
IR TRI-SPECTRAL CLOUD PHASE DELINEATION
~ Part of the cloud product MOD06

Parameter 1764

IR Cloud Phase Algorithm: Based upon the differential particle absorption and
differential atmospheric absorption that takes place between 8, 11 and 12 micron
spectral regions.

The radiative properties of cloud are defined by their single-scattering and geometric
characteristics:

the index of refraction - rn=nr-ni
main component of the abso~tion coefficient K(L) = 4nni/ k

cloud particle size distribution
particle shape distribution

Remote sensing of clouds must also take into consideration the atmospheric
absorption. In a clear atmosphere, water vapor absorption vanes over the window
region.

Combining results of icelwater absorption and atmospheric absorption leads to
basis of tri-spectral technique:

- From 8-9 microns, ice/water particle absorption is at a minimum, while water
vapor absorption is relatively strong. The reverse is true for 11-12
microns. Therefore, large positive 8-11 micron BTDIF indicate cirrus,
while near zero or negative BTDIF indicate clear regions.

- A third band in the 12 micron range will enable cloud phase delineation.
Water particle absorption increases more between 11 and 12 microns
than between 8 and 11 microns, while the increase of ice particle
absorption is greater between 8 and 11 microns than between 11 and 12
microns.

- Ice and water cloud will separate in a scatter diagram of 8 minus 11 micron
versus 11 minus 12 micron BTDIF. Ice clouds will group along a slope
greater than one, and water clouds less than one. Mixed phase or
partial radiometer filled ice over water clouds will exhibit characteristics
of both ice and water clouds in this format, grouping in between the ice
and water slopes.

Tn-spectral technique involves identi~ng cloud phase based on a scatter
diagram of 8-11 versus 14-12 micron BTDIF. ‘
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~i-Sp~tral Technique

Clear over water (code O)

if dp~~lradiance SD < .5 and

if 8–llpm BTDIF < .5 and

if 11–12pm BTDIF < 2.4 and

if llpm BT > 277 K

Water cloud with emissivity near one (code 1)

if 8pm”radiance SD < .5 and

if clear 8– 1lpm threshold not met and

if 11-12pm BTDIF threshold not met and

if 260 K < llpm BT < 280 K

Ice cloud with emissivity near one (code 2)

if 8pm radiance SD <.5 ~:~’~

if clear 8– 1lpm threshold not met and

if 11-12pm BTDIF threshold not met and

if 1l~m BT < 260 K

Mixed phase cloud (code 3)

if 8pm radiance SD > .5 and

if 8–llpm BTDIF >1.25 and

if the ABS of 8– llpm BTDIF minus 11– 12pm BTDIF < .3

IU cloud with emissivi~ less than one (code 4)

if 8pm radiance SD > .5 and

if 8–llpm BTDIF minus 11–12pm BTDIF > .3

Water cloud with emissivi~ less than one (code 5)

if 8pm radiance SD > .50 and

if 8–llpm BTDIF minus 11-12pm BTDIF < .3

Table 2: Thresholds of the tri-spectral technique applied to 10x1O pixel areas, where SD
is the Standard Deviation, BT is the Brightness Temperature, BTDIF is the Brightness
Temperature Differerice and ABS is the Absolute Value.



tlRG FIRE tlRTfl
24 N(IV 1991
50n REG. TRRCKH
Llum IHf16E



—————— — ——-— ——. .

8

r-l

;
u
s

1
1
u
r-l

;

D
I
F

BRIGHTNESS TEMPERATURE DIFFERENCE SCFITTER DIHtiRHM

-~, ~ -1,0 1,0 3, Q 5, 0
5, 0 L , , $ , t , I , r

-L
1 r , # I a , , , I , t , , 4

5,0

■

m...

■ CODE U - CLCFIR

g Cuoc 1 - THICK METER CLDUII

❑ coof z - THICK ICE CLOUD

■ coDE 3- ll~XEO Ptlf15E CLDUO

,CODf 3 - THIN ICE CLOUO

Wcoof 5-

i

NRTCR CLOUO CHIS5. < 1

.

●m
●

-4, q I , , 1 I , 1 I 1 1 , t, , , I , , , , , t , I I t 1 t , 1-+, [1

-“j, 1:1 -liQ I,cl 3, c1 q, III

11 ~i~ue L2UII BTOIF deg K

MflS FLIGHT TRRCK H zZ+ NCIV 1991

t



tlRS RESULTflNT THRESHOLD
flL60F?ITHH CCillIN6
a- CLEHR
*_L ‘HICK NRTER CLOUD

– THICK ICE CLOUD
n~ – MIXED PHFiSE CLCIUD
4 - THIt4 ICE CLOUD
=~-, - 14RTER CLOUII EMISS. ~ 1

t)VERLflIO UpCIN
24 NCIV1991 TRHCK H
11 mlcran IHHGE SEGMENT



MS Data 5 Dec q991 .

Obsewationangle: -17 to +17 0
.

kFoA

Where l%(~,p,$)is the measured reflected intensity,
~Xthe atmospheric or aloud opticalthickness at wavelength A,
p the cosine of the zenith angle with respect to the positivefk

direction,
~ the cosine of the solarzenith angle,
$ the azimuthangle, and
Fm tie solarfluxdensity inadent at the top of the atmosphere

at wavelength k.
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ALGORITHM OUTLINE

Determine clear sky thresholds from Sea Surface Temperatures:
Estimate Precipitable Water amount from the Reynolds blended SST using the

relationship determined by Stevens (1990)

PW=10.82(—~:A)ea(?-=-288A3

where a = 0.0686 and r/l+k = 0.162.
PW related to BTDIF thresholds by global statistics of HIRS/AVHRR collocated

clear sky scenes.

Determine the nature of the uniform scenes:
Calculate the standard deviation of the 8.6 micron radiance for a given box size

(Ioxlo).
Perform a cluster analysis on boxes with SD c .50 mW/ster/m2/cm-1 (aprox. 2X

noise) with respect to the 11 micron brightness temperature

disr=4bd8.62+ABT112 .
If cluster center exceeds both 8 minus 11 micron and 11 minus 12 micron

BTDIF clear sky thresholds, then cluster is clear. Othemise, cluster is determined to be
uniform (thick) water or thick ice if center falls above the unity slope (ice) or below the
unity slope (water) on the BTDIF scatter diagram,

Determine if the scene is single or multi-phase:
Perform a least squares fit with errors in two directions on the averaged fov’s

with an 11 micron BT >250 K.

Y’( ~ 2: ~y)$(y’ ;m;;)b)’ .

If a gamma fit is good (= 1.00~and the chi squared value is less then the
number of fov’s then the slope m is tested for single phase clouds. If the slope is
greater than 1, then the scene is a single phase ice aloud, ifthe slope is less than one,
it is a single phase water cloud. This overrides any phase determinations made in the
previous step.

If a good fit is not found, a multi-phase scene is assumed. From here, each fov
is tested for its’proximityto the unity slope. If the fov lies with.3 K of the slope, it is
flagged as a mixed scene, otherwise the fov’s are mded as previously described.
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