1007-4619(2026)03-0507-13

National Remote Sensing Bulletin & & 5 4

1998 F£—2023 E%ﬁ %_

i

AU B R X AT SME B

FRE!, BE, KE

—%"%5, ﬁ)‘]’fﬁ?ﬁu

B, IR, EM
!

L PGERHE K2 ekl s TR, U4 710054;
2. BRPEA B R EPHAE S LR E, 7% 710054
3. R ARK EBTAETFFTEE, JLIT 100085,
4. FHLERHE R MZHL2E S5 HRERE, T4 710054;
5.HRAER R A KT I % 2 IS5 L, BEARFE 830011

B O BIAE—Rh BRI KR, BAFRLER K

B YRR, W AR S RET . AR R R RE IR

LATEN TR KB . B AR — I 2 S 8, HRIEEE LST (Land Surface Temperature) 2 S BH:
WAL OGS bR . B 2 TR R I R T AR 3R, I JR) 3 97 7 VA i o R B ey S T B, i i 3R
PG 0 S R R B X R P K TR T A I S A S M R TR BRI S B AL 9 52 e IR PR 4, 2 A I []
J B HE Wl ke T Bk . A AR F 5 L e = NWEkEﬁH%H% F T —Ff B T B 43 i STL
(Seasonal-Trend decomposition procedure based on Loess) B4 MM 77 . 562 T Landsat T SR FAF T Bk
5% GEE (Google Earth Engine) Z -, MIEHHFSE X 1998 4E—2023 4F (1) 1 35 BE KN mF ] FE 41, o) i 36308 BE 7
G EAT STL B P 43k, oy B FEm 25 AR fbta 3, IF Rl 3505 . BEMLAHAE — 2 RANSAC (Random Sample
Consensus ) FEVEAHMRE I X I3 A T o Z52R 3R H . STL I Fe 20 figt i vl LAAT 20070 185 3 35l B2 4 ek 1) e 51 2
I TR BEAL I S0, 3 %) R AT B A v S I L b I A I R RUBE TR R #a 3 2016 4R I
G205k KR, 16O FRASIMF R | PRI R (X RANSACHE ST 1998 4F—2023 4R
JEA R, GRS SN A AR B, B T AR H Y STL I J 43 Ak 7k R AR I e A o A T
o Zi b, ARUPTR ARy IR TR MRS B, BT X AT A A AR A R, T R SR A A K

AR IS

SESIF: BEJGRS], STLAM#, Landsat, LSTHFAIFS], LT HMERK

hE 4SS TP751/P2

5| AKX ARIE,BE,BRS,RFEMR, TR, X, EE, A0, F 5K .2026.1998 F£—2023 £ F 58 M B H N X AT HME R

SN 5 5347 B BEIR,30(3) : 507-519

Lu J H, Deng J, Chen X, Song Z Y, Wang C P,Li P F, Cao F,Hu L R and Xi S. 2026. Dynamic monitoring and
analysis of thermal infrared remote sensing in typical coalfield fire areas in Xinjiang from 1998 to 2023. National
Remote Sensing Bulletin, 30(3) :507-519[DOI:10.11834/jrs.20255135]

15 =

W KK IEFRIE AR A NIRRT,
J2 55 S BB DX I 5 AR A A, R R 8 IR A
SRR A R BT R T R I ke L X
HEBIRE A — R Y5 (Liu Ml Zhou, 2010) .

i B EA: 2025-04-15; FENAR: 2025-11-21

P E L RE, BE. KPS, BERET. M
R AR AR5 E) 3z o0 A, HEA [ &
BRPERFLE I S | KR BRK H 5 Z R SR i (T
=W AR, 20225 X4 AE, 2016) . REEE RS R
R EAESMA (A1Co,. SO, NO PR Y ),
TGRS BN . 51 RFIR ARG, %

EETR . s A6 X F AU AT (475 :2022B03025-2,2022B03031-1) ; BRI 45 B 2 R AA TF4ET H

E—EEE N SR, WS N KK FE B G . E-mail: junhui_l@stu.xust.edu.cn
BIEMEEE AN XBZ W58 ) A BEICR F AR RIE S EOR T S R . E-mail : dengj518@xust.edu.cn



508 National Remote Sensing Bulletin i & 54k 2026, 30(3)

WEBTEUR . WEIRTF R A o B Ml o 5 3 AR
B AT A A e (AR ZE %, 20205 Syed 5%,
2018) . DA, Jeid . AR RN W 1 ik Y
KXFE L, X KK AT R A SR R
B N AR A AR 2 e = B L

