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Project description 
The hydrological cycle is linked to the atmosphere by the exchange of water and energy; part of the 
solar energy entering Earth’s atmosphere is converted into latent heat as liquid and frozen water are 
turned into water vapour and this is transported and returned to the land surface as precipitation. In 
the most basic form, hydrologists have achieved this by developing global hydrological models that 
simulate the pathways of water around the world. However, such models are typically driven by 
imposing meteorological conditions as external forcing, thus decoupling the interdependent fluxes of 
energy and water. As such, the coupling to the atmosphere is often lacking or weak in these models. 
To fully understand the relation between climate and hydrology the exchange of energy and water 
between the atmosphere and the land surface should be coupled. This coupling is essential to balance 
the fluxes of energy and mass appropriately, as well as to quantify the impact of climate change on 
hydrological extremes (e.g., drought) and water availability in the long-term. Furthermore, energy and 
water fluxes across the vegetation canopy control photosynthesis and as such are indispensable to 
assess food security and ecosystem health. 
 
In this project we propose to incorporate a full energy balance in Utrecht’s global hydrological model 
PCR-GLOBWB with the objective to quantify the exchange of water and energy between the 
atmosphere and the land surface in a fully integrated manner. This is essential to understand the 
impact of global warming on the hydrological cycle and its changing connections between atmosphere, 
biosphere, cryosphere and geosphere. To explore these changes, PCR-GLOBWB will –once fitted with 
the energy balance- be coupled to the output from climate models (or general circulation models, 
GCMs) as employed by the IPCC. 
 As a first step towards the integration of an energy balance in our global hydrological model 
PCR-GLOBWB, you will develop a 1D energy model as a part of this Bright Minds project. Once 
integrated in PCR-GLOBWB, this energy model will then be used to create a historic simulation of the 
Earth’s hydrology, where we anticipate having improved skill in simulating the hydrological response 
of the root zone, including more realistic evaporation and better estimates of irrigation demands 
around the world. The new energy model will eventually be the new integrated as a standard option 
in a new version of our global hydrological model PCR-GLOBWB. 
 We aim to publish the results of this project in a scientific publication, focused on the impact 
of droughts on land surface temperatures, water availability and irrigation water demands.  
 
Job requirements 
As the project requires knowledge of hydrology and scientific programming, we are seeking a student 
who has followed courses in hydrology and preferably gained previous experience in scientific 
programming (e.g. Python, R or Matlab). 
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