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ABSTRACT 
In support of the Phoenix Mars Mission, a campaign to 
measure desert dust was undertaken in November 2007 
at a site in the Australian desert south of Lake Eyre. 
The objective was to provide a basis for interpretation 
of the lidar measurements on Mars.  A system 
analogous to the Phoenix lidar was employed to obtain 
backscatter profiles simultaneously with airborne in situ 
measurements of dust microphysical and optical 
properties. Solar radiation measurements were also 
obtained from the site. Initial analyses are presented 
that show the dynamical and microphysical structure of 
the desert boundary layer. 

1. INTRODUCTION 
The Phoenix Mars mission is scheduled to land at 70oN 
latitude in late May 2008 during early Martian summer.  
The instrument payload includes the first extra-
terrestrial lidar system [1].  In anticipation of Martian 
surface operations, an analogous instrument was 
deployed in the South Australian Strzelecki Desert to 
measure aeolean dust. The main goal of the campaign 
was to obtain lidar observations simultaneously with 
aircraft in situ measurements of desert dust.  
Complimentary ground based instruments, such as a 
particle counter and a Cimel sun photometer, were also 
deployed. This arrangement allowed direct comparison 
of aerial in situ measurements with ground-based 
remote sensing data. 

The site for the measurement campaign was south of 
Lake Eyre, South Australia (29oS, 129oE), known for its 
seasonal dust storms and dust devil activity.  The 
location allowed for observation of dust originating 
from two sources: the Strzelecki Desert (SW through 
SE of site) and from the dry salt-bed of Lake Eyre (N of 
site), to be made.  Dust devil activity is also common to 
the region, and is thought to be a major contributing 
factor to dust lifting on Mars.  The campaign was 
conducted from November 11th through 21st, 2007. 

 

2. INSTRUMENTATION 
The analogous Phoenix “Field” Lidar includes a 
Nd:YAG, dual wavelength transmitter, operating at 
20Hz with up to 30 mJ of total pulse energy.  The 
receiver consists of a 10cm diameter telescope, and a 
Licel electronics package generating both analog and 
photon counting data for the 532nm wavelength, and 
analog only for the 1064 nm wavelength.  Typically the 
instrument collected data at a vertical resolution of 7.5m 
and at 5 sec sampling intervals throughout the 
campaign.  Figures 1 and 4 are plots the scatter ratio 
(SR) of the measured signal to the expected molecular 
backscatter signal (plotted as logarithmic values).   
 
The Dimona aircraft carried a payload within two 
under-wing instrumentation “pods”. The instruments for 
dust sampling are listed in Table 1.  The aircraft was 
also equipped with a 50Hz wind velocity probe, as well 
as pressure, temperature and humidity (dew point) 
sensors. 
 
Table 1.  Aircraft dust sampling instrumentation 

Parameter Instrument Details 
FSSP 

(Forward Scatter 
Spectrometer Probe) 

0.3-40 µm 
2 sec sample rate 

METINE 4903 
(2 Channels) 

> 0.3, >0.5 µm,  
2 sec sample rate 

Aerosol 
concentration and 
size distribution 

GRIMM 
Spectrometer 

> 0.3-20 µm,  
2 sec sample rate 

Aerosol size 
distribution 

DMA/CPC 10 - 500 nm,  
1 min sample rate 

Aerosol 
concentration 

TSI 3010 CPC 10nm – 0.3µm,  
1 sec sample rate 

3. MEASUREMENTS 

3.1 Dust in an active convective boundary layer 
November 19th had winds prevailing from the north, 
with a surface wind speed of 4.5-6.0 m/s and daytime 
surface temperatures between 35 and 45oC.  The lidar 



 

measurements in Fig. 1 show how the dust provides a 
tracer of the convective thermals that are growing in 
height throughout the day, and lifting dust within the 
daytime boundary layer.  The 500nm optical depth 
measured throughout the day is consistent with the 
overall structure of the lidar signal and peaks at a value 
of 0.15 during the period of most intense dust activity. 
Clouds were interfering with the retrieval of dust 
optical depth between 12:30 and 14:30. 

The second aircraft assent (A2) of Figure 2 indicates a 
temperature inversion near 2 km, corresponding to the 
top of the convective thermal structures observed with 
the lidar.  The vertical profiles up to 2 km indicate dust 
within these thermals was a mixture of course 
(>0.8µm), fine (>0.3µm) and ultra-fine (>10nm) 
particles, with the first two modes being highly 
variable, and the last being constant or well mixed.  The 
vertical profile of ultra-fine mode particles did show, 
however, increased variability in or near this inversion 
region. 

