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Review of Mackay et al. The 852/3 CE Mount Churchill eruption: examining the
potential climatic and societal impacts and the timing of the Medieval Climate
Anomaly in the North Atlantic Region

General comments

Mackay et al. comprehensively investigate the climate and societal impacts following the
852/3 CE eruption of Mount Churchill. The paper is exceptionally thorough and addresses
a range of evidence including proxy reconstructions, historical records, and climate model
simulations, demonstrating the difficulty in attributing impacts to a single eruption. The
paper is very well-written and well-suited to Climate of the Past. I have a few queries
related to the climate modelling, but overall recommend publication with minor
corrections.

Specific questions

A main result is that the tree-ring reconstructed temperature suggests a significant
cooling but the reconstructed sulfur emission and hence ‘climate forcing potential’ is
suggested to be moderate, and the simulated cooling is smaller. However, the authors
only run climate model simulations based on SAOD reconstructions using the best-
estimate of 5 Tg SO2. Although it is briefly discussed that the climate forcing could have
been underestimated due to missed interactions with halogens or ash, I think it would be
useful to also include more discussion on the sulfur emission uncertainty.  The SO2
emission uncertainty is included for the EVA_H reconstruction in Figure 3, but not EVA –
what is the peak SAOD if EVA is run using 7.5 Tg SO2? This might be a useful addition to
Figure 3. Is a higher EVA SAOD discounted because the EVA_H SAOD estimate is much
lower? Given the limited ice core records could the emission estimate have been even



higher? Some discussion on the spatial SAOD pattern would also be useful - would these
results be different if an aerosol-microphysical model was used such as in Toohey et al.
(2019) who show strong confinement of the aerosol to the NH for an eruption at 56°N.
Would this lead to a stronger NH forcing and temperature response?

L69 – I suggest changing 'precisely' to 'even when the eruption has a small age
uncertainty' or similar

L124 – 1991 Mt. Pinatubo estimates are now slightly lower; perhaps say ‘around a third’?

L173 and Appendix B – this description is a bit confusing - how are the ensemble
members generated? Do they consider different ENSO states or is a small perturbation
introduced for each? Could background conditions play a role in reconciling the model
results and tree-ring reconstructions? Why does the model prescribe sulfate aerosol mass
rather than the optical properties from EVA? This seems inconsistent with the focus on
reconstructing the forcing up to this point. How does the model treat the aerosol-radiation
interactions and what does the model then simulate for SAOD and radiative forcing and
how does this compare to Figure 3?

L183 – I’m a bit confused regarding the anomalies - are the volcanic anomalies with
respect to the 845-859 period or pre-eruption (as specified for the statistical significance)?
Please could you clarify. How sensitive are the anomalies to this reference period vs. for
example the 5 years pre-eruption? Also for the tree-ring reconstructions – are the volcanic
anomalies robust if a different reference period is taken such as the preceding 5 years?

L278 – It would be useful to have the radiative forcing simulated by CESM for comparison.

Fig. 4 – Please introduce NVOLC in the main text. The ylabels are also inconsistent
(change vs anomaly). A legend on panels (c) and (d) would also be useful.

Fig. 5 – Please specify that (b) (c) (e) and (f) are simulated anomalies. Why is (d) in a
different projection?

L521 – consider rephrasing to ‘climate model simulations run with/using estimates of the
stratospheric aerosol’

L558 – 561: I think it would be useful here to also briefly discuss dynamically driven
precipitation changes



L725 – consider also adding the relationship for winter extratropical eruptions, which gives
a slightly higher forcing of -1 Wm-2. More importantly, what does CESM simulate? Is the
RF different to that based on this scaling?

L738 - Where does the scaling of 1.49 come from? Why not run the model with the
prescribed optical properties?

L741 – are there eruptions that have been excluded or are there none during this time? 

L764 – 766 – it would be useful to include this in the main text so that it is clear the
volcanic anomalies are not just with reference to 1961-1990

Technical corrections

L167 –insert ‘the’ in front of EVA_H. parameter --> parameters

L267 - add ‘at 550 nm’

L278 – 2019 --> 2020

L286 – add also injection height?

L504 – Northern Hemisphere --> NH

L719 – add ‘for Phase 4 of PMIP’

L728 – remove ‘simulation’

L742 – insert ‘A’



L789 – location --> locations

Appendix F – what do panel a and b refer to? Blue/red labels are inconsistent in caption
vs. legend.

Please check Mount vs. Mt throughout.
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