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Background/Update on Global Climate Change

Global Emissions: by country and per capita

Projections: Temperature, Préc"ipi'rc;’rion, Snowpak, etc.
Potential Impacts: Physical, Chemical, Biological/Ecological
Ongoing Climate Change Research in California and Region

Where Do We Go From Here?



What's Happening?
Projected Climate Change Impacts To
California and the San Francisco Bay Region

2C or Not 2C ? - that is the CHALLENGE...

Variability Is The Key

Expect Extreme Weather Events

Super Storm SANDY
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FACTORS INFLUENCING SANDY'S IMPACTS:

Confluence of:

Long-term Ongoing Sea Level Rise

Full Moon (Spring Tides = highest tides of month)

Lowest Barometric Pressure Ever for Northeast (raises sea level)
Extreme Storm Wave Heights

Storm Wave Surge (14 ft - exceeded predictions of 11.5 ft)
Peak of Wave Surge Occurred at Peak High Tide

Gulf Stream Temperature 5° F Above Normal

Very High Storm Winds

SANDY Combined With Another Storm
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Tools/Data used to investigate climate change:

MODERN EVIDENCE:
* Global temperature records over the past 150 yrs
- Tidal gauge records over the past 150 yrs
- Atmospheric CO, concentrations since 1958
+ Altered phenologies: (Life Cycle timing)
-> first bud and flowering times
-> bird nesting and migration data

HISTORICAL EVIDENCE: Proxies
Oxygen isotopes in marine and freshwater animal shells
* Tree-ring data
- Sediment core data
- Ice core data
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Carbon Dioxide Variations
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Global Carbon Emissions

Measured emissions have exceeded most IPCC scenario estimates.
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Global Carbon Emissions
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Top 5 CO, emitters: 2010

C vs CO,
1 ton Carbon = 3.67 tons CO, 2009 Tons  1999-2009
Per Capita © % Change
GigaTons | % of CO, In CO,
of CO, Total emissions emissions
1 m China 7.7 25.4 % 5.1 + 161 %
2 = United States 5.4 17.8 % 16.2 -13 %
3 = |ndia 1.6 5.3 % 14 + 100 %
4 = Russia 1.6 5.2 % 10.8 -27 %
> @ Japan 1.5 3.6 % 8.6 -0.3 %

Qatar 40.1 + 33 %


http://en.wikipedia.org/wiki/People's_Republic_of_China
http://en.wikipedia.org/wiki/United_States
http://en.wikipedia.org/wiki/Russia

Rate of temperature change is increasing
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= “business as usual”

e A1B = “middle of the road”
= B1 = “low emissions” = Global S
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Global Temperatures from 1881 > 2006







March 2012: 15,272 heat records broken in
the US - includes every state

July 2012 was the hottest month on record for the
contiguous U.S. since record keeping began in 1895.

Century increase in
the number
of monthly heat
records broken
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Coumou & Rahmstorf 2012
Nature: Climate Change



Counties affected by at least one extreme weather event,
causing over $1Billion in damage in 2010-2011.

= Vancouver

Monterray.»

* Cuba

Mexico Ciudadde La Habana
Center for American Progress Terms & Feedback

Center for American Progress — NOAA data



PROJECTED CHANGES IN ANNUAL TEMPERATURE, NORTHERN CALIFORNIA
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Atmospheric Rivers

SUPER STORM
December 17-22, 2010

Morphed composite: 20710-12-17 00:00:00 UTC
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e g CDFG/USGS/USFWS Downscaling Workshop,
B '_"_i;""f'; i . CSU Sacramento, Nov 3, 2010

Scripps Institution of Oceanagraphy

CEC's NOAR OGP's

| Calitornia Climate ¥ 1 Califomia
Change Center ( iﬁ | Applications
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Impacts on Snowpack

Decreasing California Snowpack

Lower Warming Range Medium Warming Range
Drier Climate B 1 Drrier Climate A 1 B

100% 40% 20%
remaining remaining remaining

60% loss %s 80% loss

15

April 1 smow water equivalent (inches)

from: Luers et al. 2006 (CEC)
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Biological/Ecological Impacts ?
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1: Strong northwest
¥/ . winds blow over

