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Abstract

Taking upper reaches of Shiyang River as an example, the multi-time scale cross-wavelet transformation
was used to study SPEI, sunspot, climate factors (precipitation, maximum temperature and hours of
sunshine) and large-scale circulation factors (PDO, NAO, Nino3.4 and SOI) as well as their relationships
in the upper reaches of the Shiyang River. The results show that there is a significant correlation be-
tween SPEI and climate factors utilizing the method of cross wavelet coherence, and the precipitation
change plays a major role in SPEI change. The applicability of global SPEI database in this region was
tested. Results of continuous wavelet transformation show that SPEI12 has significant 2 - 3 years periods;
SPEI48 has significant 8 - 11 years periods. The significant coherence was found between SPEI at differ-
ent time-scales and sunspot and four large-scale circulation factors. There are the common patterns of 8
- 12 years oscillation circle between SPEI at different time-scales and sunspot during the whole period
(1950-2000). NAO, PDO and SPEI48 in the upper reaches are significant correlated with at the scales of
quasi-10 years during the period from 1970 to 1999. ENSO (El Nino-Southern Oscillation), SOI and SPEI1 (1
month scale SPEI) or SPEI12 (12 months scale SPEI) in the upper reaches are significant correlated with
at the scales of quasi-3 years (1960’s) and 4 - 6 years during the period from 1985 to 1995.
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1. 518

TREREFENERKEZ —, BEERKENSFRL. TREREWR TR, bEsET2
P2 (R G SEFA Y [1], AHAN ) T 4R b i Y 10 3 X 5 I I) RO BT 22 53¢ [ 2] 5 SR R AR AT = Z1 (Z $550) [1]
Cl (AR BT 51850 [3] [4]- SPI (hrvEAL Bk %0) [5] [6] [7]+ PDSI(MH/RERT- 54550 [8] & SPEI (b fLF%/K
ARIEHE)SE . SPEI & H Vicente-Serrano Z8[9]7E SPI [F5Lf: b 51 NVELEZ& M 22 (10— FPokr 10 T 248480 1EH T
AAFEAEREE P T RIS W, SRR R 2 EN A RUZR) SPEI {H, XHETRIE2]. FRHW
TI[10]. S (1115 IX 5 & A [ [12] 1 A B 8 20 . T AR A ST B R A I A S 34T 04T
SRR EE IR H A3 B IS

ZINE G BT R AT B A IR 1) 5 50 £ IR R AR AE SR P 1 T AN 1 S I 2 IR SR A5 1) 7 AH 45 44
FNAHERFAE[13] o FERLEERY bR REERAKH I 215 5 2 R HTHR—38 XUNB A, B0 3 ) T U3 A g bk
HEN[14]. BI#GH B E[15]. ENSO (EI Nino-Southern Oscillation) [16] [17] (i v , 2 T Xt A B 37 2h (4 i 7
[18], VAR A IR UM BEZR 1M 8145 [19] [20] [21] FEVTPE AR, 0357545 [22] 43 # 2 b o) )R T SRR L 4%
MESSRERNARE I FERE BRI, Gl S [20] R FI5E XN AT A 20 R SR AR Ak Hh % 4%
T2 REREN , %7V RE 5 W5 17 BRI 32 () 1Y) S5 35 E4IR J8) 399 A B IR ABUAF G [23] o A 0] 2 T 7 2 JHR L ¢
KA ABETRT, E e Ll DX e 8 2 G P B R T i R 8 1 B B R, X 7K DX 52 ¢ 3 1) 2 Bk ] ROBEARRAE . T
PR AR R DL S T 527 AR (0 SR R EAT 23 #r, B BB SE R S o AN S DU 23] BV E A TIX, JE T 423K SPEI
Hlm B, 18 GG/ RIS OUNE AR 18, R R X G I, IR T S KRS IR R T
TE I 45725 18] 1) 22 B 18] JPE SR FEL I B AR DG OC R, i 8K B8 14 & BT R R FH $ AL F A AR 48 R AR S
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2. BB E
2.1 BiE

Kl sk B T 4Bk SPEI ¥4 v2.4 (http://digital.csic.es/), 56T 1% E0HE B 78 A 20T b i (3 B, e 4%
B U S R B A% 4(102.75°E, 37.25°N)&dls, WLEE 1. GdE: 1 AL 12 Afi1 48 A REMIZEH SPEIE, 4
A SPEIL. SPEI12 il SPEI48 F£ir. &—FMEA t #5530, AT 1932 4 5 i — By, [RIEREm)
BN 1932~2014 4. SRRV SIS SR FNE H KR B “FY R m B A H R AL, BB
1951~2015 4, %RISRIE T EA S HHE SRS M. NAO $8%. PDO 4550/ Nino3.4 #5453 17 B 1 % Rk
55 [ [ S5 KSR (NOAA) Y i BR 4 B 54k o 0 (NGDC)

