5539 B 1 KowOW R 2023 4F 1 A
Vol. 39 No. 1 Water Resources Protection Jan. 2023

DOI; 10. 3880/j. issn. 1004 -6933. 2023. 01. 017

1956—2018 4F i it 3P 7K S VIR AT Be 16 2% i 34

TGN RN S £ T

(1. B UK IR B K SCK R -5 KR TR R E 7 S S0 % 7100 BT 210098 ;
2. KR S50 K RIFGER: VL8 BEaT 210098 3. B mL K FIRF A 9Y B /K SCoK B8 U5 55
TLIR FEL 2100295 4.y KK SOUKGEIR2=BE VL 90 FE &t 210098)

FZ AT RHAE 133 AMRATE 35 1956—2018 4 52 B K Jo4 55, 5K A P-II1 & 47 & o
2% Mann-Kendall #3& Morlet 1> 3% 547 5 77 2 3047 KM B R L K A) 5 R BE /K08 3 A4 #9587 R4
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Precipitation statistical characteristics and evolution trend in Taihu Lake Basin from 1956 to 2018 /XU Qin'*"* ,YE
Ming'**, CAI Jing""? ,LIU Lulin'? | LIN Xiaoqing (1. State Key Laboratory of Hydrology-Water Resources and Hydraulic
Engineering, Nanjing Hydraulic Research Institute, Nanjing 210098, China; 2. Yangize Institute for Conservation and
Development, Nanjing 210098, China; 3. Hydrology and Water Resources Department, Nanjing Hydraulic Research
Institute, Nanjing 210029, China; 4. College of Hydrology and Water Resources, Hohai University, Nanjing 210098,
China)

Abstract: Based on the daily precipitation data series measured by 133 representative rainfall stations in the Taihu Lake
Basin from 1956 to 2018, P-III frequency analysis, Mann-Kendall test method, Morlet wavelet method and other methods
are used to diagnose the precipitation evolution trend and statistical characteristics analysis. The results show that the
annual precipitation in the Taihu Lake Basin increases slowly at a rate of 0. 557 mm/a from 1956 to 2018. The precipitation
evolution characteristics of the Taihu Lake Basin and its water conservancy districts are inconsistent, and the precipitation
{luctuations in the southeast plain area are greater than that in the northwest hilly area. The spatial distribution difference of
design rainfall with 100 year return period is the largest among different frequency design rainstorms in each water
conservancy district, with the largest 7d rainfall being the most significant, followed by the largest 3 d rainfall, and the
largest 1 d rainfall being the weakest. The annual precipitation growth rate of each water conservancy district is different.
The range in the northeast of the basin is 17.3 ~33.0 mm every 10 years, and that in the southwest is 3.30 ~22.2 mm
every 10 years. The overall trend is gradually weakening from east to west. The annual precipitation in the Taihu Lake
basin and its water conservancy subarea presents a multi-scale periodic change, with the most significant 35 ~62a periodic
change.

Key words: precipitation; precipitation characteristics; P-III frequency curve; Mann-Kendall test; Morlet wavelet

analysis; Taihu Lake Basin
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Fig.1 Precipitation change in Taihu Lake Basin
from 1956 to 2018
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Fig.2 Maximum 1 d precipitation at different design frequencies in each water conservancy division
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Fig.3 Maximum 3 d precipitation at different design frequencies in each water conservancy division
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14 ——KMf —— WP

b BRI — Aix
e e T
<

INJETT 2%V
SN CRNNIN

|5 9 135 17 21 25 20 33 37 41 4
IR 1] RUEE fa
6 1956—2018 FK#ifiE Kk HkF 5 REEKENETE
Fig.6 Variance diagram of the Taihu Lake Basin and its
water conservancy divisions in the past 63 years

A KA ZE R, RS 6 L UL, R 37 ~
58 a INf[H] RUBEAR T S, DI TR RS AE 48 a Zef7
ST 2 WD, 1981 4FJ5 10 ~ 13 a R,
FAAE 20 a 13 a S JE1HT 35195 DX 74 L e XA Hocs
R RS 20 2 A7, HABAE 1978 4R )5 18 ~27 a
= R 5 i B B XA TE 39 ~ 58 a RS A
W1, BA A TE SO S B, AR R
B, 20 a 2RI 3 5 RV VEWN X AFTE 3 2 A
W, 3M 41 ~56a.17 ~23a 11 ~13 a, Hiip 17 ~
23 aff 1964 FJG BN E L T 4 YRS ; 11X
AL 52 9 X A7 AR S A R 1Y 38 ~ 59 a 725 A 0 5

