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1. Project description

The project aims to improve the effectiveness of existing policies and financial instruments through
guidelines for local-based disaster risk reduction actions and tools in instances of high wind and also
take into account the influences of climate change.

During the two year project an improved knowledge of high wind through accurate high frequency
measurement will be the basis for creating guidelines for urban risk assessment and improved links
between relevant actors and policies (prevention-preparedness-response-recovery). The cooperation
of three EU countries will provide a cross-country exchange of good practices which could then be
applied to other areas in the EU and broader with high wind risk exposure. An automated system for
alarming the local civil protection operators will be provided with a live online web-based streaming
of accurate wind measurements in four different locations, one in each participating city, in three
countries. Special guidelines for raising public awareness, regulations for transit both on land and in
the harbour, improvement of existing and new building and infrastructure as well as better forest
management will be prepared. Preliminary socio-economic analysis of the cost of civil protection and
damage repair compared with local financial endorsement for safer/risk free building will be given.
The findings and guidelines will be presented at different national and transnational conferences.

The main reason for the necessity of the project is to improve the understanding of high wind and
wind gusts, to improve the awareness of wind risk and to improve the preparedness of national and
civil protection, especially with regards to higher erratic winds due to the ongoing climate change.

Territorial planning recommendations aiming at minimizing the vulnerabilities need to be
established. Recommendations concerning the physical investments that will be required to protect
or upgrade the infrastructure assets and systems, important civil buildings (hospitals, kindergartens,
schools...), transit communications (bridges, highways, roads..) and forest management.
Recommendations concerning the institutional preparedness and emergency plans for local civil
protection institutions in view of wind risk. Recommendations concerning additional building code,
rules and regulations in all areas for high wind and wind gusts with a focus on materials used and
fastening of these materials for residential buildings, infrastructure, transit design, harbour design,
public buildings and forest management. Economical evaluation of local endorsements for
construction of buildings, transit communication and infrastructure in compliance with the guidelines
and compared with costs for civil preparedness, protections and disaster damage repair.

2. General summary of project implementation process

The Wind Risk prevention project is finished after two years. The project went according to the plan
and work on most of the expected activities is done. In addition, due to some minor schedule
changes, some additional activities were made. Big interest was noted by the general public, as well
as by different official and unofficial stakeholders involved in prevention and preparedness.

In addition to the work done separately, joint workshops have been done at four project meetings in
Ajdovscina (Slovenia), Split (Croatia), Dortmund (Germany) and Ljubljana (Slovenia). Several papers
were published in local media as well as news conferences at all meetings. In addition to the
meetings, live communication through different communication channels and forums was present
almost on a monthly basis, as well as countless e-mails.

The reports for Actions within task C and D were completed on schedule. The articles published in
specialized EU journals or magazines were rescheduled for the end of the project and will be finished
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in the end of March. Other activities had gone according to the original time schedule.

The resources have been used according to the plan. Minor changes were proposed, confirmed and
made to the proposed plan. Some additional outsourcing was done to acquire expert knowledge and
services (Technical University of Dortmund, University of Split). The staffs working on the project is
according to the planned schedule. Thus the financial report is within the proposed budget.

The results produced within the final interim period have shown that the expectations of the project
were fairly accurate. It was shown that climate change plays a big part in the magnitude and
frequency of wind related disaster risk. The detailed analysis also showed the high vulnerability of
project areas to high wind and to high wind in combination with snow and sleet as well. Since all
countries are part of European Union, common laws of EU are applicable to all countries, but most
space for improvements seems to be in local legislation. It was also found out that for future
evaluation of social and economic impacts of wind risk disaster keeping register of damages such as
Slovenian AJDA system is recommended. With such a tool it would be possible to evaluate total
damage of each event with social and economic consequences, and not only extreme events, and
better asses the causes and effects of the damages. Finally, the interaction between the local and
national disaster preparedness institutions for wind disaster events was evaluated as a case study.

3. Evaluation of project management/implementation process

All project partners are very positive about the outcome of the project. The conclusions of Actions
within task C showed new opportunities for improvements in the field of wind risk. Gathering quality
data on weather and wind speeds from the recent history proved to be an external difficulty in some
cases.

The cooperation with the Commission is done on regularly and promptly by the project coordinator.
All changes concerning the financial, the personnel, the progress and the content have thus far been
reported and approved. The response of the Commission is fast, clear and precise.

Although wind damage is a major problem not only in the countries participating in the project, but
in the whole Europe, and beyond, too few studies are looking at wind related risk and ways to
prevent future damage. Therefore it is essential that projects like this are co-funded by the European
Commission to expand wind risk knowledge.

4. Activities

Task A: Project management

The actions under Task A have been started right at the beginning of the project and will continue
until the very end. All deliverables planned for the final interim report period have been delivered on
schedule.

Task B: Wind measurement

All actions in the Task B were meant to be finished by within the second interim report period and all
have been done for the most part. Problems with the wind measuring systems, which are funded
outside the budget of this project, have made some problems, but are being met.

Dortmund and Ljubljana have not yet produced a wind measuring system. Ljubljana is planning to do
so by the end of the year. Dortmund has made arrangements to acquire records of wind
measurements with local institutions outside the project and do not plan to have a live stream
system within the project. Since in Ljubljana and Dortmund storms are the major problem and these
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occur without real notice, it is not as important as in Ajdovs¢ina and Split, where Bora is present, to
get the live stream system since warning will be difficult. The Alarm system for local civil protection
units is not yet running entirely, since the stakeholders noted that the alarm will not be official. Thus
the alarm is mostly meant for informational purposes for the local civil protection units.

Task C: Risk/Vulnerability assessment
All actions in the Task C were completed and the joint report was finished.

Task D: Action plan
All actions in the Task D were completed and the joint report was finished.

Task E: Dissemination

Within the dissemination several deliverables have been produced. Since the majority of the
research work has been done till final interim report, most of the deliverables are focused on
reporting the main focus and activities done within the project. Among the deliverables within the
final interim report are: Newsletters, Articles and appearances in the local media, TV and Radio
Interviews and Press conferences. The Facebook page, LinkedIn page and Project website are also
updated according to activities. The number of workshop is reduced from 9 to 5. Every workshop was
and still is planned to take place at the time of each project meeting. Two of Three articles published
in specialized EU journals or magazines are in progress, while one article is submitted as a book
chapter with title “Enhancing resilience towards summer storms from a spatial planning perspective
— lessons learned from summer storm Ela”.

The detailed presentation activities is given in the Annex of this report.

5. Evaluation of the technical results and deliverables

The Wind Risk Project has provided useful data by cooperation of four partners from three parts of
Europe where wind-related events occur in great dimensions. In Croatia, Slovenia and Germany, high
winds are the cause of different catastrophic events, but the results provided by cooperation
throughout the Wind Risk Project, turned out to be similar and therefore can be summarized and
may be used also in other regions that are influenced by weather phenomena caused by high winds.
Results of the project may be used as guidelines for decreasing the costs related to the windstorm
events as well as ensuring the probability for injuries and fatalities stays on the lowest level possible.

Wind risk comes along with natural meteorological risks that can cause devastating consequences in
many aspects of people’s life. Social impacts of wind disasters are mainly due to limited mobility of
citizens, while economic impacts are mostly expressed in material damages and indirect losses. With
a register of wind risk disasters, the evaluation of total social and economic impact of wind storms
would be made possible, providing data for further studies of preparedness and protection of
people, property and goods.

Some of the damage can be prevented with careful spatial planning and detailed construction design.
Indirect losses might be greatly reduced with studies of wind speed and its flow over highways and
designing correct infrastructure as well as building effective wind barriers along critical sections of
highways and also designing the planting of trees in a way that heavily reduces the transport of soil
during high winds. Other social impacts may be reduced with the preparedness of civil protection
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and other emergency units and making sure that the units have enough manpower and gear to act as
needed. Also measurements, accurate forecasting and alarming in time have a great influence of
people and services’ preparedness.

Concerning climate changes, it is obvious, that not only the extreme temperature changes will affect
the world population in the future. As seen in the last few decades, high-wind evens are more
noticeable in the presented areas. Predictions so far show the possibility of stronger wind storms
that could be expected over Europe in the future, but the lack of data strongly indicates that there is
a need for further research activities on wind-based events. Higher winds are to be expected in the
future, but there are also other events that require more attention. In particular, lower wind speeds
should be considered as hazardous in the combination with other weather-concerned factors such as
sleet and hail. As in case of North-Rhine Westphalia, also the case of seasonal non-predicted weather
events should be taken into account as the weather-change factor, which can provide high risks that
were not taken into consideration in the past.
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Annex A: Comparison between initially planned and actually implemented activities (1st interim period)

Period Task ID | Action | Deliverable | Description Responsible | Status
1.2.2015 |[TaskA |A.2 D.A1 Legal agreement Ljubljana completed
1.2.2015 |TaskE |E.1 D.E.1 Communication Plan Ljubljana completed
1.2.2015 |TaskE |E.1 D.E.2 Project logo Ljubljana completed
1.2.2015 |TaskE |E.1 D.E.3 Integrated set of communication templates and | Ljubljana completed
materials
1.2.2015 |TaskE |E.1 D.E.8.1 Press releases, articles and appearances in the local | Ljubljana completed
median. 1
1.3.2015 |[TaskA |A.2 D.A.2 Detailed project plan Ljubljana completed
1.3.2015 |TaskE |E.1 D.E.4 Design and implementation of project website | Ljubljana completed
illustrating the entire WIND RISK project (partners,
outputs, actions, results)
1.3.2015 |TaskE |E.1 D.E.5 Activation of Facebook page Ljubljana completed
1.3.2015 |TaskE |E.1 D.E7.1 Newsletters n. 1 Ljubljana completed
1.4.2015 |[TaskA |A.2 D.A3 Stakeholders and target groups communication list | Ljubljana completed
1.4.2015 |TaskE |E.1 D.E.8.2 Press releases, articles and appearances in the local | Ljubljana completed
media n. 2
1.5.2015 |TaskA |A.2 D.A4 Monitoring and evaluation procedure and plan Ljubljana completed
1.5.2015 |TaskE |E.1 D.E.7.2 Newsletters n. 2 Ljubljana completed
1.6.2015 |TaskB |B.1 D.B.1 Wind measurement system with high frequency | All completed
measurements in all participating countries
1.6.2015 |TaskE |E.1 D.E.6 Virtual community and discussion forum Ljubljana completed
1.6.2015 |TaskE |E.1 D.E.8.3 Press releases, articles and appearances in the local | Ljubljana completed
media n. 3
30.6.2015 | TaskC | C.1 D.C.1 Report containing the detailed assessments of | Dortmund | completed
future climate change and probabilistic risk
assessment of wind disasters
30.6.2015 | TaskC | C.2 D.C.2 Report containing the detailed analysis of the | Ajdovi¢ina | completed
vulnerability to high average wind and high wind
gusts in aspect to population, infrastructure,
buildings, transit and forest management
30.6.2015 | TaskC |C.3 D.C.3 Report containing the assessment of the | Ljubljana completed
vulnerability to high wind in combination with snow
or sleet
1.7.2015 |TaskB |B.2 D.B.2 Live stream measurement reading web page Ljubljana completed
1.7.2015 |TaskE |E.1 D.E.7.3 Newsletters n. 3 Ljubljana completed
31.8.2015 | Task B | B.3 D.B.3 Automatic alarm system at high wind for local civil | Ajdovsc¢ina | scheduled
protection units for
31.10.2016
31.8.2015 | TaskE | E.2 D.E.11.1 Press conference n. 1 Ljubljana completed
31.8.2015 | Task A | A3 D.A7.1 First interim report Ljubljana completed
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Annex B: Comparison between initially planned and actually implemented activities (2nd interim period)

Period Task ID | Action | Deliverable | Description Responsible | Status
1.9.2015 TaskE |E.1 D.E.7.4 Newsletters n. 4 Ljubljana completed
30.9.2015 TaskC |C.4 D.C.4 Report containing the assessment of the|Dortmund |completed
vulnerability to high wind during storms
30.9.2015 TaskC | C.5 D.C.5 Report containing the assessment of the | Split completed
legislation in terms of protection against high
average wind and high wind gusts for the
population, infrastructure, transit, buildings and
forest management
1.10.2015 TaskE |E.1 D.E.8.4 Press releases, articles and appearances in the | Ljubljana completed
local median. 4
1.10.2015 |TaskE |E.2 D.E.10 Promotional brochure (800 pc.) Ljubljana scheduled
for
31.10.2016
1.11.2015 TaskE |E.1 D.E.7.5 Newsletters n. 5 Ljubljana completed
1.12.2015 |TaskE |E.1 D.E.8.5 Press releases, articles and appearances in the | Ljubljana completed
local median. 5
31.12.2015 |TaskA |A.2 D.A6.1 Long-term activity plan n. 1 Ljubljana completed
31.12.2015 |TaskC |C.6 D.C.6 Report containing the evaluation of socio- | Split completed
economic costs of the impacts of high wind
disasters
31.12.2015 |TaskC |C.7 D.C.7 Report containing the assessment of the roles | Ajdovs¢ina | completed
and activities of national and local institutions in
the territorial planning, infrastructure and
disaster preparedness
31.12.2015 |TaskC |C.8 D.C.8 Report on the civil initiative roles and obstacles | Ajdovs¢ina | completed
in providing help at wind disaster events on the
EU level, the country level and locally
31.12.2015 |TaskE |E.1 D.ES.1 Articles published in specialized EU journals or | Ljubljana scheduled
magazines n. 1 for
31.10.2016
31.12.2015 |TaskE |E.1 D.E.9.2 Articles published in specialized EU journals or | Ljubljana scheduled
magazines n. 2 for
31.10.2016
31.12.2015 |TaskE |E.1 D.E.9.2 Articles published in specialized EU journals or | Ljubljana scheduled
magazines n. 3 for
31.10.2016
1.1.2016 TaskA | A3 D.A.8 Evaluation report on intermediate results Ljubljana completed
1.2.2016 TaskE |E.1 D.E.7.6 Newsletters n. 6 Ljubljana completed
1.2.2016 TaskE |E.1 D.E.8.6 Press releases, articles and appearances in the | Ljubljana completed
local media n. 6
1.4.2016 TaskE |E.1 D.E.7.7 Newsletters n. 7 Ljubljana completed
1.4.2016 TaskE |E.1 D.E.8.7 Press releases, articles and appearances in the | Ljubljana completed
local median. 7
30.4.2016 TaskE |E.2 D.E.11.2 Press conference n. 2 Ljubljana completed
30.4.2016 |TaskA |A.3 D.A.7.2 Second interim report Ljubljana completed
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Annex C: Comparison between initially planned and actually implemented activities (Final period)

Period Task ID | Action | Deliverable | Description Responsible | Finished
1.6.2016 | TaskE |E.1 D.E.7-8 Newsletters n. 8 Ljubljana completed
1.6.2016 | TaskE |E.1 D.E.8.8 Press releases, articles and appearances in the Ljubljana completed

local media n. 8
30.6.2016 | Task D | D.1 D.D.1 Action plan section containing specific territorial | Split completed
planning recommendations aiming at minimizing
the vulnerabilities
30.6.2016 | Task D | D.2 D.D.2 Action plan section containing specific Dortmund completed
recommendations concerning the physical
investments that will be required to protect or
upgrade the infrastructure, transit, buildings and
forests
30.6.2016 | TaskD |D.3 D.D.3 Action plan section containing specific Ajdovscina completed
recommendations concerning the institutional
preparedness and emergency plans for local civil
protection institutions in view of wind risk
1.9.2016 | TaskE |E.1 D.E.7.9 Newsletters n. 9 Ljubljana completed
30.9.2016 | TaskD | D.4 D.D.4 Action plan section containing specific Ljubljana
recommendations concerning additional building
code, rules and regulations
30.9.2016 | TaskD | D.4 D.D.5 Action plan section containing specific Dortmund completed
recommendations concerning rules for forest
management
30.9.2016 | TaskD | D.4 D.D.6 Action plan section containing specific Ljubljana completed
recommendations concerning rules for transit
management
1.10.2016 | Task E | E.1 D.E.8.9 Press releases, articles and appearances in the Ljubljana completed
local median. 9
31.10.2016 | TaskE | E.2 D.E.11.3 Press conference n. 3 Ljubljana completed
1.11.2016 | TaskE |E.1 D.E.7.10 Newsletters n. 10 Ljubljana
30.11.2016 | Task D | D.5 D.D.7 Action plan section containing specific Dortmund completed
recommendations concerning rules for
infrastructure
30.11.2016 | Task D | D.6 D.D.8 Action plan section of comparing new measured | Ljubljana completed
data with data from existing measurement
stations and systems

31.12.2016 | Task A |A.2 D.A5 Short-term activity plans (8) Ljubljana completed

31.12.2016 | Task A |A.2 D.A.6.2 Long-term activity plan n. 2 Ljubljana

31.12.2016 | Task A | A3 D.A9.1 Agenda, minutes and attendance lists from PSB Ljubljana

meetings

31.12.2016 | Task A | A3 D.A.9.2 Agenda, minutes and attendance lists from TC Ljubljana

meetings

31.12.2016 | Task A |A.3 D.A.11 Evaluation report of the final results Ljubljana

31.12.2016 | Task D | D.7 D.D.9 Action plan section containing specific Split completed

recommendations concerning guidelines for local
economical endorsements for construction of
buildings that will reduce wind risk exposure
31.12.2016 | TaskE |E.1 D.E.8.10 Press releases, articles and appearances in the Ljubljana completed
local media n. 10
31.12.2016 | TaskE |E.2 D.E.12 Final event with press conference Ljubljana completed
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31.12.2016 | TaskE | E.2 D.E.13 Final report with studies and guidelines (400 pc.) | Ljubljana

31.12.2016 | TaskE |E.2 D.E.14.1 Presentation of project implementation, results | Ljubljana completed
and outcomes on USB (400 pc.)

31.12.2016 | TaskE | E.2 D.E.14.2 Report on sustainability of project results and Ljubljana
continuation of research after the project-end on
USB (400 pc.)

31.12.2016 | Task A |A.3 D.A.10 Final report Ljubljana

1.2.2017 | TaskA |A.3 D.A.12 Post-project evaluation report and continuation | Ljubljana

analysis
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Annex D: Extensive joint report containing 673 pages with full Task C and D reports.
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1. Modelling Climatic Changes

Climate is defined on the basis of long term measurements, usually not less than 30 years.
On earth, climate conditions are mostly influenced by solar and astronomic activities. Overall
the climate system is composed of:
e The atmosphere: gasses and liquid and solid particles of aerosol.
The hydrosphere: oceans, seas, lakes and rivers.
The cryosphere: ice cover of earth.
The soil: topography, terrain, soil type, vegetation.
The biosphere: all living beings on earth.

Since the industrial age, anthropogenic influence on the climatic system has risen. On the
one hand and increased emission of greenhouse gasses into the atmosphere triggered and
still triggers disperse heat radiation, including the reflection back to the earth. Over time, the
lower layers of the atmosphere heat up, leading to an increased average (and extreme)
temperature. On the other hand, the ongoing exploitation of forests decreases the capacity of
CO, storing and the natural filter function of the air. Combined they trigger the greenhouse
effect.

The greenhouse effect already leads to great variations of the climatic conditions on earth.
They can be observed both on the spatial and the temporal scale. On the spatial scale,
variations highly depend on the geographical latitude, altitude and also the vicinity to oceans.
On the temporal scale the variations can be measured in long-term trends, years, seasons
and on a daily basis.

The prediction of future climatic conditions always comes along with great uncertainties.
Nevertheless, researchers are making progress in modelling climatic changes and predicting
probable future conditions.

As the future climatic conditions highly depend on the development of the atmosphere, which
again is mainly dependent on the amount of greenhouse gas emissions, different modelling
scenarios were developed by researchers.

For many years, the guiding emission scenarios used by researches worldwide were taken
from the Special Report on Emission Scenarios (SRES) by the Intergovernmental Panel on
Climate Change (IPCC). The SRES scenarios comprised different scenarios on the future
development of the worldwide industry and, as a consequence, the probable greenhouse gas
emissions. Four storylines with different subgroups were used to describe the future
worldwide development of the industry.

A1)

The A1 storyline and scenario family describes a future world of very rapid economic growth,
global population that peaks in mid-century and declines thereafter, and the rapid
introduction of new and more efficient technologies. Major underlying themes are
convergence among regions, capacity building and increased cultural and social interactions,
with a substantial reduction in regional differences in per capita income. The A1 scenario
family develops into three groups that describe alternative directions of technological change
in the energy system. The three A1 groups are distinguished by their technological
emphasis: fossil intensive (A1Fl), non-fossil energy sources (A1T), or a balance' across all
sources (A1B).

" where balanced is defined as not relying too heavily on one particular energy source, on the assumption that similar

improvement rates apply to all energy supply and end-use technologies.
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A2)

The A2 storyline and scenario family describes a very heterogeneous world. The underlying

theme is self-reliance and preservation of local identities. Fertility patterns across regions

converge very slowly, which results in continuously increasing population. Economic

development is primarily regionally oriented and per capita economic growth and
technological change more fragmented and slower than in other storylines.

