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Abstract

Under the dual action of climate change and human activities, the runoff process of Liao River has signif-
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icantly changed. Based on the monthly runoff data of Wanjiabu hydrological station in recent 60 years,
the characteristics of annual distribution, interannual process, interannual abrupt change and periodic-
ity of runoff were analyzed by using the methods of non-uniformity coefficient, Mann-Kendall trend test,
sliding t abrupt change test and power spectrum period analysis. The results show the annual runoff dis-
tribution of Wanjiabu station not uniform with a unimodal pattern; the annual runoff has a significant
upward trend and significant period of 21a, a sudden change is occurred in 1968 and 1999.
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Figure 1. Schematic diagram of Liao River system
B 1. FakRREE

DOI: 10.12677/jwrr.2021.105054 501 TR BRI T


https://doi.org/10.12677/jwrr.2021.105054
http://creativecommons.org/licenses/by/4.0/

I 60 FEAR PRI AACRHL M

A2k 3548 km?, IBASERIGK, BALERNILE; FRBNA R AR, H RO PR X
FeFE ARSI o IR T AR B RS R X, SRR, U9, 29 THKBKE 1778 mm, E££
i 42.8 x10°m®, 4 A~7 ABRKEL 5408 KRR 60% [4].

AR SC AR U T 3B K S0 1956~2020 4F (134 H 12 i (2012 A i 2 ) 6 S A I AR LR E 2R 4T
Mr, ARk B A KN EE B M.

3. XEMRF=E
3.1. Mann-Kendall 3§ 3%

Mann-Kendall £ 3832 (f878% M-K )& H T80 KSR S A I8 7%, 230 R R AT 2R
M—E W4, EATKCERENEAKR . Z A —MRMNESSMMGE, 4 2Z2>0 R\FEFHIEEA LTt
#agh, 7<0 BRIEFHITTREA TR, 4)Z)>1.96 1 2.56 I, Z35FE il T o =0.05 il o = 0.01 [ 535 1%
KPR 58] -

3.2. BEh tRIEE

Tt R0 R T 2 S A g 4 K R U TR 7 9 AT R A P I A 22 SR I T — e R E KR
KT A 7 5102 1 KA TEAR[9] o b1 T R B U1 7 I BE AT IS LU, AP i B s SR T Sk
R RENEAKT ar B D AMRIRBNETAL tee A < tuzr WVATEME ST G KPP IIEHE L 8% 257
M RTE FEUE ST 2 AR A
3.3. IREAMBIHAZE

TR R JE /A 77202 o3 M B 8] 7 270 P PR v AR Th 23 3k L e a5 T D R b 48 7 1 B wCBaR 2 91 1 R
PEFERT AP #ERA LR B AR T A A, SR RN B[10]. T b BRUN T

S R R FATY (1) (t =12, n) , IBBATEF S TAREEL, B8 Y@M AbRAE 2 5 Y A
S, JUkRUEAR S (K8 51

y’:[Y(t)—V]/S (t=12,---,n) (@)
V3T 1 60 1A 6 B
r(r) =S Y ()Y (ter) (r=L20m) @
oo o g E MR BN AE, m AR A, #E&‘Eﬁﬂ%~%, fﬁiiqﬂﬁzngo

I PUT 23 2Urt B AS [R] I8 ZE (R A 3 A 4
1 1l -
Lr()+r(m)]+ X0 (r) (k=0)

%[r(0)+222‘_11r(1)c05%1+ r(m)cos kn} (k=1,2,3,--,m-1) 3)

>
=
Il

1

PO+ (7 v (m) |+ ) 1 (7) (k=m)

v AP /S 4%
RS THE 5 A E— @ R 2, WCR A Hanning P REGHE— DX S, (i1 b 2115 1) RS 40 1% 18 -

DOI: 10.12677/jwrr.2021.105054 502 TK YR 5T


https://doi.org/10.12677/jwrr.2021.105054

I 60 FERIE AR AACRHL 2 BT

0.58,+0.5S, (k=0)
S, =10.255, , +0.55, +0.255,,, (1<k <m) @)
0.55,,+055, (k=m)

DLk AREALKR  RSHE S, AL bR B Th e e ], AR TR FO MR AL 16 < P 514530 JE 3 T
2m

T = k 5)

R L BOhR AR T S RE AR, REAT RV R ARG . ARAEEAR IO A LU R PIAMEOL: O RN B KR
Hr(O)NBORIEE, WFEFIDy “2nmgrs” , RAI(6)#EAT 5.

- 1-r%(1)
Sy =S = (6)
14-r2(1)4-2r(1)cosiﬁf
X S ONEE m+ L AMEAE A THE I B, R
o 1 - - l m-1%
S| (SO S(m]+ 2 TTIS(0)| 0
@FF r(V) L FHBON0E, PNy “ A", MR (@) AT 5.
2
Soc = Sa [Z_a] (8)
1
Heps, =S, Ao A (9) i .
on-1
v=—">? ©)
m

TR BB MACP IR, BREB 20, WIS, #5S, > S, MRV koW SR HIR B E .
4. BR5HR
4.1 SRS EHHE

4.1.1. FRATKIE

T RIS AR R N B 2 e A i 2R (1] 2), BRSSPI 4~7 A, AR E N 21.10 x 10° m?,
AR R 60%, Hh 6 AR ER AN 6.57 x 10°m®, 12 A ER /A 1.04 x 108 m®. T 60 4ERZ7 &
MIAE N L B T B S5 IR, 75 1968 4 LARTUE(EAL T 5 H, Z 5 WAL T 6 H , iX 7] G /& S VL7544 7F 1958~1966
SRR R 7K O AR 2 [11]

4.12. EFAFHERZKTK

B EFENDRAL L ZE 2 FFHE N 081 (K 3), XEWEREBENSEWAYS), HobH/IMERN
0.42 (2001 4), fH AAEHA 1.22 (1958 4F); ¥ /3 FIRuG AR IR 1 E R 6 NP B (2 1), Hidr 1960 s AN
S ZBUERN 0.88, 1980 s e/ M 0.66, H.H 1960 s 3| 1980 s N &) REUE RS NI, Bfifo L EM s -
FHEE S, (HBARR AR RS N RS REE W HAUEE 0 T RS, HBRg R %5-0.029/10a, X i
MBI N D ECAYI SR BT, X ATRERESZ NI . #8422 2007 4F, s O 7 80K
P T RE. ANRUKPE 229 B, MEEZIAF]T 3.04 x 10 m?, XX T ERIAARI B4R P 20 BC B — 5E BRI o

DOI: 10.12677/jwrr.2021.105054 503 TK YR 5T


https://doi.org/10.12677/jwrr.2021.105054

I 60 FEAR PRI AACRHL M

Table 1. Statistical characteristic values of interdecadal variation of runoff at Wanjiabu station
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Figure 2. Annual distribution of runoff of Liao River
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Figure 3. Interannual variation of the Cv
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Figure 4. Interannual variation process of runoff of Liao River
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Figure 5. Annual cumulative anomaly of runoff
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Figure 6. Sliding t-test of annual runoff
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Figure 7. Comparison of runoff before and after abrupt change
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