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Abstract

Forest ecosystems urgently require effective restoration assessment methods under the pres-
sures of climate change and human disturbances. While traditional indicators based on vegeta-
tion composition and biomass can reflect ecological conditions, they have limitations in large-
scale, long-term, and quantitative monitoring. Therefore, effectively monitoring forest ecologi-
cal restoration dynamics, particularly the restoration process at the canopy scale, has become a
key focus in forest ecology and remote sensing research. This paper systematically reviews ad-
vancements in ecological restoration assessment based on forest canopy structure, with a focus
on the application of three key indicators: Leaf Area Index (LAI), Canopy Cover (CC), and Canopy
Height Model (CHM). The study demonstrates that these canopy indicators can be efficiently ob-
tained through multi-source remote sensing, revealing restoration trajectories in processes such
as photosynthesis, water cycling, and carbon storage accumulation, thereby supplementing the
shortcomings of traditional indicators. Through analysis, the advantages of canopy structure in
monitoring forest ecosystem restoration dynamics are clarified, and future research should
strengthen multi-source data integration, machine learning methods, and ground validation to
enhance restoration assessment capabilities across scales and regions. This review provides a
scientific basis and practical reference for forest resource management and ecological conser-
vation.
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1. 5|8

Bt A R ARAL AN SETE S RO IR, AR AR AR S R GTH I A H 25 7™ 5 0 T PUAER AL, R ARk
B KRR NG IS B LS RGBE[]-3], CEXAERIBLER 7 IRIZEW . 5 MR
VP TT I 2O T AL . Pt 2 B S B AR R A R bn,  BUORBE SR 2 AR A DR, 3
FERREE . KT B Je g B DT THAFAE R PR PR . T4k, FE T ARAOE J2 250 R Al S R T 9 44
=}

RGNS RGN E BBy, IEFERAEZ DGR M . Flan, AR
WEFTH, TR SR FR (U AR K i TR B 5 e A 4] AR, R E SRR AR N
FRHUR AR MR RS ASGAR[5]; AEIRIRAE S b, T8 R G I RHIE 5 8515 S0 I T 26
fE HER DU ST S AL A S [6]; FEARMOAKSITEN T, RS FEARIEHH T PP AR ™ BRR L[ 7], S51%
G Z FEVE R A TR AR AR L, TEESRR RA BN TIE . TR, Rt 2 R
B e ROR

RERR B AE R G ELE T8 R A ARM A S RV et g, g AR E(LAD. i )=
A7 i FE(CCYMIEL S22 i 2 (CHM) = R SR B R 78 A 2 PR N v 10 82 T 0 5 S i S SOl AR AR AR
SRGWEIIEA NI I, BRI 2 S5 I E SCERFIE (8] 8525 F48 bn A2 AR AR PPAS i S BUIR
MR E TR PSR MM P AER, e B a8 H AR A B SRR KT -
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2. FARES RS REREHER

jtb )2 45 16 (Canopy Structure )i i F5 ARMAE A 13502 (8] it B o A3 2R ARG T (10 25 (8] 43 A bk JRy S FEAH O
Febro HE EARRIE ARG T AR 48 B(Leaf Area Index, LAI). j&JZ 78 75 & (Canopy Cover, CC). j&)Z &% (Can-
opy Height Model, CHM)&5 . i #83X = RFabrE A 7 R IRRAE T-: EATTREBS 1@ I 18 IR T B fa
HSREL, JEH BT HRWAESRGENESER . KOEAARE R A ST R RS . M AR Fe %
(LAD): & SN AT TR b R it T ARG A, o S A 6 A P I 1 B 2484580 et /27 55 2 (CC): Rom
R fE I E B AR G L, e BRI T R IR I 2R BE BT I BB AL, R
B A 2 5 A) S PR (R OB AR AR 9]0 )= S FE(CHM): it J2 fm B AR AR MO JE B P 28 3 T ) 2
HEER, &RBSRNEESE WA EZE888[10].

