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Abstract: [ Objective] By comparing the GLAS data denoising algorithm based on different window functions and the
accuracy of different inversion models of forest crowns, the waveform denoising algorithm is optimized and the inversion
model with high estimation accuracy is obtained, which can lay the foundation for the study of forest biomass estimation.
[ Method] Firstly, the GLAS data are denoised by the Blackman window function and the Gaussian window function, and
the effects of two kinds of waveform denoising method is quantitatively compared with the root mean square error( RMSE)
and the signal to noise ratio( SNR). Then, the waveform data denoised by the window function that produced a better
denoising effect were used to extract waveform data parameters. Four forest types ( coniferous forests, broadleaf forests,
mixed coniferous and broadleaf forests, and all forests) were included in this study. The linear regression method was used
to develop a waveform-parameter model with the waveform length and a topographic-index model with the waveform length
and the topographic-index. A full-parameter model was based on the topographic-index model with the height of median
energy, the waveform leading edge, and the waveform trailing edge. Finally, the result of the crown height estimations of
these three models were compared. [ Result] The result show that the Gaussian window function gave a lower RMSE and a
higher SNR than the Blackman window function. This indicates that use of the Gaussian window function for denoising

provided more accurate data. For all forest types, the predictions of crown height given by the full-parameter model were
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more accurate than those given by other two models. The predictions of crown height for the coniferous forest given by the
topographic-index model (R* =0. 853, RMSE =2.519 7 m) were more accurate than the predictions of that model for
other forest types. The predictions given for the mixed coniferous and broadleaf forest by the full-parameter model ( R* =
0.972,RMSE =1.001 4 m) were more accurate than the predictions of that model for other forest types. [ Conclusion] In
conclusion , the Gaussian window function performed better than the Blackman window function in denoising the GLAS
waveform data. For the waveforms reflected from complex terrain, when the new multiple linear regression model was
developed that included several waveform data parameters and the topographic-index, the performance of the model in
interpreting the maximum crown height was significantly improved. This makes our model overcome the difficulty of

interpreting the maximum crown height of forest on the highly sloping terrain, and thus an accurate estimation of forest

crown height on complex terrains can be achieved.
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T, GE i h i W L T e it o0 A R Al BOE T o 76 b
TE 45 R -3 X 38k, 3 F GLAS 5S¢ 858, R %
VE SR 1 B BRIV RT A 20 8 Sy o 1 B AR MO T
qn &l da v, 5 T g R O £ 5762 B a7 5 R b TR (] 98 7
B2 (H R R, B A5 5 52 B, A
BT J2 T S 2 5 4 T[] 3 A 5 1R 2%, HL T[] 3 o7
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1 GLAS % I8 240l 76— & R B2 U 55 b R (4 5% 1
(Xing et al., 2010; Lefsky et al., 2007; Nie et al.,
2015) o A ABFFE P ok SR F M R AR R (e 2 A

fESiEmrE

Signal start

b T [ 35 oz B

KME/MEZ ) (Igbal et al., 2013 ; Lefsky et al.,
2005 ; Hayashi et al., 2013 ; Chen,2010) F13% B % [A]
P Ao W9 2 2 BE B (U DL, 2013) 4R g e 4
o R AR ARG X IR AR X B, B A bR
TEAN R 3% B X [E] (0° ~5°.5° ~10°,10° ~ 15° [15° ~
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WHIE I A MG HE 5, 55 T Ge 1H ik a3 AR Ge T S
TR,
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Fig.4 Effects of slope on GLAS echo signal
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Tab. 2 Pearson correlation coefficients between forest crown height difference and terrain relief of different moving windows

FORARE LT IR AR

75 £ Variable

Terrain relief of different moving windows

392 55 X 130 A 5 A 2 AR W L

3x3 5x%x5 7 x7

Influenced vertical distance of the slope on the echo signal

9 %x9

Height difference -0.217 ~0.46 -0.192

-0.164

-0.011

M2 2 1,5 x5 RAES 0T HUEEARE S &
JiE 25 5 2Z B] A AR DG PR e R, TR AR SCLL 5 x5 R FE
H N H B AR AR BV S OB 8 50 ¢ 5 AR AR T0 i A5
RIS,

