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First things first
• The driving force behind this work has been a 

former PhD student

• A chapter in Masoud’s thesis, which is also 
published in HESS as:

Zaerpour, M., Hatami, S., Sadri, J., & Nazemi, A. 
(2021). A global algorithm for identifying 

changing streamflow regimes: application to 
Canadian natural streams (1966–2010). 

Hydrology and Earth System Sciences, 25(9), 
5193-5217.  
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Motivation and context
• Streamflow regime is changing during the  “Anthropocene”

Stressors

• Climate change

• Human intervention in land and streams

Climate change impacts in cold regions

• Changes in the form of precipitation

• Changes in the amount of precipitation

• Changes in the hydrological processes

“A river is the report card for its watershed”

Alan Levere



Problem definition
• Streamflow regime is constituted by 

multiple streamflow characteristics →
multiple dimensions

• Shift in natural streamflow regimes over 
landscape in rather gradual than sharp →
Level of association.

• Climate change induced alterations in 
streamflow regime are caused by 
multiple physical processes that may not 
be easily distinguished from one another 
→multiple attributes

• Climate change induced  transition from 
one streamflow regime to another is 
rather gradual than sharp → existence of 
trend

vs.



Breakthrough
• Regime is identified by the changes in long-term 

annual streamflow hydrograph and the variability 
around it. 

• Distinction between streamflow are fuzzy rather 
than sharp.

• Temporal transition in streamflow regime in a given 
stream can be identified by the trend in 
belongingness of streamflow regime to a set of 
known reference regime. 



Case study



Methodology



Fuzzy clustering 
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Detection of change in streamflow regime



Attribution and shift detection



Streamflow types in Canada



Streamflow types in Canada and their changes



Streamflow types in Canada and their changes



Regime shifts



Attribution to changes in streamflow characteristics



Validation



Validation



Validation



Verification



Conclusion and further remark
• The first consistence (temporally and spatially) pan-Canadian study on 

understanding climate-change induced changes in streamflow regime.  

• A globally-relevant algorithm was provided to (1) cluster streamflow regime 
based on the characteristics of the annual streamflow hydrograph, (2) detect 
regime shift and understanding where the regime is approaching, (3) attribute 
regime shifts to changes in the streamflow characteristics.

• While changes in regime was attributed to changes in streamflow 
characteristics, we know that changes in streamflow characteristics are caused 
by changes in hydrological processes.

• What are the hydrological causes of the shifts?

Show must go on…



Dedication
• This study is dedicated to 

the memory of Richard 
Janowicz, the iconic 
Yukon-based hydrologist 
who made fundamental 
discoveries on recent 
changes in natural 
streamflow regimes in the 
Great White North.

Northern hydrology owes 
you, Ric… Richard Janowicz 

1953-2018
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