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Variation Characteristics of Runoff in the Upper Reaches of Beiluo River
Based on R/S and Morlet Wavelet Analysis

XIE Zhibo', MU Xingmin'?, GAO Peng"*?®, QIU Dexun®"
(1.State Key Laboratory of Soil Erosion and Dryland Farming on the Loess Plateau s Institute of Soil and Water
Conservation , Northwest A& F University . Yangling » Shaanxi 712100, China ; 2.Institute of Soil and Water Conservation
CAS & MWR, Yangling » Shaanxi 712100, China; 3.University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: In order to deeply study the variation rule and periodic characteristics of long-term sequence annual
runoff in the upper reaches of the Beiluo River and strengthen the management of water resources planning
and sustainable development and utilization in the basin, the variation trends and continuity of runoff
throughout the year and the flood season were analyzed by using the Mann-Kendall test and rescaled range
analysis methods, and Morlet continuous wavelet transform method was applied to perform the multi-scale
analysis of runoff periodic characteristic in the long time series in the upper reaches of the Beiluo River, based
on the runoff data measured by Wuqi hydrological station from 1971 to 2014 in the upper reaches of the
Beiluo River. The results showed that: (1) the distribution of runoff in a year concentrated from June to Sep-
tember from 1971 to 2014, the maximum amount of runoff occurred in August, the distribution presented a
double-peak curve, moreover, with the passage of time, the non-uniformity of distribution of annual runoff
gradually weakened; (2) the proportion of runoff in flood season to annual runoff decreased, the runoff vari-
ation in a year and flood season showed the significant decreasing trend (p<C0.05), this trend presented a
continuity to some extent ( Hurst values of runoff in a year and the flood season are respectively 0.53 and

0.69), therefore, there was a high probability about the trend, which will continue in the future; (3) the
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runoff variation showed the characteristics of multi-scale, main periodicity and synchronization during the pe-

riod of from 1971 to 2014, there was a similar and significant runoff variation period in the flood season and

the whole year, including the three main periods of 3-year, 11-year and 19-year. In a word, the upstream

runoff of the Beiluo River showed the significant decrease trend and the variation periods were obvious.
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ARG i R U R A S T AR T £ A VR TR S5 2R )
P 2 i 4K U 43 T 1) AR A L AR s o AT D
KBV TG 56 FR K A w5 B R B KE R A
B ey b XA R Ak A B R 3 R B A bR (B
S A A 5 TR Y S 5 O ] T U B S AR
TR TR AR A T 6 i I A 2SR AR R A 2
o AT RELE R R I U ERE, AR
AN TR AZAE 2 T REE, 2 %
S5 g 43 A BT T I I B 3l R Tt AR AT i v
ARG AR B H 1985 AF LUK, B b i AR AR
VN RN SR b e = O S T 0] = Y ]
TR —F Al 3 AN T T A R AR I A B A2 Al
7T SR AR A TE T 19562016 45 S I A% 9
BERE, A5 B AR U B > B, By B e
1970 4 A1 1994 4 K AR R4S . R T 42 Wil 42 2 9 i
P, BRI AE O L Zhao ™ A5 X VT 3 S8 22 A S A4 i 4
WEEAT T 2G0T A8 R ZU N 2R 6 Sh P g 2 /Y T
T AR A R AR T R D B R R i HLAE S A K -
PRAR 8 it 11 S5 it B B3 o LX) A8 72 A ) S e R e
LR T AR CAn R K AR A M TE 28 B &) o SR
TH VT IR AR O e AR 1 AR R e, NS BT SR
B 8 T O A WA e R R AR Ak Ha Dy s A KL R
A IEAOCHE BITE W T e i ek TR s, db
WS ) PR i 22 0 R D IR B kUK S 3 AR K
F Y Bk HOR SOK SRR B RS R T 2%
TRz o6, IS et R L 400 LS K
SCECHE S B AL L 4 A T A T O SR AR Y AR AR A
BFE R X ZA DL 58 T AR AR I 2 R B
2D A T ELAE 20 th4E 60,70 AR AR T B
TEAF N 3 e e A v s R K AR, ZK B A2 O A Al
PG AEFARLR A — 2, B T LAE LK I F iR AR
A28 L et 45 S O ity o AF 9 AR A 78 Ak AR 3 TRC R AIE B2
Ji $93 4 7 Al A DU R AT — S A B S R S

