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Outline

= Sandy triggered increased urgency to better
prepare coastal areas to meet future risks

— Increasing sea level
— Continued development in vulnerable areas
— Potential changes in storm conditions
— Constrained economic conditions
» Systems approaches encompass novel

combinations of natural defenses and resilient
structures

* [nnovative funding strategies may be needed
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WhatPESRRERtture hold for us?

ased frequency and intensity of heat waves,
g with health and worker safety impacts,
acies disruptions, increased energy
ing, altered material properties

Rising sea levels and associated
waves, tides, and surges

Changing precipitation, including increases
In very heavy precipitation and more
intense droughts
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Continued development in incrgasingly
more vulnerable areas




The Good News: Constraints Can Breed Creativity

= Opportunities for creative problem-solving exist
where impacts and constraints are significant
— Status quo for familiar challenges and constraints

— We are forced to innovate when the problems are
different and funds are tight

— Solutions will likely involve novel application of
existing technologies and materials, or combinations
of existing and new technologies and materials

— Innovative funding is needed as well as innovative
engineering
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EO 13653: Climate is Changing

66819
et Rt Presidential Documents
. L]
" The President Preparing the United States for the Impacts of Climate

Cha

nge

[}
By the authority vested in mo as Prosident by the Constitution and the
ws of the United States of America, and in order to propare the Nation
—_— for the impacts of climate change by undertaking actions to enhance climate

preparedness and resilience, it is hereby ordered as follow

Section 1. Policy. The impacts of climate chango—including an incroase
L] [ in prolonged periods of excessively high temperatures, more heavy

downpours, an increase in wildfires, moro sovero droughts: ,;mm;m.\n thaw-

ing, ocoan ‘acidification, and sea-lovl riso—aro alroady affocting commu-
communities. natural resources
, , the Nation. Theso impacts aro often most signifi lh it
already face economic or health-related challenge
habitats that are already facing other pressures. Managing theso risks requires
deliberate pre paration (lml]»l cooperation, and coordinated planning by the

- - Federal Government, as by stakoholdors, to facilitato Fodoral, Stato,
local, tribal, private-soctor, and nonprofit-sector efforts to improve climato
proparodnoss and rosilionco; help. Safoguard our oconomy, infrastracturo,

3 y environment, and natural resources; and provide for the confinuity of execu-

tive dopartment and agency (agency) operations, services, and programs.

A foundation for coordinated action on climate change proparodness and
resilience across the Federal Government was established by Executive Order
13514 of ()n tober 5, 2000 (Federal Leadership in Environmental, lwr
i nco), a oncy Climate Chango Adap)
a led Council on En o1 o] l(l] the ()ﬂ 0
S d P). an

Science v Policy (C ional Oceanic and
Atmosphric Administration (NOAA). In addition, through tho U.S. Global
Chango Rosearch Program (USCCRP, stablshed by section 103 of the Clobal
Cha ), and agsncy progms and
activitios, the Foderal Covernmant will continue to support tific ro-

[} = g
Soarch, obsorvational capabilitios, and assessments noceesary 1o Improve
our understanding of and response to climate change and its impacts on
the Nation

The Federal Government must build on recent progress and pursue new
stratogies_to improve the Nation's proparedness and resilience. In doing
s0, agencies should promote: (1) engaged and strong partnerships and infor-
mation sharing at all lovels of government; (2) risk-informed decisionmaking

ngn []
and the tools to facilitate it; (3) adaptive learning, in which experien
sorvo as opportunities o inform and adjust futuro actions; and (4) proparod
communities already 1acing

Soc. 2. Modornizing Foderal Programs to Support Climato Resilont Invest.
ment. (a) To support tho offort of rogions, munities, and
consistent with lhn ir missions .md umrdllmuun with