B1)

The B1 storyline and scenario family describes a convergent world with the same global
population, that peaks in mid-century and declines thereafter (as in the A1 storyline), but with
rapid change in economic structures toward a service and information economy, with
reductions in material intensity and the introduction of clean and resource-efficient
technologies. The emphasis is on global solutions to economic, social and environmental
sustainability, including improved equity, but without additional climate initiatives.

B2)

The B2 storyline and scenario family describes a world in which the emphasis is on local
solutions to economic, social and environmental sustainability. It is a world with continuously
increasing global population (at a rate lower than A2), intermediate levels of economic
development, and less rapid and more diverse technological change than in the A1 and B1
storylines. While the scenario is also oriented towards environmental protection and social
equity, it focuses on local and regional levels. (Cf. Website IPCC 2015)

However, there was some criticism that the SRES scenarios were non-mitigative and lacked
decoupling of climate modelling from the emission scenarios. In 2005, the IPCC made the
decision to adopt new scenarios for the fifth Assessment Report (AR5), named
Representative Concentration Pathways (RCPs), which are following a parallel modelling
approach (see Figure 1).

Figure 1: Sequential vs. parallel modelling approach

A “Parallel Approach” Implies Much More Interaction Between the
IAV, IAM and CM communities

(a) Sequential approach (b) Parallel approach
Emissions & socio- Representative concentration
economic scenarios pathways (RCPs) and levels
1 (IAMs) 1 of radiative forcing

/ sy -
™ -
2 Radiative forcing Climate, atmospheric Emissions & socio-

& C-cycle projections «+;» economic scenarios

2a (CMs) 2 (IAMs)
Climate projections N o
E] (CMs) 47y ‘4
Impacts, adaptation,
vulnerability (IAV) &
Impacts, adaptation S 4
& vulnerability 3 mitigation analysis
4 (IAV)

Source: Website UNFCCC 2010.

In comparison with SRES scenarios, RPCs are sets of projections of only the components of
radiative forcing (the change in the balance between incoming and outgoing radiation to the
atmosphere caused primarily by changes in atmospheric composition). These are meant to
serve as input for climate modelling. Each RPC scenario is a representative for several
scenarios that can result in such radioactive forcing pathways. The RCPs do not contain
detailed socioeconomic narratives or scenarios.
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Four RCPs were selected, defined and named according to their total radiative forcing in
2100.
e RPC 2.6 (sometimes referred to as RCP3-PD where PD stands for peak and decline)
e RCP45
e RPC6
e RPC85

Comparing the resulting CO, global concentrations, analogues between SRES and RCP
scenarios can be found (see Fig. 2 and Tab. 1).

Figure 2: Global CO:2 concentrations in SRES and RCPs
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Source: Website UNFCCC 2010.

Table 1: Analogues between RCPs and SRES

RCP Scenario Characteristics Comparison to SRES
Scenarios Scenarios
RCP 2.6 | An extremely low scenario that reflects aggressive | No analogues in previous
greenhouse gas reduction and sequestration efforts scenarios
RCP 4.5 | A low scenario in which greenhouse gas emissions | Very close to B1 by 2100,
stabilize by mid-century and fall sharply thereafter but higher emissions at
mid-century

RCP 6.0 | A medium scenario in which greenhouse gas emissions | Similar to A1B by 2100, but
increase gradually until stabilizing in the final decades | closer to B1 at mid-century
of the 21s century

RCP 8.5 | A high scenario that assumes continued increases in | Nearly identical to A1F1
greenhouse gas emissions until the end of the 21%t
century

Source: own depiction following Website University of Washington 2013

The process of climate modelling is usually performed in two phases. In the first phase
climatic conditions of the past are modelled with input conditions that are based on measured
data. In the second phase the results of past conditions are used to model future periods
under predicted circumstances. In this phase, the RCPs are applied.
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Climate modelling takes place at a global scale (resolution grid of 100-200km grid) and is
used for modelling atmosphere, ocean, soil and ice and includes carbon and sulphate cycles.
Nevertheless, the global resolution is hardly applicable for practical purposes, which is why
regional climate models are obtained from the global models by dynamical downscaling.
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2. Impact of Climate Change on Storms in Europe

Since the pre-industrial era, the atmospheric concentrations of greenhouse gases (carbon
dioxide, methane and nitrous oxide) increased distinctly and it is extremely likely that the
dominant course is of anthropogenic nature. Especially the economic and population growth
during and after the industrialization were and are drivers of greenhouse gas emissions and,
resultant, of the observed global warming since the mid-20t" century.

These climatic changes have severe impacts on both the natural and the human system and
further climatic change will most likely intensify risks to these systems. (Cf. IPCC 2014: 4ff.,
13)

The current state of research on possible impacts of climate change on frequency and
magnitude of storms is, in comparison to other climate variables, in early stages. There still
are considerable uncertainties in understanding current processes of storm activity, which
make statements on probable future scenarios even vaguer.

This circumstance is aggravated by the fact that there are remarkably different types of
European storms, as the local wind phenomena of the Wind Risk Prevention Project partners
reflect. European storms may range from small, localized events to large features and from
short occurrences with high maximum wind gusts to long-lasting events with strong sustained
wind speeds (or combinations of both). (Cf. EEA 2012: 70f.)

Statements on present and future storm activities are highly uncertain which does not
question their severe impact on nature and the built environment. Thus, it is remarkable that
wind phenomena are almost ignored by the biannual national reports of the Wind Risk
partner countries Slovenia, Croatia and Germany to the UNFCCC (United Nations
Framework Convention on Climate Change); none of the three countries explicitly deals with
their special wind phenomena; and only Germany disputes wind extremes. (Cf. German
Federal Ministry for the Environment, Nature Conservation, Building and Nuclear Safety
2013; Slovenian Ministry of Agriculture and the Environment 2014; Croatian Ministry of
Environmental and Nature Protection 2014)

The following subchapters contain the state of research on European storms in the past and
present (see chapter 1.1) and give an outlook on how European storms may develop in the
future (see chapter 1.2). In subchapters 3.1 — 3.3 the local wind phenomena of the Wind Risk
partner countries are analyzed regarding future trend with respect to climate change.

2.1. Storms in the Past and Present

Since the 20™ century, storm records have shown remarkable variability in the locations,
frequencies and intensities of European storms. When focusing on single regions across
Europe it may be stated, that the average wind speed predominantly did not significantly
change in the last 200 years. (Cf. EEA 2012: 70f.)

Although there are no universal trends in European storms, researchers came to the
conclusion that the frequency of storms generally increased in the period from 1960 till 1990.
Since then, records show a slight decrease in the frequency of occurrence, as e.g. Ulbrich
and others state (cf. Ulbrich/Leckebusch/Pinto 2009: 122). According to Pinto et al., these
findings especially apply to northern and north-western Europe (cf. Pinto/Zacharias/Fink et
al. 2009: 718).
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Even though the average wind speed did not significantly change over the last decades,

however, a recent study basing on reanalysis of data sets from 1871 till 2008 shows
promising results on changes in extreme wind speeds.

As can be seen in Fig. 3, extreme wind speeds enhanced over the northern parts of Central
and Western Europe and decreased for southern Europe. The results base on a reanalysis
data set (ensemble mean), covering the years 1871 till 2008. Trends are only depicted as far
as the inter-annual standard deviation is significant. The colored circles show trends in the
number of gale days for a specific location, indicating days with extreme wind speeds. (Cf.
EEA 2012: 70)

Figure 3: Trends in extreme wind speeds in the period 1871-2008

Trends in the annual 95th percentile of daily maximum
wind speeds, 1871-2008

Source: EEA 2012: 71.

In general it needs to be stated though, that the different research studies on storm
frequency and magnitude in Europe often vary in their methodological approach. This
circumstance makes the results hardly comparable. In fact there might even be different
studies for one region, some showing an increase in maximum gust wind speeds, others
showing a decrease in frequency. (Cf. EEA 2012: 71f.)

Nevertheless, there is broad consensus regarding the damage costs of storms. When
comparing storms to other natural hazards in Europe, storm events were the costliest in
terms of insured losses. Regarding casualties, storm events rank fourth highest natural
hazard in Europe. This fact results not only from high sustained average and maximum gust
wind speeds but also from heavy rainfalls and hail that are widely associated with the storms.
In total, hydro-meteorological events like storms (and also floods) account for about two
thirds of all losses from natural disasters since 1980. Insurance companies already observed
an increase in losses from extreme weather events in the past decades. This increase in
damage costs does not only come from more frequent and intense extreme weather events,
but mainly from an increase in population and economic wealth. Another unneglectable fact
is that also the procedure of reporting damages to the insurance companies improved and
damages nowadays are reported more comprehensive. (Cf. EEA 2012: 17, 26, 71)

The European Environment Agency makes one clear statement on the expected future
situation with storm-related damages with respect to climate change: “[tjhe contribution of
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climate change to the damage costs from natural disasters is expected to increase in the
future due to the projected increase in the intensity and frequency of extreme weather events

in many regions” (26).

2.2. Storms in the Future

Although it can generally be expected that
damages from extreme events like storms
will increase in the future, the available
climate change projections do not reveal a
clear trend in the development of storm
pathways or the intensity so far. Currently
it can only be stated that researchers
assume that the total number of storm
events will decrease in Europe but that the
strongest and most damaging storms are
likely to increase. (Cf. EEA 2012: 70-72)

Tab. 2 shows general trends for past and
future development of wind speed in
Europe’s main regions. The geographic
definition of Europe’s main regions can be
seen in the alongside figure. Turquoise
colored regions mark the Arctic, regions
with dark blue color show Northern
Europe. The light blue areas mark North-
Western Europe, mountain areas have the
color pink. In grey all costal zones and
regional seas are colored, green regions
are Central and Eastern Europe and
orange colored areas mark the
Mediterranean region.

Figure 4: Main regions in Europe according

ety v W '

£ —

Source: EEA 2012: 27.

Table 2: Key climate variable — storms (wind speed)

Northern Europe (incl. Central and Eastern .
rop ( North-Western Europe Mediterranean Europe
Arctic) Europe
Observed Projected Observed Projected Observed Projected Observed Projected
+ (*) + (*) (*) (*) o

Key:

+: Increase in variable throughout (most of the) region
—: Decrease in variable throughout (most of the) region
o: Only small changes in variable

(): Increase or decrease only in some parts of the region
Green:

Red: Adverse change

Note:

Emission scenario = A1B, Climate Models are 9 GCM and 11 RCM
ensemble. Observed time period: 1961-1990. Projected time period:
until 2080s

Source: EEA 2012: 39.
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As the table shows, there was an increase in the variable wind speed throughout most of
Northern Europe (including the Arctic) and North-Western Europe from 1961-1990. In Central
and Eastern Europe there were also increases in wind speed, but only in some parts of the
regions. Mediterranean Europe in comparison only shows small changes in the variable.
The projections of the variable show a further increase for the future. In Northern, North-
Western as well as Central and Eastern Europe, increases in the wind speeds are projected
for some parts of the regions. For Mediterranean Europe beneficial changes are projected

until the 2080ies; wind speed is, compared to the reference period 1961-1990, expected to
decrease in some parts of the region. (Cf. EEA 2012: 28, 39)

Another research study projected changes in extreme wind speeds, using the ensemble
mean of changes in extreme wind speed (defined as the 98" percentile of daily maximum
wind speed). Fig. 5 depicts the changes for the A1B scenario for the years 2071-2100
relative to a reference period from 1961-2000. The colors show the magnitude of changes in
wind extremes in ms™'. It again can be seen that extreme wind speeds (98™ percentile) are
projected to decrease in parts of Mediterranean Europe and the Mediterranean Sea and to
increase in Central, Eastern and Northern Europe. (Cf. Website EEA 2012)

However, the 98™" percentile does not depict real extreme events but rather shows wind
speeds that occur about twice a year.

Figure 5: Projected changes in extreme wind speed

Projected changes in extreme wind speed based on GCM (left) and RCM (right) ensembles

Magnitude of change (ms')

-l | | [ | [ | e Statistical significance above 0.95

-10 -0.75 -05 -0.25 025 05 0.75 1.0

Info: Ensemble mean of changes in extreme wind speed (defined as the 98th percentile of daily maximum wind
speed) for A1B (2071-2100) relative to 1961—2000. Colored areas indicate the magnitude of change (unit: ms-1).
Source: Website EEA 2012.

Thus, it is important to remark that the simulation of storms in climate models “remains a
scientific challenge in spite of significant recent progress” (EEA 2012: 72). It is, generally
speaking, hardly projectable how the intensity of storm events might change and it also stays
unclear, how the direction of storm paths may change. The fact researches know though, is
that a poleward shift in storm tracks would increase the frequency of the most intense wind
events in higher latitudes but that an equator-ward shift in the Atlantic storm track might even
double the predicted increase in winter rainfall over Western and Central Europe. (Cf. EEA
2012: 72)
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3. Local Wind Phenomena and Climate Change

In the following the Wind Risk partners gathered information on the local wind phenomena
and the possible impact of climate change on those. Beforehand it can be stated that —
similar to the above outlined general information — statements on the impact of climate
change on the local wind phenomena are highly uncertain.

Therefore the partners chose to approximate the possible future situation in their case study
region with respect to climate change.

3.1. Slovenia// Ajdovscina and Ljubljana

Slovenia is a transitional climate area between the Mediterranean Sea, the Alps, the Dinaric
Mountains and the Pannonian Basin (see Fig. 6). As a consequence, its climate displays
wide local climatic variability and fairly large gradients (Ogrin, 2011; De Luis et al., 2012).
This variety is also reflected in climatic variability over time, and is an important factor
determining the impact of global climate change in the country.

Figure 6: Natural regions in Slovenia
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Source: Website Slovenian Environmental Agency 2008.

Strong winds are not very frequent in Slovenia. With the exception of strong wind gusts that
usually accompany storms, the bora (burja) is the strongest and most exceptional gusty wind
in Slovenia. The gusts in a bora reach a velocity of up to 130 km/h. It is typical for the Vipava
valley, the Karst and the coastal region. It blows mostly from the northeastern (NE) direction,
but due to the surface of the relief, it deviates locally also to the east (E) and to the north (N).
In locations where bora is the strongest, sometimes traffic is disturbed or — in case of
extremely strong bora events — interrupted for longer and larger vehicles. Ljubljana and other
areas in Slovenia are mostly subjected to winds as a result of storms.
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3.1.1. Regional Climate Model for Slovenia

Slovenia is, regarding to its complex terrain, relatively underserved by the network of wind
measurements. It is quite often that a single site wind measurements is not significant for the
wider region. Meteorological measurements are mainly used for monitoring the weather in
urban areas. There, however, the measurements are strongly influenced by wind obstacles
(buildings, trees, etc.) in the vicinity of instruments. Another problem is the duration of the
measurement. The accurate wind measurements are carried out only in the last decade by
the Slovenian Environmental Agency. Before that, continuous measurements were captured
and carried out only by few mechanical anemometers. Thus, the estimation of wind in
Slovenia is very difficult to predict, especially for a thirty year climatological reference period.

However, the Environmental Agency estimated wind speeds for the whole country with
dynamic models with a relatively dense resolution of 1 km. The models also required a good
correlation between the model-based estimation and measurements obtained on site. The
wind field was modeled by meteorological models and the input data came from the
European Centre for Medium-Range Weather Forecasts (ECMWF), specifically from the
reanalysis ERA-40.

Figure 7: Model-based estimation for wind
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Info: Mean annual wind speed at (a) 10 m (b) 50 m. Mean annual wind power density at (c) 10 m (d) 50 m.
Source: Website Slovenian Environmental Agency 2008.

The Agency modeled the results shown in Fig. 7 by three models: ALADIN, SIDA and
AILOS. The results of the models were nested, which means that the results of one model
ran the next and thus reduced the area and increased the resolution. As a result, wind fields
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at 10 m and 50 m above ground were generated for the whole area of Slovenia in an eight-
year period (1994-2001).

For most areas of Slovenia the results of the model are in a good correlation compared with
the actual measurements, even on the subalpine and alpine station (Kredarica) as well as in
Ljubljana area. A mismatch exists for the Vipava valley, where bora is underestimated due to
an inaccuracy of the model.

3.1.2. Future Impact of Climate Change

In reference to chapter 1, the IPPC has produced a Special Report on Emission Scenarios
(SRES) which has been the basis for projections of possible future climate change. The
differences between scenarios show the primary source of uncertainty in projections. With
climate change, which is the result of global warming, the amount of energy in the
atmosphere increases, causing intense developments in the atmosphere (wind in
combination with storms). The details of the climate system and its response to changes in
atmospheric structure as well as other changes in climatic factors are unknown. Even if the
dependence of the response of the climate system in the atmospheric structure was known
in detail, the climate can only be modelled with limited spatial precision, and therefore not
capture all regional and local climate characteristics of the selected area. Slovenia, where
Alpine, Mediterranean and Pannonian climate impacts are present, is particularly exposed to
this phenomenon. This represents a major challenge for dynamic as well as empirical
modelling of the climate in the future, but till now, this is the main reason that the projections
of Slovenian climate changes are subjected to large uncertainty, especially when only one
meteorological variable is considered. (GRS 2015; Bergant 2010)

For the following remarks, available data and studies on how climate change might affect the
wind/storm situation in Slovenia were gathered. The data and studies were elaborated by the
Slovenian Environmental Agency and reveal how the trends were in the last few years.

In general, systematic studies that investigate the effect of climate change on wind in
Slovenia do not exist. This is due to a lack of data. Before the middle of the 90’s, the wind
speed was not measured continuously over the whole day, but only three times daily. This
was by far not enough to draw conclusions on the daily distribution of wind speed.
Previously, the wind speed was estimated as an effect on the surroundings (by the Beaufort
scale). Continuous measurements exist since the setup of automated stations, but there are
some problems such as short time period of measurements, sparse distribution of stations to
obtain homogeneous data, relocation of station sites, changing types of instruments and their
position above ground etc. (Bertalani¢ 2016)

Since 2001, the Slovenian Environmental Agency made some analysis for each of the
measuring stations, which are presented in the following figure.
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Figure 8: Wind climatology in Slovenia
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Source: WebSIte Slovenlan Environmental Agency 2016.

In the following the data belonging to Ljubljana and Ajdovsc¢ina (Dolenje) station are
summarized. The relative monthly deviation of speed and cube of speed for Ljubljana and
Ajdovscina Dolenje are shown in Fig. 9 and 10.

Figure 9: Relative monthly deviation of average wind speed and cube of wind speed for
Ljubljana
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Source: Website Slovenian Environmental Agency 2016.
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Figure 10: Relative monthly deviation of average wind speed and cube of wind speed for

Ajdovscina Dolenje
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Source: Website Slovenian Environmental Agency 2016.

For each month of the period the average speed and cube of speed are calculated and
subtracted from each month's value. The relative deviation of speed is shown by the thin blue
line and the relative deviation of the cube of speed is shown by the the red dotted line. The
smoother and thicker blue line shows the year by year relative deviation from the average of
the period. The red circles show annual deviation of the cube of speed from the average
cube of speed of the period. The vertical scale is linear from values between —1 and 1, larger
and smaller deviations are compressed.

Further, in Fig. 11, the wind roses for Ljubljana and Ajdov&€ina are presented. Numbers at
the circumference of the circle show the relative frequency of winds coming from each of the
16 directions and the average wind speed of those winds. The colors show the cumulative
relative frequency of the wind speed. Some higher wind speed classes can be so small that
they might not be visible. Calm is defined as wind with speed less or equal 0.3 m/s.

As the Agency explained, the graphs, presented in Fig. 9-11, must be used with caution. The
obvious jumps in wind speed are due to a change in the type of instrument or a relocation of
the stations. Moreover, due to unhomogenized data, the trends should be taken with reserve
as well. For rough approximation, it may be said that there is no major difference in average
wind speed in Slovenia in the last two decades. (Verhovec, 2002)
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Figure 11: Wind roses for (a) Ljubljana and (b) Ajdovscina
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Source: Website Slovenian Environmental Agency 2016.

The problems due to the lack of data occur also when analyzing storms. The observers
usually record storms, but only as a phenomenon, i.e. phenomenon of thunder and lightning.
This is very subjective and therefore there is no data about the power of the storms. Further,
the systematic changes in the number or the strength of storms were not analyzed.

At the meteorological stations in Slovenia more than 50 storms are observed annually. The
storm activity is strongest in the late spring and early summer months (from May to July).
Thunderstorms classified as a natural disaster appear only a few times per year. The lifetime
of these storms is usually a few hours, but the strongest storm clouds can last up to 12 hours
(Verhovec, 2002).

At this point, it is concluded that more detailed studies are required in this research field.
Long-term measurements of wind could be further statistically analyzed and determined if
there is a statistically significant trend. Nonstationary time series data due to climate
variability is, in fact, different from station to station and in most stations it is statistically
insignificant.

3.2. Croatia /l Split ; Dalmatia

Croatia is situated in moderate geographical latitudes with moderate climate, but its
atmospheric situations are highly variable.

