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1 Introduction

The demonstration service provided by SAVAA will provide a means for delivering quantitative satellite-based products aimed at the aviation industry to assist in the avoidance of hazardous volcanic ash clouds.  The approach taken is to deliver a set of state-of-the-art satellite products, coupled with the use of an accurate Lagrangian particle dispersion model–FLEXPART.  The model will form the core of the analysis and predictive capacity of the system, and will provide timely advice for aviation planning.  Figure 1 shows an outline of the proposed system.


Figure 1: Overview of the VAS3 system and product generation.
The concept behind the system is based on being able to fuse satellite products with Lagrangian model output.   The details of satellite production are given in the Algorithm Theoretical Basis Documents (ATBDs) and the FLEXPART model is described in detail elsewhere (Stohl, 2005).  The inversion scheme is a new; but several cases have already been tested and the results published, e.g. Eckhardt et al., (2008), Kristiansen et al. (2009).    The combination of the volcanic height inversion with the FLEXPART model is termed: FLEXVOL.  The delivery system is a workstation publishing products and simulations via a webportal.  The combination of these is the Volcanic Ash and SO2 Service Support–VAS3.


2 Service Overview

The main steps within the operation of the demonstrator service are listed below:

An alert is generated which informs the system of a volcanic event and the need to run FLEXPART and generate satellite products.  The Alert itself may be based upon a satellite measurement, and this will be an external input to the system.  Because there are currently no ash alerts it has been agreed that SAVAA will develop an ash alert based on IR satellite data.
Once it has been determined that a significant volcanic event has occurred (here we define significant as an event that is likely to cause some disruption to air traffic, or at least penetrate to above 10,000 ft , ~3 km) into the atmosphere, the VAS3 system is triggered to begin processing its steps.  We note that it may not always be possible to determine immediately the significance of an event and so there may be a stop-start cycle.
The first processing step is to generate satellite products.  For the European region the principle source of satellite data will be from SEVIRI.  These data can be obtained at 15 in intervals and are directly ingested from the NILU EumetCast facility.  As time goes by, other data products will be generated from AVHRR, MODIS, AIRS, OMI, GOME-2 and so on.
The satellite products will now be used with FLEXPART to determine the injection height profile of the volcanic eruption.  This part of the processing chain is called FLEXVOL.  Meteorological data from the ECMWF (mostly winds) are used together with the satellite product to estimate the vertical profile of emissions.
Having achieved a successful inversion, the height profile is now used with FLEXPART to predict the fate of the volcanic debris up to 48 hours ahead.
As updated meteorological data arrive, the FLEXPART forecasts can also be updated.
As more satellite data are obtained, the inversion scheme may be re-run and updated forecast movements provided.
Validation of the predicted movement will be done using other satellite data (e.g. Calipso) and ground-based observations (e.g. lidar, if available).

Each of these nine steps is described in the following subsections.

2.1 Alerts

Currently there are 3 main sources of volcanic alert:
2.1.1 SACS Alerts 

Webpage:  http://sacs.aeronomie.be/alert/.  An example of the emailed alert is shown in Figure 2a.


Figure 2a: Typical SACS email alert.
The link provided takes the user to a graphical webpage where much more information can be obtained.


Figure 2b: SACS webpage showing location of the alert.

2.1.2 AIRS Alerts.  

Webpage: http://www.star.nesdis.noaa.gov/smcd/spb/iosspdt/iosspdt.php?so2=1

An emailed AIRS alerts contains a link to the data file and a list of the AIRS pixels affected, providing locations within the text of the message, ash shown in Figure 3a.


Figure 3a: AIRS emailed alert message.
The link provides the user with a thumbnail image of the AIRS data that generated the alert and the name (and a link) to the actual data file.


Figure 3b: Graphical data for the AIRS alert.

2.1.3  IASI Alerts



Figure 3c:  Typical IASI email alert.
The graphical display for the IASI alert is shown in Figure 3b.



