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0 Executive summary  

From 2013 and onwards the Federal Highway Administration (FHWA) and Rijkswaterstaat have worked 
ǘƻƎŜǘƘŜǊ ƻƴ ǘƘŜ ǘƘŜƳŜ ƻŦ ΨwŜǎƛƭƛŜƴŎŜ ǘƻ /ƭƛƳŀǘŜ /ƘŀƴƎŜ ŀƴŘ 9ȄǘǊŜƳŜ ²ŜŀǘƘŜǊ 9ǾŜƴǘǎΩΦ 
 
The collaboration has shown there are valuable tools and knowledge on both sides that are worth sharing 
and implementing. This report provides an overview. The next step, and challenge, is to fully integrate 
climate adaptation strategies into the working processes of both organizations.  
 
Scope and structure of the report 
The goal of this report is to help to improve FHWA and Rijkswaterstaat processes towards resilience of 
infrastructure to climate change. To that end the report describes strategies, methods, reports and best 
practices in both the USA and the Netherlands (and where relevant other European countries) to help to 
increase the resilience of infrastructure to climate change in a better, smarter, and more cost effective way. 
The process to work towards resilient infrastructure can be divided into three main phases: 1. vulnerability 
and risk assessment, 2. developing and incorporating adaptation options and 3. managing adaptation 
options. The report is roughly structured along these phases. 
 
Climate change scenarios 
The projections of climate change on the USA and on Europe show both similarities and differences. 
On both continents we see more intense precipitation and heat waves. In the USA there is more melting of 
snow and permafrost in the north and drought in the southern parts of the continent. In the USA there is a 
strong focus on the likely increased reach of storm surge with sea level rise and stronger hurricanes. 
Hurricanes are not an issue in Europe, although more intense storms and collateral damage are expected. 
 
In the Netherlands, sea level rise is a prominent issue as much of the land elevation is already below sea 
level, and sea level on the Dutch coast is projected to rise 80 centimeters (2.5 feet) by 2100. The projected 
sea level rise on the southern and eastern coast of the USA tends to be even higher (by 2100 up to 4 feet, or 
6.6 feet under a rapid ice melt scenario).  However, the USA also has many inland population centers which 
will not be affected by sea level rise. 
 
Policies and national strategies 
Both the FHWA and Rijkswaterstaat are government agencies responsible for highway networks. However, 
Rijkswaterstaat authorities also include coastal and riverine flood defense and water quality management.  In 
the US, those authorities are under the purview of agencies separate from FHWA; the US Army Corps of 
Engineers constructs and manages US flood defenses and the US Environmental Protection Agency is 
responsible for water quality.   
 
A Presidential Executive Order requires all US federal agencies, including FHWA, to integrate climate risks into 
agency programs and operations. In the Netherlands, climate adaptation is not a specified criterion yet in 
maintenance, construction and management of the National Highway System by Rijkswaterstaat. Integration 
is being worked on at present through the Netherlands National Adaptation Strategy, expected in 2016. 
 
In both the USA and the Netherlands a national strategy and a plan for adaptation to climate change have 
been or are being worked out, roughly covering the same risks and impacts related to climate change. 
However, there are some differences in the overall approach.  
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In the Netherlands, the primary focus is on preventing coastal flooding from sea level rise and extreme 
weather.  This strategy is implemented through the Delta Programme, a one billion Euro per year 
government program of flood defenses (dykes, levees, etc.) protecting the population and the built 
environment.  The Delta Programme is risk-based; the probability of casualties as a result of flooding must 
not be higher than 1:100,000 per annum.  The effects of the other aspects of climate change (such as heat, 
drought, and river flooding) are met by making water systems, infrastructure and built-up areas more robust. 
The National Adaptation Strategy encompasses all climate change effects and covers the fields of health, 
agriculture, tourism, mobility and infrastructure, energy, international affairs, etc. 
 
The focus in the USA is mainly on managing the effects of extreme weather and climate change to keep the 
impacts as low as reasonably possible. To do so, federal agencies must consider climate change in their 
investments.  Prevention of flooding through multi-sectoral flood defenses is managed by the US Army Corps 
of Engineers and local floodplain managers.  Risk tolerance in the USA is higher, with many assets built to the 
1 in 100 year flood level of protection.   
 
The European Union (EU) is requiring that projects financed under the planned Trans-European Transport 
Network (TEN-T) must consider climate change risks. Co-financing rates may be increased by up to 10 
percentage points for actions enhancing climate resilience. 
 
Climate action is a key priority for the EU. To respond to challenges and investment needs related to climate 
change, the EU has agreed that at least 20% of its budget for 2014-2020 ς ŀǎ ƳǳŎƘ ŀǎ ϵмул ōƛƭƭƛƻƴ ҍ ǎƘƻǳƭŘ ōŜ 
spent on climate change-related action.  
 
In both the USA and the Netherlands, investments to make transportation systems more robust to climate 
change and the prevention of flooding in low-lying areas are key issues in the national plans for the 
adaptation to climate change. The exchange of knowledge and experiences on these issues should help to 
improve climate change strategies of both FHWA and Rijkswaterstaat. 
 
Vulnerability and risk assessment 
Both FHWA and Rijkswaterstaat have the responsibility to provide tools, case studies and best practices for 
incorporating climate change into decision-making. A lot of work in this respect has been done on 
vulnerability and risk assessment. 
 
In the USA, FHWA funded 24 pilot studies across the country on transportation resilience to climate change.  
These studies were carried out by state and local agencies while FHWA provided technical assistance and 
funding. Based on the lessons learned in the first round of pilots, the FHWA developed the Climate Change & 
Extreme Weather Vulnerability Assessment Framework. This framework provides an overview of the key 
steps in conducting vulnerability assessment and gives in-practice examples to demonstrate a variety of ways 
to gather and process information. 
 
For the Netherlands, most work on vulnerability assessment is being done on a European level in the 
ROADAPT, RIMAROCC and Blue Spot projects and research programs. The tools and guidelines are based on 
and tested in only a few pilots concentrated in the Northwestern region of Europe.  
 
The most striking differences and similarities in vulnerability assessments in the different pilot projects in the 
USA and Europe are listed below: 

¶ The pilots in the USA usually look at the transport system as a whole whereas the pilots in Europe focus 

on road networks and related systems and services 
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¶ In both the US and European pilots, a wide range of climate variables and effects are taken into account. 

The emphasis is mostly on the risks of flooding and on the effects of extreme rainfall. Due to large 

differences in climate and geography, the climate data and the stress factors involved in the different 

pilots can vary widely. 

¶ Guidance in the USA pilots is organized in accordance to the decision making process focussing often on a 

more qualitative risk assessment, on identifying and prioritizing options and the involvement of 

stakeholders. The European project and research programs follow a more scientific approach providing 

technical guidelines on the use of climate data, on vulnerability assessment and on performing a socio 

economic impacts assessment. 

¶ Both the US and European pilots and guidelines mainly use GIS-aided methodologies for the vulnerability 

assessment. The availability of correct GIS files and databases greatly influences the results. 

An in-depth comparison of the technical approaches and methodologies used for vulnerability assessment in 
the USA and Europe is hard to carry out. Especially in the US, pilots use different technical approaches and 
methodologies. The pilots are conducted by the state and local agencies, which have their own goals and 
emphases. In addition, the availability of data varies for each pilot and this influences the choice of 
methodology. The European projects and pilots are more centrally coordinated and therefore much more 
uniform in the methodologies used. 
 
Implementing adaptation options 
Both FHWA and Rijkswaterstaat have developed frameworks and guidance documents that focus on the 
process of developing and integrating climate change and that evaluate methodologies and best practices. 
These frameworks and guidance documents are meant to help agencies in developing tailor-made solutions 
for each individual project.  
 
In both the USA and the Netherlands climate change will be a mandatory part of Environmental Impact 
Assessment (EIA). In the Netherlands, the requirement will come into effect in 2017.  The Netherlands does 
not have examples of climate resilience incorporation into EIA to share.  In the USA, the US Council on 
Environmental Quality has released draft guidance and is expected to release final guidance soon. Though the 
guidance will not technically require inclusion in EIA, CEQ guidance is usually interpreted as a de facto 
requirement. At the state level, Washington state department of transportation requires climate adaptation 
consideration in EIA by state law and as such EIA documents from that state provide examples. 
 
Both agencies in the USA and RWS are dealing with limited financial resources for adaptation to climate 
change. There is a need for cutting costs and at the same time, mobility is expected to improve, requiring 
even more funding. This is a major challenge, calling for innovation.  
 
Cost benefit analysis is seen as an important instrument to underpin the need for implementing adaptations 
options even though there is often no legal obligation for it. The long-term view and the large amount of 
uncertainty in the effect of climate change provide a problem when estimating the benefits of adaptation 
options. There is a considerable amount of guidance on this subject in the USA which can be useful for the 
Netherlands. 
 
Very few design procedures are adapted to the impact of climate change. In the Netherlands and Denmark, 
design standards on the discharge of run-off have been increased 30 percent to account for more intense 
precipitation because of climate change.  This is based on Dutch meteorology projections of a 27.5% increase 
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with rounding up to account for uncertainty.  In the US, pilot projects have taken different approaches to 
estimating precipitation and streamflow changes from climate change.  Some have found that simply using 
more updated historic data provides a significant improvement to previous practice, which used data from 
the 1960s.  Others have input precipitation projections downscaled from global climate models into local 
hydrology models to develop estimates for streamflow.  Still others have estimated the percent increase in 
streamflow a bridge or culvert could withstand before being overtopped in order to assess vulnerability to 
different climate scenarios.  On the national level, the US President updated the Federal Flood Risk 
Management Standard in 2015 to account for climate change.  Federal agencies have three options: using 
best available science; using two to three feet of elevation above the 100 year flood elevation, or using the 
500 year flood elevation.  FHWA is working on determining how best to incorporate this new requirement 
into highway design. 
 
