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Outline

e Climate change-not just a
physical issue

e A quick summary of IPCC AR5
e A closer look at sea level rise

e Future outlooks for climate
sclence



The climate change issue
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IGBP: State of Science event in
Stockholm for the IPCC AR5 WG1
report release, September 27, 2013
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The atmospheric concentrations of carbon dioxide,
methane, and nitrous oxide have increased to levels
unprecedented in at least the last 800,000 years.
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Global temperature over the last 1000 years:

Green dots show the 30-year average of a reconstruction. The red curve shows the global mean temperature based

on instruments. In blue is the original hockey stick of Mann, Bradley and Hughes (1999), with its uncertainty range
(light blue). Graph by Klaus Bitterman.
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Anthropogenic influence on climate is generally warming
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» The total anthropogenic RF for 2011 relative to 1750 was 2.29 [1.13 to 3.33] W m?, higher
than that reported in AR4 for the year 2005, and two orders higher than the RF value of the

solar irradiance 0.05 [0.00 to 0.10] W m™2.
» RF has increased more rapidly since 1970 than during prior decades
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The observed warming 1951-2010 is
approximately 0.6°C to 0.7°C.

It is extremely likely that human influence has
been the dominant cause of the observed
warming since the mid-20th century.
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i /I:I During 1971-2010, more than 60% of\

Ocean warming dominates the
Increase in energy stored in the
climate system, accounting for
more than 90% of the energy
accumulated between 1971 and
2010 (high confidence).

the net energy increase in the climate
system is stored in the upper ocean (O-
700m),

O About 30% is stored in the ocean below

\700m Y,
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Evolution of the mean sea level
over the last 2000 years

Sea-Level Estimates

=== Proxy reconstructions
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20" century sea level rise
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Since 1993
-> satellite altimetry

Sea surface height measurements
with 1-2 cm accuracy
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Global coverage of the oceans
in ~10 days




Sea level rise : 20t century and past 2 decades
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Question

» s sea level rise accelerating?

Yes!
Church et al. (2013) concludes that « the increased rate of sea level
rise since 1990 is not part of a natural cycle but a direct response to
increased radiative forcing on the climate em »




Observed sea level budget during the altimetry era (1993-2010)
IPCC ARS

residual

Sum
0]

Observed contributions

Rate of rise
m Sum Contrib. 28 +/-05 mm/yr
m Observed 3.2 +/- 0.4 mmlyr
Residual 0.4 mmlyr

IPCC AR5



Causes of sea level rise (altimetry era: last 2 decades)
Individual contributions (in % of the observed rate of rise)
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Observed sea level budget 1993-2010 (IPCC ARS)
Individual contributions (mm/yr)

® Thermal expansion

m Glaciers
Greenland
Antarctica

m Land waters

Sum of contributions : 2.8 +/- 0.5 mm/yr
Observed rate of rise: 3.2 +/- 0.4 mm/yr

IPCC AR5



Global environmental chanée: a growing sense of urgency
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Reactions of the global scientific community

four Global Environmental Change Programmes
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ENVIRONMENT AND DEVELOPMENT

Earth System Science for Global
Sustainability: Grand Challenges

W.V.Reid,"* D. Chen,2L. Goldfarb,2H. Hackmann,? Y. T. Lee,2 K. Mokhele,? E. Ostrom,?
K. Rawvio?J. Rockstrom,® H. J. Schellnhuber,” A. Whyte?

12 NOVEMBER 2010 VOL 330 SCIENCE www.sciencemag.org
Publishedby AAAS

The concept and design
principle of Future Earth
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Visioning: the five Grand Challeng
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Climate community’s response: BAMS2010

AN EARTH-SYSTEM
PREDICTION INITIATIVE FOR
THE TWENTY-FIRST CENTURY

BY MELVYN SHAPIRO, JAGADISH SHUKLA, GILBERT BRUNET, CARLOS NOBRE, MICHEL BELAND,
RANDALL DoLE, KeviIN TRENBERTH, RICHARD ANTHES, GHASSEM ASRAR, LEONARD BARRIE,
PHiLiPPE BouGEAULT, GuY BRASSEUR, DAvID BURRIDGE, ANTONIO BusaLAccHI, JiM CAUGHEY,
DeLIANG CHEN, JoHN CHURCH, TAkesHI ENOMOTO, BRIAN HoskiINs, @YsTEIN Hov, ARLENE LAING,
Herve Le TReuT, JocHEM MAROTZKE, GORDON MCBEAN, GERALD MEEHL, MARTIN MILLER, BRIAN MILLS,
JoHN MiTcHELL, MiTcHELL MONCRIEFF, TETSUO NAKAZAWA, HARALDUR OLAFSSON, TiM PALMER,
Davip Parsons, DaviDb ROGERS, ADRIAN SIMMONS, ALBERTO TRoccoLl, ZOLTAN TOTH,

Louis UcceLLiNI, CHRISTOPHER VELDEN, AND JOHN M. VWALLACE

An international interdisciplinary initiative to accelerate advances in knowledge, prediction,

use, and value of weather, climate, and Earth system information.



Future of Climate Science

e Research will be increasingly tied to improving
predictive capabilities, especially seasonal to
decadal time scales

e The forecasting products will grow substantially
e More comprehensive models

e More emphasize on regional and/or higher
spatial resolution climate information

e The connection between climate and specific
impacts on natural and human systems will
require a more comprehensive approach to
environmental research.
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IPCC AR5
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Crossing unexpected abrupt tipping points
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E-the pole type has been shrinking!

Area change for major Koeppen types

10-year moving average with a time window of 30 years
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Possible vegetation-climate feedbacks?
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Current global climate models (GCMs) (e.g. those used by IPCC AR5)
usually do not consider dynamic vegetation. What if the vegetation
will change under a warming and CO2 rich world? —Jeong et al., 2012

() SAT [°C] change by vegetation feedback effect () Zonal mean SAT change [°C]
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Additional temperature change due to added vegetation feedback under 2*C0O2
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