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PREFACE 

Manfred SCHRENK 
Conference Director, 
President CORP – Competence Center of Urban and Regional Planning 
 
WELCOME to REAL CORP 2026, the  
31st International Conference on Urban & Regional Development and Spatial Planning 
in the Information Society! 
 
As urban and regional landscapes become more complex, planning is no longer a linear process. It is 
adaptive, participatory, and often unpredictable. In urban and regional development, planning is both a 
discipline and a gamble. This conference gathers thinkers and doers to navigate the space between 
vision and reality – shaping futures one decision at a time. 
For three decades, the REAL CORP conference series has been at the forefront of exploring the 
profound impact of information and communication technologies (ICT) on urban and regional 
development. As we navigate an era of unprecedented change, marked by rapid technological 
advancements, evolving societal structures, and pressing environmental challenges, REAL CORP 
2026 invites researchers, practitioners, experts, activists and policymakers to contribute to the 
discourse on “Cherish Heritage, Plan Now, Create Future!” 
 
We are witnessing a paradigm shift in how our cities and regions function, are planned, and are 
experienced. From the pervasive influence of artificial intelligence and big data analytics to the 
imperative of climate resilience and inclusive governance, urban and regional landscapes are 
undergoing continuous metamorphosis. REAL CORP 2026 provides a vital platform to critically 
examine these transformations, share innovative solutions, and collectively envision sustainable and 
equitable futures. 
 
The REAL CORP 2026 research question is: does technology and especially AI really revolutionise 
everything? Even CITIES, the biggest invention of mankind? 
 
New technologies and especially AI lead to many changes in all aspects of life, including in cities and 
regions and, of course, in planning processes. Still cities and regions are not primarily a playground 
for “new technologies” but the main goal is to have sustainable, resilient and above all livable 
environments. The soul of a livable future often lies in adequate density, adaptive reuse, green 
infrastructure, and places where communities thrive, with eco-conscious urban design, human-scale 
architecture, and inclusive public spaces! 
All this has to be planned, created, maintained and eventually renewed. 
 
Planning is always an effort of many contributors and planners have to be part of all urban planning 
efforts – be it as experts, visionaries, strategists, co-ordinators, moderators and mediators, advocates 
and sometimes opposers. LET’S PLAN TOGETHER! 
 
Welcome to Vienna! Welcome to Austria! Have a great conference!  
Manfred SCHRENK, Clemens BEYER & the REAL CORP Team 
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Dear participants of REAL CORP 2026! 
 
On behalf of the City of Vienna, I would like to extend a warm welcome to you all! I am delighted that 
such important topics as urban planning and regional development are on the agenda of such a high-
profile conference. International exchange is the best way to tackle global challenges that affect us all 
equally. 
 
This applies in particular to the impact of revolutionary modern technologies and AI in particular. It is 
no coincidence that the central research question of REAL CORP 2026 is whether these innovations 
will really change everything, including modern metropolises such as Vienna. 
 
We are already feeling this change in our everyday lives: for example, more and more administrative 
procedures in Vienna can be completed digitally; the BRISE project, for example, is making building 
permit procedures paperless, faster, more efficient, more sustainable and more transparent. In addition, 
Vienna has become an AI innovation centre. 
 
This process is guided by the principle of “digital humanism” – in other words, progress should make 
everyday life easier. The focus is on people, not progress. 
 
In this context, education will become a key resource. Our industrial societies are transforming into 
knowledge societies. That is why it is so important to set the course now for the best possible 
preparation of our children and young people so that they are ready for the growing challenges of the 
digital world. 
 
In addition, it will be important to focus even more than before on international exchange. Especially 
in times of national solo efforts and protectionism, it is important to keep multinational forums for 
communication and cooperation open. After all, science and innovation are only truly stimulated by 
encounters on an equal footing and by learning from each other. 
 
That is why I am very pleased that REAL CORP 2026, a major international conference, is taking a 
close look at the characteristics and effects of these fundamental transformations. Especially now – 
when change is already becoming apparent – it is important and necessary to develop ideas about 
where and how far we as societies want to go. We must not allow ourselves to be driven by this 
innovation process, but must shape it ourselves with social awareness and clear objectives. 
 
REAL CORP 2026 is making an invaluable contribution in this regard. I am very excited to see the 
results and wish you all a successful and, above all, insightful conference! 
 
Michael Ludwig, Mayor and Governor of Vienna 
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Vision Education warmly welcomes participants to REAL CORP 2026! 
 
Vision Education is honored to support the 31st International Conference on Urban Planning, Regional 
Development, and the Information Society in Vienna, Austria, in collaboration with CORP – 
Competence Center of Urban and Regional Planning. This important partnership reflects a shared 
commitment to advancing global dialogue and fostering academic and practical cooperation in the 
fields of urban planning, regional development, and the information society. As an institution 
committed to strengthening education and research in the Kurdistan Region of Iraq, Vision Education 
supports both private and public institutions while empowering citizens to contribute to positive 
change. Vision Education recognises the critical role of knowledge exchange, international 
collaboration, and interdisciplinary research in addressing the complex challenges facing 
contemporary cities and regions.  
 
Sustainable urban growth, climate resilience, and technological innovation require forward-looking 
approaches that integrate education, policy, and practice at both regional and local levels. Through 
engagement with global academic networks and institutions, Vision Education seeks to contribute to 
the development of informed leadership, innovative research, and practical solutions that support 
sustainable and inclusive urban futures.  
 
Partnerships such as this collaboration with CORP exemplify the value of building bridges between 
regions, institutions, and stakeholders to foster shared expertise, mutual understanding, and long-term 
cooperation. 
 
We are proud to support this leading international conference, bringing together distinguished 
scholars, professionals, and policymakers in Vienna, and we look forward to the continued exchange 
of ideas that will help shape more resilient, sustainable, and intelligently planned cities for generations 
to come. 
 
Idris Nechirvan Barzani, Chairman of Vision Education 
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Dear participants of REAL CORP 2026! 
 
Our cities and regions stand at the threshold of a profound transformation. Climate change, 
demographic shifts, digitalisation, and evolving patterns of work and mobility are reshaping how we 
live, work, and move. Cities and regions are therefore central arenas for safeguarding quality of life, 
advancing sustainability, and strengthening social cohesion for all citizens. 
 
Our shared goal is to create resilient, inclusive, and liveable urban environments. Research, 
technology, and innovation play a key role in achieving this objective. They provide essential tools for 
integrated spatial planning, enable evidence-based decision-making, and support sustainable solutions 
in areas such as energy, mobility, infrastructure, and public spaces. Strategic investment in research 
and innovation is indispensable to steering this transformation in a forward-looking and responsible 
manner. 
 
Integrated neighbourhood and district development is a particularly powerful lever in this context. By 
linking spatial, social, ecological, and economic dimensions, it enables complex challenges to be 
addressed holistically and makes the benefits of transformation tangible for citizens. Well-designed 
integrated neighbourhoods can serve as showcases for innovation, foster social cohesion, and act as 
key building blocks for sustainable urban and regional development. 
 
In this spirit, I warmly welcome REAL CORP 2026 to Vienna. With its focus on integrated urban and 
regional development, the conference provides an important platform for international exchange and 
brings the discussion to the Vienna Otto-Wagner-Areal – a place that exemplifies transformation, 
innovation, a vibrant architectural culture, and the close connection between research, technology, and 
urban planning. 
 
KommR Peter Hanke, Federal Minister of Innovation, Mobility, and Infrastructure 
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1 ABSTRACT 

Digital Twins are increasingly used as analytical frameworks in urban planning, supporting spatially explicit 
assessments of climate, energy and environmental risks. Based on interoperable 3D city models (e.g. 
CityGML/CityJSON) and shared geodata infrastructures, they enable scenario-based evaluations across 
multiple planning domains. This paper examines how Digital Twin workflows can support planning-oriented 
simulation tasks, with a particular focus on the interplay between open-source and proprietary tools. 

Using the city of Landsberg am Lech as an applied case study, four thematic applications are investigated: 
solar framework planning in a protected historic ensemble, urban heat screening, pluvial flood risk 
assessment, and environmental noise scenarios. The workflows combine open data – most notably LOD2 
building models and digital terrain models – with a hybrid toolchain including QGIS, GRASS GIS, 
Honeybee, ICETools, H-Risk, as well as proprietary environments such as Rhino/Grasshopper and ArcGIS 
Pro. 

The results demonstrate that Digital Twins function most effectively as shared spatial reference systems for 
planning-oriented screening and orientation analyses, rather than as fully integrated simulation platforms. 
While physically based models such as PALM-4U represent the state of the art in urban climate modelling, 
simplified tools proved suitable for early-stage planning and comparative scenario evaluation. Overall, the 
study shows that hybrid workflows combining open and proprietary tools currently represent best practice, 
balancing transparency, methodological robustness, and planning relevance. 

Keywords: Digital Twin, Open-Source Planning Tools, Hybrid Simulation Workflows, Noise, Urban 
Climate Simulation 

2 INTRODUCTION 

Contemporary urban planning is increasingly challenged by a set of highly complex, mutually dependent 
issues related to climate change, efficient resource use, and risk governance. Heat stress, pluvial flooding, 
noise exposure, and energy transition processes interact spatially and temporally, often exceeding the 
analytical capacity of traditional two-dimensional planning instruments. In this context, digital technologies 
have become central to contemporary planning practice. While the concept of the Smart City has primarily 
been associated with sensor-based, real-time optimisation and proprietary platforms (BATTY, 2018, p. 2; 
GRIEVES, 2014), the notion of the Open Digital Twin (DEMBSKI et al., 2020; KETZLER et al., 2020) 
emphasises a different paradigm: the creation of interoperable, transparent, and reproducible digital 
representations of urban space based on open standards and open data. 

Open Digital Twins are not primarily visualisation tools but analytical infrastructures (ZIEHL et al., 2023). 
They integrate 3D city models, geospatial datasets, and simulation environments to support scenario-based 
planning, early-stage decision-making, and interdisciplinary collaboration. Their growing relevance is 
closely linked to the increasing availability of open geodata, such as Level of Detail 2 (LOD2) building 
models, digital terrain models (DTM), and open-source geographic information systems. 

This paper investigates the role of Open Digital Twins in urban planning with a specific focus on climate-
related applications. It addresses two central research questions: 

·  Which planning-relevant simulations can already be conducted entirely with open-source tools? 

·  In which areas do proprietary software solutions remain necessary due to regulatory, 
methodological, or institutional constraints? 

Using the city of Landsberg am Lech as a case study, the paper demonstrates how a hybrid toolchain 
combining open-source and proprietary software can be implemented in practice. The contribution aims to 
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provide both a conceptual framework and empirical insights for planners, municipalities, and researchers 
working with digital urban models. 

3 STATE OF THE ART: SIMULATION-BASED URBAN PLANNING W ITH DIGITAL TWINS 

3.1 3D City Models as Analytical Infrastructure 

The application of digital twins in urban planning has expanded significantly over the last decade, driven by 
advances in geospatial data availability, 3D city modelling, and simulation technologies. Rather than 
constituting a single methodological approach, digital twins increasingly function as integrative frameworks 
that support multiple thematic analyses (JEDDOUB et al., 2023). In current research and planning practice, 
four application domains are particularly prominent: solar energy assessment, urban climate modelling, 
hydrological risk analysis, and environmental noise evaluation (ZHU & JIN, 2025). 

3.2 Solar Potential Analysis and Urban Solar Frameworks 

Solar potential analysis represents one of the most mature and widely applied use cases of 3D city models in 
urban planning. The availability of LOD2 building data enables the calculation of roof orientation, 
inclination, shading effects, and annual solar irradiation with high spatial resolution. Numerous studies 
demonstrate that solar cadastre systems based on 3D city models provide reliable decision support for 
municipal energy strategies (BROSCHART et al., 2024). 

Recent research increasingly emphasises strategic, city-wide solar planning beyond parcel-based 
assessments. Solar framework plans (Solarrahmenpläne) translate technical potential analyses into spatially 
differentiated planning instruments that integrate urban morphology, heritage protection, densification 
strategies, and policy objectives (ZEILE et al., 2025). 

Methodologically, these approaches rely on reproducible GIS-based workflows. While open-source tools 
support transparent modelling of solar radiation and scenario comparison (ROUDSARI et al., 2013), 
proprietary software remains relevant for detailed economic or grid-related assessments. The solar 
framework plan presented at REAL CORP 2025 (ZEILE et al., 2025) illustrates how Digital Twins can serve 
as spatial decision-support systems that link energy analysis and urban planning. 

3.3 Urban Climate and Heat Stress Modelling 

Urban climate modelling has become increasingly important due to rising heat stress and the need for climate 
adaptation. Digital twins support this domain by providing detailed representations of urban form, which 
strongly influence radiation balance, airflow, and thermal comfort (LOPEZ-CABEZA et al., 2025). 

Current approaches range from simplified surface-based models to entirely physical, three-dimensional 
atmospheric simulations. Open-source tools such as Ladybug/Honeybee enable accessible, iterative 
assessments of solar exposure and shading, while the PALM-4U model system represents a state-of-the-art, 
physically based approach to urban climate simulation (BAKLANOV et al., 2020; HELDENS et al., 2020). 

Proprietary tools such as ENVI-met remain widely used for detailed microclimatic studies (BRUSE, 2000), 
although recent literature highlights the suitability of simplified models for planning-oriented, comparative 
analyses. 

3.4 Pluvial Flooding and Surface Runoff Analysis 

Hydrological risk analysis, particularly pluvial flooding, has become increasingly relevant in urban planning 
due to the rising frequency of extreme rainfall events. Digital twins enable the integration of terrain models, 
surface characteristics, and built structures to analyse runoff pathways and accumulation zones. 

Open-source GIS environments such as GRASS GIS and QGIS provide robust tools for surface runoff 
analysis (SCHNEIDER, 2025; “SplashTool”). These methods support transparent, reproducible modelling 
and are widely applied in municipal risk mapping and climate adaptation planning. Proprietary platforms 
such as ArcGIS Pro offer extended functionalities and are often embedded in administrative workflows, 
while the underlying modelling principles remain transferable across software environments. 
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3.5 Environmental Noise Modelling 

Environmental noise assessment constitutes an established application of digital spatial models. Noise 
exposure is strongly influenced by building geometry, street layout, and traffic volumes, making 3D city 
models particularly suitable for spatially differentiated analysis. 

Recent developments in open-source GIS plugins, such as H-Risk (TAGUSARI, 2024), demonstrate that 
scenario-based noise modelling can support early planning stages by enabling relative comparisons of urban 
form, traffic management, and mitigation measures. For legally binding noise assessments, proprietary 
software remains dominant; however, the literature increasingly acknowledges simplified tools as 
complementary instruments in planning practice. 

3.6 Synthesis 

Across all four domains, the literature indicates a convergence towards scenario-based planning workflows 
supported by Digital Twins. While thematic priorities differ, shared methodological requirements – 
interoperable data models, reproducible simulations, and spatial transparency – are evident. Solar framework 
planning emerges as a particularly effective interface between technical simulation and strategic urban 
planning, highlighting the broader potential of Digital Twins as decision-support systems. 

4 LANDSBERG AM LECH TEST-SITE 

4.1 The (Open) Digital Twin of Landsberg am Lech 

The city of Landsberg am Lech serves as a case study demonstrating how Open Digital Twin workflows can 
be implemented in municipal planning practice. As a medium-sized city with accessible open geodata, a 
heterogeneous building stock, and increasing challenges related to climate adaptation and energy transition, 
Landsberg am Lech represents a typical and transferable European planning context. 

The digital twin used in this study follows a planning-oriented interpretation of the Digital Twin concept, as 
discussed in recent contributions (BROSCHART et al., 2025). Rather than aiming at real-time monitoring or 
sensor-driven control, the model focuses on spatial analysis, scenario development, and decision support for 
strategic and early-stage planning processes, aligning with research that positions urban digital twins as 
integrative spatial frameworks rather than purely operational systems. 

The data basis consists primarily of open and municipal datasets, including a Level of Detail 2 (LOD2) 
building model, a high-resolution digital terrain model (DTM), land use information, and thematic layers 
related to vegetation, mobility infrastructure, and environmental constraints. These datasets were harmonised 
within a GIS environment using interoperable data models, enabling consistent use across multiple analytical 
domains. 

Crucially, the digital twin is not conceived as a monolithic model but as a shared spatial reference system 
connecting different simulation tools and thematic analyses. In this sense, the model represents a planning-
oriented digital twin, designed to support scenario-based analysis, comparative evaluation, and 
interdisciplinary workflows. This structure allows diverse planning questions – such as solar energy 
potential, urban heat mitigation, surface runoff, and noise exposure – to be addressed using a common 
geometric and semantic foundation while retaining methodological flexibility. 

By emphasising openness, reproducibility, and thematic integration, the Landsberg am Lech Digital Twin 
demonstrates how municipalities can operationalise digital twins as practical planning instruments that 
support both technical analysis and strategic discourse. 

4.2 Solar Framework Planning using the Digital Twin 

Solar energy assessment constitutes a particularly relevant application of Digital Twins in historic urban 
contexts, where technical potential alone is insufficient as a planning criterion. In Landsberg am Lech, the 
Digital Twin was applied to develop a solar framework plan (Solarrahmenplan) explicitly addressing the 
challenges of solar energy deployment within a protected historic ensemble. The central planning question 
was not whether solar energy is technically feasible, but which types of solar installations are compatible 
with heritage protection requirements and urban visual integrity. 
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4.2.1 Planning Context: Solar Energy in Historic Ensembles 

The historic core of Landsberg am Lech is characterised by a dense building fabric, heterogeneous roof 
typologies, and strict heritage protection regulations. In such contexts, conventional solar cadastres reach 
their limits because they typically identify technically suitable roof surfaces without accounting for visual 
exposure, material compatibility, or monument-preservation objectives. 

The solar framework plan, therefore, reframes solar potential analysis as a spatial governance instrument. Its 
purpose is to support differentiated planning decisions by identifying zones where solar installations are 
permissible, conditionally acceptable, or to be avoided, and by distinguishing between different photovoltaic 
and solar thermal technologies. This approach follows the logic presented in recent CORP research (ZEILE 
et al., 2025), positioning solar framework planning as an interface between energy transition and urban 
heritage management. 

4.2.2 Digital Twin as Analytical and Visual Reference 

Solar irradiation analysis was used as a supporting layer within the framework plan, but did not constitute its 
primary decision criterion. Instead, irradiation values were interpreted in combination with roof typologies, 
visibility conditions, and conservation guidelines. This enabled the classification of roof surfaces into 
differentiated categories, such as suitable for non-visible installations, ideal for visually integrated systems, 
or unsuitable due to heritage sensitivity. 

The analytical workflow combined GIS-based processing with parametric modelling environments. While 
open-source tools were used to prepare and structure the LOD2 data, subsequent analyses and visual 
evaluations were conducted in commercial software environments, including Rhino/Grasshopper and 
ArcGIS Pro (Fig. 1). This hybrid setup reflects planning practice, in which analytical requirements rather 
than licensing models guide tool selection. 

 

Fig. 1: Various approaches to visibility analysis using Rhino and ArcGISPro (left& middle: Herm & Benkeser 2025, right: own 
source) 

4.2.3 Modelling Solar Suitability under Heritage Constraints 

Solar irradiation analysis was used as a supporting layer within the framework plan, but did not constitute its 
primary decision criterion. Instead, irradiation values were interpreted in combination with roof typologies, 
visibility conditions, and conservation guidelines. This allowed the classification of roof surfaces into 
differentiated categories, such as suitable for non-visible installations, ideal for visually integrated systems, 
or unsuitable due to heritage sensitivity. 

The analytical workflow combined GIS-based processing with parametric modelling environments. While 
open-source tools were used to prepare and structure the LOD2 data, subsequent analyses and visual 
evaluations were conducted in commercial software environments, including Rhino/Grasshopper and 
ArcGIS Pro. This hybrid setup reflects planning practice, where analytical requirements rather than licensing 
models guide tool choice. 
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4.2.4 Differentiation of Solar Technologies 

A key contribution of the solar framework plan lies in its explicit differentiation among solar technologies. 
Rather than treating photovoltaic systems as a homogeneous category, the framework distinguishes between 
conventional PV modules, building-integrated photovoltaics (BIPV), solar tiles, and solar thermal systems. 
Each technology exhibits distinct visual characteristics and degrees of compatibility with historic roofscapes. 

By linking technology categories to spatial zones within the Digital Twin, the solar framework plan provides 
concrete guidance for planners, heritage authorities, and property owners. In this role, the Digital Twin acts 
as a mediating instrument, translating abstract conservation principles into spatially explicit planning 
recommendations. 

4.2.5 Planning Relevance and Strategic Value 

The Landsberg am Lech solar framework plan demonstrates how Digital Twins can support nuanced 
planning decisions in sensitive urban contexts. Rather than maximising energy yield, the framework 
prioritises contextual appropriateness and visual integration, thereby reducing the potential for conflict 
between energy policy and heritage protection. 

Importantly, the Digital Twin does not replace detailed architectural design or approval procedures. Instead, 
it provides strategic orientation at an early stage, supports transparent communication among stakeholders, 
and increases planning certainty. 

4.3 Urban Heat and Microclimate Assessment 

Urban heat stress represents a critical challenge for cities, particularly in dense urban areas with limited 
vegetation and high surface sealing. Within Open Digital Twin workflows, microclimate assessment 
functions as an essential analytical layer for evaluating the spatial effects of urban form, materiality, and 
vegetation on thermal comfort. In the Landsberg am Lech case study, urban heat assessment was 
implemented as a planning-oriented screening and orientation tool, rather than as an entirely physical climate 
simulation. 

4.3.1 Reference Framework: Physically Based Urban Climate Models 

From a scientific perspective, physically based urban climate models such as PALM-4U represent the state 
of the art in microclimate simulation. PALM-4U enables high-resolution modelling of air temperature, 
radiant heat fluxes, airflow, vegetation–atmosphere interactions, and human thermal comfort, and its 
integration into Digital Twin environments is increasingly discussed in research and municipal climate 
adaptation studies (BENDER et al., 2023). 

However, despite its methodological advantages, PALM-4U requires substantial computational resources, 
specialised expertise, and extended setup times. In the Landsberg am Lech case study, PALM-4U served as a 
conceptual reference model but was not applied operationally. Instead, simplified and more accessible 
approaches were selected to support exploratory planning questions. 

4.3.2 Applied Tools: Honeybee and ICETools 

Urban heat assessment in Landsberg am Lech was conducted using a combination of Honeybee 
(Grasshopper/Rhino) and ICETools (QGIS). These tools were selected to balance analytical relevance with 
practical feasibility in a planning context, as demonstrated in accompanying academic exercises. 
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Fig. 2: Heat development in the xy new development area in Landsberg with varying vegetation densities, simulated in Heneybee. 
The areas with reduced heat stress due to vegetation are clearly visible. (Flores & Zumholte 2025) 

Honeybee was used to analyse solar radiation exposure, shading patterns, and surface-related thermal 
indicators using the LOD2 building model and selected scenarios. Its parametric structure supports rapid 
iteration and comparison of spatial configurations, particularly regarding vegetation placement and building 
geometry. While Honeybee does not simulate atmospheric dynamics, it provides valuable insights into 
radiation-driven heat loads (see Fig.2). 

ICETools was used as a complementary method to estimate surface temperature patterns based on simplified 
energy balance calculations. By integrating land cover, vegetation, and shading information, ICETools 
enables reproducible, low-threshold heat assessments that are well-suited for early-stage planning and 
scenario comparison. 

