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Red: Visible reflectance

Green: 3.7 um reflectance

Blue: 11 um temperature
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Ship Track Formation
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Ship Track Formation
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Red: Visible reflectance

Green: 3.7 um reflectance

Blue: 11 um temperature
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W~0.75 g m-3
1 r,~10.5 ym




How can we detect from space the size of microscopic
cloud particles?
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Wave Length [um]

Channel 4, 3.9 um, absorbs even more solar radiation than Channel 3, 1.6 um.
Ice absorbs more strongly than water at 3.9 um.
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Planck blackbody radiance curves

SEVIRI
CHANNELS:
IR3.9 um

Signal in IR3.9 channel
comes from reflected
solar and emitted
thermal radiation.

For best results the
thermal emission should
be subtracted from the
3.9 um radiance.



Scattering occurs on the

drop surface, ~ radius? Infra-Red
solar radiation

Absorption occurs inside
The drop volume,

~ radius®
l' Net reflectance
// -, ~Scattering / Absorption
¢/ 7/ ~ radius® / radius®
7 X = 1/radius
9,0'
~ T |
Definition of Reflectance ~ Radius

Effective Radius (r.)
of cloud droplets:
Sum of volumes / sum of surface areas

of the droplets in the measured cloud volume

cloud droplet






Hyderabad | CCN,, = 2500 cm CCN, g = 200 cm-3
26.9.2010 ¢ Max cloud drops = 600 cm= |4 .led Max cloud drops = 120 cm3
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Cloud drop r, [um]

The relation between r, and depth cloud depth above its base (D) is

Muniquely related to CCN. D-r, relations can be used for retrieving CCN.
Rosenfeld and Woodley, CAIPEEX-2 Final report to [ITM.



MODIS Airborne Slmulator L1B
02-954-06

26 Jul 2002
18:44 GMT

Caribbean Sea
Flight level 20 km

Resolution'’50 m at/NADIR
Swath + 45, With=57 km

Red: 0.63 um

Blue: 2.11/2.21 um
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Cloud top temperature, °C
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Convective clouds can be characterized by three cloud
top properties that can be detected by satellites and
represented by respective three RGB components:

1. Temperature, lower for higher  Glaciation
Postponed
tops;

2. Visible brightness, reflecting
more solar radiation for thicker
clouds with more water and ice:
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3. Cloud particle size and phase
(water or ice), having larger —
drops for clouds with greater ol
depth. Drops appear larger when i
freezing at temperatures that can
range between 0 and -38°C.

Clean




Q: What would be the RGB color of the low part of the cloud?

‘1. Temperature, lower for higher Glaciation
Postponed

tops;

more solar radiation for thicker

‘2. Visible brightness, reflecting
clouds with more water and ice;

Polluted

3. Cloud particle size and phase
(water or ice), having larger —
drops for clouds with greater ol
depth. Drops appear larger when i
freezing at temperatures that can
range between 0 and -38°C.

Clean




Q: What would be the RGB color of the low part of the cloud?
A: High T +Visibly Bright ll+Small Drops [ =

=

Temperature, lower for higher »  Glaciation
tops;

. Visible brightness, reflecting
more solar radiation for thicker
clouds with more water and ice:

.
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3. Cloud particle size and phase
(water or ice), having larger
drops for clouds with greater
depth. Drops appear larger when
freezing at temperatures that can
range between 0 and -38°C.

N

Glaciation
510 -10C

Clean




Cloud drops must be large for coalescing into rain drops!
Q: What color would be a cool cloud with small drops?

1. Temperature, lower for higher
tops;

2. Visible brightness, reflecting
more solar radiation for thicker
clouds with more water and ice:

(water or ice), having larger
drops for clouds with greater
depth. Drops appear larger when
freezing at temperatures that can
range between 0 and -38°C.

13. Cloud particle size and phase
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(Glaciation
Postponed

100 35

Glaciation
510 -10C




Cloud drops must be large for coalescing into rain drops!
Q: What color would be a cool cloud with small drops?
A: Medium T.+Visib|y Bright Bl-+sSmall Drops ] =

1. Temperature, lower for higher  Glaciation
Postponed
tops;

10 to -35C

2. Visible brightness, reflecting
more solar radiation for thicker
clouds with more water and ice:
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(water or ice), having larger
drops for clouds with greater
depth. Drops appear larger when
freezing at temperatures that can
range between 0 and -38°C.