According to Koppen classification for a standard period 1961-1990, the largest part of
Croatia belongs to the climate type C, a moderately warm rainy climate. The southernmost
part of the island of LoSinj, the Dalmatian coast and islands have Mediterranean climate with
dry and hot summers, whereas the coastal areas of lIstria, the Kvarner littoral and the
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Dalmatia's interior have a moderately warm and humid climate with hot summers. The

moderately warm and humid climate with warm summers prevails in the major part of

Croatia, in the continental Pannonian region and the interior of Istria. Only the regions of

Gorski Kotar, Lika and the Dinaric Alps above an altitude of 1,200 m belong to the climate
type D, subtype Df, a humid snowy forest climate. (Cf. University of Rijeka 2014)

The annual mean air temperature in the lowland area of northern Croatia is 10-12 °C, at
altitudes above 400 m it is under 10 °C and in the mountains it is 3-4 °C. In the coastal area it
is 12-17 °C. January is in average the coldest month, with the temperature in the Pannonian
region ranging from 0 to -2 °C. Along the Adriatic coast winters are milder; January
temperatures are 4-6 °C. In the north and east of Croatia average July temperatures are 20-
22 °C and on the Adriatic coast 23-26 °C.

The least precipitation in Croatia is recorded in the open part of the central Adriatic
(Palagruza, 304 mm) and in the eastern Slavonia and Baranja (Osijek, 650 mm). Central
Croatia and the coastal zone have an annual precipitation between 800 and 1,200 mm. The
amount of precipitation in the Pannonian region decreases from the west towards the east.
From the coast towards the inland the precipitation increases. Most of the precipitation is
recorded on the coastal slopes and peaks of the Dinarides (Risnjak, 3,470 m), from Gorski
Kotar in the northwest to the southern Velebit in the southeast.

According to Képpen classification coastal Dalmatia is mostly classified as Csa (cf. Zaninovi¢
et al. 2008). The ‘CSa’ class is often referred to as ‘olive climate’ and is described as
moderately warm, with hot and dry summers where most of the rain falls in autumn.

e C class of Kdppen classification has moderately warm rainy climate with average monthly
temperature of coldest month higher than -3°C and lower than 18°C.

e Label ‘S’ means that the driest month has less than 40 mm of rainfall and the wettest
winter month has about 3 times more precipitation when compared to the driest summer
month.

e Label ‘a’ means that the warmest month has an average temperature over 22°C, and that
for more than four months per year the average temperature is over 10°C.

Figure 12: Koppen climate classification for Croatia

(1] 100 km
—— |

Source: SegotaFilipcic 2003.
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Winds in Croatia are influenced by the Alpes in the northwest, Dinarid mountain along the

Adriatic coast and Panon valley in northeast part of the country, therefore each of those
geographical sectors have different wind regimes.

The Croatian wind regime is very variable, both location and season wise. Variations are on
hourly, daily and seasonal time base. The main factors of wind climate are position near to
Alps on northeast, Dinarid mountain range along coast and Panonian plain in northeast part
of the country. Coastal areas and islands have more frequent and higher top wind speeds
than continental areas but in all areas winds (above 17 m/s; Beaufort class 3) are recorded.
Coastal areas can also be split in two subregions — the north coast with stronger winds and
the south coast and islands with less wind speed. The Dinarid mountain range behind the
north coastal area acts as a sharp obstacle and amplifies strong Bora sessions, while in the
southern part of the mountain range wind speeds are not much amplified on the downslopes
of the mountains. During the cold seasons of the year, winds are generally stronger than in
warm seasons, although in continental parts short term storms can occur in summer followed
by rain and hail. (Cf. DUZS 2013)

The two most prominent local winds are Sirocco (local name Jugo) and Bora (local name
Bura). Sirocco is a warm, damp and uniform wind originating from North Africa mostly
associated to low atmospheric pressure and rainy weather. The typical synoptic situation
regarding Sirocco wind is represented in Fig. 13.

Figure 13: Mean geopotential height (m) isobaric surface 500 hPa (left) and mean atmospheric
pressure on sea level (hPa) taken December 3rd-6th, 1987 (right).

p i} =y

Source: Heimann 2001.

Bora is a strong, gusty and cold wind of which the usual genesis is along the seaside of the
Dinarids mountain range in accordance with the wave brake theory and driven by intrusion of
cold air from north or northeast. Both of them can reach high wind speeds but generally Bora
is considered more dangerous to constructions due to higher wind speed and stronger gusts.
The typical synoptic situation regarding Bora is represented in Fig. 14.
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Figure 14: Mean geopotential height (m) isobaric surface 500 hPa (left) and mean atmospheric
pressure on sea level (hPa) taken December 7t" - 10*", 1987 (right).

st—gistance = km

Source: Heimann 2001.

The unofficial highest wind speed recorded during Bora wind is 85 m/s, recorded December
24 2003 on the A1 highway between St. Rok tunnel and Maslenica bridge?. The
measurement is unofficial due to a lack of calibration of the recording device. The official
highest speed recorded is 69 m/s, recorded December 215t 1998 at Maslenica bridge.

Figure 15: Position of highest recorded wind speeds

: Google Earth.

The highest recorded Sirocco wind speed is 45 m/s, recorded at a meteorological service
station in Split, in August 1969.

In the continental part of Croatia, the highest recorded wind speed is 39.5 m/s on a
meteorological service station in Varazdin in June 2004.

2 http://crometeo.hr/koje-su-najvece-brzine-vjetra-izmjerene-u-hrvatskoj/
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Bora’s wind gust behaviour can be simulated by Kelvin-Helmholtz instability. A time series of

Bora wind speeds with its visible pulsations is presented in Fig. 16. The figure represents the

record of one second resolution overlaying mean wind speed. The pulsations are described
by high frequency oscillation superpositioned to mean wind speed.

Figure 16:Time series of Bora
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3.2.1. Observed Climatic Changes in Croatia

In Croatia, climate observation started during 19th century on several meteorological stations
observing different climate conditions:

- Continental climate (Osijek),

- Continental climate with mild Mediterranean influence (Zagreb),

- Continental climate of mountain Croatia with shorn maritime influence (Gospic),

- Maritime climate of east coast of northern Adriatic sea (Crikvenica),

- Maritime climate of Dalmatian islands (Hvar).

Temperature, rainfall and dry period lengths have been analysed (cf. Ministry of
Environmental Protection, Physical Planning and Construction 2010).

Temperature: An increase of the annual average temperature in the 20" century has been
observed. The decadal increase till 2004 was between 0,04°C and 0,08°C, but till 2008 it has
increased to 0,05-0,1°C. This increase is even more evident in the Adriatic region. Taking
into the account other indices of meteorological parameters proposed by WMO-CCL CCL
(World Meteorological Organization - Commission for Climatology) and CLIVAR (Research
Programme on Climate Variability and Predictability), almost all indices have a statistically
significant increasing trend.

Rainfall: A decrease of rainfall has been noticed in all area of Croatia, but is strongest in the
Adriatic region (-1.8% /10 years in Crkvenica and -1,2%/10 years in Hvar) and during
summer.

3.2.2. Modelled Climatic Changes

Two models are engaged for predicting climate changes in Croatia:
a) Meteorological and Hydrological Service DHMZ — RegCM: Results of ECHAMS-MP-OM,

downscaled using egional regCM models that are published in IPCC AR 5 for A2
scenario.

b) ENSEMBLES: Dynamic downscaling of various combinations of global and regional
models resulting from ENSEMBLES project with IPCC scenario A1B (cf. Website
ENSEMBLES-EU 2016).
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Future climate prediction is gained by simulation of regional RegCM model for two 30-year
periods (near future 2011-2040 and far future 2041-2070) (cf. Brankovic et al. 2012).

Temperature

All areas will experience an increase of temperature for all seasons. In the far future the
increase will be larger, with an even more significant increase at the coast.

Rainfall

In the near future (2011-2040) the change in rainfall amounts will be insignificant and limited.
The biggest change will be in the Adriatic coast in fall. In the far future, rainfall change will be
more emphasised — the country is statistically expecting a significant decrease of rainfall in
the mountain parts of Croatia during summer and an insignificant increase in northwest and
on the coast during winter.

Wind

The increase of geopotential above South-Europe in winter reflects as an increase in mean
surface pressure in future climate. This increase in surface pressure is statistically significant
for southern Croatia, but not for other areas. A tendency towards an increased pressure can
result in an increased frequency of anticyclonic weather types. In summer, the Croatian
regions will be affected by a relatively insignificant change of mean pressure — the pressure
will be slightly higher in northern areas and slightly lower in south Croatia. However,
regardless of the small change in amplitude, the pressure decrease in south Croatia is
statistically significant. Therefore, the middle and southern Adriatic will be exposed to an
increased cyclonic activity in summer, which will cause more frequent unstable weather
types. (Cf. Ministry of Environmental Protection, Physical Planning and Construction 2010)3

In the future climate, associated with an intensification of the Atlantic storm path, westerly
upper-level winds will become stronger; in particular in winter within the free atmosphere
above north-western Europe. Similar is true for wind at 10 m (surface wind), which will be
intensified in winter in the north of the Alps and weakened at its southern slopes. Above the
Croatian areas the differential wind (the difference between mean wind in future climate and
mean wind in the 20th century climate) will retain similar intensity as in the 20™ century, but
will slightly turn to the north-east direction, i.e. will get stronger south-western component.
Such a differential surface wind will bring a slightly increased humidity from the western
Mediterranean and the Adriatic to the Croatian areas, causing a slight increase in winter
precipitation in the littoral and mountain areas. (Cf. Brankovic et al. 2012)

3 The latest, sixth UNFCCC report (UNFCCC 2014) does not discuss the influence of future
climate conditions on wind. However, wind is discussed in the previous, fifth UNFCCC report.
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Figure 17: Wind at 10 m, future climate minus climate of 20th century: a) winter, b) summer
Isolines every 0.2m/s
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Source: Website UNFCCC 2010.

In spring and autumn, future climate surface wind will remain unchanged, while in summer
the north-eastern component will be intensified. Related to this intensified wind from the
inland of the Balkan Peninsula (where in summer the humidity in the near-surface layer is
smaller than humidity above the Adriatic Sea) the associated precipitation decreases at the
coastal part of Croatia.

ENSEMBLES

ENSEMBLES simulations are the average results of various regional models. The models
included follow an A1B scenario for industrial growth, by combining several global and
regional climate models. Climate models chains used in these simulations are shown in
Tab. 3.

Table 3: Analyzed regional climate models (RCMs), organisations which performed simulations
and sources of the boundary conditions

Regional climate model Organisation Glotal cli.ma-le model that - provides
boundary conditions
1. RCA3 C41 HadCM3Q16
2. RM5.1 CNRM HadCM3Q1
3. HIRHAMS DMI ARPEGE
4. HIRHAMS DMI ECHAMS
5. HIRHAMS DMI BCM
6. CLM ETHZ HadCM3Q0
7. RegCA3 ICTP ECHAMS
8. RACMO2 KNMI ECHAMS
9. HadRM3Q0 MetoHC HadCM3Q0
10. HadRM3Q16 MetoHC HadCM3Q16
11. HadRM3Q3 MetoHC HadCM3Q3
12. REMO MPI-M ECHAMS
13. RCA3 SMHIL BCM
14, RCA3 SMHI ECHAMS
15. RCA3 SMHI HadCM3Q3
16. HIRHAM Met No BCM
17. HIRHAM Met No HadCM3Q0
18. PROMES UCLM HadCM3Q0

Source: Ministry of Environmental and Nature Protection 2014.

C1-22



S ; Funded by

QEuropean Civil Protection |n’ European Union

’ND R’SK Humanitarian Aid &

»With the contribution of the Civil Protection P Civil Protection
Financial Instrument of the European Union« ’_@\

The simulations are done for four periods — Py is the current climate (1961-1990) and future

simulations are done for P4 (2011-2040), P2 (2041-2070) and Ps (2071-2099). The simulation

results are discussed in the scope of UNFCCC national report. (Cf. Ministry of Environmental

and Nature Protection 2014)
In the following a short summary of the expected changes is given.

Temperature

A statistically significant increase of temperature is expected for all seasons. Temperature
will be more increased during winter in the east and middle of Croatia, while during summer
a more increased temperature is expected in the southern part of the country.

Rainfall

The majority of simulations predict an increase of rainfall during winter and a decrease during
summer.

Wind

Changes in wind speeds and directions are not discussed in literature for Dalmatia or
Croatia. However, a research paper of Outten/Esau (2013) discusses the 50 year return
period for 10 m wind speeds over Europe in four different downscaling models using peaks
over threshold methods and generalized Pareto distribution. The simulation suggests
changes in U50 of around 1-2 m/s, although some models predict greater changes in some
areas. But the models base on different spatial areas. The major source of uncertainty of
these results is the use of 30 year data for the prediction of a 50 year period. (Cf.
Outten/Esau 2013)

Figure 18: The magnitude of the change in 50 year return 10m wind speed between the
reference 30 year period (1961-1990), and the future 30 year period (2070-2099)
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Info: The estimates are in in ms—1 and show the results for the four different downscalings. The beige regions
indicate locations where the projected changes in the 50 year return 10m wind speeds of 2ms-1 or less, while the
blue to red regions indicate those locations with 50 year winds between 2 and 10ms-1.

Source: Outten/Esau 2013.
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3.3. Germany /[ Essen; North Rhine-Westphalia

As presented in chapter 1, the current state of research mainly bases on percentiles of
average (extreme) wind speeds in order to project the possible future storm situation. This
approach has the disadvantage that extremely seldom occurring storms cannot be covered.
Even the 98" percentile of wind speeds eventually describes wind speeds occurring every
second year.

As Ela was a storm phenomenon with an expected return period of more than 50 years (cf.
DWD 2015: 25), not even the hypothetical 99.9™" percentile could cover an event like Ela.
And as storm records usually are not established long enough in order to have a reliable
statistical population for these extreme events, in fact no such analyses exist.

Another matter with the available projections is that they do not distinguish in summer and
winter events. But as outlined in previous chapters exactly this methodical approach would
be needed in order to extract summer storms like Ela from the weather records.

The approach chosen therefore is to indirectly approximate the possible future situation of
very seldom occurring storms like Ela by using macro weather situations with a high
convective potential as an indicator for future trends.

3.3.1. Regional Climate Models for Germany

The sixth national communication to the UNFCCC, published in 2013, states that regarding
wind speeds no significant trend has emerged so far for Germany, but that long-time weather
records show some periodic fluctuations in average wind speeds (cf. German Federal
Ministry for the Environment, Nature Conservation, Building and Nuclear Safety 2013: 32).
For Germany there are four main regional climate models (RCM) that are used to project
climatic situations. These RCM show no significant changes in the frequency of storm days
for the future and it is stated that additional, more detailed studies are required in this
research field.

Remarkable is though that two of the four RCM (WETTREG and REMO) give indication that
extreme storm events might increase in the future — both in magnitude and frequency. (Cf.
German Federal Ministry for the Environment, Nature Conservation, Building and Nuclear
Safety 2013: 34f.)

3.3.2. Approximation Indicator — Macro Weather Situations

In Central Europe strong winds typically result from extra-tropical cyclones that evolve due to
the energy coming from temperature contrasts over the Atlantic Ocean. These cyclones
develop atmospheric fronts that lead to changes in the temperature, humidity of the air, wind
direction, wind speed and atmospheric pressure. The most (and most severe) cyclones
usually occur(red)* during the meteorological winter half year, mainly between November and
February. (Cf. EEA 2012: 70f.)

4 As outlined in chapter C.2/C.4 Ela was more damaging than winter storms with comparable maximum wind speeds, which
is why in this sentence is would be correct to use the past tense.
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When summer storm Ela occurred there also was a distinct meteorological front

(convergence line) that was resulting from a cyclonic south westerly macro weather situation,

in which extra-tropical cyclone Ela (southwest, cyclonic; 950 hPa) moved towards
anticyclone Wolfgang (anti-cyclonal; 500 hPa). (Cf. Halbig 2015)

Flgure 19 Extra-troplcal cyclone Ela meets antlcyclone Wolfgang
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Source: German Meteorological Serv:ce 2015 4.

A recent research study on thunderstorm occurrence and their characteristics in Central
Europe presents that there are some macro weather situations with which thunderstorm
occurrence is mainly associated. These are Sz (Cyclonic Southerly), SEa (Anticyclonic
South- Easterly), SWz (Cyclonic South-Westerly), TrW (Trough over Western Europe) and
TB (Low over the British Isles). All of these macro weather situations move from a direction
broadly south-west to north-east, which corresponds with the (in Germany) prevailing wind
direction. (Cf. Wapler/James 2014: 240f.)

A study of the Potsdam Institute for Climate Impact Research shows that especially the
macro weather situation SWz, that triggered thunderstorm Ela, shows a significant increase
in the long-term measurements (cf. PIK 2009: 34). This significant increase can also be seen
in the following figure of the German Meteorological Service (see Fig. 20).

Furthermore the German Meteorological Service states that during the summer months

(June, July, August) SWz increased from 2 days in 1881 up to 14 days in 2008 (cf. DWD
2009).
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Figure 20: Macro weather situations with a significant increase during the summer
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Source: DWD 2002:169.

For the future the German Meteorological Service assumes that, triggered by global
warming, warm air masses have a higher energy potential and therefore the probability of
occurrence for thunderstorms rises (cf. DWD 2015: 25).

Therefore, as a conclusion it can be stated that the macro weather situation SWz is a
suitable indicator for future trends in climatic conditions that trigger the probability of
occurrence of thunderstorms. The long-term measurements show a distinct and significant
increase in especially summer days with SWz. It can be assumed that this trend will proceed
as also global warming proceeds. It therefore is likely that with the increase of the number of
summer days with SWz macro weather situation also the convective potential and the
probability of occurrence for summer storms like Ela increases.

Nevertheless “[tlhe probability of occurrence for a summer thunderstorm complex with a
similar spatial extent of the hurricane wind field like Ela is probably distinctly larger than 50
years.“ (DWD 2015: 25).
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4. Conclusions

The current state of research on frequency and magnitude of storms is still in early stages.
So far it is widely agreed that due to anthropogenic greenhouse gas emissions major
changes in the atmosphere are taking place. These are generally associated with changes in
the intensity and probability of occurrence of extreme wind speeds but still there are
considerable uncertainties. Accordingly statements on probable future scenarios are even
vaguer.

The lack of understanding current processes of storm activity also becomes apparent when
analyzing the local wind phenomena of the Wind Risk Prevention Project partners. This
chapter especially revealed that there is a need for long-term, frequent and small-scale wind
recordings for all the countries. It also became apparent that so far wind phenomena are
almost ignored in national reports on climate change. (Cf. German Federal Ministry for the
Environment, Nature Conservation, Building and Nuclear Safety 2013; Slovenian Ministry of
Agriculture and the Environment 2014; Croatian Ministry of Environmental and Nature
Protection 2014)

It also became apparent that local wind extremes already have severe impacts on nature and
the built environment in all three Wind Risk Prevention Project partner countries. Due to
atmospheric changes it is most likely that further climate change will intensify the risks
directly and indirectly resulting from storms. (Cf. IPCC 2014: 4ff., 13)

The Wind Risk Prevention Project therefore concludes that there is an urgent need for further
research activities on present and future storms and the interlinkage with climate change for
Europe. Also it is important to reduce the different sources of uncertainty, e.g. by continuing
inherent wind speed recordings on various spatial scales.

Also the project recommends to a stronger inclusion of storms in European, national and
local adaptation and mitigation strategies. In 2014 Slovenia and Croatia i.e. did not have a
national adaptation strategy (cf. EEA 2014). Germany on the other hand has an adaptation
strategy since 2008 but there are no direct statements on storms and extreme wind events.
The most concrete statement in the German Adaptation Strategy is that ‘it is so far unknown
how the wind regimes may change’ (Cf. Federal Government of Germany 2008, 48).
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1. General and local winds over Earth

In order to assess the vulnerability of the local area to high wind and high wind gusts in five
major aspects population, infrastructure, transit, buildings and forest, we have something to
review about wind conditions. Wind is created by a variety of different conditions. In order to
help understand them better, we divide them into two categories, namely general and local
wind.

General winds are named because of the gradient that exists between a high and low pressure
system. A high pressure system is a large invisible mountain of air in the atmosphere. A low
pressure system is like a sinkhole. Around a low pressure system the air flows in a
counterclockwise manner into the area of low pressure. Around a high pressure system the
air flows in a clockwise manner. These highs and lows are caused by the differential heating
of the Earth’s surface.

Figure 1: Winds are part of Earth’s atmospheric circulation.

Altitude (km) 15—

A: Tropopause in arctic zone
B: Tropopause in temperate zone

Polar cell __oon

Mid-latitude cell

Hadley cell

Hadley cell

Mid-latitude cell

Polar cel
Source: Wind, https://en.wikipedia.org/wiki/Wind

Local winds are small scale convective winds of local origin caused by temperature
differences. Local terrain has a very strong influence on local winds, and the more varied the
terrain, the greater is the influence. These occur on a small spatial scale, their horizontal
dimensions typically several tens to a few hundreds of kilometers. They also tend to be short-
lived lasting typically several hours to a day. There are many such winds around the world.

Most common local winds are sea breezes and land breezes, anabatic and katabatic winds.
These two breezes occur along coastal areas or areas with adjacent large water bodies. Water
and land have different heating abilities. Water takes a bit more time to warm up and is able
to retain the heat longer than land does.
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1.1. Sea breezes

Sea breezes are the result of differential heating of the land and the sea. Sea breezes occur
by day, when the land becomes warmer than the sea. Warm air from the land cannot expand
into the sea as the air is cooler and more dense, so it expands up into the atmosphere.
Cumulus clouds tend to form as the warm air rises over the land to about 500-1500m.

