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Abstract

Using monthly precipitation data from 93 stations in southwest China from 1960 to 2014, the spa-
tial and temporal distribution of precipitation in spring, summer, autumn, winter and annual in
southwest China was statistically analyzed. The main conclusions are as follows: 1) In terms of
precipitation time distribution, summer precipitation is the most, and winter precipitation is the
least. The annual average and summer precipitation in the southwest was the highest in 1968, and
the lowest in 2011; Spring precipitation was the highest in 1990 and the lowest in 1979; Autumn
precipitation was the highest in 1982 and the lowest in 2009; Winter precipitation was the highest
in 1969 and the lowest in 2009. 2) There are three characteristics in the spatial distribution of
precipitation: first, there is a trend of decreasing precipitation in southwest region from east to
west; second, the western of Sichuan plateau is a less rain area and there is a rain-prone area in
central of Sichuan; third, southwest region summer is a more rain season, but winter is a less rain
season. 3) For the EOF analysis of precipitation in southwest China, the first modal of annual,
spring, summer, autumn and winter precipitation in southwest China is consistent in space and
has the characteristics of declining inter-annual variation.
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m =

FIFH1960~20144F P gt X 93 Mk 2 H BEAKBERE, 4it-40#r T Rg # X (95°E~111°E, 20°N~35°N)
SEMNF. B, K LEZRKINESGIHE. RBFELERNT: 1) BN AL, HEMXES
AR E: MAEEKRD. ANAERXSFENEFEKEBE1968FERE, MAE2011ERD; FF
FKEE1990FE RS, MAE1979FER/D; KEHKELE1982FERE, MAE2009FEHD; LFEKELE
1969ER L, TMFE2009ERD . 2) BAKE R LB EFE=ES: — BB WX EKENRBIH
BRAEE; —R)IEREAPDEXIFEEEN)IFHA—2HX; ZEAEMXEZREZWNE, MAFE
RAOTWE, 3) MAEEBXEKMEOFSINT S, REAEMXEE. FF. BEF. KSHLFERKE—
BRAETE LRI NEX —BtE, BA FRAEFZEHE.
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IR, SRR BTt ARk PR F At R E W01 [2] (3]0 TS5 A7 SN s e K A
KRBT, B P /K AT I B R A A e 22 B AR R AN N R ZE P A 3 1 1 BRI 52
[4]. RN PR RS TR, A, R LI DU R AT A TR, DR 9 N2 B T R A0 A s e /K S A
AR, VG R X SO B FE 5T ok T R AR B ML X (5] R R AR [0 IR TER T, Bk AR R A
I 7l E KR AR R B K TR E . SRR TAE[ TR TR, PO X AR S A K S
KA B R R 2 AL D IO AE . A SR (IR TSR, 2 PO DX RIS S AR 4 o 2R JE R AR e
PR R, T AR AN T B R KA /N o XUTHAR (O] IR UM, A K 25 R VT A o i P 7K S48 e 9
U5 o SRR S5 [ 101 ARTF 73R T, 36 R DY 1) 4t 2 1L 38R )17 v it e W s o /A A EH I 22 48 o 95
17 G )1 2t e 2 R 0| e DA M i Bt K S0 L B 2 i 35 . E 2SR (11 IO FE R, IR = 57
o S X A B /K A I B TS AL, TRMEE1 2B SR I, RN UG R D R R BRI, T
AW P SR K 52 I PG g DAt DX~ 45 T o R RR i R o S/, 1T DG )1 2 P S~ 42 W AR i
SRR BRI VG R X 59 R AR S R SRS/ s AN I X A R R A A, T AR SR o
ZR P, A R FE A s K S L B FRDBRORBR A B, HL S G e X R i Ak 7O 24 3 ) 2 7 A3 A
R 28 G i 1 BRI o 1 R i XA o P 7 L A i 2 i P SRR R A I, DRI, 7F 7 R P e
XK R s, SEit R R T B K S e, R AR IR SR . AT HER T
e FRIANG R I 1) B LA

2. ERES

BURLRIE T i B SRR E TS PO IR B 756 v TR, ZEHL 1960~2014 FE3L 55a PHFEFHIX 93
ANUERIZ I BERBORE . R I ASSCR A G 93 Hr 75 95 M2 06 1152 R B
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3. PRt XFEKHIRT B S FR4FE