AR SCHE T AL W L S K S 19712014 4F
ZH R EEIE, % H M-K(Mann-Kendall) # # 43
Pri&e 1 R/S ¥ (rescaled range analysis) 23 87 T
SRR B 1) AR Al A B A Ak i SR [ SR
Morlet /JN i 78 48 43 H7 42 It 12k 4F il 01 R AE , LU Ry i
DR A R B L) S T RS R SR SR e S %

1 WX HES

ACIEAT S TE T — S, T . A
AL IIT L T A A R SR T K SC DA b i (107732 39—
108°32'45"E,36°44'57"—37°19'30"N) , it i ALK 3 408
km® . {4 275.6 km, SR K SCHEHL T 36.9°N, 108.2°E, 1
5 13314 m, HOSUZSAYJE T8 1 5 i e B VA AR X, 3
SR VEIL R AR, WS DXUT R A SR RS K B
PERWA M HEE TR 2R ZER R, =R B
FRABMB R AFZRNEZT D, FEAN FEE R
R YRR 7.7°C R FE I 96~145 d, 24T
BIREM & 454.9 mm, K RENFEAY, ELET
79 A, HZ L REMIER e,

2 BRI S STk

2.1 HERIRE

R BT P K AR ) v I T I e 2R K
3Cu 19712014 4R H AR & 5 B4 2 A
T AR AR At o o B9 T 91 28 o A R A, DL O
FCHfe i AT A
22 WRFE
2.2.1 Mann-Kendall # ## 3% Mann-Kendall #&
PRI (R FR MEK A 30 2 — Fh IR 2 80 e 1H 4 50 Jr
B ) N K SO RUF A0 0 A Br o . R o L RE S
XK SCR G R W B AR A R S5tk A7 7 12 2 1, 7 N [
FEA 530 B RA MRS REAE AR AR sl 3R IE
LT 285 S 52 0], 0 23 32 B BUHE 4 A REAE 4 52 )
A RAXTK SOG4 R S AT 0 e B st
Hgot s it a5 2% 0k 17—19 1,
2.2.2 R/SHAtE R/SIHrEIE— MR )7 51
AR SCE R A IO L1 AR M) 1Y ] BRI SCA &K
B 771 » BEEAR 4 Hhaz B T 7K SCHS R % 51 19 43 B, Sk iif
GEIF AT S FRARODCPESR AL T 3R S 48 o KA
TS AL E I 8] 7 51 64 73 A1 AL L BEAS R R A Ak X R 48
A RRAH SRR 1 43 72, ARl R/S 43 BT vl LAAS
Hurst $5 %0, HAE KN TR Sy i 1] 77 31) 2 A5 47 78

PRI BRI, IF AL LR B2 . X T — Ak
REALK SO 81 1 56 B 6 22
R(h)/Sh)=(ai)" (D



%23

B A LT R/S 1 Morlet /N2 Hr A AL 3% 10 U7 438 I A2 fb R AE 141

KPR /Sh) HEFRHK 2 h i a X EKE 0
REEGH i Hurst $5 80, Had #5h

TSI N KRR T (2 (0 ) o ik
BE R (h=3 R H M, =n) 19 M AN ESFIF5, %
NFFHICH D, (m=1,2, M), ¥ ITTE N
Zpm R D, ¥l .

HKATE D, (b AWIED P BB 2 X,

Xk-m:Z(x/z.m 7;7;1> <2>
k=1

HEM X, KR D, ®ER, D RHREEE
S ME UL E ARG RKITR D, A ER 2
(R/S),=R,/S, (3)
X TR —AF PSR E R DL B R TR 48]
AR E AP 51 1 AR AR 22

1 M
(R/S),=7; 2 (R/S), 1)

AWIHER b, BB b= N/3, &0 LIA5 3
{z (O} E AR 22 R, IF Bl 2 2 (D), %24 5Q
(1) PR 1 B T 45

lg (R/S),=HIlga+ Hlgh (5)

ft ALt 1gh , B REAE B 1g(R/S), LA

AR B R /N 3Rk 1005 B 2k, B 2R 2
Hurst ¥ %,

OT IR o 0<<H <<0.5, % F 5 B A |
FReith, B f ok AL i 3 5 3 2B 1k 3 s 1n); 4
H=0.5, %5 A BB IR AT B3z 35 45 0.5<
H<<1,iZJ7 9 BA Fe ek, RR R A8 f i 34 5 78
e e e,

