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Rivers play important roles in shaping global hydrological and biogeochemical cycles and
river discharge quantification in space and time is highly relevant for a large variety of
socio-economic activities ranging from irrigation supply, hydropower and thermal energy
production, inland navigation to riverine biodiversity.  More generally, knowledge of the
hydrological states and their variability on our planet is key information for a variety of
scientific disciplines, including geology, ecology, and agriculture.

Unfortunately, most of the stream reaches in the world are poorly or not monitored at all
due  to  the  inaccessibility  of  most  headwaters  and  a  lack  of  financial  and  human
resources; and access to hydrological data is often hindered by political barrier. Global
hydrologic  models  (GHMs)  simulations  can  be  used  to  predict  river  discharge  in
ungauged basins,  but  recent  works  demonstrated that  GHMs struggle  in  reproducing
several characteristics of the monthly hydrograph, especially for what concern river flow
dynamics and climatology (Ghiggi et al., 2019).  

To overcome GHMs deficiencies, Ghiggi et al., 2019 exploited a large database of global
in-situ river discharge measurements to constrain monthly runoff, which is defined as the
amount  of  water draining from a land unit  to the river network.   The derived global
monthly runoff reconstruction GRUN (Ghiggi et al., 2019) spans 120 years and has been
shown to outperform the accuracy of GHMs.

This  Master  Thesis  Projects  aims  to  create  a  global  reconstruction  of  monthly  river
discharge over the period 1900-2019 by routing the runoff estimates of GRUN (Ghiggi et
al.,  2019)  through  global  hydrography  datasets  such  HYDROSHEDS  (Lehner  et  al.,
2008,2013) and MERIT Hydro (Yamazaki et al., 2019)(see Fig. 1).

Figure 1. River discharge reconstruction over Europe (from Ghiggi et al., 2018)

The student is therefore asked to develop an efficient simple routing algorithm (Fig. 1),
able  to  route  (cumulate)  runoff down  to  the  river  basin  outlets.  The  derived
gridded/vectorized  river  discharge  reconstruction  will  then  be  benchmarked  against
publicly available existing global datasets such FLO1K (Barbarossa et al., 2018), GRADES
(Lin et al., 2019) and GLOFAS (Harrigan et al., 2020).  Finally, a climatology analysis of
the dataset is expected to complement existing hydro-environmental rivers characteristic
datasets such HYDROATLAS (Linke et al., 2019).



Figure 2. Workflow for runoff routing in the Po river basin (from Ghiggi et al., 2018)

Objectives

 Development of an efficient a river routing algorithm
 Production of a global reconstruction of river discharge 
 Benchmark against current river discharge datasets (GRADES, GLOFAS, FLO1K)
 Short climatological analysis of hydrological regimes

Requirements

 Interest in hydrology and GIS
 Good programming skills in python or R
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