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Large scale losses in forest productivity linked to extreme drought are now being documented
globally. With climate change set to increase the frequency, intensity and duration of future
extreme events, understanding the impact of drought on forest productivity and the post-drought
recovery dynamics of these systems is becoming increasingly important. However, current
approaches to quantifying resilience limit our understanding of forest response dynamics,
recovery trajectories and drought legacies by constraining and simplifying the temporal scale and
resolution of assessment. To advance beyond one of the most commonly used approaches to
estimating resilience, we first compared estimates of resilience for Pinus sylvestris trees following
an extreme drought by comparing the same resilience index calculated over different pre- and
post-drought time scales. We then developed an alternative approach using dynamic regression to
capture each individual tree’s relationship between climate and growth, which was then used to
forecast tree growth annually for the drought year and nine subsequent years, in a scenario where
no drought had occurred. Here we present the results of this work, comparing observed tree
growth with growth forecasted using dynamic regression at multiple stem heights and stand
densities. This approach allowed us to increase the temporal scale and resolution of resilience
assessment and follow tree and stand level growth relative to a no-drought scenario throughout
recovery and into a post-recovery phase, where we find evidence for significant compensatory
growth. The existence of compensatory growth post-recovery reduced estimates of drought
induced losses of radial growth, indicating that current approaches risk underestimating tree and
stand resilience to drought and overestimate losses in above-ground biomass. Similarly, we
provide evidence for a temporal dependency in the stage during recovery at which pre-drought
tree and stand attributes such as growth rates, basal area and stand densities were associated
with growth resilience. Our results have wide reaching implications for both forest management
targeted at increasing resilience, carbon budgeting and our understanding of drought legacy.
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