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IIASA Integrated Assessment Framework (offline/online)
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Modeling framework

• Inputs

• Outputs
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Community Water Model (CWatM) for global to regional scales
Open source; https://cwatm.iiasa.ac.at/index.html

Burek et al. (2019; GMD)



Hydrology and water use 
simulation based on land use, GDP, 

population and other socio-
economic data 

(50km => 10km grid)



Groundwater level 
[De Graaf et al., 2014; HESS]

Groundwater pumping 
[Wada et al., 2016; JAMES]

Groundwater representation 
including lateral fluxes



ISIMIP-ISIpedia; https://www.isimip.org/

ISIMIP Fast Track (2012-2014) 
ISIMIP 2a (2014-2016)
ISIMIP 2b (2016-2019)
ISIMIP 3 (2020-)

https://www.isimip.org/




Euclidean distance 
matrices







How would large river basins be affected at different global 
warming levels? % of river basin area affected

Tendency to:
• red: decrease
• blue: increase

Müller Schmied et al. (2019)
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Pristine (climate variability) With water use/land use Relative contribution

Hydrological drought/Low Flows

2002

2003

2001

Wada et al. (2014; ERL)
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Future Irrigation Water Demand Comparison (IWD)

Methods (LPJmL~CO2 fertilization effect and no socio-economic change):
Global Hydrological Models (GHMs): 
H08, LPJmL, MPI-HM, PCR-GLOBWB, VIC, WaterGAP, WBMplus

Global Climate Models (GCMs):
HadGEM2-ES, IPSL-CM5A-LR, MIROC-ESM-CHEM, GFDL-ESM2M, NorESM1-M
(0.5 degree, bias-corrected; Hempel et al. [2013])

Representative Concentration Pathways (RCPs): 2.6, 4.5, 6.0, 8.5 
Simulation period: 1971-2099
Outputs: Irrigation water demand (IWD), Irrigation water consumption (IWC)

(Potential demand and consumption)

- Future IWD is subject to large uncertainties due to anticipated climate 
change, i.e. increasing temperature and changing precipitation patterns. 

- How climate change affects future IWD on currently irrigated areas by 
the end of this century?

- How certain are we? Where are the sources of the uncertainties in 
projected IWD? 
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Validation: Present Irrigation Water Demand

Reported: FAO AQUASTAT database (2000)
Modeled: Ensemble mean (all GHMs, all GCMs) over the period 1980-2010
Error bars show standard deviation among all simulation.

Simulated ensemble mean slightly overestimates IWD, but compares well
with reported value for most of countries (N = 212).



Future IWD (ensemble mean) - spatial
RCP 2.6 RCP 4.5

RCP 6.0 RCP 8.5

%

Relative increase compared to the 
present-day condition (2000), i.e. mean of 
1980-2010

[end of this century (2085), i.e. mean of 2069-2099]
Wada et al. (2013; GRL)
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Model-specific Trends in Future IWD



18Wada, Lo, et al. (2017; NCC)

NCAR CESM 
(CAM4 + CLM4+POP2)

Impacts of groundwater 
pumping on land and 
ocean budget



Global mean annual water budget over the land and 
ocean (1900-2000 average; km3/yr)

19



20

Summary

- Land use including agriculture is a key variable for hydrology and 
increasing impacts on water over last decades

- Simulated water fluxes by hydrological models are largely affected by land 
use data (>20%) – satellite or model driven land use data vary

- Land use-groundwater-climate interactions are getting more attentions and 
more research needed

- Urban areas need better focus (P, ET, R)

- Dynamic simulation of coupled land-atmospheric system is still challenging 
and sensitive to the choice of modeling algorithm and assumptions

- The boundary between land surface models and hydrological models are 
less obvious – where are we heading?
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