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Abstract 

Intermittent rivers and ephemeral streams (IRES) account for more than half of the world's rivers. 
However, few studies have investigated the evolution of IRES under climate change. To overcome this 
problem, DRYvER proposed to provide daily hydrological projections, daily flow conditions and flow 
intermittence indicators in 6 European Drying River Networks (DRNs). 

The current work aims to provide reach-scale daily flow conditions and flow intermittence indicators 
for the period 1985-2100 for each DRN. To this end, daily reach-scale hydrological projections - driven 
by several global climate models and Shared Socio-economic Pathways (SSP) - are used as input to a 
random forest algorithm trained in the historical period with actual observations of daily flow 
conditions. Once the flow conditions have been generated, a set of flow intermittence indicators is 
calculated to study the evolution of intermittence through the 21st century. 

Results highlight the coherence of the intermittence projections and intermittence reconstruction over 

the period 1985-2014. The inter-annual number of dry days of each reach of the DRNs from the 

projections are quite close to those from the reconstruction. Furthermore, the seasonality is well 

captured on all 6 DRNs, providing a reasonable confidence for future intermittence projections. The 

period 1985-2100 globally highlights a steady increase of the intermittence on all DRNs, with an 

intensity linked to the SSPs considered –  i.e. higher increase with higher emissions - and the period 

considered. The study also suggests the transition of some reaches from perennial to intermittent, 

depending on the catchments, the SSP and the period considered. 
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1 Introduction 

1.1 Background 

Currently, more than half of the world's river channels are classified as intermittent rivers and 

ephemeral streams (IRES), which periodically stop flowing and/or dry up (Messager et al., 2021) 

Although IRES can occur naturally in any river network, they can be modified in space and time, mainly 

due to human water use and climate change. Indeed, global warming is predicted to have a strong 

impact on the hydrological cycle (Arias et al., 2021) and hence on IRES, resulting in changes in wet and 

dry events. DRYvER's multi-model approach aims to simulate hydrological, biological and 

biogeochemical processes to assess biodiversity, ecosystem functions and services (Datry et al., 2021). 

1.2 Objectives 

The objective of Task 1.1 is to provide flow intermittence patterns for the six EU focal Drying River 

Networks (DRNs) for current conditions and future climate scenarios, taking into account human 

influences (e.g. abstraction, reservoirs) on the dynamics of hydrological processes in the DRNs. 

The current work builds on the Random Forest algorithm developed to detect flow intermittence 

projections for the six DRNs (ST1.1.1) and the available hydrological projections for the period 1985-

2100 (T1.3) to obtain future intermittence projections in the European focal DRNs (ST1.1.2). 

This report describes (1) the generation of flow intermittence projections for the 6 European focal 

DRNs, (2) the validation of the projections over the historical period and (3) the evolution of flow 

intermittence indicators over the entire period (see report D1.1 for a complete description of the 

indicators). 

2 Data and Method 

2.1 Hydrological reconstruction and projections 

2.1.1 Hydrological reconstruction 

To create a reference during the historical period, we used a hydrological reconstruction obtained by 

combining the ERA5-Land meteorological reanalysis (Muñoz-Sabater et al., 2021) and the JAMS/J2000 

distributed hydrological model (Krause, 2002) implemented over the 6 DRN catchments. A description 

of both the hydrological model and the ERA5-Land meteorological variables can be found in the D1.2 

report. 

The hydrological model is run for the period 1971-2022 using daily precipitation, daily 

evapotranspiration and daily temperature to obtain daily hydrological variables (including discharge, 

soil and groundwater levels, catchment-average meteorological variables, etc.). The first 14 years of 

the simulations are removed to ensure a proper warm-up of the model reservoirs. For the sake of 

simplicity, the daily hydrological reconstruction covering the period 1985-2022 using ERA5-Land as 

input to the JAMS/J2000 model will also be referred to as ERA5-Land in the following report. More 

information on the hydrological reconstruction can be found in the D1.6 report. 

