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All of the issues of this workshop take on 
greater urgency in the light of the findings 
of the International Panel on Climate Change 
(IPCC) in its Fourth Assessment Report. The 
probability that we will have to deal with an 
increased frequency of extreme weather events 
in Europe in the future, gives urgency and added 
focus to the deliberations of this Workshop.

In conclusion, the importance of the contribu-
tion of the insurance industry, already alluded to, 
needs to be underlined. Given that one will not 
be able to prevent the impact of severe weather 
events totally in the future, and even allowing 
for efforts of adaptation taken now to mitigate 
the negative consequences of climate change, as 
well as the ongoing improvements being made 
in forecasting and warning systems, there will still 
be need for a strong and supportive insurance 
sector that will help spread the financial risks.

So it is fitting that I conclude by expressing 
again our appreciation for the support of the 
insurance company Munich Re, not only for 
their longstanding support of the work of the 
DKKV, but in particular for their invitation to use 
their Academy Schloss Hohenkammer as the 
venue for the Workshop. In particular, thanks 
are due to Prof. Dr. Peter Höppe, Head of the 
Department Geo Risks Research at Munich Re, 
for his help in making the Workshop possible.

Ladies and Gentlemen,

Storms do not stop at national boarders, 
they are a cross-national phenomenon. Hence 
the subject of this Workshop: Severe Storms 
over Europe. As Chairperson of the DKKV, it is a 
particular honour to thank our host Munich Re 
for the use of their beautiful Academy Schloss 
Hohenkammer. DKKV, as the German national 
platform for disaster reduction, sees its work 
of promoting dialogue on disaster reduction 
as one of its most important tasks within the 
framework of the United Nations International 
Strategy for Disaster Reduction (ISDR).

Our joint reflection and dialogue on a co-
ordinated, European effort to prepare for, and 
reduce the effects of severe storms, needs to be 
seen in the context of the process launched at 
the first German-French-Swiss Workshop (Bad 
Neuenahr-Ahrweiler, 24-26 March 2003) on 
the same theme. The presence of participants 
from many European countries, more than have 
been assembled in Bad Neuenahr-Ahrweiler, 
provided us with the opportunity to look at the 
bigger European picture and benefit from even 
more diverse experiences. It also presented us 
with the even greater challenge of moulding a 
truly European, coordinated approach among 
the various national disaster management 
systems, in confronting these severe storms.

The Workshop also provided the oportunity   
to take stock of how far we have progressed 
since the first Workshop in 2003. That Workshop 
grew out of a desire to reflect on the responses 
and lessons learned from the severe winter 
storms Lothar and Martin that hit France,  
Switzerland and South-West Germany in  
December 1999. How well have we applied the 
lessons then learnt in addressing subsequent 
storms? As Chairperson of DKKV, I would like 
to pay a compliment to the persevering  
efforts of Dr. Schmitz-Wenzel, the former General 
Secretary of the German Red Cross, for keep-
ing people’s attention focused on the topic of 
disaster reduction in relation to severe storms. 
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In recent years severe storms have also 
struck Central Europe and frequently caused 
immense damage. This series of windstorms 
began in 1999 with the winter storms “Lothar” 
and “Martin”, and continued right through to 
January 2007 with the winter storm “Kyrill”.  Often 
the consequential damage was even greater 
than the direct damage caused by the wind. The 
winter storm Lothar caused power cuts  
affecting large regions for more than two weeks.

Despite great efforts to improve weather 
forecasting, disaster management and disaster 
reduction, the damage is growing almost con-
tinuously. Therefore as early as 2003 in its first 
workshop “Severe Storms over Europe – 
A Cross-Border Perspective of Disaster Reduc-
tion” DKKV regarded it as essential to analyse 
the reasons for the problems that occurred. 
DKKV deems it necessary every four years to 
make an interim assessment of what has been 
achieved with the workshop “Severe Storms 
over Europe”, involving additional scientists and 
practitioners from several European countries. 
This was aimed at demarcating groups of 
problems and citing fields of action for design-
ing measures to mitigate the effects of severe 
storms. From the very outset care was taken 
to address issues and problems from a cross-
border perspective because severe storms 
know no national borders. In particular great 
value was placed on integrating the latest de-
velopments which had been prompted by the 
first of the severe storms mentioned above.

In recent years European weather services 
have really intensified their efforts to improve 
forecasts, and here they have also particularly 
been urged to do so by the many victims and 
immense damage caused by the winter storm 
Lothar. Here new technologies and techniques, 
such as the so-called Ensemble Prediction 
Systems, have opened up completely new pos-
sibilities. And this is giving weather forecasts 
a whole new quality. This is also reflected in 
the new European “METEOALARM” system, 
which represents a bundling of capacities and 
know-how. Although a considerable qual-
ity has been achieved here, it is recognisable 
that comprehensive further developments 
are necessary, so that locational and temporal 
details can also be forecast for extreme gusts. 
Such methodically sophisticated develop-
ments require new approaches forbundling 
capacities, also on a cross-border basis.

The information from the forecast is used in 
a series of several steps. Demonstrations from 
practice have indicated that the optimistion 
achieved up to now still leaves room for im-
provement. In particular forecast and warning 
information for use in practice is being modified 
step-for-step. Here it frequently becomes  
apparent just how complex and difficult it is to 
make full use of the available information.  
Improving the effectiveness of information 
transfer is an important and comprehensive task 
which needs to be anchored on a broad basis. 
The development of a special information service 
of the DWD (German National Meteorological 
Service) for fire brigades and disaster reduction 
units as well as for rescue services must be 
emphasised as one of the first important steps.

Warnings relate to specific individual events. 
Disaster mitigation and reduction is based on 
knowledge from statistical data on extreme 
events. An important part of disaster mitigation 
and reduction therefore also requires exact 
knowledge of load cases. The data basis for this 
is obtained through long series of observations. 
This is then used to derive important informa-
tion for disaster mitigation and reduction 
measures, such as construction standards. Here 
the dimensioning of building constructions, 
and particularly the infrastructure, is not just 
determined by wind loads. However, with 
regard to wind loads, the European standard 
(EN 1991-1-4) up to now does devote enough 
attention to the aspect of risk reduction as 
urged by the DKKV. The quantifications are 
shaped by a whole range of other influence 
parameters. This is insofar important since the 
long-term changes in extreme weather that will 
be ushered in by the forecasted climate change 
must be taken into consideration in future. 

The results of the workshop stress the need for 
development, respectively action in the fields of 
extreme weather forecasting, the methodology 
for passing on available information and putting 
this information to practical use for the areas of 
the critical infrastructure, the quantifying of 
statistical information about extreme events 
for designing mitigation and reduction and the 
quantifying of long-term changes ushered 
in by climate change. The EU concept paper 
for adapting to climate change (Commission 
of the European Communities 2007) offers a 
good opportunity for a coherent policy in the 
area of climate change and the related issues. 

Bibliography
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Klein Tank in his presentation reviewed 
some of the key findings of the Fourth 
Assessment Report (AR4) of the Intergov-
ernmental Panel on Climate Change (IPCC), 
Working Group I (The Physical Science Basis), 
as they related to extreme weather events.  

The presentation focused on climate 
change from four aspects:

• Changes in mean climate
• Mean climate versus extremes
• Observed changes in wind
• Projected (future) changes in wind

The IPCC reports that the warming of the 
climate system is unequivocal, as is now evident 
from observations of increases in global average 
air and ocean temperatures, widespread melt-
ing of snow and ice, and rising global average 
sea level.  The Report notes that eleven of the 
last twelve years (1995-2006) rank among the 
12 warmest years in the instrumental record 
(since 1850) of global surface temperature that 
is the average of near surface air temperature 
over land and sea surface temperature.

Fig. 1 presented by Klein Tank showed a 
comparison of observed global and con-
tinental temperature changes in surface 
temperature for the period 1906 to 2005, 
with results simulated by climate models us-
ing natural and anthropogenic forcings.

Influence of climate change on extreme weather events: 
New findings of the IPCC Fourth Assessment Report

Fig.1_Comparison of observed continental- and global-scale changes in surface temperature with results simulated by climate models using

natural and anthropogenic forcings. Decadal averages of observations are shown for the period 1906 to 2005 (blackjline) plotted against the 

centre of the decade and relative to the corresponding average for 1901–1950. Lines are dashed where spatial coverage is less than 50%. 

Blue shaded bands show the 5–95% range for 19 simulations from five climate models using only the natural forcings due to solar activity 

and volcanoes. Red shaded bands show the 5–95% range for 58 simulationsfrom 14 climate models using both natural and anthropogenic 

forcings (IPCC 2007).
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7 Severe Storms over Europe

Fig. 2 was shown to illustrate the point that 
continued greenhouse gas emissions at or 
above current rates would cause further warm-
ing and induce many changes in the global 
climate system during the 21st century that 
would “very likely” (IPCC 2007) be larger than 
those observed during the 20th century. 

Klein Tank drew attention to one of the 
observations of the AR4 in regard to wind 
patterns, namely that anthropogenic forcing 
is “likely” to have contributed to changes in 
wind patterns (in particular, the Southern and 
Northern Annular Modes and related changes 
in the North Atlantic Oscillation), affecting 
extra-tropical storm tracks and temperature 
patterns in both hemispheres.  However, the 
observed changes in the Northern Hemisphere 
circulation are larger than simulated in response 
to 20th century forcing change (IPCC 2007).

More particularly, in regard to the extra-
tropical cyclones whose potential for causing 
property damage, especially as winter storms, 
is well documented, Klein Tank noted the AR4 
projection that extra-tropical storm tracks would 
move poleward, with consequent changes in 
wind, precipitation, and temperature patterns, 
continuing the broad pattern of observed 
trends over the last half-century (IPCC 2007). 

In terms of understanding and attribut-
ing climate change, the AR4 also reports that 
discernible human influences now extend 
to other aspects of climate, including ocean 
warming, continental-average temperatures, 
temperature extremes and wind patterns.

In discussing changes in climate variability 
and extremes of weather and climate events, 
and especially the difficulties arising from 
interactions between changes in the mean 
and variability, Klein Tank made use of three 
schematic presentations that showed the ef-
fect on extreme temperatures when (fig. 3 a) 
the mean temperature increases, (fig. 3 b) the 
variance increases, and (fig. 3 c) when both 
the mean and variance increase for a normal 
distribution of temperature.  Hence, even when 
changes in extremes can be documented, un-
less a specific analysis has been completed, it 
is often uncertain whether the changes can be 
attributed to a change in mean, variance or both.

Fig. 2_ Solid lines are multi-model global averages of surface warming (relative to 1980–1999) 

for the scenarios A2, A1B and B1, shown as continuations of the 20th century simulations. 

Shading denotes the ±1 standard deviation range of individual model annual averages. The 

orange line is for the experiment where concentrations were held constant at year 2000 val-

ues. The grey bars at right indicate the best estimate (solid line within each bar) and the likely 

range assessed for the six SRES marker scenarios. The assessment of the best estimate and 

likely ranges in the grey bars includes the AOGCMs in the left part of the figure, as well as 

results from a hierarchy of independent models and observational constraints (IPCC 2007).

