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Table 1 Introduction to various DEM data
DEM %4 LiDAR DEM ICESat-2 ATLO06 ALOS DEM 12.5m SRTM V3 ASTER GDEM
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Fig.3 Elevation registration check chart
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4 R H53®
4.1 LiDAR DEM %iF % & DEM

b M 2 5Bk 5 X Br a8 H{H , ICEsat-2 ATL06
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0.999 5.0.999 6, SRTM V31K Z& %N 0.999 1,4
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Fig.4 Scatter diagram and linear regression diagram, histogram of elevation difference distribution (From left to right,
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®2 SEDEMBEESITR
Table 2 Multi-source DEM accuracy statistical table
ICESat-2 2009 2010 SRTM ASTER
ATLO6/m ALOS/m ALOS/m V3/m GDEM/m
Mean -0.045 1.373 0.843 1.188 1.626
RMSE 0.747 5.754 5.284 7.624 9.903
SD 0.746 5.588 5.216 7.531 9.768

(2)2009 45 2010 4% i) ALOS %4 (E 4(b) |
4()) AR IR, = 22 FE 500 1.373 m
0.843 m, & Gt 1% 2243 3 1.3734+5.588 m ,0.843+
5.216 m, RMSE 43 %l 4 5.754 m 1 5.284 m. P
ALOSHKEFEEA 2K o BOG R = B dli R &L Ry 9
HIK 10 A%, 5 20104F 8 H RHLH) ALOS $4ls 24 5%
SARL, T 2009 4F 2 7 43 48 B ALOS #5040 52 1- 15
i T S5 52 ), A AR O A 2%

(3) SRTM V3 % dls (E 4(d)) 4 1 17 16 4 I
B,EEFHH N 1188 m, R4 iRk % M 1.188+
7.531 m,RMSE J 7.624 m. 1fii ASTER GDEM %k
P (E 4Ce) )RS BE e 22, mT LA3E 3 R & 31 A i AR 40
A B 7 F LG BARRE 3 A B0, e 22 391 1.626 m,
Z Y% 2 N 1.6264+9.768 m, RMSE 4 9.903 m.
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=24
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7~14 m"" ,SRTM V3 545 RMSE/NF 10 m™
Al WL AE VK98 i3 ASTER GDEM ,SRTM V3 fiY 3
B EERR R T E T R 2 R

S BT 56 I A 3 43 v R 7 ORG JE BROAR ARG L (R
A RBON L F 1, EEEHJE LIDAR 5 3% 26 4
B E B )@ T R AR AR R A AR Ak
S5 R AR AT A B R /N A DG ZR 80T 2 H)
W o AR R 0 AT A A A R SR — B0 E 2
EAIZE T 22 Re S 2R K. Fr & 3 A
KRB M R AR B4 .

X S DEM B B RN R A D REL
R BB A B S . H X T
FEAG A FL U AR A BB 19 5 5K 2 X B e B

s, ICESat-2 ATLO6 A B i i, 5 HifL & 2%
FAE T LA K 7S 18] oy B R & . ICESat-2 ATLO06

e IR R FH I 7 1 R A T ) R 2 IAGR IO i
ALOS DEM H & %5 8] 43 ## 2 [ ICESat-2 ATLO6
e, AE R Bl R 0 A% a0 W B A A R S X
SAEEROR R 22, H 205 2 3 & NED . SRT-
MGL1 % DEM & J& i > , Jir LA 7E it 3% 500 i =5



%56 1 R A BT ALER LIDAR B i JE L DX 3 Ja vy 2 50 0 A 1 1A 1317
BT ALOS DEM.SRTM V3.ASTER GDEM %k #& 1

R 4 DEM & &8 A —FF Xk S ok
A R S Y 2 RE Ot S R ] ek g2 TR — A
Hb e T A AR IRAR AN — B, R AR Y v AR
AN—HFE o HIBR T VK 57K DI i, X 3 3 43 b
REEENFBIRZT LR &, Xt T H b
AL S 1 28 35 5 i o] LUK A v B L BR T ICE-
Sat-2 ATLO6 ¥4 Z 5b , AR A — e f
A, B SRTM . ASTER . ALOS #% #% 1) 1% & 2%
R 5 B TR S AN SR, LT SR B T e
P 104 AN B 58 4 25 a8 R B R A SR 3R b i, 3RS
R R R L o — R L i R R Y
B

Ja TR, % £ DEM 5 LIDAR
DEM & 8 22 75 £ 20 m i B A 1 £ dls a3 il o &3
4387, 2009 5 2010 4F ALOS DEM .SRTM V3,AS-
TER GDEM 3 B K T 200 (548 5 s 2 2% 20 m
0 A BOPE R B 51.7% . 45.4% . 60.5% .
69.1% . T LA 3 B 2 52 0 UK VA il DEM 9 &
EHFE KL, X3S RMSE B9 & &1 T 40
Br (E15) .

