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Outline

• PCRaster (some basic knowledge). 

• PCR-GLOBWB 

– PCR-GLOBWB code/scripts

– PCR-GLOBWB ini file (configuration/setting)



PCRaster

• Programming language used in PCR-GLOBWB.  

– PCR-GLOBWB also uses its Python framework.  

• PCRaster: 

– a set of computer tools for storing, manipulating, analyzing and 
retrieving geographic information

– RASTER based

– POINT and NEIGHBOURHOOD operators

• PCRaster documentation: 
http://pcraster.geo.uu.nl/pcraster/4.1.0/doc/manual/index.html

 

http://pcraster.geo.uu.nl/pcraster/4.1.0/doc/manual/index.html


PCRaster: Local/point operation

• Point operation: A new map is generated on a 
cell-by-cell basis. No lateral/neighborhood 
relations between cells are included.

• Example: plus (+) operations



PCRaster: Neighbourhood operations

• Neighbourhood operations relate the cell to its neighbours.

• Example:

• Several categories: 

– Window operations (e.g. 3x3 averaging)

– LDD operations (following a drainage network, upstream-
downstream connection)

– Area (zonal) operations (e.g. to calculate country statistics).

– Map operations (e.g. statistics over an entire map).   

 



PCRaster: Window operations

• Example: windowaverage 

• Other functions: 
windowtotal, 
windowmaximum, 
windowminimum, etc. 

 



PCRaster: LDD operations

• Example: upstream: sum of the cell values of its first upstream cells(s) 

• Some other functions: 

– accuflux: Accumulated material flowing into downstream cell

– accutraveltime: Transport material downstream on a given velocity

– kinematic, etc.  

 



PCRaster: Area operation

• Example: areamaximum: maximum cell value within a class

• Some other functions: areaaverage, areaminimum, etc.



PCR-GLOBWB code
(a cooking book 

about how to run 
the model)



PCR-GLOBWB 1.0 (structure)
● Original PCR-GLOBWB 1.0 (Van Beek et al, 2011)
● Resolution: 30 arc min (~50 km) 
● Daily time step

● Vertical flow through each cell (POINT operations). 
● Sub-grid variabilities within cells are considered: 
topography, soil and land cover variations.  

● Interaction between cells:
● Channel routing along drainage network (LDD). 
● Surface water bodies represent either streams or 
lakes/reservoirs that buffer stream-flow.

● 600 largest reservoirs.
● Lakes and wetlands (including  evaporation).



PCR-GLOBWB 2.0

 Integrated hydrology & water resources model, 
i.e. including online/interactive simulation of water 
demand and abstraction.  Features added (examples):
 Water demand & irrigation. 
 > 6000 reservoirs (GranD). 
 Integrated flood inundation module.

The model code is rewritten in Python and open source. 
Also, many refactoring actions have been done to speed 
up the computation (particularly for 5 arcmin ~10 km 
resolution)



PCR-GLOBWB 2.0
River discharge at the resolutions: 

30 (~55km) vs. 5 arc minutes (~10km)



PCR-GLOBWB 2.0
A nice movie with output from PCR-GLOWB 2.0: 
https://goo.gl/3bPkwK 
• 30 years of simulation at 5 arc minute resolution 

(~10 km) and daily time step. 
• Shown are monthly averages of:

• upper left: lower soil moisture (30-150 cm)
• upper right: discharge (m3/s)
• lower left: snow cover fraction
• lower right: upper soil moisture (0-5 cm) 

• This movie was rendered at the eScienceCenter in 
the project eWaterCycle.
• http://forecast.ewatercycle.org/ 
• http://www.ewatercycle.nl/ 

https://goo.gl/3bPkwK
http://forecast.ewatercycle.org/
http://www.ewatercycle.nl/


Refactoring model code
● PCR-GLOBWB 2.0 is re-written in Python (PCRaster framework).

● Two possible resolutions: 5 arcmin and 30 arcmin
● Suitable for regional models. 

● A component based model. 
● 4 main (hydrological) modules:

●  Meteo
●  Land surface
●  Groundwater
●  River / routing 

● Example: Sub-module for land surface: Land cover
● Loop through 2 or 4 land covers: 

● Natural: forest + grassland 
● Irrigation: irrPaddy + irrNonPaddy

● Sub-modules for each land cover:
● interception, snow, impArnoScheme, soilFluxes

Output in netcdf ; most input files also in netcdf (some still in pcraster maps).