Figure 3d: Graphical display for the IASI alert.

All of these alert systems operate by sending an automated email message to a list of recipients.

2.1.4 NOAA-OMI alerts

Currently these alerts are not automatically generated and a user must locate the webpage and browse current activity.  An example of this can be found at:

http://satepsanone.nesdis.noaa.gov/pub/OMI/OMISO2/index.html

Of these, the alerts generated by IASI are the most timely and dense.  AIRS alerts have been intermittent and SACS alerts tend to be late and have poor coverage.  There are plans to have alerts based on OMI, but so far these must be accessed via a dedicated webpage and no automatic message is generated.

An important point to note is that all of these alerts are based on SO2 identification, and may not always provide a rapid identification of an ash-rich eruption (e.g. Cháiten, Chile).


2.1.5 SAVAA ash alerts

During the course of the SAVAA project and ash alert based on IR satellite data will be generated.  The alert will conform to users requirements, have a simple text format with a link to graphic (web-linked), be maintained in an archive and be sent via email to the VAACs.  The precise format, algorithm basis, frequency and delivery metrics will be determined during Phase 2 of SAVAA.
2.1 The VAS3 Workstation

This is a specialized hardware/software configuration consisting of a Unix-based computer with sufficient resources to run FLEXPART and also produce satellite products.  The software comprises the modules of FLEXPART, the inversion height code and software to produce quantitative volcanic products from satellite data.

2.2 Near real-time EumetCast data

The NILU EumetCast facility is described in: NILU Eumetcast Facility.pdf

The main source of data from this reception facility will be SEVIRI.  Details of the instrument may be found in: pdf_ten_msg_seviri_instrument.pdf

For now the most important aspects of the instrument with regard to the provision of volcanic services is its timeliness (15 min sampling) and the breadth of the data channels covered (12, with the ability to determine both ash and SO2).

2.3 Off-line satellite data streams

Several other data sources have been identified for use within SAVAA.  None of these are real-time, except for those that can be accessed via Eumetcast.  Table 1 shows the data and the likely data portals, including the timeliness of the access.

Data	Portal	Timeliness
AVHRR	Eumetcast	<15 min
MODIS	http://rapidfire.sci.gsfc.nasa.gov/realtime/2009236/	1–6 hrs
OMI	http://daac.gsfc.nasa.gov/data/datapool/OMI/	1–6 hrs
AIRS	Airs_data	1-6 hrs
IASI	Eumetcast	<15 min
(A)ATSR	By request	1-2 days
GOME-2	Eumetcast	<15 min

Table 1: Likely sources of data for SAVVA product generation
2.4 FLEXVOL

This describes the combination of the FLEXPART dispersion model with the new height inversion code.  

2.5 Meteorological data

NILU has an agreement to automatically acquire ECMWF data in a routine manner.  Typically data can be used up to 4 days ahead, allowing forecasts out to about the same period.

2.6 Forecasting and validation

The forecasting capability of FLEXVOL is limited by the accuracy and timeliness of the initial input data.  This pertains both to the wind fields and the satellite data used to retrieve the emission height profile.  As more data arrive, new inversions can be made and new forecasts run.  The frequency of these runs will be determined on a case-by-case basis and also on the capability of the hardware. 
4 Product specification

3.1 UV SO2 products

The UV products will be the standard products generated by GOME-2 and OMI for SO2 retrievals.  The OMI products are described here:  OMI_SO2

The GOME-2 product description may be found here:

In addition, a separate ATBD describes the GOME-2 product specifically for use in the SAVAA project.

3.2 IR SO2 products

Table 2 lists the SO2 products determined using IR measurements.
 
