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Abstract

Based on the actual tobacco cultivation in the main tobacco-growing counties (districts and cities)
of Kunming City, this paper uses statistical methods such as climate tendency change trends, corre-
lation analysis, and anomaly analysis to conduct a historical evolution and change trend analysis of
temperature and precipitation during the field growth period of flue-cured tobacco (from late April
to early September) in the main tobacco planting areas of Kunming City over the past 63 years
(1961~2023). The results show that the temperature in the main tobacco planting areas of Kunming
City has shown a significant upward trend, with an increasing trend rate of 0.018°C/a, which has
passed the (P > 0.01) correlation test. The total precipitation shows a slightly decreasing trend, but
the change is not significant and has not passed the (P > 0.10) correlation test. The number of
days with rain has shown a significant decreasing trend, while the number of days with general
rainfall has not changed significantly. The number of days with precipitation was the least during
1981~1990. In the past 30 years or so, the number of days with heavy rain and rainstorms has in-
creased significantly, with a prominent tendency towards increased precipitation intensity and ex-
treme weather. The anomaly analysis and K-M curve intersection analysis of temperature and pre-
cipitation show that a significant mutation occurred after 2007. After the mutation, the temperature
increase was significant, and the K-M curve of precipitation intersected five times. After 2008, the
change was significant. The temperature pattern of “low at both ends and high in the middle”, and
the precipitation pattern of “less in the early stage, appropriate in the middle stage, and less in the
late stage” are highly consistent with the climatic habitat requirements of the fragrant Yunnan to-
bacco.
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Figure 1. Change of average temperature during each growth period in the main tobacco planting area of Kunming City from
1961 to 2023, (a) The temperature change during the growing period in the main planting area of Kunming flue-cured tobacco;
(b) Temperature change of flue-cured tobacco transplanting period in the main planting area of Kunming; (c) Temperature
change during the root-elongation period in the main planting area of Kunming; (d) Long-term temperature change of flue-
cured tobacco in the main planting area of Kunming; (e) The temperature change during the ripe picking and roasting period
in the main planting area of Kunming; (al) The temperature anomaly of flue-cured tobacco during field period in the main
planting area of Kunming

B 1.1961~2023 FRATEMHEMEXZEBHFHKELZN, () RATEREEMEXAKHEETHSEEL; (b)
ETmEREEEXERBERAERSIRTN; (o RAMEEEIMEXERHERASIEETN; (d) RETHEREEM
EXEEEKASIBEEN; (o) RN EEEMEXEERPARERSIBEEN; (1) ERATHEEEMEXEEXBE
SRETIA

5 / COPL A N 1y i
T e [P & —-UBGiH R 0058 % K ¥
2 -
’ -\/\\/\/\/\/\/\/‘//\ -
2k
_4 1 1 1 1 1 1 1
1961 1970 1980 1990 2000 2010 2020

Figure 2. (K-M) test of temperature mutation during the growing period of flue-cured to-
bacco in the main planting area of Kunming

2. RAATEEEMEXEEARE FHSERTHK-M)KLE

3.1.3. BRKXHEPSENFERETLFHES R

FEIHR HH BT 22U A 1960 SRR 20.0°C IZ4E BTk, £ 2020 AL 10 4F35 21.0°C, THIE
5 1.0C, Hrf 2020 A TR, 10 500, HIEIE 0.6°C . FEURHAR (BB 11 2R SEARLE A1 Y
MRS LT R, A 1960 AR 19.7 CIEAE_ BT A 2020 4EAUNILL 10 4219 21.6°C, _ETHAALIG
WA 1.9°C, JEIH R 2% 2 7 JU1AR G fo /N PR A2 E AT, 1387 A 1960 £E4X1) 20.8 CIZ4E_ETHAR 4K 5 2020
FAR 21.4°C, Mg 0.5°C. WA 1.
Table 1. Statistical units of the average temperature in each growth period of flue-cured tobacco fields in the main tobacco

planting area of Kunming (Unit: °C)
1. REATAM EMEXEEAHSE EHENSEFRE5HRERLM: C)

