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Motivation

Historical increases in atmospheric methane and
ozone (#2 and #3 greenhouse gases after carbon

dioxide [Forster et al., 2007])

Methane Abundance (ppb) Ozone at European mountain sites 1870-1990!
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including in surface air, thereby influencing
background levels of air pollution (Fiore et al.,
2002; Fiore et al., 2008]

Methane raises tropospheric ozone abundances,
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* Higher O; in RCP8.5 in cooler
months despite NO, emissions
controls

* NO, reductions decrease O,
in most months under RCP4.5

Each simulation has three
ensemble members

Change in monthly mean surface O; from

GFDL CM3 Model and Evaluation

atmosphere cubed sphere grid

(c48) ~2°x2°; 48 levels (to 86km) Levy et al., 2013; Naik et al., 2013.

Modular Ocean Model v4 (MOM4)
and Sea Ice Model

!

& / 8017 _
i ean Bias = 4.1 ppb
/ Atmospheric Dynamics & Physics 60k r= 6”78 PP ,)tlsne‘
Radiation, Convection (includes wet P L
Forcing deposition of tropospheric species), clouds, 40F "—;if/"” ) ] 4

Solar Rad‘latlon vertical diffusion, and gravity waves o e CM3

Well-mixed 201 Individual CASTNet sites
Greenhouse Gas 0 = Regional mean at CASTNet sites

Concentrations Atmospheric Chemistry

Volcanic
Emissions Chemistry of O,, HO,, NO,
Cly, Br,, and polar clouds
Ozone— Chemistry of gaseous species (O;, CO,
Depleting NO,, hydrocarbons) and aerosols
Substances (sulfalc‘ carbonaceous, mineral dust,
sea salt, secondary organic)
/ Aerosol-Cloud Dry
Pollutant Interactions Deposition
Emissions

(anthropogenic,
ships, biomass
burning, natural,
& aircraft)

Land Model v3

dynamics, disturbance and land use)

Donner et al., 2011; Golaz et al., 2011;

(soil physics, canopy physics, vegetation
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2006-2015 to 2091-2100 (in ppb; land only)

RCP4.5 shows a
large impact from
NO, controls

" shows little change

in the seasonal

cycle due to a
Jan Apr July  NoVyarming climate
but all 3 ensemble
members show

ummer O3
increases in NE US

Doubling CH, by end of
215t century (RCP8.5 &
RCP8.5_2005CH4_rad)

» contributes to higher
increases in Oz in
winter & early spring

» offsets decreasing
effect of NO, controls
on summer O, (as
determined by
comparing with a
simulation with CH,
set at 2005 levels for
chemistry)

Regional NO, decreases control timing of peak in decadal
average O, seasonal cycle

Northeast U.S.
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