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Runoff evolution patterns of major water sources and adaptive strategies for the Eastern Route of South-to-North
Water Diversion Project under new situation//LIU Weifeng', LI Yunling', LU Qingwen®, LI Xinyang’, LIU Jing®,
LIU Qi', CHEN Juan’, WANG Yongqiang’, GUO Xuning' ( 1. General Institute of Water Conservancy and Hydropower
Planning and Design, Ministry of Water Resources, Beijing 100120, China; 2. Shanghai Municipal Water Bureau of
Songjiang District, Shanghai 201600, China; 3. School of Civil Engineering , Tianjin University, Tianjin 300072, China;
4. China South-to-North Water Diversion Eastern Route Co. , Lid. , Betjing 100036, China; 5. College of Hydrology and
Water Resources, Hohai University, Nanjing 210098, China; 6. Water Resources Department, Changjiang River Scientific
Research Institute, Wuhan 430010, China)

Abstract: Based on long-term hydrological data from 1980 to 2020, the evolution patterns of water inflow from major
sources in the Eastern Route of South-to-North Water Diversion Project, including the lower Yangtze River, Hongze Lake,
Luoma Lake, and lower Nansi Lake, were analyzed using various classical statistical methods under the new situation. The
results indicate that, except for the declining trends in runoff during the flood season at Hongze Lake and the non-flood
season at lower Nansi Lake, as well as the absence of a significant trend in annual runoff at lower Nansi Lake, runoff in
other periods for all water sources showed increasing trends. Significant mutations were observed in the annual and flood
season runoff at Luoma Lake in 1999 and in the non-flood season runoff at lower Nansi Lake in 2005. The annual runoff at
Datong Station, Hongze Lake, Luoma Lake, and lower Nansi Lake exhibited dominant cycles of 14, 16, 10, and 13 a,
respectively. Based on cyclical pattern predictions, Datong Station and Luoma Lake are likely to enter a period of above-
average runoff, while Hongze Lake and lower Nansi Lake may experience a period of below-average runoff in the near
future. The sliding correlation coefficients of runoff between adjacent water sources showed significant interannual
variability, with the average wetness-dryness synchronous and asynchronous rates at 41. 8% and 21. 4%, respectively. In

response to the evolution patterns of water inflow from major sources, some strategies are proposed, including making full
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use of forecast information to adjust water diversion plans, implementing joint optimal scheduling of water quantity

compensation and storage capacity compensation, and exploring the potential transferable water volume under extreme

drought conditions.

Key words: the Eastern Route of South-to-North Water Diversion Project; runoff; time series analysis; potential of water

transfer; wetness-dryness encounter

P KA TIAR R TR I ZOK W 3B 2R AR Bh ik
M EZA A B KBRS R KL AR LS
2 TR i R 4 B A ZOR A R T S R
SITHTIE ST B 7K AL IR AR 26 TR 7K IR XK VLT Ui
PEEET 0% S50 T G B K R R K B T AR R A
Higwrexrsk, BAEEE L, 22 AZE
TSR AR &R T B R s AR R
FUKGERAET PG H 252807 Ao KR K
JEIRAR L TR AR K AR , N 22K IR S 25/ B, 75
a7 KPR IX AL I I s AR . AR 222 S It
AR RRAE S G A 0 R IR AT TR, B
U SR R M 2R B0k AN K SO X DU L iF i
WA AT T € o, P E T ARRAS AAN
NI SRR AR Ak BB 0 BTk R, BRI P AR
¥ H Mann-Kendall B AH G /N o #r = 12 A
J Copula PRELEE J7 150 HT T ma K AL H 42 T RE K
T8 DRI AZ 7K DX e 7K A2 A 35 0 =2 A 8 T8 R AE | 45
SRFW KR DN 32 7K DXAF R K B 240 dab ik /b R It
ESFEMRE R, ERHE" ET Copula Hig
N T R KAL IR TP 4 T RE KR X 5 4552 7K XA [
(i) RUBE B 3 7K i R 0 A, BF 5 L 1 Al 8 R A
TR PRV R 3 A4S E K S N BF
G5BT = F AR IO R | A A A T R
fE, ARG R 2 i S g R ORI T —
FEMS%E 5 LITR Fe Ui AR 4k 22 DB ] A5 £k i 34
FNZS [AAH DG OC 2R AR U =F Al 138 9 5 TR U . R K
IR AR L TR E 2K IR A B R R & e T, vl
W E EAME ALK IR 2 B B, 768 K T3
T WF5E rE K AR AR 2 T AR A K RAE TR AR I
3 AN [A]IE B R A AR AR P O TR S B M JiE 12
AT RN 22 TR i o i R SR AR I i S 4

