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Abstract

To investigate the characteristics of climate change in the complex mountainous terrain along the
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China-Myanmar border, this study utilized temperature and precipitation data (1961~2024) from
eight national meteorological stations in Lincang City. The Mann-Kendall test and piecewise regres-
sion analysis were employed to analyze the variation characteristics of temperature and precipita-
tion over the recent 64-year period. The results show that: (1) The annual mean temperature in-
creased significantly at a rate of 0.22°C/decade, with a notable abrupt change occurring in 2004,
after which the warming rate intensified. (2) The annual mean maximum temperature increased
steadily at 0.21°C-decade-1, most markedly in autumn, while the annual mean minimum tempera-
ture rose at a higher rate of 0.32°C/decade, with widespread abrupt changes predominantly in au-
tumn and winter. (3) Annual precipitation exhibited a significant decreasing trend at -27.93 mm/dec-
ade, with an abrupt change in 2015 largely driven by reductions in summer and autumn, followed
by a sharp decline at -329.33 mm/decade. (4) The annual number of rainy days decreased by
-7.66 days/decade, despite a summer increase of 1.98 days/decade. Seasonal reductions in spring,
autumn, and winter primarily contributed to this trend. Overall, Lincang has experienced pronounced
warming coupled with significant declines in both precipitation and rainy days over the study pe-
riod.
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T ERAAE A N AL, 1o HAR RS R 5 0 R B A4 2 fak 5[ 1] BURFRIS,
A 1R 2 (IPCO)SE IR IHAG i & FE . 3T 133a (1880~2012 ) EBR-FH iR 4T 0.85C,
JEHAEILFBR 1983~2012 ] HE /& H Il 1400a K5 =11 30a, 1885~1990 4F-F-#5 1 2003~2013 4-F-1)
FZE 0.78°C [2]0 ZB/SUPAEIR A (31— H: % 1850~1900 4F, 2010~2019 44 BR-T-34 3 [HI iR & AR B
0.9C~1.2°C, 2001~2020 4F5& 21 2 #) Lk A B iR I BA[4], SRR E 2 Xt H AR R R Guis A
I, RO SRR A RS AR (i A A2 B2 (5] AFE K65 RN, 1EEBIAIGIR
MERT, REHIT AU RO RAR X, FEME] TP oMM, 4.
FI I ) IR R 85 . A 20 A 80 AR S T AR 4 P I IR E AT I KB IR DL 2
Wz R ) A IR AR IR R o BTN R B SR 2 4 A AN IE AR BEREAT T SRR AT, BB
LTIRIL B 1961 FELSKIT 50 A B Ibakf 4 EH— 8, (HSRARNE 35 R AR 2218,
PR BB KR, MEMERIHEKE R TRES . fEIEERIFEM T T ar 1959 FLkiT 50
FER R BRSSO, R IR K BB AR AN K, (AR R ] B R i3 . T3
SEIO1EHY, FEMEM AR R . B ARAR AR AE 20 4T 80 4EAVH — MW RAME, EHE iR —H 2
TREES, 80 MG R LS . XIFHMIEE[10150 8 &I 1991 42 A KB X <R, 1 1991 22
J5 3 IR, B e T R e [ R AR A B N, BT K R A W G I se b R . Bk
BEEHE— P 2 F T RHERE 2011 FLAE = m B PUZE 45 B X Y [ B R 3 K. A il IR 5%
[12]%F EE AR B Z= 153 AR 0 AT, 3T 60 4E2R, DU 4 HAURERR R 2T EES, TUEFED. K
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I T 7 T 2= B 44 7 R #5(98°40'~100°32'E; 23°05'~25°03'N),, [F - [ 1 23620.89 F- 5 A B, AR H
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Figure 1. Geographical location of Lincang City and distribution of the eight national meteorological stations
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3. FER
3.1. FHKETEAFHE

H7E 1 A1, 1961~2024 EIGIE TR R B E =%, A 0.22°C/10a(p<0.01).
HEETRE L, £Z50.20°C/10a, p < 0.01). EZ=(0.19°C/10a, p < 0.01). #Z=(0.24°C/10a, p < 0.01)F1%ZE
(0.29°C/10a, p< 0.0 )R AW E TG, HPLAFEFREATE. BAKE, 164 FRIGE T A FrLL
Fhes, HEZET A B IR  RAEAE7E R

