1007-4619(2020)12-1450-14 Journal of Remote Sensing(Chinese) % & 54k

ZREBEFREERNEERECEE EMHER
5 # iE

B % "2, JBik4"?, Korhonen Lauri’, Korpela Ilkka*?,
Heiskanen Janne*’

L AbsTIme R AE R 5 S e E, bt 100875,
2. JEHTIIRE R 2 M PR R TR BE db 5t i i 3R A ™ i TR AR5 0y, Jbat 100875;
3.IRIFERA BMBEAERE, ARIY 2 70210,
4. WRIRE IR ML PR30, SRk E 2L 00100;
5. RFEFER S RS HIER RGERIST T, B5/K2E5E 00100

. AR AKIA R LAT (Leaf Area Index) , i 22 [A] AR IBUE S22 [H] B R AN OE R 4L, 7 & 52 i
DA Ko TN SR EBOCTE IR ZBIEELPL (LiIDAR Penetration Index), FHLMCEEZ BB GF  (Gap
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R SRR RN B OGE 22 S 2 520 PCD dli et )2 R s s B B R, R I LPT 3 GF Ay 1 5 2
BRI AT JZ )5 1] B REUE (w = plp,) o ASSCHEET PCD BUHlE v i 22 9 B2 AT w (LRI, I LS B LPL ]
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S5 Ik b 5 I BUDK v A% B AR B ) B 3 4 s ) A
B, O MR Bl A ROIR S SR TR R T B
PRI LAL, B . e A R A S
9523 (Cui 55, 20115 B 2%, 2008; G4t
4, 2013),

BT Ot 55 (Full Waveform LiDAR) ,
B O 35 (Discrete LIDAR) 9 PCD  (Point
Cloud Data) s 2= ¥4 LA HCT5] B 5 b B 5 T 7E
A ST (Cui %, 2011; Wagner %5,
2004) . AT, EEGHOCE BN T LAT R 1975
KRBT L A WiR . —FpRR oy A gk, )
3 55 1 N PCD Eidls rh S it e J2 280 (s 2
85 SHbI S LALZ A 290 0 &, #EmiAl e
JZ LAT (Griffin %, 2008; Korhonen %, 2011;
Luo %5, 20185 Qu o 2018; Roberts A 2005;
A, 2016) o AR S AR B R R H
FIE X —Fh F U IR R R, X
TS B A ME LR R L A ) RO Bl sk =
W BCPE 091 O R (Heiskanen %8, 2015;
Richardson % , 2009) . % — #f J& 3 T Beer-
Lambert 22 {3 (1) [0] B A5 J2 i 7y vk o (1] B 3 A A
I T B WO B A RO S LAT B 32 2 g
T RE RS EEE (H) X — &5 [\ E N
(R,,) B &% FEWOG R I8 a8 = 304 T b T VAL B 7 —
S8 (Cuiff, 2011), DIHLT S = p9%E (HREE)
5Ek B S 28 GRE) 1Y HEE R E)Z
B3 (GF) My flat, 4539728 & W 7K o 7
EEBIEECLPI (LIDAR Penetration Index), %RJ)5
I JH LPLFI Beer—Lambert 7 £ 52 {8 1% %5 [8] KUE A 14
LAT (ArmstonZs, 2013; CuiZy, 2011; Hopkinson
Fl Chasmer, 2009; Korhonen 28, 2011; Pearse
A5 2017; Solberg 45 2006, 2009; Zheng a5
2017). MX— S BT LA, LA PCD R8s
U5, BT IA) B AR ) e S22 LA S 6 T e 79 7 T 1)
B — R H N LPUE GF B Z2m 1 5 )2 R 55t
HOGTHE 22 et i m e (BEE) B9, 2w
FEBIE (H) FIPCD g = 4R BN %5 [ R R, 1IH
JE )L

b 19 J5 1) IS 28 802 52 ) Jik o (] 3 0
(fEir) AYEZERZE (Ni-Meister 5, 2001; Qu&f,
2020), R LP1E GF e (TG 235 S AR B Y
Ja T REE (u =p,lp,) (Solberg, 2010).

