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I. Problem Statement



Climate Adaptation and Subsurface
It is known that natural climate adaptation is related to different
subsurface properties, such as soil type and groundwater levels.



Climate Adaptation Design and Subsurface

This is particularly interesting for Dutch climate adaptation design.
Cabinet 2022 defined water and soil guiding as the main principle
for Dutch spatial planning. But this is often too abstract.



Climate Adaptation Design and Models
One way to support concrete climate adaptation design is through
the use of subsurface information models. The Netherlands has
multiple (3D) subsurface models. But are they are underused.



Research Question:
How can 3D data subsurface 
information models support 
standardized local climate 
adaptation design?

Hypothesis:
Through a theoretical and 
practical interdisciplinary 
approach: a common ground.



II. Methodology



Methodology Overview

This thesis explores how can subsurface information models
enhance urban climate adaptation by:

1. Literature Review for a theoretical foundation.

2. Theoretical Assessment of current 2D/3D subsurface models.

3. Design Proposal to understand information requirements and
Practical Assessment of existing models.

4. Creation of Tools for information integration → UML diagram,
LADM Part 5 subclasses, Online Catalog (CLIMACAT)

Goal = theoretical and practical foundations for better integrating
subsurface information models into climate adaptation design.



Standards And Models Overview
As highlighted by the Delta Program, to achieve concrete results
it is important to reach an agreement through standardization.

Standardized Climate 
Adaptation Design:

Leidraad 2.0, Maatlat, 
Klimaateffectatlas, and 

Klimaatadaptieve Maatregelen are 
used to define climate themes and 

design.

Standardized Subsurface 
Information Models:

Key Registry for the Subsurface, 
and other subsurface data models 

from the province and the 
municipality of Utrecht were used 

for suitability assessment.

Standardized Urban Plans:
LADM Part 5 is used to define the 

exchange of urban planning 
information and potentially of local 

climate design interventions.



Methodology Geomatics



Methodology Urbanism



Methodology Design (Locations and Scenarios)

Two storm events (from Deltares and based on Leidraad and 
Klimateffectatlas) were used for the purpose of the spatial 
interventions consist of: 

- A shower of 140 mm in two hours (or 70 mm/hour)
- A shower of 70 mm in two hours.

Storm events are particularly relevant due to infiltration.
However, for each area, the most relevant climate themes were 
mapped and taken into consideration.



Design As A Methodology
Need for combining 
different sources when 
designing



III. Theoretical Foundation



Which interventions are mostly used in NL?



How do they relate to the subsurface?



Which are their information requirements?



Which are their resolution requirements?



What are the existing subsurface models?

BRO GeoTOP

3DUtrecht

BRO CPT
Utrecht ATLAS

Average Highest Klimateffectatlas Grondwatermonitoringput  

2D

3D

3D

2D

Elements in scale

250 x 250 m

100 x 100 x 0,5 m

100 x 100 m



IV. Combining Information



Visualizing relationships: UML Diagram

Diagram = “Roadmap” for users



Retrieving information: Relational databases

Query = retrieving information

Results



Online Catalog: CLIMACAT

https://storymaps.arcgis.com/stories/41d0869e36bb4d2ab13de8adea2fd738


V. Design Proposals



1) Kop Voordop: Context

Sonnenborgh

Park

Het Spoorweg 

Museum



1) Kop Voordop: Social/Ecological Context

High Presence of 
bats

Presence of bees 
and bumblebees 
nearby



1) Kop Voordop: Subsurface Properties

First 2.5 m clay soil: 

Infiltration limited

Low Congestion:

Compactness not needed

High Groundwater 

Level: Infiltration 

Limited

Suitable for building: 

Weight not limited



1) Kop Voordop: Design Decision Tree



1) Kop Voordop: Design Proposal

2 m



2) Lunetten Zuid: Context



2) Lunetten Zuid: Subsurface

First 2 m clay soil: 

Infiltration limited

Low Congestion:

Compactness not needed

High Groundwater 

Level: Infiltration 

Limited

Suitable for building: 

Weight not limited

Not Suitable for building: 

Weight limited



2) Lunetten Zuid: Design Decision Tree



2) Lunetten Zuid: Design Proposal



3) Kanaleneiland Noord: Context

Low level of “red 
list” flora

Presence of 
small mammals



3) Kanaleneiland Noord: Subsurface

First 1 m clay soil: 

