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i R AU o =4y = (FAO, 2025), ZHSX
Z [B] ) 0T R RE f A e ok BRI MR G, o M sk R
JZIKAEIR | BB ATE IR LA K4 S 58 4 2o B 1 G i 2A
W HEROGEEN, JUHOE R A B RS AE
M, RIS AR EEHES T (J8 5,
1991) . BhERAEBE MG I | G52 HE, TEREK.
DX 35l Jry b ROBE B A AN — i M 4k
DX 33 2] Jry b F) A 45 4 A AR 3R A S E AR AL
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GBI B S PR IR IR IS T AR . Bk
KL S I A e T 2 BRI
GrPERAR AL E O i CRIBA 45, 2019). {H
HIR A (8] 43 FE R AE B S 50 180™ 5 HUBE R i R
TGN R (RS- R O, JC TR AR H e )2 P
TIAE A0 B4 5 K40, S ARG 00 81045 s P S A A
FEFRA 254 (Guimardes 25, 2020),

R B e J2 h R AR AR AL, A )2
HR K T AT A B B I T B R R R R B R AE o
A AR ROE MR 5E 6B, BEVR 10 de /N TR
2 1—4m* CRKE, 2017), 1KLL E2sia gy
BT SR N 2 DA SCPEAR R LA R R A RUBE | 2R
B (BERE %, 2008; FRPEAE 45, 2018).
Reichstein ¢ (2014) 48 H} 4 BRI 500 R4 1 2
PR R R RN R AT A 70% (1) 228 AL TC Tk ff
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BE, T BN ) AR R O 22 S A T I 25 Bl A
W o H T = N RUBE (%) A RS 40 S 500 TR e T
FEE, AR R G T 0 R A X 3t U 2R H
RUBE 5 2 HE A TN JR) M A DX SR A L )
FEPIRETE W) T 5 BE i U B A0, 1 25 () 43 R
(LUTfiFRE 4y AR SE0™ i A BR 8 I 2 X 275
R (Paganini%, 2016; Reddyg‘?, 2021),

HEAESHE LA CESAETAPK
Wk R (2021-20354F) ) Scfbvhigs, 2R
i P B R A ARG AN BRI KT, 31 2035 4F
SEIA IS R G R R B A A D B ) P A S S
B . T 28 ] 43 BER AL T 10 mo 30T 22
FH 503 R E B RS, W 0 1 52
kA, R AR ET K (Zarco-Tejada 5%,
2019; HarrisZ%, 2021; WanZ§, 2024). 1ekiEA
b FARME B R S R AT A R A B
Tt A S B, AR 240 RS A Bt 2 B0 S i

2UHELE LIk, 38 ST A 11 PR S R X b YR
M Z AT 55 1) 23 7K, HESh X B AR B K &
B, maoERURERGFE SN HERREY S &
TrEt i R AR RAE i 2 G (81, 2015),
F 1999 4F 55— 1 m 43 HER Rl i % LR ——
IKONOS-2 iU ST LIK,, K. WKLY m L5
P EBE RS L . WorldView—3 LA B 25 [0] 43
HERELIK0.3 m,

HE [ 2006 4F & A CEZE R BRRE AR
KRR ME (2006—2020) ) FESLHE w550 P
RXTHL L R G EH K LI (AR “ma&m” )
DLk, A A bk b B R TR Ok S O T U TR
ek . 2007 4 & 5 i CBERS-02B LA &
B By DA, 2R PR 2.36 me 2012
AR, R EE RS TRERE =S A (B
BHEE, 2012), HEEA =LEEMPL (TLC) W] 5L

=R AR, B BRI 2.0 m, BTAS
W HERII N 3.5 me

B EGU AR S T KRR A
SEas () U Fa 35 2, I . 5B
nEE (4 %, 2013), A RUHRAHHRE USRS
R FNHREI& 53 A0 B 40115 8., A A a8 S M I Ay ok
TAHR R . VE 4 Nature 2020 4F+ K EZFLZ —,
A W5 2 x5 P RO RN P EE B R ) X
130 27 km* (W5 70 LR EMG AT 08, 51 ABREE
2207, REERL RS T 29 18424 S AW e 119 o7

B MM (Brandt 4, 2020). X—HWF98EE T &
3 T 5L 3 AT LA 00 P S R IX ek 4 Bk v R %)
NI SR I % R (T AR LS

AR T REFI AN, 2. FH . B
o o B N T N . e R IR R R ER
SRS e e S N 11K RN O /N1 BN s
MREAS NS, A5 B IR B2 RTSOR AR A B 4 1=
(Dube %%, 2014; % %%, 2018). L&A KENF
FE AN W 223 0 T3 RN O g 43 R 8 AL
I 24 B PE 1T R B (5 PR B (Zarco-Tejada %5 |
2014; XL 45, 2019), (HIEBUAAF5E KR+
F & PR A2 . W A JE M A R sk A 1]
JUfE B0 . ARG ARG E R, o A
T R EL AT TN AN 0 R RE b v A 22 A B 2 4
o H A B A AL S 2 AR T T . A RESORE
53 3 3R AT 0 S P ) R i 4 g A AR
A7 35 HEAT O BT B o i o B KB R
FREC (Darvishzadeh %5, 2019; 1% i 2k F1 B4 AT
2018), {HEA % AR Ty 2 0 N BE S P s e
HFFE EAE A S A R 4556 R (Dahms
&, 2016), HIEMEIEMEAZBR .

b TR —Ais —Hm R R sEE, K
Tt e IR B fe A 2 RS A S A T AE B A 2
Mo (S5 M5 B EE I, 380 784 K45 5 dE A &
LS AE, S BURE B 2 50E & 10 FIORS 40 16 1
W, AR - A 4 BRBE b AR S R GE M A
A W sEBlxX — HAR, 70 4% M4
T I 23 [R) LA R S A5 20 AR IBOE B 9 A
SR, 2 TR AR P ), AR SO 43 A
L AHB A AR | AR SRR TR S L
PERG 0 55 J5 T, 0TI AR R Y 5 4O S A e
I AR EAT TIE AN A4, DA A i 4
FE IR R SRS MR
2 A Ao RO R RO &
AR IE
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(23 8] o BE R B L it i o P RO 1 TL A
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BB G0 038w DEYG, Pz
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HAT, ANFEWFZEE . AR N 560 F &
25 0] 43 HE R 52 A AEAS [R] (0 00 15 A B . AN TRl
Pk 4007 i B4R A 1) 1 25 [ 3 B 531 T TR A a8 2 R Y
PR A TE], 6] 40 Maselli 2% (1998) #f Landsat 5
T R 30 m 23 8] 4 R ] WG AT 21 A& I
#% TM (Thematic Mapper, % 8] E4L) 4k BT
SLAGFR A 2 [ A PR G 1% . 218 (2009)
T Hh v AR R A R O R g, Horpon]
DL 2R 45 1) 25 6] 43 R B T 10 me B K
Bl Bk Tl ey 51 A& T T AR RO AT AR R X
Hi UL 5 50 o A R A (2018 T E R A T
BV E R (PRfERGEE) ) SCEhds
1o 25 (0] 0 R S AG 2 8 15 22 I AR 3R 1) b T
FIR AN (b I P AR RE A B B/ NIT) 7E 10 m
DA R AR . BT — B8 25 [ 3R F S m
(GFB41006-2017 [ 5% {5 43 H# 5 6) 1l 08 I 28 455 7K
LRI ) o