1 3l g T 7 R DXCAS () B ) B Rk R B K S BT [R) 23 AT o AKIEL 1(a) i m] DU HE P R B X 4
Z[EKED, 1F 0~1 (mm/d); T EZMHKEL, 1 4~8 (mm/d); 2FERFK. TR KDL,
HAE 1.5~3.5 (mm/d). PHFFHBIX 2 AEREKAE 2011 SEREK B/, (A 241 (mm/d), TI7E 1968 4 7K &
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Figure 1. Precipitation time distribution in southwest China from 1960 to 2014 (mm/d). ((a) Annual and seasonal precipita-
tion distribution, (b) Annual precipitation anomaly distribution, (c) Precipitation anomaly in spring, (d) Precipitation anoma-
ly in summer, (e) Precipitation anomaly in autumn, (f) Precipitation anomaly in winter)

& 1. 1960~2014 FHE FARF X EKE S (mm/d). ((a) EEMIFEKIH, (b) ERKEFEDE, (o) K
KEFNM, () BEERKETDM, (o) MERBKEFSMH, () £EMKETIMH)
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K, 1EE]3.33 (mm/d); FFERFKIE 1979 FFHKER/DN, UF 1.64 (mm/d), TITE 1990 &K E KK,
ILF) 2.96 (mm/d); HZERE/KTE 2011 FFREKEH/DN, UH 4.5 (mm/d), 1fI7E 1968 FEKER A, 53] 7.35
(mm/d); FKZEEKAE 2009 K E RN, VA 1.72 (mm/d), TE 1982 FERFKER K, &5 3.3 (mm/d);
75 e i X & ZEFR K AE 2009 £E oK B i/, UF 0.25 (mm/d), T1E 1969 KB K, %5 0.81 (mm/d).
A Bl ) () R4, G R X R K Bl e, T AR K I Bl iR/

MEEL 1(b) AT DA H 176 R b X A 4 P K R P Bl ) ) A8 Ak 52T B ka3, 78 e i [X 4 4F [ /K 47 B S AE
2011 SEfR, PEBHPERFHIIX 2011 SE44E KA BT 1960~2014 SERE KIS /DIE iR, 70 0.5 (mm/d), 1
7E 1968 4t pg dh [X 4 4F [ /K IEBE P i K, BB PE R X 1968 FE AR KAHEL T 1960~2014 4F [ /K3 i
EEIHK, £ 0.42 (mm/d).

MNP 1(c) AT LA HA 75 R 3 X R =P K BT BE I B] L35 8 Ak, P Rt X 2= K FUE T 7E 1979
FR, UHITEEHIX 1979 FEHZEFE KT 1960~2014 &K/ EREH A, A 0.73 (mm/d), THAE
1990 4E PR X FZE K IEBE~F i K, eI TURTHLIX 1990 EFHZEFE KA T 1960~2014 4F[E/KIE A
FlRAK, £ 0.59 (mm/d).

ML 1(d) AT LA H 76 R 1 X 5 2R B K PRSP B () A4 2 R e ss, (R AEUN, Timth X 2 2=
IKAAEEPAE 2011 4F 5K, BT RIHbIX 2011 48 B Z=FE K AHEL T 1960~2014 4F [ /K Js /D5 350K, 2D 1.56
(mm/d), TMAE 1968 “FPH R HLIX B =K IERE 5ok, UL PR HIX 1968 - H ZE[FE/KAHE T 1960~2014
EAE 1968 FEREKIGMIA R RN, £ 1.29 (mm/d).

ML 1(e)H T LA H VT R 1 X RK 2 [ K E S i B ) 38 Ak 521 B 3, VT e B X RK 2= [ K A7 RSP AE
2009 FFae R, BB R HILIX 2009 SRR IFEKARE T 1960~2014 K pkA ik iR, D 0.94 (mm/d),
TMAE 1982 - PHFg b X K=K IEFE T oK, UiPH PR H X 1982 AR /KA EL T 1960~2014 4 [£7K 3
ik #E K, £ 0.64 (mm/d).