. lho (mum il ::‘r(\: ( limate Preparedness and Resilience (Council) established
economic or health-related
.
challenges, and for species and
habitats alread Yy fa cin g other http://www.whitehouse.govithe-

press-office/2013/11/01/executive-

order-preparing-united-states-
p re SS U re S impacts-climate-change
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EO 13653 Definitions

* Preparedness:

— Actions taken to plan, organize, equip, train, and
exercise to build, apply, and sustain the capabilities
necessary to prevent, protect against, ameliorate the
effects of, respond to, and recover from climate
change related damages to life, health, property,
livelihoods, ecosystems, and national security

= Resilience:

— Ability to anticipate, prepare for, and adapt to

changing conditions and withstand, respond to, and
recover rapidly from disruptions
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Economic Case for Preparedness: NYC Wastewater

$2.5B
25B
2B
1.5B
$1.1B
1B
— $315 M
0
8 Pumping Stations Wastewater Treatment Plants I Total

Investing $315 Million in strategic fortification can safeguard
$1.1 Billion of vital infrastructure and save the city $2.5 Billion
in emergency response costs over the next 50 years.
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It’s Not All About Extremes — Continuum of Opportunities

“Sea level along much of the eastern
U.S. was higher than normal for
much of June and July 2009,
enough to cause significant attention
from coastal communities because
of the lack of coastal storms that
normally cause such anomalies....”

ent (Sv)

“... unique in that the NE winds were

! not at a multi-year high or the Florida

o T Current transport at its low. But the
iy coupled effect of the two forces

created SL residuals that were at

e v highest levels all along the East

o Coast.”

Figure 10. a) The June 2000 — June 2009 average seasonal cycle of FC transport based on a 90-
day lowpass filtered series and SL predictions above MSL and b) diagram showing
cross-shore sea slope with low. average, and high FC transport (adaption of Figure 2
in Noble and Gelfenbaum. 1992).

Florida Curr

http://tidesandcurrents.noaa.gov/publications/
EastCoastSealevelAnomaly 2009.pdf
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Multiple Scenarios for Sea Level Change

@
> T © Adaptive : Scenario’
= -Management | Planning: ' . . .
= : : : Comparison of Sea Level Rise Scenarios
<L : : : 5.0 ; :
E_ . . . Mean Sea Level Trend e USACE High
m : : . 9410230 La Jolla, California
o e USACE Intermediate °
U AERE EEEE R Best - - - - - e Preparedness . 45 . LaJokaCA 2071023 mmiyr _ USACE Low 7
. . ’
Z Management . and Response s ® Coastal Conservancy P
- 2 " Practices : I 401 === CayanA2 High 7
. vis]
(@) £ o] = Cayan B1 Low
— - = 7 1
‘ 3 25 S S 7 e [PCC B1
. E L L e L L e L S L e L
........... LOWngh £ e |PCC ATFI
RISK § e e 7 %o 7o T %o o T o T T T Yo s T Yo Yo Ve . .
- 5 30 %%% % %% %% % %% % %% %% % %% %Y,
" ?" The mean sea level trend is 2,07 millimeters/year with a 95% confidence
2 interval of +/-0.29 mmiyr based on monthly mean sea level data from
= 25 | 1924 to 2006 which is equivalent to a change of 0,68 feetin 100 years.
z 2 .
>
3
S t 4
% 20 USACE Planning Horizon, 2015:2065
2
k]
[
o<
15
1.0
05 i
0.0 -+ 1 : ;
2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100

Year

(\ USACE
() CLIATE CHANGE
< ADAPTATION

STEERING COMMITTEE




Indicator
value

(e.g. sea level
rise)

Tipping Points: Thresholds, Lead Times, Decision Points

on best estimate

Recorded values
of indicator

__________________________________ b

Decision point based

Threshold value of indicator
when intervention is needed

Predicted values of
\ indicator based on

rate of change

Lead time for planning and
construction

Time
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Purpose-Driven — lllustration Only
.