In terms of sea level rise, the Dutch Delta Programme incorporates sea level rise estimates.  In the USA, the 
Army Corps of Engineers requires coastal flood protection projects to consider sea level change.  The state 
transportation agencies for California and Washington state require consideration of sea level rise in 
transportation project development and design. 
 
Given the complexity and uncertainties associated with climate change, much can be gained by a single 
source where information can be found on climate data, reports, frameworks and best practices. FHWA has 
already invested in websites, workshops and sessions (e.g. webinar series). Rijkswaterstaat is still at the 
starting point of unlocking available information, sponsoring of pilot projects and organizing workshops. 
 
Asset management 
In both the Netherlands and the USA asset management is considered to be a key element in making the 
National Highway Network more resilient to climate change. Asset management covers both the 
maintenance and replacement of existing infrastructure as well as the construction of new infrastructure 
designed and built to face the effects of climate change.  
 
The main challenge is to cope with the unpredictability of climate change and to work out how to incorporate 
the unpredictability into a risk based approach in a financially responsible way. Asset management also 
requires good asset data. Gathering and documenting these data has proven to be a challenge in itself. 
 
In both USA and the Netherlands, implementing climate change in asset management is still in its early 
stages. Available reports and papers from the USA focus on what elements of climate change can be taken 
into account in asset management. CI²!Ωǎ ŘǊŀŦǘ ŀǎǎŜǘ ƳŀƴŀƎŜƳŜƴǘ ǊŜƎǳƭŀǘƛƻƴ ǿƻǳƭŘ ǊŜǉǳƛǊŜ ǎǘŀǘŜ 5h¢ǎ ǘƻ 
consider climate risks.  Available reports and papers from the Netherlands focus on how climate change 
adaptation can be implemented in asset management.  
 
The roles of the FHWA and of Rijkswaterstaat in asset management differ. FHWA oversees and supports state 
DOTs in construction and maintenance of the National Highway System. Rijkswaterstaat itself is responsible 
for the maintenance, operations, renewal and expansion of the National Highway Network in the 
Netherlands. 
 
Conclusions 
Both countries have benefited from the collaboration on infrastructure resilience to climate change and there 
are many opportunities for continued collaboration.   
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FHWA intends to review the ROADAPT guidelines in the update of its Climate Adaptation Framework.  At the 
ǎŀƳŜ ǘƛƳŜΣ CI²!Ωǎ ŦǊŀƳŜǿƻǊƪ ŀƴŘ Ǉƛƭƻǘ ƭŜǎǎƻƴǎ ƭŜŀǊƴŜŘ Ƴŀȅ ōŜ ƘŜƭǇŦǳƭ ǘƻ ǘƘŜ bŜǘƘŜǊƭŀƴŘǎ ƛƴ ƛǘǎ ŀǇǇƭƛŎŀǘƛƻƴ 
of ROADAPT. 
 
The Netherlands experience with large coastal flooding protection projects, protecting land that would 
otherwise be permanently inundated by the sea, provides useful knowledge that can applied in the USA.  
Meanwhile, the multiple innovative approaches adopted by pilot projects in the USA for incorporating 
climate risks into transportation planning and project development offer examples relevant to the 
Netherlands.  Both countries have also expressed interest in additional collaboration on approaches to 
incorporating precipitation changes into infrastructure design. 
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1 Introduction  

 

From 2013 and onwards Federal Highway Agency (US DOT) and Rijkswaterstaat have worked together on 

the theme of óResilience to Climate Change and Extreme Weather Eventsô. 

This collaboration has shown there are valua ble tools and knowledge on both sides that are worthe to be 

shared and implemented. This report gives an overview of this. The next step and challenge is to further 

implemt climate adaptation options fully into the working processes in both organizations.  

 

Scope and goal of the report  

The scope of the report is (climate) resilient infrastructure. The goal of this report is to help to improve the 

FHWA and Rijkswaterstaat processes towards resilience of infrastructure. To that end the report describes 

strategies, methods, reports and best practices in both the USA and the Netherlands (and where relevant 

other European countries)  to help to increase the resilience of infrastructure to climate change in a  better, 

smarter, and more cost effective  way .  

 

Rising temperatures and sea levels as well as an increasing frequency and intensity of  extreme weather 

events (e.g. storms, heat waves, flooding) already have significant  impact on the functioning of transport 

infrastructure . The consequences of climate ch ange are both negative and positive for transport  

infrastructure such as for rail, road, shipping and aviation, but will differ from region to  region. In 

particular, the projected increase in the frequency and intensity of extreme  weather events such as he avy 

rain (e.g. causing floods), heavy snowfall, extreme heat and  cold, drought and reduced visibility can 

enhance negative impacts on the transport  infrastructure, causing injuries and damages as well as 

economic losses, transport  disruptions and delays. Some beneficial impacts on transpo rt can also be 

expected, such as reduced snowfall . 

 

In Europe f or road transport infrastructure, weather stresses represent from  30% to 50% of current road 

maintenance costs (8 to 13 billion ú p.a.). About 10% of these cost s (~0.9 billion ú p.a.) are associated 

with extreme weather events alone,  in which extreme heavy rainfalls and  floods events represent the first 

contribution.  These costs might be reduced in the future  by making infrastructure more resilient to climate 

cha nge.  Similar figures for the USA are not yet available  but are expected to be in the same range . 

 

Structure of the report  

The process  to work towards resilient infrastructure can be divided into three main phases : 1.  vulnerability 

and risk assessment, 2. developing adaptation options and 3. incorporating and managing adaptation 

options .  

This report is roughly structured along these phases  in the following chapters :  
¶ policies and national strategies  (Chapter 2)  
¶ vulnerability and risk assessment (Chapter 3)  
¶ developing adaptation options (Chapter 4)  

¶ management of the adaptation options (Chapter 5) . 

 

Each chapter starts with by comparing the practices in the USA and the Netherlands.  Following that the 

strategies, methods, reports and best practices on which the comparison is based, are described in more 

detail. A summary is given f or the reviewed strategies and reports . The methods and best practices are 

described along following criteria  and quest ions :  
 
1.  Description of the method (scope, key steps, how is the analysis conducted, illustrative example s, 

incorporat ion  in existing processes)  

2.  How is it applicable to the US / The Netherlands  (how applicable , is it  transferable, does it need to 

be changed/  adapted, can it be used in other countries)  



 

 

Joint FHWA and Rijkswaterstaat Report óResilient Infrastructureô  

 Page 13  of 101  

3.  How much time/ money/ effort is required  

If t he reviewed reports and surveys consist of a main project or an overall method with several sub -

methods  or case -studies (best practices), t he  sub -methods and case -studies  will be discussed separately  
following the given criteria . For  the main project  or overall method , a description is given of the 
relationship between the overall method and the sub -methods or case studies.  
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2 Policy and National strateg ies  

2.1  Comparing policies and strategies  USA  -  The Netherlands  

In this chapter,  the policies and national strategies with respect to adaptation to climate change in the 
Netherlands and in the USA are discussed.  

This first paragraph summarize s the main similarities and differences found . These are illustrated by the 
different policies and plans described in the following paragraphs.  
 
In both the USA and the Netherlands,  a national strategy and plan for the adaptation to climate change ha s 

been  or is being  worked out , r oughly covering the same risks and impacts related to climate change.  
As can be expected t here are differences in the overall approach. In the Netherlands the first focus is on 
preventing flooding (as a result of sea level rise and extreme weather) , worked out in a risk -based level of 

protection  in the Delta Programme (probability of casualties as a result of flooding not higher than 
1:100.000 per annum). In the Delta Programme t he effects of the other aspects of climate change ( such as 
heat, drought, pluvial flooding)  are met by making water systems, infrastructure and built -up areas more 

robust.  The effects of the other aspects of climate change (such as heat, drought, pluvial flooding) are met 
by making water systems, infrastru cture and built -up areas more robust. Next to this the National 
Adaptation Strategy deals not only with flooding, but with all effects of climate  change, in the fields of 
health, agriculture, tourism, mobility and infrastructure, energy, international affa irs, etcetera.  

The focus  in the USA is on managing the effects of extreme weather and climate change , whereby the aim 
is to keep the impacts as low as reasonably possible.  
 

In the USA a n adaptation strategy  specific for infrastructure  has been  worked out by the Department of 
Transportation ( ref. policy statement  and adaptation plan ). In the Netherlands there an adaptation strategy 
is not available yet . The N ational Adaptation Strategy is being worked out at present in the Netherlands  by 

several Department s, under the responsibility of the Department of Infrastructure and the Environment. 
The Strategy is planned to be ready in 2016. Infrastructure and mobility is one of the subjects that we be 
addressed in the agenda, planning both technical and political mea sures.  
 

Both the FHWA and Rijkswaterstaat are government agencies responsible for highway networks. However, 
Rijkswaterstaat authorities also include coastal and riverine flood defense and water quality management.  In 
the US, those authorities are under the purview of agencies separate from FHWA; the US Army Corps of 
Engineers constructs and manages US flood defenses and the US Environmental Protection Agency is 
responsible for water quality.   
 
