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HIEHY R ATEE 0.9 DLE - AIERSZHYIG 22 RS THEEE AL - EMIRERpI 2R s8R - #4
14 %I AAIRAR AT S RE KR ZREWRIIRRE - T A SRR IAE 5SS ISR - & o s b IR 2 -
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BEsEER - BERIFRS ~ HATERE - HEEHE - WeaRE - RES

1. I

A Y B2 08 I A DA ] 2 IR R A S 3 3R T
RRJEAHGEN - HATC R RN T2
(Disturbance) & {F1& YRR - BHIEE S B 1KY
Landsat ZF I B GR4CH: T 50 ZHERMEREL -
B 2008 4 3= B H A 5
Geological Survey, USGS) BHINERUHE » (€ H#ERF
FFF RIS G ER D IRl # e - REEANRIE
TEBEESE (Wangetal., 2022 ~ Zhu,2017) » %
TG IR R PP 51 o i 2 AL R B L A B
FHEEVARTTE (Muro et al., 2018) » FEHAEIE 47
BRI B ~ A FEHE (Vegetation index, VI) =
HADEECTANEE - sete e R A R
tE 7S (Banskota et al., 2014) o DUME AR F5HE
HSE P B Lo R R HE e St R AE o BN AR 2 0 LAY
FEFIJT% » JUHZ NDVI #5802 FH A ke fls
(Succession) = {EEFHEN (Jodo etal., 2018 ~ Song &

(United States

R E VA AW el S iy

2 EIrEALATE R B IR B A B

3 BRI bETE RIS £ BRI

* iEEA(E#, E-mail: pths5000@gmail.com

Woodcock, 2003) = ZAMT » #F 4Rt TGN I
fath o A PR R P B R e s A A Y BR R e T A
£ BHEFLUTLIMNE (Near infrared, NIR) (T
R B AR G Y NDVI {RZS 5 [l s AR E R - 7%
AW SRS B A AEENE (Pickell e
al.,2016 ~ Massetti ef al., 2019) o KA SR THFFEE
AR EE RN ARNEREARARER L EYBI
Y 45 8 4L M 5%  (Short-wave infrared, SWIR) i E%
(Jacques et al., 2014) » HEFHEIVEHATEIEE E#E
ARG AR S Y et 4 R M - I ReA bR
JELEFSIE (Normalized burn ratio, NBR) SUARMIKIE
}5%; (Forest recovery index, FRI)Z (Hislop et al.,
2018 ~ Morresi et al., 2019 ~ White et al., 2017) °
TEHE AL A5 AR B ] R 51 ] DLZE AR i il — st A
WA R PR S CRERNET - HESwIE i e g
SRR - IV R R R IR REE T AR
ZINBE (Wulder et al., 2004) - HHERY R &5 B
HTHEERE SN E R A ESE - #EAH S E
WeEHEA ¢ BB 113 4209 H 26 H

B E - RE 113 410 A 22 H
PEZHI R34 11 501 H
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B RHE ARSI R DR AT T - E14h
FHUREMEME S Y, GEE LY E (Biomass) FIZEH
f& 5 81 (Leaf area index, LAI) Ay fin i [ %
(Foody et al., 2001 ~ Hudak et al., 2002) » ¥ =25 & 2
PREAVEERE(EETAHBIMEE L 0.11 2 041 ZF (Ma
etal.,2018) - ZE&H, 3 (Airborne LIDAR) & —FEF
BV - RESE SR A2 A RS AR
BEW =GR R RSB B 8IS
(Drake et al., 2002) - fHEFREEOCERAS - 22808
R CHYY 22 T B SRR AR - EEDARNEE B
EEMENEM - By 7ok E2EAHkgSRETR K
&t B B2 A I B 22 F O ) P T e e A i
FREBIE 7 A RE R TE NS A A 22 R - F sz
I A ENRE - T I ST AR A RE Y
FHEPRAEAR (Bolton et al., 2020~ Senf et al., 2019) -

EEZFMHEA ELE - HEREEE - B
TISRREFR SRR, » 55 3 T SEEFERR R
& W B AR RE RATTHEE - ApbRE LS
7K F Y D SEER R L& b £ 2EHY
ME X (Stand-replacing) 8 - Z& IS lTE &
@I R A FR IR HAE M A - 18/ D B S
HBEPRRE 2 BB Eh & BLE AIE dOIRREAY 2 52
EREE S WA A P AR BRI = B B - HF AR5
YoM AE BE 4 A A [F] 22 R ~ B RS e
R HIIRIESE(E (Banskota et al., 2014) » ik
A T B ACHE S [F WRAE P BR VB TR » $2 it
HRAMHAE SRR R - AEHZELAEE D A R iEE)
HYE RS /KIE Rt 751 - I RS P 512 8 M
SAAGAS 2 B 22 R S it 2 B e iet e e A A
I3 2009 B o0 L SK 1R AR AR AR 2R Rt
ELAERSHT IR AEAE - 9T H A R IR RIREREEE T A
BN A R HE G AR T - PRt AR EE
GERSHIWAE AR B FEMSHE Rt B F

2

2. MRtE VA
2.1 THFEE S

b e sElE DL % B E TR SR K B £

F_+NE

S$UoEl REN113FE 128

(8 1) » H/KHEfELY 378 km? » VRIS S/ A 87 &
3,287m > BT 157 & 867 i » BEHEHIBAHITY
ER} - S A2 FsvarEH; - SKENEEBEUINE
LLTESUR FORSIR =R F S0 » Mg LLE
Tk FORIN T By o SRAE: b8 nE 2V 2R R
& - AR ELY 2,918 mm - 90 % DA ERIFERT
BRPIES~10 B > FHPR% 22.9°C - FK@EAZ
FyE RS - ARFZERD - BA-FIFREE
ER RS KE RS KR SE A st i S
1.62% « f{IIBMESE 2 B HR BRI R 5 2 > 2009 4
Shve R K Rig - SKEFREAEEYINE 3,539.51
ha - AHEZSERITRLIHENI T 3,190.86 ha HYARERHT » i
IEREREEER 0.92% FFFE 9.35% » ZEEHZ SR K
(R ST B L B ELEE -

2.2 5EA
2.2 1 HEOCRRAE N A

bFEsE A e E 1% 2 2023 AFfE3L 198 18
StEEt B 544 By Landsat~ SPOT %.%1[Ei Sentinel-
2 F=REREEE (e ErE 1 -
Landsat 20 HH USGS By EarthExplorer SE 5 HYL
15 By Level-2 ARSI RS - &R -
NIR PAK: 2 {iE SWIR J7E% » Hirp Landsat-7 ETM+
Himes B H 2 G E R A R ERERIENR - R
Mg G IEEES ENVI (Y Gapfill e
1T 22 P52 JCIE Al - Sentinel-2 [y BN K 22 442
(European space agency, ESA) HJCEEE » SFTHE
SHEBBEEF L E (Copernicus open access hub)
fefit Level-1C HHM ARG TR H 57 i - SPOT
R REREsEE 2 > W9EfiH SPOT-4 - SPOT-
5~ SPOT-6 J¢ SPOT-7 [ fllesfatk > et -
Forfr SPOT-4 B SPOT-5 214 Rt ~ 416 LUKz NIR
B SWIR JRZER4HEY 1Tl SPOT-6 Jz SPOT-7 HIl Fym] &,
JEEL NIR R ES4HRY - fERFEIFPIRG oI B 5o
HYR SRR E BAH BRI E R O AT R AR
T RERE (RIS H — 8019455 (Banskota et al., 2014)e
MR {E Landsat g5 R 3R SO %8 0 SR
Sentinel-2 §2{5 & SPOT 4557 BBk FHE MG
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Hi#He ENVI Yy FLAASH B QUAC RFEIERA By 30 m f#f/E > 2% Landsat s2{RiRILFEECH
EITHIRIAPREE - HNECHIES BV ZERIA#T  (Co-registration) Y7 7AH B (R IT 2 — B A {L
EER > FiEEEE TS —EEUE Resample) B - HEREEGICEBHZEE -
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22251 fE S A

