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Polar application practice of Chinese satellite laser altimetry data
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Abstract: Polar regions play a crucial role in the global climate system, serving as indicators and amplifiers of climate
change. Their unique geographical environment and climate processes have a significant impact on the Earth system.
Laser altimetry technology, with its sub-meter or even centimeter-level measurement accuracy, has received much atten-
tion in polar research. In recent years, the number of satellites carrying laser altimetry payloads in China has gradually
increased. However, there are few polar studies based on the altimetry data from Chinese satellites. This paper first ver-
ifies the polar elevation accuracy of domestic satellite laser altimetry data using reference terrain. The results demon-

strate that the laser data from GF-7 and ZY-3 03 satellites achieve accuracies better than 1 meter in polar regions, while
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the the Terrestrial Carbon Monitoring Satellite exhibits an accuracy of approximately 1. 2 meters. Subsequently, laser al-

timetry data is employed to assist in constructing three-dimensional polar terrain from stereo imagery, with the resulting

topographic products meeting the cartographic standards for 1:10,000 scale topographic maps, thereby validating the ef-

fectiveness of the composite surveying and mapping method in polar regions. Finally, multi-source laser altimetry data

is integrated to calculate ice sheet surface elevation changes, revealing the application potential of domestic satellites in

polar change monitoring. This study comprehensively evaluates the polar application capabilities of domestic satellite la-

ser altimetry data from multiple perspectives, providing critical references for future large-scale polar research utilizing

domestic satellite data.

Key words: Satellite laser altimetry, Polar applications, Three-dimensional terrain construction, Elevation change

monitoring, Application potential assessment
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Fig. 2 Accuracy validation results of GF-7 laser altimetry data before and after screening. (a) Raw data;(b) filtered data
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Fig. 3 Accuracy validation results of ZY-3 03 laser altimetry data before and after screening. (a) Raw data;(b) filtered data
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Fig.4 Accuracy validation results of TECIS laser altimetry data before and after screening. (a) Raw data;(b) filtered data



6 LT 5N 5 B K k2

XX &

RS R T DR TR PSR A U, B
PRBHRE TR 8 5 & B 5 TR R EGHE L {H 1R
At 2 BH 5 4B 5 TR OGN i R ST b 3R e AR
N2 T S A AR, AT LA AR EBCRE SRy 200 ) A0 i b
=%

PRAT 1 128 36 K5 5 3630 T/ % F REMA S48 1
NZ%  REMA B A B AAAEZ) 1 m By SRR 22, T
DASIE B L 7 T 9 ) v 0 A T R DX
FERG B R Z AL F A SRS 5, 58 4 mT AN FH -+
e i 7 K = AR A N ) B 3 VK 25 2 T 7 A
AR VIR 4y S5 ST A RIE 5T L 56 23 SR ) 2 1) [
77 T PO 0 7 B A R s IX 3 ) BB Ak AT A
BER B A 2 18], fa] B 2R G v 22, 4 v 2K
AR B AT S R AR 9T A 0%

3 RESHEZ4EmTEARE

3.1 Z#maER*E

DAL ST A S 8 8 A0 ) A i v PR AR Y (Diigi-
tal Elevation Model , DEM ) 7 fify — it 75 22 Ak SE 0 5
DEAE R i A, (A AR, DX R RIS SR B Al 4% il
SAEARTIAT AE R A 4 s 59 RO, ot
D B50H 4 0z v FH T B v A 2R M 7 1Y v
FERE I

1o 235 TR T[] I SRS A4 27 B AR R
pRINEE I N -3 S ARSIV L Sy~ 2L S5
D v KA A ] 3 1 %) b B R 2 . AR SR
& L5 TR TE 2021 48 11 HERAE MRS IX
WO ARE T BRSO W, T a5 B
G, VAR BBOG I & 8 s V8 S 45 5 s |, Sl B Sr
TR SZAR DX - 2% |, AT A5 e ) 28, $25t
ST AR P B2, 428 5150 A DE 412 J00 s 4 114

