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Clarifying the relative role of forcing uncertainties and initial-condition
unknowns in spreading the climate response to volcanic eruptions
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Radiative forcing from volcanic aerosol impacts surface temperatures. The background climate state is known to
also affect the response. A key question thus concerns whether constraining forcing estimates is more important
than constraining initial conditions for accurate simulation and attribution of post-eruption climate anomalies. In
this contribution, we investigate whether different realistic volcanic forcing magnitudes for the 1815 Tambora
eruption yield distinguishable ensemble surface temperature responses. We perform a cluster analysis on a super-
ensemble of climate simulations with the Max Planck Institute Earth System Model including three 30-member
ensembles. The ensembles use the same set of initial conditions but different volcanic forcings based on current
uncertainty estimates and generated with the Easy Volcanic Aerosol module. We will show results that clarify
how forcing uncertainties can overwhelm initial-condition spread in boreal summer due to strong direct radiative
impact while the effect of initial conditions predominate in winter, when dynamics contribute to large ensemble
spread. We will also discuss how current uncertainties affecting reconstruction-simulation comparisons prevent
conclusions about magnitude of the Tambora eruption and its relation to the “year without summer” of 1816.