22. A%

SPEI A BT vE L FE WL SCRR[9]. IELR/ N AR (CWT)RH & Morlet /N [24], 38 XN AT A1 /N
AR () 555k WSCRiR[23], RS0 5 VRN BB MK 0.05 FRZE I A bRl 1S ARG 06, 70 388 e 4G 36 ) DX sk BT
SRR AN I 8] 7 21 AH 5% 14 2 25 [ 25]

3. HERENH
3.1. SPEI BEEEMRXAIER S

A8 XN AL B SR SPEI B 5 5 BHIE R G SR BERHE IS A A OGO 2, R /INBAR T 20 RER T
ZBR SPEI #E S a0 L X IE M. 8] 2 4 SPEIL 5 &S R+ 158 U/ BRI . B Bt gl s 42 9 /Nl
TN R AE, M BB R B E VKN 0.05 RUZLE IS . FkRoR I E Z AR R, ~FoRH
REMAL, BEREMKR R, ~FRon &R, BIARMKERK R, | R 90°, t RaRMAEE
90° [17].

SERRIR: 4 SPEIL S5 /K E1E 1960s 11 1980s [ 2~4 47 A i 2 8L2 2 K IEAH S C &R, 7 19605~1980s ) 8~12
SRR AR SRR I IEARDCC R (K] 2(a)). H MK E G ERKEGI R, HZE SPEIL S5FEKEEREARHT
2 IAEE . RFEMIEMERR, BEKRIN: 1960s~1980s [I4ERRE WI(2~6 4)AYIEM %, 1960s~2000s

N
=
?&3,\{-
2’2-
4]
B SRR
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Figure 1. Map of selected SPEI and meteorological station in Shiyang River
B 1. AFEWREE SPEI SIS Ritm
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Figure 2. Cross wavelet coherence between SPEI and different weather factors in the research area
E 2. FARX SPEI 5 B3R SR FTRIIIAE VR R L

FIAEAR B 8 11(10~16 4E) A IEA (1 2(D)). LA 6 A4 SPEIL 5 V¥t i FE A2 SN M R, 45 R «
ZHAE 1950s~1970s fEHE 2 R B R IAAHRR R, (HIEEAR EARIXF G Z K 7E£ 19605~1980s ] 2~5
AL EMEER AR, 1F 1960s~1990s {1 6~10 4 f 41 L1 2 B8 3 14 5 A 556 & (B 2(c)). 4F SPEIL
5 H HR 2 7E 1960s~1980s [1itk 2~3 4F il 1 | R IR E I OGO R, 7E 1980s. 1990s 1) 4~6 4FJ& #A b 2 I
FEM AR, £ 1960s~2000s [#E 12 F I L 2 M AM KK R, ®EXLE 1970s A1 1980s (14 2(d)).

WFFTIX SPEIMH 5L R RIS SRR BB FER/MNEAT R A, FH SPEI 5K ERKRK
FMSR R FHEEE, DREKENHFTX SPEI FIEMAEM AE. toh, SPEI 5K E IEAHI A R A
KZR, SPEI i A H BRI E0r) S DKM R Ja 3~4 AR KRR . BEZ B /K EE15 FIA SPEI &Y
K, B8 v 04 B vl FEE AR L BB 5T R AR 2 R K, ATFTXT SPEN B AR i Ja i) fml s o DR, FRATTIA 94
Bk SPEI HHE JEER 7T XA BUUF & vk, mT T B S 1 404

3.2. FiREHBMEAS

M 3(a) 12 A R SPEI fiZemT 1, WX 2I “WE - 1 - 7 ARk 34, 1950s A 7L X i 512
i, 1950s J5 L E 20 th 20 R ROKE ML 1+ R4 R, 21 LU T RE 0. 48 H RJE 1) SPEI
2R I — S AL, BT RBEAE NEE(E 3(0). BFFE2613 T X 12 N Gk S0 HE
THE SPEI 48%,  [RIAF3R BH ] FE 2 JR 1 X LAAS [R] R 2248 1 . SPEI IGIE B #1248 27k, 1930s. 1960s. 1970s Al
1990s #:F-54, 1940s. 1950s. 1980s 1 2000s #¢ifiiH, FHH17E 1930s J& HAFN 1960s H HA Al T i H(14] 3(a)).
48 H KRB B8 H 26 2 s AH AL+ 530, B 1930s 531 H1 1960s H B in—+ 5 .

