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Abstract: Measurements of water vapor profiles are very important in the studies of atmospheric dynam-
ics, clouds, aerosols and radiation. Water vapor is the predominant greenhouse gas and its vertical distri-
butions are especially important in the global climate system. Water vapor data would lead to benefits in
numerical weather prediction such as localized heavy rainfall events and typhoon forecasting. We propose
two-beam spaceborne water vapor DIAL with the OPG/OPA transmitter using the absorption line of the
1300 nm band. An error simulation is performed assuming that the platform altitude is 250 km, the
receiver diameter is 0.8 m, the laser energy is 20 mJ, and the repetition rate of the laser shot pair (on-off)
is 500 Hz. It is shown that water vapor profile measurement relative error of less than 10% is possible
between 0-2 km altitudes with spatial resolutions of 300 m vertically and 20 km horizontally in East Asia
in summer.
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Fig. 1 Main links of water vapor in the earth’s atmosphere.
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Fig.2 Absorption cross section of water vapor.
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Fig.4 Schematics of the scan-less two-beam water vapor DIAL.
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Fig. 5 One-day orbit (yellow line) and footprints (red) of two-

beam space borne water vapor DIAL. (Orbit altitude is
250 km, orbit inclination is 35°and nadir angle is 22°)
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Table 1 Parameters of the two-beam spaceborne water vapor

DIAL.
Parameter Value
Pulse energy 20mlJ

(10mJ for each beam)

Repetition rate 500Hz (on/off pair)

Wavelength 1300nm
Telescope aperture 0.8m
Quantum efficiency 50%(APD)
Platform altitude 250km
Ground track speed 7.8km/s
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Fig. 6 Random error of water vapor density for the two-beam
space borne DIAL with spatial resolutions of 300 m/600
m/1000 m vertically and 20 km horizontally with a
summer water vapor profile model over Japan.

Table 2 Remote sensing of environment threshold
requirements for spaceborne DIAL.

Parameter Requirement
Altitude range (km) 0-5 5-10 10-16
Vertical resolution (km) 1.0 1.0 2.0
Horizontal integration (km) 100 150 200
Random error (%) 20
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Fig. 7 Random error of water vapor density for the four wave-
lengths space borne DIAL using the parameters summa-
rized in Table 2 with a tropical water vapor profile model.
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