
Susanne C. Moser, Ph.D.
CLA – Coasts chapter

Member – NCADAC & Executive Secretariat
Susanne Moser Research & Consulting 

Stanford University

Risks and Vulnerabilities for 
Coastal Areas & Ports: 

Draft Findings from the National 
Climate Assessment Coastal Chapter

CMANC Fall Meeting, November 7, 2013, Monterey, California



Thank you to the 
NCA cast of 1000s!

• NCA leadership 
• NCA staff support, particularly Fred 

Lipschultz, Ralph Cantral, and Elizabeth 
Fly

• Murielle Gamache-Morris and Emily 
Wallace (support)

• The coastal chapter author team (and 
contributors)

• Everyone who sent us technical 
inputs, particularly the USGS/NOAA-led 
coastal sector report

• Agency support (particularly NOAA)
• NCDC, NOAA-CSC for graphics support
• CLAs of other chapters for horse-trading 

and compromise
• Public and agencies for review 

comments

Port of Long Beach

http://assessment.globalchange.gov



Overview

• The NCA Coastal Chapter
– Development
– Inputs
– Draft Key Findings

• Relevance to California Ports & Harbors
– California-specific Climate Change Risks for Coasts
– Planning and Preparing for Impacts in California
– Ports’ Adaptation Efforts to Date



• Convening Lead Authors
• Susi Moser (Susanne Moser Research & Consulting and 

Stanford University)
• Margaret Davidson (NOAA)

• Lead authors
• Paul Kirshen (Univ. of New Hampshire)
• Peter Mulvaney (Skidmore, Owings & Merrill LLP ) 
• Jim Murley (South Florida Regional Planning Council) 
• Jim Neumann (Industrial Economics, Inc.)
• Laura Petes (NOAA)
• Denise Reed (Water Research Institute of the Gulf)

Introducing the Author Team:
Coastal Zone, Development and 

Ecosystems



Timeline of Chapter Development

Nov 2011

CLAs, LAs 
official

Feb 2012

Author team 
work begins

Mar 1, 2012

Technical Inputs
Due to NCA

April 2, 2012

Chapter Scoping

June 1, 2012

Draft due to NCA

Dec 2012 – Feb 2013

Public review

End of 2013

Report to 
White House

July 2011

FRN RFI

Mar-Nov 2013

Agency & NRC 
reviews

April 2014

Release

Summer/Fall 2012

NCADAC review



Coastal Zone, Development and 
Ecosystems: Technical Inputs Received

85%

15%

All Technical Input Reports

All Others

Coasts 89%

11%
Types of Reports

Scientific Papers/Reports

Miscellaneous





Risk Framing

Outcome threatens 
functioning of system

Potential phys. 
impact

• …
• …
• …
• …
• …
• …

Climate 
scenarios

Other stresses

Climate variable(s) 
(proximate driver)

Intervening variable 
(proximate driver)

Prob-
ability

• …
• …
• …
• …
• …
• …

RISK

Adaptation: 
capacity, options, costs, constraints, state of 

implementation

What keeps you up 
at night?



Sea-Level Rise Scenarios
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Source: Parris et al. (2012), Chapter 2 of Draft NCA report



Historical SLR -> Shoreline Change

Source: USGS (Thieler et al.)



Other Relevant Considerations

• Regionally specific non-climatic factors
– Land movement
– Physical/ecological character of coast
– Historical trends
– Concurrent non-climatic stressors

• Regionally specific climatic changes
– Temperature and precipitation changes
– Sea ice/lake ice changes
– Storminess  

Images (top to bottom): UMCES, EPA, NOAA



Draft
static 
graphic…
… will be 
interactive



Draft Key Messages

1. Coastal lifelines, such 
as water supply and 
energy infrastructure 
and evacuation 
routes, are increasingly 
vulnerable to higher 
sea levels and storm 
surges, inland 
flooding, erosion, and 
other climate-related 
changes.

Source: LA1-Coalition



Draft Key Messages (cont.)

2. Nationally important 
assets, such as 
ports, tourism and fishing 
sites, in already-vulnerable 
coastal locations, are 
increasingly exposed to 
sea-level rise and related 
hazards. This threatens to
disrupt economic activity 
within coastal areas and 
the regions they serve, and 
result in significant costs 
for protecting or moving 
these assets.

