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Table 2 Summary of BRDF model characteristics for a single slope canopy

gl HFpn

B

SERLR 225 3CHik

GOMST
T STS

0 el A R I A S BT ) R JEE PRS2, 2B W AR I PR I PR 4R ST GOMS
T R BH LS IR A 1) )/ S 9 TS RN 3 U AE IS A 55 114

(Schaaf %%,1994)

FARE s RO B K SO lowshvand 5,201
ROOST HEAT IOV AB IE, 25 SE AR A [ P , 22 Mt T3t ROSS (Combal 45 ,2000)
GOST1 5 I TR A 1) P ARE A S A R A i Bt 3R, 220 M I S et 4-Scale (Fan%,2014b)
f;;;ﬁ GOST2 Lkl Iy Kl S0 2L A TR 53¢, 22 W S GOSTI (Fan,2015)
GOFP-T FIEW AR Z B HE R IR ES & T N TR 5t GOFP (Geng%§,2022)
SGOT R 7 K Al GOMST (Hu 1 Li,2022b)
GOSAILT 2 SR A T b, R 2 IS G A ) 22 R AL 22 i L GOMS+SAIL  (Wu%,2019h)
GOSAILTS I A ) R GOSAILT (Cheng%¥,2022)
AT GosatLTa BB RIS GOSAILT  (Zhao %,2025)
%Eiﬂ PLC B el ) NG T AR A IR, 5 RIS BN 2 T U ACRM (Yin%,2017)
BOST TR G A PLC (Hu F11i,2022a)
BOST2 2 B T M AL A3 — et R — R AR A AR BOST+SLCT  (HuFILi,2024)

1 3 WA H 3 B 1% SLC (Soil-Leaf-Canopy)
LA (Verhoef Fll Bach, 2007) & J& i >k #9 SLCT
(Mousivand %, 2015) Zf#i& HE—mHF—i )2
RS B HUE 400 R A B, i R
ST S T R R S A, B TSN S
XF b AR i AR S U SR R R AR S
S AL T T A A AR B 0 R UZ R I e TR
JERRE . WFSEES R R 2 R A AL T
I 3% 1 T 805 4 5 25 3 R 35 5 (mW/m?sronm)
PR 25, I8 0.5 1Y LAI ST 1R 25 .

3.1.3 E-TFSCSHIBRDF#Z

SCS B 247 T A B A vh 2% R BH—d )2 —
& J& 4% SCS  (Sun—Canopy—Sensor) 2 [8] {4 JLfa] 5
#, HIEMIEEASHNE RSB E, B
BEARmHE (E18) . )RR (K9) 4.

ROOST 5 78 2 7 A R A [ i P A4 K g —
AR SHE R (Combal 45, 2000), XA T
ROSS SRS AL, RS #Im h WHA AR, 24
Verstraete # T A (Verstraete 55, 1990) DU F
PR A i) b 1 AR 1A X A O 2 BR AR A BE A
B, MR A R RN AERMAREET
Y B i B 7 PGVM (Perpendicular to the Ground
Vegetation Model) (&8 (b)) IEMA ] PE %
R VVM  (Vertical Vegetation Model) (K8 (¢))
IR 22 ALK B 5 6 . B ES M A 26, b4