— — —
(=} N =

P FHIRZERMSE/m
[e]

0-1°  1-5° 5-10° 10-15° 15-20° 20-25° 25-30° >30°

WE

—g— ASTER GDEM —3—SRTM V3 —¥— ALOS_2009 —— ALOS_2010—3- ICESat-2 ZTL06
5 STEREBENARREMEENTH
(AEERRREREHRE)

Fig.5 Root Mean Square Error of five elevation data var-

ies with slope (the red box represents the best slope)

42 ZEDEMEHENXZR

VKB U S P A2 A MR R I 29 DEM K 1Y
FERER . 5 RE 53 GO Y e R 25 4 5 AR R
7 RMSE. MK A LLF ), ICESat-2 ATLO6 &
1°~5°% 5°~~10°FF RMSE Kl 35 F& % 38 Jin i o /) , 24
WK T 10° 0 RMSE B 3% BE /9 38 i 48 K .

RMSE ¥ I Y% B (9 35 i 2% /s P38 K, B2 AS-
TER GDEM #) RMSE 14 K 1y Il ¥ 75 1°~5°. 1M
ALOS DEM SRTM V3 ) RMSE 14 K 4 il 5L A 1
5°~10°, ICESat-2 ATL06 RMSE Fifi 3 J& #9725 1L 7R
/N, ASTER GDEM ) RMSE Bfi % J¥ i 25 fb 18 K,
FE 1°~5°BF iR 22 e/ o B AT A7 AE — A S AR B
i, T3 AR5 FH ICESat %545 X 8% /> 35 56 25 i 3k
IH) SRTM DEM #1785 B 37 A , 2 B B 3 32 ) 3
TR B B RRAR . R ES R R E A5 R 3 X
XFSRTM #4755 0E , Ho b ¥ 52 2% X i) 35 5 i3 22
B B A R R S AR S — B B R ATV
WEIL PG4 HE8 SRTM 5 ASTER GDEM ¥ 7 i i%
2% Bifi Wl B (9 A8 Ak, RMSE — B 5 3 hn ik . i
S5 v RMSE Fifi 35 B2 56 36l /N A7 38 Ot s b X 5]
Fhe R DR R B 5T DX MY B 2% B 3 A A 2
AT
43 ZIRERSEHESHMEITIS

2 VR 8 JK e R AN R R T BRI A Ok
PRI FE T e YRS [ B A i S AN R . AR S
56 3R B ICESat-2 ATLO6 %4 2 th ot 73+ %= 4=
OG5, SR B i T ICESat'™ o S 3] (14 36 3iF 45
JAT DL F ) ICESat-2 ATLO6 ¥ 4 4 B &5 . 5 Li-
DAR DEM i BEAH G HI2 H TOLF AR E 7R
B X PO S IR E SR . ICESat-2 ATLO6 £l 1
LA RS 1 064 nm K, AT 5B KK 10 m A4
CHE K BT 22 ), v] DL 25 i R G 0 A7 K B 4
HFILF kg EKSE, o T R vk 28 1k
WFoE .

ALOS %46 7T LU BR — 38 23 19 J5 1) #5008 22
H A TE T 8 i U el g A5 H R E5 0 08 I 7y =X
MR IR, — S X3k 25 72 76 B 52 800 (https: //asf.alas-
ka. edu/data-sets/derived-data—sets/alos—palsar-rtc/
alos—palsar-radiometric-terrain—correction/) . 3£ 4
kA B R B, O R R B AR 5 B . ALOS
12.5 m 1 8cdls th TR U 5, 3 i i s g 2>, |
T 3K o AR 43 S 1 50 T R T A M T A
WO . T ALOS #5318 IR g ] DL g
772 IR TE W Y SAR $E, T L% & T X
UKUR B OE T, U LA - SR i it Oy 18D o A %o vy 98
WX, ICESat-2 ATLO06 5 ALOS ¥ L8085 22
AT DAZE G — 28 5 43 B3 sl B ) U0 i) DEM %504
([t TanDEM-X  ICESat) 7€ oK )11 114 filt . % + 28 4k