IR B R S IR R A AR,
Bahial 22 24, Loy (anE A
L U R BRIRE) &
KB o, (RIS N . FEZR KR A . I
KX HAT —E fE v, B AN E R
(A 45, 2009; B4 45, 2024) . BIRFARE
[EP R N RN |1 B ES AN A A o=t = VR )=1
NRBENRS, O B R 55 50 b 3z N
M (kG AE, 2018), Bl P& (Landsat) 3731
Bl BA B RS R 5O MR, R
FEUR P R A AU R —, HE PR AT
ANTIR (Thermal Infrared) % b RHBUAL <
FH kO BB 23 AR SR T ) 3 FE

I TR 32 Bt R AT 4 TR 51 R0 20 285 M 0 1) 58
FEAME: (1) REAHED, EEAH R
B8] 5 BT AN B B9 7 T (Prakash 4, 1997,
TR &, 2015 . BT RBIAE O FIE
(Kuenzer 55, 2007) F13E - Hb 22 V5 7 B (8 19 19 (.
SrEE (FIUAE, 2024); (2) ZHEMHHAE, WG
Z ik DEE N A sh#2 80 (Kuenzer 5%, 2007) |
A WRIRE SN S MA Tk (T %,
2024) FIHBIHEFS] 504755 (Chen %5, 2022).

T KR TR P, 30000 0 DA 4 i
PR A 23 Ak, U I X S AE S R B Bt
TR & G a4 B e 2, AR E It
B[] 7 2 A7 R ka5 1 R M . 2 e el A
(2021) L) 2000 4=—2018 4F- 867 5= MODIS Hb 3 I
P MOD11A2 #4) £ b 26 15 B2 1 18] 2 51, R H]
25 4T M R ST SSORE D 7L BFAST  (Breaks For
Additive Seasonal and Trend) 4% Hh % 18 B 28 25 11
Bf 28 0 A REAE L B K 98 78 R A I [) R 5 722 e B
i f % (2023) A STL %5 12 % 4 25 X BE I X
2016 4F—2020 4 1) 2 $i8 B 7 BOH i 47 55
A RO I X IR XS R L A
— b HE B 38 B IE — T R4S B Y 22
Mujawdiya ¢ (2024) $2if T —Fh BT STLRA LW
it a7 510 40k, R VITRS 1382 5000 A6 0 B
X EL 4 158 FE ) AR 18K, 3 o i BB B il 43 N

GERImMER, AR T RIS TR
H b FndEms e Widkss (2012) FIH] 1990 4F—
2011 4R 45 10 4 [H] B 1Y) 4 5% 22 I A sk e, 4R
THREE K IXCH R R SFEE R XP#EE (2023) Xt
ZIE KX 2013 4E—2020 4F PY Z= 4t 32 B Landsat 8
AR AT I ] P AR AT Ah BSR4y
Br T AR B RO RSN 243 [A] 4 1) sl A A
k.. Fischler 1 Bolles (1981) #2 H! /i RANSAC &
P — PP I T BE ML R A — B 56 19 1R 0L
Bk, WA R T 50% BB AR e R AT
A PR, JEERA B E M EEZ —; Chen 5
(2022) FFH RANSAC 52 2 0F 5% DX TC I K )
o, FIWTRE KRB A S SR A
AL, RANSACHERAG WEHLE, B A
Bl ad B B S (A R R O R A
RS FHEAELT, Wik il & 5
W, R EMR A, LA, RANSACH
% B R P e T AR AN () P 0 R 1 R SR
AT SO, DT o R 0 e [ 48K A R
eI, AR T R S A A

FET UL AT, AR NIRRT STLE T 43 i 5
TR HRE R B[] 30 2 2 A WA T v 1 3 R T RS
P, R TR RAEE R IR (R FR “HTEm” )
AR KX 1998 4F—2023 4E (1) Landsat 51 5%
1%, 150 GEE =¥ 65 il b 26 T B8 Sz v 540 vk KT I
ARG, Fe K SR BT ]33, 4 e i G R
(A PR s s HE R, B AR T ) g S
HARD T = B S A RUE D, Ok R IR B P 51
15 STL B P43 A 15 55 2545 1 5 BEAILDE sh G 5, R
FH Theil-Sen £} # fif; & (Aditya &5 2021). Mann—
Kendall it ZPEK5 5 (Kendall, 1975) F1 RANSAC
9% (Fischler 1 Bolles, 1981), 487 M1 3¢ i i}
SV ALREAE, DA S TR SR KB L Ryl
Rl S 25 W T4

