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Error analysis in temperature measurement technique using CO,-DIAL
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Abstract: Error analysis of the temperature measurement method by the CO2-DIAL using three wavelengths is
discussed. The third wavelength around 1573.04 nm minimizes the temperature error due to the iteration method. The
laser fluctuation of £10 MHz maintains the temperature error within £0.35 °C at 3 km altitude or less. The absorption
cross-section is calculated by estimating the atmospheric pressure distribution. The temperature error is
about -0.5 °C/hPa for the atmospheric pressure estimation error at around 3 km altitude. We can use high-reliability
objective analysis and reanalysis pressure data in areas where radiosonde stations are in high density. Moreover, we
conducted a validation experiment at the Tokyo Metropolitan University Hino campus to compare the three-wavelength
DIAL measurements with in-situ sensor measurements. This result is within the range of the above temperature error
and demonstrates the utility of the atmospheric temperature measurement using CO2-DIAL.
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Fig. 1  Absorption cross-section spectra of CO2
around 1573 nm at altitudes of 1 km, 3km and 5 km.
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Fig. 2 Temperature analysis error AZuw. due to

iteration method at altitudes of 1 km, 3 km, and 5 km,
respectively.
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Fig. 3 Temperature measurement error using the OPG
transmitter with spectrum width of 280 MHz and
frequency stability of 10 MHz.
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Fig. 4 Experimental site set-up during the verification
of CO2 concentration and atmospheric temperature 3:00 4:00 5:00 6:00 7:00 8:00 9:00

. . Local time
measurements from the CO2 DIAL and in-situ sensors.
Fig. 5 Comparison of temperature measurements from

the CO2-DIAL and in-situ sensor (TR-72Ui) at 10 min
average intervals.
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