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Abstract The concentration of atmospheric water vapor decreases sharply as the attitude increases. In order
to obtain an accurate distribution of water vapor in atmosphere, a spaceborne range- resolved differential
absorption lidar (DIAL) of multiple wavelengths emission is designed. Four wavelengths are identified with
small diffeerences in wavenumbers, and with different water vapor absorption cross sections, where three
wavelengths with larger cross sections are considered to be signal beams, and the last one with smaller cross
section is called the reference beam. Divided into three groups, the concentrations of water vapor at different
elevations can be segmentally detected. The echo signals of the four wavelengths are simulated. To verify the
performance of water vapor profiles detection, the random systematic relative errors of three groups
detections of DIAL from spaceborne platforms in daytime and nighttime are evaluated. The analysis shows
that, under relative error less than 20%, water vapor profile measurement is possible under troposphere (less
than altitude of 12 km) in daytime, and under the bottom of the stratosphere (less than altitude of 15 km) at
night. It is theoretically and preliminary proved that the multiple wavelengths spaceborne range-resolved DIAL
has the ability of accurate detection of water vapor concentration distributions in troposphere.
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Fig.1 Water vapor number density distribution from US Fig.2 Water vapor molecule absorption cross sections with
standard atmosphere different emission wavelengths
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Table 1 Instrument parameters of water vapor detection DIAL system

Parameter Value
Satellite Orbital altitude /%(m 400
Velocity /(km+s™) 7
935.685 (X))
Wavelength /nm g;gggé E;\\j;
936.242 (A,)
Laser Vertical range resolution /m 300
Horizontal resolution /km 15
Repetition rate /Hz 25
Pulse energy /m] 100
Divergence angle /mrad 0.1
Telescope Telescope diameter /m 1
Field of view /mrad 0.2
Optical efficiency 0.6
Detector Detector quantum efficiency 0.14
Filter bandwidth /nm 0.5
Daytime background /(W +c¢m™+nm) 0.2
Atmospheric Nighttime background 0
Atmospheric optical thickness 0.5
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Fig.3 Echo signals of water vapor spaceborne range—resolved DIAL
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Fig.4 Relative errors of water vapor concentration of spaceborne range-resolved DIAL in daytime and nighttime detections
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