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Abstract Spaceborne environmental detection lidar, acquiring vertical profiles of environmental information at both day
and night, has become an important remote sensing technology for several countries. After nearly 30 years of
development, this technology has obtained a large amount of global surface information and atmospheric oceanic
environmental information, which has made a great contribution to the rational utilization of earth resources and dealing
with global ecological environment and climate problems. In this paper, the development history of spaceborne
environmental detection lidar is summarized. The key technologies including the space-borne lidar simulator, satellite-
ground validation, and data processing and application are emphasized. The future development directions of spaceborne
environmental detection lidar are discussed. The background knowledge of spaceborne environmental detection lidar and
its key technologies are introduced to help researchers understand how spaceborne environmental detection lidar provides
key data for earth system detection, so that the data accuracy can be better guaranteed and lidar data can be more applied
into earth science studies.
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Table 1 Summary of in-orbit, retired, and under-research spaceborne laser altimeters and atmospheric lidars
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spaceborne lidar system

Spaceborne environmental lidar emulator
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Fig. 1 Spaceborne environmental lidar. (a) Diagram of basic detection principle™; (b) schematic of emulator
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Fig. 2 Signal simulation and retrieval of ACDL HSRL.

backscatter coefficient of perpendicular channel B, ; (c) attenuated backscatter coefficient of molecular channel B,; (d) layer

(a) Attenuated backscatter coefficient of parallel channel B, ; (b) attenuated

information; (e) backscatter coefficient 2,; (f) extinction coefficient a,
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Theoretical measurement error for ACDL HSRL at 1 km. (a) Relative error of backscatter coefficient; (b) absolute error of

extinction coefficient
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Fig. 6

Wind lidar simulation results. (a) Molecular signal distribution; (b) aerosol signal distribution; (c) signal-to-noise ratio

distribution; (d) detection error £ distribution
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error distribution
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Fig. 12 Atmospheric HSRL system. (a) Internal structure
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diagram; (b) optical path'
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Table 2 Validation cases for CALIOP based on ground-based lidar

City Country Location Spacing /km  Length /km  Time /min Datasets
Thessaloniki'*’ Greece 40.5°N, 22.9°E <100 5-105 120 Levels 1&.2
Potenza'*" Italy 40.6°N, 15. 7°E 66.5 5 30 Level 1

Seoul Korea 37.5°N, 6.95°E 5—10 6 15 Levels 1.2
Barcelona' ™ Spain 41.4°N, 2.12°E 77.9 100 30 Level 1
Granada™®" Spain 37.2°N, 3.61°W 67 100 30 Level 1

Praia'*" Cape Verde 14.6°N, 23.3°W 4-487 200-600 66-310 Levels 1&.2
L’ Aquila"! Ttaly 42.4°N, 13.3°E 53-107 15 50 Level 2
Hambuger'™'* Germany 53.6°N, 9.97°E 20 40 30 Level 2
Leipzig ™" Germany 51.4°N,12.4°E 305 40 144 Level 2
Maisach' " Germany 48.2°N, 11. 3°E 55 40 30 Level 2
Athens!™" Greece 37.9°N, 23.6°E 16-80 5-20 60 Level 1
New York' " USA 40.8°N, 73.9°W 30-100 50-100 30-100 Level 1
Mace Head ™ Ireland 59.3°N, 9.9°W 29-60 5-100 5-60 Level 2
Harzgerode'” Germany 51.6°N, 11. 1°E 43.65 5-100 60 Level 2

Notes: spacing 1s the distance from space-borne to ground-based lidar; length is integral length for space-borne lidar; time 1s integral time

for ground-based lidar.
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Fig. 17 Demonstration of aerosol and cloud distribution obtained by active and passive fusion"””. (a) CALIPSO profile and MODIS

radiation data; (b) 3D extended results
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