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Abstract

In the Shiyang River basin, which is mainly supplied with precipitation, it is important to discuss the large-
scale moisture background of surface runoff variation. Based on the runoff, CRU precipitation field (TS 3.24)
and SPEI field (CSIC v2.4) on different time scales, the evolution characteristics of mountainous runoff and
its spatial correlation with the large-scale moisture field were discussed utilizing Mann-Kendall trend
analysis, wavelet analysis and spatial correlation analysis. The results show that in the second half of the
20th century, the mountainous runoff is significantly reduced, in the early 21st century, and show increas-
ing trend at different significant levels. Annual mountainous runoff series contain the severe dry periods
(during 1962-1967, 1970-1976 and 1991-2001) and three significant wet periods (1956-1961, 1976-1990
and 2002-2012) for nearly 60 years. The dominant periods of mountainous runoff calculated by wavelet
analysis were 2 - 3 years (1960s and early 1970s), the dominant periods of summer and annual moun-
tainous runoff were quasi-4 years (late 1980s and 1990s). The key areas of moisture field influencing
spring mountainous runoff variation are in the middle and east of Hexi Corridor; the key areas affecting
autumn mountainous runoff variation are the northeastern margin of the Qinghai-Tibet Plateau and the
eastern part of the Hexi Corridor, with the core area at 100°E - 105°E and 33°N - 41°N; the key areas affecting
summer and annual mountainous runoff variation are the northeastern part of the East Asian summer
monsoon and the northeast-southwest direction of the core area at 100°E - 110°E and 33°N - 42°N.
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1EAREAKANA A E A R, FTHRERERANEREEHZUH KRB ERAGEER L. T
BURE. CRUME/KE(TS3.24) M & i 18] R EE bRk FE K R SR B (SPE], CSIC v2.4)%8, F]FMann-Kendalli&
AW DEITREEMERMTETE, BTHUARRENESREAR S KREKIGHERKEE. &R
FH: FE20HLFEE, HILAREEZERD, A211HL2Y, XERARFREERE MBS . £1962~1967.
1970~1976. 1991~20014EMRAGAE, 1956~1961. 1976~1990. 2002~20124E LR RE. HILZH
BARFEEN2-4aff#1(1960s. 1970s%]), EEMERMEBELF BE MHE4af B (1980s5K. 1990s). i
FRRIIE B ERZAEIK A B X AR VG E R R 58 KRR 508 X IR 7E 5 B R R L&A 7
FERAREE, ZOLXATF100°E~105°E, 33°'N~41°N; HMEFTMELRNRBXIBERTEEZXILL, %O
XALF100°E~110°E, 33°N~42°N, %It - FEsEM.
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1. 5|

AT H R P 7 TR YR K R B R =K FE ARSI I S N, %I BA L R S R KANA A
KRR ARG E AT, KEFEAFE N Iz NOE S P8I & AR BRI R, SEUKREE
B E I, AR BRI H SR SRR BK 2 38.7 mm, A HH K EEE 706 m®[1], 4
R T K 4.5 12 m®, KEVEIF R A FLRE mik 164.1% [2]. Bt =Ei o3 E K P G S e . AR 7830
I R g 7 B K BEUR T R FHAR B A s e —, B i N R AEAE[3].

BT, AR RRE . SEAE A S R AR A S5 N SN 7K BRI B2 . AR Rt B4 Tt LA J 7K 2 R
PACHC B 45 1) B2 B3 00, SRERAR[4]. FMREGSE[5]. TKIeH4E[6]. wang S [7]53 BT A1 SE T K S A8
B, A RE[BIR R A A E AR & A AT R AR IR B N IR IUNES s T AT S5 [9] R g% Sk Al
H 3 F-0- AW IEEE D AT SRR ) 52, K BRI 45 [ 1015 T F R LR & AL ik vk BN TS Bl 1S,
1B A 0T 7K B M0 1R DTRR 2R 5 JIAR 2 S5 [ L L]0 I ) Sl ik T B ot o) P A8 A B AR i R ARAUMB Y, S 4 [12]
PR VIC K SCIERIFIGE v ROBERLY, BRI AR SRAN R SR AR A 1 55 N A SF T s R /K ST B 5K AR 55 [13] 38
TN T A T BIK BER A O R BB AR AL BT, FhER e S5 [14]8 50 MIKE BASIN HE%Y,  #4 g d /K
PEURARAC OB AR G R A, BRI R KR FANEE X 7K &AL