Z RN S, I H VVM SINE &R S
SERULIAE AR Ak — 3

BT GOMS & JE i GOMST K55 7 33E 47 33k 1 4 46
AR, BRI A S e e S BKOE o SRR 1)
] e T AR A0 43 A1 455 2 55 e )2 () 48 1) 11 5 %% D0 AH
K (KE9), 5 )2 ] R 38 08 P s i ek — ] 5 S 2R 1)
KB Z — FT IR E LA (Chen
Fl Leblanc, 1997) & J& ) GOST &5 FLAl (Fan
4, 2014b, 2015), BN i 7 A S L4 4y
(IZERERIE , BRAD T 3T GOMS it 49 BB LIS 4 et
45 R 3T DB 1 B Bk A . GOST1 B # (Fan %,
2014a) f#i H Neyman—A 434 . JAAA 5340 R AL
RS A A0 A, TR +HHE” IR U ROl i = 45T
AR TS5 AL, R 1 AR T e )2 T B R Y
WPk, BEGHR GRS  k, Eat p AR B
15 T R Rl R R OC R TR R R N £
S R B A 0L BFY 5 e R I 5 1 S 118 i AR
A+ (Fan %%, 2014b) . GOST2 #& ! (Fan % ,
2015) FEF B MG 2R A8 B 7 2 M AT 7 1k A Ak e
JZ W RS2 B A RE M B A T AR ], o AR AR
TOCTFTERZ N B FRSHERPLT . {H GOST R4
U2 L B A 70 A (0 BEMLPE FORLEE M, 5 R AR
A, NI EEA —A “shse”, BIHER
P . Geng%F (2017) F:F GOST2 #E AU 38 H]
TN TAARAG U] 2R GOFP LAY, 5] A RASD
(Relative Allowable Shortest Distance) & H K 2
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() HE e BE g SRR B, FH R LAl 20 A iR B R
A, T EE A N TR IR B R R %, (H 2
W o Y 25 B R R BR S, Bl T GOFP AR Y
7 GOFP-THIE (Geng %5, 2022), M MFh
TR A o A At R R AT IR E . — P2 B ST
PoiE 5OV 1 2 R ) B R A SR O R, BV
it B SEAE KT EEGE RFEA S, (B
R 22 [) i sk g R T T R B 4 B AR Ak T AR Ak
FR A HM B % (Fan %5, 2014b; Yin %%, 2017)
(E9 (a) ), 5 —Fhs=C ED 2 8O bl 3% B A2 4k
(B Sz mFEEg . AR 205 ), (HAE R o

FERESE AR, FRO SMARBE (10 (b) ). &5
FeH . BILAAT 205 19 GOFP=T RS % T I (1534 114
[i1] B 6 53 A pRER L 2 4 T B R R o 2 e S
FIRLILER EE Gy, 55 1 A BRI T v 1 e A [ A
BoeE, RISl 5 #3 FH T B8 s e
e, N T S @i, SCOT A< AL & —Fp it T
GOMST 1 i £k g B — B 17 JL AT 2= B A (Hu A1
Li, 2022b), BRI A K A br R AL 20 3w I
LA ST AR R A S I A S 8 R 3 v A 45

AR SE A, A 15 SR 3 I A B AF SR
W REARESE, R TR

(a) FHHHZFR
(a) Flat surfaces

(b) B ARTE EL T (PGVM) R
(b) Trees perpendicular to the slope

() B A Hudk (VVM) Rz
(¢) Tree geotropism (VVM) hypothesis

(PGVM) hypothesis
P8 AR A o) b A L 2 14 36 A2

Fig.8 Evolution of tree geotropism on rugged surfaces

(a) JEHEALL Ty ) T Xof 38 T AR e [] 7K
SFBE AN B B AR AL (HM iR 32
(a) Light/line—of—sight direction facing
the slope and horizontal distance between
canopies do not vary with slope

(HM hypothesis)

(b) YEREARLTT 1] 75 X 3 I

(b) Light/line—of-sight direction back
facing the slope

() AR5 [ A 1 B 3 3 72 1
A
(¢) Inclined distance between canopies

remains constant with slope change

P9 I BB A3 A RO 35 T 2= W B3 24 4 52

Fig.9 Effect of topography and tree distribution patterns on slope canopy clearance rates
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3.1.3 FHEEHEEmRIIEE

Mo I SO0 23 1 e 2 R A A e AR A2 Ak,
SAE e DR BH R T A I, 52 24k b O S J22 3 T 22 Wi 1Y)
BN R AT 2838 40%, AR RIGERS T K FH
RN, 3K — PO 23 He T 100% . Bl 1 4 5 4% i
201 22 9 B AN ASURS 200 A0 KBRS I T I 2%
{4~ #) 5% 2 BRDF/BRF (Bidirectional Reflectance
Factor), % IEEHIAIF FHUHDRE (Hemisphere—
Directional Reflectance Function )