ZEHOCENE R Rt AE T - EEM
JERUM R R A T AT — MEREE B - BIEEE Y

SR BAL A o 4 ] DA AR v R T Y B R A A
(Digital surface model, DSM) Eil & {& = F2 &1 #U
(Digital elevation model, DEM) » 4% o i & 1H k5
KRBT = ERY g = EFAY (Canopy height
model, CHM) » 5]{F s S ALIE S RERY AR &R - B
FEEMCESERPTY 2021 FEHARSH AL B R E
KA AN SEa B T 2R O R - [
PRI B L1480 2010 ~ 2012 47 J7 2016 4Ff]
F AR I E R T 22 MRS 1 m (g S
AL > SREANZE A AL ve AR — (8N RS 5
tEtoe 1L -

22 AR EEERETET R

BT O A R R - BigEE
1% NDVI & NBR B LR HA A
WL > IEATHE -

(NIR-R)
(NIR+R)

NDVI =

(NIR-SWIR3)
(NIR+SWIR3)

NBR =

U NIR ST ALIME B » R [BELERZEE - NBR 2
PRI RAT 2,000 nm HYFRZATAME (SWIR,) B
AL BT &R - R R R
Landsat J Sentinel-2 £2{& 0] DIEEL » # NBR B

FEA I ERFHER K NDVI -

e JE v P AR AR R v P A B (A
Bl FEDIHEE R AL (Area-based approach, ABA)
TERIERETY » Al LI G RIS E T R e 4
HEE(45KE (White ef al., 2016) - FZZE1%E 30 x 30
m HYZEE BT - T 30 m TR e Bg
TCALE » {18 ABA HYJTAR CHM 5HE 2 fEE
AT TR AR - FEIL ST BR4EREE L - 55 1
(Ee @ 4EttE iR R P EE S (Mean top-of-the-
canopy, TCH) - U {5 T 2= [Hi# & P E #ioe fe & 1
HFIME - sTEAZAIT ¢

ThE

S$UoEl REN113FE 128

A CHM; FyZZ BT N5S il CHM (B N FyZEfE
BTN CHM {§r#iE @ EARMITHEE R &
900 2 {E T @ 45 HEHE IR el g 2 &% (Canopy
cover ratio, CCR) » {7222 BT P 1 = FE R 2
m RAE 7 7 ZLEB] (Ahmed eral., 2015 ~ Smith
etal.,2009) » HAK A .

CCR =% 100 » CHM; 2 2m............ (4)

Hetn o RyZEfEBE T CHM {H > 2 m FYBITEL

2301580574

2315 AREE BT BEHE

FIF 2009 FEEAISCEE 10 A 30 HHAH#AY
e L2 B o3 #r (Object-based
image analysis, OBIA) J7iE#EITRAGHIIF 3 &%
LA NDVI SF5{E 0.05 %F?’Fﬁﬁ*@%@  E9T Ry
T S IREA - HE— P BB AN TRETT
EXCOLIEIEN S LE%Q%%%#FTE@Z%# PREFRR
ARSR T R B B AR F R R IR A - SR
BRI ROK L IRFFBA A AR IRt e 25 - 2t
HUBFSREIEARY 10 ha By o ikEld - HitAgsmsty
EEtEEE IR E AT Eﬁmf@ ZEfe B R
Ry T HIEE W R IR E RIS - BB e
SIRFBAGTTHY NDVI I frigih - %Iﬁtln:nﬁhln:nw
HAEEE KERREENILE - Mann-Kendall (MK)
WE T AN R Z FE R A 5 S E b - Ry
RIEERET T - FIRHER 82 & A BE
S5t (Hamed & Rao, 1998) - AR ELABIE fa e
J57d » Wi/ N3 %L Cox-Stuart 18 %E » MK j#3%
M e Zm E R E R A - 5 BRI R
B FifHRF T B R A/ NG (5 B 7 & E PR RF ]
FroERt - HO7Ea0T ¢

R Y () EBCAE BX =
X} * Mann-Kendall 345t = S & ¢

Landsat 3

{x1, x5, ...,
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+1’ X; — Xj >0

S = Xr Yy sgn(x; — x;), sgn(x; —x;) = R =X =0 s 5)
—1, xl- - Xj < 0

Het n EREFIIERIVEE - x Ml 73 B R
Frlefey (j>i) BEHNE - EREVar(FEE

n(n-1)(2n+5)
18

Var(S) =

Enz 10 Rp i et 2 S AT PR F R AT -
SPIEEE O FREE B Sttt B Zat ey

S$>0

S-1
Jvar(s)
Zg=4 0 ,JifS=

5-1

Jvar(s)

l5<0

BHE/KE 0=0.05 BT T > Zs>Zyr=| £ 1.96 |
REGEBERAET LHVEE SR - EREN Zs IE
B Rt - RRZ GO EREREHETE
B AR Zo S{ERTERES SES A B E R
HERTERER -

2.3.2 0 @& R

RS ATEUSHY CHM BRI ] PR AR B 22 e i
B EERER IR IA BRI T A HE 8 B R 22
RIEE SRR - TERESR2E07E (BTn%
TClHlER) BT AR B B R A AR (R -
P e i e 58 B K ) 3t I 7 O TR B 1G- B) R AV &5
5 (Chen & Hay, 2011) : [fiJE2Hii a5 22 B AR
BRI R AR R (R - B AT DI S 4R
BREA - ST E e T B A E IR
B (Ahmed et al., 2015 ~ Matasci et al., 2018 ~ Viana-
Soto et al., 2022) - {EIEAYFEHISE & 7] - B84\
EFE A S5 REAHRARY AL & - NDVI -~ NBR - ZE5%
J& (Tasseled cap brightness, TCB) ~ %&£ (Tasseled
cap greenness, TCG) ~ JRJ¥ (Tasseled cap wetness,
TCW) ~ ZEFE (Tasseled cap angle, TCA) ~ #2415
FEEf (Tasseled cap distance, TCD) DLz & fjfEAE L
FEF5% (Temporal standardized disturbance index,
DI - NDVI JZi 52 FE R A FEEE - NBR &

F SWIR iz E4H A HUHE AR 51 - AEHEHA (Tasseled
cap trasform, TCT) J2 /AT ARMR&EHS ~ IRREEEER LT
B FHRVER AT R - 2 eatn B Ry S FERE
SERE ~ GRS ROREHRF B & - i TCG K TCB [
{E 7y SRR AR P E - SR BRI Ry
(TCAYRFE T 1 A= BLFEHE A HYAHRLEL B (Gomez et
al.,2011); [} TCD I 28 AE V181 N 52 Bl A A Y B
HE - W AR AR S RE AL (Duane et al.,
2010) - HEFEEUE HIEAE(E TCB~ TCG f TCW #E
{F4LEEFEE (Healey et al., 2005) » FIACHRAH T
1B ZIEERAE AR © de Beurs et al. (2019) HIFEH
LA R R H IR B2k 4H &t Dl K 52 B 2260
Vil B pefR e Pl R e By TR L -
PRI SBR[ A S A R P A A - 7R
SEHFCURAVZRE %L (Crist, 1985 ~ Huang et al.,
2002~ Zhai et al., 2022)~ B MERITE NS 2 65 NBR
B TCT JiiENTARD R - JHER SWIR, JE
EATSHENY TCT ZE RBUREH SR IERY =
G {8 ¥ Landsat R IS0 B TROH -

