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l. 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.
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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.

Longread

‘Water and soil guiding’ calls for a
broad perspective

15 minuten

June 27, 2023

Response from Delta Commissioner Peter Glas to
Cabinet decision about the leading role of water and
soil

News item | 25-11-2022 | 09:24

“The limits of the water and soil system are coming into view more and
more often and in more and more locations,” states Delta Commissioner
Peter Glas in response to the Cabinet decision about the leading role of

water and soil. “Clearly, this demands a profound change in our thinking
and actions.”



Climate Adaptation Desigh 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.

Figure 3.3: REGIS Il Figure 3.4: Geotechnisch and Grondwater




Research Question: Common Ground:

Bridging Subsurface Information Models and Climate Adaptation Design

H ow cq n 3 D d q tq s u bs u rfq ce Double Degree Graduation Thesis (Geomatics and Urbanism)
i n fO rm q tio n m Od e I S S u p po rt Maria Luisa Tarozzo Kawasaki (5620341)
° ° Mentors TU Delft: Peter van Oosterom (Geomatics), Ulf Hackauf (Urbanism), Alex Wandl (Urbanism)
stq n d a rd lzed Iocq I (o I imad te Mentors External: Rob van der Krogt (TNO), Wilfred Visser (TNO)
adaptation design?

Hypothesis:

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

6 - .
TUDelft TNO "



Il. 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
itis important to reach an agreement through standardization.
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Methodology Geomatics

Information models support standardized
local climate adaptation design

Information models support standardized
local climate adaptation design

| |

Leidraad 2.0

Design proposal will indicate what are the
information requirements

Local Spatial

YES NO

Key Register

Is this information already
met by existing models?

Intervention

> Information Requirements

Integrating other
data sources

Improving own
models



Methodology Urbanism

Requires specific information from

KlimateeffectAtlas Key Register

Design proposal will indicate what are the

ntervention & Relates to information requirements
s [ o ——— T ———
Groen Blauwe
Netwerken - Intervention B Design proposal

(most suitable standardized intervention)

Relates to

— Intervention C

Standardized interventions



Methodology Design (Locations and Scenarios)

Location 2: Lunetten Zuid
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Location 3: Kanaleneiland Noord

™ i Esri TomTom, Garmin, F g
Zijderveld & GeoTechnologies Inc, METYNASA, USGS™
AR
e i oz

Location 4: Voordorp

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 areq, the most relevant climate themes were
mapped and taken into consideration.



Design As A Methodology

Climate Adaptation Design

Need for combining
different sources when
designing

1 URBAN GREEN-
] BLUE GRIDS

= Rijksdienst voor Ondernemend b ovUw
AGA Nederland 3 d 3 ptl ef

——

BROloket
Alle informatie uit de Basisregistratie Ondergrond
Q—'—O

€ Grondwatermonitoringput (BRO)

Placed at least 20 cm above Highest
Ground-Level

Infiltrating Soil Type (e. g. Sand)
Water-storage capacity increases
by 3.5

Space in the subsurface
(Each one is 700 x 400 x 450 mm)

DATASET
3D model surface




lll. Theoretical Foundation



Which interventions are mostly used in NL?

@ Medium intervention @

Climate-adaptive measure Application  Indicative investment costs Indicative managementand § Soil type Points
maintenance costs
In the case of new construction, weight calculation must be
0 18] €2,500-€5,000 per home, roof €4 /m fu:urez'xtenswe green determ.lned |nladvan_ce. F-'Ialnter.'lance -'-11:.|rnesa.},'efar.
GREEN ROOF roof, €6 /m* for polder MNfa. Extensive and intensive vegetation possible. Existing
garden €5,000-€10,000 per home i - .
rocffroof garden construction: not ahways possible due to the load-bearing
capacity of the roof.
nn L See also Basic MRA safety requirements: Minimum 200 m?2
COOL PLACES - Limited increase All . . .
and within walking distance (300m].
See also Basic 5afety Requirements MRA, Programme of
Requi ts for ConstructionAdaptive Zuid-Holland: at
BE 00w routts €150-€220 /m2 Limited increase Al equirements farl.onstructionAdaptive Slid-Hatland:a
least 30% shade for important slow traffic routes and places
to stay during the highest sun position in the summer.
. Wheth i bination with local wat llecti
0 NATURAL PLAYGROUND £500-£12,000 per playground £3-6/m? Al EHTErSrNatin camBnStan with ol water cotectan
ﬂ (nature-friendly wadi).
e Spa-::.e demand, espeaally for existing buildings; Especi:jjll‘,r
Ann {MATURE-FRIENDLY) £100-€145 /m? €0,37 jm? <oils applicable at low groundwater levels. Grass swale requires
WADIS ’ Y regular mowing in the summer, nature-indusive swale
riverbeds S -
biennial maintenance.
E APPLYING [MORE) £160 /m3 incl. sheetin Mo increase All Demand for space when widening.
g P 2
= SURFACE WATER
Pay attention to maintenance: risk of clogging. Low
:'INF:I::T;D:NE;:;“ £330-€400 /m3 for paved, €165 groundwater level necessary: max. 20cm above GHG. The
(UN)PAVED SURFACE /m3 for unpaved surface water s.,to_rage c.a pf':n:ltyr of the subsoil llncreases I:n,ré factor of
3.5. Existing building: apply te refurbishment / maintenance.
Far example, hollow constructions under roads, water
B WATER STORAGE UNDER . .. - .
£120/m3 = = storage in granulate. Existing building: apply in
=] {UN)PAVED SURFACE i .
refurbishment / renovations.