2.1.2 Hydrological projections 
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The hydrological projections are obtained in a two-step process. First, coarse spatial resolution daily 

projections from global climate models (GCMs) are downscaled to the same resolution as ERA5-Land 

(i.e. 0.1°) to obtain high-resolution projections over the period 1971-2100. Secondly, the high-

resolution projections are used as input to the JAMS/J2000 distributed hydrological model to obtain 

daily catchment-scale hydrological projections. These two steps are briefly described below, but are 

detailed in the D1.6 report. 

During the downscaling process, 5 different GCMs from the CMIP6 experiments (Eyring et al., 2016) 

are used - GFDL-ESM4, IPSL-CM6A-LR, MPI-ESM1-2HR, MRI-ESM2-0, UKESM1-0-LL. Corresponding 

climate data are obtained from the ISIMIP3 a/b project (https://data.isimip.org/, Frieler et al., 2023), 

which applied a regridding of the GCMs to a 0.5° grid resolution and a bias removal based on the W5E5 

reanalysis (Lange, 2019). Furthermore, to take into account the uncertainties on the greenhouse gas 

evolution, 3 shared socio-economic pathways are used: sustainability [SSP1-2.6], regional rivalry [SSP3-

7.0] and fossil-fuelled development [SSP5-8.5], corresponding to different levels of emissions. Finally, 

during the downscaling approach, the uncertainty of the method is assessed by creating a 20-member 

ensemble (see Report D1.6) for each of the SSP/GCM couple. 

Once the downscaled projections are obtained, they are used as input to the JAMS/J2000 model over 

the period 1971-2100 over the 6 DRNs. Once the warm-up period is removed, the methodology leads 

to the production of daily reach-scale hydrological projections – including discharge, soil and 

groundwater levels, catchment-average meteorological variables, etc. – for the period 1985-2100. 

Projections were validated during the historical period by comparison to the ERA5-Land hydrological 

reconstruction mentioned above (see Report D1.6). Following the previous approach, the outputs of 

the JAMS/J2000 model are called by the names of the GCMs used as inputs of the downscaling method. 

2.2 Random Forest algorithm to detect flow intermittence 

A Random Forest (RF, Breiman, 2001) classification and regression model  was used to predict reach-

scale daily flow conditions : dry or flowing (see report D1.2 for details). The RF used as input: reach 

characteristics (drainage area, slope, LULC type, soil type, hydrogeological class), daily hydrological 

variables simulated with the JAMS/J2000 model at the reach scale (discharge, daily groundwater 

contribution at t0 and t-10), daily meteorological and hydrological variables aggregated at the 

catchment scale (rainfall, temperature and evapotranspiration for the 10, 20 and 30 preceding days, 

and soil and groundwater saturation). The RF models were trained for each DRN using flow 

intermittence observations and ERA5-Land hydrological reconstruction over the period 2005-10-01 - 

2021-09-30. The RF models were validated with independent observations and showed a low false 

alarm rate as well as a good probability of predicting intermittence (Mimeau et al, 2023). 

The developed RF models were used to produce daily flow intermittence projections over the period 

1985-2100 for each DRN using the hydrological projections presented in the previous subsection. 

Furthermore, in order to evaluate the projections over the historical period, the ERA5-Land 

hydrological reconstruction was also used as input to the RF models to produce daily flow 

intermittence reconstruction over the 1985-2022 period. 

2.3 Flow intermittence indicators 

The proposed core indicator set addresses different conditions (flowing, non flowing, drying) as well 

as spatial (reaches, river network) and temporal (month, year, decade) scales. 

https://data.isimip.org/
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Based on the spatially distributed daily model simulations, indicators are calculated for the reach, sub-

catchment and river network levels for different statistical parameters. For this purpose, an adapted 

JAMS/J2000 model component was developed to calculate the indicator values for a specific DRN, 

period (historical reconstruction or projections), and climate scenario. The indicator component allows 

the user to select the indicators and define the desired boundary conditions, such as time intervals and 

spatial aggregation (reach level or river network). Report D1.1 provides a detailed overview of the 

proposed core set of indicators. 