B 5 3 SR AR B kA R R, A8 ) 4y R A
RIEPr A — e M . JRBUE &I (2009)
i T b R I TR 2 R AR Y 2 T 43 B AE 20
AR E — NS, 1—5 m B S )4
RO 21 20 /iy 45 B — A R 2 B T A
B FEAFE AR . TR I IR T HE 7S (R o R
VHR (Very High-Resolution) YL, %45 [H] 5

200

R AL G0 5 S0 1 S 45 [R] 4 B3R TR i B
AN A%, 40 Yin % (2023a, 2023b) Xf VHR
)R8 SURZS B3R T2 m, Falkowski%E  (2009)
(R R 3 W SO 28 (B BERIE T 1 m,

LA HATE R G 00 26T 5 28 8] 4 HEoR bR
g, DL RAH AU & G2 4 th 1) 78 4318 I 3L,
St X i A R T A A R SEA R AR, AR SOKE R oy
B 27 18 J 1 25 (8] 43 HE R 8 R AT LS i 21 4k
2 SRS T AR LAY 25 18] 73 B T 10 mo 3% 532 )
FERFFE, WiHan%%: (2020). Roy%: (2021) VU
K Jia % (2023) BT8O0 i 28 0] 4 B 0 i
—3.
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Fig.1 The changes in quantity and spatial resolution of launched global optical satellite (Data source: Finer et al., 2018; Li, 2022)
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xR1 ERIRBTENIWEERAFERIELEERER
Table 1 Band information of major global high spatial resolution optical remote sensing satellites
e A % - il -
e B ERuNES N EF e =

IKONOS 1999 K H 4 1.0/4.0 11
QuickBird-2 2001 B 4 0.65/2.44 18
SPOT-5 2002 ey 4 2.5/10 60
OrbView-3 2003 P 4 1.0/4.0 8
Kompsat—2 2006 L) 4 1.0/4.0 15

WorldView-1 2007 eS| 1 0.61/NA 17.7
GeoEye-1 2008 B 4 0.41/1.65 15
RapidEye 2008 2 ] 5 NA/5 77
WorldView—-2 2009 ES 8 0.46/1.84 16
Pleiades—1A 2009 ey 4 0.5/2.0 20
Kompsat-3 2012 G 4 0.5/2.0 17
7ZY-3 2012 GHE| 4 2.1/5.8 51
SPOT-6 2012 P 4 1.5/6.0 60
Pleiades—1B 2012 7 4 0.5/2.0 20
DubaiSat—2 2012 Bk vg 4 1.0/4.0 12
SkySat-1 2013 eS| 4 0.8/2.0 8
KazEOSat-1 2013 I B e R 4 1.0/4.0 20
Gaofen—2 2014 o 4 1.0/4.0 45
ASNARO-1 2014 EEN 6 0.5/2.0 10
WorldView-3 2014 KH 8 0.31/1.24 13
SkySat—2 2014 EKH 4 0.8/2.0 8
SPOT-7 2014 P 4 1.5/6.0 60
KazEOSat-2 2014 I Ig% s i 4 NA/6.5 77
Jilin-1A 2015 i 4 0.8/3.2 48
Kompsat-3A 2015 i [ 4 0.4/1.6 12
Cartosat—2C 2015 E1);+3 4 0.65/2.0 10
DMC3 2015 o 4 0.8/3.2 24
TeLEOS 2015 I 1 1.0/NA 12
PeruSat—1 2016 e 4 0.7/2.0 10
SkySat-3...7 2016 XHE 4 0.8/2.0 8
Gokturk—1A 2016 T HH 4 0.7/2.8 20
SuperView—1A/B 2016 GRS 4 0.5/2.0 12
WorldView—4 2016 EH 4 0.31/1.24 13
Cartosat—2D/2E 2016 Bl 4 0.65/2.0 10
SkySat-8...13 2017 eS| 4 0.8/2.0 8
Cartosat-2F 2017 FRE 4 0.65/2.0 10
Gaofen—1 B/C/D 2018 o 4 2.0/8.0 60
SuperView—1C/D 2018 GRS 4 0.5/2.0 12
Gaofen—6 2018 T 4 2.0/8.0 90
Gaofen~7 2019 o 4 0.8/3.2 20

Honggil-H9 2020 GRS 4 0.75/3.0 136
SkySat-16...21 2020 | 4 0.57/0.75 5.5
GF-multimode 2020 i 8 0.5/2.0 15
BJ3N 2021 GRS 6 0.3/1.2 14

1 AR AE BIL R BE 3 Z VR : hitps : //www.ucsusa.org/resources/satellite—database , ¥ 55 508 fio8T 588 H 1. 202345 A 1 H .
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[ ANER X 1 40 T2 B I 9 5 1 B[] 4
1999 4F, FE &G 18— B R 1 m & 55
ik A IKONOS, - i i 45 g ol T8 5 i A Y I
I (Li%E, 2021b). 40 TAL Y sLB00 I R ) 2
A ERMAEFEMAETT R4 (Anderson 5, 2017;
Dangermond F1 Goodchild, 2020). KItZA~EZKR
Z R o R DAY BB T R &S, W QuickBird
WorldView, Pleiades, CARTOSAT %5 (J4f Fx 4,
2015, 2016a, 2016b; Woldai, 2020).

/N TR R R R G R AR A Tl AR B A 1 TR
BT 4772 (Jacobsen, 2022). Planet &£ &
1) SkySat 51 DAL H 2013 4R &4, HArg
224 2190 SkySat TEEHL. ZFRH) AT IR
5 0.5 m 25 | 3 FE R p i IR Gg R . B LA
Vi8R 4—5 d, T35 B REAS S 4 BRI H
KAV (BHFPH6—TIK, H&iE121k) (ESA,
2025), Maxar &£ JFE ) WorldView 241 L& 7] DLt
% = 0.3 m %5 (0] 43 BF 0 Y 1R (Maxar,
2025) . 75 Pléiades TLA: AL SC L T 42 BRAT:
B—HEREV (05me{, 2mEEiE) (Perko
&, 2018), FFEOTHEALT TS ) ST ARG K =%
POE G/

Hr [ [ 2006 4F 5 43 WSt LUK, 78 Bl b e
o BREES W EAS TR R, R
i “wa—5" 2 “mats” W REE
RS X ORI R 4e . Horbs g T TALAS ]
AHEERE I m (ImEEM4mZHE) . &l
SUESHRIEFNOSm (05 mef, 2mEH
W) [EEF, RS ERDE DAL R, Bl
A LR EEGE A2 AN PHEIE03m
(et =5 1A,

s E O R F AR AN RAL. KiE. R
BRAEAE My 1L R iz 2 T HLAE 25 v b A7 O 11 32 J8%
Jrael (BEFEAT 4, 2013). AN CHUEM S @R E
BREBCTEG, UTRE—-RAILAEKRZEILTA
B, 5STREBEMLL, fiaEREa0sEeE.
NI = L AR B R L W R R[] A
P, g I i B R R —,
R ST B A AR A B O T R L SR A 5 )
Eakte (JE5 4%, 2021). Ml ARG E
1R 3 R UL 2R G5 T K L0 4 KA 55 2

b

—, TR UE TR O A B A B, IR AN SE
FPER AR T (FERRAR, 2016).

