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Infrastructures and Built Environments as
Issues for Climate Change Vulnerability,
Impact, and Adaptation Assessments (l):

* Historically, climate change 1AV analyses and assessments have tended to
emphasize close linkages with natural systems obviously sensitive to
climate parameters: e.g., ecology, hydrology

* Infrastructures and built environments are buffered from direct climate
effects by human efforts to dominate and control nature by marginalizing
its importance in our lives: earth systems as transformed by human action

- Living and working in settings whose conditions are defined by and within
structures, not by conditions external to them (except when we choose
otherwise)

- Engineering or replacing natural features to fit human convenience

* Therefore, infrastructures have been a focus of emission mitigation issues,
but often treated as sort of a residual “others” category in categorizing
AV issues: e.g., IPCC AR4 - “Industry, Settlement, and Society”



Infrastructures and Built Environments as
Issues for Climate Change IAV
Assessments (l1):

* But built infrastructures and
environments, especially in an urban
context, are emerging as 1AV topics of
particular interest:

- Anticipated by the US Global Change
Research Act of 1990, which mandates
attention to such concerns as energy
production and use, transportation, health,
and human social systems

- Driven by the fact that they are at the heart of the kinds of vulnerabilities and impacts that
most people care most about: comfort, convenience, mobility, labor productivity,
security....

- Associated with population concentrations and locations in vulnerable areas

- Often threatened by climate change, especially increases in extremes and extreme events:
storms, floods, wildfires, droughts, heat waves, ...



Infrastructures and Built Environments as
Issues for Climate Change AV
Assessments (l11):

* But built infrastructures and environments are emerging as 1AV
topics of particular interest (continued):

- Interacting with other kinds of vulnerabilities: e.g., aging
Infrastructures, rigid structures, high costs of capital investments, risks
of terrorism, economic downturns, etc.

* The questions are:

- Do built infrastructures and environments make our lives and our
country more or less vulnerable to impacts of climate change?

- What are the impacts likely to be from several scenarios for climate
change: e.g., a higher and a lower scenario?

- What are the potentials for built infrastructures and environments to
play lead roles in adapting to impacts of climate change?



Infrastructures and Built Environments as
Issues for Climate Change AV
Assessments (1V):

* Built infrastructures include urban areas, energy systems, transportation
systems, water systems, sanitation systems, communication systems, and
other products of human design and construction to deliver services in
support of human quality of life

* Climate change impacts and risk management strategies for infrastructure
are characteristically dominated by big-picture issues:

Dominated by large-scale events and large-scale decisions that cast long
shadows

Dominated by major players with impressive financial and managerial
resources; relatively well-adapted to climate variability; and in many cases
already factoring climate change-related risks into their strategic thinking (for
example, the oil and gas industry)

In many cases, already under some stress: e.g. often dealing with aging current
infrastructures

At the margin, not extremely sensitive to climate parameters unless other
stresses threaten tipping points — but they often do...



Infrastructures and Built Environments as
Issues for Climate Change AV
Assessments (V):

* Many of the implications of climate change involve interactions among
the various kinds of built infrastructures and environments

* Urban areas are often of special interest for cross-sectoral attention
because all of the various kinds of infrastructures are integrated there
(and because that is where most of the people live, where the votes are,
where the financial centers are, where the media centers are, etc.)

* But critical cross-sectoral interactions are also issues for other scales:
regional (e.g., electricity infrastructures/communication infrastructures,
transportation infrastructures/waste disposal infrastructures) and
national (national security)



Infrastructures and Built Environments as
Issues for Climate Change AV
Assessments (VI):

* \We should not minimize the issues regarding adaptive responses:

- Built infrastructures, with their high levels of investment and relatively long
lifetimes, are often viewed as among the most rigid of all of our human systems —
resistant to adaptation, hard and expensive to change

- Changing or revitalizing built infrastructures tends to be highly dependent on
large-scale public investment, when budget deficits at all levels of government are
reducing chances of such investment in the foreseeable future

