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Abstract: Daily precipitation data over the Pearl River basin (1960-2005) from 42 rain gauges is used in this
article. Precipitation indices such as annual total precipitation amount, annual total rainy days, annual pre-
cipitation intensity and annual mean rainy days are defined. These precipitation indices are analyzed using
the modified Mann-Kendall method. Results show that: 1) Decreasing trend of precipitation is found mainly
in the middle and upper Pearl River basin. Rainy-days are decreasing almost over the entire basin. Thus, the
precipitation intensity of Pearl River basin is increasing, particularly in the middle and the eastern parts of the
basin; 2) The occurrence and fractional contribution of wet periods with shorter durations (2 - 5 d) are tend-
ing to be predominant while longer durations are decreasing in recent decades; 3) Heavy storms are easy to
occur in the eastern of the basin during shorter durations. Higher risk of floods and reduction of water yield in
the lower basin will increase uncertainty of water supply in the Pearl River Delta and hence pose new chal-
lenges for water resources management.
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River Basin
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BRIT S Ab e R E /7, TAUA 4.52 x 10°
km®o sk DL R BB T, A R AR
94.5%; “FIRTIFV/NT /38, A 5.5%. i 35
JbwET R K. AR L, BRIT IR I 2 RS
foc, IRAZ . IR/ X AR A 20°C AL,
FERRBAAKR, Z4FHWETE 1000~2200 mm 2 [f].
MR I B, BRI A 2 KK R,
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Table 1. Definition and unit of indexes of precipitation extremesin
the Pear| River basin
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4.1, BRLIEBE K 4HAE
22 BN TR B B RSE . BRI £

PR SN 1500 mm, P4 R % 2.01 mm;
ZHETFHIRENRECH 110 K, PR R 1.40 d;
LA HIBEM RN 13.50 mm/d, 4T 0.14
mm/d; ZAERFIER I 2.22 R, ~FHARHET
B 0.014 do & 1 IR & FEM TR AR AR 2 (8] 40 A7
B, Hrha@ R N EEY, 4ok BihEas,
Bl s RNz IE T B R, vUEH,

Table 2. Individual study site description and years of data used
2. TS uhEARREN

34 75 % (m) 2 J%(E) HEWN) ATP $fH ATD ¥ ATI 18 MWP ¥J{#
[/ 1 112.8 104.28 26.87 905 101 8.91 2.05
W o 2 130.2 103.83 25.58 1005 94 10.74 2.03
E&E 3 128.1 102.55 24.33 923 91 10.18 2.05
V] 4 120.5 103.77 24.53 933 95 9.84 2.08
ZH 5 110.9 103.38 23.38 855 92 9.34 1.94
NI 6 175.2 105.90 26.25 1355 117 11.59 2.06
MY 7 170.1 105.18 25.43 1342 120 11.21 2.12
iR 8 155.9 106.08 25.18 1237 98 12.73 1.87
Lo 9 143.9 106.77 25.43 1145 96 11.96 1.92
Ml 10 152.6 107.55 25.83 1324 122 10.87 2.17
AT 11 138.7 108.53 25.97 1202 106 11.37 1.96
il 22 12 302.5 109.40 25.22 1924 127 15.24 2.29
FERR 13 2773 110.30 25.32 1894 125 15.10 232
A 14 190.1 114.32 25.13 1523 114 13.33 2.30
NIl 15 215.7 107.03 24.55 1531 109 14.05 2.15
b i 16 199.2 108.05 24.70 1500 114 13.20 2.13
#R 2 17 2553 108.10 23.93 1731 119 14.55 2.23
Mg 18 195 109.40 24.35 1442 109 13.19 2.04
il 19 2275 110.52 24.20 1741 129 13.44 2.44
g 20 189.4 111.53 24.42 1554 120 12.93 231
N 21 185 112.38 24.78 1620 121 13.28 237
w 22 215.2 113.60 24.68 1555 115 13.47 2.39
X 23 3532 113.53 23.87 2165 127 16.99 2.64
EF 24 259.2 114.48 2437 1763 122 14.41 2.58
F5 25 2252 115.65 24.95 1618 119 13.56 2.50
i 26 191.2 105.83 23.42 1400 108 13.02 2.26
[ER: 27 147.5 106.60 23.90 1095 83 13.23 1.79
bl 28 234.7 106.42 23.13 1643 122 13.49 2.36
K 29 185.1 109.23 23.75 1364 106 12.84 2.05
FEF 30 2225 110.08 23.40 1713 127 13.51 2.46
KN 31 192.9 111.30 23.48 1475 111 13.32 2.24
[y 32 236.6 112.43 23.63 1708 120 14.26 2.46
S 33 209.8 112.45 23.03 1651 114 14.55 2.39
Il 34 223.7 113.33 23.17 1727 108 16.00 233
AR 35 348.1 114.68 23.73 1944 116 16.70 2.59
g 36 272.1 113.83 23.33 1909 111 17.21 237
R 37 258.9 114.42 23.08 1726 104 16.59 231
Jegn 38 165 106.85 22.33 1305 102 12.83 2.00
M 39 174.1 108.22 22.63 1314 102 12.86 2.01
B 40 163.5 111.57 22.77 1356 107 12.61 221
&l 41 315.3 112.78 22.25 1971 105 18.71 2.34
I 42 330.4 114.10 22.55 1941 99 19.64 226
Mean - 450.1 - - 1500 110 13.50 222
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Figure 1. Spatial distribution of trends of precipitation indices across the Pear| River basin
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Figure 2. Occurrences and fraction contributions of WP durations
acrossthe Pear| River basin

2. BRI S b B Bt it B

Copyright © 2012 Hanspub



BRIT LI R 454 I 2 S AR R A 7T

hEE 20%.

