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MODIS Cloud Phase Discrimination (Introduction) :

Why is it important to continue improving the cloud phase discrimination ?

m cloud and climate modelling

m cloud remote sensing.

Why is it important for cloud
remote sensing ?

imaginary part of the refactive index

< (fig) different optical

o5 10 15

75
A(pm)

Imaginary part of the refractive index for liquid properties between ice and

and ice particles liquid particles

= Strong impact on the
MODO06 product.

Spherical vs. non spherical particles

= Cloud Phase is an important first step for the MODIS cloud optical product.
& r9Hal
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How cloud phase pixel classification works in C6 :
New Cloud Phase Discrimination Algorithm (No longer use cloud mask tests)

MODIS C6 cloud phase algorithm is based on

m C6 1km Cloud Top Temperature,

m C6 1km Cloud Phase Infrared [Baum et al. (2012)] ,
m a 1.38 um reflectance test,

m and 3 Cloud Effective Radius tests.

Discrimination of the Ice Re

2500 versus Caliop Cloud phase
T

- Re retrieval at 1.6 um
- Re retrieval at 2.1 um
- Re retrieval at 3.7 um

Em Caliop Ice Phase
Caliop Liquid Phase
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< (fig) C5 SWIR reflectance
ratio tests are replaced by Re
tests (using the new lce LUT
model). (see also : Bob Holz
et al. talk)
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Cloudy Pixel Populations Differences (C6 vs C5) :

Is the cloud phase reported for the same pixel population as C57

MODIS Pixel

Cloud Mask
MOD/MYD35

b
(CSR O) ((ch_Rplie:lgs) (CSRSIHZOE("SHVY
(cmun Phase (Cloud Phase>
Discrimination Discrimination
loud Optical

Products
Retrieval

Clear Pixel

Cloud Optical
Products
MOD/MYDO06

loud Optical
Products
Retrieval

m C5 : cloud phase discrimination are reported only when CSR = 0

m C6 : cloud phase discrimination are reported when CSR = 0,1,3

m CSR (Clear Sky Restoral) algorithm has been improved for C6
(see Kerry Meyer's presentation on Thursday)

%> What are the differences between MODIS C5 and C6 at a granule level ?

5
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Broken Clouds : RGB image (2007-219-2010)

=
MYD021KM.A2007219.2010.006,2012077031102.hdf
Aqua MODIS 1B Image, R mposite - L1B_RGB

Granule Scale

GESTAR = Example of Broken Clouds (What is the differences bet-
S ¢ ween MODIS C5 and C6 Cloud Phase?)
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Broken Clouds : mobIs c5

MYDOB_L2.A: 9,2010.051,200909
Aqua MODIS Cloud_Phase_Optical_Proper

Undetorminod

M06SDS_cpop.jpg

= MODIS C5 Shortcomings : False Ice cloud phase discri-
mination for broken clouds.

Colorscale :

m Dark Blue :
Liquid Clouds

m Light Blue :
Ice Clouds

m Yellow :
Undet. Clouds

m Light Grey :
Clear Sky or
CSR=1,2,3



@ 03/04/2014 7 de 18

Plan
Broken Clouds : moDIs c6
MYDOS_L2 2 2010.006.hdf
Aqua MODIS Cloud_Phase_Optical_Properties - M08SDS
Colorscale :
Granule Scale uncetominod = Dark Blue -
Liquid Clouds
m Light Blue :
Ice Clouds
m Yellow :
Undet. Clouds
m Light Grey :
Clear Sky or
CSR=2
MOBSDS_cpop.jpg
A R = MODIS C6 : globally a better cloud phase discrimination
GEST y for broken clouds
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Ice Clouds : RGB image (2008-015-1435)

MYDD21KM.A2008015.1435,006.2012066 180438, helf
mposite - L1B_RGB

Granule Scale

L1B_rgbjpg

MODIS C5 and C6 Cloud Phase ?)

= Example for Ice Clouds (What is the differences between
GESTAR P (
>
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Ice Clouds : moDIS C5

MYDO6_L2 A2008015.1435.051,2009107170548 hdf
Aqua MODIS Cloud_Phase_Optical_Properties - MOGSDS

Colorscale :

m Dark Blue :
Liquid Clouds

m Light Blue :
Ice Clouds

m Yellow :
Undet. Clouds

m Light Grey :
Clear Sky or
CSR=1,2,3

106SDS_cpop.jpg

= MODIS C5 Shortcomings : False liquid cloud phase dis-
crimination at ice cloud edges.
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Ice Clouds : moDIS c6

MYDOS_L2,A2008015,1435.006,2013342100940 o
Aqua MODIS Cloud_Phase_Optical_Properties - MOGSDS

Colorscale :
m Dark Blue :
Liquid Clouds
m Light Blue :
Ice Clouds
m Yellow :
Undet. Clouds

m Light Grey :
Clear Sky or
CSR=2

MO8SDS_cpop.jpg

= Better cloud phase discrimination for ice cloud edges.
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Comparisons Caliop-Modis : Data Screening (1/2)

What data screening has been used for these comparisons ?
m Calipso/Caliop 1km & 5km product version 3 and Aqua/MODIS
m Caliop and Modis data from January and July 2008

m Caliop Version 3 of Cloud thermodynamic Phase :
- Liquid Cloud
- Ice Cloud (ROI Randomly Oriented Ice)

m Caliop : only one cloud layer
found

m Surface flags (Modis)
m (Opt.) Opacity flags (Caliop)
m (Opt.) with/without snow/ice

surface flags (Modis)

= about 45 different data
screenings

5
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Comparisons Caliop-Modis : Data Screening (2/2)

Which methodology has been used to compare Modis and Caliop ?