i 2 8 T DIARE 45 52 AT 55 i e R b 4T RS
e B AE S, n] DA R S a8 . G M RAT
S, LA AR DX I ) R 55 1 s oK, X
ot 2356 Al O 2 08 A L M 4R o AR A R G
Poo FRRENEG B, £ g S ar
RAEEE DS ST EEWER (B ITBR
%, 2021) 0 HATAGRMER R PO 5 065 ¢
[ i 2 ML 25 WS- 5 CAO  (Carnegie Airborne
Observatory) (Asner &, 2007), FER T 1l W% &
AL 2L Ah AR O T SR 42 O Ok I8 LiDAR
(Light Detection And Ranging) HH§{¢. 3£ XK
fit %5 ML K JR 9 G-LiHT (NASA Goddard’ s LiDAR
Hyperspectral Thermal) RGN T LIDAR 51 .
o G RN FAELLAME AR, T (] A R I A
SEK . TGRS AR T EE , w] T AR W R 4L
L AEMIZ R L AR R A A (Cook 5,
2013) o M MO B S BF 5T B PL 2B IR ST
CAFLiCHy (Chinese Academy of Forestry’s LiDAR,
CCD and Hyperspectral airborne observation system)
R T A PIE LiDAR FH44X . CCD AHALLL K ml b
O 2T LT AP B i 6 1 I BOL G X (Pang 4%,
2016) , Jf Al E o 1R B 2 S 2 A v OGS RO L
W,y AR B R i —s — i — T A
HE.

223 TAWERTES

Bt 1 SR R ) DR R R, D R R R i e
MRS FEM R &, TAVLERRE, &
BRI B BT & BV %, 2019),
AMLE A w0 P myGRIRRE ), AL T
A APLERE AN, HABSMEL L, aTL
51 EBEE L EA (Yang %5, 2021)., A
BUAT LAE SO R R i A s, 0t s B i AR AL |
Z AR IRAS . FOCIEAL RS . LML,
IR AR (Marris, 2013), SZHF 4 HUR K
QB SRR R, R T RS
TR 3 ST v () I B A v 2 1) A0 g ) 1) 3 B R
AR R B, B O HE T 1 93 188 SRR R TR AT 1
M R

23 BoEGLESEEESRN
H T T T =S 52 45 14 23 18] 3 9 R KO oy
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PRI, S BRCRENG LSRN P25, A
1R AR IR AR T BL B O B 2 ARk, 2R 10 LA
OGS 2t 21 . Bilan, & ERas i LA
225, A ET PR B PR AR, AR
2200 B HIE 2 AR AR TR, SR FH A PR T Ak 28 7 %
AN, R 235 2 B G A 2 45 2R (Campos—
Taberner 5%, 2016; Masjedi 55, 2020). {40+
AR AE A B 22 V5 S R4 ) 22 SR AR THT I R sk 22 4k
o WAL LW RBRTE, Pk . mak . B EE
iy AV i 5 43 JEESCHE T B UL B R T T I
I (R SERPEAT 55 . © AR ZWF 9 8000 T X i 43 [
BT R AR AL AL B 5 400, AR R . RS .
oy E L RIS AR LRI A D7 il (Zhang, 2018)
FEHUAS T FAR SR

TE 55 43 8 IRSEAR AR BN A (8 4R 5 41
T AT, MW GBS BRI, XX
S AR SR . AbER L (R RISk —
RGN . KB SE E 2 A XA 25 o
JERREO T ), 3 ik B S R4 R DG TS R
fE . SCHVERAE . JULfTHRAE . MR ARAE (O 52 4,
2006) . VA KBRS W AR FEAE (Tian 5%,
2021) SCHL SRS B AE B Al 2 25, W A 4
UYL (TIDA) (Culvenor, 2002) . HT-4r 3 4y
fEFR BT (Brandt 25, 2018)., B TAER AT
BREMIRE R R, FE TR MG HESL (Brandt
SE, 2020) BESEERY A S BRI, B RS R B R Bk
FHF Xl Bk % (LiZE, 2023). XSEHFIEH#R
2SI R AR S B0 e O ) B S

3 E4AEBE BRDF i

AR A0 SR 4 559 149 52 55 2 A 1 5 T B S R B
AR Z [ e s i (TR A fils, 2005) o FE B
BRDF 3 B Lt R B 1 e/ NERLOT, AT 4%
PR T A= NSNS B R R 450, @A
SFR VUL T Ay ) 1 — i) M i S e 2 R TG 3
SR . BEIRSS I RRE ) E SO R, R
PHLfip 1 SO I A5 5 R i B Y R B 2 B ) B O
fili (LiFlStrahler, 1985, 1986, 1992)., H4R% &
FE#E BRDF 2338 i [l A MEBE Fn A2 24k, (HR B2
Y 8 SO M ) TS AR R TRt AR (TR
A, 2019) . HETEE BRDF AR RIS 32 2 i ) Ho
123 [] 43 9 2 T L B die TG vk A R b 5
PEIX BRI T iR S 52 DU 75 A A5 A X6

o TR AR AN TS ] (RITT sk 2R, 2017).

31 ZHEHRBROFERREEFT S REMNE
A

4N 1k, FEBE BRDF P3R5 7 () 330 H il 5
A, THPBRDFEERIC B fAr, AL, Y
PR BAY B i R E e A Al i R 1, AR H
R B BRDF 8 @A Y 323707 17 o AE#% BRDF #)
PR AL R e T AR ) 1B KB B, A
TEXT B A M B F R b, DABRARL (3 38 22 ¥ 3 3
THES MR (WK S, 2016) . HE B
BRDF ¥y BEACHY 1) 2 Jie Iy A 52 B b i LA A S %A
YOLJR el . AR L, B R R R =4k
AT, AN Y T SO R ROk Ry, LT IR X AR B
T JZ= A AR ) R s O U2 2%, niE 2 s (Qi
4, 2019),

A A T2 ) RS R 3 T Ay T S A i A5 R
RT (Radiative Transfer Model) . JL{a] Y2284 GO
(Geometric—Optical Model) | AL R L 158 L
BOAUAR Y, 4 — R H A% F RS S
BN S
3.1.1 RT#EH