2.2.3 kg Ak NS BT (wavelet analysis) 7F
43 M 7K SCIS 8] 7 51 75 T B A 5K 18 43 98 22 RUBE 19 1)
RE . 17 EL7E R Ase E B A R4 9 Je BB Ak T B L RE
U H 7K SR 51 B8 e SR AN [R] B 050 238 1 43 AN [] fsf
() R ) 2 AR A o 3 AT R oA DR S J i Al i o
BT AT A Morlet /N E AR

lff<z,>eff</7”>e#<”7"”d[ (6)

m R

W,(m,n)=

W Qo) S/ N 2R K m 9 R R AR/
WA TR 500 Ry ] PR 5 AR I R] | -7

W, G o) BEFIIN LS H m F1 e WORRAE, I BEA
ZAHEAR A . T 0 GREARAR o YA AR R 2 ] OC
T W, Gnon) B9 /NI AR 40 22 50 ] AR B 16T v — 4 Sl 4k
PG HR O A I B { T /0N I8 38 50 2 R 4 DB A2 7 1)
IPERI AN USRI TR RUBE e SR AR AR DL RUBE
NI/ INBE T 28 YN bR N Oy 22 1 AR AT A Y 3
AR AL SR T S P v A A (R A o

A AH ] Matlab 24 i) Complex Continuous
Wavelet T. B 46 11 55 15 2] 46 9% T | iF 58 Ll 1971—
2014 AFAFEAS It AU AR i i 1 /N B R 88U Surfer
16 B A2 i /Nl 70 45 S 4 A 11 R/ bl 2 B 46 2k
P 1 Excel 2019 2l /N 5 22 RIS — 32 JA 31 ) R
JE /N BB I R I /NI AR 4 SRR 0 A I BE
WA it e AR AN T4 3 SR 0T RUE T 18 SR PR A2 Ak s /N is
FREEAFE LR BR S S WA [ %35 Sl 1) RUBE T o 30
(R 55, HABTBROR , JRT S PR R UBR B W 5 /N igt O 22 T I
WA [ 41 7 o) 30 RUBE T bl 3l 6 i 1) 20 A 17 00 U (]
S iffy 2 A2 T k10 A8 b T R T

3 &iR50br

3.1 EREENETH
ME 1 0] LUE S J6 3% B iE iR R B hAE
6—9 Wl — A 8 H . 19712014 4F £ 4F
AR-AZ P B B 4E PN 0 L S B AR — B N
ORI WEAE Ay ) B AE 3 A R 8 T LT L TR
B, HIEMEE 20 4 70—80 4L L J% 20 42 90
AR 21 g 20 AR R IR, NS
R 13 A i m s s B B N R kS
RlK N 2 K B 22 L TR st fl T 3 B A1 L 28 R A
BT L LB 25 5 77 e AR 0 5 35 T AR T W 80 I L 136 B
BT R AR AR, B RERE; 638
JI R S G, 3 DR R 2R B K TR L R AR
H i, i 3RB AR A 25 5 T8 iU R AR
3500

—o— 1971—19804F
3000 F —— 198119904

- | —— 1991—20004F
2500

g —— 2001—20104F

R 2000 |

i

e 1500

& 1000
500

2011—20144F

8 9 10 11 12

*s %
B 1 SRR E RS E RSB L
M 1 ATV L 42 G d KA (E H B AE 90

ARAR 1T Je /N AR A L DU A 20112014 48, fE %

A 44 a Y AR B /N G R A U I 3 9T L g AR

N R D e f A i S B AN = I v e I 2

ARV AEACAR N 43 BC A8 22 R ECH 0.48~1.09 , 28 1k i 2

K. 20 el 90 AR AR 22 R BORN 58 4 1 1 R B

KT 2408 B o i KAE , R ULZE N A 2507

B0 [0 1) 2 S A K5 A8 T 41 P9 43 TR 18 1 0 A 47, 1T g

5iX—m ko KSR L BEWA KRR R



142 i ol T S

%29 %

A F 1994 4F 8 H A AR — R R R W, 5 M K Sk
AR RREELZEFHRE RN 13 fF.
2001—2014 4F , s A F2 FOBOR B/ L 38 B J6 3% ) E i
NG BCZ T XTFR . A b A0y B iiEe
TLAFE N Be 7R 22 R B 58 2R BB KRS R AL