Source: Department of Transportation (preliminary graphic)



Draft Key Messages (cont.)

3. Socioeconomic disparities create uneven 
exposures and sensitivities to growing coastal 
risks and limit adaptation options for some 
coastal communities, resulting in the 
displacement of the most vulnerable people 
from coastal areas.

Sources (left, right): hamptonroads.com, aaas.org



Social Vulnerability
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Source: Martinich et al. 2012



Draft Key Messages 
(cont.)

4. Coastal ecosystems are 
particularly vulnerable to 
climate change because 
many have already been 
dramatically altered by 
human stresses; climate 
change will result in 
further reduction or loss 
of the services that these 
ecosystems 
provide, including 
potentially irreversible 
impacts.



Draft Key Messages (cont.)

5. Leaders and residents of coastal regions are 
increasingly aware of the high vulnerability of 
coasts to climate change, and are developing plans 
to prepare for potential impacts on 
citizens, businesses, and environmental assets. 
Significant institutional, political, social, and 
economic obstacles to implementing adaptation 
actions remain.
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Draft
static 
graphic…
… will be 
interactive



What does this mean 
to CA ports & harbors?
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Critical - Economic engines at every scale

Constrained - Dependent on specific and environmentally-
sensitive locations

Complex – Multiple stakeholders across space and time

Ports: Critical, complex, constrained

Source: Slide courtesy of A. Becker (2013)



90% of US Consumer Goods Enter via Ports



Ongoing Research –
Emerging Guidance



Sea-Level Rise Varies Along the Coast 
of California

Source: NRC (2012)

SLR South of Cape Mendocino:
By 2030: 4–30 cm (1.6-12 inches)
By 2050: 12–61 cm (5-24 inches)
By 2100: 42–167 cm (16.5-66 inches)

SLR north of Cape Mendocino:
By 2030: -4–23 cm (up to 9 inches)
By 2050: -3–48 cm (up to 19 inches)
By 2100: 10-143 cm (4-56 inches)



Adaptation Leadership in CA
• Local: A growing number of municipal & county 

governments

• Regional: 
– Regional adaptation efforts
– Alliance of Regional Collaboratives for            Climate 

Adaptation (ARCCA)

• State: 
– Ongoing scientific assessments
– Adaptation Strategy 2009/2013
– State agencies’ guidance (Coastal 

Commission, BCDC, Coastal Conservancy, Dpt of Water 
Resources, etc.)

– Governor’s Office of Planning & Research 

• West Coast-wide collaboration: West Coast Governors' 
Alliance on Ocean Health - Climate Change Action 
Coordination Team 

• Federal Agencies: Pursuant to EO 13514
• NGOs and universities: Foundations, environmental 

NGOs, consultants, and scientists



Port Vulnerabilities

• Threats
– Periodic coastal flooding, intense 

rainfall and inland runoff
– Permanent inundation
– Storm surge and wave action
– Erosion

• Exposure
– Channel depth and sedimentation
– Access from land
– Elevation of infrastructure
– Elevation of on- and off-site storage 

facilities
– Elevation of other buildings
– Location of port-related energy 

storage and transmission facilities

Port of Oakland

• Sensitivity
– Age; design life
– Design standards
– Protective measures

• Adaptive Capacity
– Emergency preparedness
– Contingency plans
– Long-range plans
– Insurance



Example: Port of LA

• Commissioned RAND to 
assess whether SLR 
projections required 
upgrades of port 
infrastructure before 
end of design life

Port of Los Angeles



Example: San Francisco

• Local businesses signing 
long-term leases for Pier 
property will be exposed 
to growing risks from SLR; 
need to be informed; will 
require flood protection. 

• Assessed risks from SLR
• Working with City toward 

adaptation strategy.

