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Abstract 

The ecohydrological mechanisms that control the spatio-temporal flow patterns in intermittent rivers 

and ephemeral streams (IRES) show large knowledge gaps, and consequently their effects on the 

expansion and contraction of habitat patches in freshwater ecosystems are still poorly understood. 

This is further exacerbated by the fact that gauging stations are often located downstream and in the 

rivers’ main stems, which are often less impacted by flow intermittence than headwaters and smaller 

river channels. In consequence, impacts of climate change and anthropogenic alterations on 

ecohydrological process dynamics in IRES cannot easily be quantified. To tackle this problem, DRYvER 

develops simulation methods and tools to assess ecohydrological process interactions at high spatio-

temporal resolutions, considering various ecoregions at continental scales (EU, CELAC). Different 

models are used to link local (reach), regional (subcatchment, watershed), and continental scales. 

However, quantifying recent ecohydrological dynamics and estimating future changes in the areas of 

hydrology, ecology and socio-economy require problem-tailored metrics, or intermittence indicators, 

that are distinct and comparable. These indicators are also pivotal to develop robust and sound 

management plans to adapt and/or mitigate for increasing river network drying. This report presents 

the current state of the development of such flow intermittence indicators obtained through an 

assessment of needs from the DRYvER working groups as well as preliminary data analysis and setups 

of hydrological models. The developed indicator set was adapted to the expected model results. An 

indicator component for the model is currently under construction. 
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1 Introduction 

1.1 Background 

Intermittent rivers and ephemeral streams (IRES) make up more than half of the length of global river 

networks (Messager et al. 2021). IRES refer to periods of flow cessation, associated with either pool 

formation or dry riverbeds with saturated underlying sediment or completely terrestrial, dry riverbeds 

(Datry 2017) (Figure 1). These intermittent river networks expand and contract depending on pedo-

lithological, topographical, and meteorological conditions (Stanley et al. 1997; Datry et al. 2014; Ilja 

Van Meerveld et al. 2019). According to Datry et al. (2017), IRES were largely ignored in the past by 

academia, hence, knowledge gaps exist about hydrological and ecological process dynamics and 

interactions in time and space as well as about estimated influence of climatic changes and 

anthropogenic pressures on physical and biological process dynamics in IRES. Besides, IRES contribute 

to global carbon cycling, mainly through the accumulation of terrestrial plant litter in dry river beds, 

where rapid microbial processing depends on rewetting events. Hence, rewetting and flow pulses in 

IRES trigger biogeochemical and physiological processes, described as „longitudinal biogeochemical 

reactors” (Larned et al. 2010). The resulting complex aquatic and terrestrial process dynamics have a 

strong influence on biotic communities as well as on the nutrient cycling and decomposition of organic 

matter (Larned et al. 2010; Datry et al. 2018), controlling connectivity between patches and, hence 

metacommunity and meta-ecosystem dynamics as well as biodiversity (Larned et al. 2010).  

 

Figure 1: Habitats in intermittent rivers shifting from lotic flowing (a, d) to lentic non-flowing (b, e) and terrestrial dry (c, f) 
conditions in the Albarine River, in France according to (Datry et al. 2014). Photographs: Thibault Datry (b-d) and Roland 
Corti (a, e, f) (Datry et al. 2014).  

To understand these ecosystems, concepts of aquatic (divided in lotic or flowing and lentic or non-

flowing) and terrestrial (dry) ecology need to be used (Datry et al. 2014). Understanding drivers of 
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colonization and community assembly in river metacommunities requires analysing the influence of 

conditions at the reach-scale level, such as the drying frequency or flow state (flowing, non-flowing, or 

dry), as well as at the network-scale level, such as the connectivity characteristics like the proportional 

distance to perennial reaches (Vander Vorste et al. 2019). 