Multi-Model Averages and assessed Ranges for Surface Warming
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Fig. 3 shows that an increase in the mean global 
temperature even though it is small, increases 
the likelihood of greater frequency of hot and ex-
treme hot weather, and decreases the frequency 
of cold weather. The AR4 shows that this is hap-
pening, as it notes that eleven of the last twelve 
years (1995-2006) rank among the 12 warmest 
years in the instrumental record (since 1850) of 
global surface temperature, that is the average of 
near surface air temperature over land and sea 
surface temperature. Furthermore, projected  
globally averaged surface warming at the end 
of the 21st century (2090-2099) compared to 
the end of the 20th century (1980-1999), and 
depending on which scenario used, would “likely” 
(IPCC 2007) fall in the range of 1.1 - 6.4 ˚C; these 
cover the span of likely ranges from the low sce-
nario B1 (likely range 1.1 - 2.9 °C) to the top of the 
likely range of the high scenario A1Fl (2.4 - 6.4 °C). 
The estimates are assessed from a hierarchy of 
models that encompass a simple climate model, 
several Earth Models of Intermediate Complexity 
(EMICs), and a large number of Atmospheric-
Ocean Global Circulation Models (AOGCMs).

An increase in variance (fig. 3b) alters the 
curve distribution such that more changes 
in weather patterns occur near the tails 
of the curve, namely more record cold 
events and more record hot weather.

If changes in temperature occur with increases 
in both the mean and variability (fig. 3 c), then 
this would increase the probability of much 
more hot weather and more record hot weather.  
AR4 foresees that it is “very likely” (IPCC 2007) 
that hot extremes, heat waves, and heavy 
precipitation events will continue to become 
more frequent.  Extra-tropical storm tracks are 
projected to move poleward, with subsequent 
changes in wind, precipitation, and tempera-
ture patterns, continuing the broad pattern of 
observed trends over the last half-century.

In concluding his presentation, 
Klein Tank noted the following:

• AR4 identifies significant changes 
in extremes, but information on 
extra tropical storms is limited.

• Over Europe, the majority of climate 
models project the storm tracks 
to move North-Eastward.

• This has important consequences 
for the areas with the strongest 
winds, but natural variability is still 
larger than the change signal.

Fig. 3_ Schematic showing the effect on extreme temperatures when (a) the mean 

temperature increases, (b) the variance increases, and (c) when both the mean 

and variance increase for a normal distribution of temperature (IPCC 2001).

Bibliography
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Ulbrich focused his presentation on the 
question: Does climate change influence the 
frequency and intensity of severe storms in 
Europe? In his presentation, Ulbrich drew on 
a range of research that he and his colleagues 
have undertaken on the relationship of winter 
storm events in Europe and increased anthro-
pogenic greenhouse gas concentrations, using 
global general circulation models (GCMs), as 
well as regional climate models (RCMs). In or-
der to detect the climate change signal, GCM 
simulations based on various SRES storylines 
(A1B, A2) are used. Results presented originated 
from several EU-projects, in particular MICE 
(Modelling the Impacts of Climate Extremes) 
and ENSEMBLES (ENSEMBLE based predic-
tions of climate changes and their impacts).

In the introductory part of his presentation, 
Ulbrich introduced indicators for severe storms 
assigned to a hierarchy of scales: extreme local 
gust winds actually producing storm damage, 
extreme wind speeds in a large area, extreme 
cyclones (with intensity quantified from core 
pressure or vorticity), intense baroclinic waves, 
and extremes in large scale variability patterns, 
in particular the North Atlantic Oscillation. 
He pointed out that climate change influ-
ences on storms can only be estimated from 
numerical simulations of climate forced by 
increasing greenhouse gas concentrations. 
Confidence into the simulation must be based 
on the quality of the models in representing 
present day climatology of storm indicators, 
on the physical consistency of results –  
in particular with respect to the different storm 
indicators, and on the agreement of signals in 
an ensemble of different model simulations. 

Starting with a large scale indicator for storms, 
he first considered the so-called “storm tracks”, 
a quantity describing the intensity of changes 
in local Sea Level Pressure arising from the 
sequence of travelling mid-latitude high and 
low pressure systems. This quantity was evalu-
ated for an ensemble of model runs from a data 
base set up to assist IPCC-related research, 
and it consisted of 23 runs from 16 different 
Global Circulation Models (Ulbrich et al. 2008). 

First, the mean winter climatology as produced 
by the models for present day (years 1961-2000) 
greenhouse gas forcing was considered. The 
representation of the simulated mean storm 
track patterns, which have activity maxima 
over the western North Atlantic and over the 
central North Pacific, was estimated by compar-
ing the Northern Hemispheric pattern of this 
quantity with its observational counterpart, 
computed from NCEP (National Centers for 
Environmental Prediction) re-analysis data. The 
high correlation (r=0.95) between the observed 
and simulated patterns indicates the reliabil-
ity of the models’ simulated storm tracks. 

 

Severe storms in Europe:  Does climate 
change influence their frequency and intensity?Uwe Ulbrich
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Comparison of the storm tracks under pro-
jected (scenario A1B) Greenhouse Gas (GHG) 
forcing by the end of the 21st century (2081-
2100) with those for present day forcing results 
in three regions where a strong climate change 
signal is produced (fig. 4). While the increases 
in the central Asian continent are considered 
to be less reliable because of extrapolation of 
pressure values from high local ground, the out 
of the tow other areas of increase the Eastern 
North Atlantic area is particularly relevant. It is 
located downstream of the climatological storm 
track core over the western North Atlantic and 
suggests that Western Europe is affected by 
increased storm activity. It does, however, not 
unambiguously give strong evidence for increas-
ing storm impacts: The increases in this indicator 
cannot literally be translated into increasing gust 
wind speeds which eventually produce damages. 

In the next part of his presentation, Ulbrich 
thus considered changes in extreme wind speed, 
especially based on the 98th percentile of daily 
maximum in 10 m wind speed. This quantity is 
an approximation for the wind speed threshold 
beyond which losses may be expected (Klawa 
and Ulbrich 2003, Leckebusch et al. 2007). 

Results were based on a smaller sample of 
model simulations. Firstly, Ulbrich showed results 
in terms of the simulated winds using three runs 
of the ECHAM5 model for winter months. After 
verification of the present day climatology, runs 
forced with greenhouse gas concentration from 
the A2 scenario were used for estimating the 
greenhouse gas signal in this quantity. This was 
done by comparing the simulated values for 
the period driven with 2060-2100 greenhouse 
gas concentrations with those driven by 1960-
2000 concentrations (Pinto et al. 2007a,b). 

An elongated area of increased strong winds 
is found in all three ensemble members, stretch-
ing from Europe into the Asian continent. 
Subsequently, it was demonstrated that a very 
similar area of enhanced extreme wind speeds 
over western Europe is also found in climate 
change simulations performed with the Hadley 
Centre’s global model HadCM3, and in a higher 
spatial resolution atmosphere only version of 
this model (HadAM3P) (Leckebusch et al. 2007). 

In addition, several regional model simulations 
run for Europe with boundary forcing from the 
“driving” global models have been considered. 
They typically have a higher spatial resolution 
than the global models (20-50 km vs. 100-200 
km), but can develop their own wind climatology 
in the European area. It was demonstrated that 
the resulting extreme wind speed signals show 
increases in a region which is similar (but with 
some differences in detail) to that produced by 
the driving models (Leckebusch et al. 2006).

Fig. 4_ Ensemble climate signal (difference between scenario A1B, end of 21st century, 

and present day) in winter storm track (standard deviation of 2-6 day bandpass filtered 

mean sea level pressure). Units: 0.1 hPa. (Modified from Ulbrich et al. 2008).

Stormtrack climate change signal ensemble mean
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11 Severe Storms over Europe

The regional increases in storm risk over 
Western Europe were quantified both in terms 
of relative changes in the typical intensity of 
events and in the frequency of events typical for 
present day climate (Leckebusch et al. 2006).

Ulbrich concluded that, on the basis of the 
model simulations considered, the western 
parts of Europe, especially the north-western 
parts, will become more exposed to the influ-
ence of windstorms than under the present 
climate conditions; but he pointed out that 
the real level of magnitude of impacts could 
only be determined when further studies 
on frequency changes (interannual variabil-
ity, interdecadal) had been investigated. 

Coming back to the question of physical 
consistency of the model results, he pointed out 
that the simulated increases in storminess fit the 
changes in the occurrence of circulation weather 
types (CWTs) in winter (October-March), in par-
ticular the increases in the so-called gale days, 
which are in most cases related to a westerly flow. 
Again, an ensemble was considered. Ulbrich par-
ticularly mentioned one model which produced 
a signal opposing the other ensemble members. 

The changes in the North Atlantic Oscillation 
NAO and those in winter storm tracks, European 
precipitation and temperature anomalies are 
related to each other. Ulbrich looked at the 
question as to what extent the increasing storm 
track activity over the East Atlantic and Western 
Europe is attributable to the variable NAO, and 
a change in its pattern. Ulbrich cited from an 
own study (Ulbrich and Christoph 1999) reveal-
ing an modest increase of the NAO index value 
(deepening Icelandic low, enhanced Azores 
high) is found, along with a eastward shift of 
the NAO variability poles. He also mentioned 
corroborating results from a multi-model study 
which identified increases in the NAO index for 
most contributing models (Stephenson et al. 
2006). In this study, the model with a decreasing 
trend actually had no real NAO and thus must 
be regarded unreliable, exemplarily show-
ing the kinds of problems one may be facing 
when considering multi-model-ensembles.

In the final part of his presentation, Ulbrich 
looked at cyclones, another main indicator 
for storms (Leckebusch und Ulbrich 2004). 
After demonstrating GCMs can reproduce 
the observed distributions quite well (Pinto 
et al. 2005), he presented results according to 
which intense cyclones increase over north-
western Europe, while the total number of 
decreases under enhanced greenhouse gas 
forcing (Leckebusch und Ulbrich 2004, Pinto 
et al. 2007a). The occurrence of these extreme 
wind speeds is linked to cyclones with deeper 
core pressure and shifted pathways, and thus 
means a physical consistency of signals.

In summing up his presentation, Ulbrich noted 
that the climate scenario simulations showed 
a consistent increase in extreme winds (inten-
sity and frequency) as well as related intense 
cyclones and storm tracks, in northwestern 
Europe, and corresponding changes in large 
scale patterns. He drew attention, however, to 
the fact that there was some variation of results 
from the different GCMs. Further investiga-
tions need to be carried out to see how far 
these are inherent in a specific model, or are 
the result of long-term climate variability.
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Meinke addressed in her presentation the 
consequences of climate change for coastal areas, 
in particular for severe storms and storm surges.

Meinke focused her presentation on the 
German Bight and the Elbe estuary, but for 
obvious reasons, looked at the broader regional 
picture. She posed a number of questions: Why 
do we care? How do severe storm surges arise? 
Can we already confirm systematic changes in 
recent storm surge climate? Can we expect an in-
tensification of storm surge climate in the future?

