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ABSTRACT

The operation of a three wavelength integrating nephelometer is explained and summarised.
This instrument was purchased by ISRD for studies of atmospheric aerosols which play an
important role in the propagation of electro-magnetic radiation from the UV through to the
mid wave IR. Preliminary results are also reported on the aerosol scattering coefficient
measurements made during the months of September through Novemebr 2002 at Jabiru in
Kakadu National Park. This data will form the intial part of a long term aerosol monitoring
program in the region to be conducted jointly by DSTO and CSIRO. The instrument has been
re-installed at Jabiru from about mid September 2004 on an ongoing basis to enable data to be
collected on the seasonal variation in aerosol properties. Details on the instrument's
performance on an aircraft during experiments conducted during 2003 will be presented in
separate reports .
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The Operation of a Three Wavelength Nephelometer
and Some Measurements Made at Jabiru during 2002

Executive Summary

The principle aim of task LRR 01/205, part of which is outlined in this report, is to
improve DSTO'’s knowledge and understanding of the atmospheric aerosol in the top
end of the Northern Territory. An aerosol is a suspension of finely divided matter
(liquid or solid) dispersed in a gaseous medium such as air. It primarily impacts on
sensors sensitive to radiation with wavelengths in the UV (10 nanometres) through to
the mid wave IR (5000 nanometres) range, through scattering of radiation causing
degradation in the signal received at the sensor.

To measure the optical properties of the atmospheric aerosol DSTO has acquired a
three wavelength integrating nephelometer from TSI (model 3563). This instrument
measures the scattering coefficient of the aerosol at three visible wavelengths denoted
here as blue, green and red. The extinction (absorption + scattering) coefficient is the
basic quantity that is used to predict the amount of transmission loss in the atmosphere
due to both molecular and particulate absorption and scattering. The outcome of the
activity reported on here forms a small part of the overall R&D output of the task,
which is dominated by the aircraft measurements of the atmospheric aerosol obtained
during experiments conducted in 2003. These aircraft measurements were undertaken
in the Northern Australian dry season around the region of Jabiru in Kakadu National
Park. This work will be reported on separately. The major outcomes of the work
reported on here are the obtaining of data on the diurnal properties of the aerosol
scattering coefficient over a three-month period at Jabiru and knowledge on the long-
term performance of the nephelometer.

The instrument was installed in a laboratory located at ERISS [11] field station opposite
Jabiru airport. A suitable stack was identified as being ideal to allow access to external
air whilst providing shelter for the instrument itself. The instrument was installed and
sampling lines were used to both collect the aerosol, transport it to the instrument and
to exhaust the sample of air after the measurement was complete. Data was logged to
an in-situ PC via a standard serial connection. Proprietary TSI software was used to
interface with and control the nephelometer. To interface with the in-situ PC a dial-up
network connection was made from a laptop located at Edinburgh. The remote
desktop software that comes inbuilt with the windows XP operating system was used
to run the software located on the in-situ PC. Data was also transferred back to DSTO
on a daily basis and backed-up immediately. All aspects of this activity are unclassified
including most notably the data collected. Nonetheless a permission to operate was
obtained through the appropriate authorities covering the time the dial-up connection
was in use.




These results will form part of the larger study being undertaken for task LRR 01/205
Atmospheric Aerosol Research. The main outcome of this task will be to obtain
knowledge on regional aerosol properties and hence improve DSTO's ability to apply
models of the atmosphere accurately to the prediction of the performance of electro-
optic and infrared sensors. The atmosphere is one part of the total picture, which must
also include accurate knowledge on the effect background; targets and the sensor
architecture itself have on the performance of these types of sensors in our region and
beyond. Further results from the task will be reported on separately including the
detailed airborne studies conducted in 2003. The implications of all these
measurements on the use of atmospheric models such as MODTRAN will also be
covered in a separate report.
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1. Introduction

As part of the research activities being conducted under the umbrella of the long-range
research task LRR 01/205 Atmospheric Aerosol research, DSTO in collaboration with
CSIRO’s Earth Observation Centre (EOC) placed a three wavelength integrating
nephelometer (neph) at a site in Jabiru located inside Kakadu National Park. The
instrument was operated from the 3 of September to the 20t of November 2002
covering the intense part of the dry season, which is dominated by biomass burning,
and, in the latter stages, heading into the beginning of the wet season (the build up).

