to icing region.

For prediction icing occurrence method, energy diagram -1800
(Emagram) and " -8D method " (Fig. 3 ) is considered to be effective. It <900
is a method for determine whether have supersaturated vapor or not.
In actual forecasts, temperature 0 °C to -20 °C as the standard for the - 1000

wet thickness layer. In case of typhoons based on the level of

development to revise its limits (aviation forecasts Operations Guide).

3. Utilization of satellite imagery

Using satellite imagery to get a grip on characteristics of cloud patterns and cloud type when icing occurs, it is
very effective for the icing forecasts and live monitoring. However, in METSAT transmitter operation formerly made by
the GMS image to be used to grasp the icing occurs. But it is very difficult to get the cloud patterns and cloud type
feature situation, because cannot use a visible image in night. So, investigations are almost impossible to perform.

At present, due the GOES-9 can achieve new 3.9um images (METSAT is 3.7um image ) , plus an image using
infrared images and 3.9um to 3.9um made a difference image , cloud patterns and cloud type features can be parsed.
Combined use of these images and icing reports, surveys from satellite imagery can parse out the possibility of icing
danger zone.

Using the cloud pattern identification chart of differential image and infrared images at night do explain , because

there are discriminated temperature of low layer cloud ( including ground, sea ) is -10 °C or more. While temperature in

79
. Flight Safety Quarterly, Winter 2013



There danger cloud area to aircraft icing occurred

the lower part of middle layer cloud temperature is between -10°C and - 20°C, it means the middle layer cloud in the
likelihood of icing.

From the relationship between cloud thickness of the stratocumulus (water amount 0.1gm-3) and emissivity, as
emissivity 3.7um (3.9um) is small than infrared radiation, then more thick cloud and the difference value becomes
large.

As the 3.7um (3.9um) difference image, the case in water cloud, if it is thin cloud performance due to the small
temperature difference is dark. If it is a thick cloud, temperature difference is large (negative difference) appear whiter.

If a cloud is water cloud, because also fit in the middle layer, so let happen icing cloud area becomes manifested
as white to gray. The cloud top temperature at about -15 °C is most conducive to icing occurring and as the center of
the cloud , using the 3.9um difference image at nigh time to validate this scenario.

To 3.9um differential image, according to observer different clouds (water cloud or ice clouds), the negative value
is performed brighter for water cloud, while the case of ice clouds, the positive value is performed darker. For this
situation by using infrared image to measure the temperature of cloud top to obtain from 0 °C to -20 °C cloud area had
supercooled particles , to parse out the appropriate area of icing .

However, the height of the layers is output products by the Meteorological Satellite Center, because the upper
layer cloud is 400hPa above , the middle layer cloud is 400 ~ 600hPa, 600hPa less is the low layer cloud , so the cloud

of upper, middle and low layer are under discrimination is based on the cloud as a standard to distinguish.

4. Nearby the low pressure system at southern offshore of
Kantou

In 2004, Feb. 10231800UTC nearby the low pressure system at southern offshore of Kantou had a MOD ICE
reported. Location is in the vicinity of Haneda Airport (Figs 6 and 7 icing mark) and altitude is 16,000ft (about 4800m)
and airplane type is a large aircraft .

Fig 4 is 1100UTC Feb., 2004 surface weather chart. In the southern offshore of Kanto, a low pressure system was

moving toward advancing east-southeast.

Fig 4: 2004 on February 11 00UTCsurface weather Fig 5: Tateno same time high-level fact sheet
map

47646 TATENO
{iIE: 365.00NT40.10E W\#%: 31m
2004—-02~11 00U

— WGAR ---- FEAGEDT
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Fig6 : The same time visible image Fig7 :The same time IR cloud analysis diagram

About 40 minutes after an icing report, from 110000UTC visible and infrared images corresponding to the low
pressure system at southern offshore of Kantou, you can see a little development cloud area. Can also be seen implies
disturbances convex upper layer cloud is expensed in the vicinity of Tokyo.

