


that are easier to grind. It consists of a concave prolate
ellipsoid as a primary and a convex sphere as a
secondary mirror. The small dimension and
symmetrical  design  contributes to  minimize
misalignments and drifts due to temperature changes
and rough environmental conditions. An adjustable
aperture is located at the focal point in between the two
mirrors. The light is bent by 90° and collimated into a
30 mm beam by a torical mirror behind the primary
mirror.
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Fig. 2 Geometrical compression for the off axis
configuration with 1 resp. 2 mm aperture

The directly attached detection box serves for
separation of wavelengths in 7 channels plus one for
polarization. It moves together with the whole receiver
while scanning the line of sight. In the present setup it
houses dichroic mirrors and narrow bandwidth (0.1 -
0.3 nm) interference filters for wavelength separation.
The light is focused by lenses behind each filter and
hits the detectors which are attached on threaded ports.

Ultraviolet and visible light is detected by Hamamatsu
metal package photomultiplier tubes. An avalanche
diode with 3 mm surface detects the fundamental
signal. All detectors and external high voltage supplies
are made and packaged by Licel.

A photon counting computer board records all four
Raman signals. Each detector has a wide band
amplifier right behind. The board has integrated
discriminators and counts with 800 MHz. The
minimum accumulation time is 200 ns plus 50 ns dead
time for data storage, which adds up to a resolution of
250 ns (37.5 m). Signals can be accumulated onboard.
This design allows for a sufficient onboard data
reduction for the 1 kHz repetition rate of the laser.

The 20/40 MHz analog to digital converters (ADC’s)
for the elastically scattered signals follow a completely
new design. In the dead time between the signal
recording and the next shot, each single signal is
transferred to the computer via a high speed interface.
All signal treatment, accumulation and storage are done
in the computer. This gives high flexibility in
evaluation of data. In the present design of the lidar the
ADC has four channels sampling at 20 MHz with 4000
or 2000 measurement points each. The data is

transferred shot by shot to the computer at a rate of 1
kHz and is processed instantly, saved or accumulated.

3. DATA EVALUATION

The basic data evaluation for the lidar is devided in
aerosol backscatter, acrosol extinction, depolarization,
ozone-Raman-DIAL, water vapour Raman and
pollution height. The lidar formula for the
backscattered signal intensity I, which depends on

wavelength A and the distance 7, can be expressed as:

»
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in which « is the extinction and (3 the backscatter

coefficient. The constant C combines all device
dependent parameters. It is in particular proportional to
the telescope area and the geometrical compression,
which is plotted for the system in Fig. 2.

Scatter coefficients for elastically backscattered light
consist of a Rayleigh, an aerosol and an absorption
part.

a(l", ﬂ') = aRay + aAbs + aAer

,8(!’,/1) = ﬂRay +ﬂAer

The factor / in the exponent of (1) is 2 in this case. In
order to solve (1) for the aerosol backscatter, all other
unknowns must be substituted or estimated. The
Rayleigh backscatter and extinction coefficient differs

by a constant factor (S, =3/87)a

2

Ray) and can

easily be substituted. For the aerosol coefficients, this
procedure is not possible. That is why the “lidar-ratio”
is defined and of particular importance.
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The result of the inversion is the backscatter ratio.
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After substituting (3) and (4) into (1) we have to solve
a Bernoulli-equation [4] and get the :
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F(7) combines all required parameters including the

lidar ratio. The backscatter ratio r, is calculated with a
Mie-scatter approach. When the aerosol is sufficiently
homogeneous in the free troposphere, it can be derived
from the signal itself [5]. Downward integration gives
a more stable answer to the problem [6] and better
predictability of the boundary values.
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Fig. 3 From left to right: backscatter coefficient for 532
nm, 1064 nm and depolarization in Mexico City,
April 28,2003, 6 am
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Fig. 4 Backscatter coefficients at 532 nm for the
nighttime planetary boundary layer in Mexico
City, April 28, 2003

For the Raman return signal, the factor / in (1) is 1.
Instead we have to consider the wavelength shift in the

backscatter process: a(r ﬂLas) (r,ﬁ, ) The

‘Ram
backscatter coefficient in (1) has to be replaced by the
Raman coefficient for the relevant molecule:

Bran (1

Las) . For the aerosol extinction we get [7]:
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For the ultraviolet signal molecular absorption by
ozone has to be considered in part C of (6).
Radiosondes closest in time are used to calculate the
Rayleigh extinction and the density. The main error
results from the derivative of the signal. To keep the
statistical error constant, the algorithm adapts the
resolution that is the length of the line whose slope is
taken as the derivative. Optionally a wavelet filter is
used to achieve the pre-set accuracy. The statistical
error in the example presented in Fig. 5 is 25% in the
visible and 35 % in the ultraviolet sector.
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Fig. 5 Aerosol extinction for visible (607.3 nm) and
ultraviolet (283.6 nm light), Mexico City,
04/28/2003, 5:17 to 6:17

The lidar measures ozone with the Raman-DIAL
technique, that has the advantage to be independent of
aerosol backscatter and extinction. The Nitrogen
Raman signal alone could be used, but the result is
influenced by the aerosol extinction [8]. Therefore, the

ozone density NV, 0, is computed straight forward using

the following equation:
1
5 (A ) =0 ()

d 1(rig,
g () 22

Ram
(7)

Ozone cross sections O are taken from the literature
[9,10]. The strong ozone absorption and the stray light
are the limiting factors, which restricted measurements
to the night time in the Mexico City field campaign.
Fig. 6 shows a comparison of lidar and tethered balloon
soundings. The profiles overlap between 400 and 1000
m. Both show the same gradient at the nighttime
inversion around 500 m. The same gradient is observed
in the extinction profile.
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Fig. 6 Comparison of ozone measurements by Raman-
DIAL and tethered balloon

The mixing ratio of water vapor can be retrieved like
described in the literature [11]. The humidity in
Mexico was too low during the campaign to be
measured by Raman scattering.

The mixing height where pollution disperses from the
ground is determined by the maxima of the second
derivative of the range corrected signal. To be sure to
find the lowest polluted layer, the result is compared to
the structure of the depolarization profile.

4. CONCLUSION

The described Raman ozone and aerosol lidar proved to
be a very valuable tool for boundary layer studies in a
field campaign in Mexico City, even under extreme
conditions. Aerosol backscatter was measured
continuously at 3 wavelength up to the tropopause.
With the present setup it was possible to retrieve
extinction and ozone from Raman signals during
nighttime and the early morning. Together with the
DIAL measurements taken during the same time by
another lidar, the Raman measurements will be used to
look at the influence of the abundant aerosol layer on
ozone retrieval. The lidar data of the field campaign
will be particularly important for providing mixing
heights and extinction profiles for air chemistry and
radiative transfer models.
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