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Abstract

To investigate the long-term variation patterns and regional disparities of minimum temperature
in Chuxiong Prefecture, this study analyzed the spatiotemporal characteristics of annual and sea-
sonal mean minimum temperatures using daily data from 10 national meteorological stations dur-
ing 1960~2024, incorporating the Mann-Kendall test, Sen’s slope estimation, and Pettitt mutation
test. Results indicated that annual mean minimum temperatures increased significantly (a =
0.05/0.01) in 9 counties/cities, with an average warming rate of 0.25°C/decade and the highest rate
in Chuxiong City (0.61°C/decade), whereas an insignificant decrease was observed in Yuanmou
County. Seasonally, warming was more pronounced in winter-spring (peak: 0.36°C/decade) than in
summer-autumn (minimum: 0.16°C/decade). Spatially, cooling occurred in Lufeng City (summer)
and Yuanmou County (spring/winter), while warming prevailed elsewhere. Warming accelerated
after 2010, peaking in 2020~2024, with climate mutation points detected at annual and seasonal
scales in some regions. This study reveals the spatiotemporal heterogeneity of minimum tempera-
ture changes in Chuxiong Prefecture, offering valuable references for local agricultural planning
and the formulation of climate adaptation strategies.

Keywords

Mean Minimum Temperature, Mann-Kendall Test, Sen’s Slope, Mutation Analysis, Pettitt Test,
Chuxiong Prefecture

Copyright © 2026 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 5|8

ERRARE CHCAA GRS, IPCC BRI A fa . 1880~2012 FA 8K TR E T 1
0.85°C. MENZLAMRE SR, AR M 23 AR RRAE & S5 22 F0 IR B A, B IR AR S e X S A i AR
USSR R, FURMb B R TEDRIEI A FERE . A7 R G5 A B N A (g FRE XU, kA
b A PRI A A SR I R M AR A PRI N R . IR 2 AR TN Gt A s 7 S AR A
A TR Z AT . FRAEAE( @ sT, RIHEIT 50 45(1951~2000 ) HRAL IR B4 2 B3 FrHE
Fy, HIGIEWEE T Hm e, bR TR 55 E0E R, AFNiRREE, 80 AP FEIKE
SAERAE, BRIEZ . Bk . XI5 RS 2148 il 50 4F 3% b JE AR PSR PL 0.28~0.35°C/(10 a) ik
E T, BREE S T 2 EFKr, ARG R R E S TR m AR, AR REE, FFR
Z, BZEWIRAIREES, B or X e m IR AE S PR . WP S (310 50 R I 75 1 1 X R
R R FIHES, SR ARIG IR 2 & T e R, K AR, 80 AR HT A ARG A,
1996 Rl JG KA R ESERA, HIWFRRABRNEARE D, 57 W& 41058 = 8 Wom <R, K
1961~2012 4F 2z 7 48 Wit iR SR I W IR A A0 14 22 38 o . ¥4 IR A SR k2D 98 55 1) 2 25 A A RRAE, 1A |
FHN T K LLAL g B, AT Ak R, B IR A AR ] B R
AR ACINE . RN T A s, B ot @ g, SR S8 ik 1 SR S RS k. B
AEE X 1% X S R A R %, B K e B AR RS A AL B i i AN R . PR, AT
FEMEIN 10 N FRG 1960~2024 4 1)i% H AR TIREHE, 12 M-K 1855, Sen RIZALTHAT Pettitt 15055 7
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%, RGO HERZEATRE ERAVUR NI S RARFE, DU XA TR 55 5 B 5 Ik $2
R ER IS

2. AREFZE
2.1. #ERER

A BRI T =B A GE B OB N 10 A E R IEHER R 3k G R 10 AN ETi) 1960
1 A1 HZ 2024 45 12 A 31 HEZ HSARERN TR, FdEsst ™ isiag. 3. T E 785K
AR HETFEA R, AEEAERA 1991~2020 4F,

22. ARFE

B¢ Mann-Kendall (M-K K:3)JF 2 508K GE 1R B0 98 UL A8 (L S48 %%, i Sen A1 Al
XA HEAT A . AT BT R B DL MK b i URK), R4S
Pettitt Kx 0l M-K K, Hor Pettite #0060 T 52 B2 SO0 4R 00 T S8 1k, MK AR M P 51 9 A5 1
[y 3 5 A R AR R AT A P

2.2.1. M-K #8810 16
£ M-K KR, JRARBE Ho AR AR FIEHR( X, X,,---, X)), A& n DL BEHLAS & [H A5 fIRE
A, PR H UL, S TIaEM L j<n, Hizj, XA XA ARAHAR. & XB%gitE
S &
S= iisign()(i —Xj)