A Presidential Executive Order requires all US federal agencies, including FHWA, to integrate climate risks into 
agency programs and operations. In the Netherlands, climate adaptation is not a specified criterion yet in 
maintenance, construction and management of the National Highway System by Rijkswaterstaat. Integration 
is being worked on at present through the Netherlands National Adaptation Strategy, expected in 2016. 
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Figure 1 : Organization structure in the Netherlands and the USA  

 
This is also refle cted  in the way climate adaptation for the National Highway System is managed and 
funded.  In the USA,  the National Highway System is built and maintained mainly by the State Department s 
of Transportation . FHWA's role is to oversee federal funds used by the Sta te departments of Transportation 

or local highway agencies for constructing and maintaining the National Highway System.  
Climate adaptation activities are eligible for FHWA funding . 
In the Netherlands Rijkswaterstaat  is responsible for the maintenance, operations, renewal and expansion 

of the National Highway Network. Both FHWA and Rijkswaterstaat do not receive  specific funding from the 
Ministry  (Department)  / DOT for climate adaptation . Measures to improve the resili ence of the network 
have to be paid out of the total budget assigned t o a specific project.  

 
In t able 3 policies and strategies for climate adaptation in the Netherlands and the USA are compared. 
 
Table 2 : Comparing policies and strategies for climate adaptation in the Netherlands and the 

USA  

 USA  NL  

Goals and strategies  ¶ Reducing harmful effects  

¶ Presidential Executive Orders  

¶ USDOT Adaptation strategy on climate 

change  

¶ FHWA internal  order to integrate 

climate risks into their pro grams  

¶ Currently no specific requirements for 

environmental review of projects under 

NEPA, though draft guidance has been 

developed 1 

¶ No specified criteria in the maintenance, 

construction and management on 

climate change adaptation.  

¶ Prevention.  

¶ Joint effort  of national government, 

provinces, municipalities and regional 

water boards work together with input 

from social organizations and the 

business community in nationwide 

programs  

¶ No specified criteria in the maintenance, 

construction and management on 

clima te change adaptation. A National 

Adaptation Strategy in being developed  

¶ An important element of the Delta 

Decision on Spatial Adaptation is that all 

authorities have agreed that in 2050 the 

Netherlands must be as climate -proof 

and water - robust as possible.  

¶ 'Soft' pressure by European Commission 

in the paper ñAdapting infrastructure to 

climate changeò 

 
1
 See https://www.whitehouse.gov/administration/eop/ceq/initiatives/nepa/ghg-guidance 

Asset owner (Dep. of 
Infrastructure & 
Environment) 

strategy & future network 

Service provider 
(RWS/other), operation 

network 

Performance-
based contracts 

Asset manager (RWS) 

tactical plans network 

USDOT 

ωDeveloping strategic performance indicators of service 

ωSupport a policy-based, performance driven, long term 
comprehensive view of transportation assets 

FHWA 

ωFHWA internal order (policy directive) to integrate climate 
risks into FHWA programs 

ωGrants 90% of DOT's budget 

DOT's 
ωStrategic programs based on local needs and anticipated 

revenues for the agency 
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 USA  NL  

¶ EU directive on environmental impact 

assessments  

Organization and 

funding  

¶ Regulation, supervision, and funding for 

all aspects of transportation  

¶ The majority  of roads in the United 

States are owned and maintained by 

state and local governments  

¶ Climate adaptation activitie s are eligible 

for FHWA funding but no additional 

funding is provided for climate 

adaptation  

 

¶ Rijkswaterstaat is responsible for the 

maintenance, operations, renewal and 

expansion of the Highway Networks  

¶ The national roads (Rijkswegen) are 

controlled by central government agency 

Rijkswaterstaat . T he country's twelve 

provinces control the provincial roads  

and the municipalities control t he local 

roads  

¶ Rijkswaterstaat receives no  explicit  

funding from the Ministry for climate 

adaptation  

 

 

2.2  Goals and strat egies  

2.2.1  USA 
 
White house  

Obama orders federal agencies to account for rising seas in their investments ( E.O 13690: 30 January 
2015)  
ñThe Obama administration today ordered federal agencies to account for rising seas and stronger storms 

when  making grants and building infrastructure, one of the most definitive steps it has yet taken to adapt 
the country to a  changing climate. In an executive  order released this afternoon, Obama established a new 
Federal Flood Risk  Management Standard that gives agencies a choice of three options for determining 

where it is safe to invest federal  dollars. They can use data and methods based on "best -available,  
actionable climate science"; they can require  buildings to be 2 feet above the 100 -year flood elevation; or 
they can require that infrastructure is built to at least the  500 -year floodplain. Most federal investment is 
currently based on the 100 -year flood plain, although federal rebuilding  standards for Superstorm Sandy 

required infrastructure to be a foot higher than that. ò 
Executive -order -climate -preparedness (25 June 2013)  

The Executive Order (E.O.  13653 ) ñPreparing the United States for the Impacts of Climate Change,ò directs 

Federal agencies to:  
¶ ñModernize Federal programs to support climate - resilient investments : Agencies will examine their 

policies and programs and find ways to make it easier for cities and towns to build smarter and 

stronger. Agenci es will identify and remove any barriers to resilience - focused actions and investments ï 

for example, policies that encourage communities to rebuild to past standards after disasters instead of 

to stronger standards ï including through agency grants, techni cal assistance, and other programs in 

sectors from transportation and water management to conservation and disaster relief.  

¶ Manage lands and waters for climate preparedness and resilience:  Americaôs natural resources are 

critical to our Nationôs economy, health and quality of life. The E.O. directs agencies to identify changes 

that must be made to land -  and water - related policies, programs, and regulations to strengthen the 

climate resilience of our watersheds, natural resources, and ecosystems, and the com munities and 

economies that depend on them. Federal agencies will also evaluate how to better promote natural 

storm barriers such as dunes and wetlands, as well as how to protect the carbon sequestration benefits 

of forests and lands to help reduce the car bon pollution that causes climate change.  

¶ Provide information, data and tools for climate change preparedness and resilience : Scientific data and 

insights are essential to help communities and businesses better understand and manage the risks 

associated w ith extreme weather and other impacts of climate change. The E.O. instructs Federal 

agencies to work together and with information users to develop new climate preparedness tools and 
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information that state, local, and private sector  leaders need to make sm art decisions. In keeping with 

the Presidentôs Open Data initiative, agencies will also make extensive Federal climate data accessible 

to the public through an easy - to -use online portal.  

¶ Plan for climate change related risk : Recognizing the threat that cli mate change poses to Federal 

facilities, operations and programs, the E.O. builds on the first -ever set of Federal agency adaptation 

plans released earlier this year and directs Federal agencies to develop and implement strategies to 

evaluate and address t heir most significan t climate change related risks.ò 

To implement these actions, the E.O. establishes an interagency Council on Climate Preparedness and 
Resilience, chaired by the White House and composed of more than 25 agencies. To assist in achieving th e 
goals of the E.O., these agencies are directed to consider the recommendations of the State, Local, and 
Tribal Leaders Task Force on Climate Preparedness and Resilience.  

 
Department of Transportation (DOT)  
US DOT Policy Statement on Climate Change Adapta tion (June 2011)  

Even before the ñExecutive order climate preparedness (June 2013)ò the US DOT released a policy 
statement on Climate Change Adaptation. This policy was  based on Executive Order (E.O.) 13514 ï Federal 
Leadership in Environmental, Energy, an d Economic Performance. The E.O. includes direction to address 

climate adaptation planning . 
 
ñThe United States Department of Transportation (DOT) shall integrate consideration of climate change 
impacts and adaptation into the planning, operations, policies, and programs of DOT in order to ensure that 

taxpayer resources are invested wisely and that transportation infrastructure, services and operations 
remain effective in current and future climate conditions.  
The DOT policy is to incorporate climate  adaptation strategies into its transportation missions, programs, 

and operations. Climate change adaptation is a critical complement to mitigation efforts to address the 
causes and consequences of climate change. Every modal administration has the respons ibility to consider 
climate change impacts on current systems and future investments. Furthermore, planning for climate 

adaptation assists State and local transportation agencies, and DOT, to identify how climate change is likely 
to impact their ability to  achieve their mission, continue operations, and to meet policy and program 
objectives.  
In implementing this Policy, DOT will adhere to the following guiding principles.  

¶ Adopt integrated approaches . Climate change adaptation strategies should be integrated  into core 

policies, planning, practices, and programs.  

¶ Prioritize the most vulnerable . Adaptation plans should prioritize helping people, places, and 

infrastructure that are most vulnerable to climate impacts.  

¶ Use best -available science . Adaptation shoul d be grounded in best -available scientific understanding of 

climate change risks, impacts, and vulnerabilities.  

¶ Build strong partnerships . Adaptation requires coordination across multiple sectors, geographical scales, 

and levels of government and should b uild on the existing efforts and knowledge of a wide range of 

stakeholders.  

¶ Apply risk -management methods and tools . A risk management approach can be an effective way to 

assess and respond to climate change because the timing, likelihood, and nature of s pecific climate 

risks are difficult to predict.  

¶ Apply ecosystem -based approaches . Ecosystems provide valuable services that help to build resilience 

and reduce the vulnerability of people and their livelihoods to climate change impacts.  

¶ Maximize mutual b enefits.  Adaptation should, where possible, use strategies that complement or 

directly support other related climate or environmental initiatives,  

¶ Continuously evaluate performance . Adaptation plans should include measurable goals and 

performance metrics to continuously assess whether adaptive actions are achieving desired outcomes.  

Each modal administration within DOT shall, in a manner consistent and compatible with its mission:  
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¶ Analyze how climate change may impact its ability to achieve its mission, policy, program, and 

operation objectives.  

¶ Report annually on its accomplishments in implementing climate adaption strategies.  