2 WX S5EHRER

21 #HREKX

F 5% DX ASE T o 0 s 2 5 R ST T K 2R IX 2R e
BB, K ML AR FR A 87°44'E—87°S1'E, 43°53'N—
43°57'N, ZRPETEZ10km, FEILKZ8 km, 1K IK
WP R —ZRAbE M R4 R, RN Fis . B
SR PG TR . WAL A KR BRI



PR A . 1998 4E—2023 4T 5k ML AR FH K XA A0 SR B 2% 1l 55 43 509

TSR 430 7 AT X R, AL FE I kU A B
X =LA (AR); BB X. =Ry
(BIX) . fifftd7 (CXADX) ., &smEs (EXH
FIX) FIARMIEET (GIX); HATH A AR Kk

44°N = H

43°N

o L L M
86°E 87°E 88°E 89°E N

O/t #fm N
OosAzm s34 e —
.Eﬁ;"ﬁlz = 412 87°45'E

— XiENE S IA—G)

— SRR KTEE A 20164 K K

O 20174E—2021 4 H5 il L

X (BPEE, 2023), Hi4EH RGN
27°C (TH), KA N-154°C (1 7), i
HEIL41.9 °C,

3,’ 43°57'N

43°55'N

B

87°49F 87°51'E

87°47TE

@ 20185 @ 20190 A @2020 1

B B X de (X kS, 2023)
Fig. 1  Overview of the regions(Deng, 2023)

=IEIK X T 1998 4EFH R &k, 2003 4
BIEE M, 20074F ., 2013 4F 5 2016 4F Hr ik IX
WAZR DR, X EAER" 3—51H),
AR (100—170 m), 2810 m DL A%
JEREE . BRBS T Al 2007 4F 19 14.35 7 m® & JE 3
2013 4F 19 32.81 J7 m?, H % 2016 4F-1748.22 71 m’,
PR AT NP (GRERAE, 20215 Liu%%, 2019),
B WU JGR B 2016 FFEIF AR, 2017 AF TR IR K K
THE, T20214E1AFE5¢E:

22 HIBIE

3 F GEE (https://earthengine. google. com/)
[2025-04-15] = °F- 5 76 £ 98 H W 92 X 1998 4F- —
2023 4F 26 4 1Y Landsat 52 1% , {1 %5 Landsat TM.
ETM H1 OLI surface Reflectance (SR) 7= o 18 HX
T Landsat 5 TM (1998 4 1 H —2011 4 11 H ) |
Landsat 7 ETM+ (1999 4F 7 H —2022 46 H ) #l
Landsat 8 TIRS (2013 4F 4 H —2023 412 H ) 4t
776 i B TC A ILLAMEAR o W G AR AL
S Bt dE T (B6) . ETM+ (B6). TIRS (B10),
FHT S A58 X 0 2 IR B, A UK ) 3 B AR
65k 142/29 . 142/30 1143/29,

I 7 B 60 F5 0 R K K TR SR 2016 41
6 HAEEF AR RAE IS5 B s (s iR . £r4b
UL ASCI 5 1) oK X M B, DL K T4 GPS il %
B PEAE E) . 2017 4E—2021 AR ) =38 30k XK
KT AR R HEE B 157 A X000 FL B B Y o A4S IR
B

3 B

N T ERFEEFE XE K B [|] 22 4, A5
PR T — i T STL I P23k B0 BE I I 125 0 %
T B A AE M F TR BRI STL i 7 43 fifk AR e Ak
I 3580y, WE2 PR, BYS, fEGEEF-H
rh 8 HORH N7 19 38 B2 AR 8E i Cloud mask JF
JEBNRE £ BRI = M ER A, LUAA DRI A4 v
Aol S . B IR EACHS M Landsat 5214 7 5 i £
R b 2 U s, BT AR U ] ) 9 5 18
(Mateo—Garcia®s, 2018; ErmidaZ®, 2020), MiGs:
TR AR . U, X MR B Py 91 SR
T LOESS (Locally Weighted Scatterplot Smoothing)
VT STLIN P 20 R HR , SR RIR i
oy, PRI KRR X R R



