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CSIR South Africa mobile LIDAR—First scientific
results: comparison with satellite, sun photometer
and model simulations
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1. Introduction
Laser radar, more popularly known as LIDAR, uses electro-

magnetic radiation at optical frequencies. The radiation used by
laser radars is at wavelengths which are 10 000 to 100 000 times
shorter than those used by conventional radars. Backscattered
photons reflected by the target are collected and processed to
yield information about the target and/or the path to the target.
Early conventional laser radars observed only the intensity of
the collected radiation and the time delay from transmission to
collection. Today, with technological advancements, LIDAR has
become an excellent tool for monitoring the atmosphere in a
relatively short period of time – a few seconds to minutes. Laser
radars may incorporate continuous-wave or pulsed lasers which
can either be focused or collimated. Continuous-wave laser radars
are used when the signal may be integrated over long time periods
and/or when the target is nearby. Pulsed laser radars, however,
use much higher power levels, producing higher signal-to-noise
ratios for the collected radiation. Generally, pulsed LIDARs
are chosen for long-range remote sensing and when long
signal integration is impractical. LIDAR systems are currently
employed for studying the atmospheric structure and dynam-
ics, trace constituents, aerosols, clouds, boundary and mixed
layers, and other meteorological applications.

During the last 30 years, scientists have identified major
aerosol types and they have developed general ideas about how
the amount of aerosol varies in different seasons and locations.
However, key details still are missing and we still have many
unanswered questions about these tiny particles that are so
fundamentally important to life on Earth and to understanding
our climate; it is therefore crucial that scientists continue gathering
relevant information (especially in southern hemisphere regions).
In addition, optical and microphysical aerosol properties are
currently considered as ‘low level’ within the climate change

scientific community although they are intricately involved in
global warming.1 In and around southern Africa, major cities
produce large amounts of aerosols as a result of industrial activi-
ties and automobile emissions, in addition to natural biomass
burning. In Saharan and northern Africa, volcanic eruptions and
desert dust also contribute to aerosol concentrations.

Although ground-based LIDAR systems are deployed for
atmospheric studies in many developed countries, it is still a
very novel technique for South Africa and other African coun-
tries.2,3 At present, there are only two LIDARs available in South
Africa, located in Pretoria and Durban. Both LIDAR systems
are similar in operation and specifications, which facilitates the
establishment of simultaneous measurement studies. The
Durban LIDAR4 is operated at the University of KwaZulu-Natal
as part of a collaboration between Réunion University and the
Service d’Aéronomie (CNRS, IPSL, Paris) for climate research
studies. The Council for Scientific and Industrial Research
(CSIR)–National Laser Centre (NLC) in South Africa has recently
designed and developed a mobile LIDAR system to contribute
to atmospheric research in South Africa and other African
countries.2 The CSIR mobile LIDAR acts as an ideal tool to
conduct measurements over southern hemisphere regions and
encourages collaboration with other partners, who contribute to
the space-borne and ground-based LIDAR measurements. At
present, the system is capable of providing aerosol or cloud
backscatter measurements for a height region from ground to
40 km with a 10 m vertical height resolution. The major advan-
tage of the LIDAR is its ability to provide high resolution data
capable of resolving structural details in the vertical cross-
section of clouds, including cloud thickness, which is important
for a better understanding of cloud dynamics and the earth-
radiation budget.5 This cloud information is also useful for
predicting convective systems and rain. In general, LIDAR
measurements will elucidate the aerosol concentration, optical
depth, cloud position, thickness and other general properties of
the cloud which are important for a better understanding of the
earth-radiation budget, global climate change and turbulence.

In this paper, we present the first scientific results from the
CSIR-NLC mobile LIDAR and its validation and/or comparison
with other ground-based and space-borne measurements. In
Section 2, we present a concise description of the CSIR-NLC
mobile LIDAR (CNML) system. The description of the data and
methods of analysis for determination of aerosol extinction
profiles are outlined in Sections 3 and 4, respectively. The results
and validation through other techniques and model simulations
are presented in Section 5.

2. LIDAR system description
The LIDAR system comprises a laser transmitter, optical receiver

and a data acquisition system. The complete LIDAR system is
custom-fitted into a van using a shock absorber frame. Hydraulic
stabiliser feet have been added to the vehicle suspension to
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ensure stability during measurements (Fig. 1). A Nd:YAG laser
is used for transmission, which is presently employed at the
second harmonic (532 nm) at a repetition rate of 10 Hz.