Product ID	Instrument	Physical basis	Units	Format
SEV73_IR_SO2	SEVIRI	7.3 µm	gm-2	JPEG, Binary
SEV86_IR_SO2	SEVIRi	8.6 µm	gm-2	JPEG, Binary
MOD73_IR_SO2	MODIS	7.3 µm	gm-2	JPEG, Binary
MOD86_IR_SO2	MODIS	8.6 µm	gm-2	JPEG, Binary
IASI_IR_BTD	IASI	7.3 µm/BTD	K	JPEG, Binary
AIRS73_IR_SO2	AIRS	7.3 µm	g m-2	JPEG, Binary

Table 2: List of SAVVA IR SO2 products.
The algorithms used to generate these products are described in the ATBD, see:
SO2ATBD-SAVAA-v1.0.pdf

3.3 IR Ash products

Volcanic ash products are generated using techniques described by Prata (1989), Wen and Rose (1994), Prata and Grant (2001), Gangale et al. (2009) and Corradini et al. (2009).  In addition full details of the algorithms can be found in the ATBD, here: AshATBD-SAVAA-v1.0.pdf.  The products are listed in Table 3.







Product ID	Instrument	Physical basis	Units	Format
	SEVIRI	Reverse absorption	K	JPEG, Binary
	MODIS	Reverse absorption	K	JPEG, Binary
	AVHRR	Reverse absorption	K	JPEG, Binary
	(A)ATSR	Reverse absorption	K	JPEG, Binary
	SEVIRI	microModel+RA	gm-2	JPEG, Binary
	MODIS	microModel+RA	gm-2	JPEG, Binary
	AVHRR	microModel+RA	gm-2	JPEG, Binary
	(A)ATSR	microModel+RA	gm-2	JPEG, Binary
	AIRS	Concavity	gm-2	JPEG, Binary

Table 3: List of SAVAA IR volcanic ash products.

3.4 FLEXVOL  products

Forecast fields from the FLEXPART model will be supplied at the following initial resolutions: 
	
	Units:				g m-2
Time interval: 			3 hrs
	Horizontal resolution:		25x25 km2
	Vertical resolution:		1 km
	Update period:		6 hrs
	Forecast time:			96 hrs
	Significant levels:		All flight levels

Product ID	Description	Units
SO2	Sulphur dioxide concentration	g m-2
Ash	Fine ash (r<10 µm) concentration	g m-2

Table 4: FLEXVOL products.
It is possible to provide SO2 and ash concentrations at any level or interval and intended that these products will be generated at flight levels deemed suitable for aviation purposes (these may vary from situation to situation).

3.5 Formats

Standard data formats will be used throughout the SAVAA processing chain.  Three formats are provided:

Industry standard JPEG files with sufficient compression to allow for fast data transfer with acceptable loss of quality (the compression may vary from product to product).  This will be the main format for delivery of data products as indicated by the user requirements.
Animated GIFs will be used for media generation (movies).
A flat binary file.  This data is intended for use by researchers and aviation industry users who wish to look at the data in more detail, combine it with other data streams or for case studies and training examples.  The record structure of the flat binary file will be specified in a meta data file containing the main characteristics of the file.
5 Product generation

Data products are made at NILU and/or INGV and will utilise input data from local Eumetcast systems.  Products are only generated during an alert period and terminated after a suitable interval of time.   As a rule, products will not be generated for global events.  However, if there was a large eruption during the period of the SAVAA project it is likely we will initiate alerts, height retrievals and generate products.
6 Service Demonstrator

For the SAVAA demonstrator, a complete set of products will be delivered for two case studies:

A long-lived SO2-only event spanning a large spatial domain.  For the European region the Jebel-at-Tair event may be used.  It may also be possible to provide a North American example from Kasatochi or Redoubt.
An ash-rich event.  The likely candidate for this is the Karthala eruption, Comoros islands in 2006.  Other possible examples are Cháiten or the recent Etna  eruptions.
The exact choice of the example cases will be determined later after an assessment is made of the extent and volume of the satellite data and other data available.
6.1 Example case studies–SO2

Candidate 1: Jebel-at-Tair, May, 2007.