510 National Remote Sensing Bulletin i & 54k 2026, 30(3)

b 2 3 FE P 470 RIS $4 351 43 1 430 13 FH Theil—Sen 4
FAET . Mann—Kendall K556, DUK 360 Kk sh 25748
AR YN TE S IR S SRR N =k 5 iR
B . PRAEZEFIN2Z, BT IIME . 2R 1R i
FERE K X IR OGN 2 . e, W H RANSAC B
AR YA T AL I, AT T B R
EHBIR A S8, AR T REEN T
o, 0T R SRR X S E R LA
(1 5RE) , MBBER TS LN, mTyH
WinT Be & A THEKIE B, 45 A A EE 1T bR
SEFYGIE, 3BT A T e S5 0

M
I} 1] 5 41

EESS Sy s sn s e e e s Y w i e i bt
i 'LOESSH.%
: .
! ! Ead
! ( )
i v ;
I
I
I
I
1
I
i
1

|

p I

STLB i 3345 - >
\ |

I

L

J

Mann-Kendall % 5

BEG | e
Pttt ;’::-_-_-_-_\:/‘::f!';:{:::::;‘:I ------------- 3
: : T | W | bRl 1] BAGEE |
: | JL S i 1
1 i@ e - ] .
| :jRANSAc%ﬁz DGPR3 | B!
! e ———— .
Vi A R 4---------------------.’
( BN, )

2 FRuREA
Fig.2 Technique flow chart

3.1 HRIBEIREL

i#id GEE = °F 5 JEAT 40 5 5 b B 52 148 00 It iy
SCBEEH DN (Digital Number) {E 554k K2 T
B 52 B TOA (Top of Atmosphere Radiance) , i 1
KA IERE R R 0 TOA S8 72 B, IR AR
AU R AR b, RE A O R E A, S
Landsat [ #ZT &0 % B4l S i b 3R U5 B2 . Ermida
A5 (2020) RBEAYIFIEACHS, HAIH Landsat 251
AR R IR R M T B SROR S AU
FHTBEKAK ISR, 75 GEE V-5 3K Landsat
Z2 9 KA 5 3 4 U8 FH resample ("bicubic’) X =K
DT, B BRI E R R 30 m, B (R EUE
) — B FRG E

BT 5T TOA f it 52 2 5 LST Z [l iy 22 5

KF, FHEET AN A fA] PR [l AR A
sr=al gl (1)
& E
A, T, TIRGEIE ) TOA SEREIRFE, & 2 [H]—ii
W KGR RELA. B C R 5 A A
PLALEPE T8, Ol <l . KEIARA
B BE ) BUHE A2 45 o AR AE Ermida % (2020) M
SURFRAD, BSRN F1 KIT % 4% 3K 15 i 12 4> 3 45,
J& £ LST P fiti Landsat [ ¥ B9 LST 5 & n] 41,
Landsat 5., 7 F1 8 [ G AKE BE 4351 8 0.5 K, -0.1 K
02K, EMARMSEZr5142.0K, 2.1 KF2.1K,

3.2 STLHIFESR

by 2 U 5 HA A 2 BEALE R I R A,
KM Z 1 PR AR B R BE AL Bl A5 2 A, X b
TR AT STLI P /i Ut $ o , #00R
HAnh AR A% (He %%, 2022), STLAMiA%
Lo T LOESS (19 N AMIE R B Ak 2, b3
LA AN FIIN 25 P A RN A T R L 1 B[R] 47
BAE, W S BAT RN, Ao AR
et RUR L O RN RN I SR B EAS IS
JERZEATE P ae K B SR S8, 20 3 I R
FERCR R, JUHAEA AT E] L R AR K
A E (Chen%, 2022; Mujawdiya®, 2024),

Cleveland 5% (1990) 4F4&H T STL 43 i 19 55
7%, 3T Python T & ) “STLDecompose” 2= 75 P
BRI, R A B R AL T R HoR
K T5 AR A i s i ka5 . =745 Ak 22 iy
(Chen 5%, 2022). AWMl H Python i, 437
WFFE DX 1 2 U 8 I s, B0 Z= T PR R g
JER 465 Sy TSI 2T TR G 25 35T -
A IR POIR B2, R ]S g Y L)
WEN0.12, RUPFIE D200 34, REIEIY
HW RN, BRINBE R 0.01,

33 BRNEHBEREST

3.3.1 Theil-Sen $} E{HE

Theil-Sen 43} # £ 2 & 4 Henri Theil #1 Pranab
Sen £ 1 Ay — A2 il 2 Pk 01 05 5 2 (Aditya %,
2021), &M TAATES ARG, Tz ]
THURT . KRG, %7 2 T R R 5
vh A O RO Z TR AR, R IO 5 E A Sy i
] 2 5 AR A B A R e, 3 R 3 I ] e 371 2



FAENE 4 . 1998 4FE—2023 4F it it AU FH ¢ IXARZL A1 S gl 25 i) 5 43 B 511

PRSI AT, BEA RO B B T A B (B S
HA P AT

(X
B = Medlan( !