1318 &K

R 5

36 &

GO TRV

SRTM V35 ASTER GDEM 48 09t 4 7: T
T ARV BT R 30 m O AR B L H 2 SRTM
5 % 3\ B8 G W ECE 2 Y, ASTER GDEM 42
Ho % B 25 R 50 AR X R BR PR R R SR 1R
FN L A& FH ,SRTM 5 ADTER DEM (1 4 & 4
XA PR T B &% B TR 25 1 A, e K I m
PN 2R A5 X M P 1 52 24 2 B, 0 B 56 81K 32 B
BZ R k. # A 1ARP SRTM V3 54 7 4
23 32 43 A7 A B 5% R0 b DXL A 7K AR 1 X 8k
(WA 53, O SRTM V3 508 78 5 1 k4
JK S50 25 b RS B R R DK A X DL R
S BRm X B @ mFEERT. UL,
SRTM %4 ol Fl F € X vk )1 s w55 (HAR 2
T K CHF5E . ASTER GDEM %04 i T J2& °7
AT AR, RS 5 2 REFY 5 = 2 0%
et A T L 8 T AR R R
Ko g5 How 208 m B 8O AR 77 s BT i 1Y DEM L
P e H R AR BUE AN B 2R B JE L X A R
J57 & 1 DEM £ W45 0y i %

g bRk 2 R B R AR & A R AR
5% v R AR ES i AR BOE B AR RE B A AR A TE) DA &
B ) HE B B 9T XK /N A T R R A S Y
DEM %45

5 %

S50 A R FE 1 X M A X —— 7 R R AR 2
VKB T K AL RO 5 B R 22 oy ik i AT
I 1E L A B AR 4 B 3 A5 19 LIDAR DEM 045 1E
H 2% AR U i s AR A ICESat-2 ATLO06.
ALOS DEM,SRTM V3.ASTER GDEM, Jf 4 #
3 B AE N ()3 SR T 1Y e R B R O

W2 25 R 2 W - O WO & 2 805 A U % B i
P A T S A (5 VARG B A e, 45 4 1 5 VA B i ICE-
Sat-2 i} RMSE 48 1§12 4y 0.022 m, A4 ok F oG JiE 22
MAK, @QICESat-2 ATL06 5 LiDAR DEM % &
HLAT W FEAH G HE , BOKS B B =1 . ICESat-2 ATL06
5 LiDAR DEM % % i% 2 & 0.045+0.746 m,
RMSE 50.747 m., ALOS DEM i FEks #E 4 5.284 m,
K B % 2% 1 J& ASTER GDEM, RMSE %} 9.903 m.,
(I B 2 5 e vk 3 it ol ey R 52 25 1 E R L ICE-
Sat-2 ATLO6 ¥ J5 AR 15 25 bl 3 B2 1) 22 Ak i B2 AN K,
B 3% ) 5 K S 0 S0 1 RS D/ TG R A I

il Z 8 DEM £t 4 RMSE ¥ Fifi 25 35 5 (1) 39 Jin 52 20 58
WG R RS SRCEE B K EU ICESat-2
ATL06,ALOS 12.5 m DEM % i 76 18 & 1 1 25 g
PRI DORS B2 358 e, i 7 FT i € L X k1] K S R
+ 458 . SRTM V3, ASTER GDEM & & 2
BT RAS B, (H 15 22 M 5K .

S Xof A A AR AU ) Ak By 5K 58 A
HEAT T VEAH 50 AT, o AH GBI 58 M EHR E B 4 4L T =
%o 3l I T AR i — 80 T LU ICESat-2 M€
T2 RGO R AT LR Sy SRR b X
M RS8R . 2R R R A DEM £ 75
i B 02 18] 43 9 6 1 00 2 BF 20 0 4 /0, 3R B0 43 9
R B L A3 ) o — S0 4 BR JC 42 DEM 0
B R T AR . HR W 25 A 22 U e R R AR
i, A XoF i FE 1L X b R AE R M 7 26 0 RS
JEE B 1 DEM B4 2 — KA1 58k .