13. Cloud particle size and phase

Glaciation
510 -10C

Clean




Cloud drops must be large for coalescing into rain drops!
Q: What color would be a cool cloud with large drops’7
A: Medium T.+V|S|bly Bright .+Large Drops| | =

1. Temperature, lower for higher | Glaciation
Postponed
tops;

-10 to -35C

2. Visible brightness, reflecting
more solar radiation for thicker
clouds with more water and ice:

-
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(water or ice), having larger
drops for clouds with greater
depth. Drops appear larger when
freezing at temperatures that can
range between 0 and -38°C.

Glaciation
Htn-10C

13. Cloud particle size and phase

Clean




Cloud drops must be large for coalescing into rain drops!
Q: What color would be a cool cloud with large drops?
A: Medium T [l+Visibly Bright ll+Large Drops |l =

1. Temperature, lower for higher - Glaciation
Postponed
tops;

100 -85

2. Visible brightness, reflecting
more solar radiation for thicker
clouds with more water and ice:

Polluted

(water or ice), having larger
drops for clouds with greater
depth. Drops appear larger when
freezing at temperatures that can
range between 0 and -38°C.

13. Cloud particle size and phase

Glaciation
Sin =10C

Clean







Why?
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. Al ltis raining in B, because the cloud drops are large.

' Q: Is it raining ITA? and B? Why?

— A: Not raining in A, because the cloud drops are small.
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How can we distinguish between water and ice cloud?




Eeroeron process
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Large ice crystal collects small supercooled cloud drops?



Satellite measurements of
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Cloud particle effective radius, um
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The general view of the dry ice-seeded racetrack pattern in supercooled cloud layer
37 minutes after the start of the seeding and 24 minutes after the end of the
seeding. The cloud layer extended between 4500 and 6800 feet over Utica, New
York, with top temperature of -5.6C.The picture was taken at 24 November 1948
15:21 from an altitude of 17,630 feet. (From Langmuir,1961).




Daniel Rosenfeld, Xing Yu and Jin Dai, 2005: Satellite retrieved
microstructure of Agl seeding tracks in supercooled layer
clouds. Journal of Applied Meteorology, 44, 760-767




2003/12/19 10:27 CHO4 A3.9
Cold cloud with small supercooled drops:
Low T.+V|S|bly Bright .+Sma|| Drops []=[]




003/12/19 10:27

Cold cloud with small supercooled drops

Low T ] +Visibly Bright [lll+Small Drops

Cold cloud with large ice crystals:
Low T.+V|S|bly Bright [+Large Ice .
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Q: What color would be atop of a CB with large ice crystals?

1. Temperature, lower for higher Bl )  Glaciation
p Postponed
tops;

2. Visible brightness, reflecting
more solar radiation for thicker
clouds with more water and ice:

=
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3. Cloud particle size and phase
(water or ice), having larger —
drops for clouds with greater ol
depth. Drops appear larger when b
freezing at temperatures that can
range between 0 and -38°C.

Clean




Q: What color would be atop of a CB with large ice crystals?
A: Low T [J|+Visibly Bright lllt+Large lce ll= [l

Temperature, lower for higher | Glaciation

tops;

=

. Visible brightness, reflecting
more solar radiation for thicker
clouds with more water and ice:

Polluted

3. Cloud particle size and phase
(water or ice), having larger
drops for clouds with greater
depth. Drops appear larger when
freezing at temperatures that can
range between 0 and -38°C.

N

Glaciation
Htn-10C

Clean




Composition of thunderstorm clouds
Ice
‘ High red. Visible bright cloud: Large 0.6 um reflectance

Low green. Large ice particles: Small 1.6 or 3.9 um reflectance
Low blue. Cold. Low 10.8 um temperature.

Mixed phase
Q High red. Visible bright cloud: Large 0.6 um reflectance

Medium green. Mix of ice and drops: Medium 1.6 or 3.9 um reflectance
Medium blue. Cool. Medium 10.8 um temperature.

Water

High red. Visible bright cloud: Large 0.6 um reflectance
Q High green. Small drops: High 1.6 or 3.9 um reflectance
High blue. Warm. High 10.8 um temperature.

