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Integrating subsurface data into urban 
planning for climate adaptation using land 
administration domain model part 5
Maria Luisa Tarozzo Kawasakia∗, Laura Thomasb, Ulf Hackaufb, 
Rob van der Krogta, Wilfred Vissera and Peter van Oosteromb

In 2022, the Netherlands introduced ‘water and soil’ as a guiding principle for spatial planning, 
aiding the country’s goal for climate resilience by 2050. Applying it requires integrating 
subsurface data, spatial planning, and climate adaptation. Despite existing subsurface models, 
no cohesive approach links them to 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 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.
KEYWORDS: Land Administration, Subsurface Data, Climate Adaptation, Spatial Planning, Urban Design, Spatial Information Model, Geodata

1. Introduction
The introduction in 2022 of water and soil as guiding 
principles in Dutch urban planning (Harbers and Heij
nen, 2022) highlights the need for subsurface infor
mation. Understanding soil composition, groundwater 
dynamics, and land stability is essential for making 
informed design decisions, influencing the feasibility of 
construction, and long-term land use (Volchko et al., 
2020). Knowledge of soil and groundwater also facili
tates a natural approach when adapting to climate- 
related urban challenges, such as heat, drought, and 
heavy rain (Hooimeijer and Maring, 2018). Therefore, 
integrating subsurface data into planning processes is 
crucial, particularly as the Netherlands works towards 
climate resilience and water robustness by 2050 (Gov
ernment of the Netherlands, 2023). However, although 
the Netherlands has multiple subsurface data models, 
integrating these into urban planning remains a chal
lenge. Interviews revealed that the main barriers to 
effectively incorporating subsurface data into spatial 
planning were the lack of a unified approach, data 
accessibility, and insufficient knowledge among 
designers on how to efficiently use this data in spatial 
planning (Norkunaite and Chevtchenko, 2025; van 
Spaandonk, 2025). Thus, this paper explores how struc
tured data frameworks can enhance climate-adaptive 

spatial planning by bridging the gap between subsurface 
data and urban design, ensuring that subsurface con
straints and opportunities are effectively incorporated 
into decision-making.

The paper introduces CLIMACAT, a developed 
online portal that consolidates subsurface and climate 
adaptation design information. Moreover, the paper 
exemplifies the storage and exchange of climate adap
tation plan information using the ISO 19152 Land 
Administration Domain Model (LADM) Part 5. Within 
this standard, the paper proposes attributes and exter
nal classes tailored for climate adaptation interventions 
and the use of subsurface data sources in spatial plan
ning. The goal is to develop a framework for integrating 
standardized subsurface information into climate adap
tation efforts, addressing a global challenge in urban 
planning and land administration. The proposed 
LADM Part 5 Spatial Plan Information CLIMA 
specialization has been designed with a generic structure 
and is expected to be applicable in various countries, as 
climate resilience is a global challenge. The proposed 
LADM climate specialization profile will be incorpor
ated into Annex C of the latest version of ISO 19152 
Part 5. As with other components of LADM, Part 5 
requires individual countries to develop their own 
national profiles by adapting and incorporating 
country-specific information. For countries intending 
to integrate climate adaptation into their spatial plan
ning frameworks, it is recommended to start with the 
paper’s proposed LADM Part 5 climate adaptation gen
eric profile and subsequently tailor it to their specific 
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national contexts. To illustrate the application of this 
profile in a country-specific context, the paper includes 
an example diagram showcasing real plan information 
from the Dutch city of Almere, standardized using the 
proposed LADM climate specialization profile. This 
work contributes to various Sustainable Development 
Goals (SDG’s), especially relevant are the SDG’s 11 
(Sustainable cities and communities) and 13 (Climate 
action) (United Nations, 2023).

Section 2 outlines the paper’s methodology. Section 3
examines the role of subsurface data in spatial planning 
for climate adaptation, using literature and interviews. 
Section 4 reviews existing subsurface models based on 
data needs, while Section 5 discusses data integration 
challenges. Section 6 introduces CLIMACAT, an online 
portal integrating data sources. Section 7 presents the 
LADM climate adaptation profile and a Dutch example. 
Section 8 evaluates the approach based on planners’ feed
back, and Section 9 concludes, with Section 10 suggesting 
future research directions.

2. Methodology
This research used a multi-stage methodology to bridge 
the gap between subsurface data availability and its prac
tical application in climate-adaptive spatial planning, 
executed through the following steps:  

(1) Problem Definition and Requirements Analysis: This 
foundational stage established the research context 
and defined the needs for integrating subsurface 
data into climate-adaptive urban planning, achieved 
through:  

. A literature review on the role of subsurface data 
in climate-adaptive spatial planning, focusing on 
Dutch policies and design guidelines (Section 3).

. Qualitative data collection through interviews 
with urban planners from two design offices 
to gather practical insights on subsurface data 
in spatial planning (Section 3).

. An analysis of relevant subsurface models based 
on the identified subsurface data needs in 
Dutch spatial planning (Section 4).

. An examination of prevailing data integration chal
lenges identified during the interviews. (Section 5).

(2) Framework Development: Addressing the identified 
requirements, a core component of this research 
was the proposal of a structured framework for 
incorporating subsurface data into climate-adap
tive spatial planning. This involved:  

1 Developing a profile for the ISO 19152-5 LADM 
to integrate subsurface and climate adaptation 
information into standardized spatial plan infor
mation. This included defining attributes and 
potential external class linkages to external infor
mation sources (Section 7).

2 Developing an online portal consolidating climate 
adaptation design and subsurface information by 
hyperlinking different data sources and describing 
their use in spatial planning (Section 6).

(3) Implementation Example: To demonstrate the prac
tical utility and application of the proposed frame
work, the methodology included: 

. The application of the proposed LADM climate 
adaptation profile using a case study approach. 
Plan information from the Dutch city of Almere 
was standardized according to the developed 
profile, illustrating its feasibility and function 
in a specific national context (Section 7).

(4) Qualitative Assessment: The final methodological 
step involved evaluating the proposed framework 
and its potential impact. This was conducted 
through:  

. Gathering qualitative feedback from interviewed 
urban planners regarding the developed 
LADM climate adaptation profile and design 
portal and analyzing it to assess the proposed 
combined framework (Section 8).

This integrated sequence, progressing from problem 
analysis to the development of the LADM profile 
and design portal, and then to practical demonstration 
and expert assessment, provides the methodological 
structure underpinning the contributions presented in 
this paper.