Ho, signOAFFS AL 24 X, - X NTEORT S, sign(X, - X)) 4 906-1, 0, 1. S AIE&E,
BIMEA 0, J5% Var(S)=n(n-1)(2n+5)/18 .
MK GHEAR S KT ST, ATE 450
Z=(S-1)/{Jn(n-1)(2n+5)/18 $>0
Z=0 §=0
Z=(S+1)/{Jn(n-1)(2n+5)/18 S<0

FEXLR S, M THEMEREKT 0 #|2|2 2,_,, » WIEEE Ho A 21, BIFEBE KT a,
T I 7 30 B A7 AR B S 1 L BT B . Z NIE AR R, SUEIRIRED S Z AHETER
TAET 128, 1.64, 2.32 BERRHIEE TERE 90%, 95%, 99% EERIE[5].

2.2.2. Sen R ZFE(EH
Sen REFEEME N —MREAESLGEA BN TTE, B MK KIIERCAMEH, B3 M-K #5155
(AL ) BRBE — ISR (1, 01), (60 0,). (1, 9, ) » Fo 62 TRIER, e 20 B FILIIE - % T
FE—XIAFEIIEN TR RSB A (i< j), HEREER Sy.
Si/ _ Y=V
tj _ti
TR RN T —NMEES, RN ERA A EEENREN Sen RIEMTHME. WRAEREZET
B, EEUR AL E IRIEAE N Sen BHR . W FRERECRAREL W R AN RERAE P MEAE N Sen 21
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o #7 Sen RFNIE, ULHIURBERA]_ETE, % Sen Ry t, AR BERS 18] T B .

2.2.3. Pettitt ZEEILL

BRI 7 FILERE — %) ¢ (1<t <n)RARAE, ¥FH5NEEHAFFH(X,X,, X, )
(X,1s X nn X))y IBIERIRTHA TP A AT R EAFAE R E 2T, A ¢ R RNRAL S AR E Ho:
FE R I (R JG AT B0 AT A ) &R Hy: R HUAELE SR HT G BN T 17 5 A A ) o

K geit B, RS R U -

U, = Z;le;:msign()(i —Xj)

Horb, ARSI R (e e[2,n—1]), signQRRECE LI 2.2.1 5. WP AR ¢ 8, THEXRN U,
UK BRI, LR ¢ BT AERARE L 1, RIS MG R AU, =max(|U,]) .

REMERL: NAIW R R RE, TN Unex S FERT B ERFERZET(1220), U
SR IEA S, HI9ME E (U, ) =0 7% Var(Uyy, ) =n(n—1)(2n+5)/72 « 5EBEAT a. WM

s A8 U A
U, =2z, [Hr=)Cn+s)
72
P\ |2U, . WHEARE Hoo ROIERRAT o Fo FAE o AR B9, 5, o8R8

Fo AXH a BUEN 0.05 (R 95% B AE/KF),  Zygs =1.96 ¢
3. ZBRESH
3.1. FEHRRSBEUESRIZESH

M-K SRR 1), i 65 45k, MM 10 MET, BRItz =-1.2602 A8 FHEEH
b, Ho 9 BT RARRRS 2 HLEE ETHESEE o = 0.05 BEERE, Hrh 8 Nl o
=0.01 #55%). Sen REZFAGTHEIR, HEHEFAFAEW] LA 25, BT HIE 5 R0.61°C/10 ), TiRF
T 5 12(0.08°C/10 a). A[X - FIYIGIEIHZ N 0.22°C/10 a0 H-E 17 IR HE R 7% 5 13 (0.61—-0.31—~0.3—0.24
—0.18—>0.13—>0.09—>0.08), JuitEL H IS FRIRESA, Sl 1 X 38005 145 S Mk BORG 1E SO6 S AR 0 ) =
.
Table 1. Annual mean minimum temperature Z (M-K) Test and Sen’s slope for 10 counties/cities in Chuxiong Prefecture
(1960~2024)
< 1. BN 10 B 1960~2024 FEFEHRESRIR Z M-K)IQIE K Sen FIZF
e K&k A &E me o wm WE fkx ol K PP
Z (M-K f&5) 8.08° 451" 6.45" 3.01° 3.94* 6.10" 6.18" 6.26° —1.26 1.7# 4.5
Sen &}2 0.61 0.18 0.3 0.08 0.13 0.24 0.31 0.31 —-0.05 0.09 0.22

"RNBI 99% (@ = 0.0 )M BE AR, #RNIEIL 95% (a = 0.05) ) &34 A5 .

