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Variation characteristics of precipitation and runoff in water diversion area and water receiving area of East Route
of the South-to-North Water Transfer Project / TAO Jiahui'*, BIAN Jinyu', AO Tianqi’, LYU Lianghua', GENG
Leihua', WANG Huan' (1. State Key Laboratory of Hydrology-Water Resources and Hydraulic Engineering, Nanjing
Hydraulic Research Institute, Nanjing 210098, China; 2. College of Water Resources and Hydropower, Sichuan University,
Chengdu 610065 , China)

Abstract: In order to provide a scientific basis for the planning and operation of the South-to-North Water Transfer Project,
the characteristics of precipitation and runoff changes in the project area since 2001 are identified based on more complete
hydrological observation data than those in the level years formulated in “General Plan of the South to North Water Transfer
Project”. Mann-Kendall trend test, wavelet analysis and other methods are used to analyze the statistical difference and
variation characteristics of precipitation and runoff between the comparison period (2001—2016) and the reference period
(1956—2000). The results show that compared with the reference period, the precipitation in the water diversion area has
no obvious change in the comparison period. The natural runoff of Datong Hydrologic Station on the Yangtze River decreases
by 3.5% , and the water resource conditions in the water diversion area are relatively stable. The precipitation in the water
receiving area in the comparison period is basically unchanged compared with the reference period, and the natural runoff is
3.9% higher. However, the natural runoff in the water receiving area of Shandong Province, Hebei Province and Tianjin
City decrease by 6.6% , and the natural runoff in the three provinces and city show a significant decline trend.
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Fig.1 Scope of water transfer area and water
receiving area of the East Route of South to

North Water Transfer Project
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Fig.2 Annual precipitation change in water
transfer area from 1956 to 2016
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Fig.3 Real part isoline of wavelet transform coefficient of

precipitation in water transfer area from 1956 to 2016
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Fig.4 Wavelet transform variance hydrograph of

precipitation in water transfer area from 1956 to 2016
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Table 1 Hydrological frequency analysis results of water transfer area

1B S SH AN KA G AE B /K fE/mm
it Bt

114/ mm C, c./C, 25% 50% 75% 95%
WF5E I 1080.7 0.07 2.0 1130.7 1078.9 1028.7 959.3
L] 1084.7 0.06 2.0 1127.9 1083.4 1040. 1 979.9
[ i 1069.2 0.08
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Table 2 Hydrological frequency analysis results of Datong Station
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Fig.5 Variation of natural annual runoff at Datong
Station from 1956 to 2016
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Fig.8 Variation of annual precipitation in the water-receiving area of Eastern Route from 1956 to 2016
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Table 3 Hydrological frequency analysis results of precipitation in water receiving areas at different periods

Kk BB Giit 28 NI S 7K A5 5 4 A7 7K i/ mm FeFe ek ek

- S W C c./c, 25% 50% 75% 95% fit/mm it/ mm

5T 700. 3 0.15 2.5 767. 1 693.7 626.3 539.4 1088.9 499.6

MSZIKIX LA 699.0 0.16 2.5 769.9 691.6 620. 1 528.6 1088.9 481.3

A 703.7 0.15 976.2 481.3

Ene il 915.2 0.18 2.0 1020.3 905. 4 799.4 662. 1 1156.9 565.5

1L FEAE 906. 4 0.17 2.0 1005.0 897.7 798.3 668.7 1362.5 565.5

et 940.0 0.20 1362.5 669.0

Eae ] 860. 8 0.19 2.0 964. 8 850.5 745.6 610.6 1218.3 571.4

LA S 856. 1 0.18 2.0 954.4 846.8 747.7 619.3 1361.7 571.4

3.l 874.2 0.24 1361.7 574.2

WFITi 647.8 0.19 2.0 726. 1 640. 1 561.1 459.5 1159.9 422.3

INARA FEE 647.2 0.20 2.0 729.2 638.6 555.9 450.0 1159.9 402.4

LA 649.6 0.18 889.9 402.4

5T 528.7 0.24 2.0 607.9 518.6 438.5 338.7 988.7 283.3

baple) e 536.7 0.27 2.0 626.0 523.7 433.2 322.5 988.7 283.3

LA 506. 4 0.19 636.3 329.7

5T 567.0 0.24 2.5 650.0 553.5 469.4 368.7 948.3 306.6

K A 574.9 0.26 2.0 667.4 562.0 468.3 353.0 948.3 306.6

A 545.1 0.21 852.0 378.6

Fa4 ZAKXMEKEM-KEBESHLER
Table 4 M-K trend analysis results of precipitation in the catchment area
Z Ak
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LA LA 5T LA LA W5
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Table 5 Hydrological frequency analysis results of runoff in the catchment area

