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Importance of SLPCs and
NOAA’s role

A.R. Ravishankara
NOAA / ESRL / Chemical Sciences Division / Boulder



What are Short-Lived Climate Pollutants
(SLCPs)?

GHGs or other constituents that influence radiative balance of
Earth system that are short-lived ( <10 years?)

o Climate forcing agents with “short”

P w— | lifetimes
— . — ‘f-ﬁ-‘-‘-=-‘-—>1-‘-‘-‘—‘f‘7-_- 1 o Include CH, (~10 yrs) and shorter-
- T lived forcers
s > Iconic anthropogenic | © Includes many HFCs
1 climate forcer o Are chemically active
> Essential issue for: =~ o Have impacts on other issues
* mitigation, ° Health
. adaptatlon,.and . Precipitation
e understanding
3 . etc.
] o Aerosols are a big part of the SLCPs
— ' [ | o SLCPs have been target by U.S. and

G-8 nations - NOAA will be
responsive to a National need.
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Why SLCP?

They can be dealt within through “win-win” ,
options for multiple environmental issues; S : /

They can be influenced using existing regulations;

Their shorter lifetimes allow for some immediate
relief, while the larger CO, issue is being worked
on;

Scientific insights on the workings of the climate ¢ |
system could be obtained by changes in these
forcers; and

Accounting for them is essential for regional 4
climate change and variability predictions. o0 @ 0 Tl 10 200

NOAA has focused on many issues related to
SLCPs (see additional slides)

The forcings from aerosols have offset the greenhouse gas forcings
and the SLCP greenhouse gases significantly augment CO, forcing. ,



Climate Air Quality Intersections

Simplified Climate Forcing Diagram
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Coupling between anthropogenic climate change and air quality:

*  Air Quality regulations can be a win-win for AQ & Climate

*  Many states/regions have legislated this approach

*  One does not need the “predicted climate state” to make relative choices

*  Direct application of science-based information (e.g., emissions, RF, etc.)
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Our dScience:

Evaluating multiple roles of SLCPs

‘CLIMATE’

‘AIR QUALITY’

CH,
Visibility

Halo

Carbs|
N,O

Trop
O3

Aerosols Ocean Acidification “AQ”?
(direct + indirect)
Food

AO,?

Food

Bla:
Carb

AO3 “AQ” A«AQH
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v
Arctic, glacier, and snowpack melting?

Air Quality roles: Trop. aerosols, CH,, trop. O, and BC (indoor AQ)

Visibility: aerosols, (BC)

Ocean acidification: CO,

Stratospheric ozone depletion/changes: Halocarbons (and substitutes?); CO,, CH,

Water supply: (GHGs +aerosols), black carbon

Food issues: CO,,- ocean acidification- trop O;, (aerosols?)

Multiple impacts that need simultaneous considerations:
(1) Science for optimizing for best outcome.

(2) Information for multiple issues!



Soot: the joker in the deck

‘CLIMATE’

Blac
Carb

A“AQ”

Air Quality

W
Arctic, glacier, and snowpack melting?
Key questions about soot (and aerosols) — the very short-lived pollutants:

*What is the real soot forcing? Quantification of emissions
*What is the net of soot and aerosols? Are they really separable?

*What is the impact of soot on glaciers, snow ice, snow, ice-fields, precipitation?
*Is reducing soot emissions a “no-regret” strategy?

*Direct application of science-based information (e.g., emissions, RF, etc.)

Key new scientific findings of NOAA



High-resolution atmospheric chemistry-transport model
better captures stratospheric ozone intrusions (May 11, 2010)

Balloon AM3/C180 AM3/C48
Observations (~50 km) (~200 km)
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[ Courtesy: Meiyun Lin (NOAA/ GFDL, Princeton) ] 8




Exceedance of proposed NAAQS by
stratospheric intrusion over LA Basin
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» Intrusion of stratospheric (ozone rich) air can lead to large surface ozone
» Implications for meeting AQ standards?



HFCs and climate change: Future emissions
can be large but can be avoided
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» Unabated, future HFC contribution radiative forcing can be large.

» Radiative forcing by future HFC emissions can be ~25% of that of CO,
future emissions (SRES scenarios).

» Future HFC emissions can significantly hinder the 450 ppm stabilization
target.

» There are viable solutions to avoid this situation- with potentially
positive side benefits (see attached for NOAA information provision)



Short-Lived Non-CO2 Greenhouse Gases

James Butler
NOAA / ESRL / Global Monitoring Division / Boulder



REVIEW

doc 10,1058 natere 10822

Non-CO, greenhouse gases and

climate change

S. A. Montzka'. E. J. Diugokencky’ & J. H. Butler’

Earth's climate is warming as a result of an cmissions of greenhouse gases,
of non- 00O,

from fossdl foel combustion. An

particularly carbon dioxide (CO;)
gases, such as methane, nitrows axide and

azone-depleting substances {largely from sources ot her than fossil fucls), abko contribute significantly to warming. Some
non-CO; greenhouse gases have much shorter Hictimes than €Oy, so reducing their emissions offers an additional

apportunity to lessen future climate change, Although it is clear that sustainably

the warming influcnce of

greenhonse gases will be possible only with substantial cuts in emissions of CO,, reducing non -CO,; greenhouse gas
emissions would be a relatively quick way of contributing to this goal.

