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Abstract

ICESat-2, a laser altimetry satellite launched by NASA in 2018, aims to
provide global elevation data (ATLO8) in recent years. In addition to the existing
global DEMs, it can be considered as another option for users in Taiwan. To
understand the performance of this product, the accuracy of the elevation derived
from ICESat-2 ATLO8 was firstly evaluated. Then the factors influencing
elevation accuracy, including land cover type, slope and altitude, were analyzed
based on different spatial units.

Compared with the official DEM provided by the Ministry of Interior, the
RMSE of elevation error ranges from 2.598 m to 13.009 m. After inspecting the
influencing factors, it was indicated that the elevation error increases as the land
cover changes from no vegetation to full vegetation coverage. Overall, elevation
error increases with slope and elevation. The results are expected to be helpful for

the applications of ICESat-2 elevation data in Taiwan as a reference.

Keyword : ICESat-2, ATLO08, Satellite Altimetry, Characteristics of

Difference of Elevation
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Z 1 EWWhRIR EiFTR

Mission . o
] ] Altitude Inclination RA/
Satellite Agency duration Frequency
(km) ) LA
(year)
Skylab NASA 1973-1974 435 50 Ku RA
GEOS 3 NASA 1975-1979 845 115 Ku RA
SeaSat NASA 1978-1978 800 108 Ku RA
Geosat US Navy 1985-1990 800 108 Ku RA
ERS-1 ESA 1991-2000 785 98.5 X RA
Topex/
) NASA/CNES 1992-2005 1336 66 Ku RA
Poseidon
ERS-2 ESA 1995-2011 785 98.5 Ku RA
GFO US Navy/NOAA  1998-2008 800 108 Ku RA
Jason-1 CNES/NASA 2001-2013 1336 66 Ku, C RA
Envisat ESA 2002-2012 800 98.5 Ku, S RA
ICESat NASA 2003-2009 600 94 532,1064 nm LA
CNES/NASA/
Jason-2 2008-2019 1336 66 Ku, C RA
Eumetsat/NOAA
CryoSat-2 ESA 2010-now 720 92 Ku RA
HY-2 China 2011-now 971 99.3 Ku, C RA
SARAL ISRO/CNES 2013-now 800 98.55 Ka RA
CNES/NASA/
Jason-3 2016-now 1336 66 Ku, C RA
Eumetsat/NOAA
Sentinel-3A ESA 2016-now 815 98.6 Ku, C RA
Sentinel-3B ESA 2018-now 815 98.6 Ku, C RA
ICESat-2 NASA 2018-now 500 92 532 nm LA

12
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% = & ICESat 2 ICESat-2 i &

P EwREEE PR T MERAHIRG 25 BT SRR FE ICESat
22 |CESat-2 ~ W wAE > A S H TP ch~ P8 RILE H %3003 ahd

AR LEHA Lz 2R R iR AR 2K R -

— ~ ICESat (The Ice, Clouds, and Land Elevation Satellite)

ICESat #|% #% ¢ NASA=*+2003 & 1 % 13 p et H i & ik lﬁ%ﬁ
dERsEEREFZ A BRY A UES KA DED 2 F B
gL o ST KR Y 2 3Rs T g R B (Zwally et al., 2002; Wang et
al., 2011) -

ICESat # §* 2 1 & & B 5 » £ F # R % & 4 (Geoscience Laser
Altimeter System) » * # GLAS » £.d4 NASA * i#4g ~ 7 & {7 ¢ « (Goddard
Space Flight Center, GSFC) #74+ ¢ % ip|% 2. % *i(Schutz et al., 2005) » #H p
THEZBTEER YD I F ST %@ & 5 5 Laserl s Laser2 %
Laser3 > i 12 40 Hz ¥ S ¥ 3 645 S7% fhro A H @F (Fip427 » — =t fa?
- BEHEAREFER A Z 0 E I LML < FRIE % 0 fe g 1064 nm
S KL H NG T SN Z e 2 F BT R AE R MR B320m 2 F
B R ST RS F F 5 R (Zwally et al., 2002; Abdalati et al., 2010) > @
ICESat 2 footprint = -] % 5 70 2 = » & 4 ¢ footprint &;i#uif = + + & 1§

¥ 172 == € 3 — footprint 77 &t 4 3% & &  (Schutz et al., 2005) -

13
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GLAS

GEOSCIENCE LASER ALTIMETER SYSTEM

i ' 600 km
Sgis~ POLARORBIT
-

LASER PULSES
1064 nm
532 nm

WAVELENGTH

B 6 ICESat GLAS =+ & Bl (ICESat/GLAS website,

https://www.csr.utexas.edu/glas/)

PIRHEA T )% GLAS % b3 b7 e " r B LAY KB 2 &

FABOPI R SBEY G o ABESIHFERY A G LB Ty
FAAI T 18> BB d GLAS 1} 2 ¥ s iciz F #2 "% fif(Wang et

., 2011) > & b47% fefl b 5 A A 1s > T OFEILE BHERBRE Bfew 2 PERY
#2345 TOF»d TOF 2 k@ ¥ 25 1180 f {4 2 JEd > 2 )L BEAR (5 4 5 d
AR fe 4 oty e & B 42 (Schutz et al., 2005) o

ICESat iz 218 (T p¥42. B 4B 7> B ® Laser 1 5 = ¢ Bl4= - Laser 2 %
¢ Bli=% Laser3 £¢ M= A2 = BFHER » R MRH & - § 5
KEVRFEGFYI8BY > * NFRNT Ehizgr o Ko o FIRE g2
FPiaié Laserl a8 (737 X 6 #4 £ % ¥ &M Flm & 2003 & # £ fx
* Laser2 1 #-ICESat d 1 § /R & #75% # % % #* i8] £ $53% (campaign mode) >

RECFF G EARE A LT 4 2 G EpRie (7 E £ 2 % 33 % chF A
14
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https://www.csr.utexas.edu/glas/

B1E 5 Laser 2 *+ 2005 & Flae £ P-i# s % @ i% b i& (¥ (Abdalati et al., 2010)

3 febs Laser3;2007 & F> 5 0wt K iz ihehg b it -

WA F2 38 0%

P Laser 3 7 14 X 5 LK @R pFL N F T T My £ 2

Laser2 #4 i= 7% > B % >t 2009 & 10 * 11 p ik 3 843 4% (Wang et al.,

2011, Martin, 2014) » & X 3 {7 19 & ivHp -

2003

Jan ! Feb Mar Apr May Jun Jul Aug Sep

Oct ! Nov Dec

2004

2005

2006

2007

.-__!q

2008

2009

B 7 ICESat i& {7 p¥42. %] (Wang etal., 2011)

= ~ ICESat-2(The Ice, Clouds, and Land Elevation Satellite-2)

ICESat-2 5 ICESat iz 3¢t iz 42> & d NASA #2018 # 9 # 15 p

FEAZ AR 2 lI?lz‘m;L'p/}‘}é] g i ~ 2R

1] 7% #k 3z 4% (Freeboard) 2

BB R BEIRE DR EGG ZRRABI R o B ke £

o F A R R S i B TR 2 EAM B & (Markus et al., 2017,

Neuenschwander & Pitts, 2019) -

ICESat-2 “1 § 2 th

% % % Advanced Topographic Laser Altimeter System -

X FATLAS > i¢ * 0% fbeiy & ~ A & 5 532nm ek § 5k > ¥ 10kHz 9

PR E AT S e IR A G T BRI H A R A

footprint » # fjsgig > w1+ & 0.7

15

RN I AL o

> < & 4 — footprint » F]a@ ¢ & =t s
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2. 3 ~ &€ (Magruder & Brunt, 2018) g+ ¢k » ATLAS 3£ & 2 = 0%

e

kfo P iEnBwBTA LSRR AEHkL BRI Lo A ur 3
MR K B4 2 3 F &% 2 3 4 (Palmetal., 2018) » — gk 22— 33k § &
Fi-HEdH 2L HRiHe R LR TS 2 By
Lot B ARRER & BEAEY) 3.3 N2 o H ok L 4h2 5535 % kgLt 4pEE 90 2 ¢

(Markusetal., 2017) > kg e v L @B 8-

Wi @ Weak
N " @ Sub-satellite point

‘\bd 1 E NN \ o
~3.3 km 4‘\“* 2
/ ~3.3 km RE @ Strong
1

Flight direction

~—

2|

~

*b. -

B 8 ICESat-2 k 4 iz & B (Neuenschwander & Magruder, 2019)

AP - R 2o ksE ks ATLAS i@ * F SHRIEER AT T
%k 3 2+ #ics(Photon Counting Technology) » 27 — 4k sk & 3L X & Atk 5
PEBEE I EEF BB R PT R F M F]a TR RE DRI R
BOORBRERAE QTR IHREEPHEF > KA I IR REP
Bl 2m o FIH k3 B2 MR it TR MR < 0 0 k3 3B B
WEABAFFRARIAR  BEF IR AT NPT Fad s
5B BT 2p 20 o SRS AR 48 0+ ICESat-2 T 547 % kT A FE K3 2 222

&+ g B 2 B4 3% 7% £ 37% 3+ (Neuenschwander & Magruder, 2019) -

16
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BiEFFH S e 0 ICESat-2 2 EAFPUEFY 5 91 % > & 91 % g3 if
- #GE 0 P AR E M B RN A R HE ARG F A8 1387
g 0 2 %Y o gsg (Reference Ground Track, RGT) » RGT &A% %
Foend & Flinag B AR kAxiT @ % (8 % & (Seidleck et al., 2018) » 2R @ #uif
BAafd whe ¥EF READNTH - Ft &P KiFAR K T ICESat-2 # % it
t ¢34 = Operational off-nadir pointing » ™% % #Hag % &> % RGT & < 1.8
RSN ERE IR FHRILTEREREHTE LG B AT
i it (Neuenschwander et al., 2019) » & & 4& % % > ICESat-2 ¢ * £ 4§