ANFREE SPEI FEAN [N, AN [ S5 35 1 /KT i 4% 35 il 1. SPEIL2 7E 1960s #1 1990s %7t 2~3 4
FE R E B FIRG I, 7 1940~1980 FERILH 1 10 FF4R B, R 2 Z KT 4(a)). SPEI48 1E miisi
B b, NgEThEE g ERVDN, JUTREE B AR . (HAE 1940~2005 FERILH AR GR P 8~11 FFRFEFie . B3
() 3R I
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3.3. SPEI 5 XHETNRIZ REEST 4T

¥l 5 &I [A] RUEE SPEI 15 K BH B -T2 28 UM T 23 . fE AL, & R SPEI 5K PHEE T4 LT ol
o 5 PR IR A SN R R X, (BRI AUN, —FH RA R E R 8~12 FEEILIRE W, HEE%E SPEI i
) ROBE IR K, S o S ) S 3 MR AR E IS R o 67 A 2 3 B ZE AN [ Bk 1] ROBE_FORBHYE BATAAE 72 X SPEI RS2 MR 7E
1957 4Rl fa K AERAL, I HT K PHIE % SPEI (15208 R IR SAH O, I J5 KBTS B0 SPEI 52 1 2 I A TEAH G .
FHEE[27PR R 1L TG H R K 5 R BH 2R AR AT SNBSS s Z#F AE 1770~2000 AEAE#E 10 4 RS EOCTAME 2
2, I HIKPRIE B0 R L A 7 0 B 2K AR A 1) 5 e [ R i o B TR AR AT, FEAS [ B B s &% 5

3.4. SPEI S HREAFHZRES T

@6%%NERFS%|%Wm%mmo#ﬁm§y¢ﬁm$% gﬁu%NAof%ﬁEm§y¢ﬁ%§%
I A T O AT G, (RN ()R H TGRS e IAH G S R (151 6(a)) - SPEI48 5 NAO fE s b, JLTFJtd

2 (a) . SPEI—— f&ﬁﬂ;‘zﬂﬂ@a
LM ) {H % o

SPET12
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Figure 3. SPEI at different time scales and its
low-pass filter series
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Flgure 4 Continuous wavelet power spectrum of (a) SPEI12 and (b) SPEI48
Bl 4. FESURERINERE: (a) SPEIL2, (b) SPEI48
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Figure 5. Cross wavelet transform between SPEI and sunspot in the research area
B 5. HREAERE SPEI 5KPAEFHNIE X VB IR
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Figure 6. Cross wavelet transform between NAO, PDO and SPEI in the research area
B 6. IRXAERE SPEI 5 NAO #1 PDO BIZZ X /K TR

FAERG IR A N REEIX ; {E7E 1940s F1 1970s~1990s —# EA5 B Z v 8 FE FILIRA M, Hrh7F 19405 —F 4k
FRI IRV 1) 35 IEMI GG &R, M AE 1970s~1990s 3 &35 TG LAME 19508, 1960s —# HAT #E 14 FEILR A
W, AR AR B2 2 KT (1] 6(D)) o 75 5 BT [17 18 v AL BT IX SPEI RIS NAO FA7E 8 T i 35 A 5 1) 80~100
AN H SRS A

SPEI1 5 PDO 1£ AT BL I 58 SN R B A — SeIm ok B S AR 00, (e Rpit ()0, RIE e e A 25 &
(%1 6(c)). SPEI48 5 PDO 7E sl Bt b G il ik i 2 RS 30 158 SN REEE X, AR LPEEAN T ALY, R
HE ) 8~10 FALR W, FAEEXTE 1960~1980 4FF1 1990~2005 4F [J#E 10 4EEILIRH M. thah, 7 1980s
KIAZ AT SPEI48 5 PDO W& A, /5 =3 B2 IEAH (& 6(d)). JbxiHiX SPEI 5 PDO 7£ 1965~1995 4
[F) R 2 B H 4 B 6402 A 3(100~120 AN H) [17]. %7, JERERE SPEI 5 NAO #1 PDO (AR EH 5, JLT
ToAB L T E TR I8 38 XN AR X . K ] RUEE SPEL 5 NAO A1 PDO fISCBEVE B 58, LB R IIAE 10 43
I 8 I 45 35 FH 55 (19705~1990s),  [FAb st [X SPEI 53R K 1 1 20 A &% SAALA[17]