¶ Coordinate actions with the Senior Official responsible  for implementing climate adaptation and the 

Center for Climate Change Steering Committee member.  

¶ Implement climate change adaptation implementing instructions issued by the Council on 

Environmental Quality ( CEQ) .ò 

 
U.S. Department of Transportation Climat e Ad aptation Plan (2014)  

ñPursuant to earlier Executive Orders as well as Council on Environmental Quality (CEQ) Implementing 
Instructions, the U.S. Depa rtment of Transportation (DOT) i s required to submit a Climate Adaptation Plan.  
The US DOT adaptation plan is organized into sections based on the guidance from CEQ and describes 

steps DOT will take to move towards fully integrating considerations of climate change adaptation and 
resiliency into DOT policies, programs, and operations.  
DOTôs mission is to serve the United States by ensuring a fast, safe, efficient, accessible and convenient 

transportation system that meets our vital national interests and enhances the quality of life of the 
American people, today and into the future. The Department and its m odal agencies oversee the safe 
operation of the United States transportation system including more than 3.9  million miles of public roads, 
120,000 miles of major railroads, 25,000 miles of commercially navigable waterways, 5,000 public -use 

airports, 500 ma jor urban public transit operators and more than 300 coastal, Great Lak es, and inland 
waterways ports.  
 

Scientists have concluded that some level of climate change is already occurring. Weather patterns are 
changing, and these changes are expected to conti nue or accelerate in the future.  The Third National 
Climate Assessment concludes that higher temperatures, increased atmospheric water vapor, rising sea 

levels, and the frequency of extreme weather events over the past 50 years have resulted from increased  
levels of greenhouse gas es emitted from human activity.  Past weather and climate patterns appear to be 
much less reliable indicators of future weather and climate than in recent decades, which makes greater 
flexibility in planning and decision -making proc esses ever more important.  

 
Transportation is and will continue to be affected by climate change.  The range of impacts from these 
threats may include roadway deterioration, flooding, limited waterway access, and weakened structures. 

Severe conditions may r educe the life of capital assets and increase operational disruptions. Some 
consequences may require changes in the design, construction, and maintenance of infrastructure.  
DOTôs modal administrations are taking steps to address the impacts of climate change on their respective 

missions . DOT modal administrations have committed to implementing the following priority actions:  
 
¶ Planning . DOT will take actions to ensure that Federal transportation investment decisions address 

potential climate impacts in state -wide  and metropolitan transportation planning and project 

development processes as appropriate in order to protect federal investments. Through such actions, 

transportation systems will gradually become better prepared for future climate shifts.  

¶ Asset Management.  DOT will work to incorporate climate variability and change impact considerations 

in asset management. For example, modal administrations will work with grantees to assure that 

potential impacts are incorporated into existing grantee asset mana gement systems and their own 

buildings and operations. Agencies will assess the policy, guidance, practices, and performance 

measures of its asset management programs to incorporate such considerations.  

¶ Tools . DOT will provide tools, case studies, best pra ctices, outreach, and performance measures for 

incorporating climate considerations into transportation decision -making. ò 

 
FHWA  

FHWA order 5520: Transportation System Preparedness and Resilience to Climate Change and Extreme 
Weather Events (December 2014)  
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ñThe purpose of this directive is to establish the Federal Highway Administration (FHWA) policy on 
preparedness and resilience to climate change and extreme weather events. It serves to comply with 
Executive Order 13653, Preparing the United States for the  Impacts of Climate Change (EO 13653), dated 

November 1, 2013, and further the U.S. Department of Transportation (DOT) Policy Statement on Climate 
Change Adaptation.  

 
FHWAôs policy concerning climate change and extreme weather event preparedness and resilience 

¶ It is FHWA's policy to strive to identify the risks of climate change and extreme weather events to 

current and planned transportation systems. The FHWA will work to integrate consideration of these 

risks into its planning, operations, policies and pr ograms in order to promote preparedness and 

resilience; safeguard Federal investments; and ensure the safety, reliability, and sustainability of the 

Nationôs transportation systems 

¶ The FHWA will implement these relevant provisions in title 23, EO 13653, EO  13514, and subsequent 

laws, regulations and policies.  

¶ The FHWA will also implement the principles of the DOT Policy Statement on Climate Change 

Adaptation by incorporating consideration of climate change and extreme weather event preparedness 

and resilien ce in all FHWA programs, policies, and activities within the framework of existing laws, 

regulations, and guidance  

¶ FHWA managers and staff shall ensure that FHWA programs, policies, and activities for which they are 

responsible integrate consideration of climate change and extreme weather event impacts and 

adaptation into its planning, operations, policies and programs, in order to promote climate change and 

extreme weather event preparedness and resilience  

FHWAôs responsibilities 

a)  Identifying and removing administrative, regulatory, and policy barriers that discourage climate change 

and extreme weather event preparedness and resiliency or unintentionally increase the vulnerability of 

transportation systems to these risks.  

 

b)  Encouraging State departments of t ransportation (DOT), metropolitan planning organizations (MPO), 

Federal land management agencies (FLMAs), tribal governments, and others to develop, prioritize, 

implement and evaluate risk -based and cost -effective strategies to minimize climate and extreme  

weather risks and protect critical infrastructure using the best available science, technology and 

information.  

 

c)  Developing and providing technical assistance, research, and outreach, and encouraging the 

development and use of transportation -specific vuln erability assessment and adaptation tools.  

 
d)  Clarifying and informing State DOTs, MPOs, FLMAs, tribal governments, and others of existing funding 

eligibilities to support resiliency and adaptation in the delivery of title 23 programs.  

 

e)  Developing research a nd tools, providing technical assistance, and building partnerships with State 

DOTs and MPOs, particularly in development and analysis of adaptation, preparedness, and resiliency 

options.  

 

f)  Encouraging the consideration of climate change and extreme weathe r event risks, preparedness and 

resiliency in the delivery of programs, such as in the risk -based asset management plans State DOTs 

are required to develop under MAP -21.  

 

g)  Updating planning, engineering, and operations guidance to include consideration of climate change 

and extreme weather event resilience.  
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h)  Reporting on progress through the US DOT Adaptation Plan and internal FHWA strategic planning 

activities. ò 
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2.2.2  Netherlands/Europe  
 
The Netherlands  

The development of adaptation polic y in The Nethe r lands follows two parallel interacting tracks:  
1)  The formulation of a new comprehensive  and integrated  National Adaptation Strategy  (NAS) ,  

2)  The implementation of the Delta Programme, which re -evaluates water management in the light of long -
term sustainable development and climate change.  

Both the development of the NAS and the Delta Programme are nationwide programmes. This implies a 
joint effor t of national government, provinces, municipalities and regional water boards work ing  together 
with input from social organizations and the business community.  

The formulation of both  strateg ies is guided by an integral climate change policy agenda; óthe Climate 
Agenda'.  
 

Climate Agenda: Resilient, Prosperous, and Green (February 2014)  
This Climate Agenda outlines a climate approach focused on assembling a broadly -based coalition for 
climate measures and on a combined approach to climate adaptation (by desi gning a resilient physical 
environment and preparing society for the consequences of climate change) and mitigation (by reducing 

greenhouse gas emissions).  This Climate Agenda translates these themes into  eight action lines of which 
action line 3 is the mo st relevant for the resilience of infrastructure:  
Action line 3: Heading towards vital climate - robust sectors  

Being prepared for climate change also opens the door to  opportunities: provided that the risks of climate 
change are  clear, it can give a sector an insight into what to expect and  provide a form of security. Central 
government is working on  a strategy built around risks and opportunities. The outcomes  will be translated 

into the National Adaptation Strategy that  the Cabinet wants to have ready in 2 017 at the latest.  
 
NL National Adaptation Strategy  (2016) 2 
The new National Adaptation Strategy 2016 (NAS) will update the 2007 National Adaptation Strategy 

"Make Space for Climate". The formulation of the NAS is guided by the integral (mitigation and ada ptation) 
climate policy agenda: óthe Climate Agenda' (2013). The NAS is to be presented to Parliament by 2016. It 
will be based on recent insights in climate risks and vulnerabilities and socio -economic developments. It 

goes beyond the water related focus of the Delta Programme by comprehensively addressing sectors, in 
particular health, energy and ICT, infrastructure, transport, nature, agriculture and fisheries. Cross -sectoral 
cascading effects will also be taken into account. Various projects have been i nitiated to support the 

development of the strategy. Also the effects of climate change elsewhere, in countries within and outside 
Europe, which might result in impacts on Dutch society and economy, will be covered in the strategy. The 
NAS will also contai n a Monitoring and Evaluation framework for climate change adaptation. This system 
will primarily look into progress with the adaptation policies (=process), but also seeks transparency with 

regards to implementation (=output) and effectiveness (=outcome) of actions.  

 
Delta Program me 3 

The Delta Programme is a nationwide programme. The objective is to protect the Netherlands from (coastal 
and river) flooding, to work towards climate resilient urban areas and to ensure adequate supplies of 
freshwater for gen erations ahead. The legal framework for the implementation of the Delta Programme in 

the Netherlands is óthe Delta Act on flood safety and freshwater supply' (hereafter: the Delta Act). The 
Delta Act anchors the Delta Programme, the Delta Fund and the role  of the Delta Commissioner. The Delta 
Act entered into force on 1 January 2012.  
 