ML 10 A R] LAF H 78 R X 4 2R B /K BE P Bl B[R] A8 40 52 T By, (A, PR X &2 %
IKAAEEFAE 2009 485K, Ui PE EFHBIX 2009 F A4 Z=[E KR T 1960~2014 SFE /K ik 2 B oK, 2 0.28
(mm/d), TAPE 1969 4F7H R HLIX A 2B /K IERE i R, UiPH PR HIX 1969 4 ZE[E/KAHE T 1960~2014
R INIA R BROR, % 0.29 (mm/d).

4. FIRAXFEOKAYE2 E] 43 FHFAE

K 2 25 H 1 1960~2014 473 [E 74 g H X /K 7 8 25 18] 0 Al o 78 R HIX 7 2= B4 7K (mm/d) 25 8] 73 A7 ]
(B 2(a)) AT H VT R DX B A A ZRAE P k2L, 2R BB K B KB A B 4 (movd), 78 R /K S /ME IS 3 0.5
(mm/d), TEVU)IHE — 2 WA, SO EIER] 3.5 (mm/d); 75 R X B Z= B /K 25 18] 20 A (B 2(b))
AIE PR X E R B A A5, Rt R K, ) E R WIX, BEKER S (mm/d)LLT,
T 75 R 1 X [ K B K, R MK B KB AT IA 13 (mn/d). ZEDU IR 3T — 2 Mo, RO ik 5
10.5 (mm/d), [RIRNFE 2= B ARG FI AR FE A A M ol HORME /Nl L 3 (mm/d),  PE R Hb X B =K
KECCAPY N = B R B LA R 25 B A8 S = Ab 22 W IX g HhoCa ) DU JE s 0s 176 i e X RK 2 B K 2 ) 9 A
(P 2(c)) i nl 75 HA 78 e b DX AK 2 B 7K B AR L5 R i 3 1 e sl 4, i s B /K B R ABLIA 1) 5 (mm/d))
VOB R K B/ MEIEE] 1 (mm/d), TEPY)IHERE —Z WO, FOREAS 4 (mm/d), [FIETEZ R A6
AT L, FORES/NATIA 2 (mm/d); P8 R X A2 7K 25 (8] 5 A0 BI(E] 2(d)H RTE H 7E R X A2
FEK SR 18] PU el D a3, AR BB PR K R KABIE R 1.5 (mmv/d), PEEFRE K i/ MEIE R 0 (mm/d); M TEFE
i X A4 B K 23 8] o3 A B (B 2(e)) AT & HE P8 g b X A SRR K S I 2R 7 ) 7 kb 3, bl T P g b X
Rk 52 VG r M X T B 520, R BO0E b IX B K o3 A AN ), FE R F AR AL A AR D R e, (RIS
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Figure 2. The spatial distribution of precipitation anomalies in southwest China from 1960 to 2014 (mm/d). ((a)
spring, (b) summer, (c) autumn, (d) winter, (e) the year)

2. 1960~2014 FHREFEMEEKREZESH(mvd). (2) FF, b0) EE, (o MF, d) £F,
(e) &)
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FEVU )M X R A = B AR B AP AR 2 Wl =P AR R B2 Y R Ovize KT DU kb A, Ao B A mT ok
6 (mm/d). M VG R IX 43 4F K A B AK A& DU 2 H P34 B8 /K 1 23 () 0 AT T LA, Bk A F AR FE =AM A
— & VG F L X KA R B P IR S RN m /D X I BAED I A — 2 WX =20
FLIX B R L WE, MKEKMEAAR] 13 (mm/d)FF HFKE/MERTEE] 3 (mm/d), 14D HZE,
B K B RAEAGE E] 1.5 (mmy/d), 378/ T P g b X B 2% K 55/ M