3. The role of subsurface data in urban 
planning
Traditionally, spatial planning has focused on surface- 
level considerations, often neglecting the critical impact 
of subsurface conditions on sustainable urban develop
ment. However, as cities face growing challenges related 
to infrastructure expansion, water management, and eco
logical balance, planners are beginning to incorporate 
subsurface data into their strategies. This data is related 
to both subsurface properties and functions. Subsurface 
property refers to a certain quality of the subsurface 
like soil structure. This can involve for example the pres
ence of certain soil types, such as sand and clay. Different 
soil and water properties are suited to different functions, 
potentially guiding a planner’s design. For example, plan
ners must evaluate factors like soil load-bearing capacity, 
because soft ground cannot support new structures. 
Groundwater levels also require attention. Excessively 
low levels can contribute to subsidence (Climate Adap
tation Services, 2021), whereas high levels may foster 
moisture problems and related health risks such as 
mold (Chen and Hu, 2004). Consequently, a clear under
standing of local soil and groundwater conditions facili
tates better decision-making.

In 2022, the Netherlands established ‘soil and water’ as 
key guiding principles for sustainable spatial planning 
(Harbers and Heijnen, 2022). And while some argue 
that this guiding principle requires a broader perspective 
(de Rooij et al., 2023), certain Dutch municipalities start 
incorporating subsurface and water considerations into 
their spatial planning. For example, the Municipality of 
Utrecht commissioned PosadMaxwan to inventory and 
visualize current and future spatial claims in the subsur
face for their Vision on Subsurface 2040, aiming to inte
grate subsurface planning into broader strategic decision- 
making (Norkunaite and Chevtchenko, 2025). This rec
ognition is also increasingly emerging from designers 
themselves, pushed by agendas that focus on including 
soil and water considerations in spatial planning and 
design. One example is PosadMaxwan’s recent project 
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for a vision for Almere center. In the coming years, fifteen 
thousand new housing units need to be added. In this 
project, subsurface information was used to guide 
decisions on where and how to develop it. As a design 
choice, densification in this project was not the goal in 
itself but something that must aligned with the existing 
natural framework. Thus the water and soil system 
defined green blue structures, habitats, types of veg
etation, location, and size of new buildings (Norkunaite 
and Chevtchenko, 2025). This project is shown in 
Figure 1.

These examples are not how traditionally the Nether
lands was designed. Historically, Dutch spatial planning 
approach to urban development overlooked subsurface 
conditions, developing urban expansions by placing a 
thick layer of sand on top of the polder without consider
ing long-term water management. These areas today face 
water management and subsidence issues, and the sand 
layer can be considered as a biodiversity desert. Urban 
planners are now exploring ways to solve soil and water 
issues and introduce biodiversity by, for instance, lever
aging natural water fluctuations. This requires a detailed 
understanding of soil types, water systems, and veg
etation compatibility. The use of subsurface information 
as a basis for urban planning is referred to as designing 
‘from the ground up’. This concept emphasizes incorpor
ating subsurface information as an integral part of spatial 
planning rather than as an afterthought. For the purpose 
of gathering more information on the use of subsurface 
information in spatial planning by designing ‘from the 
ground up’, interviews were conducted in two different 
moments with urban design offices, namely  
PosadMaxwan and Bright. Interviewed designers stated 
that, while this approach does not fundamentally alter 
the design process, it expands the scope of analysis (Nor
kunaite and Chevtchenko, 2025). Understanding subsur
face conditions allows for more informed and cost- 
effective decisions, such as planning buildings and their 
foundations. Since altering subsurface conditions is 
costly, integrating these factors early ensures urban pro
jects align with natural and infrastructure constraints 
(Norkunaite and Chevtchenko, 2025).

Designing ‘from the ground up’ involves several key 
steps, described by the interviewed designers (van Spaan
donk, 2025; Norkunaite and Chevtchenko, 2025). First, 
planners must gather and analyze data related to soil 
composition, groundwater levels, and climate projections. 
Next, subarea profiles are developed to categorize land 
based on soil and water dynamics, facilitating the 

identification of suitable interventions. Other topics of 
spatial planning are then integrated, such as mobility 
and public space allocation, ensuring a holistic approach 
to development. Then, project evaluation frameworks are 
established to measure whether planning objectives, such 
as sustainability targets, are met. Finally, the spatial plans 
are adopted by authorities.

Therefore incorporating subsurface data into spatial 
planning requires an iterative process where design and 
analysis can happen simultaneously (van Spaandonk, 
2025), an approach known as ‘research by design’. An 
example of this is the masterplan for Almere Pampus 
where subsurface data played a crucial role in shaping 
the project (Gemeente Almere and Rijksvastgoedbedrijf, 
2024). The masterplan includes twenty-five to thirty-five 
thousand homes, at least sixteen thousand jobs, and all 
associated public and commercial facilities for health
care, education, recreation, and daily shopping, mean
while addressing energy, ecological and subsurface 
concerns. Soil and water data guided decisions on the 
city’s layout, including water infiltration, open spaces, 
and energy stations (Gemeente Almere and Rijksvast
goedbedrijf, 2024; van Spaandonk, 2025). This is because 
some climate related vulnerabilities can be explained by 
soil characteristics. For example, clay-rich areas are 
more sensitive to waterlogging after heavy rainfall than 
sandy areas. And sandy areas are much more sensitive 
to drought than loamy areas (Climate Adaptation Ser
vices, 2021). The design, based on subsurface conditions, 
ensured minimal soil disturbance while leveraging soil 
properties to address urban challenges. The project 
emphasized collaboration among experts (van Spaan
donk, 2025), using subsurface data to refine decisions. 
The final masterplan reflects the ‘from the ground-up’ 
approach. Due to the use of subsurface information 
during the entire spatial planning process, the paper stan
dardizes information from this masterplan, using the pro
posed LADM climate adaptation profile, in Section 7.

3.1. Subsurface data and climate adaptation 
design
Effective climate adaptation involves nature-based sol
utions that rely heavily on subsurface and water infor
mation, such as soil types and groundwater levels 
(Timmermans, 2020; Hempelmann, 2022). For example, 
soil types significantly impact the feasibility of rainwater 
infiltration to address flooding or waterlogging. High- 
infiltration soils, like sandy types, are ideal for this 

