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Classification of Dominant Tree Species in Tieling Based on
Sentinel-2 Multi-Dimensional Feature Fusion

LIU Shengyi', WEN Yibo", WU Jinwei', CHANG Wenlong', PENG Dailiang
(1. College of Forestry, Shenyang Agricultural University, Shenyang 110161, China; 2. Key Laboratory of Digital Earth Science,
Aerospace Information Research Institute, Chinese Academy of Sciences, Beijing 100094, China)
Abstract: To address the challenge of Sentinel-2 data in distinguishing spectrally similar tree species, this study estab-
lished a multi-dimensional feature fusion classification system based on the google earth engine (GEE) cloud platform,
with Tieling City, Liaoning Province as the experimental area. By integrating Sentinel-2 multi-temporal data and employ-
ing multi-dimensional feature statistical methods, we extracted spectral and vegetation index features including quan-
tiles, extremes, and standard deviations, combined with topographic, textural, phenological, and harmonic features,
forming a total of 120 features across six categories. Multiple feature combination schemes were designed and imple-
mented through a hierarchical classification strategy using the random forest algorithm, ultimately achieving fine classifi-
cation of seven dominant tree species: Pinus tabuliformis, Pinus sylvestris var. mongolica, Larix gmelinii, Populus, fruit
trees, Quercus mongolica, and Robinia pseudoacacia. The results demonstrated that multi-dimensional temporal statisti-
cal features effectively captured subtle interspecies differences. Variations in water content between Pinus sylvestris var.
mongolica and Pinus tabuliformis were successfully characterized through multiple vegetation indices. Topographic and
textural features played decisive roles in distinguishing deciduous species. The classification overall accuracy reached
94. 7% for evergreen species and 88. 1% for deciduous species, with all six feature combination schemes achieving over-
all accuracy exceeding 77. 9%. This study confirms that the integration of multi-dimensional feature statistical methods

with the GEE platform fully exploits the multi-band advantages of Sentinel-2 data, significantly enhancing large-scale
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tree species classification capabilities through temporal feature analysis. It provides a cost-effective solution for dynamic

monitoring of forest resources at large-scale, with the cloud-based processing framework demonstrating potential for appli-

cation expansion to broader geographical regions.
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HREVEE RS S E S TR D& FRRT Hdaib i
HIREART T, PRI, I Sentinel—2 ZE 1 TR RIS 241
TR AT RE
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FEEFE M GEE “F BRI T fiiR WHLE B 22 1T
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tal elevation model ,SRTM DEM ) #2428 , = [0] 5 He &N
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SRAE AN SR SO BRAN B RSB 3R, SO B J5 Y
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Tab. 1 The time information of satellite images

E=5] EGEHE AR B [ =1 EGEHE R AR B (]
Season Image count Imaging time Season Image count Imaging time
§§ 203 2022.03.01—2022.05.31 S 202 2022.09.01—2022.11.30
Spring Autumn
2
2= 204 2022.06.01—2022.08.31 N § 195 2022.12.01—2022.2.28
Summer Winter
1.3 BXRHE HEE I —J3h2k, e i E S R X N FTE b

RIS H L T A BRIRTH 2015 FF ZR MR G E 2
Bl (DUR AR A EUE ) < Bk (Google Earth) /5
TE A SR DA S SEHB S B 296 , A AR AR B , Hexet
MR T 20T . BlRRIE ARG R R
eSS S AT 2022 48 o [ - 3 78 75 £ 28 (China
land cover dataset, CLCD) /= iy o R MR 53 Z4R 2 K 8
(RRR G R SRS 2RI (GB/T 38590—2020) )12
5 bRl 855 73 28 5 AURS FR Ak 2K AL (GB/T 14721—
2010) )T | I FE AR PRAETRAR B SR AT 340
F3 N EH o

KRGS 3 ZHITHEAME, 512 NERMARRR
MEZ B E Z A R S b DL R At
T (R AR 55 k. F:F CLCD 7 i 2B B
MUREA S 2= M BB R RN R PR NG

RER AR T EECRE -G B RS,
RE 1 58 St R P A FE i R T e ) B R S S S 2 )2
ok I B E AR BEE NS AR R SR
MRAE AR, 2/ NFEPREATLAE B Ll o s, A
SREN I3 H Ak Y A 58 3 E BRI F R Z  FEAR
BB RIS B R G R R S8R | 18 i8R Y
RARIFPS ARG, LA A B LT H O a5, PR 4G
A Google Earth /1B #5 5 SLH s & 250 11 A TR
IEo NERBIUERSEE  RIAEZAREHEZ 7: 3 BN N E
ANE B I ZRE ARG MEAE A . AR AR S8 i
W2,

