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Abstract

Despite strong summer stratification in the Yellow Sea (YS), it is often observed
that sea surface temperature (SST) decreases sharply due to a vertical mixing
between warm surface water and cold subsurface water that originated from the
Yellow Sea Bottom Cold Water (YSBCW). SST is one of the most important factors
in controlling heat and water vapor exchange across the air-sea interface and thus
influences atmospheric phenomena significantly, including synoptic weather conditions.
In this study, we examine and quantify how the SST reduction associated with the
YSBCW affects the weather conditions around the Korea Peninsula, using a coupled
modeling system for ocean-atmosphere interaction. A set of comparative experiments
are performed during Typhoon Muifa: 1) uncoupled atmosphere model with a
constant SST taken as the initial value from Real Time Global (RTG), 2) uncoupled
atmosphere model with daily SST prescribed from RTG, and coupled
ocean-atmosphere with different initial of ocean model from 3) global Hybrid
Coordinate Ocean Model (HYCOM) and 4) Navy Coastal Ocean Model (NCOM).
Buoy observations showed an abnormal SST cooling during the typhoon passage;
however, the prescribed SST in the atmosphere model (i.e., uncoupled experiments)
did not fully resolve the sharp fluctuating feature generated by Muifa. As a result,
the uncoupled model results do not predict the abrupt changes of SAT in response to
the typhoon-induced SST cooling. On the other hand, the ocean-atmosphere coupled
model indicates a key role of the YSBCW in determining the sea surface cooling
during the typhoon passage, and demonstrates that the oceanic cooling affects
significantly the weather predictions around the Korean Peninsula. The SST reduction
cools the low-level atmosphere, which leads to the convergence in moisture flux over
the colder ocean, providing a favorable condition for the formation and evolution of
sea fog. In addition, the sea surface cooling stabilizes the atmospheric boundary layer

that promotes the condensation of water vapor within the low-level and then



suppresses vertical mixing, which inhibits the dissipation of sea fog. These results
suggest that the oceanic cooling through air-sea coupling plays an important role in

weather conditions around the Korean Peninsula.
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Table 1. Comparison of experimental designs

Experiment MODEL SST input to WRF ROMS initial condition
Exp 1 WRF RTG(constant) /
Exp 2 WRF RTG(daily) /
Exp 3 WRF-ROMS ROMS(10min) HYCOM
Exp 4 WRF-ROMS ROMS(10min) NCOM
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Figure 5.

Sea Surface Temperature(221 03)
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(22104), (c) Marado (22107), (d) Oeyeondo (22108)
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(a) Geomundo (22103), (b) Geojedo



Table 2. Comparison of Bias, root mean square error (RMSE) and correlation (R)

between the sea surface temperature (SST) from each experiment and the observed

SST at four buoy locations

22103 22104 22107 22108
Bias RMSE R Bias RMSE R Bias RMSE R Bias RMSE R
Exp 1] 311 374 0 191 213 0 3.64 45 0 1.38 2.80 0
Exp 2| 215 254 085153 175 043130 255 058|173 275 05
Exp 3| 211 239 088030 1.74 054|253 292 096|290 355 0.64
Exp 4 147 180 086 0.04 079 0.63 | 157 1.87 097 | 135 1.85 091
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Figure 6. Distribution of sea surface temperature (SST) at 12 UTC 9 of August 2011
from the results of (a) Exp 1, (b) Exp 2, (¢) Exp 3, (d) Exp 4
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4. SST JZtef st 7] 9] vk

Zto| A A ks shal s HQUoh olgst A 1t SSTO WEdel A+
ol= ti7]&k kel A wek HAFol AolE WA, o= eIt stehof
A 7] S5 7ol AHAJA 9 = 7 UtH(Xie et al. 2002, Yamamoto

and Hirose, 2007).

