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Fig. 1  Spatial distribution of topographic feature and average summer precipitation in the Yangtze River Delta
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Fig.2 Relationship between abrupt change analysis and gradual change analysis
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Fig.3 Distributions of change point and trend for amount, days and intensity of summer precipitation
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Fig. 4 Distributions of change point and trend for the incidence rate of different precipitation grades in summer
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Fig. 8 Spatial distribution of rain gauges in urban and suburban areas
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HEIMVER, Wb sTEkR 8 -33.2% . —100% . 54.6% F125.5% ., Kishtawal %> 7 B[ B Yk K fili
R TARRI SR, BISRRXAR M, PR 3l T A S BOR T 2 s oK S0 AR R 1 55 BEK S AR R
AR, XEFAE HARFWA, Lis . KIE . Wi SEp0BHE L N Tt S bt AN 7
AHTR] B K BH AR S 25T, 3t DX SR I S = AR DX, T8 s iy $ S R0 38T A X R A2 T AR
Wz, W RI)ZGREN, BRMRE IR, W, KRR L . BAZEENEMET, 550kt
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SEVRXT RS B, TEMRREK | TR SR G KA S Ak, R N T KT R S LR B, xR
VA HUBBE I | fih & 3 SRR FHVE T, A R TR RO TR R K
*2 WHESRXESTARAERMEKEERTHER R LM 6 E
Table 2 Change difference of incidence rate of different precipitation grades over urban and

suburban areas, and the contribution rate of urbanization

¥/ % PHEA R % Rey/ %

R, R, R, R, R, R, R, R, R, R, R, R,

J Ay i Bt

1960—1978 4£  66.73  19.51  9.91 1.35
I T -7.4 5.3 17.9 73.3
1979—2016 4 61.80 20.55 11.68 2.34

1960—1978 4 65.19  20.48 10.69  1.11
XWX vk 4.1 -0.2 10.2 84.7
1979—2016 £ 62.49 20.43 11.78  2.05

W Ry R, RUFVR GFANZFRAR/ANT I, KERERR KL, R, xR B # B 1960—2016 4F

3.5 i i

(1) AR SCAMHE T K = 0 M 06 5L 75 e k2451 I 22 B R O, 2 44 K 20 00 490 B % K Bk WK
BE R MR I A A A, /N 2 A D, ST D 3 A S 2 e R T 98 K 1
B, SN, K SRR AT B, TR ARB AR I, FBORRBEK & T R R
VEHERE D, B BT MK B A AR A, e B TR L S K 4 2 (A
AT TR, K = A M 5 2 B 0 DA R (R0 TR, LK A b 2 BT A R
B ARV, DS SR LR, A O MR IR, T AR, ik, —
ST KSR G M A A3 7 MM T 5 T B, 9B b — M I (R B MK A K
SCEF RN, WK = A SORFHIC BRI BRI ST, Cheng %45 i
R e 15 T A 5 008 3 A MR 45 96 1 60% 161390 05 I AL M % 96 308 DK A 2 SR . A, 7
i G4 T K SR Ml K VB R R AT A AT A

(2) Wk S5 Ha AR S R A (AR (LS IR RO 5L, S A K SO BB CL 2RI, (L %
A WU B SR O TR A ) o 6 3 T A8 VORS00 317 /K 07 8, — B T B 5
AR ST 5 X AR, SRR APHE R LR (A R Bk WK 22 57, RHERC R 22 53 A Bk e 22 575
WA ARG T 8 A A PR 2 S MK R SR, IR B | B0 K5 Rk Py 5
FFRA WTVEAE T 4045 R0 T AR . A SCHE T 4 8 8 3 7 M 90 R 17 2% 5 90 2 B L %8
AT, PSR AR RS 4, SIC MR A bR S (LA BT . A LR IR 77 LA 51 3R PR 25 %8 4
BF S LB T, IR IRE I 5 T L3 A 1R e A A2 B A

4 & i

AT K=MK 72 U E 1960—2016 4532 H K B8R, MEEKRE . K H B, FEKSR B FAR [H]
LR CNE I, KNS EW) ZAERITH, /08T T = b X 5 =B K 2458 1 s 23 38 A48 & HAE T Fa
PEARRAE , JFHT T REA LY . R EAR B LI TSR .

(1) K= M XEF/NNES R N F, mHAL 6 SRR IR £, Hd, /N &4 %4k
SERG A R B BRI BEOKR . RROKGRBE L KT AR TR R A AR R Y s s B B B i, JF B
B AAE R WA I, B0 T 9% X k0 A2 P 5 U B RS . FEAS TR AR R K R, SR AR Ak RN AR AR R B i
B, TSR /NI KRR, R AR LR 5 R KGR 3 S EOR KSR AR B L e
KRR D
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(2) 20 fhed 40 FFARKRE 70 FACAHR W E =R H Mok, 1 70 FARR KR, RAWEBERGERE 5K =
ML IX ZH0h SR /NI R AR R IEAH KRR, HHAL 6 MK RE M AR, [HA R B B AR
(-0.42~0.38), JHil L 0.05 &2 MK A0 25 LB/ (2.8% ~19.4% ), KK = M X H ZERE K
SERAERR T S ARWE FRGRE A O, b2 B H AL R,

(3) & = Ay Hb DXk i A 78 X (R e 4 ) T A B R R OK R RROKERE . RR R Y R A O G
YERD, iR ma STk R 9 R 25.4% | 27.9% . 54.6% T 25.5% ; i xtFEsK HE . /AN AP R & 4R R A
WDPERT, SRk AR e STk A4 -37.3% . -33.2% F1 -100% .
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Evolution and non-stationary characteristics of summer precipitation
structure over the Yangtze River Delta*

WU Lei', XU Youpengz, WANG Qiangz, XU Yu’, GAO Bin®

(1. College of Resources and Environment, Anhui Agricultural University, Hefei 230036, China; 2. College of Geographic and
Oceanographic Sciences, Nanjing University, Nanjing 210023, China; 3. Department of Geography and Spatial Information
Techniques, Ningbo University, Ningbo 315211, China)

Abstract; This research aimed to determine the evolution and non-stationarity characteristics of summer precipitation
structure over the Yangtze River Delta (YRD) in a changing environment. Based on the daily precipitation data from
72 rain gauges over the YRD during 1960—2016, the methods of Pettit and Mann-Kendall were applied to investigate
the spatio-temporal variation rules of summer precipitation, considering the variables of precipitation
amount, days, intensity and the incidence rates of light rain, moderate rain, heavy rain, and rainstorms, and ana-
lyze their causes. The results showed that the incidence rate of light rain decreased through time at most gauges, but
the other six indices increased at most gauges. Among these, the non-stationarity in the incidence rate of light rain
decreased monotonically, while the non-stationarity characteristics of precipitation amount, intensity, and incidence
rates of heavy rain and rainstorms increased monotonically. These gauges were mainly scattered in the Tai Lake Basin,
suggesting that this region is likely to face even greater risks from flooding. For most gauges, the intensity of the East
Asian summer monsoon was positively associated with the incidence rate of light rain, but it was negatively associated
with the other six indices. Take the Tai Lake basin as an example, urbanization increased the precipitation amount,
intensity and incidence rates of heavy rain and rainstorms, with contribution rates of 25.4% , 27.9% , 54.6% , and
25.5% , respectively. However, urbanization decreased the precipitation days and the incidence rates of light rain

and moderate rain, with contribution rates of —37.3% , -33.2% , and -100% , respectively.

Key words: precipitation structure; spatio-temporal evolution; non-stationary; Yangtze River Delta
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