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INTRODUCTION

- Climate resilience benefits from nature-based, geology and water-informed planning.
- The Netherlands introduced in 2022 “water and soil” as guiding principles for spatial planning.
- This is deeply related to subsurface information and can be divided into four main categories.
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LADM 5 CLIMATE ADAPTATION PROFILE

- LADM Part 5 Climate Adaptation profile enables subsurface informed climate-resilient plans.

- Incorporated as Annex C in the ISO 19152-5 standard.

- The current paper presents a reviewed version of the profile.
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Source: Tarozzo Kawasaki et al. (2024) adapted from Kalogianni et al. (2021)
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https://www.researchgate.net/publication/350123450_Methodology_for_the_development_of_LADM_country_profiles
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Abstract
> Sample our
LA So u rce Earlhl:;ciences In 2022, the Netherlands introduced ‘water and soil’ as a guiding principle for spatial planning. aiding the

Journals country's goal for climate resilience by 2050. Applying it requires integrating subsurface data, spatial
*> Sign In here to Start your access . . . . " ; 1
planning. and climate adaptation. Despite existing subsurface models, no cohesive approach links them to

3) F | eXi b i I ity fo r d iffe re nt p I a n n i n g CO nteXtS EE— spatial planning. This paper assesses current models and identifies data requirements. Key barriers

include data accessibility and standardization. To address this, plan information was standardized using a
LAD M Ge n e ri c P rofi Ie proposed Land Administration Domain Model (LADM) Part 5 climate adaptation profile. Additionally, a
digital tool, CLIMACAT, was developed to make relevant subsurface data accessible for climate adaptation

design.

1) External data sources integration
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REVISED PROFILE

