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Why study surface ozone?

Pre-industrial surface ozone

Leaves Grown in (2)

Low Ozone Environment vs High Ozone Environment
s (3)

Photosynthetic Activity

lower higher

Ozone disruption of photosynthesis

(1) The Royal Society, 2008. (2) Gerald Holmes, UDA-ARS Air Quality Program. (3) Kim et al., Applied Optics, 2001.



Ozone in CASTNET

Three-year Average of the 4th Highest 8-hour
.53 Daily Maximum Ozone Concentration (2012-2014)
59

63 63
o o 7 |
@) 65
68 3 .
@ OBS 69 . Gbss
68 73
5 » ﬁ "9 = O
7 Oﬁ C);i’vt 74070 i 275 \ 10
70 @ o1 057 . Om 68 ) .5b o o o
@ 67 @23 [ J .62 ®
70 @ 60 @ 6 g
O O .57 . 63
90 70 70 62 >
. O 70 O 65 C%
@) 62 o
Y Oeg
71
O
.
65
@ °

54

3-year average of the 4th highest daily maximum
@ Less than or equal to 65 ppb
O Between 65 ppb and 70 ppb
O Between 70 ppb and 75 ppb
O Between 75 ppb and 85 ppb

Image: U.S. Environmental Protection Agency Clean Air Markets Division
Clean Air Status and Trends Network (CASTNET)
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Ozone in CASTNET
Georgia Station (GAS153)
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Data from: U.S. Environmental Protection Agency Clean Air Markets Division
Clean Air Status and Trends Network (CASTNET)



Ozone in CASTNET

Y r

Georgia Station (GAS153)

Data from: U.S. Environmental Protection Agency Clean Air Markets Division
Clean Air Status and Trends Network (CASTNET)
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Processes Controlling Tronnsnheric 0.
S-T E: Governed by

mixing
FXchangce

Chemistry: O,
production is non-linear,
dependent on emissions

and meteorology

Wl T rIrr2Ll ‘,l'

Deposition: Highly
dependent on surface
composition

NMHCs := Non-Methane



North American PBL Ozone Budget

Summer-time planetary boundary layer (984—934 hPa) ozone budget over the Southeast
and Midatlantic United States (95—75°W and 28—40¢<N)

Model Budget (Tg O,/three months)
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Chemicg]
Production

Chemical Loss

Net transport

Dry Deposition

Racherla and Adams, The response of surface ozone to climate change over the Eastern
United States, Atmos. Chem. Phys., 8, 871-885, 2008.
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Meteorological Controls on Ozone

Summer p(RH,Ozone) Summer p(T,0zone)
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Summer (June, July, August) observed midday (12-4pm) Pearson’s
correlation coefficient of ozone versus relative humidity a) and b)
temperature from 1987 to 2015 at CASTNET stations.



Ozone-Met Correlations in CMAQ

Monitoring Data

CMAQ Data
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Davis et al., Atmos. Env. , 2011.
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Ozone-Met Correlations in CMAQ
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Ozone-Met Correlations in CMAQ
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A comparison of the
simulated and observed
hourly mean O, dry
deposition velocities.
M3DRY is the deposition
scheme used in CMAQ.
Wesely is a popular
alternative.

Park et al., ACP, 2014.
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Ozone-Met Correlations:
Role of Deposition?

Low VPD High VPD
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Georgia Station (GAS153), 2009

VPD

Vapour Pressure Deficit
(VPD) = vp of H,0 in air —
saturated vapour pressure




Ozone-Met Correlations:
Role of Deposition?

Summer p(VPD,Ozone)
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Afternoon VPD and afternoon ozone are well correlated at most CASTNET sites in
the summer. The correlation is stronger on average that that of temperature or
relative humidity.




Ozone-Met Correlations:

Role of Deposition?

Winter p(VPD,0Ozone)
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Afternoon VPD and afternoon ozone are poorly correlated at most CASTNET sites

in the winter.




Modelling Dry Deposition
A Resistance Approach

1. Turbulent transport ” Aerodynamic R
. d
through atmosphere =, resistance
{
-5
~ Quasi-laminar R
2. Molecular diffusion " _ resistance “b

through laminar sub-layer

3. Uptake at the surface

resistance




Modelling Dry Deposition
A Resistance Approach

| 1 Aerodynamic R
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Modelling Dry Deposition
Jarvis Approach
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Modelling Dry Deposition
Jarvis Approach
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Modelling Dry Deposition
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(a) Gunderson, 2002. (b) Karlsson , 2000. (c) Buker,2007. (d) Emberson, 2000. (e) Pleijel, 2002.



Does our model work?

N

Vd (CASNET) Vd (Our Model)
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Affect of Dry Dep on Summer Ozone

dlo,]  v,]0]

dt dep H(f)




Affect of Dry Dep on Summer Ozone
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Affect of Dry Dep on Summer Ozone

Our Model’s
Deposition Values

CASTNET’s
Deposition Values
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Affect of Dry Dep on Summer Ozone

Our Model’s
Deposition Values

CASTNET’s
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Affect of Dry Dep on Summer Ozone
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*Vieno et al. (2010) associated a heat L -
oul wave with an extra 20 to 35 ppb of AR =
Ded ozone due to the loss of the dry dep. 0 N

sink WA = %
*Royal Society (2008) found ‘turning @y WM™ L e e s
s

off’ deposition lead toa 19% increase| , 2 . & & 1© 1 1 1o

VPD Sensitive Ozone Loss (ppb/day)

in daily mean ozone concentrations
CAS Emberson et al. (2013) found

De . A s OO
F European exceedance days tripled f_
under drought stressed conditions gl Bl
Google R r Map data €2015 Google, INEGI
T ———— ! | ‘ | T _
0 2 4 6 8 10 12 14 16 0 2 4 6 8 10 12 14 16

Daily Ozone Loss Due To Dry Dep (ppb/day) VPD Sensitive Ozone Loss (ppb/day)



Conclusions

* Midday Ozone and VPD are well correlated at
most CASTNET sites during the summer

o
Deposition of ozone to vegetation is sensitive to
VPD for many species of plants

.The VPD-sensitive ozone sink can result in 5-
12ppb differences in day-to-day ozone
concentrations

®
But: Ozone fluxes are highly sensitive to stomatal
resistance parameterization choices



Limitations/Future Work

* We don’t have a good characterization of what the
boundary height is doing which is really essential for
deposition modelling.

* Ongoing: We're currently implementing our species-
dependent Jarvis scheme into GEOS-Chem

* Currently: We're mapfoinfg the entire canopy onto a
single representative leaf. Comparisons to real
measurements are tricky.

* Future: We’re planning more detailed canopy modelling
in conjunction with field campaign flux measurements.

e Currently: We're assuming well watered vegetation (no
drought stress) and no surface wetness effects as well as
static species composition and LAl throughout time (not
great assumptions)



