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The Regional Dependency of Cloud-radiative Forcing on the Sea Surface
Temperature in the Interannual and Seasonal Time Scales

Maeng-Ki Kim* - Woo-Seop Lee - Chong-Heum Kwak
Seon-Sup So - Myoung-Seok Suh

Department of Atmospheric Science, Kongju National University, Gongju, 314-701, Korea

Abstract: The regional dependency of cloud-radiative forcing at the top of atmosphere is studied using ERBE (Earth
Radiation Budget Experiment), ISCCP (International Satellite Cloud Climatology Project) and NCEP/NCAR (National
Centers for Environmental Prediction/National Center for Atmospheric Research) reanalysis data for 60 months from
January 1985 to December 1989 over tropical ocean. In the interannual time scale, the dependency of cloud-radiative
forcing on the sea surface temperature over the equatorial eastern Pacific ocean is about 74Wm K for longwave
radiation and about ~4.4Wm K™ for shortwave radiation, respectively. This shows that the net cloud-radiative forcing due
to the increase of sea surface temperature over the equatorial eastern Pacific ocean heats the atmosphere. But the
dependency is reversed over tropical oceans with ~3.4Wm K" for longwave and 1.9Wm™ K™ for shortwave radiation,
indicating that the net cloud-radiative forcing cools the atmosphere over tropical oceans. In raw data including seasonal
cycle, the dependency of cloud-radiative forcing over the equatorial eastern Pacific ocean is very similar to that in
interannual time scale in both the magnitude and the sign. But the dependency of cloud-radiative forcing on the sea
surface temperature over tropical oceans is about 0.2Wm ™K' for longwave and 2.7Wm K™ for shortwave radiation,
respectively. These results represent that the role of seasonal cycle on the cloud radiative forcing is gradually more
important than role of interannual time scale as the ocean area is broadening from the tropical central Pacific to the
tropical ocean.

Keywords: cloud-radiative forcing, interannual variation, seasonal variation, sea surface temperature.
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Oceanic and Atmospheric Administration(NOAA)-9
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oeke 2 FA = thHarrison et al., 1990). ©] A+
o|Al= Zhang et al(1996)% W3 T IFH
3 o] AR 7HF 2 e ol ARl A
ARSI &, TEEA AAES RS W 9
sheoMe BAle] FES FH # FoM 7P
#o= AYFAt o3t T A ol
& Fge EFsitt.

& AE¥E ISCCP(International Satellite Cloud
Climatology Project) D204 AF=E= 59 %
< o] &3 thWilliam et al., 1999). ISCCP D2
BARE dd=e 280kmol™, €H# AEE AT
A dis] AFstz den, AA FEHH 7E
e Bx 5A4E AL ISCCP D2oM =
TE5 3= et 435 (cloud top pressure: Pe<
%% $(Pc=680hPa~440hPa),  55-&(Pc>
680hPa)° 2 RPN, shEedt T2 =
3 deWilolE WHAY, 4SS @A ¢

M o 2=

o=

o

ug



560 22| 012 - 2EE - A - AR

Table 1. Archival status of S-4 products from 1984 to 1990

Periods Satellites

November 1984 - January 1985 ERBS

February 1985 - October 1986  ERBS/NOAA-9
November 1986 - January 1987 ERBS/NOAA-9/NOAA-10
February 1987 - May 1989 ERBS/NOAA-10

June 1989 - February 1990 ERBS

7§o|Z =oi9lt}. ISCCP D2 #H59] #|44=+ ERBE
scanner A&} 74},

4H 2X(Sea Surface Temperature, SST)H=
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Fig. 1. The spatial eigenvector (left panel) and time coefficients (right panel) of the first EOF mode of observed monthly anom-
aly data. (a): sea surface temperature, (b): high cloud amount, (c): longwave cloud radiative forcing, (d): shortwave cloud radia-

tive forcing.
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Fig. 2. Relationships of (a) longwave, (b) shortwave, and (c) net cloud-radiative forcing with SSTs obtained by employing
monthly mean anomaly data. Left panels are for the equatorial eastern Pacific and Right panels are tropical Oceans.

o]
HES

YX3A T SWCRFAE= whj 9] HoE,
Z, AdYxA7)e d5 FHE ) SWCRFS 59
we Ho, 4l NeHYdy AUl A=A
SWCRF= 49| & Jehdch