FUERIE B3 o R R R T F &1 £ 47 B E (Markus et al., 2017) -

= ~ICESat ~ ICESat-2 % £ ' &
d % it 444 ICESat 2 ICESat-2 i&f7 & Wi & 4 22 wAET B2 &
WESZ PR ECRIERIEEEFEY E KT ARG T5

me}_ﬂxirr/w\‘)ﬁ"‘r‘?“&pﬁ—k B F] o

)

aiEirp o> m o ICESat 2 ICESat-2 2 & p ey ¥ 4 Hi:w BB EF
¥ )R A2 p] o ICESat i3k 5 0 R BROLRY o4 S X ERAH
HWAEHFRE AT REFTEET BRI R Do o H T R

B2 E

BESCFAMBAALTE I E 3 EHE(Wangetal, 2011) >+ F]
ICESat %% H £ %

/

L3 4 » @ & National Research Council £ f:& = ICESat

o

e EAr 0 ¥ ICESat-2 3 & chfl B p P ST TS AR B L
KB R - fEA A F £ 27 £ RI(Abdalati et al., 2010) - ® #] ICESat iz 5% 7
£ 3 % priBAzié ICESat-2 F g 7 e o

AR E TS & o0 BEARA I AR A F Sk B O g s e
PERY A 03B EdEend SHPIEES Vi (7 E0p) 0 it ICESat #2 ICESat-2 4% * %
2o g Bl 4 3% > ICESat sl 5 2 A5 B> 5% > @ ICESat-2 4 * %

17
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F R dcp o Ft o ICESat-2 2 B & ®ATR & "R T E 4F 4R 5 % 3 ICESat {
B0 Hisgug + A A footprint hRF FRgEdEd ICESat 2 172 = < 5@ 5 0.7
~ o CESatpr P AR R RERFRE A THRES {58 -

prek s gprt 2. |CESat >+ footprint B /T g & ek KL € P A
3 #t= % & i E(Neuenschwander & Magruder, 2019) » ® # b+ 2542 K fi +
Sk T B-ER L RE Ak 3 2 e 3Gk 3 R IR (Lefsky et al., 2007) > @
Neuenschwander & Pitts(2019)4; ! ICESat-2 £ footprint < |- ¢ ICESat & /3
£ 70 = ® ‘{ﬁ/};‘“; 17 2 > P HARE > HE 07 2 freing
Bl RHETR AR VL RKA DT PR ELDTRRTIES £ 2 4

B R 0 A F 2 footprint & £k B IR £ Bt AR 9 Hrm -

ICESat-2
e ICESat-1 ==
-
4 <f\\ — ///) \\\
90 m e 75m \ / \ ‘.
Flight track 1\ | 2
\\\._ ,//
B 9 ICESat &2 ICESat-2 footprint % & ¥ f5+* ] (Martin, 2014)
ICESat #7145 §* 17 GLAS w3+ £ 5+ H - L {8 FE R Ka o FF 5

kd sty gl HOUHIE > @ TPk kg bt 2 2 RGT = 4> &
Bk T R SR L R X7 % 2 - R(F 10) 0 @ FER A
FRAR LB EFPT PR AR 0 2 A LG Sk L B 4 RGT
fdp e s F 0 B ICESat @ AR § iR - 2 R A i A

THE BB RBRFRE Ak a4 o 5@ 4 ICESat-2 i 12 ICESat 4p I 2.
18
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RAE > ICESat-2 i@ & % % k& 78P» &F X Fh 5B RGT B>
RCGT ez 2 + R g5 - igkd > Flpt > d EXEELETTIE £ L
2B &> 2V jd MRS EE S48 6 U h g 42 (Markus et al.,

2017) -

Reference Ground Track (RGT)

— Track 1

— Track 2

ICESat-2

ICESat

B 10 ICESat ¥ 4 # ICESat-2 5 % & fic % £ B @ (Markus etal., 2017)

nZBRREFF G o ICESat-2 T 7R 7F > g B g Az R RE
#F o o fg;"%rg‘]d&w ICESat #i v 4 i (Neuenschwander & Pitts, 2019;
Neumann et al., 2019; Markus et al., 2017) :

—) A S RAREHN S A FE0RT Y FREHTRER RO

TR T MREGEE AT S k2 0 s g o+ footprint A

() 5% L FheEH T FEHk 0 ICESat-2 ? FAEX T 7 §
W EATE B L 5 N p[E 0 @ 12 Operational off-nadir pointing
SeE Tl Y MR RN 2 R ET .

(=) Ap#a>t ICESat »tixf¥ (S8 d @ Jpl € 50 ec 5 e pl £ 4
;4 ICESat-2 # * i 4 ip| £ 5% o

19
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&t

it
it

1<
F_L

it > ICESat-2 % P~ ICESat 2= & &)k /n2 P45 > R H 4% 2w (F

RER AR ITRFLFES o5 Lok
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# 2 ICESat & ICESat-2 18 £ £ ' &

Mission ICESat ICESat-2
Operational 2003~2009 2018~present
Altimeter GLAS ATLAS
Laser 1064 nm (infrared light), .
532 nm (green light)
Wavelength 532 nm
Laser .
. Waveform Photon counting
Technique
Laser Pulse
. Slower (40Hz) Faster (10kHz)
Repetition Rate
Footprint
. ~70m 17m
Diameter
Along-track
~172m 0.7m
Intervals
Laser Beam Single Multiple (3 beams)
Cross-track Each pair 90 m
Intervals Each beam 3.3 km
Orbit
94°;

Inclination and

92°;
coverage up to +86°

coverage up to +88°
Coverage
Nominal
. 600 km 500 km
Altitude
) - 9l-day exact repeat orbit with
Repetition 91-day exact repeat orbit
. ) monthly sub-cycle for the
Period with a 33-day sub-cycle _
polar regions and oceans
Operation Continuous operation to . .
X Continuous operation
Mode campaign mode
Operational off-nadir pointing
Coverage over land areas improve
Improve coverage for terrestrial and
vegetation.
o The first to realize photon
. . The first polar-orbiting ) .
Pioneering counting laser altimeter
spaceborne laser
Work

i concept on a spaceborne
altimeter system.

platform.
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IS

Rl

LA ’]‘ 3

&d i ICESat 2 ICESat-2 2 /i 2> 4vd Ef3 30 2T L B THIE L
B AzF M ¥ ICESat = # jcf S B A2 R * AL & 7 &5 =75 ICESat-
260 A 0 A EaRT R L TGS LR 2 e

¥

ICESat % e ¥ 4 H - £ {7 HEFIEERIGE > F7EmY 353

B2 452 FTALE 7 4o ICESat-2; 4p~ #+ > ICESat-2 % 5 k£ { e} >
MER R R E O FRF IR R @ FRE R ¥ ICESat-
2EFTHEZRETHRZFFGF TR 2 P FRE R {0g s R
B0 FRR BT > 3P RS 85 6] 0 ICESat i i &
B PUERG R I AP ER A FREL 7§ 0 5t ICESat-2
G O PET RS S
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%= & ICESat-2 3 ##4 53 RZ

~ & w kR ICESat-2 2 @2 § /424 % "FT I HRENERE R T
FEBR N AT 2 AE S A S YA SR AT RIS RS v AT

AN AEZ MY -

- ~ICESat-2 & &

ICESat-2 i & =44 5 4-3rkof B2 iRl T A Rk Bl M
Te* A& ik PRipdr AR E PR BARE E o bt HOt 2o BT AR (T
BAEFT R E  mT ot AW H B 2R BRT 2 A& Aok A PR R
A F B AR o ICESat-2 e 2 FHABE 2 P AZE TUdLis 0 27 AW 18 f&
A AU NG el Bt o R AEIRAERT R A A A
%m0 4oB 11 #1F
(- ) Level-0 © 435 ipl F 4L o
(=) Level-1 : ATLOL ~ ATLO2 » &4 8 B (=3 3% 15 2.
(=) Level-2 : ATLO3 ~ ATLO4 - ATLO3 eék - k3 2. SR % 3 42
TR ATLO4A 5+ F 26 2 R A4 » ST TR -
(m)Level-BA: Bk~ 7k~ < F ~HEAR ~ 330 B2 PRI T
AR BRTRE  HZBAATHL L8k 8 2 ATLO3 -
() Level-3B : Level-3A ¢ 2 4o B AR S22 5
d 3 ICESat-2 2 W#cfd A2 & LA SR * 20 %% 3 ko AT A4
e R AT AT 0 B AR RDE K L ATLO3 - ATLOS 2
ATL18 » &2 ATLO3 &+ % sz Tl iﬁﬂifﬁmz*iiiiﬁﬁ?%% 'R

g * 2 o472 5 > @ ATLI8 & A A W = = > FwiEH 11 ATLO8 5 A4

‘“—"}}

LR
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Legend
Level 1

ATLO2
Science Unit
Converted
Telemetry

ATLOM
Reformatted  —
Telemetry

Ext. Input

PPD = Precision Pointing Determination
POD = Precision Orbit Determination

Bl 11 ICESat-2 2 &-F+ % B (NSIDC, https://nsidc.org/data/icesat-2/products)

~ ATLOS = 5 B #7312

AEF R ATLO8 2 & » Flpt 44 H 1 A5 3 42 2 3+ 8 I8 (7w AR o
& 7 ATLO8 #7i¢ * 2 jg B2 2 238 ¥ 5 R RIZQA % 54 p ATLOS
Algorithm Theoretical Basis Document(ATBD)(Neuenschwander et al., 2019) -

d 3ok 3 2h R HAY A B B el L AR o B - F A
B OLAREBEZF L % sei(Neuenschwander & Pitts, 2019) » o # & /& +
k¢ EE LR BT R AR A kTR AR £
% ~ % K A% (Top of Canopy, TOC)» #f » S %7 @ 4pk 3= 7,8 425