Storm surges affect a number of economic 
sectors and planning intensive fields, namely 
coastal protection, city planning, sea and ocean 
traffic, coastal geomorphology and offshore 
activities (wind farms, oil rigs). In these areas 
information on possible changes in the storm 
surge climate is needed for planning purposes.

Storm surges in the Wadden Sea may occur 
when the water level during astronomical 
high tide is increased by high wind speeds 
with onshore directions pushing additional 
water masses into the Wadden Sea. 

Meinke then looked how far recent climate 
changes can be confirmed in the measurements. 
A range of figures was presented relating 
to global and regional climate change.   
Her summary of recent climate changes was as 
follows: although in the period 1850-2000, the 
temperature increased, sea levels rose and snow 
cover decreased, there was neither a significant 
change in the wind climate of the Wadden Sea 
in the last century, nor any significant changes 
in high storm surges in the same period.  
Looking at possible future storms and storm 
surge activity in the North Sea, Meinke presented 
several regionalized projections. She came to 
the following conclusions: Storm intensity may 
increase along the North Sea coast by about  
10 % towards the end of this century. In particular 
west winds will intensify. These on-shore winds 
in the Wadden Sea with increased intensity have 
impact on the water level in that part of the 
North Sea: Storm surge heights may increase 
by up to 80 cm in Denmark and Germany. Also, 
Storm surge frequency may increase by up to 
three more events per year. And high water 
levels may last longer, up to 25 hours per year.

The consequences of climate change for 
coastal areas: severe storms and storm surgesInsa Meinke
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The first of the presentations dealing with France 
was made by Burdeau. He focused on the recom-
mendations in the inter-ministerial evaluation by 
Sanson et al. 2000 and Sanson et al. 2001, a study 
undertaken to assess the quality of the response 
to the storms of 26 and 28 December 1999.

The serious damage caused by the two storms 
Lothar and Martin which hit France (as well as 
affecting other countries, namely Great Britain, 
Germany, Belgium, Switzerland, Italy and Spain), 
was highlighted; the overall cost of damages in 
France was estimated at some 15 billion Euros.

In making his presentation, Burdeau focused 
first on the immediate lessons drawn from the 
events of 26, 28 December 1999; he then went  
on to show how these lessons, as well as the ex-
perience gained in addressing other subsequent 
disasters, all played a part in developing new leg-
islation, new ways of responding to such events, 
and also a more open and serious approach, 
both by actors directly responsible for response 
to such natural catastrophes, and by the public, 
as to the best ways to address such events.

The initial assessments by inter-ministerial 
Evaluation Team, which focused on operational 
issues, were generally positive. Among the topics 
addressed were a range of issues, including: 
the structural weaknesses of the alert and 
communication systems; the importance of 
sound emergency preparations, and the need 
to have in place adequate rescue plans and 
response mechanisms commensurate to needs; 
this, in turn, raised the need for the strength-
ening European cooperation in this area.

On one point, namely that of rescue plans, 
Burdeau elaborated on the evolution of the 
disaster response plan called ORSEC  
(Organisation des secours) which, although 
it existed in name and reality since July 1987, 
has undergone a significant revision in the 
intervening years, most recently with the prom-
ulgation of directives for the modernization of 
the approach to civil defence in April 2005.

The evaluation highlighted the importance,  
if any disaster response plan was to be successful, 
of a well coordinated and clearly differentiated 
response by the various levels of intervention 
(central, departmental/provincial and local).  
One also needed to stress the need for cohesion 
in this whole response chain, paying particular 
attention to the role of local authorities.

On this last point, Burdeau underlined the 
need to approach the response to natural  
disasters in a comprehensive manner and to see 
all the related phases from prevention, to crisis 
management to compensation mechanisms, as 
part of an inter-related process. Here he drew 
attention of the usefulness of a methodologi-
cal approach (REX: Retour d’Experience) that 
looked at past events, not simply by way of an 
administrative enquiry or exercise, but as a de-
tailed analysis, including the feedback of actors 
and participants in the event, so as to improve 
knowledge, learn lessons, and to incorporate 
findings into policies, and thus prevent and 
mitigate the impact of such events in the future.

Lessons learned from France 
after the severe storms of 1999Michel Burdeau

Eric Petermann
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The second of the two French presentations 
was given by Petermann.  He focused on the 
evolving efforts of the French Government 
to learn from severe storm events and to im-
prove its warning systems.  In the first stage, 
after the severe storms in December 1999, 
the French Vigilance Météo was designed with 
two basic objectives: to simplify and optimise 
communications between Météo France and 
the civil-safety authorities; and secondly, to 
use the same basic information components 
to alert the public at large.  A key element was 
the Carte de vigilance météorologique which 
became operational on 1 October 2001.  

This chart, with its weather symbols for strong 
winds, severe thunderstorms, snow/ice, avalanches 
and heavy rainfall, linked with colour codings 
ranging from green (the lowest level of alert), 
through yellow, orange and red, was to become a 
regular, well-known feature of French life, largely 
due to its acceptance and use by national and 
regional TV and radio stations. Its success is re-
flected by widespread knowledge of the chart 
by the French public. Following the heat wave of 
August 2003, the system was enhanced to give 
information on heat waves and cold spells.

Fig. 5_ Carte de vigilance météorologique 

as at 29 January 2006 (Meteo France).
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Another improvement, which will come into 
effect in 2007-2008, is to integrate into the 
system information on flood dangers. After 
the heavy flooding in 2002, flood forecasting 
was reorganized, including the creation  
of a central operational hydrology service 
called SCHAPI.  Since 2005, this service has 
been producing “flood-awareness” charts,  
using the same colour-coded risk-level scale. 

Following the heavy rainfall and belated flood-
ing in the autumn of 2005, the Prime Minister 
moved to bring about an even closer relationship 
between meteorological and flood warnings.

This progressive refinement of the meteo-
rology and hydrology alert systems, in an easy 
to understand presentation (Carte de vigilance 
météorologique), is recognized as one of the 
strengths of the French civil defence system, 
and one of the more impressive outcomes 
in learning from natural catastrophes.
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The second country presentation was 
made by Balmer.  The lessons learned may 
be found in the analysis report by Raetz 
2004.  The Report highlighted especially the 
damage done to forests (over 12.7 million 
m³ of timber, with total amount of damage 
to forests estimated at CHF 760 million), with 
the biggest impact being on private forests.

The Report indicated a number of neces-
sary improvements related to various areas, 
including: meteorological forecasting; tech-
nical improvements for alarm centres; the 
need for better communication between 
intervention forces, as well as improved inter-
cantonal communication (civil protection and 
forests); and a number of recommendations 
in regard to forests (better support for the 
wood market, biodiversity of forests etc.).

Since the Lothar Report, there have been 
significant improvements in a number of 
areas which may be grouped as follows:

• Meteorology
• Buildings and Infrastructure
• Forests
• Civil Protection-Intervention
• National Strategy "Safety 

against Natural Hazards"

In his presentation, Balmer focused on 
developments in the area of meteorology 
and the communication of meteorological 
warnings. The Federal Office for Meteorology 
and Climatology MeteoSwiss has developed 
a chart for warnings against storms, heavy 
rain, snowfall, slippery roads, heat waves, 
frost and forest fires (www.meteorisk.info).  

It has a colour code ranging from green, 
through yellow-green, to yellow, then orange and 
red.  There are two target groups for these warn-
ings, namely the authorities and the broader 
public, with the content of the communication 
being essentially the same, but with differences 
in layout, content and time of publication.

There has been enhancement of dissemination 
in weather warnings thanks to the collabora-
tion between MeteoSwiss and the National 
Emergency Operation Centre (NEOC).  Since 
2002, NEOC is responsible for dissemination of 
meteorological warnings and early warnings 
and the “all clear” signals, prepared by Mete-
oSwiss; these warnings/messages are done by 
a protected E-mail network called VULPUS to 
the operations centres of the cantonal police. 

Fig.7_ Warning chart for Switzerland

(www.meteoschweiz.admin.

ch/web/en/danger/danger.html).

Jürg Balmer

  Lessons learned from Switzerland: 
  What are the consequences drawn from the analysis report 
“The Hurricane Lothar 1999 - finding a Balance for Switzerland”
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As of 2005, additional information for 
the intervention forces is provided via the  
Electronic Situation Display (ESD).  From there, 
it is the cantonal responsibility to get the mes-
sage to the public (which is simultaneously done 
by MeteoSwiss using SMS and the Internet).

At the national level, progress is being 
made to develop a Common Information 
Platform Natural Hazards (GIN).  The principal 
actors are MeteoSwiss, the Federal Institute 
for Snow and Avalanche Research (SLF) and 
the Swiss Federal Office for the Environment 
(BAFU).  This platform is being built on the 
existing platform for managing avalanches 
(IFKIS) and will be operational in 2007-2008.

These developments in meteorological 
warnings at the national level are part of 
a broader regional-international initiative, 
namely MeteoRISK already referred to.  The fol-
lowing countries are part of this project: Austria, 
Germany, Italy, Switzerland and Slovenia.

Since 1999, several activities for buildings  
and infrastructure started including the SIA-
Norm 261 “impact on constructions”, the project  
„Reduction of damage at facades due to extreme 
wind load“ supported by „Prevention founda-
tion of the cantonal building insurances“ and 
the “Guidance for protection of objects against 
meteorological driven natural hazards” by the 
Union of Cantonal Fire Insurances (VKF).

In 2000 the R+ D programme Lothar 
started, aiming at improvements in dealing 
with consequences of storms for forests. The 
results were published by Raetz in 2004. 

Balmer also noted that these develop-
ments in improving civil protection have been 
strengthened by legislation/regulations (Guide-
lines for Civil Protection of 17 October 2001; 
Federal Law for Civil Protection of 4 October 
2002), which set out a clear definition of tasks 
and competencies, as well as for regulating mat-
ters relating to the giving of warnings/alarms.

The National Platform for Natural Hazards 
(PLANAT) developed the National Strategy  
“Safety against Natural Hazards”, with the 
goal to realize an integral risk manage-
ment of natural hazards in Switzerland.
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The responses of Danish authorities to two 
severe storms (3 December 1999 and 8 January 
2005) were reviewed by Ecklon. He looked 
at the overall assessment of the responses, 
and what lessons had been learned from the 
first natural catastrophe; and of the lessons 
learned, which had proved to be the most 
valuable, and how they had been dealt with.

The overall assessment to both severe storms 
had been judged positively: different organisa-
tions were well prepared, the combined response 
was considered efficient.  However, both the  
assessment reports on response to the two 
storms, drew attention to vulnerabilities and defi-
ciencies and made relevant recommendations to 
address these.  These recommendations all related 
to aspects of the emergency response cycle.

While certain deficiencies were to be found 
in both assessment reports relating to the  
various phases e. g. the need to put power cables 
underground, more prompt re-establishment of 
power and telecommunications, the overload-

ing of emergency response numbers etc., it is 
interesting to note which deficiencies that had 
been mentioned in the 1999 assessment report 
did not appear in the second assessment report.  
Three stand out: Warning protocols; requesting 
military resources; warning of first responders.

