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Fig. 1 Time series of precipitation and runoff in the Miyun Reservoir basin

2 WAIRFAZE

F 5% % ] Mann-Ken dall( M-K) 6 56 77 121 43
ST et 7K RIS 3 B[R] 810 32047 i 5 R 15 >R FHZK SC
AR LEAIB W R G XK L AR T B 0 58 A8 sk E
FTIL W f S R PR VAL B8 180 N O 1 U3
IKAAR T AR IE o 4R 7R AR AR IR BT T 2% K
JE A AR I S AR R AR A W B, T S AR

©332 HHRELH

K R TR TR RRE 12 W 45 SR A T 4F 0 Be Rl 47,
SR FHHET Budyko BEIE 1 /K P 7 5 X
b R i B LS B
2.1 Mann-Kendall #5357 %

R B 7K SCH ) e 371 e R i e e 1k
S3 BT I sk B vk R B A B 1 R il 2R AR
M-K K5k . [IEAT | BARSEAG A, H,
M-K K 55 7 AN SR B IR R 534, HX A7 =)



AR i TR R A R S R, S TARIE
BRI TGOK T F RGN %77k

fAj /- anr
X P B {3 0,5, 6, AT M=K KE BB, B 5644
WgiHE U, £ik:Uh

-
U= (1
VD(7)
Hrp
4k | D(T)_2(2n+5) (2)

T:n(n—l)_ ’ T 9n(n-1)
KD e n RIFIHEE; k XA (x,, x5 >0)
Hx<x AN B Y U>0 B 3R 7 91 2 1 3,
2 U<0 BFIA R T 91 S0 N 3 #3450 25 vt ge i
" UMGEREKTE a TH U, WRRE,
\U>U,, WA N a3 2, 35 W E o 3
22 RLEFGZETH AL

8] 3 3 (4 58 748 S22 WA o TRXE, BN [R12 W
J5 AR B R 2828 1 AR 4 SRR AR AR AR K 22 7B,
TR S 25512 W R G B B — K 56 7 v
KR bn 2 . BENE 2 A BE 12 W 14 1) S BT 51) 58 A8
FRIESE LA, A SR K SCAE 257512 W R G0 5
K FETIRE K . T 9 R4 T 578 s i .

N HZ 5 B2 W 4 58 A8 FRAE 1 A0 BRALFE 1) 20
W T2 2R G2 B KOS R A W12 ek
FH Hurst J7 7% 1 Bartels J5 255 Mo PEFIE 12 A B2 Xt
79 R BEATLE 1853 FIBA R 1 B A3 22T 0026 3 A,
TE PO A AEAE 5L s P HNAEAE S AR I, R T
iz Wi Yy 12 B oS AE S M 7 B R S T 2 AR B
LWL A WOR I E S A . BB G AE
DA R0 3 Z 8000 e 91 28 A8 I8 X 8 CH: i 3 vk i AT
Ak R A A W BRI X R AR S R T A A
Br, B LA BIZ P A ) A2 W 25 R . 7 v R BRI
JLICHR 207
2.3 ARBEALH BN KR IE T %

I FH BRI R TR ek LR B () ) 91 i 4 53
BTk, XfE DAMERfR DX 0 W8 Bl o0 7= AR i O RN, B 22
3 AE BT ST AR /N B ) RUBE b J 1 35 3 ) ik 2
PEBE ™ FEARAG S R T v MR R A A BB, SR
b E AL B 8/ B 3% (uniform discrete wavelet
spectrum, UDWS) J7 15 1Rl %5 2= 7K PE i 3k F oK | 42
TT AN A R A RRAE, HE AR AR B A T

XFFABE R n 7K SCH TR]F 41, 36866038 1 /)N
U oR BT ff i H e R A 7K E logyn Ji5, T 5B X

F3, % BEAERRE AR PR RA KT E
i»

JF 9 BEA T B N AR e, Feik
Wy (k) = [0 f (0) ¥y (e (3
Hrp
Wi () =27 (27— k) (4)
) FI(4) e j R o3 iR K s k Ay i ) 4 DY 7
P ()R BEINE P (0 19 52 2L 50 R B8 W (k) R B S
Ve RB MR b, A RKOT R TR
G, Tk AN
F0=) WGP (27i-k) (5)
FIFHI R RE T RALE (HITTHREA RN

n

EG)= ) [f,®F (6)

A 53 AT B 1] 3 371 1) e kPR R 55 A v B £ PR
EAR X AT G o PR A K T 75
fE 1 BRAAL T 85 X (8] N, A% 7 51 B e s
a1 230 BEHLYE ; [z, XY 7 4 Be ik e A
FEAG X Z LR, %550 280 T i 5
s = R PO R Y L A
2.4 Budyko KZ-F#7 &

Budyko HLE A R AERA I ] RLEE T, it S b
ZRHN R T8 T SR K i SO TR ZE R 1 22 )
Mok R P e RN Ky, RE R SR e A& A
) Mezentsev-Choudhury-Yang 2% 20 B9 X 5L R
R, RFH