Air in sea breezes is cool and moist compared to the air over the land. Sea breezes can move
70km inland in temperate climates by 9 in the evening. Sea breezes can be noticed several
kilometres out to sea. In the tropics they can be felt 20km from the land. Wind speeds from
sea breezes can be about 4-8 m/s but can be even stronger. '

1.2. Land breezes

Land breezes occur at night and in the early morning, when the land is cooler than the sea.
This is because as the air cools in the night time (as there is less heating from the sun) it
contracts. The pressure is higher over the land than the sea. This causes the air to flow from
the land to the sea which is known as a land breeze. The circulation is completed by air rising
and moving towards the land at 100-300 m. Land sea breeze fronts tend to only affect a small
area of 10-15 km out to sea, in comparison to the much larger effect of sea breezes. Wind
speeds are also lower at 2-3 m/s.?

Figure 2: The process of sea breeze (left) and land breeze (right)

! Source: Royal Meteorological Society. MetLink. Weather for teachers in England, Scotland and Wales and N. Ireland
(http://www.metlink.org/other-weather/weather-hazards/local-winds/)
2 Source: Royal Meteorological Society. MetLink. Weather for teachers in England, Scotland and Wales and N. Ireland

(http://www.metlink.org/other-weather/weather-hazards/local-winds/)
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Source: Royal Meteorological Society. MetLink. Weather for teachers in England, Scotland and Wales and N.
Ireland (http://www.metlink.org/other-weather/weather-hazards/local-winds/)

1.3. Anabatic wind

Anabatic (upslope) winds occur over slopes which are heated by the sun. Air which is in contact
with slopes that are warmed expands upward and cool and sinks over neighbouring valleys.
Anabatic winds are usually slow, at only 1-2 m/s and are rarely importance expect near coasts
where they can increase the strength of sea breezes.?

1.4. Katabatic wind

Katabatic winds occur where air in contact with sloping ground is colder than air at the same
level away from the hillside over the valley. Katabatic winds are nocturnal phenomena in most
parts of the world (i.e. they tend to happen at night) as there is surface cooling, especially when
there is little katabatic cloud and due to lack of heating by the sun. Katabatic wind speeds
typically do not exceed 3 or 4 m/s. However, where the ground is covered with snow or ice,
katabatic winds can occur at any time of day or night with speeds often reaching 10 m/s, or
even more if funnelling through narrow valleys occurs. Katabatic winds may lead to the
formation of frost, mist and fog in valleys. 4

3 Source: Royal Meteorological Society. MetLink. Weather for teachers in England, Scotland and Wales and N. Ireland
(http://www.metlink.org/other-weather/weather-hazards/local-winds/)
4 Source: Royal Meteorological Society. MetLink. Weather for teachers in England, Scotland and Wales and N. Ireland

(http://www.metlink.org/other-weather/weather-hazards/local-winds/)
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Figure 3: The process of anabatic (left) and katabatic wind (right)

Source: Royal Meteorological Society. MetLink. Weather for teachers in England, Scotland and Wales and N.
Ireland (http://www.metlink.org/other-weather/weather-hazards/local-winds/)

2. Winds in Europe

As well as local winds and local weather phenomena, the following description includes
seasonal winds with local names. We will focus only on winds over Europe and additionally

on winds over the treated local areas. The prevailing winds are bora, mistral, foehn, etesian,
helm and levant.

Figure 4: Wind map of Europe
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Source: The competition World (http://www.thecompetitionworld.cony/)
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2.1. Bora

The bora is a strong, cold, typically very dry and gusty north-easterly wind which descends to
the Adriatic Sea from the Dinaric Alps, the mountains behind the Dalmatian coast. The peak
frequency occurs in the cold season (November - March). In general, the frequency of gusty
force, bora winds varies from one day per month, or less, in the summer to six days per month
during winter months. The bora is most common blowing down from the mountains on the
eastern side of the Adriatic Sea where it flows mainly from the northeast through gaps in the
Dinaric Alps. On occasion, the bora can be very localized, extending only a few miles offshore.
At other times, the bora will dominate the entire Adriatic Sea and, when the area of steep
pressure gradient is large enough, the bora can extend as far south as Malta. The strongest
winds occur along the eastern shores of the Adriatic Sea from Trieste to the Albanian border.

There are two primary weather patterns associated with the bora and both are locally classified
as being an anticyclonic bora and a cyclonic bora. In either case, the pressure is higher on the
European side of the mountains and lower on the Mediterranean side. However, it always
takes a cold pool of air accumulating over the Balkan at first. When the depth of the cold air
pool reaches the height of mountain passes, the bora will commence breaking through the
numerous passes that lie along the mountain barrier and sweeping westwards towards the
coast.

The anticyclonic bora: A large high pressure cell is presented over central Europe and
generally lower pressure without a well-defined low pressure center to the south over the
Mediterranean Sea. The anticyclonic bora is basically a dry and very gusty wind due to its
katabatic nature. An anticyclonic bora is characterized by cold, clear weather and good
visibilities in the lee of the coastal mountains, while thick clouds associated with up-slope
motions are found on the mountain crests. These clouds subsequently dissipate in the
descending air on the lee side, and appear as ‘cap’ clouds to an observer on their west side.

The cyclonic bora: A low pressure center is presented in the southern Adriatic Sea so that the
weather across the area is cloudy and rainy. The cyclonic bora winds are less gusty than those
in an anticyclonic bora, but might bring substantial amounts of rain or snow to the region. With
the cyclonic pattern, the bora is often accompanied by low clouds and reduced visibilities
associated with rain and/or drizzle. These conditions are more noticeable over the open water
areas than along the coastal area.
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Figure 5: The synoptic maps with anticyclonic bora (left) and cyclonic bora (right)
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Source: Nautical guide of the Slovenian sea and cost. Republic of Slovenia. Ministry of infrastructure.

The greatest intensity of the bora occurs where the mountain peaks are at least 600 m above
sea level and not more than two or three miles inland. Anticyclonic bora winds are most intense
to the north, decreasing somewhat moving southward, while the strongest cyclonic bora winds
are usually found in the southern Adriatic Sea.

The bora does not usually start with a sudden gust but will build up at a relatively moderate
pace. The average duration of a continuous gale force bora over the Adriatic Sea is about 12
hours but the winds sometimes will last up to two days. The average duration of a bora that
reaches a high wind gust (> 50 km/h) during its history is 40 hours with a maximum duration
of 5 days. >

Winds are usually less intense over the open water of the Adriatic Sea, but wind gusts (greater
than or equal to 62 km/h) are common. The frequency of the wind gusts of bora wind in the
open sea is greater for the cyclonic type of pattern than for the anticyclonic pattern. There is a
noticeable diurnal variation at stations along the eastern coast of the Adriatic Sea during bora
conditions. During the day, the sea breeze counteracts the offshore flow of the bora, which
decreases the strength of the bora between noon and 6pm local time. ¢

2.2. Mistral

The mistral is also a strong and often violent wind. It blows offshore with great frequency along
the Mediterranean coast from northern Spain to northern ltaly, and that is particularly frequent
in the lower Rhone valley in south-eastern France blowing way out into the Golfe du Lion. The
wind may persist for several days, and it is best developed when a depression is forming in
the Gulf of Genoa to the east of a ridge of high pressure. It might also be a purely katabatic
wind. The air-stream that feeds the mistral is commonly derived from polar air of maritime
origin. It is most violent in winter and spring and its strength is increased by the funneling effect
of the Rhone valley. The mistral might easily reach a speed of 130 km/h over the Rhone delta,
compared with the typical 70 km/h experienced along the coast. It may blow continuously for
a day or two, causing considerable damage to crops and making driving conditions difficult in

5 Source: Beaufort wind scale force (https://en.wikipedia.org/wiki/Beaufort_scale)
6 Source: Weather Online (http://www.weatheronline.co.uk/reports/wind/The-Bora.htm).
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the Rhone valley. It clears clouds and pollution out of the air. In the Rhone valley in France,
trees lean to the south because of the force of the mistral. ’

2.3. Etesian

The etesian is the strong northerly wind which blows at times over the Aegean Sea and eastern
parts of the Mediterranean Sea during the period from May to October. It is the prevailing
annually recurring summer wind, blowing over large parts of Greece, the Aegean Sea and
eastern Mediterranean. It blows steadily from northern to northwestern directions, which bring
cold continental air and clear skies between May and October. It is usually dry, rather cool and
moderate, however, it might reaches high wind gust over offshore areas, reaching its maximum
wind speed around early afternoon.

The wind gusts of etesian may occur as a result of thermal lows deepening over Turkey. Due
to the extended duration of this wind, it can produce significant seas along the Egyptian and
Israeli coasts. The etesian gust is induced by the interaction of the seasonal trough along the
south coast of Turkey and high pressure over Eastern Europe.

2.4. Foehn

The foehn is a warm, dry, gusty wind which occurs over the lower slopes on the lee of a
mountain barrier. It is a result of forcing stable air over a mountain barrier. Originally applied
to winds in the European Alps region, the term is now used for all similar winds. Foehn type
winds are known for their rapid temperature rise, their desiccating effect and the rapid
disappearance of snow cover.

A foehn like situation can last from less than an hour to several days. The high crest of the
wave creates a distinctive elongated cloud parallel to the mountains, known as a foehn
wall (helm cloud). Further wave crests more distant to the obstacle form the popular
lenticularis clouds.

7 Source: Royal Meteorological Society. MetLink. Weather for teachers in England, Scotland and Wales and N. Ireland

(http://www.metlink.org/other-weather/weather-hazards/local-winds/)
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Figure 6: The formation of foehn wind
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Source: The foehn wind. https.//en.wikipedia.org/wiki/Foehn_wind

The danger of a foehn wind where there are steep snow-covered slopes is that avalanches
may result from the sudden warming and blustery conditions. In foehn conditions, relative
humidity may fall to less than 30 %, causing vegetation and wooden buildings to dry out. This
is a long-standing problem in Switzerland, where so many fire disasters have occurred during
foehn conditions that fire-watching is obligatory when a foehn wind is blowing. 8

2.5. Helm

The helm wind is a strong, blustery easterly wind that descends the western slope of the Cross
Fell Range in Cumbria, northern England. The Cross Fell area of the northern Pennines forms
one of England's largest stretches of upland higher than 800 m above sea level. To the west,
there is a steep drop to the Eden Valley and beyond the valley lie the mountains of the Lake
District.

The helm wind is basically a foehn-type lee wave caused by a prevailing north-easterly flow,
blowing at a more or less right angle to the Cross Fell Range. The helm wind can last for days
and is most strongly felt at Milburn, but is also noticeable all along the Fellside. The wind speed
is intensified as it drops the steep 600 m escarpments to the Eden Valley. Near Penrith it
ceases abruptly, though its roaring can still be heard, only to rise again a few kilometers away
as the normal gusty north-easter.

The helm wind can be recognized by a bank of cloud which appears along the mountain tops
or just above them, sometimes covering the summit of Cross Fell. This is the 'helm cloud'. At
times, a further narrow stationary, but rotating roll cloud forms roughly parallel about 8 to 10 km
downwind (west) to the helm cloud. This is the helm bar. The helm bar is a rotor cloud and the
surface winds die away beneath it. Farther away from the Fells there may be a light westerly
wind towards the mountains.

The gap between the helm cloud and the helm bar represents the descending air and will vary
according to temperature and pressure conditions. Within the helm bar, air is moving

8 Source: Royal Meteorological Society. MetLink. Weather for teachers in England, Scotland and Wales and N. Ireland

(http://www.metlink.org/other-weather/weather-hazards/local-winds/)
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turbulently as convection currents operate. Warm air has risen from the ground, has cooled,
become denser and sunk to the ground. Here it is warmed again, begins to rise and so the
circular motion continues. The helm ends when the direction of the wind changes again.

2.6. Levant

Levant is a moist wind which blows from the east over the Strait of Gibraltar. It is frequently
accompanied by haze or fog and may occur at any time of year, though it is most common in
the period June to October. A feature is the occurrence of a ‘banner cloud’ extending a
kilometer or more downwind from the summit of the Rock of Gibraltar.

Levant wind can synoptically occur in three ways, namely:
e high pressure over western Europe and low pressure to the southwest of Gibraltar over
the Atlantic or to the south over Morocco,
e high pressure cell over the Balearic Islands, and
e an approaching cold front from the west toward the Strait of Gibraltar. As it usually
occurs within stable air under an inversion the levant is often, but not always,
accompanied by local low clouds, fog and sometimes by light rains.

Levant wind may occur at any time of the year, but it is most frequent from July to October and
in March. It reaches high wind gusts in spring (February to May) and autumn (October to
December). In the summer (June to September) it is usually not more than a moderate light
wind (breeze). During the winter months, the wind gusts of levant often follow to the end of
wind gusts of levant events. Oftentimes, satellite imagery can depict the onset of levant wind
gusts when low stratus clouds dam up along the eastern side of the Strait of Gibraltar. During
the summer, the wind gusts of levant is generally confined to the Strait of Gibraltar.

Levant wind is occasionally intensified by the presence of an active depression, to the south
by which it suddenly may intensify bringing heavy thundery rain. A good example for such an
event took place during November 20th to 24th in 2001. The Levanter was blowing at Beaufort
7 with sustained wind speeds 55 km/h. Peak gusts reached Beaufort 9 (77 km/h).

2.7. Sirocco

Sirocco (Slovenian: jugo) is a Mediterranean wind that comes from the Sahara and can reach
a high value of the speed in North Africa and Southern Europe. It arises from a warm, dry,
tropical air mass that is pulled northward by low-pressure cells moving eastward across
the Mediterranean Sea, with the wind originating in the Arabian or Sahara deserts.® The hotter,
drier continental air mixes with the cooler, wetter air of the maritime cyclone, and the counter-
clockwise circulation of the low propels the mixed air across the southern coasts of Europe. 1°

The sirocco wind causes dusty dry conditions along the northern coast of Africa, storms in the
Mediterranean Sea, and cool wet weather in Europe. The sirocco's duration may be as short
as half a day or may last several days. Many people attribute health problems to the sirocco
either because of the heat and dust along the African coastal regions or because of the cool
moisture in Europe. The dust within the sirocco wind can cause abrasion in mechanical devices
and penetrate buildings.

o Source: Golden Gate Weather Services. Names of Winds. (http://ggweather.com/winds.html)
10 Source: Source: Weather Online (http://www.weatheronline.co.uk/reports/wind/The-Bora.htm).
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Sirocco wind with speed of up to 100 km/h is most common during the autumn and the spring.
It reaches a peak in March and November, when it is very hot.

3. Wind conditions in Slovenia

Wind conditions in Slovenia are mainly determined by geographic location, the Alps and
heterogeneous surface. Slovenia lies in the middle latitudes in Northern Hemisphere. Over
the European mid-latitudes region as well as over Slovenia, the westerly winds are
predominated. The air flow, viewed through the large-scale, mostly waves and consequently
it turns to the north and south as well. The wind speed and wind direction are formed by high
and low-pressure areas, in which the air circulates and from time to time large closed eddies
emerge from it. These eddies are known as cyclones and anticyclones. Extensive pressure
ridges and related subtropical anticyclones are relatively stationary structures with a life period
even up to several weeks. Winds are week when there are subtropical anticyclones across
South Europe, on the contrary, winds are stronger on the northern, western and eastern edges
of subtropical anticyclones than in their centre.

In Slovenia, the high winds are not very frequent when compared to the prevailing high winds
over Western Europe since it is located in the lee-side of the Alps. On the one hand, the hills
and mountains create a barrier to the wind, and on the other hand, they deflect the air flows,
which have to adjust to the surface. For the local conditions, the distribution of water surfaces
as well as a daily heating and cooling of the atmosphere are also very important.

The average wind speed in Slovenia is in general lower, when compared to the average wind
speed over the flat surfaces of a Western and Central Europe. Due to variable surface the
local wind may occur. By this, the surface properties cause that land surfaces become warmer
than water surfaces during the daytime. As a result of this local-scale temperature and
pressure difference, a sea wind begins to flow inland from over the water, forcing the warm air
over the land to rise and to cool adiabatically. In the absence of strong general winds, this air
flows seaward aloft to replace air which has settled and moved toward shore, and thus
completes the circulation cell. The surface sea wind begins around midmorning, strengthens
during the day, and ends around sunset. '

The winds in Slovenia with their range of activity of around 100 km are the results of general
winds and the effect of Alpine and Dinaric mountain barrier as well. Over the Slovenia surface
three ‘regional’ winds can be seen: bora, jugo and foehn.

1 Source: Wildland Resources.

http://ocw.usu.edu/Forest__Range__and_Wildlife_Sciences/Wildland_Fire_Management_and_Planning/Unit_6__Local_and_General_Win
ds_5.html
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3.1.1. Bora (Slovenian: burja)

The bora is the strongest wind in Slovenia. After the passing of the cold front of the
Mediterranean cyclone cold air folds up around the eastern border of Alps. After rising over the
Dinaric mountain plateau (Trnovski gozd, Nanos, Javorniki, Sneznik, Kras) this cold air
accelerates down western and southern slopes towards the Adriatic Sea. The bora begins
suddenly with some initial gusts. When it reaches its strength, it is a very gusty wind. Its velocity
can increase or decrease 10-fold within a very short period. The bora wind is a regular
phenomenon in west Slovenia (Primorska, Obala and Notranjska region). The normal bora
reaches speeds of up to 10 m/s (35 km/h), but its gusts are several times stronger. Even the
normal bora wind can obstruct traffic.

Figure 7: Region with the bora wind

Source: Bertalani¢, R. Wind. http:.//www.arso.gov.si/fen/Weather/climate/Wind.pdf

An exceptional strong bora appears when there is a big temperature difference between the
air over the continent and the air over the Mediterranean Sea and a large pressure gradient is
also present. Bora gusts can then reach and exceed 40 m/s (> 145 km/h). This strong bora in
the Vipavska valley breaks trees, unroofs houses and makes traffic impossible. Such a strong
bora is actually a regional phenomenon. It is strongest on the slopes and close below them
where the wind flow accelerates or converges. The strongest bora is found in Vipavska valley,
especially from Razdrto to Vipava, in Karst and along the ridge of Trnovski gozd and Nanos.

In general, bora wind blows in a stable atmosphere when cold air flows under warm air. The
bora speed can be in local areas increased by converging wind (winds flowing together). On
the contrary there are many calm positions where settlements have been established.

3.1.2. Sirocco (Slovenian: jugo)

The sirocco wind appears as a strong wind from the southwest to southeast before a cold front
of a passing Mediterranean cyclone. It appears exclusively in the coastal area and moves
inland no further than the ridge of Karst. The duration of sirocco wind is linked to the movement
of the Mediterranean cyclone, and mostly lasts up to two days. There are about 20 such
weather situations annually. The sirocco frequency is as like as bora’s since both phenomena
are related to the same synoptic process.
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Figure 8: Region with the sirocco

Source: Bertalanié, R. Wind. http://www.arso.gov.si/en/Weather/climate/Wind.pdf

3.1.3. Foehn (Slovenian: fen)

The Karavanke foehn is, comparing to bora or scirocco (jugo), less frequent phenomenon in
Slovenia. It annually occurs once or twice, especially in the cold part of the year. It can become
very strong every ten years. It is a very strong northerly wind which affects the southern slopes
and valleys of the Karavanke and Kamnisko-Savinjske Alps. It can also reach the Julian Alps
and Ljubljana basin. It is a relatively warm and dry wind. The foehn wind is katabatic wind and
appears when the Mediterranean cyclone moves over Eastern Europe.

Figure 9: Region with the Karavanke foehn

Source: Bertalani¢, R. Wind. http://www.arso.gov.si/en/Weather/climate/Wind.pdf
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3.2. Presentation of Municipality of Ajdovsc¢ina study area

In order to assess the vulnerability of the Municipality of Ajdovs€ina to high wind and high wind
gusts, understanding and knowledge of the local area and its specific characteristics is
essential. To this end, we will have a closer look at five major risk/vulnerability aspects, namely
1. population, 2. infrastructure, 3. transport, 4. buildings and 5. forests according to current
situation, trends and high wind risk/vulnerability aspect. Thus, we will analyse Bora effect in
the local environment in order to validate it as a main cause of wind disaster events. We need
to stress that the present report was made out of directly accessible and readily available data
and other relevant materials.

3.2.1. Population

According to the Statistical office of Slovenia, the municipality of Ajdovs&ina had, on the
1/1/2015, 18959 inhabitants (9.593 men and 9.366 women) in the area of 245 km2.The average
population density is 77.3 people per km?, which is lower than national figures 101.8. The
average age of residents was 41.9 years, compering to the national average of 42.5 years old.
Average age of male population was 41.50, while female was 44.11.'2 In Municipality of
Ajdovécina the aging index was 107.3. The percentage of active working people was 64.7%.'3

There were 12 graduates per 100 inhabitants and 2.3 sentenced persons per 1000
inhabitants.™ Among the total inhabitants there were 7236 employed and 1067 unemployed
persons. The registered unemployment rate was 12.9%, which is less than the national 13.1%
average.’

The municipality has 26 local communities and 45 settlements, with the average area of 5.4
km2. Ajdovscina town is the most populated, with it's 6505 inhabitants, while the smallest
settlement is Krizna Gora with 10 inhabitants. Other larger settlements are Lokavec, Planina,
Vrtovin, Col, Budanje...