R TOT 12 A58 0 2 B30 B 2R M TO /8 2 VA
JEA T, A LT R OR] B K BE 254 b
TE B AR F T8 2 B0d S i BB AR A Y 2% 3
VAR Y RPN Y oY IR by R N < I = VA SR )
WA B S 2 B0 Dl T 2 OB A Je LA F A B A
JEAR BN SR HUE ] F B, SR 5 76 Y I 4
RUBLR 1, B 5] AW e & OB TS K B

W Ja G KIS Mo MO sr 28R, 51 AP
P RE S S TN e 2= 0 2 S0 A R 3
JEE AN U ) R P A Sy T T g B 18 ) T S 80 (HE
H, 2008) 5 PP A Gx KR AT LA S A e = A
2 2 AR B AR 5 B 28 B i, 51 S 8]
AR T AR A B AR X 1] 3 Y R
(Lefsky et al., 2007) ; JEI )5 G < JE AT DL S e i 72
SR FOHL R B N [ 9 A5 5 B9 52 ) (Lefsky et al.,
2007) , 51 N Z S HOAT e — € B BB IE i T DEM
X 3 FE 2 38 A v X e T v B R B2 0 o T A S T
o AR [ 2N R 3 R o
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Tab. 3 Forest crown height inversion models and parameters

*3 ZHENEREERNRSH"

H T2 5 Types of model

I 2 BB A Waveform-parameter model

I K F 45 5 Topographic-index model

4% Full-parameter model

iK1 1 Model 1 H=a,L+b
FAI 2 Model 2 H=a,L+a,g+b
FE A 3 Model 3 H = a L +a,g+a3Hy+b

il 4 Model 4 H= a,L+a,g+a3Hy + ayl; + b

il Models 1% 2 % Model parameters
L
L.g
L,g,H,
L,g,H,,l,
A5 Model 5 H= a,L+ayg+ayHy + a,l, + asly, +b L,g,Hy,l .1,

OH R AL AL L APOEKIE; ¢ AMIBEEG Hy RPOEFRER R L WIOBI&KE; L BBV S K FAb o £ 4.

H: Estimated value of forest crown height; L: Waveform length; g: Terrain index; H,: Height of median energy; [, : Leading edge extent; [, : Trailing

edge extent.
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Fig.5 Comparison of waveform before and after denoising
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Froxh 2 MR AT IRAN . HFRAKXIT
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(7)
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3 ZEO
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HB/INT A0 3 v 2 B K RS (9 RMSE, SNR K3 43 45
KFAR 3 o0 2 7 22 M5 i SNR. 4 i 36 70 2 i 25
Mg b 351 )5 U TV 1) £ M LU SF- 35 (B 20. 958 81, 3475 AR
P22 0.000 285 ; 28 5 M g 2 M b 38 i B 14 15 TR
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A 3 v 2 B K MR T L RS B b R B R IR 1R 5 1
AHE R .
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ASBIF ST SEF 47 4 S0 e T e 450 K b F5
BN X RS (A W) 9 B 2 Bk AT [ E 43 A, 81
Sy HTAE SPSS BRAF AT . 45 MROBLAE AR R B 1y
F MR e A RURS B Nk 4 IR

FHI R JHHE S R® A1 RMSE 3 AN 35 45 % it &
2 W I S T R TR X % TR e T 5 L RO AT T
Wro w4 AT, 5 M T AT LR A R VSR
0.533 ~0.848 ,RMSE i [Fl 4 2. 475 0 ~3. 836 4 m;
7 25 8 i 4% Pk 0 e sl B0 119 R I 2 4R JE 1R
0.686 ~0.972 ,RMSE ¥ F& L, {5 Bl & 1. 004 1 ~
2.756 2 m, BXULEA, R SE AT 2, AT DL 4R O
Sk R B 0 I S50, E T AT AR o e T A SR