5. AR XFEKAEY EOF 4947
5.1. AR X £4EMEKA) EOF 947

Xt 1960~2014 4F UG HLIX 93 3l PR /K MR AL AL FE, 14 3 45 T 1960~2014 4FFR [ 74 g 1 [X 4= 4F [ K
) EOF 2 #T. URgHh X 4 4F fR K 38 — BRI RE 7 228 38%, MILZS (B34 ml DL H P 3(a) 76 G b [X
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Figure 3. EOF analysis of annual precipitation in southwest China from 1960 to 2014. (The first modal (a), (b), The second
mode (c), (d); The spatial distribution (a), (b), Standardized time series (b), (d))
3.1960~2014 FE Fa Rt X £ FFEKE EOF 2. (B—1EE (), (b); BZIRA(0). (d); ZEDT (). (0); RE
HHIETEFFI(b) (d))
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f&: EOF1 Xf RLfRJ I ) 7 51 B4k 00 N e, £E 1990 AR Hi i (8] RECH IE B AR =, 1T 1990
TR JE I 1) RO SR LR, BEIAE 1990 47 174 B X R AP K f /b, A DG 1B FR A 2R
N R X R 2, TAE 1990 £ 2 )5, PHRIH X1 BIFER AR e o 7O P 1L IX A SR PR 3 — SRR iR
JiZEN 10%, &L 3(c) AT BLAE H 55 — BRGS0 (8 0 A 23— AR ALER B “+ =7 @l Tofi. B
WIUAE Z A ST F AR, P PRI SN LR BN 05 . I EOF2 X R (¥ i 8] 3 81 m] LU
SRR R N G A 7 R N = B (EV < B2 5 N it ap A R =i o D

5.2. TRt X&EZFEKE EOF 434h

K 4 25 T 1960~2014 43 [H U g X K ) EOF 70T . 74 Rt X B =K 5 — A (EOF 1)
FERETT 22N 35%, MILASIAI 3 AT AT LU 5] 4(a) V0 R 3t DA SR BN (57 1, AU VA SEMIAT 2 B 22 5
DESRATPY AL ES N XBOYIE %, R T PO R X 5 2K 23— B EOF1 X 32 (i i 8] /41 B
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Figure 4. EOF analysis of spring precipitation in southwest China from 1960 to 2014. (The first modal (a), (b); The second
mode (c), (d); The spatial distribution (a), (c); Standardized time series ((b), (d))

B 4. 1960~2014 HE AR ETMKE EOF Hif. (E—EE@). (b); BIEE©). (d); ZESH@), (); W
LB EIF (D), (d)
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WIXOYIERH, R T PR HX E P K 208028 4k; EOF1 X R I [a] Fr 51| B4k 2 0 a3,
E 1990 4F 2 HiT I 8] 22 400 1F H B AR 4 v, 10 1990 4F 2 JiF I 18] R 550k f BRI 005 2 v, BB E 1990

35N 18
34N - 16
33N - 14
32N - 12 ]
31N A 10 4
30N 8]
20N - 6
28N 4
27N 2]
26N - 0
25N 2]
24N - 4
23N - 6
22N -8
21N e T . T > T ) T ' T N T ¥ T v T o T X T 5 T .
o L ' . . ' . ‘ ' 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010
96E 98E 100E 102E 104E 106E 108E 110E 5
(a) (b)
35N
34N - n
33N | |
32N 34
31N - 2]
30N | ]
29N L
28N - 0
27N :
26N - i T
25N | 2
24N 3]
23N | ]
22N | ‘ 4]
S S e e
21N 4 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010
20N L— . ‘ . . . . .
96E 98E 100E 102E 104E 106E 108E 110E &6
() ()

Figure 5. EOF analysis of summer precipitation in southwest China from 1960 to 2014. (The first modal (a), (b); The second
mode(c), (d); The spatial distribution (a), (c); Standardized time series (b), (d))

B 5. 1960~2014 HE AR X EZFMKE EOF Hif. (E—H5@). (b); BIEE©). (d); ZESMH@), (0); Fof
LB EIF (D), (d)
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Figure 6. EOF analysis of autumn precipitation in southwest China from 1960 to 2014. (The first modal (a), (b); The second
mode (c), (d); The spatial distribution (a), (c); Standardized time series (b), (d))

6. 1960~2014 FE FA Rt X B ZEREK M EOF 747. (B—18E7%@). (b); BIES(@C). (d); ZFEDM@), (o); Wi
HIEHEFFI(b) (d))
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Figure 7. EOF analysis of winter precipitation in southwest China from 1960 to 2014. (The first modal (a), (b); The second
mode (c), (d); The spatial distribution (a), (c); Standardized time series (b), (d))
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