How do they relate to the subsurface?

—

— Subsurface Congestion

Infiltration capacity

High Groundwater Level

Groundwater Level

Amount of free space

Low Groundwater Level

High Congestion

Opportunities and limits
of certain soil type

Low Congestion

Sand

Soil Type

Weight capacity

Clay

Peat

Infiltration
Limited

Infiltration

Opportunity

Compactness
Needed

Compactness

Not Needed

Infiltration
Opportunity

Infiltration
Limited

Infiltration
Limited

Low Weight Capacity

Geomechanics

High Weight Capacity

>

¥
Weight
Limited

Weight
Not Limited



Which are their information requirements?

( N atu ra I) Wa d is Adaptation: Biodiversity, Waterlogging, Drought Information Dependency: High (Red), Average (Orange), Low(White)

Hater square - -

Mhinct Sod y Ground Level Elevation -
5 W 41 [
Cay e vy, { AL
,%ﬂ,\,ti%‘qu’g " }“J;,& .
Eilter Fabric N T (Natural) Wadis
High Flow Media =
< T 045 m
WMesh Scroen ™ Fagade Garden -
ooy '
PeaGravel — 0.2m OD Perforated HDPE .
o ol I Underdrain Soil Structure Improvement -
| S "
257 Stone
e Water Storage Under Pavement -
Shadow Routes -
Water Storage Under Building -
Source (left to right): NACTO, KOED
(Natural) Wadis Information Requirements Cool Places -
“ Rural Waterways -
©
1]
= |
sal Matural Playground
©
~
S )
r Tree Planting - -
<
Infiltration Crates/Wells -
U
Groundwater Level Soil Type Geomechanics  Subsurface Congestion
Disconnected Downspout - -

. Highly Sensitive i Sensitive Not Sensitive
Green Facade -

Soil Type: Wadis usually take advantage of infiltrating soil, such as sand. For this reason, accuracy is

needed regarding the soil type. A wrong and less infiltrating soil type will have negative consequences. Green Garden -
Groundwater Leyel: A wadi may replenish groundwater by inifiltration. For this reason, accuracy is Green Fence -

necessary regarding the groundwater level.

Subsurface Congestion: A wadi requires space underground, often for a continuous long route. Space Surface Water -

underground is thus required.

Resolution Requirement: Wadis have on average a depth of one meter and can be divided roughly into
two parts of half a meter. Resolution should have 50 cm vertically. Horizontally this solution also is on
average one meter wide and would benefit from this level of detail.

Soil Type -

Geomechanics -

R IIII II IIII

Groundwater Level -



Which are their resolution requirements?

Resolution Main

Identified Classes

Pormang e

Green Facade, Facade
Garden, Green Garden,
Green Fence, Tree
Planting.(Natural) Shadow
Routes, (Natural) Cool
Places, Soil Improvement

vl
«
.
»

1) Additional Greenery- J

Permeable Pavement,

2) Elements Units Infiltration Crates, Water
: o3 i Storage Pavement
3) Natural Infiltration .*., Disconnected Downspout,
e Natural Playgrounds,
4) Waterways : T vems . (-~ Wadis, Rural Waterways,
: i —\f il surface Water
5) EhCIOSEd SPaces A Water Storage Under

ﬁ Building, Water Square,



What are the existing subsurface models?