B SCATRE[9) AT T 1, SR SEIAT AR I 2 B R 3 L X B K o Il S [15]56 T 28 SN A BT R BB %
IKEEHFRRAE 2~5 a R 1(1960s A1 1980~2005 ) IEAHALCEEVE S, H R /K5 R4 0 1 st SR PR IR A
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KR, BEAK B IE R ESIER . Bk, 78 CAREKRNS N 0 I, PR R AR Y A
B E AR R R BEK G 1 50N B R S 3 A SR 3A 75 V2 FH O B M iR S 7 2 R _E IRk &R
AR 2 W) 2 A5 E 7 18] L AR G L RAR SRR B Al [16] 0 BRI, AR SC DA ST ittt 1Ly 1K Sl R 2800 Bk g ki,
FI RS ST AN AIHT LA S RIS 3T 45 02, RS % ZE T RAE Y LD AR It B VB ARHAE R L 5 KR K 433
723 [A] SRR, o TR AN AR A K B8 Y88 14 T R ATE AR AR, 7K B IR 1 5 BT R R A AL SRR (R4 B 4R 38
2. UEMFE
2.1. #iE

AR R R A L AR AR BOA R A6, T 250 km,  EEAG WIRET . FAER L ORI, PEET L R OK
F VG RIS « 1 28 AR KA N, HEA VKT RlK oY JBH0\ Sk SR A AR IR B BOR . WL A1
B e B B L ARG R, SR K SOk R —— B K R (I B 1950~2014 4F). 4 AKSF(1952~2014
) IR (1956~2014 48) 132 HARITE (M 1), B RIR T HIR A /KUK BER . 1] CRU B#/K & (TS3.24) Mtk
HEAL B /K Z8 B4R BU(SPEL, CSIC v2.4) 1 FE-T- 3 15y DX S5 R AR IR ORI AR I Al A8 A 5 L P 7K 495 55 o
22. Ik

FIFH Mann-Kendall 35  HT(BIRAE BN 2) VR [L7] /0 Wb R K RIS iEaSs . A HTR & Morlet /)
U5 KL I8 2 9 S 3 M KT g 0.05 1 1 e P v 1 P 382 [ 18] o ) P 223 [RDAH DG 23 W R 7 23] H L 42305 5 CRU
B 7K BRI [ e [ JURE SPEN 137 1) 2 T] K
3. ZRE L
3.1 BRAE. HTH

B 2 AT IR R Ry 1.35 44 m?, ORI AR 23 5 2.38 12 mP(2010 4) A1 0.68 44 m?(1991
4F), BFEFRHCv = 0.27; AN ZEFHEENEN 2.43 14 m®, BOCAE/DMEARTURS 3 4.95 12 m*(1958
SF)F 1.38 12 m*(1965 4F), 427 A Cv = 0.26: FHEM HAETIERFEN 3.19 14 m?, e KAE/NMER L&
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Figure 1. Map of selected hydrological stations in upper Shiyang River
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T LA R A T K R R 401

Sr 51 4.43 12, m® (2003 4F) A1 2.12 12, m® (1991 4F), AEZ R Cv = 0.18. =L LIMM L ETHERTREMNR
PRI, AR 2 RBONR AP . R I 2P E AT RN 0.59 12 m®, &% &A% Cv = 0.36;
FART 2 45T 1) H 20BN 1.31 12 m3, 28 2% 2% Cv = 0.35; P E M I 2 4E TP H Z 408 N 1.76 12 m®,
BHEFE Cv=021. =5RMNZHFHEERRERMNRA TGN, FHBZE R RA TR . HEZE
FRENEZREY &S TS FERRENLZ R, BEERRNEREERZ

AR R BARE AL ER, HIESEE, A5G EMN, HERREEAILXE PN
KEZHN0.71 (p<0.01, N=59), HFLHENFIIMHKRECH 0.73 (p <0.01, N =59), HAMFEF AR ESR—
. =T EE ARG RN, K AL RR R AE A 2RI LR R

