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3.8 Summary
It is important to note that the difference in impact caused by the socio-economic
scenarios (A1B, A2) is smaller than the difference which is to be found between the
periods. This finding is consolidated by the fact that all realizations of the ECHAM5
projections give consistent responses. In winter and for the near future (2021-2050)
the simulated states of the atmosphere giving reason to cold winter seasons in
Fennoscandia decrease and the probabilities of warm and very warm winter seasons
strongly increase. However, these changes take place within the range determined
by the past. Meaning the shift of the peaks of the distributions as well as the change
in the probabilities of warm and cold do not involve unobserved states. This
behaviour alters when considering the remote future (2071-2100). The scenario
ensembles shifted towards very warm conditions into an entirely different climate
than today. In 2071-2100 average winters are comparable to the very warm seasons
of the past (1961-1990) and the very warm conditions of the remote future have not
been experienced so far. They are shifted 20% of the observed range towards
warmer states. These projected changes yield substantial effect on future road
network conditions. It seems that the maintenance fleet used to clear roads from
snow and ice will not need extension, a reduction in size appears meaningful. This is
a perfect place to highlight the importance of well sized ensembles of climate change
projections. The example elaborated here is based on five GCM projections only,
which is perhaps too small to serve as a sound basis for informed decision making.
Depending on the design of the projections twenty member ensembles would be a
better approach. So, from this example we may infer that properly sized ensembles
are an important part of assessment planning. We will devote sufficient attention to
this research question in the next deliverable i.e. ‘the guidelines’. Damages caused
by freeze thaw processes (e.g. falling rocks, cracks in the road surface, frost heave,
etc.) can be expected to decrease wherever they occur presently. However, regions
currently exhibiting average temperatures far below freezing will experience
increasing risks of such damages. Section 4 provides some new insights into
uncertainties coming from GCMs.
The simulated future development of the summer seasons is rather different
from what is found in winter. Two characteristics behave apparently divergent – the
variance and the composition of the future states. The past compilation of the first
time coefficient is based on a narrow range as compared to winter. This meets
expectations as the variability of summer temperatures is small compared to winter.
The distribution modelled for the near future (2021-2050) shows an enhanced
variability of summer temperatures and the co-domains are shifted to warmer
seasons. Very cold summer seasons as found in 1961-1990 do not occur anymore in
the near future. Most common summer conditions in 2021-2050 are those in the right
tail of the observed distribution where the very warm summers lie. So, warm to very
warm near future summers are not to be found in the past. The A1B ensemble
simulates more pronounced changes than the A2 ensemble. In the far future the time
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coefficient shows values outside the observed range. The distributions of the A1B
and the A2 ensembles do not intersect with the observed distribution and are
characterized by variabilities twice as large as the observed one. Extremely warm
summer conditions in 2071-2100 are two and a half times the observed range-length
away from the past.
The findings for summer indicate that the road network in Southern Europe (in
particular the Iberian Peninsula) will face significant changes. Hot summer conditions
perhaps together with unprecedented temperatures will emerge at an enhanced
frequency in the near future and cold summers will disappear. This increases the
risks of damages to transport infrastructure by e.g. rutting. In CliPDaR_D1.2 (see
Figure 1) we motivated that even moderate changes towards higher temperatures
can raise the risk of rutting several times. This is intensified if the variance of the
temperature distribution increases too. So, rutting can be expected to occur more
intense and more frequently.
It is perhaps important to mention that these findings do not imply a
reorganization of the atmospheric circulation over the North Atlantic and Europe.
Results indicate that the atmospheric patterns, identified in connection with very
warm or very cold conditions in Fennoscandia or the Iberian Peninsula, will still occur
in future, but more intense. Let us consider for example the temperature field over
the North Atlantic and Europe which was observed in 1972 and add an increment of
0.1°C at every grid point over Spain, France, Northern Germany and Denmark
(where the first EOF shows large positive values, see Figure 14). This yields a
substantial enhanced value of the time coefficient, perhaps far from the observations,
inside the range simulated for the remote future, but is not a completely
reorganization of the large scale atmosphere.
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4 Discussion
Here we focus on the CEDR questions (i) in how far the observed cold winters in
Fennoscandia and elsewhere are contradicting global warming, (ii) which processes
may have caused these events and (iii) what does this mean for the construction of
GCMs?
GCMs are the main tool to investigate possible future states of the climate
system. This is their purpose and was the driving idea pushing forward their
development. Scientists use GCM to assess the impact of different forcings on the
climate system. The reason is simple - the real climate system we live in i.e. the
Earth allows for one experiment only. There is no way to turn back time if a certain
pathway of mankind yields undesired results. The real world allows for just one
experiment - that mankind carries out right now. So, scientist at e.g. the Max Planck
Institute for Meteorology in Hamburg and at many climate modeling centers in the
world made enormous efforts creating surrogate climate systems with which they can
experiment with no regret. The central recondition is that these surrogate worlds are
close enough images of the reality, which is at the same time the major challenge.
The latest generation of GCMs that was used in the fifth IPCC assessment report
permits among other incorporated development steps the dynamical simulation of
vegetation.

