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Intermittent Rivers and Ephemeral Streams

● IRES // non-perennial
● Stop flowing at least 1 day per year
● Crucial role for biodiversity and 

important landscape processes



IRES - Growing Concern

● Many rivers have become intermittent
● Frequently mismanaged or overlooked
● No comprehensive global approach to 

managing IRES
● First reach-scale model to estimate 

distribution of IRES
● Quality-checked streamflow data 

combined with environmental predictors



Methods - Introduction

● Understanding these rivers is crucial : they make up a large part of the 
global river network, impact ecosystems, water availability, and affect human 
populations.



Methods - Global hydrography & Model Training 

● MAF ≥ 0.1 m³/s (over 23M km of river network !)
● Random Forest (RF) machine learning model (trained with 40 000 monitoring 

stations !)
● Stations providing daily, monthly, seasonal, yearly data.
● Why does this matter ? To predict which river will dry up without direct 

measurements.



Methods - Predicting Intermittence with Machine Learning

● 113 hydro-environmental predictor variables (soil types, temperature, …)

● Split RF model applied (more reliable depending on sizing)
○ For small-to-medium rivers (MAF < 10 m³/s)
○ For large rivers (MAF ≥ 1 m³/s)

● More accurate predictions overall.



Methods - Impacts on Humans & Global Extrapolation

● Using WorldPop 2020 data

● Data more limited for small rivers.

● Use of a Generalized Additive Model (GAM) 

(to extrapolate IRES prevalence down to 0.01 m³/s)

● 51%-60% of global rivers and streams 
with MAF ≥ 0.01 m³/s are intermittent !



Methods - Validating the Model

● Predictions compared to the US, 
Australia and Brazil with knowledge of 
potential discrepancies

● Validation with on-the-ground 
observations from the US Pacific 
Northwest and France



IRES represent: 

● 41% of mapped 
global river 
network with 
MAF>0.1m3/s

● 51%-60% when 
extrapolating to 
streams with  
0.01m3/s<MAF<
0.1m3/s

Results



Results

● River flow tends to become more permanent with increasing drainage area 
and distance from the headwater in a basin

● Small headwater streams constitute high proportion of total stream length

● Climate conditions influence greatly streams and river flow cessation

For flow to occur : water inputs > losses





Results - two climate extremes 

● Low precipitation
● High evapotranspiration 

Extremely hot and dry

Extremely cold ● Precipitation in snow form 
● Streams freezing  

High prevalence of flow intermittence caused by different climate conditions



Model performance 
and uncertainties 

● Predictor variables 
classed

● Importance of aridity 
and soil water content

p : point 
c : local catchment
u : upstream



Cross validation 
● Overall 90-92% accuracy

→ predictions unbiased globally

Issues raised by cross-validation
● Less represented catchments
● Boundaries 

Model performance 
and uncertainties 



Comparison vs. national maps

● Not considered as accuracy

● Good results on most national 
maps

● Problem of US (36%) and 
Australia
→ Difference of definition 

Model performance 
and uncertainties 



Comparison vs. national observation 
datasets

● Difficulty for small streams (0.5 m³/s)
● France underestimated
● US overestimated

● Hard to disentangle human effects
● Lack of precise data

→ Caution advised for small streams

Model performance 
and uncertainties 



Conclusion 

While current models define hydrological connectivity as either free-flowing or 
fragmented by barriers, this paper demonstrates that temporary fragmentation due 
to climate conditions is far more common than previously recognized.

Areas for future research : 

● Spiritual and societal values3 
● Ecosystem services1 
● Anthropic impact2 
● Evolution of these results in 50 years 
● Groundwater recharge1  
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