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Abstract

There are 91 counties in Yunnan province where tobacco is grown, accounting for 35%~40% of
the whole country in terms of planting area and purchasing quantity. Interplanting beans in to-
bacco fields has become an important part of Yunnan plateau characteristic planting. In order to
make effective use of the late autumn climate resources with sufficient light and moderate dry
heat after smoking in Yunnan tobacco-growing areas and develop the characteristic planting of
interplanting rice peas after smoking, this paper takes the analysis of climate characteristics in
the growing period of interplanting late autumn peas after smoking in Yaoan tobacco-growing
areas in central and northern Yunnan as an example, and uses empirical orthogonality, climate
tendency, Mann-Kendall mutation test and wavelet periodic analysis to analyze the comprehen-
sive climate influence and precipitation and temperature change characteristics of climate factors
such as temperature, precipitation, sunshine and freezing days in Yaoan from 1961 to 2014 ( Au-
gust to December). The results show that: during the growing period of interplanting beans after
smoking, light in recent 56 years and the precipitation from August to December showed a signif-
icant decreasing trend of 21.2/10a, and the trend of change was significant, with abrupt changes in
1977 and 2002 respectively. The accumulated temperature showed a significant increasing trend
of 23.0/10a d, and there was a mutation in 1997. The decreasing trend of frost days is 1.1°C/10a
with the most significant change, and mutations occurred in 1964, 1966 and 1976. The average
minimum air temperature in cold period showed no obvious upward trend of 0.2°C/10a. The main
oscillation periods influenced by main components of comprehensive climate impact index, dry
and wet factors and heat factors are 17a, 16a and 7a respectively. The main oscillation period 29a
and the sub-oscillation period 16a of the precipitation in the period are the most obvious after 2 -
4 years. Accumulated temperature main oscillation period is 7a; the average minimum air tem-
perature in the later growth stage of pea has a main oscillation period of 11a and a sub-oscillation
period of 7a. There are 19a, 3a parallel main oscillation periods and 7a sub-oscillation periods in
the frost days of the critical period of pea yield formation.
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Figure 1. Tobacco planting suitable climatic zones and the most suitable climate zone in Yunnan
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NGO PS5 R, WEAIRIREE, S hBNRE B EEMK AR, FE. %
55N S MR YRR L R RAF B TS [3]-[8] . Bk B A P ALEX, KA
100°56'~101°34' . b4 25°13'~25°45" 2 [A1 {1 AT, P304k 1870 m, THIAR 119 km®, /&= H4 1650~2000
e AL ) 2 S b O X PP R AR M X SRR IR IR, TR, HEB &, 5P RIE 15.2°C,
B H EH R 20.8°C, B HEY SR 8.0°C, K Bt AR 34.0°C, i B S5 -8.4°C; AT
#1240 d, FoEiEIT 10°C AR 4987°C-d; “EFFNE 776 mm, WZEFEK 5 EFEREKER 89%, TZFREK
B EFERKER 1%, WEFGEHNT 5 HSHE 6 H 26 HZIH, 4R F 10 dfy; 4 H R %2400
hy 5. RS AVRIE G E & EEN R K FE9]. 2009~2014 FFiES: 5 F ke DAL P PR
], PR RE . KIEEH., W R FLEEDIRRES — FMEEARE S BB, TOKEEMKF K
LT PN 53,580 Jt/hm?. Horh 2013 BT K)E B K HEKBIE 1466.67 hm®, LI
TRION 1.1 4478, 2014 4EEF 2200 hm®, SEHLZFFIN 1.65 1470, AUHR ) BUE A 22 5 £ 5 100.97
hm?, SEPLEF” 1073t &7l 813 36, % 7.58 7t / ke it5, P37 14 80,590.5 Jo/hm’s Bk B4
HA AR, RAEW. EXEEMEKHFCERGHERR, Eama M. KEWT. ke,
W 3E T 25 2 K8 0 L FOK G B KR AT BOR B SRR Hh, )RR RIS RN 22 5% AU s s 5 6] [7] (8],
e FTER, PR 30 IE AR AL IZ D 1) R b X R 5, I 7] 2 7 48 s A X 4 55 o
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Al Mann-Kendall #3452 46 56 5 0 k22 B 1961~2014 SE£ K51 &4 B (M AK 8~12 F)HBIAIE. BRK.
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2.2. GBS BRANE FHIZER