ML 2 AR SEE e T WL, 2= AR BRI TE 19705 R 1990s AL TRKE: FF. BFEME
AR 1980s A0 Tk M, ALK 7E 21 W T ERARE, HAAFE T RE SRR
AT K. Rt ia B A K I B2 . E 2511 1970s J5 #AE] 1990s #I(FF4k 14 4F) LR K. &2 21 il
LCHII(FREE 14 4F) . FRmt a8 K R K HI7E 2210 1990s DG (F54: 24 4F) LA & ZE) 20 tH 20 5 2 B (i ke
1k 36 4F). A ILERREREE T T UL LA FAF B 1962~1967. 1970~1976. 1991~2001 4 LAk
FiAF; 1956~1961. 1976~1990. 2002~2012 4 LU= A F (£ 1).

3.2. I
L2 RAFENH AR ER BB R, Siel 2 wa: FE. ARENERRE RS B, K
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Figure 2. Changing trends of mountainous runoff in the upper Shiyang River
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Table 1. The statistical characteristics and high and low-flow of mountainous runoff in the upper Shiyang River
% 1 AFTHLERENSITFERE. HkH

. i KA /MR
ARSI B (7, m® = Cv -7 Y

LRI EAL m) GER {2 m) CEG) FIKI FiZK 3
3 1971~1980
K= 1.29 2.2(1967) 0.59(2001) ~ 0.28  1959-1971. 1980~1994. 2003-2011  jgo4 500s
- 1962~1975

7 ~ ~

CES 3.61 7.22(1958) 2.13(1991)  0.26 1956~1961. 1975~1990 1991-2014
Tz 1.64 2.66(1971) 0.67(1991)  0.29 1956~1972. 2001~2014 1983~2000
A7 0.33 0.47(2008) 0.21(1992)  0.20 1956~1965. 2001~2012 1966~2000
1962~1967
i 6.87 10.85(1958) 437(1991) 020  1956~1961. 1976~1990. 2002~2012  1970~1976
1991~2001

Table 2. Statistical results of Mann-Kendall trend test of mountainous runoff
= 2. AEMHLERER Mann-Kendall #5354058

i Ak TR B T (B
0.89 (1956~1967)

HE -0.29 ~1.1 (1967~2001) 1.95 (2001-2010)
FE= -11 ~1.25 (1956~2001) 0.89 (2001~2010)
* 05 ~1.82 (1956~1997) 1.87(1997~2007)
e 059 ~2.6™ (1957~1997) 35" (1997~2008)
4 ~1.06 ~2.17" (1956~1999) 2.13" (2000~2010)

A 7 p<0.001; 7 p<001; ": p<0.05

AT R RN ISR IS, (ARAT S, SFWAELEE EIH AU ARG . ERAR
Bt(1956~2014 4), HILRREN A=A B @20 HadGBL, SFETAERR S 2B R b
s, Horh A MR TR B R B A B35 (Z = —2.17, p < 0.05; 5] 2(e)), XA E R BRI/ R R N EE(Z = -2.6,
p < 0.01; [ 2(d)). Ah, HFFHE D BIET 20 2 60 SRS H 5 I (2 i S HUMEE I st 14 2(a),

T FARZE T IR AR IR & D a3 a6 T 20 thad 50 AR . @21 tHaly], &F= W AEAR = RIA FREE
e, Hoh BEEARERRIEA A E 0 20), HEEMKERRER @A EHEAEEE 20),
2(c)), FER M EAE 0.05 B E VAT LEZEWINZ = 2.13), MAZER BRI NEA R NEE(Z = 3.5, p <0.001).
(32010s, %Z=HT AL & 2 H R b .

3.3. F. Hisax

PRI AR RE, D s EA R — N E B . S EOCER[19]1 779, IKIEIE L R (kp =%
—AE IR 2 PR E AR E RN 5 K, BT kp > 1.2 RRFEKAE; 1.2 > kp > 1.1 (R F/K4; 1.1 >
kp > 0.9 J3°F/K4E; 0.9 > kp > 0.8 AflikliKEE; kp < 0.8 AFFAKE, WE K. FARMBKESR. W& 3P
Ny BEAIE KRR B 2, AR 3R I 21 Ik, FKFEM LB 23 I, R ZEA K.
HEFRE P RKERERZ, FRERFREEREMEAN L, HKER QS K)ETFKERQL K). FKE
B E R RN 2, PAKERD, ERKEMR (25 R)MFKEMR (26 R)KFME., XFRRET/KE
O IS 5 T AR AE AR By, R T2 4R R AR IR i T AR K, (ARG K AR (22 ) T K AR (L7 1K) SRR
EOP KA B R i T AR IR ARGy, REKAE(18 WR)ZETR/KAE(18 1K), BVAIT S, #F. EMKENHE
R KRG T A B ME R KER, 154 Z 0 FERR K ESMZEARKR, FPKERT S T %10
KA (G 3).
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3.4. EHASHT