Grondwatermonitoringputten

2D

250x250 m

—> Groundwater Level

3D

Elements in scale

— Subsurface Congestion

Subsurface Properties

100 x100x 0,5 m

— Soil Type

oD

100 x100 m

—> Geomechanics

BRO CPT

Utrecht ATLAS



IV. Combining Information



Visualizing relationships: UML Diagram

l o= which climate theme

which adaptation design interventions which subsurface information is needed

|| —— ——— -

EEFEEEEE: T f E EEf DEEEEEE EE l i it

which climate guidelines/rules should be applied

which (data or design) standards -~

—

Diagram = “Roadmap” for users



Retrieving information: Relational databases

4 @ H2[ C:\Users\ " kimi\.DbSchema\samples\CLIMACAT.dbs ] - DbSchema 240504
Model  Edit Layout Connections Schema  Editors Tools  Help
By = v &y @ Esmpler| @ @ "B D ¢ [ &5 @+ @ Purchase PRO Edition
o 3/ 2 Main Layout . ~Layout with Sample Tools . Layout X
v = K2 (H2) i
v £ Schemas (1) i
Y b public public.designinterventions
» 08 Tables (21)
# name 0=+ o blicleidraad
W Views (0) adaptation r P
9 Sequences (0) ublic:maatlat designstreet JY namestandard
2 g e O€  designbuilding
I Procedures (0) guidelinename designsquare
B Functions (0) source
= subsurfprop (e
W Triggers (0) localstandard id
v £3 Layouts (3) nationalstandard r
> o Layout ¥
» 5 Main Layout :
» 4 ~Layout with Sample Tools :
f6, subsurface %, designinterventions_002 60, chmatethemes £, subsurface_001 %), designinterventions_001

* SQL History
5V SELECT * FROM public.designinterventions WHE

[ Perspective 100%
=
- -
———
a8 O Type here to search

@ Commit @ Rollback = Explain @ Help v

M Filev S Editv ¥ Inheritv |SQL*| © Run € Run Script ~

SELECT *

FROM public.designinterventions
WHERE adaptation LIKE ‘XheatX'

OR adaptation LIKE ‘XwaterloggingX'
AND designbuilding = true;'

Query = retrieving information

| SQL_Editor 001 X

6, climatethemes,_

[+ B3 L« I Page 1 Read 13 rows in ©.02 sec

NAME ADAPTATL. — DESIGNSTRE.. - DES - 5 : = w
greenfacade biodiversity, ... v RVO geomechanic.. B1, B2 B3 H3 bi
facadeGarden biodiversity, .. v v RVO congestion B1,B2 B3 H3 N1
greenGarden biodiversity, .. v v RVO congestion B1,B2,83 H2, -
greenRoof biodiversity, ... v RVO 81,8283 N1
greenFence biodiversity, ... v v v RVO geomechanic.. B1, 82 H3
treePlanting biodiversity, ... v v RVO geomechanic.. B1, B2, B3, H1, H2
rainBarrel waterloggin... v RVO soil type, con.. N1,N2, N3,D1, ..
lightColorMaterial heat v RVO H3 H4
coolPlaces biodiversity, .. v RVO congestion H1, H2
shadowRoutes biodiversity, ... v v RVO congestion H1, H2
waterStorageBuilding waterlogging v RVO congestion N1, N2
waterRoof waterlogging v RVO N1, N2
soillmprovement biodiversity, .. v v v RVO soil type B3, N1, N2 N3, ..

-

Query 1 X

BEE B O©

Tree X
Name

NAME
ADAPTATION
DESIGNSTREET
DESIGNBUILDING
DESIGNSQUARE
SOURCE
SUBSURFPROP
LOCALSTANDARD
NATIONALSTANDARD

Results

publicmaatiat

guidelinename

& Value
greenfFacade
biodiversity, heat
false
true
false
RVO
geomechanics, congestion
81,82 B3 H3
biodiversity, heat

public.subsurface

Y nameprop

t

- R

public.designinterventions

#’name
adaptation ™
designstreet
designbuilding
designsquare
source
subsurfprop
localstandard
nationalstandard

¥

TV

public.climatethemes

¥ themename 4

A B W z

DO ===

public.leidraad

{9 namestandard )

