0577-6619/2010/68(4)-0439-49 Acta Meteorologica Sinica S R¥R

FTREANEANEEESHBEHHM
— WP S M E LR

KA kg
ZHANG Suping" REN Zhaopeng'**

[ DR 2 0y B A S R R - R U AR T S U S % LK . 266100

T BT AR R L35 B 266700

Physical Oceanography Lab. s Ocean-Atmos phere Interaction and Climate Lab. , Ocean University of China » Qingdao 266100, China
. Meteorological Bureau of Pingdu City, Qingdao, Qingdao 266700, China

2008-12-29 Y F ,2009-04-29 B JA].

NHN)—‘

Zhang Suping, Ren Zhaopeng. 2010. The influence of the thermal effect of underlaying surface on the spring sea fog over the

Yellow Sea: Observations and numerical simulations. Acta Meteorologica Sinica , 68(4) :439-449

Abstract A sea fog event occurred over the Yellow Sea on 2 —3 May, 2008 is investigated in this paper through various observational
data and a three-dimensional mesoscale model WRF. The satellite images depict the fog area of almost sea-basin scale at its peak phase,
and the fog is a typical cooling advection one that often occurs in the Yellow Sea fog season (from April to July when sea surface is cool-
er than air temperature) according to the synoptic conditions and sea surface tempertures. The buoy observations near Qingdao show
that the surface air temperature (SAT , 2 m above sea level) decreases obviously when fog starts to occur with visibility dropping sharp-
ly below 1000 m and that the differences between the SAT and the sea surface temperature (SST, 1 m under water) reduce to less than
0.5C during the sea fog maintaining. The SAT is even lower than the SST in dense fog with the lowest visibility. The digital sound-
ings indicate that stronger turbulence occurs below 150 m in the lower levels of the marine atmospheric boundary layer (MABL) during
fog, reflecting that weaker stability is possibly in favor of sea fog generation. The differences between the SAT and the SST become
greater distinctly and the turbulence is weakened in the intensity with its developing levels rising in the dissipation phase of fog. The lo-
cal air-sea interaction mechanism of momentum transport downward could play a role in the fog process, with higher wind speed as the
result responding to warmer SST that is one of the conditions favoring better visibility.

The numerical simulations with the WRF reproduce the variations of fog area and the horizontal visibility with time, which
are consistent with the observations by satellite and from buoy. The difference between the SAT and the SST is less in fog are-
as than that out of fog areas. The effect of sea surface thermal condition on the sea fog is investigated quantitatively through
sensitive experiments. The results show that the stability and turbulence under 100 m altitude are sensitive to the variations in
the SST. The degree of the sensitivity depends on the water vapor content in the lower levels of the MABL. Under the condi-
tions of lower humidity (¢g<C0.5 g/kg) in the thin fog areas, the stability can decrease (30,/3z<.0. 01 K/m) (increase (30,/9z
=0.07 K/m)) obviously with the thin sea fog patch shrinking (enlarging) evidently in the case of the SST rised (dropped) by
1 C; while in the dense fog areas with a higher humidity (¢=>0.6 g/kg), the effect of changing in the SST on the stability is
not so obvious, and the dense sea fog is able to be maintained. Therefore, if the difference of the SST and the SAT is small, e-
ven the SST is higher than the SAT, and if the sea fog still exists, the fog should be the dense fog with higher water vapor con-
tent. This result is helpful to understanding of the sea fog formation mechanism as well as to its forecasting improvement.
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Fig. 8 Simulated cloud water mixing ratio at the first model level (g/kg) at 12:00 UTC 2 May.
(a) Sen-Exp01 (SST+1 C), (b) Sen-Exp02 (SST-1 C)
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Fig. 9 Vertical cross sections of simulated cloud water mixing ratio (shaded,g/kg) and 90,/3z (contour,

K/m) along the line CD in Fig. 8a at 12:00 UTC 2 May (a. Sen-Exp01 (SST+1 C), b. Sen-Exp02 (SST-1 C))
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Fig. 10 As in Fig. 9 but for the Richardson number (contour)

and along the line AB in Fig. 8a
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