TR FA B A TR IR 12 &7

24
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https://nsidc.org/data/icesat-2/products

Noise Filtering

Signal photons

ATLO3 signal
confidence=3, 4

Naise filtering

DRAGANN

Surface
Finding

Y
Detrended photons

Variable window
determination

Canopy flag=0

Canopy flag=1

Find lower, upper
bound of ground

Potential ground
photons

Interp_Aground

AgroundSmooth,

FinalGround
Estimate

»<__temp_interpA

Initial ground

Canopy flag=0

Initial estimate TOC

photons

Find lower, upper
bound of TOC

photens

Potential TOC
phetons

»<_Interp_Acanopy >

Refine

¥

> Label TOC, canopy

Initial TOC photons

Open canopy
Canopy level 1
Canopy level 2

ICompute descriptive
statistics

Canopy flag=1

FINALGROUND=
Aground3mooth

Label ground
photons

T%INALGROUND:;

at any location along-track,
if there's a canopy photon  identified

else, if alse
Canopy level 3

Interp_Aground*1/3 Interp_Aground*1/2
/AgroundSmootl + +
AgroundSmoath*2/ Asmooth*1/2

B 12 ATLOS B #2 4 & A& /% 4% B

25

photons

FINALGROUND
refinement
(Canopy flag=1})

Label Canopy Photon

New
nterp_Acanop

FinalGround
Refinement

/_‘ FINALGROUND= ;

at any location along-track, else,
if canopy present if no canopy present

o

‘AgroundSmooth, Interp_Aground

Label ground

photons
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h.

Label new canopy
photons




() ik
% -2 855k 3 (Signal Photons)£? se2n 4 3 » ATLO8 #73 * 33k
x/ﬁ; G N L T A S N
1LATLO3 {3z 5 ¥ B £ &3 5.7 1 B ek 3 ¢ ATLO3 x,ért A=
BT RF SR ZFIREB 20 0 P E BT Tk S A
W dg s e s BELEF AR TR ELEF A, S T H
T R A & M7 3 = & (signal confidence flags=2, 3, 4) -
2. NASA # 11 2. DRAGANN(Differential, Regressive, and Gaussian
Adaptive Nearest Neighbor) & /g #£ ##(Xing etal., 2020) : f * 2 5L
K3 W S Bk A AR E AT
Tl g ©
ATLO3 * * 2 BL A 45 en= sU A 254 6 i 8 ohk % 5 U4 ek
Foodoskk o R B AERBEORESEF S G AN UL R AE > Tt
ATLO8 & & DRAGANN i 3 24 ot § Bt chiz 5Lk 3 485 » 14

P
3+ & (Neuenschwander & Pitts, 2019) -

(=) Ardedm B3
BB B Re A dRtS o A B N BT P NS E B
2 HF o ATLO8 % 6 i B i @ iR AT~ ) 5 10 22 > ~ 4
% % #. £ & (Neuenschwander & Pitts, 2019) - 2 = :#- ATLO08 % & ;¥ & /%
BB IAR
1. % 5Lk 3 4 454 v (De-trending)
A E B chi g kS (B3 » FA)F L2 g8 Ao ™ 1
g bz ndon e % d g FRENHFARTFTNL S

(ASmooth)#&-1Z 55k + 2 44 i > @ gt {F I end B8 g B ¥
26

DOI:10.6814/NCCU202101215



S 4 he5 0T E H ASmooth > b il Jhidk B > @
3 AT R S FRIBET R A AR R AT R
B TREY SRR UL B R B
2. FERMF AT 3
PAIEZGF AR I BN E AR AE R TS
FIREE e b g e F Sk TR 0 R G kS BE R
PERIEE (T 2Dl o @ AR - RIL R MY AT G M

%75 411 % Landsat Vegetation Continuous Fields (VCF) % +* g%

VCF # i 30 22 f4a¢ A ZT A B 5 22 b
(Neuenschwander & Pitts, 2019) » & aJd® % i i3-L 35445 v
] B > 5% > R% IR T BLAR 5 iptT o 1% Canopy Flag 4
Bctlie i 00 F 2 @ %3 &% Canopy Flag 132 2

3. EImAARE <]

% A48 ¢ @ % Variable Windowing Span(Moving
Window)3* & sezt #ic® 3 i frT o TR o s 2o b
Y 2B ET T A R E B kT B A
PR RE T A ARIERKY LRI E N et 308

a = Ak S length % P2 AJE % Senit X 3 g -

Sspan = ceil[5 + 46 * (1 — e~@*lengthy] ;3
21
log(1 —e1—%) X\
_ 1-5" _ -6 i 4
a= 58114 21«10

Ak m A AT i R D B AR AR T ek S

TR E R T RELRS S G 0 IR T

DOI:10.6814/NCCU202101215



= ;V*)vl‘f;g BN pks > WP IBEAR e kS 2T R
RoaPFIAR2ZAZRFTRA NPT RRZFakI 5
Btk G kT o BELY G k3 GEERE T AILH HE A
HRtE R I T T AR B T S AP EAE - B2t
¥ & (temp_interpA) > gt R G b T - ZEFIN 2 kT R s
Fdeb dm kG o Aadde g kIS D REAE- BER £
(Interp_Aground) » ' #-H i )g 2 L f 1 2 W AgroundSmooth >
Pod b A S NS A D B AR Y PR A oo
. A7 ded @ AT TOC 445

BFEATOC o> Z2EPFE L3 2N B 5 53
2 REAB R THOET FREF AL KL - ¥
Bl d b b TR R EoA B EAREF kI T L 44 TOC

% 3+ (Neuenschwander & Pitts, 2019) -

\

L ki st E

-

Bl B~ TiEfe s ¢ ey 8 L (SD) > 12 % 4745 TOC k5 i1
®ARY f R B e Gk 2 FARIREEZ ottt 2 4
FEFBRLFEINERT O MERAS T DBPIAERD 2 o
FIM 0 R R B R 2 g R g R B L ke A
B Gow fEup s & k3 ehd-E & F ki (Canopy Level) > 4 g
{63 % 4r@ 13 #71 :

(1)OpenCanopy : SD "% — » Ao #2827 kF AdE > »

S-S A

(2) Canopy Level 1 : SD /43t % — w & = 8Z ¥ 8,2 F o
28
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(3) Canopy Level 2 : SD />t 7 >#cx &% = & (=#cz ¥ o
(4) Canopy Level 3:SD #i» % = w A =#% &< 8 %2 7>

LA k32 dE oAt AL

Photon Distribution In "Signal” From Standard Deviation of Moving Windows

70

O *Open” Arcas

0 Cunopy Index |
O Canopy Index 2
B Canopy Index 3

Elevation (m)
60

30

20

-78.2480 -78.2475 -78.2470 -78.2465 -78.2460 -78.2455 -78.2450

Longitude (degrees)

B 13 k3 #picdz & ~ %87 & Bl (Neuenschwander et al., 2019)

(Z) ¥ gy ke g ks
B L2 3t Ed 2 4¢ P4 £ Asmooth - Interp_Aground ~
AgroundSmooth e & @ % > @ B 235 3 N kAJIRHY L7 5
[ER i m ety R
1. Canopy Flag=0 2. a2 % 5. : & % = & d AgroundSmooth # 7 -
2.CanopyFlag=1 z_ A2 % b : B ¥ £ d BUE HRHPN L B =%
Canopy Level e & @ = o
WtimhgE>mt - F 5% 5ok hswid
AgroundSmooth % 7= » # ¢ > % Canopy Level=3 2_ x> B ¥
# % d Interp_Aground*1/3+AgroundSmooth*2/3 # 7+ -
(2) & e = R BN H A E > B¥ o & R

Interp_Aground*1/2+Asmooth*1/2 % 7+ o
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PEMEE LS ERE TR TRl B RE ALY G
i% @47 3 #c(Point Spread Function, PSF) 2 2 — Tk & FI(R] 14) - j5>°
PRI 2 kS Rce A G kT o BMTO g FHE L NE ST AR
RRAG AAG P2 REC S ARGFL  § ATLAS R BRIEM A - T

A FUEFAL C F R RT s e AR R R F]

Point spread e L '-"'.":., Voine g (W, W o .
function .'-.'. [ ] -.-'-0. .-:b-- . '_.l - '.' '-' LI .‘-:.Sllr e

Bl 14 BLir#icr 2 B (Neuenschwander et al., 2019)

(=) #if7= k3 e

BoMP AR AT 0 AL R ORIL R BE TR R D
iz ¥ LB A A A ¥E RS 2 TOC kT £ Mk
W o B-A K42 kS F 3748 e L 23 (Neuenschwander & Pitts,
2019) -

g 4y D A4 TOC £+ 2 Filgig ~ T 2 i d mir i
FF 244> TOC £+ p & A2 B - TOC £ m (Interp_Acanopy) » * 12 i®
s ATk F et J s 3o Interp_Acanopy £ Bk 3 £ 2. PSF 3R 4
Ble o Ads e d Lo 2 Bk SAFwkT > PR 2T
Wt By TOC % 3 i 4o i 0 36 A @ - A7 0
Interp_Acanopy # & - ¥ 12 37 & #] 2. Interp_Acanopy £ $ 3 ¥ 4 2. PSF

I L 7R % 5 R -
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(1) BT hir 414