The aim of this activity was to collect data on the variation in the aerosol scattering
coefficient over an approximate three-month period. It was also an opportunity to
assess the long term operating performance of the instrument.

CSIRO have a number of instruments in the field at Jabiru and other sites in Australia.
They have an ongoing research program characterising aerosol optical depth on a
seasonal basis as part of the AERONET global aerosol-monitoring program. Some of
the agencies involved in this global measurement program include NASA and the
National Oceanic and Atmospheric Administration (NOAA) from the US.

DSTO will be able to leverage this knowledge in exchange for the nephelometer data
which in turn can be used by CSIRO to test assumptions about how accurately
ground-based measurements are at predicting the aerosol extinction throughout the
entire atmospheric column. This will also be of benefit to DSTO as a complement to the
aircraft measurements and it is hoped that in combination a useful methodology will
be developed to make continued use of ground based measurements to monitor long-
term seasonal trends in aerosols in the boundary layer. This will be achieved by
reinstalling the nephelometer at Jabiru on a long-term basis.

The purpose of this report is to set the context for the ongoing aerosol measurements
work being undertaken in DSTO’s Intelligence, Surveillance and Reconnaissance
Division (ISRD). The operation of the nephelometer is outlined and preliminary results
from the Jabiru deployment are presented. Future reports will cover the aircraft
measurements campaign conducted in June and September 2003 [1,2] and ongoing
ground-based aerosol measurements at Jabiru that commenced in mid 2004 in
collaboration with CSIRO.

2. The Instrument

A nephelometer [3] is an instrument designed to calculate the atmospheric aerosol
scattering coefficient. Two types of nephelometers are available; integrating and polar.
As the name suggests the integrating nephelometer covers all scattering angles giving a
total scattering coefficient. The polar nephelometer measures the scattered radiation in
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a specific direction defined by a scattering angle 8. Note this is a two dimensional
scattering plane defined by the incoming and outgoing (scattered) rays. DSTO owns
and runs a TSI Inc. model 3563 [4] three wavelength integrating nephelometer. This
instrument is designed for both ground-based and airborne measurements [5] and is
capable of being run autonomously for long-term aerosol sampling,

Figure 1: The nephelometer with and without the external cover. The lamp is clearly visible in
the first image as is the external blower and lamp fan (two black objects) in the RH
image.

The instrument is essentially an aluminium scattering chamber that is lined with light
absorbing flock paper to minimise scattering off the walls of the chamber. The aerosol
is drawn into the scattering chamber via the inlet port that has a valve enabling direct
air sampling or filtered air sampling. The filtered air option is used to measure the
Rayleigh scattering of molecules and is used to measure the background scattering
signal of the instrument due to wall scattering. During ordinary sampling the
instrument can become contaminated if the air is very polluted. Therefore it is
necessary to periodically measure the background signal to ensure that the most
accurate aerosol scattering coefficient is available to the user. The air is drawn into the
instrument using an external blower capable of delivering a variable flow depending
on the diameter and length of sampling line used and any restriction on the outlet of
the neph. A lamp provides illumination via a light pipe and cosine diffuser. A
backscatter shutter can be engaged if the backscatter signal is desired. The scattered
light passes through a series of apertures and the reference chopper and then a lens
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before being split via colour filters into blue (B), green (G) and red (R) wavelengths,
which are then detected by photo multiplier tubes (PMT) located at one end of the
instrument. At the other end of the instrument there is a light trap.

Figure 2: A schematic of the nephelometer showing the basic layout of the instrument and the
location of major components.

The reference chopper is a circular plate that makes a full rotation 23 times per second
providing the instrument with measurements of the lamp signal, PMT dark current
and direct scattering signal. Approximately half of the disc is open allowing the true
scattered light to pass through, about a quarter is opaque allowing transmission of the
light source alone and the other quarter is dark allowing measurement of the noise
signal of the PMT.

The backscatter shutter is located between the light source and the apertures when it is
engaged and then is rotated out of the way when the total scattering signal is desired.
The restricted internal geometry of the neph means that the angular integration is
truncated to between 7 and 170 degrees. This becomes particularly important when
forward scattering is expected to be important. Methods have been developed to make
corrections for the angular truncation of the neph and also to correct for the slight
non-Lambertian nature of the light source [6].