Z I AR fE R R B — B0k . 19712014 4, =3
AU NG YN SR N DR SN s PO = B (E DK
RV BE AN /N 41 P9 40 B AS 249 5 M 320 347 725 /)N L 156 B
& IR HE RS, 428 Tk 1 4F N 43 L AS X8 SR B0 AT T 2 fide
1 [ B R 2 Eob i R L B WS [ o a

K1 REAXEFRRAEREREFNIRSFIEESH
o B H¥E/ AR/ Af/ME/ e fE HE BERE EERTRE WMERK

7 m? 7 m? 7 m? (o (Cy) (Co (Co
19711980 887.35 2914.84 161.42 18.06 0.92 0.35 1.75
19811990 714.86 1803.25 166.73 10.82 0.73 0.29 1.18
19912000 794.40 2876.14 127.07 22.63 1.09 0.40 1.91
20012010 519.05 1363.09 131.49 10.37 0.67 0.27 1.22
2011—2014 430.75 827.04 154.87 5.34 0.48 0.21 0.52
19712014 701.81 2073.59 149.07 13.91 0.83 0.31 1.60

3.2 EREERTL

e T i A AR TR B AR PR AR U it Y 91 AR Ak
PR B I —BE (- 2), BAR R AR B
¥ AT 25 FRARLR) “ WA R 28 (8 R O 52 30 40 32 i
WM, Hod SRR E T 5 U AR )T
WA H BRI B[R] SEAS AR [R] L DL 1975 4F A 1981 4F R
) T AN A AR A O B 7 90 34 4 B — M E . P
TV i 7 91 B d5e KA 43 1 T 1.36 42 m® (1994
AE) VAR 1,62 12 m® (1994 4F) , 5 /ME 43 591 TR
0.204Z m’ (2001 ) (&4 0.42 12 m® (2008 4+,2012
AE) AR AR U B A0 Pk [l UH Oy AR AT R A AR AR
B A U A D R AR O R T, AR R O Y
10 a 9870 0.134 42 m” , W42 3 & W -3 4% 10 a I8
011542 m*, H TFIUBHR R R EFERRE S A
MR PG HE , P A A2 3 1 7 91 0/ R AR . AR
S — 5 TR A SR AR AL 5 — T TR R o A2
T 207 (8 0 5 | B O Bl T T A A A Ak BLJS B X AR
AR mBREEE T KT A TH#E PR
WAt 38T b A U R Ak SRR R T MK A

B yE RN R/S 43 Ak X P AN 42 ik 1 7 4 A8 Ak A
F VR SLVE AT AT A R LR 2, PR AR AT A
M-K A 56 {6 R0 2 1 404 45 Rk — B0, 15 3 W 52 it
it Z AN T 0 HUBUE I 4 G A — 2,58, % W]
PR T 5 AR Ak H F A HE 0,01 B A7 K OF b I 35 K
Ao R R/S g3 A A5 TR A G AR A AR AR O R
Hurst 388043 514 0.69,0.53, %4 F 0.5~1, %M
[N s I B p e e el (R S i FIRE VA i I BE: ¥
PIEAR KA EAT — MR E M 0 2R e 2
1) 1] R PR /NI AR =P A .

