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Abstract: Based on the monthly precipitaiton data during 1951 - 2005 for the selected 322 meteorological gauge sta-
tions over the Sina-Mongolia arid and semiarid area, the spatia variation in the normal/abnormal precipitation and its
decadal transformation for each month have been analyzed in detail utilizing the statistical clustering and the wavelet
analysis, disclosing the following facts: 1) Being similar to the monthly precipitation, the spatial distribution of the pre-
cipitation is aso displaying its argular yearly variation apparently, with the wet area extending continuously and the arid
area constracting from spring to summer, till the precipitation reaching the maximum at each station, and then, from
autumn to winter, the arid area extending and the wet area constracting continuoudly, till the precipitaiton going back to
the minimum at each place, so, one whole year is apparently a circulation of the spatial precipitaiton distribution. 2) The
typical spatia distribution patterns of the abnormal monthly precipitation and their appearing years and frequencies
during 1951 - 2005 have been found based on the statistical clustering analysis, showing that, the typical spatial distri-
bution patterns and their appearing years and frequencies are all largely different from one month to another month even
in the same season. 3) There is apparently a decadal transformation in the spatial variation of the normal/abnormal pre-
cipitaiton over the Sina-Mongolia arid and semiarid area. 4) The magjor periods existing in the decada variation of the
precipitation for each calendar month and each major area have been found by the wavelet analysis, disclosing the pe-
riodicity and the wave in the precipitaiton variation at some certain place will be different from one month to another
even in the same season.

Keywords: Sina-MongoliaArid/Semiarid Area; Spatial Distribution Pattern of the Abnormal Precipitation; Decadal
Variation; Periodicity

PRTEFTREXEKAEHNXEMER KX
HERPRETEHE

FHR I, B’ $6x°, IXI’

LA R (R ARG E A AU (M K, M
2 i [} 2 B 9 X T X PR BE 5 TR 72 T8 R X Bl T PR 5 AU AR b E A s s, 24N
3 rp BB X R X IR S TR A pTib s S vb i s, 220N
SR EA R FT AR Sk AT SR, 2L
Email: ywl@lzb.ac.cn

Weks HY: 2011410 H 10 H: &EIHW: 2011411 H 3 H: FHHY: 20114 11 /7 28 H

TRINMEE: 2T R HE S R IR G CEMN R T R AR 5 S R TR 4, WIH S5 223-860011) % .

44 Copyright © 2012 Hanspub



ST AT X BRI B I DXl 22 5 S LA AP AR R Ak

1 F: AR 1951~2005 4F A 5 5 R IX 322 AN Gl B FEK 2 B0k BV RZERVINE S St
TP ITERZIX 5% H B K S 10 DS 22 5 S LR AR A EAT 1RO VR I b, 12 4R 8 1T UL R EEsE: 1)
[ B K B AL RFAE AL, P R A R I W 4R, thEFRIE S, ZHXAWY E, b
M IXAWHRSE, ERSHIBRESIE RGN, NEmKFRILT, DNXARY E, 2 XNARERYE, 2
B /KB P R B 4 5 (iR MEL, 675 1 SR ITE BON B K TR 0 A AR 0 — S i 0. 2) 3l i ZR2R 70 #r s Y 1951~2005
T IE) % B K S A S TR 2 ) A B R L B SR A, SRS A A, B R — R, RRK R Y
A E) AR A AR K ZE S, ANTE) A A R s () A B R IR SR B D U FT  . 3) PR R TRIXEE
IS B DX 22 A7 AT R A SEARPR TR AR o 4) TR/ M Y — 2 B XR T B K R R AR AL
ZRAMIMERRIE, S5 RRUIFE X3, AFEAG, RMEEE—ZF, HEKEAR N A A A AR A .