A Temperature (T), pressure (P) and a relative humidity (RH) sensor are also fitted to
the neph. Heating of the air can occur inside the instrument due to the lamp and
through the sampling line. This generally ensures that the temperature inside the neph
scattering chamber is higher than ambient, avoiding condensation. A heater is
provided to ensure that under all operating conditions sample temperature can be
maintained higher than the inlet temperature.

The instrument has an onboard signal processing capability with both calibration
constants and background wall scatter values stored in internal memory.
Communication with the instrument is via a computer running proprietary TSI
software either Nephwin or Nephlog. Alternatively data can be retrieved using a
terminal interface via a serial port. No special hardware is necessary to run the
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instrument. A single RS 232 serial port is all that is required. The instrument can be run
in two modes, polled or unpolled. In unpolled mode the neph outputs data to a
computer at predetermined intervals. This provides for very accurate timing signals.
However in unpolled mode communication with the instrument is stopped and can
only be resumed via the execution of a terminal command under the Nephwin
software or via the serial data port. In polled mode the instrument takes all of its
timing information from the logging computer and will output data at intervals set by
the user under the software. This provides the user with maximum control over the
instrument enabling alterations to be made to system parameters.

The basic functions of the instrument can be automated by placing the instrument in
auto mode. In this case the instrument will perform a zero baseline measurement
(ZBM) (background measurement) automatically according to the user-programmed
setting. Once this background measurement is complete the instrument will update its
internal settings and then revert back to measurement mode after purging the
scattering chamber. Purging of the scattering chamber is done before and after a
background measurement is made and is another timing parameter that is set by the
user. In manual mode the instrument will only enter a ZBM when instructed to by the
user via the software. Otherwise the instrument will remain in measurement mode
continuously.

In auto mode the time it takes the instrument to complete a measurement, perform a
ZBM and purge the chamber twice is referred to as the auto-zero period. Typically
sampling or averaging times are set between 1 and 5 minutes, the ZBM is 5 minutes
and the purge time varies depending on the flow rate of the instrument. As a general
rule passing about seven volumes of purged air through the scattering chamber is
desired. In reasonably clean air the auto-zero period is typically set to about 1 hour. In
very clean air often multiple ZBM are performed over longer time intervals and an
average taken. In very polluted air more frequent ZBM may be necessary. The
methodology for operating on the ground and on an aircraft is very different.

On the ground the user will typically use the auto mode for long-term unattended
monitoring of the atmospheric aerosol. The situation on an aircraft being a lot more
dynamic and generally of much shorter duration requires more flexibility as to when
ZBM measurements are performed and hence manual mode is preferred. In this case
the user determines when a ZBM is to be performed. In manual mode the averaging
time can be changed more easily with out causing a temporal misalignment between

the measurement, zeroing and purging modes, which are now engaged by the user
manually.

The raw output of the instrument is photon counts, which are then scaled and
corrected for time delays in the output of the PMT and the period of the reference
chopper. As mentioned earlier the reference chopper enables measurements of both
lamp and PMT dark current signals along with the measured signal. It is the
measurement of all these other signals that allows the neph to operate at high
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sensitivity measuring scattering coefficients two orders of magnitude better than other
nephelometers available on the market. The scaled and corrected photon count output
is then passed through a smoothing filter. This smoothing filter is a running boxcar
average that depends on the averaging time set by the user. For sampling times less
than 5 minutes the boxcar average is 1 second. Using calibration constants and frequent
measurements of the background scattering signal from the wall of the instrument the
neph then converts the smoothed scaled and corrected photon counts to scattering
coefficients which are then passed to the logging computer. Other data that is passed
to the computer includes the neph status, raw photon counts, reference chopper
revolutions and inlet T, sample T, sample RH and P. If the backscatter shutter mode is
invoked the backscatter scattering coefficients are also output. Any zero background
measurement carried out during the operation of the neph will also be logged.

For more detail on the nephelometer operation refer to the user manual [7]. For details
about nephelometer methodology and the performance of the instrument the papers
by Anderson and Ogren are excellent [6,8]. The user is cautioned against applying
results from other 3563 nephelometers to their own as each instrument will have
slightly different operating characteristics and hence noise performance and sensitivity
limits should be assessed on an instrument-by-instrument basis.