2.0

¥ =-0.0115x+0.8551
Yg=-0.0134x+1.1436

0 LLL 11310t b 1y n 3111 1111ii]

1971 1976 1981 1986 1991 1996 2001 2006 2011

B2 REKXEEFEREFIILEES

F2 REANBEEEREFTIEDFHE

o ] 7591 LrEils M-K Bk A S 6 56 R/S

b HEEIT I Z HEEIT I e Ao Hurst 4 BT T
I 7 —0.012 i —3.550 > e 0.69 Frg
FERTE —0.013 > —3.995 W 2 0.53 Fre

33 RREABFESHR

R4 22 AP A% i ek /N I 43 A 48 AR (L 3D [] — B ]
RO /N R BOF A S5 H 2 R F K, 7l % E
RAREAG A, B S L MAC KK, 7E 44 a
)P 8 L AR AR B AFAE 2~5 a,16~27 a BIFpI
() RO A A — AR L PR 7 i R 8~ 14 a B[] R
AR G I o 8~14 a AR

Ui IR 16 ~27 a A F AR IR 3 FA 01 B ok 1
8~14 a FIMIVEAE (b B A Al bk, I i 17 F A —
F A F AT 12 A4
B Ak, BAR K Bl 1971—1972 4F,1977—1980
4E 19841987 4E, 19921994 4F . 2000—2002 4E
20062009 4E,2013—2014 4£, H 2014 4F )5 523 1F
HESFEZ AR A U F K ITE 2014 4F 5 6 S 548



%23

B A LT R/S 1 Morlet /N2 Hr A AL 3% 10 U7 438 I A2 fb R AE 143

—BEtIE], 16~27 a R I, @412 iR A7 16 F A 4R
PR TINR TRa SR TURE SRy IR Sy (U S
b BB EREL. fE 2~5 a N L, A fon
(B 4>, et sk o At He e I 8, 8k AT
19712000 4E 45 % H 0 7E 1994 4E 2 45510~ 14 a
M 16~24 a RO L JE M b sk, Hop 10~14 a
ROEE B At Pk, 16 ~24 a EH KA AE 1971—1994
LR RO TE 19711973 4E DL K 1975 4R A4 4 5 H
by TR RUEE - 300 2 D A X A 5

r @7 ()
30 Wz e
) ,
e N
| <
[ ol

[EE!
(=l Y e e = =T = =]
e vy L IR LAY XY

O R R RIS
NAORONNSRONAND

I 3 02
S C 28 o f/,// ) o 06
fa Y W ~ (B 14
i A& O (@ 18
10 /ARSI 4 by A AN 22
| S /ﬂ;i//’;//"/ = y N\ %8
& s ) N i

5 : gg @@“@W’uw'wf’q‘ )%‘»L»,,l‘ e 49
¥ S be0 R etV lee e 5
ISTORER DK 46
Qe v 3%

n O O\ o W o wu o

>~ © ©w & o S o o

(=) (=) [= (=) [=) < (=3 <

2 Vo r—~—A BNl i =
3 FEREBNMNETHRIHIH
0.38
0.36
0.34
0.32
0.30
0.28
0.26
0.24
0.22
0.20
0.18
0.16
0.14
0.12
0.10
0.08
0.06
0.04
0.02
i 0

n O O\ O w9 un ©

~ ® ©o & o S o =

(=) (=) [=) [=)) (=) [=2 < (=

4 ERRBINERMESHES

S AT LUE 3 AN W i AR, T LUF H AR
FWMAFTE 3,11,19 a YRR AR . i 3 a B JA] R
JEE XoF IO e KU 0T LA 3 1940 )RR b 7 1 o 301 A Ak
HOREN R AL RS — M. 11 a B0 19 a B
ETDANGE-375 81| DO DITAC: St S i e o 1 23 IR 4 Y29
ZE5MNT 5 /NI SRR AS AL AH 25 A o T LA Hh A AR O
3 A 3 SR AR A AR AR B L O L 3 A 3 JE S8
IR RO E S . H e 3 a IFRUEE B AR Y
SEEPRG A 1.5 a &£ 47, 19712014 4E RALT T
19 A~ FE7KIAFN 18 Ak KA, AT LR A 7K SC ] 30 14 1
S PRI [R) s AR A2 30 %) 5 A 0D, T DA Y i 4
Tolk ARz FH K AR TIE 3R T AR T KR B (B 6) . 5
Hh ARV T B 38 W] RE A7 AE B R A ] RUEE B AR Ak
0, AH 3 B K A% T 81 ok 1 — A B8 IE

