Climate Change, People,
and the Carbon Cycle

An emerging challenge:

Supporting Greenhouse Gas

Management Strategies with

Observations, Modeling, and
Analysis
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Why this Is an urgent issue

&

Atmospheric Concentration of Carbon Dioxide (Mauna Loa Datp)

®* The primary cause of climate change
and ocean acidification is the
Increase of greenhouse gases S
(GHGS) in the atmosphere,
predominantly carbon dioxide
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® Three reasons for having more and e, e
better information

» Climate feedbacks
» Success of GHG management
» Ocean Acidification
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Why Regional Scale Information?

Societies are advancing efforts to reduce CO, emissions

Mitigation efforts are diverse and vary by nation, region, &
emission sector

The complexity & variability of the carbon cycle, the scale
of the problem, and the number of GHGs make tracking
these efforts challenging, but surmountable

Large-scale emission reduction approaches require
iIndependent, scientific monitoring to support verification

and policy decisions
» Ozone Depletion
» Air Quality
» Acid Rain
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Tools for Global Monitoring
Greenhouse Gases

® “Bottom-up” measurements (Accounting = “checkbook™)
» Emissions reporting

» Reported and “verified” offsets
» Site-specific measurements

® "Top-down” measurements (Validation = "bank statement”)

» Comprehensive atmospheric observation system
» Ecosystem and ocean observations

® Reanalysis (compares checkbook with bank statement)
» Transport model

» Assimilation
» Regional fluxes (emission and uptake)
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Current Governance

a integrated
carbon

l observation
system
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Need for stronger
political and financial
support to succeed

“...itdoesn’t really matter who does
it, but the ECVs [Essential Climate
Variables] must be tackled, one by
one, and with VigOf. Al the moment Int’l Conf. Research Infrastructures
there is more cackle than tackle.”  21-23 March, 2012




Specific Needs for the Future

¢ Sampling & Measurement ® Modeling and Analysis
» Improve technigques and » Increase computing
approaches capacity
» Develop robust sampling » Achieve finer transport
instruments resolution
» Sustain long-term » Improve ensemble
observations assimilation
» Expand observing systems
(3 ways) * Products
» Determine societal need for
¢ Data Records products
» Quantify “uncertainty” » Design and develop
» Strengthen data centers products
0 Accessibility
o Evaluation ® Success

o Coordination > Centrally managed funds

work
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Surface-based GHG
Networks
NOAA

2008 Measurement Programs

o
Atmospheric measurement sites in the CarboEurope IP (in prep.) 90'N

60°N 1
30°N 1

(O &
30°S 1

60°S 1

@ sumFAcE

A Tor
+ ARCRAFT

90°S

90°N

- 60°N
dq

Bl 30°N

Lo

 30°S

- 60°S

90°S

- e mear

Legend Map Background

< Intens it Sounding % Flask Sempling Site A Tl Tewers USGS 5TOPOIC DEW,

<4 Non Tntensive Aircroft Soud.  ® Flosk oy A Tl 1500 Clathry Bordens

4 Airceaft Saunding ? Flosk Sanpling Site (CSIRO) 2 Comtinuaus COZ 22280 N
Waamrement Site s )i

Only site 10 given, Far sivenames and description 5. Appendix 3 PR o

WMO Global Atmospheric Watch

Monitoring Stations for Carbon Dioxide (CO:z)

e N
MO Warid Data Cenre for Groenhouse Gases
* Operational &+ Operational (ship) + Operational (aircralt) * Report Expeciad As of 30 September 2004

GHGs - An emerging challenge
JH Butler, NOAA

Page 9

100°E 140°E 180° 140°'W100°'W 60°'W 20°W 20°E 60°E 100°E

NETWORK

AmeriFlux
AsiaFlux
CARBOAFRICA
CarboEurope IP
ChinaFLUX
Fluxnet-Canada
Inactive

a0 M

45" N

AGAGE

TCCON

*
June 2002
Septaond
May 20064 Feh 2009 "3 EC)l:'[ 2005
l .ZDDB Jui 2008 *
u . Spring 2008
{ May 2007 pring
135 W a0 w o aEw 45 £ 90" B 135 -E
[ ]
) . .
Cperational Site May 2008
Future Site June 2004

Rl Ny-Alesund U
i (Svalbard) R

r.
Trinidad Head \
(California) [
Cape Matatula
(American Samoa)

.

= RaggedPnimt
8 (Barbados) &

® ALE/GAGE/AGAGE sampling stations
collaborative sampling stations
= SOGE »SOGE-A 4 SNU ¢NIES

FLUXNET
- - 4 | April 2008




How will Society Reduce Greenhouse Gas Emmissions?
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One “Systems Approach”
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©
Jan 2011: 391 ppm
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Preindustrial: about 278 ppm
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Ice ages: about 185 ppm

Atmospheric CO, (ppm)

GLOBALVIEW-CO, (1979-2011); http://www.esrl.noaa.gov/gmd/ccgg/globalview/
/\/V Keeling data (1958-1979): Scripps CO, program; http:/scrippsco2.ucsd.edu/
© Law dome ice core: Etheridge et al., JGR 101 (1996), MacFarling Meure et al., GRL 33 (2006)
—@- Siple ice core: Neftel et al., Nature 315 (1985)
»/V Vostok ice core: Petit et al., Nature 399 (1999)
n/V EPICA Dome C ice core: Siegenthaler et al., Science 310 (2005), Liithi et al., Nature 453 (2008)
yBCE = years before common era; kyBCE = thousands of years before common era
Contact: andy.jacobson@noaa.gov
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Decay of
ﬁ.

Geological Resevoir \» Cireulation

® Thawing permafrost
has the potential to

Pumping

release huge
amounts of CO, and
methane.
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® Half of the CO, emitted by
fossil fuel burning is
absorbed by the ocean and
biosphere.

®* Will this continue?

Permafrost is thawing
Average ground temperature near Fairbanks, Alaska, degrees C
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Greenhouse Gas
Management
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REDD+

REDD+ helps to mitigate climate change through forests, and provides social and environmental
benefits. It includes these essential components: creating incentives for not clearing standing forests,
maintaining and expanding forest cover, sustainably managing forest and recovering degraded lands.

® What works?

®* How well does it
work?
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Ocean Acidification

®* Regardless of climate change, the ocean
becomes increasingly acidic with rising
CO, In the atmosphere.
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