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4. RESULTS

1. INTRODUCTION AND BACKGROUND

3. METHODS

The road sector is vulnerable to extreme weather phenomena, which can
produce large and expensive socio-economic losses. Such phenomena can be
described by Climate Indices (CIs). Via ensembles of climate change projections
future variations of CIs and hence changes in risks can be simulated. This helps
road authorities to use “climate” as a normal variable in designing, managing
reinforcing and maintaining transport networks.

The CliPDaR process step by step:
i. Selection of a socio-economic scenario;
ii. Scenarios are translated via gas-cycle models into concentrations forcing
Global Climate Models (GCMs) via the radiation transfer through the atmosphere;
iii. Drive GCMs with the scenario development of greenhouse gas concentrations;
iv. Downscaling: transfer potential large scale climate change to the regional scale;
v. Assessment of possible impacts on ecosystems or economic structures;
vi. Anticipating the effects of climate change and minimize the consequences.

5. CONCLUSIONS
− Road sector is vulnerable to extreme weather phenomena;
− Essential to know the impacts of global climate change on road network;
− This is achieved through ensembles of climate change projections and the use of Climate
Indices (CIs), describing changes in transport damage risks;
− Figure 11 motivates that ice days (Tmax <0°C) and hot days (Tmax ≥30°C) will probably
change less compared to frost days (Tmin <0°C) and summer days (Tmax ≥25°C);
− We found potential increases in the risk of damages related to very high and very low
temperatures as well as to extreme precipitation events:
• Rutting days (and blow ups);
• Landslides.

2. INFRASTRUCTURE AND CLIMATIC THREATS
Knowing the impact of climate on road infrastructure is crucial in avoiding
damage.
 Extreme precipitation can cause:
• Road structure collapse;
• Sewer system fills up, flooding of streets;
• Danger to coastal road transportation;
• Rainfall-induced landslides;
• Low visibility (safety).
 Extreme temperature can cause:
• Buckling of road surface;
• Rutting of pavement;
• Thermal expansion on
bridge expansion joints;
• Increased frequencies of
freeze-thaw cycles result yielding
deterioration of road pavements.

Figure 5. 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).

– Rutting of asphalt and “blow ups” of concrete roads are safety issues;
– There is an increase relative to today with a north-south gradient;
– The number of occurrences per year, potentially leading to rutting and “blow
ups”, is increasing in the future. Around the southern River Rhine valley the
increase is about three weeks.
Figure 1. Cause-Effect Tensor. Right: Climatic
Indices, left: assets, z-axis: space-time.

The mission of CliPDaR is to provide road authorities with a guideline
supporting decision making regarding the planning, reinforcement and
maintenance of transport infrastructure. CliPDaR identifies climate phenomena
potentially harming transport assets and helps estimating future damage risks.

– There are regions showing no change in the number of precipitation events
potentially causing landslides and others with substantial increases;
– The latter occur predominantly close to topographic complex terrain;
– Increases may be caused by a more frequent advection of moist air masses
carrying more precipitable water than observed so far.

Figure 3. Starting from a particular emission scenario the uncertainty grows with every step necessary to derive
adaptation measures mitigating the impact of climate change (schematic diagram). Please note the two
approaches ‘Multivariate pattern’ and ‘KLIWAS’ used here to address the ‘extreme seasons issue’ as well as
changes in Climate Indices (CIs). After Viner 2002, strongly modified.

Regional scale past and climate change projections (KLIWAS17 ensemble):
 A1B emission scenario (estimated CO2 level by 2100 is 717 ppm);
 Regional Climate Model projections providing daily values of mean, min, max
temperature, precipitation sum, relative humidity and sum of global radiation;
 Further statistical downscaling to a 5-km-grid plus bias-correction.

Figure 4. Geographical location of the target region.

Figure 11. The black distribution represents the current climate and the gray one a possible climate in the future.
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Continental scale past and climate change projections:
 A1B and A2 emission scenario (A2: estimated CO2 level by 2100 is 856 ppm);
 GCM projections providing values of 850hPa temperature;
 Climate change projections compared to the past via an Empirical Orthogonal Function
Analysis (von Storch and Zwiers, 1999).

Figure 2. Examples for road damages.

Figure 6. Projected changes in precipitation events potentially causing landslides for 2071‒2100 compared to
the reference period (1961‒1990). The numbers in brackets below each panel
are minimum and maximum values.

Enlarge the region stepwise by consistently including further European countries;
Use new scenarios (RCPs of EURO-CORDEX);
Avoid the mixing of datasets (“the political border problem”);
Ensure highest quality of data – no breaks along borders;
Include air traffic and railway transport;
Expand the analysis to further CIs – e.g.:
• Damage of bridges and tunnels;
• Road structures collapse;
• Water to street level;
• Collision risks in transport;
• Thermal expansion on bridge expansion joints.
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Figure 7. Changes in counts of frost days (Tmin <0°C) for the period 2071−2100 relative to the past (1961-1990) days.
The left hand side panel refers to the 15th percentile. The others are assigned to the 50th and the 85th percentile.

Figure 9. Time series of winter temperature anomalies (1948-2013) averaged over (i)
the North Atlantic and Europe (purple) as well as (ii) Fennoscandia (turquise) and (iii)
globally averaged. Horizontal lines indicate the percentiles below/above which winters
are classified as very cold/warm. Asterisks/circles mark very cold/warm winter seasons.

Figure 8. Changes in counts of summer days (Tmax ≥25°C) for the period 2071−2100 relative to the past (1961-1990)
days. The left hand side panel refers to the 15th percentile. The others are assigned to the 50th and the 85th percentile.

Figure 10. 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 scenario.

− Almost all of the 25 most recent years
exhibited temperatures way above the longterm average, except for the most recent past,
when Fennoscandian temperatures fall below
the long-term average (Figure 9);
− Most likely winters in the near future
correspond to warm winters of the past;
− The most extreme warm winters of the far
future have not been experienced so far
(Figure 10);
− The A2 distributions shows a larger variance
and weights warmest winters in the far future
with a bit larger probability than the A1B based
distribution (Figure 10).
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