* But the resolving the issues Is becoming increasingly urgent:

- A matter of national concern: e.g., OSTP’s Infrastructure Subcommittee of its
Homeland and National Security Committee

- For example, a focus of the American Society of Civil Engineers (ASCE) “water
infrastructure” report card, 2011: by 2020 US will have fallen $84 billion short of
needed investments in critical water systems, meaning $416 billion in lost GDP and
700,000 lost jobs and increased vulnerability to both flooding and droughts

- And a concern in state governments right now: transportation infrastructures



Consider a Couple of Vivid Examples of
Infrastructure Vulnerability:

* Some examples of infrastructure impacts of extreme events from
history:

- The Baltimore tunnel fire of 2001: five days of downtown flooding, 1200
downtown buildings without power, fiber-optic cable destroyed (interrupting
Internet service in the NE), transportation systems disrupted

- The Northeast blackout of 2003: 50 million people lost electric power,
widespread shutdowns of water pumping stations and loss of water pressure —
causing water contamination, loss of power to oil refineries...

* Some examples of current US regional vulnerabilities:

- The Gulf Coast, vulnerable to a combination of economic/demographic growth,
increasingly strong coastal storms, sea-level rise, and land subsidence: e.g., the
experience with Hurricanes Katrina, Rita, Gustav, and Ike

- The coastal Northeast, vulnerable to a combination of dense urban-industrial
development, increasingly strong coastal storms, and sea-level rise: e.g., the
recent experience with Superstorm Sandy (and Irene before)



As One Example: Gulf Coast Highways Currently
At Risk From Storm Surge At Elevations Currently
Below 7.0 M (23 Ft.) - CCSP SAP 4.7, 2009
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Building a Resilient
Energy Gulf Coast:
Executive Report

Summary
hitp://amenicaswetiand.com

hitp ay.
Ower the past year, Entergy Corporation has worked to develop a framework and fact base to quantify
climate risks in the U.S. Gulf Coast and help inform economically sensible approaches for addressing
this risk and building a resilient Gull Coast.
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ackr support of Energy Coast and America’s Wetlands Foundation. and
Swiss Re, which was a lead contributor to the research, and brought its natural catastrophe and cimate:
risk assassment knowledge (o bear on the challenge of quantifying climete risks. The methodology used in
this study was previously devised and tested by a consortium of public and private partners, including Swiss
Rein a project on the Economics of Cimate Adaptation (ECA). The methodology developed a framework
for the facts for decision-makers to build a portiolio of economically suitable adaptation measures.

The Gulf Coast is to growing i tal risks today with >$350 billion of
cumulative expected losses by 2030

+ Economic losses will increase by 50-65 percent in the 2030 timeframe driven by
economic growth and subsidence, as well as the impacts of climate change: Wind and
storm surge damage from hurricanes drives significant losses in the Gulf Coast today. While the
actual losses from extrame storms are uncertain in any given year, on average, the Gulf Coast
faces annual losses of ~$14 bilion today

Qver the next 20 years, the Gulf Coast could face i i of
some $350 billion: 7 percent of total capital investment for the Gulf Coast area and 3 percent of
annual GDP will go towards reconstruction activities. In the 2030 timeframe, hurticane Katrina’
Rita-type years of economic impact may become a once in every generation evenlt as opposed
to once every ~100 years loday. The impact of severe huricane in the near-term could also have
a significant impact on any growth and reirvestment trajectory in the region




Key areas examined within 70 miles of the coast Asset values by class

US Gulf Coast region and counties in scope’ Replacement value by class M 2030
'\ $ Billions, 2010 dollars 0 2010
2010 GDP ($M) Basic metrics \
=1,000 Counties 77 II'I,I Residential
(£ 1.000-2,500 Area 61,685 sq. mi "\
B 2.500-5,000 \ Commercial
I 5.000-10,000 GDP $634 B n\
) - Critical
>10,000
O Population 11.7 million \n rfrastructure
; Agriculture/
| | fisheries
Non-energy
industrials
Electric utility
assets
Oil & gas
assets
Total . 3,268