Figure 1. Plan and Section for Almere Vision. Water and soil guided design choices. (Source: PosadMaxwan).
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purpose, while low-infiltration soils, such as clay or peat, 
are less suitable (Deltares, 2020). In urban areas, subsur
face infrastructures for water, heat, electricity, and data 
can limit spatial adaptation interventions. Localized sub
surface data, including soil maps, drilling profiles, and 
infrastructure details, are crucial for identifying viable cli
mate adaptation strategies. Furthermore, assessing avail
able subsurface space is vital, as obstructions like pipes 
are often only mapped locally. Climate adaptation design 
must incorporate these subsurface characteristics to 
effectively address challenges like flooding and heat 
stress. In 2020, the Dutch Ministry of the Interior and 
Kingdom Relations compiled a summary of twenty-five 
prevalent climate adaptation interventions, including 
associated costs and maintenance requirements (Rijkso
verheid, 2020). However, this summary lacks information 
on subsurface properties. To bridge this gap, this paper 
examines these interventions to determine subsurface 
data requirements in spatial planning and assess existing 
data. The study used as a source the guidelines of the Lei
draad Klimaatadaptief Bouwen 2.0 (Climate-Adaptive 
Building Guide 2.0 in English) (Bouwadaptief, 2022), 
which is publicly accessible through Bouwadaptief 
(Building Adaptive in English), an interactive website 
providing information for climate-adaptive construction, 
including regarding the twenty-five interventions. Com
pared to the Dutch government’s 2020 document, this 
source offers more detailed insights into subsurface 
requirements. The findings of this study also informed 
the development of the proposed portal presented in Sec
tion 6, and LADM profile presented in Section 7. A com
prehensive overview of these interventions and their 
relationship on different subsurface information can be 
found in Table 1. Six of the studied interventions, such 
as bat boxes, did not involve subsurface information 
and were therefore excluded from the overview. Based 
on these interventions, subsurface data needs are categor
ized into four main groups (see Figure 2):

. Groundwater Level: Infiltration capacity is higher 
when highest groundwater level is less than 70 cm bel
low surface level (Deltares, 2020).

. Spatial Claim: The presence and density of subsur
face natural or built elements, such as cables or tree 
roots, determine how much space is available for 
other interventions.

. Soil Type: Soil type influences both infiltration 
capacity and the suitability for construction. Sandy 
soil facilitates infiltration, while clay and peat limit 
it and may affect building stability (Deltares, 2020).

. Geomechanics: This refers to the load-bearing 
capacity of the ground, which influences construc
tion material and method choices.

Adaptation measures should be tailored to these sub
surface properties. For example, sandy soils with low 
groundwater levels can better support rainwater infiltra
tion through permeable pavements, while clay soils with 
high groundwater levels might be better suited for artifi
cial water storage solutions, such as roof rain catchment 
systems combined with ground catchment tanks. Ulti
mately, incorporating subsurface knowledge into spatial 
planning is about making better-informed design 
decisions. This requires relevant and reliable subsurface 
data. The next section examines existing subsurface 
models, assessing their suitability in spatial planning.

4. Subsurface models assessment for 
urban planning
Four categories of subsurface information were identified 
as important for spatial planning, particularly in the con
text of climate adaptation design: soil type, spatial claim, 
geomechanics, and groundwater level (see Figure 2). 
These categories are derived from the subsurface data 
requirements identified in the analysis of twenty-five cli
mate adaptation interventions recommended by the 
Dutch government (Rijksoverheid, 2020) (see Table 1). 
This section reviews existing subsurface models related 
to these four categories, assessing their relevance to 
spatial planning. While most models are available at the 
national level, the assessment also includes data at the 

Table 1. Subsurface data needs for prevalent climate-adaptive interventions, derived from Leidraad Klimaatadaptief Bouwen 
2.0, and grouped by groundwater level, soil type, geomechanics, and spatial claim.

Intervention Groundwater Level Soil Type Geomechanics Spatial Claim

Water Square ▮ − − ▮
Permeable Pavement ▮ − − ▮
Ground Level Elevation − ▯ ▮ −
(Natural) Wadis ▮ ▮ − ▮
Façade Garden − − − ▮
Soil Structure Improve − ▮ − −
Water Storage (Pavement) − − − ▮
Shadow Routes − − − ▮
Water Storage (Building) − − − ▮
Cool Places − − − ▮
Rural Waterways ▮ − − −
Natural Playground − ▮ − ▯
Tree Planting − ▮ ▯ ▮
Infiltration Crates/Wells ▮ ▯ − ▮
Disconnected Downspout − ▮ − ▯
Green Façade − − ▯ ▮
Green Garden − − − ▮
Green Fence − − ▯ ▮
Surface Water ▮ − − ▮

Note: Symbols: ▮ = high need, ▯ = low need, and − = no need.
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municipal and provincial levels, using the city of Utrecht 
as a case study.

Regarding soil type, GeoTOP is a national 3D model 
depicting subsurface layers up to fifty meters deep, rep
resented in 100× 100× 0.5 meter voxel blocks contain
ing geological and soil property data. It provides 
insights into soil types and is valuable for large-scale 
applications like infrastructure planning and ground
water research (Basisregistratie Ondergrond, 2023b). 
The existing resolution is sufficient for masterplan-level 
detail. For Almere Pampus, it provided enough data for 
an initial design and integration of soil information 
into spatial planning (van Spaandonk, 2025). Smaller 
resolutions of GeoTOP are available for some areas but 
may not be publicly accessible through BROloket or 
DINOloket. It’s important to note that soil type models 
are probabilistic, based on interpolated data. GeoTOP, 
for instance, shows the likelihood of a soil type, related 
to its lithology and lithostratigraphy, for example sand, 
but in fact this is a probability of 85% sand and 15% 
clay. While starting with rough soil estimations, like Geo
TOP data, is acceptable, the data can be refined as the 
design progress. For Almere Pampus, soil experts vali
dated assumptions, and later drilling profiles either con
firmed or challenged the insights (Gemeente Almere 
and Rijksvastgoedbedrijf, 2024). Adjustments to the 
masterplan based on new data were manageable (van 
Spaandonk, 2025).

The 3D version of GeoTOP is accessible via the BRO 
3D web services (TNO Geologische Dienst Nederland, 
2023a), a platform that allows users to visualize and 
interpret soil voxels from selected locations using a pro
vided legend. Additionally, users can create sections, 
rotate, and move the model, as can be seen in 
Figure 3(d). Users can also visualize GeoTOP by down
loading SubsurfaceViewer (Niedersachsen Wasser, 
2022), a dedicated software tool. Moreover, urban plan
ners commonly work with 2D representations of Geo
TOP by generating 2D cross-sections of the model. 
This approach was also used in the examples presented 

in this paper, where the interviewed designers analyzed 
soil layers through 2D sections. These sections were gen
erated using DINOloket (TNO Geologische Dienst 
Nederland, 2025b), an online portal that provides public 
access to extensive national subsurface data.

For subsurface spatial claim, related to the available 
space underground for building new interventions, data 
is usually available on municipal level. For example, 
Utrecht’s 3D digital twin includes subsurface elements 
such as cables and pipes, viewable through the municipal
ity’s web viewer (Gemeente Utrecht, n.d.). This model 
can support local design by making subsurface conges
tion visible. An example of the model being used for 
this purpose is shown in Figure 3(a). It is important to 
mention, however, that not every city has a digital twin. 
Additionally not every city has publicly available datasets 
of cables and pipes. Whenever these are not publicly 
available, planners can request the information of an 
area using the Kadaster KLIC national system, where 
the data is made available online for visualization and 
printing (Kadaster, 2024).