Base from the Emagram temperatures found on the height of the layer in this case.

o Upper layer -33 C less (400hPa above )

o middle layer -25 ~ less than -33 “C (400 ~ 600hPa)

o lower layer for more than -25 ‘C(600hPa less )

As mentioned above, there are reports of icing at Chiba. Upper the region a cloud area are extended, since the
temperature of cloud top is -13 ~ -16 °C, so it is a low layer clouds. Because the high of icing reports almost about
4800m ( about 600hPa) , so refer to the 110000UTC of Tateno senior information humidity ( Fig 5 ) , we can see just
the top of the cloud in the vicinity (-18 C) .

Fig 8 is an infrared image before icing report about 5 hours at the night time on 1018UTC. This image, there is cloud
area nearby icing report dot A, just the cloud top in still developing low pressure system. On 3.9um differential image,
cloud area near A compared with other regions can be seen as white and bright. Try using infrared image brightness
temperature measurements , the A nearby cloud area can be said to be a low layer cloud at-12 °C to -14 C.

Fig 8: 10. Feb.2004 1800UTC infrared image Fig 9: Same time 3.9 # m image

P04 -0Z- 10 1BUTC GOFS

Z004-02-10 1BUTC GOES-TR
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Fig 10: Differential same time 3.9 g m Fig 11: 10. Feb.2004 21UTC infrared image

Fig 13: same time 3.9 ¢ m differential image

Fig 11 to Fig 13 is the 102100UTC infrared, 3.9um and 3.9um differential picture images after an icing report
about 3 hours. Region A of the picture is still expanding from the Boso Peninsula gradually cover the Kantou inner
area. On 3.9um difference image, cloud region A have seen the white area is extended to the West and white

increased. It is said that the convection active is suppressed and higher water stratus cloud in the formation.

Fig 14: 102100UTC Feb. 2004 Infrared images (color Fig 15: 260900UTC Feb. 2004 cloud analysis
to white 0 C ~ -20 C) diagram
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Compare the common stratocumulus between stratocumulus with convection is suppressed, the latter contains
more water and more dangerous for icing. This time in the cloud icing within region A case report, also from the image
been confirmed.

Fig 14 is the temperature of cloud top measured by infrared image and to determine the temperature from 0°C to
-20°C for supercooled cloud particle region of circumstances on 21UTC Feb 10. In the image, you can see the blue
and the white part is just 0°C to -20°C is a supercooled cloud particle region . In the 3.9um differential image can be
seen cloud region A includes the white area ( area including cloud A) is contained in the region .

Summarized:

(1) Icing occurring at the corresponding position is just at the convex near the cloud top of low pressure system (Fig 7).

(2) The 3.9um difference image is represented as a white cloud area and often increases over time , it can be
presumed to occur icing of supercooled cloud area.

(3) Even if the same stratocumulus on infrared image , using 3.9um differential image analysis, increase or decrease in

value from white to distinguish is stratiform clouds or strong convective clouds.

5. The case of disturbances occurring nearby the front

Feb. 26, a new disturbance occurred near the cold front (Fig 15) over southern Ibaraki Prefecture, 2 MOD ICE
was reported.

0825UTC first MOD ICE pass at FL190 (5700m) by medium-sized aircraft and 0828UTC the second MOD ICE
pass at FL130 ( approximately 3900m) the same size aircraft , both decline in the report . Although both occur at
differential fly level, but the same position. In Fig 15 is 09UTC infrared image and the cloud analysis diagram nearby
icing occurs (icing mark) area.

Fig 16 is 2606UTC, Feb. in 2004 surface weather chart, in Hokkaido Abashiri sea had a developing low pressure
system which was moving to the northeast. From this low pressure system to the Kanto region, the cold front is under
development.

Look at the same time visible and infrared images ( Fig 17, 18 ), then the corresponding cold front cloud district in
Hokkaido southeastern maritime although you can parse out , but in the Sanriku sea and Kanto Eastern Sea could not
parse the corresponding fronts cloud band . On Japan Sea have banded convective clouds, it is from this side of the
east Hokuriku to North Kantou, then to the south part of Northeast region. There is another in Ibaraki Prefecture sea

can also resolve the convex upper clouds.

Fig 16: 260600UTC Feb. 2004 Surface weather Fig 17: 260600UTC Feb. 2004 visible image
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Fig 19 and Fig 20 are the marked an icing token (near south Ibaraki) on the 09UTC infrared image and 3.9um
differential image. Icing is happening near the hook of the southwestern part in the triangular shape cloud area. On
infrared images a cloud region(C) from the north Kantou to southern part of northeast. lts height of cloud top still rise,
while also expanding area is forming a perturbation of cloud systems. In surface weather chart, this is just the western
end of the cold front. The cloud area in the 3.9um difference image is displayed as gray as the main cloud area; we
can see is a multilayer structure cloud area. Moreover, the southern region in the cloud can resolve the convective
columns. Also the radar echo is observed a general (Fig 21) .

