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Introduction

Ironically, in our world of engineering 
and science we often forget the 
cause-and-effect nature of extreme 
events. 

These events are intrinsically and 
physically tied to the environmental, 
social, and political scenarios that go 
waaaaaayyy beyond just the impacts 
to infrastructure. 

It is time to think differently. 



The Why of Climate Resilience.
There are three very strong drivers and one overlying tenet responsible for the need for 

the improved understanding of climate risk and resilience for infrastructure.

Reducing the risk 
of service failure

Benefit-to-Cost of 
Resilient Actions Liability Concerns

A policy of resilience provides a socio-
economic driver for 

community/company growth and an 
enhanced standard of living 



The risk of service failure is pretty much what keeps us up at 
night.      



The analysis of costs and benefits can significantly assist decision-makers in 
working out the best strategy for using scarce economic resources for the most 
effective adaptation approach and help prioritize and time resilience investments.

The Benefit to Cost of Resilient Actions

Putting a value on climate adaptation and resilient actions

• The National Academy of Sciences, Engineering and 
Medicine, and MIT place the BTC of climate 
adaptation at 6-10 to 1. 

• A recent (2020) study by the National Cooperative 
Highway Research Program pegged the BTC of 
adaptation measures at 7.3 to 1. 



Climate Adaptation/Resilience and Liability

A growing belief among our 
clients and the people that sue 
them.  
Climate-related issues should be 
addressed as a standard part of risk 
assessments

Most lawsuits are in regards to mitigation practices, but suits that 
involve a lack of due diligence are rapidly increasing. 



Columbia Law School – Sabin Center for Climate Change Law – April 8, 2021

Current Climate Change Litigation Case Types and Numbers



Resilience 
Framework – Version 

6.0

A holistic, iterative 
framework for 

addressing 
environmental  

hazards.  An evolution 
of best practices and 
lessons learned from 

previous studies.



• Creating decision support for resilient 
actions and environmental protection

• Examining infrastructure vulnerability at a 
high resolution

• Developed a GIS-based risk dashboard to 
identifying and prioritizing needs – An 
iterative tool now and into the future

Quote. 

M O N R O E  C O U N T Y,  F L  
C A S E  S T U D Y

Transportation Climate 
Resiliency Study and 
Long-term Capital Plan Year 2045, RCP 4.5 Sea Level Rise Vulnerability Assessment



• Historic climate trends are important for 
understanding future projections

• Decision support for mitigation of climate 
hazards

• Developed a GIS-based risk analysis to 
identify vulnerabilities and recommend 
design changes

Quote. 

C IT Y O F  VAU G H AN ,  O N
C A S E  S T U D Y

Climate Resiliency 
Study 

Historic Precipitation Trend Analysis for the City of Vaughan

400

500

600

700

800

900

1000

1100

1200

1935 1945 1955 1965 1975 1985 1995 2005 2015 2025

An
nu

al 
Pr

ec
ipi

tat
ion

 (m
m

)

Year

Annual Precipitation for Toronto Pearson Intl. Airport (1938-2020)
Annual Precip Linear (Annual Precip)



Craney Island, VA Fuel Depot Climate Resiliency Assessment and Strategic Plan

This, first of its kind, climate change risk and 
resiliency assessment is being performed on 
behalf of NAVFAC, but will resonate 
throughout the DOD going forward.  

Craney Island is the military’s most strategic 
fuel depot in the northern hemisphere and is 
extremely vulnerable to extreme storms and 
SLR.  

This project exemplifies the profound 
necessity for collaboration and facilitation with 
the client to enable them to make long-term 
capital planning decisions. 

C A S E  S T U D Y
D E P T.  O F  D E F E N S E  



OCEANREEF,  FL
C A S E  S T U D Y

Assessing Climate Vulnerability 
and Risk

Historic Tropical Cyclone paths within 30 mile radius of Ocean Reef. 

• Observed climate trends
• Extrapolated observed climate trends
• Projected climate trends
• Vulnerability assessment for 

community infrastructure



The spatial variance in 
the newly developed 
representative storm 
event told the tale of why 
the system worked the 
way it did. 

The big storms, the 
storms that mattered to 
system operation, had a 
very distinct spatial 
pattern that provided 
decision support for 
system remediation.  

ORANGE COUNTY,  CA
C A S E  S T U D Y

OCSD Wastewater Master Plan - Reanalyzing the Design Event



Design Storm: Precipitation pattern defined for use in the design of 

hydrologic or hydraulic systems.
Representative Storm: Precipitation pattern based on both spatial 

and temporal storm characteristics endemic to your locale for design of 

your hydrologic and hydraulic systems. 



Are these synthetic design standards costing you money?



…OR DO YOU NEED SOMETHING MORE REALISTIC?4



• A design storm of a certain recurrence 
interval that has all the spatial and 
temporal characteristics of the storms 
that impact a given site-specific 
watershed or sewershed

• The use of gauge-adjusted radar rainfall 
(GARR) data to better understand those 
storm characteristics

• Doing away with the one-size-fits-all 
mentality

• Making the connection between the 
design event and modeling/monitoring.  
An understanding of cause and effect 
that doesn’t always exist in a stormwater 
or wastewater system modeling.

A scientifically-derived representative storm event



• Create an up-to-date precipitation 
frequency analysis – ARI’s they are a 
changin’  BD

• Identify and reconstruct (GARR) the 10-20 
biggest storms (i.e. 10-years or greater) 
events from the region

• Identify site-specific spatial and temporal 
characteristics 

• Apply these characteristics to the same 
precipitation grid used to develop GARR 
storm reconstructions

• Create a representative event that is model 
ready, temporally accurate, can be scaled to 
any ARI, can be transposed anywhere in 
the domain, and, most importantly, moves 
through a model like a real storm. 

How is it done?

HDR SWPG - Thurs. Oct 8, 2020
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A Representative Storm for Minneapolis.  
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QUESTIONS?
Thank you!
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