SR St T 000 e 5B 8 [ S AR v G R s AR
IRIATIRAE, B2, T EAE O T B8R 2 fh it
A7 80 AN M = TAE (Qu 22020, Tang A
2012), i HIFAZERTA I LiDAR R A Bl E 1Y
JEIEIN FEEE . AL AR (2013) W AEERCA GG
B s s LT S pdsE — 2R (0.5), H
ZITIE AN T wHIR 28 25 (Tang 55, 2012),
PR, feBEAR Y 7 20 J2 A LiDAR K09 b 42 B w {6
LiDAR PCD B4 hic s T 0 o Bl ok 5, B
FH PCD %tk iy [0 35k 5 2 R o (D R MR D2 i
JETEECE R T A

I T 3 (AR EREE ) IR e 2
LAL, JfPABEXT 3T PCD B4 1Y LAL S J AR A 951 7
EERT, fRIERE T B PCD -4 55 Hb 11 3% 45 00
Yylal i) 2 8] — BOME R S UE S T R AT 4R . PRk R A
BA VAL o #ER sk skE g,
LiDAR i # BA B/ ME (£30°). &M
M2 5 FZMAEACEEELWA 1w (B 3). |
TR BR B A A SEBR AL ME LA 2 (Morsdorf 55
2006), Hitk, HETZRHALUCERBAI AZSHR
“SAE” T, RIS PCD B0 50 AN ) B4 v B I (L
H FIFEJT PCD FAESRIURE R, DIRIRI H FIR,
204 B Y LAT S 235Kk B R S50 LAT 22 [] () A G
PN S 2%, BUM SR s i i H MR VBN “ i
8 By B R A PCD T 4R IR E (Luo %%,
2018; Morsdorf %, 2006; Pearse 2%, 2017; Zhao
F1 Popescu, 2009),

AR B AR IE A T, — R
JH PCD i b (9 5 B2 A5 B BGE 5t S5 M gO6IE 5
FECH BB (w) BT PE, SEBURARAS T 40
A %) LPL 2 GF MRS IE #5858 i Y8 Aok 7 %o il 1
S IO I [R) BofR v D T AR AR . R T R
B FRT H AR e BRI, R0 far o 2 K 5 1)
PCD T4 5 Hb T 2= Bk B8 R 50 B 4037 o 126300 11 o
(58] {FL 1 A ST 48 JBORLE Fy i I ) 3

2 Kl BTk
2.1 WFRERXEERREE

211 MREER

W X A7 T 2% 2% B 3 A9 Hyytiala (61°517 N,
24°17"E) (K1 (a)), 4&—H 2 km x 7 km K/
FAMAE =R HIRIREMH (Korhonen 45, 2013),
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DR F-22, Pk 156 m (11 (b)); #k
73 LA DR AR FIIR B 25 A2 AL AR BT I 32
WGP — i I R R AP 2 (RIHER O 32)

15°E 28°E 41°E
70°N

66°N

62°N

(a) WFFEIX
(a) Study area

® FEJT AL * SRR
() BETT A SRAE K B0 23 ) A1 )

(¢) Spatial arrangement of sampling points in each sample area

(Hovi, 2015). Mik) ZE A LM AL, 76
R BT AT R R AR A, — S X A
(78 35 L T 3K 100% (Korpela, 2008).