HHE% 4 AT, M5 5 iR 7Y 35 B 45 4 M X &2
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RIAEE, 51 A HuJE 38 H509T 2 Ho B PR 7 A 74 of , RMSE
A PTREAR o BT I MORET 7 TR 5 AR ASE AU ARE 400 80 2R Jee £
R* 753K 0. 853, F M ARAR X822 ,R* 4 0. 697

FE 5L EE 2 BE A B T K B RO S
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JE ) R® i AR . Lefsky 22 (2007) #5546t , B IE
Ja K B 5 HIE 5 o A O TR BT 20K B S 5 T i
ARAAT DG 3 FH TS TSP R R TS R d R e X
AT il T AR SO Ay 8 5 Kl 10 v 15 51 A B T 2% 4
JiE R R B B R AR A ) B, E— BB A
WG G K B S B 5 AT LR 3, B R A

T, JEE R 0.728 ~0.972, RMSE 3 [
1,001 4 ~2.216 4 m; RCR &4 04T R &L i ARRD
WA IR A A, H A R A AR R 4R 75 0. 972,
RMSE 3 1. 001 4 m, %5 R® 4 0.902 . %fF
B ARARIEA, R Y RMSE {5 Bl 78 1.001 4 ~
2.554 9 m Z[a], #iJE K 7 & A ) RMSE i [ 78
2.337 3 ~2.689 8 mZ[a], H i P P R A b 4t
MR 1. R =0.853, RMSE =2.519 7 m; 4>
165960 vt i YR S8 AR e . R” = 0. 972, RMSE =
1.001 4 m, R4 FR AR AT, B R JE N
0.761 ~0.790 , RMSE i [H % 2.559 7 ~2.734 9 m,
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Tab. 4 Accuracy comparison of forest crown height inversion models

R 1 Model 1 H= -2.127 +1. 042L 0.845 0.829 2.5034 0.852 0.837 2.4430

" Hi# 2 Model 2 H= —2.479 +1.045L -0.019g 0.846 0.812 2.5935 0.853 0.820 2.5197
Coniferous #5573 Model 3 H = —3.539 +1.007L - 0. 006g +0. 242H,, 0.848 0.791 2.4781 0.900  0.862 2.0310
forests #3114 Model 4 H= —4.743 +1. 1161 - 0. 009g +0. 166H, —0. 1451, 0.848 0.761 2.476 7 0.915 0.866 1.8822
Hi# 5 Model 5 H= —4.257 +1. 104L +0.005g +0. 167H, —0. 131, —0.0381,  0.848 0.722 2.4750 0.915 0.844 1.853 3

Fi7 1 Model 1 H =4.536 +0. 747L 0.529  0.510 2.9143 0.686 0.673 2.380 1

FEEAR A 2 Model 2 H = —4. 844 +0. 786L — 0. 064g 0.533  0.494 2.9031 0.697 0.672 2.3373
Bz:]:fsaf B 3 Model 3 H= -5.209 +0.735L — 0. 082¢ +0. 154H, 0.545 0.486 2.8635 0.721  0.684 2.4817
HiT 4 Model 4 H =5.239 +0.73L -0. 083g +0. 16H, +0. 009/, 0.552  0.470 3.1819 0.721  0.670 2.2433

K% 5 Model 5 H =4.317 +0.754L -0. 119g +0.221H, -0. 0241, +0. 1541, 0.623 0.533 2.6067 0.728 0.663 2.216 4

Fi7 1 Model 1 H=7.441 +0.591L 0.718 0.671 3.1759 0.797  0.764 2.690 3
@“’3@1% R 2 Model 2 H =7.497 +0.592L -0. 07g 0.732  0.624 3.0988 0.798 0.717 2.689 8
bm;jfe( ;f_ Fi# 3 Model 3 H = -7.018 +0. 524L +0.01lg +0. 266H,, 0.828 0.699 2.4774 0.815 0.677 2.5549
coniferous A7 4 Model 4 H =9.425 +0.677L +0. 056g —0. 153H,, 0. 4751, 0.845 0.639 3.8364 0.859 0.672 2.241 1
forests M7 5 Model 5 H =12. 859 +0.741L +0.207g —0. 9H, +0. 5551, —1. 891, 0.847 0.464 3.2942 0.972  0.902 1.001 4
FE7 1 Model 1 H =3.794 +0. 788L 0.660 0.652 3.2623 0.757  0.752 2.7562