1 Includes 30 Louisiana panshes
Source: ESRI; Energy Velocity



Modules Description Calculation Output

Seventy and frequency

o Hazard of hazard for different
module ---.._ climate change scenarios

-

@ Value Value of assets, el Expected loss per

module Incomes, and -===""""" ey | climate change

Human elements _.--~" scenario

-
a

-~~~ Vulnerability curves for
different assets, incomes,
and human elements
based on hazard seventy
for different climate
change scenarios

Vulnerability
module




3 ‘ Extreme storms drive significant economic (] Extreme climate scenario

damage with losses increasing going forward [T Average climate scenario
B No climate change

Annual average expected loss in 2010 and 2030

$ Billions; 2010 dollars

234

5 / 215

s Average annual
losses can
: increase
V ‘ i ‘ ‘ significantly by
' 2100 (to $131-
Climate 2010 2030 2050 211 M)
Scenarios

Percent of area’s
capital investment? @

Percent of GDP @

1 Mo climate change; includes impact of subsidence
2 Based on BEA historical average of capital investment (private and total govemment expenditures) as a percentage of GDP

Source: Swiss Re



4 ‘ The risk profile of the region will also shift going forward

Loss frequency curve for annual loss

$ Billions; 2010 dollars

300 2030, extreme climate scenario
2030, expected climate scenario
250 2030, base climate scenario
200 Extreme event losses
5 may exceed $200 bn [ : :
i (>25% of GDP -- 2010, today’'s scenario
150 : in 2030)

A year like 2005, with
Katrina/Rita (1 /100
year) may have a ~$200
bn impact in 2030 (with
no climate change)

100 The level of damage from a

1/100 year event will occur
50 1/40 years under an extreme
' climate scenario

e Under extreme climate
: i change, such a year

0 a0 100 150 200 may occur 2.5X more
often — or once every
lifetime (1/40 years)

Return period
(20 = 1/50 years)

Source: Swiss Re; Press searches



A range of attractive measures can address the increase
5 in annual loss between today and 2030 and keep the risk
profile of the region constant

35 0 Incremental :
i increase in loss : 3258
=+ under average ! - -
. change $7.3 billion 5 15.15
10 zim
.l 0.69 1;;:»&1.?9 230913438
 _0.17-0340.440.44 - __ .__0B9___080__________ 126 ____164 ; ) I D
o [0-17-034044044 0640 10T . . P
0 05 (10| 5 20 |25 30 35 40 |45 Lﬁ.ﬂ 55 60 EL B TIC i Th 80|85 S0 95 [10.0 105 11.0
Higher design Disconnec- . 2030 Loss averte
specifications table FPSO : $bn
for offshore ; Home elevation,
production : retrofits, low risk
~ Beach nourishment Replace ! _ )
) semisubs — : __ Opening protection,
Levees, petrochemical Roof shape— | — Roof wall, retrofits, low risk
~ plants, high risk i ' s
Roof cover, Home elevation, | : — Barrier island restoration
" retrofits new builds, high risk i

— Refineries levees

— Sandbags

— Resilience, new distribution

Resilience, retrofit distribution, low risk —

Local levees, high risk —

Roof wall, retrofits, high risk —

— Levees
L Weilands restoration

— Opening protection, new builds




Measures can translate into broad near-term actions to protect
our region — that are cost effective and will help our economy
and our environment

Residential/
commercial

Infrastructure/
Environmental

Oil and gas

Electric utility

€ mproved building codes

e Beach nourishment
o Wetlands restoration’

o Levee systems!