&}W>i (2)

K, Median () R EREL, 1<j<i<n, j.
PN EFEEA, X RXCREEEEA . iEdE, BN
BB HERIER, B>0Fm A 55 2 8 T
B, B<O0FRIRITE]FH) 2T B

3.3.2 Mann-Kendall #&1&

Mann—Kendall & # 55 & — Fp gk e 55 4
LR RI R DA B — IR S 881t ik
(Kendall, 1975; #&#Hk 55, 2025), HTREK
JEIA B[] P 91 B e AP R o 2 e . e S
WM L, Mann—Kendall £ 56 A~ 4 % %5 3 1) 1F
oA, X EBRABRNEENE, &
TR P g B 2 e g . Hoh R e Se it
WS, JrZE Var (S), trifERGEE 231507k
e

S:nil.i Sgn(xj—xi) (3)

Var(s) = n(n — 11)§(32n+5) (4)

z7=->71 (5)
Var(S)

A, X XeWRIFEA; . i8ds, Hk<jo 1EXGHE
PRI, e B K a 0,05, FHLTE
Z|> Z, ., MR AR B, BITEEE K o« |,
AR T I AAAE W B B ik 2
>0, WFFs R BT iR z<o, WFH R ET
W A0, HEWTF 50 W P HE L

3.3.3 RANSAC &£

RANSAC B LT Fe KA AR KA R i
FEVEEC, RESEAS DT HERR = Es n T8, 153
BALRRBARISEL, b TR/ N S A TR
Bk (Cheng Fl Lai, 2009; K TPHi, 2011); A
WFFEIN R 7E — A~ DX K s [R] 3 ] PN e 30 AR Ak
BN, BEKRRETR TS E, H RANSACH %
PLAWIR T SOR B, BEAS A &b AR 45 h i K
MRS, A T B SR SRR
FH b 3R 05 B2 () 5oy s 0 FU AL A8, Sl o B
BRI g & A T KIS B

HEAR IR AT 2 % 40 OC SCk (B DA 45

2021; Chen%§, 2022). I XIHIFY DX 14 I £ 4
FRE, RANSACHILMIMAR T E 2, WA
KAV ETE N1, FEF, RUF5EA RANSACH
2 TR AR TE I I S I R T AN AR
T, WG T T —EmBR S, LLE N R R
JE AL RRE

4 HER5 0

4.1 HRBEFISTL S BRIEEESHT

et A B AN R A A AR (KBRS,
2023; Liu%F, 2019), K525 )E v X
S agE. T AR SRS SRS, S
T GEE = °F- &5 i FH B AL AR MR R A7 b ) 53 2%
F AR AR S 0 SR 2R a5 L, B UER B2
81%, Kappa¥5JE 7 0.73, AHFIEH 0053 205 B 3t
JEH T PR BF 9 X 4 b A 55 4% Jay A0 A Hb 3R 3R 3
A4k, K3 (a) P, MR L5 AT XT
He—4F N T S ) LST 4%, & BB 9% X i X
WAV PR KX, @) Z 5040 FHE KXY
RBRE Vb ML . R T X S @i 3 (b)
FFUL, 2021 4 4 H AR X 5 32 AE A B ] i BT
AT, DX R TR DX I ) 2 L B AR AR X
MRFIE S A — 3, P, AR DX b 2 i B2 T
YE R AR KR X, 1R 776 524
R X A Y R, AR AR DX M 3R
FERFR] 5 , FEEFT STLE 40, 2538 WLIK 4.
AU e A5 DXCAR R R DCAE R B Tl 26 i B Ty 91 B A
WEMENERS), FWWUAR AR, R
PSR AR L AT AR R E TS, |
] I BOA X AR, S5 RESEALSE (2022) WRoE K
S s b % I B B s AR AR RRAE AR AT, BTERLE 20 4Pk
2 R FR 5y X TR B 5k 2200 s/ H o
WAL, SRVIBIAE SO T EE i S R 2Ry
R (B4 (d))