- LADM Part 5 as core structure

- External classes for data integration:
External::ExtClimate Theme

- External::ExtGeomechanics
- External::ExtGroundwater
- External::ExtSoil

External::ExtSpatialClaim
- LA Source for data traceability

- Generic profile for flexibility
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«blueprint:FeatureType» SP_PlanGroup ‘
External:ExtClimateTheme «FeatureTypis «FeatureTypen
climateDesign: CharacterString [0..*] 0.* CLIMA-Wasterplan group SP_PlanGroupUnit
Rl EeTme Eee v +  hierarchylevel: Integer + functionType: SP_HigherLevelSpaceFunction [0..%]
climatelD: olD +  label: CharacterString [0..1] Lt + pgulD: Oid
climateTheme: extClimaTheme [1..*] +  pglD: Oid {id} +  planGroupUnitName: CharacterString [0..1]
+  referencePoint: Point [0..1]
1
«blueprint:FeatureType»
External:ExtGeomechanics
hierarchy
+ bearingCapacity: double [0..1]
+|+ bearingUOM: CharacterString [0..1] 0.* 1.+ SP PlanUnit
+  buildSuitability: extBuildSuitable =
+ geomecGeom: geom SP_PlanBlock «FeatureTypen
+ geomeclD: olD «FeatureTypen CLIMA_Intervention
CLIMA_LocalPlan + currentArea: LA_AreaValue [0..%]
+  JextBearingCapacity: double [0..%] + currentVolume: LA_VolumeValue [0..*]
«blueprint:FeatureType» +  fextBuildSuitability: buildsuitable [0..*] + depthUndergroundMm: int [0..1]
External:ExtGroundwater + JextClaimType: claimType [0.%] + featureProtected: CharacterString [0..*]
‘ . +  localGuideline: CharacterString [0..*]
+  gwGeom: geom +  [extClimateTheme: dipafhemellOg] +  maxArealndications: LA_AreaValue [0..1]
s entichesteveL LTI + fextCongestion: congestion [0..%] +  maxHeightindications: LA_LengthValue [0..1]
+ gwlD: Oid +  [exinfiltratio ItationlIOe] +  maxVolumelndications: LA_VolumeValue [0..1]
+ gwScenario: CharacterString [0..1] 0..% 0.5 |* /extMeasure: CharacterString [0..%] + nationalGuideline: Chara:t;rString [0.5]
g ¢ il el e + fextSoilType: soilType [0.%] +  otherConstructionindications: CharacterString [0..%]
+ infiltrationUOM: CT_UnitOfMeasure +  [extStratigraphy: CharacterString [0..%] aggregation |, 41 dications: CharactErSt.rin [0.%] i
+  riskDrought: boolean [0..1] + blockName: CharacterString [0..1] . . uID: Oid fid} . =
+  riskFlood: boolean [0..1] +  constraintDescription: Chara:terstrinf [0.%] 1.7 . fefer‘encePoint' Point [0..1]
N cnnst.r’athame: Chara:terstl:mg (0.1 e + resolutionRequirement: CharacterString [0..%]
+  functionType: SP_SpaceFunctionType [1..*] M
) +  miningRisksSafetyArea: CharacterString [0..%] . VP N P W
«blueprint:FeatureType» +  naturalRiskSafetyArea: SP_NaturalRiskSafetyAreaType [0.*] +  subfunctionName: Charact et ][l gy
External:ExtSoil + pbiD: Oid fid} + subFunctlunTypE: SP_SubSpaceFunction [0.. ]g
- te: . fue [0..%] +  sublnfoRequirements: CLIMA_SublnfoReq [0..¥]
+  soilDepth: double [0..1] o + prute.ct.ed&te SP_Prutect.ed.ClasslﬁcatmnVa :e +  surfaceRelation: LA_SurfaceRelationType [0..1]
+  soilGeom: geom : N resmcm’".zme.: SP_RestrictionZoneType [?" ] + typEOfBuiIdinglndic_atiuns: CharacterString [0..*]
||+  soilip: Characterstring [0.1] + technologicalRiskSafetyArea: CharacterString [0..%] +  typeOfShapelndications: CharacterString [0..%]
+  soilType: extSoilType [0..1] +  unitindications: int [0..1]
+  stratigraphy: CharacterString [0..1] 1.*
+  uncertainitySoilType: double [0..1] — 1.7 1
+  uncertainityStrat: double [0..1]
«FeatureType» L_
LA_Source . 0..*
«blueprint:FeatureType» +  acceptance: DateTime [0..1] «FeatureType»
External:ExtSpatialClaim +  availabilityStatus: LA_AvailabilityStatusType [0..1] SP Permit
+  extArchivelD: ExtArchive [0..1] =
+  claimDepth: double [0..1] 0.* +  lifeSpanStamp: DateTime [0..1] +  decisionDate: DateTime [0..1]
+ claimDiameter: double [0..1] - + maintype: CI_PresentationFormCode [0..1] + description: CharacterString [0..1]
+  claimGeom: geom +  quality: QualityElement [0..%] +  duration: CharacterString [0..*]
~|+ claimiD: oID +  recordation: DateTime [0..1] + name: CharacterString [0..1]
+  claimType: extClaimType +  sID: Oid + : CharacterString [0..%]
+  claimUOM: CT_UnitOfMeasure +  source: Cl_Responsibility [0..%] + : {id
+  congestion: extCongestion [0..1] +  submission: DateTime [0..1] +  typeOfPermit: SP_PermitType [0..5]
[
|
«CodeList» «Codelist» «CodeList» «Codelist» «CodeList»
External::extClimaTheme External::extBuildSuitable External:extSoilType External::extClaimType External::extCongestion
+  biodiversity + notSuitable + anthropogenic + cable + high
+ drought + suitable + clay + foundation +  low
+ flood +  unknown + clayey sand + geomechanics +  unknown
+  heat + coarse sand + parking
+ unknown + fine sand + pipe .
+ waterlogging «Codelist» + grind + treeRoot «CodeList»
External:extInfiltration + peat CLIMA_SubinfoReq
D avernre o : z:zﬂsmoderately coarse + geomechanics
+  high(<70cm) L o= + gr’r}undwater
+  low(>1m) 5 oomips
O + subCongestion




IMPLEMENTATION

External subsurface information in 3D digital twin of The Hague.

B FME Data Inspector 20241
File View Comera Tools Window Help

e g B S AGB O H 228 0 p & =) &

Open Add  SaveAs SaveSelected Refresh Stop 2D | 3D Table Slideshow IMeasure  Orbit Select Pan Zoomlin Zoom Qut Zoom Selected ZoomEstents SelectNoGeometry Filter Mark  Background

Default Light

Stat % Viewl X

Jouon feidsig

- 8 x
Feature Information - §
Features Selected: 1 of 1 » In CLMA B3o-248-584 | 3
ty DataType €€ Value E]
Exposed Attril z
puiD. buffer NLIMBAG Pand.0518100001633 || =
JextiD int54 20584
[etSoilType buffer sand moderately coarse
JextStratigraphy int5d 010
i real32 044
/. realz2 [
phiD. varchar(12) B3.9-248-584
id int54 50
Unexposed Att... @

geopackage type
FME Attributes (3)
Geometry
Coordinate System
Dimension
Number of Vertices

geopackage_muttipolygon

Metherla
D
184

Min Extents 75604171875, 453279.643
Max Extents 75993390625, 453386....
W MultiArea (...
log  Table View %
CLIMA TheHague [OGCGEQPACKAGE] - CLIMA B3.9-242-584
pulD JextiD. JextSoilType i initySoil ini i pbID id
48 NLIMBAG Pand 0518100000219449 19625 clay 5120 081 017 B2.9-248.584 i3
49 NLIMBAG Pand.0518100000247048 24482 clayey sand 1100 008 B3:3-248-584
51 NLIMBAG.Pand.0518100001633813 24482 clayey sand 1100 008 B3:9-248-584
52 NLIMBAG.Pand.0518100000212742 26970 clay 1100 o7 017 B2:9-242-524 2
53 NLIMBAG.Pand.0518100000212742 24322 sand moderately coarse 010 041 0 B3.0-243-534 53
yel ~ in any column ~ D titer linfvaues ~
* v - | METER