1 The Delta Act is formally an amendment of the Water Act  
The Dutch Government appointed the Delta Commissioner to direct the development and implementation 
of the Delta Programme. Every year the Delta Commissioner reports to the Cabinet about progress and 

advises on necessary steps. On behalf of the Cabinet , the Minister of Infrastructure and the Environment 
presents the Delta Commissionerôs annual report to the Parliament supplemented with an appropriate 
policy response. The provinces, municipalities and especially the regional water boards are closely involved 

in developing this annual report.  

 
2
 From: The Netherlandsô report under MMR article 15 National Adaptation Actions,  15 March 2015  

3
 From: The Netherlandsô report under MMR article 15 National Adaptation Actions,  15 March 2015  
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The Delta Programme comprises plans and provisions to guarantee flood safety and a sufficient supply of 
freshwater as well as climate resilient urban areas, including the relevant planning and a cost estimate. The 
Delta Programme uses an integrated and ada ptive approach in finding solutions when tackling the issues of 

safety, water supply and the role that spatial planning can play in resolving those issues. In September 
2014 key decisions on policy frameworks and regional strategies were presented to the P arliament in the 

"Delta Programme 2015". These so -called ñDelta Decisionsò have wide support:  
¶ Delta Decision on Water Safety :  the new flood risk management policy, based on a multi - layered 

approach to improve protection and reduce the consequences of floo ding.  

¶ Delta Decision on the Freshwater Supply :  a new nationwide approach to limit water shortages and us e 

the freshwater supply optimally in the economy and public utilities.  

¶ Delta Decision on Spatial Adaptation :  a new, targeted approach to water - robust and climate -proof 

(re)development in the built environment.  

In addition, three key decisions are made regarding two complicated geographical areas, where coastal and 
riverine water systems interact, and the sandy coast, and where measures regarding flood risk, fresh water 

supply and spatial adaptation are urgent and may interfere with each other:  
¶ Delta Decision on the Rhine -Meuse Delta :  choices on the distribution of water from the Rhine across 

the Waal, Lower Rhine -Lek and IJssel that is of great importa nce to water safety in the delta region.  

¶ Delta Decision on the IJsselmeer Region :  choices on average summer and winter water level of the 

IJsselmeer to balance water safety and the freshwater supply.  

¶ Strategic Decision on Sand :  choices on maintaining the  sand balance along the coast  

In December 2015 the Delta decisions have been set down in t he six -year National Water Plan .  

In the new National Water Plan  the Minister of Infrastructure and the Environment   and State Secretary  of 
Economic Affairs have set down how, for the next 6 years, the Netherlands will protect itself from water, 
how the water will be made cleaner and how the Netherlands will be designed in a climate - resilient and 

water - robust manner 4. The National Water Plan l ays down the new water policy for the coming six years, 
and also looks ahead to 2050.  
 
In the Delta Programme and the Delta Deci sions the measures following from the European Water 

Framework Directive (addressing water quality) and the Floods Directive  (addressing flooding risks) are 
integrated with a long term  perspective .  
 

The cabinet has accepted the proposed Delta Decisions as government policy, to be elaborated in national 
legislation and administrative agreements, starting in 2015. The Delta Deci sions are being translated into 

concrete measures for different parts of the Netherlands.  

Solidarity between regions and between generations is a key principle for financing the Delta Programme. 
The Delta Fund holds money dedicated by the national governm ent for the implementation of measures 
and research needs. The water boards co - fund the primary flood defense  system The fund will be highly 
significant for credible and timely delta -management in the coming decades. Building on the current 

investments of a similar order of magnitude, as from 2020, the Delta Fund will be fed with a minimum of 
ú1 billion a year in order to ensure the implementation of the Delta Programme.  
Every year the Delta Commissioner will present advice on how to target the budget on n ecessary measures 

and supporting research in the annual Delta Programme. The Minister of Infrastructure and the 
Environment decides and is politically responsible. Interim decisions will take account uncertainties around 
the future impact of climate change  as well as spatial and socio -economic developments. The approach 

here is the so called óadaptive delta management', choosing the kind of necessary measures that keep 
options open for later adjustment. In the process all relevant material, results of resea rch and knowledge 
programmes (óKnowledge for Climate'), experience from international cooperation (e. g. óNetherlands Water 
Partnership', óPartners for Water', óDelta Alliance' and Connecting Delta Cities), and assessments by the 

Netherlands Environmental Assessment Agency (such as the study óClimate Adaptation in the Dutch Delta - 
Strategic options for a climate -proof development of the Netherlands') are taken into account. Adaptive 

 
4
 http://english.deltacommissaris.nl/ 



 

 

Joint FHWA and Rijkswaterstaat Report óResilient Infrastructureô  

 Page 23  of 101  

delta management based on sound knowledge used in a future oriented Delta Programme is essential for 
cost -effective investments.  
 

The execution of investments in existing programmes (such as óRoom for the River', óBorder Meuse 
Programme' and óFlood Protection Programme') and projects (such as Climate buffers) continue. The óThird 

Safety Assessment' which looked into the existing primary flood defence systems, acknowledged the 
importance of the considerable effort devoted to compliance with current, statutory flood protection 

standards. Reinforcing weak segments of the coastal de fence is also work in progress. Meanwhile, new 
flood protection standards have been proposed in the light of increased population numbers and economic 
value of assets that will be turned into the legal norms after 2017.  

 
Regional Water Boards make a structural contribution to financing the current Flood Protection Programme. 
As part of an Administrative Agreement on Water (concluded on 23 May 2011) regional Water Boards 

became co - financiers for the construction and improve ment of primary flood defence systems, as managed 
by these boards.  
The co - financing is equally distributed, the water boards are responsible for funding half of the construction 
and improvement costs, the other half is funded by the Delta Fund. The agreem ent also focuses on 

cooperation in the Delta Programme.  
The Administrative Agreement on Water and the recently published policy note on Infrastructure and 
Spatial Planning designates the responsibilities of parties. The national government is responsible for 

national interests including flood risk management and the main water system. The provinces act as area -
director, organize spatial planning and set out frameworks for the regional water system. The regional 
Water Boards supervise and manage the regiona l and the majority of primary defence systems as well as 

ensure the availability of water as a resource of adequate quality in the regional water systems. The 
municipalities supervise the public areas within their duty of care under the Water Act and are t he initial 
point of contact in the event of flooding.  
 

Working with  the various partners and their responsibilities is an important part of the process in the Delta 
Programme under the direction of the Delta Commissioner.  
In 2009 the Dutch provinces signed an agreement with the national government to mainstream climate 

adaptation into spatial planning. Today most provinces have written climate adaptation action programmes. 
Priorities are óno regretô options and mainstreaming climate adaptation into water management, spatial 
planning, nature policy, agriculture and economic policy. For spatial planning a specific engagement 

programme has been set up to stimulate regional and local policy makers, institutes and businesses to 
create climate proof and water resilient cities from the year 2020. Applicants can receive funds to 
implement this ambition by joining the programme and they can sign a letter of intent to indicate they are 
willing to adapt to climate change. The engagement  programme focusses on capacity building and 

mainstreaming spatial adaptation.  

Next to these programmes, sector (infrastructure, nature, health etc.) specific adaptation measures are in 
the process of being created or are already being implemented . 

  
European Union (EU)  
EU adaptation strategy  

The EU adaptation strategy was presented in the form of a communication from the commission to the 
European Parliament, the Council, the European Economic and Social Committee of the regions.  
 
Adaptation strategie s are  needed at all levels of administration: at the local, regional, national, EU and also 

the international level. Due to the varying severity and nature of climate impacts between regions in 
Europe, most adaptation initiatives will be taken at the regio nal or local levels. The ability to cope and 
adapt also differs across populations, economic sectors and regions within Europe.  

 
The Commission adopted an EU adaptation strategy in April 2013 which has been welcomed by the Member 
States. Complementing the activities of Member States, the strategy supports action by promoting greater 

coordination and information -sharing between Member States, and by ensuring that adaptation 
considerations are addressed in all relevant EU policies.  
 
The EUôs role can be particularly appropriate when climate change impacts transcend borders of individual 

states -  such as with river basins -  and when impacts vary considerably across regions.  



 

 

Joint FHWA and Rijkswaterstaat Report óResilient Infrastructureô  

 Page 24  of 101  

The role of the EU can be especially useful to enhance solidarity among Member States a nd ensure that 
disadvantaged regions and those most affected by climate change are capable of taking the necessary 
measures to adapt.  

 
The Communication stresses that due to the long life span of much of our infrastructure and its great 

economic value, pre paredness for current and increasing future  impacts of climate change over the lifetime  
of infrastructure is critical. Left unmanaged, climate change may significantly affect the operational, 

financial, environmental and social  performance of large fixed a ssets and infrastructure.  
 
The paper ñAdapting infrastructure to climate changeò presents the contribution of the European Union to 

climate change adaptation in selected infrastructure sectors.  It covers energy and transport infrastructure 
as well as buil dings in the EU.   
This paper is not a binding document but it provides further background material supportive of the 

narrative and arguments put forward in the Communication. It also presents an outline of actions that the 
Commission will be undertaking, a s announced in the Communication.  
The Dutch NAS is likely to partly follow the European Adaptation strategy.  
 

Environmental Impact Assessment (EIA) Directive (2014/52/EU)  
A newly amended Environmental Impact Assessment (EIA) Directive (2014/52/EU) entered into force on 15 
May 2014. The amended Directive introduces clear references to climate change management, mainly in 

Article 3 and Annexes III and IV.  
 