Above the thermal structures, the course mode was 
reduced and fine and ultra-fine mode particles were 
observed up to 5 km (Figure 2). Lidar dust signals in 
this region correlate with the vertical structure observed 
in the fine mode dust particles, which is expected given 
the particles are approximately equal in size to the laser 
wavelength of 532nm.  The humidity (dew point) 
measurements indicate a separate moist layer between 
heights of 4.0 to 5.0 km and this corresponds with a 
slightly enhanced lidar signal. This would suggest 
either a separate airmass of increased humidity and dust 
advecting over the site, or particles increasing in size 
owing to the increased water vapor.  Cumulus clouds 
can also be observed (Figure 1) at this altitude between 
12:30 and 14:30, one hour after the aircraft 
measurement 

Data acquired during the final aircraft descent (D3) of 
the 19th is given in Figure 3 and indicate that the 
vertical dust variability seen earlier has subsided.   A 
well-mixed layer up to 3 km is observed, and 
corresponds to the altitude at which the temperature 
inversion occurs.  This layer appears composed mostly 
of fine and ultra-fine mode particles, with the coarse 
mode being suppressed.   It is also interesting to note 
that the fine and ultra-fine modes correlate with the dew 
point structure observed at 3.5km. 

3.2 Dust storm 
November 21st had surface temperatures of 25-35oC 
during the day and winds of 4.0-6.0 m/s from the south.  
Figure 4 indicates a large mass of thick dust up to 1 km 
and an estimated optical depth of >0.35 at 500nm being 
present in the morning.  This event diminished by noon, 

when thermal structures can be seen increasing within 
the boundary layer, similar to that observed on the 19th.  

Convective thermals are observed up to 2 km, with the 
vertical profile of dust properties during the aircraft 
assent indicating large variation in the coarse and fine 
modes (Figure 5).   The top of this structure is again 
consistent with the altitude at which the temperature 
inversion is observed.  (The ultra fine mode data, and 
coarse and fine mode data above 2km were unprocessed 
at the time of this writing). 

Low altitude clouds were seen between 12:00 and 
14:30, appearing in a region where the dew point is 
approaching the air temperature (Figure 5).  The 
vertical profile of dew point measurements also again 
correlates with a dust layer observed with the lidar 
between 3 and 4 km. 

3.3 Waves 
Waves were observed by the lidar in the dust layers 
near the top of the boundary layer. These were first 
observed from 09:30-15:00 at 1-2km, and than again 
between 23:30-01:00 (on the 22nd) at 2km.  The latter, 
given in Figure 6, shows these waves breaking 
overhead of the lidar. Given the time of day, these 
waves are likely driven by shear instability (Kelvin-
Helmholtz). 

4. FUTURE WORK 
The data from this field campaign will be used to 
develop and validate analysis methods that will be 
applied to derive microphysical properties of the dust. 
These methods would then be available for analysis of 
the measurements from the surface of Mars.  For 
example, particular combinations of colour ratio, 
backscatter, and extinction coefficients will be 
associated with the measured size distribution, 
concentration, and composition of the scattering 
particles. 

 The turbulence and dynamical structures within the 
dust layer have also be measured in situ on the aircraft. 
These measurements will be used to investigate how the 
structure in the lidar signal can be used to infer aspects 
of atmospheric dynamics. For example, as shown in Fig 
6, the coherent structures within the boundary layer 
turbulence will induce structures in the dust field that 
are measured by the lidar. These measurements will 
provide a test of high-resolution simulations of the 
desert/Martian boundary layer.    
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Figure 1. Plot of the Lidar scatter ratio for the analog 532nm channel during November 19th (plotted as logarithmic values).  The 
white lines indicate the aircraft altitude at the corresponding time, and the diamonds indicate an overflight of the lidar (< 300m).  
The oval labels indicate the flight assent (A) or descent (D) number (see body of text).  The optical depth is given at 500nm, and has 
not been cloud screened. 

A2 

D3 

Figure 2.  Vertical profiles of temperature, dew point and 
dust particle composition for the 2nd assent on November 
19th.  (Corresponding to A2 in Figure 1). 

Figure 3.  Vertical profiles of temperature, dew point and 
dust particle composition for the 3rd descent on November 
19th.  (Corresponding to D3 in Figure 1). 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Plot of the Lidar scattering ratio for the analog 532nm channel during November 21st (plotted as logarithmic values).  
The white lines indicate the aircraft altitude at the corresponding time.  The oval label indicates the flight assent (A) number (see 
body of text).  The optical depth is given at 500nm, and has not been cloud screened. 
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Figure 5. Vertical profiles of temperature, dew point 
and dust particle composition for the 1st assent on 
November 21st.  (Corresponding to A2 in Figure 1).  
Dust data above 2.5 km was not processed at the time of 
this writing. 

 

Figure 6. Plot of the Lidar scatter ratio for the analog 
532nm channel during the night of November 21st. The 
waves visible in the dust layer at 2km are likely the 
result of shear instabilities (Kelvin-Helmholtz). 
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