23:34

D 4500



Online Catalog: CLIMACAT

it ArcGIS StoryMaps

CLIMACAT

Digital Dutch Climate Adaptation Catalog

Maria Luisa Tarozzo Kawasaki L3
March 14, 2024


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

V. Designh Proposals



1) Kop Voordop: Context

Het

_‘S'ohn_enb\org'% ‘

e Park®

~

s
ibutors, e, TomTom,
Inc,

s
SN\
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/ N
/[

Museum public area
Scale: 1:1000

Climate Challenges: Location 1 Kop Voordorp

Heat: Air Temperature at 1.5 m on a heat wave (Scale 1:1000)

Zoom Scale 1:3000

During a heat wave, the public area in front of
the museum suffer from intense heat stress.

Zoom Scale 1:3000

This area also suffers from a lack of greenery
compared to surrounding neighborhoods

| — N
Esri Community Maps Qontributors, [ so-
Kadaster, Esn, TomTdm, Garmin, [ 60 -
Foursquare, GeoTechnoldgies, Inc, | [ 70 - 80%
METI/NASA, USGS | [N s0 - 90%
. 50 - 100%




1) Kop Voordop: Social/Ecological Context

Public And Unpaved Spaces: Location 1 (Kop Voordorp)

N

Public Space
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Public/Unpaved Spaces 500x500m (Scale: 1:5000)

Public/Unpaved Spaces design area

(Scale: 1:1000)
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1) Kop Voordop: Subsurface Propetrties

Dobjects) voxels meest waarschijnlijke lithoklasse f[4

E——— I . R , : Mean Highest Groundwater Level - Current: Location 1 (Kop Voordorp)

1 !

|11 ) s
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e
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Gemiddelde
Hoogste
- Grondwaterstand -
huidig
B <02m
-~ W 02-04m
. W 04-06m

q = 0,6 - 0,8 m onder
maaiveld

08-1m
LA
1-15m o
B 15-2m _ Esfi Nederland,
B >2m

Mean Highest Groundwater Level Macro (Scale: 1:20000)

Low Congestion:
Compactness not needed
2 @

Mean Highest Groundwater Level 500x500m (Scale: 1:5000) Mean Highest Groundwater Level design area (Scale: 1:1000)



1) Kop Voordop: Design Decision Tree

Subsurface Properties
Location 1: Kop Voordorp

— Groundwater Level

Mean Highest Groundwater Level - Current: Location 1 (Kop Voordorp)

L

Congestion

Soil Type

Geomechanics

High Groundwater Level

Infiltration capacity

Low Groundwater Level

High Congestion

Amount of free space

Low Congestion

Infiltration
Opportunity

Compactness
Needed

Opportunities and limits
of certain soil type

Sand

Clay

Weight capacity

Pe_at

Bat/Insect
Box

———————

Infiltration
Opportunity

— Tree Planting

—_—

Green Roof

Infiltration
Limited

Low Weight Capacity

»

High Weight Capacity

v

Weight
Limited




1) Kop Voordop: Design Proposal

Tree Planting

Tree Planti J
/véﬁ anting
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Bird/Bat/Insect Box



2) Lunetten Zuid: Context

N

Climate Challenges: Location 2 Lunetten Zuid A

Location 2: Lunetten Zuid (heavy clay)

o

Heat: Air Temperature at 1.5 m on a heat wave (Scale 1:1000)

During a heat wave, the air temperature is low
only where greenery is present: the main parks
and roads with high number of trees.

Zoom Scale 1:3000

Esri Nederland, ~

beeldmo(er%

Wi i,

The selected project area includes an intersection
with lower temperature horizontally, and higher
temperatures vertically.

Zoom Scale 1:4500
7000
ses]
a0
e O L L A I
Population numbers in neighbourhood Lunetten-Zuid in Utrecht in the Netherlands for the years
2013 thru 2023.
. B
P
2
Moreover, the selected area is between spots 2
where flood depth can get to up to 2 meters. 2=
o
[
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s
& / 143 —
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el % Z [
W 1-1.5meter o p 7 s
W 152 met W“u oM ey wl
- i 4 ~ SO J
n ¥ ] ”(g-GeoTe(h gt Tnc. >
2 - 5 meter v /-~ A .
B >5meter 27 22 /A A - o —

Neighbourhood Lunetten-Zuid, 2023, age groups,



2) Lunetten Zuid: Subsurface

Mean Highest Groundwater Level - Current: Location 2 (Lunetten Zuid)