2.1 Calibration and Maintenance

The instrument requires calibration taking into account changes in the performance of
the PMT, lamp, any degradation in the colour filters and or reference chopper and
contamination of the scattering chamber. Calibration is typically undertaken using two
span gases CO,and filtered ambient air. Ideally the filtered air low span gas should
always be at the same temperature and RH so the use of a controlled air source may be
preferred. Industrial grade 99.9% pure CO, is used to provide the most accurate high
span gas scattering coefficients. The calibration procedure is outlined in the user
manual and under the Nephwin software where there is a calibration menu option
with a checklist of the procedures to be followed.

Depending on the blower power setting the neph should initially be purged with
filtered air for approximately 7 minutes. This is a slightly conservative figure and
assumes a very low flow rate of 5 litres per minute (Ipm) but will guarantee that the
instrument is purged of any remaining particle laden air. Following the purging of the
instrument, filtered air measurements should follow for at least 300 seconds to obtain a
measured value for the Rayleigh scattering coefficients of air (the Nephwin software
displays photon counts during the calibration only). These values should then be
stored in the neph. The external cover then needs to be removed to allow access to the
small blue filter, which should be detached from the inlet. The neph main inlet port
and the outlet should then be plugged. CO, should then be fed into the secondary inlet

connection at a rate of 5 lpm and should be felt exiting the blue filter in the opposite
direction to the arrow on the filter. This end of the filter should be connected to a
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sampling line and the CO, exhausted outside for safety reasons. Again the neph
should be purged for 7 minutes and then a 300 second CO, measurement should

commence. The results of the CO, measurement should then be stored in the neph.
The displayed calibration constants should then be assessed for accuracy by
comparison with values referred to in the user manual and the previously stored
values. If the user is satisfied with these constants they should be saved along with a
calibration string identifying the time, date, span gases used and the individual who
undertook the calibration. The instrument should then be purged of CO, and a ZBM
performed so the instrument is then ready for measurements again.

A calibration should be performed as necessary. In the case of long-term continuous
aerosol sampling this should be done routinely with the maintenance schedule. At a
minimum the lamp needs to be replaced after about every three to six months if
operated at 75 watts. Other nephelometer lamps have lasted six months at 75 watts
when left to run continuously [9]. The lamp current should be monitored regularly and
if the lamp starts to draw a large current then it should be replaced. This should be
done before the lamp stops working to avoid any potential damage to the onboard
circuitry of the instrument. Typically the lamp draws about 6 amps when operating at
75 watts. If the current rises above 7 amps the lamp should be replaced. At this time the
instrument should be cleaned and the components checked and then a calibration
should be performed. Currently, the manufacturer provides no expected lifetime of the
PMT but their performance should be monitored and if dark current levels become
unacceptably high they should be replaced. The colour filters should be examined for
any cloudiness, which is an indication of deterioration of the coating on them due to
high moisture levels (which should be avoided if possible). Again depending on the
level of cloudiness these filters may need to be replaced. The reference chopper, light
pipe lens, and back scatter shutter should be cleaned using a soft lint free cloth and in
the case of the light pipe lens and the opaque section of the reference chopper they
should be cleaned with a small amount of isopropyl alcohol. Under no circumstances
should isopropyl alcohol come into contact with any of the black surfaces. Other
groups suggest against cleaning these components unless absolutely necessary [10].

To clean these components of the instrument the scattering chamber will need to be
taken apart. The procedures for doing this and for maintenance of the components
mentioned above are contained in the user manual. Clean compressed air should be
used to clean the flock paper and remove any dirt or debris from within the scattering
chamber including the light trap. The temperature, pressure and humidity sensors
should be monitored for accuracy and replaced if they malfunction or become too
inaccurate. The High Efficiency Particulate Air (HEPA) filter used to provide the
filtered air measurement should be checked for blockages if there is a significant
increase in the pressure drop across the filter. Otherwise it should be replaced every six
months. The small blue DQ filter used to provide filtered airflow to the light pipe lens
should be replaced every 12 months.
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3. Location and Set-up

To protect the instrument from environmental impact it was decided that it should be
installed inside one of the laboratories located at the ERISS [11] field station in Jabiru. A
suitable stack was identified as being ideal for allowing access to outside air.

