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RESEARCH OBJECTIVES 

Some large-scale natural 
phenomena, fundamental 
for understanding complex 
hydrological processes, can 
only be observed through 
non-traditional methods

For instrumented watersheds, 
current in-situ observation 
networks of river discharge 
present limitations related to the 
spatio-temporal coverage of 
acquired data

It is not possible to obtain 
information on river discharge 
for all distributed basins 
worldwide, and this can 
occur for various reasons, 
such as the lack of 
instrumentation in basins or 
the inaccessibility of data

OBJECTIVES

Provide long-term independent 
global-scale gridded runoff 
and river discharge 
estimates using exclusively 
satellite observations 



2 RESEARCH
QUESTIONS

Can the STREAM model be applied at global 
scale to provide runoff and river discharge estimates?​

Is the STREAM model suitable to reproduce river 
discharge over basins with high anthropogenic 
pressure, where the knowledge of the hydrological cycle 
is very important?​​

LPS25 | Session A07.06
Toward a global scale runoff estimation through satellite observations: the STREAM model



GPM
Daily cumulated 

precipitation  

CPC
Maximum and minimum 

daily temperature

ESA CCI
Soil Moisture

RIVER DISCHARGE
Quick flow 

and slow flow

ESA CCI
Modis snow cover 

fraction

ALTIMETRY
Water level of dams

and reservoir

Camici et al. (2022). Synergy between satellite observations of soil 
moisture and water storage anomalies for global runoff estimation. 
Geosci. Model Dev. [https://doi.org/10.5194/gmd-2020-399]

The STREAM model 
is a semi-distributed conceptual 
hydrological model that uses 
gridded satellite-derived inputs of 
precipitation, soil moisture, snow 
cover fraction, altimetry water level 
and Terrestrial water storage 
anomalies, to estimate daily values 
of gridded runoff and river 
discharge time series. 

3 STREAM:
THE MODEL

GRACE
Terrestrial Water Storage Anomalies
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4 STREAM:
CASE STUDIES
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5 STREAM RESULTS:
FLOODPLAINS
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6 STREAM RESULTS:
LAKES
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7 STREAM RESULTS:
ARCTIC BASINS
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8 STREAM RESULTS:
ASIAN BASINS
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9 STREAM RESULTS:
EUROPEAN BASINS

LPS25 | Session A07.06
Toward a global scale runoff estimation through satellite observations: the STREAM model



10 STREAM RESULTS:
AFRICAN BASINS
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STREAM RESULTS:
MODEL PERFORMANCES
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Sez_cal Sez_nocal

Model performance for calibrated and uncalibrated sections.
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STREAM RESULTS:
RUNOFF ESTIMATES
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The runoff estimates obtained with STREAM model so far only concern the basins for which a 
local set of parameters has been calibrated.

2003 – 2022 daily mean runoff estimates
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Regionalise the model parameters by constructing transfer functions that link the 
calibrated parameters to the physical characteristics of the catchments. This 
approach allows STREAM runoff and river discharge estimates to be 
extended to a global scale.

13 STREAM:
NEXT STEPS
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14 STREAM:
NEXT STEPS

First attempt to regionalise the 
parameters obtained by the STREAM 
model for Arctic basins

Calibrated RegionalizedObserved
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15 STREAM:
NEXT STEPS

With the regionalised parameters of the 
Arctic area, it was possible to construct a 
daily runoff dataset. 

• The highest runoff values are recorded 
in the area with lower latitudes during 
the thawing months.

• The lowest or zero runoff values are 
recorded for the higher latitudes during 
the winter months

The parameters regionalization process will 
be extended all over the world to provide 
satellite-based global runoff and river 
discharge estimates
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16 STREAM:
CONCLUSIONS
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The results for the regionalisation of the STREAM 
model for the Arctic basins showed encouraging results, 
stay tuned for global scale estimates.

We demonstrated how it is possible to accurately 
estimate daily river discharge time series and runoff 
maps using a simple hydrological model and satellite 
observations only. Furthermore, TWSA data are 
extremely useful for these estimates, and we are very 
interested in discovering the impact on the results of 
new gravimetric data from the future NGGM-MAGIC 
missions.



Toward a global scale runoff estimation 
through satellite observations:  
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For more information:​

https://eo4society.esa.int/projects/stream-next/​

Contact information:

email: francesco.leopardi@dottorandi.unipg.it

email: stefania.camici@cnr.it
website: http://hydrology.irpi.cnr.it/people/stefania-camici/
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