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Abstract: We have successfully tested a new fog dissipation method using a dry ice jet with particles 100 times larger than 
fog droplets at almost speed of sound. The dry ice particles will be forced between 20 and 40 m into the fog. After 3 
minutes the fog disappeares. Two successful campaigns near Berlin and Munic where fog dispersal was studied using 
microphysical methods, such as liquid water content, droplet spectra, visibility and standard meteorological data have been 
performed. Theoretically our technique is based on nucleation scavenging. Each flying dry ice particle collects many fog 
droplets on his trajectory. Depending on the temperature they may freeze and/or build up water droplets and settle down 
gravitationally as ice crystals and/or water droplets. In addition to the direct fog dissipation mechanism resulting from the 
introduced coldness and impulse forces of the particles, dissipation also occurs in the surrounding fog parcels due to 
condensation growth and convection. Therefore, the radius of fog dissipation after a short blasting time of 30 s is about 2-3 
times larger than the jet range, which was about 20 m in our experiments. The new method shows many advantages 
compared to other techniques. First, it is 10 times faster compared to condensation growth methods using liquid N2 or CO2. 
Secondly, it is environmentally friendly compared to chemical seeding methods and thirdly, it is a low cost technique using 
modified standard equipment available all over the world. The application is protected by patents and will be globally 
distributed by the Weather Technologies Company (Berlin, Germany). 
 
 
 
1. INTRODUCTION 
 
Since more than 100 years people try to dissipaze fog 
because of many safety and economic reasons. It is part 
of the humans seek to modify weather and climate. The 
modern technology of weather modification was 
launched by the discovery in the late 1940s that 
supercooled cloud droplets could convert to ice crystals 
by insertion of a cooling agent such as dry ice or an 
artificial ice nucleus such as silver iodide.  
 
However, already half a century before it was found that 
the principle for fog dispersal is mainly based on the 
droplet growth. A dispersion of larger and, consequently, 
less droplets (assuming the same liquid water content) do 
show a lower optical thickness. Finally large drops can 
settle to the earth surface. An important difference must 
be stated between warm (i.e. the temperature is around or 
higher than 0° C) and cold fog. The energy warm fog 
contains is so large that no cooling agent is able to freeze 
doplets and initiate a condensation growth. To clear 
warm fogs, seeding with hygroscopic material has been 
attempted. During the twentieth session of the WMO/EC 
Panel on Physics and Chemistry of Clouds and Weather 
Modification Research, held in November 2000 in 
Geneve, it was stated that no satisfying technique is 
available to clear warm fogs. On the other hand, cold fog 
can be dissipated by growth and sedimentation of ice 
crystals. For example at a few airports and highway 

locations, liquid nitrogen or carbon dioxide is being used 
in ground-based systems. Here fog clearing typicalla 
occurs after 30 to 50 minutes.  
 
Despite modern systems for aircraft take off and landing 
with poor visibility are commonly used there are 
limitations for the running frequency in dependence of 
the visibility due to ground traffic control. Consequently, 
the time between two aircraft movements must be 
enlarged. This leads on the Frankfurt/M airport to an 
economic lost of about 250,000 USD per fog hour. 
Moreover, there is a psychological barrier taking into 
account for the travellers. 
 
Although there is a small percentage of the total road 
traffic accidents due to fog, they are catastrophic and 
generally attract national media attention. In 1990 and 
1991 on US limited-access highway 4 accidents caused 
by fog, involving more then 240 vehicles had resulted in 
21 fatalities and more than 80 injuries. Between 1981 and 
1989, accidents where fog was present on all classes of 
US highways had resulted in more than 6,000 deaths 
(NCHRD, 1998). 
 
Other locations where fog clearing is of interest are open-
air sport events, coal mining, borderline observation etc.  
 
Our new fog dispersal technique presented here may 
overcome some problems of current fog dispersal 
methods due to its high efficiency. 
 