R B B IELL 5 M. FOREEMKFC KBRS R, T 8~12 AR B FKE.
MU, 11 H 20 HZ2 12 H 20 H850KBE S BeF s AR, 11~2 A~FH<R, 12 A EaE2 A Ef
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PrIoCEE, R IGAABE M. BRI T — 2Kt NGRSy (1) e I (R) HLil &2

.[j:'//(t)dt:() (1)
Sy (¢) AEENER B B T R A e 5 R T PR R R
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REQRA TN, W THEMitEARES f()el’(R), HES/NEAEH(Continue Wavelet
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SRG TR 5 MRS BN Y, SIS 5 A (R 1) ROBE A0 2 (8] S SRR A 1 AT o K /N R~ 7 (LA E
b B BRSBTS RN T 2, B

Var(a):I:|Wf (a,b)|2 db (5

N ZEBERE o WAL RE, BN 2. RaRG)rTEn, ERERMVE S s e RN E o
AT . Bk, /N7 22 B AT F R E S 5 T A R Rl R BEPL 2 B AR X 5 FE A7 AR 1 2 22 [A) ROBE, B3
Ji I
2.3.3. K-M #&385%(Mann-Kendall) [21] [22]

Sk :Z:'C:IZj:ila[/ (k :1,2,3,4,-..’,1)

A E(S)=k(k+1)/45 V, (S,)=k(k=1)(2k+5)/72
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UF IFRHEIERS 347, 4558 R KF a(a = 0.05, uges = 1.96), 4 |[UF|2U, , » R RFIEWLIE
HARA . I TR R FHE R HES, LR B, IR

{UB":_UFk (k=1,2,3,4,-,n) .

k=n+1-k
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# UFAERT 0 IR AL ETHES, ANT 0 MFOR 2 FE@ES: Aaefiidin i En, Fon Erhes

TEBBEE. & URM UB XM MBI R, HAS R AE IR FELR 18], USSR 0T S A I 22 A 5%
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2.3.4. SREEH @RS 23] [24]
A A () 73 AT 7V 2 A RO R 3R B I [R) AR A 354 1) R AR AW FE AR AL, X, AREAR A n S
REFRRE, 8 x; FON SRR, 70— kB 75 A
X, =a+bt, (i=l,2,3,4,-~-,n)

Hef, a AEVAELG b OAFVARE, o A b WD AR AT T, BB RPUTM R R EGE T B
Ko

3. RS SH
3.1. R BBBEEMTEEE BRI SKEEES

3.1.1. ZFASEXEWIERAER T (EOF) S

AR B B IELL 5 MM, FOKIGEMMKARC KB MRS L5 18, XHE MR B H A K
BL(8~12 I ZAN S5 PN R & AU K R o i, e 1 ke Bl 54 4F(1961~2014 7)1
PR BRR . 450K E . BARRIR) . BRR(H IR 2. HEEE %), PR B KEMEKHE)S
AT DI FESERAETIREEA T EG 8 o fabn N e (W% 2): &
WA F B Fabn N1 S AR AR B A 2 A R R EIRIA S, DIRERKI 2 MR AR (0 VA& 2 g
Wi R 1) R 47 A e 0 8 A PR T DB 2 SL[19] [20] (W2 3)e BRI 7 B R 48 B K/ R i ] 7 5 6 %,
SIHAHRRERE, — AT | R | > 0.6 B FNZRRH T 5 EMS R RS R, %3 ol
(I E AT Yousy IR 3 ANMRRE F B 1) BRT 2 Uik 84.52%, BURAT 3 AN N 15l ARRE 54 48 7 4

Table 1. Selected climate factors and codes in the study

= 1. AREMNSKREZEEFRRS

5 Code AT~ Factor 5 Code A Factor

8~12 Al 11 A 21 H~12 A 10 H-FH AR

X Xs The average minimum temperature for
Accumulated temperature for August to December November 21th to December 10th.
~ 313 ¥
v 11 A 20 H~12 A 20 H&:0k ¥ Ao tlzf == MR E'.%.zt i
: Total ice days for November 20th to December 20th 6 ugust to Lecember during precipriation
days of >5 mm
. - ~ P H I 4
X 8~12 H&ihkeKE Y Tfl 12 H}T H ﬁ”f
} Total precipitation for August to December 7 ¢ sunshine percentage for
August to December
X 8~12 A& it H IR %
4