KA phm 2 Model 2 H =4.319 +0795L - 0. 042 0.633 0.648 3.2451 0.761  0.750 2.7349
All K% 3 Model 3 H= —4.393 +0.734L - 0.057g +0. 203H, 0.674 0.651 3.1915 0.789 0.774 2.6256
forests  j# 4 Model 4 H =4.386 +0.738L - 0. 0565 —0. 199H, - 0. 006 I, 0.675 0.644 3.1863 0.789  0.769 2.570 3
}i7 5 Model 5 H =4. 83 +0. 733L —0. 049g +0. 179H,, +0. 0171, —0. 0881, 0.702 0.666 3.0513 0.790 0.765 2.5597

w1 BB A TR, T 5 S Y GLAS BB %L
it SRR bR T g R, 4 R SR A T T S e
BRI 19 S B £ 3R I X /i 28 N
%%O

4 g

HET GLAS IV B4 4@ WO AR AR T s 1, %)
GLAS WP i L W8 R A — i B B2 138 W IE 2 800

£ o A 12 1B, T At 7 e T e o T A 2R O i B A A6 7Y
2B AT L R 0 B P A R 8 T O g B A UL R
PRI 2 5 45 3 A T 25 MR B TE AR R S H R
HE

FEIFAE (2016 ) BRVT 1 BUT 6 A 3K e 2 A
FOL = a MPUEE S B ek O AKX GLAS
PR 25 W RO, A A1 3 T 7 25 R OCR,: B
U o ARSCHE GLAS O K 0 2 A 145 5 8w



B2 4

F WA JE T ICESat-GLAS iz i) P T 25 W B0k A0 1% 5 2R MR T ey S T8 20 At 5 71

ok w45 5, AT AR R BOG B1iE H e 3T 45 & A s (O e
FRAE, 2009) , PR IR FH o 40 7 R 0K I T 20 A7 25 I
b B8 S B T T S RO T A S e B, B
AL T 1o B 14 2 MR S ) U0 T X % PR AR S S e T v R
VAR R LA RO E, TR R RN
0.972, % T F % 15 4 (2016) i g i 51 R® 4% K W
0.91 MyFIRas A o 3k Ul AR bU HAth 1 R B3, o 307 741
PRIESCTE Hh 2 0T 43 BEAG B GLAS 0% [ml i s gk 4b 2
R R, fE3E T LM S0 GLAS i HEM R
ARMGE T = B, Tgbal 45 (2013 ) 3 2 X GLAS J%JE i
AT WA B0, R B H %, W LA R T9% 11 5 T e
AF 4k ,RMSE 4 3. 18 m, 5 0 = A U B b . AL
FEHE T R W5 A9 GLAS i I 8 57 B A% 5 2% Aot T
I, R A R ARG B R . DL R R
B, #6355 T GLAS Bl 5 5 T /&5 i 2ok 72 vh | X i B
EME TR LR A b B