2. PRINCIPLES OF FOG CLEARING  
 
The basic idea of fog clearing consists in seeding, i.e. 
droplet growth and precipitation (Sumner, 1988). Large 
drops may initiate precipitation by coalescence (warm 
process) and/or ice crystals growth due to its lower 
saturation vapor pressure at the expense of supercooled 
droplets (Bergeron-Findeisen process). Fog (and clouds) 
may exist supercooled down to –40° C. Then they may 
freeze spontaneously (homogeneous nucleation). Ice 
nuclei (substances with ice-like crystaline structures) lead 
to freezing supercooled droplets (heterogeneous 
nucleation). V.J. Schaefer from the General Electric Lab 
in Schenectady in N.Y. found this in 1948. Since that 
time, various inorganic and organic materials (i.e. dry ice, 
AgI, PbI, Cu2O, watersoluble polymers, urea, glycole, 
alcohols etc.) have been known to alter the physical 
process, which lead to the formation of water droplets 
and ice crystals in clouds and fog. Some of these 
substances are nowadays applied for rainmaking and hail 
prevention but not for fog dispersal.  
 
Today only cold fog seeding by liquid nitrogen and 
carbon dioxide (Vlasiuk et al., 1999) will be applied on 
some highways and airports. This process is based on 
homogeneous nucleation, where local supercooling lead 
to ice crystal formation. With freezing drops, latent heat 
is released which enhances the condensation growth by 
turbulence but also reduces the effect due to the time 
needed for heat transportation (Fukuta, 1999). The 
mixing process is the time limiting step in fog clearing. 
Less important factors are temperature (precondition is T 
< 0° C) and supersaturation. Already in 1914 fog clearing 
has been tried by liquid air (Berg, 1914). 
 
Other methods are using ions, electric charges, radiation 
or surface-active substances to stimulate the coalescence 
process. One of the oldest patents (Archenhold, 1913) 
proposes the  introduction of ionized dust and blazing 
plates by balloons into clouds and fog. Nowaday corona 
discharges have been suggested to clear warm fog 
(Chernikov and Khaikine, 1999). 
 
A third principle of fog clearance is based on the 
evaporation of droplets as a consequence of lowering the 
water vapor saturation. This have been proposed by (a) 
introduction of hygroscopic substances, (b) mechanical 
mixing (ventilation) of fog with surrounded 
undersaturated air and (c) by heating the fog (e.g. with 
burners, infrared radiators, dryer etc.).  
 
Finally different direct removal pathways of fog using 
fog samplers (mechanically and electrostatically) or 
chemical reactions of substances with water droplets (e.g. 
metal carbides) have been suggested. However, all 
methods of the last two classes were not successful, 
expensive or/and environmentally unfriendly. 
 

Summarizing the physical principles, all methods are 
based either on nucleation by local supercooling and/or 
ice nucleation as well as by coalescence due to thermic 
turbulence. Chemical and mechanical processes are not 
more used because of its environmental impact or high 
costs.  
 
All methods proposed until now are (a) of low efficiency, 
mainly due to the slow seeding process, (b) need high 
investment and/or operational costs and (c) have partly 
negative environmental effects.  
 
 
3. MECHANISM OF FOG CLEARING BY DRY 
ICE BLASTING 
 
Our proposed new method is mainly based on the seldom 
under natural conditions observed collision nucleation 
(Pruppacher and Klett, 1978). Th dry ice particles (grains 
between 50 µm and 1 mm), which are shot into the fog, 
collect several fog droplets. We call this dynamic 
impaction. This should not be mixed up with dry ice 
formation using  high-pressure CO2, which appears in 
form of large dry ice snow crystals without large impuls. 
Within short time (timescale of  1-3 minutes) the fog  
disappears within a radius of more than 50 m. The dry ice 
particles collect a few droplets and the conglomerate 
freeze or remains as large supercooled drops, which 
precipitates. Next in the dry ice jet following CO2 
particles flow already on a longer trajectory (in the 
nearest distance, fog droplets already have been 
removed) and so on. Additionally, local cooling lead to 
condensation grows. The jet impuls leads to an increase 
of the turbulence and a mixing between already 
undersaturated (fog free) air with surrounding fog. 
Therefore the observed effect of fog removal is observed 
on a distance  2-3 times larger than the dry ice jet length. 
 