Gemiddelde
Hoogste

rondwaterstand -
huidig

B <o2m
M 02-04m
M o4-06m

@ 0,6 - 0,8 m onder
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08-1m
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W 15-2m
B >2m
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Mean Highest Groundwater Level Macro (Scale: 1:20000)

High Groundwater
Level: Infiltration

Community Maps Contributors,
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Kadaster, Esni, TomTom, Garmin,
Foursquare. GeoTechnologies, inc,
METI/NASA, USGS; Esn Nederland,
Kiimaateffectatlas

Mean Highest Groundwater Level 500x500m (Scale: 1:5000)

Mean Highest Groundwater Level design area (Scale: 1:1000)
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Not Suitable for building:
Weight limited

Low Congestion:
Compactness not needed



2) Lunetten Zuid: Design Decision Tree

High Groundwater Level Infiltration
Infiltration capacity Limited
— Groundwater Level Low Groundwater Level Infiltration
Opportunity
High Congestion Compactness
Amount of free space g Needed
— Congestion i ' preinig
g | Low Congestion Compactness. Water
Not Needed
» Water Square
Subsurface Properties Opportunities and limits Sand Infiltration
Location 2: Lunetten Zuid of certain soil type " Opportunity
) — Water Roof
— Soil Type 1 Clay Infiltration |_
Limited
Peat | Infiltration
Limited
¥
Low Weight Capacity Weight
Weight capacity Limited
—> Geomechanics i i i
High Weight Capacity | Weight
Not Limited

Mean Highest Groundwater Level - Current: Location 2 (Lunetten Zuid)




2) Lunetten Zuid: Design Proposal

Area 2 (Lunetten Zuid): Adaptation to Flood (Water Square)

e e | = e

Area 2 (Lunetten Zuid): Adaptation to Flood (Water Square)

Surface
Water

Surface Water A A




3) Kanaleneiland Noord: Context

Waterlogging: Shower of 140 mm/2 hours (Scale 1:1000) S

Zoom Scale 1:3000

fféctytlas, Deltal

ESri Nedefland)

R e During a shower that occurs once every 1000
e years, the play area suffers from waterlogging
Zoom Scale 1:3000
Biodiversity: Lack of greenery (Scale 1:1000) This area also suffers from a lack of greenery

AV
(&y
1

compared to surrounding neighborhoods

Pidaster, Esn. TomTom, Garmin,
oursquare, GeaTechnologies, Ing,
METI/NASA, USGS




3) Kanaleneiland Noord: Subsurface

Scene Viewer

Mean Highest Groundwater Level - Current: Location 3 (Kanaleneiland)
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3) Kanaleneiland Noord: Design Decision Tree

Subsurface Properties

Location 3: Kanaleneiland Noord

—

l

L~ P doaya S ook, oo

ioges.
Inc. METUNASA, USGS.

High Groundwater Level Infiltration
Infiltration capacity Limited
Groundwater Level Low Groundwater Level S
Opportunity
High Congestion Compactness
Amount of free space Needed |
Congestion i e
ng Low Congestion e e
Not Needed
Opportunities and limits Sand Infiltration
of certain soil type > Opportunity
Soil Type 1 Clay Infiltration
Peat Infiltration
Limited
v
Low Weight Capacity Weight
Weight capacity Limited
Geomechanics High Weight Capacity Weight
Not Limited

Water Storage
Paved Surface

—— Green Garden

Rain Barrel




3) Kanaleneiland Noord: Design Proposal

Area 3 (Kanaleneiland Noord): Adaptation Design Impression

Area 3 (Kanaleneiland Noord): Adaptation to Waterlogging and Lack of Biodiversity

nder
Green Garden
w 2

Water Storage Under
(Un)paved Surface

Green Garden

fine sand

Rain Barrel A

A



Zoom Scale 1:4500

the playground and the sports field.

During a heat wave, the air temperature is higher
on the public space around the local public

school

greenery in the area compared to the greenery

from private gardens in the surrounding.

For the same reason, there is a waterlogging
problem in the streets surrounding the local
public school. This is aggravated by a tendency
for waterlogging in the main street on the left.

This higher air temperature is due to a lack of

Heat: Air Temperature at 1.5 m on a heat wave (Scale 1:1000)

Context

4) Voordorp
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4) Voordorp: Social
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Neighbourhood Voordorp en Voorveldsepolder, 2023, age groups.