Due to the strict requirements of isokinetic sampling it was decided to mount the
nephelometer inlet directly under the stack so that a length of straight tubing could be
used to transport the aerosol to the instrument. Approximately 3 metres of 22.2 mm
LD. stainless steel (ss) tube was used to transport the aerosol. Stainless steel was chosen
for its robustness and excellent sampling characteristics. The inlet end of the tube was
chamfered on the outside to a knife-edge providing a sharp edged inlet. We are not
interested in size selective sampling so this is the best that can be done to accommodate
the variable wind speed and directions encountered. A more sophisticated sampling
arrangement could be used that would involve drawing a huge volume of air through
the larger external stack (of the order of 1000 Ipm) with the smaller nephelometer tube
sampling from this airflow within the stack. This is the optimal arrangement however
it is beyond the current financial and infrastructure restrictions that DSTO is currently
operating under.

The blower was set to operate at a 5% power setting producing a flow rate of
approximately 20 lpm. This is a relatively high flow rate and hence we can expect
some particle losses at the inlet of the ss tube as we are sampling from still air. Wind
speed and direction being variable will also affect sampling performance. The
mismatch in air speed and direction outside and inside the sampling line violate strict
isokinetic sampling conditions. This is most likely to impact on particle sizes above 5

pm and certainly above 10 sm since the larger diameter particles cannot follow the

streamlines if the airflow is convoluted. Estimates for aspiration and transport losses
[12] can be made using theoretically and empirically determined equations such as
found in the aerosol calculator program written by Paul Barron [13]. Transport losses
are expected to be small since a length of straight uniform diameter ss tube was used so
there are no gravitational settling losses or deposition losses due to the absence of
bends and constrictions. The tube Reynolds number is in a region that indicates the
flow can become turbulent depending on the initial conditions. We feel that based on
the measurements of the flow rate (stable) we made in the laboratory and the results
obtained for the measured scattering coefficient the flow was not likely to be turbulent.
Even so estimates for turbulent inertial deposition losses can be made using the aerosol
calculator program (similarly for other transport losses). Diffusion losses are expected
to be small since the relatively high flow rate means the sample does not have a very
long residence time in the sampling line. The same justification applies for
diffusiophoretic losses. Electrostatic losses are eliminated by using a grounded
conductive transport tube and thermophoretic losses are mitigated against since the ss
tube is housed inside a stack which is most likely at a higher temperature than outside
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air and the section in the laboratory is insulated using black insulating rubber.
Thermophoretic losses are difficult to estimate in a sampling line due to the difficulty
in measuring the required temperature gradients. There may be some small losses at
the ss tube neph interface. The ss tube slides inside an adaptor, which is threaded into
the inlet port (two grub screws in the adaptor hold the ss tube in place) and butts up
against a horizontal bar installed by the manufacturer presumably to prevent large
debris from entering the scattering chamber and to prevent the sampling line from
blocking the filtered air inlet.

For this report no attempt has been made to make corrections for aspiration and
transport losses or to correct for the effects of the angular truncation of the neph and
the slight non-ambertian nature of the light source. The major source of particle loss is
expected to be at the inlet of the ss tube. This analysis should be done for future
measurements and if this data is to be used in further studies.

The other end of the ss tube was covered with a wired mesh dome to protect the inlet
from insects and debris. This was then placed under a rain hat that had a wire fence
around it sealing the inlet off from larger pests such as birds and rodents. The inlet was
mounted above the roof and the ss tube then passed down though the stack into the
laboratory to the instrument. The lower part of the stack was then sealed around the ss
tube. Exhausting the aerosol from the neph is much less of an issue as strict sampling
requirements are not necessary. Three quarter inch plastic tubing was used connecting
the neph outlet to an exhaust port mounted on an aluminium plate that was fitted to
the window in the laboratory. In this way the inside of the laboratory was completely
sealed off from the outside and the neph was able to continuously sample outside air
whilst remaining secure and protected inside the lab.
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Figure 3: Left hand image shows the rain hat with wire fence and wire mesh dome visible. The
stainless steel tubing is barely visible protruding above the white section of the mesh
dome. The ss tube descends into the lab, contained inside the larger stack, where it
couples to the neph. The right hand image shows the ss tube protruding below the
lower half of the stack inside the lab. It is covered with black rubber to provide
thermal insulation from laboratory temperature variation. The plastic tube couples
the neph outlet to the exhaust port mounted in the aluminium plate situated in the
window.