0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

1 3 5 7 9 111315 17 19 21 23 25 27 29 31
B A R/ a

Es5s SRRENIREAE

-0.04
1971 1976 1981 1986 1991 1996 2001 2006 2011
F %

Be ERAE3 HEARENMNIEEZHTRE
TR A% 0 8 9] 5 45 42 A7 78 ML 1 2 — A A2
BeAR AL E I L HL BT 28 D 1 3 A A Ak 3 AR e R R AR
BAAEWNFRBMEE D, B E 3,11,19 a 4t
3 AR Ak 3 A L DU AT BE TR AR O A AR R R
EPEARRKIEEARAL, CAHMREN DIILHIXFE
PEAEAE 9 a Fl 2~3 a B Ja v R B4R 325, T HL A 3C
5 W 45 TS A AT I B K R A R0 R 0 5 P S 3 TR
R 7K 5 4T [ 7K 1 T 09 A8 A 558 322 30 1) 25 8 A — B0
P LG AT LA 15 B b 3 Y0 i 35 A7 A% O 5 P b Hh XA
14 25 b J 0 e A — B
35 F
3.0
2.5
ﬁgZO o
s}
T'1.0 o
0.5 F

0 [N N TN N T N T T T N T N T T N T N T TN T N T T T O |

1 3 5 7 9 111315 17 19 21 23 25 27 29 31
B R/ a

B7 RYPEEREBNERBAE

4 i

(D) by _EUEAF AR R B P A e 6—
9 H .5 ERR I 70% UL L, B KA —
TE 8 H AR A N e il 26 2 R T, 2000 4
DUHT 72 3 1 4 P 0 B AS 35 5 B2 8 5K, 2000 4 2
J&i o+ A7 PN 43 BE AN 22 50 R B A X 858 /Dy L 328 T 0 55

(2) 19712014 4F 4k 3% 37 1 % 42 45 TR 9 A4~



144 i ol T S %29 %

i i Y 4 Y 7 A X B I 2 b ke A s o R TE
RS A —FE WSS
(3) dbis i B iR Ar A £ MR Z R
R AL AN 22 T R A AL LA . A A S A0 TR
R 2 1 S B AR 8 A SR 8 L G 3 S 3 R BAR
WA 3,11,19 a Zeigy . Hodr HEFRUE N 3 a B 42
T BE ARG M 1.5 a 2.
S Xk
(1] HOMG B2 R B2 45 00T 549 4F O 35 1] K SR A4 Uit 1t v 1)
AALFFE DTS [T K L PR35 . 2020, 34(6) :65-69.
(2] FEdE. IO g AR it 22 A e ik S JHE 82w (R 3R 43 A [ D .
JE AT AL RTMOL R A, 2018,
(3] HPLL A, X & W] 3 i I IX A2 U 46 P 40 P 72 Ak JL AR 40
(1. 3 3R 22 30 Ji2 , 2003, 22(6) : 585-590.
(4] ZEHE B4R, B %6.1919—2010 4F #5301 jiF X 42
Ui Ak AR A 3 M [0 K B2 3k . 2014, 25(2) £ 155-163.
(5] BRI, 7 ¥R I 5 8 I U K v AR A R A M H 22
ST ] T R IXH T, 2021 ,44(2) : 1-16.
(6] SREHAE. 8028 B2 R 455 T Budyko MR 11 100 42 3
AR A PRI L) AR 452741, 2018, 38(21) : 7607-7617.
[7] Zhao Guangju, Mu Xingmin, Tian Peng, et al. Climate
changes and their impacts on water resources in semiarid
regions: a case study of the Wei River basin, ChinalJ].
Hydrological Processes, 2013,27(26) :3852-3863.
[8] FE/NA,ZAH A, B T &2 i X
SEAE AT LT ] K R KGE TR 2 42, 2019(2) 2 33-40.
(9] SREI.1959—2011 4EJCI& W] b i i 4ol A2 ok o M HE 2 40
ARk B A B[] 23 T AR AR LT K B IR 5K TR = 4k,
2020,31(1) :23-28.
(100 Fde)™, J A, X8R, &5 6 3% T 428 Ui et A2 10 45 AIF 3 T
[ N R #3,2014,36(2) : 20-22,29.

(110 B J5HAC I 1 % XK v e AR Al 2 B BIF 58 [T 1. 7K B¢
PR 57K TR 2441 ,2013,24(4) 1 145-150.

