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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. Aiming 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 produce reach-scale daily hydrological projections available for the period 
1985-2100 for each DRN. To this end, coarse spatial resolution daily projections from Global Climate 
Models (GCMs) are downscaled to obtain high resolution projections over the period 1971-2100. 
Secondly, the high-resolution projections are used as input to the JAMS/J2000 model to obtain daily 
catchment-scale hydrological projections. Several GCMs are used as well as 3 shared socio-economic 
pathways (SSPs) to capture the uncertainty due to climate modelling and greenhouse gas emission 
scenarios. 

The results show that the methodology is able to reproduce the historical hydrological behaviour of 
the DRNs in terms of seasonality, with some difficulties in Morava and Vantaanjoki regarding summer 
discharge. Regarding the future periods, the responses of the six catchments were clearly different, 
showing an impact of climate change closely related to their location. Spring, summer and autumn 
discharges show a decrease for all catchments and all SSPs considered. For winter discharge, two of the 
catchments show a slight increase, but the other four also show a decrease of varying intensity. 
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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 (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 and hence on IRES, resulting in changes in wet and dry events and seasons (Arias et 

al., 2021). 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 present conditions and future climate scenarios, taking into account human 

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

The current work aims at producing hydrological projections over the 1985-2100 period (T1.3). To that 

end, coarse spatial resolution daily projections from global climate models (GCMs) are downscaled to 

obtain high-resolution projections over the period 1971-2100. Secondly, the high-resolution 

projections are used as input to the JAMS/J2000 (see report D1.2) model to obtain daily reach-scale 

hydrological projections over the 6 catchments. 

A step further was originally planned to constrain the reach-scale projections with output from global 

hydrological models, i.e. available at 0.5° resolution, through data assimilation. However, given the 

already high quality of discharge projections obtained through the combination of the downscaling 

step and the hydrological modeling step, this part of the task was abandoned. The report title has been 

modified accordingly. 

2 Data and Method 

2.1 Data 

The following section describes the various sources of meteorological variables used to produce the 

downscaled climate projections. 

2.1.1 High-resolution reanalysis 

The ERA5-Land reanalysis (Muñoz-Sabater et al., 2021) provides hourly values of several surface 

meteorological variables at a resolution of 0.1° over the entire planet. It has been produced by 

replacing the land component of the ECMWF ERA5 climate reanalysis. Data are available from 1950 to 

the present and are updated monthly with a lag of about three months (Copernicus Climate Change 

Service (C3S) Climate Data Store (CDS), 2023). 

For this study, hourly values of ERA5-Land were extracted over the six case study catchments between 

1950-01-01 and 2021-12-31. The number of extracted cells varies with the catchment size: 66 for Ain, 

33 for Fekete, 30 for Guadiaro, 33 for Krka, 155 for Morava and 45 for Vantaanjoki. 

The following variables were extracted at the hourly time step and aggregated at the daily time step: 
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• 2m air temperature (° C), 

• 2m dew point temperature (° C), 

• 2m relative humidity (%) 

• 10m u and v wind speed components (m/s), 

• surface pressure (Pa). 

Other variables are directly extracted at the end of the day: 

• incoming solar radiation (W/m2), 

• incoming thermal radiation (W/m2), 

• total precipitation (mm). 

Daily variables are then used to compute the reference evapotranspiration using the Penman-

Monteith equation (Allen et al., 1998). For this study, only daily precipitation, temperature and 

evapotranspiration originating from the ERA5-Land have been used. 

