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Abstract

Based on observed runoff data from four hydrological stations in the receiving water area of the Yintao
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project from 1956 to 2022, a comprehensive analysis of annual runoff inter-annual variability was con-
ducted using methods such as trend analysis, wavelet analysis, and Bayesian change-point models. Addi-
tionally, characteristics of intra-annual runoff distribution, including the uneven coefficient, concentra-
tion degree, and concentration period, were employed to analyze their temporal changes. The results are
as follows: The annual runoff in the receiving water area exhibits a significant decreasing trend, with
pronounced decadal variability in runoff changes. The highest probability of a change-point occurring
was around 1990, after which the declining trend became more prominent. On a larger scale, the ampli-
tude of the main periodic oscillations in annual runoff showed a significant reduction after 2005, while
smaller-scale oscillations became more intense. Consequently, the annual runoff displayed a more intri-
cate changing pattern, with a projected continuation of reduction in the next 2~3 years. There is a signif-
icant decrease in flood season runoff in the receiving area, accompanied by a decrease in the unevenness
and concentration degree of intra-annual distribution. Overall, the runoff in the water receiving area
significantly reduced, the intra-annual distribution changes, the cycle oscillation is more complex, the
uncertainty of water resources security increases, there’s an urgent need to optimize the regulation of
the water supply of Yintao project and water resources allocation.
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Figure 1. Schematic diagram of study region: (a) Topographic and administrative division map; (b) Basin river system and hydrolo-
gicstation map
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Table 1. Statistical characteristics of station-measured runoff
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Figure 2. Station-measured runoff trend indicators and their inter-annual variation process: (a)~(d) Trends of annual runoff depth;
(e)~(h) Statistics of mutation test; (i)~(1) Cumulative anomalies and Bayesian posterior probabilities

2. FRRAAREBERRELTUIIE: (~d) FERRBUES; (o~(h) RERVGEITEL; ()~() RREFM
DAL g ST S



FIP6 TRE SR XAR S A A 70 M

A7 FPRIAT I T8 16 2= SR Sl S K TR AN 2 4 P I R IR IR R, WA AR 22 R /D, SRR BN, Z
LA B /N, BRI INEZR Y 1.32 mm/as 3 757 T3 Tl IRt smT 5 DX P Sl 14k, SR /K TR R 2
P ERTIR BN, f/MEAY 0.27 mm (2015 4E), HAE Lk 161.85, 482 REUM Z (48 RHE #08 KF HeAth K
S, ARG RN, BNEBRENEE . R Tuish, HR AT RSO AR I R A 35 H B
1967 4F, 1997 FFik 3| —EAMEF AT, 2T EARRIR MR ZL0/N,  T52 2015 )5 IR 4 .

SERIMIR RIS =R an ] 2(e)~(h)Tm. 1970 FELLET, ZEFRM AR EFRRIR 20 LT
PG AFEA T o TN S 3l WA B R 38 KBRS 1975 R4, Bl AT S 3 il AR AR TR
FRUEIE/N 25 AT R SRR B S AR T R /N 35 U HE 1985 A2 4G ;s 1985~1990 4R (A ZE 58 A . 1L AN R %
SRR T AR A R R, AR KA AR NEA B RE, R 1% 8K, B 20 R
FAPEP i 26 LR IR 11X — A8 . & T3 AR MRS AR A AP 22 5 EAETE s Bk ek, (R0 7 S vt
BT 5% R EWAKERLEI, REAEHRERE.

10 a) %= F Y 3000 OFXH
50 6000
25 so00 2400
20 0 4000 1800
15 3000
1200
10 2000
5 =0 00 600
0 - - .
0 5 10 15 20 25 30
3300 Dkl
60 1400
40 1200 2750
20 1000 2200 J
0 800 1650
-20 600 1100
40 400 i
. 60 200 #3307 [
& & g oHi—i i i
M 1960 1970 1980 1990 2000 2010 2020 iy 1960 1970 1980 1990 2000 2010 2020 z 0 5 10 15 20 25 30
. , = ¢
B 30 (OL27L13 B 1 @M 3 1650 () FE IR
¥ e () ¥ IS8 3000 2
25 20 25 ) 1400
2500 1120
20 0 20 2000
e 15 1500 840 \/
2 560
10 10 1000
5 0o 500 280
o+
1960 1970 1980 1990 2000 2010 2020 1960 1970 1980 1990 2000 2010 2020 0 5 10 15 20 25 30
P
- WET 36— N
’ 25 % 301 ¢
24
0 20 10 ;
15 189 f
K
10 50 12
-10 5 6 H
0+t
1960 1970 1980 1990 2000 2010 2020 1960 1970 1980 1990 2000 2010 2020 0 5 10 15 20 25 30
i hy RUERF ()