% % 30k (References) :

[1] Farr T G, Rosen P A, Caro E, e al. The shuttle radar topog-
raphy mission [J]. Reviews of Geophysics, 2007, 45(2) :
1-33.

[2] Mudd S M. Topographic data from satellites [J]. Develop-
ments in Earth Surface Processes, 2020, 23:91-128.

[3] NASA JPL. NASA shuttle radar topography mission global 1
arc second [DB/OL]. 2013, Distributed by NASA EOSDIS
Land Processes DAAC, DOI: org/10.5067/MEaSUREs/
SRTM/SRTMGL1.003. Accessed 2020-02-21.

[4] NASA/METI/AIST/Japan Spacesystems, U.S./Japan AS-
TER Science Team. ASTER Global digital elevation model
V003[DB/OL]. DOI: org/10.5067/ASTER/ASTGTM. 003,
2019, distributed by NASA EOSDIS Land Processes DAAC,
Accessed 2020-07-5.

[5] ASF DAAC. ALOS PALSAR _Radiometric_Terrain _Cor-
rected_low _res; Includes Material © JAXA/METI 2007[ DB/
OL]. Accessed through ASF DAAC 11 November 2015,
DOT:0rg/10.5067/IBYK3I6HFSVF.

[6] Tadono T, Ishida H, Oda F, et al. Precise Global DEM Gen-
eration by ALOS PRISM[J]. Remote Sensing and Spatial In-
formation Sciences. 2014: 2-4. DOI: 10.5194/isprsannals—11-
4-71-2014.

[7] ADIV, BAAS. TanDEM-X DEM: Comparative performan—ce
review employing LiDAR data and DSMs[J]. ISPRS Journal
of Photogrammetry and Remote Sensing, 2020, 160: 33-50.
DOT:0rg/10.1016/j.isprsjprs.2019.11.015.

[8] Phan V H, Lindenbergh R, Menenti M. ICESat derived ele-
vation changes of Tibetan lakes between 2003 and 2009[J]. In-
ternational Journal of Applied Earth Observation &. Geoinfor-

mation, 2012, 17:12-22.



5 6 4

SEUCEE T HLE LIDAR 19 2E 1 X

175 J3% ey AR KA R P VR4S 1319

[9]

[12]

[13]

[14]

[16]

[18]

Satge F, Denezine M, Pillco R, ez al. Absolute and relative
height-pixel accuracy of SRTM-GL1 over the South Ameri-
can Andean Plateau [J]. ISPRS Journal of Photogrammetry
and Remote Sensing, 2016, 121: 157-166.

National A, Space A. ASTER GDEM dataset in Heihe River
Basin (2009) [DB/OL]. National Tibetan Plateau Data Center,
2013.[National A, Space A. i i il ASTER GDEM %% ¥
#(2009) [DB/OL ] [ Z75 i I B2 5di oy, 2013. ]
Guo Xiaoyi, Zhang Hongyan, Zhang Zhengxiang, ez a/. Com-
parative analysis of the quality and accuracy between ASTER-
GDEM and SRTM3 [J]. Remote Sensing Technology and
Application , 2011, 26(3):334-339.[ & 14, KitA, K IiE
¥, % . ASTER-GDEM 5 SRTM3 $ ¥ Bt ik 4 J X6F 1L 43 #r
[J] @ IEHAR SR, 2011, 26(3):334-339.]
Wu Yuxin, Zhao Mudan, Gao Zhiyuan, et al.
analysis of accuracy of SRTMGLI1 and SRTM V4 in Three

Comparison

Typical Regions of China[ J]. Research of Soil and Water Con-
servation, 2019, 26(4) :36-42.[ 252, 4L f}, & g,
% P E 32K MR X SRTMGLL M SRTM VA RS B % L 43 7
[J]. 7K L ARFEWFE, 2019, 26(4):36-42.]

