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Abstract In order to study the urbanization impact on precipitation and explore the corresponding effect mechanism, the char-
acteristics of convective and stratiform precipitation are investigated based on measurements of the TRMM Precipitation Radar
over Hefei in summer (June, July, August) during 1998 — 2012. The results show that the development of urbanization signifi-
cantly affects the spatial distribution of precipitation with higher convective and stratiform precipitation rate over the urban area
and lower value over the rural area. Moreover, convective precipitation frequency is lower in the urban area than over the rural
area, while stratiform precipitation frequency is higher over the rural area. In addition, the vertical structure of precipitation
shows that the precipitation echo top over the urban area is higher than that over its surrounding rural area, which reveals that
urbanization is conducive to the development of precipitation system but suppresses precipitation rate over the urban area. Con-
sistent with the urban heat island diurnal variability, there is an increase in the rate and frequency of convective precipitation in
the urban area during afternoon and nocturnal hours, while there is no significant diurnal cycle in the rural precipitation. In
general, urbanization has a great impact on local precipitation rate, while the effect on local precipitation frequency is not signif-
icant. The long-term trend in precipitation shows that the rate and frequency decline over the urban area, while there is an up-
ward trend in precipitation rate and a declining trend in precipitation frequency over the rural area. Additionally, the difference
in precipitation characteristic between urban and rural areas becomes significant due to the urbanization. By analyzing the distri-

bution of extreme precipitation. it is found that strong precipitation frequency over the urban area is lower than that over the
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rural area. In particular, it is 75% lower than that in downwind of the city, whereas weak precipitation frequency in the urban
area is higher than that over the rural area and 18% higher than that in the downwind area.

Key words Urbanization effects, TRMM PR, Precipitation structure, Convective precipitation, Stratiform precipitation
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Fig.1 The false-color of Hefei by bands 4(R), 3(G) and 2(B) Landsat TM synthesis
in 1999 (a), 2007 (b) and 2012 (¢)
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Fig.2 Spatial distribution of 700 hPa wind field over
Hefei area in summer from 1998 to 2012
(purple block is Hefei, blue block is the surrounding
rural area, red points are selected

meteorological stations)
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Fig.3 Temporal variation of rain anomaly over the main urban area (a) and its surrounding area (b) calculated
from observations of the TRMM PR and rain gauges in summer from 2006 to 2012
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Fig.4 Spatial distribution of precipitation rate (a, ¢) and occurrence {requency (b, d) of convective (a, b)
and stratiform (c, d) precipitation in summer from 1998 to 2012
(region BC, AB and CD are the Main City Area (Hefei), and upwind and downwind areas, recpectively)



b A JET TRMM PR 0 9 5 2= 5 A8 X R /KRR AE 20 A

XoF L A 7K s H T X A AR 7K 1 i 8 K T e K R
R K B STRRAE XS . N dab TR X A K
JEE RIS 1) AR DX 34t B 7 5 I8 K Rl X (L3 7K
IO 4355 3 14 mm/h 1101020, N FIRIX
K HC ) 1 DX ABRAN [e) e 7K 2 20 ik B R0 OGS BE (3R 1D
IRV SN S A AP Il o N 1 € o
11.4 mm/hF1 0. 8% , )2 2 P 7K 5 B FUA IR 43 1 S
1.75 mm/h FI 5. 25 %6 ; J&] 1 DX I0] A R 7K 5 00
WA R 12,4 mm/h F 0. 92% . J2 75 [ 7K 98 FE A
BT 504 2. 13 mm/h Fl 4. 92% . i F KX (8 %
U R 7K SR B RO 43 53]y 12,9 mm/h 0. 89%
A3 ER X 29 1316 % M 11, 25% 5 J2 = Ky K
5 B ALK 43 9] Ry 2. 75 mm/h F 4. 7504, g
JKHR EE 5 X 24 57, 14 %, T B K R AR T
WIX 25 9.5% . AT UL AT 3L B 7K 3 02 2 2 B K

749

F I XK R R B AT T R i XK X AR R RE —
S IR Y R A AR R T R 2R R D,
ST DR S 3 Bl R 7 AR T R i TS Y ) BE A
A% o T3 71T B0 5 R 1) b TS S A BE LS T 2 &
B R TN B AZ A AR R o AT T AT
AR T 2= 7K 1) TR 7K 9 5% A 32 3 ) T R 7K (Rosen-
feld, 1999, 2000; Rosenfeld,et al, 2008), #t4h.,
5 572 AT VU I 2 LR 52 ) T ki A 8 B 0 5 A
i UER AR BLAE S ) B 45 /K P 16 &2
XA KX CAREB A AR b X 80, i 45 R KUK A S 37
FZE 2 WK BE 88, 3X 5 Shepherd 25 (2002) B 5%
SN e B T TR R Ve S D TS A = g 2
KB TR KUK BEK LT R KX, X 5
Chen £ (2015 55152510,