BE %A% Pk (Random forest, RF) & % R 5ife
(Decision tree, DT) kIR E HEE -
DT G{EEFISREEA PR A TR G - 1
FrEEEG PR k R EUSURETR A - DL
Gini 5805/ M B S IR L (R B M 1T P B R
G BRSNS R SRS AR ety (o] R TH
HEHETTF5 (Breiman, 2001) - {1 =1 CHM {55
(e FE S FE AR AN TR [EI AR PE BRI H IR -
PR EL N RSBk CHM BRI ] i R AR AT
Landsat s T TR & - fE AR i 18 R A%
MEE SN =B R AE T S - ISR &
BB 73 s 2/3 HNREE R 1/3 BRsg &k -
A 4% DLUBR 58 R A Y TR E (R B
determination, R?) ~ 5 75fR557% (Root-mean-square
Error, RMSE) K {mzi{E (Bias) ACGRFAEHEAIRGAE -
A LLBCREEI LTRSS SR » BARIAE KT {E R

(Coefficient of
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ZEE (version 4.1.0) IEEE NAY random Forest Eff

2.3 3G BB PR AR ARG ST

Ry LERE A e s Bl et fR & R Y PR AR IR AR 2 52
TEE G T E FFEE NDVI~ NBR » TCH k2 CCR
VUTEE #R S R P S &R - R G R E R
RS H - EF 2009 428 H 8 HEHSTE K T8
A H o SR AT R R R R TR S R R
(Time since disturbance, TSD) - {318 & 2R - T
BT N 2= [ R PR HIE RV » THE T & E IR PR

o SRS E R b (I R AR T RE

DRIEE 28 & DSBS AU A A PR A BT (Sent et alL,
2019) - WIFEERARYE 2B & TR -

y(t) =a-* ln(t) + b ....................................... (8)

Hrha ByalfRlRR > b BEEE(E - ¢/ TSD > B
LB H o yo B TEREH®E - BATAMGIIE AR
BE - BB RRa & E R EIIE R
izt WARFREE L BRI IRHTR © B
tEAEEE Bz M E M - (RVUTEE HR R
PRAGHBTHIRIAHETT K-means £EREIIHT  IFFTAE
BB R BAFIRIE ~ th AR R R = (8
e o EHEERELAHET A MR PR E
B RO AR AL SR RE » M DARERB R TP BT
BRI - LRSS F AR ] T E gt
gL (8 2) - IO AR E e R E 2 T
HIRCERAM AR BT et TUIRE R By T Az L
{EBAMSERIE - TTUEE N IIAR B WRIEEDE
FZHEFIZE RREAMA T R PEE T REPRIRRFH] -

A e yEANFEE > MF, o BEEW T 25 (E > ail
b Ry R UMY R S (E - iEiE
L R T IR AT YR A R ] LSt AR AR IR AR
Eb (Vegetation recovery ratio, VRR) » 7 Hftz% B fH] B
1B B HE A R BRI R R IRIEFEE - VRR
AR ¢

F_+NE

S$UoEl REN113FE 128

VRR(%) = % o (01| OO (10)

3. 4
3.1 FRIFHE B EHE
IR AR AIRRGE R - SLEERE T 35 {ERHIE
FRIB R TE ARl > SEIEITE By 756.45 ha  J{5ARER
FEE#24%1A150 90 m #i[E - NDVI 8t & B R it
Z B LBOI S BN R S BT E T R A
M ALE - PREME RSV LRSS B -
AR € 1% NDVI i Ehhe E 45 R8> 47 83.83%
HIARSRH A S A HRAE (8 3) - FrA ARt
HER 4 (ERRFEHIE B LB NG 60 % > 3 {EARLR
HAVE EELGIZE 70 % - Hak 28 {EpRtAvE S
BlEi 80 % BUR ik 2S5 KEM AR R AR
ETER A - AN ES R -

3.2 T R4S IR A A A

TERA TE & P N 8 5l B ik = B &0k} 4 HUS:
68,003 SEREA - DAL 45,421 AN By AL 5k
R BB - B 4 Rl B4S i any RS
G 1 1 INEREE THHIBCR EI R RF A ELA B
YFFEMISEAE » TCH DAK, CCR AYHEEHEAINY R? 152
F] 0.9 DI_E - TCH f5#f/) RMSE 8 5 1.75m > {H
Bias BURERGHAIA LS {5 (0.11 m) AYEY - B
Z8 CCR FEAUTE R? FHMS{E > TCH 5244 - {2 RMSE
Fy 8.88 % » HEUREEIZRINE Kyoriy - WiE LR
7= (Bias = 0.32 %) » fHAUERREEHARAR(EK - E—F
T BREs AT A (B 5) - REAEHY -
fi3 2 TCH = CCR HE(HEAY » T2 711 B 2 FEK
Fefh ~ EEEAET o BIER B SR RaR R
BRI » B A IRRER - HAE TEHIRCRG R o ]
DL R EBERIAR/ NS 1 IVIBTE - SRBHDUE AR sl
B AR AU R RN & -
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(S IEZlEA:

Index

AT wEe
= gt

s EEERENTSTER
T R

2 1EEERRAEHEN s AR A AR

& 1] L O

[ IB0gsExE v
KIREERE L o L
N ErEEmE o
Il gntsmE
Mann-Kendall Test 4

Z-Score
High : 15.73

o YT

Low : -13.65

hy

[

3 FEEEBEE NDVI MK #385a e B8 & (i B A E 45 R E
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40

R?=0.93 Pd
RMSE = 1.75 ¢
Bias=0.11 4

35

Predicted TCH (m)

a) TCH

0 5 10 15 20 25 30 35 40
Observed TCH (m)

ARENST ET+NE F0OH KB 113F 128

100

R*=0.94
RMSE = 8.88

Bias =0.32
80

60

Predicted CCR (%)

40

20

0 20 40 60 80 100
Observed CCR (%)

@ 4 o e S R A BRne e A TN ARG

20

a) TCH

15

Residual (m)

-15

-20
0 5 10 15 20 25 30 35 40
TCH (m)

Residual (%)

-60

-80
0 10 20 30 40 50 60 70 80 90 100
CCR (%)

[ 5 i aS R A R R aa e A RIS 2= ]

3.3 HAEWENIIEZR

PUTERE AR FHE IR AR TR K-means 52557
TS RMZEAIFR 1 - BE2RA 83.83% MBI ER
HEE NDVI FREWRAEERGE - (HEPEE— (5
PRSI 41.78%) BN ELGIRE - 49 27.98%
HIRRSREE & Ry R IRAR - (£ 14% HVARSRMIEA B
THEMIRIE (8 6) © TEWRIE SRR FAHATAR N RGN
PG R - NDVI AR REA IR EE
(R%) K » CCR ~ TCH {RFFZXZ * NBR HY4HA
PG RIS - BEEWIE SN - AR
HIE gt o R (& 1) » {EL i s

