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ICESat-2/ATLAS % ¥ iz i# ¥ T it 2 15 B ik
KM, AR, 5 B LG

(1. Rk K5 AL L FRFHR PO, ZEIT oS RIE 15000;
2. Ak K MLl LRSI, LA %R IE 150000)

H OE: A EREETAREREAR TR FH@ER (Digital Terrain Model, DTM) 7 12 B 3 #4 7]
B, R T k=i 542 T2 -2 (Ice, Cloud, and land Elevation Satellite, ICESat-2)/ 2t 3 307 380k 3 3
% % (Advanced Opographic Laser Altimeter System, ATLAS) #9 3% 33 £ R 2% FUE T 3o 6945 2, 3t
WRT BEZEFAME % F 3T ICESat-2/ATLAS BUEMH T DTM 45 Z 69 %vh, FE R % R K. 7%
W R BEIEART DTM 8945 & 4 R=1, RMSE=0.74 m, 33 )% R B/Z# F DTM &9 45 & 4 R*=1, RMSE=
0.76 m, 3% 9% R AR X 55 9k R AL th F AL 0Y BUSORE L, A5, 3R R R 5 55 8 R Wb F = S 3 T A RO M
T DTM #A4EH 5 83 . AAFR R AR AR LR A, A E 5 B R E & R a3 m, AR
KRBT RILIR £ R T I mey L.

XHEA): ICESat-2/ATLAS; 3Rk k; HBER; WFTHRFHBEA; BEZE

FESHES: ST75 MHFRSRS: A DOI: 10.3788/IRLA20200237

Accuracy verification of terrain under forest estimated
from ICESat-2/ATLAS data

Huang Jiapeng', Xing Yanqiu', Qin Lei', Xia Tingting”

(1. Centre for Forest Operations and Environment, Northeast Forestry University, Harbin 150000, China;

2. College of Mechanical and Eletrical Engineering, Northeast Forestry University, Harbin 150000, China)

Abstract: In view of the difficulties in retrieving Digital Terrain Model (DTM) with the spaceborne lidar data,
the terrain elevation estimation accuracy of Ice, Cloud, and land Elevation Satellite-2 (ICESat-2)/Advanced
Terrain Advanced topographic laser altimeter system (ATLAS) strong and weak beam data under the forest was
studied, and the effect of canopy height and vegetation coverage on ICESat-2/ATLAS estimation accuracy of
DTM was explored. The results show that the accuracy of DTM under the forest with strong beam estimation
accuracy is R’=1, RMSE=0.74 m, and that with weak beam estimation accuracy is R*=1, RMSE=0.76 m. The
performance of the strong beam estimation accuracy performed better than that of the weak beam, but both the
photon cloud data of the strong beam and the weak beam can provide scientific data for estimating the DTM

under the forest. In the study area, with the increase of the canopy height and vegetation coverage, the error of
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different laser types data gradually increases.
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0 35l

UL 2018 AFARJE, PRSI 38.15 42 hn,
2 5 4> R i b R TET B 25.60% (4 4 B fili T AR
149 12 hm? 3 BN, 5 AR T 05 b 1 #E A (Digital
Terrain Model, DTM) J& 4 £ 4Bk DTM #45 A (1% 5 258
3B RARICA BRI B R REE | 2 i A R GE
R TR LI B EEM S R R E T
oG5 TR R AR Je o TR 1 SR R B AR
I B h 5 52 7 2 KRG SR A s, TR
TG AR T LASR I3 K L 2 KR AR DTM
G/ TN

HEG NI, 23KIEA 4408 23 & 55 DL
DI i B A Ay 3 AT (kML T, 43 ks VK
it b 25 #2 T & (Ice, Cloud, and land Elevation Satellite,
ICESat)/ Hb 2% 3% 5 £ 11 & 48 (Geoscience Laser Al-
timeter System, GLAS), ICESat-2/5¢ ¥ #l1 & i 5% & &
11 & 4 (Advanced Topographic Laser Altimeter System,
ATLAS), /4> £ 5 (GF-7) & 4B RS 8 1%
ff 5% T 2 (Global Ecosystem Dynamics Investigation,
GEDI), H, ICESat, GF-7, GEDI 4 LAZE P A4 11 14
T J5 A s = B, 107 ICESat-2 72 LG F 34
Jr A0 FBOEI m B . HE T ICESatGLAS i &
S50 W5 AN R 25 0 DTM B0 19 J i iiF s . Hor,
Wang, Nie. Lamsters %% ICESat/GLAS (¥ i H F
PRI DTM 8038 52 38, JF45 1) ICESat/GLAS %# 5
S B R R AR DGR  Li AU 1He T ICESat/
GLAS %4l 55 42 Bk 56 i i b WL T2 &2 (Advance Land
Observing Satellite, ALOS) A ALOS world 3D-30 m
(AW3D30). i K KHLE A H AT 55 (Shuttle Radar To-
pography Mission, SRTM) Y SRTM1 %k 4 & Global
DEM version 2(GDEM2) fit A 56 14 , 3 i 4 46 3IF B,
3 B A7 A2 W] AR OGP, Horh, AW3D30 AH G fi
&, RMSE 4 4.81 m, Yang %" | Ff] ICESat/GLAS
AR AL T HOE B, 150 45 R R W ICESat/GLAS
B S T 0 T3 RS B2 3 3 R*=0.83, RMSE=3.6°.
Irfan 551 FI| ] ICESat/GLAS %4 5¢ B AR MGe J22 55

