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Planning for a changing climate
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Global Climate Change Projections

B1: 2011-2030
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Source: IPCC 4t Assessment Report, Working Group 1: The Physical Science Basis for Climate Change

http://ipcc-wg1.ucar.edu/wg1/wg1-report.html



Solar radiation powers
the climate system.

Some solar radiation
is reflected by
the Earth and the
atmosphere.

About half the solar radiation
is absorbed by the

Earth’s surface and warms it. Infrared radiation is
emitted from the Earth’s

surface.

http://ipcc-wg1.ucar.edu/wg1/FAQ/wg1_fag-1.3.html
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Climate Variability & Change Globally

25 June 2008
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Most of the variability in the
globally-averaged temperature
Is contained in the slowly
varying “climate change”
component.
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Climate Variability & Change in CO
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“Natural” Slowly-Varying Climate

Decadal to Multi-decadal fluctuations in climate

* Pacific Decadal Oscillation
(PDO or PDV)

* Atlantic Multi-decadal Oscillation
(AMO or AMV)

- What are they?
- How do they effect regional climate?

- What is our ability to predict these fluctuations?
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Pacific Decadal Oscillation
(PDO)

monthly values for the PDO index: 1900—January 2008
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(Source: http://jisao.washington.edu/pdo)
25 June 2008 AGCI: Climate Prediction to 2030




Atlantic Multi-decadal Oscillation
(AMO)

Has Existed for Centuries... at least
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Atlantic Multidecadal

Oscillation Index

Annual r = 0.64 (20th Century r = 0.78)
Decadal r = 0.81 (20th Century r = 0.94)
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North Atlantic SST Anomaly
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 Tree-ring reconstruction of AMV, 1567-1990.
(a) Instrumental record, (b) reconstruction

(Source: Gray et al. 2004)
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Thermohaline Circulation in Atlantic Ocean

(Atlantic part of Ocean Conveyor Belt Circulation)

Density driven “Overturning” circulation

Self-regulating Changes in Overturning:

™ Density\ : Less sinking, less warm water from tropics, N. Atlantic cools

TV Density\ : More sinking, more warm water from tropics, N. Atlantic warms
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JJA Precipitation Anomalies Associated with Warm North Atlantic (+ AMO)
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Hurricanes & AMO
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During warm phases of the AMO,

the numbers of tropical storms that
mature into severe hurricanes is much
greater than during cool phases,

at least twice as many.

(Source:
http://www.aoml.noaa.gov/phod/d2m shift/amo faq.php

adapted from Goldenberg et al. 2001)

25 June 2008 AGCI: Climate Prediction to 2030



Pacific & Atlantic Impacts
on U.S. Drought Frequency
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(Source: McCabe et al, 2004)
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Pacific & Atlantic Impacts
on U.S. Drought Frequency
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(Source: McCabe et al, 2004)
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Fraction of Colorado Under Drought

(Averaged over 48-month period)

(1890 - Nov 2006)
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“Natural” Slowly-Varying Climate

Decadal to Multi-decadal fluctuations in climate

* Pacific Decadal Oscillation
(PDO or PDV)

* Atlantic Multi-decadal Oscillation
(AMO or AMV)

- What are they?
- How do they effect regional climate?

- What is our ability to predict these fluctuations?
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Ocean Observations: Argo Profiling Floats
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Drifting Argo profile from the subtropical North Pacific

(20.25N 121.4W, May 15 2004).
This shows interleaving in the salinity data.
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Ocean Observations: Network of Argo Floats
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Argo Network, as of November 2004

AUSTRALIA (18)

® CANADA (86)
CHINA (14)

e EUROPEAN UNION (36)
FRANCE (103)

25 June 2008

GERMANY (69) MAURITIUS (2)
INDIA (37) NETHERLANDS (3)
IRELAND (2) NEW ZEALAND (5)
JAPAN (221) NORWAY (9)
KOREA (55) RUSSIAN FED. (5)
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1521 Active Floats

® SPAIN (9)
® UNITED KINGDOM (80)
® UNITED STATES (767)



Ocean Observations: Network of Argo Floats

Argo Status (Latest Update: 20/06/2008 05:53 UTC) - 3111 Active Floats
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(Source: http://w4.jcommops.org/website/Argo)
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Summary

» Regionally, decadal variability can be as large, or larger
than global climate change between now and 2030.

» Decadal variability influences our experience of climate
change and also modulates year-to-year variability —
Increasing or decreasing the intensity or frequency of
adverse climate.

» The slowly varying conditions in the Atlantic have a notable
impact on US climate, and we believe we understand the
dominant mechanism of the AMO.

» Ocean observations are crucial for the starting point of our
predictions of decadal variability. They are also crucial for
monitoring the global oceans and their variability.



Thank you
for your interest and attention
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Atlantic variability ... possible decadal predictability?

0.6 - e<Distinct multidecadal fluctuations of SST

«Strong relevance for climate

0.4 - <Model based indications of decadal
O ~ predictability of ocean circulation
N
O
85‘)0 65 ~ *Hypothesized link to AMOC
oD 0.
Q "

Warm Cold Warm Cold Warm

(Courtesy: Tom Delworth) 1900 Loo920 1940 1960 1980 2000



0.8
l 0'4

0.2

0.0

-(1.2

-0.4

-0.6

Warm Phase PDO Warm Phase ENSO

Source: Climmate Inmpacts Group, University of Washington

25 June 2008 AGCI: Climate Prediction to 2030



Atlantic Multi-decadal Oscillation
(AMO)
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Projected Atlantic SST Change (relative to 1991-2004 mean)
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Smith et al (2005)
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Smith et al (2007)
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Thermohaline Circulation in Atlantic Ocean

(Atlantic part of Ocean Conveyor Belt Circulation)

Density driven “Overturning” circulation

Thermal part: Cooling (more dense) in high latitudes vs
warming (less dense) in low latitudes
-> Drives THC
Haline (salt) part: More precipitation so fresher (less dense) in high latitudes vs
more evaporation so saltier (more dense) in low latitudes
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