Zhang K, Gann D, Ross M, et al. Accuracy assessment of
ASTER, SRTM, ALOS, and TDX DEMs for Hispaniola
and implications for mapping vulnerability to coastal flooding
[J]. Remote Sensing of Environment, 2019, 225:290-306.
Zhao Shangmin, Cheng Weiming, Jiang Jingtian, ez a/. Error
comparison among the DEM datasets made from ZY-3 satel-
lite and the global open datasets[J]. Journal of Geo-informa-
tion Science, 2020,22(3) :370-378.[ B [, AW, ¥ 2
K& BRI =5 TR DEM B 5 4 BT i DEM 8l 158
FEXT L[], HuBR {5 BRR 222441, 2020,22(3) :370-378.]
Claudia, C, Carabajal. ICESat validation of SRTM C-band
digital elevation models [J]. Geophysical Research Letters,
2005,32(22):023957. DOI:0rg/10.1029/2005G1.023957.
Neumann T A, Martino A J, Markus T, et al. The ice,
cloud, and Land Elevation Satellite — 2 Mission: a global geo-
located photon product derived from the advanced topographic
laser altimeter system [J]. Remote Sensing of Environment,
2019:233. DOI:0rg/10.1016/j.rse.2019.111325.

Zhang G, Chen W, Xie H. Tibetan Plateau’s lake level and
volume changes from NASA's ICESat/ICESat-2 and Landsat
missions [J]. Geophysical Research Letters, 2019, 46 (22) :
085032. DOT:0rg/10.1029/2019G1.085032.

Narine L. L, Popescu S, Neuenschwander A, e/ a/. Estimat-
ing aboveground biomass and forest canopy cover with simulat-
ed ICESat-2 data [J]. Remote Sensing of Environment,
2019, 224: 1-11.

Wang C, Zhu X, Nie S, et al. Ground elevation accuracy veri-
fication of ICESat-2 data: a case study in Alaska, USA[J].
Optics Express, 2019, 27(26): 38168-38179.

Xu Chunhai, Li Zhongqin, Wang Feiteng, e/ al/. Estimation
of mass balance of Shiyi Glacier in the Heihe River Basin, Qil-

ian mountains during 2000-2012 based on LIDAR and SRTM

[22]

[23]

[24]

[26]

[27]

[28]

[29]

[30]

[31]

[J]. Journal of Natural Resources,2017,32(1) : 88-100.[ #& &
W, R, T B, 45 BT LIDAR.SRTM DEM [ 4%
L1 BT 3 88— PR 1T 2000—2012 48 4 BOF- A4 40 LT ], 1 94
% PR, 2017, 32(1) : 88-100.]

Li Hongyi, Wang Jian, Bai Yunjie, ez a/. The Snow hydro-
logical processes during a representative snow cover period in
Binggou Watershed in the upper reaches of Heihe River[J].
Journal of Glaciology and Geocryology, 2009, 31(2) : 293~
300. [ 4505, Fl, i, 45 . R B e vk i it U SO RS
BRSO LI ] AR, 2009,31(2) : 293-300.]

Li Xin, Liu Shaomin, Ma Mingguo, ez al. Overall design of
the combined remote sensing test for ecological and hydrologi-
cal processes in Heihe River Basin[J]. Advances in Earth Sci-
ence,2012,27(5) :481-498.[ 2537, XA R, B, 5.
T3 A 3 — K S R R A B UL I I 4 3k AR
(1], sbak Bl 2, 2012,27(5) :481-498. ]

Brunt K M, Neumann T A, Smith B E. Assessment of ICE-
Sat-2 Ice sheet surface heights, based on comparisons over the
interior of the antarctic ice sheet [J]. Geophysical Research
Letters,2019,46(22) : 13072-13078.

Nuth C, Kaab A. Co-registration and bias corrections of satel-
lite elevation data sets for quantifying glacier thickness change
[J]. Cryosphere,2011,5(1) :271-290.

Wan Jie, Liao JingJuan, Xu Tao, et al. Accuracy evaluation
of SRTM data based on ICESat/GLAS altimeter data: a case
study in the Tibetan Plateau[ J]. Remote Sensing for Land and
Resources, 2015, 27(1):100-105. [ 7 A, BE# A, 1%,
45 3T ICESat/GLAS 5 B 7400 19 SRTM S K B 314
— LI R X O B LT ] [ 4 B IRE E, 2015, 27(1)
100-105.]

Rabah M, El-Hattab A, Abdallah M. Assessment of the
most recent satellite based digital elevation models of Egypt
[J]. NRIAG Journal of Astronomy and Geophysics, 2017:
S2090997717301190. DOI:0rg/10.1016/j.nrjag.2017.10.006.

Smitha B A, Fricker H, Holschuh N, ez a/. Land ice height—
retrieval algorithm for NASA's ICESat-2 photon-counting la-
ser altimeter[ J]. Remote Sensing of Environment, 233. DOI:
org/10.1016/j.rse.2019.111352.