¥/ coastal waters

El Nino
slows winds
& upwelling


http://upload.wikimedia.org/wikipedia/commons/f/fd/Upwelling_image1.jpg

Movements and trans-Pacific
migration of the Sooty Shearwater
(Puffinus griseus)

Source: J. Adams (USGS)



Upwelling, Fog & El Nifo

sl

"The coldest winter | ever saw was the

summer | spent in San Francisco."
Harks Twain


http://en.wikipedia.org/wiki/File:San_francisco_in_fog_with_rays.jpg
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FOG CAPTURE (McEachern)

Fog drip sampler mounted at
Santa Rosa Island weather station

Artificial fog collector on
Santa Rosa Island




Altered Phenologies &USGS
USA National Phenology Network

http://www.usanpn.org/

89 of 100 Egg laying date of
flowering plants NA tree swallows
in DC area ~ 9 days earlier
blooming 4.5 days (1959 to 1991)
wt %4 | earlier in 2000 (Dunn & Winkler
-t 1% vs. 1970. 1999)
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Earlier arrival Maine lobsters
of migrants molted 15-30 days
(Root et al. earlier in 2012.

@ Gary Braasch Phatography 2004) (Mor‘e'l"l'o 201 2)



http://www.arizona.edu/styleguide/seal.php

ALTERED PHENOLOGIES

Trends in timing of spring events
Among northern temperate species

L
butterfly herbs and grasses ;,‘;-‘?

Average 2.8 days / decade advance

Individual species

n=203 Timespan=1/to 99 years

Parmesan Global Change Biology (2007)




Tree mortality rates are increasing in the western US

Widespread

- Mortality rates increased across
three biogeographic regions

P Doubling
1) Pac. NW 0.001 17 yr
2) California  0.005 25 yr
3) Interior 0.032 29 yr

van Mantgem et al. 2009 (Science)



Pine bark beetle infestations
correlated with drought stress...

‘The Red Hand of Death .
' raser Experlmental quest
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http://en.wikipedia.org/wiki/File:Dendroctonus_ponderosae.jpg

Climate Change and Fire

+ Warmer and drier
spring conditions =
- early snowmelt

- lower summer soil and
fuel moisture

- longer fire seasons

- increased fire frequency
and extent

* Fire intensity and
severity may also
Increase




Since 1985 the number of large wildfires
in the western U.S. has increased by 4X.

Westerling et al. 2006 (Science )



HOT OFF THE PRESSES.....

Sea-Level Rise for the Coasts of California, Oregon, and Washington:
Past, Present, and Future

Committee on Sea Level Rise in California, Oregon, and Washington

Board on Earth Sciences and Resources and Ocean Studies Board
Division on Earth and Life Studies

NATIONAL RESEARCH COUNCIL

OF THE NATIONAL ACADEMIES

THE NATIONAL ACADEMIES PRESS
Washington, D.C.
www.nap.edu

Prepublication
2012

http://dels.nas.edu/Report/Level-Rise-Coasts/13389



SEA LEVEL RISE

Ocean—-atmosphere
interaction Terrestrial water

Ice storage

Gravitational
attraction of ice 3 4 Groundwater withdrawal

T Ocean circulation

- Density —

changes
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adjustment subsidence

Glacial isostatic Uplift and

About 50% from expansion...

About 50% from melting of glaciers & ice caps .. NRC: 2012



Estimates of future Sea Level Rise

SOURCE
Y California
I

This report, California *

This report, global -

Vermeer and
Rahmstorf {2009), global :

e~ 0N
and Cregon _

This report, Washington
and Oregon

This report, California

K

This report, global _

Vermeer and
Rahmstorf (2009), global

This report, Washington
and Oregon

This report, California
This repaort, global

Vermeer and
Rahmstorf (2009), global

-20 &0 80 100

SEA LEVEL RISE (cm)

NRC: 2012



El Nino Events Affect Sea Level

Local sea level rises during warm climate phases like El
Niiio, and falls during cool climate phases like La Niiia
~ 10 inches higher than average

125

: 1982-83
ml Fort Point El Nino

1997-98 1
El Nino

i -4
San Francisco (st 1957-58
El Nino

115 F
g 1915-16

El Nifo
110

1911 1922 1933 1944 1955 1966 1977 1988 1999

NRC: 2012



Sea Level Rise
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Sea Level Rise: West Coast

