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Abstract

Based on the historical record, the REOF method was used to decompose the dry/wet variation in
northwest China from 1470 to 2008 into spatial functions and time functions; the spatial pattern
of dry/wet differences was described by the first six major space feature vectors; Regional
Dry-Wet Index (RDWI) by the corresponding time weighting coefficient was used to represent the
time changes of spatial differences. Several important conclusions were found in this paper. First,
distribution of dry/wet variation field in northwest China was the dividing line of 105°E. Southern
Shaanxi is the wettest place and Yushu is the driest place in the west of 105°E. Secondly, 41 years
were very dry in northwest China from 1470 to 2008, and there were 79 dry years, 285 normal
years, 95 wet years, and 39 very wet years. Among them, extreme dry years are in 1484, 1528,
1586, 1640, 1759, 1877, 1878, 1928, 1900, 1915 and 1929; extreme wet years are in 1570, 1662,
1736, 1745, 1753, 1756, 1819, 1884, 1887, 1958 and 1964. Thirdly, after 11-point low-pass filter,
RDWI data sequence shows that dry-wet decadal fluctuations’ change characteristic is very com-
plex, and there are eight climate change cycles. 1481-1497, 1527-1531, 1583-1588, 1628-1642,
1713-1722,1874-1879, 1915-1931 years are the persistent dry periods. Last but not least, wavelet
and power spectrum analysis shows that some periodicities existed in the last 500 years, such as
the periods of around 64 - 90, 32 - 48 and 11 - 22 years. Among them, the detected 64-year peri-
odicity and the not detected 200-year periodicity are different from the existing research.
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BRI, FeR R X; 10 et ) 11 e, mE 2 TRERNELZ TE: WRTREEARE, 3
THIAEARAFIRIE . T, 784 R SRR E O R 2R 7 SR A A R B 43 A AR K o g R R R A
RAH[8]

FE ] P b X, BRI T B 22 1R BT B ARARATIE S [9], 1X AR 1 S B AR VKR [10]-[13]
BEARFEE[14]-[16] WIVAPTRA[17]-[20] B8 Lt 2 PURR [21] R0 7O 55 55 [22] [23]. A EE 7 0t X BRI R s
Bk B R, SESCHR T AR e, BT SOk B k) E g 1 sk BB A AR A B A DRI T g R S . ST
bR, EFESRRASCFFT, 0 oAb TR A T R AR bR E R AR TUHE 4124 2009 A A E
AR R AT EZHH T, ZMFRARU AT A (X) TR TIE#H, X (hET 500
ERPAAMEE) 241 TEAEHIX 12 AN AU R8T AT TR AN, FHEZ&ESEG, M 1979
SEHEJG F 2008, K P AL I DR L E RS R R P AT A AR p (b E AL X T 500 AR5
Bior A EAE) (FAR CEIER) ) [25].  (IE&R) 360 7 BepE XS, HltlEs . 7 E S AE s, &g LR,
MU AR LA A 1) X BRI, KT 700 S BT AL X R 5 TR 2 R S
FUE SR KA A RARITERE X AT (B BB IR LSk sk 8dE, 121 REOF 4y
MO ER PEALHIIX 1470~2008 AD T8 J3 41 73 i 2% (8] ek BRI ) R 280, R 6 A 32 222 (AR AIE 1)
ARG IE X T2 T 2SS R s R X TR FE EU(RDWI), RAF X I TR B RS L E 5, T T
TR ARG W BARFAE A DA R BT Wi 5 35 A

2. FMRIFESMRTTE
2.1. BERSRIR

BEFERGORKRIE T (R E AL X T 500 42550 EAE) (AR (EI&D) ). (B UgRmSERITr
LM TSR X T L SISk, TE S IR FARRE T s B DA R [ LUK I I AF R L
Bk, DARE R ERNEL, BHEILA T I A JT 1470~2008 4E3L 539 FE R EPRM . FEidat gt
B 19 A, AU AR IUAEATEX R 1) — B AN M X (D7 52 B A ) — BN R S el . 5 S5 %
MR FE &R BRI (] JEHE PREARRESRICE, KRR RIGFEE AR 5 N, B 12
N 2 BONwEs, 3 BONIEHEEM, 4 ZNRE, 5 5N, REGEEEL (BE) . RS REEHE
—ERLSE LAl X TR AR, BT 454 (Drought/Wet Index, DWI). N7 /4 & 25, KR BdE#T
PEOPACER, B2 GCAw, L OB, 0 NIEFEM, -1 A%, -2 N5 .