INEHTINGE R BOR, FRATUELE 1960s Al 1970s #]HA 8% 1) 2~4a F#(p < 0.05), 7 1980s~2000s th
HREREE, EAEEE 3Q). EFAHEE 1960s 1 1970s 41 B4 &% (1 3a F ], 7£ 1980s A& 1 1990s
BARERUE 4a FIH(p < 0.05; £ 3(b)). FKIFIAAR & B /N A 45 A AL, BKARI & AE 1960s F1 1970s
WIEA B35 2~4a I, 1 1980s £ 1990s H A7 2 1) 4~6a JH #(p < 0.05; 4] 3(c)). FAMEME FERFREM
AN BT 5 RARAEL, 76 1960s LA 525 (1) 2~4a JE 311, 7E 1980s A A1 1990s H.A &k 2 (11 4a A 1 (p < 0.05; £ 3(d))-
BRI LR R DU AR AN 3, 2~4a 1A BHTE 2 /KT R SR T b e K B AR 00 7 9 o R R
eI EI[20] [21]. 2~3a (A WIALT ENSO I FEIATEE A [22], AR, 7317 28 )G i0 S0 A7 7 & 2 iuE 3 45 &
HA[23], VLHIA SRR AR AR R E R XA 2 (R DL ENSO ZB6AT ¢, B8 /KB ZF [24] MR 450 50 4F
A KO BRI 7R I, El Nifio RAEAE, AR5 L X ARBUR mr FEzK ks DR AR it il o

35 HUIBRHWAREKSER

AR LR RS CRU BE/K & AH I Rl 14 4 (AHC KRN . 295 B K & 1072 [WAH S A
SREH M EN BRI RAEL, B —M 20 8dE B e iR B S BOKE & SE M, AR TR AN
T AN B A AR AT I 1R A 7K 3 A8 A, DR IE AR IE 52 R B /K 2 P — B 22 20 B8 1) o A 45 SR AT 1008 . el
Kl 4 mTan, BRRREEAE WL I 788 AT N 5 i J5A OGN A G 35 X (p < 0.05), FH A AH eI
33 11 DX S VR 7 A RV S (A S R B r > 0.5; 8] 4(a)); BRI R 7R 38 1 w5 A OC E3E [X (p < 0.05; 5] 4(b));s
KERMEAETEILH X AR & m E AL N5 & R G A SRV BN A DG X (p < 0.05),

Table 3. The frequency of dry and wet years in mountainous runoff

= 3. AENH LR ENMNFERIAZER
B KEREEY)  REAEREEY) TR RROKERGIRR) RS E%)

5% 11(18.6) 12(20.3) 15(25.4) 6(10.2) 15(25.4)
HF 12(20.3) 7(11.9) 16(27.1) 11(18.6) 13(22.0)
®E 13(22.0) 13(22.0) 8(13.6) 6(10.2) 19(32.2)
AT 12(20.7) 5(8.6) 19(32.8) 15(25.9) 7(12.1)

4 11(18.6) 7(11.9) 23(39.0) 11(18.6) 7(11.9)

1980 2000 1980 2000

1960 1980 2000 1960 1980 2000
F o

0 0.5 1 2 3

Figure 3. Wavelet analysis of mountainous runoff in the upper Shiyang River
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Figure 4. Significant (p < 0.05) correlations between mountainous runoff in the upper Shiyang
River and CRU precipitation (TS3.24) after the first order difference
E 4. BEABILEZREFR CRU MK E(TS3.24)—MESHE X R EANZSE) 9% (p < 0.05)

LA D i 4 3 ) XA TR AL X AR (r > 0.65 1] 4(c))s AR E S MoK &I LT J0 5350 56 X I (] 1%) 5
AWM BT X RS WP E R b DR P SR i PR O Y AR G R X (p < 0.05),
HHORE 1 A 2 3 TR DX S B T PG AL HB X R (r > 065 1] 4(d)).

