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Climate Cycles vs. Climate
Change

Variations in the Earth’s orbit
round the Sun played a major role in
causing past climate change and sea
level oscillations.

Three Orbital Cycles & Periods

1. Shape of orbit-100,000 years
2. Tilt of axis of rotation ~41,000 years

3. Wobble of Earth’s axis- ~26,000 years



As the Earth has cooled and warmed, glaciers and ice sheets
have advanced and retreated, and sea level has fallen and risen.

20,000 years ago, ~3% of the ocean’s water, some 10 million
cubic miles, was transferred to the continents as ice and sea
level dropped about 400 feet (125 meters) and then rose again.
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Present Rate
3.2mm/yr

lce Age ended (12/100 yrs)

Rapid Rise Very slow rise ~
11mmiyr 4 <Immlyr 1100
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Sea Level Change (ft)

Thousands of Years Ago

www.johnenglander.net



—
w
@
£
o
=
—
@
&0
=
©
=
|
o
>
Q
-
©
@
v

52

48

36 |-

24

12

1800

GEOLOGICAL
ESTIMATES

Tgreen shading indicates level

of uncertainty)

S

PRESENT

OBSERVATIONS

3.2 mm/yr 4

.'--

=

PROJECTIONS /

[

1850

1900

1950 2000

2050

2100




] hf‘ el

N Hﬂ‘.‘-’ﬂﬁ EARTH DO WE TURN IT OFF ?”

STEL
caglecaroons.com




San Diego if All Ice
on Earth Melted

~225 feet
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Global Causes of Sea Level Rise

What causes the sea level to change?

Terresirial water storage,
axtraction of groundwater,

building of reservoirs,
changes in runoff, and Surface and deep ocean

seepage info aquifers circulation changes, storm surges

Exch ange 0[|‘h?j ml;alar
s — stored on land by
Subsidence In river glaciers and ice sheets

della region, As the ocean warms with ocean water
land movements, and the water expands

tectonic displacements

&

//

Intergovernmental Panel on Climate Change (2007)




Regional Causes of Sea Level Rise

What causes the sea level to change?

Terrestrial water storage,
axtraction of groundwater,

building of reservoirs,
changes in runoff, and Surface and deep ocean

seepage info aquifers circulation changes, storm surges

Exch ange Of|‘h?j ml;aler
s — stored on land by
Subsidence In river glaciers and ice sheets

della region, As the ocean warms with ocean water
land movements, and the water expands

tectonic displacements

Intergovernmental Panel on Climate Change (2007)




Sea Level Rise In Southern California

2100

12 - 61cm 42 - 167cm
4.7 - 24.0in 16.5 - 65.7in

Sea-Level Rise for the Coasts of California, Oregon, and Washington (2012), National Research Council.




Sea Level Rise Impacts in San Diego
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Increase frequency and depth of coastal flooding & inundation

Saltwater intrusion into coastal aquifers

AV
[

Accelerated beach erosion rates

Beach loss

Greater frequency of cliff failures

e N, -« Dangerous navigation conditions

Beach/shore safety compromised

Costly damages



Beyond “Just” SLR...

Hurricane Marie
e September 2014 84C MONJE




Coastal Flooding & Storm Events

Mid-century sea level

%

Current sea level

San Diego, 2050 Is Calling. How Will We Answer? (2014) The San Diego Foundation; Climate Education Partners..







Normal Circulation

Walker
Circulation
_. Cell

H Coastai
wind
Cold

Thermocline

Cold Upwelling

(@) Normal conditions




El Ninho Circulation

Equator

Cold

Thermocline

(b) El Nino conditions




Week centered on 29 JUL 2015
SST (*C)

Jrorar http://www.cpc.ncep.noaa.gov/products/precip/CWIink/MJO/enso.shtml
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oot

Nov 97
http://www.pmel.noaa.gov/tao/elnino/nino_profiles.html




El Nino and La Ninha
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Not all El Ninos are the same

Sea Surface Temperature Anomaly (“C)
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Impacts on Atmospheric Circulation

El Nifio:
Extended -
Pacific Jet &
Stream '