3. RMETRRRE R GIERNRRYE

TS R S5 R bR R 2 1T, 1 2 W UM 20 NDVI. NBR. EVD)FIEY) & FRFRIEAT KR T
fli o

LA i A AR AR ST 7 T ) TS e S AR BAE TG W] L3O 20 e 5 9P Ak s 7. i, G TR
Fl NDVI. NBR. EVI. NDMI. NDWI. SAVI Al BSI %3488, kL NBENIARMRRF)ER , Fyg
2005~2020 FREIKAEZFIEE(RSEDR [ FH, MIA I T K a RS RER R EE [ 11]. b,
FEGRDT H AR Z Al K L & S5 A R i s 15, FH Landsat 71 NDVIL. NBR S8 A8 4 18 04T X LE
2 LR B NBR ZERLHY DK A RSB BER B T B NDVI B AF R GE f[12]. #E—5h, @it i@ iR
454 NDVI. GNDVI. EVI S ARE, PPN SRR AR XAE 6 A KIZ 22 E IR E R, IR0,
TR DRBEG, ZXIBHEEERENKE ZEEIRE, BRSO E A B m[13]. 45 BAT
W, X PP TR 5B R AR A, ORI T T I RS RS, O SR I A S I ST AR T o
Z AT IR T %

W RAAEROR RS, BB EE. SEAHVTA R TP E 3R LKA RGN
A BT B, e R G AN FIARBL B A o, BT 78 45 SR 3% B A4 5 26 0 e B K R R S S 1
HARZIF A Y8 B2 m T2 B R E e, X EDIE T AR B R R AR T K & 11 S B R AE
[14]o [FIRF, I 57 mohs B A ARy e 1t S Sl AR K T2, AW T S & 5 A . B v SR A
RIS R, W AEIK R SR AL 7l SE T H[15]. #E—Ph, 7EiR LM ks ARk B SR W R L 7R
L, B RRIVAE Z A R I E B ERRE RS 4 R S BT AR, T RO 4
Pl s BTG I, X — 25 R, RO B AR K SIS AR R R R A — e R R A2 e v
PRSI, RN AR R MR ST R — 2 BIR S H [ 16].

SRR TR B EVD @ AR S B SRS bR, BR A AUR R ARMAE TS K E 2 . )
PE IR PR, VA P S RRSORT i) 2 5 M B S SR LGB . A B A IE I A b BV 3SR
L, EFIE AR X IR ARG J1E R 0.64, REEGEA A TG B, RS E SB35 52 7 5+
MR ZRAL Wb R ST R RS RS o BN IR RIS T EE S HAKIE[17]. [, A
M EVIERIZGIERR, AT K08 KR )2 M 5K G A . 5RERMH, B, hEEMER K
B EVIAE 235 F % 7 20 30.0%. 48.3%F1 68.8%. ‘KJi, FHMHENKE M B, Fra it EVI E
BUEL EIHES, WREBREMRM P RN ERE > B > BERR A[18].

4. BEREMIERORRESRERE T EAR
AEELE A A= SARAR I IER b, i — 2 X AT HRORE . KU 13 45 LR A AR AR A
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BRGEMIRMWE ZH), CAREER TS 5 R4 .
4.1. HEPEHORETHTAR

AR TR B LADVE N R R MO G AR R I 48 AR, W T AR AR P 0 S AE . 7EAR
MR T, LAL REWE 3~ 18 0 7 26 FE I3 N 5 e RE R CR ek . B, A5 0 70 FH b T e
AEHE 5 EBARIU LAL PPl T A FRE ™ R R K BE . 455K LAL 5350 A% 5
K7 56 % KB MR = 0.70),  F A ™ B XIRAE KIS 2 4 FERIATR A, 1 v ™ 25 DX 3 ) 1k 2 2%
1219]; kst FIHM AR BLADVE MK E AR R bR, J8IE RME R A B8 (GLMMs) 43 #7 76
PEF AR ACERBAT i T X 30 KR XIRAIK B . BFRRIL, BRATIMIR? = 0.80), ko™ B
Rk K S A LA BIK R RS2 LAL FAE i R KB R 2 [20]; 3 —DHh, R 70 B lidgok
WA (MODIS) - [ AR HE B (L AT 5 8 0t 36 [ 78 8 K 5 AR MR S 3047 70 T B, LAT VK R bk
FAY 7 W3 A ARARAE SR G 25 SR B KT 7K1 60%~70% 11 575 — L6 ) A] 1 52 28 120%~150%
BT LA B X8, KR G AR AR . LAL kS F B2k EBoKE A E 2R
[21]. FERFIFmA, @i AR B(LAD A R RF R MG A KIRES, AERTTERISH
FOEFRAE T AR AR SCRF[22]. BbAh, 5 28R R J5 8l I3 — 4 2 i FR BU(IND VD) . bRk
NDVI (Z NDVIFI [ A8 F(LAD Be A B A AR FE 7% - FNER P 2 . IX S8 B i 1o R Hd 5
SEHL AR AR S5 G A, DS T R 40, 1 o v S SR i M R 1 F0 A A 2 23]