JE 45 5 5 1 s S5 1 41 43 531 2R Theil-Sen 4%
RITHE 5 Mann—Kendall & & PERG K, 28500 4%
XS ARG L, A5 R ULIE 5. ] UL R
) IE 7 R SRR BT R, RERER K, &
PRl R, T B R R AR TR S
X5 (@<0.05); FFHTF 5 Theil-Sen #HHE £
AR HB /N, 2 WY b 5 U Bl P R 22 48 4 4K
P J8 2 1 DX B i R P A R TR R F 4, (H



512 National Remote Sensing Bulletin i & 54k 2026, 30(3)

BRBITF I AR R EF XSRS ERX . T K,
DA XA & o Beoh, B2 XU AR Fr 571 i 3
WK (HOcES), HEETrIEE TR (0

KRG 51 32 215 PR MBI 2545
R (5 (b)),

e

i&llmrlla
(a) 2021 4F £ M1 7325 W 2k

(a) Land classification supervision classification in 2021

ﬂﬁ%%mr‘ °C 15.89 - Tl 3529
(b) 2021 4F- 4 A #h F30 F
(b) Surface temperature in April 2021

0 1 2
km

3 BFSEIX 2021 4F 7 FERFIE B AR L 23 Af

Fig. 3 Land classification characteristics and surface temperature distribution in the study area in 2021
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Fig. 4 Referring to the STL decomposition results of LST time series from 1998 to 2023 in non—coal fire area
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(a) Trend distribution map of the original sequence
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Fig.5 The trend distribution map of LST before and after STL decomposition in the study area from 1998 to 2023
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Fig. 6  Analysis chart of LST trend term in the study area from 1998 to 2023
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Fig.7 The trend distribution of LST in the study area from 1998 to 2023
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the Sandaoba coal fire area from 2017 to 2021
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Abstract: Coal fires are a major global environmental hazard characterized by long combustion cycles, strong concealment, and difficult

mitigation. They pose severe risks to ecological security, human health, and energy resources. Coal-fire evolution is a continuous

spatiotemporal process, which is why Land Surface Temperature (LST) is a key indicator for identifying thermal anomalies and tracking fire
development. With the rapid accumulation of multisource remote sensing data, time-series analysis has become a powerful tool for long-
term coal-fire monitoring. However, LST data often exhibit strong randomness and complex variability, which introduces challenges for

long-term sequence analysis. This study aims to develop a robust coal-fire monitoring method capable of accurately characterizing long-term
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LST variations and identifying coal-fire evolution patterns.

The Sandaoba coalfield in Xinjiang, China, was selected as the study area. Using Landsat imagery and the Google Earth Engine
platform, a continuous LST dataset from 1998 to 2023 was constructed. The seasonal-trend decomposition procedure based on loess (STL)
was applied to separate the LST time series into trend, seasonal, and residual components, allowing the removal of strong seasonal
fluctuations and stochastic disturbances. Spatiotemporal patterns of LST were analyzed using the extracted trend component. The random
sample consensus (RANSAC) algorithm was used to fit long-term temperature trends at the pixel scale, ensuring further identification of
coal-fire development stages and delineation of active fire zones. Field survey data collected in 2016 were employed to validate the
identification results.

We obtained the following results: The STL decomposition effectively separated the long-term LST series into stable trend components
and variable seasonal and residual signals. The extracted trend item revealed long-term warming trajectories associated with coal-fire
activity more accurately compared with the raw LST series. Among the 20 coal-fire points detected in the 2016 field survey, 16 fell within
high-value areas of the mean and range of the trend component, indicating strong spatial consistency. The RANSAC-based trend fitting
captured spatiotemporal LST evolution from 1998 to 2023 and demonstrated strong agreement with field observations, successfully
identifying the initiation, expansion, and gradual stabilization stages of coal fires. These results validate the robustness and reliability of
combining STL decomposition with RANSAC for long-term coal-fire monitoring.

The proposed STL-based method significantly improves the capability to extract meaningful long-term LST trends and enhances the
adaptability of coal-fire monitoring to complex spatiotemporal conditions. The method accurately identifies thermal anomalies associated
with coal-fire development and shows strong consistency with field investigation results. This framework enables long-term, large-scale LST
analysis and provides an effective tool for capturing the spatiotemporal characteristics of coal-fire evolution. The findings offer valuable
technical support for future coal-fire surveillance, early warning, and mitigation planning.

Key words: coal fire identification, STL decomposition, Landsat, LST time series, thermal infrared remote sensing
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