Volcano	Jebel-at-Tair
Date of eruption	30.09.2007
Duration	10 days
Size (VEI)	2
Longitude	41.8°
Latitude	15.5°
Elevation	0.25  km

Table 5: Information for Jebel-at-Tair







Candidate 2: Kasatochi, August, 2008.

Volcano	Kasatochi
Date of eruption	08.08.2008
Duration	14 days
Size (VEI)	2
Longitude	-175.51°
Latitude	52.17°
Elevation	0.31 km

Table 6: Information for Kasatochi.

Candidate 3: Redoubt, March 2009.

Volcano	Redoubt
Date of eruption	15.03.2009
Duration	10 days
Size (VEI)	2
Longitude	-152.743
Latitude	60.485
Elevation	3.11 km

Table 7: Information for Redoubt volcano.

6.2 Example case studies–Ash

Candidate 1: Karthala, November, 2006.

Volcano	Karthala
Date of eruption	24.11.2006
Duration	3 days
Size (VEI)	2
Longitude	43.38°
Latitude	-11.75°
Elevation	2.36 km

Table 8: Information for Karthala volcano.

Candidate 2: Etna,  September 2004.

Volcano	Etna
Date of eruption	07.09.2004
Duration	Intermittent
Size (VEI)	<2
Longitude	15.0°
Latitude	37.73°
Elevation	3.31 km

Table 9: Information for Etna volcano.


Candidate 3: Cháiten, Chile, May, 2008.

Volcano	Cháiten
Date of eruption	02.05.2008
Duration	6 days
Size (VEI)	4
Longitude	-72.65°
Latitude	-42.83°
Elevation	1.12 km

Table 10: Information for Cháiten volcano.
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AIRS.2009.07.06.238.L1B.AIRS_Rad.v5.2.1.0.N09188025355.hdf

From: Yi Song (ysong@orbit149L.orbit2.nesdis.noaa.gov)

Sent: Tuesday, 7 July 2009 1:10:50 PM

To:  W-vaac@noaa.gov

Cc: Chris.Barnet@noaa.gov; Walter:Wolf@noaa.gov; sung-yung.lee@jpl.nasa.gov;
Evan.M.Manning@jpl.nasa.gov; fred_prata@hotmail.com; scarn@mtu.edu;
‘Thomas.S King@noaa.gov; Yi.Song@noaa.gov

Subject: 502 in AIRS.2009.07.06.238.L1B.AIRS_Rad.v5.2.1.0.N09188025355.hdf

For more details on the following information, please contact
Walter.Wolfénoaa.gov

or goto:: http://ww.star.nesdis.noaa.gov/smed/spb/iosspdt
/iosspdt.php?so2=1

Possible S02 indications in file
AIRS.2009.07.06.238.L1B.ATRS Rad.v5.2.1.0.N09188025355. hdf

scan FOV lat lon BT1361 BT1433 BT_diff

69 1 71.105 148.782 237.0 243.1 -6.1
69 2 71.408 149.361 236.5 243.1 -6.5
69 3 71.699 149,937 237.2 243.2 -6.0
70 1 71.188 148.349 235.6 242.3 6.7
70 2 71.492 148,923 235.9 242.5 -6.6
70 3 71.784 149.495 236.3 242.6 -6.3
71 1 71.269 147.912 235.6 242.0 -6.4
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‘Subject Automated SO2 Alert 20090712.124626

From Automated SO2 Alert <dhurtma@ulb.ac.be> (on behalf of D. Hurtmans)
Date ‘Sunday, July 12,2009 16:28
T undisclosed-reciplents:

Locarion > 60.182210 128.132320
Value > 2906931 K.

#Points > 1

File > iasi_20090712_124459_metopa_14162_eps_oll_bufr

Link: > hipi/icpm-wsd.ulb.ac.befAlertsindex php?NewYear=2009&NewMonth=07&sel_day=12&
AlenList=S02_iasi 20090712, 124459_metopa_14162_cps_o.png
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