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1 Introduction

The Spinning Enhanced Visible and Infrared Imager (SEVIRI1) records Earth images every 15 minute. In the
infrared (IR) images ash clouds may be identified both day and night. The EEMEP model calculates the dispersion
of volcanic ash from a given eruption and is operationally running at met.no. The calculated ash fields may be
input to a radiative transfer model to simulate what SEVIRI would measure for the given scenario with volcanic
ash present in the atmosphere. Such simulated SEVIRI images constitutes an important quality check of the ash
detected in SEVIRI measurements and of the transport in the EEMEP model.

For the radiative transfer simulations a fast and accurate model is needed. The Radiative Transfer for TOVS
(RTTOV) developed by the UK Met Office2 satisfies both these requirements.

Below the adoption of the EEMEP ash fields to the RTTOV required ash input format is described. The RTTOV
application developed for EEMEP ash clouds and SEVIRI simulations is outlined and sample results provided
for an imaginary Etna volcano eruption. The developed software and data flow to and from met.no and NILU is
documented. Finally, suggestions for further improvement are given.

2 EEMEP ash concentration file

The EEMEP model provides ash concentration files in the units of µg/m3 at sigma (σ) levels. RTTOV needs the
ash concentration as number density (cm−3) as a function of pressure (or altitude).

2.1 EEMEP to RTTOV ash concentration conversion

To convert from EEMEP ash concentration ρEEMEP in units of µ/m3 to number density in cm−3 some knowledge
about the radii of the ash particles are needed. Here it is assumed that the particles are monosized with radius
rm = 50µm. Furthermore the ash density is ρ = 3000 kg/m3. Then the number density ρRTTOV as needed by
RTTOV is

ρRTTOV =
ρEEMEP
4
3πr

3
mρ

m3tocm3 (1)

where the factor m3tocm3 convert from units of m3 to cm3.

2.2 Altitude from sigma levels

EEMEP ash concentration is given at σ levels defined as:

σ =
p− pT
pS − PT

, (2)

where pS = 100hPa and pT = 1000hPa. For radiation calculations the ash concentration is needed at altitude
levels. Solving Eq. 2 for p gives:

p = σ(pS − PT )pT . (3)

By using the hydrostatic equation

dp

dz
= ρg, (4)

1More information about the SEVIRI instrument is available from http://www.eumetsat.int/Home/Main/Satellites/
MeteosatSecondGeneration/Instruments/index.htm?l=en.

2RTTOV is available from http://research.metoffice.gov.uk/research/interproj/nwpsaf/rtm/index.html.
The site also provides further information including documentation.

http://www.eumetsat.int/Home/Main/Satellites/MeteosatSecondGeneration/Instruments/index.htm?l=en 
http://www.eumetsat.int/Home/Main/Satellites/MeteosatSecondGeneration/Instruments/index.htm?l=en 
http://research.metoffice.gov.uk/research/interproj/nwpsaf/rtm/index.html
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where g is the gravitational acceleration and ρ the density of air, and the ideal gas law

pρ = RT, (5)

where R is the ideal gas constant and T the temperature, the altitude may be approximated as

z = H(ln p− ln p0), (6)

where the scale height H = RT/g = 7.64km and p0 = 1000hPa.

For the present application the assumptions inherent in the above conversion is considered sufficient.

3 Radiative transfer calculation

The RTTOV model calculates radiation as measured by various satellites. In the infrared it covers the spectral
range 3-20 µm. It thus includes the 8 SEVIRI IR channels in Table 1.

Table 1: Characteristics of SEVIRI IR channels. Information adopted from http://www.eumetsat.int/
Home/Main/Satellites/MeteosatSecondGeneration/Services/SP_20100628161120510.