TR DX TP DRI AR A AL 4775 39 ~ 57 a 72
DA, LR LY 46 a, B2 2 RIfERE
AR X 20 a 55— E MBI

4 & it

a. 1956—2018 4F KM FFEIK LA 0. 557 mm/a
()RR I K AT 3 B LK) 4 IX o 7K i AR
FRIEAR—E, 43 7 B i IX ) [ 7K O 3l K F P b
W DX, AR TH 3 1 [ KRR AE AR T 1% AR 1Y
AW oA 22 R, o R oK 7 d K R A i
FORRIABKERZ, K 1 d KBRS, &
K1d.3dH7dFEKRAEMAEAESS B 25 5%, e K
7 KR AR IR R R, e K 3 d PRk R Z ok 1d
57/ &= S N ) Wl N R s A 7 M E
W2 APk 2 & as

b. IR AS A FI 53 DA B K 2 114 398 K i
AN] B A S [ AR 1) PO 34 ek 553 1 B 4 T B AR B
AN AE 10a 17.3 ~33.0 mm, P58 N & 10 a
3.30 ~22.2 mm,

c. Morlet /)N S B A3 A% £k M 7 25 ] Bk 7R K
T LK ) 43 XA R K o 2 30 22 RO ) 0 A

- 131 -



1k,

35 ~62 a ALkt 3, Y 7E 20 42 80 4FAT

JEAERFRRE , PG X B AL 5 18 DX 47 [ K ] 3932 Ak
AR AN 53 XA

SE

(1

[2

[3

[ 4

[7

[9

T KRR AT 7 3854 ) . 2020 AT AW 7 39 B 7 e i Tl
IKBERAM R, LM KR B R, 2021.

] AR, LA BREN A5 TR R K I 2 T AR R AE B H
YeBh J3 o M [T, K B AR A, 2021, 37 (1) : 53-60.
(ZOU Lei, XIA Jun, ZHANG Yin,et al. Spatial-temporal
change characteristics and driving forces of precipitation in
the Haihe River Basin|J]. Water Resources Protection,
2021,37(1) :53-60. (in Chinese) )

] B PG, TR, 45, 55T MSWEP B0 1 A i
SR ACRE T [ )] KRBT ,2020,36(2) :27-33.
(ZHAO Jing. HU Qinfang, WANG Lachun, et al. Design
flood revision for the upper Huaihe River Basin based on
SWAT model [ J]. Water Resources Protection, 2020, 36
(2):27-33. (in Chinese) )

1 BN BT 2, RILIRBAE oK & 1 25 4
AEFNEAS LA AT [ )] TR 4l ( A AR E R
2008,36(6) :727-732. (ZENG Xiaofan, ZHAI Jianging,
JIANG Tong,et al. Spatial characteristics and evolutional
trends of annual precipitation in the Yangize River basin
[J]. Journal of Hohai University ( Natural Sciences ),
2008,36(6) :727-732. ( in Chinese) )

1 ZHOU Z, LIU S, HU Y, et al. Analysis of precipitation

extremes in the Taihu Basin of China based on the regional

L-moment method [ J |. Hydrology Research, 2017, 48

(2): 468-479.

HEW T, IR, AR 22, 4F. 1960—2017 4R K 18] 3 3

ANTR) S50 [ /K I 23 R AE [ T ] $AAHT L B, 2020,40 (6) -

1063-1074. (DONG Manyu, TIAN Xiangyou, HU Mulan,

et al. Spatio-temporal variation in precipitation for different

grades in the Taihu Lake Basin during 1960-2017 [ J].

Tropical Geography, 2020, 40 (6): 1063-1074. ( in

Chinese) )

] A EHFF ATER, ARG, 55 PRl X S A AR (AR AE AT
FELI]. RAFH¥ %41, 2018 ,41 (6) : 872-880. ( BAO
Yunxuan, HE Yan, KUAI Zhimin, et al. Patterns and

characteristics of climate changes around the Taihu Lake

[

area[ J ]. Transactions of Atmospheric Sciences,2018,41
(6) :872-880. (in Chinese) )

1 B r e RAY. R 1961—2015 45 [ K H 3
SrBTLI]. b E BT R, 2020,30(3) :51-54. (YANG

GAO Yinghui, CHEN Gang.
precipitation trend in Taihu Lake Basin from 1961 to 2015
[J]. China Flood & Drought Management,2020,30(3) ;
51-54. (in Chinese) )

1 BRE, VR DRI, 45 ST KA A S R G S
R BFSE [ T]. KBTS 2016,32(2) . 77-81. (CHEN

Feng, Analysis  of

- 132 -

[12

(13

[

[

]

—

L

[

[

[

Xing, XU Qin, HE Xinyue, et al. Research on health
evaluation and protection of urban shallow lake ecosystem
[J]. Water Resources Protection, 2016,32(2) :77-81.
(in Chinese) )