XRIF: PRTFLTRX; BAREZRMAR, FAPRZA; 8 HTERHE

il

1. 5l

53T T A B R e B DR DR A B K
Bk, JLFFTE TR ietr i m & ok s R, %
IK R X3 TG 28 A ROKPE I AT, HRyolAE
FE AR DL OK SRS A BUEAE G Rl
K B RAEAR A R A E S 5, ok
3CDARE KT B

REFFE. PTFREXEE) TG ILF LI
0, FFEBR AR 23 7T LA B /K &/ T 400 mm iy B: 4,
AT AT R (B RIS E A R &2 Pe MIFFE/KE P HILL
) @IHEE(PIPe) K5 & (P-Pe) Nkl adsr ), H
KRN, gram. Bl #Fi. THE. A%
R 8 3 [ AL BAL F BR 4R B e KT R T R X
BA, 5% — 4 [X AL F 7R W H T R ZIX LLAAE,
KEPREZ . MR BT KK Rk
FeE PR T AT R, X BRI E
B AR L E X, WA REHHOAT 5 kB, Station distribution

R BT R X S R B
BT WO, B2 I P05 T U 7
TEFEBAL B, RSO 5 S TR T R
FREMA—ERIATOI, I LGN ET R
LFRIK,

e 2 T 2 7 X R K R
BT 52 T 2 B0 45 R K 10 ) 2 A8 P E 1 3L R
AR R BTS2, A7V % o R E L 73—
X AR LR, A —— 5%, (H A%
HA TP 2 T R AR AN, B 7
B 7 AR 1 TS R AR b . A Sl
1951~2005 4F %X 15, 322 13 (1 1) 972 e K Ao
BB, B 2650 T 1K 4% WK 5 3 B SR 25 ) 43 A
T, SRJE R SE K S X S 2 S (AR  AEAT
VEAIER IS, ST VLR HT SR X R R A ek
AR B B AR AR (A AE . ZEEAS SIS, e T

Su A AR R KT 400 mm KB | T

(O g LleE, R, XL TRAKKCRE, FHE 8N k)

el W RE AR A EFRERD, % e S T e
[ 5 3 5 S X AR R, B, o P A PR e T B
%E{]]%Z{K}%ﬂ:@ﬁﬁ\/ﬁfb’%ﬁj{%%ﬁﬁ%gﬁo @ﬂﬁ[}, 20°N '°' . ' .'- :.'..' '., ISR N
REKZHDLRERVRTE S, HEEUENE e el

e R ) 3 L 2 0 A e
Thornthwaite T4 25 %@, Palmer T R, SNTTSE SfE o0E 96E 10YE 106E L4E 120

T:‘:TQ‘El [16] 4 Ni=b1=] e 7% 4k N o

TR PSR R bR OB LR, I 50 Ak Figure 1. Thedistribution of the gauge stations over the Chi-

FEVEIL R AL X 2B BEE, RKibF nese-MongoliaArid and Semi-arid Areas (The shaded arearepre-
sents the Qinghai-Xizang Plateau)

AL R X AL A B AR Y, b R Bl dETRELTERESASHEEFHEEBHATESE)

Copyright © 2012 Hanspub 45



ST AT X BRI B I DXl 22 5 S LA AP AR R Ak

FREN, HEMAEINRNRERNE R, EBEEIA
ARVAZE VR S ELRMRRE, A S A T iR
HL, RESPR AR A BT LU RN FEAI
AT AR EES

2. ZERHNS A

AL T X GO TR . IS HOR
il TEL BRIGNE S B AT R ST
TR, WA N 1951~2005 4, [H P 268 4
il R 1) B K B R H o SRR R 4 R R
Peft, SFEE 54 ANk S H KRR RS E X
[Z A NCDC Mt . AT 7k £ B R4 R
BN G T 75

