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Abstract

Using the mean surface precipitation data from 224 stations of southern China over the years of
1961-2010 and adopting the methods of linear regression analysis, multinomial fitting, EOF, REOF,
Mann-Kendall and Glide T-examination etc., we analyzed the spatial anomaly features and time
evolution rule of the winter precipitation in southern China. The results show that 1) China
Southern winter precipitation increases from west to east; the high value centers are in eastern
Hunan-border area of Jiangxi and Zhejiang and Fujian; while in northern Yunnan Southern
Sichuan there has a dry tongue area, and the presence of this dry tongue area may lead to winter
drought in south-west region. Southern winter precipitation increased slightly with a rate of 4.42
mm/10a in recent 50 years; it increased significantly in January with a rate of 32.59 mm/10a, but
it was not significant in December and February. Winter precipitation fluctuations experienced
two stages: above normal from 1960s to the mid-1970s, less than normal in the late 1970s; mainly
above normal from 1980s to the late 1990s. Stability of winter precipitation increases from north
and south to central areas. In eastern Sichuan-Guizhou-Hunan area, it forms a stable center. 2) As
to the winter precipitation in most regions, there is an upward trend at a rate increasing from
west to east. In the lower reaches of the Yangtze River, there has a significant increasing trend;
there is no significant decreasing trend in Yunnan-Guizhou plateau. In the rest of places, precipi-
tation trend was not significantly increased. 3) With the EOF method, the abnormity of southern
winter precipitation can be divided into three kinds of distributed types, namely entire regional
distribution type, plateau and plain opposite distribution type and Wushan type. This distribution
may be related with wind anomaly. With the REOF method, the area can be subdivided into 3 sub-
areas: the Southern China, the middle and low reach of Yangtze River and the Yunnan-Guizhou
Plateau. 4) The dry and wet anomaly in winter, in Southern China and the middle and low reach of
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Yangtze River in each subarea occurred mostly after 1980, but scattered in Yunnan-Guizhou
Plateau; There was a mutation phenomenon at the middle and low reach of Yangtze River in 1988.
Inter-annual and decadal variations of the precipitation were greatly different in each subarea,
but declined at the beginning of this century.
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ERANETE, i TERXLFRKREZHOE. SRRA: 1) EHFLAER/KE R RIS,
R A O BIFER R ALHT A R X, MEEL)NEE —TEHX, INTEXWFEN R SFH AR
XAZEGHATENEEERERN L —. E50af 7 AFERKKL4.42 mm/10afEREAEEHE S, K, 1
HPA32.59 mm/10afEREEW L, 12AM2AREE . KR KEH TH A B: 1960s~1970s
HHRZ, 1970s/E8R>; 1980s~1990s/5HLIRIRE A E; LFRKIFREM, Mrgdbm by,
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ZXAFRKREFESAAEREX. KIFHTHFEX. zH7RBEXINMFRE. 4) SHXPRET.
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S, IR SRR T EOF /M ik 4e 145 2. [RILAE EOF J5fl_F FE6T AT 10 A s/ it AT e, 19 30)ie
B 5 B ] B (RLV) M B3 (RPC), 7 W B K B2 AR IR BB REAE o 107V 7 AR R KSR
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KIS W R R HE ARG 71 40 A (] 1a), MR A AR AIVE . fETL FIEA A 240 mm B ERE
AKEAE T, —ANEVLHF A AIX (LG E 1L 261.4 mm), B —NEM A (1 267.0 mm), JWEE . FF
SeiX— I EIXAMERIAREE - ) - BOAR - AV - SRR - JhE X S E AR, PRI R, K
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FHXAERFHREAE X AFESG BT RN EERR 2 — HELSE, Bl 5 5 7R
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KA U TR AT PE R BRI S, 5 TRk AL MR <is, ARIT K.