RAFIRAEEE4H - NDVI [y R? R 048 EFHH]
0.78> CCR Jz TCH fy R?, 5y B hnZE 0.72 ~
0.62 > fif NBR [y R, fE{¢ 0.12 _FF}51 0.45 « EHAK
EREENLE » T R ORISR T
FIE el AR AR B ERIE%
NEZIREL  BEEHEI R TR - MR
ZHIEHE S - (HAE R AR B S A E IR
Lo MR - RIGFEFEAFRINLE - (BB RETS
TERER » R HLAE RSN e S FAH S N - Ry
RE SE AT MR OB L -
& 7 BURFTAE S M BRI AR
FHETAME AR ERE - &SRB PRAR BT 721 2 B AR
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TEfRAE - 31 50 % WYMKIBHEEIORFRHE S 45T Rl
B RN T B RIRIEEARNIE B B R E A AT
HEEIRAE - ARSI A+ AR - & IKIE
BRI AFIEMEET S AR VRR 11
(F#2) K& 15 (2024 ) FrEEREUECAH
EWHEAEEEAE (e m&kE 1) > B
1E R A Y AR SE R A AR FEIEAY VRR E %
FREMKIEE] 40 % ~50 % > (HEERE L3 @4R1E > VRR
AT 15% LUT AR I a iy RAFIRAE 4

NDVI /] VRR FH 48 AT %] 100 % NBR 1 VRR
WEHRAIE 2 90 % 5 TR fEss (diat £ BUR T K
EEBIHIA A (TCH=7.97m » CCR=73.26%) »

CEEHMEEEIVERBCRE - AR E
AMSERIE (B VRR 100 %) HY1E FHFHE (1)

E1E RIFWAR FRALE A E HF N IRIE 2Rk
JyHY7KAE - NDVIAE 15 FA TP - T
NBR HIFR4Y 29 4 ; it fg &gy (R A #4212 - CCR
SLRATACE 41 48> TCH AIfEETFREE 95 FoRIR(E 2
BRI KA - EEIRAEE R NDVI AR
BUNARE AL 1% 44 PR 7KEE » (H NBR
SHEREEF T E AV R AT RE R 2 264 FE 2 A &t
SR T HIBERETE 90 AR WARE & AR AE R Rk
f# (TCH>5m » CCR >60 %) » AlEkDIFF @R ER
IR 7K o Eef RIS T R AT AR R BT
ETHERPEAVERE & (R 2)  SKREFH
ZARRIEHEEA (TCH<2m > CCR <20 %) » {RA]
RES AR PR - (E AT -

1 BEGEEVEAE R BIAEEFR S MR R 55

BEE pPWar2EE  RIEER R?, REHEMEET HEX HHEERE ()
R4 0.78 y=0.178 In(x) - 0.705 14.64
NDVI 0.823 g 0.68 y=0.145 In(x) - 0.580 43.61
i 0.48 y=0.093 In(x) - 0.394 o
RAF 0.45 y=0.092 In(x) - 0.226 28.8
NBR 0.626 h 0.28 y = 0.065 In(x) - 0.120 264.1
sy 0.12 y =0.027 In(x) + 0.036 o
RAF 0.62 y =2.413 In(x) - 12.807 95.02
TCH 12.42 th&s 0.49 y =0.943 In(x) - 4316 %
sy 0.32 y=0.256 In(x) - 0.854 o
RAF 0.72 y=19.671 In(x) - 96.084 40.99
CCR 93.03 thE 0.58 y =10.590 In(x) - 49.830 o
gy 0.34 y =3.050 In(x) - 13.931 o
AL 0" Sy 1E SR 1,000 47 > AFREELIKAR B RAEHAAKHE -
F 2 (AEWIEHPMEET A IR EIHY VRR E(L5E
S =i EE:F}‘E%EE%{F% (f'i)
PeiseR datR 3 7 10 15 20 25 30 50 100
NDVI  65.72% 84.04% 91.76% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%
euippe  NBR O 66.76% 7921% 8446% 90.41%  94.64%  97.92% 100.00% 100.00% 100.00%
TCH  32.87% 49.33% 56.26% 64.14% 69.72% 74.06% 77.60%  87.53% 100.00%
CCR  44.71% 62.63% 70.17% 78.74% 84.83% 89.55% 93.40% 100.00% 100.00%
NDVI  52.84% 67.77% 74.05% 81.20% 86.27% 90.20% 93.41% 100.00% 100.00%
s NBR O 53.51% 6230% 66.01% 7022% 73.20% 75.52% 7741% 82.72% 89.92%
TCH  18.39% 24.82% 27.53% 30.61% 32.80% 34.49% 3587% 39.75% 45.02%
CCR  26.11% 35.76% 39.82% 44.43% 47.71% 50.25% 5232% 58.14% 66.03%
NDVI  31.22% 40.79% 44.82% 49.40% 52.66% 55.18% 57.24% 63.01% 70.84%
seppppr  NBR O 35.94% 39.59% 41.13% 42.88% 44.12% 45.08% 4587% 48.07% 51.06%
TCH  7.55% 9.30% 10.03% 10.87% 11.46% 11.92% 12.30% 13.35% 14.78%
CCR  7.97% 10.75% 11.92% 13.25% 14.19% 14.92% 15.52% 17.20% 19.47%
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4. 5 Em
4.1 W ESTRREET HI{T 1%

MR R E VDG R ZE O
B SN - R = o e AR E R
BERERIGESE A RFHIERES - iERFATW
TR N BRI S B T AR AE B E 940 (T BB R ]
SEAFEANES - £SO RF @A T
RAFTRMEIEESR - BT BV iTRE - B
A MEREEE A - FHEEE RS
R A AL HREEY - [FIRR DA S IR A ACHE b e
JE4EREAIRTSE S BREEs (Ahmed et al., 2015 ~ Bolton
etal ,2018 ~ Bolton et al.,2020 ~ Matascietal.,2018 -
Viana-Soto et al., 2022 ) » iZ LB TR @ E T BT
iy R*ZEIH (0.62~0.88)° TCH 17 RMSE %7 jis 1.87
m ~2.88 m [ » [fii CCR ] RMSE %4F 0.07 % ~
18.73 % » HISRI LA R R 2= - AWTTERITEM
ARG R e RS TE AR AR BT
{EFTA SORRELARRFEIEAIEY 10 1 FORIECREEFE
FRACHTRIE | =i R SEREH IR A B RS - 22
[ BT HE AR e R HRE 2 A A 5T BT BT I 45 1Y
(RRRME > BURAR T 1388 Ret g R TR R A R 52
(Garcia et al., 2018) - [t A EHETE B 4EFERY =t ]
e ] R O A FE AT et R ¢S Ry o AR BRI - (o
AT B R S RS A EE: (Glenn et
al., 2008) - MEFAEEE I - RAFHIRERRT TR
IR A G A L A A FE ARG - BIER
TR Y WIREHTHEA - TR GOl EE LU IERE(S
ST EESRARE - TR ZERUR - Mo-PaE
FERE 5 m WYL E ERES ST - &Rk
= 30 m R A S HERKAS 10 m DLERY
TEBIY el e SRR - EEEREER
HEANZE 70 % S LAY AR RHE I A D o AH St -
BRI 2B R (E i H IR A R0 ££ CCR 90
% ToLRERMNER - Wit EREIDSET G
HYECE b - A e A R AR A R
FARH T AE MBI B PR B R B 3t > B
=SSP H AR S A 30 m DL RAYARh E R

RS MFREFRIEAENTHS AR RRIBERIGIBED B RNIERERER 201

AR RS > DU R B E R AV ©
JEFITERL AT R ITE SR L - AIRER Y
2 EssfEaS S nlR T A MR HURE - RER—
FNZIHARHISOEGE R - RS ff (7 2
HUsZ 8 - RBSAER - (EAD R ERE S
TELCEAREN 572 » ] AR R Z2 e A fifee
FEE S IV ERTEER - KiEt 7T TEREEE
Al > ZRTTAERAE S B T RE AR 52 e AU A B st
EEMN > TR Z EE -

