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Extreme Events in the U.S. 
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A 30,000-foot view of: 

•Heat waves 

•Heavy rainfall, flooding, and sea level rise 

•Drought and wildfires 

•Wind events: tropical storms, tornadoes, and strong storms 

• Snow and ice? 

…then some comments on “how to” better cope with extreme events. 

 



Extreme Events are costly  
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Smith and Katz, Natural Hazards, June 2013, Volume 67, Issue 2, pp 387-410 

NOAA NCDC;  http://www.ncdc.noaa.gov/billions/summary-stats 



Heat Waves 
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National and Regional Trends Implications Projections 

Nationally-averaged, more 
frequent high temperatures 
and heat waves 
 
Many recent record-breaking 
hot summers 
 
Strongest trends in West, less 
warming in SE 

Limitations on construction hours  
 
Vehicle overheating 
 
Electrical system malfunctions and 
brownouts  
 
Loss of pavement integrity 
 
Rail buckling  
 
Air traffic slowdowns 

Increases in 
severity and 
intensity in all 
regions 



Warm extremes are outpacing cold extremes 

5 Draft National Climate Assessment 
Chapter 2– Figure 2.18 



Recent sweltering summers 
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Projections for Extremely Warm Days 
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Heavy Rainfall, Flooding, and Sea Level Rise 
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National  and Regional Trends Implications Projections 

Increases in heavy rainfall, esp. in East and 
Midwest  
 
Riverine streamflow records show both 
increases and decreases in flooding 
 
Many coastal areas are experiencing 
frequent/severe flooding 
 
In many Western locations, changes in 
snow accumulation and snowmelt alters 
the timing of peak flows 

Increased erosion 
along rivers and 
coasts 
 
Loss of soil integrity 
and landslides 
 
Roadway/railbed 
washouts 
 
Sewage overflows  

Increase in heavy rainfall 
across all regions; but 
flooding responses are 
not always in lock-step 
 
Sea level rise will 
exacerbate coastal storm 
surge and flooding 
 
Changes in snow 
hydrology will continue 
to alter streamflow 
patterns 

 



Trends in Heavy Rainfall 
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Draft National Climate Assessment 
Chapter 2– Figure 2.16 



Trends in Flooding 

10 Draft National Climate Assessment 
Chapter 2– Figure 2.20 



Sea level rise has allowed/will allow smaller coastal 
storms to cause greater flooding 

Extreme Events in the United States 11 Draft National Climate Assessment 
Chapter 1– Figure 1.2 

http://tidesandcurrents.noaa.gov/sltrends/sltrends.shtml 

http://tidesandcurrents.noaa.gov/sltrends/sltrends.shtml


Drought and Wildfire 
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National  and Regional Trends Implications Projections 

Country as a whole has gotten slightly 
wetter, led by Northern areas. Southwest 
has gotten slightly drier.   
 
No strong drought trends; periods of 
intense drought have periodically occurred 
in different regions 
 
More area burned in wildfires 
(management likely plays a role) 
 

Low lake and river 
levels can slow/halt 
navigation  
 
Wildfires can reduce 
visibility and air 
quality 
 
Wildfires can close 
roads and railways 

Droughts expected to be 
exacerbated by higher 
temperatures 
 
Decreases in rainfall in 
the Southwest expected 
to increase 
frequency/severity of 
drought 
 
Wildfires expected to be 
more extensive and 
severe 



Droughts – no true national trend 
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National Research Council 
Potential Impacts of Climate Change on US 
Transportation: Special Report 290  
(2008) 



2011 and 2012 droughts have been/are significant 
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Wildfires 
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National Research Council 
Climate Stabilization targets: Emissions, 
Concentrations, and Impacts over Decades to 
Millenia (2012) 



Wind Events: tropical storms, tornadoes, and strong 
storms 
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 National  and Regional Trends Implications Projections 

Tropical storms have become more 
intense in the Atlantic basin 
 
No clear trend or clear mechanism 
for changes in thunderstorms and 
tornadoes 
 
No clear/strong trends in overall 
storminess; evidence that storm 
tracks are shifting northward 
through the Northern Hemisphere 

Damage to 
infrastructure can affect 
transportation 
networks (and other 
supporting networks, 
like electricity) 
 
Near coasts, storm 
surge can lead to 
flooding 
 
  

Atlantic tropical storms 
expected to become more 
intense, but potentially less 
frequent 
 
Considerable uncertainty 
regarding the magnitude and 
direction of changes (if any) 
in overall storminess  or 
thunderstorms/tornadoes 



Recent uptick in Atlantic tropical storm activity  
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Draft National Climate Assessment 
Chapter 2 – Figure 2.23 



Tropical storms are expected to be more intense, but 
potentially less frequent 
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Draft National Climate Assessment 
Chapter 2 – Figure 2.24 



Snow/Ice? 
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•Trends in snowfall and 
icy precipitation are 
often weak/not 
statistically significant 

•Areas often near 
freezing are likely to be 
warmer, and see less 
frozen precipitation  

•Regional circulation 
patterns determine 
winter weather; the 
impact of climate 
change on these 
patterns is uncertain 
 

 

Vose et al., 2012, BAMS, (submitted) 



SO WHAT?? 
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RESILIENCE is the name of the game 
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•Resilient systems can anticipate, absorb, adapt to, and/or 
rapidly recover from disruptive events. 