B e A T AT RS RBEY ARPEINAEL

pem b e AW B B 40 e o d 3 Canopy Flag=1 z AJZ T M. chijts
i

7 £-#t CanopyFlag=1 2 &JL % 3.} i

1 p#ug > w b %05 22 e ¢ AgroundSmooth # 7 o
2. ip¥UE e P EHTTF 2 i o Interp_Aground # % e

ﬁbéﬁl ﬁ»“i“?\w‘dﬁ /ﬁ-}%@wlg,%k_}&ﬁ PSF?"%‘]F\

2 kIR i g kT o Foupt € {2 42 Interp_Acanopy £ AT
ed T g 2 BenkS L RFF LS o

b AW 2 » £ 2 TOC 74 ® 2 Interp_Acanopy % & - #-13

gk A uiEze s TOC 5 ~ ¥ 6 k3 2 322 0 4c@ 15 77 » &

1.TOC %3 : 44 TOC % 53 i 4 F(w )b (59 12 15 12 B 7 2
%3

2. BFEkF izt A m PSFIRE 2 At Interp_Acanopy 2

L3 o
3. B RS g B RGP w s FPSFIRE P 2 kS

o

b

L E TOC k3 2 b 2 508 & 6 PSF IR o Rl ™ eh

&
4
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ATLO8 Photon Classifications

720
Raw data
* Canopy
700
B Canopy top
*  Ground

680

(=2}
D
o

Elevation (meters)
[+2]
'
o

(<3
N
o

600 |-

580 -

0.18 0.2 0.22 0.24 0.26 0.28 0.3
GPS Time (seconds)

B 15 k3 4%+ & B (Neuenschwander & Pitts, 2019)

(<) 3RASAED
kFrdgrAis s wEE ATLO8 B /24 Schi 1B F 2%

ATLO8 & 512 100 = = 5 H > » & ® ;- fig + =+ 100

\\

<R EP R
Ml RIS AERBENRS 100 2 R FE AN 9T G

140 B ¥k » F B RP hE sk S e 20 50 B o FR kS
BEE AL SIREAT EANE PR AAMTARAS FLPE

AN BT P <50 B oo P#EE G kI EBA Y LI

iy
il
=K

# & (Neuenschwander & Pitts, 2019) -

T e EFEE U ZEE AN BT E T Bz 5%PF Fl gk

FHEE  AE G RRASF EAD S A FE G AT REANIR
AP Egkdficz 5% P Rip 2 FHE AN a5 k3208 L33
f‘; W l—‘gﬁig '&V—I i.j@: v l*:@: ﬁ\‘i [El \ﬁ,\ J @L_Ef_‘f ’ ill;ﬂ&ﬁ

Az ¢ BEA 4 - ik A ehgdic(h_te bestFit) s 2t B A2 S B iR5d
RME~ZF N e N Er e kT P2 S8 TE#EKRS
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WA BRE LA e S SR

\“ﬁr
g
3
b
[\
Jo
A
‘f

(Neuenschwander & Pitts, 2019) -

= ~ ATLOS 4p M #= %

&d NASA &-#F ICESat-2 ATLO8 4% 212 # & & 42 & ;2 > ATLAS #7
JeBb 2 FAT P NI ERAFAEE RS F MAFT A ATLOS ¥ 25 % 42
RGBT RE

Neuenschwander & Magruder (2019) 1 * & # & 1% §* % & =% ATLO8 &
ARAENTFLRAMR ALY R - F B ATLO8 5 A28+ & 7 )
T3nG 4L 305 2% ~RMSE % 5 085 2= 2 =% » » ATLO8 3 #2
gkt B 428 & A0 B (R? = 0.99) ; Neuenschwander et al., (2020):& - #
-3 ATLOB 3= 7) % F2.4 ik 7 fo 2 PORMT ki MAS LR (7 5 AH
B> 29 90 §1 ATLOS B ARt A% » 2 kd 2 3 A2 R ¥
TR R R T oA e kA 5 7 T e w4 0.49-0.59 2
T2 4 007 =~ & 2 RMSE % 0.65-0.83 = % e & “,/T‘ 717 ATLO8 # %
20 A BRASEAHRBREZ AL LM G R EF AT R AN
R B2 7 7 0 Xing et al., (2020)*+ &4k 25 ¢ 5 & & * ATLO3 4 # ) e

BV RREITE ATLO8 g s g 2 k+ AW DEM 25 » T & 3 L3

<

Wik Az DEMApr g d Gzt Edpdi» Fe LMy 24 42
R G SO

oot o B B AATF V ar ATLOB £ F 242 F A2 A 0 2 Liuetal,
(2020)ie & 11 ATLO8 i 5 %4 F#:= 4 b GDEM z 4§ & » '5.d % 4 2 4p
Mty > W9 ICESat-2 $ 427425 9 * |4 o ICESat-2 ATLO8 % T #) B

WL FH F A LML AN ERRE L B AELY o v LA
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BN BRRED 2

i A a4 i ICESat-2 22 4p B /1 5 > 2144t ICESat-2 3+ ) B 4238 (7 4
1TRIR 7 f3iE L GDEM *t 3= 2, 3 A2 R %k 2 > 2 > Flm A& F L v AEAR
Mg At RRE S 2 o

ELISPeFRLFS A ROGDEM 75 3F 5 444 L 46 GDEM & =

‘a\:\
._x_.
u‘ﬂ\l‘-
-

SRSy 0 RTFE BT A A2 Rk GDEM ~ 7 F
TEULE R R e TR S TR EET R TR B
T ¢ * % 4P (Varga & Basi¢, 2015) » /T -4+ L2 GDEM % #2.5%k3% > %
BT WARE o

GDEM g #f2fF R A 477 » 7 A& & 4% H - 46 GDEM & {7 3 f20 & % &
A RS 5 48 GDEMo v 1.7 I GDEM R e 4245 &> # ¢ 12 SRTM-
ASTER GDEM #2 % #& * 3t & 7 (Varga & Basi¢, 2015)  #F & :& 65 2. = & k11
P 1% DEM £ %% DEM 4 163+ 5 B ARef A e g 5 A 2 s i 4e T 3o
%A (ME)~ % X (SD) ~ #5434 (RMSE) ~ % b 5 .S R BT 2 3 4728 4
(LE)£ % > B¢ T a0 L GF * 204 T i 415
DEM 2_ fF ey £ (Gesch et al., 2012) > i+ & 4 7+ &4+ % DEM 3 % & e»
AR fER AT FHY 3 AEME 0 BHA A R * 3 L 7 3% DEM g
R FOMELPEARS AT ZDEM B RARL o A 459 % 2 23
DEM i % 5 ki T4 ~ GPS~ ¥ & #4/2 ~ » % 2] DEM % % 7 | 4] ji eh
B A FORL 0 LR TE G R B R P AR DEM el AR R o

Bk B DEM # R hF) 4 ¢ 5 %4 DEM e B - B 8 A 3 B
% #12 % ¥ (Bolstad & Stowe, 1994; Pakoksung & Takagi, 2021) - #xif A/ 3
WA N RRE AR EAER T E %G % ko4 DEM 23

it st o dEd JIA R L 3 o iiani o 3R L B
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BT it et B0 3 d Aaf st et ﬁiéi’ﬁﬁf.&p\ {4 & 3% DEM 2 # &
YR AR gl b3 ASde KT e A oend B 3 B (Huetal, 2017)>
doitd 5L TR R0 A REHY 0 DB AT R 2 BB PR E e B

a—l»J_.,_—

WA R ek AR 1R R FAE

m

Bitk¥ » Flar kI hR
A AFHS LR DEM HR2ZFlE 2 - 0 P 2 Rl EHFE
% DEM pF > 3@ % » X 4 K F 978 8(Huetal,, 2017) » 7]+ » DEM # & e
TR Y R REHHARDRE &4 L GDEM B 24 R T 2
VRSN T A 3o

S erit o e E AT Pl DEM 22 587 gop ke o 2R AR e gk
A PHERE S SMUAKRF R BRI E BRI G e AT
WDEMMRGRE AT TNEARFE B RZ IR RIS

3 k@ 52 BHRFT T 5 355 ICESat-2 ATLO8 § 245122 : 3
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#. 3 GDEM 3 #24F & 3% 2 S

3%

o & FL%#¥  #%2 GDEM oey FAYHE FRG
Gesch et USA ASTER GDEM V2, GPS ME, Altitude,
al., (2012) NED, SD, Land
SRTM, RMSE cover(LC),
ASTER GDEM v1 LE9S Scene
Number
Varga & Croatia, ETOPOL, GCP  ME, Altitude,
Basi¢, Balkan GTOPO30, RMSE, Slope,
(2015) Peninsula GMTED2010, MED, LC
ACE2, MAD,
SRTM30+, PCC....
SRTM,
ASTER
Santillan Mindanao, SRTM 30m GCP  ME, Altitude,
& Philippines  AW3D30 RMSE, LC
Makinano- ASTER GDEM2
Santillan,
(2016)
Hu et al., Hubei, SRTM 1, Local ME, Terrain
(2017) China SRTM 3, DEM  SD, types,
AW3D30, 5% Slope,
ASTER GDEM guantile, LC
95%
quantile
Wessel et Global TanDEM-X GPS  ME, Slope,
al., (2018)  continent & SD, LC
USA RMSE,
LE90...
Pakoksung Shikoku GSl, GCP  ME, Altitude,
& Takagi, Island, Japan ASTER, SD, Slope,
(2021) SRTM, RMSE, LC
GMTED2010, PCC...
HydroSHEDS,
GTOPO30
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-8 A1 RB

d 3> |CESat-2 ATLO8 ¥+ 2} % 42 4 3t %+ 2 X2 %37 ¢ A WUk /3

RFA LTI Ty REDTRE SELTHE S LM T

Ik

FrFREREIRF 2 0B FTRE  REAFT RS S8 L 0 7 1
R4 K 2 ICESat-2 % 428 0 A7 % % 2 Bl4cH) 16 #77 o

St g 1200 12200 A 22°% 25°2 0 G X 3.6 F 2 o
Bod FiE Al dod % B FEs SR T RE S L Gt
500 = & bbb G0 > b oG fF 2 45%0 o AR LR B e A e
AR D B RG B A L L F AL 0 5 LA RS