4.3.3 Methodological Limitations of Tool Integration 

Despite increasing tool availability, the integration of urban climate simulations into Digital Twin workflows 
remains methodologically fragmented. Tools such as ICETools and ENVI-met require substantial model 
reconstruction, as existing Digital Twin geometries cannot be used seamlessly. Buildings, vegetation, surface 
materials, and boundary conditions must be newly parameterised within each simulation environment, 
limiting reproducibility and increasing modelling effort. 

Parametric environments such as Honeybee offer greater interoperability, as 3D city models can be imported 
directly. However, practical experience shows that combining LOD2 building geometries with digital terrain 
models (DTMs) poses significant challenges. At building–terrain interfaces, geometric inconsistencies may 
occur, leading to artefacts such as implausible surface temperature anomalies (“cold spots”). 

These issues are primarily caused by geometric and semantic mismatches between datasets generated for 
different purposes. Without careful preprocessing and validation, such inconsistencies can propagate into 
simulation results. Consequently, current Digital Twin workflows should be understood as loosely coupled 
toolchains, reinforcing the need for staged modelling approaches in which simplified tools support early 
decision-making and more complex models are applied selectively. 

4.4 Pluvial Flood Risk and Surface Runoff 

Pluvial flooding constitutes a recurring challenge in urban planning, particularly in compact settlement 
structures with high degrees of surface sealing. In the case of Landsberg am Lech, surface runoff analysis 
was implemented as a planning-oriented screening tool to rapidly identify spatial patterns, flow paths, and 
potential accumulation zones relevant to urban development and climate adaptation. 

4.4.1 Data Basis and Digital Twin Integration 

The analysis was based on a Digital Terrain Model (DTM) and the LOD2 building model, both of which 
could be directly integrated into the Digital Twin environment. The DTM provided the basis for modelling 
surface gradients and runoff directions, while LOD2 buildings served as physical obstacles that influenced 
flow paths and accumulation areas. 

A key advantage of this approach is the flexibility in data preparation. Terrain data can be rapidly adjusted 
using grayscale heightmaps, enabling quick testing of alternative surface conditions or simplified scenarios. 
This allows planners to explore assumptions about surface sealing, microtopography, or redevelopment with 
minimal preprocessing effort, while ensuring consistent representation of terrain and built structures. 

4.4.2 Modelling Approach and Tools 

Surface runoff modelling was conducted using QGIS Splash Tools and ArcGIS Pro flow path analysis, both 
of which support direct use of terrain and building data without complex model reconstruction. The tools 
calculate flow directions and accumulation zones based on terrain gradients and produce visually intuitive 
results. 

The modelling approach focuses on relative flow behaviour, highlighting areas where water is likely to 
concentrate during intense rainfall events. Rather than simulating exact water depths or temporal dynamics, 
the analysis identifies structural vulnerabilities in the urban fabric. While terrain and building data can be 
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ingested directly, the modelling process remains loosely coupled to the Digital Twin and requires tool-
specific parameterisation. 

4.4.3 Visualisation and Interpretability 

A central strength of the applied method is the visual clarity of the results. Flow paths, accumulation areas, 
and potential impact zones can be visualised directly within the Digital Twin, supporting intuitive 
interpretation by planners and non-technical stakeholders. As both tools operate on raster-based height 
models, results can be rapidly updated, enabling iterative scenario evaluation. 

The pluvial flood analysis is explicitly coarse and exploratory. It does not account for underground drainage 
systems, sewer capacities, or time-dependent rainfall scenarios. Accordingly, results are interpreted as 
orientation maps for planning, not as regulatory flood hazard maps. Embedded within the Digital Twin, the 
analysis supports prioritisation and complements other thematic assessments in a holistic planning context. 

 

Fig.3: Comparison of the stream path simulation in QGIS and ArcGIS in the inventory (left side) and diverted water flow through 
terrain adaptation on the right (Kappeler & Schwarz 2025) 

4.4.4 Planning Relevance and Limitations 

The pluvial flood analysis conducted for Landsberg am Lech is explicitly coarse and exploratory. It does not 
account for underground drainage systems, sewer capacities, or time-dependent rainfall scenarios. 
Nevertheless, its value lies in its ability to quickly identify potential problem areas and support strategic 
planning discussions. 

In line with the approach presented here, the results are interpreted as orientation maps for planning rather 
than regulatory flood hazard maps. They provide a robust basis for prioritising areas where further, more 
detailed hydrological or engineering analyses may be required. Embedded within the Digital Twin, the 
pluvial flood assessment complements other thematic analyses and contributes to a holistic understanding of 
spatial vulnerability in urban planning. 

4.5 Environmental Noise Scenarios 

Environmental noise represents an established but methodologically demanding field within urban planning. 
While norm-based proprietary software solutions often dominate noise assessment, recent work demonstrates 
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that planning-oriented noise scenarios can also be explored within Digital Twin environments using 
simplified, transparent approaches. In the Landsberg am Lech case study, environmental noise modelling 
was therefore included as a supplementary analytical layer, in accordance with established methodological 
principles. 

4.5.1 Planning-Oriented Noise Assessment 

From a planning perspective, early-stage noise assessment focuses less on legally binding exposure values 
and more on relative spatial patterns. Key questions include the location of noise-sensitive uses, the influence 
of urban form on sound propagation, and the potential effects of alternative planning scenarios. Digital 
Twins provide a suitable spatial framework for addressing these questions, as building geometry, street 
networks, and land use are already integrated. 

4.5.2 Applied Tools and Workflow 

In Landsberg am Lech, noise scenarios were explored using H-Risk in QGIS, integrating open street data, 
traffic assumptions, and building geometries. The LOD2 building model served as the geometric basis for 
modelling reflecting and shielding effects, while OpenStreetMap (OSM) road network data provided the 
source structure for noise emission modelling (Fig. 4). 

 

Fig. 4: Noise level at the facade 30km/h in QGIS/H-Risk (Strifler & Daum, 2025) 

The workflow follows a simplified approach: traffic volumes and speed assumptions are parameterised, and 
resulting noise levels are calculated and visualised as spatial distributions. This enables rapid comparison of 
alternative scenarios, such as changes in traffic routing or street hierarchy. The Digital Twin ensures spatial 
consistency with other thematic analyses, while the noise analysis itself operates on a tool-specific 
abstraction rather than a fully integrated twin model. 

4.5.3 Interpretation and Limitations 

The applied noise modelling approach is explicitly non-normative. It does not replace standardised noise 
mapping procedures required for regulatory compliance. Still, it serves as a planning-oriented screening and 
orientation tool, highlighting areas where noise exposure may become critical under certain assumptions. 
Such simplified models are particularly valuable in early planning stages, where they support spatial 
awareness and informed discussion rather than final verification. For legally binding assessments, 
proprietary tools such as CadnaA or SoundPLAN remain necessary. 

5 CONCLUSIONS, SYNTHESIS AND OUTLOOK 

Taken together, the four applied use cases illustrate that the Digital Twin of Landsberg am Lech functions 
less as a fully integrated simulation environment and more as a shared spatial reference for planning-oriented 
screening analyses. This hybrid use of open and proprietary tools forms the basis for the comparative 
synthesis presented in this chapter. 
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5.1 Synthesis of Findings 

This paper explores how Open Digital Twin workflows can support simulation-based urban planning, using 
Landsberg am Lech as a case study. Across the four thematic domains – solar framework planning, urban 
heat assessment, pluvial flooding, and environmental noise – the results demonstrate that the Digital Twin 
functions most effectively as a shared spatial reference system, rather than as a fully integrated simulation 
environment. The applied examples confirm that Digital Twins are particularly valuable for planning-
oriented screening and orientation analyses. Their primary contribution lies not in predictive accuracy or 
regulatory compliance but in structuring complex spatial questions, enabling scenario comparison, and 
supporting interdisciplinary communication. This finding aligns with recent research that positions urban 
digital twins as integrative planning infrastructure rather than operational control systems. 

A central insight from the Landsberg am Lech case is that thematic simulations do not require monolithic or 
fully synchronised models. Instead, loosely coupled workflows, anchored in a consistent geometric and 
semantic base, allow planners to address different questions with appropriate tools. 

5.2 Open-Source and Proprietary Tools: A Comparative Perspective 

A key objective of this study was to assess the role of open-source and proprietary software within Digital 
Twin workflows. The results indicate that tool choice is primarily driven by planning objectives and 
methodological requirements, rather than by licensing models. 

Open-source tools play a crucial role in early-stage planning and exploratory analysis by supporting 
transparency, reproducibility, and rapid iteration. Proprietary tools remain relevant where standardised 
procedures, normative requirements, or advanced physical modelling are required. Table 1 summarises the 
complementary roles of both tool categories across the four thematic domains. 

Planning Domain Open-Source / Accessible Tools Proprietary Tools Role within the Digital Twin 

Solar Planning QGIS, GRASS GIS, parametric 
modelling (data preparation) 

Rhino/Grasshopper, 
ArcGIS Pro 

Strategic spatial differentiation 
(Solar Framework Plan) 

Urban Heat Honeybee, ICETools ENVI-met, PALM-4U 
(reference) 

Screening and comparative 
scenario analysis 

Pluvial Flooding QGIS Splash Tools, GRASS GIS ArcGIS Pro Identification of flow paths 
and accumulation zones 

Environmental Noise H-Risk (QGIS) CadnaA, SoundPLAN Orientation and scenario 
comparison 

Table 1: Open-Source and Proprietary Tools in Planning-Oriented Digital Twin Workflows 

Rather than competing alternatives, open-source and proprietary tools form complementary components of 
hybrid workflows, with open data – particularly LOD2 buildings and terrain models – providing the stable 
foundation for both. 

5.3 Methodological Implications for Digital Twin Use 

The applied workflows highlight several methodological implications. First, full integration of simulation 
tools into a single Digital Twin environment remains limited, as climate, hydrological, and noise models 
typically require tool-specific abstractions of geometry and attributes. 

Second, geometric and semantic mismatches – particularly at building–terrain interfaces – represent a 
persistent challenge across simulation domains. Acknowledging these limitations is essential to avoid 
overinterpretation and to maintain methodological transparency. 

Third, a staged modelling approach emerges as a pragmatic strategy: lightweight, planning-oriented tools 
support early decision-making, while advanced, physically based models can be applied selectively when 
higher accuracy or regulatory compliance is required. 

5.4 Outlook 

Future developments in semantic data modelling, improved terrain–building integration, and the maturation 
of open-source simulation frameworks such as PALM-4U may reduce current interoperability barriers. At 
the same time, institutional learning and capacity building will be critical for responsible and effective 
Digital Twin use. Rather than striving for fully integrated, all-encompassing platforms, planning practice 
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may benefit more from robust, modular Digital Twins that support thematic extension and methodological 
flexibility. The Landsberg am Lech case demonstrates that such an approach is already feasible and can 
meaningfully contribute to climate-responsive, context-sensitive urban planning. 
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1 ABSTRACT 

Digital transformation in the Built Environment is increasingly underpinned by the adoption and maturity of 
Building Information Modelling (BIM), a critical tool for enhancing technological skills and addressing 
complex infrastructure and service delivery challenges. However, the availability of comprehensive BIM 
training programs in higher education remains inadequate, limiting graduates' and practitioners' capacity to 
apply and integrate BIM effectively in professional contexts. This study adopts a mixed-methods approach to 
evaluate the maturity and integration of BIM training in South African Built Environment higher education 
programmes. The findings reveal that most available programs focus on introducing basic BIM concepts and 
adoption strategies, advanced training necessary for higher levels of BIM maturity is largely absent. While 
short learning programs have been developed to upskill industry practitioners, formal curricula face 
persistent barriers, including limited access to state-of-the-art facilities, software and licensing costs, and 
structural rigidities within module offerings. The study argues that these challenges undermine both the 
digital transformation within the Built Environment and the competitiveness of graduates entering 
professional practice. Ultimately, the findings underscore the urgent need for policy and institutional reforms 
to accelerate digital transformation and ensure that the Built Environment workforce is equipped with the 
skills required to meet the demands of contemporary urbanisation and infrastructure development. 

Keywords: Digital transformation, training, higher institutions, Building Information Modelling, Built 
environment 

2 INTRODUCTION 

Adoption and maturity of revolutionary technologies such as Building Information Modelling (BIM) are 
critical in the Built Environment (BE) for improving project performance and enhancing infrastructure 
delivery. Digital Transformation (DT), driven by the principles of Industry 4.0, has advanced building 
systems significantly since the industrial revolution towards hybridised, intelligent and interconnected 
systems (Hazrat et al., 2023). Within the BE, Industry 4.0 technologies including big data analytics, artificial 
intelligence, virtual modelling and integrated project delivery are reshaping traditional infrastructure 
management approaches. This shift is particularly relevant in contexts facing infrastructure backlogs, rapid 
urbanisation and service delivery pressures, such as South Africa. 

BIM occupies a central position within this digital transformation agenda. It provides innovative, effective 
and collaborative digital processes and management tools that equip professionals with the technological 
skills required to address complex infrastructure and service delivery challenges (Akintols et al., 2020; Omar 
& Dulaimi, 2023; Obi et al., 2024). According to McAuley and Behan (2019), BIM can be utilised for 
multiple analyses and performance predictions, particularly in projects requiring collaborative three-
dimensional design applications. It reshapes and simplifies the BE by enhancing professional roles and 
responsibilities across the planning, design, construction, operation, and maintenance phases (Whyte & 
Hartmann, 2017). Furthermore, DT interventions contribute to notable productivity gains by supporting 
professionals with comprehensive, accurate, and real-time information for day-to-day decision-making 
(Kaushalya et al., 2024). 

Numerous scholars argue that the evolution of DT has contributed significantly to mitigating climate and 
sustainability challenges in the BE by moving beyond traditional infrastructure management approaches 
(Muzi et al., 2022; Samuelson & Stehn, 2023). The shift from fragmented, time-consuming and financially 
costly traditional techniques towards multidisciplinary, digitally enabled processes enhances value creation 
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across the infrastructure chain (Hajj et al., 2021). The adoption of DT further supports sustainable strategies 
and green practices in urban BE contexts experiencing considerable environmental and social pressures 
(Stroumpoulis & Kopanaki, 2022). For example, large volumes of social and environmental data can be 
modified and virtualised in real time to identify potential threats, simulate predictive scenarios and 
recommend resilient infrastructure interventions (Daniotti et al., 2020; Muzi et al., 2022; Saka, 2022). 
Understanding information through data analytics thus provides multiple pathways for improving 
infrastructure performance and service delivery (Whyte & Hartmann, 2017). 

Despite these advantages, graduates' and practitioners' capacity to effectively apply and integrate BIM in 
professional contexts remains constrained. Training programmes on BIM adoption are more critical than 
ever in responding to the demands of big data and rapid urban development. However, many higher 
education institutions experience inadequate BIM integration within their curricula, resulting in graduates 
who are insufficiently prepared for digitally enabled practice. Rather than expecting industry to shoulder the 
responsibility of upskilling graduates, scholars argue that students should be trained during their educational 
journey to become BIM-ready professionals, thereby avoiding additional financial and time burdens on 
industry (Iqbal et al., 2022; Olowa et al., 2022; Hazrat et al., 2023). At the same time, Yusuf et al. (2017) 
highlight that higher education institutions face challenges related to limited knowledge, skills, finances, and 
resources, which constrain the development of a high-standard BIM workforce. Iqbal et al. (2022) therefore 
advocate for stronger industry participation in collaborative seminars, workshops and international 
engagements to facilitate skills transfer to educators. 

In developing countries, the adoption and maturity of DT, including BIM, big data analytics, virtual 
modelling, artificial intelligence, and green building technologies, remains comparatively slow (Saka, 2022). 
Although university–industry research collaboration is recognised as a key driver of technological innovation 
and BIM maturity (Iqbal et al., 2022), limited attention has been given to systematically evaluating the 
scope, depth and maturity of BIM training within university programmes, particularly in the South African 
context. This gap has significant implications for digital transformation and graduate readiness within the BE 
sector. 

Accordingly, this study aims to evaluate the maturity and integration of BIM training in South African BE 
higher education programmes. To achieve this aim, the study employs a mixed-method approach comprising 
a literature review, surveys and semi-structured interviews involving students, academics and professionals 
in Urban and Regional Planning, Construction, Civil Engineering and Architecture. Through this 
investigation, the research seeks to provide empirical insights into strengthening BIM education as a strategic 
enabler of digital transformation in the South African Built Environment. 

3 LITERATURE REVIEW 

3.1 Digital Transformation in the Built Environment 

In recent years, DT has increasingly differentiated performance across industries within BE, particularly in 
infrastructure construction and service delivery. Improvements in organisational capabilities and production 
efficiency have largely been driven by the integration of digital technologies (Samuelson & Stehn, 2023). 
Globally, regions such as the European Union have capitalised on the growth potential of DT technologies, 
including artificial intelligence (AI), robotics, advanced manufacturing, blockchain technologies, three-
dimensional (3D) printing and the Internet of Things (IoT), particularly in managing and extracting value 
from big data (Daniotti et al., 2020). These technologies strengthen sustainable strategies across supply 
chains, enable real-time operational monitoring, and support resilience-oriented green practices 
(Stroumpoulis & Kopanaki, 2022). Consequently, the adoption of Information Technology (IT) is no longer 
optional but necessary to enhance stakeholder performance and infrastructure delivery outcomes (Kaushalya 
et al., 2024). 

In developed countries, higher education institutions have increasingly aligned curricula with Industry 4.0 
technologies, producing graduates who are digitally competent and responsive to evolving BE industry 
demands (McAuley & Behan, 2019; Daniotti et al., 2020; Stroumpoulis & Kopanaki, 2022; Hazrat et al., 
2023). This alignment has strengthened the dominance of digital approaches in many developed contexts. 
However, the transition is not universally consistent. For example, in Italy, traditional construction 
management practices still dominate certain stages of the BE operational cycle despite the availability of DT 
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technologies (Muzi et al., 2022). In developing countries, adoption is generally slower and more fragmented. 
Although DT technologies form part of contemporary industrial discourse, higher education institutions in 
many developing contexts continue to lag in implementation (Benavides et al., 2020; Badran et al., 2022). 
Structural challenges, including corruption, weak governance, limited funding, and shortages of skilled 
personnel, restrict institutional capacity to modernise curricula and infrastructure (Hannan, 2023). In extreme 
cases, geopolitical instability further constrains digital adoption, as illustrated in conflict-affected contexts 
such as Syria (Habib, 2023). 

These global dynamics resonate with realities in South Africa, where higher education institutions operate 
under financial constraints, uneven digital infrastructure and significant student enrolment pressures. While 
national policies promote digital innovation and infrastructure development, practical implementation within 
BE programmes remains uneven. As a result, digital transformation in the South African BE sector continues 
to be characterised by pockets of excellence rather than systemic maturity. 

3.2 BIM Adoption and Training in Higher Education 

Contemporary research positions BIM as a central enabler of digital transformation in the BE. Increasingly, 
BIM is integrated with emerging technologies such as IoT, augmented and virtual reality (AR/VR), AI, 
drones, robotics, 3D printing, and laser scanning (Prabhakaran et al., 2021; Liu et al., 2021). When integrated 
effectively, these technologies extend BIM beyond three-dimensional modelling into a dynamic decision-
support ecosystem. For instance, IoT sensors embedded within buildings enable real-time data collection on 
structural performance, energy consumption, and environmental conditions. When linked to BIM platforms, 
these datasets support predictive maintenance and lifecycle optimisation. Similarly, AR/VR technologies 
enhance stakeholder engagement by enabling immersive visualisation of design alternatives prior to 
construction, reducing costly revisions. AI and machine learning algorithms applied to BIM datasets improve 
risk identification, detect design inefficiencies, and optimise scheduling processes (Bunse et al., 2025). 
Drone and laser scanning technologies facilitate the development of accurate as-built models, improving 
monitoring and quality control. 

Despite these advances, the integration of BIM with advanced technologies remains uneven across regions 
and sectors. While BIM research continues to expand ranging from design coordination improvements to 
automation and robotics integration (Jayasena et al., 2024; Adegoke et al., 2026) the field has evolved in an 
incremental and fragmented manner, often lacking a coherent digital transformation narrative (Azhar, 2011; 
Volk et al., 2014; Yalcinkaya & Singh, 2015). Much of the literature focuses on adoption strategies, 
implementation barriers and best practices, yet comparatively limited attention has been given to educational 
maturity and curriculum integration, particularly in developing country contexts. 

A recurring challenge identified in the literature is the difficulty of integrating BIM into existing 
organisational systems and workflows (Volk et al., 2014; Schroeder et al., 2020). Technical interoperability 
constraints, institutional resistance to change, and insufficient digital infrastructure frequently inhibit 
progress. These challenges are amplified in resource-constrained environments, where managing large-scale, 
data-intensive models places significant demands on hardware, software licensing, and specialist expertise. 

The concept of BIM maturity provides a useful framework for evaluating implementation depth. Maturity 
models generally conceptualise BIM development along progressive levels: 

·  Level 0: A pre-BIM environment dominated by two-dimensional CAD drawings and paper-based 
documentation, with minimal digital collaboration. In many South African small and medium-sized 
enterprises, this level still characterises routine practice, particularly in municipal infrastructure 
projects. 

·  Level 1: Partial digitalisation through isolated 3D modelling tools. While visualisation improves, 
collaboration remains siloed, and data exchange is limited. Some South African universities 
introduce BIM at this level through standalone modelling modules without interdisciplinary 
integration. 

·  Level 2: Collaborative workflows supported by standardised data exchange formats (e.g., Industry 
Foundation Classes, IFC). Stakeholders share coordinated models, improving clash detection and 
reducing errors. Larger South African firms involved in commercial developments increasingly 
operate at this level, although adoption is inconsistent across sectors. 
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·  Level 3 (and beyond): Fully integrated digital environments linking design, construction and 
operation across the entire project lifecycle. Cloud-based platforms, real-time collaboration, AI-
driven analytics and automated processes define this level. In South Africa, examples remain limited 
and are typically confined to high-budget or multinational projects. 

These maturity levels highlight that BIM adoption is not solely a technical issue but also an organisational 
and educational one. Institutional readiness, curriculum design, educator competence and industry 
collaboration are critical determinants of progression across levels. Although numerous studies examine BIM 
implementation in practice, fewer critically assess the scope and maturity of BIM training within higher 
education institutions, particularly in developing contexts. Existing research often assumes that educational 
institutions are adequately preparing graduates for digital transformation, yet empirical evidence from 
resource-constrained settings suggests otherwise. In South Africa, limited curriculum integration, insufficient 
interdisciplinary collaboration, and uneven access to digital infrastructure may hinder the production of 
BIM-ready graduates. 

Therefore, a clear research gap exists in systematically evaluating the scope, depth, and maturity of BIM 
training within BE programmes in developing country contexts. This study addresses that gap by assessing 
BIM training across disciplines, identifying curricular and institutional barriers, and analysing implications 
for digital transformation and graduate readiness within the South African Built Environment sector. 

4 METHODOLOGY 

This study adopted a mixed-methods research design to systematically examine the role, delivery, and 
perceived effectiveness of BIM training BE programmes offered by higher education institutions. The use of 
a mixed-methods approach was justified on the basis that BIM adoption and maturity encompass both 
measurable structural elements (such as training exposure, curriculum content, and resource availability) and 
experiential dimensions (such as perceptions of competence, institutional readiness, and preferred learning 
platforms). Integrating quantitative and qualitative data, therefore, enabled triangulation, enhanced validity, 
and provided a more comprehensive understanding of BIM training dynamics (Whyte et al., 2017; Badran et 
al., 2022). While quantitative data offered measurable indicators of BIM maturity and training scope, 
qualitative insights contextualised these findings by capturing stakeholder experiences and institutional 
realities. 