4. BFEKEHMTR

H 224 ANk )26 35, L A RKT A, b AR BRARARAE (I8, 7E 50a R |, Tk
BT A ZEKE AN ERE 2%, B 4.42 mm/10a. £Z=& A%, BL1 H 32.59 mm/10a Jyi K(r =
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Figure 1. Spatial distribution of the winter precipitation in Southern
China.
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Figure 2. The spatial distribution of linear trend of long-term vari-
ation of the winter precipitation in southern China (Contour lines:
The incalescence rate, mm/10a, shaded area: correlation coeffi-
cient)

& 2. PEFEHLEERKEMEAT S HE G ES: B,
mm/10a, FAFZX: HXHRE)

FORIVLHT — 7 7E 80~90 mm I, 7E A4 — K AE A0 100~120 mm, H3 (13A-1L T e ) 7P 1L [X 7E 60~80
mm(Elg). & HHLl2 5 340 mm ok, HkoZ 12 AL 260 mm(ElRg).

XA ZERRIK AR R A P15 51 %, MR I i, 75 R B - ST AEHE - Wl 8 s
O, —fRAE 35%LL T, ISR - ) P - ) AR 50%~80%(EIRK). AL 12 H 97% A m R, H
Yot 1 A 79%, 2 7 75%(FImE).

5. ZFMEKNEARE K XISIFE
5.1. fEKEEAERENZESTH

X BRI 14T EOF 234, B 10 /487 1) & 1) SRAR T 22 sTiR e 23T 80%, HIpgHBA-Z= %7K EOF MUk
SCHFERNG o TR =AM R 7 ZE TRk, 1 H BT E kR BT 60%, fRER T RKARLT
FEHE, HARE A R T ZTTIRAE 5%, Kk, PUR EZHSET =N A 904 S L AR 4y
FHIE o

FE B At ) 5 P b R R B AE R W] 1 12 B K B LGS N RIS ) 2R B TR (R A SRR S o 4 1% R BT
(A RHE B, W2 A 7K i 5 B i 22 Bl 2D, AR A U 2 MR 14 3 1, 28 1 3iafial & LV,
T ETTRE 32.2%, A X N— I IEE U F)#Y5-0.02 Fl = I43-0.01), A 82%I1 ¥k H i {E7E
0.28~0.88 2 [A](ifiL o = 0.05 B /KPALE), X —EAIEMIG. HiBH A X — 80 2 s b 2 # 7 FEK
R IS GG 5 2 B R LV2, RIESARIGHE R, BT EFLRMNAL - =5 E R RN - I
FAUR ZEM R ZR . X PN AR AGEB 1KV A R U1 S B /K R T 5 G R 3 1) 2 B v R B K BE PR A A s, AR b
FE/KEE P55 PC2 JP 4| AR I IRAE GG R, P R E B /K BE 155 PC2 J7 41 AN IEAH GG R, T 2 DTk
2 15.1%, J2& [ R LI B K S AR AL, AR i T 2 S A RS s 56 3 #fr F) & LV3,
BEARMEMAHEKR, PPN E, OETEARL T, S E 24 R AR G- V0 R 0\ 2 Bt e i 2R R I A
FIR AL, 77 Z DTk 10.4%, 42 B FE R LR BE K S8 A AL, RTRRO AR A

HU PC1~PC6 4% B i K AEAE iz S i AL I SR A, T 55— HY (1 M 2R 42 1965, 1970, 1974, 1984,
1985. 1995. 1996 4F, 5 “AIMAIE R 1962, 1968, 1969. 1983, 1992. 1994, 1997. 2009 4E,
=R BRIAE R 1971, 1972, 1991, 1993. 2004. 2006. 2010 4F. 435X ix = AN S H B i) s A 4E H 850
hPa 7% & A K L BE P 34T & e AT (4] 4), X b, & 78RR AL T PR WAz 2 T o BAE X7 1 EE
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Figure 3. The first 3 characteristic vectors (LV1~LV3) of the EOF analysis and their corresponding time coefficient
(PC1~PC3) of the winter precipitation in Southern China.
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Figure 4. Three kinds of 850 hPa vector wind anomalies synthetic field of the winter precipitation

anomaly patterns in Southern China
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KB BT 37 X PG B 5 P R W TR AR — B, i ) R v A 2 PR R A 3 5 KU ) e AR AR A
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5.2. BRKEERBRREERL

PCL {7 AL AN X I P — 8, AR R 7 K B . WAEA L30T, B 1961 LISk,
BT A& ZEBE KA T AN IS BE: 1960s~1970s H IR K38 In,  DAMm 2 32, 1970s J& MRS K I8b, LA
/b3 1980s~1990s Ji ARG hIT, 1990s J& #ALRALER I B, X —B BB /K DA 2 v 3. FE/K X
PR AS A SATE XA B — e 2R, ERTM A XAt —B e,