EEXTESHUEIR , Wu g (2019b) 42 K J&
T GOSAILT R FI A, GOSAILT j& GOMS #5 A |
SATL B RS FIHE AN AL A 1A . IZBEEE T GOMS
TS BRAAARS 6 2 4 BUBRAK P4 R P —H%
e — A A 2 T MR e e, ORAIEAR T Y 1o 2
Az KB ] B 5 e T gy i AR LA, A R T
GOMS & ] B i) i Jy 5 3 20 2 63k T 53 s
T, GOSAILT | FI SATL 45 5 1 54 5 2 5
R, PR T RO JZ DU 4 o B S AR A BORG E
[ I 2% 1 O BH RS AR S R R A i O (dn
X (9), (10))s

p=CK,+GK,+ TK, + ZK,

C C, C,

G G, G (11)
- 1_ s+ d

o= (=) R

Z 7, Z,

P, s d A3 B % A PH LS AR S AN K 23 18 U
A fARORBEDEIEIE T BES, GOSAILT-S
(Cheng 55, 2022) 25 J& T #1945 1) 59 M s 5 e
PE, GOSAILTA 54 SBDART K48 S A& A A
SEILT GOSAILT #5274 i ok ik 5 58 38 (Zhao 4F
2025), WuZEILT GOSAILT B — 5 & e 1 1&
HF B — 3k 1E A% 3K ) AL 7 KDST  (Wu 4%,
2019¢) .

EF X % 2 W )2, PLC B AU 3% F ACRM 455 AU
(Kuusk, 2001) i i & 1E HUE 5% Wi 0 56 2 9 96 T
&40 H AR B (Path Length Correction) $2 15
TR Z R BUR AR E (Yin s, 2017), [
JERBH B R SRR 25 i@ W iR A, =l (12):

p=Sp +pl(6.0.c.8)=
1 (12)
cos (1 — tanacos(a - B)tan 0)
K, p, FoRPIRELS 4015 p, R 18 HUHHE 55
grs SFRKIHE RG], X, (R

HOCTF K ; 0, o RRKIMMITAIMA; «a,
B3R RN FE I ], AR M TP B AR A B AR AR R R
PR/ 5 1m) 5 i 0E 4 v 1) 2 W] 4 T . BOST A AU
(Hu F1Li, 2022a) 3T PLCEIAIRMER . +
SRR 2 TR AN R, g Sy T R AR
& BOH SR LA ] [ B 0K 1 22 e )2 5 B UE SR
HALHRR, JFHIZBERIGIA TR R Bk T H
B2 A WEERIR A B, anal (13):

C,=C,coso,/tcosb,

C,=C, coso,/tcosb, (13)
Krpr, €., €43 3ER7R I IR FH 7 1) AU 75 [a] )
TR €, €, F- K BH 7 1 R I Jy ] )
MR S s G RANIBIREREG 0,716,535 K EH
KIAFORI RS 5 o, Bl o, J2 Jmy BB 1 K FH 7
LA AN I7 LA o AR B — A5 — 37 B AL
{HL 2 a7 A AR T 1) [ IR 5 A7 =5 TR 56 9 R i e g A
545t , JF H 28 T im i OB 800 . Bl 5T
BOSTAEAY, &1 158 i 238 BR v O K 25 Fl b
TEAE R R, S 1A i [ e e R
25 18 WU VI T R R 0 TSR B, R SE A
SLCT H 10 3t 4 i A2 o FHL VR Ty 32 S K P L S5 4 33
TR 18 IO Ik 30 2 2 A S -5 DR U S0 A B ot
MR, K BOST SR /2 28 5 ] Ui X b 2 11 +
B Z— RS (Hu M Li, 2024)