N SR HIA OB, 0T e BRI ER I B R}
KRB, A SCIETH BB K &4 bR AR 40 7 71 (1) °F- 1)
B PRz Rt R, REREGBUTFIIKE
AMET 30, tHEPEREAN P I FRR- I . hriE 2 R
LM% RECA TR A SR AT 30 A4S, B
R, X BRI SR G4 R A Rk,
it 322 ANl AR REIA BIX —ZoR . RO BRI A aE E
% H O 1A B o0 A5 AR 5T, 1~12 A 43 B BT & )
EEA1 43 518 19.6%. 19.2%. 18.9%. 18.6%. 18.8%.
18.4%. 18.6%. 18.4%. 19.6%. 19%. 19.4%7#1 19.9%.
PP & EARIIEH (B bR K EFH, AR0F
K SESAD T 96 4, [RIRE Tl A ST R A,
XoF B AN EEAREAT 43 A B B FE P 3l R0 3l ARt AN A
[, 1956~1965 4. 1966~1975 4. 1976~1985 4F.
1986~1995 4ELL Nz 1996~2005 4F it FH ik £ %0y il
197. 298. 288. 281 fil 242 4>, 5AMEAC ik
SRR BT o5 B L) 43 N 5%, 1%, 1%, 1%F1 2%.

R M SR FURE A B B 45 b 43 2 ) ) —
g it o riE, Bl iz MH TR E S
R, WA R, BKERER RO KA X
(01 %143 DA B M UL 4E B0 B E S 5L O T I
1951~2005 (8] % H 7K 7 1 32 225 (8] 43 A B J P
FK IR T AR AR DX 33 72 S R AR AR BRI A, AR SO AR AL
J& 1 7 B K B AN & AR AR H B K & 41 43 A T
BRHT, & A MEFAGE R, AR ER B, BA
RAERR LT A AT 30, A FBRARLFFIAE T 96.
S WTI FTE M GE iR f, = cos6, +1/(1+ Dy, )
(j.k=12:-,n), FHricoso, A j FH k MHEUT

46

HIZ B A A R R 5L Dy MR R AN 8
B ) i Sy e v LU B . 1< f, <2, FEBOCH
BH AN 37 850 21 () ER AR AL SRAR I, 62 PR 37 B8 e )
BRI —2K. LN RS IREAPIR: 0,
B &K EHES D F A& A —2; B
W, AL AR T 3 BT A o — 3, Rl
o =max(f,), W3 A2 kA SR,
T HIR— N F=0, HEIREH RS
LG T2, KSR RS EH 5w R
B3 T B Al s AR GE v R AR, AR AR
KAFHAG TH I RANAT G B0, HEE
F=00, ERIFTE G EUT 5138 A 9 B ARk 2 ) 2 ) 5
KK ACK 1951~2005 EA] 1~12 H 4y ikritkfk
HEEKESS MR 14 25, 5 AN AR5 E
SRS RS TR 1, A H AN eE A A
AR FE TSR], TS0 P ) e 7 v b iR
BN T2 R], &5 B e AR G v 2 AE S A
HI~PIME e K T2 TR 354, AT 78 e sk 1 5
KA. BT & FARRK AR X IR F) 2 A]
BRI AT BEAFAE BRI 22 57, WA SCHE XS %5 AR H B
IKEFFAIBAT RIS, Gi— e S AT b A
5 28 T VA S ) B 2 PRI 28 3] PR R0 288 i 1) £ ~F- 380 AR AL
Guit B ZIEBINCR, HINEET 10, SRR
KOG RPIMERGIT RS TR 2, 2RERMEH
GG =R AT B/

ANV BT R — S T (B ) RO (B 2R) 43 B 7
%, BAZ 0PN R R, RSP %
G5 REBFERIRE /7, AT LAXHE 51047 2 RE 41k
3N, AR BN EAN SIS BE ] (1) AR 10 S A [R5 2 2 ] )
KFZ; BILHAHC = TR RAR 2 W he
AR SV S TSR 2 REE T 7. /N 4y
T P B A0 = 8 A e 1 T R B0 R /K B T P 271 PR RS 4 45
o, AT LUK B 2 72 77 51 v i) i B 1] A A4 1 ) 390
DIk, IERERE PR R AL E, AT R
XTI 8] 7 51) ()98 A8 3430 AT S8 I B Ak TE . o i S E 2
R[] RO AR A AR AAE S 6 350 S T 4 4 1 — i
118 ISR R B8 P EF /N R B0t 1951~2005
A 1~12 ﬁ%ﬁ%Hﬁtﬁ%ﬁ4t&%zk§%ﬁ?ﬁUﬁ?%Uﬁfﬁfi’d\%&
g, MEEREER N p(t)=(1-266)e ), Ixt
AN T 2 B FE A BE AR AR R AT T i, AT E H
& H 0 K A bR AR A ) 32 2