[l

weak beam;

digital terrain model under the forest;

5 5 RE TS, 18 i3 45 SE ] ICESat/GLAS 4
A i A 5T X N Y 79% i J2 5 B B, B ICESat/
GLAS %4 v] I F IR F HIE . (2, d TR
I IR B R, (A5 ] R P R 2k R B E
ARBURT DTM 85 2 e IR AE . 50F) F ICESat/GLAS
B = i) DTM W52 3 245 T FAEARCR (1) DTM 48
¢, PRIk ey 0 FH AL 80080 7 A B S AR N DTM
W 2 B AR Y B I Y B O,
ICESat-2/ATLAS 3k I A [A] F ICESat/GLAS ()T it
HOE 200 SO B, BT AR 58 0% 7 50 SO AR T
DTM i B0 1 AL 3 Ot 6 a8 B i HoA 2L
& Y. Neuenschwander 2805 @ i il B F FH, 25 22 AR IX.
HLEHOE T IR 8 S FY AR DTM 5% iz (1) ICESat-
2/ATLAS Eis Z A FFAE R AFRIAR G (R*=0.99, RMSE=
0.85 m), Wang 551 3 1o 32 46 11k W1 75 B 7 Hr Ak X,
ICESat-2/ATLAS ¥ 5L LT AR I) DTM 2
AR RAAH e (R*=0.99, RMSE=1.96 m), 5 ICESat/
GLAS & 1 5 3 030t % 5 O XA [], ICESat-2/
ATLAS KH 3 % 6 B o (X0 i — 5 — 55350
FA A, SRR AR R EL R 40 1) IO & 3 K
IMii LA _E%F %} ICESat-2/ATLAS $448 i 5% 24 DL H 58 6
FRRUBARAE = B IR 4, IF K 43 Hr ICESat-2/
ATLAS FDGHEHE SOE AT DTM [k BN,
MRSGT ATLAS/ICESat-2 5 . 55 % o B Iz i bk
T DTM AOKE B, W58 LA ATLO3. ATLOS %45 1E N
WFSENT 4, 597 ICESat-2/ATLAS (938 . 55 % d 8 )2
AT DTM BUAE B, I 0HE AN W 56 12 i 18 S ot 2
T RN T ICESat-2/ATLAS 4 I i 4k F DTM (1545

BERAI .
1 R

1.1 HAREX

WFSE BRI X AL T 26 B R pE R 2 SRR Ai-
ken A, H: 22 45 YU Bl (33.56°N~33.78°N, 81.69°W~
81.73°W), W& 1 7~ . Aiken AL T 1 R 2 340
VYR HB, J& T AT 2 KR UM . RS X N AR B S
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Fig.1 Location of study area

RUALFE . AF b (0.04%). #RAK (88.52%). #E K (0.51%).
TBHL (6.97%). AT HbZ (3.95%)". HFSFEIX AR T HiJE
Y 2, TERIE I 91~164 m. A Bl 7 25 53
H 25%~66%, K 4 BN T DX 0 AE 0 55 R R
36% (29.5%), 66% (26.2%)>", & JZ 5 L R 0.1~
34.8 m,

1.2 ARHIE

1.2.1 ICESat-2 4%

ICESat-2 5% F i) ¥t & 94 5 % 10 kHz, 25 &
ICESat-2 () T2 $ i & B K 12 iz 3h # B v] A,
ICESat-2 Y /£ ED AR Z) R 17 m, WL ERIAIEE 0.7 m.
T X 3 o TR B 24 3 ke, X6 TR R PR B 55 Ol TR T
U7 [a] B 24 2R 90 my VBT ][RI BE 292 2.5 km.
ATLAS $¥is /2 BN 43 A JB 51 2 st

