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Introduction Bureau that is designed to improve the efficacthef
The Darwin VAAC has been operating since Marchadvisory service that is provided. This includes
1993 providing advice on volcanic ash for the dsiat improvements in the use of satellite data for daigc
industry in accordance with arrangements estalllishe volcanic eruptions and ash clouds, improvemerttssin
part of the ICAO IAVW (ICAO, 2001). The Volcanic utilization of the volcanic ash dispersion moded an
Ash Advisories (VAA's) are based on aninitial repgd ~~ streamlining the warning preparation process. hia t
an eruption, an analysis of satellite data to ideahd  paper we briefly examine the operational unceriesnt
track the ash cloud, and a forecast of the movewfent using the Indonesian Ruang eruption of 25 September
the ash derived from upper level winds and an2002 as a case study, and then describe effoetstdit
atmospheric dispersion model. The VAA message isit using available guidance in a more integratetl an
prepared in the agreed format and disseminatdukto t streamlined way for preparation of the volcanic ash
aviation industry. This process must be completed advisory and a corresponding graphical product.
timely manner so that aircraft likely to be affettey
the ash cloud can take appropriate avoidance messasur Ruang volcano eruption of 25 September 2002

The Ruang volcano is located in the Sangihe Islahds
There are a number of complex issues in the prégrara Indonesia at 2.28°N 125.425°E and around 0345 UTC,
of warnings relating to volcanic ash. There are25 September 2002, the volcano erupted to a hefght
numerous volcanoes in the Darwin area ofapproximately 20 kmin clear conditions. The etiolu
responsibility and most are remote and not rouinel of the ash plume was observed in hourly GMS5 gatell
monitored. As a result, advice of volcanic erupsion  data and other satellite data (Tupper etal, 2004hds
ash clouds may be delayed. Current satellite laa over the volcano at the time of the eruption weoenf
proved of considerable value for detection of voica the east in the layer up to 18 km and most of #ie a
eruptions and the detection and tracking of ashddo plume moved to the west. A thin layer of ash &
and there have been improvements in the utilisaifon in the layer 18-20 km did move to the east butlier
these data to support the volcanic ash warningegerv purposes of this discussion is not considered éurth
However, the discrimination of volcanic ash fromeva
ice clouds and delineation of the observed ashdeoyn  Fig.1la shows the IR1 (BJ) image from GMS5 at
remains problematic with current data and procgssin1230UTC and Fig. 1b shows the corresponding IR1-IR2
techniques. This necessitates intensive manugkasa (BT1:-BT1y) channel difference image, with negative
of satellite data with resultant time and resourcedifferences in orange and red indicating the pdssib
implications. Ash dispersion models provide usefulpresence of ash. It was possible to track the thayn
guidance on the expected movement of an ash cldud bof the ash cloud up to this time from a loop of the
there are uncertainties in the wind field in thehourly visible, IR1 and IR1-IR2 images and Fig lsna
underlying atmospheric model and the source term foshows a manually analysed boundary for the ashgalum
initialising the dispersion model. Moreover, the Discriminating ash from water/ice clouds and defin
concentration of ash that presents a risk to dircra its boundary as it disperses can be difficult isiblie
either for safety reasons or maintenance impactgti  and IR imagery, and although the IR1-IR2 image may
well known. Hence delineation of the forecast ‘#ire show a well-defined ash signature it does not ifient
area’ is also problematic. Finally the preparatibthe the full extent of the ash as shown in Fig 1. this
VAA can be manually intensive and during busyevent the IR1-IR2 data showed the presence ofaash f
operational periods this can cause undue pressure faround 40 hours following the eruption but delin@at
operational staff. All these factors cause dekyd  of the ash boundary, or threat area, became praiiem
increase the potential for errors in the provis@n after just 9 hours. When there is active convectin
advice that is of critical importance to aircrgfievating the area and extensive water/ice cloud present,
in regions where there are active volcanoes. uncertainties in delineating the analysed threat ar

increase greatly.
With these issues in mind there is ongoing effothie



Guidance on the dispersion of volcanic ash clogds ithe plume than models predict. Finally the noméasal
prowded by the Hysplit dispersion model (Draxleda concentration that presents a risk to aircrafoiswell

‘ ) £ - known. These issues lead to uncertainties in dslimgp
the forecast threat area.

These uncertainties mean that the forecaster nsest u
satellite data and dispersion model output in an
integrated way to provide the best assessmenteof th
analysed and forecast ash boundary or threat area.
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Figure 2. Hysplit dispersion model forecast for
1300 UTC, 25 September 2002 based on eruption
at 0345 UTC