Copyright © 2012 Hanspub



ST AT X BRI B I DXl 22 5 S LA AP AR R Ak

Table 1. The statistical characteristics of the clustering groupsfor the spatial patter ns of the normalized monthly precipitation during
1951-2005 over the Chinese-Mongolia Arid and Semi-arid Areas (CMASA)
#* 1 PRTEYETRX 1951~2005 18 1~12 AR EN A KRGS XE XS E

RRIWTE FGRPT N EIGHRE SBINTY JGRTE SN EIGIR SO AT ORI 5205 )

AW Tmmzs  MOEN  BUENrE  BREE GREEN DRESZE  MEHE MEHE bRz
1H 0.9576 0.3851 0.5725 11.8835 70.5077 -58.6241 1.7434 0.3789 1.3645
2H 0.9435 0.3334 0.61 9.1521 60.8186 —51.6665 1.7076 0.3383 1.3693
3H 0.9451 0.4709 0.4742 15.5693 76.6247 —61.0554 1.7061 0.4685 1.2376
4 A 0.9593 0.553 0.4063 14.616 75.7318 —61.1159 1.7475 0.5522 1.1953
5H 0.9646 0.5502 0.4145 18.0269 92.7984 —74.7715 1.7722 0.5509 1.2213
6 H 0.9196 0.5043 0.4153 26.5901 90.3516 —63.7616 1.6073 0.5041 1.1032
7H 0.9461 0.5273 0.4188 18.7342 103.7639 —85.0296 1.7301 0.5209 1.2092
8H 0.9412 0.4734 0.4679 24.0837 120.109 -96.0253 1.7016 0.4668 1.2348
9H 0.9681 0.5761 0.3921 18.9933 87.4266 —68.4333 1.7286 0.5769 1.1517
10 A 0.9603 0.6225 0.3377 17.6093 93.6044 —75.9951 1.7639 0.6154 1.1485
11 H 0.9521 0.4981 0.454 16.093 73.2667 -57.1738 1.6953 0.5015 1.1938
12 A 0.953 0.4307 0.5224 10.4781 58.2845 —47.8064 1.7215 0.4304 1.2911

Table 2. The statistical characteristics of the clustering gauge station groupsfor the month-to-month precipitation change during different
decades from 1956 to 2005 over the Chinese-Mongolia Arid and Semi-arid Areas (CMASA)

R 2 PRTFREETFERXTEFK AR EELIME S FISEEX5ETE

kNN I KRN FKHIN 1] KRN S FHN 1) FKHIAL
FA IR 7 I SOF NS S O T MR PRl PRl S
o ORARH RAY AYE TG B IR 1 PR 2 GritE N GUTEZE
1956~1965 4 13 09949 05112 0.4837 0.0026 0.1444 -0.1417 1.9924 1.3849 0.6075
1966~19754F 8 09989  0.4951 0.5038 0.0054 0.5641 -0.5587 1.9945 1.1406 0.8539
1976-19854 9 0.9988 0.54 0.4589 0.0028 0.2276 -0.2248 1.9963 1.3589 0.6374
1985-1995 4 10 09979 05378 0.4601 0.0011 0.1599 -0.1589 1.9969 1.4054 0.5915
1996-20054 12 0991 05163 0.4799 0.0083 0.5145 -0.5062 1.9891 1.1799 0.8092
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Figure 2. The spatial distributions of theyearly (a), January (b)
and July (c) precipitation averaged through 1951-2005 (The
shaded area represents the Qinghai-Xizang Plateau.)
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Table 3. Thetypical spatial patterns of the abnormal monthly precipitation for each month over the Chinese-MongoliaArid and Semi-arid

