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What is Background Ozone? 
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Fig. 3-7 

Historically - Policy 
Relevant  Background is 
ozone concentrations that 
would exist in the absence 
of anthropogenic emissions 
of ozone precursors in the 
U.S., Canada and Mexico 
(North American 
Background) 

Definitions 
“Ozone concentrations that would exist in the absence of anthropogenic emissions of 

ozone precursors in _____” 
 

• “all people” - Natural Background 
•   “the U.S. only” - U.S. Background 
• “the U.S., Canada and Mexico” - North American Background (historically PRB)  

Background O3 is not directly observable ! Must be estimated with models 
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Simulations used here 
CQ* GC† CX‡ 

Model Hemispheric  
CMAQ 

GEOS-Chem CAMx 

Resolution 108km x 108km 1/2° x 1/3° 12km x 12km 
Meteorology WRF GEOS5 WRF 
Chemistry Carbon Bond ‘05§ Version 8-02-03! Carbon Bond ’05 

Boundaries N/A GC 2x2.5° GC 2x2.5° 
Biogenic BEIS MEGAN BEIS 
Lightning N/A LTDIS scaled with 

Pickering 1997 profile 
Scaled with Koo et al. 
profile 

Wildfires N/A GFED monthly 
average 

SmartFire daily estimate 

*Simulations in development 
†Zhang et al. JGR 2011 
‡Emery et al. AE 2012 
§Nitrates updated to account for isoprene nitrates 
!Updates in chemistry will decrease NOx loss to isoprene nitrates 
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Contributions will vary in space 
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Rank Paired Evaluation Example 
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Contribution vs Factor Separation 
" Stein and Alpert 1993 showed 2n zero-out 

simulations separate nonlinear factors and 
interactions – How much ozone in the 
absence of emissions? 

" Each model has 2 simulations 
– Base case: all emissions 
– NAB: United States, Canada, and Mexico 

anthropogenic emissions removed 
" Do the models agree about how NAB varies 

as a function of total ozone? 
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Background varies by season 
" MAM, JJA 

–  Prevalence and extent 
of wildfires 

–  Biogenic emissions 
are a function of 
temperature 

597MAY 2003AMERICAN METEOROLOGICAL SOCIETY |

man-caused rather than “natural” in origin, Figs. 1–3
clearly show western wildfire to be a process largely
governed by climate. Wildfire in the West is strongly
seasonal, with 94% of fires and 98% of area burned
occurring between May and October.
Shown in Fig. 1 are mean monthly
percentages of total fire starts and
acres burned for this period. Wildfire
seasonality closely follows the mid-
latitude annual cycle of temperature,
yielding a peak of fire starts and acres
burned when temperatures are
warmest, during July and August. It
should be kept in mind that, depend-
ing on location, most of the western
United States is characterized by
summer dryness, with 50%–80% of
annual precipitation occurring be-
tween October and March. There-
fore, it is not surprising that the peak
of the fire season occurs during the
hottest and driest portion of the cli-
matological annual cycle.

Within the general tendency for
peak fire activity in summer, there is
a noteworthy regional progression in
the locus of fire activity, as portrayed
in Fig. 2. Here, the percentage of the
average annual number of fire starts
occurring for each grid cell is de-
picted by month (May–October).
Fire-start activity begins its seasonal
increase somewhat sooner in Ari-
zona and New Mexico than else-
where, commencing as early as May
and June, when precipitation and
mountain snowpack there diminish
considerably, and ends earliest there
as well, in August. This pattern is
consistent with the dry spring and
early summer that precedes the
heaviest monsoon rains in July and
August. Monsoonal lightning strikes
produce numerous fire starts in June

and July, before the height of the monsoon rains wet
the fuel (Swetnam and Betancourt 1998). The start of
the fire season spreads north and west through July
and August. To the north, in northern Idaho and
western Montana, the fire season is more concen-
trated toward the later part of the summer, with
roughly 50% of annual fire starts occurring in the
warmest month, August. In  many parts of Califor-
nia the fire season peaks in August and September,
aggravated by hot, dry conditions that build through
the summer season before rains begin in fall.

The greatest number of reported wildfires occurs
in July and August in central Arizona and in the Si-

May June July

August September October
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FIG. 2. Percentage of annual fire starts by month for each grid cell.
Darker red shading indicates the higher percentage of fires that oc-
cur in that month. White areas indicate no available data.

May June July

August September October

0 1 2 3 4

FIG. 3. Average log10 acres burned by month for each grid cell. White
areas indicate no available data.
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FIG. 1. Percentage of regional annual fire starts (bars)
and area burned (line) by month.

Westerling et al., BAMS, 2003 

" Ozone Lifetime 
–  Inter-continental 

transport enhanced in 
spring and winter 

–  Local production more 
important in summer 
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Background Contribution Example 
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SE: Lightning and 
isoprene nitrates 
are important 

W: Dry lightning 
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Simulation Overview 
" Rank-paired evaluation 

– All models show relatively good performance 
– Best performance depends on region/season 

" NAB contributions to total ozone 
– Consistent  in Spring, the West and Southeast 
– Differences in Summer California and North 

" Background contributes more to CAMx results 
" Does that correlate with observations? 
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Component Correlation with 
Observations 
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Met Model? 

Chemistry or Resolution? 

14 
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Model Differences and Isoprene 
Emissions 
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Leaf Area Index times emission factor CAMx – GEOS-Chem (NAB) 



Conclusions 
" Encouraging NAB/Base consistency 

– Spring with exception of Southeast 
– Western summer 

" Differences in background 
– NAB better correlated with observations in CAMx 
– Appear related to isoprene emissions 

" Isoprene affects: 
– VOC budget 
– NOx budget via organic nitrate formation 
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Future Work 
" Why do models disagree about NAB 

correlation? 
– 3 different treatments of organic nitrates 

" Update mechanisms focused on isoprene nitrates 
– 2 emission inventories that are known to differ 

" MEGAN > BEIS (Carlton and Baker EST 2011) 

" Need sensitivity studies to identify cause of 
the difference 
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