22. iRA*E

2206 1E 42 B B2 (Empirical Orthogonal Function, EOF) 14t 112 5 K. Pearson $i2 H!, ‘& 1 ¥ %5 [a]
FEAR RUI 22 AN I I B B 225 00 I 5000 R B R AT o e, A 200 2 B HH AR AR I 2 RS I PR B ) R B, R
AR L 1E A (A 1] B8 $ 5 25 18] B BOR AR 2 AN a0 AR SR iRk g (5 B . B E R . HERR v AT
BEMLT- LS, RSP RE Az — R4, S E SR %0720 E K 25 A
RHIEM T RSB 75 [26]-[29]. R EOF J7iEH pidb X 1470~2008 4 (¥ -1 45 Je Hds #h 47 1E 58 70 i
3 BRFAE 7] 52 S B I 1] R 20 . EOF 2 i FRREAIE [7) 52 8 S W R 84 (1) 23 [R] /0 A 65 44, R AIE [ B T
Xof 7 (BT ) R AR AR T 3 — DX R R AIE [ 2t B R AE 19 43 A 28 =P B 11 AR AR AR AIE o R AAE i 2 P A BV IS
6] R E AR A, T ST AN TR A4 o 3 25 (B A% R DT R AN R], - #8250 A (AR LR IE S e ds . &R
BEE AR, RFIX—B ZIX AR R G A . A SCEET 6 AMRRAE ) 2 2 X 92 Fy B[] 3R 40
ZINER: (REOF), MM 2 ASUAT LU AN [F] H 3 ) A8 48, 7T DL AN [R] b 3 R AH 6 7 AR . 9%
T EOF 5 REOF Jji:fE s 5suilgss, wit—22% (BRAESH2ES A ) [30], 7Rt
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Figure 1. The study area and site distribution
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Figure 2. Spatial distribution of the six dry/wet index eigenvectors from 1470 to 2008 in the northwest China
B 2. REFEILHX 1470~2008 FFIEZ /L REOF S HERIRT 6 4FEE B =8 57 E

Table 1. Variance contributions and their accumulations of the six eigenvectors
=1 OBl 6 BHHEmBR ENMERRRGETHE

AL 1) 1 2 3 4 5 6
FREE 3.252 2.676 2.41 1.822 1.364 1.225
7 ZETTHRZE 1% 28.9 12.3 7.2 6.6 6.2 5.9
R Z TR % 28.9 41.2 48.4 55 61.2 67.1
Table 2. Dry/wet year and percentage distribution from 1470 to 2008 in the northwest China
2 2. Fdtib[X 1470~2008 EFEEH /TS SELIER
F58 Wt 1w it T
EH 41 79 285 95 39
7 EE (%) 7.61 14,66 52.88 17.63 7.24
Table 3. Extreme dry/wet year and continuous drought events from 1470 to 2008 in the northwest China
5 3. Fdtih[X 1470~2008 FHimFTEEMREETRENHR
i SR /T 1R B
Wi+ AR 1484, 1528, 1586, 1640, 1720, 1759, 1877, 1878, 1878, 1900, 1915, 1928, 1929
R i R 1 4 1570, 1613, 1662, 1735, 1745, 1753, 1756, 1819, 1884, 1887, 1958, 1964
FEARNEESET RH1E 1481~1497, 1527~1531, 1583~1588, 1628~1642, 1713~1722, 1874~1879, 1915~1931
JRalc il B A 1876~1878, 1927~1929