7 JER T AN )R435 SPEI 5 Nino3.4 1 SO 84U I X/IN: R W FAE XU/ SRtk o 28 SL/NJK
AEH G 27K SPEIL 5 Nino3.4 74 3 MR, 7370y #E 3 - R 21 7E ¥ A 1(1960s); 4~6 4F 3 1) T 4R
JEI 11(1985~2000 4F), fmifeiIX FZAEPTE 1980s 5 ], 7AHZ R BATEIX AN SR BN —# BRI FAEDG: #E
14 45 JE A, AH A TE B 8 2 V7K (1] 7(2)) « 38 XN SR 1% S 7 SPEIL 5 Nino3.4 74 3 a J& 3 F 52 B 67 AH 9 (19705
F111980s), miREE X F A HTE 1980s G A 7(D)).

XN R E S R SPEIL2 5 SOI A71E 2 MR FE IR, 40 a0: 1k 3 3 172 % JH 11(1960s); 4~6
SR LR A 11(1985~1995 4F), it X4 TE 1980s JEI, ArAHZE R VI XA LR BN —FH RN
IEMR(E 7(c)). A8 XN EEERWE T~ SPEIL2 5 SOI 7E#E 3 4F i A I 2 LS 3% 1EAH ¢ (1980s F1 1990s), Hifit =
X FELEHTE 1980s 5 #; 7EME 6 4F A HA L IR 3 EAH5C(1950s); (HTEAE 12 4F R 2R AR R
(1945~1955 4, ] 7(d)).

AR R ZE MR (28198 W AR B HAR PP, = B AL O B /KRR 2 B 23R M AL X X ENSO 5
M) Jsz Wt fg i BRI DX 3. ENSO A0t H 7 28 XU DX 1 B /K Bt RS2 i B J, T 7K JE s S A5 3 2t X B8 /K B A 4
I[29]0 WEKEESE[30]F FU R BATE El Nino LG A AE, BEAARIE L XS H I s B> AR AR A
MIILE, Ju AR B o Bl [X 52 1] ENSO 2 m i B i . [EFE, ENSO SFASHE 7t X 1) 2= mi, I Hix
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Figure 7. Cross wavelet transform (a), (c) and wavelet coherence (b), (d) between SPEI and
Nino3.4 and SOI in the research area

7. AEIRE SPEI 5 Nino3.4 1 SOl {5 8 A3 X /)R T ERIE (), (o) Fn/)VEUEBRIE (D), (d)

T 32 B R LA RN 1A RUZE SPEI B L, I TA] RUEE SPEI FMRARB LA HY e85 - ZE AL JE O X,
H 2P A4 B IR RE 2 2252 ENSO IS MA[17] o

4, &5ig

PAAER SPEI ##i4e . R TR ALK 2 56N+ TR N SRR, 04T SPEI BESEAEM S X & H P, 7ERS
A ) R AR AGHRIE KL SR TR R, LT 45

(1) WHFLIX SPEI H 5 S Rub A R TR A BUF/NEA SRR, JEH SPEI 5K SR R Ah
G FHEEE, FilE&E 2 SPEI 5BKEMEBEA A A 2 0F0E . WEWIEMHKKR, PUSRKEXTI X
SPEI I AIE F A . 4Bk SPEI BdE SRR 7t [X A HE T 3 FH 1

(2) f£ 1930s. 1960s. 1970s Fl 1990s Aff 7t X 15, Hrt 1930s J5 AT 1960s H1 ik 1 20 . 8
R SPEI A 2~3 SE RJZ IR M A, K R SPEI RIUHIASR 1 8~11 4E R FRa. S35 MR A 1.

(3) & R SPEI 5 KFH B FHUERAN TN R AR 1) 8~12 LR . 5 RE SPEI 5 NAO
PDO MAHSRAE FIEESS, JL-F il S AT 30 i 22 N REE X o« KU SPEI 5 NAO 1 PDO (1) k4 5
5, RIUEUE 10 4E3EHR 5 1 (1970s~1990s) 1 & A 3¢ . 17 ENSO XF SPEI 5 m 3= B R BILLE 4 R SPEI (s
BB B, HAK N 3 4R EE T HW(1960s), 4~6 4F i (1) 1 IR A 1(1985~1995 4F), XK X SPEI A
B bR PSS o

E&mE
[ AR T H (51309134); T B oK% A A 51 #ERHI A 2 2 :(BQD2012011)
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