Of these successes, the one related to the 
warning protocols could be highlighted.  As a 
direct result of the 1999 storm, a formal warn-
ing protocol was drawn up between the Danish 
Meteorological Institute (DMI), the Police and the 
Danish Emergency Management Agency.   
Warnings were sent out by the DMI as provided 
for in the Protocol, thus ensuring that the  
relevant organizations were warned in advance, 
and kept up to date as the storm passed over.  
Nevertheless, the challenge remains of how 
to achieve coherent and unambiguous crisis 
communication from the public authorities 
to the public and the media.  The other chal-
lenge is that of inter-agency coordination, 
even though significant progress in this area 
had been achieved after 1999 by cross- 
cutting coordination forums in which relevant 
organizations e. g. state, regional and local 
first responders, utility providers etc. met and 
coordinated the overall regional exercise.
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Fig.8_Phases and lessons of the severe 

storms 1999 and 2005 (Ecklon 2007).

Mads Ecklon

Lessons learned from Denmark:
Did the evaluation of the severe storm events of 1999 
and 2005 lead to abolition of detected deficits?
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Richardson began his presentation by giving 
information on the European Centre for Medium-
Range Weather Forecasts’ (ECMWF) principal 
aims, among which is the preparation, on a 
regular basis, of medium-range weather forecasts 
for distribution to the meteorological services 
of the Member States and Co-operating States.

The focus of the Centre’s work, as its name sug-
gests, is medium-range weather forecasts which 
range from 2 days to 2 weeks ahead. Longer-
range weather forecasts providing an outlook 
up to 7 months ahead are also produced. In this  
context, Richardson reviewed a range of ECMWF’s 
Forecast Products: Atmosphere Global Forecasts; 
Ocean Wave Forecasts; Monthly Forecasts: 
Atmosphere-Ocean coupled model; Seasonal 
Forecasts: Atmosphere-Ocean coupled model.

He noted that Numerical Weather Prediction 
(NWP) is not perfect, but was improving thanks 
to the fact that data assimilation and forecast 
models were also advancing.  This was shown 
in fig. 9 where a day 7 forecast can be seen to 
be as good as a day five forecast 20 years ago 
(anomaly correlation of 500hPa height).  

He went on to stress the importance of veri-
fication work according to WMO standards. One 
focus of Richardson’s review was the failure of 
almost all NWP systems across Europe to pro-
vide adequate warning of the two depressions 
of unprecedented intensity that developed 
within 36 hours around Christmas day 1999, 
with France being particularly affected by 
the severe storm Lothar on 26 December.

In this context, he compared the determin-
istic prediction of the Storm Lothar with a 
discussion focused on the nature of an Ensemble 
Prediction System (EPS) which uses a number 
of numerical model runs, with slightly differ-
ent initial conditions, to establish the level of 
probability of a weather forecast event or its 
magnitude.  This type of prediction is differ-
ent to a deterministic prediction.  Thus, while 
both techniques try to forecast events, only 
in the ensemble (probabilistic) forecast is in-
formation available on the uncertainty of the 
prediction. The differences were illustrated 
particularly in comparison to the Ensemble 
forecast of the storm Lothar in the 42 hour 
period starting on 24 December 1999 (fig. 10).   

Fig. 9_ Anomaly correlation of ECMWF operational medium-range forecasts of 500hPa 

height over the extra-tropical northern and southern hemispheres (1981-2007) (ECMWF).

David Richardson

Forecasting severe storms: 
Potentials and methodological limits
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Similarly, he showed three 1000 hPa height 
Ensemble spread maps for the forecast of severe 
storm Martin started from Sunday 26 December 
1999 12UTC. These showed increasing EPS Stand-
ard Deviation along the path of the developing 
storm over 36 hours, i. e. till Tuesday 28 December 
1999, highlighting the area of uncertainty.  There 
followed a brief consideration of EPS probability.

Richardson  concluded with a consideration of 
the Extreme Forecast Index (EFI), a recent ECMWF 
product that measures how far the EPS forecast 
is from the model climate distribution. This pro-
vides a useful alert to forecasters in cases where 
the EPS is predicting an enhanced chance of an 
extreme event occurring. The forecasters should 
then consult additional EPS products to assess 
the potential impacts of the predicted situation.   

In summing up his presentation, Richardson 
noted that weather forecasts were improving 
(both in general and for severe events). But we 
must take account of uncertainty which is inher-
ent in ensemble prediction. He pointed to the 
increased use of EPS by the Members States of 
the ECMWF as a quantitative tool for risk assess-
ment and early warnings in a range of situations 
that are weather-sensitive.  It can be shown that 
the potential economic value of the EPS can be 
much higher than that of a forecasting system 
based only on a single deterministic forecast.

Fig. 10_ Comparison between a deterministic (top left panel) and ensemble forecast (forecasts 

1-50) of the storm Lothar.  All forecasts are starting on 24 December 1999; the maps show the 

42-hour forecast sea-level pressure field of each ensemble member, verifying at the time Lothar 

is over northern France on 26 December. While the deterministic forecast does not predict a 

severe storm, a  significant proportion of the ensemble members do, indicating the potential 

for this event to occur (Forecasts run using a recent version of the ECMWF forecast system).
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Steinhorst referred to the legal basis (Law of 
10 September 1998; amendment to flood pro-
tection of 3 May 2005).  These provisions can be 
summed up by saying that the duties of the  
German National Meteorological Service (DWD) 
are the issuance of official warnings of weather 
phenomena that could become a danger to 
public safety and order.  Like other speakers, he 
stressed the importance of the “single voice” 
principle, which is a clear recommendation of the 
WMO (CBS, RA VI) and which has the strong sup-
port of the German Federal Government.  DWD’s 
warnings can be grouped according to a three-
level system:  Early Warning (48-120 hours notice) 
of a Severe Weather Indication issued by the Cen-
tral Forecast Office; Prewarning (12-48 hours) and 
Warnings (0-12 hours) issued by Regional Offices 
to disaster prevention authorities and the public.

Underpinning these warning systems are LEPS 
(Limited Area Ensemble Prediction System) of the 
DWD-LM (regional model) and based on the EPS 
calculations of the ECMWF; PEPS (“Poor Man’s” 
Ensemble Prediction System), based on different 
models of the European Met Services; and vari-
ous products of the ECMWF such as the Extreme 
Forecast Index, EPS Meteogram, Weekly Forecast.

The communication of warnings and recom-
mendations for behaviour during severe weather 
conditions are communicated to the public and 
media by a range of media tools, in particular 
the Internet site of the DWD. For the disaster 
prevention authorities, there is a secure com-
munication means, namely FeWIS (Fire Brigade 
Weather Information System) of the DWD.

In conclusion, Steinhorst noted that among 
the factors contributing to an enhancement 
of warning management, in addition to such 
things as development of numerical models and 
meteorological methods, renewed importance 
should be attached to the use of the “single 
voice” principle in official warnings, as this 
principle risked being compromised by the 
appearance of private weather forecasters.

Gerhard Steinhorst

The warning system applied by Germany´s 
National  Meteorological Service (DWD)

Fig. 11_ The organisation of the 

three-level warning system (DWD).
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The Netherlands perspective was presented 
by Kroonenberg. The focus of his address was 
the status of efforts to create an immediate 
information link to the administrative authorities 
in charge of civil protection (both national and 
regional).  He started by looking at the percep-
tions by the Dutch authorities, private sector 
(insurance companies), media and public of the 
way Kyrill was handled on 18 January 2007; this 
was extremely positive. However inconsis- 
tencies occurred in the way commercial weather 
providers within the Netherlands dealt with this 
storm on their internet pages.  Kroonenberg 
described the nature of the Royal Netherlands 
Meteorological Institute (KNMI) which from 2000 
is focused exclusively on Research and Develop-
ment on weather, climate and seismology, with 
no commercial activities.  The task and duties 
of KNMI are well set out in Dutch law, especially 
obligations towards the general public of provid-
ing warnings of dangerous and extreme weather.  
In regard to other governmental authorities and 
civil security, KNMI is responsible for providing 
all safety related information on the weather.  

In such a weather situation, it has a particular 
role in keeping the three inter-related coordi-
nation entities informed: National Coordination 
Centre (NCC) for strategy coordination; National 
Operational Coordination Centre (LOCC) for 
operational coordination; and the Expertise 
Centre on Risk and Crisis Communication (ERC) 
responsible for communication coordination.  
KNMI has no direct access to the media. With 
commercial weather providers KNMI holds a 
gentleman agreement in taking over the official 
KNMI weather alarms (highest state of warning) 
within the providers media bulletins. KNMI´s 
means of communication during warning and 
weather alarm periods, is done by fax, and email 
accompanied by telephone checks, to 6 key civil 
security entities; while operational warnings and 
weather alarms are made via Extranet and fax 
message (again accompanied by phone mes-
sages).  The general public is informed by the 
KNMI website (www.knmi.nl) and Text-TV, with 
backup on the ERC (www.crisis.nl). In terms of im-
proving future communication of dangerous and 
extreme weather, and with a view to strengthen-
ing the single voice principle towards the media, 
the KNMI law is being evaluated in this regard.

Frank Kroonenberg

KNMI’s  information link to civil protection 
agencies during severe weather events

Fig. 12_ Civil security organization at 

the national level (Kroonenberg 2007).
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Möws began by highlighting some of the 
challenges of communicating messages of  
warning aimed at protecting people, by looking 
at some of the related psychological-philoso-
phical issues involved in any communication, 
as well as the process issues to be considered.

He sketched the path (fig. 13) from taking data 
to converting it into information, which in the 
case of warning information already presuppos-
es an evaluation that the information is about an 
impending danger for the population involved. 
Then, depending on an expert’s knowledge and 
assessment, this information is transformed into 
a warning for delivery which, in turn, involves 
a knowledge transfer, intended to be a catalyst 
for action. In order to evoke the required action 
response, one needs to be aware of, and tailor 
the warning message to, the addressee in such 
a way that it takes into account such factors as 
individual background, demographic character-
istics and the vagaries of human perception.

Möws then presented a multifaceted warning 
system (fig. 14) made up of a range of options, 
including SatWaS (Satellite based Warning 
System), DCF 77 (low frequency radio), Cell 
Broadcast and sirens, as well as various forms  
of media (news, radio/TV, internet, paging) used 
so as to reach the broad population, including 
individuals, households, industry and those 
responsible for CRITIS (Critical Infrastructures).

A glimpse into the future was also given as to 
other means of directly alerting the population 
through: DCF77, Cell Broadcasts, Individual Warn-
ing Systems and IWod (Info & Warning on demand).

Möws succinctly concluded his presentation by 
reminding his audience of the characteristics of a 
good warning, and by extension, of an early warn-
ing system: A warning is an holistic task aimed at 
bringing the necessary information in a timely 
manner and in the right context to the addressee. 