FELT AEH R 0 HAR 1 HEK 3 AR 1] 2 FR AR 1]
1961~1970 20.0 19.9 19.7 20.8 19.8 19.8
1971~1980 19.9 19.5 20.2 20.5 19.5 19.8
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1981~1990 20.1 19.3 20.4 20.8 19.8 19.9
1991~2000 20.2 19.5 20.7 20.5 20.0 20.1
2001~2010 204 19.5 20.7 21.2 20.2 20.1
2011~2020 21.0 204 21.6 214 20.6 21.0
T 10 4F 21.0 204 21.6 213 20.6 21.0
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BT 8 MM FAE (X . H)IT 63 4E(1961~2023 42)1 10 K H A & WP X FoK B 4EPR R, Rk S
Tl b AR, AR EAN R, RIEIEP > 0.10) S MER L, 18/ A H % —0.036 mm/a, W14 3(a),
Fe RS AT K BRI, RAEIES A, BEBARE, K@ P > 010K, A&
A F Z 0.07 mm/a, WLE 3(b); AT FE K EERRE, SR ER B, BHEHARE,
KIELL(P > 0. 10)FH AR, AR Z—-0.1 mm/a, WP 3(c)s HEKHAT3 FRK &4 Pria) 508 n i 34
WAk, ABEBAREE, KEP>0.10)HHERL, SEINARAMHIANZE 0.53 mm/a, LK 3(d); BECRIE
P38 5 K B 4 i A] R s b /A8, B ES AR, R P > 0.10)HKHER S, b A
F—0.53 mm/a, WK 3(e). BEFHT IR, FEIEKHAEFRKEL, 1994~2008 400 03 1 2 W B,
2009~2023 4 NE TR /DRI B, b 1994~2002 4F 5 535 IS 4L L2 R 4E, 2009~2014 4F 5 0 F 1 S:
DR T RAE, 2015~2018 ERF/K ] SR Z, 2019~2023 4E[F/K B S SR /D, HAES, BKRIER
BRSO AR R (R0 . A 20 &l 3(al).
Table 2. Statistical table of precipitation in each growth period of flue-cured tobacco fields in Kunming main tobacco planting

area (Unit: mm)
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FRL NG SE % LT 39 fAR ) HEK FREAK A S
1961~1970 646.9 69.0 112.4 177.3 288.2
1971~1980 690.9 110.4 110.8 165.3 304.5
1981~1990 640.0 96.6 96.6 155.5 291.2
1991~2000 683.4 86.7 114.6 195.5 286.6
2001~2010 670.0 108.7 117.7 186.0 257.6
2011~2020 620.1 79.6 100.6 173.6 266.3
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Figure 3. Precipitation changes at different growth periods in the main tobacco planting areas of Kunming City from 1961 to
2023, (a) Changes of precipitation during the growing period in the main planting area of Kunming flue-cured tobacco; (b)
The change of flue-cured tobacco transplanting precipitation in the main planting area of Kunming; (c) Changes of precipitation
during root elongation period in the main planting area of Kunming; (d) Long-term precipitation changes of flue-cured tobacco
flourishing in the main planting areas of Kunming; (¢) Changes of precipitation during the ripe picking and roasting period in
the main planting area of Kunming; (al) Variation of precipitation anomaly during field period in the main planting area of
Kunming flue-cured tobacco
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Figure 4. (K-M) test of precipitation mutation in flue-cured tobacco field during growth period in the main
planting area of Kunming
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Figure 5. Precipitation changes at different growth periods in the main tobacco planting areas of Kunming City from 1961 to
2023, (a) Interannual variation of precipitation days in the main planting area of Kunming; (b) Interannual variation of precip-
itation days >5 mm in the main planting area of Kunming flue-cured tobacco; (c¢) Interannual variation of precipitation days
>10 mm in the main planting area of Kunming; (d) Interannual variation of the number of heavy rain days in the main planting
area of Kunming flue-cured tobacco; (e) Interannual variation of rainstorm precipitation days in the main planting area of
Kunming; (r1) Interannual variation of precipitation during field period in Kunming flue-cured tobacco main planting area
5.1961~2023 FEFATIEM EMIEX XL BHARKETWL, (a) EATEETMEXMEKBHHNEREL; b) 2
AT M B X >5 mm Pk BB ERREN; (o) RATHEEEMEX>10 mm ok BEMERREL; (d) RAT
RN FPE X A RUFEK BB ERRTL; (o) REFMEEEMIEX RMEMEKBRERTL; 1) RIATEEEME
REIR X K AR K B S PR L

FEARERNE R, R RIS FERER W, s XS, FhRE K
AL, BRFEKEREERR( )AL, B4 BRI RERAE L. BYITHM X 8 B(X. m)aZ
RAEFEMALX, I 63 ££(1961~2023 )IA], S HIIER H A ERRE AL 2 EFK R R A2 RR
BEK %, A B BUE RSO A F RN (4 A MR 9 A B ), HEFATR KR (H BB
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Mok 5