SEARBREEF (e 2)3R B, A XAE 1960~1990 FAR AR F(Wi4) N E, 2000 4 LLJG & #7458 1E B
F(IkE), 2010 FAUG IR I N EZE . TURBE R FEARR BN S T 272, 20 “BR(1960s~70s)—~
74 (1980s~2000s)— % (2010s Ji7)” HIMEBNHFFAE . MAEF AR M-K A 56 ) UF(K) i Z&(1 1) m] LA B
i, SFEWE 20 ] UF ghekiiahiek, 21 e a3 R /st EIass, H230Hid 0.05 B& MG
Frek, RPRGEEALEE I EE TR E .
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Figure 1. Mann-Kendall test curve of annual mean minimum temperature in 10 counties/cities of Chuxiong

Prefecture (1960~2024)
& 1. 4N 10 B 1960~2024 F£EFHHRESIE M-K #IGHHE
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Figure 2. Pettitt test curve of annual mean minimum temperature in Mouding, Nanhua, Yongren, Yuanmou and Lufeng
(1960~2024)
B 2. 7. Bt KIZ. T BF 1960~2024 FEFHHMRKIE Pettitt 1L HHLE

Table 2. Decadal anomaly analysis of annual mean minimum temperature for 10 counties/cities in Chuxiong Prefecture

2. BN 10 EHFFHIRBSUEFRIREF S
M Kok wE RIE M X g %78 e KA

1960~1969 -1.42 —-0.38 —0.12 —-0.51 -0.24 —-0.37 —0.71 —0.36 0.39 0.08
1970~1979 —1.45 -0.21 —-0.01 —-1.02 —-0.27 —-0.51 —-0.6 -0.8 0.27 —-0.08
1980~1989 —0.89 —0.18 —-0.24 —-0.44 0.09 —0.1 —-0.14 —-0.39 —-0.09 —0.1

1990~1999 —0.47 —-0.23 —0.18 0.05 —-0.73 —-0.19 —-0.25 —-0.33 —-0.59 —-0.38
2000~2009 0.68 —-0.29 —-0.06 0.62 —0.1 0.06 0 0.11 —-0.55 —-0.54
2010~2019 1.35 0.57 0.4 0.66 0.4 0.71 0.78 0.9 0.08 0.7

2020~2024 1.88 1.48 0.5 0.82 0.5 1.08 2.12 1.38 0.58 1.26

KRBT ER, BER. MEE. K CE. mHEMRENR URK)E UBK)HIZ7E B (5 X [ 1 17
TERZ o JBIL Pettitt K30 HE—DI0AE, THESEN U B EHHE Una 5T HIFEA, B4 E RS
B350 518 1994 4E. 2009 4E. 2009 4F. 1981 4F. 2007 (& 2), HFTA 578 AiEE a=0.05 18 M
WU | 2 Ugs)» R RASRHE AT 5E
3.2. FEYFRKERTUEBRRTESHR

SEMEMN 10 BT RCRZR MBS I AR Z . R DU DY 2 DU IR
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¥, AREAR, ZRERINAFEXIR . AEZFEN NERGARAEE N REs, R RHE.

MWF 3 W, FFA 9 AN AP RS B R, Hdh 8 M ETHESR, 1 NN
P——RMETHEZLL 0.79°C/10a HEZ EFF, B, HXZREH0.44°C/102); JuikELL 0.28°C/10
a PR T, Hidk 99% 8 E AL ACERN EAtas, (AR BEEm. B4 8 Ml AR
RARRIBE A E R E AP, Hf 7 A8 EFES, | AN EESR——RE T EA R 2 #0.27C
/10a), #RFETWLL0.03°C/10a KR T, TFREBEHPE; olis. K CER EFHEA AR P&
5 AKZ 9 N PR SRR B N (R B KA SR, L8 b T 3 —— 2 T i 2 (0.50°C
/10 a), KA EIIRECF22(0.08°C/10 a); fRFETN LFHES, ERIEE EFEKER . 42 10 NPy
AR SR AN R 2 MR S, Hoh o iR BN N #5(0.08°C/10 a), ZERETTLL 0.90°C/10a HH 2
A EREE

R LSRRI “AFE. ZERKES” B AR RRRIE (42 0.36°C/10 a—~ K 2= 0.29°C/10 a—FK
Z£0.22°C/10a—>5E 2 0.16°C/10a). FETIIESIE L&A RMSREL, K -BRFE; mETEZE. i
BRFREFLNER, RUH AR 2=225M.