T RT A4 TR S RE SR 8 1 R U5 9 4% O 7
(frAvfli, 2005), HAEHYPOEZEIEARKFHE— .
BLOP RN — e R S B, i XA OE 2
WL AT R, BT — A BA SR
NS, Wi A E 5 LAL (Leaf Area Index) |
AR FAVD (Foliage Area Volume Density)
-5 /) LAD (Leaf Angle Distribution) . LAI, A5
oy Bl AE . SR B RT ARG A2 B A% 1A
&, DUHCRBIMA e o B JEml AR AH R AR
AR 7 AR SRR (BN SO E SR, 1995) ,
BRI EOCR SHEOEZ AR AR, 2EmAG B4
WTE 2 B T AR TN A SRR S L 3 s A
A5 1] A FOERE R (Suits, 19715 Monteith
Fl1Ross, 1983; Verhoef, 1984; Hapke, 1986; Qin
Fl Liang, 2000)

— 4 RT R 200 1 R A 2 18] A1 A S o 1 A
R (ZF/NSCRIEHR M, 1995), FHB0E)Z
FAEE LR S B, X —Fif RS ARk, 28
Ty A e i 45 B 1002 2% B e S AR R 4 1
PEAHELOP G, A4S — 448 S e B F AN i 7
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AN AR (IR, 2003) . A L Myneni 1
Asrar (1993) #57 =4 RT#E SRT (3D Radiative
Transfer Model) , J- DAt R Femb A= 7= 17 4 BR R )
B SE (LALFDGA A RS 77 i (Myneni
., 2002) . SRT i HEAS [ RUE i St %t

KPR EL” PCF  (Pair Correlation Function) % J&
ANEERLE, HHEATSRT AR Lk & —4—4k
A RT RIS, ATHSRAEA 6 N PR A8 &0 ¥ Ay I
ARMER ] PCF #1858 2 N AR 50 03 A1 o

e

Interaction

JURT6a R A Ry AR — 4D

YRR AR

(LAL LAD)

094

K2 A BRDF 9 AR AN [a) i i b S0 AL A3 S22 4 3k ) s B
(EFEFIF . https ://lessrt.org/docs/documentation/[2025—01 -081])
Fig.2 Schematic diagram of vegetation canopy description by the BRDF physical model at different development stages
(Main source: https : //lessrt.org/docs/documentation/[ 2025-01-08 ] )

ZAER, W RT AR DL PR o HE RS2 8O B
Y U5 S A 0 S B WESE — H b 3 (Houborg F1
Boegh, 2008; Maire %5, 2011). {HZH FARIR
JE T S R R S AR e B R AR A, 2
AR T RTIEA R RUE bR w5 i
AR St 2 TR AR A R (1 805 55, 2013),
PRICRAS /N TAEBR I, A5 AR A Sy ~F A7 1
T RIS A A Jo T T b 8 R D' 1 A A% e o A
AT UL, I S A2 i A AR M 38 e S22 A A/ R
JEARY—FFIE, PRI & A A i

312 GO#EZE

GO AR “Se A Al 5| AT A,
B2 . ' T 0 B 52 b T DO 2 A9 AR
FEAR 8 33 26 50 7E AN [R) 6 BEFI LI 2% 44 1 JLAAT
Jeof o6 R ST A B BRDF B (#4585, 2005) .
GO BT Py Je e B R I S A R WU 43t 1 L L 431 5
JE, FAARBINIA, S ERFLE . 22,
RUE M RENGOW (2N B4R, 1995).

Li Fl Strahler (1985, 1986) #t 7 1 £l JLfif
He2EAAL (GO), it % B s AR LR, 3
B GO 55 7 A% (14 BE A B 5T 2 B 9 3K — IR 119 5

1A, B F 20 BRDF [ CHEN 2 . GO B %
BT, FEAnIAAR A B R AR5 oT N
W A 29 oA, AR LA Ji 3L A 2 1 A 4%
e J2 5 A ICEAMI AR o Li Al Strahler (1992)
X GO BE R HEAT 1 ki, T 25 I8 R JE AR L i
A RN, B T LA D'~ A L JEE i AR R GOMS
(Geometric—Optical model with Mutual Shadowing )

Chen fil Leblanc (1997) # 2 R M E5] A
T GORERIh 4 1 1) 4-Scale 155 7 AR 48 2% MO 2
MIEEARRAE, S T 5 IE TN BOE ., AL B
A 4 PR BB LADE AT, B YO RUEEAE
— N JUAAT G 2 AR v ) i S PR R AT WE ST R e
RS o 4 A S B0 TH 2 LA e TR AE A9 4 4
2R, I AL S o A B R RIS TT N R T AT

ZF/ANIC (2005) ARFFAB, 10 m 73 BERER
TT R B 52 45 0l R T BR s 52 B AR 4B R JT ™
JUA G B AE SR R A& /T T, BA
GO METRIPLAT 7% &R AHAR G TX U 735 BN, 1
MRBIT R, W T i s SR 5m &5 0F A
W, AR L ARG A A8 T 3 R B v o U L
AR DLAE
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255 GO FIRT MM B R A L 0, TR A BB
B REBRIRI 3, — R T RS
TRy, Sk 5| AGE 2 0 = 4ESS FRRAE T 1) )L
YR 3 (Shabanov 28, 2000; Verhoef Fil
Bach, 2007); —JREETILADLEBR, Wi %
JE B W TR 22 DA %) 22 W HAC S T 1) 0 ST A2 fi A5 281 114 st
it (Li%, 1995; Huemmrich, 2001)., ifAH —2%&
BRI ST TR AR B S 38 2 8 il — CHILS T ik
5 2 WU DTERI R, R SR R P A TR
gk s (8] AT R FRIEOR R, AG B b
I A JUART S 2 S0, i i 3 1 ik A H B Y
BE B 3 AL A5 1o ] P, ARG ASE L Ay A e — ]
S5 — B R (Xu 4§, 2017) FI PATH_RT 7
(Li %5, 2024), fHJ2 ik Lo i5e AU HRAR X o b o 12
T IRAR TC N BN A 254 22 S A1 AR AR JT R H FRAR
TCHR ST RFIE (R SR

3.1.4 ITEVEER

= 2 AR S AL R R A i A A o R Y 2R
DAL 245 TR, RIS . AAoTasdk
S 0 2R ) A R 0 VA A R 2 1) S B ) ABL O 2
=HEY S, A OL R R B R A TR A SR
G R Z R R, P AR oy 8 BRDF
TR MBI R

H Al 4 e YA 9% BRDF = 4k 48 I % i dsi A 32 2L
BT PRI IR AT S JCEGB ERRAR S A
BT & R AR AL HE DART  (Gastellu—
Etchegorry % ,2004) \Raytran (Govaerts Fll Verstraete,
1998) . LESS (Qi%F, 2019) %, JeTJ5#& LR
£ 2 1k #5541 55 RGM (Qin Fl Gerstl,  2000)
RAPID (Huang %%, 2013) 4% JGZRiB By MR 4
Fy st 9 UL = 4E Y 5, AU SRR MG (Monte
Carlo) M8k U ok 2 570 75 A% i iod e v A B AL
AR, DR M ) 22 18] 4 S S R o e A
T T RE RSP RO, 2 DT R AR TR
I B E AR P IR A B 3 5 op 4% T T 2 ) B4 R R RE
s, ARAORRAR ST RE oA, AT S B g
(£ ipuREH RSN