16°30'0"W 15°0'0"W 13°30'0"W 12°0'0"W
L f 1 N

80°0'0"SA

[80°30'0"S

80°30'0"SH

Fs1c00"s

81°0'0"S]

0510 20
]
19°30'0"W  18°0'0"W  16°30'0"W  15°0'0"W  13°30'0"W

5 mb X GE-7 T2 ST AR Ko B

DEM . J#OG ws edha=R A s 75 95 2647 07 o , £ B
TR AR DAy e A A A

WO RAE R ETAR L BB AR E AT, Rt n]
A 3 A R AN ST VAR S AR 8] 1) i JEE IC T 22 17 3¢
BOBOC ARG AR L ARG B G AR bR, SE B T
PO v bl 4 e R A

1) DX o I 22 o fd P e - S XU I
RS AGHE 1400 i DX IR, SR PR i DC E B30 7R R B
BB AT R BRI A . MU RDEIRIE 22
ORIt A i 122 , 5 B DX 10 52 450 v A L A
XIRE T, A I SRR P 22 SR B L S ifi

2) 1 E WOt FAE LIRS AR BB R m AbR .
It 5 ARG B0 1) 22 205 JE AR AR ML ELAE R BN R B
PR AR, BB FHHOE 2 4 B AR AR AR BGRO I
19 AR 18 L BRI AS T A s, PRI 55 [
A /N BN, X ESEAAR 5 SR AR A T e /N — 5
DEC , 3 i e/ — 3 DT e 7 vk T LAIK 310G 3R i)
DCRCRT B, TS HOL AR MERR R R AR AR, 1 T 3R R
PR AR I B AR AR DT R . i T L B AR
Ir WS SLASAGAN R, R D BE I 75 B0 SR AR
FORFEAE 3.2 m, PURIEVEBCRCR o 73R HUE Ak
PRI DT REIR , o E RO ST R ENAR B R
AR TSR G OB R R AR S AR B R T
b o

3)WOLI i A S E AR AT 22 . RAE K
S R A = A L O AL AR Y
PGSR AL 5 O R = 4R AR AR R AR T LA
PREIBE P 22T a5 s R Ak 25 EA T
SR o e B LT A AR A T A, SR TR AR
AT SRR LT R . e 8 TR BT A 5%

16°30'0"W 15°0'0"W 13°30'0"W 12°0'0"W

N

A

[80°30'0"S

80°30'0"S4

GF-7 DEM

With laser control
Elevation
P Hig 4m
81°00"5 0 510 . 20 Kilometers
bttt M Low:131639m

19°30'0"W 18°0'0"W 16°30'0"W 15°0'0"W 13°30'0"W

Fig. 5 GF-7 satellite stereo images and laser altimeter in the Antarctic
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Fig. 6 Verification Results of GF-7 DEM Accuracy in the Antarctic. (a) Laser altimetry for elevation control point GF-7 DEM ac-

curacy verification results;(b) Uncontrolled GF-7 DEM accuracy verification results;
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Table 5 Statistics of Antarctic surface elevation changes based on crossover points

A0y B ik IR R H/m I ICH AL E/m P /m ARG H A m -2
2004 62 0. 824 -2.092 -0.659+1. 17 -0. 034=0. 006
2005 47 1.007 -2.299 -0.603+1. 17 -0. 036=0. 009
2006 41 1.419 -2.205 -0.712+1. 17 -0. 042+0. 011
2008 42 0. 765 -2.118 -0.821x1. 17 -0. 055=0. 012
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Figure 8 Surface elevation changes in the experimental area (a) Surface elevation changes from 2004 to 2024; (b) Surface eleva-

tion changes from 2005 to 2024; (c) Surface elevation changes from 2006 to 2024; (d) Surface elevation change from 2008 to 2024
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