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The Simulation of Typhoon Chanchu Infrared Channels Brightness Temperature
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Abstract The high cloud coverage in the tropics makes it easier for numerically simulated satellite radiation data,
especially those in the infrared channels, to be subject to clouds. Improved simulation of satellite-derived tempera-
ture of brightness blackbody (TBB) data for tropical synoptic systems helps to verify numerical models for the trop-
ics and improve the direct use of satellite information in assimilation. The work first uses the Weather Research and
Forecasting (WRF) model to simulate the three-dimensional meteorological field of typhoon Chanchu, including the
cloud structure, and physical quantities, such as total cloud fractions and cloud top pressure, are diagnostically
studied. Then, version 8. 7 of a fast radiative transfer model for TIROS Operational Vertical Sounder (RTTOV) is
used to simulate the infrared TBB of the storm measured with the High resolution Infrared Radiation Sounder
(HIRS) and simulations are compared for conditions with and without clouds. It is shown in the results that the
RTTOV model cannot simulate the structure of Typhoon Chanchu accurately and the simulated temperature is gen-
erally higher than the observation if the cloud effect is not taken into account under such extreme condition as the ty-
phoon. By including the three-dimensional structure of clouds simulated by meteorological models, the RTTOV model

can simulate the spiral structure on the infrared channels of HIRS/3 (like channels 4 — 10 and channels 13 - 19) . Clouds
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have positive effect on the simulation of infrared channels that altitudes of peak energy are below the cloud layers.

The TBB simulated with the scheme in this paper reproduces the structural characteristics of the typhoon and is

well correlated with the observation, It shows that the scheme is one of the ways to verify model simulation. TBB of

some infrared channels has the potential applicability in data assimilation of tropical synoptic systems.

Key words Typhoon Chanchu, HIRS/3 infrared channel, fast radiative transfer model for TIROS Operational Ver-

tical Sounder
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Fig. 1 Vertical cross sections of (a) cloud water content (shadow) . cloud ice water content (contour) (kg/kg) and (b) cloud cover fraction

along 14°N at 1900 UTC 14 May 2006
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Fig. 2 Vertical cross sections of (a) cloud water content (shadow), cloud ice water content (contour) (kg/kg) and (b) cloud cover fraction

along 14. 2°N at 0200 UTC 15 May 2006
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Fig. 3 Vertical cross sections of (a) cloud top pressure (hPa) and (b) total cloud fraction along 14°N at 1900 UTC 14 May 2006
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Fig. 4 The root mean square (RMS) of difference of the simulated brightness temperatures between expt 1 and expt 2

F2 X% 1. 2 RTTOV EX WA SE
Table 2 RTTOV model input parameters in expts 1 and 2

KRB WESH G s
R 1 R OB, R E UE. 2 m
R L RN R R 2l TRETS . IS
FEL 2 m H. 2 m AL
B2 . R RN MR IR, 2 mi Sk AR, ZAOkA . 2
TRET . S
Fe. 2 m . 2 m AL it ZUUE. st BRI AL

3.1 NOAA-16 T Ery#Eil 4 Hr

2006 4E 5 H 14 H 19 Bf NOAA-16 TR %5t
“BIR” 6 S, R Ze 20 RS K
WRE #8E2060 1 B 2 AR AU S A RTTOV #5258
HIE ASE, S NOAA-16 TLE ) HIRS {441 19
ANEESAT TR, T G R 1 22 5
B AR XL 5T BAE T U B TR 2 2 1 X T

iy
N
DT —T)?
T = (3)

Horb Tos Tooril 3o 2 WO Um0 58l @« &

AN RS, ch FRTEIE . N I s S EL
B4 25 1 19 AN I8 E A P UG 58 i 22 9 2
Jits WAl A A S8 T8 2 0 52 0 I AN W]
A 58 TE % = R Z 5 Sl 22 3 7 AT
PIHE 40 Ko X5 HIRS/3 WLl 18 /9 55 5 A 1R
RKFR D WEERE R AR R R)Z2 KX
AL E . 32 25 B2 MR FLRCR, AR 7. 8. 10,
13,17, 18, 19 JiH %, WEMERE RN T8 2 KU
WL - 52 = AR/, 1, 20 3 iH 4%
TR TR B BE I fELRE LA AR Z B = Y
SRR, o DX GE . KR 2 3 2 05 R

Ko 511, 12 il FEEWRSA KR, BHTH



34 TS “BER” 6 M TR LA 15 A A

No. 3

DING Wei-Yu et al. The Simulation of Typhoon Chanchu Infrared Channels Brightness Temperature 577