El Nino Impacts on Wave Direction

Analysis Time - 15 NOV 2015 : 0555 PST WSW Analysis Time - 10 OCT 2015 : 055 PST Analysis Time - 27 AUG 2014 : 1732 PST
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El Nino impacts on Coastal Erosion
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Southern California Beaches during the El Nifio Winter of 2009/2010 A. Doria, R.T. Guza, M.L. Yates, and W. O'Reilly
Nearshore Processes Il. Thursday, December 16, 4:30PM, MW-3007 (Moscone West), Abstract OS44B-03




January 1983 El Nino




1983 El NINo




1987-88 El Nino
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Short-Term Impacts of High Tides and Large Storm
Waves Mission Beach, San Diego- 1988
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El Nino Beach Changes

- Beach changes

« Loss of sand from the beach

- Exposure of revetment and
seawalls




Tide gages from San Francisco to Baja California have
been running 6 to 8 inches above predicted since mid-
September 2015.




King Tides
for 2015-16 Winter

http://www.coastal.ca.gov/climate
/extreme-weather/el-nino/

Month

November

December

January

February

Tides = 7 ft.

Tides = 8 ft.

Tides > 6 ft.
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El Nino — Ocean temperatures

Live Guadalupe Fur Seal Strandings in California by Year i \\

r
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Hammerhead shark sighting near Oceanside; &
http://www.petethomasoutdoors.com/ e’ J

g

Numher of Strandsd Fur Soals

Sea snakes near
Oxnard; photo by
Mark Pampanin/KPCC
http://www.scpr.org/

2009 fibla] oL 2013 hi13

Uhusual MortalityEvents for Guadalupe Fur Seals;
tough year for California Sea Lions -

nia

Mahimahi near Newport Beach; photo by ©Slater Thomas
Moore via http://www.petethomasoutdoors.com/




El Nino impacts - Rainfall

normal temperature:
November - Janu
) E 3

2

Probability (percent chance)
drier than normal egual chances wetter than normal

g0 70 &0 50 40 33 33 40 350 60 TO

climate.gov, CPC




El Nino — Rainfall variability

1991-92

PRISM, Oregon State University

Image courtesy NWS Sacramento




El NIino to the Eastern Pacific

Physical

sIncrease Sea Surface Temperature and sea levels — 8-25 inches
sIncrease Wave Heights and shift in wave direction

sIncrease in Precipitation

Cultural

eCoastal Erosion

sEconomic Impacts - $25 Billion in 1997-98 ENSO event — Ag, Rec,
Retail, Construction, Energy distribution

Biological

*Fishery Collapses — due to decreased upwelling - Anchovy, Sardine

*Redistribution of Fisheries — Barracuda, Tuna, Marlin




Sea Level Rise
Vulnerabllity and
Adaptation Study
For Imperial Beach
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Project Goals

-_-?'w dentify Imperial Beach-specific coastal
vulnerabilities from sea level rise and
' coastal hazards

. Identify range of adaptation strategies

Recommend strategies that are politically
= digestible and economically feasible



Climate Terms defined

- Flooding vs. Inundation vs. nuisance flooding
¥ - Mitigation vs Adaptation

- Hazards, Vulnerability, Adaptation

Flooding Inundation Nuisance Flooding




Scanning the Conservation Horizon (2011), National Wildlife Federation.




Scanning the Conservation Horizon (2011), National Wildlife Federation.




Climate Adaptation in Imperial Beach

Waterbodies Adjacent to

Imperial Beach

San Diego Bay &
Otay River

(north of IB)

Pacific Ocean
(west of IB)

Tijuana River & Estuary

(south of IB)

Regional Adaptation &
Resilience Planning

San Diego Bay Sea Level Rise
Adaptation Strategy

{2012, The San Diego Foundation,
ICLE! - Local Governments for Sustainability)

City of Imperial Beach
Sea Level Rise &
Coastal Flooding Study

Climate Understanding &
Resilience inthe River Valley
(CURRV) Project

(expected completion 2016,
Tijuana River National Estuarine Research Reserve)

University of Southern California

Tijuana
River
%  National Estuarine

=———— Research Reserve

@

Coastal
Conservancy




ldentifying Existing Conditions

-';:' ‘ﬁ (14 b ¥ b i i 77
W - “Today’s storm is tomorrow’s high tide

= - \What we experience today are good indicators
| of what we will experience more frequently in
the future

- Understanding existing vulnerabillities help
prioritize adaptation strategies




Process to Identify Initial Vulnerabillities

Individual meetings (Dec 2014 & Feb 2015)
Collection of Historic Storm Imagery
Collection of relevant datasets & review of existing literature

Review & refine initial vulnerabilities w/ Steering Committee

E2R



Data Collection - Dec 2014 & Feb 2015

% . City Staff Meetings

. - Planning (Jim Nakagawa - project lead)
2 . Public Works (Chris Helmer)

- GIS (Russell Mercer) _

- Public Safety (Tom Clark, Robert Stabineau) LS.

