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Transport from 
Stratosphere ~500 Tg/yr

~300+300 Tg/yr

Hardacre et.al 2015

In troposphere ~ 300 Tg
~600 Tg/yr

Chemical 
production
~5000 Tg/yr

Chemical 
loss

~4500 Tg/yr

Ryan Pound (rp819@york.ac.uk )

Ozone in the Troposphere

Measurements (vD):        
0.01 - 0.15 cm s-1



Calculating O3 oceanic vD – conventional approach

Model default is constant R3 of
~ 2200 s m-1 (corresponding to
vd of ~ 0.045 cm s-1)

Default model scheme with surface resistance  = 2200 s m−1

Luhar et al. 2017

O3 vD, cm s−1



Calculating O3 oceanic vD – state of the art

Fairall et al., 2007; Luhar et al., 2017, 2018;
Pound et al. 2020

Two layer model, 
reaction and turbulence: 
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2-layer model a = k[I-] O3 vD, cm s−1



Impact of new oceanic deposition velocity 
scheme 

R. Pound et al., Atmos. 
Chem. Phys., 2020

New-old:



Helmig et.al 2012

Ryan Pound (rp819@york.ac.uk )

Comparison with observations

R. Pound et al., Atmos. 
Chem. Phys., 2020



Open questions regarding “new” O3 deposition 
models: 



(1) Wind speed/friction velocity dependence of O3 vD

Observed bin-averaged median vD with interquartile ranges

Fairall et al. (2007) one layer model

Luhar et al. (2018) two layer model

Loades et al. AMT 2020

PPAO- Penlee Point

Is it more appropriate to use 1- or 2- layer model? 

Ozone flux via 
chemiluminescence-
eddy covariance

m

m



(2) Organic reactivity in the SML?  

• Equates to similar reactivity for I- and DOM

DOM only 
(Suwannee River 
NOM)

I- only

DOM and 150 nM I-

Martino et al., GRL, 2012

Results from Penlee Point (PPAO)



(2) Organic reactivity in the SML? 

• [iodide] contributes 10-80% of chemical 
deposition velocity in the coastal sea• M. Ribas-Ribas, N. I. Hamizah Mustaffa, J. Rahlff, C. Stolle and O. 

Wurl, J. Atmos. Ocean. Technol., 2017, 34, 1433–1448

Iodide only 

How should the contribution of organics be parameterized?



Variable flow reactor
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(2) Evidence for organic reactivity (open ocean, SML)

Calculated 
resistance using 
different 
climatologies for 
iodide

Measured 
resistance

surface resistance 𝑅𝑅𝑠𝑠
=

𝐻𝐻
𝑘𝑘𝑖𝑖[𝐼𝐼−]𝐷𝐷

~ 140 nM I-

~ 800 nM I-



(2) Enhanced reactivity in the SML (open ocean)

• SML has ~20% lower surface resistance to ozone uptake 
compared to underlying water

• So reactivity to O3 is at least 20% higher in the SML

[I-]SML/ [I-]ULW  PPAO timeseries



Interdependence of reactivity a and wind speed

Coleman et al., 2010

We need to nail the reactivity, 
to understand the physical 
dependencies 



(3) Temperature dependence of O3 vD

I−(aq)  + O3(g) → →  HOI(aq) ⇌ I2(aq)
A = 1.4 × 1022 M-1 s-1

Ea =  73.08 kJ mol-1 (+ 40%) 
Magi et al., 1997:

Is the temperature dependence of k(I- + O3) correct?



First results

• Ozone deposition studies require re-evaluation
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Iodine sea-air emissions
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Carpenter et al., Nature Geosciences, 2013 

Red -IOP method 
Turquoise - spectrophotometric method 
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Iodine sea-air emissions

I

Emissions Tg/yr

Sherwen et al., 2016, Carpenter et al. 2021 



Evidence for halogen-catalysed ozone loss

Read et al., Nature, 2008
Sherwen et al. ACP, 2016, 2018 

- Expected ozone change 
(O3+hυ+H2O)

- Plus IO and BrO chemistry

East Pacific.  Badia et al., 2018 



Negative feedback on O3
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Increasing iodine levels

Ice core data Cuevas et al., 2018; Legrand et al., 2018

Parrish et al., ACP, 2012
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Interactive O3 deposition-iodine emission model



• Slower mixing of I- at low 
wind speeds results in 
depletion of I-

• Becomes more significant at 
higher temperatures due to 
faster O3 + I- rate

Depletion of iodide in the SML at low wind speeds



Impact of SML I- depletion

No iodide mixing

Iodide mixing



Role of organics in I2 emission from O3 + I-

I2 emissions from SML ≈ factor of 10 lower than from artificial seawater

Tinel et al. ES&T, 2020 



Tinel et al. ES&T, 2020 



Why should we care about atmosphere 
iodine?

Includes total impact from O3 deposition and 
gas phase iodine



How much should we care?

UK US

China

Impact on air inflow to various 
countries



Conclusions

• Ocean chemistry matters for tropospheric ozone deposition, but in ways 
we don’t yet fully understand 

• In addition to chemistry, the roles of temperature and wind speed on O3 vD. 
are also highly uncertain 

• The SML has a higher reactivity to O3 than underlying water, despite having a 
lower [iodide], implying a significant role for organics

• The organic enrichment of the SML and the depletion of iodide are 
important for volatile iodine release.  
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Oceanic O3 fluxes (by EC): available observations
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