•How to pursue resilience?  

o Identify SENSITIVTY 

oMake FRIENDS 

o INTEGRATE management activities 

oMake the LONG PLAY 

 



1) Sensitivity 
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How is your system affected by extreme weather events?  How 
is your system affected by climate? 

oWhat keeps you up at night?   

oWhat fails/breaks/malfunctions?  Where is it? 

oHow many events can you tolerate in a season/year? 

oWhat’s the worst case scenario? 

oHow much has it cost in the past?  How much could it cost? 

oWhich agency/department got stuck with the bill(s)? 

 



1) Sensitivity 
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How is your system affected by extreme weather events?  How 
is your system affected by climate? 
oWhat keeps you up at night?   

oWhat fails/breaks/malfunctions?  Where is it? 

oAre there certain weather/climate thresholds, beyond which impacts are 
triggered? 

oHow many events can you tolerate in a season/year? 

oWhat’s the worst case scenario? 

oHow much has it cost in the past?  How much could it cost? 

oWhich agency/department got stuck with the bill(s)? 

…this is the foundation for your CLIMATE NARRATIVE 



1) Sensitivity 
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Creating a climate narrative 
 

• Anecdotal evidence can be a critical  
first step to thinking about future issues 
 
 
 

• Quantitative evidence can be a useful tool  
for planning and prioritization 

Informal  
• Personal experience 
• Discussions with key staff 
• Workshops 
 
 
More formal 
• Labor/repair tracking 
• FEMA reimbursement 

accounting  
• Asset management 

systems 
 

1) The narrative helps identify useful climate information, whether it be 
from the past or for the future. 
 
2) Understanding your sensitivity is more important than knowing about 
the future climate. 



The NARRATIVE includes more than just climate… 
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•You may inherit other 
systems’ sensitivities (ex: 
electricity, water) 

•Disasters (and disaster 
response) can affect 
sensitivity 

• Land use affects almost all impacts (ex: heat islands, 
impervious surfaces, presence of natural or built flood 
protection) 

•  Population growth and demographic shifts can affect how 
impacts play out, since they relate to service use and needs 

 

Draft National Climate Assessment 
Chapter 16 – Figure 16.5 



2) Friends 
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•Many state, city, and county 
organizations have already 
conducted risk assessments 

•  Examples: State DOTs, MPOs, 
county government, federal 
agencies 

• Federal agencies and local 
universities are treasure troves of 
technical expertise. 

• Leverage, leverage,  
leverage 



3) Integrate management – prepare for “the crisis” as 
part of your “everyday” 

27 

•Connect emergency 
management to procurement, 
inspection, maintenance, and 
contracting cycles 

•Develop redundancy and 
establish contingencies 

•Use scenarios as creative 
planning tools 

•Educate staff and customers 

•Practice! 



4) The long play 

28 

• Become a professional gambler  
 
You can’t win every time, but how can you hedge your bets?   
How can you make losing tolerable?   
How can you win more often than you lose? 

• Post-disaster plans – made when skies are sunny 
 
At what point would services or assets be abandoned? 
Post-disaster opportunities for retrofits/rebuilding 
With whom would you collaborate? 

• Private sector risk management  
 
Insurance, reinsurance, and catastrophe bonds (?) 



Takeaways 
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•At the local scale, climate is just one factor to consider…but 
ignoring the range of past climate variability, recent trends, and 
projected changes could put assets at risk. 

•The status quo often provides an estimate for the costs of 
inaction.  

•Uncertainty related to weather and climate should motivate 
building resilience to all sorts of shocks.  Strategies include 
fortifying, monitoring, hedging, and establishing redundancy.  



Resources 
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•Draft National Climate Assessment: 
http://ncadac.globalchange.gov/ 

• IPCC Managing the Risks of Extreme Events and Disasters to 
Advance Climate Change Adaptation:  
http://ipcc-wg2.gov/SREX/ 

•Potential Impacts of Climate Change on US Transportation: 
Special Report 290: 
http://onlinepubs.trb.org/onlinepubs/sr/sr290.pdf 

•NRC Stabilization report: 
http://www.nap.edu/catalog.php?record_id=12877 

•NOAA sea level trends: 
http://tidesandcurrents.noaa.gov/sltrends/sltrends.shtml 

 

http://ncadac.globalchange.gov/
http://ipcc-wg2.gov/SREX/
http://onlinepubs.trb.org/onlinepubs/sr/sr290.pdf
http://www.nap.edu/catalog.php?record_id=12877
http://tidesandcurrents.noaa.gov/sltrends/sltrends.shtml


Dr. Joe Casola, casolaj@c2es.org 
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Smith and Katz, Natural Hazards, June 2013, Volume 67, Issue 2, pp 387-410 



Observed changes in precipitation 
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Draft National Climate Assessment 
Chapter 2 – Figure 2.11 



Projections for Heavier Big Downpours 

34 Draft National Climate Assessment 
Chapter 2– Figure 2.17 
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