Improving the representation of sulfate aerosols
over the Southern Ocean in the NZESM
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Rationale
• Atmospheric aerosols affect Earth’s radiative balance, yet constitute one of the largest sources of uncertainty in model simulations of the
Earth’s energy budget and climate.
• Uncertainties in aerosols cascade to uncertainties in cloud formation, absorption of shortwave radiation by the ocean, and atmospheric
circulation. Incorrect representation of aerosols over the Southern Ocean in the New Zealand Earth System Model (NZESM) reduces
confidence in projections of climate change for New Zealand.
• In the current version of the NZESM, sulfate aerosol formation processes are either simplified, or driven by outdated information.

Figure 1a: Prescribed seawater DMS concentrations currently used by the NZESM2,3. Figure 1b: An updated climatology of seawater DMS concentrations1.

Project overview
a) Free-running
This project will improve the representation of sulfate aerosols
over the Southern Ocean in the NZESM by better understanding
the largest source of natural sulfate aerosols in the troposphere,
i.e. dimethyl sulfide (DMS).
We will address a number of factors that are likely to contribute
to poor representation of sulfate aerosols in the NZESM by:
• Implementing an up-to-date global DMS climatology as
forcing data (Figure 1).
• Better understanding the effects on atmospheric DMS
concentrations of ‘nudging’ the NZESM to observed
meteorology vs. allowing meteorology to evolve freely
(Figure 2).
• Exploring the role that sea ice plays in blocking oceanic
b)
Nudged
emission of DMS.
• Improving the representation of DMS oxidation and aerosol
chemistry in the NZESM.
NZESM improvements will be validated against existing DMS
data sets as well as new aerosol measurements made on a 2018
RV Tangaroa voyage. Improving the representation of sulfate
aerosol production in the NZESM will ultimately provide more
reliable simulations of New Zealand’s climate.
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Figure 2. Surface DMS concentrations in 1998 from (a) free-running and (b) nudged
NZESM simulations using the Liss and Merlivat DMS sea-air exchange scheme2,3.