e LM 8 HIORE T K B Sk PR 72 B ST 1 e 10
Al SRR IE Hh , Lefsky 45 (2005 ) Jir @ fili 55 462 Y
REfif B 59% ~ 68% 1) 7k M IR K 6 T =5 4% K, RMSE
JE I 4. 85 ~12. 66 m; Rosette 55 (2008 ) A % 56 T
FH SRR R® 9 0. 89, RMSE =2.99 mj {3 I
%A B 2 8 g5 T Al 50 AL A rh ) Lefsky 4
(2007) 75 7 k5% XAl BRI 3 AN B8 6 %k (3
S8 BE T B 2 % 21 1F R RO I i 101 2 2 OE R )
Jit A% R BE g R 83 % 1Y) AR MK 5L 191 55 45 1k, RMSE
5 m, A TG (2013) F) H] b IE 48 BOF B K
J DL KU T 2 B kv AR L ST £ 0 £ 1 T I A
4% bR K FS R® B KK 0.904, RMSE /Wy
2,021 m , ARWFFEAE ML FiR 5] A T BRI K
MU G G KB, KR i R KA
0.972 ,RMSE /N4 1. 001 4 m #5570 {0 455 181 58 S8 A
RPN T A S50 -y i s S 2 o o W K o o
A& MRS THL ey AR AU AR R B A, 3K 5 A B (2013 ) 1 2
W8, SR B bR RO I AR BIF 5T i A A R
it 5 TH e 1 2 36 i M XA 2%, R e R R 0,79,
RMSE fz/N K 2.559 7 m, {H 24k 35, BE 28 BUA
Xt o B ) AR RS T g B o DA A AT B Ay AR R
1 22 Flipl I 2 Bt <7 el T e 52 T 0 7 b I A 2%
i DX H A AR 5 (1 38 FH AR o A 5T R FH O $8 BORn ik
WS B A — BT L AB IE T 3k B0 5 T 5 42 B i
S AEUBIE 5 r 5 i e T g S AR A X R A el T
R AUHE JE 1) D 3R 30 A0 5 B 0] 22 53 AR b 25 S R b b
FAROLEARI R ER R ILES 5 s, T
b T HAE TN TE 2 508K A b 24 32 R | 18 1F 52
AR CTRE TOT 5 S THORG 0 22 b DR 2, Sk ik — 2B 4 AR

MR FL 45 F 2 B £ HORT A 3R

HI T GLAS St B 5 457 2 0 Ay , A WF 52 b B
A B ISR 5 GLAS St BE B 67 B R /N AH D e, S Al
S5 GLAS SLBE N 2R bR e T e JF K A Ml 1) AT 3k 4
[t AASHF 2R Ml ths 52 A5 5 JE o0 A, XA — E R K |
SRR HE ), O, A E SR R B B, B
LEEEE T ST IX B K I DL, R S ]
AE A 2 BIF 7 X AR MRS R RO Rl M 25 F o S 1 ik —
AP 388 5 el T vy B 1A 7R ) 3 P P, 4 ) R T b T
BF AN A BRI 2 (94 MR, 2 — 2D AL
A5G e A, 2845 75 B8 AR MO T g =[] 9
JEE 1 AT BE A R -, W D' B A e T g = ) A 4 1Y
F A ROBE AR, 6 A7 2R O T g 19 2 [ 9 J IE 7

5 45

=

A SC LA RAR B 7K AR X R B 5 X, T ROk
B B IR B, SR A 3 v 2 i R BRI i 0 B R
BTG 04T AW I 2 i A 2 P O R 0 A R AL
o AR T M S A GLAS B, Bl A LI 45 3k
TN T 2 B0 ST A [R) 2R AR 28 7R 5 T 8 g Y ASE 7Y
X LY 2 25 T iR e AR TR L 3 AR 2% b T 4% R T
RO AN ) PR 1 56 T v ST B 0 o 45 SRR W

1) TEXF GLAS %l i 47 L W b Bl vpr | 5 47 3 e
o T PRBIC 2 R A L, R T T R B2 MR 1S 31 ) RMSE
AR SNR B8, 15 M 43 B9 A80OR B0 3 07 PR AR
52T GLAS Y 2 B0k 7 5 T0 iy S5 V8 5 A8 |sf, Xof I8¢
B RWRIS T AR ) 2 3 1R AL AR M R T
BBl % SR IR I 7R B T GLAS %l $2 BUdE T i
IF, X I8 AT 25 MR Ak FRAR A 2L

