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Executive Summary

This ABI Cloud Phase Algorithm determines the cloud top (layer that the
radiometer senses) thermodynamic phase of the highest cloud layer.

The cloud phase output is a subset of a more detailed cloud classification
produced by the GOES-R Cloud Type Algorithm

A unique infrared cloud classification scheme is used to determine the cloud type
CALIPSO validation tools have been developed and applied to a SEVIRI data set

The CALIPSO based validation indicates that the cloud phase and cloud type
algorithms comfortably meet the F&PS specification

Version 5 and the 100% ATBD will be delivered in June




Algorithm Description




Algorithm Output (cloud type)

Category

Description

Clear

Clear cloud mask output

Spare

Spare category

Liquid Water

Liquid water cloud with an 11 um brightness
temperature > 273 K

Supercooled
Water

Liquid water cloud with an 11 um brightness
temperature < 273 K

Mixed Phase

High probability of containing both ice and liquid
water near cloud top

Optically Thick Ice

Ice topped cloud that is opaque/near-opaque in
the infrared (infrared optical depth greater than
about 1.0)

Optically Thin Ice

Ice clouds that are optically thin in the infrared
(infrared optical depth of about 1.0 or less)

Multilayered Ice

Semi-transparent ice cloud overlapping a lower,
opaque cloud layer
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Algorithm Output (cloud phase)

Clear Clear cloud mask output

Liquid Water Liquid water cloud with an 11 um 1
brightness temperature > 273 K

Supercooled Water Liquid water cloud with an 11 um
brightness temperature < 273 K

Mixed Phase High probability of containing both ice and | 3
liquid water near cloud top

Ice All ice topped clouds



Algorithm Summary

e ABI channels used: 10, 11, 14, and 15

o Effective absorption optical depth ratios (p-ratios) are
used to determine cloud type (liquid water, supercooled
liquid water, mixed phase, opaque ice, semi-transparent
iIce, and multilayered clouds).

e The cloud phase (liquid water, supercooled liquid water,
mixed phase, and ice) is determined from the cloud type
output (ice = opaque ice, semi-transparent ice, and
multilayered clouds).




*As in Pavolonis (2010), effective absorption optical depth ratios (B-
ratios) are used to infer cloud microphysical information.
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Cloud Type/Phase Processing
Schematic

INPUT: ABI and ancillary data

Cloudy Pixel Clear Type

Yes
s

i iviti g Minimum Radiative Ice Cloud .
Compute clouorlae;irgssswnles and B
No

e

Multilayered Multilayered Mixed Phase :
Compute gradient filter " No
0

Supercooled
Homogeneous Water Slm&;ctggled
Freezing Ice Criteria

. - Cloud Criteria Optically Thin Ice
Apply logical tests to determine cloud type Cloud criteria

No
B(8.5/11um)
Ice Cloud Criteria

No

Liquid Water

Apply median filter to cloud type

Determine cloud phase from cloud type
and output both




Algorithm Results

Full disk cloud type results

GEQCAT_0.50 Meteosat—8 2005—11-25 12:00:00 GEOCAT_0.50 Meteosat—8 2005—11-25 12:00:00
Cloud Type

RGB(0.65/1.6/11 g or 3.75,/11/11 pm)

Water, Supercooled Water, , Thick Ice, , Multilayered =




Algorithm Results

Full disk cloud phase results

BEOCAT .50 Meteosat—08 2005-11-25 12:00:00 GEQGATD.50 Meteosat—8 2005—-11-25 12:00:00
RGB(0.65/1.6/11 g or 3.75,/11/11 pm)

Metaosot—

catl 1. Meteoso

Water, Supercooled Water, : =




Algorithm Changes from
80% to 100%

e Adjusted 7.3 um thresholds based on clear

sky weighting function (MODIS testing
revealed the need for this).

e Other small threshold adjustments.

o Metadata output added.

e Quality flags standardized.




ADEB and IV&V Response
Summary

e All ATBD errors and clarification requests have
been addressed.

e No feedback required substantive modifications
to the approach.
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Requirements
Cloud Type
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Requirements
Cloud Type
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Requirements
Cloud Type
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Cloud Type

Day and night

Quantitative out to at least
65 degrees LZA and
qualitative beyond

In presence of limited clouds
with optical depths between
2.0 and 60 (day)

Over specified
geographic area

Cloud Type

Day and night

Quantitative out to at least
65 degrees LZA and
qualitative beyond

In presence of limited clouds
with optical depth between
2.0 and 60 (day)

Over specified
geographic area

Cloud Type

C
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Day and night

Quantitative out to at least
65 degrees LZA and
qualitative beyond

In presence of limited clouds
with optical depth between
2.0 and 60 (day)

Over specified
geographic area




Validation Approach




Validation Approach

While CALIOP provides an unprecedented view of clouds, it does not provide a
direct measurement of cloud phase. Cloud phase must be retrieved.