 

 
 
Fig. 1 Detlev Möller with the fog gun and Wolfgang 
Wieprecht with the FSSP demonstrating the technique at 
our institute in Berlin  
 



 
 
Fig. 2 Fog dispersal measurement site near Munic, 
Germany (October 2000); Two LWC sensors (“Gerber”) 
and FSSP 100, visibility sensor (Impulsphysik), 
temperature and humidity sensor (Vaisalla), wind sensor 
USA-1 from Metek (from left to right) 
 
 

 
 
Fig. 3 Jürgen Hofmeister is operating the fog gun at our 
first successful fog dispersal experiment in the night of 
November 11, 1999 
 
 
4. EXPERIMENTS 
 
First experiments have been done in November 1999 in 
and near Berlin. Using a fixed station consisting from 
compressor, dry ice blaster, dry ice storage (Fig. 1) and 
microphysical measurement set (“Gerber” LWC sensor, 
FSSP 100 for droplet size distribution, fast ultrasonic 
wind and temperature sensors, see Fig. 2) we have 
successful shown cold fog dispersal at several events 
(Fig. 3). In October/November 2000 we made a second 
campaign southeast of Munic due to the high fog 
occurrence.  The autumn 2000, however, was unusual 
warm with only a few warm  (?  6° C) fog events. Under 
these very warm conditions the dry ice blasting was not 
successful. Fig. 1 illustrated the measurement site and 
technique used near Munic. 
 
 

5. CONCLUSIONS 
 
Dry ice blasting has been successful introduced for 
efficient fog dispersal, at least for cold fog. The dispersal 
appears within a few minutes (less than 3), which makes 
our method approx. 10 times more efficient than methods 
using cooling agents like liquid nitrogen and carbon 
dioxide. Thus, the technology may be applied by all those 
agencies, which already are using the traditional seeding 
approach. 
 
We plan another campaign in March/April 2001 in the 
Harz Mountains (Germany) to study the influence of 
wind velocity and temperature on the fog dispersal 
technology. There is some evidence that our technique 
will be applicable also for warm fog at lower temperature 
(< 2° C). In 2001 we also will provide a mobile fog 
dispersal system. 
 
 
6. REFERENCES 
 
Archenhold, F.S., 1913: Vorrichtung zum 

Niederschlagen von atmosphärischem Nebel. 
Patentschrift Nr. 306293 vom 25.4.1913 

Berg, A., 1914: Vorrichtung zur Herbeiführung 
atmosphärischer Niederschläge.  Patentschrift Nr. 
302167 vom 7.8.1914 

Chernikov, A.A. and M.N. Khaikine, 1999: The use of 
electrical precipitators to clear warm fog. In: 7th 
WMO Sci. Conf. on Weather Modification. WMP 
report No. 31, Geneva, pp. 335-338 

Fukuta, N., 1999: Feedback utilization of phase change 
energy for lifting, turbulence generation and 
spreeading of seeding ice thermal and optimization 
of the seeding effect. In. 7th WMO Sci. Conf. on 
Weather Modification. WMP report No. 31, Geneva, 
pp. 363-370 

NCHRD synthesis 228: reduced visibility due to fog on 
the highwaqy predics. Road Manag. & Engin . J. 
(1998) 1 

Pruppacher, H.R. and D. Klett, 1978: Microphysics of 
clouds and precipitation. D. Reidel Publ. Comp., 
Dordrecht, 954 pp 

Schaefer, V.J. (1948) Method of crystal formation and 
precipitation. US patent office, patented Oct. 9, 1951, 
No 2,570,867 

Sumner, G. (1988) Precipitation: process and analysis. J. 
Wiley & Sons, 455 pp 

Vlasiuk, M.P., Khakine, M.N., Koloskov, B.P., Muliy, 
N.G., Korneev, V.P. and B. Pani, 1999: Some results 
of intended fog dispersion at the motorway Venice-
Trieste (Italy). In: 7th WMO Sci. Conf. on Weather 
Modification. WMP report No. 31, Geneva, pp. 323-
326 

 