1 GNEHE XA [7] R 7K 2 AL B FH RN L

Table 1 Comparison of participation rate and frequency over Hefei district

X i B 7K 2= [k
CREKHREE (mm/h) BABIKCY)  BOKEE(mm/b) BOKEIR(%
A IE FE 3k X 11.4 0.8 1.75 5.25
W RUX 12.9 0.89 2.13 4,92
IR T JE 2 X sk 12.4 0.92 2.75 4.75
TR AH X X e AR 13.16% 11.25% 57.14% -9.5%

3.2 MEKHMEESWEE

F & 95 R 4> 4 Kl CFADs (Contoured Fre-
quency by Altitude Diagrams) 451+ 75 12 73 ¥ B 7K 19
e B A — RN A B0 77 30 (Yuter, et
al,1995) , %77 ¥ e {7 th 4y B IR A — 2 A A
Hh (o B A b 0 Bl 8 S S 238 PR A1 B Bl i 58 AR ) 1Y
SIATAE B T R IR AR A B KRR A D B e AR
%S AR B 5> i . F L. Fu 48 (2003a) ] 1 —
Y AR ARF- T A SR DU AR AR X & 8 B )2 B REAR R AT
A — A A B AT 2 A bR - TET b B K R B A A (R
O3 A KAl R B K 9k B A 5 5 1) R A . S
R F ek i) CFADs J7 2 2k fF 92 4 JIE 3 XA [7)
T E N R

S AT LUE s 32300 X ] s X3l i) %k 3
JZ2 7 K Z 808 B i 5 AR T 14 dBz, H 2 %l i
F9mERT 1 km; FI XX KA CFADs &
JEIR B 14 ke, 100 A 32 XY 55 FE 292 12,5 km; 7]
DL 32 3 DX B UK [l T G0 A BE R 3 XY 2
1.5 km, FINKXJZ = MK H CFADs & & ik #

11 km, i 31 X8, CFADs &% % 10 km, %f [ &
381X R HE o 0 DX %) %o i B K CFADs (J&] 5e.d) AT
VLA w5 SN AR L, 19—42 dBz H 3 8 e 5 o oL
F1.5—5 km, £E3X 45 B DL [FIAE R/ B 43 3
TG B R N . 2 B R K R G I DX 2R DL
B 7K o B oyt BRI I T 3 1 e B R R L 4 3 Ry
1—8 km.,20—32 dBz, — &L T bR M KSR S
T3 R0 00 1 B 56 2R %% ) o 3 A /K A JEE BRI
Iea 0 T v R e v (AR XU 45, 2015) , 4% Rk — &5 SR 4
T = B XX 378 2 2 o K 5 8 7 g bk i ] 3 X
35, AFL SR 50 20 AH 2 32 30 DX 6T 3 R 2 2 B K i
A TR 3 L G B 4ae, T RS — B4 1 5 R AR
AIRB AN T BT A T DX R T T T R s T
{75 B KORE - TE 2 R PR R K i BE A8 /N

Hy AT UL 3T X K 2 K R R IR L T R R A
SR 1 FRLRE B 1 DA BT A 5 R B KRR R
Ui 4 G 3 R T AR K R R AR T R 3 DX 32
TR AR A R b 28 R s B R AR E
KRR Z 3 R 2 T 5 %00 (Zhang et al,2009;



750

Acta Meteorologica Sinica SRk 2017,75(5)

TRI A L 2015) , i 3 7 X 38K i (V5 Y B LS A AR 25 T A AR 1) ) T [ 3 R R ) T 0 A
FITF /Nl A% AL FEAR T 2 7K 1) B 7K B 28 4k 26, 310 7l (K 6), Hh AB.BC Hil CD X Jif X ds 2 1] 4a ff 7 .
T [% 7k (Rosenfeld, 1999, 2000; Rosenfeld, et al, A LB AR R (AB X380 19 %5 57 K 7k 2 19 [5]

2008),

PR B 2o 12 km, FHEIX (BC X380 [0 3% T 5

NT =BT RA RS BT X KRS B URGE 15 km, T XX s E WA % F) 15 km,

14

Height (km)

14

12

10

Height (km)

10 18 26 34 42 50 10 18 26 34 42 50
Radar reflectivity (dBz) Radar reflectivity (dBz)

10 18 26 34 42 50 10 18 26 34 42 50
Radar reflectivity (dBz) Radar reflectivity (dBz)
0 0.1 0.2 0.3 0.4 0.5 0.6 (%)

Bl 5 19982012 4F H ZE 4 B3k X (a o) F1 ) 3 X 35K (b d) (9 5% i (a b)
2= (e ) K = 1 5 3k -5 B CFADs
Fig. 5 CFADs of convective (a, b) and stratiform (c, d) precipitation over the main

urban area (a, c¢) and its surrounding area (b, d) in summer from 1998 to 2012
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Fig. 6 Cross-sections of the mean reflectivity for (a) convective precipitation and (b) stratiform precipitation
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