Figure 40: Development of global average temperature (relative to 1986-2005). Black lines: different
observational datasets, coloured lines: GCM projections driven with different scenarios (IPCC, 2013).

Air temperature is perhaps the most central physical quantity impactresearchers focus on when estimating the impact on e.g. ecosystems. So, it is very
helpful that air temperature is amongst those physical quantities GCMs simulate
best. This brings us to one central question raised by CEDR - Are these winters
consistent with current Climate Change models? ‘These winters’ refer to the cold
winters observed recently in Fennoscandia. CEDR puts its finger right on an issue
which is widely debated in the public - the so called temperature increase Hiatus.
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This term stands for the fact that globally averaged temperatures aren’t increasing
since about fifteen years or so. This development is reproduced by only three climate
simulations out of an ensemble consisting of 114 runs (see Figure 40). The actual
measurements are close the bottom of an uncertainty range spanned by socioeconomic scenarios (see e.g. CliPDaR_D2.2), different observational datasets and
natural variability of the climate system. Possible causes that frequently appear in the
discussion are (i) increased volcanic activity, (ii) a reduced solar output, (iii)
unrecognized modes of climate variability or (iv) an enhanced human induced
emission of aerosols into the atmosphere.

Figure 41: Trends [°/10a] derived from the CRUTEM3 dataset for winter and summer (lower panel). Regions
close the Great Lakes, Fennoscandia and in Asia exhibit negative winter trends allegedly opposing global
warming.

Regarding (iii) two theories are offered. The first assumes that the ocean (I)
absorbs a lot more energy than expected so far, which saved the atmosphere from
heating during the last 15 years. This would imply that all GCMs’ temperature
projections overestimate the warming on the long run except (II) the energy catching
mechanism takes place on short time sales as the La Nina phase. The other theory
accepts a reinforcement of the Eurasian high pressure belt, matching the observed
cooling over Scandinavia (see Figure 41) and Asia. This cooling may come along with
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the tremendous reduction in the Arctic sea ice extent, which exerts an effect on the
atmospheric circulation and alters the air moisture as well as cloud formation.
The IPCC suggests that GCMs have problems to simulate the radiative forcing
sufficiently well or show a too high climate sensitivity (meaning that the GCMs
respond too sensitive to alterations of the greenhouse gas content of the
atmosphere).
The group of Hans von Storch and Eduardo Zorita showed that the probability of
such an interruption of warming accompanied by increasing greenhouse gas
concentrations is seldom and as such rather implausibly explained by natural
variability. They point out that a continuation of this temperature state for another five
years would mean GCMs have conceptual flaws.
However, the IPCC assumes that the 2081-2100 global mean air temperature
will be within the (5-95% confidence) range spanned by the present model
generation with a probability higher than two thirds. This means that temperatures
are still expected to increase from 1.8 to 4.5 degree Celsius relative to pre-industrial
levels.
This report CliPDaR_D3.1 is devoted to answering the CEDR claim (see Section
1.1). First it is demonstrated that the most recent winter seasons were rather cold in
Fennoscandia and that hence we are able to confirm the first CEDR statement
(Section 1.3). The winters 09/10 and 10/11 were below the 25 th percentile of the
1948-2012 winter temperature distribution. Moreover the past 25 years or so were