TEHAREPHE TR IR B DR R, 72
o (BREEE R E) BRSO RRR, ZRISTA
AEPIATE MO Lo AR4E ARSI, iB R
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- —  VEMAAHE LT R BB A 2R R 8 LU X AR 3 R B R AR
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B 449 201 S AR ARG ALES S VD 4 VAR 2 LT L3t e B
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- o - ST MFIAER 9 35 1 2 G Bl o el th &R E R R
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Tt 83 40 Mro ET ERSIFRHE S AT LA E R/ e,
ik . 2 ASHIF 55 B A R AT S5 A 73 A 2R R S8 A T
;’ﬁhsiflevel P CTHIAS (AR A A7 A RIS T SRR 2 5t 7 S b
BT 103 41
MK o
AL 92 34 1.4 ﬁﬁ?—ﬁ]‘iii
LR ke = 14,1 JERGRRHIESEE
=2 712 334 B TR 2 I A Sentinel -2 £ AT v F 54500

MR SR (215 24%) (& AR (R4 28%, DA

HYEMAAAE) It (9%) HERS (1. 3%) R+ (6%) |

TTHRHMIESREL, 5 R SRR E B TR B O FEARHIE IR
[E] A MR R AL L BCERRE 6 131, 3k 120 1
fiE, FEIRHE ST AR 3,
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Tab. 3 Feature information and extraction methods

FHERRY BHER 7= &
Feature type Feature name Processing method Quantity
St AL B R R B N N N _ §
s B6(ALAWED) , BUUGHASMER) , BIRUGRAINEER) 3x6
Spectral features time series .

min, max, std,and
AR 51 EVI, LSWI, RENDVI, NDSVL, REP, NDVI, RVI, DVI, SAVL, TNDVL, Bst, I, L>/30/90th percentile e
Vegetation index time series NDWI, NDPIL
SURAFAE ASM, Contrast, Correlation, Variance, IDM, Dissimilarity, Entropy, Second IR JE A SR RE 8x1
Texture features Moment GLCM
MIMBERFALE R 5
Phenological features EV1_SoS, EVL_EoS, EVI_GLS Median methode 3xl
1B AR EVI_Amplitude, EVI_Phase RIS 2%2
Harmonic features NDVI_Amplitude, NDVI_Phase Harmonic fitting
SIPASE Slope, Aspect, Elevation Terran 5% 3x1

Topographic features

Terran analysis

T RFPHENSIERET MR FIFEEE. ASM N ZRIE; Contrast AXTELE ; Correlation AFEKNME; Variance A 752 ; IDM A%
Z 555 ; Dissimilarity I AEE ; Entropy 794 ; Second Moment A B8 ; Sos AAEKZEFIA; EoS HEKZLER; CLS HAEKZKE; Ampli-
tude JHRIE ; Phase JAE{L; Elevation AEE; Slope WIKEE ; Aspect KA,

Note: The values in the table denote the number of features for each type after processing. ASM is angular second moment ; Contrast is contrast;

Correlation is correlation; Variance is variance; IDM is inverse difference moment; Dissimilarity is dissimilarity; Entropy is entropy; Second Moment

is second moment; Sos is start of season; EoS is end of season; GLS is growing season length; Amplitude is amplitude ; Phase is phase; Elevation is el-