2.1.2 Coarse resolution global climate reanalysis 

The W5E5 V2.0 dataset (Lange, 2019a) has been compiled to support the bias adjustment of climate 

input data for the impact assessments carried out in Phase 3 of the Inter-Sectoral Impact Model 

Intercomparison Project Phase 3 (ISIMIP3, www.isimip.org/, Frieler et al., 2023). It is based on the 

WATCH Forcing Data methodology (see Cucchi et al., 2020, for details) applied to surface 

meteorological variables from the ERA5 reanalysis (Hersbach et al., 2020) over land and the ERA5 

reanalysis over the ocean. Over land, three steps were used to generate the dataset, which can be 

summarised as follows: (1) the ERA5 reanalysis was regridded to a regular half-degree longitude-

latitude grid, (2) an elevation correction was applied as well as a bias correction based on the CRU TS 

(Harris et al., 2020) and GPCC datasets (Schneider et al., 2020), (3) the data were regridded at 0.5°. 

The dataset is available on a daily basis between 1979-2019 and provides several meteorological 

variables. As for ERA5-Land, the 2m air temperature, 2m dew point temperature, 2m relative humidity, 

10m u and v wind speed components, surface pressure, incoming solar radiation and incoming thermal 

radiation were used to calculate the reference evapotranspiration using the Penman-Monteith 

equation. Only the daily precipitation, temperature and evapotranspiration values from the W5E5 V2.0 

data set will be used for the study. 

2.1.3 Coarse resolution global climate projections 

The climate projections from ISIMIP phases 3a -- for the period 1971-2014 (Frieler et al., 2023) -- and 

3b -- for the period 2014-2100 -- are available on the website www.isimip.org/. 

The projections consist of five CMIP6 (Eyring et al., 2016) GCMs selected on the basis of their historical 

performance and to reflect the climate sensitivity of the full CMIP6 ensemble (Shiogama et al., 2021). 

The CMIP6 GCMs were bias-adjusted to the W5E5 V2.0 dataset (Lange, 2019a) using a quantile 

mapping approach that preserves trends in all quantiles of the distribution of simulated daily climate 

model outputs (Lange, 2019b). 

http://www.isimip.org/
http://www.isimip.org/
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In our study we used the five GCMs (GFDL-ESM4 / IPSL-CM6A-LR / MPI-ESM1-2-HR / MRI-ESM2-0 / 

UKESM1-0-LL) and the three SSPs (sustainability [SSP1-2.6], regional rivalry [SSP3-7.0] and fossil-

fuelled development [SSP5-8.5]) available in ISIMIP 3b. 

Data are extracted at a daily time step between 1971 and 2100. As for the other meteorological 

datasets, the Penman-Monteith reference evapotranspiration is calculated using 2m air temperature, 

2m dew point temperature, 2m relative humidity, 10m u and v wind speed components, surface 

pressure, incoming solar radiation and incoming thermal radiation. Finally, only daily precipitation, 

temperature and evapotranspiration from the global climate projection dataset are used. For clarity, 

the data will be referred to as PROJ in the remaining text. 

2.2 Method 

2.2.1 Climate downscaling 

The first part of the methods section is dedicated to the presentation of the analogy method proposed 

to obtain high-resolution projections.  The method is based on the hypothesis that similar coarse scale 

situations lead to similar high resolution situations (Lorenz, 1974). Globally, for future projections, 

high-resolution values are estimated through the selection of an analog day from an high-resolution 

historical archive – gridded observation or reanalysis – based on the values at coarse resolution. This 

type of methodology as been applied in various context to produced high-resolution climate 

projections. 

Step 1: 

The first step is to compute the daily mean catchment values of each of the meteorological variables, 

i.e. precipitation (P), temperature (T) and evapotranspiration (ET0). Considering the different products, 

the calculation is applied over different time periods: 

• ERA5-Land: 1950-01-01 to 2021-12-31, 

• W5E5: 1985-01-01 to 2014-12-31, 

• PROJ: 1971-01-01 to 2100-12-31. 

It should be noted that for each GCM and SSP, PROJ's catchment-average values are computed 

separately. 

