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Exercises series  - MI/MM ensembles for 

operat ions

Aim

● Produce/test  a sim ple set  of tools for in-house (or external) evaluat ion of 

these ensem bles – see what  results we can get  and when
Procedure

● You will get  the not ificat ion em ail

● Check all is correct  and produce m odel result s 

● Upload the results in the ftp 

● ZAMG processes the provided m odel outputs plus ZAMG MI ensem ble runs

● Report

2nd  Exercise

NILU res.

NUIG res.

FMI res.

Temp.
storage 

NILU
database

Process
data

reports3GB

ZAMG res.

Ash concentration in μg/m³ 

Operational demonstration services for volcanic ash prediction:  
Activities of the Austrian Meteorological Service (ZAMG) as part of the ESA project VAST 

G. Wotawa ¹, D. Arnold ¹, C. Maurer ¹, N. Kristiansen ², F. Prata ², E. Sollum ², K. Stebel ², A. Stohl ², and C. Zehner ³ 
¹ Central Institute of Meteorology and Geodynamics of Austria (ZAMG), ²  Norwegian Institute for Air Research (NILU), ³ European Space Agency (ESA) 

 

Method for Inversion 

 
 
 

Source-Receptor-
Sensitivities(M)  from  
model runs for numerous, 
regular time- and height- 
sections with unit 
emissions 

Define an a priori source 
(xa),  which is estimated 
according to empiric rules 
(e.g. Mastin et al., 2009),  
independent observations 
and eruption modeling 
(PLUMERIA, Mastin, 2007) 

Matching of the summed 
total column model output  
with satellite observations 
(yo)  from the same time 
step and with identical 
spatial and temporal 
resolution 

(Subjective) estimate of 
the error  in the a priori 
(σx), in the satellite 
observations and in the 
dispersion model, at 
which the two previous 
ones are summed up (σo)  

Analytical solution  of the problem 
for the unknown source x:                              
M(x-xa) = yo – Mxa              
considering regularisations 

Start 
event 

User interface 
 

Trigger 
action 
chain 

Volcano 
database 

VOLE (EUMETCAST) ash notification  
 

External notification  
 

Data thinning (selection),
regridding

Run FLEXPART (multiple runs/segments):
1) for real inversion: 0.25x0.25°,
3600 s output, 9 species, 3-hourly
unit releases, 19 vertical levels of 650
meter. Trade-off in number of particles
2) for „Poor man‘s inversion“

Sum species, scale FLEXPART
output an generate total columns

Match satellite data (observations)
and model data (FLEXPART runs)

Generate a priori source information,
e.g. according to Mastin et al. (2009)

Run INVERSION to yield a posteriori
source information

Run FLEXPART with a posterori source
information and give uncertainties
according to ensemble distribution

„Poor man‘s inverison“
using Mastin‘s or linear
source information after first
measurements become available

Sample of Products for endusers:  static plots, animations, time series, warning levels

Estimation of strength, timing and structure of the source term

Estimate tests on the source term for Eyja using SEVIRI data and a linear a-priori variable in time and total height.

SEVIRI ash mass
loading  retrievals
Source:
SAVVA project:
savaa.nilu.no

First Fast 
FLEXPART 
Forecast 

First set of fast (within first 
hours) products: 
• Concentration maps at 

model levels and flight levels 
• Vertical concentration-time 

plots above pre-defined 
locations (airports) 

• Integrated column ash load 
• Average column load ash 
 

2nd EXERCISE – 2013.10.22./23.  FURNAS ERUPTION 
  

Source term estimates 
 

Multi-input ensemble modeling 
 

Dispersion cloud (mean ash concentration over the whole atmospheric column) 50 hours after the  
eruption of Grimsvötn:  Operational run, one representative member with significantly different 
dispersion cloud as well as a combination (maximum) of the 5 repr. members and the op. run  

Method for Multi-Input-Single-Model-Ensemble 
 

First Guess:  Global FLEXPART-
simulation with the operational 
ECMWF-run, for determining the 
area affected by ash 