evation; Slope is slope; Aspect is aspect.
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S KRS AR FRE R, BT 2022 FE R ER]
Sentinel-2 565 HE , $2H T 458 N R] 2 51 B D6 15 I B
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EVISh, e T 2 Mra siAa &L, DA e s e e A=
KRG KA A5 B . ALHE LU (B AE B 75 4L (ratio
vegetation index, RVI) « Z {8 ¥ 8% 458 %% (difference veg-
etation index, DVI) FIZT 11 I — {4 48 #% 45 X (red edge
normalized difference vegetation index, RENDVI) , F
FA T B A e A g R 55 AR ROIR T iR i 7K 73 48 4L
(land surface water index, LSWI) \JA—{bZ S K 5S5TEEL
(normalized difference water index, NDWI) F1£1 30 v B
54 (red—edge position, REP) | F F i BRAE #% F) 7K 73
R H— A0 2 5 T S AE B #6450 (normalized difference
soil vegetation index, NDSVT) | == 37 1& #& #H 1 48 £ (soil
adjusted vegetation index, SAVI) I #8 £ 8 % (bare soil
index, BSD) M| <V + HERF AN T HEIE S . B #)H — 1k
# S AE P8 2 ( transformed normalized difference veg-
etation index, INDVI) . Fi38%% (color index, CI) 1 —
tb 2 5 ¥ % 8 % (normalized difference phenology
index , NDPI) M2 T 5 & BIfE IR E R

N TR ESMANF 3 RAE L AR R RS S
JETE R BRI AR AR £, HEAT T N R R E S 43
B HET & BMNZ ML, S R/IME RK
B FREZE DU S 1558 50158 90 /i k. flifie
TERS[R] 81 b BRI BhARHAE o T8 I 1 o 22 P RFE SR Y
FE A T A RYEIR R R E R 38 T RHIE
FEREE , E— P37 1 53 R RTE BT LA
AITRAN o X BB e GE AR RS Bl B 4 T B A A AR A
KRR, Nt T ER I EdEE S .

ZNFF 5% 38 15+ 5 Sentinel -2 5245 A4 IR H A 5
(gray—level co—occurrence matrix , GLCM ) 3 52 g o0 Bl
fEEIFR AL o T 2022 4 42 47 B9 NDVI 1 7 B2 4%
(NDVI_p50) , Bt 7 4= S A 4 7 2 9 2 () 3 A A X
HSR A 3x3 B I AU/NHEFT I 38R GLCM $2HL
O SUERREAIE S it T B A 2 () A8 SR MR A AR B2 2
FRERHER &N LB B, AT RES T SR,
WA, 8 I SE A R IR iR X R P& R 3 A6 5 5
SEIBTE IR ZR A SENR o DRI I AT 5 A1) 40 7 R AR Y
(digital elevation model, DEM) %0 #i& 1+ & 7T ¥ &
(slope) BT (aspect) FYE % (elevation) 3 N8, X

NIRRT AR B R

NI F 008 1 X A H AR B EVI AT ND VI B 8] 5471
TP A SO A B M A (AR A . BT
1 T 1 R A AR o R 0 FE AR A B A HA A Y 3
Z PR BCE D B A 4R 18 (amplitude) #0148 {7
(phase) o HHf, #RIER RSB TSR SR E , TitH
AR RZET MR s RS G I [E] o (HeAh , B i b
LS B EVIERINDVIE , DLt —25 it s Ha 4L
FNEE RN A S

Y BARHAE B PR ECE T 4L EVIL @i % EVI
NIRRT I A R e B A KT Rk, R
538 3 I LA (harmonic fitting, HF ) 5 EVI £Ha 2
1, A B ALLE BY EVI 2% (fitted harmonic EVI) , 741
IR 26t 8 AR R ZE B ST o N ARSI |, AR
KA (SoS) FILE R (EoS) A H HA/3 HiliE T EVIIAZ]
50% (BB BB ZISR A E |, 13X 26 S B ] 15 o5 S il 77 A
Pery A KR, AR K E (GSL) MiEE EoS
1 SoS HIN (A1 Z H BARH],
1.4.2  FENLFRMRETE

FENLZRAK (random forest, RF) 42 F Breiman 7E 2001
FEHR AR A2 S R % T i P R LR A
FEEMBENUAHE 58, 7T AR O B AR 73 2588 7231l
G HITREFE . [ERTEREIEE S, FEL
AMEEER T EMELEER D& RS, HEd Rk
ZAHURR, BB BRI m A FAE EAIRRE M, AR
o R R M, T L A B SR RTINS B A
AN, REATL AR PR R R b Bl s g5t , EL A ELR itk b PR
B8 S (d E RSB E Ze B AR , FE@E T it Bl &
RE It A BRI IE AN [ B 5 Y R 3R,