i B S-S AN R AR AT 3 () A A% i /AL m B BN
i h ¥/ iz m®  C, c./c, 25% 50% 75% 95% WA m? /{0 m’
5T 284.4 0.44 2.5 351.9 261.9 192.5 124.2 731.0 108.3
BRZIKIX L 281.5 0.44 2.5 348.3 259.2 190.6 122.9 731.0 83.0
Heasen 292.5 0.46 597.1 83.0
I 102 0.5 2.0 130.3 93.7 64.7 34.8 198.4 3.6
LI L 97.3 0.48 2.0 123.5 90 63.2 35.1 261.7 3.6
LA 115.3 0.54 261.7 30.8
5T 32.7 0.63 2.5 4.3 27.6 17.7 10 88.4 7.2
LA e 31.9 0.6 2.5 41.0 27.3 17.9 10.3 92.9 .2
H A 35.1 0.76 92.9 10.7
5T 136.8 0.56 2.5 174.5 119.6 80.5 47.3 558.8 29.8
INARA FEE 138.9 0.6 3.0 174.1 115.4 78.6 53.9 558.8 21.0
A 130.9 0.51 233.0 21.0
5T .6 1.26 2.5 3.2 1.3 0.7 0.5 18.6 0
wL e .9 1.32 2.0 4.0 1.5 0.4 0 18.6 0
A 1.8 0.86 4.5 0
5T 10.2 0.61 2.0 13.4 8.9 5.6 2.5 24.9 1.2
Kt L 10.4 0.61 2.0 13.8 9. .8 2. 26.5 1.2
LA 9.4 0.60 26.5 2
*6 ZKAXERRE M-KEBFHER
Table6 M-K trend analysis results of annual runoff in the catchment area
Z AL
[X J2,
FEAEH) LA Ene | A A 5T
Bk IX -1.96 -0.59 -1.21 AN 2 N RTINS NN
M -0.50 0.14 0.48 N RTINS NGRS NI
TEE -0.21 -0.05 -0.09 NN N RN N ETAN
IIARA -2.47 -1.22 -1.72 I 4 T N RTINS AN TR
boE( %y -1.43 0.95 -1.20 AN R NV NN
P: il -0.40 2.84 -0.28 AN S W Tt N TN

+ 139 -



30
Q
Ik (=)
=20
= S 3
E S
i A
10 7l o S
o fo <

1986 1996 2006 2016
Ay

B 12 1956—2016 EZF /KX FRE/NETRAMLPEEL

Fig. 12 Real part contour of wavelet transform coefficient of

1956 1966 1976

runoff in catchment area from 1956 to 2016

5 -
4+
=3t
R2r
l -

0 1 1 1 1 1 1

1 6 11 16 21 26 31

s ) R /a

B 13 1956—2016 FFKREFRENETMRTETERL
Fig.13 Wavelet transform variance hydrograph of

runoff in catchment area from 1956 to 2016

a. ZRGMAK XK  ER, H g4y
TEJC . F Ak, AT T ] FE B AR 2R R K X
7 N R T S W N DU B N N b 3
WG A TR, DA TR 42 il Wt AR T 50, AR i
CBARBLRDY, AR 28 T/ — 38K 195. 23
¢ m® PR AL N IRGE 3 2 AT B AR AR N 2%
Zedi, PRI, i AN K 37 ek K AR 7K W U 4 14 T
FaE T RA TRELETT,

b. RERSZIK X HB 43 Hiu X AR 1l 7K 96 5 ™ EAS 2
() JEy TET7E 2000 4F 2 J5 JE I ARk, AR 3Lk
FLAC AR 4R 32 /K XA i /K o A S o I S AR T AR 1k
KRRt AR BT 3. 9% (HIL AR i
JCAFIR T Z K X KR BE W m R IEE AT T
K ,3 AT ZKIX AT 10,142 m® |, M D 5
4 6.6% .

