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Recent drought periods: 

A challenge to the Dutch 

hydrological system and

water management

https://www.trouw.nl/nieuws/kan-de-nederlandse-natuur-nog-zo-n-droge-zomer-
aan~bbf0e5c5/#&gid=1&pid=1

https://frieschdagblad.nl/2018/12/14/droge-zomer-kan-nog-heel-
2019-na-ijlen



Research Project 
joint project of Utrecht University and Rijkswaterstaat (Ministry of Infrastructure & Water Management)

Aim:

• Develop methods to quantify and predict drought impacts using 

machine learning (ML)

• use recent developments in climate simulations, hydrological 

modelling, seasonal forecasting and ML to improve drought risk 

assessment
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Main interests

• How well do different ML methods perform in a simple 

setup?

• How does additional information on water 

management affect our simulation results?

• Are we able to reproduce low flow events (e.g. drought 

period 2018)?



Methods

• Netherlands as case

• 1980-2019

• 5 ML methods

• Natural and water management influenced 

simulations

• Simple input dataset (5-8 variables)

• Target variables: 

discharge, surface water levels, surface water 

temperature, groundwater levels

input/target variables

pre-processing of data

training & testing ML models

calculate 
validation scores

post-processing
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Input data

➢ forecastable + simple:

• General:

– precipitation and evaporation: 

deBilt

– discharge: Rhine (station Lobith) 

and Meuse (station EijsdenGrens)

– tidal information/waterlevel: 

Haringvliet (10)

• Water management information:

– operational water management 

plans

input/target variables

pre-processing of data

training & testing ML models

calculate validation 
scores

post-processing
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ML methods

• Simple linear regression: 

Multilinear (as benchmark) and

LASSO regression

• Decision Trees and Random 

Forest (ensemble method)

• Recurrent neural network: 

LSTM

input/target variables

pre-processing of data

training & testing ML models

calculate validation 
scores

post-processing
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How well do different 
ML methods perform in 
a simple setup?

• In general: nRMSE score 

0-0.4 → good

• More advanced

methods perform better

Discharge Surface water level

Groundwater levelSurface water temperature

RF model results,
natural run→

Hauswirth et al. , submitted, 2021



How does additional 
information on water 
management affect our 
simulation results?

• Simple methods cannot

fully capture the

additional information

• Strongest improvement

for LSTM models (17% +)

Improvement 
by adding water
management info
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Are we able to reproduce 
low flow events (e.g. 
drought period 2018)?

• Simple methods are not

able to simulate low flow 

periods

• More advanced

methods like RF and

LSTM do well

station: Hagenstein Boven

Hauswirth et al. , submitted, 2021



Conclusion & Outlook

• Setup up seasonal forecasting framework

• Combine developed routine with seasonal forecasting

data (EFAS and SEAS5)

c. Surface water level, example station, 2018

Improvement 
by adding water
management 
info

b. natural vs water management scoresa. groundwater levels and discharge predictions (RF)

b) How does water management 
information affect our results?

✓ Additional improvement

a) How well do different ML methods 
perform in a simple setup?

✓ nRMSE range: 0-0.4 

c) Are we able to reproduce low flow 
events (e.g. drought period 2018)?

✓ Advance methods (RF and LSTM)
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