SEVIRI Channel RTTOV number Short name Comments
4 1 IR 3.9 Infrared band centered on 3.9µm
5 2 WV 6.2 Water Vapour band centered on 6.2µm
6 3 WV 7.3 Water Vapour band centered on 7.3µm
7 4 IR 8.7 Infrared band centered on 8.7µm, SO2 absorption
8 5 IR 9.7 Ozone band centered on 9.7µm
9 6 IR 10.8 Infrared band centered on 10.8µm
10 7 IR 12.0 Infrared band centered on 12.0µm
11 8 IR 13.4 Carbon Dioxide band centered on 13.4µm

The RTTOV model is restricted to viewing angles less than 75◦. The area for which RTTOV may calculate SEVIRI
IR channel brightness temperatures, is shown in Fig. 1. The latitude and longitude resolution of the EEMEP-model
used here is 1◦. For the area covered by SEVIRI with viewing angle less than 75◦, this corresponds to a total of
17645 grid points. For each of these grid points a one-dimensional (1D) radiative transfer model calculation must
be made for each channel. RTTOV accomplishes this in the order of 10 s for all 8 SEVIRI IR channels.

Emissivity is included using the emissivity atlas of Borbas and Ruston. (2010). An example of the emissivity for
the month of May is provided in Fig. 2.

4 Data flow and software description

Calculation of SEVIRI-like brightness temperatures from EEMEP volcanic ash data is a two step process.
First, EEMEP ash is converted to RTTOV ash (see section 2), next the radiative transfer calculation is carried
out (section 3). The first step is carried out by a python script named EEMEPAsh2RTTOVAsh.py. Execute
python EEMEPAsh2RTTOVAsh.py --help to see how to use it. The radiative transfer calculation is done
by the SEVIRI_BT_from_EEMEP_ash program. It is written in Fortran 90 and requires that RTTOV is avail-
able. Description of the program is given in the code it self (SEVIRI_BT_from_EEMEP_ash.F90).

All the software is available at svn.nilu.no/NVAP.

http://www.eumetsat.int/Home/Main/Satellites/MeteosatSecondGeneration/Services/SP_20100628161120510
http://www.eumetsat.int/Home/Main/Satellites/MeteosatSecondGeneration/Services/SP_20100628161120510
svn.nilu.no/NVAP
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Figure 1: The area covered by the SEVIRI instrument when the viewing angle is less than 75◦.
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Figure 2: The emissivity from Borbas and Ruston. (2010) for the month of May for the 10.8 um channel.

4.1 Examples

The ash mass loading from an imaginary eruption of the Etna volcano as calculated by the EEMEP model is
shown in logarithmic scale in Fig. 3. The ash concentration was converted layer by layer to RTTOV input and
RTTOV then calculated the SEVIRI brightness temperatures. The difference (dBT) between the 10.8 and 12.0 µm
brightness temperatures are presented in Fig. 4. A negative dBT indicates the presence of volcanic ash. It is clearly
seen that the modelled ash cloud (Fig. 3) and the simulated SEVIRI image (Fig. 4) are consisten. In the case of
a real eruption these two images may be compared with the real satellite image and thus provide validation and
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Figure 3: The mass loading from the EEMEP model for a test Etna eruption scenario.
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Figure 4: The brigthness temperature difference as calculated from RTTOV SEVIRI channel 10.8 and 12.0 µm
brightness temperatures. Ash field input is shown in Fig. 3.
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additional evaluation of the model and satellite products.

5 Suggestions for further improvement

Below is a non-prioritised list of improvements that may be made to the simulation of SEVIRI type images from
EEMEP calculated ash fields.

• Liquid water clouds from weather forecast models may be included in the RTTOV simulations. This will
make the simulated SEVIRI images more realistic.

• Ice water clouds from weather forecast models may be included in the RTTOV simulations. This will make
the simulated SEVIRI images more realistic.

• RTTOV may include individual water vapour profiles for each grid point. Such water vapour profiles may
be obtained from weather forecasting models at met.no.

• Topography is presently not included. It may be included by using information from for exam-
ple the GTOPO30 data set (http://www1.gsi.go.jp/geowww/globalmap-gsi/gtopo30/
gtopo30.html).
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