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Abstract Characteristics of the storm top altitude including its diurnal variations for the convective and stratiform precipitation
and its relationship with surface rain rate in summer Asia are investigated based on measurements of the TRMM Precipitation
Radar in the latest ten years from 1998 to 2007. The results indicate that more than 70% of convective storm top ranges from
8 to 12 km and from 5 to 10 km over the Tibetan Plateau and the eastern plain of the mainland, respectively. In other regions,
the convective storm top is between 5 and 9 km. Generally, the mean altitude of convective storm top is higher over land than
that over ocean. For stratiform precipitation, most of its storm top altitude varies from 5 to 8 km no matter over land or over o-
cean. Furthermore, the results also show a small percentage of shallow convective precipitation occurring in summer Asia but
more than 40% of deep convective precipitation appearing in the eastern plain of the mainland, Southwest China, and the area
from the western Indian subcontinent to the eastern Iran Plateau. The statistics shows that the storm top for weak convective
precipitation has the mean altitude of about 7 —8 km while that for weak stratiform precipitation has mostly the mean altitude
less than 7.5 km over both land and ocean. On the other hand, about 90% of the heavy convective precipitation tops over land
are higher than 9 km while the most heavy stratiform precipitation tops are less than 8.5 km. Additionally. the mean altitudes
of both the convective and stratiform storm top in summer Asia increase with the increment of mean surface rain rate, which
fits the approached curve of quadratic function. The analyses also show that the distributions of the diurnal peak for the fre-
quency, intensity and storm top of both convective and stratiform precipitation suggest a consistent variation trend in summer
Asia but with quite stronger diurnal fluctuation over land than over ocean.
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Fig.1 Distributions of near surface rain rate, detected by TRMM precipitation radar, associated with

(a) the quasi-stationary front in the east part of mainland at 17:38 UTC June 16 2008
and (b) the typhoon precipitation system at 03:58 UTC July 17 2005
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Fig. 2 Rain rate distributions with the altitude along (a) the quasi-stationary front and

(b) the center of typhoon (The colour bar is the same as that in Fig. 1)
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Fig.3 Horizontal distributions of the storm top altitude for (a) the quasi-stationary front and (b) the typhoon
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Fig. 4 Distributions of the mean altitude for (a) convective and (b) stratiform storm top in summer Asia
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Fig. 5 Distributions of the root mean square for (a) the convective and (b) the stratiform storm top in summer Asia
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Table 1 Samples, mean storm top altitudes and mean rain rates for the convective and
stratiform precipitation in typical Asian regions
; - S 2500 3 FHER S 2 %0 3 FHR R
) . X 3 B PN . i A e
o 1 G 454 KR A KR A FERm K [EE T 58
(km) (km) (mm/h) (mm/h)
BB 73°—84°E 18°—25°N 170302 470497 8.08 7.34 9.0 3.1
L 86°—93°E 10°—18°N 164677 341160 7.57 7.43 11.5 3.8
Hh [ e T 110°—118°E 8°—17°N 140411 305855 7.78 7.52 10. 4 3.7
VG I 7 12 130°—150°E 10°—20°N 437560 1054463 7. 66 7.34 9.7 3.7
[ AR R R 115°—120°E 30°—35°N 92579 285385 8. 86 7.41 11.5 3.4
R R R 115°—120°E 25°—30°N 51028 164246 8.36 7.25 9.8 3.1
L R 80°—100°E 30°—35°N 79067 266713 11.12 8.62 9.2 1.9

11.5 mm/h, X Z# L 2.5 km (EFEHB1d 3 km) ,
A D B X I v 2l AR AR R B . B R e e b X
149 XoF i 3 7K T T80 349 0 B2 2 8—9 ke, S 5 B
8.36 km, fHMW FIHTWIE N 9.8 mm/h, ¥ &R 2—
3 km, 7EE B Uil b i DX, X 3 B KRR 0
VI By 8—9 km, YJ{E = 0 8. 08 km, AH L 1
YIWieR 9. 0 mm/h, FEVETHE b, B DR VG A0 BT AR
VR R BT RE VR A A (8N ARG ) X 3t [ 7K TR 90 2
I EEAR T 7 e A AL T M DX X U R K T TR
VT EEME. AN 79 km, ¥ £ N 2—2.5
SR (| Bl | E VAR Ol N R T = = = )
7.57 km, ¥R o 110 5 mm/h; H B § R
7.78 km , EI IR 10, 4 mm/h 75 T B2
7.66 km, F¥ A 9. 7mm/h,

HY DA E B AT D0 B 7 G e A b DX A il i
Xof A A 7K TS 37 g B L TR R 5 4 i T L DA [ AR
TS T X Ak R K R TO0SF- 347 e v s o AR PR b X
IR Z s B BE R K il AL BB e A0 3 S B 7 i TG T 1) 25
SRR KR R R AR VR X 28
et 7K T T A 1 35 e B X3P 8 A /N 3k 2 3 1T FAGIR
B FEI.,

