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Summary

This report presents the starting phase of a continuous project on the modeling of
stratospheric aerosol injection. The first phase, presented within this report, eval-
uates the ability of the global aerosol-climate model ICON-HAM and ICON-ART
to reproduce the stratospheric aerosol plume from the June 1991 Mount Pinatubo
eruption, focusing on the global aerosol transport and the implication on atmo-
spheric aerosol load and subsequent changes in the Earth’s radiative balance and
atmospheric and surface temperature response.

For this report, simulations performed with the aerosol-climate model ICON-
HAM will be shown. The simulations were performed by running in an unnudged
setting using an interactive aerosol scheme on the R2B4 icosahedral grid, which
corresponds to a nominal horizontal resolution of roughly 160 km with 47 vertical
levels [2]. In order to archive the project aims, after an intense model setup period
to correctly implement the Mt. Pinatubo emissions, two simulations have been per-
formed: a perturbed run including a detailed representation of the Mt. Pinatubo
eruption in 1991 and a control run with the prescribed climatology of volcanic emis-
sions that do not account for individual eruptions. Both simulations use the same
model version, configuration and initial conditions until the day before the eruption,
and thus differ only in the SO2 injection. The simulation started in January 1991,
allowing about five and a half months of spin-up before the eruption so that a rea-
sonable background circulation is established. In the perturbed run, the eruption of
Mount Pinatubo (15°N, 120°E) is represented by a single injection of 25Tg of SO2

on 15 June 1991. The SO2 is distributed vertically between 15 and 25 km, consis-
tent with the observed altitude of the initial plume [1]. However, for computational
efficiency, we decided to injected the total SO2 on the main eruption day instead of
distributing it over the whole eruption period. After the eruption, both simulations
run until January 1993, covering roughly 18 months of aerosol formation, transport,
and deposition.

Key findings

In the perturbed run, the SO2 is rapidly converted to sulfate, with most of the
injected mass oxidized to SO4 already by the end of July 1991. During the first
couple of months after the injection the stratospheric aerosol distributes smoothly
around the globe, producing a nearly uniform increase in SO4 aerosol optical depth
(AOD) at 550 nm relative to the control run. Averaged over the first year after the
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(a) AOD of SO4 at 550 nm. (b) Clear-sky SW downward
flux at surface.

(c) 2m surface temperature.

Figure 1: Global maps of perturbed-minus-control differences, averaged over July
1991–June 1992.

eruption (July 1991–June 1992), the perturbed-minus-control difference (Fig. 1a)
shows a pronounced latitudinal band structure, with the strongest signal at Arctic
latitudes, where the average AOD increase by about 0.2. Because this is an annual
mean, it includes the months of polar night, so the large Arctic AOD does not
translate into a correspondingly large shortwave forcing there.

The clear-sky downward shortwave (SW) flux at the surface (Fig. 1b) is not
uniformly reduced, despite the globally optically thick stratospheric sulfate layer.
Most regions receive less SW radiation than in the control run, as expected due to the
strong scattering and reflection of SO4 in the SW spectrum, but some regions show
the opposite sign, with more SW radiation reaching the surface. The all-sky fields
show less coherent patterns, with positive and negative anomalies of 1.5–2Wm-2 as
a result of changes in prevailing weather patterns likely linked to the free-running
model architecture. The 2m temperature response (Fig. 1c) is equally patchy but
shows overall a cooling over the land surfaces. As sea surface temperatures (SSTs)
are yet prescribed in the model and do not respond to an atmospheric signal, so
the cooling signal is confined to land and most pronounced in the mid- and polar
latitudes with a cooling of up to 3K.
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