An online survey was administered in 2025 to capture patterns of BIM training provision, utilisation, 
associated challenges and levels of BIM maturity across professional and academic groups in the BE sector. 
The survey instrument was structured around four key thematic areas, namely Exposure to BIM training, 
Scope and content of BIM training, BIM maturity and advanced digital skills and Resources and institutional 
support. The development of the questionnaire followed a multi-stage process to ensure contextual relevance 
and methodological rigour. Initially, a draft instrument was developed based on a review of existing 
literature on BIM adoption, maturity models and digital transformation in higher education. Thereafter, the 
instrument was refined through consultation with key stakeholders from government departments, 
professional councils, industry associations and academic institutions. To enhance reliability and content 
validity, a series of focus group discussions were conducted prior to full deployment. These discussions 
served to verify the clarity of questions, align terminology with industry standards, and ensure that the 
instrument reflected both educational realities and professional expectations. Feedback from the focus groups 
informed revisions to question wording, response scales, and thematic categorisation, thereby strengthening 
the robustness of the final survey tool. 

A total of 90 respondents participated in the study. Participants were purposively selected to reflect the 
multidisciplinary nature of the Built Environment sector. The sample comprised of Undergraduate and 
postgraduate students enrolled in BE programmes, Academics involved in curriculum development and BIM 
instruction and Industry professionals, including practitioners from Urban and Regional Planning, 
Construction Management, Civil Engineering and Architecture, as well as representatives from professional 
bodies and government departments. This distribution ensured representation across the education–industry 
continuum, enabling the study to assess both training provision and professional expectations regarding 
graduate readiness.  
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Data collection was conducted in 2025. The study adhered to established ethical standards and received 
formal approval from the University of Johannesburg Ethics Committee prior to commencement. 
Participation was voluntary, and informed consent was obtained from all respondents before completing the 
survey and participating in the focus group. Respondents were assured of confidentiality and anonymity, and 
data were securely stored in accordance with institutional research governance policies. Quantitative survey 
data were analysed using descriptive and inferential statistical techniques. Descriptive statistics (including 
frequencies, percentages and mean scores) were used to assess levels of BIM exposure, training scope and 
perceived maturity. Comparative analysis across participant groups (students, academics and professionals) 
was undertaken to identify alignment or discrepancies in perceptions of BIM competence and institutional 
readiness. 

Qualitative data derived from open-ended survey responses and focus group discussions were analysed using 
thematic analysis. Responses were coded inductively to identify recurring themes relating to curriculum 
gaps, institutional barriers, infrastructure constraints and training needs. These themes were then compared 
with quantitative findings to enable triangulation and deepen interpretation. By integrating quantitative 
indicators with qualitative insights, the mixed-methods design provided a holistic evaluation of BIM training 
maturity, institutional barriers and implications for digital transformation and graduate preparedness within 
the Built Environment sector. 

5 FINDINGS 

5.1 Exposure to BIM Training 

The survey findings indicate limited and uneven exposure to BIM training within Built Environment (BE) 
programmes. Approximately 60% of respondents reported that BIM is insufficiently integrated into core 
curricula and is often offered only as an elective or introductory module (see Figure 1). This suggests that 
BIM is not yet positioned as a foundational competency within many institutions. Early-stage exposure 
remains particularly limited, with students typically encountering BIM concepts late in their academic 
trajectory. 

This delayed introduction restricts the progressive development of competence and confidence, undermining 
cumulative skills acquisition. The quantitative results therefore indicate that BIM training remains peripheral 
rather than embedded within programme structures. 

 

Fig. 1: Student Exposure to BIM Training 

5.2 Scope and Content of BIM Training 

Approximately 60% of respondents indicated that current BIM training is narrow in scope and insufficiently 
aligned with industry practice (see Figure 2). Training was reported to be predominantly software-centric, 
focusing on basic modelling functions rather than process integration across the full project lifecycle. 
Furthermore, respondents highlighted limited interdisciplinary collaboration within modules. This restricts 
students’ understanding of coordinated workflows between architecture, civil engineering, construction 
management, and urban planning, a core requirement of BIM-enabled environments. 
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Fig. 2: Level of Training Resources and Curriculum Integration 

These findings align with previous studies that identify fragmentation and incremental adoption in BIM 
education (Azhar, 2011; Volk et al., 2014). While institutions may introduce modelling tools, they often fail 
to integrate BIM as a collaborative, lifecycle-oriented process consistent with digital transformation 
narratives (Yalcinkaya & Singh, 2015). 

5.3 BIM Maturity and Advanced Skills 

Survey responses revealed generally low levels of BIM maturity, particularly in relation to advanced 
competencies such as: 

·  Multidisciplinary coordination 

·  Data management and interoperability 

·  Lifecycle integration 

·  Collaborative digital workflows 

Although basic modelling skills were reported, progression towards Level 2 and Level 3 maturity 
(collaborative and fully integrated environments) remains limited. This finding echoes literature highlighting 
persistent institutional and technical barriers to BIM integration (Volk et al., 2014; Schroeder et al., 2020).  
The quantitative evidence, therefore, suggests a substantial disconnect between academic training and 
industry expectations, where BIM increasingly supports integrated decision-making and performance 
optimisation. 

5.4 Resources and Institutional Support 

Qualitative findings strongly emphasised institutional constraints. Figure 3 shows several participants cited 
High software licensing costs limiting student access, Outdated computer laboratories unable to support large 
BIM datasets, Limited cloud-based collaboration platforms and Insufficient continuous professional 
development for lecturers 

 

Fig. 3: Key barriers to BIM training 
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However, examples of good practice were identified. The University of Johannesburg Virtual Lab was 
highlighted as a valuable platform that provides students with remote access to BIM software and 
collaborative tools. This initiative demonstrates how targeted institutional investment can mitigate 
infrastructure constraints and enhance training quality. Participants further recommended dedicated BIM 
laboratories, structured lecturer upskilling programmes, stronger university and industry partnerships, and 
the development of national or regional BIM education standards. Such measures would align educational 
outcomes with industry expectations and strengthen digital transformation pathways. 

6 DISCUSSION AND IMPLICATIONS 

The findings confirm that BIM integration within BE curricula remains limited, uneven and insufficiently 
mature. This aligns with literature highlighting fragmented adoption and institutional resistance (Azhar, 
2011; Volk et al., 2014; Schroeder et al., 2020). In the South African context, limited BIM integration has 
significant implications for graduate readiness and industry competitiveness. As infrastructure projects 
increasingly demand collaborative digital workflows, graduates lacking advanced BIM competencies may 
struggle to meet employer expectations. This perpetuates a skills gap and increases training burdens on 
industry. 

Moreover, the dominance of software-centric training constrains deeper understanding of BIM as a process-
driven digital transformation tool. Without interdisciplinary and project-based learning, students fail to 
develop competencies in coordination, data exchange and lifecycle management – all essential for higher 
maturity levels. Addressing these gaps requires systemic curriculum reform, sustained institutional 
investment and stronger alignment between academia and industry. By embedding BIM progressively across 
programmes, investing in digital infrastructure and enhancing educator capacity, higher education 
institutions can play a transformative role in advancing digital maturity within the South African Built 
Environment sector. 

7 CONCLUSION 

This study examined the role and effectiveness of Building Information Modelling (BIM) training within 
Built Environment (BE) programmes and identified significant gaps between current educational practices 
and the evolving demands of industry. The findings reveal that BIM integration within higher education 
remains limited, uneven and largely software-centric. Exposure is often delayed and insufficiently embedded 
within core curricula, while advanced competencies related to collaboration, coordination and lifecycle 
integration remain underdeveloped. Resource constraints, including high software licensing costs, inadequate 
digital infrastructure, and limited lecturer capacity, further inhibit progress. Collectively, these challenges 
weaken graduate readiness and constrain broader digital transformation efforts within the BE sector. 

The study underscores the urgent need for policy reform and sustained institutional investment. Curriculum 
restructuring is required to embed BIM progressively across academic programmes, ensuring 
interdisciplinary and project-based learning that reflects real-world industry workflows. Institutions must 
prioritise investment in digital infrastructure, including dedicated BIM laboratories, cloud-based 
collaboration platforms, and updated software environments. Equally important is structured professional 
development for educators to ensure that teaching remains aligned with industry innovation. Strengthening 
industry–academia collaboration is critical to closing the identified gaps. Partnerships with professional 
councils, government departments, and private-sector firms can facilitate knowledge transfer, curriculum co-
design, internship pipelines, and access to real-world project datasets. In addition, the development of 
national or regional BIM education standards would promote consistency in competency development, 
clarify expected graduate outcomes and align higher education outputs with industry benchmarks. Such 
standards could support coordinated digital transformation strategies at the sectoral level. 

Future research should extend this work by exploring the effectiveness of university–industry partnership 
models in enhancing BIM competency development. Longitudinal studies tracking students from entry into 
higher education through to professional practice would provide valuable insights into how BIM skills 
mature over time and how curriculum interventions influence career readiness. Comparative studies across 
institutions or provinces could further illuminate structural inequalities and identify scalable best practices 
within the South African context. Ultimately, BIM training is not merely a technical curriculum component 
but a strategic enabler of digital transformation. Strengthening BIM education is essential to enhancing 
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graduate competitiveness, improving infrastructure delivery, and supporting sustainable urban development. 
In the South African context, characterised by rapid urbanisation, infrastructure backlogs, and pressing 
sustainability challenges, robust and integrated BIM training will play a pivotal role in accelerating digital 
maturity and equipping the Built Environment workforce to meet the complex demands of the future. 
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1 ABSTRACT 

This research investigates the components of a governance framework for planning approvals of housing 
developments in Johannesburg, South Africa, with a focus on its linkages to economic growth. Through 
qualitative research, including interviews with 25 experienced professionals and analysis of municipal 
reports, the study identifies the roles of key stakeholders – such as municipal officials, technical experts, and 
community representatives – in the planning approval for housing development. Findings reveal that while 
multiple digital and administrative systems support planning approvals, their lack of integration hampers 
effective monitoring and reporting. The research highlights spatial disparities in development activity and 
demonstrates a correlation between certain approval types and economic growth datasets. However, 
fragmented governance structures and inconsistent reporting practices limit the ability to align planning 
approvals with broader economic and spatial goals. The study proposes a collaborative governance 
framework that incorporates standardized indicators, improved integration of digital systems, and multi-level 
oversight to enhance transparency, accountability, and turnaround times. While the framework may be 
tailored to the city of Johannesburg, the methodology and recommendations offer valuable insights for other 
metropolitan areas regionally and internationally. 

Keywords: planning approvals, governance, housing, development, frameworks  

2 INTRODUCTION 

This research examines the planning approval processes for housing development.It highlights the challenges 
posed by fragmented and inefficient planning approval processes. The research investigates the stakeholders 
involved in planning approvals for housing developments in Johannesburg.It analyses historical trends in 
reported approvals alongside South Africa's Gross Domestic Product data set as one of the measures of 
economic growth and establishes a correlation between the types of planning approvals and economic 
growth. It proposes a governance framework to improve coordination, monitoring, and reporting of 
outcomes. The research is organised into background explanations, a problem statement, a literature review, 
key role players, input for the thematic governance framework, and a conclusion.  

3 BACKGROUND 

Nearly half of South Africa’s population resides within eight metropolitan municipalities, which function as 
principal centres for economic activity and administer substantial budgets. These metros – Nelson Mandela 
Bay, Johannesburg, Tshwane, Cape Town, Buffalo City, eThekwini, Mangaung, and Ekurhuleni – are 
responsible for governing significant urban areas. South African municipalities are categorised as Category 
A (metropolitan), B (local), or C (district), with Category A municipalities exercising exclusive authority 
within their regions. Johannesburg, one of the nation’s largest metropolitan areas, accommodates 
approximately 6.45 million residents, as reported in the 2022 census The city draws the highest levels of 
domestic and international investment nationwide and encompasses an area of about 1,644 square 
kilometres. In recent years, Johannesburg has prioritised considerable investment in digital infrastructure, 
particularly during the COVID-19 pandemic, to improve service delivery. Furthermore, Johannesburg has 
hosted prominent international events including the UN Global Summit (2002), FIFA World Cup (2010), 
and G20 and U20 Mayoral Summits (2025), establishing the city as a key venue for global urban dialogue. 
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4 PROBLEM STATEMENT  

Governance and reporting within South African metropolitan municipalities are characterised by 
specialisation, fragmentation andnot too strong coordination arrangements, resulting in inefficiencies in both 
housing development and service delivery. While initiatives such as National Treasury’s Municipal Finance 
Management Act Circular 88 have been introduced, legislative complexities arising from statutes like the 
Spatial Land Use Management Act (2013) and the National Environmental Management Act (1998) continue 
to complicate data management and administrative processes. Research indicates that convoluted procedures, 
overlapping reporting requirements between province and national governments, elevated system costs, and 
constrained regulatory capacity impede the effective assessment of economic growth. Stevens (2025) 
identifies regulatory overlaps, procedural complexity, high system costs, and limited regulatory resources as 
significant challenges. Similarly, Mokoele (2022) observes that multi-authority reporting leads to redundant 
and inconsistent data, thereby restricting evidence on how efficient planning approvals contribute to 
economic development, despite cities being recognised as engines of economic and employment growth. The 
City of Johannesburg (2022:150) highlights additional issues such as delays in processing planning 
applications, slow response times regarding requirements, inadequate bulk infrastructure, technological 
difficulties, and insufficient integration with related systems like billing. In 2023, the City of Johannesburg 
(2023:144) announced intentions to digitise manual planning procedures to improve transparency and 
efficiency; however, the effectiveness of these measures has yet to be determined. A key obstacle remains 
the absence of a cohesive governance framework capable of integrating planning data, building control, and 
economic growth metrics, which hampers the ability to accurately evaluate the impact of ongoing reforms. 

5 LITERATURE REVIEW 

Countries use planning and policies to promote development and need collaboration across government and 
sectors for effective results.de Visser &Poswa (2019) highlightthat in South Africa, the Integrated Urban 
Development Framework (IUDF) and the National Spatial Development Framework (NSDF) are used to 
guide infrastructure investment. The NSDF isa mandated in terms of Spatial Land Use Management Act of 
2013 to direct national development. In addition, there are funding-related frameworks such as the Medium-
Term Revenue and Expenditure Framework (MTREF) and the Integrated Financial Framework for Greening 
South African Metropolitan Cities (IFFGSAMC). These frameworks aim to align budgets with sustainability 
goals. South Africa also employs a Scenario-Based Planning Framework (SBPF), which introduces flexible 
planning through three growth scenarios: Nayi le Walk, Isibhujwa, and Gwara Gwara. The Nayi le Walk 
scenario envisions a positive future where the country moves toward achieving National Development Plan 
(NDP) targets. In contrast, the Isibhujwa scenario represents a continuation of existing trends, marked by low 
economic growth and high inequality. The Gwara Gwara scenario depicts a "struggling false dawn," where 
aspirations remain unfulfilled.  

Furthermore, to these national frameworks, international approaches also offer valuable insights. For 
example, the Major Infrastructure Delivery Framework (MIDF) in England focuses on climate adaptation in 
water infrastructure and leverages expertise in procurement and engineering. Meanwhile, the National 
Planning Policy Framework (NPPF) of England aims to increase housing delivery, although it has faced 
critiques regarding its overall effectiveness (National Treasury: 2025; Sedighi,et al: 2025; Upton: 2019).  

Despite the range of frameworks available, a significant challenge remains: these frameworks often lack 
amechanism of showing a clear connection between planning approvals for housing development and 
economic growth. For instance, despite the implementation of the NPPF, recent studies have shown that 
increases in housing approvals have not consistently resulted in measurable economic growth in several 
regions (Sedighi et al: 2025).  

Recent studies by Mhlongo, Gumbo, and Musondo (2022) highlight ongoing challenges in South Africa’s 
low-income housing sector, such as limited stakeholder involvement, weak accountability, and transparency 
issues. Despite multiple governance frameworks, these problems persist, underscoring the need for 
collaborative co-production models as proposed by Maila, Malan, and Mazenda (2024: 10), and Maila 
(2025), which require shared legislative understanding and active stakeholder participation. Irtyshcheva et al. 
(2023) stress the importance of clear objectives and robust tracking systems due to concurrent national and 
provincial responsibilitiesdepited by Mathonsi (2020), while Ndevu and Muller (2018) emphasize the critical 
role of local governments. Carter, Klein, and Day (2002) call for performance-driven, accountable public 
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sector management. Although National Treasury (2017) introduced standardized performance indicators 
(MFMA Circular 88),continues to refine them, gaps remain in stakeholder coordination and evidence linking 
planning approvals to economic and spatial outcomes. The researchers have crafted the conceptual 
framework in figure1 below to emphasize the need for improved integration and monitoring, provide clarity 
on stakeholder roles, reporting practices, and their connection to economic development, focusing on 
housing development context in Johannesburg. The conceptusal framework visually structures these 
concepts and variables and provides a basis for further research. 

 

Figure 1: Conceptual Framework (Own diagram) 

This study is grounded in Foucault’s concept of governmentality (Kerr, 1999) to examine the governance 
frameworks shaping planning approvals for housing developments, with a particular focus on stakeholder 
roles and their links to economic growth. The researchers also acknowledge that post-2024 municipal 
planning in South Africa is now influenced by coalition governance, which necessitates balancing diverse 
interests alongside economic and spatial development (Kariuki & van der Waldt, 2025). Furthermore, this 
research draws upon Dean’s (2010) refined concept of governmentality, which encompasses citizens’ 
collective perceptions of governance. Notably, Stoker (1998), in conceptualising governance theory, clearly 
distinguishes between authority (government) and coordination (governance). The researchers also reference 
the work of Munzhedzi (2021), who asserts that effective governance involves both public and private 
service delivery. These considerations inform the formulation of the research questions. 

6 RESEARCH QUESTION 

The main question in this study is who the roleplayers are in the planning approval for housing development 
in Johannesburg, and what are the governance arrangements? 

7 RESEARCH APPROACH AND METHODOLOGY 

The study used a qualitative method, selecting around 25 experienced professionals for semi-structured 
virtual interviews about planning approval. Document analysis drew from city trend reports, annual reports, 
and systems from relevant agencies. The research focused on planning approval applications in Sunninghill, 
Inner City of Johannesburg, Kyalami, and Sandton. 

8 FINDINGS 

The study revealed the following: Reporting Practices: Planning approvals are recorded in annual and trend 
reports, as well as digital systems; reporting varies by application type and region. There are differences in 
how planning approvals are reported in the annual reports and no integrated national tracking mechanisms to 
better inform economic growth discussions. The study recommends further research and comparative 
analysis across metropolitan areas, emphasizing that current reporting gaps hinder effective monitoring and 
calling for greater integration at the national level. 
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Systems Supporting Planning Approvals: The main systems identified are as per table 1 below. At present, 
these systems are not fully integrated, which restricts the ability to conduct comprehensive monitoring and 
reporting. 

 

System Name Administrators 

Town Planning Application System (TAS) City of Johannesburg 

Housing Subsidy System (HSS) Provincial and National Departments of Human Settlements 

Geographic Information System (GIS) City of Johannesburg, Provincial and National Departments 

Strategic Innovation Hub (SIH) Provincial and National Human Settlements, National Cooperative Governance 

Table1: Systems Supporting Planning Approvals   

Trends in Planning Approval Applications within the City of Johannesburg: The planning approval process 
includes applications for rezoning, township establishment, subdivision/consolidation, special consent, site 
development/building plans, and township establishment. Outcomes are approved, refused, withdrawn, or 
appealed. From 2006 to 2023, the highest number of applications was in Johannesburg's inner city, followed 
by Sandton, Sunninghill, and Kyalami. See Table 2 for more details. 

Application Type Sunninghill Sandton Kyalami Inner City 

Rezoning 58 426 23 2323 

New Township 8 0 12 33 

Consent 42 188 22 1342 

Subdivision / Consolidation 42 171 12 2644 

Site Development 65 257 44 1337 

Table 2: Development applications approved from 2006- 2023. Source: Own table extracted from the City Of Johannesburg 
development planning trend report for 2023/24Financial Year 

The figures in table 2 illustrate spatial disparities in development activity across the city of Johannesburg. 
However, does not provide an explanation of why is it the case and what factors inform decision making. 

Planning Approvals vs Gross Domestic Product in Johannesburg (2013–2023) Trends:Using data from 
Johannesburg’s development trends report and GDP figures from Statistics South Africa, this analysis 
examines links between development application types and economic growth. Over the past decade, 
township establishment applications have shown a correlation with GDP, while zoning applications followed 
a different pattern. Figure 2 illustrates these findings. 

 

Figure 2: Graph comparison of trends in GDP, Township establishment applications approved and rezoning approcations approved 
(Source: Authors own diagram using City of Johannesburg data and Stats SA data sets on GDP Period from 2013-2023) 

Key role players in planning approval for housing developments: The approval process involves consultants 
or developers who coordinate applications, and municipal officials who review and approve plans. Key 
professionals – town and regional planners (Planning Profession Act, 2002), engineers (Engineering 
Profession Act, 2000), conveyancers (Deeds Registries Act, 1937), land surveyors (Land Survey Act, 1997), 
community facilitators (Municipal Systems Act, 2000; Housing Act, 1997), project managers, valuers, and 
architects – all ensure compliance, safety, legal accuracy, inclusivity, and sustainability (Oladiran et al., 
2025). Citizens, especially marginalized groups, also participate through objections and consultation. 
Researchers emphasize governance frameworks to enhance social inclusion and address spatial inequities.  
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The Governance Arrangements: The city has a solid governance system for development planning, guided by 
frameworks such as the MSDF, RSDF, Land Use Scheme, Bi laws, Nodal Policies, council-approved 
delegations, business processes, and procedural manuals with checklists. Delegated officials process 
applications, while tribunal members handle appeals and objections, supported by a secretariat that maintains 
records and follows the monthly scheduleof meetings. This promotes transparency, efficient project 
approvals, and coordinated planning in Johannesburg. However, the connection between planning approvals 
and economic growth remains weak. Housing stakeholders include developers, officials, and experts, but 
economic growth is mainly discussed informally, with no formal forum. Early assessments consider land, 
infrastructure, transport, heritage, and socio-economic factors. City managers track economic growth, but 
resource constraints limit broader integration of these discussions. 

Proposed components of the Framework for Planning Approval Monitoring: Respondents identified these 
key elements: 1) Municipal planning approvals require inputs such as rezoning and township establishment 
applications submitted by qualified experts. 2) Main activities involve processing, analysing, managing 
objections, and reporting on applications. 3) Outputs are assessed using transparent metrics and economic 
valuations. 4) Desired outcomes include improved environments, spatial transformation, job creation, and 
economic growth. Success depends on system maintenance, timely subsidies, and regular meetings to 
monitor progress and resolve application issues. 

9 RECOMMENDATIONS 

The study advises government to collaborate for greater transparency, accountability, and better alignment of 
housing planning approvals with economic and spatial goals. It calls for a governance framework that 
includes young, tech-savvy professionals to address youth unemployment, revised planning indicators, 
coordinated governance structures involving political and administrative leaders, and a digital platform to 
improve tracking and performance evaluation. 