The third identified data need is geomechanics. In the 
context of urban design, geomechanics models relates 
to subsurface load-bearing capacity. The province of 
Utrecht provides a 2D map indicating suitability for tra
ditional construction, considering factors like settlement 
sensitivity (Provincie Utrecht, 2011). While useful for 
regional design, it may require additional local data 
from cone penetration tests (CPTs) for precise geotechni
cal assessments (Basisregistratie Ondergrond, 2023a). In 
the BRO 3D webservice, CPTs are displayed in 3D as 
brown tubes without measurement values, offering 
immediate insight into their distribution and depth. 
Users can access detailed measurement data via a link 
in the pop-up, leading to the BROloket, where relevant 
graphs are provided (TNO Geologische Dienst Neder
land, 2025a). Interpreting these graphs usually requires 
a geotechnical expert, so while the information is publicly 
accessible, expert assistance is necessary for its appli
cation in design.

Figure 2. Decision tree for design interventions based on subsurface properties.
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Finally, the highest groundwater level (GHG), crucial 
for assessing subsurface suitability for water infiltration, 
is represented on two national level 2D maps, available 
from both the Klimaateffectatlas (KEA) (Esri Nether
lands, 2022), a platform for climate adaptation infor
mation, which uses modeled projections based on 
climate scenarios, and DINOloket (TNO Geologische 
Dienst Nederland, 2025b). The KEA GHG map, based 
on the Dutch National Water Model from 2016 (Del
tares, 2016), provides information on current ground
water conditions and includes future predictions under 
various climate scenarios, such as those for 2050. This 
map, with a resolution of 250× 250 m, is designed for 
regional assessments and provides insights into potential 
future changes. The KEA GHG map is shown in 
Figure 3(c). In contrast, the DINOloket GHG map is 
based on the BRO Water Table Depth Model 2023-02 
(TNO Geologische Dienst Nederland, 2023b), which 
uses actual measured data from groundwater monitoring 
wells to reflect real-world conditions and has a resolution 
of 100× 100 m. This makes the DINOloket map more 

accurate for local applications, particularly in areas 
with dense groundwater monitoring wells coverage, 
though there are limitations in urban areas due to fewer 
monitoring wells. Additionally, Grondwatertools 
(Groundwater Tools in English), is an open platform 
that provides data on groundwater heads and analysis 
of groundwater dynamics (TNO Geologische Dienst 
Nederland , 2023c), including flow direction, differences 
between highest and lowest groundwater levels, and 
groundwater response to precipitation. This data can 
support planning decisions by helping to assess whether 
drainage is needed and understanding how quickly 
groundwater levels react to precipitation and 
evaporation.

In conclusion, this assessment highlights both the 
availability and limitations of subsurface models across 
national, provincial, and municipal scales. An overview 
of the assessed models is shown in Table 2. The following 
section discuss the challenges in incorporating these 
models into spatial planning, based on the presented 
assessment and interviews with urban planners.

Figure 3. Examples of existing subsurface models that can be used in spatial planning. (a) Cables and pipes in Utrecht digital 
twin. (b) Building suitability in Utrecht geoportal. (c) KEA groundwater level model and (d) Soil layers in GeoTOP.

Table 2. Subsurface properties, models, and platforms for the city of Utrecht.

Property Model Platform Resolution (m) Level

Soil Type GeoTOP (3D) BRO3D 100× 100× 0.5 National
GeoTOP (2D Sections) DINOLoket 100× 0.5 National

Spatial Claim Utrecht3D Utrecht3D N/A Municipal
KLIC (2D) KLIC 1 (minimum) National

Geomechanics Building Suitability (2D) ATLAS 500× 500 Provincial
CPT Distribution (3D) BRO3D Var. Depth National

Groundwater Level National GHG Map (2D) KEA 250× 250 National
BRO Water Table Depth (2D) DINOLoket 100× 100 National
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5. Challenges in integrating 
subsurface data into urban planning
Despite a broad availability of subsurface data in the 
Netherlands, this information could be more efficiently 
and more widely used in the planning and design of 
urban areas. Three barriers were identified that obstruct 
the use of subsurface data in spatial planning and design 
practices: the fragmentation of data sources, the quality 
of available data, and a lack of awareness among 
designers and stakeholders regarding the relevance of 
the subsurface for climate adaptation. While existing 
platforms provide valuable data, designers must still com
bine multiple sources to obtain comprehensive subsur
face information (Norkunaite and Chevtchenko, 2025). 
Therefore one of the key challenges in integrating subsur
face data into spatial planning is data fragmentation. For 
example at PosadMaxwan, designers utilize an internal 
geodatabase that consolidates publicly available data 
and client-provided datasets within a unified working 
environment, enabling seamless integration with QGIS 
(Norkunaite and Chevtchenko, 2025). While effective 
within the office, interviewed designers agree that a cen
tralized portal linking relevant subsurface data sources 
would further enhance accessibility and usability. 
Additionally, such a system would improve the visibility 
of valuable datasets that remain underutilized due to lim
ited awareness.

A second major issue concerns data quality. One aspect 
of this is data resolution. For city-scale planning, existing 
datasets, such as those provided by DINOLoket (TNO 
Geologische Dienst Nederland, 2025b), offer sufficient 
information, including subsurface sections up to fifty 
meters deep. This is showcased in Almere Pampus, 
where the existing resolution of the GeoTOP model com
bined with other datasets enabled the creation of a well- 
informed masterplan (van Spaandonk, 2025; Gemeente 
Almere and Rijksvastgoedbedrijf, 2024). However, for 
localized neighborhood or street-level planning, the 
same resolution is often inadequate (Norkunaite and 
Chevtchenko, 2025). Another quality-related issue is 
data accuracy, mainly related to the presence of 
unmapped elements (Norkunaite and Chevtchenko, 
2025). Public space projects frequently encounter legacy 
pipes and cables left in place due to high removal costs. 
Although databases like KLIC (Kadaster, 2024) track 
underground utilities, they are not always accurate (Nor
kunaite and Chevtchenko, 2025). Furthermore, historical 
city centers pose additional challenges, as the likelihood 
of subsurface heritage such as Roman artifacts, can sig
nificantly constrain development (Norkunaite and 
Chevtchenko, 2025). Subsurface information can, in 
some cases, address these accuracy-related challenges. 
For example, in Almere Pampus, the analysis of historical 
soil layers and sedimentation patterns informed assess
ments of potential archaeological findings (van Spaan
donk, 2025). Since such discoveries represent 
constraints that typically cannot be mitigated solely 
through technical solutions, understanding these geologi
cal indicators becomes highly valuable for strategic 
spatial planning, dictating where development might be 
feasible or should be avoided entirely.

