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Proposal on differential absorption measurement of water vapor over the sea using ground
transmitters and a satellite receiver

Makoto ABO, Chikao NAGASAWA, and Yasukuni SHIBATA
Tokyo Metropolitan Univ., 6-6 Asahigaoka, Hino, Tokyo 191-0065

Abstract: Water vapor data would lead to benefits in numerical weather prediction such as localized heavy rainfall
events and typhoon forecasting. We propose a differential absorption lidar (DIAL) using ground transmitters and a
satellite receiver for water vapor measurement over the sea to prevent disasters caused by heavy rain. An error
simulation is performed assuming that the platform altitude is 250km, the receiver diameter is 0.8m, the laser energy is
200mJ, and the repetition rate of the laser shot pair (on-off) is 500Hz using the absorption line of the 1300nm band. It
is shown that water vapor profile measurement relative error of less than 10% is possible between 0-2km altitudes with
spatial resolutions of 300m vertically and 40km horizontally for the subtropical water vapor model.
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Fig. 1. Schematics of the proposed water vapor DIAL system using a ground transmitter and a satellite.
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Fig. 2. One-day orbit footprints (red) of the satellite and coverage area of two ground stations (Nagasaki and
Tanegashima). Orbit altitude is 250km and orbit inclination is 35deg.
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Table 1. Parameters of the water vapor DIAL using a ground
transmitter and satellite.
1
Pulse energy 200 mJ I I k
Repetition rate 500 Hz (on/off pair) r
Wavelength 1336 nm oL . . . . .
Absorption cross section (On) 1x10-27 m? 0 10 20 30
Receiver effective area 0.5 m? Error (%)
Beam reflector effective area 0.2 m?
Beam reflect efficiency 2.8% Fig. 3. Random error for the water vapor DIAL
Detector quantum efficiency 50% (APD) using a ground transmitter and satellite with
Satellite altitude 250 km spatial resolutions of 300m/600m/1000m
Ground speed 7.8 km/s vertically and 40km horizontally for the
Vertical resolution 300 m subtropical water vapor model.
Horizontal resolution 40 km
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