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Invemar, 2014



Bolin Centre for Climate Research
A collaboration between Stockholm University, KTH and the Swedish Meteorological and Hydrological Institute 

Tipping points of water availability?

?
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Zipper et al., 2020
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Objective

● Explore the existence of tipping points in the hydrological state of a 

hydrological catchment, specifically in the volume of water stored in the 

catchment-

● Tipping points where the response variable is a hydrological parameter 

representing water availability and the control variable can be any other 

socioecohydrological variable.



Bolin Centre for Climate Research
A collaboration between Stockholm University, KTH and the Swedish Meteorological and Hydrological Institute 

Methods

● Linear Stability Analysis (LSA; Joulin, 1979; Sole, 2011)

● Causal Loop Diagrams (CLD) and Stock and Flow Diagrams (SFD)

● Potential functions
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What is a tipping point?

The set of equilibrium points (πµ) occurring when no change in S takes place

in time (t), i.e. dS/dt=0 as

Water mass balance f µ(S) = dS/dt = P – R – E

πµ = {S* | fµ(S*) = 0}

where S* is a value of S when dS/dt = 0 and dS*/dt = fµ (S*)

and
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Stable and Unstable Linear systems

Hydrologic dynamic system of water storage S where the input I(S) and output O(S) of 

the system are linear functions and the corresponding a) stable and b) unstable 

equilibrium points (S*).
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Adjusted from
Laio et al., AWR, 2001
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Causal Loop Diagram of the water budget

Important 
precipitation 
feedback
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Tipping point in sociohydrological systems?
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Potential functions
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