B2 MIE 3 R THEFSIERMERAE 2004 FHIMEZERE . RABF(1961~2004 F)FHiREERN
0.12°C/10a, RAFJ5(2005~2024 )+ 248 0.32°C/10a, BHIREL) 0.20°C, HEZERLE 0.1 KFTFRE, ¥
BIHE 21 20 DR IXIRIG B W] Stk DS URINAFEISFE R AL f: FFR(2008 ). HZE(2007 4F). K
Z5(2008 £E)F1475(2004 4E), HEREFINE 4 A 5), HAFHORREREE B EMERLE, JlHixk
F R BRI FRTHE, M RRHEJEAR . HRTE 2007 4558 /1 5 K THEE R 73728 0.14°C/10a
A10.37°C/10a, WEEL 0.23°C, HAERZEZ(p<0.1), FHIE TN X 80505 28 B i N 45N R .
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Figure 2. Mann-Kendall test for abrupt change in the annual mean temperature in Lincang City
during 1961~2024
2.1961~2024 FliERHE T [IEH MK RERLE

—— U
—— 0.12°C/10a (p=0.001)
1951 — 032°C/10a (p=0.004)
¥ 1901
L=
g
5_\’ 18.5 A
&
18.0 1
1970 1980 1990 2000 2010 2020
F
Figure 3. Piecewise linear regression of the annual mean temperature in Lincang City during
1961~2024
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BB DR A AR B DU PR HAS R, il EAL 2004 AR AT S 1R 7 7
2004 4 DART, BRI AEUF(R? = 1,p<0.01), PUZEEE RE05 584 0.248. H 0.260. #X 0.290. 4 0.177,
X N TTRRZR 73 TN 25.4%- 26.7%-~ 29.8%- 18.1%, otk B H =PRI A ESET. 2004
LU, B RE BN 0.220. E 0.293. £K 03104 £ 0.137, KN TTHAERN 22.9%. 30.5%- 32.3%-
14.3%, HPKFEHERNFESERSE PR, MHERSLEMETTE TR

i b, TR E 1961 FELORFREET my,  FFAE 2004 FHIJ5 I HA WY 2 16 o i 14 1 A Ao
FRER AN 2R SRS AP 2 SR T i DGR R, B DTBREEAE 2004 4 5t — D4R, ARBL 1 HAE X3
BRI FE v () 2 SR
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Figure 4. Mann-Kendall test for abrupt change in the summer mean temperature in Lincang City
during 1961~2024
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Figure 5. Piecewise linear regression of the summer mean temperature in Lincang City during
1961~2024
B 5. 1961~2024 FiimieH B F P[RR 5T B LM =Y

3.2. &S RIRSIBENFHE

EEE 1 ATAL, 1961~2024 IR T P35 s SR B R 2 B miE s, MB35y 0.21°C/10a (p
<0.01). AEZERE L, HZ0.13°C/10a). EZ(0.23°C/10a). FZ=(0.27°C/10a)Ff147%(0.21°C/10a) 17
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Figure 6. Mann-Kendall test for abrupt change in the autumn maximum temperature in Lincang
City during 1961~2024
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Figure 7. Mann-Kendall test for abrupt change in the autumn maximum temperature in Lincang
City during 1961~2024

7.1961~2024 FlEeHMERE B D ERLMEEYT

FB R R AR RN, A DR BT ST EVA S . BUAGREN: s
R =0.348 x FFE +0.224x HFE +0.336 x FKF +0.057 x &ZF, BEIHRIILIL 1, p<0.01. WFES
TR R IR ST R BB ZE 36.0% HZ 23.2%. K= 34.8%. XZF 5.9%., HZE5KEHFMR
PEREIL 70% 1 AF S SR, 3R 0 AR X ) DX 3 B v Al AR A ) B R

1961~2024 F IR 1T B 2 B E T miEs, LML HEN 0.32°C/10a (p <0.001). {EZF=TTRE
b, #FZ5(0.37°C/10a). EZ(0.23°C/10a). FKZ=(0.26°C/10a)F14%Z(0.44°C/10a) X E B N B THE, Hik
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FFRERRK, FERIRZ, VAR B E 5 R H .

S BURHIE R 8y 15 9), RSN ATLE 2004 R A B E R, RAFHI(1961~2004 4F)THE
N 0.25°C/10a, A5 (2005~2024 )T+ 2 0.45°C/10a, BEIEZ) 0.20°C, #aZERIE 0.05 K°F FEE.
FZAH, H 222000 ). FKZE(2001 4E)FAZE(1999 )15 LR 3 5848, L rp fKZ: 9848 Jig iR e 1h &8
0.58°C/10a, &Z=H & 0.33°C/10a BLTHZE 0.65°C/10a, FWIRKKIEARE AL FFRLE 1996 M
U tH I TEAR s, ARy B2 S ARk S 3 1K