Source: Kaliopa — http://gis.iobcina.si/gisapp/Default.aspx?a=ajdovscina
Source: Statistical Office of the Republic of Slovenia, Ministry of the Interior.
1 Source: Kaliopa — http://gis.iobcina.si/gisapp/Default.aspx?a=ajdovscina
Source: Statistical Office of the Republic of Slovenia, Ministry of the Interior.
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Figure 10: Residents by age and gender
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Table 1: Surface, number of residents, density and average age in the 45 local communities in
Ajdovséina

Number Settlement Surface (m? Residents Densit: Average age
1 AJDOVSCINA 6838723.9 6505 951.20 43.25
2 BATUJE 2823255.95 359 127.16 46.46
3 BELA 4907857.36 38 7.742 36.53
4 BRJE 5338211.47 392 73.43 44.25
5 BUDANJE 5278542.08 847 160.46 40.46
6 CESTA 2747146.00 554 201.66 42.46
7 COL 2617365.9 528 201.73 40.34
8 CRNICE 5345334.31 433 81.01 44.10
9 DOBRAVLJE 3178530.60 480 151.01 42.88
10 DOLENJE 1143085.94 103 90.11 51.59
11 DOLGA POLJANA 2313623.37 369 159.49 40.82
12 GABERJE 4586448.07 175 38.16 39,62
13 GOJACE 5002348.66 198 39.58 39.96
14 GOzD 6911906.83 130 18.81 42.92
15 GRIVCE 3657818.41 73 19.96 44.06
16 KAMNJE 4406547.57 210 47.66 43.78
17 KOVK 8848596.71 139 15.71 42.30
18 KOZMANI 431282.99 113 262.01 41.93
19 KRIZNA GORA 8127735.20 10 1.23 62.83
20 LOKAVEC 13744200.48 1137 82.73 42.55
21 MALE ZABLJE 1145005.81 318 277.73 41.67
22 MALO POLJE 7906169.73 76 9.61 43.04
23 MALOVSE 710295.94 133 187.25 41.55
24 OTLICA 12166693.99 309 25.40 46.20
25 PLACE 2763010.99 247 89.40 40.94
26 PLANINA 6494167.24 478 73.60 41.42
27 PODKRAJ 19515122.84 436 22.34 41.91
28 POTOCE 3048969.42 233 76.42 40.72
29 PREDMEJA 20735831.24 386 18.62 43.15
30 RAVNE 12605166.46 148 11.74 42.65
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31 SELO 3983171.79 470 118.00 39.42
32 SKRILJE 1448369.51 319 220.25 41.60
33 STOMAZ 7402604.60 299 40.40 40.98
34 SMARJE 5813720.45 189 32.51 45.77
35 TEVCE 418457.25 92 219.86 40.70
36 USTJE 2771980.83 376 135.64 45.01
37 VELIKE ZABLJE 3123870.37 343 109.80 42.37
38 VIPAVSKI KRIZ 484916.98 178 367.07 44.42
39 VISNJE 2749490.71 182 66.19 43.29
40 VODICE 7006597.70 70 10.00 37.68
41 VRTOVCE 1809009.44 112 61.91 47.64
42 VRTOVIN 16136417.97 476 29.50 45.59
43 ZAVINO 2102502.03 84 39.95 44.34
44 ZAGOLIC 2854903.19 134 46.94 40.61
45 ZAPUZE 1788515.97 361 201.84 43.45

Source: Kaliopa - http://gis.iobcina.si/gisapp/Default.aspx?a=ajdovscina

3.2.1.1. Population trends

The demographic age structure of the Municipality of Ajdovs¢ina is more favourable than the
national average. In 2014 the natural increase in Slovenia was 3.7 per 1.000 people,
comparing with Ajdovsc¢ina where it was 1.1.'® The proportion of young people (under 26 years)
exceeds 25%, the proportion of elderly (over 65 years) is lower than 20% (2702 inhabitants).!”
Nonetheless, positive demographic trends can, swiftly turn into negative trends. The population
growth in the municipality is slightly too low.

Figure 11: Population changes until 1.1.2015
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Source: Statistical Office of the Republic of Slovenia, Ministry of the Interior.

Figure 12: Population changes by gender

16 Source: Statistical Office of the Republic of Slovenia, Ministry of the Interior.

Source: Obcina Ajdovscina: Ocena ogroZenosti pred naravnimi in drugimi nesre¢ami v obcini Ajdovscina, Ajdovscina julij 2014.
(Municipality of Ajdovscina: Risk Assessment against natural and other disasters, July 2014).
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The Strategy of demographic and economic development for the Municipality of Ajdovscina
envisages three different demographic projection plans for year 2021. According to the optimal
plan, the municipality will have, about 25000 residents, while the realistic plan foresees, about
22000 residents. According to the linear trend, the municipality will have about 19300
inhabitants. It also emphasizes that the minimum basis for appropriate wellbeing and the
viability of supply is 19000.8

Development trends in urban and rural populated areas follow the development of urbanized
and suburbanized areas and depopulation and economic stagnation in remote rural areas. In
urban areas, further increase in the population is expected and in rural areas, the population
is expected to decline. In the hinterland, there is still a trend of depopulated areas. Over the
municipality, there is a noticeable increase in population in the valley settlements, particularly
around the motorway exit Selo.'®

3.2.1.2. Bora Risk/Vulnerability of the population

Although the local population is well adapted to this local meteorological phenomenon, injuries
and damage due to flying objects blown away by wind may occur. In the periods of extremely
strong bora, children and elders should stay at home for safety reasons. Workers cannot come
to work. Furthermore a reduction in the number of travelers through the town does occur.

3.2.2. Infrastructure

Municipality of Ajdov&cina is responsible for number of public infrastructure services, such as
municipal roads, water supply and sewage systems, gas pipelines, landfills, public lightning,
utility services etc. On top of that it is also responsible for cultural and general education and
health care as well as others services.

18 Source: Koda d.o.o.: Strategija demografskega in gospodarskega razvoja, Ajdovsc¢ina Marec 2007 (Strategy of demographic and
economic development for the Municipality of Ajdovscina).
19 Source: Ob¢ina Ajdovscina: Ocena ogroZenosti pred naravnimi in drugimi nesre¢ami v obcini Ajdovscina, Ajdovscina julij 2014.

(Municipality of Ajdovscina:Risk Assessment against natural and other disasters, July 2014).
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For example, in 2012 there was a total of 349.4 km of roads in the Municipality of Ajdov&¢ina,
out of which there was 93.5 km of state roads and 255.9 km of municipal roads. From municipal
roads there are 97.3 km of local roads (LC), 5.7 km urban roads (LZ), 19.1 km of urban (local)
roads (LK) and 133.8 km of public paths (JP). Municipal roads, connects individual villages
among them and to the national road network.2°

Domestic water supply in the Municipality of Ajdovscina is sufficient. Hubelj water supply
system supplies major part of Vipava Valley and GoriSka region. There are also a number of
village water basins, which supply 50 households.?' The overall length of drinking water pipes
is 350824 m. Furthermore municipality is in charge of its sewage system, with the total pipe
length of 157772 m. The average communal waste amount is 560 kg per person.??> Through
the area of the Municipality of AjdovS&ina there is also a main pipeline HruSica-Vipava-Vol¢ja
Draga-Nova Gorica. It is used primarily for residential heating.?

Table 2: Length of water pipes by settlements

Settlement Length (m

AJDOVSCINA 74210.84
BATUJE 13917.04
BRJE 9018.81
BUDANJE 13100.51
CESTA 11929.22
COoL 9684.99
CRNICE 8098.45
DOBRAVLJE 6849.13
DOLENJE 2933.77
DOLGA POLJANA 6248.16
GABERJE 2953.61
GOJACE 7397.51
GOzD 8604.41
GRIVCE 139.91
KAMNJE 383.78
KOVK 12107.82
KOZMANI 2072.04
LOKAVEC 21456.53
MALE ZABLJE 4427.95
MALO POLJE 2207.28
MALOVSE 3728.9
OTLICA 15123.8
PLACE 2849.3
PLANINA 15397.44
PODKRAJ 5563.99
0 Source: Statistical Office of the Republic of Slovenia, Ministry of the Interior.
A Source: Ob¢ina Ajdovscina: Ocena ogroZenosti pred naravnimi in drugimi nesre¢ami v obcini Ajdovscina, Ajdovscina julij 2014.

(Municipality of Ajdovscina:Risk Assessment against natural and other disasters, July 2014).

2 Source: Kaliopa - http://gis.iobcina.si/gisapp/Default.aspx?a=ajdovscina

3 Source: Ob¢ina Ajdovscina: Ocena ogroZenosti pred naravnimi in drugimi nesre¢ami v obcini Ajdovscina, Ajdovscina julij 2014.
(Municipality of Ajdovscina:[Risk Assessment against natural and other disasters, July 2014
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POTOCE 8543.43
PREDMEJA 21122.1
SELO 9832.31
SKRILJE 7064.95
SMARJE 5555.4

TEVCE 1382.06
USTJE 7629.07
VELIKE ZABLJE 3920.37
VIPAVSKI KRIZ 2011.12
VRTOVCE 4228.66
VRTOVIN 9460.27
ZAVINO 2113.66
ZAGOLIC 4087.57
ZAPUZE 3468.83

Source: Kaliopa - http://gis.iobcina.si/gisapp/Default.aspx?a=ajdovscina.
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Figure 13: Wastewater network

‘V//A'a-. d

Source: Kaliopa - http://gis.iobcina.si/gisapp/Default. aspx?a-ajdovscma

3.2.2.1. Infrastructure trends

The whole area of the Municipality of AjdovS€ina, requires planning and regulation of traffic
flows and surfaces. However, investments in infrastructure must be effective in order to cover
its costs and they need to follow a selective and organized approach.?*

In the municipality, it is necessary to continue with the implementation of the water supply
network Hubelj, remediate the village water supply and connect it to the municipal water

supply.?s

3.2.2.2. Bora Risk/Vulnerability of the infrastructure

Strong wind easily tears down the electricity and telephone cables. Lack of electrical power
affects also the supply of drinkable water. Therefore, all overhead lines (electric and telephone
lines) should gradually be replaced by the ground cable ducts in order to withstand the wind.2¢

2 Source: Koda d.o.o.: Strategija demografskega in gospodarskega razvoja, Ajdovic¢ina Marec 2007 (Strategy of demographic and
economic development for the Municipality of Ajdovscina).
% Source: Strategija prostorskega razvoja Obcine Ajdovscina, Analiza stanja in teZenj, Studio 3 d.o.0., november 2005, Ajdovscina

(Strategy of spatial development of the Municipality of Ajdovscina).
Source: Strategija prostorskega razvoja Obcine Ajdovscina, Analiza stanja in teZenj, Studio 3 d.o.0., november 2005, Ajdovscina
(Strategy of spatial development of the Municipality of Ajdovscina).
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3.2.3. Transport

Ajdovscina is situated on the strategically international important V and X Pan-European
transport crossing, between the central Slovenia and Friuli Venezia Giulia (Italy). All through
the Vipava valley there is a modern main road H4 highway Razdrto-Vrtojba.?” In the section
between Ajdovsc€ina — Selo the highest average daily traffic in 2013 was 12069 vehicles (that
is 3.2% less than in 2012 when it was 12467 vehicles) of which HGV represented 1654 vehicles
(that is 1.9% more than in 2012 when it was 1615 vehicles).?8

Table 3: Daily traffic burden

rg:fi r'::& se'::;)n L el vc;rhc;::altles ab-l;r\;lec k35.5t (I:Daerrcoe r\;t;ﬂ(e:lg;
HC H4 0375 VIPAVA - AJDOVSCINA 10987 1837 17
HC H4 0376 AJDOVSCINA - SELO 12069 1870 15
HC H4 0378 SELO - VOGRSKO 11874 1838 15
HC H4 0443 PRIKLJ. SELO - AJDOVSCINA 1595 82 5
HC H4 0443 PRIKLJ.SELO - VRTOJBA 1398 50 4
R1 207 1413 COL - AJDOVSCINA 2452 142 6
R2 444 | 0346 AJDOVSCINA - SELO 6510 109 2
R2 444 | 0347 SELO - TRI HISE 4927 75 2
R2 444 0387 AJDOVSCINA (OBVOZNICA) 4064 338 8
R2 444 1473 VIPAVA - AJDOVSCINA 5679 142 3
R3 611 1024 DORNBERK - SELO 1746 74 4

Source: Direkcija RS za ceste 2013

3.2.3.1. Transport trends

With increasing transit and commuter traffic, the state of the road infrastructure is deteriorating.
Slow modernization of transport network and a steady increase in road traffic causes demands
for new infrastructure. Furthermore, public transport is losing significance, while the use of
personal transport increases. Therefore, road maintenance investment requires a systematic
approach.?®

3.2.3.2. Bora Risk/Vulnerability of the transport

Bora is a serious problem for vehicles in transit. When bora blows 90 km/h the roads must be
closed for light trucks, when it blows 130 km/h — roads must be closed for buses and trucks,

27 Source: Ob¢ina Ajdovscina: Ocena ogroZenosti pred naravnimi in drugimi nesre¢ami v obcini Ajdovscina, Ajdovscina julij 2014.

(Municipality of Ajdovscina: Risk Assessment against natural and other disasters, July 2014).

3 Source: http://www.dars.si/Dokumenti/O_avtocestah/Prometne_obremenitve/Obremenjenost_cest_97.aspx

Source: Strategija prostorskega razvoja Obcine Ajdovscina, Analiza stanja in teZenj, Studio 3 d.o.0., november 2005, Ajdovscina
(Strategy of spatial development of the Municipality of Ajdovscina).
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and when it blows 150 km/h the roads must be closed for all traffic. This causes a major
economic deficit to the entire region. In addition, Bora carries debris on roads and streets which
also cause damage on other structures such as fences, traffic lights and signs etc.

3.2.4. Buildings

Ajdovscina town is the only centre of regional importance in the municipality and is defined as
such in all spatial documents.®® Settlement in the area is highly fragmented: alongside
Ajdovscina there are only two settlements above 500 inhabitants (Lokavec and Budanje).
There are few integrated villages e.g. Batuje, Selo, Vipavski kriz, Smarje, but stretched villages
dominates e.g. Brje, Kamnje, Vrtovin, Planina.?' In 2013 there were 389 flats per 1000
inhabitants. Approximately 73 % dwellings had at least three rooms, with the minimum area of
89 m2.32

Table 4: Households in 45 settlements

No. Settlement Households
1 AJDOVSCINA 1437
2 BATUJE 144
3 BELA 9

4 BRJE 159
5 BUDANJE 255
6 CESTA 162
7 COL 168
8 CRNICE 172
9 DOBRAVLJE 164
10 DOLENJE 43
11 DOLGA POLJANA 118
12 GABERJE 99
13 GOJACE 88
14 GOZD 45
15 GRIVCE 23
16 KAMNJE 93
17 KOVK 57
18 KOZMANI 32
19 KRIZNA GORA 11
20 LOKAVEC 382
21 MALE ZABLJE 120
22 MALO POLJE 26
23 MALOVSE 51
24 OTLICA 131
25 PLACE 78
26 PLANINA 160
27 PODKRAJ 146
28 POTOCE 82
29 PREDMEJA 187
30 RAVNE 49
31 SELO 160

30 Source: Strategija prostorskega razvoja Obcine Ajdovscina, Analiza stanja in teZenj, Studio 3 d.o.0., november 2005, Ajdovscina

(Strategy of spatial development of the Municipality of Ajdovscina).

3 Source: Obcina Ajdovscina: Ocena ogroZenosti pred naravnimi in drugimi nesre¢ami v obcini Ajdovscina, Ajdovscina julij 2014.

(Municipality of Ajdovscina:Risk Assessment against natural and other disasters, July 2014).

2 Source: Statistical Office of the Republic of Slovenia, Ministry of the Interior.
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32 SKRILJE 122
33 STOMAZ 105
34 SMARJE 82
35 TEVCE 34
36 USTJE 125
37 VELIKE ZABLJE 129
38 VIPAVSKI KRIZ 81
39 VISNJE 47
40 VODICE 21
41 VRTOVCE 43
42 VRTOVIN 193
43 ZAVINO 38
44 ZAGOLIC 30
45 ZAPUZE 110
TOTAL 6011

Source: Kaliopa - http://gis.iobcina.si/gisapp/Default.aspx?a=ajdovscina.

3.2.4.1.

Building trends
In areas with highly dispersed settlements, the development of local centers is encouraged in
order to provide appropriate allocation of supply facilities, social care and other activities.
Moreover provisions needs to be made to revitalize abandoned, poorly utilized or even

depopulated premises in the center of Ajdovscina.33

33

(Strategy of spatial development of the Municipality of Ajdovscina).
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Figure 14: New housing
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Source: Statistical Office of the Republic of Slovenia, Ministry of the Interior.

In previous development industrial areas, infrastructure facilities and commercial buildings
were focused mainly to the urban area of Ajdovs€ina city. Recently they have moved also to
other zones, which can develop into employment centers such as Gojacée, Selo, Crni¢e and
Batuje. Furthermore, the area Selo-Batuje together with Goja¢e developed into an important
centre around the motorway exit. In a further development, it is also necessary that Ajdovs&ina
take advantage as an important inter-municipal center within the northern Primorska region.3

3.2.4.2. Bora Risk/Vulnerability of the buildings
In the periods of extremely strong bora public buildings, factories and even medical center are
closed due to safety reasons. Therefore, school curriculum interferences, production
interruptions etc. often occurs. Furthermore, smaller and bigger damage done on buildings due
to strong Boras is inevitable. Most common damage due to strong Bora winds is lifting off roofs
and roof tiles on new, improperly design and inadequately constructed buildings.

34 Source: Strategija prostorskega razvoja Obcine Ajdovscina, Analiza stanja in teZenj, Studio 3 d.o.0., november 2005, Ajdovscina
(Strategy of spatial development of the Municipality of Ajdovscina).
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3.2.5. Forests

Municipality of Ajdovs€ina spatial plan defines that 56% of the total area are forests, 37%
agricultural land, 4% building land area and less than 3% other.3°

Figure 15: Land use

3% 4%

37%

96% = Builnding land 1103.63 ha

= Agricultural land 9174.55 ha

= Forests 13768.8 ha
Water 29.67 ha

Source: Prostorski plan Obcine Ajdovséina (Ur. glasilo 7-97, ULRS 96-2004).

According to the Slovenian forestry Institute beech forests prevail in the area. Soft and hard
deciduous trees are more represented in the younger forests, whereas, other valuable
deciduous trees are more represented in the older forests. Most of the forests are privately
owned (67.73 %), followed by state forests (31.83 %). Municipal forests are represented with
only 0.44 %.%¢

According to the Slovenian forestry Institute, state forests occupy 5724.10 ha and the growing
stock is 1753403.21 m?3, whereas deciduous trees represent 56.64 % and conifers 43.36 %.
The annual increment is 34885.34 m3. On the other hand, private forests occupy 12181.33 ha
and growing stock is 2283045.51 m3, with a 72.63 % of deciduous and 27.37 % of conifers.
The annual increment is 59886.08 m3.37

An important fact is that 179 km? or 70% of the municipality’s area belongs to the protected
Natura 2000 areas: S15000021 Vipavski rob, SI3000225 Dolina Branice, SI3000226 Dolina
Vipave and S13000255 Trnovski gozd — Nanos.38

* Source: Prostorski plan Obgine Ajdovigina (Ur. glasilo 7-97, ULRS 96-2004).

36 Source: Todora Rogelja, Spela S¢ap, Matevi Triplat, dr. Nike Krajnc: Availability of forest biomass in the Municipality of
Ajdvoscina,Ljubljana September 2014.

37 Source: Todora Rogelja, Spela S¢ap, Matevi Triplat, dr. Nike Krajnc: Availability of forest biomass in the Municipality of
Ajdvoscina,Ljubljana September 2014.

38 Source: Ob¢ina Ajdovscina: Ocena ogroZenosti pred naravnimi in drugimi nesre¢ami v obcini Ajdovscina, Ajdovscina julij 2014.

(Municipality of Ajdovs¢ina: Risk Assessment against natural and other disasters, July 2014).
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Figure 16: Natura 2000 in the Municipality of Ajdovs¢ina

Source: Kaliopa - http.//qgis.arso.gov.si/atlasokolja

3.2.5.1. Forests trends

According to the Slovenian forestry Institute the share of conifers is gradually decreasing and
this trend will continue in the future. Decrease of fir and pine is especially notable.*® Increased
utilization of private and public forests potential and its management must became a good
practice.

3.2.5.2. Bora Risk/Vulnerability of forests

Bora can break or uproot trees. Damage most likely occurs in winter and spring, when bora
shakes off the tree blossoms. Furthermore, local areas where Bora is at its highest, threes
grow inclined with asymmetric crowns.4

i Source: Todora Rogelja, Spela S¢ap, Matevi Triplat, dr. Nike Krajnc: Availability of forest biomass in the Municipality of
Ajdvoscina,Ljubljana September 2014,
40 Source: Obcina Ajdovscina: Ocena ogroZenosti pred naravnimi in drugimi nesreCami v ob¢ini Ajdovscina, Ajdovscina julij 2014.

(Municipality of Ajdovs¢ina: Risk Assessment against natural and other disasters, July 2014).