¶ Article 3: The environmental impact assessment shall identify, describe and assess in an appropriate 

man ner, in the light of each individual case, the direct and indirect significant effects of a project on the 
following factors: (c) land, soil, water, air and climate;  

¶ Annex III: criteria to determine whether the project listed in Annex II should be subject to an EIA: (f) 
the risk of major accidents and/ or disasters which are relevant to the project concerned, including 

those caused by climate change, in accordance with scientific knowledge;  
¶ Annex IV: Information for the environmental impact assessment repor t as referred to in article 5(1): 

(f) the impact of the project on climate (for example the nature and magnitude of greenhouse gas 

emissions) and the vulnerability of the project to climate change;  
 
Member States have to apply these rules as from 16 May 20 17 at the latest.  A guidance document was 

published to improve the consideration of Climate change in the strategic environmental assessment (SEA). 
This document is reviewed in paragraph 4.2.2.)  
 

2.3  Organization and funding  

2.3.1  USA 
The United States Department of  Transportation and its divisions provide regulation, supervision, and 
funding fo r all aspects of transportation . Each state has its own Department of Transportation, which builds 

and maintains state highways, and depending upon the state, may either direc tly operate or supervise 
other modes of transportation.   
The  majority of roads in the United States are owned and maintained by state and local governments. 

Federally maintained roads are generally found only on federal lands (such as national parks) and at 
federal facilities (like military bases). The Interstate Highway System is partly funded by the federal 
government but owned and maintained by individual state governments. There are a few private highways 
in the United States, which use tolls to pay fo r construction and maintenance . 

 
The Federal Highway Administration (FHWA) is a division of the United States Department of 
Transportation that specializes in highway transportation. The agency's major activities are grouped into 

two "programs," the Federa l-aid Highway Program and the Federal Lands Highway Program :  
¶ FHWA's role in the Federal -aid Highway Program is to oversee federal funds used for constructing and 

maintaining the National Highway System (primarily Interstate Highways, U.S. Routes and most S tate 

Routes). This funding mostly comes from the federal gasoline tax and mostly goes to state 
departments of  transportation . FHWA oversees projects using these funds to ensure that federal 
requirements for project eligibility, contract administration and construction standards are adhered to.  
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¶ Under the Federal Lands Highway Program, FHWA provides highway design and construction services 
for various federal land -management agencies, such as the Forest Service and the National Park 
Service.  

 
In addition to t hese programs, FHWA performs and sponsors research in the areas of roadway safety, 

congestion, highway materials and construction methods, and provides funding to local technical assistance 
program centers to disseminate research results to local highway a gencies.  

 
 
 

 
  
FHWA issued an order ( see FHWA E.O 5520) committing the agency to integrating climate risk 

considerations into the delivery and stewardship of FHWA programs.  
¶ Climate adaptation activities are eligible for FHWA funding, including vulnerabili ty assessments and 

design and construction of projects or features to protect assets from damage associated with climate 
change.  

¶ FHWAôs updated emergency relief program guidance reflects climate resilience. 
¶ Transportation law passed in 2012 requires states  to develop risk -based asset management plans and 

to consider alternatives for facilities repeatedly needing repair or replacement with federal funding.  

 

2.3.2  Netherlands /E urope  
 

The Netherlands  
The Ministry of Infrastructure and Environment is committed to improving quality of life, access and 
mobility in a clean, safe and sustainable environment. The Ministry strives to create an efficient network of 
roads, railways, waterways and airways, effective water management to protect against flooding, and 

improved  air and water quality.  
The Directorate -General for Mobility and Transport of the Ministry of Infrastructure and the Environment 
(I&M) focuses on the continued development of the network quality of airways, waterways, railways, the 

road network, harbours a nd ports.  
 
Roads are developed and maintained by authorities at all four administrative levels in the Netherlands. The 

national roads (Rijkswegen) are controlled by central government agency Rijkswaterstaat, and the 
country's twelve provinces control the p rovincial roads. Most motorways are national roads, and the 
remaining national roads are mostly expressways. Only a few motorways are provincial ones, and they are 
much shorter, serving mainly regional traffic. Municipality roads make up the bulk of the ne twork, they are 

mostly local roads.  
 
Rijkswaterstaat is the executive agency for all three directorates of the Ministry of Infrastructure and the 

Environment, responsible for the Dutch main road network, the main waterway network, the main water 
systems, a nd the environment in which they are embedded. Rijkswaterstaat facilitates smooth and safe 
flow of traffic, keeps the national water system safe, clean, user - friendly and protects the Netherlands 

against flooding.  
Rijkswaterstaat is responsible for the mai ntenance, operations, renewal and expansion of these networks. 
The annual budget is approximately 5 billion euros. The mission of Rijkswaterstaat is óto deliver best 
service to the public at lowest life cycle cost, given public acceptable riskô. There are no specific targets and 

budgets for the adaptation to climate change.  
 
European Union  
Within its competences and building on the 2009 white paper, the European Union is  engaged in 

mainstreaming climate change adaptation in various EU policies and financial  instruments including the 
European Transport Poli cy  (see below TEN -T) . The general objective of the 2011 White Paper was to define 
a long - term strategy that would help the EU transport system achieve the overall goal of the Common 

Transport Policy, i.e. t o provide current and future generations with access to safe, secure, reliable and 
affordable mobility resources to meet their own needs and aspirations, while minimizing  undesirable 
impacts such as congestion, accidents, air and noise pollution, and clima te change effects.  
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The transport sector fulfils crucial economic and social functions and is highly depend ent  on the 
environmental situation. Investment in transport infrastructure is increasingly  put at risk by changing 
climatic conditions and related ex treme weather events. Due to  the long life span of the majority of 

transport infrastructure and their great economic  value, their preparedness and resilience to future impacts 
of climate change are critical.  

 
The Trans -European Transport Networks (TEN -T) a re a planned set of road s (much like the US interstate 

highway network) , rail, air and water transport networks in the European Union . TEN-T envisages 
coordinated improvements to primary roads, railways, inland waterways, airports, seaports, inland ports 
and traffic management systems, providing integrated and intermodal long -distance, high -speed routes . 

 
TEN-T projects, co - financed under the Connecting Europe Facility, are expected to  contribute to promoting 
the transition to a climate -  and disaster - resili ent infrastructure.  All transport modes are eligible for funding. 

Co- financing rates may be increased by up  to 10 percentage points for actions  enhancing climate resilience.  
 
Next to adaptation to climate change, the trans -European transport (TEN -T) networ k should provide the 
basis for the large -scale deployment of new technologies and  innovation, which, for example, can help 

enhance the overall efficiency of the European  transport sector and curb its carbon footprint. This will 
contribute towards the Europ e 2020 strategy and the Transport White Paper's target of a 60% cut in 
greenhouse gas  emissions by 2050 (based on 1990 levels) and at the same time contribute to the objective  

of increasing fuel security for the Union.  
 
The proposa l for the new TEN -T Guidelines  includes climate resilience, in particular  under article 41: during 

infrastructure planning due consideration shall be given to risk  assessments and adaptation measures 
adequately improving the resilience to climate  change. Additionally, where a ppropriate, due consideration 
should be given to the  resilience of infrastructure to natural or man -made disasters . 
 

Climate action is a key priority for the EU. To respond to challenges and investment needs related to 
climate change, the EU has agreed tha t at least 20% of its budget for 2014 -2020 ï as much as ú180 billion 
ī should be spent on climate change-related action.  To achieve this increase, mitigation and adaptation 

actions will be integrated into all major EU spending programmes, in particular coh esion policy, regional 
development, energy, transport, research and innovation and the Common Agricultural Policy 5.   

 
5 http://ec.europa.eu/clima/poli cies/budget/index_en.htm  
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3 Vulnerability and risk assessment  

3.1  Comparing vulnerability and risk assessment USA - NL  

 
In this chapter the vulnerability and risk assessment to climate change in the Netherlands and in the USA is 

discussed. This first paragraph will summarize the main similarities and differences found between the USA 
and the Netherlands. These are illustrated by the different reports and studies reviewed  in the following 
paragraphs.  
 

Climate change scenarios  
The projections of climate change on the USA and on Europe  shows both similarities and differences.  
On both continents we see more intense precipitation and the melting of snow and permafrost in the north 

and more heat waves and drought in the more southern parts of the continent.  
In the USA,  there is also a  strong  focus on the likely increase of hurricane  intensity . This is no t an  issue in 
Europe.  

In the Netherlands sea lev el rise is a very prominent issue with a projected sea level rise on the Dutch 
coast in 2100 of 8 0 centimeter (2,5 feet). The p rojected sea level rise on the southern and east ern  coast of 
the USA tend s to be even higher  (locally up to 3 to 3.5 feet) . 
 

Vuln erability and risk assessment  
Presented below is a comparison of vulnerability and risk assessment in USA and in the Netherlands and 
Europe .   

 
Table 2: Comparing vulnerability assessment in the Netherlands and the USA  

 USA  NL/EU  

The scope of the pilots and methods 

used.  

 

¶ Vulnerability to extreme weather 

and climate change is assessed 

for the transport system as a 

whole  in some cases and at 

particular sub -areas or projects 

in others . Many pilots focus not 

only on  roads but also at 

railroads, airport s, sea ports  and  

ferries . 

¶ The pilot studies are carried out 

and managed by the grant 

recipients, with overall program 

management performed by 

FHWA.  

¶ The assessment s that are carried 

out by Rijkswaterstaat  focus   

mainly on the road  network and 

related systems and services.  