FEAREFFE T, H GEE -5 N B A 73 R AL S B
BENLARMR T 2 XA FE p , BP0 DR E £ T
R, DI ERMAE . RAEERRHE, Lk
TRPECE T 160 B, L A 73 FAE FE IR 2 B o

W& B RURHE SR RGN, FETLAR PR 73 RS S
REIEERET . SR, A RHE Al BEF S ETUR,
SERHE R FEEE SHERIRE R, i s 73 2845
REGHERTE . N T B IX — AR, AR 2 BT ARFAIE
SRR T ARBFFER A BB R EL(Gini ) SRIEAN
REAE AR B TR . BB R BUAE PSR T S 0y
ZUR T P AR RRAE 0 2 B,y BRI X AR AR Al )
SO o ARRAE BB 0B i B AN A R 2D (mean
decrease impurity, MDI) & P, MDI i if i+ B RFHIE 73
ZET G R BRI E > Bk R HE R, B
RTE SCH
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N,
> Gini/(D) - Gini (D, A)

.. i=1
Gini =2

N e ’

R H N, 9 BE AL AR AR A B ECR S Gini (D) A
Gini (D, A) 73 BN j IRRHERI ST AT R & & D KB T8
fakt, Befa8obuN, SR A RIA RS B R 7 LR
WER AR ;e 2, R B4l

DRV B A o3 2 BRI 1 SBT3 R TR VA FE R
FOGGUERE AR R Rl 73 R A5 R BTG R IRk R 1A
fahR N F P B (user’s accuracy, UA) F1AE 77 K5 S
(producer's accuracy, PA)  BEUEKE EE (overall accuracy,

TS X 5 A K o
Raw data of the — ﬁﬁ@iﬁﬁfﬁf || AR

classification i e

study area

OA)Fll Kappa 2 %1 (Kappa) o 11 iX 2E4E FE PR FEHR
AT DAPRA A R o3 2 5 B R R M | i 20 AR 7R S
o P o ) ] FE
1.4.3 E7FE

NEFARAR TN IR E R IR R, AR 5T
H T 2M5 KT A 6 MIE AL & HE TR B T
LRIR, 2 1 SR JZ 43 J R , 1 Jeimid kA E
AR X B BTt X8k, B AR AR IR 2 N 7 e A
FhEm 43 ; 77102 2 W5 I AMERHE, BT R ER
B AR X RN 43 0 6 /7 HIE 2 P 45 30 R B A A g
Folt, T IE 532 3 FEHG B R X A

LTI (CRIMHIELL )

> Specics-wide classification
(bascd on six feature combinations) \

LRI (GFIFIELLE) ST SR S UE
Evergreen classification —> Resultintegration and
(based on six feature combinations) accuracy validation

l 1

AERRARIX KR
Non-forest areas (Mask) H LR IVE B2
I Evergreen/deciduous

classification

e FRAR(Water) HAthAHk(Shrub)

SEUREFIA (GFIFAEATE)
Deciduous classification
(based on six feature combinations)

N

E1 #EBEMLE

Fig. 1 Classification process comparison

PALREA SRR R= s A a=A L IDAE SWE S K3
JERHHE ; 73 2 2 B &+ T+ 808 T R 345 B8
TSR RAHE T R4 BRSO SHEEIEEC 7TE S5 I
NPMREFE; T35 6 R ERFEA & . WiAE2MI57E
MR N RGNS TR, EEERFEA G 5777
TRBIP RN, D DX RUEE R ok 2 7 e SR (R A AR I
IR EITIELS S

AHR G I3 BIAETT 15 1 A5 2 vhoxd B 6 FivRHAE
HEdtiT Tk SEEEX AR IEMEA S
HI TR AR XN LB AT HORS 2 73 e AR

2 FER5HH

2.1 BEWRENRDEFN

ANEF G E BRI ERELH 532, 181 Sentinel -2
S L NDVI.NDWI, BSIF IBI 25 %2 Rh it 46 %L, 7
GG R T . IR E B LARR  FeBe XTI 25
FEATEATYIGR , FEx TR AR MR HE A EFRAAE 1% KPR AN
B 7432 o I XS 43 2G5 R T e B e v
ROFR, $R 1 KRS AR AR AR BIR VB HERE
B H 4 FR RS FE 1A 98. 6% , BT DAYVE N U 25t et 48 £

