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Motivation

e Question 1: Is direct assimilation of cloudy IR
radiances in NWP realistic?

e Question 2: How does cloud detection impact
IR sounder radiance assimilation?

e Question 3: How to assimilate thermodynamic
information in cloudy situation?



Q: Is direct assimilation of
cloudy IR radiances in NWP
realistic?

A: Very challenging because:

(1) Both NWP and RTM have
larger uncertainty;

(2) Big change of Jacobian at
cloud level.
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Channel Index 210, Wave number 709.5659
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Temp difierence (K)

geopotential heights (m) at 500 hPa
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Near real time satellite data assimilation system
(http://cimss.ssec.wisc.edu/sdat)
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Direct spectral relationship between IR MODIS and AIRS provides unique

application of MODIS in AIRS cloud_clearing !



AIRS/MODIS cloud-clearing (Li et al.2005)

IN) = 3R - f-(R“))]Z = min
sn) = 3 g — 1, BRIy min

Gi is NEAR for MODIS band

1 1 clr 1 2
OINY) Gy - P AHGOELSVE RAGHERAGH)

solve

N > L I6RD - REILARD — £,(RD)]

1 p2N*
roe — R RN
1— N



(1) For each cloudy AIRS FOV, 8 pairs are used to derive 8 AIRS CC radiance
spectra;

(2) Compare AIRS CC radiances with MODIS clear radiance observations within
the AIRS FOV, find the best pair and the corresponding CC radiance spectrum.




Sounding bands imager are very important
In IR/Imager cloud-clearing

AIRS cloud-cleared BT standard deviation (STD) compared with MODIS
clear BT measurements

Bias < 0.25 K, STD<0.5 K at most MODIS bands.
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The precision of AIRS/MODIS cloud-cleared radiances high rely on MODIS
spectral and radiometric calibration.



AIRS clear coverage AIRS clear + cloud-clearing coverage
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500—-mb Heights Northern Hemisphere ExtraTropics
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e GEOS-5 model resolution; 1° x1.25° x72L
e Time frame: Jan 01 to Feb 15 2004
e Other Radiance data:

— HIRS-2/HIRSS3 (clear channels)
— AMSU-A/EOS-AMSU-A

— AMSU-B/MHS

— SSM-|

— GOES Sounders
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Rienecker et al. (2008): GMAQO'’s
Atmospheric Data Assimilation
Contributions to the JCSDA and future
plans, JCSDA Seminar, 16 April 2008.
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AIRS Channel 210, 2012-10-26-06 Z

AIRS clr AIRS clr + AIRS cc
©-B at Oct 2608UTC channel 210 OB at Oct 2606UTC channel 210
. — 1 - - F - : - 1
50 N R+ SR
> s 7%
i)
‘ 0.6 0.6
40'N *
. F do4 |04
0.2 0.2
LJ
. .
30N 1o [
. Foq-0.2 oz
. i
20 N[V e . '.o L o4 04
- L
3 L) 0.6
LA °, 06 .
10N — _,'?—F..;{{‘_ -. .._.:e.. 0.8
e ety v, -0.8
h -~ e® : " :
: S 1 30 W 80 W 70 W 60 W !
50 W 60 W 50 W

200 T T T T T T T T
Neutral on track forecasts, slight 0N
__ s iMprovement on intensity forecasts with
E additional CC radiances in this case 35N
11
) 100
=
o0 30°N
-
I 50
I 25°N
Track forecast error
U L L L L 1 1 L 1 L
0 +5 +12 +18 +24 +30 +36 +42 +48 +b4 +60 +56 +72
15 . . . . . ; . . . o
L —6— GTS+4AMSU+AIRS (GSI)
7 127 —&— GTS+4AMSU+AIRS (clr) ™ 15°N
E . —o— GTS+4AMSU+AIRS(clr+cc)
= oat ,
2 10°N
r g-
(]
o
SEE z
Maximum wind speed forecast error
0 1 - 1 L L I I 1 1 1 1

12 1 -8 -6 -4 -2 0 2 4 6 & 1 12

0 +6 +12  +18  +24 430 438  +42 +48 +54 +60 486 472
Forecast Time (hour)

T analysis difference at 500 hPa between AIRS clr+cc and AIRS clr



Summary

Better cloud detection with high spatial resolution imager
leads to significant NWP forecast improvement using GSI
and WRF ARW systems;

The approaches can be applied to NPP/JPSS CrIS/VIIRS
and Metop IASI/AVHRR;

IR sounder cloud-clearing with collocated imager could
expand the “clear” coverage for radiance assimilation;

Future work will focus on assimilating the cloud-cleared
radiances (e.g., CrIS/ATMS, AIRS/MODIS, AIRS/AMSU) in
NWP.
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