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Hydrological regimes

Figure left: Zeiringer et al. (2018). Springer Cham. https://doi.org/10.1007/978-3-319-73250-3_4
Figure right: modified after: Weingartner et al. (in print).



The natural flow regime
5 important criteria1 Examples

 Magnitude (how much flow?) HQs or LQs

 Frequency (how often do they occur?) HQ10  or MQ 

 Duration (how long do they last?) Q300 (Q exceeded 300 days/year)

 Timing (when do certain flows occur?) snow melt in spring

 Rate of change flashy vs. stable character
(how fast do flow levels change?)

1: Poff et al. (1997). BioScience, 47(11), 769-784.

F

M

D

T

R



Ecologically relevant flow statistics1

 Magnitude

 Duration

 Timing

 Frequency

 Rate of Change

 Magnitude of flow during each 
month (12 statistics)

 Magnitude of 1-, 3-, 7-, 30-, 90-day 
minimum and maximum flows (10 
statistics)

 Number of days with zero flow (1 
statistic)

 Base flow index (1 statistic)

 Timing of 1-day minimum and 
maximum flows (2 statistics)

 Frequency and duration of high and 
low flow pulses (4 statistics)

 Rise rate, fall rate, and number of 
reversals (3 statistics)

1: Indicators of Hydrological Alteration (IHA): Richter et al. (1996). Conservation biology, 10(4), 1163-1174.



Hydrological stresses
How are river flows altered?

 41% of European rivers affected.1

 Most dominant stressor in rivers.2

 Typical sources of flow-regime alteration:

 Dams

 Water diversion

 Urbanization, sealing, drainage

 Levees and channelization

 Groundwater pumping

1: Schinegger et al. (2012). Water and Environment Journal, 26(2), 261-273.
2: Nõges et al. (2016). Sci. Total Environ. 540, 43-52.
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Types of dams: hydropower plants

Picture: Couto & Olden (2018). Front Ecol Environ; doi: 10.1002/fee.1746

 With storage

 Without
storage



Run-of-river Diversion

  Non-consumptive (e.g. hydropower)

 Consumptive uses (e.g. irrigation)



Consumptive water use

Map: Döll et al. (2009). HESS, 13(12), 2413-2432.
Foto (right): https://water.usgs.gov/edu/pictures/full-size/wuir-centerpivot-aerial-large.jpg

Consumptive water use in 2002, in mm/yr



Groundwater–surface water interactions

 The effect of (lacking) flood pulses 
on groundwater levels.

 Groundwater pumping:
“Only a very small decline in 
groundwater level is needed to 
alter streamflow.”1

 Plus: surface water withdrawals.

Graph (left): Hayes et al. (2018). Sci. Total Environ. 633, 1089–1104.
Graphs (right) and 1: de Graaf et al. (2019). Nature, 574(7776), 90-94.



Hydrological stresses
How are river flows altered?

Diversion dams
 Reduce high & min. flows

 Homogenize seasonal flow 
variability

Irrigation dams
 Shift in seasonality
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Graphs (left, middle): Hayes et al. (2018). Sci. Total Environ. 633, 1089–1104.
Graph (right) modified after: Greimel et al. (2016). Hydrological Processes, 30(13), 2063-2078.
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 Sub-daily flow alterations

Natural rainfall Hydropeaking
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Hydrological stresses
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Graphs (left, middle): Hayes et al. (2018). Sci. Total Environ. 633, 1089–1104.
Graph (right) modified after: Greimel et al. (2016). Hydrological Processes, 30(13), 2063-2078.
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Hydrological stresses
Ecological effects
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Graphs (left, middle): Hayes et al. (2018). Sci. Total Environ. 633, 1089–1104.
Graph (right) modified after: Greimel et al. (2016). Hydrological Processes, 30(13), 2063-2078.
Foto top middle: Patrick J Endres / AlaskaPhotoGraphics.com; Foto top right: Chessy Knight (www.cbc.ca), dead fish: Gemma Evans.
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Sediments and river morphology
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 Loss of habitats

 Loss of biodiversity



Channel adjustements
and ecogeomorphic flows

Illustriation left: Surian & Rinaldi (2003). Geomorphology 50, 307–326.



“How much water does 
the environment need?”

All pictures: D.S. Hayes