Masking of the affected are: 
• Clustering only grid point values, 
which can affect ash plume 
dispersion 
•  The mask has to change 
according to the first guess with 
evolving time  
•  An additional area must be 
added to consider the variation 
among the 50 ensemble members 

Hierachic (Ward‘s 
Methode) and non-
hierachic (K-means, 
Partitioning Around 
Medoids) clustering-
methods 

Key variables 
• Horizontal wind field (u,v) for the 
transport 
• Precipitation (lsp and cp) for wet 
deposition 
Conclusion: Use of u and v on 
pressure levels  (e.g. 250 hPa ~ 
12km ~flying altitude) for the 
clustering 
Precipitation plays only a minor 
role at this altitude 

Conclusions 
• The operational part of VAST has already a first version in place 
• Multi-input ensemble modeling performed in-house (by hand) 
• Multi-model ensemble modeling feasible in reasonable times 
• Systems tested and problems and improvements identified 
• Reaction times and procedures match the time needs of a real event 

The main objective of the ESA-funded project VAST is to enhance the use of Earth Observation (EO) data in volcanic ash monitoring and forecasting for civil aviation. The project aims at further exploring the suitability of EO data to identify ash in the upper airspace, and to 
improve volcanic ash forecasts based on atmospheric models by a seamless integration of inverse modeling and ensemble prediction approaches. While some of the methods applied are already well-established and considered as state-of-the-art in the scientific domain, it 
still remains to be proven whether they can be applied in an operational environment within the characteristic time/resources constraints. The demonstration system consists of a tool to start operational model simulations connected with a volcano database, a module to 
take into account the meteorological forecast spread (ensemble prediction system), a module to consider the spread between different prediction systems (atmospheric transport models from different institutions), and last but not least a volcanic ash emission estimator 
based on inverse modeling fed with EO data. After the end of the VAST project, the validated demonstration system will be available to VAACs and other users, and is also considered for operational implementation at ZAMG for national purposes. 

Outlook 
• Implement ensemble modeling into the automatized system 
• Introduce the SO2 modeling in the system including the detailed source term estimates 
• Introduce the inversion modeling in the operational system  

E-mail 
VAST exercise notification - EVENT - 2013/10/22 – Furnas 
 
VAST EXERCISE NOTIFICATION 
=========================== 
Request date    : 2013/10/22 
Request time    : 09:15 UTC 
Exercise number : 002 
ZAMG contact xxx.xxx@xxx.xxx 
============================ 
INST     : ZAMG 
server   : ftp www.xxxx.xx.xx 
username : xxxx 
Password : xxxx 
============================ 
============================ 
Longitude (deg) : -25.320 
Latitude  (deg) : 37.770 
Vent Height (m) :   805 
Erup Start(UTC) : 2013102209 
Erup End  (UTC) : 2013102212 
Height(m)       : 12000 
Fine ash frac.  : 0.4 
Sim. Length(HH) : 48 
============================ 
============================ 
CAVW-XXX     : 1802-10= 

Meteorological Bulletin 
 
VOLCEX13/02 EXERCISE FROM 22./23. OCTOBER 2013 
  
Meteorological bulletin from ZAMG 
published  23.October 2013,  12:00 MESZ 
Author: Mag. Andreas Frank; Synoptic Meteorology/Division 
Customer Service 
  
On October 22nd the Volcano Furnas located at the Azores had an 
eruption. The ash cloud from this eruption reaches today in the 
afternoon the western parts of Austria. The reason for this fast 
transport to middle Europe is a strong southwesterly flow, which 
had established a few days ago on the front side of a well 
pronounced through located from Island over the British Islands to 
Portugal. […] 
  
Further development:         
The southwesterly flow, with Föhn north of the Alps, persists in the 
next days. So dry and warm weather conditions are expected in 
Austria, in the eastern and southeastern parts low stratus can be 
established. Austria is most of the time direct in the flow of the ash 
cloud. […] 
 