Public And Unpaved Spaces: Location 4 (Voordorp)
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4) Voordorp: Subsurface
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Infiltration NOT limited

Suitable for building:
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4) Voordorp: Design Decision Tree

Subsurface Properties
Location 4: Voordorp
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Infiltration capacity

High Groundwater Level

Amount of free space
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of certain soil type

Low Groundwater Level
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Weight capacity
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Infiltration
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4) Voordorp: Design Proposal

Area 4 (Voordorp): Adaptation to Heat Stress

Area 4 (Voordorp): Adaptation to Waterlogging
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VI. Design Evaluation



Online Survey

4. Considering that this area suffer from heat stress and tendency for flooding, which
interventions would your climate adaptation design include?

Choose 3 interventions.

Climate Challenges: Location 2 Lunetten Zuid
Heat: Air Temperature at 1.5 m on a heat wave (Scale 1:1000)

During a heat wave, the air temperature is low

The selected project area indludes an intersection
with lower temperature horizontally, and higher
temperatures vertically.

Moreover, the selected area is between spots
where flood depth can get to up to 2 meters.

< 0.5 meter
0.5 - 1 meter
W o115 meter
B 152 meter
B 2-5mete
W o5 mete

Marque todas que se aplicam

| Green Fagade

| Green Garden

| Green Fence

|| Bird/Bat/Insect Box

Fagade Garden

Green Roof

Tree Planting

Rain Barrel

282
EJBI
:_j/li\

16 design proposal collected

10 students
6 professionals

Requested:

1) Select standardized
interventions for design

2) Justify selection

3) Identify information needs



Only 12.5% of designs recognized the
need for subsurface information

Survey Results R

Subsurface Data

Results Lunetten Zuid

I 2 Green Facade
——] Fagade Garden Aerial Images
7 Green Garden
I < Green Roof
e=e—— 3 Green Fence
7 Tree Planting
Bird/Bat/Insect Box
Rain Barrel
Sunken Street
Light Color/Material Demcgrapghic Data
e Blinds
6 Water Permeable Pavement
.+ Cool Places
8 Shadow Routes
Natural Playground
9 (Natural) Wadis
Surface Water
Infiltration Crates - -
3 Water Storage Under Building Ecological Data (-

3 Water Square
Rural Waterways

Water Roof
Ground Level Elevation
4 Soil Structure Improvement
| p— Water Storage Under (Un)Paved Surface

Results Kanaleneiland Noord

Green Fagade
[ Faﬁde Garden | Green Garden . o il
GreenFence_ Green Roof ‘ T
j :‘ee :lanlllng 5 Bird/BqUInsect Box
S | o Colratera Increase greenery for natural infiltration but
I 5 \Vater Permeable Pavemen H H ° H ° ege o
e ———————————— Coo\Placss | infiltration capacity is very low — Artificial
—— " Naur) Wads Infiltration is more suitable
Water Stora eblﬁ(;gfté%f:lggales 5 Water Beiars
Waermoor T T Increase trees for shadowing but trees require
Water Storage Under (UnPaved Surace P sswaemmenet [ subsurface information — Artificial shadowing

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



VIl. Designh Standardization



LADM Part 5 Climate Adaptation Subclasses

SP_PlanGroup |<_>———— SP_PlanUnitGroup

ITT [ ]