K
® K7

R (DEM)/m
- 200.28

. 0.04

0 025 0.50

—t 1 km

(b) HuiFE )y
(b) Sampling plot

BT RS DB AL B e b T 5 A =)

Fig. 1

2.1.2 HENEEHE

2008-07-24—2008-08-09  [a] JF- J& T W 5% [X.
N LAT 9 i ) & ToAF . A A R AHHL (Nikon
Coolpix E8800 it 7 FC-E9Bik ) FEMF5E X A T
631~F4 2 10 m W BEFE T N LAL (1 (b)),
D B DARE Ty ot R e, FE AR vt 447
W, HEES2m, 6mA10 mAbSETIE, A4
FEA L ARBC 125K 3k R, MHALEE N 13 m
(1 (e))o MESBRERERR., ERKZ %
TeEHSRBEYCH R E R 4T (Korhonen 55, 2011),

Location of the study area and spatial arrangement of sampling points in each sample area

Xt 2 BR BR R T 0 30k Be R AT I 43 B AR B )2 (]
B, 38 ) Beer—Lambert 22 f 1 Miller #1530 X3k
AR IR R L0 N ) LAT (Miller, 1967)

Solberg 5 X8 Jgk = A2 MR IF 9T 2 30, AHEL T
Bk R S, LAI-2000 (Li-Cor, 1992) #kHX
() LAT S TR 3 $12 A A AR S 22 [ P A G B
LT 2009-08-24—26 £ T 2008 4F- 63 £ Hh
) 18 AEAT T LAT=2000 F1f-ER B8 F-Bi0dhs (4 [7] 264k
B, G TR A 2R 55 G R K 2008 4F 1 2K iR
A LATAS 1E K 6] B LAT-2000 4 LAL, 484605
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Lok P Bk B R R IE T B LAT (B A R BE 7 (9 TAT
(LALy,) o R T 004 AR H K 9 4b B0 795 o] 2 B/
Korhonen (Korhonen%§, 2011). [}, 7E&FF
P B R — o B A R 24T BT = BH
(Base Height) Wl (% 1),

F1 WESSUEEERRE(GF) HERELK(LAD K

¥ T & (BH)
Table 1 Statistics of measured canopy Gap Fraction
(GF), Leaf Area Index (LAI) and Base Height (BH)

B
Al

n Min Mean Max S.D.

GFi 63 0.024 0.39 0.95 0.21

LAL; 63 0.153 2.48 491 1.13

BH 63 0.6 8.15 17.5 4.03

W MAEAER, Min Af/ME, Mean JF3ME, Max M KMH,
S.D. AhRIER o

2.1.3 BHEAMOLEEEBIER A E

LiDAR PCD i T 2007-07-04 % J HA H 5h
135 B VE B Leica ALS50~ I1 7Y 75 3k 14 8% 4 35 B .
ALS50- I 2R A% K 0 1064 nm,  fik v & 8fA R
0.15mrd, V¥ KFTEE R 960 m, S K/NA12 em,
BN A B R 150, ki 115.8 kHz, 4RI
4 52 I E 51 249 S 55%—60% (Korhonen
50 2011), JHmWEEL 14 prs/m® [FIEEURE DL —
HEWISCHAEAS , UKo SEA D ST, — 4%l
SEALFEIZ K b & S 6 GPS ] . %k rhrf iR £ 4
YR IR1 30 1) 3 2 25 8] Ak s A 5 22 i 3 4 0] 90 Fid 3 B8 1A
K £ A Dk vl Y 5 B 1 25 %5 {5 B (Korhonen %% |
2011; Korpelagf, 2012) -

PCD B4 1% 7 Ak B A0 35 25 4 ok b B B34 251
B EERIE (Korpelads, 2010) ., fMmsr3ds
Al BE bR AL . B 46 R H ENVI LIDAR FEHURE A5
=AY . B R KRR B AR A i
LASTool # {441 (http:// lastools.org[ 2020-06-16])
HH 1) lasheight AR B 52 B T b 1 5 09 05 2 1 B A ofe
b5 FeJa B s = K AR B = A Ao T A, 58
B LiDAR s 2= Ml T FAE 9  — 5025

TP Y2, LiDAR B4 48 B [E] BT b
HREERIE R (9 148), EXFFEAR, AR S
) LAL 22 5276 VAR N 2B/ o X FAR R AR,
1A A K 800 LALAEfb< 5%, X F Wi 2l
M, ZREN (<2%).

