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Optimization of pumping rates in an island freshwater lens considering 
parameter, observation, and climate uncertainty



MOTIVATION Seawater intrusion numerical models

Advective-dispersive 
variable density models

Sharp-interface models



Fast run times facilitate:

▪ Parameter estimation
▪ Uncertainty quantification
▪ Pumping optimization under uncertainty

MOTIVATION Seawater intrusion numerical models

Advective-dispersive 
variable density models

Sharp-interface models

But these are still rare

Objective: Develop a method for pumping optimization
considering parameter, observation, and climate uncertainty

Coulon et al. (2021)
Coulon et al. (under
review, WRR)
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2. Incorporating climate change
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Pumping optimization
under uncertainty

Sea level Param. + obs. uncertainty

▪ Sea level
▪ Recharge 

ensembleC
u

rr
e

n
t

Prior parameter ensemble
(N parameter realizations)

Posterior param. ensemble
(N parameter realizations)

Predictive param. ensemble
(N parameter realizations)

Observations

METHODS 1.   History-matching 2. Incorporating climate change

Param. + obs. + climate uncertainty

1

2

3

3. Optimization under uncertainty
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MODFLOW-SWI2 (Bakker et al. 2013)
2D-horizontal sharp-interface model

2 objectives:
1) Maximize pumping Qtotal = ∑ Qi 

2) Minimize risk of well salinization
Constraints: avoid well salinization (ζ < zbotm)
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Steady state with zero pumping

ζ

-- Well bottom

RESULTS 1.   History-matching 2. Incorporating climate change
✓ Successful

Predictive param. ensemble
(with climate change)

Posterior param. ensemble
(no climate change)

vs



2050 water demand

Current
Projected 2050 (median)
Projected 2050
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▪ Using ensemble-based methods, we determined optimal pumping
scenarios considering parameter & climate uncertainty

▪ Challenge: merging parameter & climate ensembles
▪ Conceptual uncertainty was neglected

▪ Highly reproducible framework
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Thank you for your attention!
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