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with laser frequency offset locking technique and column-integrated
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1. Introduction
Global spatial and temporal variations of the
CO2 concentration are important to understand
the carbon cycle and to estimate the carbon flux.
Spaceborne measurement is a promising
approach to globally measure the temporal and
spatial distribution of CO2 concentration (XCO2:
column-weighted dry-air mixing ratio of CO2).
Global sensitivity experiments have indicated
that spaceborne measurements with a bias-free
high precision less than 1% can help improve
the accuracy of CO2 flux estimates [1-3]. In
January 2009, the Greenhouse gas Observing
SATellite
(GOSAT)
[4]
equipped
with
spaceborne passive sensors was launched to
monitor the global total column CO2
concentration continuously and the Orbiting
Carbon Observatory-2 [5] will be also launched
for the same purpose no later than February
2013. The passive sensor is affected by
aerosols and thin clouds: those presences
modify the optical depth and XCO2 data could be
biased easily.
Differential absorption lidar (DIAL) is regarded
as one of the next-generation spaceborne
sensors to measure CO2 concentration and
has the potential advantage of providing a
high measurement accuracy. 1.6-μm and 2μm DIAL systems have been developing by
various research groups [6-13].
The
weighting function of CO2 absorption cross
section indicates that the spectral region of 2μm is suitable for lower tropospheric
measurement. We developed a coherent 2-μm
differential
absorption
and
wind
lidar
(Co2DiaWiL) with laser offset locking technique

to make long-range CO2 measurement. In this
paper, we present improvements of the
Co2DiaWiL for a long-range CO2 measurement
and also describe examples of vertical
measurements.
2. Coherent 2-μm differential absorption and
wind lidar
Specfications and a block diagram of the
Co2DiaWiL are shown in Table 1 and Figure 1,
respectively. The Co2DiaWiL has three diodepumped single-frequency continuous-wave (CW)
Tm,Ho:YLF lasers, a Q-switched Tm,Ho:YLF
laser, a Mersenne off-axis telescope with a 10cm aperture, a two-axis scanning device, two
heterodyne detectors, and signal processing
devices.
The single-frequency Q-switched
Tm,Ho:YLF laser with an operating wavelength
of 2.05 m demonstrates an output energy of 80
mJ with a pulse width of 150 ns (FWHM) at a
pulse repetition frequency of 30 Hz.
The
Tm,Ho:YLF laser rod in the pumping cavity,
which is placed in a vacuum container, is sidepumped by 12 InGaAs/GaAs laser diode arrays.
The laser rod and the diode arrays in the
pumping cavity are conductively-cooled to 80 °C and approximately 20 °C, respectively.
The Q-switched Tm,Ho:YLF laser uses the
injection seeding for obtaining single frequency
operation.
The three diode-pumped singlefrequency CW Tm,Ho:YLF lasers (MOs) are
used for the injection seeding and referred to λcenter, on-line, and off-line lasers.
The
wavelength of the λ-center laser is set at
2050.967 nm to correspond to the R30
absorption line center of CO2. The frequency
stabilization of the λ-center determines the
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5. Conclusion
A coherent 2-μm differential absorption and wind
lidar with laser offset locking technique was
developed
to
make
long-range
CO2
measurement.
The laser frequency offset
technique can be set in the range of 2.5 to 6.5
GHz and it enabled to make long-range
horizontal and vertical CO2 measurements.
Experimental slant and vertical measurements
were carried out to investigate XCO2 in February
2010. The Co2DiaWiL detected aerosol layer
and clouds at altitudes of up to about 11 km.
The XCO2 for the integrals between the ground
and 1 km, and 10.5 km were 408.9 ppm and
391.0 ppm.
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