B, Pk, FEBORFERE b AEBREEK H B AR At RE 2 WL S e H B B T 68 X068 MO A P 0 48 A o o 2 o
KHERARN. HEKE >0.1mm KK, B 1970 F40E 2023 7, SRR 8 Z DR, —
R B R H S B H ILAE 1981~1990 [A]5 3 30 KW W H AL B i 2 i 22 ik, B — Rt
B R K H (B H KR > 5.0 mm A HM/KE > 10.0 mm FFK HHOLE 5T 20 oK 52 5 8 5 i
FARAE, TMHN/KE >25.0 mm (KW). HW/KE > 50.0 mm (ZW)AHWKE > 100.0 mm (KEMN)T
JI 5 K H R SR 1 30 45K, IR B3 2 A . Goi g Rk — DI TE T IE AR A
R F ST, BT EAME X 8 EL(IX . 1)K K R B A AR, S5 0 S5 A o ot e
IR IR R, SRR EXRREZ 0. FEK HEEbRA0 WLE S(a)~(r1). 36 3.

Table 3. Statistical table of time and period changes of precipitation days at all levels in the main tobacco planting area of

Kunming City (Unit: d/10 a)
3. BTN EMEX SRR BRNFERETURITREN: X/10a)

EAE >0.1 mm >5.0 mm >10.0 mm >25.0 mm >50.0 mm >100.0 mm
) (M) (117¥) () (3F) (R TH)
1961~1970 1269 459.4 290.8 118.4 27.75 8
1971~1980 1356 494.9 292.8 108.3 23.25 7
1981~1990 1315 483.4 287.0 99.4 18 3
1991~2000 1312 514.6 308.8 246.0 26.625 10
2001~2010 1230 446.6 282.1 114.4 25.375 8
2011~2020 1188 466.1 278.8 102.9 22.5 6

4. THE54iL
4.1. g

1) AU AR 4 1 BB T e 2 o DX R K FE AR B, R g R W S B, 7 2 SOk
HiJEE K. HASREREABNIN, FREGT ik, K-M RARLE, 6% H K H
A2 AR AN R A2 B B B ) A R B 7K B A B [ % 21 B 7K H BB AT AR B R AR IE 0 AT, i — 2B 4ROR T 32
AERANEARA I R, R SR S A X A A A I 5 AR Y BRI AR BR ARG TE 2010 SRR LA
JE R EOE AR B B3 E TR

2) i, EE AR R AR DX 8 0 K A A e B B IRPE R SRR (29 21.0°C) IR B
BRI (BB I 20.6 C)FI KL IA(L) 20.1°C) AR BO BER B BGE (L 19.8°C) K H
BRI AG, 5z A E A R AR SR AR LR R K BT (AR )b, R
(K HIE M2, BRI 5 B (R R ) LD W S AR S TR SR s W s /K H B0 AR B [a] 2214k,
ST, TE— BRI AR TR BRI AR S T, B R i 32 o DX R K A AT BRI 0
PR B RS EET R B RRIKE S AR K 55 1R TR Slr 30 4 I S48

3) AR RS MR & A B R o SR G RI e R] B T — e i RT R, SRk
e S A = BOR SE m EDA, SIOK H AR & SR A0 10 R DN 3 B 2 A BRI . IR
B KRR AR B AL LT T e A 616, RES ERB T BRI PR . AR = HRIBAT . P 45 M R &5 T/
KGR GRS TAE . SBIHRRBRpsk TAESRBEE 78 70+ VRS, mISEMIEREES HUE -
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DOI: 10.12677/hjas.2025.154048 410 b k=


https://doi.org/10.12677/hjas.2025.154048

e %

fefitA % 0.018°C/a, JEIL T (P> 0.0 )AL, MRS T 1R AEbr ) 2 835 1 A s,
T ARG 2 0.02°Ca, @I T (P> 0.0 )AECVEREES s BN 1 R BRI K HETRR SRR, A
AR RFE S 2 R L & B S AR B = EE WD s AR PR K-M 2R SR 28V 43 i R 7% HH IR 1)
2007 FELLE, RABERAFRELFAENEE.

2) EEATTEA A X 8 B(IX . T 63 S5 MHA H X FR/K & S Ak - R ARy, ks
R, RBLEP > 0.10)HE R oK HAE 1970 0% 2023 45, MR RS aasl, —
PRI R H B AN B2, b 1981~1990 [k H & im /b, #ilr 30 Z4EKM . # 0 HE RS RIE 2
AL, FREOK ISR BRI A Ry R s UF IMRAEEEIX S UB iZk3tfh 5 ML, il BTE
1963 4. 2005 4F. 2008 4F. 2013 4FH1 2018 4, Hrt 2008 -1 2013 FERAZEZE, @i 1 0.05 {5
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