2) TEMIEE 22X, 3K T GLAS B4 43 i AU %
5 T00 7y 114 B T B8 7 LU AS 43 AR A8 1Y) S5 i g g 5, ok
I AR 9 TR A8 P 1 52 38 2R A B, T A R £ R
BN 0.972, RMSE 4%/ 4 1.001 4 m; &Mk
T SO 22, 3 PT BE 2 P TR b P R R T g AROR
Ry Ve Wi i AR AP, GLAS ZRECET [R] 2 10 H i, i T
AR P2, 5 B T 1015 5 45 55 1wk LA, AT
T SR I DR I

3) T T A AR AR 00 e S AR AR A bR R 1Y i
To e Al SRR AT T AN TR o Herp I PR BB rh g i
MR : R°=0.853, RMSE =2.519 7 m; £ 4%
T T IR A AR R B e i R® = 0.972, RMSE =
1.001 4 m, G UL, 2 B b g i bR &L R
AW T ey A5 FA AR e 4

4) GLAS HH s v 2% M Tt 5 i), 51 A 2 Fhoii
T S8 N 200 T IR 48 B T i A IE A,



72 Mok

53 &

IR S i 19 SO S RO PR K R 45 8 OE
FRER S MPIE G S K, WA S 08 A B 28
S ST AR 7 AR MR O T S i 7 TR A AR R Y
W

2 % X #

HAL B 2008, KT L YR S U 1 =R R XRMOE R w5 A
HAG T I RBETE . AU R 2 B A 5 A B 1 2 (838 S
(Dong L X. 2008. Study on canopy height and biomass estimation method
of Three Gorges Reservoir Area based on multi-source remote sensing
data. Beijing: PhD thesis of Graduate University of Chinese

Academy of Sciences. [ in Chinese])

ZENCAE, TRMSE, TRHEABK. 2011 A3l SSCRTI g ASCZE AR 5 0 5 F Y L
BOHT. BRMTRE, 27(4): 38 -41.

(Li L C, Zhang S F, Xing Y Q. 2011. Comparative analysis on tree
height measured by total station and vertex IV altimeter. Forest
Engineering, 27(4): 38 =41. [in Chinese])

X 2R, 5k /AL, 2005, Fi OG5 2 A5 823 28 SO 15485 0w Ko
BOR A2 4 A5 BRI, 30(3) ¢ 189 - 193,

(Liu J N, Zhang X H. 2005. Classification of laser scanning altimetry
data using laser intensity. Geomatics and Information Science of
Wuhan University, 30(3) : 189 —193. [in Chinese])

LFJhe, WO, RATT. 2011, FRbk b b A Yk g AN I BT O
JRe. [ B AR IR, 23 (1) <1 - 8.

(Lou X T, Zeng Y, Wu B F. Advances in the estimation of above-ground
biomass of forest using remote sensing. Remote Sensing For Land &
Resources,23(1): 1 —=8. [in Chinese])

Ve B, PMENE, ZE4EI0. 2006, MRS (] AR JR RO BE O ik ik
JER R M. A4, 10(1) : 97 - 103.

(Pang Y, Sun G Q, Li Z Y. 2006. Large footprint lidar waveform
modelling of forest spatial patterns. Journal of Remote Sensing, 10
(1):97 -103. [in Chinese])

BB, WA, ZEALAF, . 20120 55 TN AR ) ICESal-GLAS
WIE AL IR, AT AR, 28(5) : 33 -35,59.

(Qiu S, Xing Y Q, Li L C,et al. 2012. ICESat-GLAS data processing
based on wavelet transform. Forest Engineering, 28 (5): 33 - 35,
59. [in Chinese])

FME , Ranson K J, 5KEH7E. 2006. Fl JH#OE 7 3k A 2 A1 5 40035 0%
PRASUCRCHEAG I AR MR R EL S L. TR, 10(4) « 523 - 530.
(Sun G Q, Ranson K J, Zhang Z J. 2006. Forest vertical parameters
from lidar and multi-angle imaging spectrometer data. Journal of

Remote Sensing, 10(4): 523 —=530. [in Chinese])

WG, 2013. & THOGTE 55 206 & BOEE 59 2R bt b A Y
FCBEBEFE. a2 B A 2 s S

(Tang X G.2013. Inversion of forest ground biomass based on LiDAR and
multispectral remote sensing data. Beijing: PhD thesis of University
of Chinese Academy of Sciences. [in Chinese])

ERIE, WA, B %6, 4. 2006, 3T 1 K AKX ICESAT-
GLAS JE Bdii 1 MR 7. PUdbAkarBesz4i, 31(1) « 214 -220.