10 CONCLUSION 

The study finds that current planning approval monitoring is fragmented and poorly linked to economic 
growth. It recommends integrated national and local tracking, updated indicators, and governance structures 
combining political and administrative oversight. It recommends the use of digital tools to address the 
technical complexity, improve transparency, accountability, and speed. These steps can strengthen housing 
developments in Johannesburg and similar cities. 
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1 ABSTRACT 

The homeless face desperate socio-economic challenges, not in the least, food insecurity. Vulnerabilities are 
intensified by changing climatic conditions, macroeconomic constraints, limited sanitation and poor nutrition 
resulting from restricted access in urban food deserts. Social support programmes and shelters mitigate some 
risks, with several adopting urban agriculture (UA) in developmental strategies to yield longer-term benefits. 
Examples are especially prominent in the global North, where non-profit organisations (NGOs), research 
collaborations and cooperatives have engaged in partnerships to target UA-based interventions for the 
homeless. Such strategies emphasise the provisioning and cultural ecosystem services (ES) delivered by UA 
as green infrastructure (GI). Framing UA as multi-functional GI and acknowledging additional regulating 
and habitat ES empowers advocacy in urban planning to advance UA practices in urban centres where space 
is at a premium and market forces favour more competitive land uses. Although UA is increasingly applied 
in the global South, approaches remain largely productivist and economic, prioritising food security, poverty 
alleviation and entrepreneurship. Very few published case studies link UA and homelessness in developing 
contexts. This is evident in Cape Town, South Africa, regarded as a leader in UA in Africa and home to a 
substantial homeless population, where information on such strategies remains limited. In response, this 
paper explores international precedents from the global North and turns to a case study of Cape Town to 
investigate which organisations integrate UA into interventions for the homeless and how. A qualitative 
approach is applied following semi-systematic literature reviews. The first examines international cases in 
the academic literature as part of the literature screening section. The second, under the paper’s empirical 
component, reviews grey literature on Capetonian examples identified from an official database of registered 
homeless shelters in the city (n = 29). The literature on international cases revesals the dominace of the USA 
and emphasises intergovernmental involvement, multidisciplinary collaboration, securing long-term tenure, 
linking UA sites with supportive uses, using liminal open spaces such as rooftops, remediating brownfields, 
subsidising infrastructure, embedding volunteerism and co-production, providing training and identifying 
access points to markets. Findings from Cape Town–based shelters indicate that 17.2% of organisations have 
implemented UA-related interventions, most primarily focused on production and subsistence, with an 
auxiliary recognition of therapeutic benefits. Many of the operational characteristics identified in Northern 
case studies are also pertinent in interventions in Cape Town, underscoring their significance and 
contextualising their application. By identifying evidence-based principles from global North and 
Capetonian precedents, the paper highlights critical opportunities to embed UA within strategies addressing 
homelessness through more developmental approaches, facilitated by urban planning, to encourage cultural 
and other multi-functional ES beyond (ir)regular sustenance or a temporary roof for the destitute.  

Keywords: Homelessness, Urban agriculture, Urban farming, Ecosystem services, Non-profit organisations 

2 INTRODUCTION 

Homelessness constitutes an extreme manifestation of urban vulnerability, modelled by intersecting 
economic, spatial and social exclusions that are particularly pronounced in cities of the global South (Pitt, 
2022; Hopkins et al., 2024). Within this condition, food insecurity emerges not merely in episodic hunger but 
as a persistent and multi-dimensional deprivation that constrains health, autonomy and dignity. For the 
homeless, food insecurity is embedded in everyday urban relations. As such, limited purchasing power, 
restricted access to food storage and preparation and a dependence on charitable donations collectively 
undermine both nutritional adequacy and agency over food choices (Greene, 2019; Campagnaro et al., 2023). 
In Cape Town, South Africa, where deep income inequality, spatial fragmentation and uneven food 
environments persist (Haysom, 2021; Kanosvamhira et al., 2023), food insecurity among the homeless 
reflects broader failures in urban governance and social protection. Accordingly, food insecurity operates as 



A Green(er) Roof over the Head: Reflecting on Strategies Targeting Homelessness with Urban Agriculture for Cape Town, South 
Africa 

46 
 

   

 
 
 

REAL CORP 2026:  
EVERYBODY PLANS … SOMETIMES  

 

a critical lens through which the lived realities of homelessness and the limits of conventional relief-based 
responses, may be interrogated. 

Urban agriculture (UA) has increasingly been positioned as a response to urban food insecurity, specifically 
within low-income and marginalised communities, where it is most often justified in terms of food provision. 
However, beyond this productivist framing, UA is also recognised internationally as an element of urban 
green infrastructure (GI) capable of generating a wider array of ecosystem services (ES), including social, 
cultural and health-related benefits (van Zyl et al., 2021). Research has shown that engagement with 
cultivation and green spaces can support psychological wellbeing, social connection and skill formation, 
outcomes that may be especially salient in contexts of profound vulnerability (Soga et al., 2017; Gibbens, 
2019). Despite the increasing visibility of UA policy in Cape Town (Smit, 2016; Cilliers et al., 2020; Kroll, 
2021), its relevance to homelessness and to food insecurity as a relational and structural urban condition, 
remains poorly conceptualised. This gap raises critical questions regarding the way food-based interventions 
are framed, valued and integrated within urban planning and social development. Against this background, 
this paper sets two research questions: Firstly, what good practice principles can be derived from 
international case studies of UA interventions in homelessness? Secondly, which organisations addressing 
homelessness in Cape Town include UA in their approach and what lessons are provided by these 
institutions for broader application? 

The paper proceeds with the next section unpacking homelessness as a concept, its drivers and lived impacts, 
with a particular emphasis on food insecurity and dignity. This is followed by a discussion of UA as a multi-
functional, nature-based developmental intervention and unpacking ES in UA in Section 4. International case 
studies of UA in homelessness interventions are then reviewed in Section 5 to distil key principles. Cape 
Town is subsequently introduced as the empirical case study, followed by a methodology section detailing 
the desktop review and dataset used. The results and discussion sections (8 and 9) examine the nature, scale 
and significance of UA initiatives linked to homelessness in Cape Town. The paper concludes with 
reflections and planning-oriented recommendations to integrate UA more systematically into homelessness 
responses in the city, also of value to other contexts in the global South and North. 

3 COMING TO TERMS WITH HOMELESSNESS 

Homelessness is a worldwide phenomenon affecting countries in the global North and South (Pitt, 2022). It 
is estimated that 150 million people, or 2% of the world population suffer from homelessness (Lidzhade and 
Mphambukeli, 2025), with the figure expected to increase under globalised neoliberal urbanism ruled by 
market forces. Within this system, prolific homelessness jars with aspirations for progressive world-class 
cities principled on rational order, the rule of law and codified planning to protect private interests. As such, 
the homeless are othered and stereotyped as perpetrators who increase crime, litter and dump, practice poor 
hygiene and contaminate, beg and devalue property by their presence as agents of the ‘broken window 
syndrome’ (Michaels, 2022). Such narratives bound in aversion from powerful private investors and fear 
amongst the voting public politicise the issue as an emotive challenge for local authorities framed by deep 
difference, professional and personal conflict (Hopkins et al., 2024). Broad brush condemnation of the 
homeless as a class of ‘social failure, dysfunctionality and unproductivity’ (Gerrard and Farrugia, 2015; Pitt, 
2022:2) easily rationalises blunt political intervention. Yet even a shallow exposition of personal narratives 
or a frank confrontation of systemic drivers, may uncover accounts opposing freeloading by choice or 
deliberate ill intent. Rather, testifying to precarity of circumstance and last resort, aggravated by external 
factors beyond individual control.  These include structural unemployment, migration, domestic violence and 
dysfunctional home environments, adverse childhood experiences, substance abuse and health challenges 
(Makiwane et al., 2010; Pitt, 2022; Hopkins et al., 2024; Lidzhade and Mphambukeli, 2025). In realisation, 
acknowledging that the homeless are often exposed to property threat, isolation, misconception, 
stigmatisation, harassment and violence and may face substance dependence, physical disability and disease 
(Rankin, 2019; Hopkins et al., 2024). Health concerns may be far reaching, including injuries, mental health 
challenges, sexually transmitted infections, respiratory ails like tuberculosis and other co-morbidities (UN-
Habitat, 2020). These issues are severely impacted by changing climatic conditions and seasonality, lacking 
sanitation and ablution facilities and food insecurity in urban food deserts (Greene, 2019; Hopkins et al. 
2024).  
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Food deserts do not reference the type, size and number of food retailers established locally, but rather 
lacking access to affordable healthy food amongst the poor even when retailers are plentiful (Smith et al., 
2010). For the homeless, who often dwell in well-served urban areas, challenges include limited financial 
means and restrictions in preparing or storing food. This is especially problematic for perishable fruits and 
vegetables (Greene, 2019). Food insecurity overshadows basic hunger to include spatial, social, cultural, 
political and emotional aspects of food access (ibid), including the act and place of consumption 
(Campagnaro et al., 2023). Eating is often an undignified experience for the homeless as many scavenge for 
sustenance in bins, beg or are handed leftovers to consume publicly. Such meals are often nutritionally 
deficient, even hazardous, consisting of calorie rich processed foods or expired products. Alternatively, more 
nourishing meals may be accessed through soup kitchens and homeless shelters that may also provide 
temporary accommodation, sanitation and ablution facilities, clothing, blankets and possibly rehabilitation 
and developmental services (Brothers et al., 2020).  Shared accommodation and meals may foster social 
cohesion in conviviality and camaraderie, but the interim nature of shelter support does not necessarily 
advance food security, nor do charitable services instil pride, self-confidence, self-esteem or self-reliance 
(Mjema et al. 2023). In addressing issues of nutrition, advancing food security, training and dignity in 
parallel, several organisations incorporate UA in developmental strategies addressing homelessness. 
ES Category Definition Potential UA examples 
Provisioning 
ES 

Protection and restoration of natural 
resources and the capability of natural (e.g., 
rivers, biomes) or semi-natural (e.g., 
community gardens) green spaces to 
contribute physical products, materials or 
goods consumed directly by humans.  

Community gardens, rooftop farms and alike produce fresh vegetables, fruits, 
eggs, honey, herbs and other food products often consumed by proximate residents, 
improving urban food security and reducing food miles. Urban gardens may 
cultivate medicinal and aromatic plant species used in traditional remedies or small-
scale commercial products.   

Regulating 
ES 

The regulation of ecosystem processes that 
moderate natural and artificially induced 
environmental conditions. Benefits derive 
from capacities to control, reduce, or buffer 
ecological, climatic and biological processes 
alternatively requiring technical or 
engineered solutions. 

UA vegetation contributes to local cooling through evapotranspiration and shading 
to reduce the urban heat island effect. Plants in UA systems capture particulate 
matter and contribute to pollutant removal from urban atmospheres. Soil 
enhancement is promoted via organic matter and reduced compaction, also 
preventing surface erosion. There are further contributions to nutrient cycling and 
soil quality stabilisation. UA systems can enhance pollinator habitat and activity and 
support populations of beneficial insects that regulate pests. 

Cultural ES The non-material benefits humans derive 
from ecosystems meeting cultural or spiritual 
needs when visiting, living in or enjoying 
views of green areas.  

UA spaces provide green venues for recreation, passive enjoyment and aesthetic 
engagement with nature, especially valued in dense urban contexts. UA sites are 
often used for environmental education and gardening training, generally increasing 
ecological literacy and food system awareness, ultimately advancing skill 
development and employment opportunities. Shared involvement in UA projects 
fosters cultural expression, social interaction, networking, inclusion, community 
organisation and stronger sense of community identity. Exposure to green UA 
spaces, participation in gardening and contact with nature are linked with mental 
health improvements in decreased depression and anxiety, enhanced cognitive 
abilities, increases in attentional capacity, increases in life satisfaction and the 
benefits of physical activity like strength, fitness and flexibility.  

Habitat 
services (or 
supporting 
services) 

ES that conserve natural ecosystems and 
enhance urban biodiversity do not directly 
benefit humans but  facilitate the fulfilment 
of all other ES by providing natural habitats. 

UA sites, especially diversified gardens, increase urban biodiversity as habitats for 
flora, pollinators, insects and fauna often uncommon in built environments.  Soils in 
urban horticulture systems regularly present enhanced biological diversity and 
nutrient cycling compared to non-vegetated landscapes. UA systems presenting 
diverse crops, including rare or heirloom cultivars, support the conservation of 
genetic resources in urban areas. Through green cover, flowers and sheltered 
microhabitats, UA supports the lifecycles of beneficial organisms, enhancing 
general ecological functions in urban areas. 

Table 1: ES categories and potential examples in UA. Source: Constructed from Draper and Freedman (2010); Gonzalez et al. 
(2010); Soga et al. (2017); Gibbens (2019); Górna and Górny (2021); Lategan et al. (2021); van Zyl et al. (2021)  

4 URBAN AGRICULTURE AS A NATURE-BASED SOLUTION AND DE VELOPMENTAL 
TOOL 

UA is defined as the production of food and non-food crops and/or animal husbandry at micro and meta 
scale within and on the peripheries of urban areas (Hardman et al., 2022). UA includes all activities from 
cultivation to the entrepreneurial components of agri-processing, marketing and distribution (Cilliers et al., 
2020; Chari et al., 2022).  UA is acknowledged as a nature-based solution and element of GI, defined as a 
strategically planned, designed and managed  urban network, consisting of various natural, semi-natural and 
man-made green and blue spaces that conserves ecosystem functions, contributes to biodiversity 
conservation and provides social, economic and health benefits through multiple ES (van Zyl et al., 2021). 
ES are the direct and indirect benefits all living species derive from the capacity of ecosystems to provide 
goods and services that satisfy needs (De Groot et al., 2010). ES have been classified according to 
provisioning, regulating, cultural and supporting/ habitat services. These categories are not mutually 
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exclusive, with multiple benefits derived simultaneously by GI elements like UA (van Zyl et al., 2021). 
Table 1 captures ES categories and potential manifestation examples in UA. 

Recognising numerous ES (Table 1), highlights multi-functionality as a critical GI characteristic, which has 
provided planners with significant motivation and leverage to advance implementation internationally 
(Tsegaye et al., 2018; Cilliers et al., 2021). Yet, an overly naïve perspective should be avoided. A balanced 
approach recognises latent ecosystem disservices (ESD), acknowledging that ecosystem functions may 
deliver contrasting negative impacts (Davoren and Shackleton, 2021; Lategan, et al., 2021). For UA, 
examples may include invasive species or clearing indigenous remnants, continuous maintenance, operating 
expenses, security concerns of theft, squatting and vandalism. The threat of cultivation on urban sites 
contaminated by proximate pollutants like lead, arsenic from pesticides and polyaromatic hydrocarbon from 
exhausts, as well as residue and littering from discarded items related to substance abuse are noted (Bryld, 
2002; Lategan et al., 2021).  Fresh produce is also associated with microbial foodborne disease deriving from 
cats and birds, composting materials and fertilizers from livestock (Kaiser et al., 2015). Additionally, limited 
funding, skills and knowledge, staff shortages and a reliance on volunteer labour, limited markets and 
lacking consensus regarding success metrics often limited to biased cost-benefit analyses in favour of 
economic sustainability, are concerning (Biewener, 2016).  Such challenges are exacerbated by limited 
research focused on UA benefits for vulnerable stakeholders like the homeless (Gibbens, 2019), with 
reflections limited to reports on disparate case studies. Section 5 attempts to relay some of these cases from 
the global North to evidence their general approach and distil potential lessons of practice.   

5 REVIEWING SELECT GLOBAL NORTH CASE STUDIES OF URBAN  AGRICULTURE IN 
HOMELESSNESS INTERVENTIONS 

The examples summarised in Table 2 were derived from the academic literature on UA interventions 
targeting the homeless. 
Project / Initiative Organisationa

l Type 
Key Partners & 
Stakeholders 

Approach & 
Model 

Produce, Cultivation 
Methods & Facilities 

Engagement with 
Homeless  

Outcomes & 
Impacts 

The Food Project/ 
Dudley Street 
Neighbourhood 
Initiative, Boston, 
MA & suburbs 
(1991) 

Community-
based 
nonprofit 
network  

Foundations; 
municipalities; 
schools; hunger 
relief orgs 

Youth 
employment, food 
donation, farmers 
markets. Food 
justice–oriented, 
educational UA 
integrating 
production, 
donation and 
market sales 

Mixed vegetables; open-field 
cultivation; greenhouses; 
suburban farms (16 ha total); 
internships organic soil-
based production; 
community gardens, farm, 
aquaculture facility, 
greenhouses and bioshelters, 
processing facilities and 
marketing outlets 

Direct: produce 
and meals for 
homeless shelters 
and soup kitchens.  

Food access, 
youth 
leadership, 
social 
cohesion 

San Francisco 
County Jail – 
Garden Project, 
San Francisco, 
CA (1992 -2018) 

Nonprofit re-
entry 
programme 

County jail; 
municipalities 

Rehabilitative UA 
linking 
incarceration, 
skills and 
community 
service 

Vegetables; tree planting; 
soil-based cultivation on 
institutional land 

Indirect: food for 
homeless and 
elderly 

25% lower 
recidivism 

Sea Change, Inc. 
Philadelphia, PA 
(1993) 

Nonprofit 
economic 
development 
corp. 

Philadelphia 
Redevelopment 
Authority 

Entrepreneurial 
and ecological UA 
as neighbourhood 
regeneration 

Organic vegetables, herbs, 
flowers; 0.2 ha site; eco-
village systems; organic 
farming, traditional and 
innovative technologies 

Direct: 
employment and 
training 

Skills, food 
production 

Cook County 
Sheriff’s 
Garden.Chicago, 
IL (1993) 

Correctional 
UA 
programme 

Univ. of Illinois 
Extension 
Urban 
Gardening 
Programme 

Prison-based 
farming. 
Institutional 
rehabilitative UA 

Vegetables; 557 m² prison 
garden; soil-based 

Indirect: food for 
homeless; inmate 
rehabilitation 

Reduced 
recidivism; 
food 
donations 

Growing Home. 
Chicago, IL 
(1998) 

Nonprofit 
social 
enterprise 

City of 
Chicago; 
Community 
Development 
Block Gant; 
Coalition for the 
Homeless 

Greenhouse 
farming; 
phytoremediation. 
Employment-
focused UA with 
environmental 
remediation 

Greenhouse, vegetables; 
raised beds; 0.4–1.2 ha 
brownfield site; phytore-
mediation 

Direct: homeless 
employment 

Skills 
development; 
food 
production 

Gino Organic 
Gardens. 
Chicago, IL 
(1998) 

Volunteer-
based and 
entrepreneuri
al  

Local food 
nonprofits 

Raised beds, 
donation model. 
Subsistence and 
donation-oriented 
UA 

Mixed vegetables; raised 
beds; 670 m² vacant lot 

Direct: homeless 
employment; 
Indirect: produce 
to homeless-
serving orgs 

454 kg 
produce 
donated in 
1998 
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Seattle Youth 
Garden Works. 
Seattle, WA 
(1998) 

University-
affiliated 
programme 

Universities; 
community 
partners 

Market gardening; 
skills training. 
Workforce 
development UA 

Market garden vegetables; 
soil-based plots  

Direct: training 
homeless  

Workforce 
readiness 

Urban Oasis / 
Community 
Harvest. 
Washington, D.C. 
(Late 1990s) 

Community-
based project 

Public housing 
authorities; 
schools 

Urban farm. 
Employment-
oriented UA in 
underserved areas 

Vegetables, herbs, flowers; 
0.2 ha farm 

Direct: homeless 
employment 

Food access 
in 
underserved 
area 

Justiceville.Chica
go, IL (Late 
1990s) 

Transitional 
housing 
initiative 

Restaurants; 
housing 
providers 

Herb cultivation 
for restaurants. 
Micro-enterprise 
UA 

Herbs; 93 m² plot; soil-based Direct: homeless 
residents farm 

Income, 
skills 

City Growers. 
Boston, MA 
(2010) 

For-profit 
social 
enterprise / 
cooperative 

City of Boston; 
institutions; 
volunteers 

Sales-based; co-
operative govern-
ance. Commercial 
UA with a social 
objective 

Intensive vegetable 
production; 0.4 ha over four 
vacant lots; soil-based 

Indirect: jobs, 
food to nonprofits 

Employment, 
food access 

Higher Ground 
Farm. Boston, 
MA (2013) 

For-profit 
commercial 
UA 

Private 
founders; 
volunteers 

Rooftop 
commercial 
farming. 
Commercial, 
market-driven UA 

Leafy greens, vegetables, 
flowers; 1,300 m² rooftop; 
open-air beds 

Indirect: 
unpaid/volunteer 
labour 

Proof of 
rooftop UA 
viability 

St. Vincent de 
Paul Urban Farm. 
Dayton, OH 
(2013) 

Shelter-based 
participatory 
research 

Univ. of 
Dayton; Ohio 
State Univ.; 
shelters 

On-site shelter 
farms. 
Therapeutic and 
participatory UA 

Vegetables; 2,500–3,000 m² 
on-site shelter gardens; soil-
based 

Direct: shelter 
residents 
participate 

Improved 
nutrition, 
mental 
health, lower 
recidivism 

Growing Hope 
Gardens. Los 
Angeles, CA 
(2010s) 

Nonprofit Shelters; 
housing 
providers 

Gardens in shel-
ters and housing. 
Regenerative, 
empowerment-
based UA 

Organic regenerative 
gardens; shelter and housing 
sites; soil-based 

Direct: 
stewardship and 
participation 

Belonging, 
empowermen
t 

Table 2: Synthesis of international examples of AU interventions in homelessness. Source: Constructed from Kaufman and Bailkey 
(2000); Biewener (2016); Gibbens (2019); Brothers et al. (2020); Mjema et al. (2023) 

Findings captured in Table 2 are further detailed in Section 9 but is pertinent to acknowledge that all 
instances encountered are North American, calling the nature of similar approaches in the rest of the world, 
but especially in the global South, into question. If and how such approaches manifest in one of the global 
South’s most developed and unequal countries, South Africa, and one of its most developed and unequal 
Cities, Cape Town, is particularly intriguing. 

6 HOMELESSNESS AND URBAN AGRICULTURE IN CAPE TOWN, SO UTH AFRICA 

South Africa is wracked by severe housing shortages resulting from colonial and apartheid rule, structural 
unemployment and a contemporary neoliberal approach that has reduced output in the state’s low-income 
housing projects. Some 3.4 million prospective beneficiaries were captured on the national needs register by 
2024 (RSA, 2024), most of whom are accommodated in informal settlements and informal backyard rental 
accommodation. Access to the informal sector, especially the backyard component, reflects resilience and 
agency amongst the otherwise destitute (Lategan and Cilliers, 2017) and the capacity for resource 
mobilisation and/or supportive kinship networks that assist in accommodation access (Lategan and Cilliers, 
2019). These informal settlers are not considered homeless, but survive in precarity close to the verge of 
destitution should their circumstances change.  

The housing backlog is concentrated in the country’s metropolitan areas, particularly in eThekwini (Durban), 
the City of Johannesburg and City of Cape Town, mirroring instances of absolute homelessness. Cape Town 
is highlighted for a lack of literature on the phenomenon and a large comparative homeless population 
(Viljoen, 2025). Hopkins et al. (2024) report that only five dedicated studies have emerged on homelessness 
in Cape Town since 2013 and that the exact extent of the homeless population is unknown. A 2020 estimate 
projected a population of14357 homeless (ibid). Studies show that up to 71% are classified as chronically 
homeless, having experienced constant homelessness for a minimum of one year, or repeatedly over certain 
periods (Viljoen, 2025).  