very warm and as such these cold winter seasons were certainly perceived as
exceptional.
Such events affect maintenance budgets and raise questions e.g. whether the
vehicle feet clearing the roads from snow and ice should be enlarged or not. We
briefly discuss the risks of some damage-types (Section 1.4) and their physical
mechanisms.
We analyze the future occurrence frequency of cold winter events in two
methodological different ways. The first approach uses an ensemble of dynamically
downscaled regional scale climate change projections and answers the question by
counting ice and frost days in different periods (1961-1990, 2021-2050, 2071-2100)
and comparing the appendant numbers (Section 3.1). The other (heuristic) approach
uses ensembles of large scale climate change projections and analyzes the
appearance of atmospheric pattern in connection with very cold winter seasons in
Fennoscandia (Section 3.5). The CEDR question is answered by comparing the
frequency distributions describing the impact of the pattern between the three
periods. The same kind of analysis is carried out for very warm summer seasons
(Section 3.7). The findings and their implications on transport infrastructure are
discussed.
Finally we address the CEDR question - how far the observed cold
Fennoscandian winters are in line with global warming. This endeavour leads to a
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discussion that is currently underway. It involves the capability of Global Climate
Models (GCMs) to model the internal variability of the climate system, the pause in
global warming (aka warming hiatus) and somewhat prophetic very cold winter
conditions in Fennoscandia. This way CliPDaR_D3.1 ends with the point it starts
from – cold Fennoscandian winters.
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5 Concluding remarks
CliPDaR will establish a design guideline treating climate change scenarios,
downscaling techniques and statistical methods necessary for the generation of
regional scale scenarios across Europe. This sets the basis for consistent, Europe
wide risk assessments of road infrastructure regarding climate change.
As such it is important to identify climate indices (e.g. long term rain events, hear
spells) harming road assets. This is to be done in cooperation with the road
administrations, people in charge and constructional engineers. The Austrian German Workshop in Vienna (6th to 8th May 2013) was devoted to that. Additionally,
interviews with road experts have been arranged. Thus CliPDaR will address this
with workshops, interviews and participation in international meetings (e.g. FEHRL
FIRM13 in Brussels). Next to that, KLIWAS and VALUE as well as the German
Adaptation Strategy (DAS), the Austrian Adaptation Strategy and the IPCC
Recommendations (IPCC 2007) regarding adaptation measures will be taken into
account.
These sources will be completed by the German Federal expert discussions on
"Climate impacts" and on "guidelines 'dealing with climate projection data'". All these
documents will be considered when preparing the CliPDaR guidelines.
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8 Annex A: Dissemination
Below you may find two Abstracts we have presented at conferences (one
earlier this month, the other some time ago). These are two examples from quite a
list of opportunities (EGU2013, Klimatag2013, FEHRL FIRM13, DACH2013, ECAC,
KlimatologInnentag) we took to present CliPDaR to a broad audience and give a hint
of the progress we have made throughout the past some months. Attached is the
latest poster we presented earlier this month and our paper we have submitted for
review of the FEHRL FIRM Infrastructure Research Magazine.
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8.1 ‘MeteorologInnentag