Protect

Accommodate ———»»

Retreat

> Developed

Natural
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Performance Ranges: Example for Coastal Storm

Damage Reduction
.|

High
Surge Barriers
Seawalls/
Revetments
A
Nonstructural-Flooodproofing
e
2
E Breakwaters
'c Coral Reefs
(©
- Barrier islands
=
Dunes
Beaches
Sl Maritime
marshes
forests
Low
Current SLR Future
Low Storm Impact ' High
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ive

Example of Alternat

(1931) &5l [9A87 DS SALDISY
0 L) ~I (") N\ — o)

N
/ -
/ / -
v
m /
| T ?mm / N
O . o ~0
P C = o
Q Hit ) ™~
2 gt
= it D AW
- o “ i
_ I
0 } .
2 I
0= 1§
D > 2 AN
5EC & & [N |
Yco 2B I}
SCHN £ O | i
_bw@ NO..I
B0 Z£9 I 1
| O 24 ! o
1 ] N
I Wo110b o
I I
i
i

@ uolbleban pup ssUNp

1

chog%_ioc UM SUI0IB

() jusWYELINGU YoPS

. L ’-.---Ao:-o-:--»-ﬁ-mM-._-.--::W\-_---”--F““-‘--AM:

... .... H ] m
g M (5) m__o\so_—“vm P -
£ - GHEE
Gesssssnnnsnnnnnannnnnans AWZV A_.OQ\_._VO\_ UO@QCOE ! i ] AN_AInm
' ! N==3
D32,

(SN w@?o::m JoBuyooid pooy

©

) ) )

OUBUSDS IS YBIY ABPUN SIDBAOD |0 B3Iy |2AS DEGBADSY  BfRIPBUUBIUL  BU|asRq




Integrated Approaches Aren’t New

= Jadwin Report after Flood of 1927
— Require floodplains to carry flow, robust to floods of 2011

= Mississippi Coastal Improvement Project after Katrina

— Increased coastal community resiliency
— Restoration of barrier and near-shore islands enhances
protection of mainland areas.

— Moving private lands into the public sector reduces impacts of
future storms and hurricanes and increases resiliency and

sustainability
= Natural and nature-based measures can improve the quality
and resilience of economic, ecologic, and social systems

= Multiple lines of defense with components addressing different
threats support creative and comprehensive approaches
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Multiple Lines of Defense
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With Surge

= Quantification of performance of natural and nature-based coastal risk
reduction measures is a crltlcal knowledge gap
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Sandy’s Rebuild By Design Effort: Hoboken

| complex RiSk I Comprehensive Strategy

94% impervious
surface

Inadequate
drainage

S

. 3m Flood Zone
B 2m Flood Zone
1m Flood Zone
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Breach point

| Resist l Comprehensive Strategy

Delay
Store _
Discharge —

‘/

Pump (future)
(Discharge)

Landscape
levee
(Resist)
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Hard
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(Delay)
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SAGE - Systems Approach to Geomorphic Engineering
.|

= Collaborative:
— USACE, NOAA, FEMA, The Nature
Conservancy, The Conservation Fund,

Virginia Institute for Marine Sciences,
University of New Orleans, University of

Rhode Island

— Additional experts from states, academia,
NGOs, private sector

= Focuses on innovative approaches to
coastal landscape transformation

— Comprehensive view of shoreline change

— Integrate hybrid approaches in coastal
communities and shorelines to slow, prevent,
mitigate, and adapt to the impacts and
consequences of changing weather and
climate patterns

USACE

CLIMATE CHANGE
ADAPTATION




Natural and Nature-Based Infrastructure at a Glance

STORM INTENSITY, TRACK, AND FORWARD SPEED; SURROUNDING LOCAL BATHYMETRY AND TOPOGRAPHY
e ‘ 3 i

Dunes and
Beaches
Benefits/Processes

Breaking of offshore
waves

Attenuation of
wave energy

Slow inland
water transfer

Performance Factors

Berm height
and width

Beach slope

Sediment grain size
and supply

Dune height,
crest, and width

Presence of vegetation
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GENERAL COASTAL RISK REDUCTION PERFORMANCE FACTORS:

