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Course overview

Time series analysis provides a framework to study aquifer response without requiring a
complete physical description of the subsurface. Through a data-driven approach, the
observed signal can be decomposed into the contributions of different processes
controlling groundwater dynamics, quantify response times, and support management
decisions. For a more detailed overview, see: Bakker and Schaars (2019). In many cases,
attempts to reproduce complex realities through highly detailed physically based models
may lead to over-complex numerical models with limited predictive capability, whereas
time series models focus directly on reproducing and interpreting observable system
behaviour.

This workshop introduces groundwater time series analysis using impulse response
functions, with hands-on exercises using the open-source Python package Pastas.
Participants will learn how to use Pastas to describe and predict groundwater level
fluctuations. By the end of the course, they will be able to:

e |dentify and quantify the influence of hydrological forcings such as precipitation,
evaporation, groundwater pumping and surface water levels;

e Apply data-driven time series models to solve real-world groundwater problems;

e Choose an appropriate time series model structure taking into account forcings,
trends, and nonlinearity;

e Manage and evaluate large datasets efficiently.
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Course Programme

The workshop is designed to be highly
interactive. You can expect:

Day 1
v Introduction to time series analysis and its
applications
v" Time series analysis with response functions
v' Time series modeling with multiple stresses

- Presentations on the mathematics,
concepts and logic behind time
series models using response

: Day 2
functions. v" Nonlinear recharge models

theory in Jupyter Notebooks with
examples and exercises

- Interactive discussions and plenty
of opportunities to discuss your
specific data challenges with the
developers and fellow participants.

v" Model your own time series
Day 3
v Modeling large datasets
v" Model evaluation in practice (Pastas for
Decision Support)

v" Current and future research (forecasting,
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Requirements: no previous experience with time series modeling is required, but familiarity
with Python is required to successfully complete the in-class exercises performed in Jupyter
Notebooks. If your Python level is not sufficient, you can get up to par with some excellent
free online material such as this MOOC (https://programming-26.mooc.fi/) or GitHub
repository (https://github.com/mbakker7/exploratory computing with python).

What is included Costs
e Access to live lessons SYMPLE is an Accrediited Training Organization,
e Material to carry out the exercises VAT is not due (art. 10 DPR 633/72).
e Access to our e-learning platform to e Regular: 600 €
watch again the recorded lessons e Students: 300 €
e APC credits for Italian Geologists on e Installments available
request

To bring: A laptop (and charger) with a
Python installation (installation instructions will
be provided)

e Coffee breaks & Lunches

=1 Registration form>}
8/3:@ 2 Seats are limited to 35 participants
J Aula Stoppani, Department of Earth Sciences
Ardlto Desio, Via Mangiagalli 34, Milan
Regjister preferably before March 23, 2026
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Trainers

The course will be taught by a rotating lineup of the Pastas developers. This ensures that each topic
is taught by an expert in the field.

v

Raoul Collenteur (Collenteur HydroConsult GmbH)

Raoul is a senior hydrologist and the lead developer of Pastas, the Python
package for modeling groundwater time series. He specializes in
developing advanced modeling techniques for nonlinear groundwater
recharge and short-term forecasting. Following his PhD at Graz University,
Raoul held a postdoctoral research position at Eawag and served as a
scientific staff member at the Federal Office for the Environment (FOEN) in
Switzerland. Recently, he founded Collenteur HydroConsult, providing
specialized consultancy in the field of groundwater hydrology.

Mark Bakker (Delft University of Technology)

Mark is a groundwater engineer and a professor of groundwater dynamics
at the Delft University of Technology in the Netherlands. Mark has taught
Python programming and groundwater modeling for over 20 years and is
the (co)-developer of several open-source Python programs for
groundwater modeling (TimML and TTim) and time series analysis (Pastas),
and was one of the originators of the FloPy package to run MODFLOW
from Python.

David Brakenhoff (Artesia / Delft University of Technology)

David Brakenhoff is a hydrogeologist at Artesia specializing in numerical
groundwater modeling, analytical element and time series analysis. David
is a core developer of Pastas and he has authored packages within the
pastas ecosystem including PastaStore for large-scale data management
and Metran for multivariate time series analysis. He is a part-time
researcher at Delft University of Technology focusing on using analytical
element models in numerical modelling.

Onno Ebbens (Artesia)

Onno is a hydrological consultant with over a decade of experience and a
background as a teacher. He has trained over 250 professionals in Python
programming, specializing in making coding accessible to those with no
prior experience. Additionally he was a high school teacher in informatics.

| Onno bridges the gap between hydrology and software by mentoring

participants to develop their own project-specific (Python) applications.