(121 faf5E.1980—2019 4 4k 3% 7 3t 3k - Ml 1l JFH 0 - 3 78 9%
AL T LD BRPE A% 1 - TG LR MBI} K4, 2020,

C137  FLipl o B8 5 &, B 5 b 2 0T Jad Sl 2 0 4 U A2 e 12 T K%

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[26]

[27]

[28]

[29]

JCER 3 AT L) ] K B AR, 2019, 35(6) :52-57.

X5 A6 A2 Bt I 8] 90 A0 58 5k B FHEML] JE e
Hh T K A K R SRR L 2015,

XL B K AR AN ZETE Bl 63 ] 1 i 7K V0 Rk 1) 5%
Wi A58 LD BR VU7 % VAL RARL A, 201245,

G AR AR U, L)V R A A AT )
JKHEE,2013(2) :38-40.

ZRH L BRIE 2, 5K G L b VT AR R AR N 3 IS AR AE
A8 53T LT . K 3, 2014,34(3) 1 80-86.

Mann H B. Nonparametric tests against trend[]].
Econometrica, 1945,13(3):245-259.

Sheng Y. Pilon P, Cavadias G. Power of the Mann-
Kendall and Spearman’s rho tests for detecting mono-
tonic trends in hydrological series [ J]. Journal of
Hydrology, 2002,259(1) :254-271.

HEZ T, B0k X 5. R/S B AR TR 7 52 44 5 Mk
FELI 1B IR 22 52412, 2007, 25(2) - 214-217.
EEME, BRAL S, R T AR A A e 5 gy
MrlJJ. A B #3,2008,30(9) £ 26-27, 20,
FIRAL, BRIe % W15 300 50 a AR VLB I A8 Ak K5 P
FOMTL ] A SR BEIR A5, 2010,25(8) : 1365-1374.
HIRE . P8 R/S T iE S IE 1T 5 1 0 B 451
[T B #RL 4, 2006, 3(1) : 105-107.

) S 1IN O S AN 07 o= N 78l 8 e
AT KBRSk TR, 2010,21(5) :10-14.
Morlet J. Arens G, Fourgeau, et al. Wave propagation
and sampling theory and complex waves[]]. Geophys-
ics, 1982,47(2):222-236.

W EE R EE D IF . % 2T R/S il Morlet /%
3BT B PR A28 A8 A R AE B 5T [T ], /K B8 9 5 K A 2
#%.2015,26(3) :41-45,50.

T BRI FE T Morlet /N A9 3097 44 9 & 28 1k T
R 3 AT L) ] K R4 RIF ST, 2019,26(2) :208-215.
Tt TR 2 AL I R AR AR AR R A BT
(10 N B #30 ,2008,30(4) :25-27.

EICELT BRI KON T LM AR A T
Ak A L 2005,

OO VAOVAVAVAVAVAVOVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAOVAVAVOVAVAVAVAVOVAVOVAVAVOVAVAVAVAVOVAVAVAVAVAVAVAVOVAMV

(3% 138 T

[22] A I M2 iRAC ST 2 20 iRk . 2014,

(23] SKIET .5k B4, £ 28, %.1961—2015 4 1 [ [ K -
AALEAERRSE )] T 5 X H B, 2019,42(4) : 762-773.

(247  REUE4E, P AT, 25,1961 2016 4F v [# 45 1% 7K A8
TR B 2 A SR [T ] b BEAIF 9%, 2020, 39(10) - 2415-2426.

[25] THEEATEE. Kz, & 4 E KK 23 28 5 50
BB A )] KBl 2 0k B . 2015, 26 (4) .
451-465.

[26]

[27]

(28]

BB A Sk 2E R UK B 45.1961—2010 4E o 1 [R K i
JE AR Ak FA B HE B K = 5 e 43 AT L. M B AT O
2014,33(7):1335-1347.

LA L TS BERE L E A IT 50 4F 3 A v R M X [k it
2 ARAGREAELT ] AE A %3] ,2011,31(19) :5512-5523.
A A LT AR L SE 19512013 4F G 4 [ K R AR
SR TN T[] ] T B IX R 55 ,2015,29(12) .
190-197.