Fig 18: 260600UTC Feb. 2004Infrared image Fig 19: 260900UTC Feb. 2004Infrared image mage
Infrared image

] Ty
Sep A

Fig 20: 260900UTC Feb. in2004 263.9 ¢ m Fig 21: 260900UTC Feb. in2004 radar composite
differential image image

-

The 2612UTC high level data of Tateno (Fig 22), about 500hPa have a clearly stabilized layer, but can resolve the
velocity shear. First turbulence report, the height of occurrence is about 5700m (500hPa), therefor the position of
turbulence is considered to be slightly higher than the stable layer.

And the same as the previous case by Emma diagram to define the temperature layers to this case is

o Upper layer  -33 °C less (400hPa above )

o middle layer  under -24 °C to -33 C (400 ~ 600hPa)

o low layer more than -24 “C (600hPa less )
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Fig 22: 261200UTC Feb.2004 Tateno live Fig 23:260900UTC Feb. 2004 infrared images
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Fig 24: 260900UTC Feb. 2004 brightness
temperature chart
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Calculate the brightness temperature of the cloud (C), the temperature about -25 “C just a middle layer cloud. As
the temperature field of icing, compared to so far say to be slightly lower. Also, in second report the occurrence level is
about 3900m (680hPa) and its temperature is about -16 °C( just in low layer clouds) ,so icing occurs at a lower level
than stable layer .

From the infrared images to resolve this cloud area, you can parse out the low layer cloud as the main body and
mixed with middle and upper layer clouds. To 3.9um differential image, can be seen as cloud area with slightly point.

Fig 24 is a brightness temperature chart for cloud area of icing (Fig 23 square -shaped region). Note cloud area
represents by arrow A, its temperature of cloud top is -10° C to -16°C and you can parse out the low layer cloud as the
main body. Even high level data, under 500hPa has a clearly stable layer and extended to stratiform cloud.

In 3.9um differential image, the cloud area are represented by D with white color, we can see tulle -like surface
and smooth stratiform water cloud.

This main body is a stratus water cloud, although contain the icing cloud area and a series of cloud systems, but
location of icing occurrence area is in the vicinity of the hook and a part of convective activity. This situation can be

said to be near the middle layer of convective cloud is a supercooled cloud area.
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On infrared image (Fig 25), the upper trough had Fig 26:2004 years February 26 12UTC 3.9t m
passed through, and convective activity of ice clouds difference image
area is weakening. From 3.9um difference image, point-
like condition is disappears and you can see white tulle
as the main form of low layer clouds. This situation and
the case before the same cloud convection zone are
suppressed, which means the with more water stratiform
clouds is forming. In ordinary stratocumulus and
stratocumulus with convection is suppressed, the latter
have more cloud water, the risk of icing becomes higher.

From the above, let 09UTC happen icing cloud

area, was presumably supercooled cloud area.

Summarized:

(1)Occurred icing cloud area is near the hook region in front of the trough (Fig 15).
(2)The middle layer of icing cloud area appears a stable layer formed clearly.
While the eastern part in the cloud area, stratiform middle and low layer cloud are expanding.
(3)In eastern side of extended cloud area, the middle and low layer cloud at 3.9um differential image show up as

white, while the icing occurs in supercooled cloud area.

6. The Case near Typhoon

October 25 in Japan, on the southern sea of Japan had Typhoon No. 0317 moving to the northeast direction, its
expansion to the north east of middle layer clouds as the main body, at 0830UTC when MOD ICE reported. This
location just in Tokyo and Kanagawa Prefecture near the border (Fig 29 icing mark ), height of FL200 (6000m) model is
rising in the medium-sized aircraft .

Fig 28 is October 250600UTC surface weather chart. In Japan’s south, a typhoon No. 0317 is moving to
northeast. Moreover, a low pressure in the northern SEA OF JAPAN and a cold front extending to the west of SEA OF
JAPAN.

