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1. INTRODUCTIOANDBACKGROUND

The road sector is vulnerable to extreme weather phenomena,which can
produce large and expensivesociceconomiclosses Suchphenomenacan be
describedby Climatelndices(Cls) Viaensemblef climate changeprojections
future variationsof Clsand hencechangesn riskscanbe simulated Thishelps
road authoritiesto used Ot A ‘¥dain@raal variablein designingmanaging
reinforcingand maintainingtransportnetworks

Knowingthe impact of climate on road infrastructure is crucial in avoiding
damage

- Extreme precipitation can cause:
ARoadstructure collapse;
ASewer system fills ufiooding of streets;
ADanger to coastal roalansportation;
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deteriorationof road pavements. Indices, left: assets;axis: spacdime.
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“e.g. 10mm after dry spell
(> 7 days)

"e g. period of hot days and tropical nights

e.g. noise protection walls ™

The mission of CliPDaRis to provide road authorities with a guideline
supporting decision making regarding the planning, reinforcement and
maintenanceof transportinfrastructure CliPDaRdentifies climate phenomena
potentially harmingtransportassetsand helpsestimatingfuture damagerisks

Figure 2. Examples for road damages.
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TheCliPDaR process step by step:

i. Selectionof a sociceconomicscenariq

ii. Scenarios are translated via gascycle models into concentrations forcing
GlobalClimateModels(GCMs)yiathe radiationtransferthroughthe atmosphere

iii. Drive GCMswith the scenariodevelopmentof greenhousegasconcentrations

iv. Downscalingtransfer potential largescaleclimate changeto the regionalscale

v. Assessmenof possibleimpactson ecosystem®r economicstructures

vi. Anticipatingthe effectsof climate changeand minimizethe consequences

Emission- | Green- global down- Impact Adaption
Scenario |housegas-| climate scaled analysis
con- GCMs regional

climate

Figure 3Starting from a particular emission scenattte uncertainty grows with everstepnecessaryo derive
adaptationmeasures mitigatinghe impact of climate change (schematic diagraRipasenote the two
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changes in Climate Indices (ClIs). Aftieler2002, strongly modified.

Regionakcalepastand climate changeprojections (KLIWAE7 ensemblg:

- AlBemissionscenario(estimatedCQ levelby 2100is 717 ppm);

- Regional Climate Model projections providing daily values of mean, min, max
temperature,precipitationsum,relative humidity and sumof globalradiation;

- Furtherstatisticaldownscalingo a 5-km-grid plusbiascorrection

Continentalscalepastand climate changeprojections

- AlBandA2 emissionscenario(A2: estimatedCQ levelby 2100is 856 ppm);

- GCMprojectionsprovidingvaluesof 85ChPatemperature

- Climatechangeprojectionscomparedto the pastviaan EmpiricalOrthogonalFunction
Analysigvon Storchand Zwiers 1999).

d Fennoscandia/ Baltic

Figure 4Geographical location of the targetgion.
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¢ Ruttingof asphaltand& 6 f dzldafconcreteroadsare safetyissues ¢ Thereare regionsshowingno changein the number of precipitation events
Thereisanincreaserelativeto today with a north-south gradient potentially causingandslidesand otherswith substantialincreases
¢ The number of occurrencesper year, potentially leadingto rutting and @ 6 f 2 6 ¢ Thelatter occurpredominantlycloseto topographiccomplexterrain;
dzLJais increasingin the future. Around the southern River Rhine valley the ¢ Increasesmay be causedby a more frequent advection of moist air masses
Increases aboutthree weeks carryingmore precipitablewater than observedsofar.
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Figure 7. Changes counts of frost daysl(,, <0°C) for the perioéh 1 T ™ b relatimerto the past1961-1990 days.  Figure 8. Changés counts of summer day$,{,, > H°@) for the periosh 1 T ™M b relatimesto the past{961-1990
The left hand side panel refers to theMgercentile. The others are assigned to th& 5@d the 8% percentile.
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and weightswarmestwinters in the far future

Figure 9Time series of winter temperature anomal{@8482013 averaged ovel)
the North Atlantic and Europe (purple) as well as (ii) Fennoscandimice and (iii)
globally averaged. Horizontal lines indicate the percentiles below/abwbiehwinters
are classified as vergold/warm. Asterisks/circles mark very cold/warm winter seasons.

throughout the past (black, solid line) the near future (coloured
dashed lines) and the remote future (solid, coloured lines).
Red/green lines refer to theRE&2/A1Bscenario.

distribution (Figurel0).
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days. The left hand side panel refers to th& pBrcentile. The others are assigned to th& a@dthe 83" percentile.
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5. CONCLUSIONS

b Roadsectorisvulnerableto extremeweatherphenomena
b Essentiato knowthe impactsof globalclimate changeon road network;
b Thisis achievedthrough ensemblesf climate changeprojectionsand the use of Climate
Indices(Cls)describingchangesn transportdamagerisks
b Figure 11 motivates that ice days (T« <0°C) and hot days (T,., *30°C) will probably
changelesscomparedto frost days(T,,,, <0°C)and summerdays(T;, . 5°C)
b We found potential increasesin the risk of damagesrelated to very high and very low
temperaturesaswell asto extremeprecipitationevents
ARuttingdays(andblow ups);
Alandslides
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Figure 11. The black distribution represents the current climate and the gray one a possible climate in the future.

b Enlarge the region stepwise by consistently including further Europeantries;
b Use new scenarios (RCPs of EACRIRDEX
L1 @2AR (GKS YAEAYy3I 2F RIGI #9Ta
b Ensure highest quality of datano breaks alongporders;
b Include air traffic and railwalyansport;
b Expand the analysis to further Gls.g.:

ADamageof bridges andunnels;

ARoadstructurescollapse;

Awater to streetlevel;

Acollisionrisks intransport;

AThermalexpansion on bridge expansigmints.
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