These examples highlight the critical need for compre
hensive subsurface analysis prior to detailed, local-scale 
planning phases. Such analysis serves multiple purposes: 

identifying potential constraints like heritage or 
unmapped infrastructure (addressing accuracy issues), 
and determining whether higher-resolution data is 
required (addressing resolution limitations). The Almere 
Pampus project further illustrates this iterative process: 
following the initial masterplan, more localized data 
from CPTs was integrated at a later stage, necessitating 
adaptations to address discrepancies arising from the 
initial data resolution (van Spaandonk, 2025; Gemeente 
Almere and Rijksvastgoedbedrijf, 2024).

Finally, there seems to be a lack of awareness on the 
importance of subsurface information for spatial plan
ning. The policy letter emphasizing the use of water 
and soil for Dutch spatial planning is of recent date (Har
bers and Heijnen, 2022). Additionally, it is not yet com
mon-practice to apply subsurface knowledge broadly in 
urban design projects. Even practitioners eager to work 
with water and soil sometimes lack the necessary knowl
edge to do so effectively. In the case of Almere Pampus, 
subsurface data laid the foundation for the masterplan, 
but it was only through expert consultation that these 
datasets were transformed into actionable insights (van 
Spaandonk, 2025). This highlights that, while necessary 
data is available, collaboration across experts remains 
necessary to use it.

The interviewed urban designers noted that raw sub
surface data alone cannot effectively drive design 
decisions (Norkunaite and Chevtchenko, 2025; van 
Spaandonk, 2025). The multiplicity of data sources and 
resolution of existing models hinder their effective utiliz
ation in spatial planning (Norkunaite and Chevtchenko, 
2025). At the same time, the complexity of subsurface 
data interpretation and the lack of knowledge on how 
to apply this data in design make multidisciplinary expert 
collaboration necessary (van Spaandonk, 2025). While 
this collaboration is essential (van Spaandonk, 2025), a 
unified framework could address some of the identified 
challenges. In climate adaptation design, standardized 
intervention guidelines exist (Rijksoverheid, 2020), but 
information on integrating subsurface data into these 
interventions is lacking.

Simultaneously, standardized subsurface datasets 
remain poorly integrated with design guidelines, con
straining their application in climate adaptation and 
broader spatial planning. Developing an integrated sys
tem that connects design interventions to subsurface 
data models would create an ‘information roadmap’ for 
incorporating subsurface data into spatial planning. 
This paper therefore presents a unified framework with 
two components to address these barriers. First, CLI
MACAT, a portal which hyperlinks various data sources 
to the twenty-five climate adaptation interventions rec
ommended by the Dutch government (Rijksoverheid, 
2020), with practical geolocated examples. Second, a 
LADM Part 5 specialization profile with tailored attri
butes and external classes aiming to facilitate subsurface 
and climate information integration into standardized 
spatial plan data, potentially globally. The following 
two sections detail these components, while Figure 4
illustrates the proposed approach.

6. Combining information: CLIMACAT
The Open Geospatial Consortium (OGC) defines FAIR 
(findable, accessible, interoperable, and reusable) climate 
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data services as crucial for effective climate information 
management (Hempelmann, 2022). Our paper states 
that a FAIR climate adaptation design catalog, consoli
dating all relevant local climate adaptation data into a 
single online resource, is a key solution for integrating 
and accessing this information.

CLIMACAT (climate catalog) is a developed digital 
Dutch climate design portal featuring the catalog of 
twenty-five climate adaptation interventions introduced 
in Section 3 (Rijksoverheid, 2020). Each intervention is 
hyperlinked to relevant subsurface and climate infor
mation sources. The portal aims to consolidate essential 
information for climate adaptation analysis and design 
phases of spatial planning (see Figure 4) in one location. 
In addition to introducing users to climate-related 
topics, the portal illustrates the relationship between 
subsurface information and climate adaptation spatial 
planning. Through the portal, users can use the decision 
tree presented in Figure 2 as a ‘road map’ to understand 
how the four subsurface data categories described in 
Section 3 may influence design choices. These categories, 

illustrated using the same decision tree, are described in 
detail and hyperlinked to the models assessed in Sec
tion 4, providing users with easy access to existing sub
surface models.

To demonstrate the application of subsurface data in 
spatial planning, a 3D map was created using GIS soft
ware and linked to the portal. This 3D map integrates 
open data on buildings (TUDelft3D and 3DGI , 2024) 
and trees (Esri Netherlands, 2023) with GeoTOP (Basis
registratie Ondergrond, 2023b), a subsurface model 
representing soil layers. Users can interact with it by mov
ing, rotating, and expanding it to full screen. Figure 5 dis
plays this 3D map exemplifying the relationship between 
spatial planning and subsurface conditions. The potential 
users are urban designers, data providers, and citizens. 
Designers benefit from better understanding the infor
mation needed for climate adaptation design, along 
with where to find relevant information. Data providers 
benefit from better understanding what are the data 
requirements for design, using it as basis to improve 
their own information and data models. Finally, citizens 

Figure 4. Proposed approach for integrating subsurface data into spatial planning for climate adaptation.

Figure 5. Description of the relationship between design and subsurface along with interactive 3D map.
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can use it to better understand climate adaptation needs 
in the country.

Each one of the twenty-five interventions (Rijksover
heid, 2020) in the catalog are exemplified in one geolo
cated example in the city of Utrecht. Additionally, each 
one includes a description and an explanation of how 
the intervention adapts to the related climate theme 
(Rijksoverheid, 2020; Bouwadaptief, 2022; Esri Nether
lands, 2022). This explanation often includes a link to 
technical drawings of the intervention. It then discusses 
the relevant subsurface properties for the selected inter
vention, based on information from the Leidraad Kli
maatadaptief Bouwen 2.0 (Bouwadaptief, 2022). It then 
indicates relevant national guidelines, taken from the 
Maatlat (Yardstick in English) (Ministerie van Binnen
landse, 2023), a Dutch framework document outlining 
sustainability and environmental performance criteria 
for urban development (Rijksoverheid, 2020), and 
local standards for the city of Utrecht, taken from the 
Leidraad (Bouwadaptief, 2022). An example of natural 
playground, one of the twenty-five interventions (Rijkso
verheid, 2020), can be seen in Figure 6, along with its 
geolocated example, description, and hyperlinks to 
relevant climate theme and subsurface properties.

The online catalog is concluded with an example 
use of this tool when designing. In the example, a neigh
borhood in Utrecht, Voordorp, has its information 
requests and subsurface limitations and opportunities 
identified. It then exemplifies how a potential interven
tion, in this case infiltration crates to infiltrate and store 
water from heavy rain, has all the identified information 
needs answered in one single place through the online 
portal. CLIMACAT is publicly available at gdmc.nl/ 
CLIMACAT.