Life on Cape Town’s streets is particularly inhospitable in gentrified business nodes managed under low 
tolerance private improvement cooperatives and crackdowns on vagrancy and squatting in the central 
business district (CBD) (Michaels (2022).  Punitive responses call on law enforcement and private security 
to fine or remove the homeless based on bylaws of ‘antisocial behaviour’ (Pitt, 2022; Viljoen, 2025). Cape 
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Town’s homeless further face harsh summers, wet winters and gale force winds in what is known as the 
Cape of Storms. Some respite from authorities, the weather and hunger may be found in shelters provided by 
the state and non-governmental (NGOs) and non-profit organisations (NPOs). However, offerings generally 
deliver maintenance services and temporary accommodation, mostly failing to facilitate more permanent 
transitions from homelessness supported by long-term developmental assistance in social services, substance 
abuse treatment, skills development and economic empowerment toward permanent independence (Hopkins 
et al., 2024). The basic accommodation offered is also scarce and institutions under capacitated, with only 
3246 shelter beds available (Table 3). Many homeless further actively avoid shelters due to strict operating 
hours and rules, including curfews, a ban on drug and alcohol use or non-admission of couples (Viljoen, 
2025). Even when such detriments are inconsequential and more developmental interventions offered, Cape 
Town’s homeless are reticent to commit to longer-term stays given loss of income from begging or casual 
employment (Hopkins et al., 2024). The need for proven intervention strategies providing multiple longer-
term developmental benefits, like UA (Table 2), is thus imperative.  

There is significant potential to draw on existing support for and implementation of UA in the city. Cape 
Town is regarded as a front runner in UA (Jagganath, 2022) as the first South African city to deliver an UA 
Policy in 2007. This policy, along with the City of Cape Town Food Gardens Policy in Support of Poverty 
Alleviation and Reduction, support UA and food aid for indigent households and schools (Smit, 2016; Kroll, 
2021). Food systems were also included in the city 2019 Resilience Strategy through targeted action plans. 
However, integration into broader urban governance and management has remained limited (Haysom, 2021). 
Furthermore, The OneCape 2040 Strategy proposes transitioning to an eco-friendly, inclusive, resilient and 
sustainable economy that supports UA and sources 80% of food locally. Yet, few political aspirations have 
been articulated (Kroll, 2021). Planning documents like the Municipal Spatial Development Framework 
(MSDF) (COCT, 2023) provides for protection and recognition of significant agricultural land like the 
Philippi Horticultural Area in the Cape Flats region that produces a large proportion of the city’s vegetables. 
The Cape Flats accommodates approximately 6000 small-scale and micro-farmers who operate some 100 
urban gardens. Most are located on school and municipal properties, whilst others occupy liminal spaces like 
road verges to constitute more informal practices (Kanosvamhira et al. 2023). UA practices closer to the 
CBD are also documented, including the Oranjezicht City Farm located in a prestigious suburb in the Cape 
Town City Bowl which has itself supported the establishment of at least twenty other local UA initiatives 
(Steenkamp et al., 2021). Despite a significant homeless population and advancements in the establishment 
of UA policies and practices along the informal to formal continuum, the literature is sparse and whether, 
and how, approaches to homelessness in Cape Town have incorporated UA, unknown. 
Nr Organisation Capacity Nr Organisation Capacity 
1. The Haven Night Shelter, Bellville 83 16. Elim Night Shelter, Elsies River 70 
2. The Haven Night Shelter, Claremont 15 17. Loaves and Fishes, Observatory 35 
3. The Haven Night Shelter, District Six 80 18. Oasis Reach for Your Dream, Phillippi 80 
4. The Haven Night Shelter, Kalk Bay 18 19. Ubuntu Circle of Courage, Blackheath 0 
5. The Haven Night Shelter, Kensington 60 20. The Ark City of Refuge, Faure 1000 
6. The Haven Night Shelter, Kraaifontein 92 21. Youth Solutions, Zonnenbloem 60 
7. The Haven Night Shelter Moira Henderson House, 

Woodstock 
81 22. Beth Rogelim, Cape Town 100 

8. The Haven Night Shelter Napier Street, Greenpoint 155 23. Culemborg Safe Space, Cape Town 23 
9. The Haven Night Shelter, Retreat 115 24. Culemborg Parking Lot Safe Space, 

Cape Town 
230 

10. The Haven Night Shelter, Wynberg 57 25. Paint City Safe Space, Bellville 250 
11. The Haven Welfare Organisation, Cape Town 0 26. U-Turn Ministries, Claremont 30 
12. Owl Shelter, Lansdown 80 27. U-Turn Ministries, Bellville 21 
13. Happy Valley, Simonstown 65 28. TASP, Bellville 25 
14. Somerset West Night Shelter, Somerset West 54 29. Hope Revolution, Faure 70 
15. The Carpenter Shop, Cape Town 40 Total: 3246 

Table 3: Homeless shelters registered on the City of Cape Town Open Data Portal. Source: CoCT (2025) 

7 METHODOLOGY 

This paper employs data sourced from the City of Cape Town’s Open Data Portal (CoCT, 2025) that 
provides publicly accessible municipal datasets across a range of thematic categories, including social 
development. Within this category, a 2025 dataset titled ‘Homeless Shelters’ was identified that indicates 
places of accommodation for the homeless within the City of Cape Town. It is acknowledged that the list 
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may not capture informal, faith-based, or unregistered initiatives operating outside of the City’s officially 
recognised programmes. The twenty-nine organisations captured in the database are presented in Table 3. 

Each organisation was subjected to a semi-systematic desktop review (Lategan et al., 2025) of grey literature 
(websites, media articles and reports) using key words and Boolean Operators to configure the following 
search strings: Organisation AND Cape Town AND Urban Agriculture; Organisation AND Cape Town 
AND Urban Farming; Organisation AND Cape Town AND Garden; Organisation AND Cape Town AND 
Food Security. Corresponding folders were created for each organisation and subfolders for each search 
query created on Endnote as reference management platform. Both deductive and inductive coding were 
completed using Atlas.ti. Results are discussed in Section 8. 

8 RESULTS 

Results demonstrate that 48.3% (n=14) of organisations referenced general gardening practices, whilst 17.2% 
(n=5) referenced larger scale UA activities more specifically, though not always directly by name. The 
relatively high number of instances recorded for gardening activities is largely due to the Haven Night 
Shelter collective with eleven branches, but one general website. Thus, making it impossible to gauge where 
and how much gardening takes place. The Haven Night Shelter and the Salvation Army’s Beth Rogelim 
men’s home mention resident involvement in garden-related activities (Haven Night Shelter, 2025; Salvation 
Army, 2025), with the available information suggesting that these activities are restricted to general 
maintenance and domestic gardening duties rather than a structured developmental strategy based on UA. 
The Somerset West Garden Project transformed a derelict park into a thriving urban farm that utilises 
volunteers from the homeless community, sells produce locally through a market and to restaurants and 
supplies the Somerset West Night Shelter and Thomas House of Hope (Atlantic Fertilisers, 2023). A 
Community gardening approach was also identified in the Ubuntu Circle of Courage organisation, which 
demonstrates how UA can support the homeless in personal development. The organisation is supported by 
the Western Cape Department of Agriculture (WCDoA) and the Cape Agency for Sustainable Integrated 
Development in Rural Areas (Casidra), with a five-year lease from a local company ensuring medium-term 
stability (Casidra, 2025a). The Happy Valley Shelter reports the existence of a vegetable garden damaged by 
a local baboon troop, calling for support to reestablish the space in recognition of its role in providing fresh 
produce for residents and in fostering a connection with nature (Happy Valley, 2025). However, no data 
were available on the garden’s size, production capacity, governance, or operational model in contrast with 
other cases identified.  

At the Oasis Reach for Your Dreams organisation, the Garden of Grace project trains residents, with the help 
of the Local Cape Roots company (Maledo, 2021), in the cultivation of a subsistence garden.  The project 
has received support from the WCDoA and Casidra to upgrade infrastructure and increase production 
capacity (Casidra, 2025). The Garden of Grace supports nutritional needs but also advances personal growth, 
dignity and vocational opportunities whilst produce is sold locally in aid of broader food security concerns 
(Oasis, 2025). A wider focus at Garden of Grace sprouted the Gardens for Growth initiative that supports 
local families to initiate and maintain domestic food gardens, ultimately envisioning community-run 
enterprises that generate fresh produce and local employment whilst promoting climate resilience and 
ecological restoration (Casidra, 2025b). A focus on ecological functions is also evident in U-Turn Homeless 
Ministries’ Living Roots Nursery in Claremont. Living Roots offers a distinct form of UA focused on 
horticulture, environmental restoration and sheltered employment and not food production. The indigenous 
nursery is operated by the formerly homeless in the final stages of U-Turn’s rehabilitation programme 
(Shoba, 2023), with therapeutic benefits noted (Lemonaid and ChariTea Foundation, 2025). Living Roots is 
a social enterprise that generates income through plant sales, landscaping services and workshops, with 
profits reinvested into U-Turn’s programmes (Volkwyn, 2023; Living Roots, 2026). Participants receive 
accredited training in gardening, landscaping, composting, first aid and environmental management, 
contributing to both personal rehabilitation and urban ecological outcomes (Lemonaid and ChariTea 
Foundation, 2025). Structured horticultural training is combined with practical food production in the 
Bellville CBD Food Garden, a purpose-built urban food production system integrated into a Safe Space for 
the homeless and vulnerable in collaboration between the Greater Tygerberg Partnership and social 
development NGO, MES and related to the Tygerberg Association for Street People (TASP). Founded on a 
300 m² site, the garden was conceived during the COVID-19 lockdown to improve food security, health and 
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income opportunities. The project supplies fresh produce to a soup kitchen and sells surpluses to generate 
modest income for participants. Stakeholders emphasise dignity, mentorship, skills development and 
employability as central outcomes. Expansion plans to approximately 600 m² indicate a transition from pilot-
scale production towards an expanded UA model (Alexander, 2021).  The largest scale, and most mature, 
UA intervention was identified in the Ark City of Refuge’s farm where a small vegetable garden evolved 
into an organic urban farm supporting a kitchen that provides approximately 3000 meals daily (Masiwa, 
2024). The farm includes open-field production, tunnels, fruit trees and designated plots for school learners 
to gain agricultural experience. The project benefits from long-term partnerships with food retailer Shoprite, 
the WCDoA and other donors, who have provided infrastructure, training, seedlings, irrigation equipment 
and surplus food (Shoprite, 2021; Shoprite, 2024). Thirty to forty residents are empowered by direct 
participation in food production and receive permaculture training, enhancing their capacity for self-
sufficiency. The farm further supports external organisations, including soup kitchens, crèches and old-age 
homes to position the initiative as a critical node in local food relief networks (The Ark, 2026). 

9 DISCUSSION 

This paper highlights homelessness as a heterogeneous condition affected by structural, spatial and personal 
impacts. Interventions that consider the homeless as a singular group risk strengthening stigma and 
advancing a disconnect between need and response. Sensitive UA initiatives are required that acknowledge 
homelessness as a condition of exclusion from urban citizenship and the right to the city.  As alluded to 
previously, one of the principal considerations in claiming this right resides in meeting the basic human right 
to access adequate food. In keeping, studies on UA in the global South generally highlight issues of food 
security and poverty alleviation, adopting a reciprocal advocacy approach (Kanosvamhira et al., 2023). 
Studies in the Global North initially focused on a productivist approach but later acknowledged multi-level 
social and cultural factors (Kanosvamhira et al., 2023; Saguin, 2024). Thereby also recognising that food 
insecurity exceeds mere hunger to include indignity of access, preparation and consumption. Appropriately 
targeted UA practices thus reposition food access from charitable dependence to a communal participatory 
practice of agency, citizenship and community.  The Food Project emphasises social cohesion and civic 
engagement alongside food production, positioning UA as a developmental and relational practice (Kaufman 
and Bailkey, 2000). Growing Hope Gardens and St. Vincent de Paul Urban Farm demonstrate how 
cultivation and shared meals can restore stewardship and belonging (Gibbens, 2019; Mjema et al., 2023). 
These cases also illustrate the value of embedding UA within supportive institutional settings, like shelters, 
transitional housing and correctional or rehabilitative environments, to connect UA sites directly with 
complementary social services. Thus, also suggesting that some of UA’s most significant contributions for 
homelessness may not be caloric or economic, but rather social, cultural and psychological, espoused via 
routine, purpose, contact with nature and social interaction, as cultural ES. All Capetonian cases, bar U-Turn 
Homeless Ministries’ Living Roots Nursery, focus primarily on sustenance and nutrition, reconfirming 
tendencies in the global South. However, most also recognise AU’s therapeutic contributions and the 
advancement of personal development as significant drivers, often informed by structured training, skills 
acquisition and pathways to employability (Oasis Reach for Your Dreams, the Bellville CBD Food Garden, 
U-Turn Homeless Ministries and the Ark City of Refuge). This mirrors international precedents (Seattle 
Youth Garden Works, Justiceville, Growing Home) where workforce readiness, accredited training and 
transitional employment are central objectives rather than ancillary benefits (Kaufman and Bailkey, 2000). 
Activities pursued for income generation often benefit the broader community through fresh produce 
delivered to restaurants and sold at dedicated markets (Seattle Youth Garden Works, the Food Project, 
Somerset West Garden Project, Bellville CBD Food Garden, Ark City Refuge), or donated surpluses (Gino 
Organic Gardens, City Growers, the Food Project, Bellville CBD Food Garden), furthering general food 
security. The deliberate identification of access points to market, whether through farmers’ markets, 
restaurant supply chains, or institutional procurement is important. Thereby enhancing financial viability and 
reinforcing dignity through productive participation to support a sense of achievement, contribution and 
belonging in aid of community assimilation.  

External ties are significant in support of UA interventions for the homeless. International case studies like 
Seattle Youth Garden Works, Growing Home and City Growers and Capetonian examples like Ubuntu 
Circle of Courage, Oasis, Bellville CBD Food Garden and Ark City of Refuge illustrate that successful 
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initiatives are habitually rooted in intergovernmental involvement, multidisciplinary collaboration and public 
private partnerships. International and local cases further demonstrate that embedding volunteerism and co-
production through resident participation, community volunteers and institutional partners, enhances 
ownership, social capital and programme resilience. Partnerships, sponsorships, goodwill and sound 
management are paramount in operating sustainably with security of tenure to allow UA interventions to 
mature and expand.  

However, land access and tenure insecurity are often detrimental constraints to UA, specifically in high-
value urban centres like the Cape Town City Bowl where market led competition is significant and risk of 
displacement imminent without explicit policy recognition, institutional land access and use rights. 
International examples demonstrate adaptive spatial strategies in response to such constraints, including the 
use of liminal and non-traditional spaces like rooftops (Higher Ground Farm) and the remediation of 
contaminated or underutilised brownfields (Growing Home), to expand the spatial repertoire available for 
UA in dense urban environments (Kaufman and Bailkey, 2000; Biewener, 2016). Comparable opportunities 
exist in Cape Town, and are already practiced in areas like the Philippi Horticultural Area (Kanosvamhira et 
al. 2023), but remain underexplored within homelessness responses. 

Urban planning is thus identified as a champion for UA for its role in land use regulation, strategic 
development oversight and as multi-disciplinary entity with potential intergovernmental and private sector 
linkages (Górna and Górny, 2021; Skinner and Haysom, 2021; Ngie and Sithole, 2023). In many cases the 
strategic instruments informing planning policy and practice already support food-based uses like UA and 
more sustainable and environmentally sensitive development options like GI.  However, as with other GI 
elements (van Zyl et al., 2021), urban planning professionals generally remain ill-equipped to integrate UA 
which may be illegal in many urban areas in contravention of traditional bylaws based on permittances and 
restrictions rooted in colonial conventions or benefitting neoliberalism and capital interests (Lee-Smith, 
2013; Kroll, 2021; Matamanda et al., 2022). The absence of a definitive, proactive, integrated and pro-poor 
strategy focusing explicitly on the informal UA sector in Cape Town serves in substantiation (Skinner and 
Haysom, 2016).  

Emphasising multi-functional ES, both informally and formally, beyond food for the homeless may be 
required to motivate UA in Integrated Development Plans (IDPs) and Spatial Development Frameworks 
(SDFs) aligned to South Africa’s 2013 Spatial Planning and Land Use Management Act (SPLUMA) 
(Haysom, 2021).  SPLUMA’s emphasis on principles of justice, resilience and sustainability are prudent, 
especially when planners proactively consider ESD commensurate with a normative professional 
responsibility to separate incompatible land uses and guard against detrimental activities (Górna and Górny, 
2021). In emphasising ESD, the paper cautions against the idealisation of UA. Risks related to soil 
contamination, food safety, labour exploitation and exposure to unsafe environments may disproportionately 
affect homeless participants. This is particularly evident in cases such as Growing Home, which addresses 
soil contamination through phytoremediation, highlighting that environmental risk is not incidental but 
structural. The ethical implementation of UA strategies for the homeless demands that environmental or 
institutional risks are not externalised for an already vulnerable group. The following section concludes the 
paper with six recommendations based on the discussion presented. 

10 CONCLUSION AND RECOMMENDATIONS 

Findings confirm that while Cape Town has a comparatively strong policy environment supportive of UA, 
the integration of UA into homelessness responses remains fragmented and opportunistic rather than 
systematic. Drawing on the literature, empirical findings and discussion, the following recommendations are 
proposed emphasising the role of urban planning in enabling homelessness-responsive UA strategies in Cape 
Town: 

1. Integrate UA explicitly into homelessness and urban planning frameworks: UA should be recognised 
formally as an effective instrument in homelessness interventions within municipal planning instruments, 
including IDPs and SDFs. Aligning UA initiatives with SPLUMA principles would further legitimise their 
inclusion as instruments of spatial redress and inclusive urban citizenship. Explicit articulation would reduce 
legal ambiguity, protect UA from displacement and enable proactive land allocation.  
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2. Identify and secure land for UA via proactive spatial planning: Urban planners should lead targeted spatial 
analyses to identify suitable land for UA linked to homelessness services. This may include municipal land, 
school properties, rooftops, underutilised public land, servitudes, buffer zones and other liminal spaces. 
Secure tenure arrangements, even if time-bound, are critical to enable UA initiatives to advance, attract 
investment and deliver long-term benefits. 

3. Promote multi-functional UA models beyond food production: Planning frameworks should explicitly 
recognise and incentivise the multi-functionality of UA, particularly enhancing and integrating cultural ES. 
In support, shifting evaluation metrics beyond yield, income, or traditional cost-benefit analyses to include 
dignity, wellbeing, agency and community integration to better reflect the objectives and outcomes 
demonstrated in both international and local case studies. This includes recognising UA sites co-located with 
shelters, safe spaces, rehabilitation centres and training facilities as critical social infrastructure and not 
ancillary land uses. 

4. Support long-term, cross-sectoral partnerships: Evidence from both international and Capetonian cases 
highlights that successful UA initiatives in service of the homeless are secured by long-term partnerships 
involving multiple tiers of government, NGOs, academic institutions and the private sector. Urban planners 
may act as conveners to facilitate interdepartmental coordination between social development, environmental 
management, economic development and health departments, whilst also facilitating partnerships with civil 
society and donors. Such partnerships are essential to subsidise infrastructure, promote volunteerism and co-
production in addition to ensuring sustained skills transfer and programme continuity. 

5. Address environmental and ethical risks: UA initiatives involving homeless participants must guard the 
vulnerable against environmental and institutional risks. Urban planners should operationalise measures to 
guarantee that sites are assessed for soil contamination, water quality, food safety and exposure to hazards 
and that mitigation measures, including raised beds, phytoremediation, or controlled inputs, are implemented 
as required. Ethical practice will require that participation is voluntary, safe and empowering and not 
conditional or exploitative. 

6. Expand empirical research on local UA initiatives: There is a clear need for further research on UA and 
homelessness in Cape Town and the global South. In-depth qualitative studies of existing initiatives that 
investigate governance arrangements, funding mechanisms, participant experiences and long-term outcomes 
would address existing shortcomings and strengthen the evidence base to inform more contextually 
appropriate policy design. Improved documentation of local successes is essential to move UA from isolated 
practice to strategic intervention. This research serves as a first step in this regard. 
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1 ABSTRACT 

Duhok in the Kurdistan Region of Iraq has seen an expansion rapidly. The growth is so rapid that we think it 
goes against the planned development of the area. The Vossing Report's urban master plan is to be a guide 
for development until 2023. This narrative review will assess the effectiveness of the urban growth of Duhok 
governorate in the Iraqi Kurdistan Region. The main goal of this study is to show the current state of Duhok 
urban development. This study focuses on the different land use areas that were planned for and compares 
those that were developed with the residential and commercial land uses. Urban boundaries were determined 
based on the Google Earth Engine to demonstrate the difference between 2010 and 2025 with high-resolution 
satellite images. We then recorded land use via satellite images from other studies that were conducted to 
show the state of growth. Land use was mapped using Google Earth Engine. From this the intensity of urban 
growth was then used to measure the state of growth. 

Keywords: Urban Sprawl, Master Planning, Duhok, GIS, Smart Growth 

2 THEORETICAL PART  

2.1 Overview of Duhok City in Iraqi Kurdistan 

Dohuk is one of the three main cities of the Kurdistan Region of Iraq. It has grown rapidly in recent decades. 
This city is becoming a strategic economic and urban center with some environmental and planning 
challenges. Duhok lies in a valley between Bekhair and Zawa mountains around 585 m above sea level and 
the temperate of its climate is moderate to high in four seasons with all four season greatly seen in this city 
(Hassan & Kotval-K, 2019; Mohammed, 2013). It is called a Iraq’s northern gateway for trade with Turkey 
and Syria. This has given the city its high economic importance, because of all fours seasons prints (Hassan 
& Kotval-K, 2019; Mohammed, 2013). Socially in a brief, Duhok is multicultural and multi religious with a 
Kurdish majority, Assyrian, Chaldean, Arab, and Armenian minorities (Hassan & Kotval-K, 2019). 
Population estimates range around 300,000–400,000+ in addition to numbers of strong in migration from 
rural Kurdistan other Iraqi regions, and refugees/IDPs (, 2025; Hussein & Al-Jameel, 2025; Taha, 2024). 

Aspect Main points Citations 
Natural setting Between two mountain ranges; Duhok River 

green corridor 
(, 2025; Hussein & Al-Jameel, 2025; Mohammed, 2013) 

Economy & role Border trade hub; fast post-2003 growth (Hassan & Kotval-K, 2019; Hussein & Al-Jameel, 2025; 
Mohammed, 2013; Othman, 2014) 

Land & environment Surrounded by agricultural lands; rapid loss 
to urbanization 

(, 2025; Mohammed, 2013; Mohammed & Ali, 2014) 

Urban structure Old core plus “urbanized villages” now city 
quarters 

(Hussein & Al-Jameel, 2025; Raswol, 2017) 

Table 1: Key Urban Characteristics of Duhok. Source: Key physical and functional traits of Duhok City Made by author based on the 
references 

2.2 Urban Growth and Environmental Change of Duhok City 

Since the late 1990s, Duhok has experienced a rapid growth largely unplanned urban expansion development 
driven by security, economic opportunities, and population growth (Mohammed & Ali, 2014; Hussein & Al-
Jameel, 2025; Raswol, 2017; Othman, 2014). Remote sensing shows strong conversion of agricultural and 
vegetated land to built up areas between 1998–2016 (Mohammed & Ali, 2014; Mohammed, 2013). This has 
increased land surface temperatures, with built up and barren land reaching up to ~56�°C in summer, 
compared with much cooler water and forest areas (Mohammed, 2013). 