The Darwin Volcanic Ash Warning Preparation
Figure 1. GMS-5 satellite imagery for 1230 UTC, System (VAWYS)
25 Sep 2002, showing Ruang eruption cloud. (a) The Volcanic Ash Warning Preparation System
IR1 image with manually analysed boundary of ash (VAWS) has been developed to enable more integrated
plume, and (b) image of brightness temperature use of available satellite data and dispersion rode
difference (IR1-IR2) with blue indicating positive ~ output and to streamline the generation of thedext
differences and orange/red indicating negative corresponding graphical volcanic ash products. The
differences. system also provides a stable framework that should
simplify the operational implementation of improved
Hess, 1998) and Fig.2 shows model output for thenalysis and prediction components that are underwa
Ruang eruption for the same time as that shownign F
1. This figure shows the integrated concentraiom  The VAWS interface includes a map window that
the surface to 18 km. Comparison of the boundarphows coastlines and all volcanoes in the regitable
shown in Fig. 1a with that in Fig. 2 shows generalfor the display of relevant volcano details, a faye
agreement but the extent of the analysed ash ig@anagerand atoolbar, as illustrated in Fig 3l rBam
significantly greater. Such differences can dssmuse and zoom capabilities are available in the map wind
the forecast wind field from the underlying NWP rabd  and the user can select the volcano of intereistg tise
is not representative. There are also uncertaiitiithe ~ Mouse or a text based search, and add the volodine t
source term for initialising the dispersion model, volcano table. The operator defines the analysed a
including the height of the eruption plume andrtfass ~ forecast threat areas for 0 hr, +6 hr, +12 hr ab@i kr
distribution. Many dispersion models assume a lingising the mouse and the VAA products are then
source but in reality there is horizontal spreadifipe ~ generated in a two-step process. The operatattsele
plume in the early stages due to internal dynaaiitse ~ the ‘Advisory’ icon on the toolbar and this genesa
eruption. This will contribute to greater spreafof  text dialogue that shows all the required fieldstfee
VAA. Most fields are filled automatically using tdéds



derived from the graphical interface and the fewash dispersion model using a concept of layers;thed
remaining fields, such as the information source, a need to archive relevant information for training
completed manually. The output products are themurposes and for ongoing research and development.
previewed and submitted for dissemination. The
products include the VAA in text format and a In the first stage of development the focus has ltee
corresponding graphical product (Fig 4) that wasstreamline the preparation of the VAA message and t
developed in liaison with regional aviation indystr generate a corresponding graphical product. Future
representatives. The output products are archivedperational implementations of the VAWS system will
together with system files that store relevantallow for the display of satellite data and disjpars
information for each advisory and for the systemtust.  model output within the graphical interface andknar
this is well advanced.

0 enite Dese | (Eedcs B @ Operational experiences

Volcano Details

e —| Sty | Operational use of the stage-one system started in
| December 2003 and over 200 VAA’'s have been
generated and disseminated in the period up tmé& Ju
2004 with a text and graphical product for each.
Following feedback from operational forecasters a
number of upgrades have been provided to improve
system operation and functionality. The system has
streamlined the preparation of the VAA message,
reduced the potential for errors, and feedback from
forecasters has been positive. Feedback from the
aviation industry on the format of the graphicalgurct
has also been positive. It is consistent with tthe
product and satisfies the need, expressed by flight
planning personnel and pilots, for a concise amgk
= product that shows the variation of the ash boundar
[odetne mre Plyaons, plsst ek S oo, O e ik o ‘ (rasne) with time. The simple format also means the produc

remains legible when faxed to pilots at briefirggisins

Figure 3. Graphical interface for Volcanic Ash that may have limited facilities.

Warning Preparation System.

Conclusions

The Volcanic Ash Advisories (VAA's) issued by the
Darwin VAAC are based on an initial report or

independence; a responsive graphical interface; thgetectmn of a volcanic eruption or ash cloud, an
need to integrate the system within the Bureau’ SanaIyS|s of satellite data to identify and track #sh
operational infrastructure (Kelly, etal, 2004); tiwlity cloud, and a forecast of the movement of the ash

to display satellite data, NWP data and output ftoen dgnved_ from upper level W'.nd$ ar!d an _atmo_spherlc
dispersion model. Uncertainties in delineating the

[[Volcanic Ash Advisory Number 1 _| analyzed and forecast ash boundary or threat area,
‘ ‘ ‘ | requires intensive manual analysis and integrade i
available guidance by the forecaster when gengratin
output products for the aviation industry. Thiegess,
together with preparation of the VAA, can be time
consuming with resultant delays and potentialfiars.

In the development of the user interface seversibde
criteria have been adhered to. These include phatfo

The Volcanic Ash Warning Preparation System
(VAWS) is a person-machine user interface that has
been developed to streamline preparation of the VAA
text product and automatically generate a corredipgn

e graphical product. It enables satellite data and

Yoy DarwiiVAAC dispersion model outputs to be used in a more

i s integrated way to delineate the analysed and fsteca
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Figure 4. Volcanic Ash Advisory graphical product.



threat areas. The system should also providebtesta Material and Toxic Chemical Clouds. ICAO Doc 9691-
framework that simplifies the operational AN/954, First Edition-2001.

implementation of improved analysis and prediction

components that will be developed in the futurbe T Kelly J., A.Donaldson, C.Ryan, J.Bally, J. Wilsarda
system has been in operational use since Decembg. Potts, 2004: The Australian Bureau of Meteorgkg
2003 and feedback from forecasters and the aviationext generation forecasting system. "20PS
industry has been positive. Conference, AMS.
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