SE

[ 1] EREK, KRR BB, 5. 32T AR A AL
R o3 b (0], KR 2 9t R, 2020, 31 (3) 1 3-13.
(WANG Guoqing, ZHANG Jianyun, GUAN Xiaoxiang, et

- 140 -

al. Quantifying attribution of runoff change for major rivers
in China[ J]. Advances in Water Science,2020,31(3) :3-
13. (in Chinese) )

[ 2] XUTERH , XIwh, a5 B TOK B IR R G0 T RFL i 1
/KL 38 SRR 2 A [0 ] K B BRAR 37, 2020, 36
(6):99-105. (LIU Hanging, LIU Jing, ZHAO Jianshi, et
al. Analysis of water transfer scale of South-to-North Water
Diversion Project based on sustainability of water resources
system[ J . Water Resources Protection,2020,36(6) :99-
105. (in Chinese) )

[ 3] Tt subti, FER, 45, BAPIE NI TGk CE
RARSCHER A [ 1], m kAL 5K FIRHE, 2020, 18
(6) :21-30. ( WEI Xiaowei,ZHANG Hongbo ,XIN Chen,

of hydro-

meteorological variables in the basin under changing

et al. Evolution of correlation analysis
environment | J |. South-to North Water Transfer and Water
Science & Technology, 2020, 18 (6 ): 21-30. ( in
Chinese) )

SREHE I, A R AE T B, A ) SO IS LA £ T
PR TR T AR HI L] T R A (A RRE AR
2021,49 (2):121-126. ( RONG Yanshu, HU Yuheng,

—
N
-

FENG, Ruirui, et al. Application of generalized additive
model in summer runoff forecasting of Wujiang Basin[ J ].
Journal of Hohai University ( Natural Sciences) ,2021,49
(2) :121-126. (in Chinese) )

PINIE 2%, B /KL T AR AR X IT 60 4FRE/K AR IR
GEHTL]. K BEIR 5K TR, 2019, 30 (4) :86-91.
( SUN Zhenglan. Analysis of precipitation and runoff

—
w
—

characteristics in recent 60 years in the Eastern Source
Area of the South-to-North Water Transfer Project [ J].
Journal of Water Resources and Water Engineering,2019,
30(4) :6. (in Chinese) )
[ 6] BB, SeTu Mg, 55, /KL P TR 1K IX
SR G T]. MoKAL T 5 K FIRHE, 2017, 12
(3):59. (HUANG Xiaorong, CHAI Xuerui, YANG
Pengpeng, et al. Climate change trend analysis in western
route of South-to-North Water Diversion Project [ J .
South-to North Water Transfer and Water Science &
Technology,2017,12(3) :5-9. (in Chinese) )
B PR, O AR SE BT PP-RVA T (7K HL
TR K SO AT [ D] R R 24 ( H AR R
fR),2018,46 (6):479-485. ( HUANG Xianfeng, JIA
Yongle, FANG Guohua, et al.

—
N
I

Hydrological regime
evaluation of hydropower station downstream based on the
PP-RVA method [ J ].
( Natural Sciences ), 2018, 46 (6 ). 479485. (in
Chinese) )

[ 8] HZ, ih— AR, 5. KBRS S 3BT 1
TR IR AR A5 R 4 BRI SE ()], K AL I 5 7K R R

Journal of Hohai University



(9]

[10]

[11]

[12]

[13]

[14]

$%,2017,15(1) :1-6. ( XIA Jun, MA Xieyi, ZOU Lei, et
al. Quantitative analysis of the effects of climate change
and human activities on runoff in the Upper Hanjiang
River basin [ J]. South-to-North Water Transfer and Water
Science & Technology,2017,15(1) :1-6. (in Chinese) )
Ao Foss B BT, 4. BKALTR h 2K XK SCRAE
I B K B U A A T R (D] KRR S
JKHBEHE, 2018, 16 (4) :42-49. ( ZUO Qiting, WANG
Yan, TAO Jie, et al. Hydrological characteristics and
adaptive utilization of water resources in water source area
of the middle route of South-to-North Water Diversion
Project [ J ]. South-to-North Water Transfer and Water
Science & Technology, 2018 , 16 (4 ). 4249. (in
Chinese) )

SRR, Bramdl, THEEE, A5, KL IR AR B A7 K X
WEFR 45 AE 2347 (1], g K L3 5 K B B4, 2018, 16
(3):59-64. (ZHANG Xiaosong, CAO Mingkai, DING
Yanxia, et al. Rainfall characteristics in typical water-
receiving area of East Route of South-to-North Water
Diversion Project[ J ]. South-to-North Water Transfer and
Water Science & Technology, 2018, 16 (3):59-64. (in
Chinese) )