2.3 Sustainability and Planning Issues of Duhok City 

Studies highlight shortages of housing in green and open space and quality sidewalks plus car dependent 
development and informal settlements (Raswol, 2020; Raswol, 2017; Mohammed, 2013; Abdulsamad et al., 
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2019; Ali, 2016). Sustainability assessments has shown a weak progress in the 1990s with some 
improvement after 2005 in compact mixed use and walkable neighborhoods and protection of agriculture and 
urban agriculture areas such as Shindokha (, 2025; Raswol, 2020; Hassan & Kotval-K, 2019; Raswol, 2019). 
Duhok is a strategically located for trade and is one of the rapidly growing Kurdish cities shaped by 
mountains, trade routes, and migration. Its fast expansion has brought economic opportunities but also 
stretches and  environmental stress plus infrastructure gaps for that reason it has made a sustainable urban 
planning which is also a central challenge for its future. 

3 METHODOLOGY  

3.1 Research Framework 

The study follows an approach to analyze urban growth. The study checks the papers that were published in 
the same area. The author has devised a narrative review designed to trace the cognitive and historical 
development of Duhok’s master plans based on what was set by the Vossing Report. The spatiotemporal 
analysis using Google Earth Engine (GEE) from 2010 to 2025 was generated to transform theoretical 
planning into empirical spatial data. This structure ensures that research results are translated from 
theoretical knowledge into practical application. 

3.2 Search Strategy and Boolean Search 

To identify relevant literature a systematic search was conducted in the Google Scholar database following 
the methodology of (Büttcher et al. 2010) to search via utilized Boolean operators (AND, OR) to refine 
results and ensure high relevance to the research objectives. 

The search model was structured as follows ("Urban growth" OR "Urban expansion") AND ("Duhok" OR 
"Kurdistan") AND ("Master plan" OR "Vossing Report" OR "Land use") (Büttcher, Clarke, & Cormack, 
2010) 

3.3 Inclusion and Exclusion Criteria (PRISMA) 

This review adheres to the PRISMA 2020 guidelines to ensure transparency in study selection. The 
following criteria were applied: 

·  Study Type: Only peer-reviewed journals and published thesis and technical reports that are directly 
addressing urban growth or the Duhok master plan were included. 

·  Language: Only studies published in English were selected. The behind this is because majority of 
global research on strategic urban planning is documented in this language. 

·  Temporal Scale: While the narrative review covers the history of planning since before 2010 but to 
provide a comprehensive view the spatiotemporal analysis specifically the author focuses on the 
2010–2025 window. (University of North Carolina at Chapel Hill, n.d). 

3.4 Spatiotemporal Analysis and Google Earth Engine 

The paper objective was supported by utilizing Google Earth Engine (GEE) to analyze high-resolution 
satellite imagery. In that process we first did a data extraction by Identifying urban boundaries and land-use.  
Secondly, we did a growth intensity mapping by comparing images from 2010 and 2025 to measure the 
intensity of urban sprawl against the planned growth trajectories of the planned master plan of the city. 

Metric 2010 Value 2025 Value Absolute Change Percentage Increase 
Total Area 34.78 km² 51.14 km² +16.36 km² 47.04% 
Perimeter 27.85 km 42.82 km +14.97 km 53.75% 
Min. Elevation 474.10 m 471.14 m -2.96 m -0.62% 
Median Elevation 553.68 m 570.79 m +17.11 m 3.09% 
Max. Elevation 717.98 m 838.88 m +120.90 m 16.84% 

Table 2: Comparative Spatial and Elevation Metrics for Duhok (2010–2025). Source: Created by the author through GEE. 

3.5 Data Synthesis and Filtering 

As illustrated in the PRISMA Flow Diagram below studies were filtered through three distinct phases initial 
identification, secondly screening for accessibility (open-access journals only), and final eligibility based on 
the presence of key terms in the title, abstract, or core paragraphs. This rigorous process ensures that only the 
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most pertinent data points are used to evaluate Duhok's urban evolution. (University of North Carolina at 
Chapel Hill, n.d) 

3.6 Objectives 

The primary aim of this study is to evaluate the urban evolution of Duhok City from 2010 to 2025. And 
answering how external geopolitical pressures influenced the execution of the official master plan. 

Phase Step Details / Numbers 
Identification Records identified from: Databases (n = 1) 

Registers (n = 265) 
Records removed before screening: Duplicate records removed (n = 0) 

Records marked as ineligible by automation tools (n = 0) 
Records removed for other reasons (n = 0) 

Screening Records screened (n = 265) 
Records excluded (n = 65) 
Reports sought for retrieval (n = 200) 
Reports not retrieved (n = 0) 
Reports assessed for eligibility (n = 200) 
Reports excluded Total: 191 

• Reason 1: Not related directly to Duhok 
• Reason 2: Not related to objective of review 
• Reason 3: Not English / missing data 

Included Studies included in review Total items (n = 9) 
• Primary studies (n = 6) 
• Reports of included studies (n = 1) 
• Theses of included studies (n = 2) 

Table 3: PRISMA 2020 flow diagram for new systematic reviews which included searches of databases and registers only. Source: 
University of North Carolina at Chapel Hill. (n.d.). Creating a PRISMA flow diagram PRISMA 2020. LibGuides 

4 RESULTS  

The Author has used a time series like approach to categorize the urban growth into three-time related 
category. The first category of growth is pre 2010 followed by intermediate phase which is between 2012 to 
2019 and the modern category of urban growth between 2020 and 2025.  

4.1 Historical Phase: Pre–2011 (Baseline and Initial Growth) 

The city of Duhok has its roots from the very first settlement of the town in the year 1887, in the time of the 
Ottoman Empire (Hajani 2019). In 1923, Duhok City had transformed into a natural center of 18.6 hectares 
(Hussein & Al, Jameel 2025; Hajani 2019). During these years, the town had already begun to rely on paper 
cadastral maps to indicate its development. These maps were produced from the plane table detailed surveys 
and field surveys were direct on the trace paper (Kattan & Abdulrahman, 2019). The local architecture of 
Duhok City received a significant incentive in 1969 when Duhok became the provincial capital or in local 
legal term governorate. The population of Duhok city surged from 5, 621 in 1947 to 212, 469 by 1998 
(Hajani 2019). To curb the rapid increase in population the government instituted a practice of free land 
allocation to public servants of which roughly 23, 000 land parcels were allocated between 1998 and 2011 
(Hajani 2019). The city underwent rapid extension to the west during the years 1998 to 2011, characterized 
by the dominance of the single. 

4.2 Intermediate Phase: 2012–2019 (Intensification and Environmental Stress) 

The city also suffered from some minor environmental degradation during this period. Furthermore, large 
gaps existed in the application of the institution framework. By the year 2014 the expansion of the urban area 
was 5, 763 hectares and dense forest cover had greatly reduced due to clearance of the area for the 
construction of the city (Khwarahm et al., 2021; Hajani, 2019). The residential areas built during this period 
such as Masike were good but did not apply the strict international standards of sustainability and the good 
thing about this was having feature of a low population density of 120 people per hectare, making the area 
car-dependent (Raswol, 2019a). 

As a result of the economic crisis and the ISIS war less than 5% of the proposals of the Duhok City Center 
Masterplan in 2014 achieved implementation by 2019. The project experienced severe challenges (Saadulla, 
2019). Later in 2016, the technical documentation was improved by creating an official land use master plan 
that was confirmed to be of a very high position accuracy of 1.5 cm (Kattan & Abdulrahman, 2019). The 
sustainable energy action plan, which was conducted through the 2018 Duhok SEAP, demonstrated that the 
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residential and transport sectors are still the major current anthropogenic sources of greenhouse gas (Duhok 
Governorate, 2018).  

4.3 Modern Phase: 2020–2025 (Governance and Heterogeneity) 

Recent studies characterize Duhok as a diverse city that requires the abandonment of the concept of citywide 
uniformity (Hussein & Al-Jameel, 2025). Planners suggest the development of distinct urban codes for the 
diverse historic, organically developed core, and the separate, amenity rich modern development zones to 
foster and protect the local distinctiveness (Hussein & Al-Jameel, 2025). To substitute traditional zoning, 
Urban Transect Theory has been utilized as a potential regulatory framework to enhance urban and natural 
systems synergy by using a collection of regulatory frameworks to create and maintain urban areas that are 
high in density and facilitate walkability (Hussein & Al-Jameel, 2023).   

The Duhok governance has been integrating E-management and smart services to minimize time and cost of 
administrative processes (Duhok Governorate, 2018). The goals for 2025 and beyond include:   

·  Emissions: Committed to a 40% reduction in emissions by 2030 by implementing energy saving 
“Green Codes” for building (Duhok Governorate, 2018). 

·  Urban Growth: Urban footprint is projected to grow by 271% by 2060 compared to 2017, with the 
majority of the loss of farmland (Khwarahm et al., 2021).   

·  Policy Innovation: Immediate integration of the Sustainable Development Goals (SDG 11) into the 
city’s urban development framework is imperative to enhance the city’s resilience and inclusiveness 
(Dohok Governorate 2018; Raswol, 2019b). 

5 DISCUSSION 

The assessment of the urban development of Duhok between the years 2010-2025 shows a city with adaptive 
capacity and the importance of its geostrategic position. While the spatiotemporal data shows a variation 
from the original master plan, a more detailed review informs us that Duhok is more likely to have had a 
master plan that is due to exceptional geopolitical circumstances, was delayed, and thus, why the framework 
was never completed. It lacked systemic failure. 

5.1 Resilience and the Geopolitical Crisis 

The 2014 regional crisis is pivotal to understanding Duhok’s development trajectory. The 2014 Masterplan 
was a document of great merit with sophisticated technical features and the use of high precision GPS. 
However, as a consequence of the ISIS war the governorate’s primary focus shifted from urban expansion to 
humanitarian and security imperative. 

Duhok became a safe haven for over hundreds of thousands of internally displaced persons (IDPs) and 
refugees which meant that housing and land had to be allocated rapidly, and the traditional phased land 
development sequencing of the Vossing report had to be bypassed. Duhok’s ability to maintain its primary 
urban functions and grow was nothing short of remarkable, and this was a reflection of Duhok’s resilience as 
a city and the supportive governance structure, rather than a reflection of failure of the plan. 

5.2 The "Safe Haven" Effect and Urban Vitality 

The rapid development of Duhok is a testament to its livability and economic potential. Duhok has become a 
significant trading and safe haven center within the region's persistent instability. The increasing influx of 
people and consequent urban sprawl is a problem of success. The city developed because people wanted to 
live there. While the Masike area and others developed as low-density sprawl they were important to provide 
shelter during a time of extreme pressure at a national level. The period of modern phase Duhok (2020–
2025) and the transition to E-management and Smart Services demonstrate that despite the external 
challenges of the preceding decade, local government is committed to modernization and efficiency. 

5.3 Strategic Pivot Toward Sustainability 

The modern phase encapsulates how Duhok is not just growing but changing. The city is changing for the 
better as shown by the 40 percent emissions reduction pledge by 2030 and the continued inclusion of the 
SDGs in city planning. City planners in Duhok are developing a world-class city, and they are doing so 
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despite the conflicts that plague the region.  The shift from firm zoning regulations to the Urban Transect 
Theory demonstrates Duhok City planners’ appreciation and understanding of the city’s physical context. By 
designating the historic core as a protected area and designing a high-density walkable core the city is re-
booting the Vossing report. 

5.4 Synthesis of Potential  

The evidence shows that a Smart Green Duhok is within reach. The Master Plan Gap was a product of a 
necessity that arose from the ISIS war whereby planners were forced to choose from a growing set of maps 
or the immediate protection of the people. Duhok is now in a unique position to integrate its high-resolution 
planning data with its innovative digital governance to align with the emerging stability in the region and 
correct the sprawl that so many cities in the region have experienced. 

Factor Planned Trajectory (Master Plan) Observed Reality (2010–2025) 
Land Use Managed green belts & agricultural protection High conversion of land to residential 
Density Sustainable, walkable neighborhoods Low-density, car-dependent sprawl (e.g., Masike) 
Governance Strict adherence to Vossing plans Flexibility due to economic/security crises 
Environment Emission reduction & temperature control Urban Heat Island effects  

Table 4: Summary of Discussion Points. Source: Created by the author. 

Factor Strength / Success Indicator Resilience Context 
Technological Base High accuracy in land use mapping Maintained despite economic crisis 
Social Role Multicultural trade and humanitarian hub Absorbed massive migration without city collapse 
Modernization Shift to E-management & Green Codes Preparing for post-2025 sustainability 
Resilience 5% plan implementation with 100% functionality Survival and growth during the ISIS war 

Table 5: Key Strengths of Duhok's Urban Framework. Source: Created by the author. 

6 CONCLUSION AND RECOMMENDATIONS 

6.1 Conclusion: A City of Resilient Growth 

The analysis of Duhok’s development over the years 2010 to 2025 depicts a highly remarkable development 
of urban fortitude. The analytical data suggests that a tiny portion of Duhok’s Vossing Report and 2014 
Masterplan was actually materialized. However, this study interprets the implementation gap differently. It 
suggests that the gap was not a result of a loss of vision but rather a significant shift in focus that was needed 
to deal with the unforeseen external stresses. The period of 2014-2019 captures the essence of Duhok’s 
balancing act as it successfully played out the role of a safe sanctuary for the people during the ISIS crisis 
providing humanitarian assistance, while, paradoxically, assuming the position of a Regional Economic 
Element (REE) as a cross-border strategic trading facilitator. The rapid development and subsequent 
urbanization were a result of a choice by Duhok to be functional and open under difficulties. Duhok has now 
emerged as a multicultural urban center and is no longer in a state of emergency expansion. Immediate 
development of digital services, and long-term planning for sustainable development has placed Duhok in a 
reasonable position for planning additional steps. Current development is based on earlier planning. 
Technically, this planning is still sound and is now based on a highly precise geospatial foundation for the 
next generation of smart growth. 

6.2 Recommendations 

To integrate historical planning with modern realities, the following steps are proposed. Master Plan Update 
With the original Vossing timeline but extended. The governorate must establish a Duhok 2040 vision with 
incorporating the current sprawl into a unified urban framework. Enforcement of the green code on new 
developments with a recorded heat island effect. The city requires the immediate enforcement of building 
codes aimed at energy conservation. This will support the city’s aim for a 40% emission reduction by 2030. 
The city needs to shift from large homogeneous zoning to the transect theory in order to retain the gorgeous 
integrated structure of the old city core and the less of the smart zones with high density and walkable of the 
newer areas. Utilize Google Earth Engine (GEE) and similar technologies for real-time monitoring of the 
development of different land uses so that any further settlement on the agricultural land can be identified 
and managed. In response to the car dependency noted from 2012 to 2019 green corridors and crossable 
sidewalks that integrate with commercial areas from residential areas must be prioritized in order to facilitate 
walking. 
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To further visualize the “Resilience Context” you've established in the discussion, the following table 
summarizes the city's trajectory: 

 
Feature The Theoretical Plan The Resilient Reality (2010–2025) 
Land Use Managed green belts & agricultural protection Rapid conversion to residential to house growing populations 
Urban Density Compact, walkable neighborhoods Low-density sprawl due to emergency housing needs 
Governance Strict adherence to Vossing/2014 maps Adaptive/Flexible governance prioritizing safety and trade 
Technology Standard paper/digital cadastral maps High-precision GIS (1.5cm accuracy) and E-management 

Table 6: The end result of the review (Planning vs. Reality). Source: Created by the author 
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1 ABSTRACT 

Cities and municipalities face major challenges in times of climate change. As key actors in the transition 
towards climate neutrality, they require analysis, planning, decision-making processes and services to help 
them prioritise and justify the necessary measures and activities. 

One option for data-based decision-making is the use of satellite-based services. The Urban Sky research 
project is therefore collaborating with representatives from Austrian cities of various sizes and structures to 
identify challenges and needs. This information will be used to develop satellite-based services concepts for 
urban planning, neighbourhood development, natural hazards, and urban mobility, while taking into account 
the relevant legal and normative framework conditions. 

The project focuses on using freely available data such as that from the Copernicus programme. The aim is 
to explore the potential of the satellite data, review its feasibility and combine it to create useful services. 
The project also assesses the added value for cities, the market potential and the research requirements, and 
categorises and prioritises the services, resulting in actionable recommendations. To achieve this, the 
following research questions are answered: (1) What challenges do Austrian cities face regarding urban and 
neighbourhood planning? (2) How can satellite data help to solve these challenges? (3) Taking into account 
spatial and temporal resolution, what additional data and information is required to use satellite data 
effectively to overcome these challenges? 

Following a literature review, the topics were narrowed down to the following areas: buildings; green spaces 
and biodiversity; infrastructure; mobility; natural hazards; urban planning; and spatial planning. These areas 
were further discussed and specified during the first Stakeholderworkshop, which was attended by 
representatives of several Austrian cities varying in population and structure. Particularly urgent needs were 
identified focussing e.g. on buildings and potential renovation, solutions to reduce heat energy losses and the 
potential for redensification. In the field of natural hazards, key topics included small-scale air temperature 
monitoring and the development of early warning systems for floods or agriculture. In the context of 
infrastructure, the focus was on the detection of damage after extreme weather events and the analysis of 
photovoltaic (PV) potential in car parks. In addition, priorities were identified in the following areas: 
recording of traffic movements and parking space usage (mobility); calculating the degree of greening and 
tree canopy cover to comply with the EU Nature Restoration Regulation; and smart irrigation management 
(green spaces). Other priorities included urban heat island monitoring and climate risk analysis (urban 
planning). 

The applications are primarily based on time-series data from optical satellite missions, such as Sentinel-2 
and commercial very high-resolution satellites like Pléiades, Synthetic Aperture Radar (SAR) missions (such 
as Sentinel-1, NISAR, and future ROSE-L), and thermal missions, e.g. TRISHNA, ECOSTRESS, and the 
upcoming Land Surface Temperature Mission (LSTM) from the European Space Agency (ESA). A key 
outcome of the Urban Sky project is a structured study on the potential of satellite technology for urban and 
neighborhood planning. The study identifies and analyses existing satellite applications in cities (both 
nationally and internationally), and assesses their compatibility with current geodata sources. Based on the 



A Stakeholder-Driven Needs Assessment: Identifying Urban Challenges and Requirements for Satellite-Based Services Supporting 
Climate-Resilient Austrian Cities 

64 
 

   

 
 
 

REAL CORP 2026:  
EVERYBODY PLANS … SOMETIMES  

 

stakeholders‘ requirements, the study proposes ten potential applications to serve as a foundation for further 
RTI (research, technology, and innovation) initiatives. 

Keywords: satellite data, services, stakeholder-driven, urban planning, climate resilience 

2 INTRODUCTION  

Climate change poses multiple challenges for Austrian cities and municipalities. As the main contributors to 
greenhouse gas emissions, they are required to implement climate mitigation measures in order to meet both 
national  and international climate goals. However, urgent action is not only required due to legislative 
requirements; cities are also the most severely affected by the consequences of climate change such as urban 
heat islands (UHI), heavy rainfall events and biodiversity loss. Therefore, they must develop comprehensive 
adaptation strategies. This pressure has been further intensified by the European policy framework. While 
the European Green Deal (European Commission, 2019) established the ambitious ecological targets, its 
successor, the Clean Industrial Deal, introduced in February 2025 (European Commission, 2024), has shifted 
the focus towards competitiveness and efficient implementation. Within this new framework, local 
authorities are not only required to prove ecological compliance (e.g., under the Nature Restoration 
Regulation (Regulation (EU) 2024/1991)) but are also urged to accelerate planning and permitting processes 
to foster economic resilience. Recent policy analyses emphasise this pivotal role, arguing that cities act as the 
'central architects' of the Clean Industrial Deal, because they directly control critical levers such as land use, 
transport, and energy systems (C40 Cities, 2025). To fulfil this role and tackle these challenges of 'greening' 
and 'speeding up,' administrations urgently need scalable, evidence-based decision support systems. 

To meet these requirements, urban planning authorities and decision-makers need accurate, up-to-date and 
comprehensive data. Traditional survey methods (terrestrial surveying, aerial surveys, local sensors) are 
often costly and updated at intervals that are too long to monitor dynamic changes. Satellite-based services 
(Earth observation – EO), in particular cost-free data, e.g. as provided by the European Copernicus 
programme, offer enormous potential in this regard. They provide continuous time series on parameters such 
as surface temperature, soil moisture and vegetation density. Nevertheless, practical experience shows that 
this potential has not yet been sufficiently exploited in municipal administration (Murgante et al 2024, 
Gulyás et al. 2025, Strand et al 2025). 

A major obstacle to the integration of EO data is the discrepancy between large urban agglomerations and 
smaller municipalities. Large cities often have specialised GIS departments and budgets for commercial data, 
but face the challenge of complex inner-city structures and extreme pressure on land use. Small and medium-
sized towns – the majority of Austrian municipalities – are often confronted with limited human resources 
and municipal finances, resulting in a lack of expertise to process raw data and budget for expensive 
software solutions. Therefore, the solution must not consist of providing even more raw data, but must lie in 
the development of tailor-made, cost-efficient services that can be directly integrated into existing 
administrative processes. 

The Urban Sky research project addresses this topic. The aim is to identify the specific needs of stakeholders 
using a demand-driven approach in order to develop concepts for services supporting their urban challenges. 
The focus is on freely available data (open data) in order to lower the financial hurdle for local authorities. 

This paper presents the results of the stakeholder process and the needs analysis. In order to derive 
recommendations relevant to action, this article addresses the following research questions: 

(1) What challenges do Austrian cities face regarding urban and neighbourhood planning? 

(2) How can satellite data help to solve these challenges?  

(3) Taking into account spatial and temporal resolution, what additional data and information are required to 
effectively use satellite data to overcome these challenges? 

3 METHODS 

An initial literature research and review was conducted to gain an understanding of the field of satellite data 
and Earth observation for urban planning. The results were used to set up a first online 
Stakeholderworkshop, which aimed to gather information on the needs of cities´ representatives regarding 
their goal to become climate neutral cities. During the workshop, the participants were asked to consider 
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their daily challenges and what they would like to change. The impressive variety of anwers enabled us in 
various internal workshops to come up with over 15 service concepts which have been prepared with 
descriptive texts and graphical abstracts and are currently being evaluated by our stakeholders in a 
comprehensive online survey. Based on the results, the best ranked ideas will be detailed in a second 
Stakeholderworkshop. For the prioritised ten final results, a roadmap will be developed including an 
assessment of added value, market potential, future research needs, and feasibility. 

 

Figure 1: Urban Sky Project Plan © AIT 

4 URBAN REQUIREMENTS AND PRIORITY FIELDS IN AUSTRIAN CITIES 

Based on the literature review, the topics were clustered in priority fields that were used throughout the 
stakeholder process. Although there are overlapping areas, the priority fields help to classify and get an 
overview of most important topics for the cities: Urban Planning & Urban Climate, Buildings & Energy, 
Green Spaces & Biodiversity & Water management, Natural Hazards, Mobility & Infrastructure. The 
following section summarises the stakeholder inputs.  

4.1 Results of the needs assessment 

4.1.1 Priority Field: Urban Planning & Urban Climate 

One of the main topics that were discussed during the stakeholder workshop was the field of “Urban 
Planning and Urban Climate”. Throughout the conversations, climate-related risks emerged as a cross-
cutting concern that should not be overlooked. 