R4l 5 ] 16 5 vk 5 £ 4 v o0y (National Snow and

Ice Data Center, NSIDC) /A 1ii () ICESat-2 4 ™= i &
3, ICESat-2 7 3 FEil 3k 21 Fl™ i, 20008 ATLO1~
ATL21, SCHEHR A hdfs SO e i gt . Hoh 5
MF DTM AHOC B0 dl 7™ it 246 : ATLO3. ATLO8, H:
1 ATLO3 O 42 Bk & 7 O T 04 7™ & (Global Geo-
located Photon Data), ATLO3 7= & f0 5 &4~ % 1 35 14
HIRSIE] 4 2o Mlm FR s 2 . #E ATLO3 SCh,
BT R 2 MR Gk, — R oG T 10 1%
ERF B0 G0 PP 2B A5 G 5, R M Ol 1 808l 1 st I 5, ke
TG G2 B R A B T 5 gl SR T
ATLO03/gtx/heights LN . 73 —FP RS 7 X W HIRHUEE
B AE 20 m K4 o — AN X B, IR X B AT RO Ak B
A B ATLOS Z A HE o Xt 45 41 X Be R b 47 4 5, K
R B, SEALFR N segment_id, A4 X Bt AR 16
FI¥ 554 FH ph_index_beg.
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Fig.2 Schematic of ATLAS data

ATLO8 JJy [ili b 8 # %416 7 & (Land and Veget-
ation Height), ATLO8 j*= it A F| FH 2543 . [nl ) s i B
18 N Fe 4B (Differential, Regressive, and Gaussian Ada-
ptive Nearest Neighbor, DRAGANN) % ATLO03 % #i& it
Fr e, IFHIH NASA B J7 73 RS O T = i)
X, BT =5 R Z IO T 'R MG
TR LU, O T RS 4 FR R classed
pe_flag, ATLO8 £ 4ii Yt 770 2K 2 MO #i ATLO3 3C
PF 20 m X BGHATREAE, o F RSB BT S
AN ph_segment_id, X B NAHXT 5 1) S 504 FK
A classed_pe_indx. MF5Efd A9 ATLO3. ATLO8 %4f
YT AE W3k https://search.earthdata.nasa.gov T %,

1.2.2 G-LiHT #k4%

i E WF 5 XSE L R AL B0 B I8 (God-
dard's LiDAR, Hyperspectral Thermal Imager, G-LiHT)
AT HLEE AR 0 F (Keyhole Markup Language,
KML) SCHFI S ATLO3 SCHF 9 TR IS AT, i E 7
AR E A NS, EARIFEIX . Bk ATLAS $08E i
KT DTM A RS BE, W58 26 % G-LiHT %04 % A 19
A Mo AL AL (DTM), I )2 5 JE A (Canopy Height
Model, CHM) 7 i A 2 B e £ o 1228 5080 0 43 9%
KON 1 m, BEKE R TIFF. #5366 H 89 G-LiHT Kl
KEHE K H T https://glihtdata.gsfc.nasa.gov.

1.3 ARFE

HRSE ATLAS 5 | 5506 A8 52 bk DTM
K B, WF 9T e B X ATLO3, ATLO8 54l i 17 5CHK, &
RS ATLOS f1 42 i) ATLO3 H (MK F M It 6 F 5
G-LiHT FJ DTM 4 (1956 2 . WF58 05 15 i A n 41 3

JiR, BT R EALFE DL R A B

(1) #2 4l ATLAS %138 i 45 &5 G-LiHT 1y KML
ek, VB ATLAS #1iE 5 G-LiHT $uili # 4 X K
N

(2) $& B ATLO3 B4 7 it b 6 = B8l 1 48 2
(lat_ph). £ B (lon_ph). &2 (h_ph) 1A 7K 1z i 2l
IEf5 B (geoid). M TIETF =¥ LT WGS84 Ak fr
ARG, TROGT = AR E B R KK E T SOEF B
AR A KK E T OE AR B RO AR . B
FEAd A ATLO3 SCF 5 ATLO8 SCHEH B B0 i dn
xR,

(3) iE i ATLO3 Z5ds /™ it POt F =4 i 2 4 2
{5 B3RO Y G-LiHT B9 DTM %4 A1 CHM #3518
SR, anlEl 4 B & 4(a). 4(b) 239009 ATLO3
Bt 5 %k #F 9 X G-LiHT A9 DTM %24 1 CHM %X
WEGNER . BIRhL@piunh gor Pk, ek
g g2 B3k, B ATLAS 0444 4 ATLO3 201812
26053112 _13530106_001 01.h5,G-LiHT [ DTM, CHM
SCAF 4 43 ) N AMIGACarb_Augusta FIA Sep2011
1475557 DTM.tif, AMIGACarb_Augusta FIA Sep2011
1475557 CHM.tif,

(4) $& W ATLAS 2045 7= s h O F 0 K S 8
(classed pc flag), EKSHL (segment id, ph_index beg.
classed pc indx, ph segment id), Ik X . [y
ATLO3. ATLO8 9 ) ¥ = 4 , i & ATLO3 H Y
segment id 5 ATLO8 ') ph_segment_id VT JiC ¥ i 4
SCA AR TR IXBE, 3R AR % AL R R O T F S (pho
index_beg), J T B HIX F*5 (classed pe_indx) 5 fi7E