The variability associated with the downscaling method being much lower than that associated with 

the GCM model, the flow intermittence indicators were only computed for one of the 20 members 

ensemble (the 10th member of the ensemble was selected). 

3 Results 

3.1 Validation of flow intermittence projections over the historical 

period 

This first part of the results aims to validate the flow intermittence projections through a comparison 

with the flow intermittence reconstruction – obtained using ERA5-Land – during the period 1985-2014. 

The comparison is made using simple flow intermittence indicators, such as interannual number of dry 

days per reach or inter-annual percentage of dry river network by Julian day. 

Figure 1 compares the interannual number of dry days per reach obtained in the reconstruction (i.e. 

ERA5-Land) and in the projections. Globally, the number of dry days is well captured in the projections, 

especially for the Bükkösdi, Butiznica, Velicka and Genal catchments. As far as the Albarine catchment 

is concerned, a slight underestimation of the number of dry days can be observed for reaches with 

strong intermittence. For Lepsämänjoki a slight overestimation is visible for the whole catchment. 

Figure 1 reveals the uncertainty due to the GCMs. For most of the catchments the uncertainty is 

relatively small, except for the Bükkösdi catchment with variations of +/- 100 days for some of the 

reaches depending on the GCM considered. On top of the GCM uncertainty, the uncertainty due to the 

downscaling method is also quite important for Bükkösdi. Overall, for the other catchments, the 

uncertainty due to the downscaling method is higher than the one due to the GCMs. 
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Figure 1: Comparison of interannual number of dry days in the reconstruction – ERA5-Land –  and the 

projections over the 1984-2015 period for the 6 DRNs. 
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Figure 2 shows the inter-annual seasonality of drying observed in both the reconstruction and the 

projections over the period 1985-2014. Again, the projections are consistent with the reconstruction 

over the Albarine, Genal, Butiznica and Lepsämänjoki. However, some discrepancies also appears. Over 

Bükkösdi, the uncertainty due to the GCM is again quite large and severals GCMs – 3 out of 5 – tend 

to overestimate the peak of dry river network over summer. For Velicka, an overestimation of the dry 

river network in autumn is visible with respect to Era5-Land, this is probably linked to the 

overestimation of discharge projection in the summer period – see report D1.6. Concerning Genal, a 

strong uncertainty related to the GCMs is also present over winter and spring. 

 

 

 

Figure 2: Comparison of the daily seasonal cycle for the reconstruction – ERA5-Land – and the projections over 

the 1985-2014 period. 
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To continue the validation, the annual mean percentage of dry river network of the projections is 

compared with the one obtained from the reconstruction (Figure 3). Overall, the mean and variability 

of the indicators are globally well reproduced by the projections. However, the minimum and 

maximum values of the projections available over the whole period seem to be lower and higher 

respectively than those of the reconstruction. Once again, the figure shows the different behaviours 

of the 6 DRN catchments in terms of intermittence, but also the ability of the projection to reproduce 

these different behaviours. However, for Bükkösdi and Genal, a significant difference in mean can be 

observed between the reconstruction and the projections provided by IPSL-CM6A-LR and MRI-ESM2-

0. 

 

In order to study a more sensitive indicator, Figure 4 focuses on the comparison of the annual 

maximum percentage of dry river network of the reconstruction / projections. The variability of the 

maximum is higher than the mean - see Figure 3 - for Albarine, Bükkösdi, Velickaa and Lepsämänjoki, 

but lower for Genal and Butiznica. The projections are able to reproduce the mean and the variability 

of the maxima for all DRN, except for Butiznica. Indeed, for Butiznica, the mean is well captured in the 

projection, but an overestimation of the variability is clearly visible. Once again, for Bükkösdi, the 

Figure 3: Comparison of the annual mean percentage of dry river network from the reconstruction – ERA5-Land 

– and the projections over the 1985-2014 period. The boxplots on the right side represent the distribution of the 

reconstruction and the projection for the entire period. 
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projections derived from  IPSL-CM6A-LR and MRI-ESM2-0 are unabled to reproduce correctly the mean 

over the entire period. 