The receiver system employs a Newtonian telescope configu-
ration with a 406 mm (16 inch) diameter primary mirror. The
backscattered signal is subjected to fall on the primary mirror of
the telescope and is then focused toward a plane mirror kept at
an angle of 45 degrees. The signal is detected by the photo-
multiplier tube (PMT) and the PMT output signal is transmitted
to the transient digitiser and PC for analysis and archiving. A
multimode optical fibre is used to couple the received backscatter
optical signal from the telescope to the PMT. To accomplish
accurate alignment of the fibre tip, a motorised 3D translation
stage is used. The optical fibre is connected to an optical baffle
which is positioned by the stage. The PMT is installed in an
optical tube which converts the optical backscatter signal to an
electronic signal which can be transferred to a PC for storage and
analysis.

The data acquisition is performed by a transient recorder
which communicates with a host computer for storage and
offline processing of data. A Licel® transient digitiser is used,
favoured for its capability for simultaneous analog and photon
counting detection. This makes it highly suited to LIDAR appli-
cations by providing a high dynamic range. More details about
the system are available in the literature.6

3. LIDAR and other datasets

LIDAR
The CNML has been operational since February 2008 and

measurements have been made on an ad hoc basis during both
day and night. As mentioned, collected data have a maximum
altitude range of 40 km with a 10-m range resolution. In general,
the received backscatter signals are averaged over 10 s to improve
the signal-to-noise ratio (SNR). The data acquisition system
has the capability of providing the backscatter signals simulta-
neously in analog and photon count forms. Obtained analog
and photon count signals are appropriately glued in order to
improve the signal strength and dynamic range. The LIDAR
inversion technique is then applied to the glued data in order
to obtain the aerosol backscatter and extinction coefficient.
Measured aerosol backscatter and extinction coefficients were
compared with other instruments to compare and validate the
obtained results.

SAGE II
Stratospheric Aerosol and Gas Experiment II (SAGE II) was

launched into orbit aboard the Earth Radiation Budget Satellite
(ERBS) in October 1984.7 During each sunrise and sunset
encountered by the orbiting spacecraft, the instrument uses the
solar occultation technique to measure attenuated solar radiation
through the Earth’s limb in seven channels centered at wave-
lengths ranging from 385 nm to 1 020 nm. The exo-atmospheric
solar irradiance is also measured in each channel during each
event, for use as a reference in determining limb transmittances.
The transmittance measurements are inverted using the ‘onion-
peeling’ approach to yield 1-km vertical resolution profiles of
aerosol extinction (at 385 nm, 453 nm, 525 nm and 1 020 nm),
ozone, nitrogen dioxide and water vapour.7,8 The SAGE II instru-
ment has collected vertical profiles of stratospheric and tropo-
spheric aerosol extinction at four wavelengths with high
resolution since the programme’s inception in October 1984.
We extracted the aerosol parameter, the aerosol extinction
coefficients derived from version 6.20 series, of 21 years of data to
characterise the aerosol climatology over Africa.

Sun photometer
The Aerosol Robotic Network (AERONET) (http://www.

aeronet.gsfc.nasa.gov) provides a long-term, continuous and
readily accessible public domain database of aerosol optical,
microphysical and radiative properties for aerosol research and
characterisation, validation of satellite retrievals, and synergism
with other databases. Basically, it uses the sun photometer at
different wavelengths to obtain aerosol properties, earth
radiance and other physical properties. AERONET collabora-
tion provides globally distributed observations of spectral aero-
sol optical depth (AOD), inversion products, and precipitable
water in diverse aerosol regimes.9,10 Here we used the aerosol
optical thickness data (level 2) from Johannesburg, which have
been validated with data obtained from the LIDAR and SAGE II.