PCR-GLOBWB 2.0 (open source)
• Model code of PCR-GLOBWB 2.0 is available from the following public 

repository: https://github.com/UU-Hydro/PCR-GLOBWB_model 

• For example input and configuration files (Rhine catchment) we refer to: 
https://github.com/UU-Hydro/PCR-GLOBWB_input_example

• Our global input file (300 GB): https://doi.org/10.5281/zenodo.1045338  

https://github.com/UU-Hydro/PCR-GLOBWB_model
https://github.com/UU-Hydro/PCR-GLOBWB_model
https://github.com/UU-Hydro/PCR-GLOBWB_model
https://github.com/UU-Hydro/PCR-GLOBWB_input_example
https://github.com/UU-Hydro/PCR-GLOBWB_input_example
https://github.com/UU-Hydro/PCR-GLOBWB_input_example
https://doi.org/10.5281/zenodo.1045338


script files and config files 

• List of 'script' files and 'config' files:



command to run the model:

Command to run the model:

python deterministic_runner.py <configuration_file_name>



script files 

• 4 main hydrological modules: 

– meteo.py

• ETPFunctios.py

– landSurface.py

• parameterSoilAndTopo.py

• landCover.py

– groundwater.py

– routing.py

• waterBodies.py



script files 

• 4 main hydrological modules: 

– meteo.py

• ETPFunctios.py

– landSurface.py

• parameterSoilAndTopo.py

• landCover.py

– groundwater.py

– routing.py

• waterBodies.py

meteo



script files 

• 4 main hydrological modules: 

– meteo.py

• ETPFunctios.py

– landSurface.py

• parameterSoilAndTopo.py

• landCover.py -called 4 times

– groundwater.py

– routing.py

• waterBodies.py
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script files 

• 4 main hydrological modules: 

– meteo.py

• ETPFunctios.py

– landSurface.py

• parameterSoilAndTopo.py

• landCover.py

– groundwater.py

– routing.py

• waterBodies.py

groundwater



script files 

• 4 main hydrological modules: 

– meteo.py

• ETPFunctios.py

– landSurface.py

• parameterSoilAndTopo.py

• landCover.py

– groundwater.py

– routing.py

• waterBodies.py

routing



ini files 

• What should be defined in a configuration file (*.ini)?
– Input file locations or input values

• Forcing: precipitation, temperature, etc. 

• Water demand files 

• Model parameters

• Initial conditions. 

– Other configuration: startTime, endTime, cloneMap, landmask, etc.

– Which output variables do you want to report?

–



ini files 

• Structure of a configuration file 



Location of PCR-GLOBWB input data 
• All input data are provided in the global coverage. 

• On speedy/rapid (our servers): /data/hydroworld/

• On Cartesius: /projects/0/dfguu/data/hydroworld/

• The fixed/stable/release version is available on 
https://doi.org/10.5281/zenodo.1045338 (300 GB)

• A small input example (Rhine-Meuse) is also provided on 
https://github.com/UU-Hydro/PCR-GLOBWB_input_example  

https://doi.org/10.5281/zenodo.1045338
https://github.com/UU-Hydro/PCR-GLOBWB_input_example


globalOptions in the ini file 

• cloneMap: all cells have TRUE values
– Model area and model resolution.
– Border coordinates must be in integer. 

• landmask: only TRUE at your area of interest Fig. CloneMap & landmask maps at 
5 arc-min for Columbia river basin.



meteoOptions in the ini file 

• Precipitation and temperature files must be in the netcdf format. 

• You can also use “absolute path” (while defining your own forcing). 

• Downscaling options are only used (and tested) for 5 min runs.  



landSurfaceOptions in the ini file 

• 3 soil layers are mainly used for the eWaterCycle project.  

• IncludeIrrigation = True → 4 land covers = forest, grassland, irrPaddy & irrNonPaddy 

• limitAbstraction = False → allowing other abstraction sources (e.g. fossil water)



<landCover>Options (2 layer model) 

• Each landCover has each own field.

• Initial Conditions must be defined in each land cover.  

• The example above is for a 2-layer model. 

• For a 3-layer model, initial conditions are different (i.e. there are more states). 



<landCover>Options (3 layer model) 

• Each landCover has each own field.

• Initial Conditions must be defined in each land cover.  

• The example above is for a 3-layer model. 

• For a 2-layer model, initial conditions are different (i.e. there are fewer states). 



groundwaterOptions & routingOptions
• Both 2-layer & 3-layer models have the same groundwaterOptions & routingOptions.  



reportingOptions

• Output variables can be reported in Daily, Monthly and Annual 
resolution; in cumulative (Tot), average (Avg), end of a period (End), 
or maximum (Max) values.  



list of output variables

• See the model script file “variable_list.py” (inside the “model” folder). 
 



• Only used for global 5 arcmin runs that are parallelized. 

• List of output variables that are reported and will be merged. 

mergingOutputOptions



check your output / model results

• Contents of the outputDir: log (including backup of the ini file); netcdf output ; backup 
scripts used to run the model ; model states at the end of each year ; tmp directory 
(used during the resampling process)   

• We will explore these during the exercises. 

• To visualize a certain netcdf output variable: ncview <name_of_netcdf_file>  



example of model output files

• Output files are mainly in netdf files (some are in pcraster maps)

• To visualize a netcdf file: ncview <name_of_netcdf_file>  



Questions?
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