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Abstract: - The eruption of the Icelandic volcanoes Eyjafjallajökull 2010 and Grimsvötn 2011 caused 
significant disruptions of the air traffic over Europe. The airspace of nearly whole Europe was closed for about 
a week in spring 2010 during the eruption of the Eyjafjallajökull. This caused an economic damage of several 
billion Euros. About one year later, in spring 2011, the Grimsvötn volcano erupted on Iceland. Because of this 
eruption the airports of many countries in North Europe were closed and caused therefore problems for the 
international air traffic as well. At the time of the Eyjafjallajökull eruption the decision of the legal authorities 
about the airspace closure were mainly based on the volcanic ash plume predictions of the Volcanic Ash 
Advisory Center (VAAC) in UK, which were gained by a numerical ash dispersion model. However, as it 
turned out later on, evidently the VAAC ash dispersion model could not always predict the dispersion of the 
ash plume precisely. Therfore the decision was taken to add so-called second sources of information like 
groundbased and airborne measurements of the volcanic ash plume as well as satellite observations for getting a 
more precise picture of the ash plume spread and concentration. However, at that point the question arises, how 
the accuracy of these measurement methods can be assured. Therefore in this paper a procedure is described for 
the production of an artificial ash plume, which is released from an aircraft. This ash plume simulates on a 
small scale the real world ash plume of a volcanic eruption. By these means systems for the measurement of 
ash can be tested and calibrated in a new and innovative way. 
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1 Introduction 

On 20 March, 2010 the Icelandic volcano 
Eyjafjallajökull erupted in the South of Iceland and 
continued its activity in several phases until 24 May 
2010. This caused a tremendous ash plume, which 

was transferred because of meteorological 
conditions into the direction of Central Europe, 
Great Britain and Scandinavia.  This plume was 
clearly visible by satellites. The Volcanic Ash 
Advisory Centre (VAAC) of the Meteorological 
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Office in London calculated on a regular basis ash 
dispersion forecasts, which were based on the 
results of model calculations for the ash dispersion 
over Europe and were released as maps of expected 
ash concentration. As volcanic ash of high 
concentrations is assumed to be hazardous to the air 
traffic, the airspace over Europe was closed from 15 
April to 21 April, 2010, resulting in the cancellation 
of a huge number of flights [1-4]. A similar 
situation arose during the eruption of the Icelandic 
volcano Grimsvötn, in the period 21 – 28 May 2011 
[3,5,6]. In this case only northern Europe was 
affected. However, due to adverse ash plume 
predictions of the VAAC UK many airports were 
closed temporarily in Northern Europe. However, 
during the period of the eruption of Grimsvötn real 
measured ash results were taken into account for the 
decision of the authorities about closure or re-
opening of the airspace additional to the calculations 
of the VAAC dispersion model. The measurements 
were taken by in-situ aircraft measurement systems, 
Lidars, Ceilometers etc. [2,5,6]. 

However, in that situation it turned out, that it is 
important to validate the measurement systems and 
their results [2,5,6]. 

There are several possibilities and options to 
validate the measurement systems for ash particle 
determinations. In-situ measurement systems might 
be calibrated in ash loaded wind-tunnels. However, 
up to this date the calibration of the in-situ 
measurement systems were only performed in wind-
tunnels with low speed, as the gravimetric reference 
samplers, which are used for reference and 
comparison, can be operated only at low wind 
speeds [1]. The isokinetic inlets of the measurement 
systems have to be validated with another 
independent method. For accurate Lidar- and 
Ceilometer measurements the optical parameters of 
the aerosols to be measured have to be known as 
accurate as possible, which is not always easy. 
Another possibility is, to validate these 
measurement systems during comparison flights 
with in-situ aircraft measurements. 

 
However, in view of this situation it is an 

interesting approach to produce an artificial ash 
plume, released from an aircraft. First tests of this 
approach will be described in the following sections. 

 
 
2 The ash used for generating the ash 
plume  
The ash for the experiment was collected 
groundbased shortly after the eruption of the 

Eyjafjallajökull volcano on Iceland near the eruption 
vent. So this ash stems from the Eyjafjallajökull 
eruption. However, during the eruption mainly  the 
bigger sized particles settled down to the ground on 
Iceland, whereas the smaller particles stayed in the 
air and travelled to central Europe. 
We analyzed the ash collected on Iceland by several 
means: 

• Electron microscope pictures 
• EDX (for the chemical composition) 
• Coulter counter (for determination the size 

distribution of the small particles) 
• Sieving (for determination of the size 

distribution of the bigger particles). 
Figure 1 and Figure 2 show electron microscope 
pictures of the collected ash. Both pictures show 
different representative ensembles of the collected 
ash. In both cases appear the bigger particles sizes 
of about 100-200 µm, whereas small particles down  
 