Hans-Gerrit Möws

Technical possibilities to warn 
individual households directly 

Fig. 13_ Expiration, from data 

to action (Möws 2007).

Fig. 14_ Modular Population

Warning System (BBK).
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Moderator: Gerd Tetzlaff

Current and future warning 
systems in Europe
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The first presentation by Rauh began by 
stressing that information on high-impact 
weather and its consequences given to the 
relevant public authorities, and the public 
at large, had to be coherent and consistent; 
hence, it was best to have the information from 
one source only, or failing that, to have it from 
sources that are working cooperatively to insure 
a single coherent communication.  He pointed 
to the differences between a single voice which 
implied a monopoly, and an official voice which 
usually was governmental; hence a single  
official voice would have all the authority of one 
unique, and the only authorized voice, with the 
governmental label of quality.  In reviewing the 
context in which the single official voice would 
be employed, he looked at the following areas: 
warnings, weather forecasts and information.  

Of these three types of communication, he 
felt that it in the case of warning, such an official 
voice was essential, whereas for the other two, 
it was not necessary.  In the case of warnings, 
for their effectiveness, it is important that they 
be heard and recognized by the general public 
as the “official voice”, and the key role of the 
media in transmitting such warnings.  He then 
explained the Swiss legal provisions for warnings, 
the types of warnings (high impact weather or 
avalanches) and the different authorities.  He 
also commented on recent developments which 
have seen the arrival of private meteorologi-
cal providers who are issuing warnings and 
recommendations to the general public. In 
addressing this situation and its potential for 
confusion, he pointed out  three possible solu-
tions: building better relations with the mass 
media; agreement on a possible Code of Con-
duct with the private sector; and improving the 
legal basis on warnings to the general public.

The other speakers Kroonenberg, Steinhorst 
and Richardson each drew on their earlier 
presentations on forecasting and early warning 
to underline the importance of the “single voice 
principle” as central to the effectiveness of any 
early warning system.  Some of the speakers, as 
well as interventions from other participants, 
suggested that other actors from the private 
sector assuming a role in the dissemination 
of early warning messages (not necessarily in 
relation only to severe weather conditions), 
should be co-opted as partners in getting the 
message out, rather than being seen as competi-
tors.  The issue of ultimate responsibility (and 
liability) for the quality of warnings issued was 
also raised.  The dominant message, however, 
was the need for all to be aware of, and to 
further empower, the single official voice.    

Peter Rauh

Frank Kroonenberg

Gerhard Steinhorst

David Richardson

“Single Voice Principle” - 
Experiences of different European countries
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Staudinger made a presentation on the 
new European system for meteorological 

alerts METEOALARM, which was formally 
launched on 23 March 2007, and on which day 
it had 12 million visitors/hits. METEOALARM is 
the product that resulted from the EUMETNET 
project EMMA (European Multiservice  
Meteorological Awareness System) which 
was started in 2005.  21 countries participate 
in this project with their National Meteoro-
logical and Hydrological Services (NMHS). 

In making the presentation, Staudinger 
traced some of the developments that led up 
to METEOALARM, including the French Carte 
de vigilance and the METEORISK initiative 
(www.meteorisk.info) shared by 14 Alpine 
partner regions, and the lessons learned.

He also placed met warnings in the broader, 
integrated context of a risk assessment,  
management and response cycle which shows 
the inter-relationship of the various phases of the 
cycle.  He also pointed out that the quality of a 
warning can also affected by the input of civil de-
fence experts on the ground on a very local scale.

In discussing the weather chart, he high-
lighted the success of the French Carte de 
vigilance, and the value of an easily understand-
able meteorological presentation that is both 
“standardized” and  “structured” for use in 
extreme meteorological events. By the term 
“standardized”, one means that the key ele-
ments of the message, namely the standard set 
of awareness situations (wind, rain, snow/ice, 
thunderstorms) and the additional set of aware-
ness parameters (fog, temperature extremes, 
coastal events e.g. storm surges, forest fires, 
avalanches), should not change from one event 
to another and that the general public, the 
concerned authorities and the media are all 
well informed in a clear and structured way.  
Similarly, messages are well “structured” if they 
can be understood quickly without further 
explanations by most people. Those wanting 
further information should be able to readily 
access it conveniently on the same website.

One issue of importance to which he drew 
attention, was that the warning concepts in 
the European countries were harmonized 
with the help of the EMMA project to a very 
high degree, but differ slightly from each 
other at present in some details. The process of 
reaching greater uniformity is to be achieved 
in the context of the Emma project in the 
months to come. The EMMA/METEOALARM 
Forecasters Discussion Forum offers the op-
portunity to the forecasters to discuss aspects 
of the usage of different warning levels for 
the same situation across boarder rights.

Michael Staudinger

METEOALARM –Multiservice 
meteorological awareness system
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Fig. 15_The METEOALARM-website: 

Weather warnings in Europe (Staudinger 2007).

Fig. 16_The METEOALARM-website: 

Weather warnings in Italy (Staudinger 2007).
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Dotzek pointed out that the annual losses 
from severe storms in Europe are substantial: 
severe thunderstorms cause Euro 5-8 billion per 
year, while winter storm Kyrill caused about Euro 
10 billion, both from its large-scale wind field 
and embedded severe thunderstorms.  Research 
on and forecasting of such events has been 
gaining momentum in Europe recently. Euro-
pean initiatives in this context encompass the 
European Severe Storms Laboratory (ESSL) with 
its ESWD database (www.essl.org/ESWD/, fig. 17), 
EUMETNET’s recently launched warning system 
(country to county-level) METEOALARM (www.
meteoalarm.eu), and the volunteer forecasting 
initiative ESTOFEX (www.estofex.org) which 
already practices daily EU-wide risk-level forecasts 
following the NOAA-Storm Prediction Center 
(SPC) operations in the USA.  In this context, the 
question of establishing a professional European 
Storms Prediction Centre (ESPC) has been raised.

The SPC has nationwide responsibility for 
severe convection forecasts in the USA.  Since 
1997, it is co-located with the NOAA-National 
Severe Storms Laboratory (NSSL) facility in 
Norman, which specialises in applied severe 
weather research.  This co-location promotes 
collaboration between severe weather  
researchers and practitioners /forecasters.   
The SPC staff consists of only about 35 persons. 

Nikolai Dotzek

Proposal for a European 
storms prediction centre

Fig.17_ (a) Convective forecast as provided by ESTOFEX for 29 July 2005 with the risk levels “thunderstorms” 

(yellow), “low coverage of severe weather” (level 1, orange), and “high coverage of severe or low coverage of 

extremely severe weather” (level 2, red). ESWD severe weather reports provided by ESSL are underlain for verification. 

(b) All ESWD reports in 2006 (n = 3010). Red: tornado or waterspout, yellow: straight-line winds >25 m/s, 

green: hail >2 cm diameter, white: funnel clouds, and orange: lesser whirlwinds (ESSL).
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Convective Forecast,
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Early warning/watch

Send forecasters as ESPC staff

EUMETNET

General public 
and emergency managers

NMHS 1 NMHS 2 NMHS 3 ... NMHS n

Actual country/country-level warnings /meteoalarm
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Adopting the SPC practice from the USA,  
the purpose of a proposed ESPC could be to 
issue operational pan-European severe weather 
forecasts and early warnings (watches) with 
a lead time of up to ~24 h. Actual issuing 
of national or regional warnings should re-
main the responsibility of the National  
Meteorological and Hydrological Services 
(NMHS), i.e. EUMETNET.  In this way, the ESPC 
could best strengthen the link between severe 
storms research and operational forecasting.

A professionally run ESPC could fill an  
apparent gap between operational weather 
forecasting (ECMWF, NMHSs) and national-to-
county level warnings (METEOALARM, NMHSs) 
in Europe.  The ESPC’s role could be to become 
an important new institution on the European 
level.  It should be initiated and operated by the 
European NMHSs or EUMETNET, thus avoiding 
duplication of existing efforts.  The ESPC would 
rely on information provided by ECMWF or 
NMHS data and model runs, and would deliver 
its output in return to NMHSs for their local 
(early) warning decision management, to  
METEOALARM, and to the general public (fig. 18).

In conclusion, Dotzek noted that an ESPC  
could significantly advance European severe 
storm forecasting, early warning, and research, by:

• strengthening and complementing
 ongoing pan-European actions 
 on warnings and dissemination, e. g. 
 METEOALARM, and improving 
 homogeneity and quality of
 European early warning;

• integrating the most skilful severe
 weather forecasters from NMHSs all 
 over Europe to prepare and issue severe
 weather forecasts and watches.

A roadmap to creating an ESPC would 
be to evaluate the option of a COST Action, 
like for the ECMWF, and to establish a core 
group of stakeholders and decision-makers 
to review NMHS feedback on an ESPC – and 
to adequately address the related political 
issues, which he did not underestimate.

Fig.18_ Proposed procedure of 

ESPC implementation and the result-

ing information flow contributing 

to the present warning system by the 

NMHSs within EUMETNET and 

METEOALARM (Dotzek 2007).
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Moderator: Dieter Farrenkopf

Impacts of severe storms on 
critical infrastructure within the 
energy and transport sectors

Max Ernoult
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Ernoult began by looking at the impact of 
the storms Lothar (25-26 December 1999) and 
Martin (27-28 December 1999), on infrastructure 
supporting electricity supply and delivery. 

The impact of Lothar took place mainly in the 
northern parts of France while Martin’s impact oc-
curred in particular in the southern parts of France; 
together both storms affected the whole country.

Fig. 20 presents the total number of circuits 
put out of order, and the number of supports 
(e.g. pylons, transmission lines) totally or  
partially destroyed; Ernoult also showed the time 
it took to gradually restore substation power 
(EHV and HV) in the period of 27 December 
1999 to 5 January 2000, most of which had 
been achieved by 31 December 1999 (fig. 21).  

Max Ernoult

Measures of the private sector 
to protect critical infrastructure

Fig. 19_ Destroyed power pole (RTE).

Fig. 20_ Circuits out of order 

and totally or partially destroyed 

support (RTE).

Fig. 21_ Progress of EHV and 

HVsubstation power restoration 

through time (RTE).
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By 13 January 2000 (fig. 22), full customer 
power supply could be said to have been restored, 
but at a significant cost: total costs (all sectors 
included) were estimated at Euro 11.5 billion.

In terms of the steps taken to prepare for 
a comparable event in the future, a 15 year 
programme has been launched to improve the 
robustness of the transmission grid, as well as to 
upgrade the design of the transmission system 
and the rescue organization so that no sub-
station will be out of action for more than five 
days in a worse case scenario.  But in spite of the 
many measures taken, including training, there 
is need to build awareness among stakeholders 
of the potential risks of serious climate change.

Fig. 22_ Situation on 13 January 2000 after full 

costumer power supply restoration (RTE).
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Balmer elaborated on the efforts of the Swiss 
Federal Office for Civil Protection (BABS) to 
develop national strategies to protect critical 
infrastructure in the case of severe storms. 

