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Abstract Two experiments have been conducted using WRF (Weather Research and Forecasting) model with different
cumulus convective parameterization schemes in this paper. It is found that the model with the Kain-Fritsch (KF) scheme
performs well for the simulation of summertime large scale circulation over East Asia, and the evolution/withdrawal of the
rain belt and the spatial pattern are close to that retrieved from TRMM, although precipitation is overestimated in the
simulation. With the Grell-Freitas (GF) scheme, however, there exist obvious biases in the simulation of precipitation and
circulation. The possible reason for these biases is that the convective heating rate is overestimated with the GF scheme,
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which results in abnormally strong convection in the South China Sea—Philippine area and the diabatic heating is

overestimated. As a result, the divergence on the southern side of the western Pacific subtropical high is weakened, which may

inhibit the northward and westward extension of the subtropical high and influence water vapor transport and monsoon

circulation as well as the summer climate in East Asia. It is also found that the simulation of large scale circulation can be

improved in the sensitivity experiment by decreasing the convective heating rate and drying rate in the GF scheme.

Keywords WRF (Weather Research and Forecasting) model, Grell-Freitas scheme, Kain-Fritsch scheme, East Asia, Large

scale circulation
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Fig. 1 JJA averaged wind (vectors, units: m s '), geopotential height (contours, units: gpm), (al—c1 and a3—c3) divergence (shaded, units: 10 ®s™"), and
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Z= SR (& 3a2 FTb2). %FECE 3a3 Al b3 A LL
Fif, BRSO BB K I DTk /N, {H KF
J7 ARG s K L GF TR 2, Fral b EK
VLA R 373 i DX A% e B 7K 240 1 IR BRI 173
IR 5 2= R 7K ) — AN 98 HE AR U2 S B AR
PU R ADIR > A, I X PR o A REEAE 6. 7

Aot (Wang et al., 2008). & 4 45 [H
AREBZERIX (110°E~120°E) TRMM ML R 45
IR, T KF 7E (E 4b) BARTEZ BT B
LR R K 2R TRMM FE7K (B 4a) K, (HIER
WAL E S TRMM #18, 76 6 A Bfmardtih
FERITHILM 30°N FHz, 7 A a gk fedb X



b7 N W 43 3%

68 Chinese Journal of Atmospheric Sciences Vol. 43
(a) FNL (b) KF (c) GF
40N 1 LI ] \} Ll \ N7/ n
1 1" » 11 (] \ '\
| v [ N N/ \ 1\
139 1\ 1 >0 "
~ \ : \J (I |
\ r (B 3 ~ I
- Vil ! . i Vi h N |
30N Ny ¥ \ . Wl - MR || 1 h
! 1 v, | 1) \ 1 M \
- B TV | I r W A 0 [
1 . ] | ) 8 Al g
/ | \y ol / Py
] P ] AN a4 A I
| N ! | ‘o | 1, ! W )
[N Yy 0 I / V |
20N o ! ¥ | (- K 4 b
Y ! ’ S 7,
1 v /) ! 1 © : Z al | !
/ Iy I 1 1 R/ \ /N ) !
1 Iy / 1 1 ! y e 0 K
| Iy ’ 1 | ’ 1 N 2
L L L 2 \ L L
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1
Jun Jul Aug Sep Jun Jul Aug Sep Jun Jul Aug Sep
Date Date Date
[ [
5860 5880 5900 5920 gpm
B2 (a) FNL %#LUIK (b) KF Al (¢) GF BifULE 2010 4E 52 110°E~130°E “F4 500 hPa {345/ (Ffii: gpm) FIN—4E R I, @
LN i) R 2R

Fig. 2 Time-latitude crosssections of 500-hPa geopotential height (units: gpm) averaged over 110°E—130°E in the summer of 2010: (a) FNL analysis; (b) KF
simulation; (c¢) GF simulation. Zonal wind equal to zero is shown by the black dashed lines
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Fig. 3 (al, bl, c) Total precipitation, (a2, b2) cumulus precipitation, and (a3, b3) grid-scale precipitation in the summer of 2010: (al—-a3) KF simulation;

(b1-b3) GF simulation; (c) TRMM observation. The shadings indicate precipitation, units: mm
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GF150 1.50
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GF025 0.25
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Fig. 4 Time-latitude crosssections of precipitation rate (units: mm h™') averaged over 110°E~120°E in the summer of 2010: (a) TRMM observation; (b) KF
simulation; (c¢) GF simulation
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Fig. 6 Vertical profiles of area mean heating rate (units: 10 °K s') (a—c) calculated for individual terms of thermodynamic equation and (d, ¢) for different

parameterizations derived from the simulations in the summer of 2010: (a) FNL analysis; (b, d) KF simulation; (c, ¢) GF simulation
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GF150 experiment; (¢) GF075 experiment; (f) GF050 experiment; (g) GF025 experiment. The vertical velocity has been multiplied by 100
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observations in the summer of 2010
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