T IAN [R) X 3575 % W9 177 B ) B /K B 5o PR /K
MR 5 R AR AR A E], S T S A
FE T GBI A U, DA% FE K SC A 1 AR
BRI LA B AN TR X S A — B o Jdad R 40 /K SCar X, T
DL 25 [T FlAE e — B 7K SCIX 8, 43 X P 7K SO
PEARALL, PRUEZAK ST AR AR, B DX T AN A X 45k
MIA—EME, BRLRFRATTEE L M AR SR

KSR BIIHERIRZ , ARG R K
SRR R K BME RIS, A SRS i)
R, SR, SRS ATP. ATD. AT 25 FRAFAE A
FRNEEHET, el A BRI %5 9 A
X3, KIorasRar L 3.

FHIX (B 4 FIEE 3)H i B RN R AE R ATk
APAE—Re3 Mk, %93 X & P 7K R AR A 2R i B 7K T
I 3SR B R Fe sk, T H, IR R DT R
KRB IEAR IS d . H2E, F X2
WAFEAF L, XK T I (1~2 A REZRLN
66%, TIHRRLIN 28%, LRI T HKPR; X%
I RARE TR R S I 2~3 d). X35 11 461

TT T [ T LI T [ 15°
7 W% P A O TR 45
401 W& R R AR 40
354 r35
30 r30
gzs— k25

201 20
154 ri5

104 rio
| by L:
0- | . I | ] I- ,l- ._ m |

(&

— T

1 2 3 4 5 6 7 9 10
F& 7 P B (d)
50— ‘ : : : : : : : 50
] LTI,
I &7 i 0 O

407 WEMANHRER [40
35 135
30+ r30
8 251 t25
20| F20
15 Hi5
104 I I t10

5 r5

o HE NN NN I,]l, !-,J_,J_,J_,J_, 0

. ____ N

1 2

5 6 7 9 10
[ P (d)

I B RN R AE RN 70%, TTRRFN 35%, BRI OS5
WY KPR B, KT RAE RS TR E N
30%A1 65%, B X 35 11 %6 7 I 1 kA R A DT ik bL
DX TR, AIN X IT B b X T B . X8k TIT
HIX3 1V FIFEMRARET, IR RN R AR N
TA%LEH, TUEREN 1%L 4,  ELiRIRE P K F
se, ik, MUER ESRULIXEL T 5 IV BERT X3 T
AT £E AL,

105°E

25° N

04590 180 270
m

% A RBYRAER A TR
0 o B&uW W —

Figure 3. Homogenous sub-regionsin the Pear| River basin
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Figure 4. Occurrences and fraction contributions of WP dur ations within homogeneous precipitation regionsl, I, Il and IV over the Pearl
River basin
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Table 3. Occurrences and fraction contributions of WPS with different durationswithin different homogeneous precipitation regions

%3 BEMLREITER

P& R IR (d) 1 2 3 4 5 6 7 8 9 10
- R (%) 46.5 24.7 12.8 6.9 3.9 2.1 1.2 0.7 0.4 0.8
TR (%) 15.2 19.9 17.6 13.6 103 6.7 49 3.4 2.4 6.0
e R (%) 43.1 23.9 13.5 7.7 4.6 2.6 1.6 1.0 0.6 13
TUHREE(%) 11.9 17.1 17.0 14.0 112 7.5 55 4.2 2.8 8.7
- KAEZR (%) 455 25.4 13.3 6.9 3.9 2.1 13 0.7 0.4 0.6
TR (%) 15.4 20.8 18.1 13.6 10.1 6.4 5.1 3.1 24 49
BB 1T KA (%) 50.2 24.5 11.7 6.2 3.4 1.7 0.9 0.5 0.3 0.6
TUHRE (%) 19.0 224 17.5 135 9.2 5.7 4.0 2.6 1.6 45
- R (%) 495 25.0 12.0 6.2 3.4 1.9 0.9 0.5 03 0.4
TUHREE(%) 19.2 224 18.1 12.9 9.8 6.3 4.2 2.5 1.7 2.8
4.3. BE kLS T8
B 5 FIF 6 & BN R IR ERTTREIN
FUSARHFAE . B U7 R SR S RO B R AR
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XA BBEAT 5 ERITE SR AP, 153 & i 3 s
2 5 TR TRV AR LR o T o ) 4 £ 2
Ktash, WS IoR PR, BERREREL T T
RV, Bl 5 T, 73R I iR A Figure 5. Temporal ev;)Iution ofthenormalizea occurrences of
IR RIRTEW R, (B2, &0 BRI IR A2, anomaliesin different WP durations
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4~6 d FERI DI I K LL IR 2 . 2000 FF2 5, <4 d
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Figure 6. Temporal evolution of normalized fractional contribution
anomaliesin different WP durations
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Figure 7. Spatial distribution of normalized occurrences of different WP durations over the Pear| River basin

B 7. BIR S HRNERE L ES AN HE

105°E 110°E 115°E

24°N

27°Nr

24°NF

24°N

24°NF

® <001 e -0.01~0.001 ° -0.001~0 ° 0~0001 o 0001~001 O >001

Figure 8. Spatial distribution of normalized fraction contributions of different WP durations over the Pear| River basin
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Figure9. Spatial distribution of the number of heavy rain events and the percentage of the number of heavy rain eventsto the total number
of rainy days

9. RARBEILE=HSHE

N e e e R IR R R
]
I 7 D R
o WERFHNREE |,
31 3
g g
2 2
11 1
) bl
3 8

1 2 9 10

4 5 6 7
R R I (d)
Figure 10. Occurrences and fraction contributions of different WP
durationswith heavy rain events acrossthe Pear| River basin
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