Radiosonde
The radiosonde is a balloon-borne instrument capable of

making direct in situ measurements of air temperature, humidity
and pressure with height, typically to altitudes of approximately
30 km. The radiosonde transmits temperature and relative
humidity data at each pressure level. The altitudes of these levels
are calculated using the hydrostatic equation which relates the
vertical height of a layer from the mean layer temperature, the
humidity of the layer and the air pressure at the top and bottom
of the layer. Here we used the radiosonde humidity data
collected over Irene (near Pretoria) to simulate the aerosol
backscatter coefficient through model calculations, based on
the assumptions that aerosols are hygroscopic types and are
water soluble. The quality of the Irene humidity data has been
reported previously.11,12

4. Methods of analysis: LIDAR backscatter and extinction
coefficient

The altitude profiles of aerosol extinction (α) or backscatter
coefficient (β) from a backscattered LIDAR signal require the
solution for the LIDAR equation. The solution of the LIDAR
equation is possible only if there is a relationship between these
two unknown variables. Different inversion techniques are
available depending on the relationship. Klett13 assumed the
following relationship between β and α:

β = Cαk ,

where C and k are constants.

Fig. 1. The CSIR-NLC mobile LIDAR system.
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This relationship is useful to solve the LIDAR equation in a
highly turbid medium (scattering ratio >10). Generally, for a ver-
tically pointing LIDAR which is used for upper tropospheric and
stratospheric studies, this relationship is not applicable because
C and k are variable with altitude, depending on the turbidity of
the medium. The Klett13 algorithm was later improved by con-
sidering the altitude variation of C.

For a monostatic single wavelength pulsed LIDAR system, the
power received (P(z)) from a range z, can be written as a single-
scattering LIDAR equation:
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where P0 is the transmitted power in watts, c is the speed of light,
∆t is the laser pulse width, A is the area of the receiving mirror,
η is the overall system efficiency, β(z) is the volume backscatter
function = [βa(z) + βm(z)], and α(z) is the volume extinction func-
tion = [αa(z) + αm(z)].

The αa and βa are the volume extinction and backscatter coeffi-
cients of the aerosols and αm and βm are the volume extinction
and backscatter coefficients of the air molecules. The values of αm

and βm are calculated from the meteorological data or from a
standard atmosphere model. Determinations of αaand βa require
an inversion of the LIDAR equation. The inversion is not a
straightforward process since it involves two unknown variables.
For this purpose, a definitive relationship between these two
should be assumed. The molecular contributions to backscatter-
ing and extinction have been estimated using a reference model
atmosphere (MSISE-90). This is accomplished by normalising
the photon count with molecular density at a specified height
(which varies from day to day), taken from a model (MSISE-90),
and then applying the extinction correction to the backscatter-
ing coefficient profile using iterative analysis of the LIDAR
inversion equation. The estimation of the aerosol backscatter
coefficient applies the downward progression from the reference
altitude of ~40 km where the aerosol concentration is said to be
negligible.14 The backscattering coefficient profiles, as computed
above, are employed for the purpose of studying the cloud
characteristics. For studying the aerosol concentrations, how-
ever, extinction profiles are computed following the LIDAR
inversion method.15

5. Results and discussion
A sample height profile of the measured photon count is

shown in Fig. 2. Here the signal represents the averaged photon
count profiles for a period of 1 h, whereas the noise level is
calculated based on the integrated signal over the upper height
region from 38 km to 40 km, where we do not expect any aerosol
concentrations. Subtracting the noise in such a way further
reduces molecular concentrations in the profile. The integrated
noise level is shown in Fig. 2, which distinguishes the signal for
the height region at least up to 10 km. Above 10 km, the signal is
found to be weaker, merely at the noise level, which is possibly
due to the appearance of clouds at the height region of about
9 km. This cloud appearance would entirely prevent the laser
beam from propagating upward any further, resulting in only
noise being observed. On the other hand, during a clear day (no
clouds or optically thin clouds), we are able to distinguish the
signal even up to 35 km. Figure 2 clearly shows a sharp peak at
approximately 9 km due to the passage of cloud over the site.
The thickness of the cloud is found to be less than 500 m and this
is a unique advantage of LIDAR, which is able to measure the
cloud thickness which cannot be obtained from any other device

or instrument. It is noted here that the present photon count
profile stands for the measured data before the noise correction.
In addition to the photon count profile, the data acquisition also
simultaneously provides the analog signal information. One is
able to integrate the analog and photon count profiles effectively
to obtain the glued photon count information. The glued photon
count profile further provides indicative information on aerosols,
clouds etc., as it increases the dynamic range of the backscatter
signal and improves the SNR. This has been explained in the
literature.6 It is briefly demonstrated in the following section
using different signals. It should be noted here that the experi-
ments were performed with two neutral density filters, in order
to prevent PMT saturation and remove day-time background
sunlight. Therefore the measured information was obtained
from only 1% of the backscattered signal.

