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1. Introduction

Tropospheric ozone is recognized as the third most important
greenhouse gas contributing to global warming since the pre-
industrial era [1] and serves as a source of the hydroxyl radical
(OH), which influences the atmospheric lifetime of methane
and centrally governs atmospheric chemistry. The primary sinks
of tropospheric ozone are chemical loss through reactions with
water vapor and hydrogen oxide (HOx) radicals, along with
catalytic cycles involving halogen species (CL, Br, and I).

Takashima et al. [2] identified a negative correlation between
IO and ozone levels in the marine boundary layer (MBL) over
the Western Pacific Warm Pool (WPWP). However, the zero-
dimensional and coarse-resolution (200300 km) three-
dimensional chemical models, which incorporate commonly
used ozone-dependent iodine emissions, failed to capture these
observed characteristics. They hypothesized the existence of
ozone-independent iodine emission processes under low-ozone
conditions. Nonetheless, these models do not adequately
represent tropical disturbances. Recent climate modeling studies
indicated that high-resolution (i.e., 25-50 km) climate models
partially improved the performance of tropical disturbances
associated with large-scale convective systems. The influence of
fine-scale meteorological variability on I0-ozone relationships
remains unexplored.

This investigation [3] assesses the influence of fine-scale
(down to 60 km) meteorological processes on IO and ozone
concentrations through ship-borne observations and a global
chemical transport model. Specifically, it compares two distinct
horizontal model resolutions (2.8 degree and 0.56 degree) with
observed IO and ozone data from the research vessel (R/V)
Mirai [2].

2. Data and Methods

The CHASER V4.0 chemical transport model (CTM) [4] was
utilized. We tested two different horizontal resolutions, T42 (2.8
degree) and T213 (0.56 degree). T42 and T213 share the same
vertical grid resolution: 32 vertical layers extending from the

Atmospheric chemistry, Tropospheric ozone, Iodine, Chemical transport model, ship-

surface to an altitude of 40 km. The meteorological fields were
computed in the dynamics and physics modules of the CTM
which needs the sea surface temperatures and sea ice
concentrations as input. These were taken from the Group for
High Resolution Sea Surface Temperature (GHRSST) Level 4
multi-scale ultrahigh-resolution (MUR) analysis product [5]. The
simulated air temperature and horizontal winds were nudged to
the ERA-5 reanalysis data [6], with a relaxation time of 5 days
for temperature and 0.7 days for horizontal wind. The chemical
module computes spatial and temporal variations in chemical
species, by simulating tracer transport, dry and wet deposition,
and chemical processes (115 species and 309 reactions),
including the ozone-HOx-NOx-VOCs-CO system and halogen
(Cl, Br, and I) chemistry. The ozone dry deposition velocity over
the ocean was calculated using the resistance-based scheme that
accounts for the chemical reaction with sea surface iodine [6].
Further details of the CHASER model with tropospheric halogen
chemistry are elaborated in Sekiya et al. [2].

The simulated near-surface ozone and IO concentrations were
validated wusing ship-based observations. The ozone
concentrations were recorded using an in-situ Ozone Monitor
(Thermo Scientific, 49C) operating in the UV at 254 nm, which
were acquired from the research cruises on R/V Mirai of the
Japan Agency for Marine-Earth Science and Technology [8],
spanning from 67S to 75N for a total of 11,666 h from 2012 to
2017. The data affected by ship exhaust and those exceeding 3 of
the standard deviation within one hour were excluded before
generating the hourly mean. We estimate ozone measurement
uncertainty to be 0.9% (1-sigma variability of sensitivity) +0.18
ppbv (1-sigma variability of intercept), based on 12 calibrations
over the period during 2013-2019.

The IO concentrations were measured by the multi-axis
differential optical absorption spectroscopy (MAX-DOAS)
aboard the R/V Mirai for 2014-2018 [2]. For this evaluation, the
data collected over the tropical Western Pacific in November 17—
December 3, 2014 (during the MR14-06leg] cruise) were used
(Fig. 1), given the large uncertainties observed in the extratropical
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regions. The differential slant column densities (DSCDs) of O4
and IO were derived from the spectral data at the elevation angles
within £0.5 of target angles at 3, 5, 10, 30, and 90 using a
nonlinear least-squares spectral fit. Typical fitting error of 10
DSCDs was 1x10'2 molecules cm? (approximately 10%).

Ship tracks of the MR14-06leg1 cruise

2014-11-17

0°

5“59?' %

og %
101 0°E

Figure 1. The MR14-06legl cruise tracks of the data used in
this study. The closed circles represent daily mean locations

3. Results

Figure 2 and Table 1 illustrate the relationships between
surface IO and ozone in the observation location data (i.e.,
observation and model data sampled at the observation locations).
As documented in Takashima et al. [2], a negative correlation
was observed between IO concentrations and ozone levels. To
account for potential degradation due to ozone model biases,
which could lead to excessive inorganic iodine emissions, the
observed 10-ozone relationships were compared with the model
results, excluding the periods when ozone model biases exceeded
50%.

The low-resolution (2.8-degree) simulation exhibited weak
positive correlation relationships in the observation location data,
(0.56-degree)
demonstrated a negative correlation. Although the correlation

whereas the  high-resolution simulation
coefficient in the high-resolution simulation was smaller than
observed, the slope was comparable to that seen in the
observations.