LB BRDF = 44 S A A A R 7 L E b m LU
LT RE T R BRMIEZ 5, FH GG R
SMBOE SR, HX T BEOR B S G R R
AEH R, — ARME B T RO BBk 25,

2016) . KL, =4ETHA PSRRI AIBI 45 R — ik
ERZHAE, HTRIES TR S T2 24
S ) s g A (Disney%, 2006; Widlowski
4, 2015),

32 SOEWEERR

Wit o e 4 PG TE R 0 D v ) 32 3 1, e
AT I, A 25 [ 70 HER T AR G BRDF
PLERASE R AE N B 25 AF 7 — SR B M . Carmon
48 (2023) [WESE 4R Y BRDF 458 8 th 7 7E — b
“JUIHUE” (Geometric Scattering) YN, K H
H B AR T AP AR e 1% 388 454 77 A= 1% B 2 4 2 i 355 Dk
D HBMETT EEHOCIE, XS A I Al
REat B ENGR T LW EEKRHBICR,
Thalainen 55 (2023) MG [RIFE R BE, 767 JH K
G s 18] 43 PR 0 To B B AR L7 2 s
SHEATARCE AL B, 5 PR R 7 e 2 TR )2 1 Y ek
J2 RS BT 25 A 3T AR N H AR AR T B R
JF48 25 8] 3 B RR BRI X A S i /), {HJE X
TN o35G R — AR R BB & PR
XL EREE Y, TR RE T, 4B Xt
H ARG T PR Sy 5 000 77 2 3R I AR S 5 e, 3

o FEEIE R TROCR RN, )2 AR S
PN — B, 558 BRDF BLAYEAE 0K Ay U
L, MIABROTRE IS, AT LA Bl 2
321 SoEHER

H Al & A WF 58I 4 51 & 25 18] 43 P A e
R & B AR G)E S A ARG M Z IR R, Yin
45 (2023a, 2023b) K J& T —Fl A = 4 R S8
BRI L 55 43 B % VHR 38 JBGE AR B2 T AR50 A
JEEC 7 3R LR DSM (Digital Surface Model) (14
Tk, RAERKIFAREm @8, EERERN, N
DSM 4 & FI| FH i85 43 AR B 1 S AL SRS AR G ) 45
SR BREF W [ AT T .

THANUB AR 2 RO R, @ otkia
5 B R I T 1 R T e 2 R T AR I AR T R
SR, PR S R R R S T T AR S R
S I L (Ferreiradf, 20185 Qi%E, 2022,
2023). R, AT R i A $2 02 52 4%
sy E A, O HAE K 2 3 5ot ORI,
H AT AR MEASCEDRE B AR BT R — — 18 I 3
“HEEY D CV2fE 4, 2021).
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RGBSR | S BB AR,
i o AR BRDF BRI SR I o H RIS B 5
X e % [ 3 9 250 RUBE &2 8 38 B 4B B BRDF HIL B ASE
B, e RELHE BRDF R A 1 s 4 3 2 A7 T
PIAS TS o — 2 TERG Al RO b5 )2 sl e 2
582 A A F AL . 24 28 L RBE AR TR v ]
MG 7 AN T B RIXW 8 R A, %
Gy ek 7 R AR U AR TS R A Al A Ay e 3k 7
R I TC 15 W) G, 455 AR &R TT X 55 68 55 J8E 1
PR AGTT ] = 25 K AN 1 — 5 | 7 ) 22 ORI 25 57

322 BARELEREVREAE

4 56 )2 2 A SRR D I 5 ) X 4, e 2
R TR IEAR KRR B AR T A9 e = A5 4 R
M, 2009) . YR AV EM IS (ML,
2015) I & SRTA], HE#E BRDF B GHAE 9l 45 #4
) 1 A% 2 DA 45 D' B R T R A B R
A A e 45 R X B S A e R R R S R
BRI RE I

WIHT TR, b T RERE i A 6 2 ot 7 1 48
SHEM TR, RTBIREE T — R 5015 244 1 &
BEACE R H A SR, XSO B i A
ZHC (IR, 2009) . ARG TC R B )2
M R A3 A TR 5], AT LAZE T IR BIA (Beer—
Lambert) & ft 8 57 LATFIE 2 FLER R 0 1% 1k R 2>
[ 9C R o X 24528 BRDF MR AR YE 2R 7l v e )2
HR AL S ) R

Fb 2R BAAYT S A d5e W) T il iR 6 4 A 2 50 W R
il AR 5 v B A 9 I R T AR SR U A
Je DR 38 5 4 e 22 5 SR A oA Y 2 54 T T 1
FRALME , o H A T IR B AL A0 56 2
PLEAEH (De Wit, 1965; Ross, 1981; Chen #il
Leblanc, 1997; Monsi 1 Saeki, 2005). T [L/R
PFAAFT A T DAA AL BRI AR B O R o

P(9)=exp(%) (1)

A, P(0)FRAE0T5 0] L J7 I fLEBR A, G(0)
PRI R AE 075 10 ERIBER LW, MU A A
Ko AHSEWREZE NI T i A — | IRAE150
FAAE, Kol iR s

TER Y NIES , HOIR A s A 1 MR AT 2
A SCHR (R R LA AE 2], 20155 RADF 4%,
2018) #5 I AEWT ST RN, WFSER R 1925 1)

O3 AR SRR, AN R IARS A, AT LA
SIAREFRECI (Clumping index) B1E. X4u)2
SERRE Y, Hu%E (2014) 76 bR HE R R I
fiff BT T BRI AT, B T AR K A A
B0 BOTEAAUAT DL 50 2 (8] 0 SRR 00, i
HL AT D2 i A A T R AR S 2 e 2 A
] B AR AN &) 43

BRI HER R ARG /NI, 64k
Gk Ae bk oA A B g S, WS Ik
AR IR AT B S5 R RRAE , BEARA B 0 A Oy it
ANiE A S Knyazikhin% (1998) 4FERL &I T /R
feE B /N R R Ry ), JF4 0 B e A
PN RS AR e 22 R 4548, AT A i 5k B
RV ARAR A FIAR AT 7 14 53 T R A X T 5 4
gt DB I e 0 R T ) 8 A A i AOIG B VR FH a
FEZE LHE B, Casasanta Il Garra (2018) 2 T3
T Mittag—Leffler JE 3 S MABLAMA 43 A (1] L IR -
WMEERE, IR TR I T RUE Y A RO R
JERAREME, (HEX — 5B THEEOE)Z N/ R
JFE R B E R R pIF 9 ik R DL AR I o T Y
WA A TR 20 A R G R B SRR
18 A R AR B A Al 3 v R e 2 v i
AR, WA AT A .

