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Abstract This study presents a statistical analysis of the variability of vertical precipitation structure in the eastern downstream
region of the Tibetan Plateau (TP) based on measurements by the precipitation radar (PR) onboard the National Aeronautics
and Space Administration (NASA)’s Tropical Rainfall Measuring Mission (TRMM) satellite. Data over an 11-year time span
(Jan 2004 — Dec 2014) are analyzed. The results reveal the seasonal and spatial variability of the storm height, the freezing lev-
el, and the bright-band for different types of precipitation as well as the characteristics of intensity-related and type-related ver-
tical profiles of reflectivity (VPR). Major findings are as follows. Precipitation types greatly impact the VPR in terms of their
different microphysical and dynamical processes. About 90% of the bright-band peak reflectivity of stratiform precipitation are
less than 32 dBz, and 50 % of the maximum reflectivity of convective precipitation exceed 35 dBz. The intensity of surface rain-
fall rate also depends on the shape of the VPR. For stratiform precipitation, ice-snow aggregation is faster during moderate and
heavy rainfall than that in light rainfall. Both surface heating and terrain impact the VPR shapes and their respective rain region
slopes by changing the updrafts, which may affect the ratio of collision-coalescence as well as the low-level evaporation. Over-
all, the findings indicate that the developed representative Ku-band VPR can be used to improve surface precipitation estimates
in regions with complex terrain, where ground-based radar has limited visibility at low levels.

Key words Space-borne radar, Weather radar, Precipitation, Climatological VPR

x VR . K HRBF IR T H (91437214) A FR AT (B BHIFE T (GYHY201406001) ,
EF A e, EZN G LM T2k 8 5 8 9 F 58 . E-mail: zhonglz(@cma. gov. cn



214 Acta Meteorologica Sinica S Z%¥iR  2018,76(2)

BOE PG TR CTRMMD #5259 90 1 7 38 (PR)2004—2014 4E |35 11 a 01 22 0000 98 R 75 98 = I 45 7 )1
s XA [ 2 35 A ] Wi 7K 286 20 f) 20 L 45 A0 FF AE BEAT T e 140 . OF 5L T AR B B M 2 R T 3 T B4 (Vertical Profiles of
Reflectivity . /i Fx VPR) . £5RFKW]  ih T A [5) (9 500y B0 K 5l 0 5k 8 ik 7K 288 7R 0f 52 Jf 3 3 L0 4R 1) 45 440 R AiE 5 Wi AR K. 90 26
)2 2 0°C )2 55l W B 5 BE IR T 32 dBz. 5020 Y X8 it 25 i K S 5 4 5 BE 5k 35 Bz, WK 28 780 I ik 2 149 %) S S5 46 T IR 2R Y
AR ARK 2 7 RGE R E P BT K S X R A RO RCR W BB R /DT R, SO R TR {R LRI 2 A —
SE F9 DX 3P R 2 AR AIE L 3t SR n B0 3t T v R A P 2 ISR R IR S A R T B TR A R L b U Y B R
& UKE SR K DX Al 5 4 R LA Z 978 KA DT R — 25 52 i 12 T DX ) B S 30 T B R 36 L 30 = I AR S I
I3 — ST XS S A AR AR R R AR R E R R R R Rz A A T R R AR S X 2 B — Y
PR AT A R 425 T 5 AR Ok AT LACKE R T B2 N TR A S R AR 2 M TR S S 4 e B N T T 0B S R KT A R L

AR A 5 3 70 2 A T8 25 05T 1600 90 PR B 0 32 R ) e I+ AL T 5 30 5 38 5 5 R K i 0 ) 1R 22

XA RRELRACHEE KR G R
hEESEE P412.25 P468

L 5 F

KK 2 1) B BRI 21y ) 3 R 5 T o X P
TSR R M D B 7K 2R 48 10 J 1 78 (Biggerstalf, et
al, 1993; Smith, et al, 2009), X H I AN B A
Bl T 4 b i e i B K TR B A K . AR UL A
JETE A [R5 ) B 3 g i R 2 7 AR A ) 1 e K
%t ¥ ( McFarquha, et al, 2007; Smith, et al,
2009) . 40 X = FEK FUZE 2B K (Yangs et al,
2013) dy Wb AN [a] ol 4y 30 2 g aok A8 7 2 HC T 454
ST N ER K EE R B AH 2 L /N A R B0 B A
TE 3 B2 45 T A (LB AE (Fabry et al, 1995; {2
K4E,2012; Cao.et al,2014) , R . 38 3 [ 7K 45 149
FRAE W] LA 5 AR R A B 7K S B Ak K o DRI
A AUl 41 BSOSO I 35 £ B 1 3 7K 1 iy 3 e A