The following topics were highlighted in the discussions:  

·  The importance of systematic monitoring and assessment of urban heat islands and surface 
temperatures, with a particular focus on public spaces. Participants discussed the need for city-wide 
assessments considering perceived temperatures, shading conditions, cold air corridors and 
monitoring the quality of stay. This information is essential to identify priority areas for heat 
mitigation and support climate risk analyses at neighbourhood scale. 

·  The need to identify and reactivate brownfield sites and vacant urban areas including large, sealed 
surfaces such as parking lots and increasingly also privately-owned sealed green spaces. Sealed 
surfaces were highlighted as major heat traps and therefore high-priority targets for cooling-oriented 
reuse and redesign. For the participants it was important to prioritise adaptation, renovation, and 
climate-sensitive redevelopment over new greenfield construction, as well as monitoring changes in 
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land use, vacancy and unused spaces over time. Therefore, change detection was considered one 
interesting topic to be supported by using satellite time-series data.  

·  Additionally, monitoring of light pollution was discussed as an important topic as the view from 
above reveals unnecessary electricity use and shows where light can be reduced and energy saved.    

4.1.2 Priority Field: Buildings & Energy 

The field of Buildings & Energy was one of the central topics discussed during the stakeholder workshop as 
it is one of the main levers to reach the goal of climate neutrality and energy efficiency in cities. The 
following topics were discussed:  

·  Updating and improving existing building inventories, including the identification of conditioned 
and non-conditioned building areas was seen as essential to support reporting obligations under the 
revised Energy Efficiency Directive EED III (Directive (EU) 2023/1791), which requires member 
States to improve the availability and consistency of data on building energy performance.  

·  Closely linked to this, stakeholders highlighted the need for the detection of thermal energy losses 
through the building envelope to identify renovation priorities.  

·  The assessment of rooftop solar potential including shading was identified as crucial to assess 
seasonal yields to support the usage of renewable energy and strategic energy planning.  

·  In addition, the monitoring of green roofs was highlighted as an important climate adaptation 
measure. From an EO perspective, time-series analyses allow vegetation development and vitality to 
be monitored in a consistent and city-wide manner. This is relevant not only for building 
owners/tenants to assess, whether green roofs effectively contribute to heat mitigation, but also for 
city administrations to verify the performance of (potentially) subsidised measures, ensure the 
effective use of public funding, and support strategic planning and monitoring of urban climate 
targets. 

4.1.3 Priority Field: Green Spaces & Biodiversity & Water management 

The stakeholders ranked the priority field “Green spaces, Biodiversity and Water Management” as very 
important. This was particularly pertinent given the future tasks arising from the implementation and 
enforcement of the EU Nature Restoration Regulation (Regulation (EU) 2024/1991), a key element of the 
EU Biodiversity Strategy (European Commission, 2020). The discussions covered the following topics: 

·  Quantitative and qualitative mapping of tree populations (including tree species, crown diameter/tree 
canopy cover and height) and changes therein (such as tree health), with the aim of establishing a 
baseline in accordance with the EU Nature Restoration Regulation. 

·  Another closely related topic was efficient and sustainable irrigation management (smart irrigation), 
with a view to preserving tree health and adapting to changes of vegetation period. This included the 
question of automation. 

·  Green spaces, particularly trees, were regarded not only as a means of mitigating urban heat, but also 
as a steppingstone for establishing resilient biodiversity. 

4.1.4 Priority Field: Natural Hazards 

The topics discussed in the “Natural Hazards” priority field were diverse and naturally overlapped with those 
in other priority fields. There were overlaps, particularly in the “Green Spaces” priority field. 

·  The participants prioritised two topics regarding climate change: the small-scale monitoring of inner-
city air temperatures, and the identification of areas where cold air forms. 

·  The monitoring and management of neophytes and invasive species (as a biological natural hazard) 
currently was mentioned as a contribution to biodiversity. However, the use of EO was questioned 
and deemed ineffective. 

·  Stakeholders also identified the assessment (and monitoring) of stormwater events or flooding in 
urban areas as essential (for assessing the risk situation, for designing danger zones, and for the 
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identification of gaps and lack of protective measures). However, it was noted that responsibility 
actually lies with higher levels of administration. The same applies to the topic of mass movements. 

4.1.5 Priority Field: Mobility & Infrastructure  

The focus area of “Mobility & Infrastructure” was a broadly discussed topic in the stakeholder workshop.  

The main topics resulting from the exchange among workshop participants who came from various 
professional background regarding needs assessment for mobility can be narrowed down: 

·  Monitoring of commuting and traffic patterns, more specifically a request was to monitor long-term 
the change rate on the used traffic corridors and streets as well as the frequency of its use and the 
number and types of vehicles using which road when. This topic was also discussed from the 
perspective of congestion and traffic frequency, road utilization, peak times, and improvement of 
traffic flow. 

·  Monitoring the transit traffic in its amount and main routes used with the aim of developing seasonal 
deviation roads easing the main routes.  

·  Monitoring the intensity and frequency of utilization of parking lots by using multi-temporal satellite 
acquisitions (mornings, middays, evenings and nighttime) over a longer period to detect daily as well 
as weekly or seasonal patterns.  

·  Monitoring the traffic of cyclists to raise the share of modal split cyclists. E.g. systems for counting 
bicycles, traffic flow measurements with smart cameras have been discussed.  

·  CO2 and energy accounting of traffic: Especially transport of goods and cargo, but also public 
transport and general transport of passengers. The assessment of this need focusses on measurement 
of plausible data instead of a model. The stakeholders mentioned punctual counts of passenger 
mobility and the use of telecommunication data as well as google analytics, the Google Mobility 
report or traffic models. The example Vorarlberg was mentioned, where a traffic behavior survey 
was conducted for the years 2008, 2013, 2017 and 2023 (Herry, 2024). 

The focus area “Infrastructure” covered the following topics:  

·  Detection of infrastructure damages after extreme weather events, including the mapping of 
economic or monetary damage. Another perspective was the need to detect and prevent damage at an 
early stage, caused by excessive heat.  

·  There is a need to gather information on the thickness, density and persistence of snow cover for 
winter service and snow clearing units. This can be tied to weather and temperature scenarios 
including the local topography.  

·  Identification of parking lots which are not covered yet, as possible space for PV installation on 
roofs. 

·  Identification of gas leakages or damages along pipelines or power lines that could be caused by 
landslides, avalanches or storms. 

·  Mapping and regularly updating construction sites or road closures of each kind. This need includes 
regular updates on construction progress and compliance with regulations concerning deposit of 
sewage and construction waste.  

·  Monitoring the demolition of buildings for reusing its materials, to establish a proper recycling 
system, interim storage areas would be needed. This poses major difficulties within cities, but remote 
sensing can help identify brown field/fallow areas.  

The following table summarises the five priority fields, and the key urban challenges identified for Austrian 
cities based on literature and stakeholder input. 

Having established the main urban priorities and requirements from Austrian cities, the next step is to 
examine how current satellite-based applications can address these needs. Chapter 5 presents the key EO 
application domains identified in literature and international projects, providing a foundation for matching 
city priorities with usable Earth observation services. 
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Priority Field Main Challenges Typical EO-based use case1 

Urban Planning & 
Climate 

- Identification and monitoring of urban heat islands 
and heat stress in public spaces 
- Assessment of thermal comfort and quality of stay 
(perceived temperature) 
- Detection and constant monitoring of vacant areas 

- Mapping of surface temperatures using EO data (Landsat, 
ECOSTRESS) 
- Identification of potential air corridors using 3D building 
models in combination with land cover and elevation data 
(Sentinel-2, LiDAR, DEMs) 
- Detection of vacant areas through land use classification and 
time-series analysis of satellite imagery (change detection) 
- Light pollution 

Buildings & Energy 

- Updating and improving building inventories 
- Detection of thermal energy losses to identify 
renovation needs 
- Assessment of rooftop solar potential, including 
shading and energy yield 
- Monitoring of green roofs 

- EO-supported building inventory updates using Sentinel-2 
and LiDAR data 
- Urban heat loss screening with thermal satellites 
(ECOSTRESS, Landsat) 
- Roof PV potential assessment combining optical imagery 
and LiDAR for shading analysis 
- Green roof monitoring using time-series NDVI (Normalised 
Difference Vegetation Index) from Sentinel-2 

Green Spaces & 
Biodiversity 

- Updating and improving green space/tree 
inventories 
- Efficient and sustainable irrigation management 
(smart irrigation) 

- EO-supported green space/tree inventory updates using 
Sentinel-2 and LiDAR data 
- Using time-series NDVI for health monitoring of trees for 
maintenance and irrigation 

Natural Hazards 

- Small-scale monitoring of inner-city air 
temperatures 
- Identification of areas where cold air forms 
- Mass movement 

- Validation with satellite data: ECOSTRESS (daily cycle), 
Landsat (long-term dynamics) or by future missions e.g. 
TRISHNA, LSTM 
- InSAR (Interferometric Synthetic Aperture Radar) 

Mobility & 
Infrastructure 

- Monitoring of commuting and traffic patterns 
(frequency, types of vehicles, peak times, congestion) 
- Detection of infrastructure damage after extreme 
weather events 
- Mapping and updating construction sites or road 
closures to support traffic management 
- Monitoring demolition of buildings and brownfield 
areas for potential material reuse and urban 
redevelopment 

- Traffic pattern and congestion analysis using high-resolution 
optical imagery and Sentinel-2 time series 
- Post-event infrastructure damage assessment using Sentinel-
1 SAR and optical data 
- Construction site and road closure monitoring through 
change detection on optical imagery and aerial photos 
- Identification of brownfield/fallow areas via high-resolution 
optical images and land-use data to support recycling and 
redevelopment initiatives 

Table 1: Summary of Priority Fields, Key Urban Challenges and Relevant Earth Observation Data 

5 EO-BASED APPLICATION DOMAINS IDENTIFIED IN LITERATU RE AND PRACTICE 

5.1 Overview of international EO-related urban projects and services  

This section presents the main EO application domains identified in the scientific literature and international 
projects on using satellite data for urban decision-making in the context of climate-resilient cities. A 
literature analysis has been conducted, screening a total of almost 240 relevant projects and publications 
from various sources (publication databases, project databases, etc.). These were then clustered and the 
topics were visualised in a matrix (Figure 2). Among the sources were the FFG project database with a focus 
on the Austrian Space Application Programme (ASAP). The entire database was screened, and the Horizon 
Europe project databases were systematically reviewed. The ESA portfolio was also considered, particulary 
its demonstration projects and thematically relevant projects (“Infrastructure & Smart Cities”) which were 
added to the list. Another source was a collection of ESA services  which are continuously updated as a 
“living document”. The “Urban EO Service Catalogue” (ESA, 2025a) lists a total of 17 services on urban 
heat (private access [11], public access [6]), 37 services on mapping urban areas (private access [29], public 
access [8]), and 15 services on air quality (private access [9], public access [6]). Recent activities originating 
from the Horizon project “Space4Cities” (Forum Virium Helsinki, 2025) were also reviewed. At the 
beginning of 2025, the project launched a €2.87 million call for proposals, and the winners have now been 
announced. Ten of the 20 selected consortia will now have the opportunity to further develop their solutions 
to common challenges in European cities, such as flood detection, identifying heat islands, reducing traffic 
emissions, preventing wildfire risks, protecting cultural heritage sites, locating underground pipe leaks, and 
monitoring the condition and changes of green spaces, bridges, and roads. The five best prototypes will then 
be tested in real-life situations in fifteen European cities from July 2026 to February 2027 (Space4cities, 
2025). 

5.2 Key thematic clusters identified in the literature 

The urban planning theme covers projects that develop digital models (e.g. digital twins, 3D models) for 
analysing urban structures, vegetation areas and thermal properties, and for supporting planning decisions. 
                                                      
1 Details on satellite technology see chapter 6. 
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They differ in their specific fields of application, which range from mapping green spaces, analysing the 
urban heat island effect and solar potential, improving urban resilience and adapt to climate change, 
optimising urban mobility and parking space utilisation, to automated mapping of land use and land cover 
(FFG 2026b; ESA, 2026), and supporting visually impaired people in urban areas. Projects in the field of 
heat islands deal with the combination of satellite data, meteorological information and climate models in 
order to obtain the most up-to-date or real-time picture possible of urban overheating areas (Cure-
Copernicus, n.a; Geoville, 2025; LUP, n.a.; LAND, 2026). Surface temperature maps are created using 
satellite data or aerial survey data in order to provide cities with a basis for decision-making when planning 
green and blue infrastructure (Stadt Konstanz, 2025; UrbanFootprint, 2026). Covering the building domain, 
the creation of digital twins is common, both for individual buildings and for entire neighbourhoods 
(Buildspace Project, 2026). Projects adressing green spaces aim to monitor and optimise green spaces and 
their ecological functions (biodiversity, cooling potential, biotope areas, etc.) (BOKU, 2025; GrünStattGrau, 
20, FFG 2026c). One project covering many of these aspects is the Green Transition Information Factory 
(GTIF), an ESA initiative designed to demonstrate the added value of EO. The Austrian GTIF currently 
covers various narratives tackling the named topics like Heat Risk Maps, High-Resolution Forecasts of Solar 
Potential and Extreme Temperature, Brownfield Recovery Potential, Wind Atlas, Urban Energy Performance 
Monitor (GTIF Austria, 2026).  

In the field of natural hazards, projects focus on the early detection, monitoring, documentation and 
prediction of specific hazards such as forest fires or flooding, as well as on the creation of dynamic, 
comprehensive hazard maps. The projects differ in terms of the natural hazard they address, such as fire, 
water or mass movements, the level of detail in the analysis (from large-scale monitoring to specific hazard 
locations such as aquaplaning) and the focus of application (real-time warning, support for authorities, traffic 
safety, dynamic mapping) (FFG, 2026a; Joanneum, 2025; FFG, 2026d).  

 

Figure 2: Illustration of the subject areas narrowed down into relevance, rural and urban focal points © AIT 

Projects in the field of mobility and infrastructure aim to optimise and secure transport systems and monitor 
infrastructure. The applications range from high-precision positioning for accident prevention and route 
optimisation for cyclists to satellite-based detection of available parking spaces and road conditions. Due to 
space constraints only two of the 22 identified projects covering mobility are quickly mentioned. Firstly, 
SatPark is a completed FFG project from 2019 covering georeferencing, identification and classification of 
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vehicles based on satellite data to enable improved parking space analysis and navigation (FFG, 2026e). 
Secondly, ESERCOM-D is a project concerning the implementation of satellite-based data to support 
greener and smarter road usage, optimise road maintenance, and enhance traffic safety (EU-Project, 2026). 
In addition, solutions are being developed for the management of infrastructure assets such as power grids, 
street lighting and dams in order to improve their maintenance and resilience. In the literature analysis 17 
projects and services have been identified that are within the field of infrastructure monitoring. For example, 
the FFG project RAVEN developed a radar-technology-based methodology for detecting structural and 
ground movement changes in urban buildings, enabling improved monitoring of infrastructure stability and 
early warning capabilities (FFG, 2026e).  

The literature review confirms a strong alignment between international EO-based urban services and the 
needs expressed by Austrian cities, particularly in the domains of urban climate, buildings, and natural 
hazards. However, gaps remain regarding spatial resolution, operational integration into municipal 
workflows, and long-term sustainability of services. 

6 SATELLITE DATA SUPPORTING URBAN DECISION-MAKING 

6.1 Relevant satellite data types for urban applications 

Optical, radar (SAR) and thermal satellite data each provide unique strengths and are suited for specific 
applications. To address the complexity of urban planning tasks, they are often combined to facilitate the 
complementary information content, which they provide. 

Due to often limited resources in cities, they need to pay attention to costs. Therefore, for urban applications, 
it is crucial to distinguish between freely available satellite data and commercial datasets. Open-access 
Copernicus missions such as Sentinel-1 SAR and Sentinel-2 optical provide consistent, long-term time series 
with high temporal coverage, making them well suited for continuous monitoring and trend analysis for 
cities. Thermal open access data such as e.g. ECOSTRESS can be applied to assess urban heat dynamics 
such as e.g. UHI mapping and heat stress analysis. Commercial datasets such as Pléiades (Airbus, 2026) 
offer very high spatial resolution and are valuable for detailed analyses at building or object level. Due to 
higher costs and task-based acquisitions, they are typically used selectively, complementing freely available 
data where finer spatial detail is required. 

6.2 Future satellite missions and their potential for urban applications 

While these currently operational satellites already provide valuable data for urban applications, a new 
generation of satellite missions, both public and commercial, will significantly expand the availability of 
high-resolution, freely accessible, and near-real-time Earth observation data. These missions will provide a 
valuable addition to existing satellite missions, thereby offering Austrian cities enhanced capabilities for 
monitoring, analysis, and decision-making. The main new satellite missions are: 

·  TRISHNA (Thermal Infra	Red Imaging Satellite for High	Resolution Natural Resource 
Assessment): A French	Indian mission scheduled for launch in 2026, TRISHNA will provide 
thermal data at 57 m resolution, bridging the gap until Sentinel-8 LSTM becomes operational. Its 
focus on water resources and land surface temperature makes it highly relevant for heat stress 
monitoring (CNES/ISRO, 2025). 

·  Sentinel	8 LSTM (Land Surface Temperature Monitoring): Planned for launch in 2029, LSTM will 
deliver land surface temperature data at 30–50 m resolution with revisit times of 1–3 days. These EO 
data will be crucial for monitoring urban heat islands, energy efficiency, and climate adaptation 
strategies (ESA, 2025b). 

·  ROSE	L (Radar Observing System for Europe in L	band): Expected launch in 2028, ROSE	L will 
operate in the L	band, enabling penetration through vegetation and cloud cover. With 5–10 m 
resolution and revisit times of 3–6 days, it will support applications such as infrastructure 
monitoring, flood risk assessment, and land cover monitoring (ESA, 2025b). 

·  NISAR (NASA	ISRO Synthetic Aperture Radar): already launched in 2025, NISAR offers 
comparable L	band SAR capabilities as ROSE-L, providing early access to datasets relevant for 
European urban resilience planning (for details see: NASA, 2025). 
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·  FireSat: Developed by the Earth Fire Alliance with partners including Google Research, FireSat 
aims to deliver near	real	time global fire detection with a 20	minute revisit cycle when the full 
constellation is operational. The first protoflight satellite launched in March 2025, and the system 
will expand in coming years (Earth Fire Alliance, 2025).  

·  HotSat Constellation (Satellite Vu): Following the HotSat	1 demonstrator (2023), HotSat	2 and 
HotSat	3 are planned for launch soon. These satellites allow monitoring of heat stress and detection 
of heat losses in buildings and industrial facilities, supporting energy efficiency measures in cities 
(SatVu, 2025). 

·  CO3D (Constellation Optique 3D): Jointly developed by Centre national d´études spatiales (CNES) 
and Airbus Defence and Space, CO3D was already launched in 2025, and the commercial phase is 
expected to begin in 2027. It will generate high	resolution 3D surface models, enabling systematic 
urban morphology analysis and supporting spatial planning. Global coverage is expected within 3–5 
years, with annual updates for priority regions (CNES, 2025). 

The integration of these missions into Austrian urban planning frameworks offers several opportunities for 
Urban Climate Resilience: 

·  Enhanced monitoring of heat islands, water resources, and vegetation. 

·  Improved early warning systems for floods and fires. 

·  Detailed 3D urban models for infrastructure resilience and redensification strategies. 

·  Support for compliance with EU regulations such as the Nature Restoration Regulation. 

Together, these missions represent a paradigm shift in satellite	based services, enabling cities to access 
actionable, high	resolution data for climate	resilient developments. Combined with existing Copernicus 
datasets and local geodata, this information forms the backbone of future applications and can now be turned 
into practical services to address municipal priorities, as presented exemplarily in the next chapter. 

7 SERVICE DEVELOPMENT 

7.1 Translation of requirements into service concepts 

Based on the first Stakeholderworkshop, the consortium developed over 15 initial service concepts that 
directly address the priority fields identified by Austrian cities. The concepts cover a range of urban 
challenges, including climate resilience, energy efficiency in buildings, mobility and infrastructure, and 
natural hazard monitoring. These concepts were briefly described with graphical abstracts and evaluated by 
stakeholders through an online survey providing feedback on relevance, feasibility, and potential impact. 
This participatory approach ensured that the concepts reflect real municipal needs and priorities. For 
example, some ideas already highlighted ways to monitor urban heat hotspots or assess rooftop solar 
potential – practical services that cities could implement. The most promising concepts will be refined in a 
second workshop and translated into a roadmap, including their potential value, feasibility, and research 
needs. This process ensures that the resulting services are actionable, relevant, and ready to support decision-
making in Austrian cities. 

7.2 Legal, regulatory and organizational considerations  

Legal, regulatory and organisational aspects play a crucial role in determining whether EO-based services 
can be operationally adopted by cities. Rather than acting as barriers, these framework conditions define 
boundary conditions that must be systematically considered during service design, implementation and long-
term operation. 

Within the Urban Sky project, the legal framework is primarily shaped by European and national regulations 
governing data protection, data governance, environmental monitoring and the use of geospatial information. 
A central element is compliance with the General Data Protection Regulation (GDPR), particularly where 
EO-derived data is combined with auxiliary datasets that could enable the identification of individuals or 
sensitive urban patterns. Objects or locations captured in very high-resolution imagery that can be linked to 
specific individuals – such as homes, vehicles, or other personal property – constitute personal data under the 
GDPR. Although EO data are typically non-personal, downstream processing, data fusion and spatial 
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resolution must be carefully assessed to avoid indirect personal data inference. Consequently, privacy-by-
design and data minimisation principles are integral to the development of Urban Sky services. 

In addition, the regulatory environment for spatial data infrastructures plays a significant role. The INSPIRE 
Directive (Directive 2007/2/EC) establishes common standards for the harmonisation, interoperability and 
sharing of geospatial data across public authorities within the European Union.  

From an environmental and urban governance perspective, EO-based services operate within a framework of 
sector-specific regulations related to climate adaptation, air quality, land use planning and disaster risk 
management. In this context, the EU Nature Restoration Regulation (Regulation (EU) 2024/1991), which 
entered into force in 2024, introduces legally binding targets for the restoration of degraded ecosystems, 
including those located in urban and peri-urban areas. Organisational considerations are closely intertwined 
with the legal framework. The adoption of EO-based services requires clear role definitions between data 
providers, service operators and municipal end users. Responsibilities related to data stewards, quality 
assurance, liability and long-term maintenance must be contractually defined to ensure sustainability.  

In summary, the legal and organisational framework provides a structured environment that shapes service 
development and deployment. By addressing these conditions proactively, Urban Sky aims to ensure 
regulatory compliance, institutional acceptance and long-term usability of EO-based services for urban 
decision-making, thereby supporting their transition from pilot applications to operational tools within city 
administrations. 

7.3 Example Services 

While this paper focuses on cities needs and the development and evaluation of the services, an analysis of 
their potential economic benefits for cities and stakeholders will be addressed in follow-up work. 
Nevertheless, two example service concepts are briefly described here to provide an idea of the direction.  

7.3.1 Heat Dynamics  

The service aims at enabling automated recording and analysis of spatio-temporal heat dynamics in urban 
areas in Austria. It provides cities with detailed insights to assess urban thermal stress and serves as a 
decision-making aid for urban planning and climate adaptation. The service combines multiple freely 
available datasets to ensure accurate and actionable results. This includes thermal satellite time series from 
ECOSTRESS, TRISHNA, Landsat, and in the future ESA-LSTM, calibrated and validated with 
meteorological station data from GeoSphere Austria. Additionally, Sentinel-2 optical imagery, land use data 
from zoning plans or the Copernicus Urban Atlas, aerial imagery, and LiDAR-based terrain and vegetation 
models are integrated to capture the urban landscape in detail. By merging these sources, the service 
identifies heat hotspots, monitors changes over time, and provides practical guidance for urban planners 
aiming to reduce thermal stress. 