€ website @ info@hydrosymple.com ) telegram ¢, +39.0761.481622 il LinkedIn


https://maps.app.goo.gl/vbDxCZ979KXPyxPf9
https://hydrosymple.com/
https://t.me/hydrosymple
https://www.linkedin.com/groups/12494645/
mailto:info@hydrosymple.com

Ente di UNDER THE
Formazione — AUSPICEOR

of Groundwater levels with Pastas

April 15t-17%, 2026, Universita degli Studi di Milano Statale
Department of Earth Sciences Ardito Desio, Milan, Italy

Ruben Caljé (Artesia)

Additionally, he is a specialist in groundwater time series analysis with
Pastas, data validation and app development.

Martin Vonk (Artesia / Delft University of Technology)

Artesia. His expertise spans unsaturated zone modeling, drought analysis,
and time series analysis, where he contributes to the Pastas ecosystem and
developed SPEI, a specialized Python package for drought quantification.

groundwater models to accurately quantify pumping effects on
groundwater heads.

Read about Pastas!

o Alise Babre, Konrads Popovs, Andis Kalvans, Marta Jemeljanova, and Aija Délina. "Forecasting the groundwater levels in
the Baltic through standardized index analysis". Weather and Climate Extremes, pages 100728, October 2024.

URL: https://www.sciencedirect.com/science/article/pii/S2212094724000896, doi:10.1016/j.wace.2024.100728.

o Hejiang Cai, Haiyun Shi, Zhaogiang Zhou, Suning Liu, and Vladan Babovic. Explaining the Mechanism of Multiscale
Groundwater Drought Events: A New Perspective From Interpretable Deep Learning Model. Water Resources Research,
60(7):e2023WR035139, July 2024. URL: https://doi.org/10.1029/2023WR035139 (visited on 2024-06-
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URL: https://hess.copernicus.org/articles/28/5193/2024/, doi:10.5194/hess-28-5193-2024.
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table fluctuations and groundwater salinization. Science of The Total Environment 946:174102, October 2024.
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o Ainur Kokimova, Raoul A. Collenteur, and Steffen Birk. Exploring the power of data-driven models for groundwater
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URL: https://www.sciencedirect.com/science/article/pii/S1364815224002895, doi:10.1016/j.envsoft.2024.106228.

o Wout A. Schutten, Michiel Pezij, Rick J. Hogeboom, U. Nicole Jungermann, and Denie C.M. Augustijn. Understanding
groundwater droughts using detrended historical meteorological data and long-term groundwater
modelling. Netherlands Journal of Geosciences, 103:e25, 2024. Edition: 2024/12/05.

URL: https://www.cambridge.org/core/product/AOBFDC7373EB7015535A3AE26014948E, doi:10.1017/njg.2024.22.

o Jenny T. Soonthornrangsan, Mark Bakker, and Femke C. Vossepoel. Linked Data-Driven, Physics-Based Modeling of
Pumping-Induced Subsidence with Application to Bangkok, Thailand. Groundwater, October 2024.

URL: https://doi.org/10.1111/gwat.13443 (visited on 2024-10-13), doi:10.1111/gwat.13443.

o Martin A. Vonk, Raoul A. Collenteur, Sorab Panday, Frans Schaars, and Mark Bakker. Time Series Analysis of Nonlinear
Head Dynamics Using Synthetic Data Generated with a Variably Saturated Model. Groundwater, April 2024.

URL: https://doi.org/10.1111/gwat.13403 (visited on 2024-04-08), doi:10.1111/gwat.13403.
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Ruben Caljé is a hydrologist at Artesia with over 15 years of experience in
numerical groundwater modeling. His main focus is on numerical
groundwater models with density dependent flow and salinization.

Martin is a PhD researcher at TU Delft and a geohydrological consultant at

His research focuses on integrating time series models with numerical
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o Raoul A. Collenteur, Christian Moeck, Mario Schirmer, and Steffen Birk. Analysis of nationwide groundwater monitoring
networks using lumped-parameter models. Journal of Hydrology, 626:130120, November 2023.

