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Abstract

Based on the CRU global temperature data from 1981 to 2021, by using ArcGIS 10 software, the
temperature data from 1981 to 2021 in Laos were intercepted, and the temporal and spatial vari-
ation characteristics of annual mean temperature in Laos were analyzed by linear regression,
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Mann-Kendall trend test and Mann-Kendall catastrophe test. The results show that the annual av-
erage temperature change rate of Laos is 0.24°C/10a, and the warming trend is not significant. The
temperature change rates in spring, summer, autumn and winter are 0.16°C/10a, 0.10°C/10a, and
0.26°C/10a, respectively, among which there is no obvious upward trend in spring and summer,
but a significant upward trend in autumn and winter. The annual mean temperature in Laos had
no obvious abrupt growth trend, while the annual mean temperature in spring and summer
changed abruptly in 2012 and 2013, respectively, but the abrupt growth trend was not significant.
The annual mean temperature in autumn and winter showed a sudden growth trend after 2002
and 1985, respectively. The spatial distribution of annual mean temperature in Laos shows ob-
vious regional characteristics, and the temperature increases gradually at 1°C from the north to
the south. In terms of spatial variation, the annual temperature increase is not significant in some
areas of Shangliao and the southeast of Xialiao. The warming in other areas is significant.
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W (A EARERAZ)  GEEBCE ) (EEELED)  CBEARMREMLYY , L& IPCC H 1990 4
24 58 U AR VPG 5 (AIrl~Air5) 55, IPCC 28 FLIR VPR 5 (Airs) T Hi . AxBkifg R P340 5 1 100 4
M(1880~2012 4F) &\ 1k 0.85°C (0.65°C~1.06°C), 1983~2012 [ A &b FERIT 1400 K AR 30 4F, 4
BRA ARG 3 S AN AT B 75[2] [3] [4] [5]. Giang [6]. Watson [7]&EWF 58 R, 43R M0 S 52 SARAR AN S0 ¢ )™
HERHX 2 —. REEPSIRAER 25 50 454 10 45 BT+ 0.1°C~0.3°C [8]. KEMITTRM, HRSFEI L
—ANAERYE ), E R L B X RRAE, RN E K0T 5. Nguyen [91RH T TEL S R AMLE
& WRF-CMAQ RASRARA SRR 5 AR B KRt AR O3 F1 PMs 25U 52, IS5 R,
TE N 2E . 4 FR E AT X DA HARE K, 7F RCP4.5 (2006~2015 4E) 1 5t F Ak KA H 1 05 (—0.76 ppb
(—2.40%)/a) il PMys (—0.95 pg/m® (—4.32%)/a) ik FE T4 Fridil, SR1f, 7E RCP8.5 (2046~2055 F) 5t F, A
AL AN T O3 (+0.26 ppb (+0.84%)) 11 PM,s5 (+0.92 pg/m® (+4.20%)) 14 54k . ZHd/K B IR 5 E[10]
RSN S GBI MG H, R (DA IREEE. BEE. )T E. WEhiE. S2mES.
BIA WHBEIA) hR(TRA . WHIRER ., HEE. WEBEEE. i), TLROHBE. 4
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Shrestha [1 1] PU i FH PR AL (GCMS) BUA SRR FE AN B K AR A B, BT 258 (< A8 1k . S5 R%R 0,
ZEAT PRI AL B 3.0°C, ZETT K ARLIRIE N 27%~41%. Giang [12)3E T /K SO SWAT A, Jf4%
A =F IPCC HiUIE54(B1. B2 Fl A2) FIIAKAE, TSR b2m 24 - #lnd s E Ca itk b
DRI R ZT AR S, SE R R I R R A Sk ST PET 3L [RIFE R DL AR AR 1L,
S B AR A — 5. FVEFA[L3]FIFH 4 1999~2008 4EE AR LR MW ER R OTE
) 6 MUEMA X (FW RS WBRNA. YA, Jigm. HEEMEEA), BHERAENER
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0 50100 200km
T

Figure 1. Elevation map of Laos

1. ZHEREERE

2.2. HIRFKIR

B S 1 B ] 4% 2 5 MK S A I 9 B (Climatic Research Unit, iR CRU) T M 8cds,  #4A4E 4
1901 4F, Z[A] 7 HE% N 0.5° x 0.5° [15]. AR N T 1981~2021 4FEAERUTH I 2 m 3% H 3SR E 8 .
FrE iz H ArcGIS10 B4t 47 AbEE, FF#E 1981~2021 - ZH R R 5 .
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2.3.1. ZiEEFE
[ 53 Mr 2 H BT R RSt 0 b o E I —Ro5 ik, Ronds TR EKR[16] [17]. ASCKA
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Var(sk)IT (5)