Slide 43



Severe convective storms and cloud electrification
Cont, Weak updraft

— A. Cont, Weak updraft
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After: Rosenfeld et al., JAMC 2008

Updraft

* Cloud droplets
O Rain drop

O Ice precipitation
@ Icecrystal



Severe convective storms and cloud electrification
Cont, Moderate updraft

— A. Cont, Weak updraft
= B. Cont, Moderate updraft
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After: Rosenfeld et al., JAMC 2008

* Cloud droplets
O Rain drop

O Ice precipitation
@ Icecrystal

Updraft



Severe convective storms and cloud electrification

— A, Cont, Weak updraft
- B. Cont, Moderate updraft
— ., Cont, 3trong updraft

Cont, Strong updraft
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After: Rosenfeld et al., JAMC 2008

Updraft

* Cloud droplets
O Rain drop

O Ice precipitation
@ Icecrystal



Severe convective storms and cloud electrification

— A. Cont, Weak updraft
— B. Cont, Moderate updraft
— ., Cont, 5trong updraft
— [. Cont, Severe updraft

Cont, Severe updraft
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Severe convective storms and cloud electrification

— A, Cont, Weak updraft

— B. Cont, Moderate updr.
— . Cont, 5trong updraft
— [. Cont, Severe updraft

= E. Cont, Extreme updraft
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Cont, Extreme updraft
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Composition of severe thunderstorms

dDle bright cloud: Large 0.6 um reflectanCe
green. Small ice particles: Medium 1.6 or 3.9 um

OW blue. Cold. Low 10.8 um temperature.
Highly supercooled water: Sever icing

High red. Visible bright cloud: Large 0.6 um reflectance
High green. Small water drops: High 1.6 or 3.9 um
lectance

mblue. Cool. Medium 10.8 um temperature.

Water

High red. Visible bright cloud: Large 0.6 um reflectance
High green. Small water drops: High 1.6 or 3.9 um
reflectance

High blue. Warm. High 10.8 um temperature.
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Animation 1/3 1 | ,rue warm ice

2.Large cold ice
3.Small cold ice
4.Small cold water
5.Large warm
water

The violently
growing Cb

cells are
characterized by
small particles
at their tops.

Zambia & Zaire:
2003 09 07 11:57

0.8 um

10.8 pm



Animation 2/3 1| ;e warm ice

2.Large cold ice
Z . - | 3.Small cold ice
M : - ' 4.Small cold water
8 5.Large warm
water

The violently
growing Cb

cells are
5 3 characterized by
s 7 small particles
\ ., kot at their tops.

Zambia & Zaire:
20030907 12:12

0.8 um

Slide 52 § 10.8 Hm



Animation 3/3 1| 56 warm ice

2.Large cold ice
2 3.Small cold ice
Nih ! 4.Small cold water
¥ 5.Large warm
water

The violently
growing Cb

) cells are

5 ' . | characterized by
; small particles
at their tops.

Zambia & Zaire:
20030907 12:27

0.8 um

Slide 53 | 108 um



B 2011-06-1d 18:50:33

Eurdpean Severe -
Weather Database
www.eswd .eu.
=]

] From the European Severe ¥ eather Database, 30/5/2005 (day tim.e). _
' - http:/lwivw.essl.org/ESWD/ : '_ i e '

_veln: severe wind gusts, green: large hail, hle: heawy rain,
white: funnel cloud, pink: gustnado, orange: dust dewil

DEFINITIONS
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3.9-10.8 um MSG 2005 05 30 12:00

1.6-0.6 pm



005/05/30 13:00 CHO4 3.9-CHO9 10.8
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3.9-10.8 um MSG 2005 05 30 13:00

1.6-0.6 pm
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3.9-10.8 pm

1.6-0.6 um



Animation 1/3| 1.Large warm

ice
5 2.Large cold ice
3.Small cold ice
y) 4.Small cold
water
5.Large warm
water

4 Hurricane
Isabel

2003 09 07 11:57

Slide 58 10.8 pm



Animation 2/3 | 1.Large warm

ice
5 2.Large cold ice
3.Small cold ice
2 4.Small cold
water
5.Large warm
water

4 Hurricane
Isabel

2003 09 07 12:12

Slide 59 10.8 pm



Animation 3/3 | 1.Large warm

ice
5 2.Large cold ice
3.Small cold ice
2 4.Small cold
water
5.Large warm
water

4 Hurricane
Isabel

2003 09 07 12:27

Slide 60 10.8 pm



NIGHT-TIME

The data rendering is done to maximize the similarity between
day and night color interpretation of clouds, using RGB
composite for the following cloud properties:

Red: Cloud depth and amount of cloud water and ice.
Day: Visible reflectance at 0.6 um.
Night: Optical depth, approximated by 12.0-10.8 um channels.