URL: https://www.sciencedirect.com/science/article/pii/S0022169423010624, doi:10.1016/j.jhydrol.2023.130120.
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2023. URL: https://doi.org/10.1093/mnras/stad 1223 (visited on 2023-06-22), doi:10.1093/mnras/stad1223.

o Max Gustav Rudolph, Raoul Alexander Collenteur, Alireza Kavousi, Markus Giese, Thomas Wohling, Steffen Birk,
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function noise models. Environmental Earth Sciences, 82(13):339, June 2023. URL: https://doi.org/10.1007/s12665-023-
11012-z, doi:10.1007/512665-023-11012-z.

o Henri Schauer, Stefan Schlaffer, Emanuel Bueechi, and Wouter Dorigo. Inundation—-Desiccation State Prediction for Salt
Pans in the Western Pannonian Basin Using Remote Sensing, Groundwater, and Meteorological Data. Remote Sensing,
2023. doi:10.3390/rs15194659.

o Eivind Stein, Jenny Langford, and Mats Kahlstrom. Time series modelling: applications for groundwater control in
urban tunnelling. Bulletin of Engineering Geology and the Environment 82(10):391, September 2023.

URL: https://doi.org/10.1007/s10064-023-03419-6, doi:10.1007/s10064-023-03419-6.

o Babre, A. Kalvans, Z. Avotniece, . Retike, J. BikSe, K. P. M. Jemeljanova, A. Zelenkevi¢s, and A. Délina. The use of
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1989-2018. Journal of Hydrology: Regional Studies, 40:101049, April 2022. location=Estonia, Latvia, Lithuania.

URL: https://www.sciencedirect.com/science/article/pii/S2214581822000623, doi:10.1016/j.ejrh.2022.101049.

o D. A. Brakenhoff, M. A. Vonk, R. A. Collenteur, M. Van Baar, and M. Bakker. Application of Time Series Analysis to
Estimate Drawdown From Multiple Well Fields. Frontiers in Earth Science, 2022. location=The Netherlands.

URL: https://www.frontiersin.org/article/10.3389/feart.2022.907609, doi:10.3389/feart.2022.907609.

o E. Brakkee, M. H. J. van Huijgevoort, and R. P. Bartholomeus. Improved understanding of regional groundwater
drought development through time series modelling: the 2018-2019 drought in the Netherlands. Hydrology and Earth
System Sciences, 26(3):551-569, 2022. location=The Netherlands.

URL: https://hess.copernicus.org/articles/26/551/2022/, doi:10.5194/hess-26-551-2022.

o J. Uwihirwe, M. Hrachowitz, and T. Bogaard. Integration of observed and model-derived groundwater levels in
landslide threshold models in Rwanda. Natural Hazards and Earth System Sciences, 22(5):1723-1742, 2022.
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o R. A. Collenteur. How Good Is Your Model Fit? Weighted Goodness-of-Fit Metrics for Irregular Time
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URL: https://doiorg/10.1111/gwat. 13111, doi:10.1111/gwat.13111.

o R. A. Collenteur, M. Bakker, G. Klammler, and S. Birk. Estimation of groundwater recharge from groundwater levels
using nonlinear transfer function noise models and comparison to lysimeter data. Hydrology and Earth System
Sciences, 25(5):2931-2949, 2021. location=Austria.

URL: https://hess.copernicus.org/articles/25/2931/2021/, doi:10.5194/hess-25-2931-2021.

o M. Pezij, D. C. M. Augustijn, D. M. D. Hendriks, and S. J. M. H. Hulscher. Applying transfer function-noise modelling to characterize soil
moisture dynamics: a data-driven approach using remote sensing data. £nvironmental Modelling & Software, 131:104756, 2020.
location=The Netherlands.

URL: https.//www.sciencedirect.com/science/article/pii/S1364815220300876, dothttps://dotorg/10.1016/j.envsoft.2020.104756.

o Urgilez Vinueza, J. Robles, M. Bakker, P. Guzman, and T. Bogaard. Characterization and Hydrological Analysis of the
Guarumales Deep-Seated Landslide in the Tropical Ecuadorian Andes. Geosciences, 2020. location=Equador.

URL: https://www.mdpi.com/2076-3263/10/7/267, doi:10.3390/geosciences10070267.

o M. Bakker. Time Series Analysis to the Rescue. Groundwater, 57(6):825-825, November 2019.

URL: https://doiorg/10.1111/gwat. 12930, doi:10.1111/gwat.12930.

o M. Bakker and F. Schaars. Solving Groundwater Flow Problems with Time Series Analysis: You May Not Even Need
Another Model. Grounadwater, 57(6):826—-833, November 2019. location=The Netherlands.

URL: https://doi.org/10.1111/gwat.12927, doi:10.1111/gwat.12927.

o R. A. Collenteur, M. Bakker, R. Caljé, S. A. Klop, and F. Schaars. Pastas: Open Source Software for the Analysis of
Groundwater Time Series. Groundwater, 57(6):877-885, November 2019. location=USA, The Netherlands.

URL: https://doiorg/10.1111/gwat. 12925, doi:10.1111/gwat.12925.
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