1528, 1586, 1640, 1720, 1759, 1877, 1878, 1878, 1900, 1915, 1928 A1 1929; MI/™HEH TSk
A1 1876~1878 A1 1927~1929 4. #umiRiE 0 1570, 1613, 1662, 1735, 1745, 1753, 1756, 1819,
1884, 1887, 1958, 1964. fIim ik vl id il /5 41 = SBEHLAE 5, AR T3R50 541 b R AR BE ) i
WAET. KA 11 JIgshn ROWI EdRE P 5 EATIER, Wil 3 Frx, AT LPAdEHIX 1470~2008 4+
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Figure 3. The sequence of time coefficient of six eigenvectors and regional dry/wet index in
northwest China (1470~2008)
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Figure 4. Wavelet cycle and power spectrum analysis of dry/wet change from
1470 to 2008 in the northwest region
Bl 4. FdeibFbithX 1470~2008 2L/ EFINRIEE D4R

ik
L

FHFMIKAL[36] RATRTHY (1 TR [37]4 2 AN M KA AL AT 7 21 h #4521 1 IESE R P AL T2 X 1K 224k
BRI, A SRR A R AN A ST 5% ) B2 VER TG, RN A T AT AR H ) 64 21
FI(EL 4). ik, SOsRBES:DEES M Tz S0 E, FRSIE TR T 64 A, HR

R H 200 400 JE



fap ol 2%

Table 4. Historical dry/wet cycle and precipitation change indifferent scale in the northwest region
%= 4. HILXASERETESHK TS - £ RER#ALL X

HuIX B AR R KiEla  AAR%AR  200a  80a~100a 64a 352 22a 1la BORLSR A
W e B J 10 X AT B R Fa 500 RS y XS, 2002
BETEAR IR b KA AL 1437 WARFER J \ HEEH M5, 2006
T K AL 600 TR J A%, 2000
o G AR BR 2000 i J Voo BHERSE, 1996
H AR TR BEHR AL 513 RIAER \/ 3 FIrF4, 2005
SR 1L AR 1300  HALER v J V V BN, 2002
P X X3 T i e A 539 LS J \ N \ v A3
*NR NI A R I F
4. &g

1) R REOF J7 44 PidbIX 1470~2008 4F (1) TS5 Ze 8 EAT 128 70 A, 159 B R /SRHIE r) 2 SO0 B
R TR AR SRS, PEAbHbIX K& 50437 (KRB LA 105°E 7t S B ZR I P A& R, 18K
DUAERBREE, T AU A

2) MERIX T IRIEE(RDWI), RAEX IR IR S =57 . 455K, 1470~2008 417G bk [X
TREMA 4L F, T 79 4, IEFFEMA 285 4, fMiBFrr 95 4, WBIHEN 39 £, Him+RFE0nA
1484, 1528, 1586, 1640, 1759, 1877, 1878, 1928, 1900, 1915, 1929; WiimiEid 144 1570, 1662,
1736, 1745, 1753, 1756, 1819, 1884, 1887, 1958, 1964.

3) RDWI 3 541 11 ASAREJE R R B PE b1 X 1470~2008 4E TG AEAR BRI SN AL EN N E 2%,
TAEAE 8 AN THRAR L e Al . Hod, 1481~1497, 1527~1531, 1583~1588, 1628~1642, 1713~1722, 1874~1879,
1915~1931 4 N4+ T B .

4) KPR S S TR A R PG AL X 1470~2008 4E [ /7 4E % 64~90 4E. 32~48 il 11~22 4E /¢
F 3 KRR A T 64 i A T DL R R Y 200 AR A TS AR R, BRI
Ret— 0.

E&WE

28 B SRR B2 4 100 H (41503054, 41273010); R} B 5 #5351 H (KIZD-EW-G03-04); VK% Fél 7}
5 oK H R SRR 5 R A(SKLCS-ZZ-2016):  H A2 Bt [E 5 A ME & 525 618 HTRA B Br S A E A RE TR
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