C2&C.4-28


http://gis.arso.gov.si/atlasokolja

E Civil P ” Funded by

uropean Civi Protection WIND RISK  ccornin

Humanitarian Aid &

»With the contribution of the Civil Protection Civil Protection
P <> _

Financial Instrument of the European Union«

3.3. Identification of trends in Bora hazard aspects

All existing threats of natural and others hazards in the area of the Municipality of Ajdov&€ina
are evaluated, specified and identifies in the Natural and Other Risk Assessment document in
the Municipality of Ajdovscina.*’

Bora is in the Natural and Other Risk Assessment in-depth defined according to:

SOURCE: An intensive exchange of air masses over mountain barriers into the valley
couses striking windiness in the area of Municipality of Ajdovsc¢ina.

CAUSE: The main cause represent the different Atmospheric pressures that occur and
cannot be influenced.

SPATIAL AND TEMPORAL PROBABILITY OF OCCURRENCE: Probability of
occurrence of strong winds from various direction and summer or autumn storms is high.
In Vipava valley extremely strong Bora wind is blowing about 30 days per year. When it
appears together with rain or snow, the disaster risk is even higher.

RISK TYPES, SHAPES AND LEVEL.: Unstable buildings and their roofs are endangered
by the force from high wind and wind gusts. Consequences are felt also on the transit,
infrastructure, forests, agriculture etc. The population is at risk of falling and getting injured
with flying objects and debris by bora.

THE COURSE AND POTENTIAL EXTENT OF THE DISASTER: Formation of storms are
usually of short duration and devastate smaller areas. Thunderstorms with Bora usually
accompanied by heavy rainfall and lightning damage roofs, tear overhead electrical and
telephone wiring, deposit debris on roads and streets, ravage agricultural crops.

NUMBER OF PEOPLE AND ANIMALS AT RISK: People and animals are not directly at
risk by high wind and wind gusts. But often, the debris carried by wind, leads to injuries.

THE EXTENT OF JEOPARDIZED PROPERTY AND CULTURAL HERITAGE: In the
affected area, mostly properties, such as roofs, cars, agricultural crops etc. are under
threat. In the affected area Most of the older buildings are well constructed against high
wind.

POTENTIAL DISASTER CONSEQUENCES: Injuries or even humans and animals death,
material damage to property and crops, interruption of electricity supply and telephone
connections, traffic disruption...

PROBABILITY OF CHAIN-REACTION ACCIDENT: Lightning strikes or torn power lines
can cause fires in buildings or in natural environment, that can rapid escalate with wind;
road accidents...

DISASTER PREDICTABILITY: In accordance with the available meteorological data it is
possible to predict the development of storms, high wind and wind gusts.

41

Source: Ob¢ina Ajdovscina: Ocena ogroZenosti pred naravnimi in drugimi nesre¢ami v obcini Ajdovscina, Ajdovscina julij 2014.

(Municipality of Ajdovscina: Risk Assessment against natural and other disasters, July 2014).
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- PROTECTION, RESCUE, RELIEF, PREVENTION, MITIGATION AND DISASTER
RECOVERY PROPOSALS: In the Municipality of AjdovSCina it is essential to operate in
accordance with The plan for mobilizing and informing providers of protection and rescue
measures of the Municipality of Ajdovs€ina. The public has to be informed about the
consequences of high wind and wind gusts and instructions for handling must be provided.
Eventual infrastructure damage (on electricity, water, telecommunications, sewer, roads
and supply) must be repaired and restored. In the case of larger disasters, the damage
must be examined and evaluated. Proper construction of roofs must became a good
practice. Soundness of auxiliary facilities must be ensured. For unsecured materials
vulnerable to wind scattering, appropriate storage must be provided.”#?

a2 Source: Ob¢ina Ajdovscina: Ocena ogroZenosti pred naravnimi in drugimi nesre¢ami v obcini Ajdovscina, Ajdovscina julij 2014.
(Municipality of Ajdovscina: Risk Assessment against natural and other disasters, July 2014).
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4. Wind conditions in Croatia

4.1. Presentation of Central Dalmatia (Split-Dalmatia County) study
area

In this report, we assess the vulnerability of Central Dalmatia to high wind and high wind gusts.
By Central Dalmatia we assume the territory covered by Split-Dalmatia County. To assess
such vulnerability, understanding and knowledge of the local area and its specific
characteristics is essential. Five major risk/vulnerability aspects are covered, i.e., 1. population,
2. infrastructure, 3. transport, 4. buildings and 5. forests according to current situation, trends
and high wind risk/vulnerability aspect.

Two main winds that represent hazard in this area are Bora (bura) from the North-east and
South wind (Jugo or Siloko) from the South-east. Both of these winds can blow for several
days and can be strong enough to cause interruption of land, air and sea transportation.

We need to stress that the present report was made out of directly accessible and readily
available data and other relevant materials.

Figure 17: Spatial distribution of area in Central Dalmatia: islands, coastal area and
hinterlands*

4.1.1. Population

43 |zvjedée o stanju okolisa u Splitsko-dalmatinskoj Zupaniji za razdoblje 2008. - 2011. godine
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According to the Croatian bureau of statistics for the year 201444, in approximation for the year
2013 the Split-Dalmatia County (from now on Central Dalmatia) had 454798 inhabitants, with
altogether 154528 households. Approximation for male/female distribution the year 2013 was:
221286 male inhabitants and 233425 female inhabitants. Surface area of Central Dalmatia is
4523.64 km?2. The population density per km? for Central Dalmation for year 2013 was 100.2
which is higher that the national average of 75.7 inhabitants per km?2.

The average age of Croatian inhabitants is 41.65 years, or 39.9 years for males and 43.4 years
for females. Total of 129140 inhabitants were employed, with 68578 being male and 60562
being female inhabitants. Average number of unemployed for 2013 was 45893.

Central Dalmatia consists of 16 towns/cities, 39 municipalities and 368 settlements. From the
data available for the year 2011, Split was the most populated with 178192 inhabitants, while
the smallest was Zadvarje with only 293 inhabitants.

STATISTIC: Residents by age and gender?®

Residents by age and gender
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STATISTIC: Residents in towns and municipalities in Central Dalmatia*®

Towns/Cities Residents

Hvar 4.239

44 statisticki ljetopis Republike Hrvatske 2014 (Statistical Yearbook of the Republic of Croatia 2014), Drzavni zavod
za statistiku Republike Hrvatske (Croatian bureau of statistics)
4 http://www.dalmacija.hr/zupanija/stanovnistvo
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Imotski 10.902
Kastela 38.474
Komiza 1.509
Makarska 13.984
Omis 14.872
Sinj 24.832
Solin 23.985
Split 178.192
Stari Grad 2.686
Supetar 4.096
Trilj 9.417
Trogir 13.260
Vis 1.920
Vrgorac 6.501
Vrlika 2.159

Municipalities

Baska Voda 2.728
Bol 1.645
Brela 1.643
Cista Provo 2.377
Dicmo 2.820
Dugi Rat 7.091
Dugopolje 3.465
Gradac 3.308
Hrvace 3.653
Jelsa 3.560
Klis 4.739
Lecevica 588
Lokvicici 866
Lovreé 1.712
Marina 4.597
Milna 1.009
Mué 3.835
Nerezisca 864
Okrug 3.458
Otok 5.468
Podbablje 4.709
Podgora 2.514
Podstrana 9.103
Postira 1.554
Prgomet 689
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Figure 18: Cities/towns and municipalities in Central Dalmatia?

4.1.1.1. Population trends

Out of total number of inhabitants in Central Dalmatia, in cities and towns live approximately
77.1% of inhabitants, while in municipalities lives approximately 22.9%.2 In the year 2011,
average number of inhabitants per 1 city was 1994 inhabitants, while the average number of
inhabitants per 1 municipality was 543 inhabitants.
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STATISTIC: Population changes until 1.1. 2015.46

Population changes in Central Dalmatia
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The decrease in the total number of inhabitants in the Central Dalmatia from the year 2001 to
the year 2011 has occurred in cities (-1.16%), as well as in municipalities, which is even more
evident (-3.97%). Altogether, the decrease for whole Central Dalmatia was1.82%.6

Decrease in number of inhabitants is also visible in most of the towns/cities and municipalities
for both coastal and hinterlands area as well as islands.

Most of the islands (except island Ciovo) are places with low number of inhabitants (Bra& 35.4
inhabitants per km2, Hvar 34.3 inhabitants per km?2, Vis 34.3 inhabitants per km2,Solta 28.4
inhabitants per km?, Drvenik Mali 27.9 inhabitants per km?, Drvenik Veli 11.6 inhabitants per
km?2. Island Ciovo (connected to the mainland with a bridge) has 208.2 inhabitants per km2.6

46 Sto pokazuju prvi rezultati popisa stanovni$tva 2011. godine za stanovnistvo Splitsko-dalmatinske zupanije?
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STATISTIC: Population changes in coastal area®

Population changes in coastal area of Central Dalmatia
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Increase in the number of inhabitants in Central Dalmatia was noticed in: Solin, Kastela,
Imotski, Supetar, Hvar, Trogir and Makarska.
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STATISTIC: Population changes in islands®

Population changes in islands of Central Dalmatia
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4.1.1.2. Wind Risk/Vulnerability of the population

Although the local population is well adapted to this local meteorological phenomenon, injuries
and damage due to flying objects blown away by wind may occur. In the periods of extremely
strong bora, children and elders should stay at home for safety reasons. Workers cannot come
to work. Furthermore a reduction in the number of travelers through the town does occur.

4.1.2. Infrastructure

According to Croatian bureau of statistics®, Central Dalmatia in the year 2009 covered 2659km
of roads, out of which 864km state roads, 854 municipal roads and 941km local roads. Road
density in Central Dalmatia is 586 m/km?.47

Highway Zagreb-Split-Dubrovnik is part of the road route between the continental part of
Croatia and Dalmatia, and is under construction since the year 2002. Connection roads to the
highway in Central Dalmatia are the following: Prgomet — Trogir, Dugopolje — Split, Dubci —
Gornja Brela — Zadvarje — Sestanovac — Cista Provo — Arzano — Kamensko, Basko Polje —
Bast — tunnel Biokovo — Zagvozd — Kamenmost — Imotski — Vinjani Doniji.

Domestic water supply in the Central Dalmatia is sufficient. It consists of three regional
systems: Split-Solin-Kastela-Trogir, Omi$-Braé-Hvar-Solta-Vis, regional system Makarska,
then two grouped water supply systems for Sinj and Imotski. Furthermore, there are smaller
water supply systems: for Vrgorac, Vrlika, Marina, Vis, Zrnovnica, Sitno Donje, Studenci and
Podspilje.

47 Razvojna strategija Splitsko-dalmatinske Zupanije 2011.-2013.
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Split, Solin, Kastela and Trogir are supplied by water from the river Jadro. Sinj and Trilj from
river source Kosinac and Ruda, Imotski from river source Opacac, Vrlika from river source
Cetina.
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Figure 19: : Water supply coverage in Central Dalmatia*®

In Central Dalmatia, wastewater gathering is rather well organized (with 33 national systems).

48 Vodoopskrbni plan Splitsko-dalmatinske Zupanije
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Figure 20: Water supply coverage in Central Dalmatia*®

4 www.dalmacija.hr

C2&C.4-40



. ciitip : Funded by
uropean Civi rotection W’ND R’SK European Union

Humanitarian Aid &
>>With Fhe contribution of the Civil Prote(?tion ’@ Civil Protection
Financial Instrument of the European Union« ~

4.1.2.1. Infrastructure trends

Although the water supply network in Central Dalmatia covers most of the region, there are
some flaws®°. Unfortunately, 10% of the Central Dalmatia is not yet connected to any kind of
water supply. Also, due to the age of the water supply network, quality of pipes is questionable.
Also, there are numerous water supply companies, as well as several water supply networks
which function on their own and are not mutually connected.

Biggest problem is that four biggest cities in the Central Dalmatia are supplied from the same
river (Jadro).

Wastewater gathering systems for cities Split, Solin, Kastela. Trogir and municipalities Seget,
Okrug, Dugopolje, Klis and Ciovo is being reconstructed through eco project »implementation
of the Integrated Kastela bay protection project«.

4.1.2.2. Wind Risk/Vulnerability of the infrastructure

Strong wind easily tears down the electricity and telephone cables. Lack of electrical power
affects also the supply of drinkable water.

4.1.3. Transport

As previously stated, Central Dalmatia in the year 2009 covered 2659km of roads, out of which
864km state roads, 854 municipal roads and 941km local roads. Road density in Central
Dalmatia is 586 m/km?2.5" In Central Dalmatia there is 232940 registered drivers, 211987
vehicles. Altogether, there is 0.466 vehicles per person, what is higher than the national
average being 0.459.%2

50 Vodoopskrbni plan Splitsko-dalmatinske Zupanije
51 Razvojna strategija Splitsko-dalmatinske Zupanije 2011.-2013.
52 Strategija prometnog razvoja Republike Hrvatske (2014.-2030.)
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Figure 21: Road coverage in Central Dalmatia®

Central Dalmatia is connected to the national railroad through the line Split-Perkovi¢-Knin. The
overall length of the railroad in Central Dalmatia is 52.8km with 14 stations and 3 junctions.

Naval transport is of great importance for Central Dalmatia, with Split as onw of the largest
harbours in Croatia. Split harbour consists of two parts, passenger and cargo ports.

53 www.dalmacija.hr
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Figure 22: Coastal lines in Croatia'?

4.1.3.1. Transport trends

Road infrastructure in Central Dalmatia is well covered, especially due to the A1 highway.
However, it is expected that construction of several roads should be completed in the near
future, such as D1 Solin-Klis, Vu€evica-Kastela, Stobre¢-Dugi Rat, Dugi Rat-Omi$. During the
tourist season, many of the roads are full with traffic, especially near Omis and Trogir.

The main problem of the railroads in Central Dalmatia is the need for modernization, as well
as the direct passing of the railroads through settlements.

4.1.3.2. Wind Risk/Vulnerability of the transport

Both Bora and Sirocco are serious problem for the naval transport in the Central Dalmatia, as
well as for vehicles on the roads and railroads.

During high bora winds, ferries do not sail, what makes islands in the Central Dalmatia cut off
from the mainland. This causes a major economic deficit to the entire region.

When bora blows over 130 km/h — most of the roads are closed for buses and trucks. This can
also cause a major economic deficit to the entire region. In addition, Bora carries debris on
roads and streets which also cause damage on other structures such as fences, traffic lights
and signs etc.

The most famous phenomenon is that tunnel sv.Rok on the highway A1 is often closed due to
the wind causing the travel delay for all travellers.

4.1.4. Buildings
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In Central Dalmatia, there are 156080 households.

STATISTIC: Households in towns and municipalities in Central Dalmatia*

Towns/Cities Households
Hvar 1531
Imotski 2709
Kastela 12678
Komiza 628
Makarska 4918
Omis 5009
Sinj 7692
Solin 7872
Split 62906
Stari Grad 1125
Supetar 1627
Trilj 2813
Trogir 4641
Vis 782
Vrgorac 2157
Vrlika 848
Municipalities

Baska Voda 1015
Bol 591
Brela 594
Cista Provo 844
Dicmo 927
Dugi Rat 2272
Dugopolje 111
Gradac 1273
Hrvace 1185
Jelsa 1383
Klis 1610
Lecdevica 247
Lokvicici 250
Lovreé 656
Marina 1779
Milna 470
Mué 1367
Nerezisca 334
Okrug 1419
Otok 1666
Podbablje 1302
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Podgora 1000
Podstrana 2744
Postira 567
Prgomet 287
Primorski Dolac 267
ProloZac 1180
Pucisca 762
Runovi€i 702
Seget 1683
Selca 715
Sucuraj 228
Sutivan 350
Sestanovac 738
Solta 841
Tucepi 661
Zadvarje 107
Zagvozd 464
Zmijavci 553

4.1.4.1. Buildings trends

In areas with highly dispersed settlements, the development of local centers is encouraged in
order to provide appropriate allocation of supply facilities, social care and other activities.

4.1.4.2. Bora Risk/Vulnerability of the buildings

In the periods of extremely strong bora public buildings, factories and even medical center are
closed due to safety reasons. Therefore, school curriculum interferences, production
interruptions etc. often occurs. Furthermore, smaller and bigger damage done on buildings due
to strong Boras is inevitable. Most common damage due to strong Bora winds is lifting off roofs
and roof tiles on new, improperly design and inadequately constructed buildings.

4.1.5. Forests
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Figure 23: Forest coverage in Dalmatia
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48% is agricultural land, 2% is settlements and finally, only 0.6% water bodies.?

STATISTIC: Forest area in Central Dalmatia?

Towns/Cities

Komiza
Makarska
Omis
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Forests (km?)

2870,24
2087,28
2137,3
2041,83
2787,78
16435,74
9302,12
1980,82
3080,62
2354,93
182,85
13499,89
358,11
1520,95
20510,77
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Vrlika 18828,08
Municipalities 2038,75
Baska Voda 967,22
Bol 2043,15
Brela 2043,15
Cista Provo 7882,78
Dicmo 4184,48
Dugi Rat 29,51
Dugopolje 3528,37
Gradac 4531,55
Hrvace 11622,35
Jelsa 4566,51
Klis 10782,05
Lecevica 6561,88
Lokvicidi 2140,36
Lovreé 7595,54
Marina 2346,29
Milna 1029,66
Mué 16844,45
Nerezis¢a 3973,77
Okrug 13,39
Otok 6554,02
Podbablje 2715,6
Podgora 4211,38
Podstrana 11,96
Postira 2614,76
Prgomet 4569,66
Primorski Dolac 2087,87
ProlozZac 1921,17
Pucisca 4865,11
Runovidi 3853,37
Seget 3884,52
Selca 1242,01
Sucuraj 2129,17
Sutivan 568,73
Sestanovac 5904,9
Solta 1089,04
Tucepi 766,31
Zadvarije 938,18
Zagvozd 13766,42
Zmijavci 272,08
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4.1.5.1. Forests trends

The total forest area in Central Dalmatia has increased by 31558ha from the year 2002 to year
2011.5%4 According to 2, a further increase in forest areas is to be expected, as it is good for
both tourism and quality of life.

4.1.5.2. Wind Risk/Vulnerability of forests

Strong wind can break or uproot trees. Damage most likely occurs in winter and spring, when
bora shakes off the tree blossoms. Furthermore, local areas where Bora is at its highest, threes
grow inclined with asymmetric crowns.%®

54 prostorni plan Splitsko-dalmatinske Zupanije
55 http://wikinfo.org/w/Hrvatski/index.php/Ekologija_bure
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4.2. Identification of trends in hazard aspects

Two local winds are most prominent — Sirocco (local name Jugo) and Bora (local name Bura).

Sirocco is warm, damp and uniform wind originating from North Africa mostly associated to low

atmospheric pressure and rainy weather. The typical synoptic situation regarding Sirocco wind
ce source not found.2.

st~Entfernung in km

Figure 24: Mean geopotential height (m) isobaric surface 500 hPa (left) and mean atmospheric
pressure on sea level (hPa) taken December 3rd-6th, 1987. (right) (taken from Heimann, 2001)

Bora is strong, gusty and cold wind usual genesis along seaside of Dinarids mountain range
in accordance with wave brake theory and driven by intrusion of cold air from north or
northeast. Both of them can reach high wind speeds but generally bora is considered more
dangerous to constructions due to higher wind speed and stronger gusts. The typical synoptic

west-east-gistance » xm

Figure 25: Mean geopotential height (m) isobaric surface 500 hPa (left) and mean atmospheric
pressure on sea level (hPa) taken December 7t" - 10, 1987. (right) (taken from Heimann, 2001)

The unofficial highest wind speed recorded during bora wind is 85 m/s, recorded December
24t 2003. on A1 highway between St. Rok tunnel and Maslenica bridge. Unofficalty of record
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is due to lack of calibration of recording device. The official highest speed recorded is 69 m/s,
recorded December 213!, 1998. at Maslenica bridge.

RISK TYPES, SHAPES AND LEVEL: strong wind, sometimes enhanced with rain or even hail
can cause damages property, agriculture, forests, buildings and in transport. Strong wind can
cause material damage in economy, endangers people lives and can even cause loss of lives.
It is observed that frequent delay of transport is caused by wind. Roads or part of the roads
are closed often in case of wind. Ferry lines are also sometimes canceled because of high
waves caused by wind.

THE COURSE AND POTENTIAL EXTENT OF THE DISASTER: Coastal part of Croatia is
mostly endangered by Bora and Sirocco. During spring and autumn Sirocco happens more
often. During winter, Bora and Sirocco are more frequent. Bora is gusty and causes high
waves.

NUMBER OF PEOPLE AND ANIMALS AT RISK: people and animals are not directly at risk,
but with evolution of event they can become endangered.

THE EXTENT OF JEOPARDIZED PROPERTY AND CULTURAL HERITAGE: Area is rich
with cultural heritage and archeological sites that can be endangered in case of extreme
conditions.

POTENTIAL DISASTER CONSEQUENCES: Injuries or even humans and animals death,
material damage to property and crops, interruption of electricity supply and telephone
connections, traffic disruption...

PROBABILITY OF CHAIN-REACTION ACCIDENT: strong wind, in combination with hail and
lightning can cause severe damage.