Green: Cloud particle size and phase.
Day: Approximated by 3.9 um solar reflectance component.
Night: Approximated by 10.8 —3.9 um brightness temperature.

Blue: Temperature is provided by 10.8 um day and night.
Slide 62
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2003/12/19 10:27
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CHOS 10,8-CHO7 8.7
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12.0-10.8 pm
10.8-8.7 um
10.8 um
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12.0-10.8 um

10.8-8.7 um
10.8 um




2003712719 10:42 ; . f CHO9 10,8-CHO7 8.7

Animation 2/9
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12.0-10.8 u
10.8-8.7 um
10.8 um




2003/12/19 10:57 1 1 V : : L CHOS 10,8-CHO7 8.7

Animation 3/9

10.8-8.7 um
10.8 um




2003712719 11:12 I 1 10, E il 12, CHOS 10,8-CHO7 8.7

Animation 4/9

12.0-10.8 um
10.8-8.7 um
10.8 um




2003/12/19 11:27 1 : . : il L] CHOS 10,8-CHO7 8.7

Animation 5/9

12.0-10.8 pm
10.8-8.7 um
10.8 um




2003712719 11:42 3 | 3 il » CHO9 10,8-CHO7 8.7

Animation 6/9

12.0-10.8 um
10.8-8.7 um
10.8 um




2003/12/19 11:57 1 i 10, E ' CHOS 10,8-CHO7 8.7

Animation 7/9

12.0-10.8 um
10.8-8.7 um
10.8 um




2003712719 12:12 | ' | ; 10 1 CHO9 10,8-CHO7 8.7

Animation 8/9

12.0-10.8 pum
10.8-8.7 um
10.8 um
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Animation 9/9

12.0-10.8 um
10.8-8.7 um

10.8 um
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10.81 Gamma=1, T=-50 - ZQ | 2003 12 19 10:27

r"‘ Animation 1/9
; :t,“ ; v | L Cb
2n'S 4 i 2:Cu
/ 3 3: Water, th!ck
4: \Water, thin
| 5: Nimbus, thick
o o) 6: Cirrus, thick
3 7: Cirrus, medium
8: Cirrus, thin

; : e - Note the glaciation
IR 12.0-10.8 10.8 um IR 10.8-12.0 Gamma=3, T=-5-0 front propagating

G 7 P -~ - = N T PTTIE A o I

K 8 - S S At S southward between

RS W e T2 Nt e | points 5 and 3, at the

i -32°C isotherm.

, ; Thick and convective
clouds are dark in
T(10.8-12.0 um).

Please follow the
lifecycle of convective
clouds (1) and high
clouds (6, 7).



Summary

The MSG has advanced our ability to identify cloud properties, composition,
dynamics and precipitation, by using the MSG enhancements in spectral bands,
spatial and time resolution.

This makes it possible for the duty forecaster to diagnose and nowcast a
selection of phenomena, such as:

*Fog, by detecting warm layer clouds with small drops.

Drizzle, by identifying thin clouds with large drops.

*Rain clouds, by thick clouds with tops of ice or large drops.

Intense convective storms, by cold tops with small ice particles, and rate of
expansion of the anvils.

Dissipating convective storms, by warming and thinning of the glaciated tops.
Multi-layer clouds, by renewed small particles in the base of each higher layer.
Supercooled water clouds with icing aviation hazard, by small particles of
clouds with top temperatures of 0°C<T<-30°C.

*Thin clouds, by large brightness temperature differences.

Slide 80
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What is the feature indicated by the red arrows ?

- High level Cirrus clouds of a jet stream
- Low level fog or stratus

- Mid level supercooled water clouds

UK



Solution:

Mid level supercooled water clouds: The high green componen
Indicates high reflection in the IR3.9 channel, thus most likely ¢
water cloud. So we can exclude high level Cirrus clouds. The
cloud does not have a strong blue component, i.e. it is relatively
cold (-10 to — 20 degrees Celsius).