BRE  A8hib , YRR, R R e IX 43 A1 =K S
BT ], e R 224 (AR B4R ,2012,40 (1)
19-22. ( CHEN Xing, YU Zhongbo, XU Qin, et al.
Distributed hydrological simulation for a typical hilly
watershed in Taihu Basin[ J] Journal of Hohai University
('Natural Sciences) ,2012,40(1) :19-22. (in Chinese) )
Ik 5F . ORI i SR T 2 A LR 20 A [0 ] AT K
11,2003 (3):33-35. (GENG Yuqin. Analysis on the
temporal and spatial distribution of rainfall in Taihu Lake
Basin[ J ]. Haihe Water Resources, 2003 (3) :33-35. (in
Chinese) )

CHEN X, TIAN C, MENG X, et al. Analyzing the effect
of urbanization on flood characteristics at catchment levels
[J]. Proc IAHS, 2015,370.33-38.

VIR ST R XIJLR, 4. B5°T DEM A9 AR HE/K Bl di
BEAIRFTE B R GETT R ()] & TR 24,2008 (11)
1748-1751. ( XU Qin, REN Liliang, LIU Jiufu, et al.
Forecast model of reservoir inflow based on DEM and its
system development [ J ]. Chinese Journal of Geotechnical
Engineering, 2008 (11) :1748-1751. (in Chinese) )

WS IR, FoHs. P- T A B M0 3R il 48 S 404k
T M R [T]. K 3¢, 1997 (3):29. (XIE
Chongbao, YUAN Hongyuan, GUO Yuanyu. A new
estimation way of pearson type Il distribution parameterof
frequency curve ; fuzzy maximum value method[ J]. Journal
of China Hydrology,1997(3) :2-9. (in Chinese) )

Fh, EPEEE, W B R R 1972—2008 442
A R S N A [T ], B AR A KRR,
2010 (6):33-37. (GAO Wei, WANG Xiqin, ZENG
Yong. A trend analysis of observations of runoff in the
Xitiaoxi River in the Taihu Lake between 1972 and 2008
[J]. China Rural Water Resources and Hydropower,2010
(6) :33-37. (in Chinese) )

Rz, B WIPTY A ORI 61 4F kB K Iy
oS EAR LA A [T ] /K 3C,2013,33(2) :75-81. (WU
Haoyun, WANG Yintang, HU Qinfang, et, al. Tempo-
spatial change of precipitation in Taihu Lake Basin during
recent 61 years[ J]. Journal of China Hydrology,2013,33
(2):75-81. (in Chinese) )

d AL K SR P E R 57 AR SR A K
M zs AR iR [ 0], 3 B 27 42, 2012, 67 (11) ; 1482-
1492. ( MENG Xiujing, ZHANG Shifeng, ZAHNG
The spatial
temperature and precipitation in Hexi Corridor in recent
57 years[ J]. Acta Geographica Sinica, 2012,67 (11) .
1482-1492. (iin Chinese) )

Yongyong. temporal  and change of

(F#% 173 1)



[14]

[15]

[16]

[17]

[18]

(in Chinese) )

Wiy, 25— T 55 5 G0 T K B 45 53 A1
FHEWFFE AT D] BREERR 2441, 2021 ,41 (10) :4064-
4073. (YANG Hao, LI Yiping, PU Yashuai, et al. Spatio-
temporal distribution characteristics and the river water
quality of Zhangjiagang City [ J ]. Acta Scientiae
Circumstantiae ,2021,41(10) :4064-4073. (in Chinese) )
WEBA 22— R, 5. 2 HAniAb 7 R R 5 |
PR B35 K R B RORIEAG [ 1], WA B2, 2021, 33
(4). 1138-1152. ( PAN Hongzhe, LI Yiping, TANG
Chunyan, et al. Evaluation of the effect of water diversion
on improving water environment in plain river network
under the multi-objective optimization[ J ]. Journal of Lake
Sciences,2021,33(4) : 1138-1152. (in Chinese) )
HEF, T TR 55 KWV R 5 0T 0 7K 5
15K 28 S Bt [0 ] WA AR, 2021,33 (4)
1100-1111. ( XIA Yubao, WANG Hua,HE Xinchen,et al.
Spatiotemporal heterogeneity of hydrodynamic forces and
water quality in typical lakeside river networks in Taihu
Basin[ J ]. Journal of Lake Sciences,2021,33(4) :1100-
1111. (in Chinese) )

FETRA PR T 0 A5 P D] 19 DX 7K 2R 2 3 oA K PR AR
BT[], KRR, 2017,48 (12) :1429-1437. (CUL
Guangbai, CHEN Xing, XIANG Long, et al. Evaluation of
water environment improvement by interconnected river

network in plain area[ J]. Journal of Hydraulic Engineering,
2017,48(12) :1429-1437. (in Chinese) )
KV WRoRES, B 55, A AT 3 T R XK