7. LADM PART 5 climate adaptation 
profile
Standardized urban plan documentation enhance 
national and international knowledge exchange on 

diverse planning strategies. The LADM provides a uni
fied framework for land administration, supporting 
spatial representations (Lemmen et al., 2010). The 
Spatial Plan Information Package (Part 5) (ISO, 2024a) 
extends core LADM classes from the Party, Administra
tive, and Spatial Units packages, incorporating boundary 
faces, boundary face strings, and spatial units (Indrajit 
et al., 2020; ISO, 2024a), and introduces new classes, 
SP_PlanGroup, SP_PlanUnitGroup, SP_PlanBlock, 
SP_PlanUnit (Indrajit et al., 2020), and SP_Permit 
(ISO, 2024a), to model zoning, planned land use, and 
associated Rights, Restrictions, and Responsibilities 
(RRRs) (Indrajit et al., 2020; ISO, 2024a).

This paper states that an information standard 
designed for sharing urban plan information, such as 
LADM, can also enhance the national and international 
exchange of climate adaptation related plan information. 
The specialized information model for climate adap
tation (CLIMA) adds attributes tailored for climate 
adaptation design and external classes related to ident
ified subsurface data needs. This generic profile thus 
aim to add subsurface and climate information into 
spatial planning. It refines LADM Part 5 for a specific 
scope, climate adaptation, which has global relevance. 
This is the main reason for presenting a generic profile 
instead of only a country-specific one, allowing it to 
serve as a basis in different countries.

The proposed profile inherit the attributes of the orig
inal classes while integrating additional attributes and 
external classes relevant to climate adaptation. All classes 
and subclasses adhere to Part 5 of ISO 19152 LADM and 
are based on the LADM core, including Party, RRR, 
BAUnit, SpatialUnit, 2D/3D representations (from ISO 
19107), and VersionedObject. The LADM Spatial Plan 
package comprises fundamental classes such as plan 
groups, plan blocks, plan units, and permits.

A Plan Group in the LADM represents an administra
tive hierarchy that organizes spatial plans. Higher-level 
plans, such as a national, provincial or regional spatial 
plans, guide and encompass more detailed lower-level 
plans, like a masterplan, a model of local urban plan in 

Figure 6. Example of intervention along with hyperlinked subsurface information and a geolocated example.
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the Netherlands, in which the form of buildings and the 
design of public space are combined in one integrated 
proposal. For climate adaptation design, this hierarchy 
is crucial for aligning various planning levels and aspects. 
The attributes of the SP_PlanGroup class include: the 
plan group identifier (pgID), hierarchy level (hierarchy
Level), hierarchy name (label), and a reference point 
(referencePoint). The CLIMA_PlanGroup subclass 
inherits these attributes. The subclass also associates 
information to LA_Party and LA_Source to indicate 
the responsible party and the source of the plan as 
approved by the relevant authority.

A SP_PlanBlock is the lowest level of plan and con
sists of a set of neighboring plan units decided or 
approved by authorities. This class includes attributes 
such as an identifier (pbID), block name (blockName), 
planned function type (functionType), protected zone 
type (protectedSite), and natural risk areas (natural
RiskSafetyArea). For climate adaptation design, 
additional attributes are introduced to store climate 
themes, soil, subsurface conditions, groundwater levels, 
and geomechanic properties. These attributes are 
derived from External Classes. In the context of 
LADM, external classes refer to information models 
that exist outside the core LADM framework but are 
linked, within the Spatial Information Infrastructure 
(SII), to ensure interoperability with external datasets 
and domain-specific information. In this case, external 
classes are used to represent subsurface and climate 
adaptation data sources, encompassing attributes such 
as soil type, groundwater levels, and other subsurface 
and climate-related conditions. These datasets, which 
are typically maintained by specialized agencies or 
institutions, provide essential information that is criti
cal for climate resilient urban planning and land 
administration.

The External::ExtClimateTheme class includes attri
butes such as Area, which defines the spatial extent of 
the climate theme, and ClimateTheme, which categorizes 
the prevalent climate risks in an area, such as flooding, 
heat stress, or drought (CodeList extClimaTheme). The 
Measure attribute describes the adaptation measures pro
posed to address these climate risks, when existing, and 
Source references the external datasets or sources from 
which the climate data originates. This class is essential 
for evaluating the impacts of climate change and inform
ing adaptation strategies.

The External::ExtGeomechanics class captures geo
technical data relevant to building suitability. Key attri
butes include BearingCapacity, which measures the 
soil’s bearing capacity, when available, using a certain 
unity of measure (BearingUOM), and Suitability, which 
evaluates whether the defined area is suitable for con
struction, with possible values such as suitable, not suit
able, and unknown (CodeList extBuildSuitable).

The External::ExtGroundwater class offers critical 
data on groundwater conditions. In particular, the attri
bute HighestLevel, indicates the highest recorded 
groundwater level in the area, when available. Addition
ally, the attribute Infiltration categorizes the groundwater 
infiltration capacity in high, average, low or unknown 
(CodeList extInfiltration), while extRiskDrought and 
extRiskFlood (Boolean) flags areas prone to drought 
and flood conditions. Finally, the Scenario accommo
dates climate change scenarios.

The External::ExtSoil class contains attributes such as 
Depth (Double), which indicates the depth of the soil 
layer, and SoilType, which classifies the soil based on 
type (clay, sand, peat, or unknow, as defined in CodeList 
extSoilType), while Uncertainty (Double) captures the 
degree of uncertainty in the soil data due to interpolation 
methods, offering a better understanding of soil proper
ties for land development.

Finally, the External::ExtSpatialClaim class deals with 
underground spatial claims, particularly in the context of 
infrastructure such as cables and pipes. This class 
includes attributes like ClaimType, which classifies the 
type of spatial claim (e.g. cable, tree root) using the Code
List extClaimType, and Congestion, which indicates the 
level of congestion in the area due to existing infrastruc
ture (high, low or unknown, according to CodeList 
extCongestion). The Depth and Diameter specify the 
depth and diameter of the underground installation, 
while Length defines its length.

For information models where the unit of measure 
(UOM) is significant, the attribute UOM is included. 
This attribute employs CT_UnitOfMeasure, a data type 
defined in ISO 19103 by ISO/TC 211, which provides a 
framework for specifying units of measurement within 
geographic information systems (ISO, 2024b).

Together, these external classes enhance the LADM 
by incorporating detailed subsurface and 
climate adaptation spatial plan data into land adminis
tration. They support informed decision-making with 
the use of associations to external datasets. By using 
the proposed new attributes linked to external classes, 
this profile enables urban planners to systematically 
incorporate subsurface constraints and opportunities 
into climate-adaptive decision-making processes while 
maintaining alignment with standardized land adminis
tration practices.