BB o Bl S5 BRI . £E 2004 FERART, FRIVUR SRR RREN: y=0317xF +
0.238x 2 +0.261x Fk +0.118x %, WUZETTHRZFAK N E T 33.9%- BT 28.0% HF= 25.5%. %7 12.6%.
2004 fELLG, [BIAGFEAN: y=0.196x F +0.252x B +0.324x Fk +0.194x %, MR FKZE(33.5%)f1E
Z5(26.1%) TTER L e i, HFZE(20.3%) FIAZE(20.1%) KL

ST 5 Wy T AR 1 RAZRFAE LU v U S 38, HAK & ZRAE AR 5 THIRH 2 2. 35 19
X)) | AR AR TIRA POE TS R DYZEoT sk as i R AR T8, R RT3 SR8 n RS
MESEFETS, REH XA ISR A TR S R =R A7 R R .
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Figure 8. Mann-Kendall test for abrupt change in the annual minimum temperature in Lincang
City during 1961~2024
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Figure 9. Piecewise linear regression of the annual minimum temperature in Lincang City
during 1961~2024
[ 9. 1961~2024 FliREH FRIX IR 7T B L EREYT

DOI: 10.12677/ccrl.2025.146118 1190 SR TR


https://doi.org/10.12677/ccrl.2025.146118

Table 1. Abrupt change points and rates of change before and after the change for the mean temperature, mean maximum
temperature, and mean minimum temperature in Lincang City during 1961~2024
1. 1961~2024 FlgieHFH[iE. FHARSSE. FHRRIENRERREREELRR

R %Efffgf% S8 %%ﬁg%ﬁﬂ 7‘%’@%&@1 AT
4 0.22" 2004" 0.12" 0.32" 0.20
HE 0.20"** 2008 0.11* 0.08 0.03
R HZ 0.19"** 2007 0.14™" 037" 0.23
€= 0.24™** 2008 0.15*** 0.51** 0.36
K2 0.29"™ 2004 0.20™ 0.38" 0.18
4 021" 2008 0.08" 0.12 0.80
HE 0.13™ 2010 0.02 0.35 0.33
S84 fe e i HZE 0.23™ 2008 0.11™ 0.35** 0.24
€S 0.27*** 2009 0.13** 0.54** 0.41
K2 0.21™ 1998 0.07 0.08 0.01
&8 032" 2004* 025" 0.45™ 0.20
HE 037" 1996 0.27" 0.34™ 0.07
AR "z 0.23" 2000™ 0.16™ 031" 0.15
Tz 0.26™* 2001* 0.22** 0.58™* 0.36
K2 0.44™ 1999 0.33™ 0.65™" 0.32

W L TR RRERA SR L (p < 0.1, 0.05 F10.01).

3.3. BEKETIFE

MEEBL T B (K 2), 1961~2024 GG TP K & B35 b, LrEi&ss8-27.93 mm/10a (p<0.01).
ZHRE L, E2(-16.74 mm/10a, p <0.01) 5K Z(—12.80 mm/10a, p < 0.01) 2 & Z ik /b ; F2%(2.71 mm/10a)
A425(1.01 mm/10a) AR UAEZE .

Iy BURRER BB 10), FEBE/KEAE 2015 FEMHE IR ZER4E0.1 /K F). RAF(1961~2015 4F)4F %
K LA=20.10 mm/10a [FIERLZ M8 R, 27285 (2016~2024 4F)FEIE M 45 -329.33 mm/10a, HEZER B,
AR 1K5-309.23 mm (] 1) ZET7 B /K TR TN 298 75 58748 55 HZR(1972 4F) B ZE(1997 ). #ZFE (2011
) 54752015 ), (HIXEETRATETRAR S % 22 AR I WA A, UL DY =P K AT DL AR AR AL,
M.

FETREKE )RR, #F—2% 2015 R 5 AT EIH 4. 1961~2015 4F, BAHA I (R2 =
0.99,p<0.01), VUZEIHREDHINE 0.961. F 0.971. #K 1.133. 4 0.686; X MAHXS Gk N 25.6%-
25.9%- 302%F1 18.3%, EoRFERFKFERZH. B, HKiEhl. 2016~2024 F, FIHRETAF 0.656.
5 1.087. FK 1.099. % 0.479; AN TTERE D HIN 19.8%- 32.7% 33.1%A1 14.4%. 0] WHRAL 5 H 7 5K
() E FAE R E— P8, TR & DTHR T B, 2B I 4 Fe K i BRos o/ 32 2 e g 2R (2L L k) ek sk Bk 3))
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Figure 10. Mann-Kendall test for abrupt change in the annual precipitation in Lincang City
during 1961~2024

& 10. 1961~2024 F ;e HEEKER MK REKIE
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Figure 11. Piecewise linear regression of the annual precipitation in Lincang City during
1961~2024