2013’, Feldkirch, November 2013
Changing risks to European transport infrastructure as
pictured by Climatic Indices - an aspect of CliPDaR

Christoph Matulla(1), Joachim
Chimani(1) and Tobias Fuchs(2)

Namyslo(2),

Konrad

Andre(1),

Barbara

(1) Central Institute for Meteorology and Geodynamics (ZAMG), Department of Climatology,
Vienna, Austria
(2) German National Meteorological Service (DWD), Department of Climate and Environment
Consultancy, Offenbach, Germany

Transport of people and goods is of high importance to economy and society.
This is made possible by transport networks, which should be maintained in good
working order to minimize downtime. The default risk of transport infrastructure to a
particular event equals the occurrence probability of this event times the associated
loss.
One focus of CliPDaR are Climatic Indices (CIs) posing a threat to transport
infrastructure. CIs may be calculated from simple atmospheric variables or
compounds of atmospheric variables. Cause-Effect matrices (CET2s) relating CIs
and the affected transport infrastructure are the core of climate change based risk
assessments regarding transport infrastructure.
The latest version of the IPCC report (5th report, just released) reaffirms that
further climate change is to be expected. So, adaptation is a necessary addition to
mitigation.
The impact of climate change is experienced on the regional scale (e.g.
transport networks across countries, the level of road sections and the scale of single
assets) which therefore defines the spatial extent of adaptation measures.
CliPDaR is intended to provide support to the management in charge of making
decisions regarding the transport infrastructure with respect to climate change.
Thereby we introduce changes into the CET2s only through time dependent CIs (i.e.
the relationship between climate and infrastructure changes only because climate
changes through time and not, for instance, since future assets are getting more
resistant). The time dependencies of the CIs throughout the 21st century are derived
from climate change projections.
Here we show preliminary results for three CIs being representative for quite
diverse parts of CET2s. All of them are calculated for 15 European transport spots
throughout three periods. The first period refers to the observed climate (the so
called ‘normal period’ from 1961 to 1990). The second one covers the near future
(2021-2050) and the third period contains the thirty year period at the end of the
century (2071-2100). To asses uncertainties an ensemble of eight climate projections
(the ‘KLIWAS-8’ ensemble, Imbery et al. 2013) with an exceptional 5-km spatial
resolution was used.
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The first CI refers to frost-thaw processes, which are responsible for damages to
road surfaces (e.g. cracks) or falling rocks. The overall behavior (15 transport spots
and eight ensemble members) shows reduced median values of the likelihood of
occurrence from about 11 days (1961-1991) over 8 (2021-2050) to approximately 4
days, indicating a decreasing risk of damages related to frost-thaw cycles. The
second CI describes heavy precipitation events (here we have chosen daily sums of
and above 30 mm). Such events may be regarded as challenges to drainage
systems. An analysis of the ensemble members over the three periods of time
reveals no significant change. The third CI characterizes conditions that facilitate
rutting. Findings depict an increasing likelihood of occurrence (meaning that the risk
of rutting increases towards the end of the century). In this case it appears worth to
develop and apply adaptation strategies in order to minimize risks and downtime.
Imbery, F., Plagemann, S. & Namyslo, J (2013). Processing and Analysing an Ensemble of
Climate Projections for the Joint Research Project KLIWAS. Advances in Science and
Research, 10, 91-98, doi:10.5194/asr-10-91-2013.
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8.2 FEHRL FIRM13, Brussels, June 2013 CliPDaR: Design a
guideline for a transnational database of downscaled climate
projection data for road impact models - within the
Conference’s of European Directors of Roads (CEDR)
TRANSNATIONAL ROAD RESEARCH PROGRAMME
Christoph Matulla (1), Joachim Namyslo (2), Tobias Fuchs (2), and Konrad Türk
(1)
(1) Central Institute for Meteorology and Geodynamics, Department of Climatology, Vienna,
Austria (christoph.matulla@zamg.ac.at),
(2) German National Meteorological Service (DWD), Department of Climate and Environment
Consultancy, Offenbach, Germany

The European road sector is vulnerable to extreme weather phenomena, which
can cause large socio-economic losses. Almost every year there occur several
weather triggered events (like heavy precipitation, floods, landslides, high winds,
snow and ice, heat or cold waves, etc.), that disrupt transportation, knock out power
lines, cut off populated regions from the outside and so on.
So, in order to avoid imbalances in the supply of vital goods to people as well as
to prevent negative impacts on health and life of people travelling by car it is
essential to know present and future threats to roads. Climate change might increase
future threats to roads. CliPDaR focuses on parts of the European road network and
contributes, based on the current body of knowledge, to the establishment of
guidelines helping to decide which methods and scenarios to apply for the estimation
of future climate change based challenges in the field of road maintenance.
Based on regional scale climate change projections specific road-impact models
are applied in order to support protection measures.
In recent years, it has been recognised that it is essential to assess the
uncertainty and reliability of given climate projections by using ensemble approaches
and downscaling methods. A huge amount of scientific work has been done to
evaluate these approaches with regard to reliability and usefulness for investigations
on possible impacts of climate changes.
CliPDaR is going to collect the existing approaches and methodologies in
European countries, discuss their differences and - in close cooperation with the road
owners - develops a common line on future applications of climate projection data to
road impact models. As such, the project will focus on reviewing and assessing
existing regional climate change projections regarding transnational highway
transport needs. The final project report will include recommendations how the
findings of CliPDaR may support the decision processes of European national road
administrations regarding possible future climate change impacts.
First project results are presented at the conference.
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Please see: http://www.fehrl.org/?m=32&id_directory=7388 for the presentation
given at FEHRL FIRM13.
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8.3 Paper submitted to FEHRL FIRM, the FEHRL Infrastructure
Research Magazine
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8.4 CliPDaR Poster, Feldkirch, November 2013

(1)

(2)

(1)

(1)

Christoph Matulla , Joachim Namyslo , Konrad Andre , Barbara Chimani
(1)
(2)

Central Institute for Meteorology and Geodynamics (ZAMG), Department of Climatology, Vienna, Austria
German National Meteorological Service (DWD), Department of Climate and Environment Consultancy, Offenbach, Germany
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8.5 EGU2014 Abstract