Besides, global warming is projected to have a strong impact on the water cycle and hence IRES, 

resulting in altering wet and dry events and seasons, which could lead to both flooding or drought 

(IPCC 2021). Little is known about the impact of these changes on IRES and future projections at a high-

resolution regional level, considering different ecoregions and orographic variations at the European 

scale. Process-based ecohydrological models are valuable tools to verify and improve our knowledge 

of spatio-temporal patterns. They can be used to understand the impact of different flowing and non-

flowing stages on biodiversity and metacommunities in a high spatial and temporal resolution within 

recent times. These validated models can then be used to project these conditions under climate and 

anthropogenic changes. Indicators serve as a measure and allow quantifying these conditions under 

change.   

1.2 Objectives 

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

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

influences (e.g. abstraction, damming) on hydrological process dynamics of the catchments. Outputs 

from this task are essential inputs to other WPs working on the EU focal DRNs, and notably WP2. The 

aim is to implement process-based spatially distributed hydrological models on European focal DRNs 

– based on the JAMS/J2000 modelling system at daily time-steps (ST 1.1.1). The developed JAMS/J2000 

models for the focal DRNs in Hungary, Spain, Croatia, France, Czech Republic, and Finland can then be 

used to calculate indicators of flow intermittence, such as the presence/absence and frequency of 

drying in recent decades and under climate projections in the future. The results will help to assess the 

impact of climate and other anthropogenic changes on flow intermittence across a range of European 

catchments with diverse environmental conditions and water management contexts.  

This report aims to propose intermittence indices and the definition of their spatio-temporal 

application range as well as methods to simulate them with the hydrological model JAMS/J2000.  

2 Methods   

Within WP1 task 1.1, INRAE and FSU will implement process-based spatially distributed hydrological 

models on European focal DRNs – based on the JAMS/J2000 modelling system, running at a daily 

time-step (ST 1.1.1), using flow intermittence observations (notably using the open-source DRYriVERS 

application developed in DRYvER), streamflow observations, and water management data to calibrate 

and validate these spatially distributed models. The models will reproduce streamflow and flow 

intermittence for the recent decades, both with and without human influences (e.g. reservoir 

management or water abstractions). 

The results of these models will be used to calculate flow intermittence indicators for different scales 

to explain biodiversity and ecological function patterns and their link with flow states and flow 

intermittence in DRNs. DRNs are shifting habitats of lotic (flowing), lentic (non-flowing or standing), 

and terrestrial (drying) patches, which vary in time and space across the catchment in response to 

hydrological processes, such as river discharge and groundwater flow (Datry et al. 2015) (Figure 1). 

Various ecohydrological indicators exist to characterize flow intermittence, mostly at the local (reach) 

scale while calls for using regional (river network scale at subcatchment and watershed level) are 
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increasing. These metrics, regardless of the scale (local or regional) they are derived from, show both 

a spatial and temporal aspect (Figure 2). Temporal variability, particularly at annual and decadal scales, 

can be interesting to explore climate change consequences on the ecohydrology of the DRNs. Besides, 

Figure 2 exemplifies the classification of flowing, non-flowing, and drying conditions used for the 

development of indicators, which can be assigned to the lotic, lentic, and terrestrial habitats according 

to Datry et al. (2014).  

 

Figure 2: Spatial and temporal representation of flow intermittence within the European focal DRNs.  

2.1 Representation of flow intermittence in JAMS/J2000  

For the spatially explicit modelling of the hydrological processes at DRN level, WP1 makes use of the 

process-oriented model JAMS/J2000 considering both process dynamics at the reach level and HRU 

(Hydrological Response Unit) level to account for surface, sub-surface, and groundwater flow from 

hillslopes into the stream and along stream segments until the considered outlet. Due to the modular 

design of the underlying JAMS modelling framework (Kralisch and Krause 2006), existing models can 

be easily adapted to represent the specific natural conditions of the DRYvER DRNs. Besides, 

adaptations can be made to account for anthropogenic influences, such as water abstractions and 

irrigation (Meinhardt et al. 2018). Modelling entities in JAMS/J2000 are Hydrological Response Units 

(Flügel 1996) and stream segments, which allow a fully distributed process simulation for each HRU 

and reach element. Besides, a topological routing scheme allows to transfer water from one HRU to 

another until the stream and further along the stream segments until the basin outlet (Pfennig et al. 