Balmer reminded listeners about some of the 
characteristics of the Switzerland which are not 
without significance in preparing, managing 
and implementing a national strategy of critical 
infrastructure protection in situations of severe 
storms.  The first thing to note is that Switzer-
land is a Confederation of 26 Cantons.  The joint 
(Confederation/cantons) civil protection system 
in Switzerland has some unique features.  

The cantons are primarily responsible for civil 
protection.  The Confederation is only responsible 
for measures to be taken in response to armed 
conflict or national disasters e. g. epidemics.  
The Confederation also enters the picture when 
there might be need for uniform legislation.

To assist with risk-oriented disaster and 
emergency planning, the Confederation had 
already set out the basic considerations 
in a 1995 study.  An updated and revised 
study KATARISK was issued in 2003.  

Jürg Balmer

Critical infrastructure protection 
strategies in Switzerland

Fig. 23_ Relevant dangers for civil protection 

in the KATARISK report (BABS 2003).
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The overall philosophy underlying the study 
is: Risks can not be avoided, but they can be 
managed.  Of the selected hazards investigated 
in the study, disasters and emergencies  
account for 50%; among these, a range of natural 
disasters are considered: earthquakes, floods, 
thunderstorms, windstorms, avalanches, cold 
spell, drought/heat wave.  All of these hazards 
included in the KATARISK report are subject 
to a uniform, systematic and comparable 
two-part investigation: risk analysis and risk 
evaluation. Hazards are categorized according 
to the relevance of the investigated risks or 
their consequences (C) in five Consequence 
Classes (CC): CC1: Everyday incident; CC2: Local 
disaster or emergency; CC3: Regional disaster 
or emergency; CC4: Supra regional disaster or 
emergency; CC 5: National disaster or emergency. 

For each of these CCs, there is a different 
relevance of risks depending at the respective 
levels, e. g. local, regional/cantonal or national. 

Balmer noted that prevention and pre-
paredness are important elements of 
integrated risk management. He set out a 
range of preventive steps that should be taken 
to mitigate the damages of severe storms:

• Building codes to improve resistance 
against wind load (houses, industrial 
complexes, electrical power lines etc),

• Construction codes to reduce  
damages on buildings (e.g. facades) 
due to extreme wind load,

• Improved resilience of forests 
(e. g. adequate tree mixture).

Fig. 24_ Consequence Classes (CC) of 

the KATARISK Report (BABS 2003).
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Lauwe elaborated on the work being done 
to formulate a national approach to weather 
related hazards, climate change and critical 
infrastructure protection, with a view to pro-
ducing a possible national plan for risk and 
emergency management.  He outlined the time 
frame for the development of such a national 
approach covering three phases up till mid- 2009 
when a national plan might be produced.

Critical infrastructures (CI) are understood to 
include organizations and systems that have 
a major importance for society such that, if 
disrupted, this could comprehensively affect 
supply chains, public safety and could lead to 
further dramatic consequences.  Among the 
sectors regarded as critical would be: Energy, 
Supply (water, food, health care systems, emer-
gency services); Communication/Information 
Technology, Transportation, Hazardous Material, 
Banking and Finance, Government Services, and 
Media, Research Institutes and Cultural Assets.

In terms of the general strategy for critical 
infrastructure protection (CIP), Lauwe drew 
attention to a range of issues that need to be 
kept in mind: that it be a comprehensive haz-
ard approach (natural hazards, terrorism, etc.); 
certain important risk factors or considerations 
(that derive from concentration of infrastructure 
systems in urban/industrial concentrations); the 
complexity of systems; interdependencies (local, 
regional, national, trans-national); and the cur-
rent focus of attention of the Federal Authorities 
(climate change, health pandemics, terrorism).

The general strategy of the Federal Office 
of Civil Protection and Disaster Assistance 
is to address all hazards, but with a focus 
on adaptation strategies (reducing vulner-
ability; enhancing coping mechanisms) and 
reducing risks.  It sees itself as a partner in 
a security/safety architecture network.

In terms of developing a national approach  
for risk and emergency management, the  
process involves the identification of critical 
processes and elements; risk analysis (hazards/
threats; vulnerability of processes and elements); 
risk evaluation; and safety and security measures 
(prevention; preparedness).  A Guideline for 
Risk and Emergency Management is expected 
to be published in the summer of 2007.

In relation to weather related hazards and 
climate change, the same three step process 
is being applied with the review of sectors e.g. 
power supply, to identify risks related to sensi-
tive systems from storms e. g. power supply 
lines.  In step 2 of the project on weather, where 
the focus will be on related hazards/climate 
change and the requirements for civil protection 
(06/2007 - 05/2009), a further emphasis will be 
on developing partnerships with relevant actors 
(Federal Environment Agency (UBA), German  
Weather Service (DWD), and a communication 
platform; it is planned to have a Workshop 
on weather related hazards/climate change 
and civil protection in October 2007.  Step 3 
will review the question of a national plan. 

Peter Lauwe

Critical infrastructure protection 
strategies in Germany
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08  Wind loads on buildings

Moderator: Dieter Farrenkopf
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Building technology, codification 
and storm damage
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Fig. 26_ Storm damage to a 

light weight facade (Geurts 2002).
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Geurts focused on how using up-to-date 
building codes that take into account wind load 
factors, do have a significant role in reducing 
damage to buildings due to storm damage.

The presenter noted that an evaluation of 
damage caused in buildings in Denmark and 
France after the Christmas storms in 1999 
showed that the main damage was done in rela-
tion to secondary elements of the building (e.g. 
roofs and facades, fig. 25 and 26), rather than to 
the main structure. These secondary elements are 
not or hardly covered by wind loading standards.

 

Geurts pointed out that the role of wind 
loading standards has been discussed after 
major storm events, but major changes to the 
building regulations have not been made in 
the light of findings from the storm events.

A review was given of developments in  
building technology over the last two decades 
and how developments in materials and a range 
of new demands (e.g. comfort levels, energy 
considerations) may have direct or indirect impli-
cations on the vulnerability of buildings.  As was 
noted, when storm damage occurs, one or more 
factors (use of new materials in facades; external 
elements to facades, such as sun blinds; solar 
energy systems on roofs; the height of buildings; 
quality of workmanship done by a range of inde-
pendent actors) could be brought into question; 
invariably it was wind that served as the mes-
senger calling for a closer look at these issues.

Fig. 25_ Storm damage to an outside 

ceiling: a situation not covered in 

standard building codes (Geurts 2007).
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Geurts showed that while the majority of 
storm damage could be attributed to factors 
such as poor maintenance, ageing of material 
and shoddy workmanship, there was a role for 
wind loading standards in mitigating storm 
damage. His example related to the wind 
storms that hit the Netherlands in January and 
in February 1990.  The January storm caused 
considerable damage to roofing tiles and flat 
roofs (fig. 27).  The new tiles that replaced those 
damaged in January were blown off again in 
the February storm.  An initiative was taken, 
pushed by the industry and roofing associa-
tions, to prevent such damage in the future. This 
resulted in new standards (The Dutch Standard 
NEN 6707) together with a guidance document 
(Netherlands Practice Guideline (NPR) 6708) 
being published.  The storms since then, in 
October 2002 and January 2007, produced only 
limited damage to roofs built using the code.

This highlights the fact that a specific code, 
including methods to determine both the wind 
loading and wind resistance, can help mitigate 
the amount of storm damage.  This lesson is even 
more important in view of the increasing trend 
in creating buildings with light weight elements, 
as well as with increasing functions added to 
the building shell, for example, solar energy 
products.  In severe storms, these elements could 
contribute in the future to greater vulnerability 
and increased damages, unless up-to-date rules 
in building codes and regulations were applied.

Fig.27_ Storm damage to a roof 

in January 1990 (TNO 1990).

Fig. 28_ The same roof with tiles 

after a storm in February 1990; 

tiles had simply been replaced 

after January storm (TNO 1990).
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Hortmanns made a presentation on  
EN 1991-1-4 and the process of having its 
provisions reflected in national legislation.

EN Eurocodes consist of 10 European 
Standards, numbered EN 1990-EN 1999, 
aimed at ensuring a common approach 
to the design of buildings and other civil 
engineering works. Complementing these 
Community-wide standards are related 
Nationally Determined Parameters (NDPs).  
The NDPs serve a range of purposes, and 
reflect specific situations in that they:

• take into account differences 
in geographical, geological or 
climatic conditions;

• result from different design cultures 
and procedures for structural analysis;

• arise from the requirements for safety 
levels in the various Member States.

The focus of Hortmanns' presentation was 
Eurocode EN 1991 "Actions on structures" 
which is made up of 4 parts (the first of which 
has 7 sub-parts).   The EN 1991 Part 1 sub part 
1 (1-1-1) deals with "Densities, self weight and 
imposed loads" (other sub-parts e.g. sub part 2 
(1-1-2) looks at "Actions on structures exposed 
to fires", sub-part 3 (1-1-3) considers snow 
load). In particular, H0rtmanns considered  
EN 1991-1-4 which deals with "Wind actions".

Like all other Eurocodes, EN 1991 contains 
Normative Parts, called Principles, which do 
not allow for choice. Additionally it contains 
Informative parts, which can be changed or 
ignored in the National Annex. The entire 
text of the Eurocode has to be implemented 
together with a National Annex as national 
regulation in every country until 2010. It will 
then replace former National Standards (e.g. 
Dutch NEN 6707 or the German DIN 1055).

The National Annex thus may only contain 
information on those parameters which are left 
open in the Eurocode for national choice, known 
as Nationally Determined Parameters (NDPs).  

These NDPs would include:

• values and /or classes 
where alternatives are 
given in the Eurocode;

• values to be used where 
a symbol only is given 
in the Eurocode;

• country specific data 
(geographical, climatic, 
etc.) e. g. wind zones;

• the procedure to be used 
where alternative procedures 
are given in the Eurocode;

• decisions on the application 
of informative annexes;

• references to non-contra-
dictory, complementary 
information to assist the user.

In the Commission's Recommendation 
(2003/887/EC) of 11 December 2003 on the 
implementation and use of Eurocodes for 
construction works and structural construc-
tion products, it is stated that NDPs should 
be laid down; and that the Commission may 
request changes of NDP values in order to 
reduce divergence from recommended values.

In EN 1991-1-4, there are 61 NDPs; 51 in the 
main body and 10 in the annexes; this is somewhat 
high when compared to the other EN Eurocodes.  
In most cases, a recommended procedure or 
value is given, although national choice is allowed.

As pointed out by Hortmanns, Section 7 of  
EN 1991-1-4 which deals with pressure and force 
coefficients allows for national choice; pressure 
coefficients are given for buildings in Section 
7.2; Section 7.3 deals with force coefficients.  
Force coefficients give the overall load effect 
on a structure or element and include friction 
effects, whereas pressure coefficients do not.

Given the impact of wind in recent severe 
storms, considerable discussion ensued among 
the participants on wind load on buildings, 
and the variations in national provisions.  