202002374


https://search.earthdata.nasa.gov
https://search.earthdata.nasa.gov
https://glihtdata.gsfc.nasa.gov
https://search.earthdata.nasa.gov
https://search.earthdata.nasa.gov
https://glihtdata.gsfc.nasa.gov

s Gk A2

%114 www.irla.cn % 49 %
i ATLO8 ; i ATLO3 ; i G-LiHT ;
Y v
Obtain classed __pc_ﬂag, Extract lat_p,
classed pc indx , lon_ph, geoid
ph_segment_id
A
3 - Obtain the elevation
. Latitude and . .
Identify ground photon . information of the ground
> longitude [ >
cloud data inf i photon corresponding to
information ATLAS
A
Study the relationship
between ATLAS photon [«
cloud data and G-LiHT datal
A
Analyze the impact of
canopy height on ground
accuracy
3 WA
Fig.3 Research flow chart
* 1 AREAK ATLAS B3H
Tab.1 ATLAS parameters used in the paper
Parameters Description of parameters Source of parameters
lat_ph Latitude of each received photon ATLO3/gtx/heights/lat_ph
lon_ph Longitude of each received photon ATLO3/gtx/heights/lon_ph
h ph Height of each received photon ATLO3/gtx/heights/h_ph
geoid Geoid height above WGS-84 reference ellipsoid ATL03/gt>geg:i(ziphysicorr/
segment_id A 7 digit number identifiying the along-track geolocation segment number ATLO3/gtx/ geolocation/segment_id
ph_index_beg Index (1-based) within the photon-rate data of the first photon within this segment ATLO3/gtx/geolocation/

classed pc_flag

classed_pc_indx

ph_segment_id

Land vegetation ATBD classification flag for each photon as either noise, ground, canopy,
and top of canopy. O=noise, 1=ground, 2=canopy, or 3=top of canopy
Index (1-based) of the ATLO8 classified signal photon from the start of the ATLO03 geolocation
segment specified on the ATLO8 product at the photon rate in the
corresponding parameter, ph_segment_id

Segment ID of photons tracing back to specific 20 m segment_id on ATL03

ph_index_beg
ATLO8/gtx/ signal_photons/
classed pc_flag

ATLO8/gtx/signal photons/
classed_pc_indx

ATLO8/gtx/signal photons/
ph_segment id

2 Y RS 4R 7 T AR N, AT A4S 2 L AE ATLO3 SCH
o BCHE A% a0 18] 5, BIOG B 4% S st 1) 7y
SR, AREE ATLO8 HRADL T3 2K 2405 ATLO3
6 B 2 4 B K v R R AT OGTR, $i IR ATLOS
53 K SHEE ATLO3 OL T = i h iy M DL 7
(5) classed pc flag iy ATLOS = /it ‘B 5 #& it A%
NASA B J7 196 F = 8 19 43 25 2 8K, classed pe_

flag FIMELFTBE R O, 1., 2. 3, 23l X6 1o M s ' -+, ML T
T, 'R T, RO . W EEEFI classed
pc flag=1 R ATLOS 432 Jhy b 1f i 06 1 E M 52 4 FH
BT HuTE T ATLO3 15 ATLOS U4 S AR T~ H
45 R ANK 5 s . K 5a). 5(b) 23 5 5 ATLAS Ry
55 655 5 OG ORI A SR T HUE s R, e ar
5 ATLO3 R, Wk 2 il A ATLO8 432
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Fig.4 Schematic diagram of overlap between ATLAS data and G-LiHT data
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Wi B o iy e
- F s Y e S
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Fig.5 Schematic diagram of ground elevation under forest by using ATLAS and G-LiHT data
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Z ATLO3 Ot 408 i £ U DTM, g4t 4l
G-LiHT %4 it A= i) DTM.

(6) L A3 BT ATLO3 7™ iy v (9 Hb T D'+ 5 L2
G-LiHT 4 % i DTM $UE 9 X5 B OC 2R o A L T G
T E S MLEE G-LiHT $5d A0 N =1 B 2 8] i 4 X 2=
KT 20 m, WIIAHIZOGF BRI HIBRIZOE T

(7) AR TR 56 2 o BE B Al v A 5 6% T
ATLAS 5 . 55906 SO AR T DTM (14952 i 72 B2, BiF
FEERELL G-LiHT 048 59 CHM B4 1 hy 76t J2 55 B 56
TEECHE, I LA 5 m o [A)RR, HAiF53 X2 BB o A et )2
B ESY M 0~5m, 6~10m, 11~15m, 16~20 m, KT 21 m,
Gt AR 2 X B, WA S I AR T DTM A G
PEVEA £ 8
1.4 BEIFMIRAE