LV1 A [X & R IE R i (L, 6 B 1) PCL B 8] 37 41> 1 435 75 22 p 2 57 i 22 (T 20) 4 (141 3PC1) . Horf 1998,
1983, 1990. 1995. 1985, 1993. 2003. 1992 F{K &It 2% 50 FEHH X HEMIHT 8 N EZ W, AFHI
7£ 1980s PLJG, 75%HBILLE 1990s LAJG; 1M 1963, 1999. 2009. 1986. 1996. 1984, 1987 fEAXIK &L %
50 A X VERIET 7 AP, 86%H HILLE 1980s LLS

7E LV2 B, AL BN AR, X REGT N A PC2 #h £k E>1 %575 2 (1) 55 1997 1995, 1962, 1971,
1968, 1992. 1983 K ILH T A Z /KM, 1= ot s R A= KR 2 4 {IR{A < 2009, 2003,
1973, 2010. 1998, 2005. 1969 &K ILH Nl &= K2 4, TN B 25 5t e Ji 4 22 [ 7K Al 20 4 (14
3PC2). PC2 EAAREM THEES, M iimEARTREKD, KL FiERKmZ, {2 1990s Lok,
EAEAFEMHE. 75 Lv3 By, FERANXIEL 1993, 1991, 2003, 1971, 2007. 2004 4 5% 1k
%, 2010, 1983, 1969. 1979. 1975. 1972, 1968 53 # />, i 50 “F TGN, (HIE A
R EFEWD, AR 2007 LR SRR .

53. BEARERSTEK

REOF HE 77 {1 73 BT AN [ [X 355 2 7] 2 3% 57 (AR T O 2 R A i J92 PR 0B IX 3. AR 4% North 55 [24] 1)
ZIGFIHE, PGRICLRT 6 AT A R (LV1~LVE)Ht A R AT g R 12 X B /K I 25840 ) 2 BERRAE . it —
Ao T B L B 7 A& R K R A XA, i X s o X SR R HE , FRATAE EOF 2B Bkl |-,
SFHAT 6 A LV 2 E#ET T J7 ZEMOR IEA ek (REOF). BURT 6 M IEEE3 B 04T, 13 ZERIX &2
B 7K 1 6 A 32 2 2% |) S X 3] 5).

R 25 X X IS 5 PR KA SRR BE (0 =ik, KPSl 5 1 6 AN RLV [ 0.5 25 (E 2RI L, B ER TN
6 N/INX (K 5) MEIFFETIL, fEARLL . WIEE . BEPER =AM AR /N, ik, FRA41 3 B0 = AR
MFHEX, DRFNEREX . KILP RIFPRX . aimEX, @Rl 1. X,

R X (A 5RLV1): RLVL NIEfE, HEHTZER: 18.90%, KMENX EEAFEHEAEVG. HMrE. HiFg.
AR, O T MI(23°10N, 113°20'E), fit Kk RLV {H 0.94; 3R WX £t 77 2 5 77 B /K 57 1) e
JRIX o SFEL AT AR - VERGAE ), 5 mg i AN L) S ] 2 17— 80, R B T MR X FEK IR o

KILH FUEP R X (A 5 RLV2): RLV2 AIEfE, S )7 21 18.57%. FEAFHMAR. T Bir.
JrEE . AL, TS, RLV DAWHT S 4E45(29°18'N, 117°12'E) ok Hty, RLV {f 0.93. Xt 7 &/
Ti AT PRI R R IR IX

ot R X (5 RLV3): #HATELEMEAE, HEHZER 10.84%. EEAFE AR AP, B
B. EFEREAR. EiE(Q4°20'N, 102°33'E) A KLy, RLV 1 0.84.