(Wang A J, Xing Y Q,Qiu S,et al. 2016. Denoising of forest ICESat-
GLAS waveform Journal  of

data based on window function.

Northwest Forestry University, 31 (1) : 214 =220. [in Chinese])

TR, AL HE. 2008. 5k T RR bR A 4 AR A PEAR K L R AR bR
PRSI, FRAKTRE, 24(2): 1 -4,

(Xing Y Q, Wang L. H. 2008. Biomass estimation of natural forest in
Changbai Mountains based on forest biomass compatibility model.
Forest Engineering, 24(2): 1 —4. [in Chinese])

TBHIEK, E 7M. 2009. 3T ICESat-GLAS 5¢ 3 I I (9 3i Ho 7% 4K 78 2
o ST 5T DL AR AR X . RBR 4 (R
BB, 34(6) : 696 —700.

(Xing Y Q, Wang L H.2009. ICESat-GLAS full waveform-based study

on forest canopy height retrieval in sloped area—a case study of
forests in Changbai Mountains, Jilin. Geomatics and Information
Science of Wuhan University, 34(6): 696 —700. [in Chinese])

Chen Q. 2010. Retrieving vegetation height of forests and woodlands over
mountainous areas in the pacific coast region using satellite laser
altimetry. Remote Sensing of Environment, 114(7): 1610 - 1627.

Hayashi M, Saigusa N, Oguma H, et al. 2013. Forest canopy height
estimation using ICESat/GLAS data and error factor analysis in
Hokkaido, Japan. ISPRS Journal of Photogrammetry and Remote
Sensing, 81(7): 12 - 18.

Igbal I A, Dash J, Ullah S, et al. 2013. A novel approach to estimate
canopy height using ICESat/GLAS data: a case study in the New
Forest National Park, UK. International Journal of Applied Earth
Observation and Geoinformation, 23 (1) : 109 - 118.

Lefsky M A, Harding D J, Keller M, et al. 2005. Estimates of forest
canopy height and aboveground biomass using ICESat. Geophysical
Research Letters, 32(22) : 441.

Lefsky M A, Keller M, Pang Y. 2007. Revised method for forest canopy
height estimation from geoscience laser altimeter system waveforms.
Journal of Applied Remote Sensing, 1(1): 1 -18.

Nie S, Wang C, Zeng H, et al. 2015. A revised terrain correction
method for forest canopy height estimation using ICESat/GLAS data.
ISPRS Journal of Photogrammetry and Remote Sensing, 108: 183 —
190.

Pang Y, Li Z Y, Lefsky M, et al. 2006. Model based terrain effect
analyses on ICESAT GLAS waveforms. IEEE International
Conference on Geoscience and Remote Sensing Symposium , 3232 -
3235.

Popescu S C, Zhao K, Neuenschwander A, et al. 2011. Satellite lidar
vs. small footprint airborne LiDAR: comparing the accuracy of
aboveground biomass estimates and forest structure metrics at
footprint level. Remote Sensing of Environment, 115 (11) :2786 -
2797.

Rosette ] A B, North P R J, Suarez J C. 2008. Vegetation height
estimates for a mixed temperate forest using satellite laser altimetry.
International Journal of Remote Sensing,29(5) ;1475 - 1493.

Xing Y, de Gier A, Zhang J, et al. 2010. An improved method for
estimating forest canopy height using ICESat/GLAS full waveform
data over sloping terrain: a case study in Changbai Mountains,
China. International Journal of Applied Earth Observation and

Geoinformation, 12(5) : 385 —392.

(FTHERE LaH)