[

[

[

JBizs 8] 22 5 5 Z= LR AR [ ) ] WA RLA,2017,29
(6):1300-1311. ( ZHANG Tao, CHEN Qiuwen, YI
Qitao, et al. Spatial and seasonal variations of water
quality in the upstream plain river networks of the Taihu
Basin[ J ]. Journal of Lake Sciences,2017,29 (6) :1300-
1311. (in Chinese) )

W4, Tk 2R, 5. BT /K EEAR BT B i =8
TEACHFAE [T]. AR BEUR AR 47, 2021, 37 (6) : 135-141.
(YANG Rongjin, WANG Yizhuo, LI Xiuhong, et al.
Water quality evaluation and spatiotemporal variation
Guanting Reservoir [ J ]. Water
Resources Protection, 2021, 37 (6 ). 135-141.
Chinese) )

ISR 3 W 71 O N 2 | 4 B R M W T N 1)
DL AR 3K A2 AR [ )] 2K K g Rk 452 3
J&,2022,42 (3):14-19. (ZHANG Yiya, YUAN Fei,

ZHANG Limin, et al. Variation characteristics of water

characteristics  of

(in

quality in middle and lower reaches of the Hanjiang River
before and after Middle Route of South-to-North Water
Diversion Project [ J ].
Technology of Water Resources,2022,42(3) :14-19. (in
Chinese) )

FRMAE  gRar 2 YT . SITL T KA K BRIP4
[J]. % K H, 2008 (1):2123. ( ZHAI Shuhua,
ZHANG Hongju, HU Weiping, et al. Evaluation on result

Advances in Science and

of Yangtze-Taihu water diversion [ J ]. China Water
Resources,2008 (1) :21-23. (in Chinese) )

(WeHs B #1.2021-12-02 4 . AR

(EEFH 132 1)

[18]

[19]

[20]

[21]

PARVAIZ A T, MAPBOOL B, FAYAZ A L. Seasonal
spatio-temporal variability in temperature over North
Kashmir Himalayas using Sen slope and Mann-Kendall
test[ J]. Journal of Climatology & Weather Forecasting,
2021, 9(5) :1-12.

SRR, 22K AR TLTEA 50 A4 TR 421k
TIAEAGH I 28 5 AR REAE [ )] A0l TR 241, 2009, 25
(10): 61-68. ( MA Liang, JIANG Guanghui, ZUO
Changging, et al. Spatial and temporal distribution
characteristics of rainfall erosivity changes in Jiangxi
Province over more than 50 years[ J]. Transactions of the
CSAE, 2009,25(10) :61-68. (in Chinese) )

Wror s 8 B B JRF S8 BT /NBERT ARIMA #9810
AR R K 2 M ST [ 0], m Kk b I S K AR
2019,17(5) :50-55. (CHEN Husheng, ZHOU Yuliang,
ZHOU Ping, et al. Analysis and prediction of annual
precipitation in Huangshan City based on wavelet and
ARIMA [ J]. South-to-North Water Transfers and Water
Science & Technology, 2019, 17 (5): 50-55. (in
Chinese) )

PR, 50T, BORIE, 45 R KA IR AR R K X 1 %2
K DX K AR AL AL RFAE [ /0L ] K B R AR 7 1-16

[2022-01-06]. (TAO Jiahui, BIAN Jinyu, AO Tiangi,et
al. Variation characteristics of precipitation and runoff in
the water diversion and water-receiving area of the Eastern
route of the South-to-North water diversion Project [ J/
OL]. Water Resources Protection:1-16[2022-01-06 |. (in
Chinese) )

[22] TRAIE, JEI ) RN A P AL D it X Rk 22 I (]

NBEAZ S PEWT5E [ T]. /KA %412, 2009, 40 (8) : 1002-
1011. (XU Ligang, ZHOU Hongfei, LIANG Chuang, et
al. Multi-time scale variability of precipitation in the
desert region of North China[ J]. Journal of Hydraulic
Engineering,2009,40(8) :1002-1011. (in Chinese) )

[23] EZAR, Kl m. P EBERGHSHEEM]. JLat:

[ 7K ) 7K H HE R AT, 2006.

[24] IPCC. Climate change 2021 the physical science basis

[M]. Cambridge; Cambridge University Press, 2021.

[25] R MAmEITH2 B S HIEAR [ M]. Jbat. <

% R 2007,

[26] GUAN Tiesheng, XU Qin, CHEN Xing, et al. A novel

remote  sensing method to  determine  reservoir
characteristic curves using high-resolution data [ J ].
Hydrology Research, 2021,52(5) :1066-1082.

(WeHi B #7.2022-01-17 4. %)

- 173 -