Multiple 
FLEXPART 

runs 

Unit 
FLEXPART 

runs 

Motivation: 
• Test our group capabilities, reaction and products 

available at different stages of the project.  
• Develop multi-input / multi-model ensemble tools  
• Develop common tools to process multi-model data 
• Improve our reaction time and timely generation of 

various outputs 
 

Test case: 
• Furnas volcano (high chances of affected 

European airspace) 
• 24 hour release 
• Constant release rate 
• Fine ash & multi-species simulations 
• Common outgrid /times 

 
Methodology 
• Email notification with details of the event and runs to be done 
• 2/day (or more) videoconferences with VAST partners 
• Each group performs independent runs 
• ZAMG performs, in addition, the multi-input runs with ECMWF ENS members 
• Transfer and processing of  model runs 
• Reporting and definition of actions based on learned experiences 

	

	

Acknowledgements:  ESA for funding the VAST project. ECMWF for providing the meteorological data. Don Morton for providing the plotting tools. 

Each center produces the runs in a common format (ASCII 
or netCDF) and name convention 

Sample products 
from ZAMG 
(FLEXPART-EC) 

Sample products 
from FMI (SILAM) 

Sample products 
from NILU 
(FLEXPART-GFS) 

	

Sample products 
from NUIG (WRF-
Chem) 

The e-mail message (see corresponding document) provides information on: 

· Date and time of the request 

· Location of the volcano 

· Start and stop date/time of the eruption 

· (Maximum) Height of the column 

· Fraction of fine ash 

· Total duration of the simulation 

· Your INST (institution) 4 letter identifier (defined by ZAMG) 

· ZAMG contact person 

· Information on the server (location, user name, password) 

As soon as the computations are finished, each participant is requested to upload the results in the format 

described in the formats and naming conventions section to the server specified in the e-mail notification 

message. There is no further message necessary from the participant since the server will be monitored. If 

problems arise during upload, the participants should contact the contact person specified in the notification 

message 

Transferred*products*–*volcanic*ash*forecast*(evaluation)*products*
All responding organizations shall provide the following information in the format defined below: 

· Total (fine) ash column 

· Fine ash concentrations on model levels (ug/m
3
) – that is in m a.g.l. 

The following grid set-up should be used: 

· Global or regional output at 0.5 x 0.5 degree horizontal resolution. Optionally, for the participants that 

have additional regional capabilities or that are limited to regional domains, the output may be given on 

a domain covering  Europe at a resolution o 0.2 x 0.2 degree(lower left corner coordinates:32.75°N/-

25.00E°, upper right corner coordinates 75.00°N/65.00°E) 

· Hourly averaged concentrations 

· Output in 20 vertical layers, each of 1000 m depth. 

 

All runs specifications should be clearly specified in a text-file README file provided by the responding 

institution and uploaded  with the data. 

File*formats*and*names*
Two file formats are possible for this exercise, namely, netCDF format or the so-called SRS format. The SRS 

format (see below) is an ASCII sparse matrix format with a header informing about the model setup: 

 

 
!20.17''63.30'20100321'12'20100321'15'1.5E+09''48''1''1'0.5'0.5'"CAVW!XXX"'!40.00''50.00'400'400'
'63.00'''!20.00'''!1''0.4869973E!03'
'63.50'''!20.00'''!1''0.1535343E!03'
'64.00'''!20.00'''!1''0.3172967E!04'
'64.50'''!20.00'''!1''0.9161677E!04'
'63.00'''!19.50'''!1''0.1183266E!03'
'63.50'''!19.50'''!1''0.3335377E!05'
'64.00'''!19.50'''!1''0.3607490E!05'
'64.50'''!19.50'''!1''0.3056480E!05'
'''''''''''''''''...'
'63.40'''!20.00'''!2''0.5829973E!03'
'63.50'''!20.00'''!2''0.2115333E!03'
'''''''''''''''''...''''''