4.2 HMEFR R ER

IF [ e B 73 A7 7 7R AB HiEAE AR AR AR B
HHENHES: - ISP Z= RS R T8 S
SRR ZEM AN - KR SEARI RS R
N AFEEY - AR — iR e it - (H
WEAIEZFMIY - HEY) - SR ERSE
WELE > HIUEERENERERERRTR KR
T 2022 ~ PREEETE > 2023) - FFSSREBRUE AR
FEREAG M B IR TR 2 SERT/K AR AR Fa] AT BE
%G 10 4 (Hislop et al., 2018~ Jin et al., 2012~ Pickell
et al., 2016 ~ Shen et al., 2020) > E {7 HHFEAIEE Rtk
MO ZE+444F (Cuevas-Gonzilez et al., 2009~
Morresi et al., 2019 ~ Yunus et al., 2020) » £ — 4
PA_E (Chompuchan & Lin, 2017 ~ Chu et al., 2016) °
HEEZ T - B S E BRSNS EE R -
Senf & Seidl (2022) 5 B AER 73 AR AR
TG ATAE 30 A DIBAREHHERIIKE » 1
H/ VM EE SHFERZE 100 4 ; Bartels ef al.
(2016) Hy 77 A8 R 80 5 1 BEMRAY T g 7 3
Fers e oy HIAET-#1% 50 FREL 100 5 P E F A H -
BBV AL > Suganuma & Durigan (2015) fEELPH
HEEIH ISR B AME SR 70 F o5 RATIFHE
A AYEEETFIEAMATEYINE - HEBsErErR
Okuda et al. (2019) 434 55 A5 5 £ FR RO
=SEWIE - EHEEAEERIEL TR 80 44
AR FUAARRET/KAE o BURTARMAEEE - Btk
METE 4SRRI 2 A EEE R - RN EIRIEZE
FEEBURARHIELR - (HE R LAV ITamBEEL
AT EEEE S 2/ 2R HER - B
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EFBNIAR R ENG F3FZ - (AT
RIFIRIEMER NDVI AYRERE(E 15 FFFIZKIER
i » NBR AERHPIEROVE B R B
AR o 78 2 S R e R (18 B e ] A B At Ak o
BRI (38 3) » DLPARIEE WA
HEREEERE o AR VRAE A BV A AT B R AR
BT A EZRIFINE - R R4S R
PR SRR 5 T LGB i B RAER M B
Hl e Ry 52 v B A B S S S A RE I
T o BRI NMENALE - AR A
e E 2 B JE By Y R A R Y A
(Competitive inhibition) » B¢ & B IR EIEH LS,
R RV 38 % (Environmental filtering) Ff

F_+N%E FrUE RE113FE128

B EED\E MRS OIS EL - SRR H A
PARR AR E > FFAE TR BT E S -
R ORI SR A U T G R

T A FE AR A A Y SR IR AE IF R 2 N AR MR A 1
HIPRAREFE « Finl 220 T HARG B » 4hlehham
572 28 et B B PN 2 A SR D AR et S
6 013050 R P ) R SO AR PR A AN T & 1 R AR
EIEHEISE (White ef al., 2018) - fH%H7 NDVI »
& SWIR S ESERE AT NBR fEWRIEHER A (H5T L
HEEE I HEE S RNKE BN EEARAEE
YIS TR AR 5= P HE AR S R
MIRETT BRI R R A G S

* 3 MBSO SR ARME BRI

BFER R EEEE AMIEBIFRE (yr)
NDVI 11.10 ~ 12.18
NDMI 10.08 ~ 11.53
Morresi et al. (2019) Bk NBR 10.73 ~11.85
NBR2 11.12~12.36
FRI2 15.69 ~ 15.58
Shen et al. (2020) AR NDVI 5
Yunus et al. (2020) JFEER NDVI 18
Chompuchan & Lin (2017) K NBR 23.38 ~27.29
SWIR Band 4.8
. o NBR 5.6
Pickell et al. (2016) K~ bk NDVI 37
TCG 1.7
NDVI 5
SAVI 5
TCG 5
: . TCA 5
Hislop et al. (2018) HK NBR N
NDMI 7
TCW 8
NBR2 9
Jin et al. (2012) K EVI 5~8
, . NDVI
Cuevas-Gonzalez et al. (2009) Bk NDSWIR >13
Chu et al. (2016) K FRI 30 ~ 47
Canopy cover ratio (CCR) 50
Bartels et al. (2016) TPk~ (AR Tree height 100
Basal area (BA) 200
Basal area (BA) 15
Suganuma & Durigan (2015) AL ~ Ak Tco?zrillo (I;chs(i)t\;/ e(r) ;?2:; (scpecc}i?s 2(1)
Species richness 70
Okuda et al. (2019) BN Canopy height 80
Senf & Seidl (2022) JRJE, ~ #4F ~ B7K Canopy cover ratio (CCR) 10 ~>100
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BN AEEREER - ARG ESIGEA KR
BRE LA - DAL AR BRI A R AR 2
SOBFHELRITRIE 55— 0 M AFE R il
HRIIEYHE LA E R - FEREEHIES o
i EHFREANIEE (Chu & Guo, 2013 ~ Fairbanks
& McGwire, 2004 ~ Hernandez-Clemente et al., 2009)

FERHBCE RIS - HRRHA S E DUERCAHL
15 LiDAR S & RFLIKEE 2 (Synthetic aperture radar,
SAR) &t} - AIEE IS S IR E— D R
WeaEREEHE. - BUISEERIEN LiDAR &ERHSLL
st SRR v B 1 - B & R R 1R
(Diameter at breast height, DBH) ~ EEEf& 58 (Leafl
areaindex, LAl) ~ S 5457l (Height percentile) Ei
@R [A2 S (Canopy return density) 2 (Liu et al.,
2018 ~ Véga et al., 2016) » B3& H SAR B {RARENTE
e Sinei- 1 Cive - L SRl DN RAY N1 0] =K
sERES# (L (Garclaetal., 2018 ~ Shaoetal.,2017) - DA
S RREA AR LAV EERE, - R AR
TEE ETENAVAER - AR R AR Y E R
b - BBt E R EHEHERAE RS - WAL

TR

REZTHREIIIRIE S om -

5. &5am

P YIS R G R it 1 s H s SRtk
&l > FIE O R R ST HIE AR S AR & R 2
B HERATENFE LR - 2SR E
TEAFR S T RIIE S A B B
EPAEERAR > B T AATE SRR
KIMCHATEATEEE - WA R B AR TES
L > NIt E SR VIR EER] - 2280t
EEREAENE BN R4S - W OT SRS AR 1E
BEMHIE R - HZIRH A BE R RS LRI
EHEAVEN - EGHEA GRS BAIRB T M AT
AITTHNITE > A A BRI B E AR
HMAFTRAG - 753 SOEE e e AL
FERS BB SR JTA T - R R AR
S I G RS (G TR IR AR » KA
FRSRAT PRAR AR 0 R B AR 53 B A0 HR Y
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Pheile - RAFIRIE EAVIRR S S - HfhE
TR RT LSRR 197K © IR RRIRIE B 2
eSS IR IERE - ZEIZENRATES - 57%
EEMESREEREEE Pyt > EARTREF
SR TE AT ARERINT REP A H 2 IR - WHE S
B R B TS A R AT st s B RE (R B RS -