The delivery of goods, people’s mobility, the supply with services and the free
accessibility of vital resources, as hospitals for instance, are indispensable for our
society. All that is possible through functioning transport networks. Globalisation,
changes in technology, demography and climate as well as the strong increase in
freight traffic are fundamental challenges to the reinforcement of systems in place
and the planning of future transport corridors. As for climate change we present an
approach to estimate the rate and amount of change that has to be managed in the
future by the transport authorities.This assessment is based on combinations of
climate elements that potentially harm the transport system. Such combinations
(called climate indices, CIs) are evaluated for the past and the future. The evaluation
of the past refers to the observation period; the assessment of the future is based on
ensembles of climate projections, since a single projection does not allow deriving
uncertainty based statements (see e.g. VALUE www.value-cost.eu). Landslides
originating from long term rain events may serve as an example. In 2013 a number of
landslides caused substantial destruction and downtimes. The perhaps most
prominent example took place in Tirol where the Felbertauern road was hit twice by
landslides and the avalanche gallery was destroyed.
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Figure 1: The three panels show the 15th, the median and the 85th percentile of
the amount of three days of rain each having at least 10mm, and exceeding together
37mm in total for the period 2071-2100 relative to the past (1961-1990). White areas
indicate no change and deep blue regions show substantial increases. The panels
are based on the so called KLIWAS8 ensemble driven with SRES-A1B forcings.
Figure 1 shows the change in three day long rain events (each day having at
least 10mm, adding up to a total larger than 37mm) in the period 2071-2100 relative
to 1961-1990 as an example of such CIs. There are regions showing no change and
others with substantial increases, which predominantly occur close to topographic
complex terrain. Such regions are characterized by precipitation induced by
orographic lifting. Increases can be caused by the more frequent advection of moist
air masses carrying more water vapour than observed so far. The findings rely on the
so called KLIWAS8 ensemble used already by Matulla et al. (2013) in related cases
and generated by Imbery et al. (2013). So 70% of the regional scale climate change
realizations are encased between the left and right panels. Educated decisions
regarding the planning of transport networks and the reinforcement of existing assets
ought to be based on such an analysis, which supplies information on the
geographical distribution of probable changes in the occurrence of hazardous
situations. This is to be further elaborated in the presentation.
Presenting author: Julia Gringinger julia.gringinger@gmail.com University of
Vienna, Austria
Corresponding author: Dr. Christoph Matulla christioph.matulla@zamg.ac.at
ZAMG, Hohe Warte 38 1190 Vienna, Austria
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Annex A: Boxplots

Figure 42: Frost days of Berlin
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Figure 43: Frost days of Dortmund

Figure 44: Frost days of Dresden

Figure 45: Frost days of Frankfurt am Main
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Figure 46: Frost days of Hamburg

Figure 47: Frost days of Hannover
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Figure 48: Frost days of Kiel

Figure 49: Frost days of Köln
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Figure 50: Frost days of Leipzig

Figure 51: Frost days of Linz
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Figure 52: Frost days of München

Figure 53: Frost days of Nürnberg
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Figure 54: Frost days of Passau

Figure 55: Frost days of Salzburg (City)
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Figure 56: Frost days of Stuttgart

Figure 57: Hot days of Berlin
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Figure 58: Hot days of Dortmund

Figure 59: Hot days of Dresden
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Figure 60: Hot days of Frankfurt am Main

Figure 61: Hot days of Hamburg
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Figure 62: Hot days of Hannover

Figure 63: Hot days of Kiel
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Figure 64: Hot days of Köln

Figure 65: Hot days of Leipzig
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Figure 66: Hot days of Linz

Figure 67: Hot days of München
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Figure 68: Hot days of Nürnberg

Figure 69: Hot days of Passau
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Figure 70: Hot days of Salzburg (City)

Figure 71: Hot days of Stuttgart
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Figure 72: Ice days of Berlin

Figure 73: Ice days of Dortmund
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Figure 74: Ice days of Dresden

Figure 75: Ice days of Frankfurt am Main
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Figure 76: Ice days of Hamburg

Figure 77: Ice days of Hannover
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Figure 78: Ice days of Kiel

Figure 79: Ice days of Köln
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Figure 80: Ice days of Leipzig

Figure 81: Ice days of Linz
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Figure 82: Ice days of München

Figure 83: Ice days of Nürnberg
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Figure 84: Ice days of Passau

Figure 85: Ice days of Salzburg (City)
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Figure 86: Ice days of Stuttgart

Figure 87: Summer days of Berlin
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Figure 88: Summer days of Dortmund

Figure 89: Summer days of Dresden
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Figure 90: Summer days of Frankfurt am Main

Figure 91: Summer days of Hamburg
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Figure 92: Summer days of Hannover

Figure 93: Summer days of Kiel
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Figure 94: Summer days of Köln

Figure 95: Summer days of Leipzig
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Figure 96: Summer days of Linz

Figure 97: Summer days of München
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Figure 98: Summer days of Nürnberg

Figure 99: Summer days of Passau
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Figure 100: Summer days of Salzburg (City)

Figure 101: Summer days of Stuttgart
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