323 BSHARELX{PEGITESRIMARIE

321 AT R, SRIE R oo HARG ooy
R ST S ) 2 1 o AR R AR O ) R, X — B
HRRPE b dm BRI rh iy “4BiEso” A 2
EATF o — PR H 37 A0 A B A5 T U #E A
1R AR BB 2 BN IZAR TR BTN (7
G5, 2005) o kAR I AN HY TR BHFR S AE R A
R HICRT AR AT, i 7 1 B s Pl el 3 19 H B %ot
RS EZ Bk AR BRIt R, AR
SJETR - TOA (Top of Atmosphere) Z g WE5R
R BOEAR 25 1) 7y BER B, MR =S [ 57
T Vs, R AURE DL B IR, A AT A% 5
(Sanders %, 2001), X Ffi S8 &% B 2 HH AR5 4,
Pl PR %L PSF (Point Spread Function) % £ A9 4%
B, K RS E PSF, AH AT LIRIEX AP “4BITAL
N7 % £l AL ESE 22, 1999;  Burazerovie 45
2013; Wang 1 Atkinson, 2017).

H T C 24 OF 58 T 2 3w 20 R SR g ooy
oK 1) A B R ) 5 RORUBE &I AN AN TR (R JRUAT
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FXIR =, 2014; RiG¥ 5%, 2022; B 5%,
2023). FERFFIX R = (2014) F8 1Bl & 128 BGY
B [ BRI R &, ROTZ ] Y 25 S Bk B B

i, IRABRICNE R A B WA AL R A,
DU A0 2% b ) 1 = e AF, TS BEAN S AE —
e E AR A ST RSER N, ME S
Sr PRI T, WS K B E )2 S P SR
25 B SR B, AR TG R) e 2 25 # A R B 4 A AR
5], AR TT )3 R A TR G 2 B 5 e 5 R4 T
(] A AN 34— 5 R i 2 R s e (SR 0k 4%
2022),

R 2 B HERT %ﬁ%m%%%%mT
RE2x o HbRfgooi ok Bl [ ALERER 7L SN
?meﬂm(%mxamm)Mﬁ%%mfu&
1E3Z HZ i N I 4t E )1 (Kiikenbrink %, 2019;
Lopatln#, 2019; Ma 1 Liu, 2020; Adeline %5,

2021; Okin, 2023). [ 3JE/R T % ELRITIGICHE
SR 5 ) 1) 15 25 8] 43 B 58 AR Mt J2 e A e R
E$&W@%Aﬁ%émﬁﬁ%mm% EARE

JEAR AR TR S S i, R 2 TEOK PSR
%ﬁAﬂEﬁ%mF RAEN—wES (O) K&
LZWEST (@) 2, HEHEIREE I Rl R
5 B Ak A BAngot; % BARIE RO iR i
e FF, M S5 25 BT T v A A5 oot H AR R T 1 I
PAER (®) DL KA & 5ot A2 B AR5t
M ZWHEHER (@), HI, TS 5% E—K
R R 22 YR A A2 B &0 U 15 0T 4 S 5 S 1Y AR
% SRAMT, AT AR FE 32 28 R A T X 3K s il 71

Ve, VIR E S| AMIE | Rgas A . I
Em%ﬁﬁ,ﬁ@%ﬁwﬁ%m%%ﬂmmmﬁ
52 BRDF HLERAE R

-

~
®.°

.V‘ ®

> |\

O O
Lo

AR AR T {4

H bR &t

> Wk HME T

K3 I ABITAR TR R0 14 1o 2= () 20 3 ARAMORE J2 A S A o R M 1

Fig.3 Conceptual diagram of the high spatial resolution forest canopy radiative transfer process considering the radiative influence of

adjacent pixels

3.3 BHEEKIE

8 ) R 18 A REE, L A (]
ﬁ%i(nglwm mﬁmaﬁn%ﬁmm
P 5 A UL R B R, IR AN — o R B M
R, UL A AR G, B — RUBE L A S
RGTFVER FEN R, D — RE L x5
— PR T RE T LA Z S AT (R ELZ: 56, 2001;
Widlowski &5, 2015) . PR 1M iy 434 328 J s 2 ] o
JRUBE BT T L Yok Ay A 285 1) 880 R 2 W T g XoF 4
FIRFAE , FEAE R b gy . R [ Bk 5 %t
G, T BR FHAE B KRB A R SE S R, A

HEREEE

WK T B 2 2 JER 2 TR] G Y R 1) 35 45 R R R RO 43
WrEAEEEN R, 2014). W2 5EHE
iy Py B AR (1) £ BE R RO S5 IR AR ot Z A ¢
F, TR OIS R B R AR
AR Aot S, ERFAX R = (2014)
HRRM T EREAERE” S, @ T
A SR A5 L0 (%) 5 S5 6 ik R R SRAE e 2 R AR RUBE 1)
Bepow mpia . rds i, T EUR &It
b ) 22 ()30 R DG R I P 5 SR B 25 R ) 5
M, X B4R M R AR LR M, AR G (R X O M N
FEFETE 25 A 22 S0t TR A5 T R X 07 b 4 A2
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S GRS L DO PV 2 P e P R R (AN
JE o R R X A 3 ) 22 ] ) S B i e ST
(0, X e 2 NE REAE AR 3R /N DX I Y 7 24 R DL
{IEPR SR [ipu b VNS wh i € (T =0 5 L
SNEW NI e st L

B 1T RO R SRR R R R,
SRAE B BRDF KA | A [l AE 4 2 400 S A L 7
TEE BN R B4 (R AN () 288 B AR P9 O R o3
ATRFAEAN ), 28 6] S BRPERRIE A 22 5%, A9 LB
WA 2 A ROBE R AN TR, R OC T 2
BRDF #5213 B R B30 LL A D o BEXTAS ]
LUV N N B iR 5 U DR SR N T I
LA 0 M R 8 RRE g A A AR A

4 oA S S

T J ST A W S Y D B B T R O A%
SRS 2 WSO 114 it 2 o) O B 6 A ) B SR L, B —
SE L 25 B 2 BOR B A M (B A £
2005). Bl E BRI, CRARZIIRE
TR o TR RIHL e 5 B SO A SR
G AYE . EREEE . LAL JCaA GRS
5] FAPAR (Fraction of Absorbed Photosynthetically
Active Radiation) .  # & | M 4 & & & Chl
(Chlorophyll content) 4§, LUz id LAL I BFSY
& Z .. W T EEZ M WorldView-2,
WorldView=3. Pleiades—1A, SPOT-6. RapidEye.
QuickBird (Asam%§, 2013; Berjon %5, 2013; Wei
A, 2017), RESE BRI 10—0.3 m A4,
WA RT3 A AP AL 2 2
TG EH FOGIE L AR AT LAL, MR SRS
BUZ i (Revill 55, 2020; £kt 45, 2017), 14
TLOF BER AR WOK G iR R A WO )R S
B Ty FEEA] 3 W B | BRI Bl vk A
REH.