Globally, the results show the quality of the projections for the period 1985-2014 compared to the 

available reconstruction (ERA5-Land) in all DRNs. The temporal pattern of drying is well captured, the 

seasonality is also consistent with the reconstruction and the annual variability of the mean and 

maximum dry river network is also close to those in the reconstruction. Thus, the first part of the 

results validate the use of the projections to prospect the future evolution of drying over the 6 DRNs. 

However, some difficulties have also to be mentioned including the overestimation of: (1) drying in 

Bükkösdi for 2 out of 5 GCMs and (2) the second peak of drying over Velicka. 

 

Figure 4: Comparison of the annual maximum percentage of dry river network from the reconstruction – ERA5-

Land – and the projections over the 1985-2014 period. The boxplots on the right side represent the distribution 

of the reconstruction and the projection for the entire period. 
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3.2 Assesment of flow intermittence evolution over the 1985-2100 

period 

This second part of the result aims to briefly present the evolution of the flow intermittence projections 

for the 6 DRNs under different SSPs and for different time horizons. 

Figure 5 allows to visualize the seasonal evolution of flow intermittence over three different periods: 

historical (1985-2014), mid-century (2041-2070) and end of century (2071-2100). The figure puts 

forward the relatively small uncertainty linked to the 20 members from the downscaling method in 

regard to uncertainties linked to both GCMs and SSPs. Overall, changes are higher with higher 

greenhouse gas emissions (SSP1 < SSP3 < SSP5) but the evolution is quite different for each DRN. Those 

changes are discussed for each catchment below: 

• For the Albarine catchment, the drying period starts earlier and ends later than in the historical 

period for all SSPs and all GCMs. Furthermore, the annual maximum percentage of dry river 

network also increases, +5 to +15% of the river network at the peak depending on the SSP and 

period. The intensity of the change is related to the SSP considered, with smaller changes for 

SSP1-2.6 than for SSP3-7.0 and SSP5-8.5. The intensity of change is also higher at the end of 

the century except for SSP1-2.6. 

• Even though the projections show a large uncertainty, the signal over the Bükkösdi catchment 

is quite clear. For all SSPs and all periods considered, the drying period - located in the summer 

months - could extend over the whole year in addition to the significant increase of drying 

during the summer period (up to +50% for SSP5-8.5 at the end of the century for the peak).  As 

for the Albarine catchment, the intensity of the change is also higher for the end of the century, 

except for SSP1-2.6. 

• Over Genal, the SSP1-2.6 displays almost no change with respect to the historical period for 

the two periods considered. For SSP3-7.0 and SSP5-8.5, an increased drying is observed at the 

end of spring and the beginning of autumn – and even winter for SSP5-8.5 over 2071-2100 – 

but no increase is visible during the summer which is surprising given the strong decrease of 

summer discharge in the hydrological  projections (see Report D1.6). 

• For Butiznica, a slight increase of drying is concentrated in the second part of the drying season 

for SSP1-2.6. For the two other SSPs, the increase is much more pronounced with the drying 

season finishing later in the year. Furthermore, for SSP5-8.5, the drying season seems to also 

start earlier. 

• Over Velicka, the increase is present for all SSPs and all future periods considered. The increase 

occurs mainly during the summer months for SSP1-2.6, but is spread over the whole year for 

SSP3-7.0 and SSP5-8.5 with almost the same intensity. 

• Finally, Lepsämänjoki also shows an increase of the percentage of dry river network over the 

summer months for all SSPs and the two future periods. The intensity of the signal is mostly 

correlated with the SSPs, with stronger drying in SSP3-7.0 and SSP5-8.5. Like for Bükkösdi, the 

uncertainty regarding the GCMs is also quite important. 