The SP_PlanUnit class represents the smallest plan
ning unit, relevant for local climate adaptation interven
tions. This class includes attributes like an identifier 
(puID), plan unit description (subFunctionType, sub
FunctionName), volume, area, height, status (status
Type), and surface relationship (surfaceRelation). For 
climate adaptation, new attributes were added to capture 
subsurface requirements (subInfoRequirements), 
required depth (depthUndergroundMm), resolution 
needs, and relevant guidelines. The subInfoRequirements 
attribute includes a CodeList for key subsurface proper
ties such as soil type, groundwater level, subsurface con
gestion, and geomechanics. These are used as a guideline 
for planners to identify which external sources are 
needed.

Lastly, LADM Part 5 supports permit registration 
linked to plan units. The SP_Permit class handles per
mit-related information for zero or more plan units. Its 
inclusion facilitates integrating permit information into 
climate adaptation designs. The LADM climate adap
tation profile is illustrated in Figure 7 and will be incor
porated into Annex C of the latest version of ISO 
19152 Part 5.

To showcase the use of the proposed generic profile in a 
more country specific way, the Dutch case is used, having 
the masterplan of Almere Pampus as an example 
(Gemeente Almere and Rijksvastgoedbedrijf, 2024). 
The selected area and the masterplan are shown in 
Figure 8. In the case of the Netherlands, the proposed 
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external classes are the external data sources used by 
urban planners and assessed in Section 4, such as Geo
TOP for soil information and DINOLoket for ground
water level. An instance level diagram is presented in 
Figure 9, showcasing the use of the proposed external 
classes and tailored attributes in a specific cadastral par
cel in Almere. The models and datasets used for the cre
ation of this masterplan, represented as external classes 
in the instance level diagram, are discussed in a public 
document with meeting notes (Gemeente Almere and 
Rijksvastgoedbedrijf, 2024).

This document states that the climate scenario from 
the Royal Netherlands Meteorological Institute 
(KNMI) (Koninklijk Nederlands Meteorologisch Insti
tuut, 2023) was used as the basis for assessing climate- 
related themes (Gemeente Almere and Rijksvastgoedbe
drijf, 2024). Consequently, climate related attributes are 
linked to this model through the external class ExtClima
teTheme. Information on the bearing capacity of the sub
surface and suitability for construction was sourced from 
a report by Wiertsema & Partners (Gemeente Almere and 
Rijksvastgoedbedrijf, 2024), and the corresponding suit
ability assessment property is therefore associated with 

this report through the external class ExtGeomechanics. 
Groundwater attributes were assessed using the BRO 
Water Table Depth Model 2023-02 available via DINO
Loket (TNO Geologische Dienst Nederland, 2023b; 
Gemeente Almere and Rijksvastgoedbedrijf, 2024), so 
the attributes from this model related to the cadastral 
parcel in the masterplan are associated with the external 
class ExtGroundwater.

Soil information used in the masterplan, such as soil 
type and layer depth, was obtained from GeoTOP (Basis
registratie Ondergrond, 2023b; Gemeente Almere and 
Rijksvastgoedbedrijf, 2024) and is associated with the 
external class ExtSoil. The masterplan notes do not 
describe the use of datasets or models to study under
ground congestion (Gemeente Almere and Rijksvast
goedbedrijf, 2024). It is possible that congestion is 
currently low due to the plot’s current agricultural use. 
The masterplan document does, however, discuss future 
spatial claims related to energy infrastructure (Gemeente 
Almere and Rijksvastgoedbedrijf, 2024). For example, 
aquifer thermal energy storage (ATES) infrastructure 
for geothermal energy must be considered before con
struction. Even if such infrastructure does not yet exist, 

Figure 7. Land administration domain model part 5 climate adaptation profile.
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the required spatial allocation should be accounted for in 
advance.

To illustrate this concept using the external class 
ExtSpatialClaim, the instance diagram assumes that the 
parcel includes an aquifer thermal energy storage system 

located less than ten meters from a building. In this scen
ario, the source installation should precede construction 
to protect both the building foundation and the energy 
source (Gemeente Almere and Rijksvastgoedbedrijf, 
2024). By utilizing the external class ExtSpatialClaim 

Figure 9. Instance level diagram shows the LADM profile in the Dutch context.

Figure 8. Almere Pampus’ masterplan and cadastral parcel.
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and its attributes, information about this potential energy 
source was incorporated into the diagram. Additionally, 
the masterplan includes plans for a metro system 
(Gemeente Almere and Rijksvastgoedbedrijf, 2024). 
This, however, does not intersect with the exemplified 
parcel.

In the example of Almere Pampus, the masterplan 
document states an aim for 40 to 50% of unpaved surface 
(Gemeente Almere and Rijksvastgoedbedrijf, 2024). 
Within residential blocks, such as this parcel, this 
unpaved surfaces are equivalent to design interventions 
related to additional greenery, such as food or sports gar
dens. Therefore, the diagram showcases information 
regarding a green garden within the SP_PlanBlock, 
using CLIMA_Intervention (SP_PlanUnit).

8. Evaluation
During the interviews conducted in two different 
moments with urban planners from two urban design 
offices, namely PosadMaxwan and Bright, feedback on 
the proposed approach was given. The key themes from 
the feedback revolve around improving the usability of 
developed portal, providing more practical guidance 
and better data traceability.

In particular, CLIMACAT has been praised for its 
checklist-based structure, which helps designers navigate 
complex climate adaptation tasks in a step-by-step man
ner. The two interviewed designers from PosadMaxwan 
highlighted how the use of the portal could potentially 
save time and simplify the decision-making process 
when including subsurface data (Norkunaite and 
Chevtchenko, 2025). Quoting one of the designers: ‘The 
website is more or like how the analysis problem goes. 
You see that you have a climate related problem and 
then you link it to soil and water.’ and ‘CLIMACAT is 
useful because you go through steps. The designer’s 
knowledge is, of course, similar to this process. But the 
website makes it easier, as a checklist, and saves time to 
designers’ (Norkunaite and Chevtchenko, 2025). 
Another designer from the same office commented: 
‘The idea of interlinking things together is very useful’ 
(Norkunaite and Chevtchenko, 2025). The feedback on 
the developed portal also highlighted the importance of 
maintaining information integration tools flexible. To 
quote again one designer from PosadMaxwan: ‘Even if 
you have a toolkit with selected interventions, for 
example green roof, you still have the freedom regarding 
how to design that. By creating a checklist you don’t limit 
designers, it is just a tool’ (Norkunaite and Chevtchenko, 
2025). The same designers did not gave a direct feedback 
on the LADM climate adaptation profile. However, this 
feedback was used as its input, aiming to provide a struc
tured yet flexible framework for storing and exchanging 
urban plan information related to climate adaptation 
and subsurface data.