T3 Rk XV AR K . mE K A I v 2 TR K IR DX 3
KRS B AE ROR U [ 1] K (R fFid i, 2018 ,38
(6):263-267. ( FANG Sida, LIU Min, REN Yongjian.
Drought and waterlogging characteristics and risk
prediction in different river basin areas of middle route of
South-to-North Water Transfer Project[ J]. Bulletin of Soil
and Water Conservation, 2018, 38 (6 ) : 263-267. (in
Chinese) )

MBI , B e ok, 585 A, 5. mKAL I PE L 1K IX 3T
50 AFAR IS A Fonk A S A B[] AV
YRR SR ,2015,24(2) :271-277. ( YANG Pengpeng,
HUANG Xiaorong, CHAI Xuerui, at al. Runoff change in
response to climate change in west route of South-to North
Water Diversion Project over the past 50 years [ J].
Resources and Environment in the Yangtze Basin,2015,
24(2):271-277. (in Chinese) )

M AR AR, B R A IR X 2 ROEE K SCT 52
T SRR A 0 37 [ 7] 909 R~ 24 4 (AR 0
2021,49 (6) :515-520. ( XIAO Zuxiang, ZHU Shuang,
LUO Xiangang, et al. Multi-scale hydrological drought
characteristics and vegetation responses in the Three-
River-Source Region [ J]. Journal of Hohai University
( Natural Sciences ), 2021, 49 (6 ). 515-520.
Chinese) )

AR L7 BREN A5 IR IAL SR A 7K I A R AR A B
Y Jy o M [T, K BE AR, 2021,37 (1) : 53-60.
(ZOU Lei, XIA Jun,ZHANG Yin, et al. Spatial-temporal

(in

[15

[

(17

—

[18

[

change characteristics and driving forces of precipitation in
the Haihe River Basin[ J]. Water Resources Protection,
2021,37(1) :53-60. (in Chinese) )

BEFiE , U430, ROME, 4. AR FIK A AR HT H
RINUT e K SCHE S B S M [T ] KK L A 3
2020,40 (4):1-7. ( BAN Xuan, SHI Chongwen, GUO
Hui, et al. Effects of climate change and water conservancy
hydrological downstream  of

projects  on regime

Danjiangkou Dam [ J ]. Advances in Science and
Technology of Water Resources, 2020,40 (4):1-7. (in
Chinese) )

BEBhoC, FHE) B B, SR A x m K AL h 4 %
KX AZFREFW[T]. KL 5 KRR, 2014, 12
(2):137-141. (LIANG Zhongyuan, WANG Haichao, LEI
Xiaohui. Impact of climate change on the intake area
Middle-Route of South-to-North Water
Diversion Project[ J ]. South-to-North Water Transfer and
Water Science & Technology,2014,12(2) :137-141. (in
Chinese) )

TRHT AR R, 55 AR BT Rk AL b
TR R DX AR S B K A3 A R [0 ] A AR A BIF 52 i
J&,2013,9(1) :29-34. (ZHANG Liping, YANG Yanrong,

runoff in the

QIN Linlin, et al. Distribution of exireme precipitation
events in water source area for the Middle Route Project of
South-to-North  Water Transfer [ J ].
Research,2013,9(1) :29-34. (in Chinese) )

EWE. FAKAL T b 2ok PR DX K B IR AR AE Kl A
WFFE[D]. HBIM FBHI KA .2018.

Climate Change

[ 19 ] MANN HB. Nonparametric tests against trend [ J ].

[20]

[21

[

Econometrica,1945,13(3) :245-259.
KENDALL MG. Rank correlation measures| M |. London
Charles Griffin, 1975.
SMETT, E AL, X B WL K SCIR )R ) 53 A 7 i A5
VER[]]. M B ARLEERE 2013 ,32(1) :20-30. (SANG
Yanfang, WANG Zhonggen, LIU Changing. Research
progress on the time series analysis methods in hydrology
[J]. Progress in Geography, 2013, 32 (1) :20-30. (in
Chinese) )
i A S A X B AR G VA v e T R K R R A K XU
SEMARESE[ D], KB R KA :2019.
XSG , P 7 , B MRS AT A2 A o 30 B T80 3L s A8 07 114
SR T ] R 2 24 ( FARBHARR) ,2020,48 (1)
39-45. ( DENG Peng, SUN Shanlei, HUANG Pengnian.
Influence of climate change on runoff in Poyang Lake
Basin [ J ]. of Hohai
Sciences) ,2020,48(1) :3945. (in Chinese) )
(WcHi FH 191:2021-10-28  Zidd . £35)

Journal University  ( Natural

- 141 -