A technical organization called CEN which 
is made up of the National Standard Bodies of 
30 Member States, is responsible through its 
Technical Committee 250 (CEN/TC250) for all CEN 
work on structural design codes, including their 
implementation.  Progress by Member States on 
reflecting Eurocode EN 1991, in particular Part 
1-4 (Wind Actions) may be seen by consulting 
the Eurocodes web site (http://eurocodes.jrc.it).

Michael Hortmanns

The European building 
code EN 1991-1-4 and its 
implementation via national law
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Ernst Rauch
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Fig. 29_ Number of great natural disasters 1950-2006, 

worldwide (www.munichre.com/en/ts/geo_risks/natcat-

service/long-term_statistics_since_1950/default.aspx).
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Rauch presented a selection of data  
related to natural disasters around the globe 
for the period 1950-2006. Both, the number 
(fig. 29) and the economic and insured losses 
(fig. 30) from great natural disasters display 
an upward trend. The years 1995 and 2005 
set records showing global overall economic 
losses in excess of US $ 180 billion. In 2005, 
insured losses amounted to about US $ 90 bil-
lion, significantly more than in 1995 when the 
insured losses were less than US $ 20 billion.  
In the period 1950-2006, 81 % of global insured 
losses were caused by windstorms. In Germany, 
for comparison, 75 % of the insured losses were 
windstorm-related in the period 1970-2006.

 Ernst Rauch

Climate change and its consequences 
for the insurance economy
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The Fourth Report of the IPCC states an 
increase in wind velocities in the temperate 
climate zones since 1960, but does not draw 
a conclusion with regard to  the development 
of wind speeds in Europe. Schwierz et al. 2006 
found increasing losses in the insurance sector 
due to climate change. However, the impact 
on European countries due to changed storm 
paths is currently not fully understood. Accord-
ing to Knippertz et al. (2000) the frequency of 
weak storms will probably rather decrease in 
the coming century, while strong storms will 
become more frequent and also more intense. 
Rauch concluded that a changing hazard would 
result in a changing risk and thus affect the 
loss distribution curve. In this regard, one of the 
conclusions of the International Workshop on 
Climate Change and Disaster Losses: Understand-
ing and Attributing Trends and Projections jointly 
organized by Munich Re and the University of 
Colorado (25-26 May 2006) in Hohenkammer, 

Germany is relevant: “Analyses of long-term 
records of disaster losses indicate that societal 
change and economic development are the 
principal factors responsible for the documented 
increasing losses to date”. In addition, the  
insurance sector will need to further account 
for climate change in its risk management and 
design its products accordingly. In particular, 
adjustments are needed in risk evaluation, e.g. in 
the models for hurricane risk in the North Atlan-
tic, and development of models for European 
winter storms must be promoted. Adjustments of 
risk assessment procedures reflecting a changing 
hazard are not sufficient though. A more compre-
hensive, holistic risk management is necessary, 
including the consideration of a full range of 
scenarios with potential large loss accumulation. 
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Fig. 30_ Overall and insured losses caused 

by great natural disasters 1950 – 2006 

(www.munichre.com/en/ts/geo_risks/natcatservice 

/long-term_statistics_since_1950/default.aspx).
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By way of introduction to this discussion,  
the picture of the cover for natural (catastrophic) 
events (e.g. storm, floods, earthquakes, etc.) 
and the extent of the insurance penetration 
was presented by Nussbaum. Part of his 
presentation looked at storm cover and 
insurance penetration per market (fig. 31).  

The picture emerged of significant pene-
tration of the market (›75%) where extended 
coverage was optional.  When added to those 
countries where there was compulsory cover 
by law or compulsory pool, the overall picture 
was generally impressive, although there 
were some countries where penetration was 
less than 10% or cover was non existent.  

Raimund Schwarze

Ulrich Ebel

Ernst Rauch

Roland Nussbaum

Katy Cornish

Panel discussion on insurance 
and severe storms

Fig. 31_Storm cover and insurance penetration 

per market (Nussbaum, European Insurance 

Committee, 2005). 
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For purposes of comparison, a similar 
presentation was made for flood and/or 
earthquake insurance in Europe (fig. 32). 

The pattern emerged of most European 
countries having optional extended cover-
age, but the market penetration rate was less 
high than for storms, with the exception  
being United Kingdom, which is explained 
by the fact that many people have long-term 
mortgages to finance their homes and have 
a contractual obligation to insure against 
floods.  It was noted that, unlike as for storms, 
many States have extended compulsory cover 
(namely Spain, Belgium, Switzerland, Turkey 
(earthquakes), as well as France and Norway).  

Further tables looked at damage figures in 
three ways: cumulated economic losses; the 
impact on the economy expressed in terms 
of a percentage of GDP; and the estimated 
“not insured” share of the total economic loss 
(for a 200 years return period). These showed 
(although it should be noted that the flood/
earthquake figures were rough estimates) that 
the maximum economic losses due to floods 
and or earthquakes in three selected European 
countries  (UK, France, Denmark) might be 
higher for floods/earthquakes than for storms 

and with higher impact on the economy,  
and with a much higher share of non-insured 
losses.  By way of illustration, for the UK, the 
cumulated economic losses might be in the 
order of Euros 40-60 million for floods/storm 
surges, compared to Euros 30 billion for storms.

Nussbaum concluded by noting that insurance 
was in the front line of climate change, as it was 
often the insurers and re-insurers who had to 
deal with its consequences.  With the likelihood 
that the impact of natural catastrophes on Euro-
pean countries could become more damaging 
with further climate change, the challenge will 
be to develop better public-private partnerships 
(PPPs) between the insurance industry and 
public authorities to have insurance coverage 
for natural disasters at reasonable prices.  It was 
here that preventive measures and adaptation 
were important, and the insurance industry 
was in a position to help public authorities in 
this regard, especially in identifying and quanti-
fying natural risks. It was for this reason that 
the CEA would continue to be proactive, and 
interact closely with the EU on issues related 
to natural catastrophes and climate change.

Fig. 32_ Flood and/or earthquake insurance 
penetration per market (Nussbaum, European 
Insurance Committee, 2007)
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Schwarze noted that many of the issues on 
the table today were the same as those that 
were discussed at the DKKV meeting in Bad 
Neuenahr-Ahrweiler four years ago: the poten-
tial for damage resulting from extreme storm 
disasters currently exceeds cover capacity of 
the direct insurance and reinsurance industry; 
consequential losses from power outages, 
and interruptions to telecommunications and 
transport resulting from severe storms, still 
needs more attention; there is also the issue  
of forests and their significant uninsured losses 
where prevention could be cheaper than  
insurance and tax payer involvement; in the 
face of changing climate patterns and extreme 
events, there is a need to expand risk partnership 
(customer/insurer/State) in which the State takes 
a role; an intelligent involvement as guarantor, 
and thus helps establish the private market.

Ebel spoke of insurance as part of the risk 
management process, and the need to improve 
risk modelling for different types of natural 
catastrophes e.g. winter storms in Europe.  Of 
the various modules that made up a natural 
hazard model (hazard, vulnerability, value distri-
bution, insurance conditions), those of hazard 
and vulnerability are particularly related to the 
question of climate change: the hazard module is 
concerned with the where, how often, and with 
what intensity the events occur; the vulnerability 
module is concerned with the extent of dam-
age at a given event intensity.  The experience 
of the insurance industry shows that even small 
changes of ‹10 % in event severity can generate 
multiple increases in damage.  Increase in losses, 

however, can also be explained by a range of 
factors other than climate change or variability, 
namely those of higher insurance penetration 
of market, growth in property values, coastal 
value concentration, higher vulnerabilities, etc..

Cornish pointed out that the UK is unique in 
having an insurance industry that covers flood 
risk. Almost every home can get insurance. This 
is because the Government has committed itself 
to improve flood defences. Flood damage is at 
the heart of the all risk cover of home owners. 
This was a good example of the PPPs referred 
to above.  In addition, a June 2005 Report of 
the Association of British Insurers (ABI) entitled 
Financial Risks of Climate Change drew atten-
tion to a range of issues being discussed in the 
Workshop, including the importance of building 
codes: we should be now amending the codes 
for the design of buildings of the future that 
are adapted to the reality of climate change.

Rauch stressed how insurance companies 
should provide incentives to push for mitigation 
of damages due to climate change by provid-
ing rebates e.g. of 5 % on premiums based on 
maintenance and repairs to homes undertaken 
by homeowners and on the other hand apply 
premium loadings to homes which are higher 
vulnerable to storms than the average build-
ing stock (pricing according to risk situation). 

Considerable discussion took place in regard 
to the role of the State in insurance coverage  
for natural disasters.  With the exception of insur-
ance against storm and hail damage, private 
home owners purchase insurance cover only 
for a small percentage, estimated at between 
5 – 10 %, e.g. in Germany, for other natural 
hazards like earthquake and flooding . This 
is mainly due to a lack of risk perception by 
home owners and not due to a lack of insurance 
availability.  In this context, some participants 
argued for a form of State intervention for social 
insurance schemes against natural catastrophes; 
such an intervention could be a supplement 
to the private insurance sector, but it remained 
unclear through which mechanism premiums to 
cover these risks could be collected.  It was noted 
that the EU needed to adopt a more coherent 
policy on climate change and related issues.
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10  Concluding remarks

Moderator: Gerd Tetzlaff
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The concluding observations were made  
by Tetzlaff. He noted that the Second Workshop 
had built on and carried forward the work of 
the First Workshop held four years ago (24-26 
March 2003). The First Workshop had addressed 
deficiencies in weather forecasts and warnings 
that had been the object of public discussion, 
following the severe winter storm Lothar on 26 
December, 1999.  Lothar highlighted a number 
of shortcomings in the weather preparedness 
system. These comprised, from the German 
perspective, the long term aspects of wind 
load zones, the communication systems that 
failed to bring the urgent warning information 
to the people, and finally the forecasting 
system itself, that did not sufficiently use all 
available forecast information. In regard to 
power supply, the First Workshop estimated, 
rather surprisingly, that preparations would 
be adequate for future severe storms.

Tetzlaff noted that the Second Workshop 
was being held in the immediate aftermath of 
another very severe winter storm event, Kyrill 
that had ravaged major parts of Western and 
Central Europe. The first, still preliminary, estimate 
places the amount of damage at about Euros    
10 billion. That is of the same magnitude caused 
by its predecessor Lothar. However, there were 
significant differences in the public perception 
of these two storm events. Kyrill was generally 
regarded as having been successfully managed 
from the point of view of forecasts and warn-
ings. The warnings reached the people, and 
they were very timely and accurate. There was 
not the least criticism heard on these points. 

All of this shows that there had been major 
improvements in the weather forecasting and 
in the warning systems. The weather services 
had improved their cross-border information 
flow, evidenced further in the formal launch 
(23 March 2007) of the Europe-wide warning 
system METEOALARM that went operational 
while the workshop was being held, and is now 
available to the public on the internet. Moreover, 
in the intervening period, the administrative 
structures to distribute warnings had been 
overhauled; for example, in Germany, better 
access to public information channels had 
been negotiated. This does not mean, however, 
that a definitive solution for the “single voice 
principle”, namely an approximation to a single 
official voice warning system, has been achieved. 