 
The values in this sample are solely an example and do not reflect real simulations 

 

Header line (line 1) 

Longitude of event location / Latitude of the event location/ Release start time/ Release stop time [UTC]/ Total 

mass [kg] released / Maximum number hours/ Output frequency [hours] / Averaging time [hours] / Resolution of 

output grid in longitude / latitude [degrees]/ Event identifier [as specified in notification mail message][there is 

no specific number format required] /Longitude of lower left corner / Latitude of lower left corner/ Number of 

grid cells in x direction/ Number of grid cells in y direction.   

 

Data lines (line 2 - line k) 

Latitude of grid point(* )/ Longitude of grid point(* )/backtracking time step number (negative for forward 

simulations) / Concentration value of [kg/m3] 

In our example, timestep number -1 is 0-1 hours after model start time; timestep number -2 is 1-2 hours after 

model start time; and so on 

Please leave away all zero-value grid points. 

Please gnu-zip (or unix-compress) all files before upload. 

 

 (* ) Please note that the latitude/longitude value of the grid point denote the lower left corner of the model 

grid cell. 

 
NetCDF requirements 

If the files are submitted in netCDF format, they should fulfill the folowwing key requirements: 

! Variable-keys of field:  

'LONGITUDE('LONGITUDES')', 'LATITUDE('LATITUDES')', 'TIME OF SIMULATION('TIMES 

OF SIMULATION')', 'LAYER CONCENTRATION ('LATITUDES', 'LONGITUDES', 'TIMES OF 

SIMULATION')' 

! Variable-keys of header (following the srm-file header):  

'LONGITUDE OF RELEASE', 'LATITUDE OF RELEASE', 'STARTING DATE OF RELEASE', 

'STARTING TIME OF RELEASE', 'ENDING DATE OF RELEASE', 'ENDING TIME OF RELEASE', 

'TOTAL EMITTED MASS', 'TIME STEPS FOR SIMULATION', 'TIME INTERVAL OF OUTPUT', 

'AVERAGING TIME FOR OUTPUT', 'GRID BOX SIZE IN LONGITUDE DIRECTION', 'GRID 

BOX SIZE IN LATITUDE DIRECTION', 'NAME OF SPECIES', 'LOWER LEFT LONGITUDE 

VALUE OF GRID', 'LOWER LEFT LATITUDE VALUE OF GRID' 

! Dimension-keys:  

'TIMES OF SIMULATION', 'LONGITUDES', 'LATITUDES' 

Due to constrains in the speed while reading netCDF files by the python processing routines, the fields should 

cover the minimum area possible.  

File*naming*convention:*
The files to transfer should be under the appropriate Ex# directory named as follows: 

 

CAVW-XXX.YYMMDDhh1-YYMMDDhh2.ll.INST_SX.srm 

CAVW-XXX.YYMMDDhh1-YYMMDDhh2.ll.INST_SX.nc 

 

CAVW-XXX Volcano identifier as defined in 

http://www.volcano.si.edu/world/globallists.cfm 

YYMMDDhh1 Simulation start date/time (interpolated to nearest hour) 

YYMMDDhh2 Simulation stop date/time (interpolated to nearest hour) 

ll ll vertical level. 00 corresponds to total column 

INST your institution identifier 

 

Header line (line 1) 

Longitude of event location / Latitude of the event location/ Release start time/ Release stop time [UTC]/ Total 

mass [kg] released / Maximum number hours/ Output frequency [hours] / Averaging time [hours] / Resolution of 

output grid in longitude / latitude [degrees]/ Event identifier [as specified in notification mail message][there is 

no specific number format required] /Longitude of lower left corner / Latitude of lower left corner/ Number of 

grid cells in x direction/ Number of grid cells in y direction.   

 

Data lines (line 2 - line k) 

Latitude of grid point(* )/ Longitude of grid point(* )/backtracking time step number (negative for forward 

simulations) / Concentration value of [kg/m3] 

In our example, timestep number -1 is 0-1 hours after model start time; timestep number -2 is 1-2 hours after 

model start time; and so on 

Please leave away all zero-value grid points. 

Please gnu-zip (or unix-compress) all files before upload. 

 

 (* ) Please note that the latitude/longitude value of the grid point denote the lower left corner of the model 

grid cell. 