Hof UR =0, By, Varg, 25 SRR %.
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3. BRI
3.1. 1961~2021 fEE I KIRFTE T FFE

3.1.1. FFHKIRITILIFE

W 2(a), 1981~2021 EFHHEF /S FHIME N 24.14°C, BT LR G5 41 EE TR, i
HAAH AN y = 0.0238x — 23.496 (R =0.4216), 15 HEZHFEFHIREEELLL 0.024°C [HIHEKIF
FE BTt HEMHEARNMR 2N 0.24°C/10a, BEZE FFHEHR(P < 0.05); V3w HILAE 2019 4,
4 25.09°C, 1981 4FAFFH K, K 23.48°C,

FIH M-K R 5ER 24t 41 G- P3RBT E AR, 15 H 0 ZE8 4.4815 (Z > 2.32 > 0), @il
T 0.01 (RS, UEBIEARE 41 AR AIR R BE T mES, XEARCEIES TR 2.

MH M-K F 520 24 41 -1 35 IREBE T RARR L, il 2(b)Frr, 1EFPIi4 UF 57 2k uB
EBERRANEA LA, WERFTIRILH B RE M F .
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Figure 2. Annual mean temperature trend and M-K mutation test in Laos from 1981 to 2021
2.1981~2021 FF2HFFHKIBTNETEM M-K RERE

3.1.2. FHEFHSKBETIAFHE

10 3(a), 1981~2021 4 FHE F4E TR TN 25.62°C, i RN & E 1 41 EHETFH TS
W, TR S O R N y = 0.0162x — 6.7353 (R2 = 0.089), 14 HF- T4 IRAFELILL 0.016°C 1)
K@ Eob, HR 5% M 0.16°C/10a, oM & ETHERAP > 0.05); HIREEH iR EE Bl
7 2016 4, 5 26.95°C, 2011 H-FISE &M, v 24.09C.

M M-K R 5ER 5 41 FHZFFE-FERBHT B AR, 3011 Z {579 1.9656 (0 < Z <1.28),
R 0.1 (W EZMERK, EHESFE TR TLHEEEES, X 5A R4 55

FH M-K f 520t 24 41 FHFFEF BRI T RARR K, Wl 3(b)Frs, 1EF 4 UF 5 7 il
25 UB 7E 1983 411 2012 4R [A1G 22 i1, HAZ mifE4h & AV EAS TR N . UF 2k 2 ikah b &%, SBTE 2012
FELUGERETEFRE RN LIS, HAEE.

DOI: 10.12677/ccrl.2022.114062 595 SR AR


https://doi.org/10.12677/ccrl.2022.114062

K& (¢

27.0

260

WO [ ——HFEPHSE

--- Bl (BFFFERHSE

24.0
y =0.0162x - 6.7353
2=
23.0 R?=0.089
22.0

1981 1984 1987 1990 1993 1996 1999 2002 2005

2011

4
(a) BFHE T ENES
8 T T T
UF
- uB
ol ,
4+ i

it

I L L L I L

1985 1990 1995 2000 2005 2010
E4

(b) FFHTHT M-K R

2020

2014

2017 2020

Figure 3. Annual mean temperature trend and M-K mutation test in spring in Laos from 1981 to 2021

3.1981~2021 £ WEFTFFHRBETHIEREI M-K RIS

Wl 4(a), 1981~2021 &4 B Z=4E-F )R- 3ME N 26.19°C, il &M & 25t 41 4 FREF1
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Figure 4. Annual mean temperature trend and M-K mutation test in summer in Laos from 1981 to 2021
4.1981~2021 FEMEFFFH BT WHEH M M-K KT

& 5(a), 1981-2021 FFEEAKEAEF R T IME N 24.17°C, W MG 5T 41 FEKSEEF1Y
A, AR BT )y y = 0.0259x — 27.748 (R? = 0.4279), 13 B HH4EFIIREEL L 0.026°C
X KE T - Fh, MRS 2 0.26°C/10a, EMEZE ETHEAAP < 0.01); KEEFHSE R
H HHINAE 2015 4F, 9 25.05°C, 1992 4E-FH)/ Sk, N 23.21C.

