Predictive Modelling of Land Subsidence and its Impacts in The Netherlands
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Research problem & goal Land subsidence: A complex problem Can we predict the future subsidence?

« The economic and environmental costs associated with the land subsid-  Land subsidence is a natural process in deltas that can be overprinted and accelerated by an- Lets consider an example, several factors contribute to the global sea level rise
ence®4 and GHG emissions in the Netherlands'® were recently recognized. thropogenic activities (Figure 1). In addition to consolidation and creep, clays and organic e.g. melting of Antarctic and Greenland ice sheets, Mountain glaciers; thermal
Although costs are recognized, there is no comprehensive land subsidence rich peats tend to undergo additional processes such as shrinkage/swelling and oxidation expansion of water due to warmer climate, contribution of land water.
adaptation/mitigation strategy in place. based on clay-water interaction or peat-air interaction, respectively.

[PCCS in their first asssesment report” in1990, with the understanding of the
« Anthropogenically enhanced subsidence originates from human activities that increase the contributing factors to the sea level rise, predicted the sea level rise rates quite

» Research problem: Land subsidence and peat oxidation causes irreperable physical loading or change the local or regional hydrogeological state. Modification of the well as shown in figure 2. The predicted rates of sea level rise and the amount
damage to the Dutch landscape, causing societal and economic harm. With- surface (land use/ land cover), the shallow water table (polders, drainage) and/or the subsur-  of sea level rise are both within the uncertainty ranges, and close to their best
out proper management, the negative impacts of land subsidence will further face (exploitation of natural resources: groundwater, salt, gas, hydrocarbons) determines the = estimate.
increase and the quality of life in the soft soil areas will decrease degree of anthropological subsidence.
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« Research question: Can we evaluate the impact of specific mitigation and ad- Loading Artificial lowering Extraction Tectonics & -
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« Research goal: Assess the long-term impact of innovative mitigation and ad- ; = S °3 6% B g
aptation strategies on land subsidence and peat oxidation in the Netherlands Y . .
through 3D predictive modeling. By the end of this study, we aim to provide 0 T
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valuable insights and recommendations for sustainable land management O v e \H ¥ oXidation v
practices and policies that can help mitigate the adverse eftects of subsidence E :\‘E e Figure 2: Blue lines show the high, best and lc?v?frestimates and predicted the sea level change rates
in this vulnerable area. % Shallow Consolidation Consolidation * il from the IPCC’s first assessment report (1990), the red line shows the recorded sea level time series
oM Creep Creep from the University of Colorado, which is based on satellite altimetry observations from
a + Unconfined aquifer 1992-2016. (Conrad, 2017)
S A similar understanding of the contributing factors to land subsidence in the
» | Medium g Netherlands can allow us to predict within an acceptable uncertainty range!
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Figure 1: Subsidence processes and their drivers at shallow, medium, and deep horizons. (Minderhoud et al., 2015)

How do we put together data and process information to model and predict land subsidence in the Netherlands?

NWA-LOSS Program Integrated Spatial Data/Modelling Framework (The Work Package 3.1 - M3)
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W.P3.2 - Urban damage
assessment v W.P4.1- Technical measures Core tasks and expected outcomes of Work Package 3.1
« Identify the extent of various subsidence drivers under different climate and measure scenarios in the Netherlands

¢ W.P5- Scenario Development

« Testing various mitigation/adaptation scenarios or alternative future pathways.

W.P4.2- Governance « Estimate costs of subsidence, perform SCBA to select optimal pathway

« Better understanding of soil physical and chemical properties, improved processes description

« Improved land subsidence model via data integration (Sensitivity analysis/Calibration)

W.P4.3- Legal aspects « Selection of optimal measurement sets under various climate scenarios to help decision-makers

« Propose mitigation pathways guided by observations and process understanding under different climate cases

W.P3.3 - Rural damage
assessment

Figure 3: The NWA-LOSS program shown in a diagram. Arrows indicate the flow of data between work packages. Orange and Figure 4: The modelling framework of W.P.3.1, Boxes indicate the modules of the framework. Dashed boxes show the modules that will be developed by W.P.3.1, in-
red boxes indicate the link between the 6M approach (Erkens and Stouthamer, 2020) and NWA-LOSS work packages. Between cluding the model integrations. Arrows show the flow of the data in the modelling framework. The Atlantis model will be futher improved by sensitivity analysis-cali-
M3 and M4, M3 and M5-M6, an information feedback loop exists. bration work that will be carried out by W.P.3.1.

Where are we now? What is coming in the near future?
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Figures 5, 6, 7, 8: From the GeoT OP subsurface voxel model to land subsidence calculations using the Atlantis Model. (*The results are from the GL2050 scenario described in Erkens et al., 2021.) Figure 9: An example of the cumulative damage assessment in the period 2020-2100 (in EUR). The
CO, emissions linked to the peat oxidation are now also calculated! (*CO2 emissions are calculated following Erkens et al., 2016 in the ArcGIS Pro environment) damage values are for demonstration purposes only, potential damages are not yet calculated.
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