Implementation in other countries as future research?
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Instance diagram of Almere Pampus masterplan

«blueprint:FeatureTypes
KNMI_Klimaatscenario2023::ExtClimateTheme

Area: Polygon{(137769 486526),.}
ClimateTheme: flood, drought, waterlogging
Measure: water drainage, storage, infiltration

+
+
+
+ Source: KNMI

«blueprint:FeatureType»
h

Wier

+  Area: Polygon{(137769 486526),.}
+  BuildSuitability: suitable
Source: Wiertsema&Partners

P

«blueprint:FeatureType»
BRO_WaterTableDepth::ExtGroundwater

Area: Polygon{(137769 486526),.}
extSource: TNO

HighestLevel: 62.5

Infiltration: high(<70cm)
RiskDrought: True

RiskFlood: True

UOM: em

ok ko

SP_PlanGroup

«FeatureType»
AlmerePampus::CLIMA_Masterplan

hierarchyLevel: 3

label: AlmerePampusMasterplan

pgID: NLIMRO.0034.BPalg05-vg01
referencePoint: Point(140000 480000)
responsible: Gemeente Almere

source: BeleidsRadar.nl

-

SP_PlanBlodk:

«FeatureType»
AlmerePampusF2267::CLIMA_LocalPlan

/extBuildSuitability: suitable
JextClaimType: pipe

/extClimateTheme: drought, flood, waterlogging
/extCongestion: low

JextInfiltration: high

/extMeasure: water drainage, storage, infiltration

«blueprint:FeatureType»
BRO_GeoTOP::ExtSoil

Area: Polygon{(137769 486526)...}
Depth: 0.5

LayerID: [94,132,92]

SoilType: sand

Source: TNO

Uncertainity: 24

- UOM:m

P

«blueprint:FeatureType»
WKOBronnenDesign::ExtSpatialClaim

ClaimType: pipe
Congestion: low

Depth: 150

Diameter: 31.5

Geometry: Polygon{(137769 486526)...}
Lenght: 200

Source: Gemeente Almere

UOM: cm

PRS-

JextSoilType: sand
blockName: ALMERE_F_2267
constraintDescription: 40-50% unpaved
constraintName: unpavedZoning
funmunTyps Residential
a: Not identified

naturalRiskSafetyArea: Flood
pbID: NLIMRO.0034 BPalg05-vg01
restnchonZune FloodZone

a: Not identified

R,

SP_PlanUnit

«FeatureType»
GreenGarden::CLIMA_Intervention

«FeatureType»
SP_Permit

+  name: Building Permit Green Garden
+  pID: NLIMRO.0034.BPalg05-vg0 1. ALMERE.F2267.Garden01.P
+  typeOfPermit: BuildingPermit

depthUndergroundMm: 900
featureFratarted False
Beleidsregel Waterschap Zuiderzeeland, Almere Waterplan
maxAreaInd.lcauuns 90m2
nationalGuideline: Water en Bodem Sturend, MooiNL, Kaderrichtliin Water, Maatlat
otherConstructionlndications: 40-50% unpaved
pulD: NLIMRO.0034 BPalz05-vz01.ALMERE.F2267.Garden01
referencePoint: Point(137769 486526)
statusType: Planned
subFunctionName: Urban Garden
subFunctionType: Green Space

sublnfoRequirements: soilType, spatialClaim, Groundwater

ur ion: Contains
typeOfBuildingIndications: Green Space




CONCLUSIONS

- The revised LADM Part 5 climate adaptation
profile facilitates integrating subsurface and
climate data into spatial plans.

- Its development was driven by nature-based
climate resilience research, policies, and the
specific challenges faced by urban planners.

- The revised profile’s incorporation of external
classes and LA_Source allows integration and
traceability of critical information.

- Its generic nature allows flexibility to various
planning scenarios, making it a valuable tool for
planners worldwide.

- Its implementation showcase its utility in Dutch
real-world scenarios. Testing is encouraged in
different global contexts.
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