22 BigRFE

221 EFEERER KE LA —&EK

Beer—Lambert & 2 78 Y08 18080 5 A ik
MIFEAREH (Beer, 1852), itk EBEELEE
A BT ), 2] BR S LALZ (6]
15 2 1] LU Beer—Lambert & 248 A (Lang %5,
1985)

GF(8) = e ¥)tnt (1)
K, ORI, o A, K (6, ) RN
)2 AR, RV AR 2 KCF T
P2 (Campbell, 1986), LAT Jy i 1i f1 45
B W TEAT R Z 0 R 1Y 28 [ 4R R A =
K ER 5 B, LAI Al PAle (Effective Plant Area
Index) PIMHESAIEX 5y (A & 5, 2016),
SCHEEREN UL 0 PATe FROM LALL

Ji] B 2R ABE U 1 T B WO T AR, AR
SCHk,  GF(0) % FH LPLRAE: (Cuif, 2011;
Korhonen 28, 2011; Pearse &, 2017; Solbergg‘?,
2006, 2009; ZhengZF, 2017) , HiML#E S A LPI
BB 10 F . TEARZ M LPUERXH, MCL, % &
TRk oo £k el 2 R B A G PE - (Solberg,
2010), MCI,p, Lk i 11 1] 96 50 i A S b 18 [l 30 1y
A, R B N TR 2 R] B 28 T Y i i fig
(Armston 5%, 2013), MCI,,, EikH

wiiNi
MCI,,, = ];] 2)
A, NOMBKECE, N oA T 1 A HA
UL 9 Ok v B0, o, R LA U TRD I ) ik v A
=, mwi = 1/num_returns, Horp, num_returns N
o e Tl g B i L Y T SRR 2 A S 1] I
FRE S0t L B W B2 IR N, T MCL, 1Y5E 2
[ BR AT LARIA R (QuiE, 2020)
MCI,
CEO@wa = MeL, ®)
Ao, w R T SRGE)E B S MU R, A5 A
K (D). X 3), @2 EFFEELAL Y
af o I (GF(©) ) @
K(6,@)

M (4) ATLIES], ] PCD s 55 7 8] B
GRS LALRS SR O )2 19 LPL, LPLE] GF (1Y
KAESHu M )2 THE R LK (0, ).

AR SR A o8 BRI AR B w (B, S MCT,
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F GF(0) o AL IE 5 TR DX I8N 76 )2 05 I M EKOE
£ 43 A A8 (Campbell, 1986) FOJERE ., H)
PR HRERN CFRREEBRE) A2 Rl R,
SR AR 2 M fe A0 Ak 2 AR IO A o A pR R,
MR R 28 a4 A M OB
FERBRGE (0) i an EEUETT RUE LALSH (K2).

r=—==--- ZREPCDTHr======= :
1
[P rmpeps | [Fer et |i
Al 1 !
s 5 e Rt b el
PCD#{
R
> BT BT R
m———==- - % R = === = = |
J— S
gﬁﬁ [ PR fukbk | B R |
M | lemmmmmmmmmmmmmeeaoobeeeas !
45 |
e
; M RH ‘
Bk > 7"“}1’(%)7‘2)% B per e Az

K2 B
Fig. 2 Flowchart of the methodology

222 EBEFE=ZEERLEKRE

LPI 3| GF (R A 75 2555 5t 5 PG 1 B R4k
pAEARERF (X (3)). X FaEIEHOLEIA
BoHi, Armston $2 H T —FP L T2 M ] ) SR i w
B 77 (Armston 55, 2013):

P
Rg = ]()pg - ;gRy (5)

K, R, R BRI 5 5E 2 1Y S g &
RIVE] 38 5 T vh 15 S5 I 8 93 e J2= B o3 1Y R
G35 P p oTINFRINTE SOFE E B S5 BN R
Jo WS IR RES . X T EIBBOLTEIS, R, RAT
DL B WA = v B9 38 5 B 4 e i AR )= S 4 0k
Bk T ol (Hofle Fil Pfeifer, 2007; Korpela 55 ,
2012), ML (5) AT AT ARG = 80 h ki e
{E, BDR,FIR, Z [AIZAEOC R AH S EL