2009), enabling to model different flow conditions at the reach level. Hence, the JAMS/J2000 model 

simulates based on meteorological parameters, plant related ecohydrological processes as well as the 

soil water balance and groundwater processes at the HRU level and based on that different runoff 

components at the reach level (Figure 3). 
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Figure 3: Schematic representation of the hydrological processes modelled in JAMS/J2000 at the HRU and reach level 
according to Krause (2001), Figure adapted from Watson et al. (2020). 

2.2 Reach-scale processes 

To simulate runoff at the reach scale (Figure 3; Runoff), three main processes are considered: (i) 

upstream to downstream routing of water between adjacent segments, (ii) seepage of water from the 

streambed, and (iii) evapotranspiration within the alluvial floodplain (Watson et al. 2021). The flow 

routing follows the topology, which is based on the DEM (Digital Elevation Model) used. The reach 

runoff is modelled by means of the Kinematic Wave approach, where the outflow is calculated using 

the available water volume and a retention coefficient. The latter is dependent on the flow velocity in 

the stream segments, the stream length as well as a reach routing calibration parameter. The flow 

velocity in the reaches is simulated with the Manning & Strickler equation. For the calculation of the 

flow velocity, the Manning roughness coefficient and the slope of the river channel are taken into 

account as static attributes of the reaches, whereas the hydraulic radius changes depending on the 

reach width and the water volume at each time step. The cross-section area is determined by the water 

volume and the flow velocity. The resulting runoff is subdivided into four runoff components, i.e. 

surface runoff (RD1), interflow (RD2), fast groundwater flow from shallow aquifers (RG1), and baseflow 

from deep aquifers (RG2) (Figure 3). This division is based on the proportion of these components in 

the initial water volume of the current time step (Krause 2001; Watson et al. 2021). 

2.3 Flow intermittence indicator list   

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. In addition, several 

indicators can be calculated at various distributions. Table 1 gives an overview of the proposed core 

indicator set. Each index is described in more detail in the following paragraph.  
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Table 1: Core indicator set for the flow intermittency indicators. Each indicator represents different conditions, scales, and 
distributions. 

ID Indicator name Abbreviation  Definition Unit / Time Scale  

Reach scale 

1 Number of days with 
dry/pool/flowing 
conditions 

ConF, ConP, ConD, 
ConF_01…12, 
ConP_01…12, 
ConD_01…12 

absolute number of days with 
dry/pool/flowing conditions per 
month/year 

days / month, year, 
period  

2 Duration of 
dry/pool/flowing 
conditions 

DurF, DurP, DurD, 
DurF_01…12, 
DurP_01…12, 
DurD_01…12 

number of consecutive days with 
dry/pool/flowing conditions 

days / month, year, 
period  

3 Time to last 
dry/pool/flowing 
event 

PrdF, PrdP, PrdD prior days to last dry/pool/flowing event days / year 

4 Rewetting frequency FreRW absolute or relative number of rewetting 
events per time interval 

number, % / month, 
year, period  

5 Drying frequency FreDr absolute or relative number of drying 
events per time interval 

number, % / month, 
year, period  

6 Day of first drying 
event 

FstDrE Julian day of the first drying event number [1–366] / 
year, period 

7 Baseflow proportion PropBflow baseflow proportion of discharge % / month, year, 
period 

Network scale 

8 Proportion of 
network length with 
flowing conditions 

RelFlow proportion of model-derived river length 
with flowing conditions  

% /month, year, 
period 

9 Proportion of 
network length with 
flow intermittence 

RelInt proportion of model-derived river length 
with flow intermittence  

% / month, year, 
period 

10 Annual average 
length of 
dry/pool/flowing 
reaches 

LengthF, LengthP, 
LengthD 

average longitudinal model-derived reach 
length with permanent dry/pool/flowing 
conditions 

km / year 

11 Patchiness of steady 
and intermittent flow 
conditions 

PatchC proportion of model-derived reach length 
with changing steady and intermittent 
flow conditions compared to downstream 
reaches 