AR TP 2 ST T R 585 e K AL
IRER TR AU DX 45 7K U5k 7K 8 B ) A8 £k 45 R 1A
TR DA AN TR 7K U AR A A8 AH S AR5 R0 = A 1 8 1
B, IR TR A4S R4 1 R KB #F B3 7 Pkt
W, LA R KA VR AR 26 T AR S PR i B s AT M 2k
TR i R R RS

1 AREEREHERIE

R K AL AR L — I TR R =& 5
KIS 13 AR B B AR K, BT Kz i
- 166 -

KIPAT A K 25 5% i) R i AR
SR E TS o B B — 6 ) b SR BT /N T
et — ST K 2K TR ELAg T b A
KN LK & AT 5 73— B 17 ARG S 55T TR
DB B AR IR B T AR K 25 o b il 1l P
FHBIE T HE TR AR M IX 5] 5K TR 4 K 28k
TR KE . K % B 1467 km, Hp KT &
AOFH1 1045, 36 km, B LIAE 173. 49 km |, I A Fii 7K
T2 239. 78 km, ZF I B 7. 87 km,,

ASCHFFE R K AL TR AR 4R TR /K TR X 45 /K TRAR I
7R Al AR R o e ok K TR IX R B RS KT
U TRV 9 Sh ORI R DO 2 (DL TR RR
R o WKL R iR vl R 9% D
RN 9080 1 55 I 422 3 )7 310 8 1980—2020 4F, it
BRI Rk K, /K TR IR R o R e
TR AHAEE, H B T RS RARE, Fes
AEFFERER R BT . R IRIERT & 5 SLI /K SE PR s
B, AT LB UK T AR AR A TR R, SR
SN AR AR R 51 LA R s — bk

2 MARAE

BT A KUl 2 A Y B A T Rl a5 [
ARAEFLEE 43 AT, 49 51 R B Mann-Kendall #k ¥ AH ¢
25 Pettitt K3k F/N S BT R AR A2 A B 58
ARG BL AR REPE . BEIBCRH AR K Rk 8 (R a5
HEFEW LR S 5% i) 9% S 5 T 20 ) 1Y [
BAR T, 2R I sl AH O R EUH Copula pRELS3 BT
AR AU 22 [8] A8 A2 Y AH DG PR RN A 8 17
2.1 BKIEREZHRES T

a. Mann-Kendall B AH 1, Mann-Kendall £k
AR — M iy S5 ik, TR
B B )PP A R A L e A 5 e
[ Py 91 18 g — > Hi 8 55 H 22 TR A5 A OC
P, B S A # S 1k . Mann-Kendall Fk YK AH
KW T ] e 9 1) a4 oy i, BREL )z g ]
TR AR AFIR LS A B 10 o b, A SCR
Mann-Kendall BRI SCAG 55 G vl HEEEHT 3% S
W1 NG AE AR 3 SRR AT B AR It
AR o3 AT 8 K IR ) 7K B[R] AR R AE

b. Petiitt K B0vE . Petitt K562 —FIE S %L
Rk |, HAEA RS WK SO P 58728 1 DL Y [R) ] 3



AR RERGREH ST E L EEEE, B
2R TR G OKSCR R R A 4 A AR
K Pettitt K 5653260 4 AN K IRAR TR AR TR A2
Ui P S HEAT SPGB, 45 3 A 7K PR [ N B A i
ARG T K] BB S AR ARy, UM AR IAT N (8] 15 A2
IR R AR RRAE

c. NEGIHTEE . NS BT R — i E S R
ARSI %, I Morlet 71N 4347 45 1A ] 45 2%
U A5 5 3l , 48 78 7K SCI ] T 97 1) 22 RUBE A
PR IRSGE Y R A S R AT
it 2zl 4 AT N e R RSS2 L A3 3
ARV A BN AR TR 3, ABF S AR U e 9 i 2
IRF 1] FRUEE T 91 A8 A A TS R AE
2.2 FEEBIKIEEX ST

