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Coastal Populations

Population at risk
0.9 min 2100

| | o0-8017

| | 8018-23795
I 23,796-57,070
I 57071-102,992
B 102,993-231,336

» Recent studies documented millions
In the US that are vulnerable to
flooding from future sea level rise

— Disruption of infrastructure systems
expands footprint

Tidal Flooding Today, in 2030, and in 2045
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Coastal Infrastructure Disruptions

3ft SLR 6ft SLR

% 8.4 million ; % 27.8 miIIion;
7ﬁ\2.o miIIionﬁﬁﬁ yﬁ\&l miIIionﬁﬁﬁ

Direct flooding data from Hauer et al. (2016)

* Accounting for wastewater infrastructure 22505707 \
Increases footprint of coastal flooding by p

a factor of more than 4




“Nuisance Flooding”: San Francisco Bay
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e Tidal inundation already occurring along SF waterfront
and at Tam Junction in Marin County
e January (annual peak) high tides inundate currently
* Future: daily high tides?



More than a “huisance”

 Critical elements of regional, national and global transportation
system disrupted
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Shorelines as the transition

« Port of Oakland vulnerability most pronounced in linkages to
land-based transportation

Rail and road links intermittently flooded




Challenges to Coastal Community Resilience
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 RISER Project integrates hydrodynamic model of flooding, behavioral model of
traffic flows and empirical evaluation of decision-making network

- Driven by scenarios for environmental forcing and shoreline configurations

Important Theme: Local-regional Linkages and Network Effects Create Interdependencies
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» History of ‘reclamation’ transforming to ‘restoration’



Accommodation and Containment: SF Bay

 Management question: where, and to what extent, do we
accommodate the rising water associated with sea level rise?

- Implications for hydrodynamics and infrastructure function

Accommodation

e

Sealevel required for
inundation [m3|(\)IAVD88]
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Accommodation in an urban estuary

« Decisions demand consideration of interacting vulnerabilities



Individual Community Decision-Making

« Individual actor likely to extend Foster City, CA
protections vertically over time

- Addresses near-term threat with
Incremental investment

— No accounting of regional benefits
(or costs) of alternative actions

Lake Pontchartrain

From Canal 5t. at
- Mississippi River to
the Lakefront at the
University of New Orleans
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Challenge: Governance structures

* Jurisdictions at range of scales with
overlapping responsibility
* Property owners, cities, county, state
* Airports and transportation network

* Cross-cutting agencies: Bay
Conservation and Development
Commission, e.g.




Shoreline and Sea Level Scenarios

Figure 13.27
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Shared Experiences

Clustering based on demographlcs
SLR=1m s

* |nundation map merged with census
data
— Clusters based on similarities between
communities
Minimal flooding
- Clustering varies with time (sea level) and ncr 1 5 s
data Considered giizapn‘i:l,j:iz;:vhite, or renters
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Shared Experiences

Clustering based on demographlcs
SLR=1m A

* |nundation map merged with census
data
— Clusters based on similarities between
communities
Minimal flooding
- Clustering varies with time (sea level) and
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Interdependent Vulnerabillities

ff/

« Disruption by flooding
on Berkeley water front

- 90% capacity
reduction

« Behavioral model
adjusts traffic patterns

- Model built from cell
phone data

* Travel time increases:
- Green: 0%
- Orange-Yellow: 0-50%
- Red: >50%

Figure from Sheehan and Pozdnukhov, unpublished



Interdependent Vulnerabillities

PT ] S

e Disruption by flooding
on Berkeley water front

- 90% capacity
reduction

 Behavioral model
adjusts traffic patterns

- Model built from cell
phone data

* Travel time increases:
- Green: 0%
- Orange-Yellow: 0-50%
- Red: >50%

- Localized inundation event creates regional changes in travel times and costs
- Creates incentive for regional investment in local protections




Wastewater Infrastructure Vulnerabilities

Surface Water Flooding
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Wastewater Infrastructure Vulnerabilities

Surface Water Flooding
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Lack of redundancy in wastewater network means vulnerabilities at key locations
(WWTPSs) create disruption for population served by facilities




Importance of the tides in SF Bay

« Tides dominate signature of high water events
- Need to consider interaction of tides with the basin



Wvater Level [m]

Importance of the tides in SF Bay
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Tides in basins: Amplification v. Dissipation