SE R
AR~ TR - AREREE - BREE - RS - Bk
7 EZIF 0 2022 - DU R B G R
BRI E YRS -
T 2 2 # > 68 (4) : 44-62 > DOI :
10.29974/JTAE.202212_68(4).0006 - [Song, C.E.,
Wang, U.H., Lin, G.S., Wang, P.J., Jan, J.F., Chen,
Y.C., and Wang, S.F., 2022. Analysis of the
vegetation recovery and influencing factors for
landslide restoration using multi-temporal satellite

imagery and canopy height model, Journal of

Taiwan Agricultural Engineering, 68(4): 44-62,

DOI:  10.29974/JTAE.202212_68(4).0006. (in
Chinese)]
PREREE ~ SRR - R 0 2023 - HIFHTES

s BINT > U B TERT] > 28 (3) < 157-
175 » DOI : 10.6574/JPRS.202309_28(3).0002 -
[Lin, G.H., Song, C.E., and Wang, S.F., 2023.
Analysis of forest restoration after landslide and
the influencing factors, Journal of

Photogrammetry and Remote Sensing, 28(3): 157-
175, DOI: 10.6574/JPRS.202309 28(3).0002. (in
Chinese)]
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Evaluating Recovery Rate Differences between Vegetation Structure and
Spectral Indices in Large-Scale Landslides Using Time Series Remote
Sensing Data

Cheng-En Song 1 Su-Fen Wang 2 Yi-Chin Chen 3

Abstract

This study developed a canopy structure estimation model based on time-series vegetation spectral variables
to detect vegetation recovery in large-scale landslides and compare the recovery rates between vegetation indices
and canopy structure. The analysis showed that the machine learning model effectively simulates canopy structure,
achieving an R? of over 0.9 between simulated and observed values, enabling predictions of vegetation structural
changes across broad spatial and temporal scales. The recovery trajectories of vegetation spectral indices and
canopy structure revealed high variability in successional progress, with only approximately 14% of the landslide
surface expected to recover to a mature forest state. The recovery of vegetation indices highlights saturation effects,
tending to overestimate recovery rates and suggesting that well-restored vegetation could reach a mature forest
state within 15 years. In contrast, canopy structure could require several decades to centuries to fully develop.
Thus, vegetation indices are suitable for assessing early successional stages, while long-term restoration
monitoring must also consider structural changes. Integrating spectral and structural information will facilitate a
more comprehensive evaluation of restoration dynamics.

Keywords: Time-series, Vegetation index, Canopy structure, Machine learning, Landslide
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Deep Learning-based Image Feature Matching for UAV Visual Positioning

Lai-Han Zou Chao-Hung Lin 2

Abstract

When the positioning and orientation equipment on an unmanned aerial vehicle (UAV) is unavailable, visual
positioning technology can be utilized to perform spatial resection using only conjugate points from images to
derive the vehicle's exterior orientation. This study proposes a visual positioning workflow and addresses the issue
of significantly reduced matching success rates when using deep learning models for feature point matching due
to planar rotation between images. By incorporating data augmentation with random image rotations, feature points
are extracted using a feature extraction model and then input into the matching model for learning. Additionally,
the study introduces interpolation methods and learnable parameter methods to replace the feature descriptors used
for matching with traditional feature descriptors, enhancing rotational invariance. After extracting and matching
feature points from the images, conventional photogrammetry spatial resection can be used to solve for the six
exterior orientation elements of the camera mounted on the vehicle, thus achieving vehicle positioning. With the
proposed visual positioning workflow, the best achievable plane position error is 3 meters, and the best achievable
attitude angle error is 1.3°.

Keywords: Deep Learning, Feature Extraction, Image Matching, Visual Positioning,

Rotational Invariance
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Land-use and Land-cover Classification from Sentinel-2 Imagery Using
Deep Learning Algorithms

Ming-Lun Lu I

Abstract

Land use and land cover (LULC) maps are essential foundational data for various landscape planning and
resource management applications. Convolutional neural networks (CNNs), a deep learning method, can
automatically extract features from remote sensing imagery and efficiently generate LULC maps. In recent years,
CNNs have emerged as a widely recognized technique for image classification. This study utilized Sentinel-2
satellite imagery to construct a CNN model with a seven-layer architecture for LULC classification and compared
its performance with the random forest (RF) machine learning algorithm. The results indicate that the CNN model
outperformed RF, achieving an overall accuracy of 89% and a kappa coefficient of 0.84, compared to 87% and
0.81, respectively. Among the nine LULC categories, most classifications reached acceptable levels, with the
exception of grasslands, fallow rice fields, and agricultural facilities. Overall, these findings demonstrate the
potential of combining CNNs with satellite imagery for large-scale LULC mapping.

Keywords: Remote sensing, Convolutional neural networks, Random forest, Mapping
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3.2 REASHEERRESE

KWt R G ERREBEAT - Hh &
R R ZE T HEEY TR RS I R AA
HEERGER A T BRI | B 2023 FF1ER
FEV @R TSR L4 BIERK - WHHEFFEEE
FERAARI T TEEG - TEENEZEIESR
B FS5_G058_MS_LATWD97 20230312 024912.zip °
AR R BRAE V) % - (AT EUS 2023 4 3 H
12 Hipmab e & sl B e - Ea4li®l) -
&RE(B2) ~ BE(B3) FATATAME(BA) TO{EDZES > H
ZE [T By 4 m (B/NESE - 2014) -

3.3 AR REP R SR

3.3 1B LEAEERNDVDRTET R

AT LRI RE % B A L
77+ UL ER A R LA A A s A 2 1
FE (LI AR IR (NDVD) BRI R
T AT (SEIBAE > 2008) » Mt
VEE

NDVI = (NIR-R) / (NIR+R)

23(1) 1 NDVI B LA A FEAT > NIR Ryl

MR EREUE - R R4 EREE - NDVI 8{E 4
-1~ ¢

33 2EENLIREELBENDVI HE
HYEUETTR

AR ZE G H DA T R R 8 A - 3
REACNWE @EHKE > 2017)  HOEEER
A E A R s B 2 G HRE - QISR K= 2T
(2020) {5 FH AP R AR5 B oo BT » HEATAR
A E MY NDVI s G JE 1G4 sEr AR RICR -
R OEUNTIT ERITE AT S tHA Bl - (LR
MGTT R EREN 380505 » (HESE R TR 2
SARIFAIIALE ~ &6 ~ B RATALIM Iz EE
Fh o LA NDVI > ol Bs—{E TR B Y5215 » BRRESE
5 QGIS #MH#H#E Semi-Altomatic Classification
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Plugin (SCP) FEEEE AT ZHEE - Rl B
GEREEIERFOT
(1) & TR 2 G S R BRI Rl

FIFH Raster Calculator F] 53l HU & 5%
B GAIVUEDR B, - (EEE R BEmALY ~ 4% - BS
HRATETAM R BB « DUHENAL LR B R 5] > B
0% By 75 QGIS HrFT ST B 1R FLok i 2 25
FARL Raster Calculator » DLJE BUREBEAT S IRZ BT il
BigntE a4 ~ 18 > BV ES B4 R EE
Ee ([ S) -
(2) NDVI &R 7=

BiglE 5 mIEEEE - NDVI B{E B N HAtL Y
ER B > B 7 #E e SCP EfTIEE B\ JErE N
NDVI #fE 8/ MEER(R - MBS - At
Z24E Raster Calculator DL FF[/AT I NDVI 7 ES 8
EROK