a. WBAHICRE WS OC R BB E 12 K W
AT 91 8 AH G OC 2 [ IsF 1] 1) 722 AR A% 00, 58 T 43 B A
HERAEBRASRFE . A SCR T Pearson A
KAREE A M5 12 3TN A |« x,y
L Ay ys ey | BRI TP RO - D
SEFFINE SIS m 35 B m>10, LAORIEZS R 7]
T, QU KB R 81155 Pearson AH ¢ R %L, B
HEREH oy, oy, s, F Ay 0, oy, b VR
[y ,205, 2,0 | Gl Y2 X303 Y | ) Pearson 156
FHC VAR, B 0 KO m WA G R BUTF 9
QBRI RAGB] 2 HARC REUT S, IF RT3
EF, A4S 3 2 2042 it 17 90 AH 56 P 19 48 Br 22 4k
M

b. Copula PR%{, Copula PRELREWS % #5721
LRG3 AT KRB A AR R R il R 78 ik [B] AH OGO
R KIS E) Tz AT Sklar A2 AR
R T ZICHRE AT B A AR
R S K SO RIS 0 A BB 3R A T B AR 4l
W UL ) —JC Copula PR %X Gaussian, t, Gumbel
Clayton Fl Frank Copula PR, A< 3C LI AZ %5 BE Ak 113
HENT Al AR % o3 A SR Tz N T K S
Hr#) Gumbel ,Clayton 1 Frank Copula pR%LAA 5 4H 4P
i A IR B o A Y, B2 MR K SCH A &
MRS 53 7 120 A5 B M 408 A TR 11 ok K 3 A 1 3
T

3 HBREHM

3.1 BKEERFREWL
3.1.1 AR TAHH

KILT Rl L) 9% S T 451X
2RI B A% L 11 1Y) Mann-Kendall #4656 25 2 0L &
1o 43HTaR 1 458 mT A OFR UL TR T 20814k

TR A 5 T B T E R gt Z
0, BTCRA AR A a3 A, 4% K IRHA iy B A it
WAL TS QBB R B 95% , X5t
| Z VAT AW, 5% SH AR U LR T AR TR
W G FHE 1. 96, LW AR 35 KoK
PEHABR B A B A B3

£ 1 HBKEARMERZFRE Mann-Kendall #H% 004 R
Table 1 Mann-Kendall trend test results of runoff of each

water source during different periods

TR A Bt Gtz AR BEHKT
oo 0.477 B NTES

KA I W 0.112 Hhn NTE S
e[k 0.984 i ENTE S
4 4R 0.258 i NTE S

LS| W -0.775 Wb FNTE S
e 1.224 A ENTES
o 2.965 e (e

9% T4l W 3.482 Ham E
A 0. 696 e NTE
Egis 0 NTES

TR W 0.337 i ENTES
AR -2.157 Wb E

T BAERE 95%F, 1 Z VI FLE A 1. 96,

3.1.2 REHH

XF 4 A KPR BYAE I AR TR A 3 1 51 E
1T Pettitt ZEALKG I , 75 2 25 K YEAS [A] B B A28 0 & 14
G LA RER AR AR R 2, k2 7
Brel 0, 3% AR TR T i, T 2R T A2 i
i Pettitt 2K ISR P E/NT 0.05, ¥ T
WEVEAR R AT E R R, NI, AT DU 9% 2
WA AR IR B 7 1999 4F K AR 1 35 58748 T b
JEVRII A U H7E 2005 4F A 1 SRR

*2 BREAFMREREVERTEMREAREN

Table 2 Potential mutation years and significant results of

runoff of each water source during different periods
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Fig.1 Contour maps of real part of wavelet transform coefficient for four water sources
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Fig.2 Sliding correlation coefficient of runoff between adjacent water sources
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Table S Wetness-dryness encounter probabilities of adjacent water source runoff

KAk o AP AN MR % VR A MR % AV A T B AR %

F - i + F it} F F i
+ 16.96 9.31 11.23 18.99 9.19 9.32 18.61 8.68 10.20
TR 3 5 L I 9.31 6.38 9.31 9.19 6.62 9.19 8.68 6.72 9. 60
i 11.23 9.31 16.96 9.32 9.19 18.99 10. 20 9. 60 17.70
+ 19.96 8.48 9.06 18.71 8.67 10.12 17.70 10.03 9.77
PR 5 5% S I 8.48 6.94 9.58 8.67 6.73 9. 60 10.03 6.68 8.29
i 9.06 9.58 18. 86 10.12 9. 60 17.78 9.77 8.29 19. 44
F 15.69 9.12 12. 69 17.37 8.87 11.26 15.26 9.65 12. 60
9% T i) 5 T 2] R 9.12 6.38 9.50 8. 87 6.55 9.58 9.65 6.35 9.01
i 12. 69 9.50 15. 31 11.26 9.58 16. 66 12. 60 9.01 15.90
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