BOFMERESR TR > LA BERER  AHEUZE Lo BIFEE TR -

119°30' 120° 120°30" 121° 121°30" 122°
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ICESat-2 ATLO8 2/ 24 %« %% DEM~ 2 ¥ B 54 & -
FREAFTRBZRICTRYILE RSN 2 BEF A

PRLR P dEFRE A 28R AR P IR Fla AT
TOUR AR A A S 20 2 ¢ el A0 FAL(2020 £ 6 0 24 p
)5 5% DEM; prob s S dp (TR BB EITI e R ELAGFE S
SRR AT ERRY P T B2 23R R EF TR A
REBHE T HET IS REFLHRCEY AR T ZEs
7R € * ESRI B 4 23+ 12 3 2 % Ludic 48 ArcGIS Pro 2 R Studio #: 4% -
Ay AR 2Py P i ICESat-2 ATLO8 ¥ 25 % 24 5 » # 3¢

NSIDC(https://nsidc.org/data/atlO8) s =k ¢ 5 = 3¢ » H F 2 Fop 505

HDFS 5% 4% Th#-% 5 Sl TREFR 2 F Eeh- B RRS 5d
N F T VEBRFTHANF oNSIDC ¥ BE- T ERZE AL
ICESat-2 Ttz L & » % OpenAltimetry » 4o 17 #777 > gd 2L o7 7
ICESat-2 Level-3A & 38 & 50 33k i 4p 52 A & % A2 F 3 - ICESat-2 i
oA L 2B AT PR F 166 AT AR T TR PAzhep B
2018 & 10 * 14 p >  ICESat-2 #5457 H2 S8~ § % - LFHF > ¥t
Bowaheors 2T 2020 # 7 0 0 & AES| AR TR Y 2 TR

¥®p e
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https://nsidc.org/data/atl08

B] 17 OpenAltimetry 4 =k & B (OpenAltimetry,

https://openaltimetry.org/data/icesat?2/)
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https://openaltimetry.org/data/icesat2/

# 4 ICESat-2 ATLO8 & * F i %

Track ID Date E-Ievation Track ID Date E-Ievation
Point Count Point Count
20181229 4,170 20190211 4,898
- 20200626 1,745 20190513 8,756
20190402 3,177 20190812 395
20191001 4,028 089 20191111 7,803
2 20200331 418 20200209 5,882
20200630 4,843 20200510 4,791
20190406 928 20190825 1,402
20191005 2,254 895 20200524 259
125 20200103 3,479 20181130 5,185
20200703 1,283 20190301 4,669
20190109 3,632 20190530 4,638
20190410 4,921 956 20190829 2,949
186 20190710 1,259 20191128 4,683
20191009 2,509 20200227 1,817
20200107 7,297 20200528 310
20181014 1,831 20181204 7,953
20190113 232 20190305 187
20190414 1,419 20190603 1,408
247 1017
20190714 2,725 20191202 2,366
20200111 74 20200302 4,919
20200711 687 20200601 6,481
20181028 4,559 20190906 1,988
20190427 1,864 1070 20200305 934
43 20190727 2,124 20200604 2,821
20191026 922 20190312 1,064
20190131 3,155 20190611 359
514 20191030 480 20190910 2,535
20200429 4,166 Ht 20191209 5,728
20181108 6,718 20200309 526
20190207 3,946 20200608 57
028 20191107 3,820 1337 20200622 1,816
20200205 6,451 Total 190,695
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I8 Py RaRAAHE

I

AFY it % ICESat-2 ATLO8 3 ) B AT 5 7§ Tl » A7 830 o

AEZ MR OBRBREFRTE M XN NS L 2 S8 A DEM it

AFT R onAZA & - ICESat-2 ATLO8 # ) % 425 #2122 44 DEM & {74t
oo T RFIT RH R GDEM F * R R BRI AR A TR 8

FAF RENS CBARZ AN AN ZEPEFF OMHAFTR BRI

MR B L R AREA R E O P R FAR AL AT H

~

d % DEM &% P ¥R MERFE MR ARSI N REIEE F 0 mh T
TE-HA L EE A KL 47 ICESat-2 ATLO8 45§ A28 14 > (7 5¢ T Y
FREF H G H A AU ARIE VR MR T F L2 - B2 EA o I

B A RS RE AT A WS R RL 2 ABE
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Global

Land Cover

Reclassification,
Accuracy
Assessment

ICESat-2 ATL0S

S —

Vertical
Transformation

Sttt

Reference DEM

~_ 00000 J

Yy @00

5%5 Pixels

Average

Data
Preprocessing

R

Elevation

Difference

—

.

Elevation Accuracy
Assessment

Factors

N

|

A

Elevation
Error
Analysis

k.

¥

}

Elevation Accuracy

Elevation Accuracy

Elevation Accuracy

Assessment Assessment Assessment
Town . Frame
Elevation

— Error Y

v Analysis v
Y

Elevation Accuracy Elevation Accuracy
Assessment Assessment

v
/ Land Cover/ /

Trend Analysis| (Trend Analysis

Y

ey

! ! v
Slope // Altitude / /Land Cover// Slop
i v

Trend Analysis

Trend Analysis

® 18 = in Az
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(—) % A2

BARRRET &S AP oRG S AN P FHE LT EIREG A
Bz B h d iRk B RBEG AL L Fpt > A BAREG 2
Brig fom B BE AL X B AN X R G L2 RIS G 2
BEAL(thE 2 > 2012) 0 & F IR B~ < AcRZ K2 on L RlACcR 19-

Ji?c};\‘ 5%/4‘0

h=H+N 5
Earth’'s Surface
H Geoid
NA h Ellipsoid
4

B 19 # Az 7 & B (El-Mowafi, 2005)

WS BATHE A FTHRESF - 3AAFS] FNESFE A
$o d % |CESat-2 & #2.& #07 WGS84 %% #rrkdh 5 A B2 ik 3 >
AoAF R g DEM &< s ok 3 AR R0 Fk - BARA
B Flpt o F - ICESat-2 2 ek % & 17 % Ay o i@ 2 & 45 DEM h
BARAE- R AP P FIVEL PIE Y w2 e-GNSS iz
B IRIET ST R AR T SR PRI 2 R RS
PATRE A Se AR B 2 28 skl 5 GRS80 0 %
GRS80 & WGS84 2 sk Sl RApf - Fpt A X2 LB ¥ fvg o o
STz B AR RIR R L A AR RN R R R A ARk
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IE' ’ T' d ‘\‘ 611 Iz #’?Ttrﬁz)é\'—i %{'J"kaj7 J‘Eé’:i’k@—%??_

BiZEhir2 B A o

(= ) DEM T j§ 1

d »* [CESat-2 ATLO8 & 4z 4-dc &2 % 100 > ¢ 5 3 HE ~ & 4 -
BAESH o @ 54 DEM g+ ] 520 % 0 A T2 BARE X A D
ZREAT -RPFREEZREAPZFRLE LT R L DER
Flo et H A AT FARA TROZTE L] - R &
%% DEM 4% [ 5*5 2R < [ 2 Rl E LogE > 75 g4

T o E AT E sz 2% DEM it 5 (8§17 ICESat-2 +* fiez

(z) BALH
% ICESat-2 % AzBF22 T it 52 4 DEM 7 3 4 s &
51} ICESat-2 # #2842 L f i* %4 DEM # f2if » 47 ICESat-

2RREIRT T BAAT AL FLLEAH At TE

AH = HICESat—Z Hreference DEM 5\" 7
- B, 8 =
SRR _‘kl it B

T RZTFF L AR AR R EgN 0 B e 4
BZ2AHBIR HBAEBGUELTYDEM - Ea @ 43R % %22 DEM 2 3

AR REd e AR R RERRTAAI R TR AR

w;

-fé‘\#i °

_ﬂ

2R J'!#i%‘-}iﬁ»fi—‘ﬁ TLiAFET2i0 R
e R RER T e 7 GLCS-LC100~-FROM-GLC30~FROM-
GLC10 - GlobeLand30 » GLCS-LC100 = ® # & Bl 32 # 9 R 3+ 3
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(Copernicus Programme)™ Copernicus Global Land Service #7# i=2_ 100 =

TR R IR B RETH A 2015 AAcEE E 2R B RER
FROM-GLC30 ~ FROM-GLC10 ¢ Gong et al., (2013) ~ Chen et al., (2019)#+
B Flamd s REFTHMEFRALY S8 S B ARK A Bk
23010 2% FfErAR2Z 2 # K F T4 GlobeLand30 B 5 Chenetal.,
(2015)#% 2. 30 = % fE47 R 2R 3

RETH TR a2kl #

REFH2L AL 5o

35 1R REFHL

PRIMBRER O THEA  FWHAR  RARM) ﬁ;;ﬁ
GLCS-LC100 V2019 (3.0.1) 80.30% 100 23
FROM-GLC30 V2017 72.78% 30 10
FROM-GLC10 V2017 (0.1.3) >71% 10 10
GlobelLand30 V2020 >80% 30 10

Zd & 2 g (Reclassify)#-fded = BE AL S AP R Y onT 444
PRERH o EIE CFITE CAREE KRR S HE A SERAE TR
Wi (T R % o AT E & R e (Confusion Matrix)ig (74 & 3= > 3+
B4 A —‘g(Producer Accuracy, PA) ~ i * J‘(User Accuracy, UA) ~ E 4 &
(Overall Accuracy, OA)#? Kappa % #ic(Congalton, 1991) » £ 5+ 8 & A4
SoRAEL TR A4k 6o