Figure 3 displays the longitudinal and vertical distributions of
ozone losses attributed to iodine chemistry over the tropical
Pacific. In the high-resolution simulation, the average iodine-
mediated surface ozone loss over the WPWP was 0.56 ppbv day
!, more than double that in the low-resolution simulation (by 0.20
ppbv day™). The coeficient of determination between the iodine-
mediated and total ozone losses at high resolution (R? =0.24) was
more than twice as large as that at low resolution (R? = 0.11).
These results suggest that the iodine-mediated ozone loss at high
resolution significantly influences the spatial and temporal
variability of total ozone loss, producing negative 10-ozone

correlation relationship.

- Earth Simulator JAMSTEC Proposed Project -
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Figure 2. Scatter plot of IO (pptv) versus ozone (ppbv) during
the MRI14-06legl cruise. Black circle represents the
observations, the red triangle denotes the results of high-
resolution simulation, the blue square represents the low-

resolution simulation.

Table 1. Slope (ppbv/pptv), intercept (ppbv), and correlation
coefficient of 10 vs. ozone calculated from the data sampled at
the MR14-06leg1 cruise observation locations. These slopes and

intercepts are calculated using the reduced major axis (RMA)

linear regression method.

Experiments Slope Intercept Correlation
Observation -17.57 23.29 —0.70
High-

resolution —20.51 27.61 —0.45
simulation

Low-

resolution 23.44 0.04 0.08
simulation

The greater surface ozone loss in high-resolution model
resulted from the reduced mixing with air outside the MBL over
the WPWP at the finer resolution of 0.56 degree, which was
confirmed by the synthetic tracer transport calculations. The
calculations suggested that synthetic tracer concentrations at 0.56
resolution in the MBL over the WPWP are 18% higher than those
at 2.8 resolution. This result indicates that the airmass in the MBL
was more stagnated at 0.56 resolution than at 2.8 resolution,
which can be attributed to weaker convective upward transport
of airmass in the MBL to the free troposphere (not shown).
Another reason could be related to suppressed numerical
diffusion in the tracer advection calculation at higher resolution.
Additionally, sensitivity simulation considering only iodine
chemistry confirmed that iodine-driven ozone loss was attributed
to iodine chemistry, rather than cross halogen chemical reactions
(i.e., reactions of iodine with chlorine and bromine compounds)
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4. Discussion and conclusion

In this study, the influence of fine-scale (down to 60 km)
meteorological processes on surface IO and ozone variability
over the WPWP was investigated during the R/V Mirai MR14-
06legl cruise in November-December 2014. The 0.56-
resolution simulation generally captured the negative correlation
relationships between 10 and ozone observed in ship-borne data,
unlike the low-resolution simulation. The observed 10-ozone
relationship can be attributed to the interplay of fine-scale
atmospheric transport and chemical processes, rather than solely
to fine-scale atmospheric transport process or oceanic iodine
emission processes. The iodine-mediated ozone chemical loss in
the high-resolution simulation (by 0.56 ppbv day™!) exceeded that
in the low-resolution simulation (by 0.20 ppbv day™') over the
WPWP, resulting from reduced mixing with air outside the MBL
over the WPWP at the finer resolution of 0.56 degree.
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Figure 3. Longitude-pressure cross section of chemical ozone
loss (first row), ozone concentrations in the simulation
without iodine chemistry (second row), and absolute and
relative changes in ozone concentrations due to iodine-related
processes (third and fourth rows, respectively) during
November 17-December 3, 2014 over the tropical Pacific
(15S—15N). Chemical loss and ozone changes are estimated
from simulations with 0.56 resolution (left) and 2.8resolution
(right), respectively. Units are ppbv day (first row) for
chemical loss, ppbv (second and third rows), and percentage
(fourth row) for ozone concentration and its change. Dashed

line denotes the tropopause pressure.

Additional challenges persist in comprehensive understanding
the processes that govern iodine and ozone variability over the
ocean. Specifically, current parameterizations for iodine release
from the ocean tend to overestimate the observed atmospheric IO
concentrations over WPWP. The sea surface microlayer (SML)
could inhibit the iodine release due to increased solubility from
the presence of organic matter. Developing a novel
parameterization that include these factors is essential for
understanding the biogeochemical controls on atmospheric
iodine and ozone chemistry.

Moreover, the current model resolution is inadequate to fully
capture the tropical atmospheric circulation. A resolution of 10
km is required to effectively represent large-scale convective
systems in the tropics.

This study highlights the crucial role of the interplay between
fine-scale atmospheric transport and chemistry processes and the
ozone-independent iodine emission process in the co-variability
of IO and ozone observed over the WPWP, with an implication
that these processes are essential for verifying an interaction
between anthropogenic changes in ozone and natural halogen
processes. Short-lived halogen species, including iodine
compounds, are regarded a key component of the natural climate
system not accounted for in climate models and amplified by
anthropogenic activities [8]. Model evaluation of the co-
variability of ozone and IO in other seasons and over other ocean
regions would contribute to reduce potential bias and
uncertainties in climate impacts of tropospheric ozone in the
future.
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