* Tides can be amplified

In basins
- Set by interplay of tidal
forcing and
bathymetry and
shorelines

* Friction and interaction
with perimeter
dissipate tidal energy

- Wetlands, topography
and shallow regions

 San Francisco Bay
experiences both

- South Bay: Amplified

- North Bay:
Dissipated




Examples: SF Bay
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Current conditions with tidal forcing

Hardened north/south tidal SLR=0.00m

mazx(n)—maz(n,.;) [M]
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Colors show water elevation above high water level in ocean (M2 tides)
Gray areas show extent of grid



Full Containment, 1 meter SLR

Hardened north/south tidal SLR=1.00m

max (77) _ma’z(nref) [m]
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0.75
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0.00

Very similar to current conditions. SLR adds linearly to current water levels



Full Accommodation

AL
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0.90
0.75
0.60
0.45
0.30
0.15

0.00

Water level in south bay is only 40-45 cm above ocean water level.

With full containment (previous), was ~60 cm above ocean water level.



County-by-county protective measures

» EXisting topography/levees in white

- Red lines show hardened shorelines for 9 county-by-
county scenarios

Scenarios of Shoreline Alternation

San Francisco

San Mateo

Santa Clara

Contra Costa |



Water level response to county actions
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Interdependent Adaptation

« Defining direct influence of action by one county on flooding in another

— County-by-county shoreline protective action

- Quantify change in flooding in other counties for 4 SLR scenarios
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Interdependent Adaptation

« Defining direct influence of action by one county on flooding in another

— County-by-county shoreline protective action

- Quantify change in flooding in other counties for 4 SLR scenarios
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* Regional Impacts of Local Actions

- Direct interactions means counties planning activities must account for others

- Strongly motivates coordinated actions

Wang et al., In Press at Earth's Future
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« Summary of interdependencies
Shared Experience: Value of sharing knowledge

Regional Coordination in SLR Adaptation

Sonoma

Interdependent Vulnerability: Regional cost from local vulnerability | s

Napa

£
o

. Yo 2
{2
N // b
RN Sl
- N

_ Solano
\

- Interdependent Adaptation: Regional impacts of local actions S O
:‘\1 | F,-a}fcisch; ?p Alameds

= II¥N
,LHI \‘
e
Minimal floodins =N St o 4
N : 25 -[ -+ Santa
RRRRR S, Clara
mmmmmmmmmmmmm s P\
Group uorters
N\

Lubell et al., In preparation for
e Nature Climate Change

« Consider interaction between shorelines and transportation infrastructure
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Barriers to Regional Action: Timing

Different communities feel
the threat of coastal
flooding with different
levels of urgency

- For some it is immediate, for
others it is decades away

=)
o

Regional coordination
requires an understanding
of shared vulnerabilities at
a particular time of action
or planning
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Barriers to Regional Action: Socio-economics

e Heterogeniety in socio-economic
power

- Many vulnerable bayfront
communities have limited ability
to invest for long-term

- Interdependencies may create
regional incentives for
Investment

ealevel required for
inundation [rr%laIAVDBB]

SLR=1.00 2.8

SLR=0.60 2.4

SLR=0.00 1.8




Path Dependency in Decision-Making




Path Dependency in Decision-Making
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Path Dependency in Decision-Making

Lake Pontehartrain
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Path Dependency in Decision-Making

Lake Pontehartrain

From Canal 5t. at
Mississippi River to : 7

u;-ﬂ Elevation of Pump Station Features

Vehicle Access Over Screening
Platform with Access to Gate Structure

Pumps with Vertical
Gear Motor

Siphon Discharge YRGS i ; e
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Levee breaches from Katrina’s monster surge left the city under more than 10 feet of
Mean Lake EI. 0.4 ft floodwater in some neighhorhoods. A look at the maximum standing water depths at the
s height of the flood, when Lake Pontchartrain leveled off with New Orleans:
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Path Dependency in Decision-Making

How can a region create
incentives or define constraints so
that local decisions do not result
in path dependency towards an
undesirable end point?




Opportunities and Challenges

Immediacy of threat to local communities creates inequities in
response — Regional interdependence provides counterbalance.
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Opportunities from Regional Analyses:
 Consider future scenarios

- Move discussion beyond immediate threats and consider end state for region
- Scenario-based approach can help eliminate “leader-follower” dynamics

« Establish local-regional interactions
- Regional costs of local action or inaction (vulnerabilities)

- Local impacts of regional strategies
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