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Meanwhile in Japan…



In recent years with the Sustainable Development Goals and the Paris Climate Agreement, 

adaptation of transport to the future climate is increasingly being recognised as vital to the 

continued success of mobility and global trade and development

Climate Change & Extreme Weather events

❑ 2008 – Hurricane Katrina

❑ 2012 – SuperStorm Sandy

❑ 2014 – Flooding Interstate 10

❑ 2015 - Riverside County I-10 bridge washout 

❑ 2017 – Hurricanes Harvey and Maria

❑ 2018 - Hurricanes Florence and Michael

❑ 2019 – Fires in California

5 

 

In recent years, the complex interdependencies of the European infrastructure networks have been 

highlighted through multiple failures during extreme weather events. These failures have been the 

driver for this project concept and the aim of RAIN is to better predict the sensitivity of European in-

frastructure to such widespread disruption so that mitigation measures can reduce the impact of possi-

ble future events. Examples of such failures include: 

New York Hurricane and Severe Storm damage (2012): The largest Atlantic storm on record, hur-

ricane Sandy, devastated portions of the Caribbean, Mid-Atlantic and North Eastern United States in 

late October 2012. At the time of preparing the RAIN project, Sandy was estimated to have caused 

damage of at least $20 billion USD and further estimates of losses (including business interruption) 

surpassed $50 billion. At least 193 people were killed along the path of the storm in seven countries. 

In Jamaica, winds left 70% of residents without electricity, blew roofs off buildings, killed one, and 

caused about $55.23 million in damage. In Haiti, Sandy's outer bands brought flooding that killed at 

least 54, caused food shortages, and left about 200,000 homeless. In the Dominican Republic, two 

died. In Puerto Rico, one man was swept away by a swollen river. In Cuba, there was extensive 

coastal flooding and wind damage inland, destroying some 15,000 homes, killing 11, and causing $2 

billion in damage. In the United States, Hurricane Sandy affected at least 24 states, from Florida to 

Maine and west to Michigan and Wisconsin, with particularly severe damage in New Jersey and New 

York. Its storm surge hit New York City on October 29, flooding streets, tunnels and subway lines, 

Figure 1.1(a), and cutting power in and around the city. New York governor Andrew Cuomo called in 

the National Guard members to help the state. Fi-

nancial services were severely affected, with the 

New York Stock Exchange remaining closed for 

trading for two days, the first weather closure of 

the exchange since 1985. The East River over-

flowed its banks, flooding large sections of Lower 

Manhattan. Battery Park had a water surge of ap-

proximately 4.0m. Seven subway tunnels under the 

East River were flooded, which the Metropolitan 

Transportation Authority stated early on October 

30  “that  the  destruction  caused  by the storm was 

the worst disaster in the 108-year history of the 

New  York  City   subway   system”.  Gas   shortages  

throughout the region led to an effort by the U.S. 

federal government to bring in gasoline and set up mobile truck distribution at which people could 

receive up to 10 gallons of gas, free of charge. This caused queues of up to 20 blocks long and was 

quickly suspended. The full extent of the infrastructure damage may not be quantified for some time 

yet but it is clear from preliminary reports that the hurricane had a devastating impact on a wide vari-

ety of infrastructure networks.  

Flood damage: In September 2012, twelve people died and hundreds had to be evacuated as a result 

of the flash floods in Andalucía and Murcia in the south of Spain. This single event caused by torren-

tial rain resulted in damage to infrastructure networks and building alike, including the collapse of 

two bridges on two motorways. The cascading effects and interdependencies of these infrastructure 

failures are yet to be determined. 

In the period from 30
th
 July to 8

th
 August 2010, Finland was hit with severe storms, particularly 

'downbursts' following an unusually period of high temperatures. Falling trees cut off roads, destroyed 

buildings and caused devastation to property. The water and electricity networks were cut off in wide 

 

Figure 1.1(a): Flooding in New York Subway 

following Hurricane Sandy (30
th
 October 

2012) 



Impact on Infrastructure



Transport is a ‘system of systems’ and resilience of each transport mode to the impact of future 

weather patterns along the entire network of global supply chains warrants consideration so that 

impacts, risks and vulnerabilities across transport modes are identified and addressed.

Impact on Transport Infrastructure

Summary of possible direct physical impacts from extreme weather events and possible adaptation strategies for transportation

infrastructure (TRB, 2008; NCHRP, 2011; FHWA, 2012; Meyer and Weigel, 2011; FTA, 2011; Rattanachot et al.,

2015; Taylor and Philp, 2015).



