
The distributed simple dynamical systems
model (dS2)
Computationally efficient hydrological modelling

Joost Buitink

Hydrology and Quantitative Water Management
Wageningen University, The Netherlands



Motivation

Increasing computational
power
• Higher spatial resolutions
vs temporal resolution

• Computational efficiency?
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dS2 in a single picture
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Discharge sensitivity

dS
dt = P− E− Q

Q = f(S)

dQ
dt =

dQ
dS · dS

dt

=
dQ
dS (P− E− Q)

dQ
dt = g(Q)(P− E− Q)
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g(Q) = e + ln(Q) + / Q

: -2.50, : 0.85, : -0.010
Range : [-3.50, -1.50]
Range : [1.15, 0.55]
Range : [0.000, -0.015]
Rietholzbach observations
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Routing - width function
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Routing - width function
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Model runtimes

All runtimes are with hourly timestep

Area Resolution Period Runtime
Thur (1 700 km2) 1 × 1 km2 1 year 3 seconds

Rhine (185 000 km2) ±4 × 5 km2 1 year 10 seconds
Europe (10 · 106 km2) 5 × 5 km2 3 months 6 minutes
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Parameter sensitivity
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Results Thur
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Results Meuse
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Results Rhine
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Questions?

https://github.com/JoostBuitink/dS2
https://www.geosci-model-dev-
discuss.net/gmd-2019-150/
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Numerical stability
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Research plans – Precipitation products

Yearly average precipitation

genRE: 872 mm

Yearly average precipitation

ERA: 1105 mm

Difference yearly average precipitation

ERA - genRE: 233 mm
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Research plans – Evaporation-vegetation feedback
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