 

The climate variables and effects 

taken into account  

 

¶ The framework and pilots take a  

wide range of variables related to 

extreme weather into account 

(sea - level rise, storm surge, 

extreme winds, changes in 

temperature, droughts, high 

intensity rainfall and changes in 

snowmelt and permafrost)  

¶ The pilots are widespread across 

the US A and cov er many  climate 

zones   

¶ Due to large differences in 

climate and geography, the 

climate data  and the stressors 

involved  in  the different pilots 

¶ In the RoadApt studies a  wide 

range of variables related to 

extreme weather is taken into 

accoun t (Extreme rainfall events, 

seasonal and annual average 

rainfall, sea level rise, heat 

waves, drought, changes in the 

number of frost, thaw and fog 

days, extreme winds)  

¶ The Blue spot studies focus 

mainly on the risk of floods and 

the effects of intense rai nfall  

¶ The pilots are concentrated in the 

Northwestern region of Europe 

(The Netherland s, Germany, 
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 USA  NL/EU  

can vary widely  

 

Denmark, and Norway). The data 

bases are therefore not complete 

for the more arid climate zones  

The methodology used  

 

¶ In most pilots, there is a focus on 

wor kshops and the involvement 

of a wide range of stakeholders. 

Both to create awareness and to 

provide know -how and the 

correct available data  

¶ The methodologies used are GIS -

aided using available GIS files 

and databases  

¶ Priority setting is based on 

effects of  climate change, 

consequences (socio -economic 

impacts) and on governance 

aspects  

¶ Mostly Road Authorities, 

Universities and Institutes take 

part in the studies and pilots  

¶ The methodologies used are GIS -

aided using available GIS files 

and databases  

¶ Priority setting is based mainly 

on the effects of climate change 

and consequences (socio -

economic impacts)  and hardly 

involves governance aspects.  

Presenting and i ncorporating results  ¶ There are large differences in the 

pilots in the way the results are 

presented  and interpreted. This 

can be explained by the 

differences in the goals of the 

pilots.  

¶ In most pilots there is an 

emphasis on the incorporation of 

the results  into decision making 

(prioritization and planning)  

¶ Studies and pilots are more 

uniform because th ey are more 

centrally coordinated  

 
 

An in depth comparison of the technical approaches and methodologies used for vulnerability assessment in 
the USA and European pilot, is hard to carry out. Especially in the US , pilots used different technical 
approaches and methodologies. The pilots are coordinated by the state agencies, which have their own 
focus and goal. In addition, the availability of data vary for each pilot and influences the choice of the 

methodology. The European projects and pilots ar e more centrally coordinated and therefor e much more 
uniform in the methodologies used for vulnerability assessments.  
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3.2  Climate  change scenarios  

3.2.1  USA 
 

Future climate change 6   

Future Temperature Changes  
We have already observed global warming over the last several decades. Future temperatures are expected 
to change further. Climate models project the following key temperature - related changes  for the USA . 

 
¶ By 2100, the average U.S. temperature is projected to increase by about 4°F to 11°F  (2 -4 °C) , 

depending on emissions scenario and climate model.  

¶ An increase in average temperatures worldwide implies more frequent and intense extreme heat 

events, or heat waves. The number of days with high temperatures above 90°F (32 °C) is expected to 

increase throughout the  United States, especially in areas that already experience heat waves. For 

example, areas of the Southeast and Southwest currently experience an average of 60 days per year 

with a high temperature above 90°F. These areas are projected to experience 150 or  more days a year 

above 90°F by the end of the century, under a higher emissions scenario. In addition to occurring more 

frequently, these very hot days are projected to be about 10°F (4,5 °C )  hotter at the end of this 

century than they are today, under a  higher emissions scenario.  

 
Figure 2 : Projected temperature changes the USA due to climate change  

 
6
 website EPA Future Climate Change  
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Future Precipitation and Storm Events  

Patterns of precipitation and storm events, including both rain and snowfall are also likely to change. 
However, some of these changes are less certain than the changes associated with temperature. 

Projections show that future precipitation and storm chang es will vary by season and region. Some regions 
may have less precipitation, some may have more precipitation, and some may have little or no change. 

The amount of rain falling in heavy precipitation events is likely to increase in most regions, while stor m 
tracks are projected to shift poleward.  Climate models project the following precipitation and storm 
changes  for the USA . 
 
¶ Northern areas are projected to become wetter, especially in the winter and spring. Southern areas, 

especially in the West, are projected to become drier.  

¶ Heavy precipitation events will likely be more frequent. Heavy downpours that currently occur about 

once every 20 years are projected to occur about every four to 15 years by 2100, depending on 

location.  

¶ More precipitation is expected to fall as rain rather than snow, particularly in some northern areas  

¶ The intensity of Atlantic hurricanes is likely to increase as the ocean warms. Climate models project 

that for each 1.8°F  (1 °C ) increase in tropical sea surface temperatures the rainfall rates of hurricanes 

could increase by 6 -18% and the wind speeds of the strongest hurricanes could increase by about 1 -

8%. There is less confidence in projections of the frequency of hurricanes, but the global frequency of 

tropical hurricanes is likely to decrease or remain essentially unchanged.  

¶ Cold -season storm tracks are expected to continue to shift northward. The stro ngest cold -season 

storms are projected to become stronger and more frequent.  

 

 
 

Figure 3: Projected changes in temperature in the USA because  of climate change  
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Future Ice, Snowpack, and Permafrost  
Arctic se a ice is already declining. The area of snow cover in the Northern Hemisphere has decreased since 
about 1970. Permafrost temperature has incr eased over the last century.   

 
Over the next century, it is expected that sea ice will continue to decline, glaciers will continue to shrink, 

snow cover will continue to decrease, and permafrost will continue to thaw. Potential changes to ice, snow, 
and permafrost are described below.  

¶ Northern Hemisphere snow cover is expected to decrease by approximately 15% by 2100  

¶ Models project the snow seas on will continue to shorten, with snow accumulation beginning later and 

melting starting earlier. Snowpack is expected to decrease in many regions  

¶ Permafrost is expected to continue to thaw in northern latitudes. This would have large impacts in 

Alaska.  

 
Future Sea Level Change  

Increasing  temperatures contribute to sea level rise by: expanding ocean water; melting mountain glaciers 
and ice caps; and causing portions of the Greenland and Antarctic ice sheets to m elt or flow into the ocean.  
Since 1870, global  sea level h as risen by about 8 inches. Estimates of future sea level rise vary for different 

regions, but global sea level for the next century is expected to rise at a greater rate tha n during the past 
50 years.  
 
The contribution of thermal expansion, ic e caps, and small glaciers to sea level rise is relatively well -

studied, but the impacts of climate change on ice sheets are less understood and represent an active area 
of research. Thus it is more difficult to predict how much changes in ice sheets will contribute to sea level 
rise.  

 
Ice loss from the Greenland and Antarctic ice sheets could contribute an additional 1 foot of sea level rise, 
depending on how the ice sheets respond.  

 
Regional and local factors will influence future relative sea level rise for specific coastlines around the 
world. For example, relative sea level rise depends on land elevation changes that occur as a result of 
subsidence (sinking) or uplift (rising). Assuming that these historical geological forces continue, a 2 - foot 

rise in global sea level by 2100 would result in the followi ng relative sea level rise:  
 
¶ 2.3 feet at New York City  

¶ 2.9 feet at Hampton Roads, Virginia  

¶ 3.5 feet at Galveston, Texas  

¶ 1 foot at Neah Bay in Washington state  

Relative sea level rise also depends on loca l changes in currents, winds, salinity, and water temperatures, 

as well as proximity to thinning ice shee ts.  
 
Several methods, approaches and tools have been created in an attempt to make climate data more usable 

by practitioners , including transportation. 7 FHWA created the CMIP Tool to help users get downscaled 
climate projections for precipitation and temperature for their area. 8 
 

  

 
7 See: http://toolkit.climate.gov/tools  
8 See: 

http://www.fhwa.dot.gov/environment/climate_change/adaptation/adaptation_framework/modules/index.cfm?moduleid

=2  
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3.2.2  Netherlands /E urope  
 
KNMI'14 climate scenarios  

Climate change effects in the Netherlands include h igher temperatures, accelerating sea level rise, wetter 
winters, more intense showers , and drier summers. According to the KNMI'14  (Dutch Meteorological 

Institute)  climate scenarios, these effects need to be taken  into account for the future of  the Netherlands.  
  

The KNMI'14  climate scenarios (May 2014) translate the research results on the global climate in the IPCC 
report (2013) to the Netherlands. Together, the KNMI climate scenarios cover the outer points of likely 
changes in the climate of the Netherlands. They give the change around 2050 and 2085 compared to the 

climate in the period 1981 -2010. The four KNMI'14 scenarios differ in the extent to which the global 
temperature increases ('Moderate' and 'Warm') and the possible change of the air circulation pattern ("Low 
valu e" and "High Value").  

 

 
Figure 4: Projected changes in the weather because of climate change in the Netherlands  
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EU Adaptation strategy  
The temperature of the European land area over the last decade (2002 -2011) has increased on  average 
1.3°C (2 .3°F  ) above preindustrial level , meaning that the increase in Europe has been faster  than the 

global average. Some extreme weather events have increased, with more frequent  heat waves, forest fires 
and droughts in southern and central Europe. Heavier precipit ation  and flooding is projected in northern 

and north -eastern Europe, with an increased risk of  coastal flooding and erosion. A rise in such events is 
likely to increase the magnitude of  disasters, leading to significant economic losses, public health prob lems 

and deaths.  I mpacts vary across the EU depending on climate, geographic and socioeconomic conditions.  
All the countries in the EU are exposed to climate change (see Figure 1 below). However, some regions are  
more at risk than others. The Mediterranean  basin, mountain areas, densely  populated floodplains, coastal 

zones, outermost regions and the Arctic are particularly  vulnerable. Additionally, three quarters of the 
population of Europe live in urban areas, which  are often ill equipped  for adaptation an d are exposed to 
heatwaves, flooding or rising sea  levels.  