Step 2: 

To account for the difference in spatial resolution between the PROJ outputs and the ERA5-Land 

reanalysis, a monthly correction is applied. The correction is based on the difference – for T – and ratio 

– for P and ET0 – between the mean monthly catchment values computed using ERA5-Land and W5E5 

over the period 1985-2014. Figure 1 illustrates the seasonality of the correction. For the 

evapotranspiration, values are lower in ERA5-Land than in W5E5 over the winter period. Concerning 

the precipitation, the factors are between 0.9 and 1.1 – differences between -/+ 10% – for all 

catchments and all months except for July and August for Guadiaro. This strong difference is explained 

by the low amount of precipitation leading to high values in terms of percentage. Finally, for 

temperatures, the corrections are globally similar for all catchments, except for the Ain, with a higher 

temperature during the summer months in W5E5 than in ERA5-Land. 
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The monthly correction factors are then applied to the daily mean catchment values from PROJ over 

the period 1971-2100. Note that the aim of the correction is to represent the difference of resolution 

between ERA5-Land and PROJ. This is not a bias correction, as PROJ are not corrected by factors 

derived from the direct comparison of ERA5-Land and PROJ. Furthermore, as the factors are calculated 

using W5E5, it is possible that applying this correction to PROJ may lead to a stronger bias in the 

meteorological variables. 

Step 3: 

Due to the large difference in climate between the historical period and the end of the century - 

especially for SSP3-7.0 and SSP5-8.5 - similar meteorological values could be difficult to find in the 

historical archive. Therefore, for both temperature and evapotranspiration, it was decided to remove 

linear trends before computing the anomalies and reapplying the trends afterwards (Clemins et al., 

2019). The trends are calculated on the mean catchment values for each period, each variable and 

each month - and each GCM and each SSP for PROJ - allowing some flexibility in detrending. 

The trends are removed: 

• on ERA5-Land over 1950-2021 based on the 1985-2014 trends, 

• on PROJ over 1971-2014 based on the 1985-2014 trends and over 2015-2100 based on the 

2015-2100 trends. 

Step 4: 

Before comparing the catchment mean meteorological values, all products are transformed into 

anomalies according to the following formula: 

𝐴𝑣𝑎𝑟 = (𝑉𝑣𝑎𝑟 − 𝑉𝑣𝑎𝑟̅̅ ̅̅ ̅[𝑚]) 𝜎⁄ (𝑉𝑣𝑎𝑟[𝑚])      (Eq. 1) 

where Avar are the daily anomalies and var  the variable considered (i.e. T, P or ET0), Vvar are the 

corresponding detrended daily mean catchment values,𝑉𝑣𝑎𝑟̅̅ ̅̅ ̅[𝑚]and σ(Vvar[m]) are the monthly mean 

and standard deviation of the variable calculated over 1985-2014 using the detrended values. Again, 

Figure 1

:Ratios (P and ET0) and differences (T) between mean monthly catchment values computed using W5E5 and 

ERA5-Land over 1985-2014. 
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the anomalies computation is applied to ERA5-Land and PROJ over 1950-2021 and 1971-2100 

respectively. It should be noted that the use of anomalies in the analogue method allows to remove a 

part of the bias between ERA5-Land and W5E5/PROJ. 

Step 5: 

In order to find an analogue for a day noted d, a multivariate approach is implemented based on the 

sum of the mean square error (mse) between days available in the high-resolution archive (HR) and 

values form the low-resolution products (LR): 

𝐷𝑖𝑓𝑓[𝑑] = 𝑚𝑠𝑒(𝐴𝑇
𝐻𝑅 , 𝐴𝑇

𝐿𝑅[𝑑]) + 𝑚𝑠𝑒(𝐴𝐸𝑇0
𝐻𝑅 , 𝐴𝐸𝑇0

𝐿𝑅 [𝑑]) + 𝑚𝑠𝑒(𝐴𝑃
𝐻𝑅 , 𝐴𝑃

𝐿𝑅[𝑑])  (Eq. 2) 

where A are the anomalies computed using Equation 1. The day in the archive that minimises Diff[d] 

is then selected as the analogue. To select an analogue with a meteorological pattern that is seasonally 

representative of day d, the analogue search is restricted to a window defined by a Julian day d +/- 45 

days. 