Total sunshine hours for August to December
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Table 2. X, eigenvalues of the correlation matrix and contribution rate of variance

= 2. X, EREEFHEER FETTER

F Ay FHEE T3 ZE DTHREE A7 2Tk E
Principal Eigen Contribution rate Contribution rate
component value of variance (%) of cum-variance (%)
1 2.215 31.637 31.637
2 2.040 29.138 60.775
3 1.662 23.743 84.517

Table 3. Eigenvectors of the correlation matrix (Vmp matrix)

= 3. BEAHERAEMEROFHE R E(Vmp FBF%)

SRR T 45 Principal SRR 45 Principal
Climate factor 1 2 3 Climate factor 1 2 3
Xi —0.059 -0.428 0.709 Xs —0.032 —0.016 0.843
X> 0.044 —-0.176 —-0.840 Xo —-0.113 0.939 —0.104
X; 0.070 0.929 0.077 X7 0.998 —0.017 —0.052
X4 0.998 —0.012 —0.054

SRR T ARRNE T 2, MARUE I AR ETIEME 21, 2, ZMERG M IEEES 2ME Z RIA]
il 22 o R B A S AR ORI 2R SR A SR B AR R L R B A, Z A TSR K [ 19]

3 A 1 F R FRIK P AT R BOR M U R T AR AR I Xas X7 36 2 MM, EfR
W T Wk 22 B0 e B A LA DGR R SRR AR A, BRI T, Horh X 2 (8~12 A)IIANZE
T H B A, X A2 (8~12 JHMIELZ R H BT 22204, 1X 2 AR b ek 1 ok B
RN =R A IR S U R BT OB 7 B Tk, PR3 1 38R O TE U B 454 1)l RO R 0 s 2
B G RIR I R IR . 58 2 FE o R R B BRI R TR X, X 3k 2 AV 1, EE R
Wi T Yk 22 B I e B A A IR (8~12 MRS BRI A, RIBE/KREMARE 15 Horp X2 ok B
(8~12 FHHIEIZHE>5 mm HIFFK H B, X; 2 Bk BRI S &R 54 7 IR (8~12 )R IZ4E &
THRRIKE A, DRT R 38R 25 0 T U WAk 2 B A5 4 TR JBE (P A X o M 2 s S i 22 I b 5 3
AR A B BOR B SR ] ARG Xs, Xo, X X 3N, BIRAER T, EA150 0 s T ik
2N E B AT WA (8~12 IR FRAFRIZEE AT, Horh X DR R 5 B0 3 = A A S 1] e v I B
FEIRAR TR, X8 11 A FAIE 12 AP aZ50Kk B8, X i e SR s =248 5 R A B AR X5 A1 X,
7 oTERZ Y IE, Ul BT A] e AR R R I B UL et Jo6 M s A A i S e S IE TR . X BT TR
FIG, Ul HTE A R T AR IR H 2 2l ORI A L e e B S A

3.1.2. FEEEKE. REMSENSEEMERSERTRIESH

P I B R i AR T Y1 TR A B (8~12 )P /K B &2 21.2/10a J /b A 38 ) I, #4342 %5 0.365 (it 1 0.01
MG FERL), DA EE, BKE UF &SR EEs R, HF 1977 P4 —RERAE, JRLE 1990 4
I 0.05 B AR, 2002 430 A R IR Eh R RERAL, £E 2011 @i 0.05 FE R ik E
23.0/10a-d B hmEa A, B RE 0479 GBI T 0.01 MEEKLK), i B, FUR UF thgk 0
SIPEN LT, 1997 477 A A B 0.05 FERL, AR ETFRL R ELE 2).

ki ELIE I 5 A i G AR B R AR BEA R AR 1.1°C/10a /b a4 il i, #a3A R %000.349 (il T
0.01 PIEERLE), i R, A HE UF i 238 N, Hrd 1964, 1966 Al 1976 F R AR,
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1976 - J5 FRFAZALEHE 1980 4FdIT 0.05 FERK; &ANE 11 A THZE 12 A LA PFYRRAER
0.2°C/10a L FHaAARIHE, BH AR 0221 CGRET 0.05 FERLE), &AM BRSIR UF thkikshZ i
A, KiEid 0.05 FEMELE 3).