paEIUE- i1

T AREFRHEA G o S7EH EE S S
MEsR K4, HFR4RILLE H, Fra e A B A RS A2
(OA) ¥ #B1E 97. 3%, Kappa 2 ELAK T 0. 94, FI kS
F& (UA) RO EAE FE (PA) I AR FF1E 97. 3% DU ko 1E
FRBE AR . AR RSHRII R, HO0A
# Kappa 22 501K 5] 98. 7% F10. 97, UA 1 PA 43 51|

x4 EFWENRDEBEITMN
Tab. 4 Evergreen/deciduous classification

accuracy evaluation

SEFE s o o s 0

Classification BARRE/% Kappa PRI % BRI %
0A pp UA PA

scheme

1 98.7 0.97 98.5 98.8

2 98.6 0.97 98.6 98.7

3 97.3 0.94 97.3 97.5

4 97.3 0.94 97.3 97.3

) 98.7 0.97 98.6 98.8

6 97.3 0.94 97.3 97.3




6858

X Rz : BT Sentinel-2 S MR G RIKIRTH A BRI 5 2

1107

IAF]98. 5% F1198. 8%.98. 6% F198. 8%, FHELZ R, /5
I3 TRAMTT 6 FIIEEREAR , H OA F1 Kappa %L
%1897, 3% F10. 94, UA F1 PA tHAHXT AR

ZERFIH, TR BT EMYEE RHE ST 2 45
THRHMERR U AT B 77V, B PATE & 2k 5 V& M- Y
X3 BT EERR . R, TR 6 FRBIA AR, &
HA ] LG I AFAE T RE R U AR AR A T R B0 L&,
s RE

2.2 FEHDEREBEITFM

N7 AT PR 2 MO IR B 4T BRI SRR IR
Kooy AEA T 6 MR TTR#IT I, BAREERIL
RS—RT AETEIR, TR EEE R, B
OA X5 84. 7%, Kappa ZEUN 0. 82, H UA fI PA fE R
SR IR RILREF o TEE2H, EERRAR T
K, 775 4 OA e L IR 94. 7%, Kappa 5 BN
0. 86; V& M-I, 7558 6 B SRS S B =, N 88. 1%,
Kappa %14 0. 80,

x5 FRABMEASHDEBEE (/M)

Tab. 5 Classification accuracy of different feature combinations (all trees)

A S _ 3 A ?"u AN =53 o A w |
AXTE e iy Eim WOk aoklia sk i RA .
Classification . Pinus Larix olgensis Quercus Pinus . Robinia OA/%  Kappa
Evaluation . . . Fruit trees  Populus L. .
scheme tabulaeformis Henry mongolica sylvestris pseudoacacia
PA 0.87 0.80 0.81 0.84 0.77 0.79 0.12
1 77.9 0.72
UA 0.76 0.83 0.69 0.87 0.64 0.93 0.61
PA 0.89 0.82 0.82 0.80 0.87 0.90 0.40
2 81.4 0.76
UA 0.75 0.84 0.77 0.93 0.67 0.98 0.87
PA 0.86 0.80 0.82 0.83 0.83 0.79 0.13
3 78.3 0.72
UA 0.76 0.82 0.70 0.87 0.66 0.93 0.81
PA 0.91 0.83 0.86 0.94 0.85 0.77 0.22
4 82.8 0.77
UA 0.80 0.84 0.74 0.96 0.70 0.98 0.91
PA 0.86 0.81 0.83 0.83 0.77 0.79 0.10
5) 77.9 0.72
UA 0.76 0.83 0.69 0.87 0.65 0.94 0.69
PA 0.92 0.82 0.87 0.93 0.88 0.89 0.46
6 84.7 0.82
UA 0.80 0.86 0.81 0.95 0.70 0.99 0.90
T OA ABMKEE ; UN WA FRE  PA BEFERE .
Note: OA is overall accuracy; UA is user’s accuracy; PA is producer’s accuracy.
%6 FTEABTHSHSEBE(ER)
Tab. 6 Classification accuracy of different feature combinations (evergreen)
LR TEER RHEA T OA/% Kappa
Classification scheme Evaluation Pinus tabulaeformis Pinus sylvestris ? PP
PA 0.95 0.89
1 92.4 0.85
UA 0.90 0.94
PA 0.89 0.95
2 92.0 0.84
UA 0.90 0.94
PA 0.96 0.89
3 92.6 0.85
UA 0.90 0.95
PA 0.97 0.89
4 94.7 0.86
UA 0.91 0.96
PA 0.95 0.89
) 92.0 0.84
UA 0.90 0.95
PA 0.96 0.89
6 93.0 0.86
UA 0.90 0.96

FOARNBMRBE ; UANBAPBE  PANEFTERE .

