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The Challenge

Rising sea levels threaten
coastal communities

Groundwater shoaling - a
hidden risk

PREMISE 1: Need to know
vulnerable areas

Critical knowledge gap: Where is
groundwater already shallow?

PREMISE 2: Acceptable
prediction error is dependent on
acceptable risk
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What do we have to work with:

* Depth to groundwater dataset
* 5.7M observations from ~113,000 locations available

* 2.4M observations used from ~70,000 locations that
met criteria (well depth, unconfined, non-artesian)

* (Cleaned and standardized

* This dataset is in publication and will (hopefully) be
freely available = In the interim contact us if you
need it

* 199 predictor variables —precip, et, distance to coast...

How:

 Random Forest classification
* Multiple depth thresholds 0.5 m-5.0 m
* Multiple probability thresholds

(C) OpenStrestiap contributors
T

ek if eae rg

a1

B 10-100
=>100

1,200,000 1,400,000

1,600,000
NZTM Easting {m)

1,800,000

2,006,000




Rethinking the Problem — what's different about our approach?
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Figure 3

Traditional Approach:

Predictions precise depths to
groundwater (regression | modelling)

Struggles with shallow groundwater (not
a much monitoring here)

Uncertainty is presented in +- depth

Decision makers need to interpret
uncertainty and decide what this means
for their planning objectives

Huston, we have a problem...
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Rethinking the Problem — what's different about our approach?

Our Approach

THE SKY IS
FALLING!

THE SKY IS
FALLING!

Answer the question (classify): is groundwater shallower than x m (e.g., 1 m)

Classification lets us handle uncertainty as Type | and Type Il errors

TYPE Il Error

_ | THIS IS FiNe.
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Variables of Importance

Well Depth

Distance to Wetlands
AN ANNAY

Distance to Rivers

s "
e
Hydraulic Properties
Model Variables:
= Soil properties (texture, drainage) = Distance to wetlands + Well depth
» Hydraulic properties (porosity, conductivity) » Distance Lo rivers
e .
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1. Handles in

o Now the results can beused -~ - -
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Our model's ROC-AUC (0.823 - 0.962) indicates strong predictive power

. ROC-AUC Accuracy Precision . Recall



Error Classification

* Trade-off between:
* Precision (depth),

* Type Il error (this is fine)

Red: 10% probability of Type 1,
30% probability of Type Il

Purple: 18% probability of Type 1,
18% probability of Type |l

Blue: 25% probability of Type 1,
10% probability of Type I
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Results — within 10 km of coast

Assuming “shallow gw” = <2 m depth and we want 10% Type Il error

- 10% of our deep groundwater is shallow ]

- 25% of what’s marked shallow is deep £ : "
Exposed area = 1060 km? (0.6% of NZ ex conservation estate)

<2 m depth and 30% Type Il error ‘i,:. L _J (

- 30% of our deep groundwater is shallow g R
10% of our shallow groundwater is actually deep ?
Exposed area = 85 km? (0.05% of NZ ex conservation estate) r | ’!
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A Local Scale Example
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Only for applications requiring a
high certainty that we’ve have
not mis-classified shallow
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Flips the adaptation script

Coastal Adaptation Planning Framework

e Flexible risk o |
thresholds for Scientific Analysis

d iffe re n t n e e d S Groundwater Risk Model ‘ Sea-level Scenarios ‘ Confidence Metrics | ‘ Error Analysis |
* Direct M

integration with Jr

plann|ng Risk Assessment

d e C I S I O n S ‘ Vulnerability Mapping | ‘ Impact Assessment | ‘ Risk Prioritization |

e (Quantified
confidence in I ¢

p re d | Ct | ONsS Adaptation Planning
Short-tenm Actions Medium-tenm Planning Long-term Strategy
* Monitoring Programs +» Land-use Changes * Managed Retreat
+ Emergency Response + Building Codes + Coastal Defense
+ Infrastructure Protection + Infrastructure Upgrades » Community Relocation

Scientific Input Assessment Pro s Planning Output
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Current Limitations & Future Directions

Current Limitations

-

1. Reduced Performance < 0.9m Depth

/

1
. Depth
0.9m

2. Data Sparsity in Some Regions

3. Can't Predict Sea Level Rise Effects

Current Sea Level Only

Future Directions

1. Sea Level Rise Integration

.............................. 2100
.............................. 2050
Now
2. Enhanced Temporal Predictions
l | I
| ] 1
Present 2050 2100

3. Local-scale Refinements
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Conclusions

Novel approach to shallow groundwater modelling

Prioritises identification of at-risk areas

Balances accuracy with practical utility

Provides framework for coastal adaptation

Bridges gap between science and policy
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What are your questions?

* Thank you for your attention
e Contact: patrick@komanawa.com
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Get out your calculators! We’re going to talk machine learning,
linear algebra and detailed model performance
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