Thus, we decided to focus on using the CALIOP cloud boundaries along with
NWP temperature profiles to identify clouds which have a cloud top temperature
less than 233 K (definite ice clouds) and clouds which have a cloud top
temperature greater than 273 K (definite water clouds).

Fundamental thermodynamic and cloud physics theory dictates that liquid water
is exceedingly unlikely at temperatures less than 233 K and ice is not possible at
temperatures greater than 273 K.

In addition, aircraft measurements have shown that liquid water dominates at
temperatures of 268 K and higher, while ice dominates at temperatures of 238 K
and smaller (Korolev et al., 2003), so our “definite” liquid water and ice cloud
categories can be expanded.

The mixed phase category has been eliminated from the CALIPSO cloud phase
product, thus it cannot be used to validate potentially mixed phase clouds. A new
version of the CALIPSO cloud products will be available for our validation period
soon. When it is we will re-generate the validation.

***In our validation analysis, we doe NOT invoke the minimum cloud optical
depth qualifier.
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Performance Estimates

August 2, 2006 14:00 (day)

- Supercooled Water CICC all-micren emissivity (see colorbar)
e Liquid Waoter

CALIPSO phase mask and

GOES-R cloud typing
results



Performance Estimates

August 2, 2006 14:00 (day)
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Performance Estimates

August 2, 2006 14:00 (day)

« Supercocled Woter e Thick I I¢ all—micron emissivity {see colorbary
e Liquid Waoter

Some of the very
CALIPSO phase mask and se=+273-- thin (OD < 0.3) cirrus

GOES-R cloud typing ™ clouds are missed.
results "



Validation Results




Category

CALIPSO Count

ABI Phase Count

Percent
Agree

Percent
Disagree

Liquid Water/
Supercooled
water

4870

4711

96.74%

3.45%

Potentially Mixed
Phase

?%

?%

Ice Phase

82.95%

17.05%

Total

Category

CALIPSO Count

ABI Phase Count

89.46%

Percent
Agree

10.54%

Percent
Disagree

Liquid Water/
Supercooled
water

6556

6365

97.09%

2.91%

Potentially Mixed
Phase

?%

?%

Ice Phase

86.22%

13.78%

Total

92.05%




The error in classifying potentially mixed phase clouds

can be as large as 72% and the cloud phase algorithm
will still meet the 20% error specification.

January
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T T - T T T T T T - T T T T T T T T T . T T T . T T T T T T R T T

Total Cloud Phase Error — Total Cloud Phase Error
== fMaximum Allowed Error : ===== Maximum Allowed: Error
: i ==== YWater + lce Error

[7]

Error

Total Cloud Phase Error [%]

Total Cloud Phase




Category

CALIPSO Count

ABI| Phase Count

Percent Agree

Percent Disagree

Liquid Water/
Supercooled water

4870

4711

96.74%

3.45%

Potentially Mixed
Phase

?%

?%

Optically Thick Ice

94.37%

5.63%

Optically Thin Ice

61.71%

38.29%

Multilayered Ice

33.44%

66.56%

Total

Category

CALIPSO Count

ABI| Phase Count

75.14%

Percent Agree

24.86%

Percent Disagree

Liquid Water/
Supercooled water

6556

6365

97.09%

2.91%

Potentially Mixed
Phase

?%

?%

Optically Thick Ice

96.06%

3.94%

Optically Thin Ice

69.61%

30.39%

Multilayered Ice

26.20%

Total

78.10%

73.80%
21.90%




The error in classifying potentially mixed phase clouds

can be as large as 100% and the cloud type algorithm
will still meet the 40% error specification.
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Cloud Phase/Type Inter-comparisons

Cloud Phase Comparison

MYDO6 NIR MYDO6 IR

Wl¢ete]

Unecertam

ST

Multilayered Cloud Detection Comparison

MYDO6 NIR

ViditiiayerCount 5150} ~ 1&) 75027

(F4.59%)




Summary

e The ABI Cloud Phase/Type Algorithm provides a unique IR-
only solution that utilizes the new capabilities offered by the
ABI

e Version 5 and the 100% ATBD will be delivered soon.

e These products meet the specifications and are proving
useful to downstream applications (cloud height, fog, cloud
optical properties, icing)

e \We will now focus on developing deep dive validation tools.
34
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