Figure 3. Morlet wavelet analysis of station-measured runoff: (a)~(d) Time-frequency distribution from the real part of wavelet
transform coefficients; (e)~(h) Time-frequency distribution from the modular square of wavelet transform coefficients; (i)~(1) Curves
of wavelet variance
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Figure 4. Anomalies of station-measured runoff depth and curves of the real part of Morlet wavelet transform coefficients at the

dominant scales
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Figure 5. Inter-decadal variations of intra-annual distribution of station-measured runoff depth
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Table 2. Distribution characteristics of station-measured runoff depth across inter-decadal flood seasons
2. TEIFEKFRABPERRENDECFE
- 2N vl I =T
BE/mm  ERNEE%  BEmm FERSE% BEmm EN % BEmm EREE%
1960s 34.03 75.91 11.58 73.27 1.84 84.71 2.69 79.72
1970s 28.69 76.13 10.77 76.58 1.63 86.04 2.32 85.15
1980s 28.72 75.84 10.34 76.48 1.28 85.42 1.64 84.21
1990s 19.85 74.69 6.18 77.17 1.42 89.05 1.29 85.92
2000s 19.18 71.33 4.93 74.76 0.83 84.29 0.86 95.79
2010s 21.37 68.88 7.15 72.45 0.87 71.97 0.62 92.18
LAY 2531 73.80 8.49 75.12 1.31 83.58 1.57 87.16

Koo el THEA DTS R BRSPS, HoR=uh%, . A RERREL ZE/NE
B RHR Sl 5% R FE AR, HhaTulifo R, ST N UAFERAEE . BTGNS 27 il
AL DT, B RTAR T 5 B A RO 25 8N S BT I A0 #RSR R b PR 9] ) A2 A4 P9 20 e B
HHKWEE T XFEWNFTRAZMIE, BRRRREERNFERN, XFRRMREERR, EHFENZRNL
HnErgg, 5o mBE TIX— . FFA SRR, BRA TR EH AL E U, HR=F14%
TR PN o

-6.94  -6.69 | -436 | -3. -4. -6.70  -7.19

1A 128 FF HEF HF £F W aF

Figure 6. Trend test results of annual, seasonal, and monthly station-measured runoff depth: * indicates failure to pass the 5% nota-
bility test

E 6. . . AREERAEZERULER: *RIRBT 5%EEMHKFRE

KA 25 Sarh AR AR IERAE 1957~2022 FF /K SCIEE N A BCEEAE, AR R 7 iR

BN TR A S RECFIEREEM S, A7 R ST AN 2 7 Pk L 2= SR AL L 51K, 2471
A5 R B S S R E lEIE 0.4 A1 0.6 (% 3), HAE 2000 £E DART R I B 1 FE P, 2000 4 DUR 27 i i
EHE R IR AR EPR U B, FRIER S WA B o PR IR I8 2R SR i ANV T L L 3 AN 350 50 R BRI
RN AR T S N A — 5, ZEBELA N 0.24 F10.37, KPR AKS 2S5 EFEHA TR RR
B — S0k, (B A BORE 5] R BCE K IBURE AN ), BETE 78 MU RAE ARV AR N X BE A ARE A [12]; ik
EFIAT S, KOO H BRI R A 6~8 HZIE, 7 AJEZ. LA RRIAIE )T MR EF I
Ak, BINZEGAT R L 3k 4F Py AR I A H B A B T EL BRI R AN 2 7 i R e — 28, G AE 2000~2010 4E (]



FIP6 TRE SR XAR S A A 70 M

2010 FELAG, BrerTrulhish, HAR/KSCUERIRAE N 7 BCH AN SIRE AN AR s AL Bl rp T3t s Y B B K

—— KM Rl IR —-mem 2T
95 300
(@) (b)
80 o ,i"\ 260 1 * .2
= A B oRhe 6 . : ?,‘.;
S 54 h 1y I\ ! 220 4 % 7 'Y Q’ ]
010 |;- ¥ "l-'l"""'hh' T’ \“' o 220 .f~ PEY 8T ‘;‘“\ﬂ",,‘* ¢ \h /il
O U OPY Y 1 R AP Eoiso{ g W | 'L’W'n‘? AP g 40
SV WA AAA Y ini = R BRI b o T TR
§35-{\ ‘H'é%‘-i b }‘\"71“" ﬁ% i < 10 i ‘ M l
R ‘;M“n Y 1 1
0 "'l LV %‘W""’ ’ p\j& 100 i
5 T " T L T L T T T T 60 T & T ” T X T % T ) T L) T
1960 1970 1980 1990 2000 2010 2020 1960 1970 1980 1990 2000 2010 2020
100 )
13 © o, A 5
1A ba o B N
ST PG AT SR =
i L on !ﬂl‘c YA TR Y =
2524 4 R i \b-f \I-. i [ =
g I‘? SRR ¥ ; &
= 5oy e WINPT e BT P
L [ 5
20 ¢ &
Fy
4 T T T T T T T T T T T
1960 1970 1980 1990 2000 2010 2020 1960 1970 1980 1990 2000 2010 2020

0
Figure 7. Intra-annual distribution characteristics of station-measured runoff depth

7. ERRFASEHHENE NI IE

Table 3. Trend analysis results of intra-annual distribution characteristics of station-measured runoff depth
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