To conclude the comments on the seasonal evolution of the percentage of dry river network, it is worth 

noting that there is a strong increase in the uncertainty - represented by the spread of the projections 
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- with respect to the historical period. This is particularly true for SSP3-7.0 and SSP5-8.5, with the 

exception of Bükkösdi, where the uncertainty is quite high regardless of the SSP. 

 

The second aspect of the flow intermittence projections studied is the evolution of the mean annual 

percentage of dry river network (Figure 6). 

For SSP1-2.6, there is a slight increase in the first part of the 21st century for all catchments except 

Bükkösdi, where there the increase is more pronounced. Globally, the values are then stable for the 

second part of the 21st century with even some sligh decrease for some catchment. Hence, when the 

intermittence is compared to the historical period a significant increase can be seen in (the number in 

parenthesis indicates the number of GCMs with significant increase):  Bükkösdi (5/5), Butiznica (5/5), 

Velicka (4/5)  but not for the Albarine (2/5), Genal (2/5) and  Lepsämänjoki (2/5). 

Figure 5: Evolution of the dry seasonal cycle for 3 SSPs scenarios and 3 future periods for the 6 DRNs. 
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For SSP3-7.0 and SSP5-8.5 a steady and strong increase is visible throughout the 21st century, the 

intensity being dependent on the catchment. For example, for SSP5-8.5, the mean percentage increase 

in dry network at the end of the century ranges from [+1.5%, +5%] for Lepsämänjoki to [+35%, +60%] 

for Bükkösdi. The increase is also more pronounced in SSP5-8.5 than in SSP3-7.0. At the end of the 

century, both SSPs lead to a significant increase in mean annual percentage of dry river network 

whatever the GCMs considered. 

The evolution of the maximum annual percentage of dry river network is plotted in Figure 7. For all 

SSPs and all catchments, at the end of the 21st century there is an increase with respect to the historical 

period, even if some of the GCMs do not show a significant increase for SSP1-2.6. The increase is 

proportional to the SSP (SSP5 > SSP3 > SSP1). Globally, the conclusions are similar to those for the 

mean annual percentage of dry river network. However, for the Albarine and Bükkösdi, a threshold 

seems to be present in the projections: 45% for Albarine and 80% for Bükkösdi which is close to the 

maximum of the historical period. This could be coherent for the Albarine catchment, where the 

intermittence is linked to the geology (i.e. karstic). However, this is not observe in the Butiznica 

Figure 6: Evolution of the mean annual percentage of dry river nework for 3 SSPs scenarios and the 6 DRNs over 

1985-2100. The boxplot on the right side represent the distribution for the reconstruction over 1985-2014 and 

the distribution for the projections over 2071-2100. 
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catchment where the intermittence origin is rather homogeneous. For Bükkösdi, the threshold could 

be due to the inability of the RF algorithm to extrapolate in future hydrology. 

Finally, the evolution of the level of intermittence of the reaches is studied in Figure 8 is plotted in  for 

three different time periods: 1984-2015, 2041-2070 and 2071-2100. 

For SSP1-2.6, we found little or no significant changes for Genal, Butiznica and Lepsämänjoki.  Bükkösdi 

shows a decrease of reaches with relative weak intermittence – i.e. inferior to 90 days –  and a increase 

of reaches with relative high intermittence. The Albarine catchment show a similar behaviour but with 

a threshold close to 1 to 45 days of intermittence. Finally, in Velicka, some of the reaches appear in 

classes with high drying – superior to 230 days per year – while no reaches belong to those classes in 

the historical period. 

For SSP3-7.0 and SSP58.5, all catchments show an increase of the level of intermittence, especially at 

the end of the century (2071-2100). The number of perennial reaches also decrease on some of the 

DRNs – Genal, Velicka, Butiznica and Lepsämänjoki – demonstrating the ability of the RF to model the 

Figure 7: Evolution of the maximum annual percentage of dry river nework for 3 SSPs scenarios and the 6 DRNs 

over 1985-2100. The boxplot on the right side represent the distribution for the reconstruction over 1985-2014 

and the distribution for the projections over 2071-2100. 
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change from perennial to intermittent. Changes from historically perennial reaches are particularly 

strong for Genal, for SSP3 and SSP5, with almost no perennial reaches at the end of the century. 