In addition, issues related to wind load coding 
had been reviewed, and there is now a Europe-
wide building code established, which allows 
for solutions that take into account regional and 
national considerations. Furthermore, it became 
apparent that the global climate change also 
could include changes in the nature of European 
severe storms. This likelihood, while it is not yet 
considered reliable enough to draw concrete 
solutions, certainly requires increased attention.

He concluded by asking the question:          
What needs to be done to further improve on 
the disaster reduction? With respect to the long 
term, this means that one will have to continu-
ously work on the quality of the risk information, 
because both the extreme events and related 
vulnerabilities undergo changes continuously.  
There is also need to develop adaptation  
strategies and measures, including building 
codes and insurance policies, to reduce dam-
ages and the consequences of extreme weather 
events, which will possibly be occurring more 
frequently. In the short term, the European 
coordination and harmonisation of forecasts 
and warnings still needs improvement.  
Currently, forecast times, colour codes, thresholds 
of weather events differ according to the various 
systems in place.  To make sure the quality of the 
warnings is optimal, a new validation procedure 
of forecasts and warnings needs to be estab-
lished. This would, at the same time, be the basis 
for a certification approach, thereby allowing 
a judgement as to the institution issuing the 
best forecasts and warnings. This also would 
be the basis for developing and implementing 
improved methods to make warnings more  
effective, especially in better reaching individuals. 

Finally, Tetzlaff summed up the feelings of 
all participants when he said that the Second 
Workshop took satisfaction from the initiatives 
currently under way aimed at mitigating and 
adapting to the effects of climate change, but 
more needed to be done to address those 
likely to arise in the future from severe storms.
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Fig. 01  Comparison of observed continental- and global-scale changes in surface 
temperature with results simulated by climate models using natural and  
anthropogenic forcings. Decadal averages of observations are shown for the period 
1906 to 2005 (black line) plotted against the centre of the decade and relative to 
the corresponding average for 1901–1950. Lines are dashed where spatial cover-
age is less than 50%. Blue shaded bands show the 5–95% range for 19 simulations 
from five climate models using only the natural forcings due to solar activity and 
volcanoes. Red shaded bands show the 5–95% range for 58 simulations from 14 
climate models using both natural and anthropogenic forcings (IPCC 2007).

Fig. 02  Solid lines are multi-model global averages of surface warming (relative to 
1980–1999) for the scenarios A2, A1B and B1, shown as continuations of the 20th 
century simulations. Shading denotes the ±1 standard deviation range of individual 
model annual averages. The orange line is for the experiment where concentra-
tions were held constant at year 2000 values. The grey bars at right indicate the 
best estimate (solid line within each bar) and the likely range assessed for the six 
SRES marker scenarios. The assessment of the best estimate and likely ranges in the 
grey bars includes the AOGCMs in the left part of the figure, as well as results from 
a hierarchy of independent models and observational constraints (IPCC 2007).

Fig. 03  Schematic showing the effect on extreme temperatures when (a) the mean 
temperature increases, (b) the variance increases, and (c) when both the mean 
and variance increase for a normal distribution of temperature (IPCC 2001).

Fig. 04  Ensemble climate signal (difference between scenario A1B, end of 21st century, 
and present day) in winter storm track (standard deviation of 2-6 day bandpass 
filtered mean sea level pressure). Units: 0.1 hPa. (Modified from Ulbrich et al. 2008).

Fig. 05  Carte de vigilance météorologique as  at 29 January 2006 (Météo France).

Fig. 06  Flood-awareness chart of France (Ministry of Ecology and sustainable development).

Fig. 07  Warning chart for Switzerland (www.meteoschweiz.ad-
min.ch/web/en/danger/danger.html).

Fig. 08  Phases and lessons of the severe storms 1999 and 2005 (Ecklon 2007).

Fig. 09  Anomaly correlation of ECWMF operational medium-range forecasts of 500hPa height 
over the extra-tropical northern and southern hemispheres (1981-2007) (ECWMF).

Fig. 10  Comparison between a deterministic (top left panel) and ensemble forecast  
(forecasts 1-50) of the storm Lothar.  All forecasts are starting on 24 December 
1999; the maps show the 42-hour forecast sea-level pressure field of each ensem-
ble member, verifying at the time Lothar is over northern France on 26 December. 
While the deterministic  forecast does not predict a severe storm, a significant 
proportion of the ensemblemembers do, indicating the potential for this event 
to occur (Forecasts run using a recent version of the ECMWF forecast system).

Fig. 11 The organisation of the three-level warning system (DWD).

Fig. 12  Civil security organization at the national level (Kroonenberg 2007).
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Fig. 13  Expiration, from data to action (Möws 2007).

Fig. 14  Modular Population Warning System (BBK).

Fig. 15  The METEOALARM-website: Weather warnings in Europe (Staudinger 2007).

Fig. 16 The METEOALARM-website: Weather warnings in Italy (Staudinger 2007).

Fig. 17 (a) Convective forecast as provided by ESTOFEX for 29 July 2005 with the risk levels 
“thunderstorms”  (yellow), “low coverage of severe weather” (level 1, orange), and “high 
coverage of severe or low coverage of extremely severe weather” (level 2, red). ESWD 
severe weather reports provided by ESSL are underlain for verification. (b) All ESWD  
reports in 2006 (n = 3010). Red: tornado or waterspout, yellow: straight-line winds >25 m/s, 
green: hail >2 cm diameter, white: funnel clouds, and orange: lesser whirlwinds (ESSL).

Fig. 18  Proposed procedure of ESPC implementation and the resulting information flow 
 contributing to the present warning system by the NMHSs  

within EUMETNET and METEOALARM (Dotzek 2007).

Fig. 19  Destroyed power pole (RTE).

Fig. 20  Circuits out of order and totally or partially destroyed support (RTE).

Fig. 21  Progress of EHV and HV substation power restoration through time (RTE).

Fig. 22  Situation on 13 January 2000 after full costumer power supply restoration (RTE).

Fig. 23  Relevant dangers for civil protection in the KATARISK report (BABS 2003).

Fig. 24 Consequence Classes (CC) of the KATARISK Report (BABS 2003)

Fig. 25  Storm damage to an outside ceiling: a situation not   
covered in standard building codes (Geurts 2007).

Fig. 26  Storm damage to a light weight facade (Geurts 2002)

Fig. 27  Storm damage to a roof in January 1990 (TNO 1990).

Fig. 28 The same roof with tiles after a storm in February 1990; tiles had sim-
ply been replaced after January storm (TNO 1990).

Fig. 29  Number of great natural disasters 1950-2006, worldwide (www.munichre.com/
en/ts/geo_risks/natcatservice/long-term_statistics_since_1950/default.aspx).

Fig. 30  Overall and insured losses caused by great natural disasters 1950–2006 
 (www.munichre.com/en/ts/geo_risks/natcatservice/longterm_statistics_since_1950/
 default.aspx).

Fig. 31  Storm cover and insurance penetration per market 
 (Nussbaum, European Insurance Comittee 2005).

Fig. 32  Flood and/or earthquake insurance penetration per market 
 (Nussbaum, European Insurance Comittee 2007).
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ABI Association of British Insurers 
AOGCM Atmospheric-Ocean Global Circulation Model
AR4 IPCC Fourth Assessment Report
BABS  Swiss Federal Office for Civil Protection 
BAFU  Swiss Federal Office for the Environment 
BBK Federal Office of Civil Protection and Disaster Assistance
CBS, RA VI  Commission for Basic Systems, Regional Association VI
CC Consequence Classes
CEA European Insurance Committee
CEN European Committee for Standardization
CHF Swiss franc
CI  Critical Infrastructures 
CIP  Critical Infrastructure Protection
CRITIS  Critical Infrastructures
CWT Circulation Weather Types
DCF 77  Low Frequency Radio
DIN German Industry Norm
DKKV  German Committee for Disaster Reduction
DLR German Aerospace Center
DMI  Danish Meteorological Institute 
DWD Germany´s National  Meteorological Service
DWD-LM Regional Model of Germany´s National Meteorological Service
ECHAM 5 European Centre Hamburg Version 5
ECMWF European Centre for Medium-Range Weather Forecasts
EFI Extreme Forecast Index 
EHV Extra High Voltage
EMMA  European Multiservice Meteorological Awareness System
EMIC Earth Model of Intermediate Complexity 
EN  Eurocodes
EPS  Ensemble Prediction System
ERA 40 40 year Re-analysis
ERC Expertise Centre on Risk and Crisis Communication
ESD  Electronic Situation Display 
ESPC  European Storms Prediction Centre 
ESSL  European Severe Storms Laboratory
ESTOFEX European Storm Forecast Experiment
ESWD European Severe Weather Database
EU European Union
EUMETNET Network of European Meteorological Services
F99  Frequency-Index average above 99 %
FeWIS  Fire Brigade Weather Information System
GCM  Global General Circulation Model
GDP Gross Domestic Product
GHG Greenhouse Gas
GIN Common Information Platform Natural Hazards 

List of abbreviations in alphabetical order
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HadAM3P Hadley Centre’s Atmosphere Model
HadCM3 Hadley Centre’s Global Model
HV High Voltage
I99 Intensity-Index average above 99 %
IFKIS Intercantonal Early Warning and Crisis Information System for Natural Hazards
IPSL CM4 Institute Pierre Simon Laplace Global Coupled Model Version 4
IPCC International Panel on Climate Change
ISDR  International Strategy for Disaster Reduction
IWod  Info and Warning on demand
KNMI Royal Netherlands Meteorological Institute 
LEPS  Limited Area Ensemble Prediction System
LOCC  National Operational Coordination Centre 
MICE Modelling the Impacts of Climate Extremes
MSLP  Mean Sea Level Pressure
NAM  Northern Annular Mode
NAO  North Atlantic Oscillation 
NCC  National Coordination Centre 
NCEP  National Centers for Environmental Prediction
NDP Nationally Determined Parameter
NEN The Dutch Standard
NEOC National Emergency Operation Centre
NMHS National Meteorological and Hydrological Services 
NOAA National Oceanic and Atmospheric Association
NPR Netherlands Practice Guideline 
NSSL  National Severe Storms Laboratory 
NWP  Numerical Weather Prediction 
ORSEC  Rescue Organisation
PEPS  ”Poor Man’s“ Ensemble Prediction System
PLANAT  National Platform for Natural Hazards 
PPP Public-Private Partnerships 
RCM Regional Climate Model
REX Experience Feedback
RM Regional Models
RTE French electricity transmission system operator
SatWaS  Satellite based Warning System
SCHAPI Central Service for Hydrometeorology and Flood Forecasting Support
SIA Swiss Society for Engineers and Architects
SLF  Federal Institute for Snow and Avalanche Research 
SPC Storm Prediction Center 
SRES Special Report on Emission Scenarios
UBA Federal Environment Agency
VKF  Union of Cantonal Fire Insurances
WMO World Meteorological Organization 
ZAMG Central Institute for Meteorology and Geodynamics
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