Another significant piece of feedback was the desire for 
more practical examples and tutorials to help users better 
understand how to apply the tool. One designer from 
Bright expressed a preference for clearer, step-by-step 
instructions, suggesting that video tutorials or ‘How- 
To’ guides could significantly enhance the user experience 
(van Spaandonk, 2025). Quoting the interviewed 
designer: ‘Having more data is useful but the more related 
to practical examples, the better. The guiding tool has to 

be very practical and precise enough. Just examples are 
not enough.’ and ‘In urban planning we often create 
reports but there are many more ways to transfer infor
mation and to put things into action. For example, videos 
are good way to convey tutorial information’ (van Spaan
donk, 2025). While a practical example on how to use 
CLIMACAT for design purposes is included in the por
tal, step-by-step guides or instructional videos could be 
added to demonstrate how to use the hyperlinked subsur
face data sources or how to link surface data with climate 
adaptation interventions.

Finally, the importance of data traceability and meta
data was a key point raised in the feedback. Designers 
emphasized that while exact values are important, under
standing the source of the data is equally critical for 
ensuring trust and accuracy in decision-making (van 
Spaandonk, 2025; Norkunaite and Chevtchenko, 2025). 
To quote one interviewed designer: ‘The (data) traceabil
ity is very important. Not the exact value but where this 
value comes from. In plan information that would mean 
adding the source of this data inside of a database’ (van 
Spaandonk, 2025). This feedback aligns with the capa
bilities of the LADM Part 5, specifically through the 
LA_Source class, which enables the storage of any kind 
of source information, ensuring traceability of data 
within the Spatial Information Infrastructure (SII) or 
Spatial Data Infrastructure (SDI) (Lemmen et al., 
2015). To enhance transparency, the LADM profile 
could incorporate comprehensive metadata, potentially 
embedding hyperlinks, as supported by LA_Source. 
This functionality would allow urban planners to trace 
the origins of the data, verify its accuracy, and assess its 
relevance, thereby fostering greater confidence in 
decision-making processes.

In conclusion, the feedback provided valuable input 
for enhancing the proposed tool, CLIMACAT, and the 
LADM climate adaptation profile. The insights regard
ing usability, data integration, practical guidance, and 
data traceability suggest several key areas for improve
ment. By incorporating these recommendations, both 
can be further developed. They should aim to provide a 
structured yet flexible framework that integrates subsur
face and climate data, offers practical guidance, and 
ensures transparency through detailed metadata. By 
doing so, they will better equip urban planners to navi
gate the complexities of climate adaptation and land 
management in a rapidly changing world.

9. Conclusion
This paper presents a framework for integrating subsur
face data into climate adaptation design in the Nether
lands. The research addresses key challenges identified 
through interviews with urban planning professionals, 
assessment of current design guidelines, and evaluation 
of relevant information models. To facilitate this inte
gration, the paper proposes a developed website, CLI
MACAT, and a LADM climate adaptation profile, with 
tailored attributes and external classes exemplified in 
the Dutch context. Through their combined use, the 
paper presents a solution for overcoming barriers to the 
effective utilization of subsurface data in Dutch urban 
planning. Combined, the proposed approaches address 
two distinct phases of spatial planning: the spatial analy
sis/design phase and the land administration phase.
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CLIMACAT, available at gdmc.nl/CLIMACAT, con
solidates various types of information crucial for climate 
adaptation design, particularly during the spatial analysis 
and design phase. It provides a user-friendly platform for 
urban designers, data providers, and citizens, thereby fos
tering interdisciplinary collaboration. By bringing 
together information on climate themes, subsurface 
properties, and national and local guidelines, CLIMA
CAT addresses the need for a comprehensive and accessi
ble single portal. This approach facilitates well-informed 
and context specific climate adaptation interventions. 
This proposed tool address the data gathering and analy
sis phase in the use of subsurface and climate information 
in spatial planning. It presents a structured yet flexible 
platform for users to access and interpret subsurface 
data in the context of climate-adaptive urban planning.

The proposed LADM Part 5 climate adaptation profile 
offers a standardized framework for documenting and 
sharing urban plans during the land administration 
phase. Through the use of the proposed attributes, 
along with the existing attributes inherited from the 
LADM Part 5 classes, the standardized plan information 
will include data on climate and subsurface themes, 
which have been proven to be essential for effective cli
mate-adaptive urban planning. Additionally, the pro
posed external classes enable the integration of external 
data sources, guiding planners in utilizing subsurface 
information within documented urban plans. Though 
adaptable to country-specific contexts, the proposed 
LADM climate adaptation profile, which will be incor
porated into Annex C of the latest ISO 19152 Part 5, 
enhances global knowledge exchange and facilitates 
international collaboration on climate adaptation 
practices.

Therefore the combined use of CLIMACAT and the 
LADM Part 5 climate adaptation profile, in different 
phases of spatial planning, facilitates climate-adaptive 
spatial plans, as showcased in the Dutch context, but 
has potential for global application, as climate adap
tation represents a worldwide challenge. A website such 
as CLIMACAT enhances the accessibility and usability 
of critical data, while the LADM Part 5 profile ensures 
that the resulting plans are documented in a manner 
that facilitates sharing and interoperability. This dual 
approach addresses the challenges of integrating subsur
face data in urban planning by providing both a practical 
tool for design and a standardized framework for spatial 
plan information documentation and exchange. Thus, 
the synergy between CLIMACAT and LADM Part 5 
represents a comprehensive solution for advancing global 
climate adaptation efforts through improved integration 
of subsurface information into urban planning processes.

10. Future work
This paper discusses the combined use of an online portal 
and standardized plan information for the exchange of 
information related to climate adaptation in the context 
of the Netherlands. Future work potentially could 
include the assessment of this method in different 
countries. The Netherlands benefits from a wide range 
of subsurface models, making it possible to combine 
different information into a single portal, or through 
LADM external classes associations. Future work 

could include the assessment of this approach in 
countries with less or different data sources.

On example of further research could include the use of 
the proposed generic LADM climate adaptation profile 
in different countries, adapting it to the country’s con
text. This could include, for example, the use of different 
associations to external classes or new proposed attri
butes. Similarly, future work could include the develop
ment of a similar online portal combining useful 
subsurface information.

Finally, the online portal and the LADM profile pre
sented in this paper are based on the research and experi
ence from the authors and feedback from a limited 
amount of local urban planners. Feedback from users 
and readers will allow them to improve, leading to further 
work and better approaches for the purpose of integrat
ing subsurface information into climate adaptation 
design practices.
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