4.3 E4&1EEBRDFHIEREE

4.3.1 FEBRIER

WHEFO T, JoEIRT S DEM 25 (8] 23 B %A
[) Fr) 8 SRRl , 8 IR 23 ) 43 B3 DEM 11925 (1] 5
T, TG IR B 20 P b TR AR A 4 T RRAE
WA S AT A P T, 5 B I T A
ANTRL, A T A TR R — N R 5,
ARME N7 B0 N T 5 e 2 A5 A LI MO e
FZEmEEeR, XN TEAWMHIE, e
JINSE T A5 [R) A0 AR B R BH . H AR AR RS 2 ]
() UM AR e A . 500 N Hb 3 s S 6 110 25 o] 43 A
FE PR A FRAE SE N TR 2, g R A
i (1) FHIBSE | S M0 REUR TN E
A= B BTS2 808 B A A 5 (2) Al N4 T v P kS
PR AR 78 AT AR - A, TR R ) 5 b O B8 i
TR T R FH B AR . R ZS 18 U Y A TS I
LI 2 B A AR S s e . PR, ARG 3 T



52 National Remote Sensing Bulletin i & 54k 2026, 30(1)

TR S ¥ HUE I RN (Wen %5, 2018), &
B ST 11 S B R B A 2T AR IR
BRF,. =/(Q,Q,DEM,,.,BRF,.) (14)
A, BRF,, ZRUNE TR 0 535 DEM,,
FoRF TN VN I A HUE R AR s Q. Q, KoK
AN AR XS LT 28, B, 26 o e )2
BRDF G (A B ARG OT N 1B 2 . th T
FLI RS B2 DEM B8 iy BRI, [ N S92 3 0
T HIE SR A AR HATHESE (Buhl 55, 1968
Despan %5, 1998; Koenderink 5%, 1999), mifli ]

B 52 R ERCR AR AR 2 T T LART S A RO G2 Bl i 72
LA 35 HSOREURS 2 181 1) — 1] S o0 A PR AR, IS
TR TR A 2 T ) e R AR IR A v S A, SR
PPy imba | MG BE | P I3k A S i (L b
HLET (Despan 2§, 1998), AN SO X i FH-EY
I B SRAE BE B2 THT 0 BE (AR RO ST 34 3 A
R, BEE IR R A, 1 O] DAAR B R B Y
DEM %45, BBYEe, & & 30 BRDF #8K £ 5k
T E S DEM B4 AT e 8E, &2 G IRl iy 2
RO BN 3 7R o

*3 #HAS ST BRDF =B IR

Table.3 Overview of the typical composite slope surface BRDF model

I

LY AR

Fimd 253k

pegp VB T-SHIEY Blinn B8 | Liu R
Bk

I BRI Buhlet #%!  Koenderink #5751

ERVSERLRE 2 1 HH ST FR el R X FR Y V BLRE  (Torrance and  Sparrow, 1967; Blinn,
2R, A I 1 B

TS HERE 2 T8 P I BRIE 1WA ok 67 BRI
AL AL, s i T

1977; Liu %, 2015)

(Buhl %%, 1968 ; Koenderink %5, 1999)

R&] B Beckmann #57  Smith R SR
e e Wagner B Hapke £ 51 |
R Despan FEH Ross HE  Gao A5
HT

DEM DEM

- TCKDSTAL#A!  Topo—KD 5

ABCTBE LAt 2 1T 1 38 R AR AR AR IR 5 (Beckmann, 19655 Smith, 1967; Wag-
WP IEA AT P Hr o3 A s A 4345, ner, 1967; Hapke, 1984; Despan 4§
HATER NS 2

1998; Ross %% ,2005 ; Gao %5 ,2013)

ESM 5 B | dESM # #  TCKD #5% % | ESC DEM #i8ME o0 FHUIE 0 R FRAE,  (Wen %,2009; Hao 45,2018, 2020; Zhu
AR

4#,2023; Yan 5§,2022)