 

NetCDF requirements 

If the files are submitted in netCDF format, they should fulfill the folowwing key requirements: 

! Variable-keys of field:  

'LONGITUDE('LONGITUDES')', 'LATITUDE('LATITUDES')', 'TIME OF SIMULATION('TIMES 

OF SIMULATION')', 'LAYER CONCENTRATION ('LATITUDES', 'LONGITUDES', 'TIMES OF 

SIMULATION')' 

! Variable-keys of header (following the srm-file header):  

'LONGITUDE OF RELEASE', 'LATITUDE OF RELEASE', 'STARTING DATE OF RELEASE', 

'STARTING TIME OF RELEASE', 'ENDING DATE OF RELEASE', 'ENDING TIME OF RELEASE', 

'TOTAL EMITTED MASS', 'TIME STEPS FOR SIMULATION', 'TIME INTERVAL OF OUTPUT', 

'AVERAGING TIME FOR OUTPUT', 'GRID BOX SIZE IN LONGITUDE DIRECTION', 'GRID 

BOX SIZE IN LATITUDE DIRECTION', 'NAME OF SPECIES', 'LOWER LEFT LONGITUDE 

VALUE OF GRID', 'LOWER LEFT LATITUDE VALUE OF GRID' 

! Dimension-keys:  

'TIMES OF SIMULATION', 'LONGITUDES', 'LATITUDES' 

Due to constrains in the speed while reading netCDF files by the python processing routines, the fields should 

cover the minimum area possible.  

File*naming*convention:*
The files to transfer should be under the appropriate Ex# directory named as follows: 

 

CAVW-XXX.YYMMDDhh1-YYMMDDhh2.ll.INST_SX.srm 

CAVW-XXX.YYMMDDhh1-YYMMDDhh2.ll.INST_SX.nc 

 

CAVW-XXX Volcano identifier as defined in 

http://www.volcano.si.edu/world/globallists.cfm 

YYMMDDhh1 Simulation start date/time (interpolated to nearest hour) 

YYMMDDhh2 Simulation stop date/time (interpolated to nearest hour) 

ll ll vertical level. 00 corresponds to total column 

INST your institution identifier 

Naming: 

ASCII optional format (SRSm format): 

NetCDF format specifications: 

Output processed with common plotting format including ensemble results 

Sum up FLEXPART output 
over species to generate 
total columns for model-
observations comparisons 

Process the satellite data into 
a common grid and reduce 
number of observations by a 
data thinning 
 
 
 
 
 
 

VOLE Ash Product
Parameter „ash loading“ [g/m2]

Meteorological input files
operational + 50 ensemble
members

Data thinning (selection),
regridding

Run FLEXPART (multiple runs/segments):
1) for real inversion: 0.25x0.25°.
3600 s output, 9 species, 3-hourly
unit releases, 19 vertical levels of 650
meter. Trade-off in number of particles
2) for „Poor man‘s inversion“

Sum species, scale FLEXPART
output an generate total columns

Match satellite data (observations)
and model data (FLEXPART runs)

Generate a priori  source information,
e.g. according to Mastin

Run INVERSION to yield a posteriori
source information

Run FLEXPART with a posterori source
 information and give uncertainties
 according to ensemble distribution

„Poor man‘s inverison “
using  Mastin‘s or linear
source information after first
measurements become available

1st guess FLEXPART run with
operational forecast & retrieval
of u, v and precipitation
from ensemble members

Clustering of ensemble
according to u, v and total
precipitation in the 1st guess
region + uncertainty region

Retrieve reduced set
of complete ensemble members

Preprocessing for FLEXPART:
deaccumulation of precip and
calculation of vertical velocity
in hybrid coordinates

ni members

Forecast service - notification
Start of automatized procedure

EVENT

FLEXPART 
run with a 
posteriori 

A PRIORI A POSTERIORI 

FLEXPART 
run 

Report with: 
• Independent, ZAMG-processed and ensemble results 
• Time tracks of all the different processes 
• List of actions to be taken after the lessons learned in the exercise 
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