Table 3. Z (M-K) test and Sen’s Slope of seasonal mean minimum temperature for 10 counties/cities in Chuxiong Prefecture
(1960~2024)

< 3. BN 10 B 1960~2024 FEFEHRESIR Z M-K)IQIE K Sen FIF

seHE KR A A Mt n e kxS P
FH 818 318 246" 599" 252" 425" 634 525" 466" 1.08 346

Z 7.08" 425 -129 477" 1.76# 6.38" 5.06" 4.42" 1.23 2.85 3.65
Z (MK K%) . ) . . . . .
M 6.60 3.53 0.96 4.73 2.99 5.31 3.58 4.61 1.53 1.70% 3.55
=5 824" 415" 440" 621" 298" 5.00° 546" 692° -135 228 4.43
HZE 0.79 0.19 0.12 0.33 0.13 0.23 0.44 0.35 —0.28 0.07 0.29

HZE 0.27 0.17 -0.03 0.15 0.05 0.21 0.18 0.18 0.07 0.13 0.16
®E 0.50 0.21 0.06 0.29 0.17 0.25 0.26 0.28 0.10 0.08 0.22
A 0.90 0.23 0.22 0.44 0.18 0.27 0.39 0.44 -0.08 0.16 0.36

*HoRIBIT 99% (@ = 0.0 ) EFE VR, #R7RIET 95% (a = 0.05)H) BT .

Sen RIF

FEFARFR b (R 4), MR FEARPRZ R BOR, WaE . 22X AT FRRFRAR
AUREE ETHIRRE R KT E ., KT, RS T AR, BAKES” RSGEAS R, B RIS
+ XIRZER + WFRIZER” BOMRE DA 2 (AR . BARRI . & BT PUZRAE 1960~2009 4 2 £ [X 35 LA
A A, A WIEI S JTERF; 2010~2024 4 mAE, JoiE. KB, mFENTRIBASH®.

HFEIUHE. KIE 1960~1989 FFIEL: = ANMEMRMIE, 5%, 21 e 10 FRJ5HE, HniERi
BR J5 IR A & B 9%, KT 28 60~80 £E4%(1.5—0.4); FFHEEAE 1990~1999 LEAFEMII(—1.1). B F4k
F 17 1960~1979 AR, T0 L 1960~1989 FAmIE, 5 414, 2010 FR 0z K=o 2 KA 2 1960~1979
FRZ, 1980~2009 Fiwvd, JEiRE EAEETE . AFE0iEE 1960~1979 FRE, 1980~2009 w4 BLHF
S, 21 e 10 FARFF IR

SRS, FEHEMN ST IX K 1960~2009 Fimes, A MW 2010 FA0)E & F 1 N —EURE,
2020~2024 FEIEFEPFIA BIUE(E, R EALE HAT i . ol B R BR IR IR, HAR . AR
SRIZART 20 D 60~80 AR TS FEACER AT, ARBIL T REMEMN] Y AN R DX =i 7 18] 22 S PR 2245 e 5
I3k, SR T A P B AR S IRAE ZE T AR ARYE B B SRR IR A
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Table 4. Decadal anomaly analysis of seasonal mean minimum temperature for 10 counties/cities in Chuxiong Prefecture

F 4. BN 10 EHFEFHIRBKUEFRIREF S5

1960~1969
1970~1979
1980~1989
HFZE 1990~1999
2000~2009
2010~2019
2020~2024
1970~1979
1980~1989
1990~1999
2000~2009
2010~2019
2020~2024
1960~1969
1970~1979
1980~1989
1990~1999
2000~2009
1960~1969
2010~2019
2020~2024
1960~1969
1970~1979
1980~1989

R
+h

1990~1999
2000~2009
2010~2019
2020~2024

2t HfE
-3.1
2.9
23
—-0.6
-0.3
0.7
1.1
-1.2
—-0.6
-0.1
-0.3
0.2
0.7
-1.9
-1.8
-14
-0.2
-0.3
-1.0
0.3
1.0
=35
-3.6
-3.0
—-0.9
—-0.1
0.6
1.1

Kk
—0.5
0.1
-0.1
—0.2
-0.6
0.6
L5
-0.5
—0.3
-03
-0.3
0.3
1.1
-0.5
-0.3
-0.5
—03
—03
-0.4
0.3
1.4
—0.5
—0.4
-0.2
—0.5
—0.4
0.7
L5

&E
-0.2
0.2
-0.2
-0.5
-0.2
0.8
0.7
0.2
—0.1
-0.2
-0.2
0.1
0.1
-0.2
0.0
—0.1
0.1
-0.1
0.1
0.0
0.1
-0.5
—-0.6
-0.9
-0.4
-0.1
0.4
0.8

BE  EE X

-1.1 -0.2 —-0.6
-1.6 0.1 -0.3
-1.0 0.4 —0.3
—-0.6 -1.1 -0.4
0.1 -0.3 -0.3
0.4 1.1 0.5
0.2 0.7 0.9
-1.0 -0.4 -0.7
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Figure 3. Mann-Kendall test curve of seasonal mean minimum temperature in partial counties/cities of Chuxiong

Prefecture (1960~2024)
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Table 5. Overview of seasonal abrupt change distribution for 10 counties/cities in Chuxiong Prefecture (1960~2024)
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