SP_PlanBlock <>— SP_PlanUnit SP_Permit

SP_PlanGroup d Masterplan

SP_PlanBlock Local Adaptation Plan

Intervention

SP_PlanUnit




LADM Part 5 Climate Ada

Additional information regarding who is
respansible for the plan and its source

CLIMA_PlanGroup

+ pglD: Qid
+ higrarchylevel. Integer

N

+ label: CharacterString

+ referencePoint: Point

+ responsible: CharacterString
+ source: CharacterString

<<Code List>>
CLIMA_ClimateTheme

+ Waterlogging
+ Flood

+ Drought

+ Biodiversity
+ Heat

+ Mixed

+ Unkown

<<Code List>>
CLIMA_SoilType

+ Sand

+ Clay

+ Peat

+ Mixed

+ Unknown

<<Code Lisf>>
CLIMA_SubCongestion

+ High

+ Low

+ Mixed

+ Unknown

==Cpde Lisf>>
CLIMA_GroundWater

+ Bellow0.Tm

+ Abovel.TmBellow1m
+ Abovelm

+ Mixed

+ Unknown

<<Code List>>
CLIMA_Geomechanics

+ SuitableBuilding

+ NotSuitableBuilding
+ Mixed

+ Unknown

CLIMA_PlanBlock

+ pbiD: Oid
+ blockMName: CharacterString
+ functionType: SP_SpaceFunction

+ protectedSite: SP_ProtectedClassificationValue
+ naturalRiskSafefyArea: SP_NaturalRiskSafetyAreaType
+ restrictionZone: SP_RestrctionZone Type
+ constraintName: CharacterSiring
+ constraintDescription. CharacterString
+ technologicalRiskSafefyArea: CharacterSiring
+ miningRisksSafetyArea: CharacterString
+ climateThema: CLIMA ClimateTheme
+ soilType: CLIMA SollType
+ subsurfaceCongestion: CLIMA_SubCongestion
_+ groundWaterLevel: CLIMA_GroundWater

_+ geomechanics: CLIMA Geomechanics

tation Subclasses

CLIMA_PlanUnit

Additional information regarding
subsurface properties and the
main climate challenges

V4

Additional information regarding
subsurface information/resolution
requirements. Additional Information on
the depth required round.

Additional information national and local
guidelings

I

+ pulD: Oid
+ subFunctionMame: CharacterString
+ subFunctionType: SP_SubSpaceFunction

+ maxVolumelndications: LA_VolumeValua
+ maxArsalndications: LA_AreaValue

+ maxHeightindications: LA_LengthValue

+ unitindications: Integer

+ otherndications: CharacterString

+ typeOfBuildingIndications: CharacterString

+ typeOfShapelndications: CharacterString

+ otherConstruction|ndications: CharacterString
+ referencePoint: Point

+ surfaceRelation: LA_SurfaceRelationType
+ currentArea: LA_AreaValue

+ currentVelume: LA Volume'\Value

+ featureProtected: CharacterString

+ statusType: SP_StatusType

+ sublnfoRequirements: CLIMA SubinfoReq
+ dapthUndergroundMm: Intager

+ resolutionRequirement: CharacterString

+ nationalGuideline: CharacterString

SP_Pemit

+ plD: Oid
+ typeOfPermit: SP_PermitType
+ name: CharacterString

+ description: CharacterSiring
+ decigionDate: DateTime
+ duration: CharacterString

+ period: CharacterString

<<Code List>>
LA_SurfaceRelationType

+ Bellow
+ Above
+ Mixed

=<Code List=>
CLIMA_subinfoReq

+ SoilType

+ Ground\Water
+ SubCongestion
+ Geomechanics




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




VIIl. Conclusion



WHAT? WHY?

o M ———————— — —

HOW?

o ———— —

4 \

{ 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. :
1 They can be used as basis for model suitability assessment. :
|

|
'\ 3) Subsurface models always present uncertainty. J
. Yy

, s -—"""""""""""""""""""" """V VYV VY= ~ N

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

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.

— o o o o . -

Assessment

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

—— e —

~

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. 4

— o o o o o o O M M M M M M M M M M M R RN M M M MEn M M R M M M M MEn M M M RN M M M RN M M M M M M M M M M M M e e e e e

Theory

Tools



+ 1. The thesis points to potential new tools and models tailored for climate adaptation

Recommendations

e WE mE Em N N I Em N Em Em SR I SN D SR D D D SR D D SR SR D D SR SR R R SR SR R R SR SR R MR SR SR MR R SR SR AR MR SR SR R R SR SR R R SR SR MR R SR SR R R -

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,,

o R E EE R EE EE R R R EE R RN R EE N RN R EE RN RN R EE R RN EE EE R R EE R R E S e e e e e e e o =P
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Reflection

The primary constrant of this study is related to its potentid.: its
interdisciplinary nature. /t showecases not only the benefits and
arawbacks of an interdisaplinary goproach to dimate adgotation, but also of
an interdisaplinary thesis.
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Thankyou Common Ground:

Bridging Subsurface Information Models and Climate Adaptation Design

o [ ]
T h es I s I n a n u ts h e I I : Double Degree Graduation Thesis (Geomatics and Urbanism)

Maria Luisa Tarozzo Kawasaki (5620341)
Mentors TU Delft: Peter van Oosterom (Geomatics), Ulf Hackauf (Urbanism), Alex Wandl (Urbanism)
Mentors External: Rob van der Krogt (TNO), Wilfred Visser (TNO)

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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