% / month, year, 
period 

12 Network order of 
dry/pool/flowing 
conditions in the 
network 

ConLevel classification of flowing, non-flowing, dry 
conditions into up-, mid- and downstream 
levels (based on classification of root 
path/stream order) 

% or abs / year, period 
  

13 Environmental Flow 
Components 

EFC (zeFlo, 
exLoFlo, loFlo, 
hiFloPu, smflood, 
laflood) 

occurrence of individual Environmental 
Flow Components (zero flow, extreme 
low flow, low flow, high flow pulse, small 
flood, large flood) at gauging stations 

m³/s / 30a  

 

In the following, each index is described in detail. If not stated otherwise in the description, the spatial 

or temporal aggregation of indicators is expressed by means of the aggregates’ average, minimum, 

maximum values, or any desired percentile of the distribution.   
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1. Number of days with dry/pool/flowing conditions  

The indicator describes the statistical distribution of flowing, non-flowing, and drying conditions at 

each reach of the associated DRN as days per month, year, or at specific periods. It can be calculated 

as an absolute or relative value. Calculating a spatially-distributed pattern of different flowing 

conditions at the reach scale, this information is of high importance for all work packages to draw 

conclusions of process interactions between hydrological and biological characteristics. This can be 

converted onto flow intermittence on a given period. 

2. Duration of dry/pool/flowing conditions  

The duration describes the number of consecutive days a condition persists in a month, year, or any 

desired period within the modelled time series.  

3. Time to last dry/pool/flowing event 

The indicator describes the time to the last flowing or drying event per year or over a period. Therefore, 

a drying event is defined as 1 – n days with consecutive dry conditions, hence at least two days. 

Whereas a rewetting event describes the first day of flowing conditions after a dry period.     

4. Rewetting frequency 

The rewetting frequency defines the absolute or relative number of rewetting events per month, 

year, or within a certain period. The monthly values allow to analyse seasonal variations. 

5. Drying frequency 

Similar to the rewetting frequency, the drying frequency describes the absolute or relative number of 

drying events per month, year, or within a certain period. The monthly values allow to analyse seasonal 

variations. 

6. Day of first drying event 

This indicator can be used to observe seasonal differences in the onset of drying events using the 

Julian day per year or as average values within a period. The Julian day allows to compare different 

DRNs. 

7. Baseflow proportion 

This indicator can be used to quantify the contribution of groundwater to the reaches within the river 

network, which may help to understand surface – groundwater interactions and use observations to 

validate the models.  

8. Proportion of network length with flowing conditions 

Indicator 8 shows the proportion of the model-derived river length with flowing conditions per month, 

year or season to compare patterns within the network. The delineation of the river network depends 

on the DEM and parameters used, and therefore it allows to draw conclusions about process dynamics 

within the DRN under consideration only. Alternatively, this indicator can be calculated for up-, mid-, 

and downstream parts of the river network. Besides, in a second step the proportion could be 

translated into absolute river length based on the DEM used, if this data is available.   

9. Proportion of the network length with flow intermittence 

Similar to indicator 8, indicator 9 calculates the proportion of the model-derived river length with flow 

intermittence (including pool and dry conditions) per month, year or season to compare patterns 
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within the network. The delineation of the river network depends on the DEM and parameters used, 

and therefore it allows to draw conclusions about process dynamics within the DRN under 

consideration only. Alternatively, this indicator can be calculated for up-, mid-, and downstream parts 

of the river network. Besides, the proportion could be translated into absolute river length based on 

the DEM used, if this data is available. 

10. Annual average length of dry/pool/flowing reaches 

This indicator describes the absolute average longitudinal model-derived reach length with permanent 

dry, pool, or flowing conditions throughout a year. The delineation of the reach length depends on the 

DEM and parameters used, and therefore, represents approximative average values. 

11. Patchiness of steady and intermittent flow conditions 

The patchiness indicator aims to describe the proportion of the model-derived reach length with 

changing steady and intermittent flow conditions in comparison to the adjacent downstream reach. 

Therefore, allowing to address the connectivity of habitats among patches and the isolation of species 

for example from reachable lotic habitats.  