Improved standards for
offshore platforms

Floating production
systems

Replacing semi-subs with

drill ships

Levees for refineries and

petrochemical plants

o Improving resilience of
electric utility systems

Total

0000000060

Loss CapEx
averted, 2030 required?
% Billions % Billions
14 . 12
0.1 1
- -
0.4 25
! |
. |
10.3 |18
| I
1.7 16
11 18
0.5 11
07 5
1.3 15
// 75 44 //ﬂ 121

1 Included despite high C/B ratios due to strong co-benefits, risk aversion

2 Total capital investment, non-discounted, across 20 years

@& Average CB ratio

|| Public funding
B Frivate funding

The government
may need to
support or
incentivize some
private capital
investment, e.g.,
by subsidizing
homes in low-
income areas
built to higher
building codes



Atlantic City: Today’'s 100-Year Flood Could Become a Two-Year Flood by 2100

The top image shows the location of Atlantic
City, NJ, on Absecon Island. The light blue area
in the bottom image depicts today’s FEMA
100-year flocd zone (which extends beyond the
area shown). Currently, this area has a1 percent
chance of being flooded in a given year. By 2100,
this approximate area is projected to flood,

on average, once every year or two under either
emissions scenario, inundating high-tourist-
value hotels and casinos. Under the higher-
emissions scenario, the new 100-year flood
height would be roughly four feet greater in
2100 than today, flooding a far greater area
than the current FEMA flood zone.

Landmarks

. Atlantic City Boardwalk Hall
. Caesars Atlantic Orty
. Bally’s Atlamtic City &
. The Boardwalk
Trump Taj Mahal™
. ‘Gardner’s Basm
. Garden Pier




In the Most Severe
of the Climate
Change Scenarios,
Current Land Uses
In Some Coastal
Parts of the NYC
Metropolitan Area
May Be Difficult to
Sustain

1-in-100 Yr Flood Zones

for New York City

with Rapid Ice Melt Sea Level
Rise Projections

—— Major Roaids and Hghways

FEMA Cutrent
1-in=- 400 Yea Flocd Jone

B 220s 1-m-100 Year Fiood Zane
(9" Saa Leval Riza)
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(2T Sea Level Risa)

20808 1-in-100 Year Flood Zona
{5 S=a Level Rsel

= lasang
Sound

i S
e .-'x

;"
i Brun:ﬁlz'r
2/ {

-’1*

ygﬂ‘l"?
/R i\

g Authors: K. Grady A Maroke, L Pairick, W Soledsl, Mowember 2009

Fer mare ndormation, contacl indogoursustaniblecbies o




Locations in New York City Power Plants
Relative to 10-foot Elevation Contour
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How Infrastructures and Built
Environments Have Been Dealt with In
Assessments Over the Past Decade:

* During the CCSP era, in Synthesis

Effects of

and Assessment Products (SAPS): Syl

Production and Use
in the United States

- Several specifically relevant: 4.5
(energy production and use), 4.6
(human health and welfare/human
systems — including human
settlements), 4.7 (transportation/Gulf
Coast)

- Several others partially relevant: 2.2 (carbon cycle), 4.1 (coastal
sensitivities/Mid-Atlantic), 4.3 (agriculture, land, water)

20



How Infrastructures and Built
Environments Have Been Dealt with In
Assessments Over the Past Decade:

* Followed by US GCRP’s Global
Climate Change Impacts in the US

Glabal Climate |:-||.|II;:I|_'

(2009) Ivipacts in the United Scates

- Sectoral characterizations for water
resources, energy supply and use,
transportation, agriculture, health, and

“society”

- Included as one of four recommendations:
“expand our understanding of climate
change impacts,” including the cross-
cutting item “economic systems, human
health, and the built environment”

Presentation_name

21



How Infrastructures and Built
Environments Have Been Dealt with In
Assessments Over the Past Decade:

* Also notable have been:

- A number of regional assessments, c°nfrontmg ClifateChangs
including the Northeast (2008) Noast

- Several major urban assessments,
Including New York City and
Chicago st

- California Energy Commission’s
PIER program

22



How Infrastructures and Built
Environments Have Been Dealt with In
Assessments Over the Past Decade:

* Also notable are:

- Three recent NAS/NRC reports:

» Restructuring Federal Climate Research to
Meet the Challenges of Climate Change,
2009

> NAS/NRC/TRB report on climate change
iImplications for transportation
infrastructures, 2008

+ America’s Climate Choices: panel reports
on limiting emissions, adapting to impacts,
advancing the science, and informing cLATE

CHOICES

decisions, 2010; overview report, 2011 £

- IPCC: periodic assessment reports, e.g., AR4, 2007; AR5, now
under way; plus special reports such as on climate extremes
and potentials for adaptation, 2012



Analyses of Cross-sectoral Infrastructure
Interdependencies to Determine Vulnerabilities to
Cascading Disruptions Have Been Harder to Find:

*Although little of the work has been published, however, there is an
Important base of knowledge available

*DOE and its Laboratories — LANL, Sandia, and ORNL - are deeply
Involved in developing tools for modeling and analyzing cross-sectoral
vulnerabilities of critical infrastructures as a national security issue,

e.g., NISAC for DHS, electricity delivery and energy reliability for DOE,
and others

- Attention to 18 critical infrastructure sectors, along with dynamic
infrastructure interdependencies

- Utilizing advanced modeling and visualization approaches

- Capable of fast turnaround analysis: e.g., infrastructure implications of
Hurricane Irene and the recent San Diego blackout

24



Interdependencies: a Complex
System-of-Systems Problem
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An Interdependent System of
Systems Approach
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A Number of Years of Experience in Applying

These Tools Is Telling Us about Infrastructure
Interdependencies:

Y . W i X

Electric Hatural etrolewm Communication Water Transpostation Public Health
Infrastructure 3| Power Gas Distribution and
disrupted Sanstation

Infrastructure
Impacted +

Electnic Power N/A

S e C__J

Petroleum Nia

Communication H/A

Watsr Distribution N/A

Transportation NiA

Public Health and N/a
Sanitation

Weak Interdependency - cascading disruptions through more than mtermediary events, Le. transportation is interdependent
upon water distribution only to the extent that water utility workers require transportation routes to reach workplaces.

Medium Interd dency — Cascading disruptions through fores ble but | by coupled relationships, Le., transportation is
l ' loosely coupled to communications for control and dispatch, but can still operated in degraded mode without communications
and centralized routing

Stronginterdependency — Cascading disruptions have engineered basis such as power systems are dependent upon fuel
supplies or public health facilities dependent upon power to electronic systems.




A Recent Report in Support of the US National
Climate Assessment Summarizes What We Know.

Climate Change and
nfrastructure, Urban Systems
and Vulnerabilities

fechnical Report to the




The Draft Report on Climate Change and
Infrastructures and Built/Urban
Environments Includes the Following
General Findings (l):

* About climate change and US infrastructures:

— The dominant concern is with climate-related extreme events:
extreme weather events associated with climate change will
increase disruptions of infrastructure services in some locations

— Disruptions of services in one infrastructure will almost always
result in disruptions in one or more other infrastructures, especially
In urban areas

— Such linkages will trigger serious cross-sectoral cascading
Infrastructure system failures in some locations, at least for periods
of days or weeks



The Draft Report on Climate Change and
Infrastructures and Bulilt/Urban
Environments Includes the Following

General Findings (l1):

* About climate change and US infrastructures:

— These risks are greater for infrastructures that are:
» Located In areas vulnerable to extreme weather events

» Located at or near particularly climate-sensitive environmental
features, such as coastlines, rivers, storm tracks, and vegetation
In arid areas

= Already stressed by age and/or by demand levels that exceed
what they were designed to deliver

— These risks are significantly greater if climate change is
substantial rather than moderate



The Draft Report on Climate Change and
Infrastructures and Built/Urban Environments
Includes the Following General Findings (l11):

* About potentials for risk management strategies:

Risks of disruptive impacts of climate change can be substantially
reduced by developing and implementing appropriate adaptation
strategies, recognizing a diversity of contexts

Many of the elements of such strategies can be identified based on
existing knowledge, such as:

+ Attention to standards, codes, certification programs and other practices
that set rules for infrastructure design and construction

» Partnerships between the public and private sector

+ Special attention to classes of infrastructure that are toward the end of
their lifetimes or performing poorly under growing demands

» Leadership and effective governance



The Draft Report on Climate Change and
Infrastructures and Built/Urban Environments

Includes the Following General Findings (1V):

* About potentials for risk management strategies:

—Other elements of adaptation strategies will often include:

Bundling climate change responses with other
development/sustainability issues

- Addressing issues regarding financing
» Actively seeking to spur innovation

—Meanwhile, there are some encouraging signs of progress:

= A number of bottom-up initiatives by US cities
- Attention to adaptation research needs for infrastructures



A Few Examples of Innovative Bottom-up
Initiatives in the US:

In urban areas, often in response to growing |
concerns about stormwater and wastewater 55) o st
handling; e.g., Philadelphia’s “Green City, Clean H

Waters” program:

— A 25-year commitment to convert more than 1/3 of
the city’s impervious land cover to green facilities, L
along with stream corridor restoration and
preservation

Rivers

- Being implemented through leveraged funding from
the development community as a part of every new
development project

- Has catalyzed a Model Neighborhood program to
e_r][courage community participation in greening the ™ Big Green Map
CIty
* A number of comprehensive assessments of climate change vulnerabilities
and responses, such as New York City and Chicago, along with a
commitment by more than 1,000 mayors to join the U.S. Conference of
Mayor’s Climate Protection Agreement



Examples of Adaptation Science Initiatives
Focused on US Infrastructure Resilience:

« Afocus on improving the resilience of national
built infrastructu res to all haz_arc_ls_ through SSteussa et
research opportunities and priorities: THE RESILIENCE OF NATIONAL

Infrastructure Subcommittee, Homeland and [StEsstiaias it
National Security Committee, OSTP, e.g.:
- Improved indicators of resilience o bttt of ANL, AN, AT, OFNL, L
Innovative materials Infrstructure Subcoraitte,

Homeland and National Security Committee,
Office of Science and Technology Policy

Improved sensors il
Rethinking “optimization” in a risk

management context

* An interest on the part of ASCE in rethinking codes and standards for
built infrastructure design, construction, and operation
To remove assumptions of “stationarity” of climatic and other

parameters
To encourage flexibility as an objective for infrastructure capital stock



A Few Final Points about Climate
Change Risk Management Strategies for
US Infrastructures:

* In most cases, climate-resilient pathways for adaptation will require greater
flexibility than has been the general practice, along with selective redundancy
where particular interdependencies threaten cascading system failures in the
event of disruptions — designing with flexibility as an objective is likely to
become a growing challenge

* Insome cases, especially if climate change is substantial, climate-resilient
pathways will require transformational changes, beyond incremental changes
— how do we begin to imagine the unimaginable... and promote participative
contingency planning for big changes?

* Focal events (such as extreme storms or floods) can create “policy windows”
for getting decisions made that are difficult under normal circumstances: the
challenge is to be ready when the window opens, before it closes...



The Draft Report from the Third US National
Climate Assessment, Now Out for Public

Review, Includes Relevant Information:

* Includes a number of chapters of interest regarding
Infrastructures:

— 3: Water Resources

— 4: Energy Supply and Use

— 5: Transportation

— 10: Water, Energy, and Land Use

— 11: Urban Systems, Infrastructure, and Vulnerability

— + decision support, regions, mitigation, adaptation, and research agenda

* To review (and comment) go to:

— http://www.globalchange.gov/what-we-do/assessment/draft-report-
information/public-review



THANK YOU!

Thomas J. Wilbanks

E-mail: wilbankstj@ornl.gov
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