Areas (CMASA)
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Figure 3. The spatial distribution characteristics of the
month-to-month precipitation change during each decadein 1956-
2005: (a) 1956-1965; (b) 1966-1975; (c) 1976-1985; (d) 1986-1995;
(e) 1996-2005 (The numbers at the gauge stationsrefer to the clus-
tering groupsthe stations belong to, and the shaded arearepre-
sents the Qinghai-Xizang Plateau)
35 NMERMEKEAREUXEMERN IR EPHFH
ARESHABRNGRARNAES, BEBIATESR):
1956~1965 £F; (b) 1966~1975 £E; (c) 1976~1985 £E; (d) 1986~1995
££; (e) 1996~2005 £F
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—3, HiNEEEMEEMRmELX E KR, Sk
AR 7 T G S — B, FraR R LN bR R 2k, b
AL S F AR, RGBS AR, mEErhE
H5REBAFE 3@); #7T 1966~1975 F48, il
] 7 g 2 30 5 g SR AL T . SRIA R 2 Hb K YT 1 A JRE —
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FEMLIX —5, FriEh X Uit R 2, dvsEdbE S
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MR A —F(E 3(c)); 1986~1995 AL, FEKAE1L
(1 X IR AE 5 BT LA AR BTN, 5k RS
HWRZEE PRI it L i R —EG
5 kv ] 7 S R R i (1) — il RO 5 N SR . Bk
i, TE. HrAHEE REE—3G HiEEKEE
JH AR TS r g AR X — 2 sk, b
SRS F TR, RIS F TR0, e 58P
AFTFHARIE 3(d); 2T 1996~2005 F48, B
ISR X I 25 e R TN R A, — BN XS AT R
AL B AN R AR A AE , 32 7 [ 108°E DA HE X
DA AREE Sy B & 5 R DL AR IE, HA AR
st R AR IR (B 3()), MM S, ik
EIFRARES . F0 A0 LA B 7h R I 5T ) — i 2 b,
Y —PEAMXBSNZEE KRB LR HEE RIS
FRE G I — el A — BB RHE, 58 [ g
) — S XI5 HR A R, T2 P N

SOt B, REEARED. AR PEALES . HON
BPGALE LA SR PERRERN —Fr, A, Wil
i, JESEALE S R EANE, RSB S A AAIE
P B PG AL AR 5 AR BEE L S A ) — L
XAR— 2, Hu R A B AL (] 3(6)) -

IEQIRTH TR A, A FIFEAIL F — bR iEdEAT 5
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34. FREIXIEZEA KRB ERBREWHHE

NTEEPZET BT RIX & XE0EH FKLE
1951~2005 4 [a] (I AEARFR AR A HFAE, LA 1996~2005 4F
Fe7K H BRI S W 25 SR O R, 43 0 U DA [
— T i B R AL B K PR B AT N A B, BRI
A B AH R X3 R K R AR AR PR AR AR . S TR
HEE R, AR SR RECHETE AT 4 67 (128 31 S AH
X3k, HEH5508 1. 2. 4/ 7, LE 3. %4
B 2 e R X K S 1) 4 ZRARR AR
BRAR A REAE S FEAR SRR X 38, X b 6l =2 1
3(e)F AThR s SRS . IR, [F— XK, AFE
R, B —Z=, HEKEFERRRER 3%
JEHAAL AR A RN o A E] X3 AR AR BR AR A
fIE TR A AR OR 2 5

Table 4. The periodic characteristics of each month'’s precipitation during 1951-2005 for some important sub-regionsin the
Chinese-MongoliaArid and Semi-arid Areas
R4 PRTFEFTRERFHARE 1-12 A5 #KE7E 1951~2005 Fi8)HERE T LHHE