Tide gauge at Presidio: 1854

West Coast sea level: !

consistent upward trends
from Seattle to San Diego
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West Coast Trends

Global sea level rise up to
1.6m (or 1.9m?) by 2100

Winter wave height
Increasing ~1-3 cm/yr

Extreme wave height
Increasing ~10 cm/yr

Wave surge increasing, >
especially in the north... . sources: 1Pcc (2007)

_ .  Allan and Komar (2006, Journ of Coastal Res),
Increase in magnitu de « Climate Progress — June 2009

and frequency of storms .nNrc 2012
P. Barnard (USGS)



The Ocean Is Not a Flat Surface
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South Bay: Projections (infrastructure)

& .-‘r .
N T S AN
#lmagery,Dates. May 31,2007 -

N. Knowles, USGS



South Bay: Projections 100 yr Storm Surge +
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N. Knowles, USGS



Flood Risk and Sea Level Rise — South Bay

Economic Impact, San Francisco Bay Area
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Representative Concentration Pathways (RCP) - W/m?

Sea level projections through Sea level projections through
2100 with RCP scenarios. RCP8.5 2500 with RCP scenarios.
(~ A1FT) 0
- 12
RCP6 ) Sea Level Height (m)
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Annual Rate of Sea
Level Rise (mm/yr)

Year AD

Jevrejeva et al. 2012
Global and Planetary Change



Think about it.....




Sea level rise will
inundate low elevation
areas unprotected by

levees and erode

existing levees.

Present

With levee construction
and development Will the Future Be This ??

T L 5

J. Collins, San Francisco Estuary Institute



Relative positions of three marsh-dependent species.

Black Rail California
Fed Sp of Concern Clapper Rall
St Threatened Salt Marsh Fed Er?dangered

Harvest Mouse
Fed Endangered

Sarcocornia pacifica

Spartina foliosa

High marsh Low marsh Tidal mud flat

Salt Marsh Elevation Gradient




(4] san Francisco Bay

Area Salt Marshes
Mean Higher High

z Gambonini  95.7%
E Petaluma 99.1%
3] Black John  100%
E Fagan 70%
E Coon Island 38%
6] SPB NWR 3%
E China Camp 97%
E Corte Madera 99.8%
E Arrowhead  100%
10§ Colma 99.5%
1) Cogswell 100%
12| Laumeister  100%




Petaluma Tidal Marsh
water level = 2.0 m
<1% inundated

Pickleweed
Forest



Petaluma Tidal Marsh
California Black Rail

0.59 ha home ranges
0.14 ha core use area

(Tsao et al. 2009, Condor 111:599-610)



Petaluma Tidal Marsh
water level = 2.25 m
35% inundated




Petaluma Tidal Marsh
water level = 2.35 m
90% inundated




Petaluma Tidal Marsh What will happen
water level = 2.5 m with Sea Level Rise?
>99% inundated







Ocean Acidification:
The ocean absorbs ~% of global C emissions.

Inverse relationship between Atmospheric CO, and Ocean pH.

5% 3.l Ocean |
e nlakd Surface |

Atmospheric
€O,

Ocean |
Surface |

Decreased pH lowers the
saturation of CaCOg3 in seawater.




FE a5

§ co, - H,O -> H ,CO; (= Carbonic Acid)
T e a
C@g + Hzﬂ + CG;:, > -'2?3 ' *“*03

J==0)

o ;P
carbon water carbonate 2 bicarbonate
dioxide ion ions

consumption of carbonate ions impedes calcification

Since ~ 1850, the pH of the oceans has decreased by ~ 0.1 pH units
( = 30% increase in acidity).



