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Ozone-Meteorology Correlations Correlation Between Ozone and Vapor Pressure Deficit Consequences for Urban Air Quality

Temperature and relative humidity are known to be the dominant
predictors for summer-time ozone concentration in much of the
United States[1,2,3], but a full explanation for the spatial patterns
seen 1n ozone-meteorology correlations has been lacking.

The importance of ozone dry deposition in forests 1s well known, but
numerous cities, with elevated ozone levels, have LAI comparable to
that of naturally vegetated spaces .

We want to know: What controls the day-to-day variability seen
in ground level ozone concentrations?
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Above is an inferred O; flux-VPD relationship for Atlanta, Georgia
(LAI 2.2 m?/m?) based on the stomatal resistance-VPD relationship
for Liquidambar styraciflua, the most prevalent tree species in Atlanta,
Georgia, obtained by [6]. Flux assumes 65ppb ozone, loss rate
assumes 1km mixing height. Significant changes to the ozone loss
rate are apparent over the range of observable VPDs, suggesting
the observed meteorological correlation may have mechanistic
significance

12:00 AM
06/08/2005

12:00 AM
11/08/2005

12:00 AM
16/08/2005
60 — P

Fi
il 1 |
20 \ \f \

12:00 AM
06/08/2005

—— Ozone
ﬂ —— Solar Radiation

80 —

0O, Concentration (ppb)

() ainjesadwa |

04 Concentration (ppb)

(smnuiwyshalBue) uoneipey Jejos

I \ Lﬁ J_ZZ

| AT A . |
| I A I O A

12:00 AM 12:00 AM
01/08/2005 16/08/2005

12:00 AM
06/08/2005

12:00 AM

11/08/2005 12:00 AM

12:00 AM 12:00 AM 12:00 AM

01/08/2005 06/08/2005 11/08/2005 16/08/2005 Con CI us i ons
3 80 — {‘ ﬁ ;Eg%qiieHumidity : E ., — 0.6 3 a0 _ :S;Ene L g )
T, THEL T B W il —
\ | i KA Afternoon ozone concentrations in the summer are
UL | \SAM i ] Al 11wt T EJ‘\ jwl k i h || R H | | | _ strongly coupled with VPD in non-drought stressed
A= Y A R 1 A L AR L e e

12:00 AM
01/08/2005

12:00 AM
06/08/2005

12:00 AM
11/08/2005

12:00 AM
16/08/2005

regions of large LAI suggesting that VPD-dependent
enhanced stomatal resistance is a significant factor
in summer time ozone episodes. The stomatal
resistance-VPD relationship may explain spatial
patterns seen in O;-temperature and O,-humidity
correlations.

12:00 AM
01/08/2005

Surface measurements from EPA-AQS and PAMS station 13-089-002 located
in Atlanta, Georgia.
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Pearson's Correlation Coefficient of Ozone versus VPD
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Pearson’s correlation coetficient (R) between observed surface ozone concentration
and vapour pressure deficit between 12:00 and 16:00 at EPA-AQS stations for the
month of August 1994-2013.

At numerous urban and rural sites in the South-East and North-
West, vapour pressure deficit is the primary predictor for peak
daily summer time ozone concentration.

Stomatal Uptake of Ozone

Resistance Scheme for Dry Deposition Implications for Modeling

Numerous chemical transport models use the Wesely
parameterization for stomatal resistance to gaseous pollutants:
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Coupled with a scheme for modelling dry deposition, these
experimentally determined resistance-meteorology relationships
can help us predict the relationship between meteorology and
ozone dry deposition

Dry deposition 1s the main removal
process for boundary layer O;, and
stomatal uptake can account for up to 90%
of that sink[4,5]. During most afternoons

The flux of ozone, F, 1s proportional to the
concentration, C, at some height.

F:—de V, =7,

min
Where the proportionality constant, v, 1s

difference between ambient vapour concentrations. Many tree species
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pressure, e, and saturated vapour
pressure, ¢, and 1s thus coupled with
humidity and temperature.

common to the US show a strong

correlation between stomatal resistance
and VPD.

Depositgd Species

A

Davis, et al. (2011) Atmos. Env.
Royal Society. (2008) Ground-level O; in 21st century
Jones, H., (2014) Plants and Microclimate.

Gunderson, C., et al. (2002) Plant, Cell & Enviro.

(Integrating Atmospheric Chemistry And Physics From Earth To
Space). Ground station data was made available by the EPA’s Air
Quality System and Photochemical Assessment Monitoring

Stations.



