Predictive Modelling of Land Subsidence and its Impacts in The Netherlands
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Research problem & goal Land Subsidence: A complex problem The 6M Approach to Subsidence
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provide valuable insights and recommendations for sustainable land man- Colourcode:  Process  Natural driver  Antropogenic driver 'r Subsidence
agement practices and policies that can help mitigate the adverse effects
of subsidence in this vulnerable area. Figure 1: Subsidence processes and their drivers at shallow, medium, and deep horizons. (Minderhoud et al., 2015) Figure 2: The 6M approach proposed by Erkens and Stouthamer, (2020) to tackle land
subsidence. CBA = Cost Benefit analysis. (Erkens and Stouthamer, 2020)

- Land subsidence is a natural process in deltas that can be overprinted and accelerated by . A key step in the 6M approach is the Predictive Modelling (M3) step
anthropogenic activities (Figure 1). In addition to consolidation and creep, clays and or- (Figure 2). It is possible to link the M3 with M4 via a set of analyti-
ganic rich peats tend to undergo additional processes such as shrinkage/swelling and oxi- cal/empirical solutions to quantify the potential land subsidence relat-
dation based on clay-water interaction or peat-air interaction, respectively. ed damages in urban and rural areas.

- Anthropogenically enhanced subsidence originates from human activities that increase - In the Dutch case, a detailed set of measures for against land subsid-
the physical loading or change the local or regional hydrogeological state. Modification of ence (no subsidence, limited subsidence but no emissions fixed water
the surface (land use/ land cover), the shallow water table (polders, drainage) and/or the level, water level indexation etc.) could be proposed by quantifying the
subsurface (exploitation of natural resources: groundwater, salt, gas, hydrocarbons) deter- impact of potential measures at the water management parcel scale
mines the degree of anthropological subsidence. via the Predictive Modelling (M3) approach.

NWA-LOSS Program Integrated Spatial Data/Modelling Framework (The Work Package 3.1 - M3)
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assessment ; W.P4.1- Technical measures Outcomes
- 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.P49- Governance - Estimate costs of subsidence, perform SCBA to select optimal pathway
W.P3.3 - Rural damage - Better understanding of soil physical and chemical properties, improved processes description
assessment - Improved land subsidence model via data integration (Sensitivity analysis/Calibration)
. Selection of optimal measurement sets under various climate scenarios to help decision-makers
W.P4.3- Legal aspects - Propose mitigation pathways guided by observations and process understanding under different climate cases
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,
red boxes indicate the link between the 6M approach (Figure 2) and NWA-LOSS work packages. Between M3 and M4, M3 and including the model integrations. Arrows show the flow of the data in the modelling framework. The Atlantis model will be futher improved by sensitivity analy-
M5-M6, an information feedback loop exists. sis-calibration work that will be carried out by W.P.3.1.

Foreseen model outputs: 1) Maps of Subsidence and Damage Estimates 2) Alternative Adaptation/Mitigation Pathways
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Figure 5: Left: An example of the cumulative land subsidence (in cm) calculated by Atlantis in the period 2020-2100. Right: An example of the cumulative damage assessment in the period Figure 6: An example of alternative pathways to land subsidence by managing water withdraval in the case of the
2020-2100 (in EUR). Both figures are for demonstration purposes only. Mekong Delta (Source: Minderhoud et al., 2020). In this study, the authors evaluated the average cumulative subsidence

of the Mekong delta under various groundwater management pathways since 2018 under no mitigation (B1, B2) and
mitigation pathways (M1, M2, M3, M4).
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