R 2 5820 ArcGIS PRO #c#:2 ~ 4 %3 # (Random Sampling) 2.
F# #k g-(Sampling Point):e 73 » k> N7 & 5 ¢

(- ) {3 55454 #% (Simple Random Sampling) @ *t 82 ikt & > S~ *

e A L o
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(=) #¥3 » k"L 183 % (Equalized Stratified Random Sampling) : %% i
RpLE S s TR ARE ) ¥ B LR AL ERENF -
(=) ~ & “f 54 % (Stratified Random Sampling) @ && i 4f w2 = &E

R L B R R T S T R T

‘F

DN REY AR BRI NR A A 0 WA LA
LR A F A P LERFHERT - RIE AFE T EY B3 2k
N ES BRR LR I T

iz Congalton(1991) %2 S22 Plm 5 > # gLk A gL 8kE 1
H 50 BHRAR > LEFT RS- O EwR A A 12 Ay
Rl Ffpufe A8 c® B2 > 75 2 100 B A% A 2T R FR

%o Fla EE A 100 Bk A BE R R R

6 et 4

Reference Data
Developed | Cultivated | Barren | Water | Forest | UA
Developed X11 X12 X13 X14 X15 UA,
g Cultivated X21 X22 X23 X24 X25 UA,
wn
% Barren X31 X32 X33 X34 X35 UAs
D
% Water Xa1 Xa2 Xa3 X4a Xas UA,
QD
o Forest Xs51 X52 X53 X54 Xss UAs
PA PA, PA, PA, PA, PA; | OA
Aii
PAi = i X8
i=1Xij
Xjj .
UAj = o 9
j=1Xij
k
OA: izlxll ;\‘ 10
k k
j=1 i=1Xij
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A% ARFE AT

Ji

Foibd B ARG 2 M AP A AT R B AT Y 2 2R (X
4 5 2012; Wangetal., 2019; Liuetal.,2020) » & % 3+ % % 4252 ME ~ SD ~

RMSE:{-:{-@i;J‘Ea?QT"ﬁf]’ﬁ F't F'&rﬁﬁ_f_;_gl_\f’ﬁg;‘«,_,_‘:‘ig‘%;\_&p'f'

n
ME:—ZAHi X1

;12
;v 13
Ed M EERG B REFS S o w38 ICESat-2 ATLO8 5 #7283 %

>1

I AP F

\EF

B RS ek OF Al B o 3 R A2 Aot

Pk A e BN F] T 4425 ICESat-2 ATLO8 3 25 3 #2882 #248 -

g
gLt "‘,%7 M E AR HE A AGT ) ATy iEA 12 DEM F 22
PR 2 TR B H B A RE R BT A2 - 5 RS

izt 72 Pz RE A2 FRFLLT > T FEUDHEZ A7 FREFF

A E ¥R B 3 P H A2 ICESat-2 ATLO8 3+ 25 B 470 48 o

ABF L0 47
SRR REAY LRSI EFREAT MG AT HEY ALF

BlZ7A FR2MG S F* 04758 RERFMGLFTARL 232

PR IO Bl 8RR L M Fla o RACE BIERS TR Ak

£
§7 24 7435 (Jacoby, 2000) o % & T & A eh N7 2 L SR & 2 SR
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& (Cleveland, 1993) > w fF 4~ 47T ¥ L2 SR & > 34 0 d LR EF A
1p - kAl S E AR RN R D SR R &

m oSt & PR R dp TR B 2 3087 5 (Jacoby, 2000) 0 Fla AT F

o)
(H}
et

i
)
A
7’

1"

N
=
=

Cleveland (1979) *f #& &1 2 /h 3% 4 f# & §F 4T * B T F 2
LOWESS(Locally-weighted regression scatterplot smoother) ¥ 5 % 2 2. 22 %
B £ 2 54X s LOESS(Locally weighted regression)(Cleveland & Devlin,
1988) > 1 B INFHEE FAS WS M A T REITH EHIVRE

'ri;tgg’mo
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Yr¥ A%

AFT R 4E ICESat-2 28 AR A AR LA K- SR
ICESat-2 ATLO8 2 #f & 1 11 7 e 2 F]+ & Wik {732 ) § Aefr{de 447
BoOEA N - §2 A - A 4T ATLOB B )5 A2t £ RS HH A

M FZ @Rt bR T F a2 - 2 251 B2 5 H ~ o 47 ATLO8 3

B S SR - T =82 2% o
¥ - & ICESat-2 353 #8245 124 45

AU Y R P ICESat-2 ATLO8 ++ 25 % A28E - 7 H 3t S8 A & 2. F
A AR S R T R U O SR Sl B e - & L R A i R

B FE o

- AR AEEA

AT RE P £ 3 190,605 ® ICESat-2 ATLO8 3+ ) % f2.8k > 5d &2 %
+ DEM Aprt i8530 L4 § BB 28925 T 7 (8 ME 5-0.337 2 ¢ »SD
%9560 2% > RMSE &% 9565 2% » % A HA S#AE 2 BARMAE
d B ARH R Bc¥p B ICESat-2 ATLO8 2 4 2 3 423 B AH vk 3% % 4
DEM> ¥ #-B 42384 TR H 20> T RHEE L ¥ AT S d B Aesf
£ % ¥ 4v |CESat-2 ATLO8 % #2384 * RERF LA+ > P L1 8 F 7

WHEARDZ A RIESE
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0.15

0.10

Density

0.05

000 === llIlII|||““IIIIIIII||||“ ‘lllll“ll“"“l“lllll -----------

-20 -10 0 20
Elevation difference (m)

Bl 20 ICESat-2 % #2:%£ 4 7 ]

AETd e AR RERRTREY AP RS HALRE

i 2 e REMYLFA A9 o d 2 FROM-GLC30 ¥ FROM-GLC10
£

383 A R R R T E R NE e iR 100 B AR AR
s > GLCS-LC100 ¥ GlobeLand30 z_ # & 3= = & 4% 7 #7577 o 145 &
e 2 %% > GlobeLand30 ** A 77 7 % 3 2 AR R &2 Kappa #icz % R
% it GLCS-LC100 > 4+ ¢t » GlobeLand30 2. 7 A fZ47 & 5 30 =& » 7 ig
7 B fE4r & 100 = = 22 GLCS-LC100 > #= ~#* 7 & * GlobeLand30 i

ER R R Ea /S
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% 7 GLCS-LC100 ~ GlobeLand30 ## & =i

Classified GLCS-LC100 GlobelLand30
class PA UA PA UA
Developed 0.73 0.56 0.76 0.75
Cultivated 0.46 0.86 0.61 0.72
Barren 0.76 0.38 0.84 0.58
Water 0.93 0.68 0.95 0.87
Forest 0.84 0.95 0.74 0.9
OA 0.69 0.76
Kappa 0.61 0.71

iz 5 GlobeLand30 4 3= K F 4 #f (& B #4573 T3+ 2 ICESat-2 % 42
2k %5 ICESat-2 B 4782 + R E 4 %52 & # 4B 21 #77 » & %5 %] ICESat-
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Liuetal., 2020) > & &7 3 ¥ spak s ohecnd 3o i F A% 0 A S F G 1R
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DEM £ § fie* enf hZL 2 AL 0 mBr B2 2t g R E 4
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% BICESat-2 2 ¥ % 347wz B 4230 4 dcik st 4

Elevation point

Count Ratio
#EA 0.921 5.062 5.146 21,790 11.44%
# 1 -0.604 3.348 3.403 59,181  31.08%
KBy -2.826 9.633 10.039 7,636 4.01%
K i 3 -0.488 2.552 2.598 11,321 5.95%
i -0.228 13.006 13.009 90,467  47.52%

LC ME SD RMSE
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Elevation point

Slope(°) ME SD RMSE -
Count Ratio
0-5 -0.134 3.469 3471 90,688 47.56%
5-15 -2.174 7.250 7.569 15,867 8.32%

15-25 -1.865 10.536 10.700 17,255 9.05%
25-35 -0.271 12.170 12.173 24,620 12.91%
35-45 0.605 13.741 13.754 28,112 14.74%
>45 0.297 17.839 17.84 14,153 7.42%
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9k 21
wb I

Altitude >2000m

Elevation point

Altitude(m) ME SD RMSE -
Count Ratio
0-100 -0.450 3.822 3.848 91,794  48.14%
100-400 -2.785 7.823 8.303 24243  12.71%
400-1000 -1.733  11.356 11488 24,132  12.65%
1000-2000 1.189 14.151  14.201 26,867 14.09%
>2000 2.298 15.508  15.677 23,659 12.41%
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11 R 20 B AREA st A3t A (kLR 1 4)

Elevation point

Slope(°) ME SD RMSE -
Count Ratio

0-5 -1.559 4.702 4.953 4,180 4.62%
5-10 -2.305 7.203 7.562 3,778 4.18%
10-15 -2.290 9.410 9.684 5,005 5.53%
15-20 -2.064 10.382 10.584 6,435 7.11%
20-25 -1.396 11.126 11.212 8,441 9.33%
25-30 -0.434 11.879 11.887 10,332 11.42%
30-35 0.271 12.526 12.528 12,430 13.74%
35-40 0.819 13.235 13.260 13,810 15.27%
40-80 0.803 16.254 16.274 26,056 28.80%