4.1 HIRERE

Py A8 B THE 9 BRDF HLERASE A, A%
e TS ) 15 5 390 1) R R A SRR P A
T AR — SR R IR AR WA, X KB 5 5 1)
B S BAT AR 1 PR B, DA A O )= —
T P 52 S e i S A 9 2 B B R W 9 DT
SEBRIL A, R RS B Bl A S AR AT 23 )
K GO 83 RT #EAT S it o (HUR B p i A S

BN 7 BRI T B 3R A 8 S S SR AR ME A
HIR A3 B R R

H AT = 20 FE B 18 SR A 1 BT B AL St
JZ RS R R HEAT @ o M OE E S B E  iX
i s v 5 =X R A T vk — Ol A 4R AR LUT
(Look=Up Table) E¢# UM o850/ H AR BREILAL 1
% B A58 2 PROSAIL B | 38 A 2 £ 36 (1)
CLAIR #i%! (Clevers, 1989). iXUUHF5E K HL A
PLBE A IR AR 45 J 37 206/ 21 A0k B S S 5 —
MRS ECE R R . s AR I DL AL A8 2 )
T AT R

Zeng % (2009) FET Quickbird 4 11 3 Jgk
B, FHLAE R G ik U oot E B
AR E) TUART 255 78 v 52 30 e ] = ke b DX R ARAR
P32 LA K i i 45 AR MRS 2 A 9 S 80 [ . Zhang
Z: (2008) 454 4-Scale il Prospect 15 7 1F ] £33 41
LA AR R, SRIE 2 m 5 A 43 HER ) CASTHLZ
1o YT AR A 3 B AR T R AR MO 2 R
i,

FE Ty B TR 1 2 8 3 v EL AT AR 17 Y PO
Bt EJ2 R R e A3 BB i o T A et )= S 0
Yy BRI 22 Ry A5 4t 3 T T A I 3 5 sl 38 A0 Al
PR B2 TR () 2%0T 45, 2018) . JF
RAIRATE BT A8 FH B0 By BEAR IR 270558 FH T v 0 %k
P, WA EAHSRICR R H AR
T g, BARIZR G N B 2 LR S
B, U S SR AR G
42 HIEWRHE

B R Bl vk e W) 32 EAR S A DY 2 S B OR &
GGG AR 2 1A A GE 110G 28 0 20 B AR A
Bl IR 2= Tk e, B RTAR Z2 8 58 R FH M i UL
) ) R A A A AL 4 8 T 2 ) S Y AT g i
(ZRIIAR 45, 2019).

4.2.1 ZIik

LRk T BEAMREERYUE R 2 BN R G 1508
FRREZ G RS R . %7 A
PG 22 5 PR AL A B R B — B SOE TR E DL
ZMEPIREG TSI R RS Tl 2
JUERAE W | i e/ o6 [ml T S5 45 22 Bk g
SiAT, AR T EHCR RO R S g B, 2
THWOE)Z BRDF F-IE, SEOLF R S S
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ZIMBRRZ R LR AR | AR A
O RS WL LAY S5 S0, (AT o YOG R B
Ay IFTR] AR R SR RN AR M B, BRI TN
P, 520 T AR (Cohenf, 2003).

I A 28 56 B 18 7 125 KRR I R L 1) B % v
(1] 73 3% 24 3o SRR e i LA KA B0 2 B R AR B3
. WA RY, ey RO BRI A
RRCS LAL SR S EO AR G e T 22 g A, (H
S R ARG BEORICA B E AR T (XA A
2018),
422 HF/FIFE

BLAS 77 29 J7 3 7 B B30 % A0 438 N 0 28 T 2%
ANN  (Artificial Neural Network) . J S [a] = #1254
2% GRNN (Generalized Regression Neural Network )
FEHLA M RF  (Random Forest) . SZ$F 0] &L SVM
(Support Vector Machine ) \JREE 2% >] (Deep Learning)
97 ¥k (Liang %%, 2013; Shah %%, 2019; &k
B, 2020; Li%, 202la; Witistruck 25, 2022;
Guo 45, 2023), JiE ML S HALHE LAT (Zhou
45, 2023) R (Lang %, 2023) . HEBEAE o
JE (Meng 55, 2018) . M4t % % & (Singhal %,
2019) 5. {H M I S (AR 4 S BOR BORE BERER
AR XE IR B P A% 7 > BRI EOR IR A &, BRI 1AL
ar IR RN o
43 REE

ST B SEATL BRI S RS R, AR R Bk
2 B IS 28 2R FDRE ) B ASE R S 0 K 5l A 25
G I EN TSR S B R, Hoh
AR SR AL+ B A 7 R R e FARR
i (Garcia—Haro 2%, 2018; GuZ¥, 2018; Berger
4, 20205 Jiao%F, 20215 HIE %, 2023; 2500
S, 2023) . BEE E BN MREE 7 FHAR MR
&, R 0 1 G AR AL B RN T AR B R R
S5 EON RO T, AEBOE )2 S50 S HUR R ETY
23 [ PR ) 1 kPR . JindE (2021)
458 T SRR ST BRI IR RS A ST Y B
Mg, D s () o B 0 10 IR b Ak T 2R
MR E S5 . Jiang 55 (2023) A H] PROSAIL AL
RIZEG ML B, Wi r—5 TR R R
P AR 2 LATFI FVC, SR SeRIT 5 RARH 4 5 1
Hin SR ) A E A D A R LR o ) BRI 2

FEA, T SEBRIR AR AR £

TR e 2 e m it i, RE
AN TR, [ BRAR T HLRS 2% 2 Oy Xt
SR AR o AHK bR A S T vk R ) B
S RSELL ) A AN B2 A CR R i 2SR B, Tl i 20
SSCHE 0 3t T LR AR IBCIR X, PR 20 T T i o
WO 2 T S A LB AR R

44 EESATHEHTIHRERZE

150 5318 TR R ) TE N ML SR T Ak
R i 22 b TR I . B AR 0 B L
PP A S (B0 e N oy = R LA N i
BRI ARG, B X — R B, A A
BEchbE AR T e L, S R E LA
R AR T A 98 55 8 TR A5 1T 5% (HAGFVC)
DL S 3 i B0 A AL Y R TR A o i Tk
(CMA) (Mu%%, 2017; Yan%%, 2019). WA
SR H RIEY Y = oy BB B, R4 6 80T
PG A 3 H AR R ) R T BAE A i (A 4%,
2018; Weiss #l Baret, 2017), 3KHUA VR Y 3
RIS

H T AR Z W55 T R R O TR 5 . R
S AF M BARAE U R REAR HEA T L A8 > B, 5
WA 8 3] 8 4338 O 1% L I A b 25 4 2 8
JiE (Flood 55, 2019). A W58 11 OG0
(S =8 dE (ALS, MLEECEHEHT) B2
SERHERE R LATA G R, i SE I T e AMLRZAR
FCE AT (Li%E, 2017). A 058 223805 & i
B S AR 5 E B S, TR S
FILALFD S (AP 4, 2020) . X SERfFoE4s
AL o) . = A B EY) = S S5 T
fm o LA i B w2 MEM . T, iR
I 77 A B LT E B 5 R o i G AR 45
R R T AE A A R SR B TR R i
5 rE o A R A 1 R Y LS PR A I