Xof 52 0 b X1 )2 R OK L R 2 R e R
H XA iR - R R X2 = B K 2 R 559 6] i B K
Fu,et al, 2006) , 3% 2 [ 7K § T00 1% °F ¥ 155 B 43 A1 3¢
¥ AY BT ST R ZE RN, R Pmgit
TN o B 25 7 0 T DX AR 6 A DX 8 K 7K R 0L £ O
B EEAE 7.4 ko 22 A7, HURH LA OF- 24 5 A AH
.8 3.1—3.8 mm/h, BLAh. 2= B KR T & B
F9 38 7 2 78 A I 5 I I8 K 1 O 22 1 — 2 i A
1—2 km, J§ & WAE 2 km DL |,

ML S Hridk /] LU B i 5 2 2 K 0 R T

JE 35 J5 2 A5 I 1 O I DG 2R o BV X A 2K R IO v
Y107 2% ve H Xl e [ 2R 0 O o 7 e Dt i 0 2 D
JE b s DX RO A X A 5 o 7 75 A< 35 L B B O
I T b X0t X6 )2 2 R 7K T T s B 4 25 9 A
DX AMIRAA X . 3% Ud B X R K 5 )2 B B KA B R %
VI ORHR . © A WF 5T 28 WV T8 0) 3t B 7K ok 55 B v 22
)2 Z B K (Houze, 1981) , {H )2 i 3K, J2 2 B¢ 7K J2
5L R K R R R I R KGR A TR Y .

AN TR T R 7 A UL XX 3 R
K5 2 25 B K R T o B ) 43 A R S, 48 X 7 S b
DX 79 25 ek 7K T IO v B ) ME 38 03 A (18 6) o %o i e 7K
T O 55 A ABE 2R 0 A5 2 B (&) 62, IR 75 9K sy Do ok
HOTE e B 24 70 U6 (1 TR 00 3 B 43 A AE 812 km, 12
km DA b B 5 R K SR L 1506 . E AR B
S T8 B X8 Y A KRR IO e JRE AR 238 0 A A At X3 5
A AE 3—13 km, Hirpr, 25 80 %6 B X 37 B /K T T /=
BE AT T 510 km, 29 10 % 9 X5 3 W 7K 7R T i
T 10 km, HAth 5 A B8k CER RE Y KBt 36348 L 2
PV v [ e T P R B P B AR B B X
UL B K W T /R B 43 A T 3—12 ke, Horr, 24 80 %0 4y
fiT 59 km, 2 10% 5 F 9 km,

XoF 12 2 B 7 G e D i DX )23 2 o K T e
SYARAE 511 km fHC AW FE I X2 A KL
58RI K S 3% 2 TRMM R 8 5 B 7K 28 YR 51
TP AFAEA L 1 R (Fus et al, 2007) . [ R
XAk, HoAth 6 A H DX 114 23 2 [ /K T 00 i 32 AE 238 0 A 24
FIL N B — Bk B 4 A F 3—10 km, Hor,
5—8 ke T 10 55 B 19 )2 2 B K o 31 70 6 224 o T T T
FER T 8 km M2 2R K 52 15%,

— N s = T BE AR TR 45 2 5 FE (29 5 k)
[ B 7K 2 R B8 2= o 1T RN TOE i B v 110 keen f9 56 978



442 Acta Meteorologica Sinica SRk 2012,70(3)

25
(a) Convective —— Ind — Ind
201 — BaB
—_ —~ SCS
& & —— WaP
2197 7 —— EaC
§ § — SeC
& 10 & —— Tib
5
2 2 4 6 8 10 12 14 16
Height (km) Height (km)
ESNCINEN ;27 N i ) | E VAN L= R R 3N NG R B -2 AN R ES B < B O
A AR % R G 1 X TR K Ca) U 2 B /K (b)) R IO 17 A4 ABE 2R 43 A
Fig.6 Probability distributions of the storm top altitude for (a) the convective and (b) stratiform
precipitation in the north part of Indian subcontinent (Ind), the Bay of Bangal (Bab), the South
China Sea (SCS), the warm pool of the western Pacific ocean (WaP), the eastern plain of China
(EaC), the southeast highland of China (SeC) and the Tibetan Plateau (Tib)
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Fig. 7 Ratio distributions of the convective precipitation for the three different top altitudes
(a. rain top lower than 5 km., b. rain top higher than 5 km but lower than 10 km.,
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overlapped with the fitted curve in quadratic function
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Table 2 Coefficients of quadratic regression between mean storm top altitudes and mean surface

rain rates for the convective and stratiform precipitation in typical Asian regions

Rk 2 Y X 45 Ho (m) a b AHC R B
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TG KT 1 3t 6. 446 0.382 -0.020 0.998
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Fig. 12 Distributions of the diurnal peak in the local time for the frequency (a, d),
intensity (b, e) and rain top altitude (c, {) for the convective (a,b,c) and

stratiform ( d,e,{ ) precipitation
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Fig. 13 Diurnal cycle of the frequency, intensity and rain top altitude for the convective precipitation

(a. Indian subcontinent, b. the Bay of Bengal, c. the South China Sea, d. the warm pool of the western Pacific ocean,

e. the east plain of China, f. the southeast highland of China, g. the Tibetan Plateau, h. Sichuan Basin)
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