Temporal evolution of LIDAR backscatter signal
The temporal evolution of the backscattered LIDAR signal is

plotted in Fig. 3, which illustrates the different forms of the
signal—analog, photon count and glued photon count. Here,
the glued photon count data refer to the merged analog and
photon count signals after appropriately performing the scaling,
dead time correction etc. The glued data greatly extend the
dynamic range of detection. It is clear from Fig. 3 that the
combined (glued) signal reveals a better picture of the structured
atmosphere in comparison to the other two. It also is obvious
that the analog signal does not show cloud structure whilst the
photon count data illustrate a cloud picture over the upper
height region. It is, however, noted that the analog form of the
signal is more accurate for the lower height region in comparison
to the upper height region. By combining the analog and photon
count signals, the glued signal clearly reflects the presence of
cloud on 25 February 2008 at around 10–12 km height regions
(Fig. 3a). Such clouds are commonly referred to as cirrus clouds
and are composed mostly of ice.16

The LIDAR also was operated during the night of 10 April 2008.
The night was clear (no presence of cloud) and one would
merely have expected aerosol backscattering. The temporal
evolution of the aerosol structure is shown in Fig. 3b, which
further evidences the planetary (nocturnal) boundary layer
(PBL) structure. The PBL is found to be at approximately 3 km
and is stable without much variation. During the night, when
there is no solar input, aerosols are non-reactive and are found to
be stable. During the day, however, the earth‘s surface heats up

Fig. 2. Height profile of mean photon counts observed for 25 February 2008; the
dotted line denotes the noise level.



due to solar radiation and this results in various thermodynamic
chemical reactions causing turbulence in the PBL. The boundary
layer height is therefore expected to vary more during the day
and to stabilise after sunset.

Aerosol extinction measurements by LIDAR and SAGE II
When validating the results from any instrument such as a

LIDAR, accuracy is one of the most important criteria. Since the
NLC mobile LIDAR is the first of its kind developed in South
Africa for lower atmosphere studies, we have tried to validate
the obtained results by comparing our measurements with those
of space-borne and other ground-based data. As explained
earlier in the data analysis, the SAGE II extinction profile at
525 nm was obtained over a southern African region (15°S to 40°S
and 10°E to 40°E). The corresponding data for a period of approx-
imately 20 years were downloaded from the NASA website
(http://eosweb.larc.nasa.gov/project/sage2/table_sage2.html).
The SAGE II provides a height profile of aerosol extinction coeffi-

cient for the height region from 0.5 km to 40 km, which allowed
comparison with the LIDAR measured aerosol extinction coeffi-
cient. We grouped the SAGE II profiles in terms of months to
obtain the individual monthly mean aerosol extinction profiles
for the height region from 0.5 km to 40 km. The corresponding
monthly mean extinction profiles were compared with LIDAR
data measured at 532 nm (with respect to the month of the date).
Figure 4 illustrates the aerosol extinction coefficient derived
from the SAGE II and LIDAR measured data obtained during the
day on 25 February 2008 and the night of 10 April 2008. It is noted
here that the LIDAR profiles are presented up to the height
region where the SNR is found to be reasonable. It was found
that both measurements were in good agreement, with less than
5% deviation. Such deviations are considered to be acceptable
when comparing ground-based and space-borne measurements.
Possible reasons for such deviations include: (a) the space-borne
measurements being more accurate in the upper height regions
while the ground-based data are more accurate at lower heights,
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Fig. 3. Height-time-colour map of LIDAR signal returns for (a) 25 February 2008 and (b) 10 April 2008.