DISASTER PREDICTABILITY: meteorology service can predict occurrence of high wind with
wind gusts, but not the extend of disaster.

5. Wind condition in Germany

5.1. Introduction of North-Rhine Westphalia and the City of Essen
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North-Rhine Westphalia is one of the 16 federal states (German: Bundeslénder) of Germany
and is located in the middle-west of the country, sharing a border with The Netherlands and
Belgium. North-Rhine Westphalia is with a population of about 17 million the federal state with
the most inhabitants. In the western center of North-Rhine Westphalia the Ruhrgebiet (English:
Ruhr Area), a post-industrial region in transition, is located. The Ruhr Area is Germany’s
largest agglomeration, consisting of 11 self-governed cities and 4 counties with smaller
municipalities. About 5 of the 17 million inhabitants of North-Rhine Westphalia live in the Ruhr
Area, most of them in the cities. (Cf. Website Wikipedia)

Figure 26: The Ruhr Area within the federal state of North-Rhine Westphalia, Germany

P
N/

’

W
Source: Website Wikipedia, own additions.

One of the cities in the Ruhr Area is the case study city Essen. Essen is located in the southern
Ruhr Area and in the center of North-Rhine Westphalia.

Essen consists of 50 districts (see figure 2), jointly making up an area of 210.4 square
kilometers. In 2014 Essen had more than 580,000 inhabitants.
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Figure 27: Districts of Case Study City Essen

Figure 28: Essen on Google Maps
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Source: own depiction. Source: Kartendaten © GeoBasis-DE/BKG (©2009) Google
The Bertelsmann Stiftung (English: Bertelsmann Foundation), a substantial German research
foundation i.e. researching on demographic classifications and their projected changes,
categorizes the city of Essen a city of Demographic Type 7, meaning ‘urban centers with
heterogeneous economic and social dynamic’. Many cities of the Ruhr Area are classified as
Type 7. (Cf. Bertelsmann Stiftung 2012: 1, 11)

Main features of cities like Essen:

o They are large cities with a high population rate and also a high population density,

¢ they have many social welfare recipients (in average more than 10 % of the population)
and simultaneously many highly qualified people (academics), due to the presence of
universities or other research institutions,

o they have many single households,

¢ there is a high rate of unemployment and little spending capacity,

o thereis aclearindustrial character, facing transformation processes (structural change)
from former heavy industry towards nowadays manufacturing industry and a more
knowledge based and service orientated economy. (Cf. Bertelsmann Stiftung 2012: 1,
5f., 10f.)

All these characteristics hint at severe social and economic differences and problems within
the polarizing cities of Demographic Type 7. Therefore, in order to assess the risk of Essen to
high wind and high wind gusts, there needs to be a better understanding and knowledge of the
local area. In the following first vulnerability and subsequently hazard parameters are outlined
and assessed.
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5.2. Vulnerability Parameters in Essen

5.2.1. Population

5.2.1.1. Current Total Population

In Essen the total number of inhabitants amounted 581,312 in the year 2014. However, there
were distinct fluctuations in the number of inhabitants in the past three years: in 2012 the city
accounted 576,109 inhabitants, which decreased until 2013 (557,802 inhabitants) and then
increased in 2014 again. (Cf. Stadt Essen a 2015: 4)

The spatial distribution of Essen’s inhabitants can be seen in figures 4 and 5. The six districts
with the most inhabitants (e.g. more than 30,000 people in Frohnhausen) are all located around
the city center of Essen, in the northern half of the city. Only few inhabitants live in the direct
center, due to other predominant spatial functions as e.g. shopping, and also fewer in the
southern half of the city.

Regarding the population density, this north-south divide becomes even more apparent. While
the southern districts have a population density of less than 2,000 inhabitants per square
kilometer, many northern districts have 4,000 to 6,000 inhabitants per square kilometer. With
more than 8,000 (more than 10,000) inhabitants per square kilometer the central districts have
the highest population density.

Figure 29: Total Inhabitants per District Figure 30: Population Density in Essen

Number of Inhabitants per District Population Density - Number of Inhabitants per square kilometer
Essen, Germany Essen, Germany
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Source: own depiction.

The structure of the current population can be seen in table 1. In 2014 the population group of
persons below legal age (<18 years) covered 15.1 % of the total population of Essen. With
56.9 % of the population, the group of adults (18 till < 60 years) certainly was the major
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population group in Essen, whereas the group of seniors (>60 years) covered 28.0 % of the
total population.

Table 5: Total population of Essen by age (2014)

. . inhabitants name of population
age inhabitants . - .
(relative) population group (relative),
(years) (total) (%) group (%)
0-5 28,378 4.9
6-9 19,062 3.3 below legal age; 15.1
10-14 24,048 4.2 (<18 years) '
15-17 15,555 2.7
18-24 47,325 8.2
25-29 40,622 7.0
30-34 38,261 6.6
35-39 34,057 5.9 adults; 56.9
40-44 36,088 6.3 (18 till < 60 years) '
45-49 45,818 7.9
50-54 45,312 7.9
55-59 40,570 7.0
60-64 35,713 6.2
65-69 29,376 5.1 elderly:
70-74 30,804 5.3 (> 60 yea,rs) 28.0
75-79 29,876 5.2
80+ 35,826 6.2

Source: Stadt Essen b 2015: 4

5.2.1.2. Current Migration

Although the cities in the Ruhr Area are of economic and scientific importance, the number of
young, high educated inhabitants of Essen is relatively low and the average age is with 44.6
years (43 median) fairly high. The reason for the high mean and median population age is the
low percentage of children and families, combined with a high percentage of elderly people.

The average age of the population is closely linked with the trends of migration and
immigration. Regarding the migration rate, the number of immigrants and migrants strongly
differs between the ages of the inhabitants of Essen. As can be seen in figure 6, there is a
positive migration balance for young adults between the age of 18 and 28. For the age classes
of 30+ and also children the migration balance is mainly negative, meaning there is more
migration than immigration in the city.

C2&C4-54




. ciitip : Funded by
uropean Civil Protection WIND RISK  corniner

Humanitarian Aid &
>>With Fhe contribution of the Civil Prote(?tion ’@ Civil Protection
Financial Instrument of the European Union« ~

This migration pattern is typical for cities like Figure 31: Migration rate by age, Essen
Essen, which wusually feature a small

percentage of under age population (and teh

families) and have a low birthrate, which o

generally reflects the strongly urbanized
character of cities. In Essen, however, this
pattern is significantly distinct, as due to the -

structural change and the omission of jobs _ " .., )

many adults migrate from the city. The main i 'i'.'.'i'.l‘ll| [”in e
reason for the immigration of young people to ™ —

Essen is the variety of educational training
facilities, e.g. the four universities and colleges o
of the city. (Cf. Bertelsmann Stiftung 2012: 7f., .. e imerser i bemet st e ene serscrngen
10f.; Bertelsmann Stiftung 2013: 4; Website Source: Bertelsmann Stiftung 2013: 5
Stadt Essen a 2015)
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5.2.1.3. Current Demographic Characteristics

Population pyramids are an illustrative option to demonstrate the population structure of an
area by containing the number of inhabitants per age. Figure 7 shows the population pyramid
for the city of Essen. The colors separated male (green) and female (purple) inhabitants.

As can be seen, the ‘pyramid’ has an appearance that reminds of a fir tree, rather than of a
pyramid. It has an obvious ‘treetop’, containing the number of very old people (> 90 years),
various ‘branches’ in the age category of adults and seniors and a ‘trunk’, depicting the number
of under-age persons.

Figure 32: Population Pyramid of Essen (2012)
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Source: Bertelsmann Stiftung 2015

When interpreting the ‘population fir tree’ it can be stated, that the ‘treetop’ results from an
increasing number of very old people, going up to over a hundred years. The very top of the
‘treetop’ is solely constituted by women, who in average have a higher life expectancy than
men. The obviously smaller ‘trunk’ results from low birth rates, as they are typically for
industrialized nations. In Essen the ‘trunk’ covers nearly two decades, symbolizing that for the
last 20 years the number of inhabitants accounted about 4,000 children per year.
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The most interesting parts of the ‘population fir tree’ are the branches because usually the
indentations in the population can be read from them. Starting at the top, the first very clear
indentation at a population age of about 70 years marks the population losses of the Second
World War. Contrary to the branch peak above the indentation (marking the age group of births
during the ‘roaring twenties’), many people died during World War Il and only little were born.
After the first big indentation, during the post-war era and the Wirtschaftswunder (English:
economic miracle), birthrates rose — especially in the Ruhrgebiet, where many jobs were
offered in the heavy industry sector. In the age group of today’s people in their fifties (birth
cohort 1960+), more than 8,000 people live in Essen.

The second big indentation results from a birth-influencing invention — the birth control pill.
When making contraception that easily accessible, both from a financial and a dissemination
point of view, the number of births drastically declined for about five years and never reached
more than 8,000 again. The birth control pill influences the population pyramid until today
because by now the second (way smaller) generation of women also uses contraceptives.
Paired with a general decline in birth rate and increasing childbearing age, nowadays birthrates
are less than half of what they used to be in the 1960’s, which explains the ‘trunk’ of Essen’s
‘population fir tree’.

The cities of the Ruhr Area are predicted to have a median average age of 49 years by 2030,
which is about 6 years higher than in 2012. For the city of Essen, the prognosis assumes an
increase of about one to two years in average age. (Cf. Bertelsmann Stiftung 2012: 8f.)

In total the population of the city of Essen is going to decrease. Population losses of
approximately 30,500 inhabitants are predicted by the city administration, which corresponds
a population decrease of about 5 % in comparison to 2012. (Cf. Stadt Essen b 2015: 4) The
Bertelsmann Stiftung estimates a less drastic but still clear population decline of 3.7 % until
2030 (cf. Bertelsmann Stiftung 2013: 4).

Table 6: Total population of Essen, 2012 — 2030

31.12.2012 | 31.12.2013 | 31.12.2014 31.12.2030

576,109 557,802 581,312 545,630
Source: Stadt Essen b 2015: 4

The estimated distribution of age groups in Essen for the year 2030 varies with different
reference sources. Table 3 lists the results for three up to date studies. All references assume
that in 2030 about 16 % of the population will be under-age. Similar are also the expected
percentages for seniors (> 60 years) in 2030, while the rate of very old people (> 80 years)
differs. However, major differences exist for the population group ‘adults’: While the
Bertelsmann Stiftung projects that about half of the population of 2030 will be adults, the city
administration and also the North-Rhine Westphalian Office for Statistics [IT.NRW] assume
about 60 % of Essen’s inhabitants to be adults.
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Table 7: Estimated Population by population groups for Essen, 2030

Population groups Reference Sources
Bertelsmann Stiftung Essen City Council | IT.NRW
Below legal age (<18) | 159 % 15.3% 16.7%*
Adults (18 — 65) 48.4 % 61.3% 59.6%"*
Seniors 255 % 23.4% 23.7%*
thereof over 80 years 7.5 % 12.8% .. 16.7%

*) age groups vary slightly: 0-19 years; 19-65 years; > 65a years

Source: Bertelsmann Stiftung 2013: 7f.; IT.NRW 2015: 31; Stadt Essen a 2015: 26ff.

Based on figure 7 in chapter 2.1.3 the following three population pyramids illustrate the
development of the demographic characteristics sex and age. The grey line shows the
population status of the year 2012 (see 2.1.3). It becomes apparent that the trunk of the tree
grows taller, standing for a persistent small birthrate and i.e. few under-age inhabitants. The
earlier termed ‘branches’ of the population tree merge increasingly and in total the tree grows,
visualizing more very old people.

Figure 33: Population Pyramid for Essen, 2030

Bevolkerungspyramide 2015 Bevoluerungapytamde 207 Bevolkerungspyramide 2030
Essan, krssreie Stadt " -

— ! $
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Source: Bertelsmann Stiftung 2013: 11, Website Bertelsmann Stiftung 2015

5.2.1.5. Storm Related Vulnerability of the Population

Extreme weather events like storms generally have a strong impact on the population (e.g.
damages, interruption of production chains, losses of lives). Paired with the demographic
change, challenges in adaptation are most likely going to increase.

In Germany a common saying is: ‘we will become older, fewer and more colorful’ (cf.
Bundesregierung 2012: 1). Regarding the storm related vulnerability of the population,
especially the shift in age groups is understood as a major challenge. As there are going to be
more elderly people that are by tendency restricted in their mobility and may not be able to
care for themselves, an increase in (frequency and magnitude of) storm events also increases
the vulnerability. Therein the restricted mobility of the elderly becomes more and more
challenging both during the actual storm event as well as in the hours (or even days) after the
event, in which the supply of health care articles and groceries may not be guaranteed.

It therefore can be stated that with an ongoing demographic change, the vulnerability of the
population towards storms increases and that there is a need for specialized emergency
concepts.
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5.2.2. Transport

Essen is integrated into a dense network of highways and a-roads, connecting the Ruhr Area
with all other parts of Germany and also many regions in Europe. Traffic-wise the city is of
great importance having four different highways (A40, A42, A44, A52) and three a-roads
(B224, B227, B231) that ensure both a north-south as well as east-west connection. In Essen
there are many roads connecting its districts. In the south of Essen the density of roads is less
high because there also are fewer settlements.

Furthermore the central train station of Figure 34: Transport Infrastructure in Essen
Essen ensures international transport T'anggs"e'f‘lgf:j:;;t”'e
connections and also secures well- '

connected regional and local public
transport. The main station can be
reached directly by all German cities
above 250,000 inhabitants.

Wind Risk Prevention Project

Every day more than 100 long-distance
trains leave Essen. Beside the main
station Essen has further regional train
stations. The local traffic in Essen
covers 90 % of the urbanization zone.

Key
Land Use

train stations
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lines. (Cf. Website evag 2015) [ poring ot
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good, both by car and train. Last but not S
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north of the city) also ship traffic is | fakuttit raumplanung T LA ind Caprormaliesysteme
ensured. (Cf. Website metropoleruhr 'mFve e
201 5) Amt fiir Geoinformation, Vermessung und Kataster

Source: own depiction

The total length of all roads in Essen accounts up to more than 300 km. Highways make up
30.8 km, a-roads 24.6 km, b-roads 164.9km and district roads 71.8km (Cf.
Landesdatenbank.NRW a 2015)

In 2015 313,472 vehicles were licensed in Essen. 274,031 of all licensed vehicles were cars,
14,971 were trucks and 22,749 were other vehicles. (Cf. Landesdatenbank.NRW b 2015)
Caused by the location of Essen in the middle of the Ruhr Area and the existing strong
economical linkages there is a high number of commuting traffic and economical traffic in the
morning and in the afternoon. (Cf. Stadt Essen 2011: 25)
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The focus on the future development of the roads in Essen lies on the maintenance and the
strengthening of the roads’ quality. Additionally there is the plan to construct a better north-
south connection by constructing missing parts of the highway A52. Furthermore it is planned
to implement redevelopment and extension of the highway A40 to improve the traffic situation.
(Cf. Stadt Essen 2011: 25)

Generally speaking the vulnerability of the transport system in its physical dimension is
dependent on how dense and broad it is, as well as on how important it is for a city and
transport connections (systemic dimension).

As in Essen the transport system is of high importance for local transport and regional
connections, the vulnerability towards natural hazards is also high. Damages to the system,
both direct and indirect, can have serious systemic consequences. When summer storm Ela
occurred, the city was off public and private transportation for several days. In consequence
inhabitants were not able to get to their work places, tourists were not able to reach the main
train station and also business transport could not take place. Indirect costs like these are
hardly quantifiable. Still the Deutsche Bahn (German Rail) estimates the costs due to damages
on their tracks, overhead wires, etc. € 20 million, while the costs due to the malfunction of the
system are estimated € 35 million. (Cf. Bundestag 2014)

Furthermore summer storm Ela impressively revealed that many inner city roads are of
extremely high importance for the disaster preparedness and immediate response. Especially
those roads major to emergency units (e.g. roads from and to hospitals, the fire brigade, etc.)
are extremely vulnerable towards storms, as damages to those have severe consequences for
the disaster management and therefore the safety of the population.

5.2.3. Infrastructure

Throughout the City of Essen several technical and social infrastructures are distributed.
Technical infrastructure herein refers to e.g. energy supply infrastructure, water supply and
water disposal infrastructure, waste disposal infrastructure and telecommunication. Social
infrastructure refers to buildings and institutions of the commonwealth, e.g. schools and
universities, hospitals and other critical infrastructures, retirement homes and kindergardens,
etc.

Regarding the social infrastructure there are three universities in Essen with more than 43,000
students. The majority of these students (more than 41,000) studies at the University Duisburg
Essen. Besides the universities Essen has 20 business and technical colleges with more than
21,000 students. Furthermore there are 161 schools with more than 60,000 pupils. (Cf.
Website Stadt Essen b 2015)

The critical infrastructures like fire brigades (professional and voluntarily) and hospitals are
distributed over the whole area of the city, as figure 10 shows. In total there are 11 hospitals
in the City of Essen. (Cf. Website Stadt Essen ¢ 2015, Website Feuerwehr Essen 2015)
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Figure 35 and 36: Technical and Social Infrastructures and Emergency Services in Essen
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o Regarding the technical infrastructure of Essen,
: there are 42 waste treatment plants, managing
more than 1,000,000 tons of disposed mass of
garbage every year.
In 2010 the average water consumption per day
and inhabitant accounted 155.6 liters. The waste
water is treated in four waste water treatment
plans throughout the city and transported in a
sewer system with a length of 1,658 km. (Cf.
Website Landesdatenbank.NRW c, d, e 2015)

/\\ ) 5.2.3.1. Storm Related Vulnerability of the
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“i5: The vulnerability of the technical and social
s senman wresnns e 55 infrastructure system is mainly determined by

critical infrastructures. In general the more

(technical and social) critical infrastructures there are, the higher the potential physical
vulnerability of the city towards any natural hazard is. However, there is also a systemic
dimension: the more social infrastructure is served by a particular element of the technical
infrastructure (e.g. power supply) the greater the systemic importance and consequently the

vulnerability of this infrastructure element.

Summer storm Ela showed that it is of very high importance that the emergency response units
like the fire brigade can securely operate. Also important is that technical infrastructure
systems are secured in their operational capacity. An example can be taken from the waste
water management: As summerly convective weather extremes often go along with heavy
precipitation and strong winds, leaves from the trees congest manholes so that it might come
to inundations in the city. Also the sewage system needs to be capable of handling great
amounts of precipitation in a short span of time.
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5.2.4. Buildings

The distribution of buildings in the City
of Essen is quite distinctive, as
figure 12 shows. First of all it can be
seen that in the northern half of the city
the building density is much higher
than in the southern half.

Furthermore the southern settlements
mainly consist of residential buildings
while in the city center especially
mixed buildings are predominant.
North of the city center, one distinct
axis of industrial and storage areas
can be seen.

By the end of 2014 the City of Essen
had 89,501 residential or mixed
buildings with all in all 324,268
apartments. The living space per
person accounted 40.8 square
meters. (Cf. Website Stadt Essen d
2015)

As can be seen in figure 13, most
residential buildings in Essen consist
of residential buildings with one
apartment, i.e. single-family houses.
Second come buildings with three to
six apartments, allocated in three of
more storeys. Buildings with more
than 10 apartments or other buildings
with housing space are less typical.

Funded by
European Union
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Figure 37: Buildings in Essen
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Figure 38: Number of Apartments in Residential Buildings in Essen
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Source: Stadt Essen 2014: 41.
About thirty percent of the residential buildings in the City of Essen were built between 1949 and 1962. Even though

during World War Il many houses were destroyed there is still a high amount of buildings from earlier ages.
Nowadays in the amount of buildings built after 1981 is 15.2 %. (Cf. Website Stadt Essen d 2015)

Table 8: Percentage of Residential Buildings in Essen (31.12.2014)

Year Percentage ® until 1999
until 1908 6.5 % W 1909 to 1918
1909-1918 11.0 % = 1919 to 1948
1919 to 1948 17.3 %

1949 to 1962 30,1 % " 1949 t0 1962
1963 to 1970 10,3 % m 1963 to 1970
1971 to 1980 9,5 % 1971 to 1980
1981 or later 15,2 %

1981 or later
Sources: Website Stadt Essen d 2015

5.2.4.1. Buildings trends

In the last years the trend of building new houses decreased, as figure 14 depicts. (Cf. Stadt
Essen 2014: 86) In the year 2014 367 planning permissions were given. 254 of the permissions
were for new buildings, 113 were for modifications of the buildings. (Cf. Website Stadt Essen d
2015)
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Figure 39: Number of Building Permissions in Essen since 2008
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Source: Stadt Essen 2014: 86.

The regional plan for the Ruhr Area states that within the next ten to 15 years Essen is allowed
to realize 5,000 new residential units. This strategy also includes the demolition of decrepit
existing buildings and their substitution with new building on the same spot. With this strategy
the land consumption shall be reduced.

One major trend for the building sector is that even though the population of Essen is shrinking,
the number of households stays the same. The reason for this is a strong segregation of the
society and the increase in single households. Furthermore the City of Essen identified a strong
demand for single-family houses in the south of Essen as well as a demand for new apartments
with a greater amount of square meters living space. (Cf. Stadt Essen 2011: 21)

5.2.4.2. Storm Related Vulnerability of Buildings

The storm related vulnerability of buildings depends on their function and the number of people
potentially affected. Buildings that can be counted as critical infrastructure are, because of their
important function for either the commonwealth or emergency response, highly vulnerable (see
also chapter 2.3). But also residential buildings with many inhabitants or business buildings
with many employees are vulnerable as people might get hurt, e.g. by trees falling into the
buildings.