X (5) Bihkihiy SmldnesE (1, =R, +R,)
JEEER (Armston %5, 2013) . SR, Pk ip Ay &
[ 9% B 152 Z A0 R K5 (Hofle Al Pfeifer, 2007;
Korpela 55, 2012), Xffifg BRI —E AT
TR B LIDAR A AR 250, RCRE LLUGE R TT
RO S ) BN BB R X — AT

R R E LR b, 1, 0255 R bk oG BE
W e 2 RN SR AR E (Solberg, 2010). [
I, Armston X AHAB I IE 354725 0] B G DU HETE ik
I D s R 2 R B A 4 22 S 5 | A R T 8
22 5, HX T — Rk o AE A A BRI el
(GEE<6R) MERHOLHEBRIFAEH . R
1 B 25 5 FE L K oh B 14 568 2 N 5% 9 4 1
DL R 3 W) I O R EE Sooe, HIXKINE
S RS )2 ) S T 55 2R 801 S AE AR 0 1) il |
AR S B I R A AT AL, IR (5)
AT R, R I AIELE, LI E My S 4
Ko T ) EUR R S R R R R 25
M, S (AR

B A, A SO B9 LiDAR Ui
2 [l 5 ok FH 8 bit ik (Hovi, 2015), 7EZ A
Pk e, AT RE A A7 AE LT L A B L . TR
BF, XF A7 A T (R0 ko, 22 kR [
() S ik o B oK LA BRI sh VS L, g L —
V18 b, TR [0 52 1 8 32 80 285 91 D Bk R AE 0—255 2
] PG, Sk R, AR, 84S TR 22 5417 Rk
S, SCHRAER N RNE 7 IR E w AR, CR
FHEA WU IRTe ,  HLAR YK ]38 hy b 1T 9 Jok o
223 EFSAEERRNMHRAESSHSE Y KK

56 J2 T O R BUR A o A LI BE Y R
()82 4%, 2016), ZAARE B AT LR
BRI A (S B (Lang, 1987). I THLEHOE
Tk AN, W /N T 30° (Zheng 5
2017), PHE/NRBETE DY ) PCD B e w5 A1
FELAR ORI F B . LAk, TSI AR K,
B DAY BR A LiDAR $ 44 2E 47 X35k 9 79 PCD %k
ARE, 3T A X LA [R] — 5t J 22 3R 22 O
AR A B [ AR AR R, ZE AR SR B i 1 DXk
NERYSINGS R i DO = Bl e ) o
(Solberg 5, 2006). #T I, QuaFE (2020) fRixX
DX 38l N 5 S22 e oA £ 3 A oR RS R R KO 23 AT
P 0T — ORI TR RS N 2 A B PCD B8
BRI T 20 A 28, IR SAR B O K%
THCRE I

Z M QuiF (2020) MUk, 150K B AR XL
PN ) PCD B84 i B8 253 ] 30 il 23 UL % 24 A
FER e CREHL) , SR 7645 HE 1l b e IR — 7 o 3
] B PCD B4l oy LA T F 4, & FHEW
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CFuy (3 (3)), HIREHBIY IO 2 f IR, SRUn
S SR R
cost = 3 (Gap(0) o = T(0)0) (6

)

Kb, n AN, T(0),., N Beer & B AR
(X (1), HPK(6,a)H (Campbell, 1986):
(x> +tan’6)’
1.47+0.45x+0.1223)> - 0.013)* +0.000509*

