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The Impact of Interaction between Cloud and Longwave Radiation
on the Asian Monsoon Circulation

Geun-Hyeok Ryu* and Byung-Ju Sohn
School of Envionment and Earth Science, Seoul National University, Seoul 151-742, Korea

Abstract: Three-dimensional distributions of longwave radiation flux for the April-September 1998 period are generated from
radiative transfer calculations using the GEWEX Asian Monsoon Experiment (GAME) reanalysis temperature and humidity
profiles and International Satellite Cloud Climatology Project (ISCCP) cloudiness as inputs to understand the effect of cloud
radiative forcing in the monsoon season. By subtracting the heating of the clear atmosphere from the cloudy radiative
heating, cloud-induced atmospheric radiative heating has been obtained. Emphasis is placed on the impact of horizontal
gradients of the cloud-generated radiative heating on the Asian monsoon. Cloud-induced heating exhibits its maximum
heating areas within the Indian Ocean and minimum heating over the Tibetan Plateau, which establishes the north-south
oriented differential heating gradient. Considering that the differential heating is a ultimate source generating the atmospheric
circulation, the cloud-induced heating gradient established between the Indian Ocean and the Plateau can enhance the
strength of the north-south Hadley-type monsoon circulation. Cooling at cloud top and warming at cloud bottom, which are
the vertical distributions of cloud-induced heating, can exert on the monsoon circulation by altering the atmospheric stability.
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Table 1. Definition of spectral bands in infrared radiative transfer model (from Smith and Shi, 1992)

Bandpass Bandwidth Bandpass Bandwidth
Band 21 ~1
(um) (um) (cm™) (cm™)
1 2.00-3.57 1.57 5000-2800 2200
2 3.57-4.00 0.43 2800-2500 300
3 4.00-4.46 0.46 2500-2240 260
4 4.46-5.05 0.59 2240-1980 260
5 5.05-5.81 0.79 1980-1720 260
6 5.81-7.35 1.54 1720-1360 360
7 7.35-8.33 0.98 1360-1200 160
8 8.33-9.26 0.93 1200-1080 120
9 9.26-10.20 0.94 1080-980 100
10 10.20-11.36 1.16 980-880 100
11 11.36-12.50 1.14 880-800 80
12 12.50-13.16 0.66 800-760 40
13 13.16-13.51 0.35 760-740 20
14 13.51-13.89 0.38 740-720 20
15 13.89-14.29 0.40 720-700 20
16 14.29-14.71 0.42 700-680 20
17 14.71-15.15 0.44 680-660 20
18 15.15-15.63 0.48 660-640 20
19 15.63-16.13 0.50 640-620 20
20 16.13-16.67 0.54 620-600 20
21 16.67-17.24 0.57 600-580 20
22 17.24-17.86 0.62 580-560 20
23 17.86-20.00 2.14 560-500 60
24 20.00-26.32 6.32 500-380 120
25 26.32-35.71 9.39 380-280 100
26 35.71-62.50 26.79 280-160 120
27 62.50-250.00 187.50 160-40 120
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Fig. 1. ISCCP cloud classification.
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{a) Simulated Cloudy sky OLR (July, 1998)
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Fig. 2. Comparison of model simulated OLR with CERES cloudy sky OLR at top of atmosphere for July 1998.



[ April ]

(Fig. 2). A¥HE22 OLR FXEo| & LA,
= F, MY 2 HF A% 5 AGHY By
= 2w Qe Ae 39 ¥

HR o R 445E 997k Y 5o

=

g 24

Outgoing Longwave Radiation (OLR): ¥¥Hoz
ofrol AF &S 59 ST ARl 64, 7€
o HUS olFiL 88 = o]FFE A AR
$ith(Ramage, 1971). Fig. 37} Fig. 4914 1 4
Aol & 719 AL 49 10°N20°N7HA] AA 3]
= 280 Wm” o] Wsrt 590 o] Ajgow
As) Awmst go] 3 dejHrkA S8l S
¢ & Utk EAAHQ] Eeo| FdHE 699 A
Azl OLR E¥Xe] HAA7F vebdt, 2A

r

3 T0OE 120E  140E

SAF ZRE: BAL A AblA] dojRl 1998 o
24, UrPdRelMe 15 EAF ZAES CERES
H22 89} vLESIthFig. 5). Ak 75 BAF 7
AFe 68 2 HoAGo] WAu Wi AXE
gom, 743 89 Bt HA AL sl dx UF
o X8 YL ¢ F Urk Ed 2 AREA
E)7} CERES #Z39% & dX3ke AL HoE
o} a2y A3EQ0 WoellAl CERES #35X|¢} vl
o] gl $EAY, AAe] HHY AGdM =




TE-NIBA YFRR0) OO 220 Dixl= 98 63

Monthly Mean OLR of Clear and Cloudy sky
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Fig. 4. Same as Fig. 6 except for July, August, and September 1998.
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Fig. 5. Longwave CRF [Wm™] at the top of the atmosphere observed by the CERES and the simulated cloud radiative forcing

for the June, July and August 1998.
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Fig. 6. Monthly mean Cloud-Induced heating rate differences. Values are multiplied by 10 with units given in °C day ™.
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Difference between clear and cloudy sky Heating Rotes
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Fig. 8. Vertically averaged bulk longwave radiative heating difference between clear-sky and cloudy-sky atmosphere at 90°E in

1998 with units given in °C day™.
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