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The natural water system



The human water system



Water as vital resource



Water supply

Energy production

Protection from floods and droughts

Hydrology and humans



Hydrology and humans

2012-2015 California drought

$ 5.5 Billion damage

+40.000 jobs losses



Hydrology and humans

Millennium drought leading to
2010-2011 Queensland floods

$ 2.4 Billion damage

200.000 affected



Reservoirs in the world



Why drought?

Kraaijenbrink, 2018



Improve understanding

• Models that can mimic large 
scale water dynamics

• Are computationally efficient

• Can improve insight into the 
hydrological cycle at large 
scales

• Physically constrained



What we need to model the global hydrology

Hydrological 
model

Precipitation Temperature Evaporation

Land use

Soil type

Geology

Vegetation

Elevation

Lakes & reservoirs

Irrigation

Water use

Groundwater 
pumping

Population

Soil moisture Groundwater Discharge Drought
Water 

temperature

Sutanudjaja et al, 2018, GMD



The history of global hydrological modelling
Model line Time ® 69 ……. 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22

WaterGAP 3 WaterGAP 3 *

Legend

WaterGAP WaterGAP WaterGAP 2 WaterGAP 2 2d *

MHM or GHWM*

G3M G3M v1.0

GGM

WBM WBM WBMPlus (WBM_TrANS) *

LSM

Mac-PDM Mac-PDM … … Mac-PDM.09 Mac-PDM.20

DVM

WASMOD-M WASMOD-M

LESM

H08 H08 H08 (enhanced) *

``

PCR-GLOBWB PCR-GLOBWB PCR-GLOBWB 2 *

GLOBGM GLOBGM v1.0 *

MPI-HM MPI-HM HydroPy v1.0

Lisflood Lisflood Europe Lisflood Africa Global Lisflood *

mHM mHM   (Germany and Europe) Global mHM v5.10

W3 W3

CWatM CWatM v1.04 *

WAYS WAYS v1

World-Wide HYPE WWH 1.3

LEAF-Hydro LEAF

VIC VIC … …. VIC 4.1 ….

MATSIRO Land model CCSR/NIES MATSIRO (also land model MIROC) *

MATSIRO-INTEG-LAND MIROC-INTEG-LAND *

Bucket model Bucket model (Manabe, 1969)

LaD/LM3 LaD LM3 LM4

OSU-LSM/Noah-LSM OSU-LSM Noah LSM

Noah-MP Noah-MP … Noah-MP v5.0

BATS BATS BATS2

SiB SiB SiB2 SiB3 SiB4

DBH DBH

ECMWF-LSM/TESSEL ECMWF-LSM TESSEL HTESSEL

EC-EARTH LM EC-EARTH LM

MOSES/JULES UKMO MOSES JULES … JULESvn7.1

CLM CLM … … CLM4 … CLM5

ORCHIDEE LMD-LSM SECHIBA ORCHIDEE … versions of ORCHIDEE with different functionality

LPJ LPJ

LPJml LPJml … LPJml v5.1

LPJ-GUESS LPJ-GUESS … LPJ-GUESS v4.0

Model line Time® 69 ……. 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22

LEAF-Hydro LEAF-Hydro - Global Groundwater Model

Bierkens, WRR, 2015



The history of global hydrological modelling



The history of global hydrological modelling



Pushing the boundaries



Pushing the boundaries

Verkaik et al, in prepVerkaik et al, in prep



Pushing the boundaries

Samaniego et al, 2017



Vision and progress

2007

202220182011

2015 2019 2027



Global hydrological modelling with PCR-GLOBWB

Model resolution:

• Regular grid of 0.5° (50 km), 0.1 ° (10 km), 0.01 ° (1 km) 

• Daily time step

Model includes:

• Human water interactions
• Groundwater pumping

• Irrigation

• Surface water abstraction

• Lakes and reservoirs

• Flood plains

• 2D groundwater flow

• Coupling with hydrodynamic models

• Water temperature

Sutanudjaja et al, 2018, GMD



How does it work?



How does it work?



How does it work?



