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Differential Absorption Lidar (DIAL) measurements of ozone have been made
for a number of years, but the recent development of high powered lasers in
the ultraviolet now allow for ground based measurements in the 40-45 kilometer
regime. Tunable XeCa lasers with low divergence and high output powers are
now commercially available and are the main laser systems proposed for strato-
spheric 0^ measurements from the ground or from space.

A DIAL instrument consists of a transmitter, wh-ich emits two wavelengths
("on-line" and "off-line") into the atmosphere, and a receiver, comprising a
telescope, wavelength separator, and detectors. The scattering medium can be
a topographic target or atmospheric scattering (Mie or Rayleigh). If atmo-
spheric scattering is used, range resolution is achieved by time gating the
detector electronics relative to the transmitted laser pulse. The attenuation
due to ozone (and therefore its number density) can be extracted from a com-
parison of adjacent range cells.

The lidar equation for the absorption of backscattered radiation can be
written:

where

^xZ = the number °f counts received at wavelength x from a distance Z.

10 = the number of photons emitted at x.

e = the total detector efficiency at wavelength x.

A = the area of the receiver telescope.

N(Z) = the number of scatterers as a function of Z within the range

cell.

o$x = the scattering cross section at wavelength x.

o = 2[nn on , + n (Z)ci ,] where nn and n are the number densities
U-j U^X S SA U^ S
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of ozone and atmospheric scatterers respectively.

Z = the range from the detector.
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Ratioing the returns from adjacent range cells for both the on-line and
off-line wavelengths and rearranging we can arrive at:

*n p^ = («. - a,) AZ (2)
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where the first subscript refers to the wavelength (1 = on-line, 2 = off-line)
and the second subscript refers to the range cell. It is apparent from equa-
tion (2) that all the instrumental parameters have dropped out of the expres-
sion.

Measurements of stratospheric ozone using the DIAL technique have been
performed by a number of different groups. Heaps, et al. measure ozone from
a balloon-borne package using a frequency doubled dye laser tuned to an OH
absorption line. The purpose of these measurements is to provide a correction
to the atmospheric transmission at the OH absorption frequency.

Uchino, et al.,^ Pelon and Megie,^ and Werner, et al.4 have all made mea-
surements of stratospheric ozone from the ground using XeCa based lidar sys-
tems. The French group have also made 0^ measurements with a dye laser lidar.

Werner, et al. have made measurements up to 50 km in and claim that the
statistical error in their measurements is less than 1%. All night integra-
tion is required to achieve this accuracy above 40 km. The reference wave-
length at 338 nm, was generated by Stimulated Raman Scattering in methane.
The instrument was situated at the summit of the Zugspitze.

Pelon and Megie have reported measurements from the Observatoire de
Haute-Provence also using XeCa for the on-line frequency. This group used a
tripled Nd-YAG (355 nm) for the reference wavelength. Ozone was measured
between 25 and 50 km. Error bars above 40 km were greater than 15-20% and
increased rapidly with altitude.

Uchino, et al. have also published results based on a low energy, low
rep-rate XeCa laser up to an altitude of 30 km with error bars of approxi-
mately 50%. They indicated that later measurements would be made using a more
powerful laser system.

In addition to these groups there are two others, one at JPL and one at
6SFC, which are preparing to make measurements of stratospheric ozone from the
ground with XeCs, lidars.

Beyond the ground based systems a XeCa Hdar system has been discussed
for the EOS platform. This system would be capable of measuring ozone pro-
files down to the ground.
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