4.3.1 HBREIRER

FAR A Z YR L8 FR A, B
TR Z A [ AR 1Y LT A B R 4l 2 H A2 2 . 4
XF HlL T AR VAT ITABL, K A R U AT AR 114 111
il (VIE . BRIE) MR BEHL 3 A 19 16 (Buhl
4%, 1968; Torrance and Sparrow, 1967). H ))&
i AR 2 1 P B 52 LIDGEAR AL, DAE T4
I H AR R TR

T—S Ao Y 24 b il A i BE AL o0 A1 1 V I AR T
#EHAY (Torrance and Sparrow, 1967), J&F JL{a[)
R A SR Y S L 22 IS R A T O S |
BT, R I 2B T AR AR A B 52 A
RO, BlJS Blinn (1977) fiifk 1 TSEERL R IKTE
o SR, 2 Tl i BN PR 18 VIR [U1RE g B e
BA W, S E(BRDF MIZ A MER . KL, Liv %
(2015) M BOAH SRS T 7 17 AH S HAXSFR, 456 T
P = RN B 52800, BT A AR R T SE PR L o
75— b LB R A MR S BRI . BRI IR AR
FES WA EBKIE R GERIE o KO

K2 FRBAUAR 247 B R W py A v, 1IR3k
K Z FRBV iR . BRIE W) 1A% . Buhl 5%
(1968) Fll Koenderink %5 (1999) #BHE H T &t X 1E
BB MGTHY —n) RS0 Ai ek g, 5 VI MRS AH [
IEIRIE MBTE AL L] BT A SRR . [FAT,
Poulin Fll Fournier (1990) iS4 i BRIE JLAT JE IR 4T
i3] = ] S S 284 A A A v TR B AR ALAS [
TET P 2% [o) S

432 FHEEER

R MTRE (BB R B B AT AT, (HH
PERALEIA A e . G, T — RIURER
T REL R TS AR IR A GE T 20 A B SF- K 35 ALY, -2y
e AU 9] 52 o KR 22 I G T ) AR 25
(Hao 55, 2018), = ZA1$E Beckmann [} 5% bR %L
(Beckmann, 1965). Smith A %L (Smith, 1967).
Wagner P 5 BREL (Wagner, 1967) . Hapke [H5 bR
# (Hapke, 1984). Despan B PR%L (Despan %5,
1998) FlRoss J5ZeEAL (Ross%§, 2005). Beckmann



BRETWT 45 . (L HbAT B 568 )2 1) S ST 488 A AR A 5 0 53

B 5% R BT 1 TLAR] IS5 068 i ALRE RS 3 T ) #3020
REHE RSN, B ) 2z N A H BRI T B2 Rl 437 o
{HJ2& Beckmann $i§ 1 FF 52 % 2R 1A IR 9 52 1 A 7 3%
IR OC IR, T2 # o't R EL AT 4L i 2% T B
JLR LA, Beckmann BH 5% BHLE 23 5 4l BH 52 2000 (1)
oM, WS, Wagner R F ARG 3 ARLSR A B8 K 4t 5
TGO BB PR %L, 5 Brockelman Fl Hagfors fY
THREAU AN 25 R R B AR = 19— E0E o Smith 152
PRE | A — AL I 5 fk Wagner B3 sREL, FRAKT
TR, R, Wagner A1 Smith P52 R UK
e RN B A IR B 30 R AN AR DG, AT
BRI R Sl . L, Bourlier % (2000) 7l
ARG, SRR, I8 R Kk v o0 A 19 2
{B . Jr 22 M A MG BRI R kR g . DL BB
5 REGHE B R R R A m R R, &%
P B 5 RECEUE R XE AL B, R R B — A
TR, DATEAF b RARMRS R MR E,
Bourlier P8 %{ . Hapke P& %{ A1 Despan PR %0 55 .
Bourlier ¥ Smith — 4t B 5% pR 5CH 2 31 — 4k R 1,
K e ST BRI 6 T 4 e By R 0 o0 A BE AL I
Hapke [J15% ek it B HIRASHUA T B2 3 DKL 7~ A AH A
WP 2% o) [ Ve 2 B, 25 IR ) T e KO
FERER A, IR CARE” RS, TR
I HEA -, Hapke BiAVE 5] — R4kt , 46N
T RBOMPERON . 51 ) S5 22 F B
FLBR . Despan BH 5 pRELIE F 4% 1 HE SR F K
H HEURE 2 1 R Dy s 3 oA B9 (Lo M
(W4y) WA, JR8e 1 AT Dol e A G
L S o i 3R TR A ) BT T RO RE 4 s B e S
TEE P I R o ROSS 38 1 v 397 43 A A5 40006
T, $2 25 DR VR R LB R | A% R i I R
ffE T BRDF . [11] S S 380041 R KR, 2R B e 2
S EE A R WG . 5 IR R RS
1 22 T RO 2 20 1 SR T AR AR A L 5, Heitz
45 (2016) H T Smith [ 52 pR BB 5] A 22
5, SHAYEAIER BN B0 —ik, TLedE,
Gao % (2013) T RTLSR #% 4K 2B A (Wanner
4%, 1995) 7| A Hapke P15 K% (Hapke, 1984)
ST TR IR 0N AL SRS AL, S5 R R
WU e A% I S AR AL L DB B 1 S RS
{HJ& Hapke B2 s BUIRBL U N IR TEZS 0045, % T