3.13. ERSEESERWER. TEETSE. AERTSERNEATHFHE

5 0 5 P S A RN BL(8~10 H)ZR -G A5 s M 5 A AN [A) o [a) RUBE B3R5 F 4 i (] 4), 4]
4(a)s [ 4(b)FBA I A 43 A SR A TR B AE 32y 172y 29a ARG, UL 17a KA KRS R
Wit, N —F M, HRIKIKON 29a. 3a, 3a 7547 FIHAE 60~80 4EAR5 17a 47 M B n, 80 4F
QUL 3a 24 RS A [ 4(c)s & 4(d)R TR+ (CHIE BE/K ) 1E 2a. 4a. 8av 16a. 3la L4
JAIRIRY:, LA 16a ZE G ARG AR, A — I, HXIKIRN 31a. 8a. 4a. 2a, 16a /ity JATE
60~90 £ 31a AT ARSI, 00 £ELLE 2~4a F2 A7 IR, 18] 4(e). & 4(HE W HE KK T
fE1E 3av 7a. 24a. 45a KA FEIRY, UL 7a EARG MRS, AFE—FE, HIXKIRKA 452, 3a.
24a, Ta KA EATE 60~70 AR 24a A5 I EAME SN, 90 FARLLIE 2~4a Aot i WA B I .

3.14. EHAREMRIEBHERE, Bk, ROFMESEMEKBHE BT LEHE

95 00 5 B R A IR BE(8~10 H )RR AE A [ 1B) RO 13 8 A 20 dr (1 5), Bl 5(a)~ €l 5(b)
R BANRATLE 32, 7a. 14a. 25a. 45a L AR, DL 7a 72 4 IR JE A ik, 3R — 2 R,
LMK 45a. 3a. 25a. 14a, l4a 45 FAATE 90~00 4E4C 25a A4 AIAM SN, 70 E4C0L 3a £ 4
JEHEH s B 5(c) ] 5(d)RIFIE NG BRI G4 F IR BL(11 A 21 H~12 A 10 H) FHRESIEAF
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Figure 2. Characteristics of precipitation and temperature and accumulated temperature
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Figure 3. Number of freezing days and coldest time minimum temperatures

3. Bk BEMBLREEHRRSIE

1965 1970 1975 1980 1985 1990 1995 2000 2005 2010

fE 3a. 7a. lla. 17a. 44a EAKEIEG, DL 11a EANIES EWERE, NE—FEWY, HIIKKRN
7a. 17a~ 3a. 44a, 11a /47 EIATE 80 2 00 FFAR5 44a 7245 I IAHZ N, 80 FFARLL 17a 2247 i J s HH 4 5
Kl 5(e)s [ 5(HR B G E RS A B WA B (8~10 H)BF/KBAZAE 2a. 4a. 8a. 16a. 29a & A7) )H
R, UL 29a 7oA AR A e, 8 — A, HIRIKION 16a. 4a. 8a. 2a, 16a /o3 A HAFE 70~00
FRE 29a A A ZE I, 00 FLUG 2~4a KA MR HE: Bl S5(g). B 5(h)RWAEHEER T A F B
P TR O B B 1B A v H B AE 3as Tas 10a. 19a 24 JEIR T, DL 19a. 3a 2245 (3R & 3 ok,
FIHFBEEE —E AW, HUURUON Tas 10a, 7a 724 EIATEREAN I BN 25 19a 24 R S0

4. Wig e

2o P R TR DX 23 A | R 3 DX Bl L IX 48 KB 7 i A E 2 A2 1 S AZR S DGR KB L R
B, EE. fivg. 0. SOk 1300~2000 m HuHE, Ve R DL 9 MR IX I K A B R AE
FEmMIAL, WAL HIAT 10 A Fa). B E6~12 A)RKES, [, HEEE, e
RS, RN, EEBTAK. B BR s RE SRS B EX N R A R
(1650~2000 m) ) S AUARTR X, ~F3 3 B (0 A6 M A 2 IS0 S RFAETE — 8 R B R R 5 44 0 7 e 0
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Figure 4. After tobacco intercropping peas during the reproductive period (August-October), comprehensive climate index,
dry and wet factor, heat cycle of wavelet and wavelet variance
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Figure 5. After Tobacco intercropping peas birth-time temperature, precipitation and cold temperatures and icy day wavelet
variation and wavelet variance
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