Vegetated
Features
Benefits/Processes

Breaking of offshore
waves

Attenuation of
wave energy

Slow inland
water transfer

Increased infiltration

Performance Factors
Marsh, wetland,
or SAV elevation

and continuity

Vegetation type
and density

Oyster and
Coral Reefs
Benefits/Processes

Breaking of offshore
waves

Attenuation of
wave energy

Slow inland
water transfer

Performance Factors

Reef width, elevation,
and roughness

Barrier
Islands

Benefits/Processes

Wave attenuation
and/or dissipation

Sediment stabilization

Performance Factors

Island elevation,
length, and width

Land cover
Breach susceptibility

Proximity to
mainland shore

Maritime
Forests/Shrub
Communities

Benefits/Processes

Wave attenuation
and/or dissipation

Shoreline erosion
stabilization

Soil retention

Performance Factors

Vegetation height
and density

Forest dimension
Sediment composition
Platform elevation




Nonstructural and Floodproofing Measures at a Glance

GENERAL COASTAL RISK REDUCTION PERFORMANCE FACTORS:
COLLABORATION AND SHARED RESPONSIBILITY FRAMEWORK, WAVE HEIGHT, WATER LEVEL, STORM DURATION

Floodplain
Policy &
Management

Benefits/Processes

Improved and
controlled floodplain
development

Reduced opportunity
for damages

Improved natural coast
environment

Performance Factors
Wave height
Water level
Storm Duration
Agency Collaboration
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Floodproofing
and Impact
Reduction

Benefits/Processes

Reduced opportunity
for damages

Increased community
resiliency

Does not increase
flood potential
elsewhere

Performance Factors
Wave height
Water level
Storm Duration

Floodproofing
and Impact
Reduction

Benefits/Processes

Reduced opportunity
for damages

Increased community
resiliency

Does not increase
flood potential
elsewhere

Performance Factors
Wave height
Water level

Storm Duration

Relocation
Benefits/Processes

Reduced opportunity
for damages

Does not increase
flood potential
elsewhere

Improved natural
coast environment

Performance Factors
Wave height
Water level

Storm Duration




Nonstructural and Floodproofing

Elevate Equipment

on pads or platforms, to a

higher floor, to the roof, or 3 F\% $$8S
ildi ~ o

to a new elevated building. o

Flood-Proof Equipment

by replacing pumps with

submersible pumps and 3 6,5 \ $8S

installing watertight boxes ~ o =

around electrical equipment. :

Install Static Barrier

across critical flood

pathways or around critical & f;\% $S$
~ £

areas. P

= Nonstructural and
floodproofing measures,
iIncluding coastal zone
management, can have
a high return on
iInvestment and are a

Seal Building -
valuable part of a wihvatergnt doors ang <%0

windows, elevating vents £ % $S

and secondary entrances ~ A ﬂ
systems approach o acoss dug o |

event.

Sandbag Temporarily

around doorways, vents, and “‘ed’“"!

windows before a surge >4 »sé S

t. 3

even -~ =

Install Backup Power  Does not protect

via generators nearby or a g’c‘;l’lft’:t':::a b;,‘,:,

Sglr?efrgrt:r potienss service recovery. $$S

20
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Flood Risk Management

= Gilbert F. White, PhD, pioneer in the field of flood
risk management:

— “Floods are 'acts of God,' but flood losses are largely
acts of man.”

— "Dealing with floods in all their capricious and violent
aspects is a problem in part of adjusting human
occupance to the floodplain environment so as to
utilize most effectively the natural resources of the
plain, and, at the same time, of applying feasible and
practlcable measures for minimizing the detrimental
iImpacts of floods.”