12. Network order of dry/pool/flowing conditions in the network 

The network order describes the conditions (flowing, non-flowing, and dry) based on the classification 

of the stream order. The rationale behind this indicator is the quantification of different conditions 

within the basin, such as differences between headwater and downstream areas. For this purpose, the 

stream network order described by the root path (stream path in the network) is used to avoid fuzzy 

definitions (up-, mid-, and downstream) and allow reproducible and transparent calculations. 

13. Environmental Flow Components 

Environmental Flow Components (EFCs) are part of the Indicators of Hydrological Alteration, first 

introduced by Richter et al. (1996)  to assess the impacts of anthropogenic modifications, such as dam 

construction on the rivers hydroecological status. This concept was later on used to evaluate the 

impact of climate and land use changes on flow conditions and thus the ecosystem (Mathews and 

Richter 2007; Kim et al. 2011; Butchart-Kuhlmann et al. 2018; Künne et al. 2019; Künne 2021). The five 

EFCs are extreme low flow, low flow, high flow pulses, small and large floods, which are defined by 

default boundary conditions/thresholds, which will be extended by another component, representing 

zero flows (Table 2). To generate statistically robust thresholds the EFCs should be adapted to regional 

flow characteristics using measured daily time series at gauging stations of at least 30 years.  
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Table 2: Environmental Flow Conditions (EFC) and definition according to Richter et al. (1996) and extended Zero flow as 
well as the default boundary conditions. 

EFCs  Definition Default Boundary Conditions 

Zero flow Occurrence during dry and drought periods; pool or dry 
conditions    

Number of days with zero flow within the 
related time series 

Extreme 
low flow 

Occurrence during dry and drought periods; limits water 
availability 

Number of days < 10 % of daily flows for the 
related time series   

Low flow Flow condition during the dry season; determines water 
availability 

Number of days < 75 % of daily flows within 
time series observed 

High flow 
pulse 

Flow conditions during the rainy season, but without 
exceeding river bank; guarantee water availability 

Number of days > 75 % of daily flows for the 
assigned period 

Small 
flood 

Runoff exceeds river bank, but without strong destruction 
of surrounding habitats and changing river beds 

Initial high flow pulse with peak flow > 2-year 
return interval within the related period. 

Large 
flood 

Rare; destruction of habitats and changes of river 
morphology; Threatening to surround urban and arable 
land as well as lives 

Initial high flow pulse with peak 
flow > 10-year return interval within the 
related period 

 

2.4 Technical implementation 

Based on the spatially distributed daily model simulations, the indicators are calculated for the reach, 

subcatchment, and stream network level (Figure 2) for various statistical parameters. For that purpose, 

an adapted JAMS/J2000 model is developed, which uses an indicator component to calculate the 

indicator values for a specific model based on its results at the reach level. The indicator component is 

currently under development and will allow the user to select the indicators and define desired 

boundary conditions, such as time intervals.   

3 Ongoing work and perspectives  

This core indicator set was developed in alignment with the objectives of the project consortium. For 

this purpose, indicators were suggested and approved by other working groups and the 

implementation was discussed in WP 1. However, there are still open questions that need to be 

answered until M24. The first addresses the modelling of pool conditions, which can be of high 

importance for other working groups. However, it is not clear yet, whether or not it will be possible to 

model all three conditions of flowing, non-flowing (pool), and dry states with an acceptable degree of 

uncertainty. This question addresses not only model uncertainty, but also data uncertainty since the 

models need observed data for calibration and validation. The success will partly depend on the 

quantity and quality of flow state observation made at each DRN through the citizen-science efforts 

which have started in 2020 with the release of a fully open-source smartphone application DRYriVERS. 

Hence, this open question will be answered when the models are operational and fully validated.  

Secondly, absolute values, such as exact units of river length or width are important for certain working 

groups, but not part of the model and therefore determined by the input data, mainly the digital 

elevation models used. Therefore, indicators referring to network length or width will always use 

relative measures which need to be translated to absolute measures in a second step, if this data is 

made available.   
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