11. 1961~2024 FIEBHEMEKEN 5 BRI

3.4. PEm HBZEILAHE

1961~2024 FIFE TR K H AR B Wb, LB EA-7.66 d/10a (p < 0.01). EFFRE
b, HFZ(-1.07 d/10a, p < 0.05). FKZ=(—2.87 d/10a, p < 0.01)F1%Z(—1.67 d/10a, p < 0.01)I5 & & WD,
HENEZEI, 9 1.98d/10a(p<0.01). sy AR K H B KR F 2B E B LFRFET
FEpn 3T,

T4 B /K H HU 5838 R E B A S, SR B — B A L 5 I 2K H R &R .
FRELV(R*~1,p<0.01), HF. B KEFWEIHRES 709 1.056. 0.995 A1 1.101, X BLFIAHR TTEk =R
I3 28.2%. 26.6%A1 29.4%; AZEZBULAN 0.592, TTHAE 15.8%. mbal W, EFEKH B 1%
HE. 2. K=FHEE ST, LFRH0AHENEE.
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Table 2. Trend changes in precipitation and rainy days in Lincang City during 1961~2024
2. 1961~2024 Fimie K E . FERBARNEBEEN

- BT H A RAFRT A KA 5 ~
V=3 | HH ASAR 5 i =
TURER (mm/10a) RAN (mm/10a) (mm/10a) AL
R -27.93*** 2015* -20.1 -329.33 -309.23
HZE 2.71 1972 -38.21 —-4.13 34.08
%7K &2 e -16.74*"* 1997 -19.83 -26.72 —6.89
*E -12.80** 2011 -3.12 -23.54 -20.42
e 1.01 2015 -0.59 -26.16 -25.57
H -7.66™" 1994 —-6.79"** -8.04™ -1.25
HZE -1.07"** 2005 -0.22 -2.78 -2.56
I H 7 1.98*** 2001 —1.43"* —2.47"* -1.04
= —-2.87 1994 -1.92* -2.52* -0.60
K2 -1.67"* 1983 —4.14 -0.97 3.17
4. i

AWFFFET 1961~2024 F i 8 ANE KA RUHEF S-S5 /K R, KA Mann-Kendall 2878546
HaBEATTE, AH TIRIE T 64a HSIR A K AR LERIE, 321N F&Eie:

PR EAR TR AR 2004 R R AT E RAE . 1961~2024 4E[AI4EFHS IR LL 0.22°C-(10a) ! fIE S
BENE. AFHREL, F. 2. K KUEHEETHR, HPAFTHRRENL0.29°C-(10a) 1), RAH]
P THEIE N 0.12°C-(10a)™", RAFJETFE 0.32°C-(10a)". 2004 ELIRITAK. B FLTHE M T Z 5wk
BRI (DTTHR 6 29.8%+26.7% 25.4%), 2004 4F DL J5 FRZE AN 2= 32 3 AE it — D38 3 (DTmk 26 32.3%-30.5%)

PR B R IR T R E R A 2, EREUR. 1961~2024 PSR L, 0.21°C-(10a)!
R BT m, WERHE R aS, RhERMREHRREE R EFHRENEE, BIAERIN
SERATHIR . AR URAE 2009 FFR AR ERAE, THREHEAH 0.13°C-(10a) " 2 0.54°C-(10a) . [H]
A45 BB IR, AR 2 A e e R 1) E ZE DTk R 1 (DTHR 2R 23 01 h 36.0% 1 34.8%), 3L [ml R i 70%
A1k .

P B AR ST 2 2, RARRHIE S i A7 7E A A TTIR I o 1961~2024 4R 4FF 3 B AR A<l LA
0.32°C-(10a) ' KR F B E T, W BER, HPh AR HT0.44°C-(10a) ). FHfLRAE 2004
ERAERERAD, RAFTHEE RN 0.25C-(10a)", KRGS 0.45C-(10a)"'. FHWRIF L, EZ(2000
). BKZE(2001 FE)FIAZ(1999 F) A HBLE 5848, mIHL KN, 2004 4F LRI 4E SRS R 2 H T o0k
R K(33.9%), 192G KT (33.5%) 5 H F(26.1%) N E T, ToRvA e 5 0% 783 ([ 3X 3 1) s 3 B REAF o

R KR B, 2015 F S FFIRIRG, HEAKE ST 1961~2024 FF44 /K ELL-27.93 mm:(10a) " 1]
R E D (p<0.01), HAPEFNKEEER K. FERKELE 2015 FEEAERERAE, 5 K EER
H-20.10 mm-(10a) !, 878 J5 R 2532933 mm-(10a) ' PUZE BAFLEIRIE AL A, (HARIE B E KT, [
I HT R, 2015 4ERTH . B KEFTTIER BT (25%~30%), 2015 )5 22582 3 S4E 1 55Tk
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