4.2. BEBEENREITHMR

FEANFE ARG VAL, ek 278 56 B2 (CO)E i &M i = PV 5 9 2 (R 25 M PR DG B FR b, )
ZHRTHAWASRGRRGL. i, e ARG R 2 RO E RS S ha it HAR, TEA
AR 278 15 I 2 1) e B e S AR S R ST T a0 Hr s SRR IIMIE IR 7 e R R e i, K
iR, WERZ, Snoh, SR NG A EE VA NS 5 I LR [24]. AN, RGiLridk T
e 2 78 55 P R R AR S IR I B 5 . RO BRItz —, KBNS MR AL T I ST
ITHRAR[25]. HE— 0 Hh, AHFFIEI S5 6 OK 2 5 H T 8 B 5 (GEDI + Landsat) 51255 S HA, (EH
GEDI2B 25545 Il 5 ) A i A P 32 FH(XGB) A% (R? = 0.5570, RMSE = 0.1603, MdAE = 0.0885)#1 RF (R? =
0.5497, RMSE = 0.1617, MdAE = 0.0896) VA E AR b el |2 78 m Al v U7 44t 1 S ks 52, R 1ot 278
i EAEMT B AR R . AW 2 R S R A2 M R DG S (26

43. BEESENRE TR

T2 R AT R AR A B P E B R AR, ME NPT, BRI T RAREK. BRI
ARG AR R AEOL. B, TEKCRITIH: AR G AR X 45 (CNN)RL Y 45 5 08 U, e
il 7 KRR JE AR 2 = R, I FEIR T KR G ARG /P 2 T B4 BN AS[27]. R4, 75 REA T
b i B 2R B 40 1 X XU B (AR AR T KR I, &5 SR 31 4E e e 2 M E KR 2R %) 67%, WE
BEFWE R 90%, XFE—DH Mg |2 S EAASKE SR DhRe ik & b i B 2% 28], AR, 755
FHARPEMATE 2 5 B AR, IRAVE A 2R R R, N JE I R R R 4
[29].

5. 4518

LR LpniR, BTEBESHARNESWE A BARAE FUESMAGHME. . 2=
B LSRR IR R R . KL ERAC IRt AR, R AN SRR R .
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VERREARRR, TR SMITEARRE MBS AR RIS TR IR SFERE ST, AT AR 55 T Rk BT
5 AR .

ARV TR — 0 5 & 22 URIE B S LA 2 1 5k, HESE 2 Fa e s FUE . B DR AR bk ik
ST PRSI, RIS DN s st i 0 SR IG e, DATA ORTE J2 S5 R T A BE 06 SRS M M s WA SR
B . AR PR DA PSS EEOL T IA(LIDAR) . JTE ANLZ 6 561 sAR S5 Y O 45
RIS, RMIERAH ARSI SIS LMK O AT E . S RLRI, IRPBESE S B k4 e Kl
R ITERISIN, A B EIRTHE Z Fa R SR 5 AR SR E T RS R, 9 KB SR Al ) A 25 P 2 T4 f3t
WEAE . ARRIERIRE 2 S5 TR 5 S R A REANBRILRE )« KSR L AW SRR 2 18] €
BRA, DS “SiMWE" 7 “ThREIRE” MRHEE. tAh, BT ERERIORE A E S 4
BRI |« AEAAEE TR AR SR P RS FLBUR IR [ Rl &, SCRE XIS AR R 1 AR bR R M
MEAEZ R, NIIUES SOV B S FTRFEUR R H ARSI R SR S

e HE

EXERB X EE ST . 500 w5 d i 2 2h A5 18 I 5 R UL R EL(42361057);
Mo EVEXRPEEE ST . SRR 5 5 V& i B H H S I 2 B AR, R XS ARk i I 1Y) 52
(2025JQ002).
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