(b) the comparison being made between
monthly mean extinction profiles, derived
using 21 years of SAGE II satellite data over
southern Africa, and LIDAR measurements
on particular days, and (c) different operating
modes used by the respective instruments—
SAGE II uses solar occultation leading to hori-
zontally average atmospheres while LIDAR
measurements are obtained vertically. The
minor differences in magnitude are expected
to be within the standard deviations calcu-
lated from the long-term measurements. The
values are in agreement with the extinction
results obtained for the stratosphere height
regions and those obtained using the LIDAR
at the University of KwaZulu-Natal, Durban,
where they also reported lower extinction
values measured by LIDAR compared with
those measured by SAGE II.4 It is noted that
SAGE II aerosol measurements are quite sen-
sitive for the upper troposphere and strato-
sphere height regions in comparison to the
lower troposphere. This is because the
SAGE II sensor is not sensitive for the lower
altitude. In addition, long-term LIDAR mea-
surements are required to conclude the state-
ment, including measurements over South
African regions of interest (e.g. Highveld
area) where we expect high variations in the
aerosol extinction due to different levels of
pollution. Our aim here was to compare the
profiles in terms of approximate magnitudes
between the LIDAR and satellite measure-
ments.

On 10 April 2008, the LIDAR was operated
during the night for approximately 2 h. The
foggy background atmosphere resulted in
the accumulation of aerosols (hygroscopic in
nature), thereby allowing us to determine,
and study, the boundary layer (~3 km).
Assuming the hygroscopic nature of the aero-
sols, the aerosol backscatter coefficient was
retrieved from the relative humidity measurement. The LIDAR-
obtained aerosol extinction coefficients were closer to the
SAGE II coefficients derived at 3 km and higher. LIDAR measure-
ments were lower in comparison to the SAGE II climatological
mean. The differences in sampling locations, measurement
intervals and sampling years may have caused the deviations in
extinction magnitude observed between LIDAR and SAGE II.
However, the more recent SAGE III aerosol extinction measure-
ments may provide more accurate results in comparison to those
of SAGE II.8

The above LIDAR and SAGE II measurements were further
used to obtain the integrated aerosol extinction coefficients for
calculating the AOD. This is explained in detail in the following
section. The mean aerosol extinction coefficient also was obtained
over different regions (south, north, west and east) of Africa and
will be further used in the future for comparison and validation
of LIDAR results over Africa.

Aerosol optical depth measurement and its comparison
The aerosol extinction coefficients obtained using the LIDAR

and SAGE II satellite data were integrated appropriately to get
the height profile of aerosol extinction from the ground to 40 km.

Basically, the LIDAR-retrieved aerosol extinction is considered for
the lower height region with respect to the SNR and at higher al-
titudes the extinction profile derived from the satellite is consid-
ered. We have considered the SAGE II profile as far as possible
above 3–4 km, keeping in mind that the lower height region
measurements are inaccurate due to low SNR.17 The obtained
extinction coefficient is integrated over height to obtain the
optical depth over the particular site. The AERONET
programme provides continuous optical depth information
for Johannesburg (near to Pretoria) for approximately 8 years.
Although Pretoria and Johannesburg are two different locations,
our aim here was to approximate the magnitude of derived
optical depth. Figure 5 illustrates the mean optical depth derived
from the sun photometer wavelength centered at 500 nm. This
depth has been compared with the AOD derived from LIDAR
and SAGE II data. Here we have used quasi-continuous,
monthly averaged aerosol extinction data (available from the
website, http://www.aeronet.gsfc.nasa.gov) from ~6 years (May
2002 to August 2007). It is noted that there were months when no
data were available (October 2002 to August 2005). The collected
individual years of data were grouped in months, irrespective
of the year, resulting in the calculated mean and standard
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Fig. 4. Height profile of aerosol extinction coefficient retrieved from SAGE II and LIDAR.

Fig. 5. Monthly climatology of aerosol optical depth (AOD) measurements derived from the sun photometer
(mean ± s.d.) compared with the integrated LIDAR and SAGE II measurements.



454 South African Journal of Science 105, November/December 2009 Research Articles

deviation for each respective month. Figure 5 indicates the mean
AOD and the standard deviation obtained for the corresponding
month. Since the wavelengths of the measurements are very
close (500 nm from the sun photometer, 532 nm from the LIDAR
and 525 nm from the SAGE II), we do not expect much deviation
from the results. We calculated the optical depth from SAGE II
and the LIDAR extinction profile for the corresponding two days
(25 February 2008 and 10 April 2008) and compared these with
the monthly climatological values. It is evident from Fig. 5 that
the LIDAR- and SAGE II-derived optical depths are within the
monthly variations obtained from the sun photometer. It is
understood that small discrepancies in the magnitude may be
due to different reasons, such as the type of instrument used,
place of operation and the time period of measurements.
Furthermore, SAGE II measurements are based on the limb
occultation technique, which might raise the aerosol contribution
over horizontal distances. In our calculations, this was considered
as being negligible. In the near future, we plan to simultaneously
operate the LIDAR in unison with the sun photometer measure-
ments.