G reenhouse gases (GHGs) alter Earth’s climate by absorbing

enargy in the lower atmosphere and re-emitting It. Although
antheopogenis emisions of C0; contrbute mot %o GHG-

Induced warming, several other gases, sach as methane (CHL), nitrows
oxsde (N;O), ozone-depleting substances (ODSs), hydroflucrocarbons
(HFCa), sulpbur hexafluoride (SF) and perfluorecarboms (PFCs), also
affect cimate for decades 10 millennia afer beng emitted. Because most
anthropogenic emissions of these non-COy GHGs are limked to society's

i saarid winlle (o fond sall v, s sl st Vo bt sinnin

Nature Vol 476 No. 43 — August 4, 2011

(~20G1OO,eqyr ' from each; Fig. 1). Since 1590, 10tal emissions of
non-CO; GHGs have dedined 10 15GeCOeqyr ', mainly due to
redictions In ODSs a agreed 10 i the Montreal Protocol o
Substances that Deplete the Ozone Layer'™"' themceforth the Monteeal
protocal), For a time these reductions were sufficiont 10 offset increases
n emissions of other GHGs, but snce 2008 continead increases o fossil
fuel OO, have exceeded those offsets. In 2008, the 15 Gt CO.-eqyr '
contribution fram non 00, GHGs accoumted for 30% of all human.

wdirad lane bl wenlhaies sue VO wdane losaud wasban
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Example: Ozone-depleting
gases



Ozone-depleting Gases

* Asaresult of the Montreal Protocol, the impact of controlled substances
is decreasing.

3700

3500
3300 |

3100 |

Chlorine (ppt)

2900

Measured
tropospheric
changes

2700 |

2500 I I R S RS B R
1980 1985 1990 1995 2000 2005 2010




ppt

ppt

ppt

540

515

490

275
265
255
245
235

1990

200

160 +

120

80

40

0

1990

CFC-11

1995 2000 2005 2010

HCFC-22

CFC-113

_ HFC-134a

2000 2005 2010

1995

ppt

20

15

HCFC-142b

10 4

5 Ha211 AT
T /

; w1301/ HFC-152a

1990 1995 2000 2005 2010

Ozone-depleting Gases

* Most are long-lived
* Some are shorter-lived

e Success comes by addressing
all gases

* Reductions began under the
Montreal Protocol
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How much are we emitting in
the way of greenhouse gases?



Anthropogenic Emission (GtCO:2 -eq/yr)
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Sum, non-CO,
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0 ————— T
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Year
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How do these changes
affect the atmosphere?



Radiative Forcing (W/m?)

4.0 | ;
3.0 |
2.5 |
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- / o,
1.5 :
. Sum, non-CO, GHGs
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* These projections do
not include
consideration of

feedbacks:

 Climate on emissions
— Arctic release

— Marsh emission
enhancements

e Climate on loss
—  CO, uptake

— stratospheric circ.

— [OH] variability

*0ODSs future set by the Montreal Protocol
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Warming effect of short-lived
substances



Persistence of climate changes due
to a range of greenhouse gases

Susan Solomon™’, John S. Dankel’, Todd L. Sanford**, Dansed M. Murphy”, Glan-Kasper Plattner’,

Reto Knutti®, and Plerre Friedlingstein®”

“Onericat Soences Davison, Eanth System Research Laboratory. Nationa ! Qoeane and Asmosphens Adesnemranon, Bouldec CO 80305, “Conpeaative
Irattute for Roroarch in Doviecormental Soonce, Ursvernty of Coldr ada, Boulder, CO 30307, ‘Cimate and Environemental Myscy, Mysc st fute,
Ueiversty of Bern, 3012 Bern, Sevitierlndd. “ainte for Atmogphers and Chmate Scence, Biagendaiche Technische Mochachude Junch, S006 Jerkch,
Swattediand. Textiut Merre Simon Laplace/labor stobe des Sckenot du Oimat ot de Mravronnement, Uni% Mito de Rechorche 1572 Comunariat &
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LOmme det Messsers, 91190 Gif sur Yvette, France and 'QUESTO epartment of Eanth Stiences, Univoriity of Beintdd, Bristol 558 10 Unted Kingdom

Cdned by James L Harden, Goddard et tute %o Space Studhes, New York, NY. and spproved Auguit 31, 2010 (received for seview May S 2090

Emumiom of a troad range of greenhouw gaws of varying life-
time s ontribute 10 global climate dhange. Carbon dox ide daplays
exnteplional persatence that renders its warming nearly srevers-
ble for more than 1,000 y. Here we show that the warming due
0 non-CO, greenhouse gases, although not reversible, persists
notably longer than the anthropogensc dhanges in the greenhouse
gas concentrations themselves. We explore why the pensistence of
warming depends not just on the decay of a given greenhosne
Qs Conentration but also on dimate system behaveor, partcularty
the timescales of heat ransfer fnked 10 the ocean. For carbon

differeat processes and timsescale s contribule to determining how
long the chamate changes doe to various greenhouse gases could
be od 1o remas o athropoge nic cosiasbons wese 10 Coase.