Nevertheless, due to Eurocode 1 buildings in Germany and all over Europe are built following
a storm resistant building standard. According to Eurocode 1 (DIN 1055-4 for Germany) there
are four wind zones in Germany, ranking from zone one (inland regions with low velocity
pressure on buildings) to zone four (mainly coast regions and islands with high velocity
pressure on building). The exact wind zones and maximum velocity pressures can be found in
Chapter C.3 — Assessing the risk of areas to wind gusts in combination with snow and sleet.

The City of Essen is associated with wind zone 1 (inland). Buildings in this wind zone are
therefore built to withstand roof velocity pressures of 0.5 kN/m?if they are less than 10 meters
high, 0.65 kN/m?up to 18 meters height and 0.75 kN/m?for buildings up to 25 meters height.

In case of a storm with velocity pressures higher than set in Eurocode 1, damages may be
expected.
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5.2.5. Forests

In Essen the predominant land use categories are housing and infrastructure, leading to a high
percentage pf 69.0 % ground-covered area. Agricultural areas cover 14.7 % of Essen’s area
and 2.7 % are water bodies. The forest area in Essen amounts 13.6 %. Furthermore Essen
has 11 nature protection areas which cover 1.6 % of its area. (Cf. Stadt Essen 2014: 17;
Website Naturschutzinformationen 2015).

Figure 40: Land Uses in the City of Essen
M covered area

M agriculture
area

m forests

water
expanse

Source: Stadt Essen 2014: 17

Forests are mainly located in the southern half of the city, as can be seen in figures 16 and 17.
Large parts of the forest consist of deciduous trees. Nevertheless there also are areas with
solely coniferous trees or a mixture of both tree species.
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Figures 41 and 42: Forest Areas and Green and Blue Structures in the City of Essen
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In 2014 the total area of forest amounted 2,853.97 ha in Essen. Compared to the year 2002
the forest area increased from 12.3 % to 14.6 %. (Cf. Stadt Essen 2014: 16, 17)

The property situation of the forest areas in Essen is as follows: 42.5 % of the forest areas
belong to the municipality. (Cf. Stadt Essen 2014: 20). In these areas coniferous trees are
predominant with a ratio of 97.3 % to 2.7 %. (Cf. Website Stadt Essen e 2015)

It is estimated that in total Essen has about 2,600,000 trees. 2,200,000 of these trees are in
forests, 50,000 in the streets, 90,000 in private gardens and 120,000 trees in green areas and
cemeteries. The other trees can be found on other land uses.

The growing conditions for city trees, trees in private gardens or in court yards differ from their
natural surroundings. These trees adapted to their built environment but are often restricted in
their vegetaion e.g. in their root growth. (Cf. Website Stadt Essen f 2015)

5.2.5.1. Forest Trends

The long-term vision for Essen’s forests is that these are secured and further developed as
recreational forests close to nature. All forests shall furthermore fulfill the standards for the
Forest Stewardship Council (FSC)® and be cultivated and developed. (Website Stadt Essen g
2015)

°¢ Following the guiding principle of the FSC®-Forest Stewardship Council® (Lizenz Code FSC®-C014716), the forest of the city of Essen shall
be cultivated as close-to-nature recreational and permanent forests.
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5.2.5.2. Storm Related Vulnerability of Forests

As summer storm Ela showed, especially trees in the city are vulnerable towards summer
storms. City trees are often deciduous trees and due to their leaves provide a great windage
during the summertime. In case branches break or trees even fall the damages arising are on
the one hand direct to the trees but in the case of city trees often on the other hand also indirect
to assets and infrastructures.

Forests of course are also vulnerable towards storms, even though the windage mainly relates
to the front trees and not so much to those in the middle of the forest. Therefore forests have
a natural defense system. Nevertheless in cases of strong winds forests sometimes need to
be closed for the public because of the danger of branches or trees falling. In these cases the
recreational character gets lost for the time of the inhibition.
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5.3. Hazard Parameters in North-Rhine Westphalia and Essen

In the past and present Germany had to face several strong winter storms. To only name those
with hurricane strength there were storms Daria, Vivian and Wiebke in 1990, Coranna, Verena
and Lore from 1992 till 1994, Lothar in 1999 and most recent storm Kyrill in January 2007 (cf.
DWD 2015). Large damages are associated with winter storms; especially the most recent
storm Kyrill. (Cf. Fink et al. 2007: 405)

In 2014 a so far untypical storm phenomenon swept over large parts of Western Germany —
the summerly thunderstorm Ela (named by the German Meteorological Service). Ela was
similar to supercells that periodically occur in North America. Unlike the well investigated and
predictable winter storms, summer storm Ela hit Germany unarmed and caused massive
losses to lives and assets, especially in the Wind Risk case study city Essen.

5.3.1. Hazard Parameters

5.3.1.1. Classification of Storms in Germany

The Beaufort Scale

The German Meteorological Service classifies winds according to the Beaufort Scale, invented
by Sir Francis Beaufort in 1806. Table 5 depicts an overview of Beaufort classes 8 to 12 (storm
to hurricane classes) and their corresponding wind velocities measured in kilometers per hour.

Table 9: Beaufort Scale as used by the German Meteorological Service

Wind speed®)

*) Measurement of wind gusts, 10m off the ground over open terrain
Designation Beaufort Scale (Bft.) km/h
Stormy wind 8 Bft. 60-7 km/h
Storm 9 Bft. 75-85 km/h
Severe storm 10 Bft. 90-100 km/h
Hurricane-force storm 11 Bft. 105-115 km/h
Hurricane 12 Bft. 2120 km/h

Source: DWD 2012: 8, own translation.

5.3.1.2. Differentiation between Winter and Summer Storms

In meteorology there is a general differentiation in storms occurring during the meteorological
winter half year (winter storms; October — March) and storms occurring during the summer haft
year (summer storms; April — September).

In Germany especially winter storms are of high relevance as they occur quite often (see
introduction) and usually lead to large damages. Nevertheless, summer storm Ela impressively
showed that also summer storms can occur anytime and anywhere in the country and that the
resulting damages are also very high. Therefore the following table presents the differences
and similarities between winter storms and summer storms.
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Table 10: Characterization of Winter Storms vs. Summer Storms

Winter Storms

Summer Storms

Oct - Mar Apr - Sep
Character mainly depressions: mainly convective events:
e events of several hours, even days e events of minutes, hours
e great geographic extent e small geographic extent
e gathering over several days e gathering within hours
e precisely, early predictable storm path e no predictable storm paths
Examples®’ Storm Kyrill, 2007 at DUS Storm Ela, 2014 at DUS
Magnitude Peak wind gust: Peak wind gust:
e 144 km/h e 140 km/h
10-minutes middle wind: 10-minutes middle wind:
e ca. 7-8 Bft. e ca. 3-4 Bft.
Area affected: Area affected:
e wide parts of Northern Europe e local parts of Belgium, The
Netherlands, France and Germany
(esp. North-Rhine Westphalia)
Most Affected | Forests Urban Areas
Area (10 % of the forest areas were destroyed in the | (20,000 city trees were destroyed)
Ruhr Area)
Damage Costs Property Damage Federal Republic of | Property Damage Federal Republic of
Germany: Germany:
o €2.0hbil e €650 mio.

Municipal Damages:
e €300 mio.

Damages for the German Rail (Deutsche
Bahn):

e €20 mio. direct damages,

e € 36 mio. Indirect economic losses

Major

Responsibility » Sectoral Planning: forestry » Comprehensive Spatial Planning

Sources: Deutsche Riickversicherung 2015: 21; DWD 2014: 7; Bundestag 2014, Website GDV 2007

Generally speaking, the intensity (wind speed) of a storm is more important for the amount of
damages than its duration. Winds that endure only for a short time but with a very high wind
speed can lead to high damages and that is why wind gusts — the extremes of the wind speed
distribution — are crucial for the arising damages. (Cf. GFZ, DWD 2014: 9) This phenomenon
can again be seen when comparing winter storm Kyrill to summer storm Ela.

As figure 18 shows, winter storm Kyrill had strong wind gusts of between 80-100 km/h
(Beaufort classes 9 and 10 — storm, severe storm) for several hours, peaking in a wind gust of
about 140 km/h (Beaufort class 12 — hurricane). The middle winds (the 10-minutes-average)
of Kyrill amounted around 60 km/h (Beaufort class 8 — stormy winds).

Ela on the other hand had quite low 10-minutes middle winds of largely less than 20 km/h
(Beaufort class 4 — moderate winds) and the wind gusts did not differ from these values for

7 Both measurements were taken at the weather station of the German Meteorological Service at Diisseldorf International Airport (DUS).
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hours. Then, suddenly within ten minutes, the peak wind gust went from 20 km/h up to about
140 km/h (hurricane force). Within only three hours both middle winds and wind gusts returned
to moderate winds of around Beaufort class 4. (Cf. Deutsche Riickversicherung 2015: 21)

Figure 43: Comparison of Wind Speeds of Events Kyrill and Ela

Vergleich der Windgeschwindigkeiten der Ereignisse KYRILL (18. Januar 2007) und ELA (9. Juni 2014)
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Source: Deutsche Riickversicherung 2015: 21.

The following description focusses on summer storm Ela as it is a new, so far mainly
uninvestigated hazard.

5.3.1.3. Hazard Description of Summer Storm Ela
Magnitude of the Event

In the evening of June 9" 2014 (Whit Monday) there was an unusually intense thunderstorm
complex moving across North-Rhine Westphalia. During Saturday June 7" and most of
Sunday June 8™ of Whit weekend 2014 the Ruhr Area was meteorologically determined by a
large high-pressure area (‘Wolfgang’), extending from the western Mediterranean Sea to
Middle and Eastern Europe. The high-pressure area lead to hot temperatures of more than
30°C in large parts of Germany and created both the first heat wave of the year as well as the
hottest day of 2014. Because of ‘Wolfgang’ the Whit weekend of year 2014 also was the hottest
one since weather recordings. (Cf. Deutsche Rickversicherung 2015: 16)

At the same time the low-pressure area ‘Ela’ was located at the west coast of Ireland. Already
on Sunday low-pressure area ‘Ela’ started to infiltrate the hot, humid and labile air masses in
North-Rhine Westphalia, smoothening the way to heavy thunderstorms. (Cf. Deutsche
Ruckversicherung 2015: 16; DWD 2015: 3f.)
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Meteorologically thunderstorms are characterized as following: first there is a very warm or
even hot preliminary phase with a high humidity at the near-ground level. As the air
temperature descents between ground and tropopause, distinct instability (lability) arises. If
then a cold front approaches, the near-ground air gets elevated and due to a minimum ground
pressure, broad prefrontal convergence lines format. Along with the elevations goes an
increase in wind speed, increasing with increasing height. (Cf. DWD 2015: 2)

In the case of summer storm Ela, several multi-cell thunderstorm clusters arose along the first
convergence line since June 8" 2014. These were accompanied especially by hail, causing
the first damages of the weekend. (Cf. Deutsche Rickversicherung 2015: 16, 20) On Whit
Monday a mesoscale convective complex (MCC) developed above France. MCCs are
characterized as the strongest thunderstorm complexes possible, as they are the most
widespread and durable thunderstorm complexes possible. (Cf. DWD 2015: 4, 11)

Figure 19 illustrates the temperatures measured at the top of the clouds of the MCC of Ela at
9pm MESZ on June 9" 2014. It can be seen that despite the in general warm near-ground
temperatures the clouds have a temperature of up to -70°C, visualizing the immense
convective potential. (Cf. DWD 2015: 11f.)
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Figure 44: The Mesoscale Convective Complex of Ela above North-Rhine Westphalia

Source: DWD 2015: 12
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Figure 20 shows that within the MCC a distinct S-form of precipitation arose. This precipitation
structure is called “bow echo” and indicates furthermore an intense gust front. The radar picture
contains the precipitation scan reflectivity (dBZ), distinctly showing the highest values in the
City of Dusseldorf. But as the MCC moved further north-east-wards, it hit the City of Essen. In
both cities the measured peak wind gusts had hurricane force (12 Beaufort). At 9pm about 360
lightning strikes per minute were measured®. (Cf. DWD 2015: 13, 17, 20)

Mo 0

Source: DWD 2015: 13

The German Meteorological Service used data from radar, wind and lightning measurements
in order to estimate the probable peak wind gusts for whole North-Rhine Westphalia. Within
the purple framed area (x 10 km) wind gusts of hurricane strength were reached (see figure
21). (Cf. DWD 2015: 23)

Figure 46: Probable Peak Wind Gusts during Ela

Wabhrscheinliche Spitzenbden
09.06.14 19:30 bis 10.06. 07:00 Uhr

Starke 9 bis 10 { 75— 100 kmvh)
e Starke 10 bis 11 ( 80 - 115 kmvh) H
—— Stérke 11 bis 12 (105 — 145 kmvh)

Source: DWD 2015: 2

%8 All over Germany there were 61,000 lightning strikes recorded on June 9. (Cf. Deutsche Riickversicherung 2015: 21)
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It can generally be stated that orography and topography are only of little importance when
measuring wind speeds of thunderstorms. Factors to consider are that valleys, if oriented
parallel with the wind direction may accelerate wind speeds and that of course hill summits are
more exposed to wind as they are high off mean sea level (MSL). When discussing
thunderstorms on a small scale, street canyons built in wind direction may generally increase
wind speeds and the edge of a forest as well as buildings at the edge of urban are more
exposed to wind. (Cf. DWD 2015: 23)

Frequency of the Event

The German Meteorological Service states that every 2 to 3 years North-Rhine Westphalia is
hit by a thunderstorm complex. Problematic is that usually the complexes were geographically
less broad and therefore occur in differing regions.

Also there usually are variations in the concomitants of the thunderstorms. Sometimes they
come along with heavy precipitation, sometimes with strong wind gusts, sometimes with hail.

Summer storm Ela was a new dimension®® of a thunderstorm. Geographically Ela was broader
than any thunderstorm before and therefore large areas of North-Rhine Westphalia were
affected simultaneously. As an MCC it also was more intense and long-lasting than any event
before. Furthermore all concomitants (heavy precipitation, strong wind gusts and hail) came
together, further increasing the damages. The historically outstanding intensity of Ela can also
be seen in Figure 22.

Figure 47: Peak Wind Gusts (May - Sep) since 1971 at three stations in North-Rhine Westphalia

Source: DWD 2015: 25

53.1.3.1. Damages caused by Summer Storm Ela
The Gesamtverband der Deutschen Versicherungswirtschaft e.V. (The German Insurance
Association; GDV) recorded 350,000 damages caused by summer storm Ela (cf. GDV
2015: 28). In total there were six fatalities and 30 seriously and 37 slightly injured persons
caused by summer storm Ela in Germany (cf. Deutsche Rickversicherung 2015: 23).

Very interesting to notice was that most damages were associable with the high wind speeds
of the extreme event, as the Deutsche Rlickversicherung (German Reinsurance Company)
states (cf. Deutsche Riickversicherung 2015: 21).

%9 at least since 1971 (further historical analyses are under preparation)
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The thunderstorm with its 300 km high storm cloud reached Diisseldorf at about 9 pm and at
about that time reached its peak wind speed. Disseldorf, the state capital of North-Rhine
Westphalia with about 600,000 inhabitants was hit hard by the storm. About 30,000 trees were
uprooted and again about the same severely damaged. The falling trees and branches caused
indirect damages to houses, roads, technical infrastructure, parking cars and other city
components. Furthermore direct damages arose when roof tiles got unroofed by the hurricane
force wind speeds.

Figure 48: Picture of Uprooted Trees in Diisseldorf

Source: GDV 2015: 29

At DUS (Dusseldorf International Airport) take-off and landing were stopped from 9 pm to
10 pm and the German Rail precautionary ceased all rail traffic in North-Rhine Westphalia.

In the cities of the Ruhr Area furthermore heavy precipitation caused massive damages as it
locally came to inundations. The reasons for the inundations were both the liters of rain pouring
from the sky within few minutes as well as the problem that falling leaves congested the
manholes. (Cf. Deutsche Ruckversicherung 2015: 21f.)

The severe damages became even more visible the next morning, when road and rail traffic
were extremely restricted and thousands of people were not able to get to their work places.
Especially the German Rail had serious problems in overcoming the damages as one third of
the whole rail network was unusable. All in all the police in North-Rhine Westphalia had more
than 5,000 weather related operations in the night of June 9th/10th. (Cf. Deutsche
Ruckversicherung 2015: 22)

The GDV recorded a damage amount of € 650 million for Germany. Thereof € 400 million were
related to property insurances and € 250 million to vehicle insurances. Summer storm Ela was
ranked second most expensive storm in the last 15 years. The total damages in Middle Europe
by Ela were estimated € 2.1 billion. (Cf. Deutsche Riickversicherung 2015: 23; GDV 2015: 3.)
The storm path as well as the path of damages is visualized in figure 24. It can be seen that
most rail tracks needed to be closed in the Ruhr Area and that especially in Disseldorf and
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the central Ruhr Area up to more than 800 emergency operations were conducted per 100,000
inhabitants.

Figure 49: Closure of rail tracks and operations of emergency units in North-Rhine Westphalia

*  Bahalnien

\eine Soermung
— vk
Unweltersinsitze
% 100,000 Enmctoe

Source: Deu'tsche Riickversicherung 2015: 23

5.3.1.3.2. Trends in Summer Storms
As Ela was the first MCC recorded in North-Rhine Westphalia it is impossible to project
possible future changes or tendencies. Nevertheless, it has to be assumed that due to global
climate change air temperature in general will increase and that also temperature extremes
(heat days) will increase in their number of occurrence. And as warmer air contains more steam
and therefore is more energized, the probability of occurrence for extreme thunderstorm
complexes like MCC rises. (Cf. DWD 2015: 25)

Basing on the analysis of historical data at six weather stations the German Meteorological
Service states the following return periods for different summer storm events (see table 7).

Table 11: Return Periods of Summer Storms of Different Intensities

Intensity of Summer Storms Probable Return Period
10 Beaufort 7-10 years

11 Beaufort about 34 years®

12 Beaufort = 44 years

Source: DWD 2012: 25.

% A summer storm with 11 Beaufort was only measured once at one weather station (Aachen). This weather station is located in a vally,
oriented along the main wind direction (south-west to north-east). It may therefore be concluded that the orography of the region potentially
increases the wind speed and that this recording was highly unusual. (Cf. DWD 2015: 25)
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Summer storm Ela therefore was an extreme event with a relatively low probability of
occurrence. Despite the calculated return periods as presented in table 7 the German
Meteorological Service assumes that Ela had an intensity of a return period of far more than
50 years. (Cf. DWD 2015: 25) Nevertheless statements on the future situations cannot be
made and climate change might drastically lower the potential return period of such an extreme
event.

A research study of the German Meteorological Service in cooperation with the Federal Office
of Civil Protection and Disaster Assistance (BBK, Bundesamt fiir Bevélkerungsschutz und
Katastrophenhilfe) on regional climate projections and changes in hazard extremes states for
the variable wind speed that - relatively speaking - events will occur more often the more
extreme they are. Despite some periodical fluctuations a nearly linear increase in the
probability of occurrence of extreme wind speeds is projected. (Cf. DWD/BBK/THW/UBA
2012: 65)

The most significant trends were projected in winter storms so that it is stated that between
2070 and 2090 the number of winter storms will be doubled in comparison to the reference
period 1961-1990. (Cf. DWD/BBK/THW/UBA 2012: 70)

5.3.1.3.3. Appraisal and Conclusion on Summer Storms
Summer storm Ela was the second costliest summer storms in Germany in the last 15 years.
(Cf. GDV 2015: 3) From Sunday, June 8" until Tuesday, June 11" 2014 there were several
local thunderstorms, accompanied by heavy precipitation, hail and lightning. The most intense
phase was on June 9" when several thunderstorms merged into one MCC. This MCC is today
titled as Ela and is estimated to have a return period of more than 44 years. (Cf. DWD 2015: 3,
26) Figure 25 again depicts the dimensions of MCC Ela.

Figure 50 Satellite Picture and Radar Composite of June 9" 2014, 10pm MESZ

Source: DWD 2015: 5
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In total there were six fatalities and 30 seriously and 37 slightly injured persons caused by
summer storm Ela in Germany. Thousands of trees were either damaged or uprooted and
many houses and cars were damaged. In some parts of the country there were blackouts as
trees fell into power supply lines. In the Ruhr Area and especially the cities Dusseldorf and
Essen public (and private) transportation collapsed for a couple of days as trees were blocking
roads and teared down contact wires. Also flights needed to be cancelled at Disseldorf
International Airport and at several smaller airports. In total the property damages associated
with Ela estimated € 650 million and municipalities reported further damages of €302. (Cf.
Deutsche Ruckversicherung 2015: 23; DWD 2015: 2; DWD 2014: 7f.)

If summer storm Ela had not occurred on a bank holiday (Whit weekend) for which people were
prepared to be supplied with groceries for several days, there might have been more severe
secondary consequences, e.g. bottlenecks in grocery supply.
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