FIEH ATLAS 77 iy (9 3B TG+ 3 2 5 L3 G-
LiHT /7= 5 i DTM B8l 19 ¢ & . FsE e 481t 1

Pl BCHE (4 44 05 AR iR 22 (RMSE), % Xif F #4 i 2%
(MAE), #5E 250 (R?), “F- Y% 2 (ME) & & 740 W5 Fh
B2 W R . W AR E & EX T
ATLAS ¥4 52 AR T DTM 4§20 5 B8, AF g 03154
T ATLAS b G F i Bl 25 HLAR G-LiTH A9 X L7 /55
FEEHE, 15 2R B9 R IR 22, IR R R e 2
P, T A BCE R 25 B80T 48 AR (RMSE. MAE, R,
ME., A5 J2 @& B 5 He (N). pearson AH G R %K
spearman FH 3¢ 22 4% . kendall #15¢ R £0), AR )2 5
PRI SKe 7 1 e R 2R 2 B M Y 7 T R

2 RBERSHH

2.1 REHER

N VR 5T 8 55 O 2K ) ATLAS S04 S i Ak R
DTM K, Giit T i85 MOE A ATLAS 04 [ i
AT DTM AFBE N 2 iR, B B 6 firs

® 2 FEIBAKBEEHT ATLAS iR ERE ST
Tab.2 Estimation accuracy statistics of ATLAS data under different laser types

Different laser intensities types RMSE/m MAE/m R ME/m
Weak beam 0.76 0.54 1.00 0.33
Strong beam 0.74 0.51 1.00 0.27
Mean of different laser intensities types 0.75 0.53 1.00 0.30
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Fig.6 Scatter diagram of ATLAS data and G-LiHT data under different laser types. (a) Weak beam; (b) Strong beam

RIS R E AR ANE 6 Lk 2 Fron . Ho,
R0 1, BT ATLO3 X4 K s FY AT DTM X ié

5¥L2% G-LiHT A F DTM /& 5 —%. ATLAS %4
Y RMSE ~“FHHEF MAE ~F4{E535°4 0.75 m F10.53 m.,
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S S5CHSRAE T, RMSE 43374 0.74 m. 0.76 m, MAE
53978 0.51 m, 0.54 m. BF5E45 R WoR, X WF 5 1 58
55 0 R S T8 45 SR AR X 27 SOk [15-16] R B &
#) R?, 5 KA RMSE, MAE ., 5655 R 8K, %0 5%
H i O BRAS AR AF X 55 016 BRI AR 3 B T A 1) S TR
JE, IRILEREE, HOERET T ATLAS SdiErGsbk s DTM
FETESZR, Y T-50 . 55 6 SRS AU (A A o O A i o B
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Tab.3 Estimation accuracy statistics of strong beam and weak beam data under different canopy heights

Canopy heights/m RMSE/m  MAE/m R ME/m N pearson spearman  kendall Vegetation coverage
0-5 0.49/0.90 0.41/0.57 1.00/0.99 0.33/0.32 21.39%/20.48% 1.00/1.00 1.00/0.99 0.95/0.93 27%(28.5%)/25%(35.7%)
6-10 0.47/0.50 0.41/0.38 1.00/1.00 0.29/0.25 22.37%/24.34% 1.00/1.00 1.00/0.99 0.97/0.94 27%(33.0%)/66%(36.4%)
11-15 0.52/0.82 0.42/0.68 1.00/0.99 0.33/0.56 27.20%/33.01% 1.00/1.00 1.00/0.99 0.96/0.94 36%(30.4%)/66%(61.8%)
16-20 0.66/0.97 0.47/0.76 1.00/0.99 0.35/0.50 13.28%/11.57% 1.00/1.00 0.99/0.94 0.93/0.84 36%(50.0%)/66%(51.0%)
21- 1.25/0.66 0.99/0.58 0.98/0.98 0.77/0.41 15.76%/10.60% 0.99/1.00 0.84/0.68 0.67/0.52 36%(42.0%)/40%(30.9%)
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Fig.7 Estimation accuracy of ATLAS data under different canopy height conditions. (a) Strong beam; (b) Weak beam

P T 5 DXAR TS0 34ty 2 X e, RO =
7 BE I A 0~34.8 m, HICHFSE BEHRR A BIOE 2 o B2
535 A, ARG 5 m, A0k 3 b N R R R
SRR A B 1

F 3G T AR X B LR R
WAL AR, 2 3 AR A o R O T, IS X
JZ T R AR R TR, B )R i RE R, A
W AR (B2, fESDLRE R R T
21 m BEBLT, BT AR O S AR R O