“The ability of a system, community or society exposed to hazards to resist, absorb, accommodate
to and recover from the effects of a hazard in a timely and efficient manner, including through the
preservation and restoration of its essential basic structures and functions” [UNISDR]

Definition of Resilience



Resilience of Transport Infrastructure



Resilience of Transport Infrastructure

The magnitude of Europe’s transport infrastructure is significant*:

• Roads, counts for approximately 5 million km in the 28 EU 

Member States;

• Railways have a total length of lines around 215.000 km

• Kilometers driven on Europe’s networks doubled between 1980 

and 2000 (this figure is projected to double again by 2030)

* “Impacts of Climate Change on Transport: A focus on road and rail transport infrastructures” – JRC European Commission
** Courtesy of REFINET project

• Financial allocations for maintaining and operating EU TI 

can be volatile depending on the financial/political context 

and overall operational needs

• The quality and performance of Transport Infrastructure 

(road, rail, air, water) is not homogeneous across EU**



Resilience of Transport Infrastructure

* peseta.jrc.ec.europa.eu/transport

• Life Cycle Costing (LCC) decrease over time / phases of an infrastructure

• Damages to TI due to extreme events could increase by 50% by 2040, 

reaching €930 million/year, requiring €590 million of additional annual

spending*

• EU Transport Infrastructure are near the End of Life

• Suffering of increased fatigue problems

• Bridges and Tunnels are weak points



Design, Operation & Maintenance

• Flood source data - Characterised by return period (probability)

• Design of Drainage Systems

• Mix Design of Pavements

• Structural Design

DESIGN

OPERATION

MAINTENANCE

• Asphalt cracking

• Bridge scour/washout

• Reduced structural integrity

• Increased damage from freeze thaw cycles

• Vegetation Management

• Drainage System upgrade/replacement

• Additional slope retention structures

Courtesy of ECOGEST S.p.A



Maintenance: Case Study
• Italian Case Study to improve & update vegetation maintenance planMAINTENANCE

Average 2013-2017
Annual weighted

average

Difference (mm) between 2017 and the 

average 1993-2016

Courtesy of Veneto Region - ARPA

Estimation of summer precipitation in 

Veneto (fallen millimeters)

Courtesy of ECOGEST S.p.A



This project has received funding from the European Union’s
Horizon 2020 research and innovation programme under 

grant agreement No 769373”

“Future proofing strategies FOr RESilient
transport networks against Extreme Events”

The Approach

18 Partners

6 Case studies

9 Work Packages

Overall budget:

€ 4 995 147,50

Start date 9/2018

End date: 2/2022



▪ Provide cost effective and reliable tools to improve resilience of road,

rail and multimodal infrastructures and transportation hubs.

▪ Address the effectiveness of resilient measures to improve the ability to

anticipate, absorb, adapt and recover from a potentially disruptive event.



MAN-MADE 

HAZARDS

EXTREME 
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The Approach

6 Case Studies

5 Countries

Road & Rail network



#1 - CARSOLI-TORANO

A24 HIGHWAY. 

PILOT RESPONSIBLE: AIS

#2 - NAPLES TO BARI

A16 HIGHWAY (TEN-T 
CORRIDOR #5) 

PILOT RESPONSIBLE: ASPI

#3 - MONTABLIZ VIADUCT

PILOT RESPONSIBLE: UC

#4 - RAILWAY TRACK 
6185 (OEBISFELDE-BERLIN

SPANDAU) –

PILOT RESPONSIBLE: IVE

#5 – M30 RING ROAD

MADRID

PILOT RESPONSIBLE: FERR

#6 - 25TH APRIL

SUSPENDED BRIDGE -
LISBON

PILOT RESPONSIBLE: IP



CASE STUDIES

1 2 3 4 5 6

Carsoli-Torano (Italy): A24 
Highway

Naples to Bari (Italy) - A16 
Highway 

Montabliz Viaduct 
RAILWAY TRACK 6185 

(Oebisfelde-Berlin Spandau) 
M30 Ring Road Madrid 

25th April Suspended Bridge -
Lisbon (Portugal) 

Events AIS ASPI UC IVE FERR IP

Flood YES YES

Earthquake
YES

YES YES

Fire

Snow YES

Landslide YES YES

Wind YES

Man Made YES YES YES

Cascade Effects YES



A Decision Support System to provide

better informed resilience schemes

Guidelines

New materials and systems

regarding permeable pavements;

A reliable satellite and terrestrial Data

Acquisition System

A Situation Awareness System for the

prediction and alert of extreme events

The main output



This project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No 769373”

The main output



The main outputCurrent Result
▪ Development of a guideline and defining metrics (KPIs

and KRIs) to measure the Level of Service and resilience

of multimodal rail and road networks.

▪ Development of a method to set target values of the

Level of Service and resilience to be provided by multi-

modal infrastructures.

▪ Integration of the measures of the Level of Service and

resilience in governance and management of

infrastructures.

ID Level Cost

Total 59%

L1
Infrastructure 70%

L2
Environment 43%

L3
Organization 54%

L1.1
CS of the infrastructure 61%

L1.2
Protection measures 38%

L1.3
Preventivemeasures 100%

L2.1
Context 43%

L3.1
Pre-event activities 50%

L3.2
Post event activities 62%



The main outputNext Steps in 2020

▪ Related to Satellite technologies and applications

o Virtual modeling platform and asset failure 

prediction

o SHM BIM based alerting SAS platform

▪ Decision and assesment Tools:

o Traffic Module

o Decision Support Module

o Hybrid data assesment package 

▪ New products:

o New pavements for extreme event conditions

o Smart and integral slope stabilization and 

protection system



The main outputNext Steps in 2020

▪ Deploy a Use Case Scenario for each CS

▪ Development of the Technological Tools for

testing activities

▪ Preparation of the Validation Strategy for testing

activities
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The Consortium



Muito Obrigado!

federico.digennaro@aiscatservizi.com

https://foreseeproject.eu

Federico Di Gennaro
Head of Strategic Projects

https://foreseeproject.eu/

