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Abstract The effects of sea surface temperature (SST) gradient induced by the previous
typhoon on the following typhoon motion over East Asia have been investigated using Weather
Research and Forecasting (WRF) model for the previous Typhoon Bolaven (1215) and follow-
ing Typhoon Tembin (1214). It was observed that Typhoon Bolaven remarkably reduced SST by
about 7°C at Yellow Sea buoy (YSbuoy). Using the WRF experiments for the imposed cold
wake over West of Tembin (WT) and over East of Tembin (ET), this study demonstrates that the
effects of eastward SST gradient including cold wake over WT is much significant rather than
that over ET in relation to unexpected Tembin’s eastward deflection. This difference between
two experiments is attributed to the fact that cold wake over WT increases the magnitude of
SST gradient under the eastward SST gradient around East Asia and the resultant asymmetric
flow deflects Typhoon Tembin eastward, which is mainly due to the different atmospheric
response to the SST forcing between ET and WT. Therefore, it implies that the enhanced east-
ward SST gradient over East Asia results in larger typhoon deflection toward the region of
warmer SST according to the location of the cold wake effect. This result can contribute to the
improvement of track prediction for typhoons influencing the Korean Peninsula.

Key words: Typhoon motion, cold wake, SST gradient, potential vorticity tendency, binary
tropical cyclone, Yellow Sea, East China Sea
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Fig. 1. Track prediction of typhoon Tembin (1214) at (a)
1030 LST 27 August 2012, (b) 1000 LST 30 August 2012,
and (c) 1300 LST 30 August 2012 by Korea Meteorological
Administration (KMA).
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Fig. 2. The track of the previous Typhoon Bolaven (blue solid line) and the following Typhoon Tembin (black solid line) was
simulated by WRF and spatial patterns of 500 hPa geopotential height (contour) at experiment starting point (0000 UTC 27

August 2012). Gray solid line was not simulated WRF experiment.

Fig. 3. Time series of SST at IORS (red line), YSbuoy
(black line), and OISST (blue line) from 0000 UTC 27
August 2012 to 0000 UTC 30 August 2012.
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Fig. 4. The WRF domain used for the case of Typhoon
Bolaven and Typhoon Tembin. The horizontal grid spacing
is 12 km for DO1. Red (yellow) typhoon symbol is represented
Typhoon Tembin (Bolaven).
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Fig. 5. Spatial patterns of SST difference (shading) between
28 August 2012 and 27 August 2012. Left box defined region
of West of Tembin (27°N-40°N, 115°E-125°E) and right box
defined East of Tembin (22°N-35°N, 125°E-132°E).
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Table 1. Configuration of the WRF model used in this experiment.

Model

WREF version 3.2

Horizontal grid spacing
Dimension

Vertical layers

PBL

Cumulus

Microphysics
Longwave radiation
Shortwave radiation
Surface layer

Land surface

12 km

240 x 240

27 full sigma levels

Yonsei University scheme

Kain-Fritsch scheme

WREF single-moment 6-class scheme

Rapid radiative transfer model (RRTM) scheme
Dudhia scheme

MMS similarity

5-layer thermal diffusion

Atmosphere, Vol. 26, No. 4. (2016)
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Table 2. Experimental design of control run (CTL) and SST distributions changed by cold wake.

Experiment CTL ET-CW WT-CW
Initial condition of SST Decrease SST by three times Decrease SST by three times
obtained from OISST data more than the cold wake (28 more than the cold wake (28

Change in SST condition on 27 August 2012, which

is considered without cold

August minus 27 August) over
the ET and increase SST by
wake the cold wake over the WT

August minus 27 August) over
the WT and increase SST by the
cold wake over the ET
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Fig. 6. Time series of SLP (right y-axis, orange) and 10 m wind speed (left y-axis, blue) at (a) IORS and (b) CTL. Green-
shaded and gray-shaded areas indicate pass of Typhoon Bolaven and Typhoon Tembin, respectively.

Fig. 7. The simulated tracks from (a) CTL (black solid line), (b) ET-CW, and (¢) WT-CW (white solid lines) of Tembin. The
initial forecast time is at 0000 UTC 27 August 2012. The SST distributions (contour) are considering the affected area of wake

effect for each experiments. The contour interval is 1.0°C.
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Fig. 8. Wavenumber-1 components of (a)-(c) total potential vorticity tendency, (d)-(f) horizontal advection, (g)-(i) vertical
advection, and (j)-(l) diabatic heating, which are 12-h composites of lower-level (0.9 > ¢ > 0.55) averages during 48~60 hours
in (left) CTL, (middle) ET-CW, and (right) WT-CW experiment of Tembin. Positive values are shaded. The contour interval is
4.0 in (a), (b), (d), (e), 2.0 in (c), (), (g), (), (j)-(1), and 1.0 in (i) [Unit: 10~ potential vorticity unit (PVU) per seconds (PVU,

where 1 PVU=10"°Km? kg s")].

A3 MwEdS W ET-CW A 3olA zpole
ERFA] 9kth(Fig. 7). CTL 283 ET-CW 2 & A}
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\
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sto] 2w o e 5740 YERTH(Figs. 9a, b). 8
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Fig. 9. The 12-haverages of lower-level (900 hPa-550 hPa) asymmetric flow in the Typhoon Tembin core region
(300 km x 300 km) over periods (48~60 h) in (a) CTL, (b) ET-CW, and (c) WT-CW experiment of Typhoon Tembin.

Fig. 10. Spatial patterns of wind (Blue, m s™') and geopotential height (gray contour, gpm) at 850 hPa in (a), (b) CTL, (c), (d)
ET-CW, and (e), (f) WT-CW experiments on 0000 UTC 29 August and 0000 UTC 30 August.

Atmosphere, Vol. 26, No. 4. (2016)
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Fig. 11. Spatial patterns of and SLP differences of (a) ET-CW - CTL and (b) WT-CW - CTL on 48~72 hours average. Positive
value means that pressure is higher than CTL experiment, and negative value means that pressure is lower than CTL

experiment.
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