By the end of this century, it is predicted
that the ocean surface will be more acidic
than it has been in 400 M yrs.



http://www.wallawalla.edu/academics/departments/biology/rosario/inverts/Mollusca/Gastropoda/Prosobranchia/Order_Archaegastropoda/Suborder_Trochina/Trochidae/Calliostoma_annulatum_Dave_Cowles.jpg

Climate Change will happen in the face of
and in concert with all of the other
stressors that already exist in the

Bay-Delta.. including:

Contaminants: Mercury, Selenium, Pesticides, PCBs,
PBDEs, Pharmaceuticals, other emerging contaminants

Invasive Species: New species ~ every 14 weeks

Land Use Change/Development:







Computational
Assessments of

Gimate | Scenarios of
Mosei Change in the
a
Delta
Ecosystem

Downscaled 3

To Region http://cascade.wr.usgs.gov/index.shtm

Watershed
Model

CASCaDE I




New downscaled scenarios: A product of

SF Bay PES & CASCaDE projects:

.
Computational

Assessments of
Scenarios of

Change in the CASCaDE II
Delta

Ecosystem




Now What ?



Durban, South Africa: COP17

United Nations Framework Convention

Conference Of the Parties - to the United Nations
Framework Convention on Climate Change

Climate Conference in Durban
Nov 28-Dec 9, 2011

* 194 countries participated

Goal: To develop an agreement whereby the
infernational community would work together to

keep global warming at or below a 2°C increase
[=3.6°F increase] from pre-industrial levels (~ 1750).




We're nearly half-way there.. +0.9°C

—e— Annual Average
— Five Year Average

1880 1900 1920 1940 1960 1980 2000

-0.2

-0.4

-0.6

Global Temperature Anomaly °C



Results: “Durban Platform” For Enhanced Action

- A negotiated agreement was passed on Dec 11, 2011.

- Kyoto Protocol was renewed for 5 more years: to 2017

- Delegates agreed to start negotiations for a NEW legally binding
treaty to be decided by 2015 and to come into force by 2020.

- Many countries will not sign agreement unless the U.S. and
developing China & India agree to legally binding resolutions.

- Many political battles can / will still be waged....

* Note: For the U.S. to sign on to a climate treaty, it must be
passed & ratified by both houses of Congress.

This year’s COP18 will be held in Qatar (Nov 26-Dec 7).




Global Warming Skeptics ?

Definitive Scientific Research...



The Bottom Line.....

Positive proof of global warming.

Centuqy ' 1---90@“ QBD 197 OH 1? |19/96 2606



Think Cool .....

T

Any Questions ?2?2?7...........






Solar Radiation Management
(geo-engineering)

Stratospheric sulfur aerosols

Reflective aerosols, dust, metals

Increase reflectivity of clouds

Reflective sheeting in deserts

Space mirrors

Launching billions of reflective balloons into stratosphere
Reforestation in tropical habitats (absorb more CO,)
Deforestation in high latitudes (exposes snow -> reflectivity)
Building a 1000 km diffracting space lens between sun and earth
Light-colored floating litter/garbage in the mid Pacific gyre
Etc....

Etc....

Etc....



Carbon Dioxide Residence Time

)

-
o
o

New Equilibrium is Achieved
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Portion in Atmosphere (%

100 150 200 250 300
Years Since CO; Release

Full Geological Elimination Takes
Hundreds of Thousands of Years

=
£
v
Q
o =
ok
wy
o
=
)
=T
=
c
2
=
—
(o]
(a'

2000 4000 6000 8000 10000
Years Since CO; Release




Global Sea Level Drops 6 mm in 2010
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Slope = 3.2 mm/year
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El Nino 10 becomes La Nina ‘10

NINO 3.4
NOW DEC J&N FEE MER APF MAyY JUN JUL BaUG SEP OCT NOW
SST Anomaly [degrees C) for NINO 3.4
as of Nov 16,2010

Source: NOAA/Climate Prediction Center




GRACE Twin Satellites

Gravity Recovery and
Climate Experiment
(GRACE)

NASA/German Aerospace Center
(NASA/JPL CalTech)
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The red line in this image shows the long-term increase in global sea
level since satellite altimeters began measuring it in the early 1990s.
Since then, sea level has risen by a little more than an inch each
decade, or about 3 millimeters per year. While most years have
recorded a rise in global sea level, the recent drop of nearly a quarter
of an inch, or half a centimeter, is attributable to the switch from El
Nifio to La Nifia conditions in the Pacific. The insets show sea level
changes in the Pacific Ocean caused by the recent El Nino and La
Nina (see http://sealevel.jpl.nasa.gov/science/elninopdo for more
information on these images). Image credit: S. Nerem, University of
Colorado



http://sealevel.jpl.nasa.gov/science/elninopdo
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