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Introduction
Halogens impact tropospheric composition, notably by

reducing the mixing ratios of O3 & OH. Globally iodine
chemistry has been reported to be responsible for ∼10 %
of gas-phase O3 loss [Sherwen et al. 2016a] & is also a
key driver of aqueous-phase O3 loss via dry deposition to
oceans [Ganzeveld et al. 2009].
However the global sea-surface iodide concentrations

([I−(aq)]) that both these processes depend upon are highly
uncertain, due to a paucity of observations. Here we
present a new machine learning prediction of [I−(aq)], in-
corporating new observations, and evaluate the impact
on the troposphere. We also show new evidence for a
change in atmospheric impacts since 1950.

Existing iodide parameterisations
Two parameterisations for [I−(aq)] have generally been

used by previous atmospheric modelling work: .

Chance et al. [2014] collated the 1st inventory of
925 [I−(aq)] observations & explored correlations with 8 pa-
rameters, & found sea surface temperature (SST) squared
(◦C2) give the highest R2 (Eqn. 1).

[I−(aq)] = 0.225 · (SST (◦C))2 + 19 (Eqn. 1)

MacDonald et al. [2014] used a subset of 130 (14%)
observations from Chance et al. 2014 & proposed Eqn. 2.

[I−(aq)] = 1.46× 106 · exp
( −9134
SST (◦K)

)
· 1× 109 (Eqn. 2)

Fig. 1 shows the spatial prediction of these two pa-
rameterisations, and Fig. 2 compares predictions against
observation. Both predict higher [I−(aq)] with latitude, but
MacDonald et al. [2014] predicts consistently ∼2x higher.

Figure 1: [I−(aq)] predicted by (A) MacDonald et al. [2014]
and (B) Chance et al. [2014].

Figure 2: Point-for-point comparison of predictions with ob-
servations [Chance et al. 2019]. Coloured lines show best-fit
within subsets of data. Dashed line=1:1.

New ensemble prediction
Fig 4. shows the large reduction in the error of [I−(aq)] pre-
diction against observations with the new ensemble ma-
chine learning methodology [Sherwen et al. 2019].

Figure 3: Point-for-point comparison of predictions with ob-
servations [Chance et al. 2019]. Coloured lines show best-fit
within subsets of data. Dashed line=1:1

New prediction of sea-surface iodide
.

Figure 4: Iodide [I−(aq)] predicted by new ensemble parameterisation in nM

Fig. 4 shows the annual average
prediction for [I−(aq)] from the new
monthly predication (0.125◦x0.125◦;
∼12 km) in review [Sherwen et al.
2019], overlaid with observations from
Chance et al. [2019]. This was built
from:
- A new & larger compilation of sea-
surface [I−(aq)] observations [Chance
et al. 2019],

- Multiple ancillary variables
- An ensemble of models built with the
Random Forest Regressor algorithm

.

.

Atmospheric impacts
We can show the effects of the new emissions with four 1-year simulations: (1) with no emissions of HOI/I2, (2) with
the new monthly [I−(aq)] fields (3) with [I−(aq)] fields from Chance et al. [2014] and (4) with [I−(aq)] fields from MacDonald
et al. et al [2014]. The difference between simulation (2) and (1) gives the impacts of the inorganic emission, which
depends on [I−(aq)].
Iodine chemistry resulting from HOI+I2 emissions always leads to a decrease in ozone (Fig 6A). Compared to Chance et

al. [2014], lower latitudes see higher surface ozone and high latitudes see lower ozone (Fig 6B). Compared to MacDonald
et al. et al [2014], surface ozone is always lower (Fig 6C).

Figure 5: Annual average difference in surface ozone between the run with the new [I−(aq)] fields and (A) the “no HOI+I2” model
run, (B) the model run using [I−(aq)] from Chance et al. [2014] and (C) the model run using [I−(aq)] from MacDonald et al [2014].

Compared to simulation (1) with no HOI+I2 emissions, the emissions from the new [I−(aq)] fields cause:

∆ tropospheric O3 burden ⇓ 3.5 % (MacDonald et al. [2014] = 2.4 %, & Chance et al. [2014] = 3.9 %)

∆ surface O3 ⇓ 10.3 % (MacDonald et al. [2014] = 6.2 %, & Chance et al. [2014] =10.9 %)

∆ CH4 lifetime ⇓ 0.76 % (MacDonald et al. [2014] = 0.5 %, & Chance et al. [2014] =0.87 %)

Surface IO mixing ratio of 0.335 pptv (MacDonald et al. [2014] = 0.226 pptv, & Chance et al. [2014] = 0.354 pptv)

Three-fold increase in atmospheric iodine since 1950
New icecore observations [Legrand et al. 2018] show a 3-fold increase in iodine since 1950 (Fig 6). Fig. 6 also shows

that this trend is qualitatively captured by the GEOS-Chem model [Legrand et al. 2018, Sherwen et al. 2017].

Figure 6: Time series of iodine in Col du Dome (French Alps; 6.83◦E, 45.83◦N, 4,250 m) ice core in summer (red) & winter
(blue). Vertical bars show the modeled mean deposition for summer (brown) and winter (purple) for 1850 (shown at 1890), 1950,
1980, 1995, and 2005. The dashes and arrow on the bars show the deposition of inorganic iodine minus HOI (lower dash) and
minus half of HOI deposition (middle dash), and the total (top arrow).

Summary, conclusions, & references
- Global average of new [I−(aq)] fields in between existing
fields [Chance et al. 2014, Macdonald et al. 2014]

- New [I−(aq)] field affects tropospheric oxidants through io-
dine emissions, which cause gas-phase ozone destruction

- New [I−(aq)] fields in review [Sherwen et al. 2019]

- There is now icecore evidence for an increase in atmo-
spheric iodine

- Implications for ozone dry deposition being considered
elsewhere separately (See Pound et al., in prep.)
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