Step 6: 

Some tuning of the previously presented analogue method can be done. 

For precipitation, the clearly non-Gaussian distribution of daily values could lead to a suboptimal 

choice of analogue, causing a dry bias problem (Clemins et al., 2019). To avoid this, the mean 

catchment values for daily precipitation are first transformed by the following equation: 

𝑉𝑣𝑎𝑟 = 𝑉𝑣𝑎𝑟
(1 𝑅𝑅𝑒𝑥𝑝𝑜𝑛𝑒𝑛𝑡⁄ )

         (Eq. 3) 

with RRexponent a value that allows to transform the precipitation distribution. Once the Equation 3 

is applied, the Vvar are replaced in Equation 1. 

Even when the variables are standardized by Equation 1, there are still large differences between the 

variables, leading to more weight for some of the variables in Equation~2. Therefore the Equation 2 is 

now modified to allow tuning of a weight parameter for precipitation (Wp): 

𝐷𝑖𝑓𝑓[𝑑] = 𝑚𝑠𝑒(𝐴𝑇
𝐻𝑅 , 𝐴𝑇

𝐿𝑅[𝑑]) + 𝑚𝑠𝑒(𝐴𝐸𝑇0
𝐻𝑅 , 𝐴𝐸𝑇0

𝐿𝑅 [𝑑]) +𝑊𝑝 × (𝐴𝑃
𝐻𝑅 , 𝐴𝑃

𝐿𝑅[𝑑])  (Eq. 4) 

Finally, when the Diff[d] is computed using Equation 2 or Equation 4, instead of selecting only one 

analogue day, we select the M analogue days that minimize the Diff[d] values. This allows to create an 

ensemble of members that can reflect the uncertainty associated with the downscaling step. 

Step 7: 

The final step consists of adding the linear trends previously removed to the analogue day values. 

 

2.2.2 Creation of the high-resolution climate projections 

The downscaling method is applied, using ERA5-Land over the period 1950-2021 as a high-resolution 

archive and PROJ over the period 1971-2100 as low resolution projections. The tuning parameters are 

fixed – Wp=1, RRexponent=3.5 and M=20 – through several experiments over the 1995-2005 period to 

minimize the bias and retrieve a coherent uncertainy (not shown). 

This results in 300 -- 3 SSPs x 5 GCMs x 20 member -- daily climate projections at 0.1° resolution over 

the 1971-2100  period for each of the six catchments. 
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2.2.3 Hydrological modeling 

The distributed JAMS/J2000 hydrological model (Kralisch and Krause, 2006; Krause, 2002, 2001) is 

based on the Hydrological Response Units (HRU) -- i.e. the division of the catchment into a large 

number of small parts where the hydrological response is expected to be similar – and allows 

information to be obtained at stream segments – called reaches. 

The model is process-oriented, taking into account process dynamics at both the reach and HRU level 

to account for surface, subsurface and groundwater flow from hillslopes into the stream and along 

stream segments to the outlet. 

In addition, JAMS/J2000 simulates plant-related ecohydrological processes as well as the soil water 

balance and groundwater processes at the HRU level and, based on this, various runoff components 

at the reach level. JAMS/J2000 was implemented on the 6 case study catchments. The version 

implemented on 5 catchments - except Guadiaro - also has a snow module to account for snow-related 

processes. 

The calibration of the snow module was done by comparing the snow cover area produced by 

JAMS/J2000 and MODIS -- a satellite derived product -- (Hall and Riggs, 2020). The calibration used an 

NSGA II algorithm (Deb et al., 2002) and the Kling Gupta Efficiency (Gupta et al., 2009)  as the objective 

function. 

For parameter calibration, the J2000/JAMS discharge simulations were compared with several 

observed discharge time series available for each catchment (see Report D1.2). Due to the size of the 

catchments and the number of HRUs, the total number of reaches is specific to each catchment: 4964 

for Ain, 1940 for Fekete, 1547 for Guadiaro, 3941 for Krka, 7399 for Morava and 2633 for Vantaanjoki. 