Figure 4: The plastic tube couples to the exhaust port in the window (LHS). The RH image
shows an external view of the aluminium plate mounted in the window with another
wire mesh dome covering the outside of the exhaust port to prevent contamination.
The upper port was for external wires for the unused portable weather station.
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To neph was operated via software installed on a stand-alone computer. This computer
was also used to log data. The computer was connected to the neph via a standard RS
232 serial connection. All control of the neph was possible via this software except for
the turning on and off of the instrument power supply.

To interface with the instrument a standalone laptop was used at DSTO Edinburgh via
a dial-up network connection using the remote desktop software that comes in built
with the Windows XP operating system. This connection was sufficient to allow a user
to control the neph via the software located on the in-situ computer and to download
data files on a daily basis back to the laptop located at DSTO. The laptop located at
DSTO was an unclassified standalone machine as was the in-situ PC. The use of the
dialup connection over that three-month period was consistent with DSTO and
Defence security standing orders. All the data collected and the operation of the neph
is unclassified. Even so a permission to operate was sought and obtained for the period
of operation of the dialup connection.

4. Nephelometer Data

The nephelometer logs scattering coefficients for blue, green and red wavelengths
according to the averaging time set by the user. Averaging times can range between 1
second and typically 5 minutes depending on how clean the air being sampled is.

For these initial measurements the neph was operated in total scatter mode only. The
magnitude of the observed scattering coefficients was large and hence it was decided
to set the averaging time to 1 minute allowing the instrument to respond to any rapid
temporal changes in the aerosol. Whilst it is useful to have this data it is too much to
present. To simplify the data presentation hourly averages were calculated and
displayed as weekly temporal charts of the scattering coefficient. This is still a great
amount of data so further averaging was done to calculate weekly averages and
monthly averages. The monthly average will be of most value when multiple years’
worth of data has been collected to enable any changes in the seasonal properties of the
aerosol to be observed. For the limited deployment of approximately 3 months the
weekly average provides enough of a summary to show the major trend in the aerosol
over that period.

For select weeks we have also chosen to display the hourly average charts to highlight
how the aerosol varies diurnally mainly due to RH effects and then across days and
weeks due to local fires.
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Weekly Means - 2002
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Figure 5: This chart shows the weekly means covering the period of the sensor deployment. It
can be misleading in that although the site at Jabiru was exposed to larger levels of
biomass smoke in October resulting in the larger scattering coefficients there was in
fact no more biomass burning occurring over the top end as a whole in October as
can be seen by examining the fire maps (Fig. 5).
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Figure 6:  Hourly average temporal traces of the scattering coefficient over a week in September
and the last week of October.

The gaps in the data are due to power outages beyond the approximately 1 hour
lifetime of the UPS backup. The reliability of the power supply is an issue that has been
identified for the future as critical. This would not only avoid large gaps in the data but

12
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also would allow a much more straightforward analysis of the raw data to extract
initially hourly averages. Having the higher order temporal data is useful but in future
the averaging time of the neph shall be set to 5 minutes to limit the amount of collected
data. This will be sufficient to enable the major temporal trends in the atmospheric
aerosol in and around Jabiru to be observed whilst keeping the data to manageable
levels

Figure 7: Sentinel fire spot maps showing the total number of observed events during the
weeks under consideration. The top map is for the period 21-28 September and the
bottom map is for the 19-26 October. The white dot locates Jabiru.

Examining the sentinel fire spot data [14] for these two weeks we see that there is a
greater spread of fires in the region East of Jabiru across the Arnhem Land Plateau in
September. The most likely explanation for the increased scattering coefficient in

13
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October is that the prevailing winds over night were from the North exposing the site
at Jabiru to the smoke from the large cluster of fires just North of Jabiru. In September
with similar weather patterns the absence of fires in this region results in smaller
measured scattering coefficients. Furthermore the increase in RH over night results in
hydroscopic growth of the smaller smoke particles bringing them into a size range
where their impact on light scattering is much greater.

Historical met data support this with wind roses from Jabiru airport between 1978 and

2002 indicating that from 6épm through to about 12 am winds are predominately
Northerly in October.

