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SUMMARY 
 
This paper provides an overview of action taken by Australia to 
improve the operational performance of the Darwin VAAC and hence 
the IAVW. 

 
 
1. Introduction 
 
1.1 This paper (i) provides an overview of the status of research and development being 
undertaken in Australia, by the Commonwealth Scientific and Industrial Research Organisation 
(CSIRO) in conjunction with the Darwin VAAC, to improve satellite algorithms used for the 
identification of volcanic ash clouds and sulfur dioxide gas; (ii) action taken to establish a new 
position in the Darwin VAAC for a volcanic ash warning specialist; and (iii) work undertaken by the 
Bureau of Meteorology to develop an integrated volcanic ash advisory preparation system. 
 
2. Development of a Robust Water Vapour Algorithm 
 
2.1 Split-window infrared channels are used by Darwin VAAC to discriminate volcanic 
ash clouds from other meteorological clouds composed of water vapour, water droplets and ice 
particles.  Current algorithms perform poorly in the presence of water vapour, and several problems 
have been identified in relation to volcanic eruptions in the tropics. 
 
2.2 It is realised the presence of water vapour in the lower atmosphere is always going to 
interfere with the correct operation of the infrared temperature difference algorithm used by the 
Darwin VAAC to detect volcanic ash.  However, the water vapour effect can be minimised using an 
independent estimate of the amount of water vapour in the lowest few kms of the atmosphere.  
Estimates of atmospheric water vapour from climatological data-bases, from weather analysis fields 
or from other satellite data can be used to overcome this problem. 
 
2.3 An analysis of climatological water vapour fields in the tropics suggests that a good 
approximation of the water vapour effect can be achieved through a simple parametric algorithm that 
uses satellite infrared imagery.  The temperature difference algorithm used by the Darwin VAAC is 
being modified to take into account the water vapour effect using satellite data only.  This scene-based 
approach, relying only on the satellite image data, is simple and efficient to implement in an 
operational environment. 
 
2.4 Initial tests of the new water vapour robust volcanic ash algorithm indicate that it has 
better sensitivity to low ash densities and thus improved discrimination of ash particles, particularly in 
the tropics. 
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3. Sulfur Dioxide Identification 
 
3.1 Sulfur dioxide (SO2) is a major constituent of erupted volcanic clouds.  The gas 
quickly converts to sulfuric acid, which has a corrosive effect on aircraft frames, windows and 
internal surfaces.  The sulfur dioxide gas itself is an indicator of a volcanic hazard, but is often 
transported in a different direction to volcanic ash because it is lighter.  The separation of gas from 
ash is recognised as a frequent and important phenomenon, thus there is a requirement to identify both 
constituents. 
 
3.2 The TIROS Operational Vertical Sounder (TOVS) is a package of instruments on 
board the NOAA polar orbiting satellites.  The data are routinely received and processed by most 
national meteorological agencies.  The Australian Bureau of Meteorology is a regular user of TOVS 
data for weather forecasting and other related services.  The data are available for any given region on 
a twice daily basis from each of two operational satellites.  Thus these data are of great use in tracking 
and monitoring volcanic clouds. 
 
3.3 The TOVS package has many infrared channels that are used principally for deriving 
the vertical profiles of humidity and temperature in the atmosphere.  One of the channels, intended for 
sounding lower troposphere humidity, covers a strong absorption feature of sulfur dioxide gas.  
Research studies using this channel, centred near 7.3 µm, have shown that it is very sensitive to the 
presence of SO2 in the upper troposphere and lower stratosphere (i.e. above FL200). 
 
3.4 A new algorithm is being developed and tested to exploit the 7.3 µm TOVS data.  The 
algorithm is undergoing testing and should become a component of the Darwin VAAC’s volcanic 
cloud detection system in the near future. 
 
3.5 The new algorithm is also applicable to MODIS data, which has much better spatial 
resolution compared to TOVS. 
 
4. Volcanic Ash Warning Specialist 
 
4.1 To further improve the operational performance of the Darwin VAAC a new, 
volcanic ash warning specialist position has been created.  The position which is at the senior 
meteorologist level (equivalent to the supervisor of a forecasting centre) and has the following duties: 
 

• Provide a  specialist focal point for the Darwin Volcanic Ash Advisory Centre 
(VAAC) for volcanic ash related issues. 

 
• Establish and maintain effective communications links with the Philippine 

Institute of Volcanology and Seismology (PHIVOLCS); the Volcanological 
Survey of Indonesia (VSI) and the Rabaul Volcano Observatory (RVO) through 
regular liaison visits; telephone calls and other forms of contact. Maintain close 
liaison with airlines in the Asia Pacific Regions, other VAACs, IAVCEI, 
Geoscience Australia, AusAid, Department of Foreign Affairs and Trade (DFAT) 
and the CSIRO. 

 
• Arrange for staff from PHIVOLCS, VSI and RVO to visit Australia for 

attachments and to participate in volcanic ash and related meetings. Assist the 
three volcanological agencies in the development of project plans to improve the 
monitoring of volcanic activity and communications. 

 
• Ensure that staff in the Darwin VAAC are kept up to date with the latest 

techniques and procedures for the detection and prediction of movement of 
volcanic ash clouds. 
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• Undertake post eruption analyses/case studies with the aim of converting past 
experience into improved practices and procedures. 

 
• Provide operational support during volcanic events. 

 
5. Advisory Preparation System 
 
5.1 The Bureau of Meteorology is close to completing the development of an integrated 
user interface designed to improve the volcanic ash advisory preparation process.  
 
5.2 The interface displays a map of the Darwin VAAC area of responsibility together 
with all volcanoes listed in the Smithsonian volcano database.  Users on selecting the volcano of 
interest are able to draw polygons that show the current and forecast location of volcanic ash clouds.  
The polygons can be manipulated as required.  When the operator is satisfied with the graphical 
presentation, a text warning can be generated.   This creates a text screen showing the Volcanic Ash 
Advisory with the most relevant fields already filled, including the coordinates for the observed and 
forecast ash cloud.  Some fields, such as the eruption details, need to be completed manually by the 
operator.  The final version of the Volcanic Ash Advisory (VAA) is sent directly from the text screen.  
A text message is generated and forwarded to the communications system for dissemination. At the 
same time, an html version of the text VAA is generated for uploading to the internet.  The attached 
figures show the graphical user interface (Fig.1), the VAA text screen (Fig.2); and an example of the 
issued VAA (Fig.3).  Work is now underway to improve operational reliability and usability of the 
system.  The Bureau plans to provide the Darwin VAAC with the latest version of the system for 
operational trials by the end of August. 
 
5.3 Future work will be directed to (i) the provision of a graphical output product; (ii) the 
ability to display satellite data on the graphical interface; and (iii) integration with the dispersion 
model. 
 
6. Action 
 
6.1 The meeting is invited to note the actions being undertaken by Australia to further 
improve the operational effectiveness of the Darwin VAAC and hence the IAVW; and 
 
6.2 Encourage States that operate VAACs to undertake similar research in collaboration 
with Australia. 
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Figure 1.  Volcanic Ash Warning Preparation System - User Interface  
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 Figure 2.  Text Warning Dialogue Display 
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Figure 3.  Volcanic Ash Advisory Message  
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Figure 4 – Volcanic Ash Advisory Number 1 
 

 
 
 
  
 