More details about the implementation of the JAMS/J2000 model over the 6 catchments as well as on 

the calibration procedure are available on Report D1.2. 

2.2.4 Hydrological projections 

The J2000/JAMS hydrological model allows the initialization of soil and groundwater reservoirs at the 

catchment scale. For all runs, the reservoirs are initially set to zero and a 14-year warm-up period is 

run to properly simulate the internal states of the model. 

For all runs, daily variables are extracted at different spatial scales: 

• At the reach scale: discharge, contribution from groundwater and soil reservoirs, 

• At the catchment scale: precipitation, temperature, evapotranspiration, soil and 

groundwater reservoirs levels, snow, snow depth, snow melt, actual 

evapotranspiration. 

Firstly, the J2000/JAMS hydrological model is run forced by the ERA5-Land reanalysis over the period 

1971-2021. Secondly, the high-resolution projections produced by the downscaling method are also 

used to force the distributed hydrological model over the 1971-2100 period -- warm up included. The 

process is repeated for each combination of SSPs x GCMs x number of members and for each of the 

six case study catchments. 

For the sake of simplicity, the hydrological reconstruction obtained using ERA5-Land as forcing will be 

called ERA5-Land as well while the hydrological projections will be refered by the GCM names used as 

low resolution information into the downscaling method. 
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3 Results 

3.1 Validation over the 1985-2014 period 

The purpose of this section is to validate the hydrological projections obtained for the period 1985-

2014 by forcing the JAMS/J2000 model with the climate downscaled projections presented in the 

previous section. To do this, the hydrological projections obtained are compared with the 

reconstruction obtained by feeding JAMS/J2000 with the ERA5-Land reanalysis for the corresponding 

period. 

First, the monthly interannual discharges of the two products at the outlet of the 6 catchments are 

compared in Figure 2: 

• For the Ain catchment, the seasonality of the hydrological projections is representative of the 

one obtained in ERA5-Land hydrological reconstruction. Moreover, the ensemble obtained by 

using the five GCMs and the 20 analogue days leads to an uncertainty that seems satisfying. 

• For Fekete, the seasonality is also well reconstructed, but a strong uncertainty arises from both 

the five GCMs and the 20 analogue days. Some of the GCMs tend to overestimate the 

discharge – MPI-ESM1-2-HR for example – while others tend to underestimate the discharge 

– IPSL-CM6A-LR – over the whole year. All in all, this high uncertainty leads to a reliable 

ensemble. 

• Globally, the discharge at the Guadiaro outlet is accurately reproduced even for the low-flows 

that occur in summer. However, for November and December an underestimation is visible, 

probably linked to the underestimation of precipitation over those months (not shown). 

Concerning the uncertainty, the ensemble seems to be reliable. 

• The behaviour of the Krka catchment is also adequately captured, except for the month of 

December, where all projections seem to underestimate the discharge. This could be related 

to the underestimation of downscaled precipitation during the months of November and 

December, about -15% for all climate projections (not shown). 
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• For Morava, the hydrological projections correctly reproduced the ERA5-Land hydrological 

reconstruction for the winter and spring. However, for the summer and autumn months, an 

underestimation of the discharge is clearly visible in all projections. As for Krka, the cause is to 

be found in the downscaled climate projections, which suffer from a strong underestimation 

during the spring and summer seasons, -5 to -10% depending on the projections (not shown). 

• In Vantaanjoki, the hydrological projections have difficulties to reproduce the snowmelt 

maximum that occurs in April. In fact, some of the GCMs – GFDL-ESM4, IPSL-CM6A-LR and 

MRI-ESM2-0 – overestimate the discharges during the winter months due to an 

overestimation of temperature during these months (not shown) leading to more liquid 

precipitation and a deficit in snowpack. At the end of spring, when the temperature rises, the 

amount of snow storage in the catchment is not sufficient to correctly reproduce the 

snowmelt. Furthermore, a small underestimation of summer discharge is also visible, probably 

related to the deficit of precipitation in the climate projection for these months (not shown). 

