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Introduction

• Projected increase in severity and frequency of extreme precipita-
tion events requires implementation of effective adaptation strate-
gies, including Nature-based Solutions (NbS).

• However, evidence on the cost-effectiveness of NbS compared to
grey alternatives is still limited (Brillinger et al. 2021; Seddon et al.
2020).

• We develop a real options model to investigate cost-effectiveness
under climate change uncertainty and allowing for flexibility of the
timing of investment.

• The decision-maker in a riverine area learns about climate change
from two types of events: riverine flooding and meteorological
drought.

• The decision-maker chooses among green and grey adaptation
measures.

Model setup

• Real Options model with an integrated Bayesian updating process
to allow for future learning of climate change uncertainties during
the investment decision-making process (see Guthrie 2019).

• Uncertainty falls gradually over time as the observed frequency
of extreme weather events allows decision-makers to update their
beliefs.

• We construct a quadrinomial lattice, along which the beliefs about
the climate regime evolve (Figure 1).

• Each node (i, j, t) corresponds to a period t when a riverine flood
event has occurred in i periods and a meteorological drought
event has occurred in j periods of all periods 1, ..., t.

Fig. 1: Quadrinomial lattice.

• We calibrate our decision model with data from the Oldambt-Eemskanaal-
Dollardboezem water system in the Dutch Province of Groningen (Figure
2).

Fig. 2: Case study area of the Oldambt-Eemskanaal-Dollardboezem.

• The goal is to minimise the PVC of each project state (i.e., an NbS with or
without integrated reservoir, dike strengthening, or an increase in pumping
capacity) for each possible climate scenario.

• We apply backward induction to solve the optimisation problem.

Results

Table 1: Expected present value of costs and damages (PVC) due to flood
and drought events of the baseline model. Cells represent the expected
PVC of the cost-effective strategy. Columns show the effects of the matur-
ing time. Rows show the prior probabilities of being in the HDC scenario.
Colours represent the cost-effective option: NbSR (brown), NbSN (green)
and increased pumping capacity (grey). Values are in million C.

Table 2: Expected PVC due to flood and drought events if only
flood risk is being considered. Cells, columns and rows as in Table
1.

Table 3: Expected PVC due to flood and drought events if prop-
erty prices are increased. We assume that property prices have
increased from C6/m2 for agricultural land, to C200/m2 for residen-
tial land. Cells represent the expected PVC of the cost-effective
strategy. Cells, columns and rows as in Table 1.
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