FER AR E S 3 AN REEM 12 AN H R () SPEI FE-F17 (4 51 LL SPEI3 A1 SPEI12 #7R) A 5555 28
W 5 AR, [F b, MR E A SPEI B —B 2 /0 B oy M 4 AT A . 51 4 AL, HER
WS SPEI3 35 AH G 1 DX I W i — 70 A0 2 L« Y] PR A JER AR v iR 1 A R KV B A SR R X (p <
0.05), H: A AH G B i 3 1 XA T H R — i (r = 0.5: 4] 5(a)): B FEARIES SPEI3 135 AH 5C ) X I3 oK (4L
%Z, e LR, NS E R PG AR B S VA BORTE B AR DG B2 X (p < 0.05), HHAHG
P d 2 2 1 XA T3 L R PG L8 (r > 0.5; 18] 5(b))s KERIRE S SPEI3 W EAH KM XA K, HZAH
IR e S 5 1 DX S E P b X AR TR SRR 25 (r > 065 141 5(c)); AFRIE S SPEI3 LT i 3 AH ¢ [X 45
(Eug); FRMES SPEIL2 M I X IR SAmIT . R/, A G0 X IgAE Hp7E TUJb b X 4R350 VT 75 7E R
DA% 5 e S 1 AR A 25

gi b, SR RARTIY R A AR A (1 7K 53 O B DX T PG E SR AR s SR RKRAR A AT = A AR A 11
DR DX Il A 7 R e i ) AR B AR 7 G R AR5, %00 X AE 100°E~105°E, 33°N~41°N; 520 B 2RI 4230 1 il Al
ARG e X IR AE R E F R iA %, %0 XAE 100°E~110°E, 33°N~42°N, 241t - mgEm. 22, &
W 2R AL TG 2 [X [23] [25]52 1 2700 Hh R K LI 1 7K 43 O DX 45k o 7R WV 5 2 IR A i 5 6ot 38 ] 78 Ak X 2R 350
BIRA SARAA AR o 5 R SRR R AR A Y [26] . B KGR, BE Xk, RFeLm
A, P AEHL X ARK IR BLEREF[25] [27], 1A R HILARTL R, Rl H AR T B B X R A% 0
X, WA E AR R SEE R RZAARES D . BFARRE, T g EE T R X R,
R G AN B R IR IR &, H LG X AR S i o B R [27] . K 2 98D, S 800 Fi LR R &,
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Figure 5. Significant (p < 0.05) correlations between mountainous runoff in the upper
Shiyang River and SPEI (CSIC v2.4) after the first order difference
B 5. AFEAHILZREF SPEI (CSIC SPEI v2.4)—MZE X R EAYZB) 5370 (p < 0.05)

W 1) B A A 7 L S a5
4, &g

1) =SS FAE A BRI E RIUARBIN AL, 78 20 D)5 R, BRI B, Hh g
M S E R B> 78 21 tHedy), HEMARFEERIGES . 1962~1967, 1970~1976. 1991~2001 4
PURik AT 1956~1961. 1976~1990. 2002~2012 4E A4 N E.

2) & BRI R K H0I 5 T A ZE R R R K R, T %5 221 AR AR F KRB ZE A K B 2R
KEMA TR E A B 2~4a 5 1(1960s 1 1970s 4]), Bk 215 2 14 HL A5 535 (1) 4~6a i 1(1980s 1 1990s) .
B ZNE BRI B B B 2~4a JE 31(1960s A1 1970s #) Ak 4a J& 31(1980s A AT 1990s).

) FMARRZEAR IR AN FEAS AR AR 7K 43 S DX S BT U R R AR08 SRR ZRAR IR BRI A AR A PR 7K o3 e X
BT RO R AR A LA P AR HE, OXAE 100°~105°E, 33°~41°N; 5N ZEAIEEAR I AR R AR f g
XIAE R W EZRAGLZE, ZOXAE 100°~110°E, 33°~42°N, HEZIL - PEgER. KIVEZERIKIEDZIX a0
MK BRI R e X 4 o

E&WH
[ A AR 2L T H (51309134); T B K% A A 51 #ERHI A 3 2 :(BQD2012011)
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