FIH M-K E 520 246 41 FREEE R T IR, 511 Z {54 45265 (Z>2.32>0),
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FIH M-K k38200 248 41 FRKEEF PR T RAR TS, 1l 5(b) s, EF gk UF 57l
4k UB 1E 2002 FFH — A8, HAZ s Eh e MESARN . UF fiZk 2930 L&, Ui 7E 2002 45 LA
Ja AR R R B .
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Figure 5. Annual mean temperature trend and M-K mutation test in autumn in Laos from 1981 to 2021
[ 5. 1981~2021 FE WM EFFHKRLEHAEE M M-K KT

Wil 6(a), 1981~2021 44 & ZRAE 3R 3ME N 20.41°C, Il GG it 41 AT
SR, HHEAH GBSO y = 0.0255x — 30.588 (R2 = 0.1591), 13 HZH4EF IR AFAELILL 0.026°C
FOXE Mg - Fh, MR 3R 0.26°C/10a, EEZFH EFHEAP < 0.05); ATV R
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Figure 6. Annual mean temperature trend and M-K mutation test in winter in Laos from 1981 to 2021
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3.2. 1961~2021 &t SR E T HFE

3.2.1. FEHKIRTFHE

MRS AR, ARACmPEEGRL B 7)) ARE R RR R B,
JE BRI, LCIEMi s, A 8 A 2P I X PEREE, KELAIES: 18°18" 9 5%, LA FREL
JE AL 7 H X AP35 S 21°C~24°C, b R LR (1 R 7 M X A5~ 35 Rl 25°C~27°C, 1X 524K 5%
555 PR BT [ L0 HR 448 58 P /< G0t 504 AR HH R 45 2R — 3. Q] 7(b) &4 4~ 35 AR A ) 26 4% ) 43 A7 T
TNy 2T T R X R AL SR X IR R AN B R, T ARt X G, R 2 AR
X, 1A 0.22~0.80°C/10a.
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Figure 7. Spatial distribution of annual mean temperature and tendency rate in Laos from 1981 to 2021
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Figure 8. Spatial distribution of annual mean temperature and tendency rate in spring in Laos from 1981 to 2021
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Figure 9. Spatial distribution of annual mean temperature and tendency rate in summer in Laos from 1981 to 2021
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Figure 10. Spatial distribution of annual mean temperature and tendency rate in autumn in Laos from 1981 to 2021
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Figure 11. Spatial distribution of annual mean temperature and tendency rate in winter in Laos from 1981 to 2021
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W&

Fo B ZERR R X L 2 SR DXORT T 2/ 20 X B iR 3 B 25 Ak, Aot X B R A A
AR, At 2 7EHE Dy 0.06~0.94°C/10a; B Z=Fr 12 Hhiil s HlX o T 52 R X AN o /NI A3 L X
BEaA REAN, HAbh X R AOR R, X 0.04~0.43°C/10a; FKZE 5 b 5 il XORN R 5 45 g 10
oy X 3G IR AN 2 AL, oAb X i, PR EREIR 0.16°C~0.80°C; A&ZERR L Z/INII A HEIX R
LIRSt XSGR AN 25 4k, HAhHb X 385 3%, 71X 0.23~1.10°C/10a.

4. ZiL511ig

1) 1981~2021 FZ HH4E TR IRABHF N 0.24°C/10a, 20 BT . WWBEFHSES, K
MEABSRELE LTHaRS, HEEMEFHEALE, 5. HE. kE. KFKEBLEZRYHN
0.16°C/10a. 0.10°C/10a. 0.26°C/10a 1 0.26°C/10a.

2) FIH M-K A5E0 5t 41 G- UREAT RARR S, ZR AP R T SRR MK 5
FRAE B AAE 2012 /1 2013 FRAERE, HAREFREHMKEAAEE, KEMLHE
RSP HIR S HILE 2002 4E N 1985 4F i S RAR R K

3) ERE-FHEFEEZHEEN, NIEERMSEL UCIE#iTmE, SRR =S4 A S I R 1 X
BCEARFAE, LAALZE 18°18 A, IRS IR LA HAbr M X 5P 3SR 21°C~24°C, LSRR ARG e 5 b X
FEFRIRAN 25°C~27°Co IS P38 R ) 22 2 () O3 A ATt 24 e S R X AL 38 = s
X IR A AN, T HAR R 7 i DX T, 4R S B AR R X, ik 0.22~0.80°C/10a. HL
TR ZERR 2R X R SR X R SN b X B R A 5 A, oA X IR S AN B 2
SAE 2 G B 0.06~0.94°C/10a; B ZERR b oy H X L TN 5 JE i DXORTHR 28 /N 4 b [X 38 i
WREAN, Hpdd X R AT E, 15 0.04~0.43°C/10a; FKZE[R b 2% Jm) 3R 1 XM T 28 4R #0020 M [X.
BRAEZS, HADH X Mg, P ERR 0.16~0.80°C; AZ [k LB/ HL X R R & AR/ i
KR4 M X R AN R b, HoAthh X IR 2%, 14 0.23~1.10°C/10a.
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