The combination of the RH increase and wind direction overnight plus the location of
the cluster of fires to the North of Jabiru in October is the most likely explanation for
the large increase in scattering coefficients.

This highlights the need to carefully articulate the prevailing weather conditions and
burn conditions in the region for the period during which measurements are being
undertaken. Quite obviously prevailing weather conditions, particularly wind
direction, are likely to be more or less the same year after year. The exception may be
during unique weather events such as an El Nino event. However the location, number
and intensity of fires may change year to year in the same region for the same month.
Long term monitoring taking into account the quasi randomness of fires is necessary to
gain a long term appreciation of the ongoing effects of biomass burning on the aerosol
in the region and hence ultimately on the scattering of light.

We can also conclude that in all likelihood September’s and November’s results are
more representative of typical scattering coefficients across the Arnhem land plateau as
most of the smoke being measured in these months will have emanated from fires East
of Jabiru in Arnhem land (Fig 5). The winds are predominantly from the East in the
daytime. Smoke levels as a general rule during these latter months of the dry season
are very high and form a constant haze layer. October’s results tend to reflect the
potential (in this case realised) impact of specific local fires on measurements due to, as
was discussed, a combination of fire numbers, fire locations and weather conditions.

5. Conclusions and Future Work

The nephelometer was seen to operate reliably and continuously without any
problems. The issue of unreliable power was beyond the control of DSTO and attempts
were made to mitigate this by using a UPS capable of providing approximately 1 hour
of backup power.

After returning the instrument to DSTO it was taken apart to be cleaned and was found
to be in good condition with no major signs of deterioration. There was some
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indication that the colour filters were starting to deteriorate particularly the red filter
with a slight cloudy appearance around the edges.

This initial installation proved successful in that we have demonstrated that one can
sample reliably without exposing the instrument to the environment and without
contaminating the ambient air with debris, insects and birds. The initial results

‘highlight the need to have good ground truth about prevailing weather conditions and

good information about the number and location of fires. Future data analysis should
include comparison with column-integrated measurements such as those obtained
with a sun photometer. This would enable us to ascertain how well knowledge about
the ground level aerosol scattering coefficient can help to explain the aerosol extinction
throughout the entire atmospheric column.

The accuracy of the data will depend on how significant the sampling losses were and
to a lesser extent the angular truncation effect of the instrument itself. The use of a
thin-walled inlet is common practice since this produces the least disturbed airflow at
the entrance of the inlet. As mentioned there exists theoretically and empirically
determined expressions for losses at the entrance of a thin walled inlet under still air
and low airflow sampling conditions. Additional analysis of the meteorological data
should be undertaken to determine what the average wind speed and direction was
during periods of the deployment so that these values can be used as input to the
theoretical expressions. The transport time was relatively short such that effects of
aerosol agglomeration or break-up for larger particles would be insignificant.

Since RH affects the aerosol scattering coefficient, future measurements should attempt
to measure the aerosol at close to ambient RH or at a fixed RH by controlling the
temperature of the stainless steel sampling line. For year long sampling the preference
is to measure the scattering coefficient at a low RH <40% (dry scattering coefficient) to
avoid high levels of humid moist air entering the nephelometer, which can ultimately
increase and add to the deterioration of the coatings on the colour filters. This is
particularly the case at Jabiru where in the wet season the absolute water content of the
atmosphere is extremely high.

Meteorological data will also need to be collected again from the weather station at
Jabiru airport so that, in particular, knowledge about the ambient RH is available. The
RH sensor inside the neph will provide this for the sample air. Corrections can then be
made for the effect of RH changes using knowledge about f(RH) [1,15] obtained from
the region.

Future deployments will involve the semipermanent installation of the instrument for,
potentially, a period of years. With a reasonable maintenance schedule and based on
the performance of the instrument to this point we are reasonably confident that this
can be achieved at minimal cost and effort. Essentially then this becomes a free source
of data on the seasonal changes in aerosol properties in the region around Jabiru. When
combined with the airborne measurements conducted in 2003 this should provide a
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fairly comprehensive picture of the aerosol and hence enable knowledge about this to
be fed into atmospheric models such as MODTRAN or potentially even for correction
of satellite imagery and aerosol retrieval.
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