Figure 6 shows the change in summer days in the far
future compared to the past. As argued above: results show
that derived changes in summer days are actually larger
than changes in hot days (not shown). Large parts of the
displayed region may experience substantial changes in the
far future. Figure 6 shows increases in summer days of one
month (and even larger changes).

CIDER ‒ a first peek
What is CIDER?
Figure 6: Projected changes in summer days (Tmax>25°C) for 2071‒2100
th
th
compared to the reference period (1961‒1990). The panels show the 15 , 50
and 85th percentile. The numbers in brackets below each panel are minimum
and maximum values.

The evolution of cold Fennoscandian winters show
potential changes in the near (2021‒2050) and far
(2071‒2100) future (Figure 7). Most likely winters in the
near future correspond to warm winters of the past. In the
far future they comply with rather extreme warm winters of
the past. The most extreme warm winters of the far future
have not been experienced so far. The A2 distributions
weigh warmest winters in the far future with a bit larger
probability than the A1B based does and shows a larger
variance. A2 and A1B are socio-economic scenarios
describing different possible evolutions of mankind in the
st
21 century (see * on first page).

Figure 7: Probability distributions of the first EOF’s appearances throughout
the past (black, solid line) the near future (coloured dashed lines) and the
remote future (solid, coloured lines). Red/green lines refer to the SRES-A2/A1B
socio-economic scenario.

The CIDER (Climate Change and Transport Damage
Risks) initiative develops from a CEDR (Conference of
European Directors of Roads) funded project named
CliPDaR. CIDER’s goal is to develop the findings of
CliPDaR further towards a basis for transport risk
assessment throughout Europe.

What is our motivation?
The road sector is vulnerable to extreme weather
phenomena, which can produce large and expensive
socio-economic consequences. Such phenomena can
be described by Climate Indices (CIs). Via ensembles
of climate change projections it is possible to simulate
future changes of these CIs and hence changes in the
appendant risks. For road owners it is essential to
know as early as possible to what extent global
climate change has an impact on the national and
European road network. By the help of climate
projections we describe the way different Climate
Indices, which potentially harm transport assets, may
st
change throughout the 21 century. Thereby we help
road authorities to use “climate” as a standard
variable in planning and designing, reinforcing and
maintaining transport networks and protect assets in
place.
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CIDER

CLIMATE CHANGE AND TRANSPORT DAMAGE RISKS -- CIDER
CIDER develops from a project funded by the CEDR
(Conference of European Directors of Roads) and sets its
focus on the future transport damage risk evolution. This
includes the identification of potentially harmful
atmospheric states and the modelling of Climate Change
affecting Europe’s transport infrastructure. The CIDER
th
approach relies on a Cause-Effect Tensor of 6 order (CET6)
and an ensemble of regional scale climate change
projections. The CET6 formulates the coherency of Climate
Indices (CIs) and damages. CIs picture the concurrence of
climatic variables like temperature and precipitation
potentially causing damages to transport assets.

APPROACH
In order to warrant a proper assessment of future climate
states it is common practice by now to make use of
ensembles of climate change projections instead of applying
just one projection. This became feasible by the fast
advancing computing power. Ensembles allow for
probability statements (Figure 1). This is comparable to
weather forecasts telling the probability of rain is e.g. 70%.

Figure 1: Starting from a particular scenario* the uncertainty grows with
every step that is necessary to derive adaptation measures mitigating the
impact of climate change (after Viner 2002, quite modified).

Figure 2: Some infrastructure elements and climatological indices (CIs) causing
th
financial and other losses. The sketch displays a Cause-Effect-Tensor of 6t
order.

Another CI that is linked to landsides is shown in Figure 4.
There are regions showing no change in the far future and
others with substantial increases. The latter occur
predominantly close to topographic complex terrain. Such
regions are characterized by precipitation induced by
orographic lifting. Increases may be caused by a more
frequent advection of moist air masses carrying more
precipitable water than observed so far. Educated decisions
regarding the planning, the reinforcement and the
maintenance of transport networks and its assets ought to
be based on analyses as shown here, which supply
information on the geographical distribution of probable
changes in the occurrence of hazardous situations.

RESULTS
Rutting of asphalt surfaces and “blow ups” of concrete
roads are safety issues and destructive processes to road
assets. They are normally linked to periods of hot days and
tropical nights. Hence, an associated CI would be e.g. three
consecutive hot days (Tmax≥30°C) interrupted by tropical
nights (Tmin>20°C). Figure 3 shows the projected changes of
this CI in the remote future (2071‒2100). There is an
increase relative to today with a north-south gradient.
Largest alterations are projected in the River Rhine valley;
while in the northernmost regions increases are
considerably low. The Swabian Alb, the Thuringian Forest,
the Ore Mountains and the Harz show smaller increases
than low laying areas around. Our results show that the
number of occurrences per year, potentially leading to
rutting and ‘blow ups’, is increasing in the future
throughout the entire region. Increases around the
southern River Rhine valley are about three weeks. 70% of
the climate change projections are encased between the
left and the right panel of Figure 3, 4 and 6.

Figure 4. Projected changes in a CI describing precipitation events possibly
causing landslides for 2071‒2100 compared to the reference period (1961‒
1990). The numbers in brackets below each panel are minimum and maximum
values.

Other CIs, are e.g. extreme temperature days as summer
/hot days (Tmax≥25/30°C) or frost/ice days (Tmin/max<0°C),
which are responsible for a number of damages to the
transport system. Figure 5 shows that, given climate change
just pushes the observed distribution towards warmer
temperatures, frost days and summer days can be expected
to change more than ice days and hot days (see the scale
with the colored bars left in Figure 5).

Figure 2 is a three dimensional sketch of a 6 dimensional
Cause-Effect Tensor: (i) the combination of climate
elements potentially causing damages to assets (CIs), (ii) the
transport assets and (iii-vi) space-time, since the states of
the assets change in space with time. An example-CI is
10mm precipitation after a dry spell, which causes not
much risk to prestressed concrete bridges (blue, in Figure 2)
but may harm noise protection walls (red, in Figure 2).
*here

the socio-economic scenarios A2 and A1B from the IPCC are used,
describing different evolutions of mankind in the 21st century (IPCC, 2001).
**Please note the two approaches “Multivariate pattern” and “KLIWAS”
refer to the production of the results in Fig.7 and Fig.3, 4, 6, respectively.

Figure 3: Changes in counts of rutting days per year ‒ periods of Tmax≥30°C
and Tnight,min>20°C ‒ for the period 2071‒2100 relative to the past
(1961‒1990). The left hand side panel refers to the 15 th percentile. The others
are assigned to the 50th (middle) and the 85th percentile (right).

Figure 5: The black/gray distribution represents the current/future climate.
The decrease in ice days is smaller than the decrease in frost days. The same
applies to the warm temperature extremes: Δ(summer days) > Δ(hot days).