A o In modelng bave lod o impeoved Atmosphcre-
Ocean Geseral Circulation Modehs (AOGOMs) s well as to
Earth Models of Issermedate Complexity (EMICs) Although
a detailed representasion of the dimate system changes on regio-
nad scales can oaldy be provided by AOGOMs, the simple r EMICs
have been shown 1o be useful, particularly to examine phenom-
e 0n 2 golul ave tage baes. 1o tha work, we wse the Bern 2.5CC

Proceedings of the National Academy of Sciences Vol.
107 No. 43 — October 26, 2010
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Warming
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Solomon S et al. PNAS 2010;107:18354-18359
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Aerosols and their role in
Climate Change and Variability

V. Ramaswamy
NOAA/ GFDL, Princeton

Quantitative understanding, with uncertainties, of emissions-to-
transport-to-lifetime-to-climate (e.g., temperature, precipitation)
using global models, for predictability in the 21°" Century

 Attribution to GHGs versus acrosols in the 20" C and present-day
* Aerosols and climate projections in the 215t C



Aerosol-Cloud-Climate Interactions

“INDIRECT” effects
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Surface Air Temperature change
[WMGGO3 (warming) and Aerosol (cooling) effects dominant]

o
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Attribution of the weakening of the South Asian summer
monsoon using GFDL CM3: 20" Century simulations

Linear trends of average JJAS rainfall over
central-northern Indian (mm day)

15
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-1 CR
P10 w0 0 1w we0 190 2000

Bollasina et al. (Science, 2011) 26




How Hadley and Walker circulations respond to green-house

gases and aerosols? Regional-scale forcing is also important

Climatology GG

Chimatclogy

AERO All forcing

North-South pattern of basic mechanism evident in earlier simulations

Chen and Ramaswamy (1996); Ramaswamy and Chen (1997)



Surface Air Temperature (RCP4.5 scenario)
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Large additional warming projected from aerosols over 215t century




10-Year Running Seasonal North Atlantic TS Frequency

Downscaled from GFDL-CM3 (TS per Year)

Aerosols key for NA TS projections

I I
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All Forcing
No future aerosol or O,
No future aerosol

Projected aerosol
changes lead to
increase in NA TS
frequency over 1%
half of 215t century

Villarini and Vecchi
(2012, Nature C.C.),



Aerosols and their role in
Climate Change and Variability

Key Uncertainties

Quantitative understanding, with uncertainties, of emissions-to-
transport-to-lifetime-to-climate (e.g., temperature, precipitation)
using global models, for predictability in the 21°" Century

» Spatial distributions of aerosols and their properties =» Forcing, with
uncertainties

* Regional climate trends in temperature and precipitation

* Atmospheric trends (e.g., changes in lapse rate)

» Relative impacts versus long-lived greenhouse gases =» Quantifying
with uncertainties



Synopsis

There 1s a great demand for information on SLCPs

NOAA (with its partners) has the expertise and
capabilities to fulfill these needs

Have already developed great partnerships with
regions, states, and other users (e.g., State Dept.)

Have developed long-term collaborations with
extramural community to carry out such research

Have NOAA facilities that are well suited for this
work and collaborations



The END



Additional Material



SLCP and NOAA’s efforts

NOAA has focused on many issues related to SLCPs:

* The physical and chemical nature of these species;

* How they have forced the climate system;

* How they will contribute in the future;

* What are the telltale signatures of these forcers; and

* What have been and will be the impacts of these changes
on climate, air quality, and precipitation



CO, eq emissions (Gt CO, eq per year)

MP effectively protected climate
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Montreal Protocol, HFCs, and Climate

30 —

ODSs Without
Montreal Protocol
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Kyoto Protocol
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ODS-Phase out led to a drop of ~ 8.0 GtCO,eq
per year (1988 -2010)
The avoided annual ODS emission (~ 10 Gt
CO,eq in 2010 alone)

- x5 the Kyoto target for 2008-2012 (15t

commitment period)

ODS decrease: one of the largest intentional
global GHG emission reductions to date

Abundances (ppt)

HFCs increased because of MP

60

50 —

40

30 -

20 -

10 |~

0

- HFC abundances

| HFC-152a
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Consumption of HFCs is increasing
rapidly

Consequent atmospheric growth rate
of some HFCs are increasing very
rapidly (some as much as 10% per year)
The current contributions of HFCs to
radiative forcing is still small (<1% of
GHGs)
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Back up Slide for Short-Lived Non-CO2 Greenhouse Gases (Jim Butler)
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