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Responding to climate change

Surface and groundwater hydrological models behave so that after a disturbance of 
any magnitude, such as drought, the system eventually recovers (Peterson et al. 2014). 
Hence, catchments have been assumed to be infinitely resilient. Here we present 
findings from our recent paper in Science that challenges this assumption. Peterson 
et al. (2021) statistically identified if and when unregulated catchments in Victoria 
(n=161) recovered from the Millennium Drought. Hidden Markov Models (HMM) were 
developed to statistically quantify when the annual (or seasonal) runoff shifted during 
the meteorological drought, and if and when runoff recovers. For each catchment, 64 
different annual timestep HMM maximum likelihood estimated models were derived 
(seasonal: 32 models). The best model was then selected using the Akaike information 
criterion. We found that ~30% of the 161 catchments have not recovered from the 
Millennium Drought (Fig. 1). The non-recovered catchments are spread throughout 
much of the state, suggesting that both local scale catchment factors and regional 
climate factors are important (Fig. 2). Long-term groundwater hydrographs are 
consistent with this finding and show that recharge has similarly not recovered. 
Horton’s Index was however found to have increased after the drought, suggesting 
that post-drought transpiration (as a fraction of precipitation) has increased. 
Comparing the HMM conditional state probabilities from those catchments that have 
and have not recovered, we found that ~80% of non-recovered catchments appear to 
be stuck in a low runoff state. This suggests that recovery does not appear to be a 
function of the duration postdrought and that catchment recovery cannot be assumed 
to occur soon. This is consistent with, but not proof of, catchments having a finite 
resilience to droughts. While the driver(s) and thresholds for recovery remains an open 
question, these findings suggest a more complex relationship between meteorological 
and hydrological droughts than has been shown previously. 


