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Abstract: We have developed a differential absorption lidar (DIAL) with the three-wavelength to measure
temperature profiles in the lower troposphere by using a CO2 absorption spectrum at 1.57 pm. This method needs to
assume atmospheric pressure profiles. The discrepancy between the assumed and actual atmospheric pressure is one
of the error sources for the atmospheric temperature measurement. Therefore, we propose a four-wavelength
CO2-DIAL for simultaneous temperature and pressure measurements. The four-wavelength CO2-DIAL has three
on-line wavelengths and one off-line wavelength. Three DIAL equations that use pairs of the off-line and each on-line
are available. An iterative calculation determines the temperature and pressure at which the standard deviation of the
CO: densities obtained from the three DIALSs is minimized. Iteration errors are less than 0.1 °C and 0.3 hPa, which
are less than the 0.4 °C and 0.6 hPa iteration errors obtained by the three-wavelength CO2-DIAL.
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Fig. 1. Absorption cross-section spectra of CO2 around 1573 nm at Fig. 2. Temperature error (dT), pressure
altitudes of 1 km, 3km and 5 km, and locations of four wavelengths error (dp) and CO2 mixing ratio error
(7\40n1, 7\40n2, 7\.0n3 and 7\.off). (dMR)
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