Figure 8 H-ololA #=F¥ %3 7](Surface Air Temperature, SAT)¥} 7} 2
dollM AdE SAT A= Hehdu #= SAT= 2 AgolA 59 Z3
o] HjF Folart Fast 78U AtolE VIHC R B AFA aASA

545 Btk 7|2 oY AR T3t 2 AR oAAE gd=
(22108)9} wFEFE(22107) A Aol A FEH 3T, AAEQ22104) FoloAE & AH
wek iAoz ofgh 3Avt 55 A th(Figure 8). 7129 A
Wztoz o719 o] e r wotyin Y]Ro] stitet= AIE SATS SST2
lead-lag correlations &3l SSTS W3E7t SATS W& o] &%So] gledn
(Figure 9). Figure 98] > Ao] yehl= Fo] #5 SSTS SATE] #7= lead
U lagZ7t A 94 A 0.7 o]dE] ofF = AHHAE EolH lead-lag

correlations 71 A @A SST7} 12A]7F A= A AAdA7 M =& =&

Ao A Exp 19 Ayl e AR BE da &
of| A WAgst= F A% SATE W7Zto] YebA] ki, 7] SSTSF fFAFSE gto =
FAHG7E AJ7ro] A GFEE o2 29l o8] MM Hadhe S yER

=
o ude] BE B9 AF AFYSe BgoE A% F4% 5 9ol 1
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¥ Exp 42 AolM= SST W73 FAlol SAT E3t w24 sHA etatste, 1
ol3E %7] 7o FE FEHA X3t FA Hh(Figure 8). SST2} SATS] lead-lag
correlation Ao AT 0.6 0149 Fhe Holw SSTY SATY ¥ AdaAAES &
HoFrh 18al Uit Al SST7F 12413 A A9 7H st A aa
7 vEbte @53 fAkeE ARE S8l SST WAtel o 7]

Raox & wdstal Ee HoErh Exp 4014 AdE V22
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X
dt
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-7l AY mEo anE FHo7 HAFE AR, HFo] FdAE g
W AF Wt BE) nee AolwA sSTF FAs WAEE @l
NSRS Sall Fets] AAEUL, 343 YA4E SSTE A3 thr]e] do] 3

For AgH= o] fr] Rde FIA 2 AdEHNES BT

337 Exp 4) A% A% vl AYgRE 274 wet o

=
ol# gt Xfol= FA SST 3ol A Aud 2 ¥ Exp 3914 Exp
314 oksh SST Wzhs RO F7] wiZolrt F AL zole 27

GOl Bxo] 9] wRe] AHow Fah AFS] /A5 s

—
%
-
1o
x

Ao} U7 8% AAR ATHE B 29 AWE BE B3 F9 AE %
of M3 EW Avke wims s ek 54 otk ol ol ol
A

=
72 A A A AEAAM FEetA £HAEA ¢kw, 1 A oF
g Wyzto]l yehd SST7F tf7] el AAIZOo R AFHuA VR 34 e] A
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Figure 8. Same as Figure 5 except for surface air temperature (SAT)
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Table 3. Bias, root mean square error (RMSE) and correlation (R) of the result from

each experiment compare to observed surface air temperature (SAT) data.

22103 22104 22107 22108

Bias RMSE R Bias RMSE R Bias RMSE R Bias RMSE R

Exp 1257 303 063|099 141 077|172 272 049|011 203 043

Exp 2/181 213 086|074 1.12 0.84|-0.05 1.72 0.68|042 210 045

Exp 3/162 187 0.88]|-027 128 0.72| 099 178 087|108 191 0.75

Exp 4/ 125 147 092]-0.09 0.80 085|018 1.09 094009 111 090
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Figure 9. Lead-Lag corrlation for sea surface temperature (SST) and surface air
temperature (SAT) for observation (black) and each experiment (Exp 2: cyan, Exp 3:
green, Exp 4: blue) at four KMA buoy locations: (a) Geomundo (22103), (b) Geojedo
(22104), (c¢) Marado (22107), (d) Oeyeondo (22108). positive (negative) value in x-axis
means SST (SAT) leads SAT (SST)
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Figure 16. Satellite composite images from Korea National Meteorological

Satellite Cneter (http://nmsc.kma.go.kr/homepage/html/main/main.do) around

the Korean peninsula at (a) 09 UTC 8, (b) 09 UTC 9, (¢) 09 UTC 10
of August 2011.
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