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The U.S. is getting warmer

Source: 2014 U.S. National Climate Assessment



Heavy precipitation becoming more frequent

Source: 2014 U.S. National Climate Assessment



Sea level is rising

Source: 2014 U.S. National Climate Assessment



What are the implications to future 
infrastructure vulnerabilities?

• Damage to infrastructure and property

Heat, wind, flooding and wave damage

• Increased O&M costs

• Increased risk of component AND 
transportation system failure



Climate Change Is Not Being 
Systematically Incorporated in 
Infrastructure Engineering

• attention and resources are focused on shorter-term 
competing priorities; 

• challenges identifying and obtaining available climate change 
information best suited for projects; 

• not knowing how to access local assistance; or 

• available climate change information does not fit neatly into 
infrastructure planning processes. 

GAO, 2013
www.gao.gov/products/GAO-13-242



In design and planning, we assume long 
term climate will remain stable and can be 
predicted based on past climate normals



In reality, climate is non-stationary: future 
climate conditions and weather risks will 
differ from those experienced in the past

How do we incorporate these trends into 
planning for operations, maintenance, and 
design of transportation infrastructure?



What Enables Change?
Availability of Climate Info

• Stakeholders are uncertain about 
where to go and what information 
to use

• It is a struggle to determine which 
information is relevant

• End user has to assess which 
information is high quality

“Loading dock” repository of 
climate science papers

Need local experts to serve as climate 
information translators to bridge the gap



The Infrastructure and 
Climate Network (ICNet)

A collaborative network of over 75 climate 
scientists and transportation engineers in the 
Northeast

Accelerating new research & adaptation in climate 
change impacts to transportation infrastructure



Climate scientists have a good idea of how certain 
types of extremes are being affected

Larger wildfires 
in the West

Stronger 
rainfall and 

winter storms

Rising sea level 
and stronger 
hurricanes

Stronger and 
more frequent 

heat waves



Others, they’re still arguing about

Droughts: 
stronger, but 
more or less 

frequent?

Polar Vortex:
related to Arctic 

warming?

Derechos:
Hard enough 
to predict, let 
alone project!

Tornadoes: are 
they affected? 



Engineering Practice Needs a “Best Available Data” 
Approach 



WHAT CAN WE DO?

For some purposes, we can       

stop right here.

We know enough about the vulnerability of 
our system and the direction of future 
change to build resilience into future 
planning.

For other planning and design purposes,                   

we need more.



How do we incorporate climate projections 
into future planning and design?

1. Identify the climate or weather-related concerns already 
known to potentially affect the infrastructure that is 
being designed, built, and/or maintained. 

2. Quantify the type of the information required by 
engineers and transportation experts to assess future 
impacts and minimize vulnerability 

3. Determine which of these risks have changed historically 
or are likely to change in the future, and the extent to 
which climate science can provide robust information on 
these risks to be used in future planning. 



For many impacts, climate scientists can develop 
quantitative projections





STEP ONE: Use Climate Model Data from
Atmosphere-Ocean General Circulation 
Models (GCMs)

• Spatial Resolution
 ~ 250 x 250 km pixels
 Global

• Temporal Resolution
 30 to 100 Year Records
 Daily, Weekly, Monthly

• Output
 precipitation, temperature, 

pressure, cloud cover, humidity, 
etc.



Climate Model Data
North American Regional Climate Change Assessment 
Program (NARCCAP)

• Series of Regional Climate 
Models (RCMs)

• Spatial Resolution

 ~ 50 x 50 km pixels

 North America

• Temporal Resolution

 Current : 1970 – 2000

 Future: 2040 – 2070

 30 to 100 Year Records

 3-Hourly, Daily, & Weekly

20

Source: http://www.narccap.ucar.edu

http://www.narccap.ucar.edu/


STEP ONE: Use multiple simulations and 
models from latest generation of global 
climate model simulations (CMIP5)



STEP TWO: Develop projections for 
multiple scenarios, from higher to lower



STEP THREE: Downscale to a continuous 1/16th

degree grid or to local weather stations 
selected by the planners, engineers, or users



Temperature Impacts on Rutting Using MEPDG
Interstate Failure: Future - Current

STEP FOUR : Develop projections for impact-
relevant climate indicators 

Meagher, W., J.S. Daniel, J. Jacobs, and E. Linder. 2012. 
Transportation Research Record, Vol. 2305/ 111-120.



For the 
Northeast, 
ICNet has 
developed 
a suite of 
general 
indicators

GMT +1°C 

GMT +2°C 

GMT +3°C 

Historical Period 
1971-2000 

2 

4 

6 

8 

10 

12 

14 

16 

18 

20 

22 

24 

26 

28 

30 

32 

34 

0 

Days over 95°F 

GMT +1°C 

GMT +2°C 

GMT +3°C 

Historical Period 
1971-2000 

Days per year 
over 3 inches  

0.1 

0.15 

0.2 

0.25 

0.3 

0.35 

0.4 

0.45 

0.5 

0 



ICNet Resources: Research ToolsICNet Resources: Research Tools



Built Infrastructure Thinking

• Resistance is not Resilience

• Safe to Fail, not Fail Safe 

• Design with Nature

“A mix of local and regional actions taken 
over space and time by public and 
private organizations…”
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THANK YOU!

www.theicnet.org

Sustainability and resilience depend on multi-institution 
collaborations to support the integration of climate 

science forecasts into engineering research for 
transportation infrastructure


