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The frequency and severity of droughts and heatwaves are projected to increase under global
warming. However, their impacts on the terrestrial biosphere and the anthropogenic CO2 sink
remain poorly understood. Here we analyse the effects of six hypothetical climate scenarios with
stationary climate but differing drought-heat signatures on vegetation distribution and land
carbon dynamics, as modelled by seven state-of-the-art dynamic global vegetation models. The six
forcing scenarios are sampled from a long climate model simulation and consist of a
control scenario representing a natural climate, a scenario with no hot and dry extremes, one with
no compound hot and dry extremes but univariate extremes are possible, one with only hot
extremes, one with only dry extremes, and one with both hot and dry extremes. Models show
substantial differences in their vegetation coverage response to the different scenarios. While in
some models, climate with no droughts and heatwaves favours tree growth, this is not the case for
other models, where grasses benefit. Similarly, climates with frequent droughts promote grasses
in some models and reduce forest growth in others. Models tend to agree that a climate with
frequent concurrent droughts and heatwaves leads to reduced tree cover and increased grass
cover. The changes in coverage are mirrored by changes in gross and net carbon fluxes. The stark
differences among model responses illustrate the different modelling processes dealing with heat
and drought stress and how they are differently affected by the extremes. Overall, this
comparison helps quantify model uncertainties and process differences that are important for
how vegetation behaves under extreme climate events.

Our study illustrates how factorial model experiments can be employed to disentangle the impacts
from single and compound extremes. The findings from this model comparison may also help to
identify sources of uncertainty in carbon cycle projections.

Powered by TCPDF (www.tcpdf.org)