= Development of contingency tables (3 x 2)
= Definition of skill scores (for the analysis of association)

OverAll-score: 0.88 Two skill scores :

KSS-score: 0.8 100
gg m OverAll Score [0, 1]
70
60 __ Gmitax
o score = =3 SN
40 i=1 Jj=1"%J
30
ig m KSS Score [—1,1]
o (Hanssen-Kuiper Skill Score)

(a21 * azz — a22 * asi)

score =
(a21 + a31)(az2 + as2)
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Comparisons Modis-Caliop : Over Open Ocean, All Clouds

Cloud Thermodynamic Phase retrieval comparisons between MODIS C5 and C6
overcast clouds versus CALIOP v3 :

MODIS C5 Cloud Phase MODIS C6 Cloud Phase
No-Opaque-Clouds Flag,Ocean No-Opaque-Clouds Flag,Ocean
Without Snow/ice surface, Without Snow/ice surface,
OverAll-score: 0.88 OverAll-score: 0.95
KSS-score: 0.8 100 KSS-score: 0.91 100

90 90
30 Undet. ' ' 80
70 70
60 60
50 Modis Liq. 50
40 40
30 30
20 Modis Ice 20
10 10
0 0

& Ne

d&\o O,§OQ

= better agreement between MODIS C6 and CALIOP over Ocean
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Comparisons Modis-Caliop : Over Ocean, Caliop Non Opaque

Cloud Thermodynamic Phase retrieval comparisons between MODIS C5 and C6
overcast clouds versus CALIOP v3 :

MODIS C5 Cloud Phase MODIS C6 Cloud Phase
Non Opaque Clouds,Ocean Non Opaque Clouds,Ocean
Without Snow/ice surface, Without Snow/ice surface,

OverAll-score: 0.73 OverAll-score: 0.89
KSS-score: 0.58 100 KSS-score: 0.84 100
90 Modis 90
80 Undet. 80
70 70
60 60
50 Modis Liq. 50
40 40
30 30
20 Modis Ice 20
10 10
0 0
& o
(;b»\\oQ 2§\OQ

= better agreement between MODIS C6 and CALIOP over Ocean Non Opaque
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Comparisons Modis-Caliop : Over Land, All Clouds

Cloud Thermodynamic Phase retrieval comparisons between MODIS Collection 5
(€5) and Collection 6 (C6) versus CALIOP v3 over Land :

MODIS C5 Cloud Phase MODIS C6 Cloud Phase
No-Opaque-Clouds Flag,Land No-Opaque-Clouds Flag,Land
Without Snow/ice surface, Without Snow/ice surface,
OverAll-score: 0.88 OverAll-score: 0.91
KSS-score: 0.8 100 KSS-score: 0.87 100
90 Modis 90
80 Undet 80
70 70
60 60
50 Modis Liq. 50
40 40
30 30
20 Modis Ice 20
10 10
0 0
& &
&

= better agreement between MODIS C6 and CALIOP over Land
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Comparisons Modis-Caliop : Over Snow/Ice Desert, All Clouds

Cloud Thermodynamic Phase retrieval comparisons between MODIS Collection 5
(€5) and Collection 6 (C6) versus CALIOP v3 (Snow or Ice) & Desert :

MODIS C5 Cloud Phase MODIS C6 Cloud Phase
No-Opaque-Clouds Flag,Desert No-Opaque-Clouds Flag,Desert
Snowy/ice surface, Snowy/ice surface,
OverAll-score: 0.49 OverAll-score: 0.84
KSS-score: 0.41 KSS-score: 0.81

Over Snow/Ice Desert

GESTAR = better agreement between MODIS C6 and CALIOP over Snow/ice Desert
> L
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Comparisons Modis-Polder : Giobal overview

Cloud Thermodynamic Phase retrieval comparisons between MODIS Collection 5
(€5) and Collection 6 (C6) versus PARASOL/POLDER :

MODIS C6 Cloud Phase
CSR=0,1,3, All Surfaces

MODIS C5 Cloud Phase
CSR=0, All Surfaces

Modis clear

Modis clear
orcsr=2

orcsr=1,2,3

Modis undet. Modis undet.

Modis liq Modis liq

Modis ice

Modis ice

Polder ice

Polder liq

Polder Mixed
Polder ice
Polder lig
Polder Mixed
Polder Undet.
Polder Clear

o
©
9
(]
=
7]
h=l
<)
a

Polder Undet.

= MODIS Liq. - POLDER Ice : Broken Clouds?
= MODIS Ice. - POLDER Liq. : Multilayer Clouds ?
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Conclusions :

MODIS C6 CloudThermodynamic Phase :

m New Cloud Phase Discrimination Algorithm Logic
(No longer use cloud mask tests)
Based on the new C6 Ice LUT model.
m Comparisons MODIS C6 vs C5
= Better cloud phase discrimination for Broken clouds.
= Better cloud phase discrimination for Ice cloud Edges.
m Comparisons MODIS C6 vs CALIOP
Conclusions = Globally a better agreement between MODIS and CALIOP
= Substantial improvement over Desert/ Snow Ice Surfaces.

m Comparisons MODIS C6 vs POLDER

GEST/icR
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