E= PE;
(Pv+EN'™
K E AL RZE UL i, mm; By A 24
SV AR ZE B R B, mmy PO T S AR S Y K B
mm; w o R B 3 A A OO MBI A
TR S

P AK(7) 5K &8 A 20p = E+ RIAZS

A, TN R AR I TEZR IR R R AT RN N
P-R= L (8)
(P +ED'™

HRAE 12X, e e 56 o O 3 T IR SRR 1 S
w A FZ I Z AR SR K | AR B e 25 iU =
PATIHEAER o FEAR AR, XS v A2 Ak A 75
ST B S Ao TN R S HOR AR, R AR A
R K B TR ZE U e B AL AR I, TR A 5
B2 NG S22 Ak A i i (R, , HE 5
FEUE I SN AR I i (R ) 1Y 25 (B S B 1 A A8 5= 5
R R (AR, ), 57804 i 5 (Ry)
M 208 e T N85 3 S BN AR A2 A i (AR, -

P

HERELE R 333



2% F2 BMAAESARBEFE) 2024 5 4 A

5 31 RN AR A 300 S0 R S 1 25 08 M R B AR AR Ak
W (AR) . HIL, AR S5 ARG sl X2 i AR TR 1Y
TR AT 43 5 R A

AR,  R,—Rs

AR 9
"= AR T Ru—Ry
AR R+ — R,
= —b = =% (10)
|AR| R — Ry

(9 FNC10) e A URAE S A A2 AL PR TR 5
e AN XA FAL I TTRRR o Y TTEkR
TR FRAIZ N 27 4 TR RO, [z A
TG IR

3 RO

3.1 ABIEF 5T

W K R LR K B RN 3 e 31 B R AR 5]
ERLFE 1. NF 1 AT LA H: 1960—2019 4E[F K
FEB) 5 R Bt 3 (U= —1.56) , 1H K38 i 5% B 15K
S f RS 55 T 1960—2021 4E &K R 81 i T
LT 2021 AEREK B BYRCORAE, PRIREZK T R ka3
(U=-0.77) 41 [t 1960—2019 4F & 7K JFF 31| B {75 55
(1) HLFREAK, B3R 2 5B B i
e, BEBRGa (U=-5.24) 1 T 5% Bk
VY PR

%1 BRKEREMK ERFIEAREER
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in the Miyun Reservoir basin
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Fig. 2 Periodicities of precipitation and runoff series based on uniform

discrete wavelet spectrum in the Miyun Reservoir basin
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Fig. 3 Relative change of precipitation, runoff and potential evapotranspiration in the Miyun Reservoir basin

during the change period and the attribution of runoff change
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Abstract: Under the influences of climate change and human activities, the hydrological process formation

conditions in many basins and regions have changed significantly, and observed hydrological time series show
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growingly non-stationary characteristics. The uneven spatial and temporal distribution of water resources has been
aggravated, resulting in new challenges for regional water resources management. It has been a hot topic to detect
and attribute the changes in precipitation-runoff processes in changing environments. As the largest surface drinking
water source in Beijing and the largest reservoir in north China, the Miyun Reservoir is responsible for water supply
including urban, industries, and agriculture in the region. Precipitation-runoff processes upstream of the Miyun
Reservoir also showed obvious non-stationary characteristics and extreme flooding events occurred in 2021 and
2023.

For accurately identifying the non-stationary characteristics of hydrological processes in the Miyun Reservoir
basin, and further clarifying its physical causes by considering the influences of both climate change and human
activities, the observed annual data of precipitation and runoff from 1960 to 2019 were used. Multiple methods for
time series analysis, including the Mann-Kendall test, hydrological alteration diagnosis system, and discrete wavelet
spectrum for period identification were applied to detect the non-stationary characteristics (including trend,
breakpoint, and periodicities) of precipitation and runoff. Based on the detection results, the Budyko framework-
based water balance method was used to attribute the changes in runoff.

Precipitation displayed random changes across the whole time, with no noteworthy trend, breakpoint, or period
observed. However, runoff's non-stationary characteristics differed from those of precipitation. The decreasing trend
of runoff was more significant compared with precipitation, and a significant breakpoint in 1979 was identified in
the annual runoff time series. Based on that, from 1960 to 1979 was chosen as the baseline period, and the changes
in runoff from 1980 to 1998 and from 1999 to 2019 were attributed to using the Budyko framework-based water
balance method. The results indicated that human activities dominated the decrease in runoff in the Miyun Reservoir
basin, compared to the influences of climate change. From 1980 to 1998, the soil and water conservation measures
and constructions of hydraulic projects contributed —111.40% of runoff compared to the baseline period, offsetting
the runoff increase of 11.4% caused by climate change. From 1999 to 2019 change caused by dam construction and
land use change was —66.60% of the total runoff change, and climate change further aggravated —33.40% of the
change

In recent years, the Miyun Reservoir basin has been in rainy periods, with higher precipitation compared to an
average level. Coupled with the impacts of human activities on the runoff, the hydrological process and runoff
present more complex variability in the Miyun Reservoir basin. Detection and attribution of the non-stationary
characteristics of precipitation-runoff processes could be a useful basis for guiding the safe operation and water

management of the Miyun Reservoir.

Key words: precipitation-runoff; non-stationary characteristics; detection and attribution; time series analysis;

Miyun Reservoir
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