@)
SIRUR AW E T NIIE S ELIBEZ /N I R 0
B, MBESTARH T 3, x M LA SEER 2y
ok (0.5, 2.5] AN [0.5, 9.0], XAEMSIH
T4 K 22 B0 )2 I AR R LA B0 (Qu 55,
2020), Xyt f5 MTA  (Mean Tilt Angle)
AlE L RS 5] (Campbell, 1986) :
MTA = 9.65(3 + x)® (®)
T BRI, Fh e R TP B Y OF 28 i A
AR b —Fh R eMTA  (Effective MTA)
(Lang% , 1985), BN 55 )2 BAG A [R5 [ 6] B 2R
B AR e )2 19 LS R A tMTA - (True MTA) ¢
56822 1) T e 22 D) A i) B R et J 22 PR /N T B SR
PR RN 1y o 1= B < T O 1 12 o B =
AR AR R T (Morsdorf 28, 2006) . H I,
FIFH 13 7 20 R 3 4 e MTA K52 B Hb P 52 i) 1) K il
WL FFIBRE ol 2L 501 5 T A5 e A 194 S [0 A (1] st R A
PRl — 2 B 32 PR R A5, (R,
iy RUBE (1) B8 BB 52 0 BT 1 eMTA - 32F 17 52 1
LALI R . 5 QuE (2020) >R [ 2 R R
JE (1000 m) AN[A], S 8RO A i R JEE 9 36 6 XF
eMTA FLEZ5 RN 52, A SCRH T 100—1000 m,
i 18 50 m [0] B B 1) 22 FRE b RUBE . IR R R 1
XPEF BRI, i) B S5 Bl SO0 0 3 8 1) A Ak 2 22 32
SeE 1) K] B B 520 (Nilson, 1999), i1 52 34 % if)
N PN 5 I oA 1 N e S S e R @ LA T
[B] 3% (Heiskanen % , 2015; Lovell % , 2003;
Morsdorf 5, 2006), FIT L2 55 PRk Hb 1 [0 9% BE 7
— TR B LI BRI ] R R BR A5, G Y eMTA
W BB LSO A, R, AR SORE R BR
YR b TAT [ 96 S 9 T B 38 S5 1 1) MTA 4 R tMTA

224 HAREHMLAIRE
ZEE AN LAL AR . Boe, AR

K(6)=

77 2R BUE 5 X PN 15 5 R 8 0 1) 105 R A
(X (5)), FFH T3¢ BFE #b F1AE J7 B9 LPL,, 2
GF o REIE (X (3)). #RJ5, @it N 2 M
GF o R FHAE LM d5e U Ak T 72 5 380 DX 35k Py -0 £ 53
WS x (X (6)) TEBBIX N EA K E R
eMTA AYFERH |, B RE R BE 89 x (8 TR 7 R
HEREK ()93 (20 (7)), TR E Y
NI A g Al AR HEAT K () TR, A R
AR O 2 AT PCD T4 4 M B O AER . I
i, # (4) SRR RER LAL

DIF Bk BRI 09 LAL (LAL,,) NZF#%, %t
FLF PCD % 1) LAL S SRR HE AT B0 UE A, 2Pk
I8 F 5 PCD BB A3 FOV - (Field Of View) #
SN LAL,,, A8 LAT (LAL,,..,) =ZIa—3tk
M EZRNZE ( Pearse %, 2017; Zhao fll Popescu,
2009; Luo%F, 2018). HATZ R HLLEERIE R
Z20 AT e BT IR DAE I
Fil 2 Bk HR W 37 FIRE J7 PCD 4 v (1% 57 24 i i AR
W R AR . X — i R AT L — AL i & 3 TR .
B3, GOMMbIIFE G, A RERIE R 4P
M #1 ATRAREZE, #2 MBI (M |
FA),  #1 AN T AR % B LAD  (Leaf Area
Density) B3 —KFJZ41, #2 M —KF)Z;
FHIEHE (B-D) WYIRAARIC T H AL E, HIE
MERR AR, pe FTLAFER], T REZI0EREREL
FIBIZESE, ¥ H MR, 50 000 A 415
FE (H,) FTERETEAE G, . AT
HLR S EEE (#ALFI#A2), 1 G A&
FZRMEEEZE #C1A#G2), HILA 5 GHE
AN E P B AR B . s th B BRI
T AR BEI, B —Fh A BEAYVLHECZS SR, [HiX
X R AR )2 (#1) MSEUEERA E X .
X R, #EAT “3HE” DCHEC (C) B, ZRASHY
R, o B AR AL (H. [FIBHER, ,, FH,
i, PCECE| RS RFER (D) 5 A HA 30 F
b RUAE B L K b B B R LIDAR RGE 1
7 BR VR SR A ot 45 7 J2 ] 0l 50 6 22 00 o o 4 K
M KA (Solberg, 2010), X 5K 3t
FRUA % 1 i e B ) A8 Ak e #— 5, Bk, & 3
Xf— AR 1 150 B 4B o] LA B H T PCD T4 4%
B H R R 4, B9 50T o SRR AT REORUE 5 1%
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— 5, XHFEJ PCD FAERBUE R, R TTE
5—35 m iGN, W 1 miE T R 2 ek
By MHRHATAE1LO—40mEHE N, %01 m
Vi) BRI o8 1) 22 R