AR #5518 T EIRAE A RISk, I H & RUE—
TP 38 s TR R AR GE R I 3 A 38 3 9
IG5 /N, 5 9 il 18 B KA O 4
I RE IR (A TR )2, (F2 A 3 AT LA
X B — 2 R, XA 9 JEiE
B T O B URZ Ab, 4 5 B N U

e 3 T YGRS S -5 I R Y
HERE WREA % E S MR, B iR
A FASRE W B KR 2R . B 2 TS 0
A FERAMERR, MEELMERZE, K
0 PR RCR A AR KRR B g . AHE R
Mo 5B A —E 2Rl 551, 2, 3, 11 F1 12
A SCGHEAR /N, RSB R R S T Al
X F U = XU AE R B e = 2 DA Al (an 1,
2. 3IMIE) FMAAR/N, ARVRIRISGEE Qi 11, 12 38
) FEERXFENRERIRGE T, ok H i
AR, 59 MIBEHE AN Z G, BRRCRA i
e, MR B KA —E AR

HLA B BT &3, X FERKIRSG . oxfig
EAERN T RARZ M EE K. At —4
XFE 8 JEIE (P 11. 11 pm) BIBELIEAT T 40 Hr.
BS54 Ti0E 1. 2 BERLAY 5 8 i A2 IR VT 14°N
T T PRI L BRI, AT LR I, IR 1 AR Y I
1 JCIRBLE B RS54, TR 2 T DA hs i
Bl R . AR 9 R AT L& B (14°N,
115°E) B3 i 5 ek i F o] L BR85S T 4]
WA E HIZA BN & KR FTTE, 3R 2 B & K

F3 FRAEREL NOAA-16 HIRRSWNZEHEXR
#

Table 3 Correlations between simulated brightness tempera-

MR DXt s L ) g (ELR 5 S Pl R 22 K
X5 WRE AR & XA R KR,
MU B AU A ) & a] LA S INA = 2805
PR AT W S it

MG 1 A A0L 2R 8 G JE A S i oF 1A (A
W) ERTLAFR H, BA % B IR, 5RO
AR & KA BR eSS . P IR 22 KT R
REME 2RISR R O, P
R E I 1 B SE fs . R
2 BAPLA SR 8 T A9 Sl AT LABCAS M S e i 5 KUY
BRBELEHY . B KR LA AR W R M. o ose i
W TR E RS A2 (B 6a) , WL 2R 1] & K
300
2901
2801
2701
260
2501
2401
2301
220

210+
200

1901 [X

1804

Brightness temperature/K

—o— Expt 1
—— Expt 2

170 T T : :
105°E 110°E 115°E 120°E 125°E 130°E

B 5 BHUFIIL Y NOAA-16 HIRS/3 45 8 il sy 14°N
ol
Fig.5 Vertical cross sections of simulated and observed NO-

AA-16 HIRS/3 channel 8 brightness temperature along 14°N

&4 NOAA-16 £ 8 BERBFHREMBFIRIRE
Table 4  Average errors and RMSEs of simulated NOAA-16

channel 8 brightness temperatures

ture and NOAA-16 observations in expts 1 and 2 SRR 2E /K PR /K
. -
mE ARl Wpz | omE A% W PP TR wme we1 wmo
1 0.02 0. 04 11 0.02 0.31 0~1 139 12.7 12.7 20. 4 20. 4
2 0.03 0.17 12 0.02 0.15 1~2 19 23.3 22.3 31.5 31.0
3 —0.02 0. 25 13 0.02 0.42 2~3 25 18.6 17.4 28.6 27.9
4 0.02 0.5 14 0. 02 0.42 3~4 20 20. 3 18. 6 32.8 32.1
5 0.02 0.5 15 0.02 0.41 4~5 44 14.9 11.8 22.4 20.7
6 0.02 0.5 16 0.02 0. 41 5~6 56 22.9 17. 6 32.4 29.4
7 0.02 0.5 17 0.02 0. 36 6~7 62 32.6 26.6 40.7 36.9
8 0.02 0.5 18 0.02 0. 36 7~8 61 29. 8 22.4 40.1 35.5
9 0.02 0.42 19 0.02 0.38 8§~9 115 25.9 16.7 36.0 30.5
10 0.02 0.51 9~10 2315 46.0 —0.4 52.5 26.8
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SRS 5 1 ik 2 Blib izl 5 1 5 2
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2 0. 08 0.32 11 0.03 0.411
3 —0.01 0.41 12 0.03 0.25
4 0. 02 0.57 13 0.02 0.50
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9 0. 02 0.49
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Table 6 Average errors and RMSEs of simulated NOAA-17
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