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Context
Freshwater fluxes impact ocean dynamics by adding water mass into the ocean basins and through regional density changes caused by 
fluctuations in the local salinity. However, constraining freshwater discharge in ocean modelling is currently a challenging task, and 
many monitoring and forecasting centers use monthly river discharge climatologies. The goal of this project is to improve ocean 
reanalysis and forecast products through enhanced river discharge estimation. 

       Intercomparison       Overview of the river discharge datasets

AI-hybrid dataset

● Inputs: ERA5 atmospheric variables (precipitation, 
evapotranspiration, solar radiation, etc.), WMB 
variables, GloFAS river discharge, static inputs 
from the HydroATLAS database

● Training ground truth: daily in-situ river discharge
● General idea: A neural network (LSTM 

architecture) is first trained to predict the in-situ 
daily discharge data at the most downstream 
gauge station. The inputs of the model are then 
adapted in order to predict the discharge at the 
outlet (see Fig. 6).
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Fig. 6. Difference between the drainage area of the last gauge 
station and of the entire basin for the Amazon river

Science for Earth care

Key messages
Main conclusions:
● Identification of biases and errors in GloFAS and 

WMB river discharge estimates
● Setting up a neural network framework to correct 

errors in GloFAS river discharge using information 
from in situ and WMB datasets

Next steps:
● Optimising the structure and  hyper-parameters of 

the neural network
● Generalising the outputs of the neural network at the 

outlet of large rivers
● Evaluating the impact of the resulting AI-hybrid river 

discharge dataset on oceanic reanalyses

● First results at the gauge station 
(Fig. 7):
○ For rivers taken individually, the 

LSTM is able to reproduce the 
daily ground truth discharge 
and to correct the detected 
errors and biases of GloFAS

○ Setting up a flexible and 
multi-river processing chain is 
challenging but there are 
already promising results

Fig. 1. Location of the 40 selected river basins1 and in-situ stations 

Fig. 7. First results of AI-hybrid river discharge on a multi-river 
configuration, example of the Congo river, compared to GloFAS

Fig. 3. Availability of in-situ data for selected rivers. The WMB and GloFAS datasets are available over the same 
timespan for all rivers.

This work has been carried out as part 
of the Copernicus Marine Service F3O 
project. Copernicus Marine Service is 
implemented by Mercator Ocean in 
the framework of a delegation 
agreement with the European Union.

Fig. 5. Pearson’s R score and proportional bias for the two WMB discharge datasets and GloFAS. Each point 
represents the metric for one river computed at the last gauge station. In-situ measurements are taken as reference.

The four discharge 
estimates are compared at 
the gauge station closest to 
the outlet. Quality metrics 
are computed over 
common time periods 
taking in-situ 
measurements as 
reference.

Data type
Name and 

origin
Advantages Drawbacks

In situ 
measurement

GRDC2, HyBAm3, 
Dai&Trenberth4 
(2002)

Accurate 
streamflow

- Sparse coverage 
in space and time
- Rarely at the river 
outlet

Water mass 
balance

(see insert)

GRACE(-FO) and 
ERA5 reanalysis

Extended 
coverage

- Limited spatial 
and temporal 
resolution
- Regional biases 

Hydrological 
model 

predictions

GloFAS 
reanalysis v4.05

High spatial and 
temporal 
resolution, NRT 
availability

Regional biases

Fig. 4. Example of discharge data of the Amazon at Obidos gauge station. On the left the 
time series, on the right the monthly climatology

● AI-based river discharge datasets will be tested in a global reanalysis-like and 
a regional operational-like NEMO configurations, after remapping the rivers' 
outlet areas onto the ocean model gridpoints

● For the reanalysis-like global ORCA configuration→ evaluate the impact of the 
enhanced river discharge datasets on simulated sea surface salinity, sea level 
variability and meridional transports.

● For the operational-like eORCA025 (1/4°) global configuration → evaluate the 
impact of the enhanced river discharge datasets against climatological data in 
terms of short-term forecasting skill score metrics.

● Preliminary impact study shows that replacing the monthly climatology with 
the WMB dataset reduces the sea surface salinity bias at the outlet of the 
Amazon. 

S = Water storage anomaly 
from satellite gravimetry
P = Precipitation from ERA5 or 
GPCC reanalyses
E = Evapotranspiration from 
ERA5 or ISBA reanalyses
R = River discharge
➔ R is computed at a given 

river point. S,P and E are 
integrated over the 
corresponding upstream 
watershed.

AI-hybrid
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● GloFAS is effective at capturing river 
discharge variability across different 
hydrological regimes.

● Notable discrepancies between GloFAS and in 
situ measurements: mean discharge, annual 
cycle timing and amplitude, erratic trends 
and representation of extreme events

Water Mass Balance
 principle

Fig. 2. Discharge datasets properties

● WMB performs better than GloFAS for only 
four rivers: Amazon, Irrawaddy, Mekong, and 
Parana.

● Atmospheric fluxes errors introduce 
high-frequency noise and regional biases in 
WMB river discharge estimates, particularly 
outside South America.

Fig. 8. Mean improvement in sea surface salinity (in 
terms of mean absolute error reduction) in psu from a 

first version of the WMB dataset over the Atlantic ocean.  
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