H1ZE 3 A1, AR GE T b ) B AR AR Al Bk

4

B, AW DR R B, B R 2 e A B e R
(B, 35 % RO R A MSE, MAE, ME L% 4 38
e AN TR R A 5C 22 B B AR Bt el 2 1 8 A k7 o
RGN, 2 w5 R R R 25 AR R IE A R
TR TE L, 1Z 5 27 S0k [16] R, HIREH
A g 2 H T B A B e )2 v B A Bk A S R A B
ICESat-2/ATLAS & 5 B 38 128 FR MO e a2 1 8 o
i TN 28 1 M 26 S 5 1] TCESat-2 432 i 2% 0 1 26 [ AIK
T 3 A K e R R 25

1% 3 3 AT, AR DD 2 i VN 6~20 m (1)

20200237-8



s Gk A2

% 11 47

www.irla.cn

% 49 A

THOLT, AR 3 TR B 7 5 R AR FFAE 66%, {H 2 bl 6
JZ 1 BE Y, 55 0 AROMOE R ) MSE. MAE. ME %
AN, AN SRR O 72 B A 1 )2 e R B
B 2 R B R R 2 R S M B A R A 1
o FLIF R O] BB T e 2 v B A3, i 3 I
[l ICESat-2 B2 a5 M MESS RN . X P L 22 B, B
e B 7 55 R — R I LT, B e 2 o8 A 38 i, 3%
2 S BEZ WK 7R B L R 0~5 m B A5 1F
T, 1B RMSE 5 MAE R4 5 I 3 HO6 2 7 G A8
PRI B, HC TR AT B s F T 55 SO R R R X AR
TETEJZ R 0~5 m A 1B HL T, ICESat-2/ATLAS %
TR, W5 56 F 5 EEE S LTI R, M
DL ik ATLO8 i 3 2550 X 43 i IR A5 5 6+ 5 M
6T, R IR . PR EZEE KT 21 m
TSR, 3 RMSE 5 MAE 45415 2% W 58 2 125
JE ST A B, 255 75 RO o B S A e T
AL HL, EOAR TR RGN, (R A A o IR
R IO, 3015 0 2 B, S J22 A o 7 Rl S 5 T o
T B AT R — AR N R

3 & i

J ¥R T ICESat-2/ATLAS A [R] #4524 K45 e 15
AT DTM RYREBE, D55 [ Aiken BB B9 AR X AE 2 F 5%
X, DL G-LiHT #4405 1€ b 56 UF $4% , 5» #F T ICESat-
2/ATLAS WA [R) O S RVER 1) BOBORS B2, O 6 )
W T IEE 2 B B T i SR T RO RS B 1) s e A5
LU 458

(D) W58 45 1 Wow , 58 Ik o R EORS B Ol R=1,
RMSE=0.74 m, 555 3RS 80RG B4 R*=1, RMSE=0.76 m.,
ARSI R R AR DTM AR R B T 55 0% o,
B2, 5% R 5 55 0 30 B0 35 0O RO AR T
DTM 2 ERHF 505

(2) NBIF5E XA B B AR 00K 7, Bl e )23 o8 B
W7 35 A1 N, ICESat-2/ATLAS A [F] 06 26
TR ¥t BRI 2 0 A5 1 T 1

BURTT S, IF2T4T % ATLAS S AR T i i F
AT TRIARER, IR T 5l J2 1o B 6 o i oy R R 22
FY 5 R, 36K SR ATLO3 040 S v AR T il T ooy 722 44 it
bl (B, ZAFSE BT R R EXT T ATLAS
Bt S AR M e AR A R, N — 2 BT A

PR 6 R | AR SR N 320 T ATLAS Hdla S
T HIE Y50

SE Lk :

[1] Long Tengfei, Zhang Zhaoming, He Guojin, et al. 30 m
resolution global annual burned area mapping based on Landsat
images and Google earth engine [J]. Remote Sensing, 2019, 11:
489.

[2] Puliti S, Hauglin M, Breidenbach J, et al. Modelling above-
ground biomass stock over Norway using national forest
inventory data with ArcticDEM and Sentinel-2 data [J]. Remote
Sensing of Environment, 2020, 236: 111501.

[3] Sarma C P, Dey A, Krishna A M. Influence of digital elevation
models on the simulation of rainfall-induced landslides in the
hillslopes of Guwabhati, India [J]. Engineering Geology, 2020,
268: 105523.

[4] Daniela A, Ranjith G, Mikko K, et al. A method for vertical
adjustment of digital aerial photogrammetry data by using a
high-quality digital terrain model [J]. International Journal of
Applied Earth Observation and Geoinformation, 2020, 84:
101954.

[5] Ai H, Kentaro T, Ram A, et al. Synthesis of L-band SAR and
forest heights derived from TanDEM-X DEM and 3 digital
terrain models for biomass mapping [J]. Remote Sensing, 2020,
12: 349.