NDVI intensify = (NDVI+NDVImax)*NIRmax /
(NDVImax-NDVImin) .......cccceevvrveeneeneeieeennne 2)

AF(2) 1 NDVlintensify fsBUR1%HT NDVI#{E -

NDVImax £5% NDVI [ J& S iy i K {H > NDVImin

ez g Y5/ ME > NIRmax B 3T4L8MEE g

IR AREE - ZEE G RIEEIE R R UE E

B DUEBSREESIIBER -

(3) 4D ~ &Rt ~ B ~ ATALIMCIZEE S NDVI &
BHY&E &

Layer
o 4+ ¥ 0
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W O BIPWLE PSS GOYE_201
|~ B
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IR BIRLP FRS GOSE 2000
1979
= 0 ARGHE FSS GOSE 003
| B
CEOTEIE

F_+NE

5 LLQGIS #{Era# 75k

S$UoEl REN113FE 128

KEHFFEH] A QGIS H2#Y Raster / Miscellaneous /
Build Virtual Raster THAE ~ & b a7 VAT S ~ 45~
BEYE ~ JTATAME R NDVI R EGAs &l — (1R e
1% [El -

3.4 FERTE oy VR R R
BaZHIRE
TR EI T AT 253 PR -
FILFT R ARG = A ORI B AR
R -

3. 41 FRETE R SRRV ERE

FIF SCP 4MEFEAY Band Set #i A F il 7187
¥4 IE g - 2% F Band Processing / Clustering 7
TTIRRTE /M - 3845 ISODATA iz - it 7E &
R ERERWFT ~ $HEEME - BRI S EE
LA R B A RIS ERTE U I TH H 3
SOERTUH > HERS B S PRHHESTHRE - ST
RIS —iEbt ol Ao R A E s AmlE ([ 6) -

342 RS RAVHIRE
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A& o NILREURFG I S M GO - et
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Paptih SN

RGN BB &
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{# ] Raster Calculator i F#it[E/EGHTETBEAR -
FLUFFTT ~ B R ARt SRS SRR 0 oy hlHhEY
RABII I AE R o aiE 7 R E R A R LLET A
.

KHHFERER L B2 B I8077% - o AT TIZE
BRI ISR 4 GG - NDVI 2 ~ [F46 4
MBI NDVI sp & =Rt R @S0 - I
B BRAE SR ARG bRl B I SRAE SR T 1%
AT

3.5 WRBEIEEENTTER
YR

3.5.1 =R B SRR E

] Google RS IEE - LA
0 IR ELFET ~ $HEEM R AR L B
SRR S » % 20 {EREA - R R B AT YR AT
J&g » LA kmlkmz #&XEEH - MO IEEE ARG
SRR A -

7 BATTMOT RS RS . O CES R RTINS - SRR R E IR R SRR S
C EEREHEN  ERFITM > REOFEEE



246

3.5.23R 7= FE P Rl (R R BUME B A
HFRE - EHERE - BREE
K kappa RBHVEE KETE
s MR R (R 1) EaHEE 0 SEE
REFEAELERE - FFHERZAEERE (R » ATLUE—5
FRF R E 7 ROR 2 AR B R S B
FEIE » WA SRS I BERGAEE LU Kappa {4
B AR LU T P BRI R AE R (R
(1) ERAEFEMRAYEE
73 B BH R = J i R 7 S B & [ B[ DA
BV R e e - 20 7 0 DLERIIETT R
{5 A Processing / tool box / Zonal Statistics TgEETH
=R R E SRS R B BT 2 4
FREE - BIAIHE R |t AT 2805 - HlE 7 KE
PP AR AR ~ FRERM EE SRR - R
DLEER » BIRIEISSE 1 o B 1740 C {THYEEE -
(2) FHBE IR EEE
AEEHIEE © IR AERE > S FT A 08
R ZLEE > StEHR L 51T -
B.(E &G © feH R EWE L
HEBRAIEL B - SHREITA0ER 1 51 -

(Ex e

ARENSET E-+NE

S$UoEl REN113FE 128

CEABIEIE © TEHES SRS RIGLLDT - 3t

B | H AR D & -
D Kappa {585 © FTH7 M RSBG4S
F50 - AT

Kappa=(EHa i [E- B E)/(1I-IZHD) .......(3)

3.6 ST ST EMEIEE
BE ~ WEITTE

ARUFE ST ¥ WS IT Bt BEARHY AT AT 3
TR > EEEERAT © H 5 0 1£ QGIS 1A
Fi 20m DTM g2 {41 g 4 e FE [ (1 Raster /
Analysis / Slope IHEE) A4 =) [E ({5 A Raster /
Analysis / Aspect TfjgE) » HAELIAETIR » 57
mPLHAEFER - % > #iE QGIS 1Y Vector /
Research / Grid THEEEEILHIFE IR 20m 4EF% 548 >
%38 Processing / Tool Box / Zonal Statistics THEE » Fl
FH4EHE 24708 — RV EERS HY = R ~ 21 - B
{E = BEAD - [FIE(E ] Zonal Statistics TIREREALE L
AT EM AR R ATTE W & &0k - DUEHEH
Felid 20m ATRERYEE ~ B - S m BE A S
(FITTIREEHEEM) Bk} - SRR 2 ~ [ 8 FR »

MRE20m4ABE
hRBEE

ATy
. § A
BRI AR E

B 8 HIEE 20 m A H R 5 10T
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4. PRt Rt

4.1 HERZEHRBEE TS

4.1 BE LSt R RVURER R 2 77

% 3 BUIEEEEAYERDRIRS 4 8
ISODATA 53 SiFcMER Pt 2% - FHR 3 FT83R
BUFAA 4 BSR4 ISODATA ST R FE % —

TE/KAE - Hr B G HE 7 98.2% Kappa {48/ 0.913

ST A AE AR R B EEE 99.9% > &

LS ITHYE AR R ZE 87.7%  {EFEHEE R 93.8%

{EL bt B R A ) A 7 o T Lo P R R K
Fo T2.5%IMHE FEAEEER - U 52.9% -
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4.1.218# 7158 NDVI 8 2 77 BER

7% 4 F3F5C1E NDVI 525 ISODATA 53MR R
WEERHEER > R 4 T8 SRR R -
FERGHEIE [y 86.5% » Kappa (R4 0.541 » Hrfr >
R T B A E BB E SR A
44.8% % 38.6% > B HIE I BE Fy B R -

413EHHREEREHE S NDVI
M YRR
% 5 BV L R EAS NDVI
% ISODATA 53 SR RSP » i 5 T »
BB SRR o TR - SRR 99.2%
Kappa (4805 0.961 » S F 735 2 A A HATY
LS A A e 92%0) F -

® | BEEMRGRTE

= M &Rl (reference data)

«% T A(FTTTHE) B(&EEHE) C(FRzmH) HI|4EET S
;.% a(FrTH) | XAa(l) XBa(2) XCa(3) (DH)+(2)*+(B3)=asum |(1)/asum
2 [b@HEN) [ XAbM) XBb(5) XCb(6) (4)+(5)+(6)=bsum | (5)/bsum
ﬁ c(FREEHN) | XAc(7) XBc(8) XCc(9) (7)*+(8)*+(9)=csum |(9)/csum
i [Frest (1y+(&)+(7)=Asum | (2)+(5)+(8)=Bsum| (3)+(6)+(9)=Csum |(1)+(2)+... +(9)=

