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Detection of wave height in the South China Sea with ICESat-2
photon-counting lidar
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Abstract: In September 2018, NASA launched ICESat-2 (Ice, Cloud, and Land Elevation Satellite -2) which carried
the unique spaceborne photon-counting lidar system ATLAS (Advanced Topographic Laser Altimeter System) in orbit
so far. The lidar has the characteristics of multi beams, high repetition rate and high ranging accuracy, and has great po-
tential in obtaining high-precision and high-resolution wave parameters. In this paper, an optimized algorithm based on
point density with adaptive thresholds is proposed to extract sea surface signal photons, and a method based on sea sur-
face geometry shape to calculate the significant wave height value of sea wave, which proves that the significant wave
height value that is consistent with the NASA marine product’s can be obtained by using photon data with a length of 1
km, better than the NASA’ s 3-7 km wave height data resolution. Significant wave height data is used to generate a
wave height space distribution with 0. 2°x0. 2°grids in the South China Sea, and analyzes the spatial distribution charac-
teristics of significant wave height and the law of its variation with time. It shows that the significant wave height values
of the sea area around the Zhongsha Islands and the Luzon Strait are larger throughout the year, while the values of the
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Beibu Gulf, the Natuna Islands, the Sulu Sea and the Celebes Sea are smaller. The changes of wave height and wind

speed with time in the South China Sea are highly synchronous, indicating that the wave in this area is mainly driven by

wind. The quantitative relationships between the significant wave height and wind speed in nearshore shallow water and

offshore deep water are given respectively in combination with the wind speed data of ERAS, and proves that the signifi-

cant wave height of the deep water is greater than the shallow water under the same wind speed. With the help of ICE-

Sat-2 photon-counting lidar, higher resolution wave height space distribution can be obtained, especially accurate wave

heights in nearshore shallow water area, which can fill the space and time gaps of other observation methods of wave,

that is helpful to the optimization of wave numerical model and the oceanographic research.

Key words: photon-counting lidar, ocean surface detection, signal denoising, significant wave height
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Fig. 1 Point cloud diagram by visualizing ATL03 data. The red dots represent photon events detected by the ATLAS, with the hor-

izontal coordinate indicating the along-track distance corresponding to the acquired photon, and the vertical coordinate denoting the

elevation value derived from the time-of-flight of the detected photon.



4 AN RSP SN g 2 ¢

XX &

Sz e I E i X 3R IR B o o
Th, =, + 30, (1)
(C) 43 AR 5 DX ST 75 X O 1) o5
o TR SRR, B RS S SRR )
s H R, MM A B AT LR IR, T3
TS5 125 RS 5 2 8 X 43 B, T DA 36 P [ 41
B R I A0 e ) Kl S v s 1 AT, IR R ICE-
wz%&ﬁ*ﬁﬁ%ﬁéﬁ#&&l%ﬁi%%
[ %) 4 Bl 3% B 20 mo ICESat—2 (306 5 ik
Fa M 1.5 ns, XN A S RRIEZL N 0.2 m, EJH:ZIUCH%
%I%%%k&ﬁﬁo4mo%A%ﬁ%mﬁﬁ¢

6T BRI ZOE 7 B8 BE AR . MRS X 2
JEE 1) die KAB A ik — %%%mmﬁmwk A
(RS2 FE I Y, b PR IS REAT 21 8 0 18 H {5 5
T

(2)

Height (m)

6 1000 2000 3000 4000 5000 6000
(c) Dlstance along track (m)
- -H3|ght hlstogram .

—Fitted curve
Signal lower limit

@ |---Signal upper limit
Q i
=
o
B
b5
E
E 50
=4
E
k=S
1)
0 ' T |
6 8 10 12 14 10|

Height (m)

(d) Distance along track (m)

4800 5000 5200 5400 5600

(D)ARICT —BeAy K 2 300 m A %Sde , 42 20
BR(B)=(C), HHX —HE> K BL ATLO3 £ 47 #5 4b 2
SEHE L XA ELE AR NI 2(b) TR, AT LR
BUTHIRA — B 53 25 BB AR O TR A T
55

(E) R 7 2L PR K AU K R 7k
VRIS 3 1A 2 L R A M 75 T, FH v 407 e 800

T A 2 15 15 SO0 F i s R A AT LG .
LA A3 20 0 =120 1337 DK bR #E 2% o=
0. 3004, = PR TE X 8] [, ~30,, p,+30, FEFEIN 16
TR EANFHAE ST Al kBG4
NP 2(c) I, 85 6 R LR LR (R 2053 1R 50
T AR BT DX A R R B BR . SR AR IR i
T {5 5 06T W& 2(d) F (e) Y LL A B g iz, 7]
LA 33X — 25 A R T b — 25 b ¥ 2 B R 1Y

®) O PRI 0O R 0 TR 7 s

Sr nal photon/}
S -Ef,“\-&

Height (m)

6 1000 2000 3000 4000 5000 6000

AP i

Nonse photon
- Signal photon
—Sea surface proﬁler

\v‘ Sai

e
A B A

L AT

Height (m)

Tz 1000 2000 3000 4000 5000 6000
L _Distance along track (m)

Distance along track (m) e
2 ARG EE 56T FIER LR M55 Y P ) 45 R B BT« () Sk T (B) R4 1 5 IR A I I O 2285 L 5 () 3355 3R (D) A 3 Y
S0 (o) mH A 25205 () B ZAR I I T 5 50 TR TR 5 (o) SR IREE L 10 R RO

Fig. 2 Results of steps in the algorithm for obtaining sea surface signal photons and profile: (a) Results of the step (B) in the algorithm

after dividing signal and noise areas; (b) Results of the step (D) in the algorithm; (¢) Results of the Gaussian fitting; (d) The obtained sea surface

signal photons and profile; (e) The locally magnified view of the extraction results
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Fig. 3 The consistency verification results between the significant wave height calculated in this paper and the significant wave
height of ATL12 product: (a) The length of along track data for calculating significant wave height is 1 km; (b) The length of along track data for
calculating significant wave height is 2 km; (¢) The length of along track data for calculating significant wave height is 3 km; (d) The length of along

track data for calculating significant wave height is 5 km
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Fig. 4 The point cloud and processing results corresponding to data with significant deviations compared to ATL12: (a) Visualized

point cloud from ATLO3 raw data and the corresponding processing results; (b) The locally magnified view
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Fig. 5 The spatial distribution of the number of samples of significant wave height and significant wave height values in the South

China Sea from 2019 to 2022 obtained by ICESat-2: (a) The spatial distribution of the number of samples of significant wave height; (b) The

spatial distribution of significant wave height values
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Fig. 7 Time dependence of significant wave height and wind speed in the South China Sea
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