The comparison of the hydrological projections and the hydrological reconstruction from ERA5-Land 

has shown the quality of these projections for the six catchments, although some weaknesses have 

been found regarding low flows and annual maxima. 

3.2 Analysis of the hydrological projections over the 1985-2100 

period 

The aim of this section is to provide an overview of the main characteristics of the hydrological 

projections obtained for the period 1985-2100 in terms of annual and seasonal change and low-flow 

evolution. 

First, the annual and seasonal mean changes for two future periods – 2041-2070 and 2071-2100 –  

w.r.t 1985-2014 are examined at the outlet of each catchment in Figure 3. 

Figure 2: Monthly interannual discharges of JAMS/J2000 forced by ERA5-Land and forced by the downscaled 

projections at the outlet over the 1985-2014 period. 
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Figure 3: Changes in seasonal mean discharge values at the outlets for 3 thirty-year periods centered in 2035, 

2060 and 2085 and the three SSPs. The boxplot represents the uncertainty due to the use of several GCMs. 
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Future projections show a decrease of annual discharge for all catchments – except for Vantaanjoki – 

regardless of the SSP and the future periods considered. For SSP1-2.6, the decrease is more important 

over the mid-century period [2041-2070] than the end of the century [2071-2100] showing a relative 

recovering due to a climate closer to the historical one at the end of the century. In contrary, for SSP3-

7.0, the decrease is stronger at the end of the century and significatively more intense than the one 

observes with SSP1-2.6. The SSP5-8.5 shows a similar evolution with an even more pronounced 

decrease of the annual discharge. 

During the winter months - December, January and February - there is a small increase for Ain and a 

more pronounced one for Vantaanjoki. For these two catchments, the difference between SSPs does 

not appear to be significant and the magnitude of change does not evolve through the different 

periods. For Fekete, Guadiaro, Krka and Morava, the winter months become drier in the future – in 

particular at the end of the century – and the magnitude of change is strongly linked to the SSPs, i.e. a 

larger change with SSP5-8.5 than SSP3-7.0 and than SSP1-2.6. 

For all other seasons - spring, summer and autumn - we observe a decrease of discharge for all 

catchments, regardless of the SSP or the time period considered. However, the magnitude of the 

decrease is not the same for each catchment. Overall, the magnitude of the decrease depends on the 

time period - higher decrease in the far future - and the SSP - higher decrease for SSP3-7.0 and 

especially for SSP5-8.5. 

 

In order to better recognize the role of each of the driving factors, an ANOVA is performed on the 

mean discharge at the outlet for the months of June, July and August, and is presented in Figure 4. 

Overall, in the historical period the GCMs are the main factor explaining the summer discharge and 

the selection of 20 member analog days – designed by Downscaling in the legend – does not appear 

to be a relevant part of the uncertainy, execpted for Guadiaro. During the historical period, the part of 

variance explained by the SSPs are equal to zero because the emission scenario are the same for each 

SSP. 

For the near future, the main source of uncertainty comes from the different GCMs used as input in 

the downscaling method, except for Vantannjoki where the uncertainty is dominated by the residuals. 

This could means that natural variability is the first factor explaining the uncertainty in Vantaanjoki's 

discharge projections. 

Finally, at the end of the century, the SSPs become the first factor explaining the variance, ahead of 

the GCMs. This is not the case for Vantaanjoki, where the variance is mainly explained by the GCMs, 

followed closely by the SSPs. 
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We lastly focus on the evolution of the 1st decile of discharge over each reach of the DRNs. 