Figure 5 also illustrates that the value of the AOD has a strong
seasonal dependence: maximum during late spring (October
and November) and minimum during winter (May–July). The
observed maximum during spring might be due to dust transport
and biomass burning. This peak is in agreement with results
obtained from Skukuza (in the north of South Africa) and has
been interpreted to be a result of dust19 from biomass burning18 in
China. The drop in AOD during December might be due to
summer rainfall, similar to the result from the Indian Ocean
Experiment (INDOEX).20 The observed minimum AOD during
winter is in agreement with the report from China;21 they attrib-
uted the minimum value to snowfall in winter, which results in
dust not being lifted upward into the atmosphere.

Aerosol backscatter coefficient measured by LIDAR and
radiosonde

It is known that aerosol formations and sizes vary with respect
to hygroscopic parameters22 (e.g. relative humidity). An increase
in relative humidity condenses the water vapour, causing aerosol
formations which differ in their scattering behaviour depending
on their chemical composition.23 There is also a reduction in
atmosphere visibility.22 This phenomenon leads to an increase in
the size of the particles (hygroscopic growth of aerosols) to
significantly larger sizes when dry. A simple model calculation is
proposed based on the assumption that the hygroscopic aerosols
are dependent on the relative humidity.22,24,25 The model
parameterises the scatter-grown factors to assess the hygroscopic
effect on aerosol backscatter. The normalised backscattering
coefficients can be calculated by taking the ratio of aerosol
backscatter over the mean backscatter observed for a reference
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Here β λreff
a r( , ) is assumed at a relative humidity (Rh) value of

70%. It is found, based on the observational data and Rheinstein
numerical results, that the reference β λreff

a r( , ) for water-coated
spherical aerosol backscattering is 0.0005 km sr–1. The other two
constants, a and b, are based on the numerical best fit to the data
(in a least square sense and trial-error method) and yields values
of a = 0.43 and b = 0.3, with a regression coefficient of R2 = 0.85.

Based on the radiosonde relative humidity measurements, we
calculated the aerosol backscatter coefficients and compared
them with those derived from the direct LIDAR backscatter
measurements. Figure 6 shows the backscatter coefficients derived

for the two different days, 25 February 2008 and 10 April 2008.
On 25 February 2008, both measurements were in close agree-
ment with each other up to 10 km. Above 10 km, the LIDAR
measurements were questionable due to the presence of high,
dense (cirrus) clouds. On 10 April 2008, the background atmo-
sphere condition was foggy and favourable for aerosol growth.
Although there was low agreement below 4 km, the measured
and simulated backscatter coefficients were found to be in good
agreement between 4 km and 9 km. The observed difference in
the magnitudes may be attributed to one dataset using model-
simulated data and the other using measured LIDAR data. The
contribution of non-hygroscopic aerosols and theoretical model
approximations may also contribute to the underestimation of
the backscatter coefficient. In general, the results are in good
agreement and this further addresses the possibility for classify-
ing aerosols into hygroscopic and non-hygroscopic species.
Based on the temperature information (from radiosonde measure-
ments), we found that the disagreement between the simulated
and measured LIDAR data arises when the temperature falls
below 0°C (data not shown).

6. Summary and future perspectives
We have presented the first scientific results from the

CSIR-NLC mobile LIDAR and its validation and/or comparison

Fig. 6. Height profiles of aerosol backscatter coefficient measurements retrieved
from the LIDAR and model simulation.
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with other ground-based and space-borne measurements. The
LIDAR results were validated against SAGE measurements,
optical depths derived from a sun photometer employed under
AERONET, and model-simulated backscatter coefficients based
on relative humidity measurements from radiosonde. The
agreements were found to be reasonable and indicate the
accuracy of the LIDAR measurements. It is clear from the
comparison that LIDAR measurements provide high vertical
resolution data and this permits us to study the atmosphere
structure in comparison to the SAGE or AERONET datasets. Our
future plans include field measurements at different sites in
South Africa and improvements in the system to enable making
2D and water vapour measurements.
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