A FHPURYL 22 sSTo e i 2%
o] sl FEEA AAYE] Ar|e IA Whg3k=
e Ao® dA UthLau er al, 1997). °15 I
237 sk HYF A% 10S-10N, HFE 180
WOW AP A FEEYS R, 9% 30S-30NY 3|
A4S g Yoz Agsla, SSTel Hig FEEA}
Ao Fg ZAIITHFig. 2). ©l Z#oA 3}
U] He & 9g guigs, dAlE 60RY oh=
2o AYFFoez FAY Aojrt 123 RS AR
ATE Ye 3, Te IAASF g vehdt 24

AFdA & = d%e] A glFore] A= SST9

CRF7} 751 Atd 21g Bola A, 4l

JolME= SSTSH CRFY g#o] Ag 2& ¢ + 8l
ot a2y FAAS oY Ree AeE ouE

etk &, 4 FHEd A$ol SSTF Srlshd
LWCRF/} Z7}8l ¥Hd, SWCRFe adhs B4
& Btk SST ®islo] mE P> SWCRFHTR=
LWCRFIA ¢ £ AoE vepdt) wehA & B4
ZAEE ZoEAL AAEe] BA4E mErh SSTol
g BAAEY &= v EH, SST 1°C7}
Z71e wf LWCRFo] ¢ 74wm ™7t Z7hslglen,
SWCRF ©] ¢} 44Wm™* 7431t o SST7h
1°C 718 o), netCRF & 3.0Wm™ 2713t} g9,
20 PN Ee An FEBEG e ghtE &
AZ Jez vk &, SST/F Fokdel| ulet
LWCRF= 7hA3it}h SST7F Eold uf, AulEil=



HUT AR AlZH FesilM e 220 et TESA 2R 1Y 2E 563

(o) 10S—10N, 180E—-90W

30S--30N

|R=0.67 .o
|T=6.75 .

LWCRF( W/m2 )

SWCRF( W/m2 )

NETCRF( W/m2 )

25 26 27 28
SST(C)

29

255 26
SST(C)

24.5 25

Fig. 3. Relationships of (a) longwave, (b) shortwave, and (c) net cloud-radiative forcing with SSTs obtained by employing
monthly mean data. Left panels are for the equatorial eastern Pacific and Right panels are tropical Oceans.
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Table 2. Classification of different ten regions

Region Latitude, longitude Region Latitude, Longitude
1 10S-10N, 180°-90W 6 30S-30N, 120E-70W
2 10S-10N, 120E-70W 7 20S-20N, 45E-70W
3 10S-10N, 45E-70W 8 208-20N, Global
4 20S-20N, 120E-70W 9 30S-30N, 45E-70W
5 10S-10N, Global 10 30S-30N, Global
w0, FH, 283 FEY FHH AE F oY X olEx

Aol ofg) waiEh. 2z B7sly AEee]
B g sl uREs AEEH v)$ 2o
AXAYeN s Ede] flth. 53], A9 AlFzt
HE 5] SWCRFS} LWCRF2] A7t HEs} o
T+ WHTE FAE BRAFE Zo| o W)
(Fig. 1). £3
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==
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A AlolFo] 3 60712 AAAFANA SSTO)
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A%, SWCRF= 7r43lthFig. 39 99). ol
EAL 7 MBI A (Fig. 2¢) VERY EAT AAH
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S7H71e Wi R Agsit) 53], I s
oM AdatolFo] AAH Z-$(Fig. 2)°] wal AA
AtolZo] 3 7-(Fig. 3)°1 netCRFY ZAAA S
7b 0212 Z7keith )AL g ek AselA
sl 2o e & AF Alo]Fo] Fa3t
s e AL Yuigi

St Azs SST FEEAF e #A}
o] wet E= sl Arjd] wel gk = 9l
on, 72 sdolg} sihele AZAlolEo] gy
A=l wE tE2A vehddthe RS RoEd,
olz A9l wel e we rRAATAAN 7)9d
AR AT ¢ Jut. & Jqfret 1 FHe ¥
B RN st sk BARANE SAd
ok FAHRAMNE 29} FARE HAEAZE HEE
F Utk 2 dEHel d2e 9L, ssy &8
S E 7 Utk 038 4¥TH AEE A A
Sl 2 72 RHARGE e FrY
HAAAZE B GHSA vERd Zolth o2 B
£ AP Hl gl A9 12 RS
(Table 2). ©] A ¥e] FHLE Zhang et al.(1996)°]] 9]
8 &S 120 AUE st 1018 A3 A
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o A 1002 ZE RS FiEl 3058
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Fig. 4. Regression coefficients of the longwave (left), short-
wave (middle) and net (right) cloud radiative forcing against
sea surface temperature for different ten regions in the inter-
annual time scale.
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Fig. 5. Regression coefficients of the longwave (left), short-
wave (middle) and net (right) cloud radiative forcing against
sea surface temperature for different ten regions in the raw
data.
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