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Abstract: After more than five decades of development, sat-
ellite altimetry has gradually become an important space-
based Earth observation technique integrating low-resolution
pulse-limited radar altimetry, synthetic aperture radar (SAR)

altimetry and its interferometric mode (SARIn) , wide-swath
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interferometric radar altimetry, and laser altimetry. It has
been widely applied in geodesy, oceanography, geophysics,
hydrology, and cryosphere science, contributing substantially
to studies of sea-level change, marine geoid and gravity field
determination, mean sea surface modeling, seafloor topogra-
phy inversion, mesoscale and submesoscale ocean dynamics,
inland water-level monitoring, sea-ice thickness estimation,
and mapping of elevation changes in glaciers and ice sheets.
This manuscript summarizes the development of satellite al-
timetry through representative missions, including the TO-
PEX/Poseidon series, ERS series, SARAL/AltiKa, Cryo-
Sat-2, Sentinel-3 and Sentinel-6 series, SWOT, ICESat/IC-
ESat-2, and China’ s HY-2 series. The basic principles,
technical characteristics, and evolution of the major altimetry
techniques are summarized, with particular emphasis on the
transition from low-resolution pulse-limited altimetry to high-
resolution SAR/SARIn altimetry, from conventional one-di-
mensional nadir measurements to two-dimensional wide-
swath imaging, and from full-waveform laser altimetry to pho-
ton-counting laser altimetry. Their observational advantages
and applications over the open ocean, coastal zones, inland
waters, and the cryosphere are also summarized. The manu-
script further discusses the continuity plans for current opera-
tional altimetry missions and forthcoming missions such as S3
NG-T (Sentinel-3 Next Generation Topography) , CRIS-
TAL (Copernicus Polar Ice and Snow Topography Altime-
ter), and EDGE (Earth Dynamics Geodetic Explorer). Over-

all, satellite altimetry has evolved into an integrated observing
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system in which multiple measurement techniques provide
complementary capabilities. Observations are progressing
from low-resolution, single-track nadir measurements toward
higher-resolution along-track observations and two-dimen-
sional swath imaging, while observation targets have expand-
ed from the open ocean to coastal zones, rivers and lakes, sea
ice, ice sheets, glaciers, and land surfaces. Looking ahead,
future developments in satellite altimetry are expected to focus
on four major directions: (1) higher-frequency radar measure-
ments and multi-frequency joint observations; (2) two-di-
mensional imaging and multi-swath mapping; (3) multi-satel-
lite constellations with enhanced temporal sampling and spa-
tial coverage; and (4) coordinated and integrated observa-
tions across multiple missions. Through the complementary
use of different frequency bands, measurement techniques,
and satellite missions, these advances are expected to further
improve measurement accuracy, spatiotemporal resolution
and coverage, and long-term consistency, ultimately support-
ing the development of an integrated global satellite altimetry
observing system capable of high-precision and high-resolu-
tion measurements over a broad range of surface types.

Key words: satellite altimetry; laser altimetry; synthetic ap-
erture radar altimetry; wide-swath interferometric radar altim-

etry; sea surface height
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Fig. 1 Schematic of Radar Altimetry( Low-Resolution Pulse-Limited Radar Altimetry, Synthetic Aperture Radar Altimetry,
SWOT Wide-Swath Interferometric Radar Altimetry)
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A FLAE T 8 T 5 0 i (synthetic aperture radar in-
terferometry, SARIn) = T/EA . Hrp  LRM $
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WL AE 77, BF 5% % W] ICESat-2 nf 3% BUFE & {2 6 m
T3 AT RO A s Tl s, JH 22 3k R0 8 Tz i
Tt T Y, SR T A e A SR AN K Bh g a RE O R
BT UL A B

ST OG0 R G A /N A 3 A T R R
W BE T UKV B 2 A M Py i 7K A 7 A SR 0 R i
e AR AR T R R T R LR B E S S 2 A
T3 MRS R, 4 BRGE 2 W BE H A7 A — /2
Jay PR .

3 RERMNSIEHNEESR

3.1 LEALETEFTENZES

N0 i T A AN Wi k2 JR f ] B, B R R e AT
FRAH 2 BREET- 171 30 M 00 AL 55 Ak T i LI (1 B
HE55 o A ERP- Mg - T A2 AL BIF TR T/ P b He i 2%
TR R I B 3 8 v A 2 A 1T e 0L 0 ) g
3 M7 R B A T AR AE | T S IR A I P9 T o



5 51 &5 5 )

G VA LRI ORI R 5 R R R 21

is / LT 1]
s%
ot

ikl

(a) ICESat/GLAS

@
ot |
Jik e

(b) ICESat-2/ATLAS

B2 HAMNEANEEREE
Fig.2 Schematic of Laser Altimetry
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CryoSat-2 K #2211 55 B Hb vk HE
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