Note: OA is overall accuracy; UA is user’s accuracy; PA is producer’s accuracy.
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Tab. 7 Classification accuracy of different feature combinations (deciduous)
Nk

ﬁxﬁ.’" . N ER AN ESTES 2] R B o

Classification . . . . . . . OA/% Kappa

scheme Evaluation  Larix olgensis Henry Fruit trees PopulusL. Robinia pseudoacacia Quercus mongolica
PA 0.91 0.77 0.76 0.19 0.86

1 84.6 0.74
UA 0.93 0.89 0.94 0.54 0.70
PA 0.93 0.63 0.82 0.32 0.89

2 86.5 0.77
UA 0.94 0.82 0.98 0.83 0.74
PA 0.91 0.74 0.76 0.23 0.88

3 85.0 0.74
UA 0.93 0.90 0.94 0.65 0.70
PA 0.91 0.70 0.78 0.24 0.89

4 85.7 0.76
UA 0.95 0.88 0.83 0.52 0.71
PA 0.91 0.73 0.75 0.19 0.87

5 84.4 0.73
UA 0.93 0.88 0.94 0.41 0.69
PA 0.93 0.70 0.82 0.40 0.93

6 88.1 0.80
UA 0.95 0.80 0.99 0.97 0.75

VE:OAN ABMRFEE  UA NP RBE  PARNEFTERE .

Note: OA is overall accuracy; UA is user’s accuracy; PA is producer’s accuracy.
y y P y

GERER, A2 R R 7> A5 S B
TR, B0, AR UAFIPA S RIS T 1% F1
5% ; S BRI PA B S T 6% P& HFARYT UA F1PA 73 51
P T 9% M 1%, RRFEA UATES T 10%, {H PA
FEAR T 18%. I, RERIMLAT UA FFET 6%, H PA
KRR T 7%, IXBEERIRIA, 7715 2 73 NG R B AA
T 771k 1o IR A SRR 7 H R R FE A ZR 06
FHERIME T BE R, 771k 2 68 s F v b X 45 e 34
Wi, T 78 53 A R B H B = RS AT AT SR L 2
— MR AR 1
2.3 AEMABRFEIEIE D IRSFI

NI HTAS IR LS E 1 IR B A B F s AU A
T BRECT 7 AR B Fh B SIS BE R R T
2022 £ Sentinel-2 §1% , & 15 K& — IR P EE S, 4
BT A MFRE NDVIAT EVI B [E] 551 2%

B 2 T DU HE 78 6 o B RE 1 7 Tl L B11 A
B12 I B i tH A T AR Al 22 55 i | S AR AT i
PSRBT R B SO 28 R A E B11 _max |-
H T3 e, T REAN SRR 2R AE B11_min b 89K 5T
BRI EAEL LM B B A BRI R . TR TE
B12_min bR REAK, #—2 5 HEERE RS
BB EIEE. AN, 76 B6 IR B THAATE B6_max I BX
FR) S S 28 e e PR FAAIR . IX A SR R E i R B

BB DERARE . 52K, AR B
B6 iR B Y S B 2R IRAIG L L HAE BO_min 5 B, [, JX 24
Z SO R T B IR

P AR BN (6] 2 51 53 A7 S2 7 L AN [R) B A ) ND VT
FIEVI H 2% e i 7 H AR K R A R 1 A28 R . o]
MR R RS AR AR YR R, fE R B R E
NDVIFIEVIIEAE , 3RIFIX — i B2 H A KR IR A
Bto M T RIS HAA B AR B | IR I
i, i fEE A RKIGE , B R ER A EKE T
Bt Ve AANILE R B 28 NDVIH] EVIE ISR T HIAR AN
R (ERKE PR SRS . MR A A Kl R b, H
EHFENDVIFIEVIER &  HIK R TR Sk
FIERA ISAERK S T 18, 1 A T 5 7% s ] A X 4%
M, s AR E 2= EVHER G AR NDVIHES & T
HARF,