s A EA R R .
433 ETFDEM#ER

SR BRI LA AT A R IR - (|
w10 km) AIEH], BB BRI IT NN
I THT R DA G 3t 53 A B 23 4 18 IR S BUA BA T A
KA 8 P o M 3RORE RS B 2 — b Bl R A2 fb
MREPE, AARMIAG NARE 2%, LA, Wen%s
(2009) M\ fitg 12 V- Ml J5 B & B8 MR S5 00 1A AR Y
ESM. IZAAVER AR — AN S8 80w, 3w
AR R S e 5 2 A A S, R W
I G Y TET A () R TR 0 Ay SR AR A A B — Ik 1T R
R 55 A YO T MY ) N B R, B 40
A (15):

T(DEM,6,.,6,,¢.,d,)
A, BRF,, RN SR S5 3 TRIR
INYTE MR RAE AT LA A AR G B — Bk
Yerg . B A FHUE 20 R0 pRECRR N

fA(5,1;)COS i, cosi,dA,

(15)

T(DEM,6,.,0,.¢.,d,) = (16)

cos HJ cosidA,
Alsw) ’
Kb, 0. FRKIRIUA; i, i, RR SRR
HIAPRBR T . KT [ cosi, A, %
s v)

7N I B TG ST AE L T 1) 0 A R T AR AR
T LR A g sk, IR RS, B
FIE UL T AT 1) A7 Ao 30 1T Jm) 350 R T SRR AE AR BH 52 400
DSM J2& 1 /> Bl 55 R0 05 1 e 800 42 5 W T A 0k
PR AL AR, T 1 X R Ak B3R R 3%
MAREIE, [HEIR Q25 8T K g, 20T
KAEE . ARTCH 2 FEHU FUKE J5 ) 3% 5
k. BfifE, Hao%F (2018) 3T ESM 4% &
RSB dESM, 2RI 1 T 2% 18 K 25 Bl
DGR MBS e PR, RS R % 2 TR S B O
2, #F— 583 T ESM AR (& 10) . 4n
A (17):

coarse

T(DEM,6,,6,.¢,,d,,5)
A, SEIRRARESDEIAE] . (AR, Z 0%
TG b I WO 4% ) PR R s 1 U R O R
TR 7 .
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Fig. 10 Contributions of irradiance over rugged terrain

TCKD #i % (Hao 5%, 2020) 23T dESM #
RUFI RossThick-LiTransit (RTLT) AZUKFHHAY (Li
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Fig.11 Intrinsic relevance of BRDF mechanistic models over complex terrain
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Recent advances in bidirectional reflectance remote sensing model of
vegetation canopy over rugged terrain

WEI Kexin'?>, WEN Jianguang'?,YOU Dongqin', TANG Yong',ZHAO Congcong'?,
LIU Qinhuo"?,XIAO Qing'?

