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Model estimates of North American background
(estimated by simulations with N. American anth. emissions set to zero)

North American background (MDAS8) O, in model surface layer 2006
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Newer estimates of North American background
(estimated by simulations with N. American anth. emissions set to zero)

North American background (MDAS8) O, in model surface layer
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Current GEOS-Chem (summer 2013) Zhang et al. [2011] (summer 2006)
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-=> Northward shift in western US maximum (updated lightning)

c/o D. Jacob, EPRI ENVISION May 2016 Travis et al., in prep.



MDA8 O, (ppbv)

Models differ in day-to-day and seasonal variability of
N American background
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- GC N. American background ~2x smaller o than AM3
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Background drives much of day-to-day variability in total

AM3
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surface ozone over high-altitude WUS in both models
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Correlation coefficient (r) of total surface MDA8 ozone and North American
background; models sampled at CASTNet sites for June 1 - Aug 31 2006

Fiore et al., Atm. Env., 2014



What about other policy-relevant metrics? Estimated
background influence on W126 (ecosystem exposure)
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North American Background W126 Og:
- contributes 4 — 12%0 nationally, 9 — 27%b6 in the intermountain West.

- different (lower) than background daytime Oj.
- more variability across models & source apportionment methods than

background daytime Os. ./, haven Henze (U CO Boulder); Lapina et al., 2014
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 the dashed horizontal lines on the plots on the right at 120 ppb hrs indicate the value which, if O3 hit this level every day for 3 months, would lead to an exceedence of an 11 ppm hr W126 standard.   The EPA was considering W126 standards in the range of 7-15 ppm hrs.


Constraints on springtime background O; from
OMI and TES mid-tropospheric products (2006)

Bias vs sondes subtracted from retrievals as in Zhang et al., ACP, 2010
AM3 (TES AK} TES (-5.3 ppb) GC {TES AK)

100 [ppbv]
L. Zhang, Harvard
- Two different models bracket ozone “background” observed from space
—> Potential for Chemical Data Assimilation to help constrain background
[Fiore et al., Atm. Env., 2014]



Field campaigns provide a multi-species perspective to
model evaluation

ICARTT (2004) == Obs =— AIVI3 w/ hydro — AM3 w/o hydro
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c/o Jingyi Li (Princeton/GFDL) and Jingqgiu Mao (U AK Fairbanks), in prep



Changes in upper half of SE USA ozone distributions
captured by GFDL AM3 (despite mean state biases)
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[See also Clifton et al., 2014; Rieder et al., 2015; Lin, M. et al., 2017]
c/o Jingyi Li (Princeton/GFDL) and Jinggiu Mao (U AK Fairbanks), in prep
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Evaluating high-ozone events:
Model bias smaller on high-ozone days

Model (GEOS-Chem) MDAS8 O, Bias (Model-Observations)
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GEOS-Chem simulations (v 9.02) [Murray, 2016]

Jean Guo (Columbia), in prep
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Some model challenges: (1) accurate emissions, (2)
representing near-surface vertical gradients
SEAC4RS (Aug Sep 2013) median vertlcal profiles

NO, and O, below 1.5 km (SEAC“RS flight tracks)
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Presentation Notes
Ozone & NOx quite well captured in model when compared to aircraft flights.  Howevver, bleow 1.5 km a different story…. Positive bias – pervasive acrsos global & regional models in EUS in SUMMER. 


An Air Quality Management Challenge: How to detect and
attribute non-controllable ozone events accurately?

Modeled range of contributions to individual events
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satellite, in situ
measurements
and models to
detect and attribute
sources of high-
ozone events

Fiore et al., EM 2014 (NASA AQAST
special issue); Lin, M. et al., JGR,

¥ 2012ab;Taubman et al., 2004; Colarco
i etal., 2004
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Identifying process-level differences in model estimates of N.
American Background via analysis of observed daily variations

Observed high surface O; event in Four Corners Region on May 28, 2006

GFDL AM3 OBSERVED (CASTNet) GEOS-Chem
=
I
TOTAL
MDAS8 O,

BACK- Enhanced background
GROUND coincides with enhanced
(N. Amer. total O; (models + OBS)

anth. emis.
setio zevo W |
in models) 35 45 5'5

Fiore et al., 2014

- Possibly a strat. intrusion (OMI total column O; & OMI/MLS trop. Og)
- Models frequently bracket obs (not limited to WUS spring), implying value in
multi-model obs-constrained approach



~ Year-to-year variability in non-controllable ozone source
Influence: GEOS-Chem model attributes July 2008
ozone anomaly over Reno, NV to fires
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(difference from

mean of all Julys) -3

-9
2004 2005 2006 2007 2008 2009 2010 2011 2012

July MDA8 ozone g
anomaly in fire
‘contribution’ 4 r
(Ppb) 2
Determined as
(Base — Zero_Fires) O
in GEOS-Chem o |

J. Guo


Presenter
Presentation Notes
Mention model timing


Some challenges for O air quality management

Natural events stratosphere Warming climate
e.g., stratospheric [e.g., Langford et al., 2009]; lightning +in polluted regions
fires [e.g., Jaffe & Wigder, 2012] [Jacob & Winner, 2009 review]
methane + natural sources
Rising (')) Asian emissions [r_eviews: |saksen et al., 2009;
[e.g., Jacob et al., 1999; Hilboll et al., 2013; \ Fiore etal., 2012, 2015]
? Transport pathways

Cooper et al., 2010; Lin, M. et al., 2017]
~— ~— fintercontinental . “Background Ozone’
transport - _ _
I | : Wildfire, biogenic
| \/ =y T N = . 5'%, [

Cmpiling a table for the review papr for published
estimates from models (since 2011): Send your latest papers
to amfiore@ldeo.columbia.edu

- Background poses largest challenge at high-altitude WUS sites

- Need process-level understanding on daily to multi-decadal time scales

- Multi-model approach + observational constraints can provide
uncertainty / error estimates
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An Air Quality Management Challenge: HIGH BACKGROUND
How much Asian and stratospheric influence on average?

Estimates of Asian and stratospheric influence on
springtime U.S. surface ozone (MDAS)

GFDL AM3 model with global strat-trop chemistry, 50 km?, nudged to NCEP winds

Asian: May-June 2010 (mean) Stratospheric: April-June 2010 (median)
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Tagged above €90 tropopause [Prather
et al., 2011] + subjected to same loss
processes as tropospheric O;.

[M. Lin et al., JGR, 20123] [M. Lin et al., JGR, 2012Db]

Base Simulation — Zero Asian
anth. emissions

- Analysis of high-ozone days involves satellite (AIRS CO, O5;, GOES water
vapor), suborbital (CalNex, IONS-2010) + model (GFDL AM3) data
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