B X R A B T D e S AN Tk A 1
L figt e Q0] 70K A0 RUBE b HE A AR AR R S S
FLLPER IR A, A HRRUEE A BRI, X8
ol Jmy b RUBE b WA s A 5 DAAE I P IR o PR
A RENES, SR ARIE, hFHEE
A EE X B R 50 T
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LSRG B0 2 i e R S T o B AR R
T B A AR A 2 25 08 o b TS I R S A T
XFECA T, ST DA T JER R T ORI
BiE e, PR IR B AT SRR A
% PR ME—FBE (Justice 55, 20005 S%/NF 45,
2015; [ #EE 45, 2023) . TR ss a5 mbk
P 3 AE A, G el 2R R 8 IR T R EE AE X
P LB A2 B S PR A 3 i A% 0 [R) R (Morisette 55
2006; FK{-AE 4, 20105 S/ 4, 2019; HHL
4%, 2017),

Xof A% 0 1T 6 AR 2 [R] 3 B 23R 8 R ) B S
o 6 ) 0, b T ORI A5 138 2 SR BB A L /N
MBI, 2 it — R AN ™ o AR i 4 A5 )
BOTREER XTI BAE G, A fie 5 TR AR 4R
PRI 5 o0 RO B AT X e, X — H bR 22
SUIE Y Rs 2N OB B P s o a1 AR B =R (D)
LT S o N1 DR 12 % e e 7 1 DS B g5
ELHEIE; 55 2 JE R 2 AS0RFE, ARl 2 (R 43
e AT FLAE B 43 A 1, P RO 4 3 I s
(] 53 B AG o0 RUBE () 388%™ iy b 1E AT B0 S M 95 iR
(Fang 5%, 2019; Z41% 45, 2021). AR E
R AR 2 HER A B 5 Bk i B bR AR i Y a3
[T NI i S a1 o il i 58 o I S (19114
FHRE SR (R4, 2019), 553205 k2R
FH &5 43388 8™ S B TR AR 3 R 8™ i, X2 H
T3 JB ™ b B SR AR B  — R BT, R E
REEZ QSR (58 %, 2005). k{45
(2010) #& “—KMWIE" MEZHEUETIE T LUE
R Z REE TR, /B0 “PItG” tnifE
V14t TT R 255 ST 15 R B 8 JER S #1002 v 0 B3l
R SR v o B S i s R i v S MR BB R UE U
TCIEAE Ry I RS LS A 6 1) L1

SR 1l 25 [] 55 o 1k A 1 43 A i S 18
Wik AEAE (Yang 25, 2023), H TR K K&
SR TT I 2 B AR B s N RUEE, SRtz
F] HE Y A AR AN E — s, A 2 B0 i ) i 7 A
FHAH A B2 (R 25 ot i . (L S w
S5 S HCE A T T A SR, A E R
bR PSS, BARIZ IR T DUVE SR B 5
A LI R A SO A5 AL, (R AR 2R 2R
LI S5 R N PR . H AR R Y 1) 42 A
Bl 5 22 45 A N SRS e RO S K R R T R
JE A A e R AR AL ER MO 2 (1) LAT, UL i

FRGI 2 10 m 43 FF 38 30 b T 0 o 4485 SR 4 ]
1 AR TG B 25 DR TE , AT 561k o A B S 5L
1) R A5 AT IR AN (Yang 45, 2023). 1R
A W EE X R AR R S BOR ) i S LSRG 5
HESE

AR D, MRS R (AAEDE = L
A A A0 2 A1 A ) D T R B A 4 1 A
Fefu 20 B A, O ER IS R FEOL I i
PN (Korpela, 2017; Perez %%, 2018) . 7ML
Ji: (Fiorani 5%, 2012) 4%, il =48 F M
F R, XS R O S B AT AP e
B A B B R AVRHAE LB AR . /N
ISR ), #Z TR M ZRAR A 254 S H0k
W (He 5%, 2017). T HATMEAR A A 3L
WERS, ZHmEE R8Ik e s
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Abstract: Quantitative monitoring of global, regional, and local vegetation parameters is an important topic in Earth observation. While the
acquisition and processing techniques for medium- and low-resolution remote sensing data are well-established, quantitative remote sensing
products based on these data have been developed to meet the needs of large-scale monitoring. However, these medium- and low-resolution
products are unable to effectively capture the fine-scale variations within the vegetation canopy, which limits their application in ecosystem
modeling and the management of precision agriculture and forestry. Therefore, enhancing the spatial resolution of vegetation quantitative
remote sensing products is essential. Since the early 21st century, numerous high-resolution sensor platforms have been deployed, acquiring
vast amounts of high-resolution imagery. Extensive research has been conducted on vegetation classification, canopy extraction, and other
attribute or spatial geometric information. Moving forward, the quantification of vegetation parameters will continue to drive advancements
in Earth observation technologies, providing more refined support for ecological monitoring and intelligent agriculture.

This paper first discusses the characteristics of high-resolution platforms and high-resolution passive optical data for vegetation
monitoring, then analyzes the applicability of classic vegetation BRDF (Bidirectional Reflectance Distribution Function) models at high
spatial scales. The paper further summarizes the research achievements and progress related to the representation of vegetation structure,
BRDF modeling, vegetation parameter retrieval, and accuracy validation for high spatial resolution remote sensing. Based on these findings,
the paper also outlines the future directions for the development of high spatial resolution vegetation quantitative remote sensing. To extend
the application scale of vegetation quantitative remote sensing to the meter level, there is an urgent need for innovations in the theories and
methods of quantitative remote sensing, which will support new monitoring and management models for terrestrial ecosystems. The high-
resolution platforms include high-resolution satellite platforms, airborne remote sensing platforms, and Unmanned Aerial Vehicle (UAV)
remote sensing platforms, all of which provide essential support for acquiring high-resolution remote sensing images. High-resolution
passive optical data have significantly increased in geometric and spectral complexity, placing higher demands on processing technologies.
Vegetation remote sensing physical models can generally be classified into Radiative Transfer Models (RT), Geometric-Optical Models
(GO), mixed models, and computer simulation models. Each model has its own characteristics and applicable scope. Under different spatial
resolution conditions, the assumptions about the vegetation canopy vary, requiring different methods for characterizing vegetation structure.
Research on vegetation BRDF models has increasingly explored the relationship between high-resolution canopy remote sensing images and
the canopy's three-dimensional structure. However, this area of vegetation BRDF modeling has lagged behind the rapid advancements in
high-resolution sensor technologies and image processing techniques. Vegetation parameter inversion involves extracting structural and
physiological parameters from remote sensing images. High-resolution data are affected by factors such as adjacent and mixed pixels, which
necessitates the use of specialized inversion algorithms. Validation serves as a critical method for assessing the quality, reliability, and
applicability of remote sensing products, and high-resolution data requires measurement techniques that align with its resolution.

This paper reviews recent research on high-resolution optical vegetation quantitative remote sensing, highlighting the characteristics of
high-resolution data, quantitative vegetation models, parameter inversion methods, and validation techniques. It is intended to provide
insights and support for the future advancement of high-resolution vegetation remote sensing technologies.

Key words: high spatial resolution, vegetation canopy, BRDF model, retrieval, scale, accuracy validation
Supported by National Natural Science Foundation of China (No. 42130104,42090013)