& All sum

R [ AEERRE [ (1)/Asum (5)/Bsum (9)/Csum

GRACR - ARZE HZH] (2004) 4T

# 2 DA 20m EHREVES S E - I ¥ R EEEIESRER - s GG A%
AarsdagTesy 12 DL 3% > AIHIE LA RnZ E B 21 - A0 id - 894 Bl B EILF M EZE S
d IS befs b e[| 20m 4gF% FRTTAR BHEEMK
[& (m) ~ J\J7fir EGRITE BT BT

374 1834 0.0 0.0 N 16 2 13

893 1834 5.4 273.8 W 16 6 9

373 1835 0.0 0.0 N 16 2 9

1413 1838 73 330.9 NW 16 7 9

1412 1838 14.0 2415 SW 16 2 14

892 1838 19.6 210.6 SW 16 6 10

375 1839 0.0 0.0 N 16 3 13

894 1839 14.1 2.9 N 16 14 2

1933 1841 6.6 319.4 NW 16 7 9

3 WHIERET L9 6 2 R0 4 B 2% ISODATA 1y G S s E =
Wi % &R (reference data)

=| TEE B TTRR FHEEAL AR E A I 4EET 5 HE S
iy § TR 7520 63 431 8014 93.8%
g% FHEEML 94 80703 0 80797 99.9%
R &| ptmithELE 958 52 1134 2144 52.9%

2| fraeEt 8572 80818 1565 90955

EEERS 87.7% 99.9% 72.5%
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# 4 W5TIE NDVI 32{% ISODATA R ARG FE e E 7=
HE S ERl (reference data)
=| T A TTRR FHEERR FRIEHEE | FI4EG 5 &V
EK'§ EINMEES 7456 9173 18 16647 44.8%
§§5§ FHEERK 662 69635 0 70297 99.1%
R g| AAtEHhEE 454 2010 1547 4011 38.6%
2| fTHEGT 8572 80818 1565 90955
EEEEE 87.0% 86.2% 98.8%
5 W R G IR 2 R ARV BE N A NDVI §24 ISODATA 43k SRS S Rt 3%
Wi &R (reference data)
=| A TTAR FHEERR FREHNEIE | FIAEGT 5 AE S
ﬁK'é A TR 8447 549 29 9025 93.6%
g%sé FHEERR 20 80248 0 80268 100.0%
& | ptmtthEE 105 21 1536 1662 92.4%
2| frHEGT 8572 80818 1565 90955
EEEGEE 98.5% 99.3% 98.1%
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4.2 4 R IIFFITER ST BE AR M TEI AR B
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SIARTE RSO » A AT RE IR FyaZ B fr th R A3
Fo PARFTEL -

* 6 WITTEERAHIL R PO ~ R R t e SR
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HiaH & ML L EEHE AT TR PHEEE EERE
4R TR (GEIEE %) GEiEE S (%) (m) (%)
1 <3000m, <30 [& 66512 6987 10.5 2659 22.0
2 <3000m, >=30 [& 123888 5592 4.5 2616 39.3
3 <3000m, NW 88359 1675 1.9 2622 36.1
4 <3000m, SE 102041 10904 10.7 2638 30.7
5 <30, NW 26578 3217 12.1 2728 20.6
6  <30JE,SE 64886 16095 24.8 2815 22.5
7 >=3000m, <30 [& 24952 12325 49.4 3140 22.0
8  >=3000m, >=30 & 22869 4202 18.4 3115 37.2
9  >=3000m, NW 21173 4157 19.6 3127 33.6
10  >=3000m, SE 26648 12370 46.4 3129 25.7
11 >=30 %, NW 82954 2615 3.2 2717 40.4
12 >=30J%,SE 63803 7179 11.3 2663 37.0
# 8 MR 12 4EHIE @ AT AE L FIELE &~ S e [al iR o thds SR 2 —
EEFAET
R HYfEE 0.89324
R FJ7 0.79787
JHEEY R SETS 0.75295
AR 7.77734
B E (E %L 12
F 9 WRE 12 4B S S A TR FIELTEE - ST AR R i as R —
ANOVA
HEHE SS MS F FEE
Pl 2 2148833 1074416  17.76276 0.00075
JEA 9 544.383 60.487
HEA 11 2693.216
2 10 BFFEIE 12 4EHE S A T AR L BB ST S FE - S FE R nl iR s S 2 =
HRE TR t 4iEt P-{H
pa el -96.1607 33.4992 -2.8705 0.0185
X &8 - EE 0.0494 0.0106 4.6519 0.0012
X B 2T -0.8442 0.3162 -2.6701 0.0256

5. &5am

BRBEIRIT (USRS ~ 5% ~ T~ SRR A))
EREEYN I RINERERNER - BEVELEERS
S ERA TR SRR AN S22 A TR BI(E R
ML AREY TR R B ER > E
BRI R R G A 5 A EIREY 0 AT
BB A R A REETE - 38 F R AL
KB SRS F AR B RRIE © AWTTTES
& L 2R G G EIE T T 5

MZ 3 AfRR G > W4E & 20 m DTM &R AT 2o AR
& 7S~ BUE ~ BRERHE Daham R LRI
REAFHPREERM -

FEEE G BEERT > UIFe s R T
SRR GAVT ESI_E NDVI BB TU B (G > L
ISODATA 7358 > HISEGRETFARER - A2
= EHPREIAYRE (7 > AIISE3R 3000 m DA_E i -
AER SRRV, ~ A > BEIRTEE D
A - EIIEFT S e R BT AT i K -
RUFE AT RGBS - A LUK
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uimilysseaill S5l

FAERAVSIE—E (B IMNESTE > 2023) - 1
TRIB ISR - AUTTERR R R BRI
S —EHE AR -

SR

FEE > 2004 o HREALAE LR RUEAEZ L - A

GBS > 2017 - RIEFTITEREDEERE TEER A&
Hile

SR FER—LISR T R B R
REBLARTAZE S bH 5w 5 - [Fang, Y.K., 2004.
Application on land cover classification using
normalized difference vegetation indices —A case
study at Meinung Zhangtan area, Master Thesis,
National Pingtung University of Science and

Technology, Taiwan, ROC. (in Chinese)]

o
o[Wu,K.S.,2017. The

BAEFRMERVELEY - BIIEE R REER
(BT FE AT 5w
comparisons of leaf morphological and
physiological traits of Yushania niitakayamensis
growing under different light environments,

Master Thesis, National Taiwan University. (in

Chinese)]
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Discussion on the Relationship between the Distribution and Topography of
Yushan Cane in Hehuan Mountain Area

Chieh-Fang Cheng ! Hsin-Ying Feng 2z

Abstract

The Hehuan Mountain area has extensive coverage of Yushan Cane, while neighboring areas at similar
altitudes do not exhibit widespread distributions of Yushan Cane. Therefore, an unsupervised classification of
surface cover was conducted on the Hehuan Mountain area using Formosat-5 satellite images, and the
classification results were evaluated. This process was combined with a 20m DTM for terrain analysis. The study
found that the altitude range where Yushan Cane is located aligns with previous research, primarily between 3100-
3600m. It also revealed that areas with Yushan Cane have gentler slopes than those with Abies Zone. Furthermore,
the analysis showed that Yushan Cane in the study area is mainly distributed on eastern and southeastern slopes,
differing from previous studies that indicated a southern slope preference.

This study found that Yushan Cane is distributed at elevations above 1800m in the Hehuan Mountain area,
with a significant increase above 3000m, primarily on mountain peaks, ridges, and other gentler terrain. In
summary, besides altitude, slope is a key factor influencing the distribution of Yushan Cane in the Hehuan
Mountain area.

Keywords: Hehuan Mountain, Yushan Cane, Satellite Images, Digital Terrain Model,

Unsupervised Classification
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