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Modeled and observed temperature trends over the Holocene disagree. Proxy reconstructions
suggest global cooling during the late Holocene. Model simulations, on the other hand, show a
warming trend for the entire Holocene, a contradiction known as the Holocene temperature
conundrum.
A recent study by Bader et. al. (2020) introduced a new approach to the question by proposing the
coexistence of a cooling and warming climate mode. While the warming mode is proposed to be
related to changes in greenhouse gas concentrations, the physical process behind the cooling
mode might be a change in the seasonal cycle of Arctic sea-ice. It’s unclear to what extent this
process is responsible for the observed climate response. Depending on their strength and
location these modes have strong implications for proxy data interpretation and location selection
when calculating global mean temperatures.
Here, we investigate if similar modes and temperature trends can be found in models of different
complexity. Therefore, we use a 2D Energy Balance Model (EBM), with solar, volcanic, ice-sheet and
greenhouse gas forcing, for transient simulations of the Holocene climate. We analyze these
Holocene climate simulations in terms of global and regional temperature trends, modes and
variability patterns. We conduct sensitivity tests to examine the influence of the forcings on those
trends and modes. In particular, we are interested in the influence of volcanic eruptions on the
Holocene climate. Furthermore, we compare our model results with temperature reconstructions
and simulations from Earth System Models.
Altogether, we comprehensively analyze Holocene climate as simulated by a conceptual EBM, a
state-of-the-art Earth System Model and proxy reconstructions. The results provide insight into
whether models of different complexity produce similar modes and trends and whether these

occur due to climate forcing rather than internal processes of the earth system. Finally, we will
provide a better understanding of Holocene cooling and warming and the interpretation of
differences between Holocene temperature proxy reconstructions and climate model
simulations.
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