T SR A R AR P AAFIVHAR B NDVI AT EVI #2842
FEAXTRRE , A0 E T, I BRI Y 2
oMo THAATERK IR AMRFF R m I & VR KSE 1
MFIREE RN AERKEE AR, XEER AT
RFIEAS [F AR B B et R 7 H 2528 (el
B, R AR T B
2.4 RBMMDERBEFN

BT 6 FiARFRHEA & 77 R A 73 K5 R 3 Bl
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P15 15% 305 pS0 4 50% 53 AL ; p90 7 90% 53 3L ; min A ER/IME ; max AR AAE ; std AFRIEE.
pl5 is 15th percentile; p50 is 50% percentile; p90 is 90th percentile; min is minimum value; max is maximum value; std is standard deviation.
2 FRHMEIEIERERS EVI, NDVI B FRHHE

Fig. 2 Spectral band and EVI, NDVI time series features of different dominant tree species

o HEZRILIEH LA ZE 6, RBRFEIFEE
RN, R R, [FIR, HER 6 RIA, fEH 4k
RiFfor e, 7R 4 BRI B w5 RAE S, OA 1K
94. 7%, Kappa 2 50451 0. 86, THAAF Pk (UA) I
HIERSEE (PA) SR 0. 91 F10. 97 Tk FAARRAK , H
0.96 F10. 89, XF FLAE 77 Al &, RIUAR 381 6 15 ¢
1iE , Fo kA 20 X 53 0 Rl TR R S 1% S S R Al 2 5, 3R
WAZBR. 735 6 BRARIFEAE S R ip 4 i, (HIb I 5 4C
FLRHIEAE B S s R B SRR PR, T BE 5 AR
LR —MRET R 2N RERFRE T iHE—D
ISk,

HHER 7 Al A fEVE R Aoy 26 T Z 2 i 51 A
SR SHRHE, &R T o RBE, BREEIAE
86. 5% , Kappa B EUN 0. 77, 5 B2 x5 Tl #13X — Kt
Fl, L UATRE 7 0.29, PAFEF: T 0. 11, 1XFRHH, 804
RIS 3 A0 B S0 R G St S it R A 7 DX TR 28 A e
BIfF R = [E] s AR R E A #E— i T
NI ROEEE T AL, BRI B I BNEE,
OA N 88. 1%, Kappa £ 9 0. 80, FRFIMLYMNIIFfr S It
FRAGIX 2 BHEARISREIE 0. 7, Hirr, V& HAR S0 ) 73
FKERIEAE 2 TREEHEE T 0.8, B TR 6 ELA S

FFH Z AR N B9 T R . BT 775 6 RO 5 i
SRR BT RER WK 4R, HE 40 CLE
3 RES RS TR B R BB R s (8] 43 A B AR
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2.5 DEREFTEEEMDST

ffi FH Gini R 2015 HY BURFE B B 57, 20 E 5 (a) F
K 5(b) s, BT HRHE BB HE P 45 51 AN FFFIEEL
EXTNAGE, S () FIE 5 (d) . HES A LIE
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. G8aTRaE. Hf ,REPIEHTME RS,
REP_p15F1REP_p50155343 A0 2. 01 F11. 93, FRAHHE:
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Fig. 3 Comparison of results of 6 classification schemes
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(c) Local classification results

AL,A2,A3, A N ERBHS;B1,B2,B3, B4 N _HFERIRM S C1,C2,C3,C4 NFED RLERES .
Al, A2, A3, A4 represent satellite imagery identifiers; B1, B2, B3, B4 represent national forest inventory data identifiers;
CI, C2, C3, C4 represent local classification result identifiers.
4 BETRMIBIHAERRDELER

Fig. 4 Classification results based on the optimal feature combination scheme
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REP is red edge position index; CI is color index; NDSVI is normalized difference soil vegetation index; NDWTI is normalized difference water

index; BSI is brightness similarity index; LSWI is land surface water index; Elevation is surface height; Slope is rate of elevation change; Aspect is

downslope direction; Diss is dissimilarity; Contrast is contrast; Variance is variance; IDM is inverse difference moment; ASM is angular second mo-

ment; Ent is entropy.
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Fig. 5 The score of feature importance and feature selection results
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