C A _s
A - H, =
H,
v \4 2 &
LRI X I FbRHE AR IX I,
AHEIELI%B.C.D G M T A BEVE LS s #1 - AKOF

WG 2 s #2: B — K VI 2 s #AL, #A2, #G, #G2 S [ I T AR
AR I 5 9505 B S 2 RS 5 R, o, P PCD
THE G, s MR

P 3 T TR 5 0 A D R D e R L P A5
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Abstract: Canopy gap fraction and extinction coefficient are two primary variables to retrieve Leaf Area Index (LAI) from light
transmittance-based model. Currently, for the difficulty of calculating gap fraction from discrete LIDAR Point Cloud Data (PCD), LiDAR
Penetration Index (LPI) is used as the alternative of gap fraction to estimate LAI. However, LPI ignores the target spectral difference which
is an important factor affecting the number of canopy and background echoes. Therefore, the backscattering coefficient of the background
and canopy, 4= pg/ 0y, 1s required to correct the LPI to GF. We extracted u from intensity of the PCD data, which achieved by using a linear
regression between the intensity of background and that of canopy in each pulse intensity groups, then the mean u of all valid groups was
used to transform LPI to gap. Given there was a dominant species of vegetation in study area, the light extinction coefficient (k) was
extracted using constrained optimization method to obtain the ellipsoidal model parameter y from multi-angle gap fraction at the large spatial
scale (tile scale) under the assumption that the leaf angle distribution can be modeled by a ellipsoidal model and the leaf mean tilt angle is
constant through study area. Finally, LIDAR LAI was estimated using retrieved gap fraction and extinction coefficient. Meanwhile, the
impact of tile scale (R, 1y.), sample scale R, p,, and height threshold (H,) were also investigated. The results showed that the x4 value was
close to unit, and it is contributed by the extensive coverage of lichen vegetation in the area, which is consistent with the actual field
characteristics. The gap fraction corrected by x has a good ability to reflect the field measured data (R* = 0.78, RMSE = 0.09), and the leaf
angle distribution parameter y, is affected mainly by the large gap between the crowns for areas with dominant species. In terms of size of
tile, the retrieval y, the parameter of ellipsoidal model, was sensitive to the spatial size of tile, which means that attention should be paid to
select tile size. An ill-suited tile size would result in a systematic underestimation of LAI For the target parameter of LAI, the result revealed
that it was highly consistent with the ground measurement (R* =0.84, RMSE =0.51) under the condition of Ry il Ryy pior and H, of
950 m, 10 m and 2.6 m respectively. It was concluded that the retrieved LAI was more sensitive to the choice of H,, and it was noted that
more attention would be paid to select appropriate H, to ensuring the consistent result of LIDAR LAI and field measurements in the further
work direction. We conclude that it is feasible to retrieve 4 and further to produce LAI using ALS PCD data only. The significance of the
proposed method is that it can produce reliable remotely sensed LAI from ALS PCD even with no ancillary spectral data.

Key words: remote sensing, leaf area index, LiDAR, gap fraction, extinction coefficient, target spectral property
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