Many economic sectors are directly dependent on climatic conditions and are already facing  the impact of 
climate change in areas such as agriculture, forestry, beach and snow tourism,  health and fi sheries. Major 
utilities, such as energy and water providers, are also affected.  
Ecosystems and the services they provide are suffering from the adverse impacts of climate  change, which 

is accelerating the decline of biodiversity and reducing their ability  to buffer  natural extremes. Climatic 
changes will have consequences for the availability of basic natural  resources (water, soil) leading to 
significant changes in conditions for agriculture and  industrial production in some areas.  

Global warming may prov ide opportunities for specific sectors in certain areas, such as increased crop 
yields and forest growth, more hydropower or less energy needed for heating  in northern Europe. However, 
the potential regional net benefits are highly uncertain.  

 

 
 
Figure 5:  Projected impacts of climate change and associated threats. Based on EEA report  

Climate Change Impacts and Vulnerability in Europe (2012)  
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3.3  Vulnerability assessment  

3.3.1  USA 
 

FHWA: Climate Change & Extreme Weather Vulnerability Assessment Framework (December 

2012)  

1. Goal of overall method (scope)  
 

 The framework gives an overview of key steps in conducting vulnerability assessments and 
uses in -practice examples to demonstrate a variety of ways to gather and process information. 
The framework is comprised of three key steps:  

 
 
The guide highlights the need for tr ansportation agencies to focus on assets with a high 
likelihood of climate impact and high consequence.  

 

The range of future changes to the climate that are of importance to a specific transportation 

agency will vary by region and by study objectives.  

For transportation, the most important changes are often not changes to annual or seasonal 

averages, but to relatively short duration extreme events that can cause significant damage to 

transportation infrastructure or disrupt transportation operations. The kinds of climate changes 

included in transportatio n vulnerability assessments are :  
¶ Temperature (including increase of numbers of very hot days, heat waves, changes to 

freeze - thaw cycles, and changes to the length of the construction season)  
¶ Extreme precipitation events (both wetter and dryer conditions. May lead to flooding, 

destabilization of vegetation and wild - fires, increase of rock fall)  
¶ Sea- level and Coastal Storm Surge (causing permanent or periodic inundation of 

infrastructure, increased coas tal erosion, changes in groundwater levels and salinity)  

¶ Permafrost Thaw (damage to infrastructure built on permafrost, mainly in the arctic region 
of Alaska) .  

¶ Snowmelt Hydrology (changes in snow accumulation and snowmelt can lead to flooding 

and channel instability and cause damage to infrastructure built alongside or across rivers)  
 

2. Background information (context, authors)  

 

 The Federal Highway Administrationôs (FHWAôs) Climate Change and Extreme Weather 

Vulnerability Assessment Framework is a guide for transportation agencies interested in 
assessing their vulnerability to climate change and extreme weather events.  

3. Sub -methods/ researches  
 

 The framework is based on an earlier version named óVulnerability and Risk Assessment 

Conceptual Modelò and the lessons learnt from five pilot project in which this earlier version 

was implemented.  
The five pilot project on which the framework is based are the ñNew Jersey pilotò, the ñOaha 
MPO pilotò, the ñSan Francisco Pilotò, the ñVirginia pilot (Hampton Roads)ò and the ñWSDOT 
pilotò  

(see further on for more information on these pilot projects)  
In recent years (2013 and 2014) several more pilots are conducted all over the US. These 

pilots are mentioned at the end of the paragraph.  
 
 

4. R elationship between sub -methods & how to use methods  

 

 The framework is designed as a guide for all transportation agencies in the US  

 

Defining study 
objectives and scope 

Assessing 
vulnerability 

Incorporating results 
into decision making 
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San Francisco pilot ï Adapting to Rising Tides  

1.  Description of the method (scope, key steps, how the analysis is conducted, illustrative example, 

incorporated into existing processes)  

 The San Francisco Pilot is a broad study of climate vulnerability, sensitivity, risks and 
adaptation options.  The San Francisco pilot use d the first conceptual Risk Assessment model 
developed by the Federal Highway Administration (FHWA) to assess the climate change ï
related sea level risks to transportation infrastructure in a select portion of the San Francisco 

Bay Area.  
 
The study selected sea level rise scenarios for mid -  and end -of -century that were within the 
range of values included in the State of California Sea ΅Level Rise Interim Guidance Document 

(October 2010). The two sea level rise scenarios were evaluated for three tide/Bay water level 
conditions (mean higher high water, the  100 -year extreme water level, and the 100 -year 

extreme water level with wind -driven waves) by leveraging regional modeling results from 
USGS and the Federal Emergency Management Agency (FEMA) . 
 

-  Asset Risk P rofiles  

A risk profile summarizes the results of the pilot for a selected asset. The risk profiles are tools 

for future development and prioritization of adaption strategies. The profiles combine the 

relevant information on one ófactsheetô that is easy to read for decision makers  (see risk profile 

glossary  below) .  

 

-  Prioritizing adaptation options through categorization  
The project reviewed a list of potential adaptation measures organized in the following 
categories: structural and nonstructural measures, and as set -specific and regional measures. 
The project team developed criteria that can be weighed and ranked in evaluating adaptation 

measures for each of the following groups: Equity, Economy, Ecology and Governance  (see 
example below) . These categories and cri teria are not specific to the San Francisco area but 
are relevant for all adaptation options. Therefore,  they can be applied elsewhere.  
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San Francisco pilot ï Adapting to Rising Tides  
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San Francisco pilot ï Adapting to Rising Tides  

 
 

2.  How is it applicable to other countries (how applicable/ transferable, what might need to be 

changed/ adapted, use in the Netherlands )  

 The data and much of the results and findings are specific to the San Francisco context (for 

example the inundation maps) . The lay out of the factsheet (risk profile) and  the criteria used 

for priority setting can be useful and applicable elsewhere  
 

3. How much time/ money/ effort required 

 Study took several months  

 

 

New Jersey pilot  

1.  Description of the method (scope, key steps, how the analysis is conducted, illustrative example, 

incorporated into existing processes)  

 The North Jersey Transportation Planning Authority (NJTPA) led the interagency NJ Partnership 
to assess the vulnerability of transportation systems. Much of the state's infrastructure is 
ageing and concentrated near major rivers and the coast. The NJ Partnership wanted to 

understand how to make more strategic capital investments in light of the changing climate. To 
accomplish this goal, the project team conducted a Geographic Information System ( GIS) -
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New Jersey pilot  

based climate vulnerability assessment on transportation assets in two geographic areas of 
focus.  
 

The N ew Jersey pilot is based on an evaluating multimodal assets including roadways, bridges, 

tunnels, rail and bus transit, freight rail, maritime asse ts, airports and wetlands in two study 
areas. The first concerns the Coastal Study Area along the Atlantic coast, aiming at the stateôs 
economic activity and an increasing population. The latter concerns the Central Study Area, 

focusing on a significant tr ansit corridor.  
As such, this pilot is conducted by comparing 
the outcome of two researches.  

The New Jersey pilot looked at sea - level rise, 
storm surge, extreme temperatures and 
temperature ranges, extreme and average 

precipitation, drought, and inland fl ooding. The 
pilot benefitted from assistance from their 
State Climatologist, and hired a consultant to 
develop downscaled climate projections for the 

study area. The pilot also analyzed future 
floodplain expansion using a regression model 
developed in a FE MA-sponsored study  (Federal 

Emergency Management Agency ) . Inputs to 
the model included current and future climate 
variables.  

 
The New Jersey  pilot use d the first conceptual Risk Assessment model developed by the 
Federal Highway Administration (FHWA) to assess the climate change ïrelated sea level risks to 
transportation infrastructure in a select portion of the San Francisco Bay Area. The pilot ótest-

drive dô the model and the  recommendations were used in the FHWA ñClimate Change & 
Extreme Weather Vulnerab ility Assessment Frameworkò. 
 

2.  How is it applicable to the Netherlands  (how applicable/ transferable, what might need to be 

changed/ adapted, use in other countries)  

 While much of the results and findings are specific to the New Jersey  context , the method  (see 
below)  is applicable in other countries .  

 

 

Impact Planning Design Operations 

Frequency 
/Severity of 

futere 
incidence 

Coastal 
study area 

Multimodal 
assets evaluation 

Focus on 
economic activity 

and increasing 
population 

Central 
study area 

Multimodal 
assets evaluation 

Focus on a 
significant transit 

corridor 
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New Jersey pilot  

 
 

 

The method contains a series of matrices to identify potential adaptation strategies that could 

be implemented at the planning, design and operations phases o f transportation decision 

making.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3. How much time/ money/ effort required 

 Study took several months  

 
 
 

WSDOT pilot  

1.  Description of the method (scope, key steps, how the analysis is conducted, illustrative example, 

incorporated into existing processes)  

 As part of the FHWA pilot program, the Washington State Department of Transportation 
(WSDOT) assessed the vulnerability to climate change of the infrastructure it owns, including 
roads, rail, ferry facilities, and airports.  

The WSDOT pilot considered all known climate threats in the Pacific Northwest: sea level rise, 
precipitation change, temperature change, and fire risk. The study used climate projections 
funded and endorsed by an act of the Washington State Legislature for use in adaptation 

studies, dev eloped by the University of Washington Climate Impacts Group.  
 

Increase public and 
stakeholder 
awareness 

Identification of 
options for increasing 

resiliciency in all 
systems and sectors 

Reduce a community's 
exposure to threats 

Develop response 
plans to quickly 

recover 