 
Fig. 1 : Electron microscope picture of the sample of 
Eyjafjallajökull ash, which was collected near the 
eruption vent 
 
 

 
Fig. 2 : Electron microscope picture of the sample of 
Eyjafjallajökull ash, which was collected near the 
eruption vent 
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Fig. 3: Size distribution of the ash particles collected 
in the Eyjafjallajökull area. Red line: measurement 
results, taken with a Coulter Counter. Black line: 
measurement results gained by sieving.  
 
to sizes of 1 µm and even below could be detected 
in the electron microscope as well. This seems to be 
typical  
for the ash collected on Iceland. Moreover, the size 
distribution was verified directly in a Coulter 
counter for the small particles and by sieving of the 
bigger particles, which is shown in figure 3. 
 
As it can be seen clearly in figure 3 the size 
distribution of particles has a maximum at 20 – 30 
µm. This is supported by the visual impression of 
the particles in the pictures taken with the electron 
microscope. 
 
 
3 Experimental setup for the airborne 
generation of an artificial ash plume  
 

In order to test volcanic ash measurement 
systems under controlled conditions in the free 
atmosphere an ash plume generator was designed, 
which could operate on the ground as well as at a 
small aircraft. In this way an ash plume could be 
generated in the free atmosphere establishing a new 
method for testing and calibrating volcanic ash 
measurement systems. Figure 4 shows the schematic 
setup for the ash plume generator (ash disperser). 

On the left hand side is a chamber with 
compressed gas under high pressure. This can be 
compressed air or compressed nitrogen. Moreover, 
other volcanic gases like SO2 can  be mixed into it, 
in order to get a realistic plume with ash particles 
and volcanic gas. By this means ash particle 
measurement systems as well as volcanic gas 
measurement systems can be tested. 

The high pressure chamber feeds a low pressure 
buffer, from where the pressurized gas gets into the 
volcanic ash chamber (right hand side in figure 4). 
From the volcanic ash chamber the ash is blown out 
into the atmosphere by a pipe. 

 

  
 
Figure 4: Volcanic ash plume generator (volcanic 
ash disperser) 
 
 
4 Generation of the artificial volcanic 
ash plume  
 
The volcanic ash plume generator was first tested on 
the ground for its efficiency. One of the first 
groundbased tests is shown in figure 5. It can be 
clearly seen that the ash plume generation works 
quite well.  
 

Fig. 5: Volcanic ash dispersion ground test 
 
During the ground tests the pressures in the different 
chambers, the amount of volcanic ash in the last 
camber and the exhaust pipe were varied to get 
optimal results for the generated ash plume. After 
sucessful testing and optimization of the ash plume 
generator on the ground it was mounted on a single 
engine light aircraft (Flight Design CT), which is 
used by the “Laboratory for Environmental 
Measurement Techniques (LEMT)” of FHD 
otherwise for volcanic research flights. Fig. 6 shows 
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one example for the airborne generated volcanic 
plume as released from the aircraft. Additionally to 
releasing the ash plume from the one aircraft first 
ash measurement have been performed in the plume 
using an optical particle counter based on a second 
aircraft. Moreover, within these first tests the 
artificial ash plume turned out to be very useful for 
testing and comparing different types of isokinetic 
inlets  for the measurement systems. 
 

  
Fig. 6: Artificial ash plume released from the 
aircraft 
 
6 Discussion  
 
The experiments worked out quite well. Whereas 
first test releases of the ash plume produced a very 
inhomogeneous and strongly fluctuating ash plume, 
after some adjustments of pressure and ash in the 
chambers the ash plume could be released under 
controlled and stable conditions from the aircraft. In 
the next steps of development it is planned, to grind 
the ash, which was collected near the Eyjfjallajökull 
volcano on Iceland, to a size distribution, which 
LEMT has measured by aircraft measurements 
during the eruptions of Eyjafjallajökull und 
Grimsvötn over Europe [1,2]. In that case the ash 
plume would stay longer in the air. Moreover it is 
planned, to release bigger amounts of ash by using 
multiple exhaust pipes and larger quantities of 
dispersed ash from a bigger aircraft. 
 
 
6 Conclusion  
 
For the first time an artificial ash plume for testing 
of volcanic ash plume measurement instruments 
could be generated from an aircraft.  

This can serve now as an innovative tool for testing 
and validating different in-situ ash particle 
measurement systems, various ash sample inlets, 
Lidars, Ceilometer as well as IR-based and UV-
based remote sensing systems for the detection of 
ash plumes. Similar experiments on a larger scale 
are planned in the near future. 
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