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=gBDlmXk9P-oiXM&tbnid=joezFm-qHKdPnM:&ved=0CAUQjRw&url=http://www.sfgate.com/bayarea/article/SAN-FRANCISCO-Port-chief-rebukes-Mills-for-2559785.php&ei=sEJ4Uq7lMuiSiAKuwYG4BQ&bvm=bv.55980276,d.cGE&psig=AFQjCNH8n9wmU1UkARf-CNZ-rrxWaJJW1Q&ust=1383699473832377


Example: San Diego

• Partnership with 
local, regional, state, and 
federal entities, NGOs 
and UCSD

• Vulnerability assessment
• Developing a climate 

action plan that involves 
mitigation and 
adaptation

Port of San Diego and San Diego Bay

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=0ouxy4bwRT-hjM&tbnid=JHJuJ6OziMxgKM:&ved=0CAUQjRw&url=https://scripps.ucsd.edu/news/1727&ei=qEN4UsDnDoyUjAKu0oG4AQ&bvm=bv.55980276,d.cGE&psig=AFQjCNF5WmxKUTc8DNLgZiKm8D8kfr-WsQ&ust=1383699720391466


Ports Concerned, but Under-Informed

N=93

30

31%

81%

0% 50% 100%

Feels informed about climate 
impacts

Impacts should be addressed by 
ports

% answering "Yes"Source: adapted from Austin Becker (2011)



Port Authorities’ Expectations about 
Sea Level Rise by 2100
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17%

4% 7%

27%
33%

11%

1%

13%

3% 6%
12%

39%

58%

83%

0%

20%

40%

60%

80%

100%

Don't 
Know

Decrease None < .5 
meters

.5 - 1 
meters

1-2 
meters

>2 meters

Expected at 
Port

Would be a 
problem

N = 90

Source: adapted from Austin Becker (2011)

< 20          20-39          39-79         > 79 
inches      inches inches inches

N: 2050 2100

S: 2050 2100



Will the Sea Level Rise You Expect By 2100
Be a Problem for Your Port?

31%

69%

0%

20%

40%

60%

80%

Problem Not a Problem

11AAPA Harbors, Navigation and Environment SeminarSource: Austin Becker survey (2011)



Unsuitable Design Standards 
for Climate Change
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Source: adapted from Austin Becker (2011)



Ports Have Few Formal Plans 
That Address Adaptation

34

28%

18%

16%

12%

8%

4%

0% 25% 50% 75% 100%

Part of design guidelines or standards

Holds staff meetings to discuss 
adaptation

Carries specific climate change insurance

Addressed in strategic plan

Funded as line item in budget

Has specific adaptation policy document

% of ports that had policy/planN = 89
Source: adapted from Austin Becker (2011)



Toward Resilient Port Systems

• Robust port and connecting infrastructure can withstand 
shock of extreme storm events and other disruptions

• Redundancy allows for substitutions and alternate choices

• Capacity to mobilize resources to handle an emergency

• Quick resumption of normal conditions 

• Minimal social disruption, economic losses, and 
environmental harm

35Source: Slide adapted from A.Becker (2013)



Summary
• What happens to the coast 

happens to the nation
• Ports are crucial nodes
• Think: 

– Change, disruption, and long-
term horizons

– Beyond the “port island”
– Collaboration with stakeholders

• Careful forward thinking and 
preparedness needed to 
minimize risk and assure 
continued operability and 
profit

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=C_4Y7nZJdpASyM&tbnid=T41rTXcSgUHTkM:&ved=0CAUQjRw&url=http://www.salmonaid.org/index.php/events/morro-bay-harbor-festival.html&ei=vUR4UpD0BOWciQKf-ICgBQ&bvm=bv.55980276,d.cGE&psig=AFQjCNEezflB9FEr4MTxEbtSm9edKf7ojg&ust=1383700006352912
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=brziWzZh05JoFM&tbnid=b9qn0fbz1K_rVM:&ved=0CAUQjRw&url=http://www.flickr.com/photos/johnnyhuh/584889/&ei=oWV4UviuFqTBigKB-YCADQ&bvm=bv.55980276,d.cGE&psig=AFQjCNHu85trQwRFXVRXTktAjp_p7nlamw&ust=1383708436222728


Invitation for CMANC to Join NCAnet

NCAnet – A Network of Partners
http://ncanet.usgcrp.gov/

Why join >100 other organizations?
- Stay up to date on the NCA
- Be the first to receive information
- Share your information needs and help 
shape future assessment activities
- Bring NCA information to your partners
- Collaborate with partners on solutions

http://assessment.globalchange.gov/
http://ncanet.usgcrp.gov/


THANK YOU!!!

Contact: Susi Moser, Ph.D. Email – promundi@susannemoser.com
Web: – www.susannemoser.com
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