Simulating global water temperatures

Wanders et al (2019), WRR



Validation is key



Validation is key



Global water temperature trends

Wanders et al. (2019), WRR



Validation
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Validation
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Models matter

Tallaksen and Stahl GRL, 2014



Hyper-resolution modelling

July, 2002 (1/4 degree)

~25 km  x 25 km

Chaney et al., HESS, 2018



Hyper-resolution modelling
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Chaney et al., HESS, 2018



Resolution matters

Maxwell et al, GMD, 2015



Making invisible water flow visible



Making invisible water consumption visible

Wada and Bierkens, 2014, ERL



Making invisible water consumption visible

Central Valley, 
California

South Korea

US High Plain

Coastal Peru

Mexico

Arabian Peninsula

Nile Delta

Indus

Mediterranean

White Nile

Ganges Thailand

Vietnam

North China 
Plain

Japan

Java, Indonesia

Central Chile

Iran

Murray-Darling



Human impact on global water resources

Wanders and Wada, JOH, 2015



Making invisible impacts visible
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He et al., 2017, GRL

Drought alleviation

Drought intensification

Moving drought impacts



Trends in global water temperatures

Wanders et al (2019), WRR



Visible impacts on fish species

Barbarossa et al. (2021), Nature com



Visible impacts on global security



De Bruin et al 2022, GEC, Hoch et al 2021, ERL

Bridging to new communities, drought and conflict



Offshore fresh groundwater resources visible

Zamrsky et al. (2021)



Linking hydrology to vegetation

Smith et al., Philos. Trans. R. Soc. Lond., B, Biol. Sci., 2020



Making visible global hotspot of water scarcity

WRI Aqueduct water risk atlas



Providing information on climate projections

http://edge.climate.copernicus.eu/Apps/#climate-change

Marx et al., HESS, 2017 and Samaniego et al., 2018 NCC



PCR-GLOBWB Applications – Water2Invest

http://w2i.geo.uu.nl/



PCR-GLOBWB Application – flood analyzer

http://floods.wri.org/



PCR-GLOBWB Application – World Water Map

http://worldwatermap.nationalgeographic.org



The limits of large-scale simulations

• Validation
• Often not validated against local observations

• Not as accurate as local simulations
• Often no calibration

• Often use global forcing data

• Processes not included
• Often only include the main hydrological fluxes



The opportunities

• Available globally
• Historic simulations

• Future projections

• Suitable for large catchments

• Ability to compare regions
• Models have similar configurations

• Often no calibration



PCR-GLOBWB general properties and options

• Runs on all operating systems

• Core is Python2.x and 3.x

• Input and output are NetCDF formats

• Scripts available that allows for local setups

• Input data online (https://doi.org/10.4121/uuid:e3ead32c-0c7d-4762-a781-744dbdd9a94b)

• Output online (https://doi.org/10.4121/uuid:e3ead32c-0c7d-4762-a781-744dbdd9a94b)

• Documentation (https://doi.org/10.5194/gmd-11-2429-2018)

• Code(https://github.com/UU-Hydro/PCR-GLOBWB_model)

https://doi.org/10.4121/uuid:e3ead32c-0c7d-4762-a781-744dbdd9a94b
https://doi.org/10.4121/uuid:e3ead32c-0c7d-4762-a781-744dbdd9a94b
https://doi.org/10.5194/gmd-11-2429-2018
https://github.com/UU-Hydro/PCR-GLOBWB_model


PCR-GLOBWB - Users around the world



PCR-GLOBWB open source

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



Useful tools for analyzing large scale data

•Python
• Xarray
• Pandas

•Climate Data Operators (CDO)

•NetCDF viewer
• Panoply
• Ncview



Useful tools for analyzing large scale data



Useful tools for analyzing large scale data



Useful tools for analyzing large scale data



Useful tools for analyzing large scale data

•Large scale computational resources

•Enough data storage

•Local expertise

•Remote expertise

•Tutorials



How to get started

• Use data from existing simulations
• Model specific outputs

• Output from large experiments (e.g. ISI-MIP)

• Run a Large Scale model
• Regional or global

• Historic or climate scenarios

• Adjusting existing large scale models
• Add processes

• Add outputs
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How to get started

• https://pcrglobwb.readthedocs.io/



How to get started - tips

• Start small

• Look at timeseries

• Double check that your data 
represents what you want



Best of both worlds

•Do use large scale hydrological models if:

• You want to study a large region

• Want to compare regions

• Want direct access to data

•Don’t use large scale hydrological models if:

• You work on the <10km resolution

• You want to calibrate

• Work on one catchment



Niko Wanders
n.wanders@uu.nl

Short Course Large Scale Hydrology

@niko_wanders
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