However, these results should be treated with caution, as the transition from perennial to intermittent 

flow is highly dependent on the training of the RF model in the current period (2005-2022). Reaches 

that have never dried up during the training period cannot be simulated with drying conditions in the 

future by the RF model. This is a limitation of the RF model which cannot extrapolate outside the range 

of values corresponding to its training period. The absence of reaches changing from perennial to 

intermittent in the Albarine DRN is therefore certainly due to this model limitation.  

Figure 8: Evolution of the level of intermittence of the reaches for 3 SSPs scenarios and the 6 DRNs. 
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3.3 Visualization application DRYvER-Hydro 

An interactive application was developed to visualize interactively the results of flow intermittence 

modelling in the DRNs in the past-present climate and under climate change scenarios. The DRYvER-

Hydro application allows to see for each of the 6 European DRNs the spatial patterns and temporal 

patterns of flow intermittence and their long-term evolution (Figure 9) for 11 different flow 

intermittence indicators: 

• conD: Number of days with dry conditions, 

• conF: Number of days with flowing conditions, 

• conF: Number of days with flowing conditions, 

• durD: Mean number of consecutive days with dry conditions, 

• durF: Mean number of consecutive days with flowing conditions, 

• numFreDr: Absolute number of drying events, 

• numFreRW: Absolute number of rewetting events, 

• FstDrE: Julian day of first drying event per year [1-366] , 

• RelInt: Proportion of model derived river length with intermittent conditions [%] , 

• RelFlow: Proportion of model derived river length with flowing conditions [%] , 

• PatchC: Proportion of model-derived reach length with changing flowing and intermittent 

conditions compared to adjacent downstream reaches [%]. 

The user can explore interactively the results by selecting a DRN, a flow intermittence indicator, and a 

time period (observed climate 1980-2021 or projections 1985-2100). DRYvER-Hydro is available online 

(https://dryver-hydro.sk8.inrae.fr/) and is also accessible from the DRYvER website 

(https://www.dryver.eu/results/other-results). 

 

Figure 9: Screenshot of the DRYvER-Hydro application. 

https://dryver-hydro.sk8.inrae.fr/
https://www.dryver.eu/results/other-results
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4 Conclusion 

This study provides projections of flow intermittence for the six European catchments for the period 

1985-2100 at the daily time step and at the reach scale. 

The projections of flow intermittence are obtained using the flow intermittence model developed and 

trained under present climate (Deliverable 1.2) with downscaled climate projections (Deliverable 1.6) 

as input data. The uncertainty related to the future evolution of greenhouse gas emissions is taken 

into account by using 3 SSP and the uncertainty related to the climate models is taken into account by 

using climate projections from 5 GCMs. 

Results show an intensification of flow intermittence by the end of the 21st century for the 6 DRNs 

especially under the scenarios SSP3-7.0 and SSP5-8.5 with a larger proportion of the river network with 

drying conditions in the summer season and an extension of the period with flow intermittence (drying 

events starting earlier in the year and ending later). However, future intermittency projections should 

be treated with caution as there are large uncertainties related to the modelling of flow intermittence 

(detailed in Deliverable D1.2 and Mimeau et al, 2023) and the inability of the RF algorithm to 

extrapolate in future hydrological conditions that have never been observed before, such as the drying 

up of a stream that has been perennial until now. 

The spatially distributed projections of flow intermittence in the 6 DRNs are available for the other 

WPs as well as the projections of 21 flow intermittence indicators (listed in Deliverable  1.1). Results 

of flow intermittence indicators can also be consulted in the DRYvER-Hydro online application. 

https://dryver-hydro.sk8.inrae.fr/
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