Infiltration limited

Low Congestion:

Compactness not needed

High Groundwater 

Level: Infiltration 

Limited

Suitable for building: 

Weight not limited



3) Kanaleneiland Noord: Design Decision Tree



3) Kanaleneiland Noord: Design Proposal



4) Voordorp: Context



4) Voordorp: Social



4) Voordorp: Subsurface

First layers sandy soil: 

Infiltration NOT limited

Low Congestion:

Compactness not needed

High Groundwater 

Level: Infiltration 

Limited

Suitable for building: 

Weight not limited

Low Congestion:

Compactness not needed



4) Voordorp: Design Decision Tree



4) Voordorp: Design Proposal



VI. Design Evaluation



Online Survey

16 design proposal collected

10 students
6 professionals

Requested:

1) Select standardized 
interventions for design

2) Justify selection

3) Identify information needs



Survey Results
Results Lunetten Zuid

Results Kanaleneiland Noord

Increase greenery for natural infiltration but 
infiltration capacity is very low →Artificial 
Infiltration is more suitable

Increase trees for shadowing but trees require 
subsurface information →Artificial shadowing

Soil structure improvement NEEDS soil 
information→ Basic information need not provided

Only 12.5% of designs recognized the 
need for subsurface information



VII. Design Standardization



LADM Part 5 Climate Adaptation Subclasses



LADM Part 5 Climate Adaptation Subclasses



LADM Part 5 Climate Adaptation Subclasses

1) Storing masterplans (hierarchy) →CLIMA Plan Group 

2) Storing local plans (made of interventions) →CLIMA Plan Block 

3) Storing climate adaptation interventions →CLIMA Plan Unit



VIII. Conclusion



1) Climate adaptation strategies rely heavily on subsurface information, in particular nature-based adaptation.

2) Four main subsurface properties: groundwater level, subsurface congestion, soil type and geomechanics.
They can be used as basis for model suitability assessment.

3) Subsurface models always present uncertainty.

Conclusions

4) Interventions with water infiltration almost always require information regarding the soil type

5) Interventions that are a 3D element benefit from a model of underground in 3D (simulate placement).

6) Potential improvement of the existing models is related to the resolution and the necessity of interpretation.

7) Some subsurface properties benefit more from 3D instead of 2D. The benefits of a 3D for properties with 
dependency of sections vs. singular numerical value.

8) The existing information models were sufficient, but only for preliminary design.

9) Standards are useful to integrate different models and to exchange information.

10) LADM Part 5 subclasses can support climate adaptation design.

11) Relational diagrams and databases are useful to represent relationships (roadmap), for selecting elements 
with specific properties (query), and to store information.

12) The same is true for the use of an online catalog, which combines different information in one single place.

13) Designers still underestimate the necessity for subsurface information in climate adaptation design.
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1. The thesis points to potential new tools and models tailored for climate adaptation 
design.

2. CPT data interpretation methods can be used to increase data resolution and accuracy. 

3. The average highest groundwater level can be modeled using interpolation and added 
as 3D layer into the soil type model (relevant for water infiltration) or as a separate 
model.

4. Using LADM Part 5 subclasses information of a real plan (geometry) can be loaded using 
tools such as FME

5. The inclusion of 3D buildings is very helpful for models tailored for design purposes.

6. Web viewers are useful to users with few/none GIS experience to interact with the models.

Recommendations



Reflection

The primary constraint of this study is related to its potential: its 
interdisciplinary nature. It showcases not only the benefits and 
drawbacks of an interdisciplinary approach to climate adaptation, but also of 
an interdisciplinary thesis.



Thank you!
Thesis in a nutshell:
1. Subsurface (3D) information models 

can support standardized local 
climate adaptation design.

2. This thesis provides theoretical and 
practical foundation for this 
integration. → Common Ground

3. It assesses the suitability of existing 
models through theory and design.

4. It provides tools to support 
integration: UML Diagram, 
Relational Databases, LADM Part 5 
Subclasses and Online Catalog. 

5. Four design proposals in the city of 
Utrecht are used to exemplify this 
integrated approach.
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