312 RH 2 FAEL Aot it A (KB R HA)

Elevation point

Altitude(m) ME SD RMSE \
Count Ratio
0-100 -3.147 6.113 6.875 8,526 9.42%
100-200 -4.662 7.687 8.990 6,448 7.13%
200-300 -3.719 8.961 9.701 4,987 5.51%
300-400 -2.574 9.417 9.761 3,572 3.95%
400-500 -1.876 12.440 12.579 3,583 3.96%
500-1500 -0.548 12.551 12.562 29,772 32.91%
1500-2500  3.017 16.097 16.377 21,606 23.88%
2500-4000 1.822 14380 14495 11,973  13.23%

84

DOI:10.6814/NCCU202101215



IR BRBER

g AT P 247 ICESat-2 +» A5 F A2 S A 2 AR A REF L
&k UTIEREAEY TE'}““F ﬁ:jﬁ AR ﬁ»lb’}qﬁﬁg AR AT

S EES IR AR T

- 8

-§$

—~$ng@¢%w@§gﬂnxwuém5%ezg FLF > d AP M
Wit Eibfe nF 4 ) ICESat-2 (i ¥ S REAF L RHTL A

FRFAL o gt %ﬁr} Ap B é}gkffuﬁ’ 1 GDEM 3 #24f B 3= 7% Jg 2

ks
=N

Bis o RELRMN R RERY U ARER L BET

+ & 47 ICESat-2 3 2} B 42347 1 W ds 2. B A24F |2 o

= ~ #8773 1 ICESat-2 ATLO8 % #2825 H x> A7 H A 7 R 2 b
5% A2 4F o ¥ 0w DEM ¥ g 1 # %?%‘Ij!'_a L2 FFCERE A Mg 5N
B-HA R ZEE ST ARSI TR R E A S
Mgl AR AR B T F A2 - Bz E & o % kA ICESat-2 #

AR ARZF 0 ¥ 5E ICESat-2 # & 5 RO AT o

C R AR AR LAY 2 &g 1) ICESat-2 ATLO8 3+ ) % A2 >0 4g

Ji

%42 %F DEM> £ % 0337 22 2 fih 4 > ALz AF A RE
FREAF > PAREYP NI TRRS R EHETEIZIAFL2E

W H 5 9560 2 ¢ > RMSE & 9.565 2 ¢ o

85

DOI:10.6814/NCCU202101215



w42 P F 4y I ICESat-2 ATLO8 B Az 482 # R Ed &
AR R ERBEA N BAFRLIEHAEL e MR AL
B tg REH R PR Sed BRSO R LR G M SRR > X N FHA
TRLIBHOWAE D BRFLEBRIALG M R RFLH
PR AIE R Ao m BT N A ARSARE PR T R AR
B RO BB YA R R R S AR o AR S

BT A ARE AR T o

86

DOI:10.6814/NCCU202101215



¥ & 23

M A gAY T2 FIEEE ] AR T SRk o ik

* KA Y ICESat-2 3 A) g 4230 S~ § 2777 175 53 dreag

- ~ 7 L ICESat-2 ATLOB i& {7 i 4 ) < PRl ~47 » s AFT g ©
R34 FATHE R ATLO8 > %3 2 LR a2 A 052
FTROEWIFAGFERY D AFLETALFE G A EREFF

773 ICESat-2 = & imqsts » @ * S Fork b2 BARFTNEFL 2

o

T

S AR AREPL PEES P T ER RSE ARG e ik

]

REEFFEL V4 r ICESat-2 T ERIRE REXRE o » 2 BT

!
i
o

T degeaot 33k R E 0 45 A %ot ICESat-2 FORE ¥

o

<l

SRR FEAA gja%] B A2A 47 0 @ ICESat-2 ¥ 3 mk+ % H » k&

Ji

2 BARFA » WATLO3 » 23k P &4 RBEFLFAT T LR
ATLO3:E(7ARM B /2 d7» TV B H B % 207 | R 3 240 17291

FORIE S R

87

DOI:10.6814/NCCU202101215



542
- \éeg‘h‘;‘;é}ﬁ

I RB S FRE R RM IR RIS S R AL E TR BT S @%;ﬁ’zow’
THEFHARAPERES LA FHESIIT E e NDSI A 450
T TR ¥£1 847 55 654):26-39 -

E 520080 Tt BB AT BB EE AR E TR P B
3 AIE KT o

% %4>2010°741* GRACE € # ¢ ICESat B3 5k T4 & 5 5 154 2
ATHAGZLEER AR TR FREE L LG

¥ XM 2015:T % DEM R ZEHFF SN E 2R E 8 p i<~ F 1 A
LT LR -

th® 4 52012°Te-GPS -k#p|RHARFT T EHI BT 0 15:35-58-

##%fi*ﬁ~iiﬁ“~%%&~%** ) 2014 T 5 YR TR G AR

B E £o fidp e, Toupl 2 SR8 0 192) ¢ 107-123 -

FRE P 5 2020 0 "4 * PSInSAR BLZ R LA FRF 2 4 £ )R- X B RA
HEo) 0 Fer BH s LA h o

BB & > 2004 - T & TWVD2001 -k 3 2 GPS Fiflecit 2 R B4 1ok
B 8 E* 3 GPS BARRIE P+ # <~ FRIEE ZFFTAE i

<2 o

\L.
S

$E% 2014 TiHEERIA 2 GPSRIBHTAES L Tt A1 BT A4
TS AL o
F s 02015070220 &R BB FAAL F RS RO RN A A

B A1 L
88

DOI:10.6814/NCCU202101215



FOEE 020130 TR LR P AR 2 BB ERIENE S B R
P ERRPE L% o

BRA - Flics ~ Poosdk I F 0201007 5 pEE 2 DEM T Y
ok BT pTE BRIE Y FARE BREFE €7 529(1):
1-12 -

BRA RO W 2SR RS BT 020090 T ki
WEFERFRIHESZT R I TP 2147 55 105:17-25-

Hr L2007 T B Y KE £ RBlouE R A A e EXCEL#iT ¢ KB
PRE KT A5 2(305) -

4859 520107 I GFh RIF A L PR T 2 B K T TR 0 ¢

FAERRFETERY P RFEF T TR LAY o
Z ~ ;—";—wile

Abdalati, W., Zwally, H. J., Bindschadler, R., Csatho, B., Farrell, S. L., Fricker,
H. A., Harding, D., Kwok, R., Lefsky, M. and Markus, T., 2010, "The
ICESat-2 laser altimetry mission", Proceedings of the IEEE, 98: 735-751.

Aggarwal, C. C., 2015, "Outlier analysis", Data mining.

Bolstad, P. V. and Stowe, T., 1994, "An evaluation of DEM accuracy: elevation,
slope, and aspect", Photogrammetric Engineering & Remote Sensing, 60:
1327-1332.

Brenner, A. C., DiMarzio, J. P. and Zwally, H. J., 2007, "Precision and accuracy
of satellite radar and laser altimeter data over the continental ice sheets",
IEEFE Transactions on Geoscience and Remote Sensing, 45: 321-331.

Chen, B., Xu, B., Zhu, Z., Yuan, C., Suen, H. P., Guo, J., Xu, N., Li, W., Zhao, Y.

and Yang, J., 2019, "Stable classification with limited sample: Transferring a
89

DOI:10.6814/NCCU202101215



30-m resolution sample set collected in 2015 to mapping 10-m resolution
global land cover in 2017", Sci. Bulletin, 64: 370-373.

Chen, J., Chen, J., Liao, A., Cao, X., Chen, L., Chen, X., He, C., Han, G., Peng,
S. and Lu, M., 2015, "Global land cover mapping at 30 m resolution: A POK-
based operational approach", ISPRS Journal of Photogrammetry and Remote
Sensing, 103: 7-27.

Cleveland, W. S., 1979, "Robust locally weighted regression and smoothing
scatterplots", Journal of the American statistical association, T4: 829-836.

Cleveland, W. S., 1993, Visualizing data, Hobart Press.

Cleveland, W. S. and Devlin, S. J., 1988, "Locally weighted regression: an
approach to regression analysis by local fitting", Journal of the American
statistical association, 83: 596-610.

Congalton, R. G., 1991, "A review of assessing the accuracy of classifications of
remotely sensed data", Remote Sensing of Environment, 37: 35-46.

Dettmering, D., Passaro, M. and Braun, A. (2019). Editorial for Special Issue
“Advances in Satellite Altimetry and Its Application”, Multidisciplinary
Digital Publishing Institute.

El-Mowafi, M., 2005, Leveling By Using Global Positioning System,
Unpublished doctoral dissertation, National Research Institute of Astronomy
and Geophysics.

Falkner, P. and Schulz, R., 2015, "Instrumentation for planetary exploration
missions".

Gesch, D., Oimoen, M., Zhang, Z., Meyer, D. and Danielson, J., 2012, "Validation
of the ASTER global digital elevation model version 2 over the conterminous

United States", Int. Arch. Photogramm. Remote Sens. Spat. Inf. Sci, 34: 281-

90

DOI:10.6814/NCCU202101215



286.

Gong, P., Wang, J., Yu, L., Zhao, Y., Zhao, Y., Liang, L., Niu, Z., Huang, X., Fu,
H. and Liu, S., 2013, "Finer resolution observation and monitoring of global
land cover: First mapping results with Landsat TM and ETM+ data",
International journal of remote sensing, 34: 2607-2654.

Gopalapillai, S., Mourad, A. and Kuhner, M., 1975, "Satellite altimetry
applications to geodesy, oceanography and geophysics", OCEAN 75
Conference.

Hu, Z., Peng, J., Hou, Y. and Shan, J., 2017, "Evaluation of recently released open
global digital elevation models of Hubei, China", Remote Sensing, 9: 262.

Jacoby, W. G., 2000, "Loess: a nonparametric, graphical tool for depicting
relationships between variables", Electoral Studies, 19: 577-613.

