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ABSTRACT
Surface and groundwater hydrological models behave so that after a disturbance of any 
magnitude, such as a 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 statistic ally 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 s cale 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. Horto n ’ 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 appea r   to be  stuck   in a low 
runoff state . This  suggests that recovery does not appear to be a function of t he duration post- 
drought 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, th ese findings suggest a more complex 
relationship between meteorological and hydrological droughts than has been shown 
previously.

Overall, our findings show that hydrological droughts can persist long after a meteorological 
drought, and theory suggests recovery is likely to occur only after very wet years. In an 
accompanying perspective p iece within Science,  Flavia Tauro says Peterson et al. (2021)  
 “ challenges the comforting assumption that water systems naturally tend to absorb 
disturbances. This emphasizes the necessity to change the way global water processes are 
conceptualized . ”  (Tauro, 2021). That is, out assumption of catchments having a n  infinite 
resilience appears wrong.

https://github.com/peterson-tim-j/HydroState


Figure 1. Percentage of the 161 study water catchments that displayed low runoff behaviour
before, during and after the Millennium Drought from ~1997-2010. The shaded area from 2010
shows the percentage of water catchments that had not recovered from the drought. Years as

water-years starting in March. [Source: Adapted from Peterson et al. 2021].

Figure 2. By the end of 2016 water-year, catchments shown as low or very low had not
recovered seven years after the Millennium Drought ended. [Source: Adapted from Peterson et

al. 2021].

REFERENCES

Tauro F., (2021), River basins on the edge of change, Science, 14 May 2021 : 745-749: DOI: 
10.1126/science.abi8770

Peterson T. J., Saft M., Peel M. C., John A., (2021), Watersheds may not recover from drought, 
Science, 14 May 2021 : 745-749: DOI: 10.1126/science.abd5085. PDF copy here

Peterson, T. J., and Western, A. W. (2014), Multiple hydrological attractors under stochastic daily 
forcing: 1. Can multiple attractors exist?, Water Resour. Res., 50, 2993– 3009, 
doi:10.1002/2012WR013003.

https://www.monash.edu/engineering/timpeterson \\h