X 3 i 2% VER F T IA(E) R 7K Ml 2 SR (4F)
12 2. 10, 23 1958~1975, 1978~1984. 1993~2000
1 13 1953 §. 1961~1969. 1975~1985. 1990~1997. 2004 J5
2 2. 18 1952 . 1962~1972. 1977~1985. 1994~2002
3 13 1952 . 1960~1976. 1981~1987. 1994~2003
1 A ERE. B 4 2.8 1955~1962. 1967~1975. 1984~1997
HARILE M, P 5 2. 23 1955-1963. 1970~1985. 1990~1999
FORATEE W 4 o ~
I — e A ) — 6 2. 12 1954 §. 1960~1970. 1977~1983. 1995 J5
X 7 21 1956 i« 1965~1973. 1979~1989. 1998 &
8 2. 3. 4. 23 1957 §f. 1971~1980. 1986~1990. 1998 J§
9 2. 14 1962~1969. 1977~1982. 1990~2001
10 2. 15 1956~1968. 1977~1985. 1988~1994. 2003 J5
1 2. 3. 4 1957~1965, 1971~1977. 1984~1990. 1995~2001
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12 2.9 1960~1973, 1980~1986. 1995~2000
1 1 1955 7. 1962~1970. 1977~1986. 1992~1999
2 2. 20 1959~1970. 1978~1987. 1995~2002
3 2.3, 11 1960~1969. 1975~1984. 1994~2002
4 2.3, 4. 5, 12 1957 §f. 1967~1977. 1984~1988, 1995~2001
2. A 0GAL 5 5 2.5. 23 1970~1988
B AR I K N 5
I 6 23 1957~1973. 1979~1987. 1999 /5
7 2.3, 15 1956 . 1964~1969. 1976~1986. 1994 5
8 2. 3 1966~1979, 1987~1994, 2001 J5
9 1 1957 §7. 1963~1968. 1975-1988. 1993~2000
10 23 1957~1965. 1976~1985. 1999 /5
1 2. 3. 4, 5, 6. 7. 23 1958~1967. 1972~1979, 1990~1998. 2003 J5
12 2. 23 1957~1972, 1979~1984. 1993~2001
1 12 1953 7. 1960~1968. 1975~1989. 2003 J§
2 2. 15 1954~1970. 1977~1986. 1995~2003
3 2. 9. 23 1965 §. 1971~1987. 1996 5
4 HRBREE. 4 2.5 1963 77, 1974~1985. 1991~1996. 2002 &
.. RN 5 2. 3. 18 1954~1962. 1970~1982. 1991~2000
SdhE, DARES 6 2. 3. 9. 23 1954 B . 1961~1982. 1994 J&
] ) — L2 X 7 14 1950 . 1967~1975. 1983~1991. 1999 5
8 2.3, 12 1954 77, 1962~1968. 1972~1976. 1984~1990. 1995~2003
9 23 1953~1961. 1986~2000
10 2. 3. 4. 5. 13 1950 . 1966~1972. 1978~1986. 1994~2000
1 2. 3 1953~1959, 1979~1988, 1995 /5
12 2.3. 7 1961~1971, 1976~1985. 1995~1999
1 13 1954 §7. 1962~1975. 1981~1989. 2002 J&
2 23 1955~1966. 1974~1987. 1996~2002
3 23 1957 §f. 1976~1988. 1996~2004
7. R, T 4 2.7 1960~1970 % 1990~1999
padbEs. Hilavhde 5 20 1961 fif. 1970~1982. 1991~2001
L LR 52 6 2.3.6 1958~1970. 1977~1984. 1991~1998. 2003 5
Iy —Led X 7 2. 3. 16 1964 §f. 1981~1989. 1998 J5
8 8 1956~1977. 1984~1991, 2000 /5
9 2.7 1954~1960. 1965~1975. 1988~1992
10 14 1955~1964. 1979~1985, 1990~1995. 2003 J5
1 2. 14 1955~1962. 1968~1975. 1982~1988. 1993~2000
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