Jarihani, A. A., Callow, J. N., Johansen, K. and Gouweleeuw, B., 2013,
"Evaluation of multiple satellite altimetry data for studying inland water
bodies and river floods", Journal of Hydrology, 505: 78-90.

Kaula, W., 1969, "The terrestrial environment: Solid earth and ocean physics,
NASA Rep", Study at Williamstown, MA, NASA CR-1579.

Lefsky, M. A., Keller, M., Pang, Y., De Camargo, P. B. and Hunter, M. O., 2007,
"Revised method for forest canopy height estimation from Geoscience Laser
Altimeter System waveforms", Journal of Applied Remote Sensing, 1:
013537.

Liu, Z., Zhu, J., Fu, H., Zhou, C. and Zuo, T., 2020, "Evaluation of the Vertical
Accuracy of Open Global DEMs over Steep Terrain Regions Using ICESat
Data: A Case Study over Hunan Province, China", Sensors, 20: 4865.

Magruder, L. A. and Brunt, K. M., 2018, "Performance analysis of airborne

91

DOI:10.6814/NCCU202101215



photon-counting lidar data in preparation for the ICESat-2 mission", IEEE
Transactions on Geoscience and Remote Sensing, 56: 2911-2918.

Markus, T., Neumann, T., Martino, A., Abdalati, W., Brunt, K., Csatho, B., Farrell,
S., Fricker, H., Gardner, A. and Harding, D., 2017, "The Ice, Cloud, and land
Elevation Satellite-2 (ICESat-2): science requirements, concept, and
implementation", Remote Sensing of Environment, 190: 260-273.

Martin, S., 2014, An introduction to ocean remote sensing, Cambridge University
Press.

McGOOGAN, J. T., 1975, "Satellite altimetry applications", IEEE Transactions
on Microwave Theory and Techniques, 23: 970-978.

Mukherjee, S., Joshi, P. K., Mukherjee, S., Ghosh, A., Garg, R. and
Mukhopadhyay, A., 2013, "Evaluation of vertical accuracy of open source
Digital Elevation Model (DEM)", International Journal of Applied Earth
Observation and Geoinformation, 21: 205-217.

Neuenschwander, A., Guenther, E., White, J. C., Duncanson, L. and Montesano,
P., 2020, "Validation of ICESat-2 terrain and canopy heights in boreal
forests", Remote Sensing of Environment, 251: 112110.

Neuenschwander, A. and Pitts, K., 2019, "The ATLO0S land and vegetation product
for the ICESat-2 Mission", Remote Sensing of Environment, 221: 247-259.

Neuenschwander, A., Popescu, S., Nelson, R., Harding, D., Pitts, K., Robbins, J.,
Pederson, D. and Sheridan, R., 2019, "Ice, Cloud, and Land Elevation 1
Satellite 2 (ICESat-2) Algorithm Theoretical Basis Document (ATBD) for
Land-Vegetation Along-Track Products (ATLOS) release 002", National
Aeronautics and Space Administration. Goddard Space Flight Centre,

Neuenschwander, A. L. and Magruder, L. A., 2016, "The potential impact of

92

DOI:10.6814/NCCU202101215



vertical sampling uncertainty on ICESat-2/ATLAS terrain and canopy height
retrievals for multiple ecosystems", Remote Sensing, 8: 1039.

Neuenschwander, A. L. and Magruder, L. A., 2019, "Canopy and terrain height
retrievals with ICESat-2: A first look", Remote Sensing, 11: 1721.

Neumann, T. A., Martino, A. J., Markus, T., Bae, S., Bock, M. R., Brenner, A. C.,
Brunt, K. M., Cavanaugh, J., Fernandes, S. T. and Hancock, D. W., 2019,
"The Ice, Cloud, and Land Elevation Satellite—2 Mission: A global
geolocated photon product derived from the advanced topographic laser
altimeter system", Remote Sensing of Environment, 233: 111325.

Pakoksung, K. and Takagi, M., 2021, "Assessment and comparison of Digital
Elevation Model (DEM) products in varying topographic, land cover regions
and its attribute: a case study in Shikoku Island Japan", Modeling Earth
Systems and Environment, 7: 465-484.

Palm, S., Yang, Y. and Herzfeld, U., 2018, "ICESat-2 Algorithm Theoretical Basis
Document for the Atmosphere, Part I: Level 2 and 3 Data Products", National
Aeronautics and Space Administration, Goddard Space Flight Center.

Popescu, S., Zhou, T., Nelson, R., Neuenschwander, A., Sheridan, R., Narine, L.
and Walsh, K., 2018, "Photon counting LiDAR: An adaptive ground and
canopy height retrieval algorithm for ICESat-2 data", Remote Sensing of
Environment, 208: 154-170.

Rinne, E. J., 2011, "Satellite altimeter remote sensing of ice caps".

Roscoe, J. T., 1975, Fundamental research statistics for the behavioral sciences
[by] John T. Roscoe.

Santillan, J. and Makinano-Santillan, M., 2016, "VERTICAL ACCURACY

ASSESSMENT OF 30-M RESOLUTION ALOS, ASTER, AND SRTM

93

DOI:10.6814/NCCU202101215



GLOBAL DEMS OVER NORTHEASTERN MINDANAO, PHILIPPINES",
International Archives of the Photogrammetry, Remote Sensing & Spatial
Information Sciences, 41:

Schutz, B. E., Zwally, H. J., Shuman, C. A., Hancock, D. and DiMarzio, J. P.,
2005, "Overview of the ICESat mission", Geophysical Research Letters, 32:

Seeber, G. (2003). Satellite Geodesy 2nd completely revised and extended edition,
Walter de Gruyter GmbH & Co. KG.

Seidleck, M., 2018, "The ice, cloud, and land elevation satellite-2—OQOverview,
science, and applications", 2018 IEEE Aerospace Conference.

Tukey, J. W., 1977, Exploratory data analysis, Reading, Mass.

Varga, M. and Basi¢, T., 2015, "Accuracy validation and comparison of global
digital elevation models over Croatia", Infernational journal of remote
sensing, 36: 170-189.

Wang, C., Zhu, X., Nie, S., Xi, X., Li, D., Zheng, W. and Chen, S., 2019, "Ground
elevation accuracy verification of ICESat-2 data: a case study in Alaska,
USA", Optics Express, 27: 38168-38179.

Wang, X., Cheng, X., Gong, P., Huang, H., Li, Z. and Li, X., 2011, "Earth science
applications of ICESat/GLAS: a review", International journal of remote
sensing, 32: 8837-8864.

Wessel, B., Huber, M., Wohlfart, C., Marschalk, U., Kosmann, D. and Roth, A.,
2018, "Accuracy assessment of the global TanDEM-X Digital Elevation
Model with GPS data", ISPRS Journal of Photogrammetry and Remote
Sensing, 139: 171-182.

Xiao, R. and He, X., 2013, "GPS and InSAR time series analysis: Deformation

monitoring application in a hydraulic engineering resettlement zone,

94

DOI:10.6814/NCCU202101215



southwest China", Mathematical problems in engineering, 2013:

Xing, Y., Huang, J., Gruen, A. and Qin, L., 2020, "Assessing the Performance of
ICESat-2/ATLAS Multi-Channel Photon Data for Estimating Ground
Topography in Forested Terrain", Remote Sensing, 12: 2084.

Zhou, T., 2017, Advances in Waveform and Photon Counting Lidar Processing
for Forest Vegetation Applications, Unpublished doctoral dissertation, Texas
A & M University.

Zwally, H. J., Schutz, B., Abdalati, W., Abshire, J., Bentley, C., Brenner, A.,
Bufton, J., Dezio, J., Hancock, D. and Harding, D., 2002, "ICESat's laser
measurements of polar ice, atmosphere, ocean, and land", Journal of

Geodynamics, 34: 405-445.
S RTFIR

Copernicus Programme (2021) Copernicus Global Land Service from Copernicus

Programme on the World Wide Web

https://land.copernicus.ecu/global/index.html

ICESat/GLAS website (2003) GLAS from ICESat/GLAS website on the World

Wide Web : https://www.csr.utexas.edu/glas/

Insights (2021) Satellite Altimetry from Insights on the World Wide Web :

https://www.insightsonindia.com/

NASA (2021) ICESat from NASA on the World Wide Web

https://www.nasa.gov/

NASA'’s Goddard Space Flight Center (2021) ICESat-2 from NASA’s Goddard

Space Flight Center on the World Wide Web : https://www.nasa.gov/goddard

NSIDC (2021) ICESat-2 Product Descriptions from NSIDC on the World Wide
95

DOI:10.6814/NCCU202101215


https://land.copernicus.eu/global/index.html
https://www.csr.utexas.edu/glas/
https://www.insightsonindia.com/
https://www.nasa.gov/
https://www.nasa.gov/goddard

Web : https://nsidc.org/data/icesat-2/products

NSIDC (2021) ICESat-2 ATLO8 from NSIDC on the World Wide Web :

https://nsidc.org/data/atl08

OpenAltimetry (2021) ICESat-2 ATLOS8 data from OpenAltimetry on the World

Wide Web : https://openaltimetry.org/data/icesat2/

Radar Altimetry Tutorial and Toolbox (2021) Cryosat-2 from Radar Altimetry

Tutorial and Toolbox on the World Wide Web : http://www.altimetry.info/

RFCIRR 2 ORI E P ow (2021). e-GNSS ks z B R E R R T Lo

https://egnss.nlsc.gov.tw/trans/

96

DOI:10.6814/NCCU202101215


https://nsidc.org/data/icesat-2/products
https://nsidc.org/data/atl08
https://openaltimetry.org/data/icesat2/
http://www.altimetry.info/
https://egnss.nlsc.gov.tw/trans/