1. National Engineering Laboratory for Remote Sensing Satellite Applications and State Key Laboratory of Remote Sensing and
Digital Earth, Aerospace Information Research Institute, Beijing 100101, China;
2. College of Resources and Environment, University of Chinese Academy of Sciences, Beijing 100049, China

Abstract: The Bidirectional Reflectance Distribution Function (BRDF) is an essential function that characterizes the bidirectional
reflectance properties of vegetation canopies. Mountains account for approximately 24% of the Earth’ s land surface and 67% of China’s
land area. Complex terrain alters the geometric configuration among the sun, surface, and sensor, as well as the canopy structure and
radiative transfer processes, thereby distorting the shape and magnitude of the BRDF and introducing significant uncertainties in land
surface parameter retrievals. Therefore, quantifying the radiative transfer process in complex terrain from a mechanistic perspective and
constructing a mountainous canopy BRDF model are crucial for accurately describing the bidirectional reflectance characteristics of
mountainous surfaces. These tasks are fundamental for understanding the mechanisms by which topography influences reflectance features
and serve as essential prerequisites for retrieving key land surface parameters in mountainous regions. Various models have been developed
to simulate the BRDF of vegetation canopies over flat surfaces, establishing quantitative relationships between canopy parameters and
reflectance. However, given the extensive distribution of mountainous areas in China, extending the mechanistic modeling of canopy
bidirectional reflectance from flat and homogeneous surfaces to complex mountainous terrains is urgently required.

Modeling canopy BRDFs is central to comprehensively understanding the bidirectional reflectance characteristics of complex surfaces
in mountainous areas. This paper first provides a brief introduction to the theoretical background of BRDF definitions over flat and complex
terrains, followed by a review of the development in canopy BRDF models over flat surfaces. Subsequently, it focuses on two typical
complex terrains—single- and composite-slope surfaces—to analyze the current development trends and characteristics of mechanistic
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canopy BRDF models over complex terrain. Finally, we present a vision and concept for future canopy BRDF models over complex terrain.

In accordance with the spatial scale relationship between the Digital Elevation Model (DEM) and the resolution of remote sensing
pixels, complex terrain modeling can be classified into single-slope modeling, where each pixel contains a unique slope and aspect, and
composite-slope modeling, where each pixel encompasses multiple slopes and aspects. The former mainly optimizes the modeling process
through three approaches: (1) correcting the geometry between the sun, terrain, and sensor; (2) correcting the geometry between the sun,
canopy, and sensor; and (3) refining the radiative transfer process on sloped surfaces. Unlike single-slope modeling, composite-slope
modeling targets larger-scale scenarios and requires consideration of subpixel topographic effects. Current composite-slope models can be
categorized into three types on the basis of terrain representation methods: (1) specific-shape models; (2) models based on mean-slope
approximation; (3) DEM-based BRDF models.

Perspectives on the future development of vegetation canopy bidirectional reflectance models over complex terrain are presented as
follows: (1) mountain bidirectional reflectance modeling considering mixed land-cover types—how to extend current single land-cover
BRDF modeling to account for within-scene heterogeneity and multiple scattering among different land-cover types, thereby constructing a
multiscale, all-terrain, multitype physical model, which remains a significant challenge; (2) the urgent need to develop multiscale radiative
transfer models coupling mountainous surfaces and the atmosphere; (3) advancing mountain 3D remote sensing observation techniques and
validation methods for complex terrain BRDF models—because multiangular field observations in mountainous regions are difficult,
ground-based multiangular datasets are generally lacking; and (4) promoting the operational application of complex terrain BRDF models.
The progressive refinement of mountainous vegetation canopy bidirectional reflectance models has significantly enhanced their application
potential, providing essential modeling support for simulating land surface parameters in mountainous regions across different scales. These
advancements hold great significance for vegetation parameter retrieval, energy balance estimation, and climate change assessment in
mountainous environments.
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