BredaJ P L F, Paiva R C D, Bravo ] M, et al. Assimilation
of satellite altimetry data for effective river bathymetry [J].
Water Resources Research, 2019, 55(9). DOI:org/10.1029/
2018WR024010.

Monteiro K D A, Antonio carlos de barros corréa. application
of morphometric techniques for the delimitation of Borborema
Highlands, northeast of Brazil, eastern escarpment from drain-
age knick-points[J]. Journal of South American Earth Scienc-
es, 2020, 103:102729.

Colavitto B, Sagripanti L., Jagoe L, ez al. Quaternary tectonics
in the southern Central Andes(37-38° S) : Retroarc compres-
sion inferred from morphotectonics and numerical models [J].
Journal of South American Earth Sciences, 2020,102:102697.

Wu Wenjiao, Zhang Shifang, Zhao Shangmin. Analysis and



1320 R I S S B VA 5 36 &
comparison of SRTM1 DEM and ASTER GDEM V2 Data [33] Zhang G, Shen W, Zhu Y, et al. Evaluation of ASTER

[J]. Journal of Geo-information Science, 2017, 19(8) : 1108~
1115, [ 3CHF, FHFJY, B R . SRTM1 DEM 5 ASTER
GDEM V2 H4ii i xF He a3 #r (7], sk 5 B AR 241, 2017,
19(8):1108-1115.]

Zhongqiong Z, Qingbai W, Xueyi X, et al. Spatial distribu-
tion and changes of Xing'an permafrost in China over the past

three decades[J]. Quaternary International, 2019, 523:16-24.

GDEM in the northeastern margin of Tibetan Plateau in gra—
vity reduction[J]. Geodesy and Geodynamics, 2017, 8(5) :
335-341.

Yue L, Shen H, Zhang L, et al. High—quality seamless DEM
generation blending SRTM-1, ASTER GDEM v2 and ICE-
Sat/GLAS observations[J]. ISPRS Journal of Photogramme-
try and Remote Sensing, 2017, 123:20-34.

Accuracy Evaluation of Remote Sensing Elevation Data in Alpine
Mountains based on Airborne LiDAR

Zhang Huan'*, i Hongyi', Li Haojie'*, Che Tao'"’
(1.Northwest Institute of Eco—Environment and Resources, Chinese Academy of Sciences,
Lanzhou 730000, China;
2.University of Chinese Academy of Sciences, Beijing 100049, China;
3.Chinese Academy of Sciences Heihe Remote Sensing Station, Lanzhou 730000, China)

Abstract: Remote sensing is an essential means to obtain DEM data in areas lacking information. However, due
to the scarcity of field elevation measurements in alpine mountains, it is difficult to verify multi-source remote
sensing DEM data uniformly. New remote sensing elevation data such as ICESAT-2 also lack the correspond-
ing accuracy evaluation in alpine mountainous areas. To solve this problem, we take the Binggou Basin on the
northeast margin of the Tibetan plateau as the research area. Applying the wide range of LiIDAR DEM data ac-
quired by airborne airborne remote sensing to the new product ICESAT-2 ATL06, ALOS DEM 12.5 m, the
new version of SRTM V3 and ASTER GDEM were verified, and the relationship between terrain factor and
RMSE was analyzed. The results show that ICESat-2 ATLO6 can reach 0.747 m in RMSE in alpine moun-
tains. Because of its high precision, it can be used to verify other remote sensing elevation in the data shortage
area. The accuracy of other remote sensing elevation is relatively low. The RMSE of ALOS 12.5 m data is
5.284 m. RMSE of ASTER GDEM V3 version is 9.903 m. The five kinds of remote sensing elevation data
used in this study have a high correlation with airborne LiDAR DEM, with the correlation coefficient between
0.997 and 1.000. Our study also reveals that slope is the main factor affecting the accuracy of remote sensing
DEM. Except ICESat-2 ATL06, RMSE of other elevation data decreases first and then increases with the in-
crease of slope, and there is an optimal slope value for all of them. In view of the typical characteristics of the al-
pine mountains on the Tibetan plateau, the verification conclusions of multi—source remote sensing DEM data in
this region are representative, which can provide an important knowledge supplement for the application and
evaluation of laser remote sensing DEM data in similar areas.

Key words: Remote sensing elevation measurement; [CESat-2;1LiDAR; DEM ; Alpine region