The aim is to demonstrate the added value of the distributed hydrological projections through an 

example. Here only the SSP3-7.0 is considered and the evolution is calculated for the period 2070-

2100. Figure 5 shows that for all six sub-catchments the 1st decile is decreasing. The evolution can 

reach up to -80% with respect to the catchment considered. Furthermore, the distribution of changes 

is not the same within a sub-catchment. For example, in Lepsämänjoki the decrease is from -80% to -

60%, while in other areas it is only from -20% to 0%. Finally, some of the results can be difficult to 

interpret, for example in the Guadiaro catchment the decrease in summer discharge is about -50% – 

see Figure 3 – but the 1st decile decreases “only” about -40% to -20%, while in the Ain catchment the 

decrease in summer discharge is also close to -50%  – see Figure 3 – and leads to a decrease of -100% 

to -80% for a large part of the catchment. This is probably due to the fact that the Guadiaro catchment 

is already a very dry catchment during the summer season with 1st decile value equal to zero for some 

reaches even in the historical period. 

 

Figure 4: Part of the variance explained in the discharge projections changes of JJA at the outlet for different 

periods 
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4 Conclusions 

The present study provides distributed daily reach-scale hydrological projections for six European 

catchments for the period 1985-2100. 

To obtain these projections, a multivariate downscaling method based on the analogue approach has 

been applied to diverse coarse climate projections from ISIMIP. This involves the use of five different 

GCMs forced by three different SSPs as predictand to resample the high-resolution ERA5-Land 

reanalysis using daily mean catchment precipitation, evapotranspiration and temperature. The 

analogue method led to the generation of daily high-resolution climate projections -- 0.1°, i.e. similar 

to ERA5-Land -- which have been used to force the JAMS/J2000 distributed hydrological model. The 

combination allows to obtain reach-scale daily discharge, groundwater and soil contribution, but also 

other variables aggregated at the catchment scale. 

A focus was made on the validation of hydrological projections over the historical period 1985-2014. 

Globally, the projections correctly reproduced the monthly seasonal cycle at the outlet. However, 

some discrepancies also appear for summer discharge in the Morava and Vantaanjoki catchments, 

showing a relatively dry bias for these months. Finally, for the Vantaanjoki catchment, some of the 

GCMs produced a winter that was too warm compared to ERA5-Land, leading to an underestimation 

of the snow cover and thus of the snowmelt-related peak discharge in April. The comparison also 

showed that the use of the five GCMs and the 20 members of the analogue approach resulted in 

sufficient dispersion to produce a reliable ensemble, except for the bias mentioned above. 

For the hydrological projections, an analysis was carried out to summarise some of the changes for 

three different time periods – 2041-2070 / 2071-2100 – with respect to 1985-2014. The responses of 

the six catchments were clearly different, showing an impact of climate change closely related to their 

Figure 5: Evolution of the 1st decile of discharge over the DRNs for the SSP3-7.0 and the 2070-2100 period. Maps 

show the mean of the 5 GCMs x 20 members. 
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location. For discharge, spring, summer and autumn show a decrease for all catchments and all SSPs 

considered. For winter discharge, two of the catchments show a slight increase, but the other four also 

show a decrease. Overall, the projections also agree for a decrease in the annual discharge. 

Finally, an analysis focusing on the change in low flows has also put forward the interest of distributed 

discharge as the change is not exactly the same in each part of the catchment considered. 

In order to better analyse the impact of the GCM, SSP and the downscaling ensemble due to the 

analogue approach, a decomposition of the variance over the summer season has been carried out. 

For the hydrological projections, the decomposition has shown the strong influence of the GCMs on 

the uncertainty for the near future period and, conversely, a stronger influence of the SSPs for more 

distant futures, indicating drastic differences between these scenarios. 

Given the results, the hydrological projections will be used in a forthcoming study to derive flow 

condition projections for the six DRNs using a Random Forest algorithm and the results will be used in 

the DRYvER project to model the evolution of the meta-communities on diverse intermittent rivers. 
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6 Supplementary Material 

 

Figure 6: Evolution of mean annual discharge for all hydrological projections. The anomalies 

are given w.r.t the 1985-2014 period. 
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