A B T8 AR A O ] DU AT b A 7R K
ARG EHG 4 (Fabry, et al, 1995; Geerts,et al,
2005; Smith, et al, 2009), K< ik B 5
A H 2 (VPR) FI LA B B AN [ 4 B ok 2 1) e
KT ERRAE R 2 AF R B 9T N B 2425 b Oy s
FEAN [ 3 7K 1Y) S ST 56 e L 4 AR ok Bt b R T Gk
3T HbL T [ UK FE 5 RS BE (Kitchen, et al, 1994; Fab-
ry, et al, 1995; Vignal, et al, 2000; Germann, et al,
2002; Bellon, et al, 2005; Zhang, et al, 2010;
Kirstetter, et al, 20100, SRMAEHIE &2 240911 X,
BERATRIREAR)ZE 09 31 35 RE ) A R A7 28 XY i
b2 R 7K T LG 2 G RS 15 2 AR R A B R L I S g
AR B2 5 M TR KA I A B A DG BR (Ger-

mann, et al ,» 2002; Maddox, et al, 2002; Kirstet-
ter, et al, 2010; Wen, et al, 2011; B A, 2012;
FER, 2013) . B i KO I8 iy 7 52 D o 4
T 128 1 25 0 R JRE B e A LA oue 2 4t Ml O 52 2 3t IXC i
SR R K R GE I B A TR) 43 PR AR MR S S AR A
FERER A IX — ), 25 AR B AL 2 W s A
32 WA S B AT B v 1 L0 R A I e B A
FER AT IR AE L XA I 7K ()% 22 (Gabella, et al,
2011; Wen, et al, 2013; Cao, et al,2014), R%&
S I TR P S A M T ) A 2% 52 30 M W A Y 5 T
{H 2 55 b B R AU TR A [R) AR 2 I B B R T
LA (] 43 B AR O H 2 7 3l 5k KA Ik iR B Ak
0 100 km RLAM) I HAS 32 P o445 52 ), 5, mf
LR BEA IR K RGO ILR TR B R ARG E B
4 (Cao, et al, 2013; Wen, et al, 2013),

AR EEM A REEZMEM KRS B A=
() R A3 (7] 4 S Ay Al 0 T2 2 A ) T R R
(PR) (E4E4r, 20015 Kozu, et al, 2001) 4 Hr b %k
R TRl 38 A W I KRS 2 S8 AR 1 75 =
Ji 2 B 2 1 i b DX 79 AS ) g 7K T 1495 1 R ALE ok
H DR A AL T HIE &2 4 i i X B 1 25 10 7 7 e
Ji 2 B RIE S DX 318 3 T 8 2 O3 A o 2R A L X b
I3 A IR 2% AT 3 TR R A ) 32 L R
BRI R 22 BRI R R AR kK B g
AR F

2 AR Rpi o X
AR AR £ B 2% F O st TRMM PREE I %% i



Mg AR 4 R T R G T 7 3K 20042014 45 WL Y 11 3 X F3e Kk 2 B 45 F4) ) U R AE 215

104 105 106 107

108 109 110°E

B 1 W5 X e R (AL m)

Fig.1 Topographic image of the analysis region (unit: m)
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Fig. 2 Statistics of the TRMM PR dataset used in the analysis; data show the total pass number
of precipitation (=0 mm/h) (a; —d,. spring — winter) and annual average precipitation
(a; —d,. spring — winter, unit; mm) for each grid-box during four seasons

(the spatial resolution is 0. 1°X0.1°%)
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Fig.3 Vertical profiles of the occurrence frequency of radar reflectivity

in the whole PR dataset; (a

) convective, (b) stratiform, and

(c) possible stratiform precipitation
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Fig.4 Seasonal variation of VPR for the type of stratiform precipitation
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Fig. 8 Seasonal and spatial variations of the bright-band peak height
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Fig. 9 Seasonal and spatial variations of the VPR slope (unit: dB/km) of

raining region: (a) convective, (b) stratiform, and (c) stratiform maybe

precipitation for summer (a; — ¢;) and autumn (a; = ¢;)

(The spatial resolution is 0.5°X 0, 5°)
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