[6] Ma Yue, Yang Fanlin, Wang Mingwei, et al. Calculation of
elevation changing of Greenland’s ice sheet using GLAS laser
altimeter [J]. Infrared and Laser Engineering, 2015, 44(12):
65-69. (in Chinese)

SR, BHFLAR, EWIFE, 55, R GLASHUGI S0 HAAMS 2 >
UK R ARARL]. L1491 SHO0E TR, 2015, 44(12): 65-69.

[77 Li Guoyuan, Tang Xinming, Fan Wenfeng, et al. On-orbit
geometric calibration of satellite laser altimeter using ground-
based IR detectors [J]. Infrared and Laser Engineering, 2017,
46(11): 1117004. (in Chinese)

ZRETT, FEH, SESCHE, &5 R T I ZLAMRIN S Y 2 200
W7 A LA 2 bR [J). 4040 5 308 T /2, 2017, 46(11):
1117004.

[8] Wang Xianwei, David M Holland, Gudmundsson G Hilmar, et
al. Accurate coastal DEM generation by merging ASTER
GDEM and ICESat/GLAS data over Mertz Glacier, Antar-
ctica [J]. Remote Sensing of Environment, 2018, 206: 218-230.

[91 Nie Sheng, Wang Cheng, Dong Pinliang, et al. A novel model

for terrain slope estimation using ICESat/GLAS waveform

20200237-9


https://doi.org/10.3390/rs11050489
https://doi.org/10.1016/j.rse.2019.111501
https://doi.org/10.1016/j.rse.2019.111501
https://doi.org/10.1016/j.enggeo.2020.105523
https://doi.org/10.1016/j.jag.2019.101954
https://doi.org/10.1016/j.jag.2019.101954
https://doi.org/10.3390/rs12030349
https://doi.org/10.1016/j.rse.2017.12.041
https://doi.org/10.3390/rs11050489
https://doi.org/10.1016/j.rse.2019.111501
https://doi.org/10.1016/j.rse.2019.111501
https://doi.org/10.1016/j.enggeo.2020.105523
https://doi.org/10.1016/j.jag.2019.101954
https://doi.org/10.1016/j.jag.2019.101954
https://doi.org/10.3390/rs12030349
https://doi.org/10.1016/j.rse.2017.12.041

% 1147

ISk A2

www.irla.cn

% 49 A

[10]

(11]

[12]

[13]

[14]

[15]

data [J]. IEEE Transactions on Geoence and Remote Sensing,
2018, 50, 1: 217-227.

Lamsters K, Karuss J, Krievans M, et al. High-resolution
orthophoto map and digital surface models of the largest
Argentine Islands (the Antarctic) from unmanned aerial vehicle
photogrammetry [J]. Journal of Maps, 2020, 16(2): 335-347.

Li Hui, Zhao Jiayang. Evaluation of the newly released
worldwide AW3D30 DEM over typical landforms of China
using two global DEMs and ICESat/GLAS data [J]. IEEE
Journal of Selected Topics in Applied Earth Observations and
Remote Sensing, 2018, 11: 4430-4440.

Yang Xuebo, Wang Cheng, Nie Sheng, et al. application and
validation of a model for terrain slope estimation using space-
borne LiDAR waveform data [J]. Remote Sensing, 2018, 10:
1691.

Irfan A, Jadunandan D, Saleem U, et al. A novel approach to
estimate canopy height using ICESat/GLAS data: A case study
in the New Forest National Park, UK [J]. International Journal
of Applied Earth Observation and Geoinformation, 2013, 23:
109-118.

Yue Linwei, Shen Huanfeng, Zhang Liangpei, et al. High-quality
seamless DEM generation blending SRTM-1, ASTER GDEMv2
and ICESat/GLAS observations [J]. ISPRS Journal of
Photogrammetry and Remote Sensing, 2017, 123: 20-34.
Neuenschwander A L, Magruder L A. Canopy and terrain height

20200237-10

[16]

[17]

(18]

[19]

[20]

(21]

retrievals with ICESat-2: a first look [J]. Remote Sensing, 2019,
11: 1721.

Wang Cheng, Zhu Xiaoxiao, Nie Sheng, el al. Ground elevation
accuracy verification of ICESat-2 data: a case study in Alaska,
USA [J]. Optics Express, 2019, 27: 38168-38179.

Huang Jiapeng, Xing Yanqiu, You Haotian, et al. Particle swarm
optimization-based noise filtering algorithm for photon cloud
data in forest area [J]. Remote Sensing, 2019, 11(8): 980.