. City Manager (Greg Wade) = - ‘

- Mayor (Serge Dedina)

Photo by D. Boudreau = 12/20/14

- Regional Interests
- Tidelands Committee (Joe Ellis)
- Port of S.D. (Cody Hooven)
- TRNERR (Dani Boudreau, Jeff Crooks, Julio Lorda)




ldentifying Initial Vulnerabillities

Utilize available data to develop maps of current vulnerabilities
- Nuisance flooding, COSMOS 1.0, 2010 Event, COSMOS 3.0 (released 11/16/2015)

Scale, technical capacity and availability of existing information will
determine detalil of vulnerability assessment



Sectors to Analyze

l - Land Use - Water Supply
« Beaches and Public . Stormwater
Access
« Schools and Parks
« Roads

Hazardous Materials

Public Transportation o
Utilities

Wastewater

Coastal Armoring
Habitats

Social Vulnerability




Storm water Nuisance Flooding 2015

« Mostly managed by IB
Public Works, Navy, TRNERR

» Qutfalls
- All or most at street level
- Use gravity flow
- Precipitation
- Back-up during high tides

|

. - Measures of Impact
' . Duration of Flooding

|
|
1
|
|




Nuisance Flooding Depths?
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Commercial vs Residential 2015

« Number of parcels in existing
‘Hazard Zones vs total
- Total = 5945

- Nuisance = 77 (74 residential, 3
public (school)

« Coastal =432

- 33 Public (parks, TRNERR)
« 353 Residential
« 46 Commercial

_ + Measures of Impact
~ .« Byland use
! - Value of damages
-« By time horizons
- By type of hazards




Commercial vs Residential 2100

»

S« Number of parcels in existing
& Hazard Zones
88 - Total = 5945
b - Nuisance = same
. Coastal = 955
« Public =56
- Residential = 816 (6.6%)
- Commercial =73 (8%)

~ « Byland use

. Value of damages
] - By time horizons
= By type of hazards




Road Elevations <15 feet
« # Miles of Road below <15 feet NAVD88

. Nuisance = 2,989 feet

« Coastal = 34,066 feet (8.9%)

- Coastal 2100 = 66, 052 feet (17 3%)
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Public Transportation 2100

Number of bus stops in
- existing Hazard Zones vs total g
= 27 (in city)
« Nuisance =2

- Coastal=3
|

- Measures of Impact

- Number of trips interrupted per
day

« Miles of Bus Routes in vs out
« Miles of Bike Routes in vs out

e Fan e = E




A

Risk

What are Adaptation Strategies?

Retreat
Accommodate More Disasters
Protect Higher Costs

Community Acceptancelbf Risk

A

Time or Sea Level Elevation




Do Nothing
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Recurrence Intervals of Extreme Water Levels
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Implementation Times

Implementation Timeline

2015 2030 2050 2075 2000 2100
Oft 1t 2t 3ft Aft

L l | | |
T

|
PROTECT Existing fload contrel channeks

}
PROTECT, 3 :

ACCOMMODATE,
RETREAT

Enhance hahitats, inlef management, metrofit infrastnctuns
|

1
ACCOMMODATE, 4 ’
RETREAT Elewate madwinys and structures, improve sediment mamagement

4

Phased relocation of infrastructure, cquisition of wpland adjacent propetties

RETREAT

ipping point ‘ Decision Planning Implemented




Future Work

- Coastal Conservancy funded
- Vulnerability
- Adaptation
- City Council Presentation

- San Diego Foundation funded
- Document coastal armoring

Economic impact analyses

Adaptation strategy cost benefit analysis

Project future nuisance flooding

Public workshops




Thank youl!
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