Fig 27: 250600UTC Oct. 2003 Infrared image Fig 28: 250600UTC Oct. 2003 surface weather
analysis diagram cloud chart

Flight Safety Quarterly, Winter 2013 m



There danger cloud area to aircraft icing occurred

Fig 29 to Fig 31 is an enlarged graph of 0900UTC typhoon surrounding, the position with icing notation. There is
cloud area of icing reported near county boundaries, known as middle layer clouds by the infrared brightness of the
image. To the northeast region from the Kinki region, is covered with cirrus. Moreover, on the east sea of Japan in
typhoon north, the middle clouds are expanding.

To 3.9um image, the removal of a thin upper cloud, then the middle and lower layer cloud areas become clearer.

In 3.9um differential image, you can see near the center of the typhoon represent active cumulonimbus clouds
dotted black and white mixed zone. Moreover , typhoons in the south and the accompanying thin cirrus clouds upper
zone is black areas , from the Noto Peninsula extends to near the island of Sado , Aomori Prefecture Oriental sea .

Coverage in the Northeast region is the gray cloud, and thick clouds of a multi-layer structure area .

Fig 29: 250900UTC Oct. 2003 Infrared image Fig 30: 2509UTC Oct. 2003 3.9 £ m image

Fig 31: 250900UTC Oct. 2003 3.9 #m differential Fig 32: 251200UTC Oct. 2003 Tateno senior live
image
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The icing area ( dotted line ) in 3.9um differential image is represented as grey-white and fine dots . Brightness
temperature of this area is about -22 “C. Due to middle layer was supercooling, so presumably with icing occurs.

Moreover, C represents a lower layer cloud zone than a cloud area represented by B, appears as a thin gray
slightly. Brightness temperature is 5 °C to 8 °C,so it is a low layer cloud area.

2512UTC the high level data of Tateno information (Fig 32), between the 500 to 400hPa had a stable layer. From

this stable layer up to 300hPa became wet. From this situation, the cloud region from the sea of east Japan to Kantou
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was the middle layer cloud and upper layer cloud as the main body. However , from Tateno upper layer condition can
be presumed the temperatures of occurrence icing height FL200 (near 6000m : 500hPa height field about 5700m) to
be about -15 C.

Summarized:

(1) In this icing case, icing is happening in front of the typhoon and the mid layer and low layer cloud as the main

cloud zone. In difference 3.9um image, stratiform cloud area is represented as a gray.

7. All cases are summarized

Concerning all the icing cases summarized as the following description, but still in the investigation stage. Also,
because to take into account the situation at even if a suit condition cloud but not icing occur, so here is reported icing
cloud area as a reference, from satellite imagery analysis shows there is such a cloud area characteristics to serve as
the main body of the report.

(1)At 3.9um differential image, nearby the bright white cloud area could occurred icing.

(2)At 3.9um differential image , the gray clouds area is the middle layer and low layer clouds as the main cloud
area. To determine the cloud area is water cloud or ice cloud, it necessary obtained the information of brightness
temperature (the standard is-20 °C) from infrared image.

(3)From the case point of view, the icing report is the icing occurs in stratiform clouds. This situation can be
represented as in Fig 2, icing possible occurs in stratiform clouds as the main cloud near the disturbance and the front.

(4)To 3.9um differential image , the cloud area have two or three layers structure in multi- zone ( the structure is
high )became very cold and cloud area look like a mix with point noise. However in this investigation of each case , in
the two-layer structure which the low layer is the stratiform cloud the situation, see the noise. When the low layer cloud
is a convective cloud (Cb and Cg), if clouds district is mixed noise, then need to consider the risk of icing conditions. At
the same time must pay attention this situation and refer to the infrared image brightness temperature intelligence. It is
necessary to resolve is stratiform cloud or convective cloud.

However, when disturbance is occurs in near the low pressure system or the front surface of the case. During the
mixed noise cloud area (convective clouds) is changing color to white cloud area (stratiform), the icing will be occurred.

Stratocumulus (Sc) formed on the oceans in the cold period (October to March), due to the stable layer on the
upper layer, so that convective clouds appear to be suppressed situation. Therefore, when the cloud is formation, the

vertical displacement of the air block is very large and because the cloud water is also more than stratocumulus, it is

necessary to pay attention to. =
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