1945. Gilbert F. White. University of Chicago Department of Geography.




Structural Measures at a Glance

_________________________________________________________________________________________|
GENERAL COASTAL RISK REDUCTION PERFORMANCE FACTORS:

Levees

Benefits/Processes

Surge and Wave
attenuation and/or
dissipation
Reduce Flooding

Risk Reduction for
vulnerable areas

Performance Factors

Levee height, crest
width, and slope

Wave height and
period

Water level
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Storm Surge
Barriers

Benefits/Processes

Surge and Wave
attenuation

Reduced Salinity
Intrusion

Performance Factors
Barrier height
Wave height
Wave period

Water level

STORM SURGE AND WAVE HEIGHT/PERIOD, WATER LEVEL

Seawalls and
Revetments

Benefits/Processes
Reduce flooding

Reduce wave
overtopping

Shoreline stabilization
behind structure

Performance Factors
Wave height
Wave period
Water level

Scour protection

Groins

Benefits/Processes
Shoreline stabilization

Performance Factors
Groin length, height,
orientation,
permeability and
spacing
Depth at seaward end
Wave height
Water level

Longshore
transportation rates
and distribution

Detached
Breakwaters

Benefits/Processes

Shoreline stabilization
behind structure

Wave attenuation

Performance Factors

Breakwater height and
width.

Breakwater
permeability,
proximity to shoreline,
orientation and
spacing




USACE Infrastructure Strategy

= Manage USACE infrastructure portfolio to be resilient, reliable, and
meet the Nation's current and future water resource needs

— Life Cycle Portfolio Management:
= Maximize effectiveness of investments to optimize performance over the full
lifecycle, including initiation, sustainment, restoration, modernization, and

disposition
— Comprehensive Watershed Planning:
= Link with federal and non-federal objectives and investments within a watershed
or system context
ternative Financing:

» |everage alternative financing to sustain CW mission services for existing
infrastructure systems and enhance as needed to meet national and regio
jectives

— Strategic Communications:

= Working relationships with Congress and effective dialogue with traditional and
non-traditional stakeholders and partners

USACE
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Alternative Financing Options

= Existing Authorities
— Contributed funds

— Hydropower Power Marketing Agreements and Customer Direct
Funding

— OQOutgrants

= New Authorities
— Federally authorized dedicated taxes and user fees
— Special experimental program
— Public-Private Partnerships (P3)

» Deauthorize, dispose/transfer and/or place in caretaker
status

USACE
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Alternative Financing: Initial Existing Authority Pilots

» Pilot-test projects and project actions for which there is
non-federal interest and support to use alternative project
delivery, funding, or financing under existing authorities

Document and evaluate current processes for contributed funds

Consider how processes might be streamlined to decrease the
time from initial proposal to approval

|ldentify and help implement policy changes to expand
opportunities for the use of contributed funds

|ldentify and help secure project actions under current authorities
that must be undertaken before proposed alternative processes
could move forward

* Pilots cover spectrum of planning, design, construction
and O&M
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Alternative Financing Pilot Examples

= Planning phase: Los
Angeles River Ecosystem
restoration feasibility study

= Construction Phase:
Folsom Dam accelerated
funds agreement

= O&M phase: five-year
multi-project maintenance
dredging

= More to come
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Public-Private Partnership (P3) Requires New Authority
.|

= Examine the potential use of P3 and other alternatives
that alter the traditional distribution of project
responsibilities

= Evaluate potential to leverage scarce federal resources

— ldentify general project characteristics
that are best suited for P3 opportunities

— ldentify current barriers and challenges
for employing P3

— Develop and apply project screening
criteria

USACE
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Summary
.|

* Preparedness is more cost-effective than
response/recovery

= Constrained environment can result in creative
and innovative engineering approaches

= Employ the full portfolio of measures over a
range of potential future conditions

= Consider multiple lines of defense

* [nnovative financing can improve speed and
effectiveness
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