()



o R 07 R MK S U 5 S AR S

T T T T T T T T T T
100°E 105°E 1uc’e 115°E 126°E 100°E 105°E 1uFE 115°E 120°E

Figure 5. The first 6 characteristic vectors of the REOF analysis of the winter precipitation in Southern China. Shaded
part means areas where RLV > 0.5
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R X AR, AR XA & sl B K- 3E R i X KRR A, 73l 2 i) = A XK1 3
B K bR UEAL T 2R (14 6a~c), 43HIT %5 DX B K 578 A () 224k

SN Z (D) AL : FRATTIN AR F 0l B 7K i 28 L B> 1 A5 bnve 25 15 21 %o VB A (T &) AR & 1
FER(E 1). EHXIBLES 74, FEHIIAE 1980s~1990s, TA4F 4 b 3 EHBILE 1980s LU
KL FHHEAES 8 4, EEHIIAE 1990s~2000s, H 8 NT4&4FE, 1960s JEL; =i i i 1R & A
TAMFA&AH 84, Jrith AL & AR

1674 (/<] 6a)1960s~1970s ALAbHEEE /N, PAfw/b N3, 1980s~1990s LM A E, 7 1983 41k F| A J5
—H TR, AT RARE .

KA/ (] 6b) &5 T Wik s, 1960s b, 1970s N4, 1980s |- F#| 1998 4F ik B &AH 5 2%
18 T, 1988 fERAERA, HIGATMWMEZIRE. 1960s A, 1970s J5 #1~1980s J& #ALAMw/b ¥, 1960s
Ja #1~1970s HH. 1980s AKHALLfG LM% . TR HEE[251A K SOI 1E 20 el 90s H ik e i), &
ok 1) IEFRECE AR, BIRSFEEIE B El Nino A1) La Nina B4 b , 308 A5 R F 5 KTk B K kb o
Har b, 1998 45 A4 2001 4. 2005 45 4 A 2006 4 P4, 2007 44 2009 A _E AR A E
BT LaNina.
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Figure 6. The interannual departure variation of winter precipitation of three climatic sub areas (a~c) in south-
ern China (Dash line for linear trends, solid line for multinomial)
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Table 1. Years when winter precipitation is obviously abnormal in each subarea in Southern China

7 1. RERA &S XEFEKAEFENFR

X FREBN REFH

A 1983. 1990. 1992, 1985. 1998. 1995. 1969
HERGIX

T4 2009, 1963. 1984. 1981

A 1998. 2003. 2005. 1969. 1990. 1995. 1973. 1985

KITH R X
T4 1963. 1968. 1999. 1986. 1962. 1965. 1987. 1996
o A 1971, 1992, 1983. 1993. 1966. 1995. 1968. 2003
morEX
T4 1974, 1969. 1963. 1986. 1979. 2010. 1989. 2009

w14 60) T RAM RS, AT R IERRAAEABRAL L Bl G- P PR R IR, 1970s A3
~1980s ¥/ 1990s F#/Kfi %, 1960s A HI~1970s ¥, 1980s J5 1. 2000s JmHifhisb . 3X53CHR[26]H) 7>
Pred R A 225, AlReS 6 BORHR A — 20 P E A FA 5.

6. (NGRS

1) TR F 7 A ZERE K E TG R AR, S E O TR AR R A R A X, I AE 2= me LAY )1 R
HE—TEX, X—TEHEXAAERLSEREAEBX L5 HIUTRIEEFERK 2 —. T 50a 5§77
KEL 4.42 mm/10a R F AN EZEZ, Hed, 1 HLL 32,59 mm/10a (R BEW L, 2 AMAEEn,
12 AREZWAD . ZZHKETT T A BB BL: 1960s~1970s FH AR /KIE I, MW= N3, 1970s J5iH
BEKIRAD, LA/ s 1980s~1990s Ji I3 N, 1990s Ji #A LISRANE kDI B, 1X — B B /K AR 2 R
Ty AZEREKMARRENE, WAL ERis, R IR - SN AGES - R — A AR AR 0

2) BT RZHEXIBATFEREKBA ETHES, bS8 vEm AR oR, £ Rt - st -
B - Wb — A RERE 2GS, sRmEaA RS ES, KRt B EEARREE L,

3) HTF/KIRHPEIR K, (3 EOF WSCEEMRE, S aEmGER/D, KA =1 08K
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K, HEWEAET 10%, HRS,EALE 5%IE /N, HET =08 87 ZkE A 60%, Ui
BT A MK IR AR R itk o DR, BRATT I R I 1 e i ) A S AR, R X AR /K S 11
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