Huang Jiapeng, Xing Yangqiu, Qin Lei, et al. Accuracy of photon
cloud noise filtering algorithm in forest area under weak beam
conditions [J]. Transactions of the Chinese Society for
Agricultural Machinery, 2020, 51(4): 164-172. (in Chinese)
BN, TR, 28487, 55, SO T AR BT 2 M
B EEVFFE[]. AL EHR, 2020, 51(4): 164-172.

Chen Jun, Cao Xin, Peng Shu, et al. Analysis and applications of
GlobeLand30: A review [J]. ISPRS International Journal of
Geo-Information, 2017, 6(8): 230.

Hansen M, Song X P. Vegetation Continuous Fields (VCF)
yearly global 0.05 deg [DB/OL]. [2020-08-10]https://doi.org/
10.5067/MEaSUREs/VCF/VCF5KYR.001.

Neuenschwander Amy, Pitts Katherine, Jelley Benjamin, et al.
ICE, CLOUD, and Land Elevation Satellite (ICESat-2)

algorithm theoretical basis document (ATBD) for land-

vegetation along-track products [EB/OL]. [2020-01-15] https:/
nsidc.org/data/atl08.


https://doi.org/10.1080/17445647.2020.1748130
https://doi.org/10.1109/JSTARS.2018.2874361
https://doi.org/10.1109/JSTARS.2018.2874361
https://doi.org/10.1109/JSTARS.2018.2874361
https://doi.org/10.3390/rs10111691
https://doi.org/10.1016/j.jag.2012.12.009
https://doi.org/10.1016/j.jag.2012.12.009
https://doi.org/10.1016/j.isprsjprs.2016.11.002
https://doi.org/10.1016/j.isprsjprs.2016.11.002
https://doi.org/10.3390/rs11141721
https://doi.org/10.1364/OE.27.038168
https://doi.org/10.3390/rs11080980
https://doi.org/10.6041/j.issn.1000-1298.2020.04.019
https://doi.org/10.6041/j.issn.1000-1298.2020.04.019
https://doi.org/10.6041/j.issn.1000-1298.2020.04.019
https://doi.org/10.3390/ijgi6080230
https://doi.org/10.3390/ijgi6080230
https://doi.org/10.5067/MEaSUREs/VCF/VCF5KYR.001
https://doi.org/10.5067/MEaSUREs/VCF/VCF5KYR.001
https://nsidc.org/data/atl08
https://nsidc.org/data/atl08
https://doi.org/10.1080/17445647.2020.1748130
https://doi.org/10.1109/JSTARS.2018.2874361
https://doi.org/10.1109/JSTARS.2018.2874361
https://doi.org/10.1109/JSTARS.2018.2874361
https://doi.org/10.3390/rs10111691
https://doi.org/10.1016/j.jag.2012.12.009
https://doi.org/10.1016/j.jag.2012.12.009
https://doi.org/10.1016/j.isprsjprs.2016.11.002
https://doi.org/10.1016/j.isprsjprs.2016.11.002
https://doi.org/10.3390/rs11141721
https://doi.org/10.1364/OE.27.038168
https://doi.org/10.3390/rs11080980
https://doi.org/10.6041/j.issn.1000-1298.2020.04.019
https://doi.org/10.6041/j.issn.1000-1298.2020.04.019
https://doi.org/10.6041/j.issn.1000-1298.2020.04.019
https://doi.org/10.3390/ijgi6080230
https://doi.org/10.3390/ijgi6080230
https://doi.org/10.5067/MEaSUREs/VCF/VCF5KYR.001
https://doi.org/10.5067/MEaSUREs/VCF/VCF5KYR.001
https://nsidc.org/data/atl08
https://nsidc.org/data/atl08
https://doi.org/10.1080/17445647.2020.1748130
https://doi.org/10.1109/JSTARS.2018.2874361
https://doi.org/10.1109/JSTARS.2018.2874361
https://doi.org/10.1109/JSTARS.2018.2874361
https://doi.org/10.3390/rs10111691
https://doi.org/10.1016/j.jag.2012.12.009
https://doi.org/10.1016/j.jag.2012.12.009
https://doi.org/10.1016/j.isprsjprs.2016.11.002
https://doi.org/10.1016/j.isprsjprs.2016.11.002
https://doi.org/10.3390/rs11141721
https://doi.org/10.1364/OE.27.038168
https://doi.org/10.3390/rs11080980
https://doi.org/10.6041/j.issn.1000-1298.2020.04.019
https://doi.org/10.6041/j.issn.1000-1298.2020.04.019
https://doi.org/10.6041/j.issn.1000-1298.2020.04.019
https://doi.org/10.3390/ijgi6080230
https://doi.org/10.3390/ijgi6080230
https://doi.org/10.5067/MEaSUREs/VCF/VCF5KYR.001
https://doi.org/10.5067/MEaSUREs/VCF/VCF5KYR.001
https://nsidc.org/data/atl08
https://nsidc.org/data/atl08