7.3.2 Remote sensing for the implementation of the EU Nature Restoration Regulation in cities 

The aim of the service is to assess and support the restoration of urban ecosystems in Austria based on 
satellite remote sensing. The focus is on implementing Article 8 of EU Nature Restoration Regulation, in 
particular ensuring "no net loss" of urban green spaces and tree canopy cover by 2030. It integrates multiple 
freely available datasets to provide accurate and actionable insights. These include Sentinel-2 optical time 
series, land use data from zoning plans, the Copernicus Urban Atlas, aerial imagery and LiDAR, and the 
LUCAS land cover inventory (Eurostat, 2026). By combining these sources, the service derives ecological 
indicators, monitors changes over time, and guides planning and management decisions for greener, healthier 
urban environments. 

8 CONCLUSION AND OUTLOOK 

Based on the current findings of this study, satellite-based EO has strong potential to support cities on their 
way to climate-neutrality by providing consistent and spatially accurate information for planning, monitoring 
and decision-making. Freely available EO data already enable cities to better assess their key challenges such 
as heat stress, maintaining green infrastructure, detecting natural hazards, identifying buildings and tracking 
land use changes over time in a transparent and comparable way.   
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A key advantage of satellite data lies in the nature of the data itself, which makes it usable by stakeholders 
from different sectors: Mostly freely available access, automated and frequent updates, a holistic view from 
top and the ability to visualise continuous areas.  This enables satellite data to be applied and transferred to 
all fields of application that benefit from change detection and continuous monitoring, spatially and 
temporally. Due to changing legislations on monitoring and reporting obligations, satellite data technology is 
becoming increasingly relevant. 

To maximise the user uptake of the ESA Programme (e.g. Copernicus and Galileo) and address gaps in 
spatio-temporal resolution, the project is moving towards a multi-modal data fusion strategy for the 
considered services. This strategy synthesises freely available Copernicus and Galileo data, as well as non-
remotely sensed data (e.g. socio-economic and/or environmental data), and considers commercial satellite 
products. Integrating non-remotely sensed data is essential, because satellite sensors alone cannot provide the 
services needed to adress cities´ specific needs. Adding, combining and layering data from multiple sources 
enables the development of services which might allow to monitor rapid, localised events, that would 
otherwise remain undetectable by single-sensor platforms or single data sources, and to respond to them in a 
timely manner. 

Using satellite data strengthens transdisciplinary collaboration both horizontally across municipal 
departments and vertically between different administrative units and economic actors. In this context, start-
ups and specialised service providers play an important role as experts in providing satellite data 
understanding and following the fast changes in this rather young technology. Public administration can 
benefit from the fast advancements of the Earth observation sector in terms of data-based decision-making 
and completely new perspectives on data collection.   

So far, there is still a lack of communication and common ground between data providers, researchers and 
end users such as in public administration. This means that offered services often do not align with the 
requirements of public administration and are therefore less likely to be implemented and a fix component of 
running systems. For this reason, the Urban Sky project plays a valuable role in ensuring the practical 
applicability of solutions developed using satellite data.  

9 ACKNOWLEDGEMENT 

This research is carried out under the Urban Sky project, on behalf of BMIMI and KLIEN by the Austrian 
Research Promotion Agency (FFG) together with Austria Wirtschaftsservice Gesellschaft mbH (AWS). The 
call “Technologien und Innovationen für die Klimaneutrale Stadt” (Technologies and Innovations for the 
Climate-Neutral City) is part of the R&I focus "Klimaneutrale Stadt" (Climate-Neutral City) of the Federal 
Ministry for Innovation, Mobility and Technology (BMIMI) and the Climate and Energy Fund (KLIEN). 

10 REFERENCES 
Airbus (2026): 50cm Very High-Resolution Imagery, Pléiades, Retrieved January 2026, Available at https://space-

solutions.airbus.com/imagery/our-optical-and-radar-satellite-imagery/pleiades/  
BOKU (2025): Anwendung von Sentinel-Daten für die Ausweisung von Biotoptypen und grüner Infrastruktur, Retrieved 2026, 

Available at https://boku.ac.at/oekb/igeo/themenfelder/fernerkundung-wald/ffg-asap-projekt-semona-reloaded  
Buildspace Project (2026): Enabling Innovative Space-driven Services for Energy Efficient Buildings and Climate Resilient Cities, 

Retrieved January 2026, Available at https://www.buildspaceproject.eu/  
C40 Cities (2025): Cities for the Clean Industrial Deal: Cities, the economic engine of Europe’s green transition. C40 Cities Climate 

Leadership Group. Retrieved December 2025. Available at: https://www.c40.org/wp-content/uploads/2025/04/Cities-
and-the-Clean-Industrial-Deal-1.pdf  

CNES/ISRO (2025): TRISHNA Mission Overview. Retrieved December 2025. Available at: https://cnes.fr/en/projects/trishna  
CNES (2025): CO3D Mission Overview. Retrieved December 2025. Available at: https://cnes.fr/en/projects/co3d 
Cure Copernicus, n.a: Copernicus for urban resilience in Europe. Retrieved January 2026, Available at https://cure-copernicus.eu/ 
Earth Fire Alliance (2025): FireSat Initiative. Retrieved December 2025. Available at: https://www.earthfirealliance.org/ 
European Commission (2019). The European Green Deal (COM(2019) 640 final)  
European Commission (2020) EU Biodiversity Strategy for 2030 – Bringing nature back into our lives, COM(2020) 380 final, EUR-

Lex. https://eur-lex.europa.eu/legal-content/EL/TXT/PDF/?uri=CELEX:52020DC0380  
European Commission (2024). The Clean Industrial Deal (COM(2024) 85 final) 
European Parliament and Council of the European Union (2023) Directive (EU) 2023/1791 of the European Parliament and of the 

Council of 13 September 2023 on energy efficiency, https://eur-lex.europa.eu/eli/dir/2023/1791/oj 
European Parliament and Council of the European Union (2024) Regulation (EU) 2024/1991 of 24 June 2024 on nature restoration 

and amending Regulation (EU) 2022/869. Official Journal L, 2024/1991, 29.7.2024. https://eur-lex.europa.eu/legal-
content/EN/TXT/PDF/?uri=OJ:L_202401991  



A Stakeholder-Driven Needs Assessment: Identifying Urban Challenges and Requirements for Satellite-Based Services Supporting 
Climate-Resilient Austrian Cities 

74 
 

   

 
 
 

REAL CORP 2026:  
EVERYBODY PLANS … SOMETIMES  

 

European Parliament and Council of the European Union (2024) Directive 2007/2/EC of the European Parliament and of the Council 
of 14 March 2007 establishing an Infrastructure for Spatial Information in the European Community (INSPIRE), 
Directive – 2007/2 – EN – EUR-Lex 

EU-Project (2026): ESERCOM-D – EGNSS enabled Standardized European Road Condition Monitoring and Distribution, Retrieved 
January 2026, Available at https://esercomd.eu/ 

Eurostat (2026): LUCAS – Land Use/Cover Area frame Survey, Retrieved january 2026, Available at 
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=LUCAS_-_Land_use_and_land_cover_survey  

ESA (2025a): Comprehensive overview of EO-based urban services. Retrieved December 2025. Available at: 
https://docs.google.com/spreadsheets/d/1IBaU8KaInSMPavHwT2B-
eRuRGxMdUbzWUACsxLamXKY/edit?gid=0#gid=0  

ESA (2025b): Copernicus Sentinel Expansion Missions. Retrieved December 2025. Available at: 
https://www.esa.int/Applications/Observing_the_Earth/Copernicus/Copernicus_Sentinel_Expansion_missions  

ESA (2026): Copernicus Land Monitoring Service (CLMS) Portfolio, Retrieved January 2026, Available at 
https://land.copernicus.eu/en/products  

FFG (2026a): DRAGON – 3D displacement vector calculation of rockslides based on satellite and ground-based InSAR, Retrieved 
January 2026, Available at https://projekte.ffg.at/projekt/4373983  

FFG (2026b): AI4LULC – Artificial Intelligence for Automated Mapping of Land Use and Land Cover, Retrieved January 2026, 
Available at https://projekte.ffg.at/projekt/4052503 

FFG (2026c): RestorEO – A transparent EO-based monitoring system for biodiversity and ecosystem restoration, Retrieved January 
2026, Available at https://projekte.ffg.at/projekt/4373967  

FFG (2026d): FIREMODE – Improvement of wildfire detection by combining sentinel observations with plume backtrackings from 
a dispersion model, Retrieved January 2026, Available at https://projekte.ffg.at/projekt/3769858  

FFG (2026e): SatPark – Satellite image based on-street parking availability technology, Retrieved January 2026, Available at 
https://projekte.ffg.at/projekt/2975626 

FFG (2026f): RAVEN – Radar-Satellite-based Change Detection in Urban Structures, Retrieved January 2026, Available at 
https://projekte.ffg.at/projekt/5123111 

Forum Virium Helsinki (2025): Opening satellite data for city planning, Retrieved December 2025. Available at: 
https://space4cities.eu/ 

Geoville (2024): HeatMon: Towards a monitoring service enabling climate change adaption measures, Retrieved January 2026, 
Available at https://www.geoville.com/news/newsdetail/heatmon-kick-off/  

GrünStattGrau, 2025: VASE – Vegetation and Land-Use Evapotranspiration, Retrieved January 2026, Available at 
https://gruenstattgrau.at/projekt/vase-vegetation-and-land-use-evapotranspiration/ 

GTIF Austria, 2026: Green Transition Information Factories – Austrian Capabilities, Retrieved January 2026, Available at 
https://gtif-austria.info/ 

Gulyás, A., et al. (2025): Enablers and Barriers to EO Satellite Data Uptake in European Local Authorities. Systems, 9(11), 489.  
Herry (2024): Endbericht Mobilitätserhebung Vorarlberg 2023. Vienna 2024. Retrieved January 2026. Available at: 

V_KONTIV23_Bericht_24-06-17 
Joanneum, 2025: Aladyn – Bewertung des Erdrutschrisikos in dynamischen Umgebungen, Retrieved January 2026, Available at 

https://www.joanneum.at/digital/projekte/aladyn/  
LAND (2026): UrbAlytics: Climate Adaptation and Nature-Based Solutions for Urban Heat Island mitigation, Retrieved January 

2026, Available at https://www.landsrl.com/en/heat-island-mitigation-with-urbalytics/  
LUP (n.a.): Urban Green Eye, Regionales Vegetations- und Flächenmonitoring für die Klimaanpassung, Retreived January 2025, 

Available at https://urbangreeneye.de/ 
Murgante, B., & Borruso, G. (Eds.). (2024): Barriers, Benefits, and Influential Factors of Adopting Earth Observation Satellite Data 

at Local and Regional Levels: The Case of Italian LRAs. In Computational Science and Its Applications – ICCSA 
2024. Springer Nature.  

NASA (2025):  NISAR – Earth Mission. Retrieved December 2025. Available at: https://nisar.jpl.nasa.gov 
UrbanFootprint (2026): Resilient Decision Intelligence Platform, Retrieved January 2026, Available at https://urbanfootprint.com/ 
SatVu (2025): HotSat Constellation. Retrieved December 2025. Available at: https://www.satellitevu.com/ 
Space4cities (2025): Winners selected! SPACE4Cities Top 10 Suppliers move to Phase 2 – Prototype Development, Retrieved 

January 2026, Available at: https://space4cities.eu/winners-selected-space4cities-top-10-suppliers-move-to-phase-2-
prototype-development/  

Strand, G.-H., Cysek-Pawlak, M. M., Misiak, J., Ho
 ci
o, A., & Eiter, S. (2025): Use and non-use of data from the Copernicus Land 
Monitoring Service in spatial planning. Planning Practice & Research, 40(6). 
https://doi.org/10.1080/02697459.2025.2563863 

 



�  reviewed paper 
 

REAL CORP 2026 Proceedings/Tagungsband 
23-25 March 2026 – https://www.corp.at 

Editors: M. Schrenk, C. Beyer, T. Popovich, J. Ryser, D. Mawlood 
ISBN 978-3-9504945-5-6 
 

75 
  
 

A Systematic Living Lab Approach for Community Engagement for Urban Regeneration – the 
S.M.I.L.E. Methodology 

Caroline Cheng, Judith Thomsen, Anandasivakumar Ekambaram 
(Dr. Caroline Cheng, SINTEF Community, Strindveien 4,7034 Trondheim, Norway, caroline.cheng@sintef.no) 
(Dr. Judith Thomsen, SINTEF Community, Strindveien 4,7034 Trondheim, Norway, judith.thomsen@sintef.no) 

(Dr. Anandasivakumar Ekambaram, SINTEF Community, Strindveien 4,7034 Trondheim, Norway, siva@sintef.no) 

DOI: 10.48494/REALCORP2026.4102 

1 ABSTRACT 

Community engagement and feedback has often been pinpointed as the weakest link in sustainable 
neighbourhood transformations. The living lab approach has been known as a promising methodology for 
engaging with multi-stakeholder groups in real-life contexts, yet studies have shown that engagement is 
rarely achieved in practice in many living labs. In this paper, we suggest it is helpful to take a process 
orientation to cut through the clutter of living lab literature, focusing on the “how” of establishing “living 
labs”. We posit that it is most imperative in this process to put people in focus, foregrounding their specific 
needs, interaction, and wellbeing and channelling their competences and experiences towards urban 
regeneration.  

Drawing inspiration from the literature that focuses on innovation-oriented living labs and based on a case 
study of organising and leading six living labs for community engagement in social renovation and energy 
transition in six European cities from 2022-2025, this paper will advance a methodology for establishing a 
living lab approach towards community engagement for urban regeneration. We suggest focusing on five 
phases to get going on the ground with the living lab networking approach– Scope, Map, Implement, Learn 
and Enhance – the S.M.I.L.E. methodology, What stands out from prevailing living lab approaches is Scope 
and Map. Scope foregrounds the importance of users (in their various roles) and the community. In this first 
step, a deep understanding of the citizens and community demographics regards citizens as catalysts of 
innovation and that their inputs can lead to better informed and robust outcomes in various measures and 
solutions. Map envisions all the actors relevant for the development of the socio-technical solutions and 
facilitates the possibility to review the congruence of their interests. Adopting the living lab approach 
requires thorough understanding of important actors' objectives and drivers, the alignment of operational 
processes, and establishment of open and collaborative culture. The S.M.I.L.E. methodology provides a 
pragmatic point of departure for a living lab facilitator responsible for engagement activities, whether newly 
set up and as an extension of ongoing programmes. 

Keywords: Community engagement, Sustainable neighbourhood transformation, Living Lab approach, 
Stakeholder engagement, Deep renovation 

INTRODUCTION 

Decarbonising the urban built environment requires integrated innovations and solutions across climate 
mitigation, large scale renovation and urban greening. To meet the EU’s ambitious climate and energy 
efficiency goals, the rate of deep building renovations must increase. In this regard, the interest in 
accelerating deep renovations on a neighbourhood scale has arisen as the adequate scale to adopt for 
essential solutions such as inclusion of renewable energy resources and decentralisation of energy 
production. In other words, going beyond the limits of the single building has become the more efficient and 
effective unit to work with. However, it has also been increasingly recognised that working on the larger 
neighbourhood scale is challenging as it requires integrated innovations and solutions involving multiple 
actors across different sectors (Sassenou et al. 2024). Indeed, stakeholder involvement, community 
engagement and feedback has often been pinpointed as the weakest link in sustainable neighbourhood 
transformations. Concomitantly, living labs have been known as a means to structure stakeholder and user 
involvement in innovation processes (Leminen et al. 2012, Almirall & Wareham 2011, Rizzo et al. 2021). 
However, in the rather young living lab research domain, there is no consensus yet regarding supporting 
theories and frameworks. This has resulted in a proliferation of projects and approaches carried out under the 
‘living lab’ umbrella in a very loose sense that is not reaping the benefits of a living lab approach 
(Schuurman et al. 2013; Veeckman et al. 2013). In this paper, we distill our experience from planning six 
living labs for community engagement in social renovation and energy transition in six European cities. We 
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suggest it is helpful to take a process orientation to cut through the clutter of living lab literature, focusing on 
the “how” of establishing “living labs” as a promising platform for engaging with multi-stakeholder groups 
in real-life contexts. 

This paper is organised as follows. We start with a review of relevant literature to understand the different 
types of living labs and specifically foreground the type of living lab focused towards multi-stakeholder 
collaboration and knowledge sharing. We do so to apply the living lab concept to community engagement 
efforts within the EU Green Deal project “ARV”1 (https://greendeal-arv.eu/) which aims to demonstrate and 
validate attractive, resilient, and affordable solutions for a sustainable neighbourhood concept known as 
Climate Positive Circular Communities (CPCCs). The paper asks: How can a living lab approach be 
established for varying ambition levels of community engagement, communication and education towards 
sustainable neighbourhood transformations? Based on empirical insights from six demonstration 
communities with the ARV project, we advance a five-phase methodology for establishing a living lab 
approach towards community engagement for urban regeneration. We then discuss the implications of 
adopting a process orientation to living labs for research and practice before concluding the paper.  

2 THEORY 

This sections grounds the understanding of the living lab approach within the living lab literature focused on 
types of living labs, characteristics and outcomes, highlighting the need to establish a better understanding of 
how to plan and set up living labs in the practical sense. Based on the literature, the first sub-section presents 
a living lab typology to help make sense of the many types of living labs out there. Next, we review relevant 
literature looking for key dimensions that must be clearly defined and planned for when establishing a living 
lab. The third sub-section highlights variations in ambition levels in terms of community engagement, where 
metaphors such as “wheel of participation” have been used to characterise them. 

2.1 Types of living labs 

The living lab has been conceptualized as an environment (Ballon et al., 2005), a methodology or innovation 
approach (Bergvall-Kåreborn et al., 2009), an organization or an innovation intermediary (Schuurman et al., 
2013), a network (Leminen and Westerlund, 2012), and a system (ENoLL – https://enoll.org/living-labs/). 
This lack of common consensus makes it difficult to advance research focused on living labs. To better 
understand the different typologies of living labs, a useful starting point is to distinguish between the 
American vs. European notion of living labs. 

The first use of living labs in its present connotation was in MIT. This American notion of Living Labs 
describes a laboratory environment with all facilities of a regular home, optimized for multi-day or multi-
week observational studies of single individuals and constructed to resemble a ‘real’ home as closely as 
possible (Schuurman et al., 2025). This American notion of Living Labs sees the Living Lab concept merely 
as a physical research facility that tries to overcome the artificial lab-context. 

In Europe, the living lab movement has been gaining momentum since 2006 with the founding of ENoLL 
and the number of living labs has been growing (Schuurman et al., 2025). The overall aim of the ENoLL as 
an international federation of Living Labs is to support the creation of a dynamic innovation system 
throughout Europe. Two types of living labs can be distinguished within this European notion: living labs 
supporting context research and co-creation vs. living labs as extensions to testbeds (Følstad 2008). On the 
one hand, living labs supporting context research and co-creation would be based on an identified problem 
and focused on developing a solution in close interaction with end-users, or on the iterative finetuning of 
innovative products or services, tapping into the innovative capacity of test-users. On the other hand, living 
labs as extensions to testbeds describe testbeds (controlled network environments for test and validation) for 
e.g. ICT services (see Ballon et al. 2007). 

According to Schuurman et al. (2013), a fourth type of living labs can be further distinguished. This final 
type is more focused towards multi-stakeholder collaboration and knowledge sharing, with less emphasis on 
developing and testing of new technologies and on deep end-user involvement. This fourth type of living lab 
are long-term and are intended to involve prolonged engagement with communities. 

                                                      
1 ARV’s meaning in Norwegian: “heritage” or “legacy” 
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2.2 Key dimensions for establishing an urban living lab 

The living lab methodology has become a prominent approach in sustainable neighbourhood planning and 
development, often referred to as urban living labs. 

Juujarvi and Pesso (2013) distinguish three types of urban living labs. First, urban areas can serve as  
technology-assisted research environments such that the living lab facilitators can collect feedback on 
products and services through webpages or sensor-based methods. Second, users can co-create urban 
artifacts and local services, such as communal yards, garden allotments or daycare services. Citizens are 
viewed as co-creators who contribute to designing and developing local services such as renovation 
processes. Third, an urban living lab can develop new kinds of urban planning using new tools and processes 
with the engagement of citizens. The goal is to facilitate vision-making of the area and planning processes, 
and increase the access and mutual learning of stakeholders. In this manner, the urban living lab can serve as 
a platform for stakeholders to participate in a neighbourhood’s renovation initiatives and decision making. 

One strand of living lab research positions living labs as a way to address the complex challenges of 
sustainable urban transitions and neighbourhood development through citizen engagement. When collecting 
the varieties of living lab definitions, Steen & Van Bueren (2017) structured them by defining four 
dimensions that must be clearly defined and planned for when establishing an urban LL: 

·  aim (a. innovation, b. formal learning for replication, c. for urban Living Labs: increasing urban 
sustainability)  

·  activities (a. development, b. co-creation, c. iteration),  

·  participants (a. public actors, private actors, users, knowledge institutes, b. decision-making power), 
and  

·  context (a. real-life use context). 

In another study, based on empirical research from four living labs in Belgium and Finland, Veeckman et al. 
2013 has discussed the characteristics and outcomes of living labs as a collaborative innovation approach and 
introduced a living lab pyramid to provide practical guidelines for organising living labs to foster user-
centred innovations. The living lab pyramid framework consists of three pillars: living lab environment, 
living lab approach, and the innovation outcome. While one base of the pyramid anchors the living lab 
environment, considering technical infrastructure, ecosystem approach, level of openness, community, 
lifespan, scale, and real-world context, the other base of the pyramid secures the attention to the living lab 
approach, emphasizing evaluation, context research and user roles. The pinnacle of the pyramid addresses 
innovation outcomes, linking them to strategic intention, knowledge, resources, and partnerships. 

Van Geenhuizen (2018) suggest attention should be given to both intended outcomes and unintended 
outcomes of living lab processes and results. 

·  Outcomes in the sense of intended outcomes include a better knowledge of user wishes and speeding 
up and bringing more solutions to market (e.g. Veeckman et al., 2013). 

·  Unintended outcomes may also happen. These include the absence of desired outcomes as well as 
adverse effects, and both are to a certain extent connected with bad predictability of influences and 
processes. 

2.3 Mix of ambition levels for community engagement 

Leminen et al. (2012) emphasize that living labs are open-innovation networks. Based on which actor drives 
the activities, living labs differ from one another in terms of activities, structure, organization, and 
coordination (Westerlund & Leminen, 2011). For example, living lab activities can be provider-driven when 
the innovation activities of the living lab aim to develop a solution for participants or other stakeholders, or 
have an educational purpose. Living lab activities can also enabler-driven, taking a bottom-up approach, 
when the activities focus on fulfilling the needs of a local community or association like improving the local 
social development where the living lab is located. 

Nowadays, the Living Lab approach can be understood as an attempt to bridge the gap between multiple 
actors through directly involving them into the process of developing or transforming an urban 
neighbourhood (Steen & Van Bueren, 2017).  However, a key finding of Steen & Van Bueren (2017)'s 
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review is that half of the living labs did not directly involve users, while the other half organised 
participation processes. It is apparent that engagement is challenging to achieve in practice in many living 
labs. Steen & Van Bueren, (2017) point out that the lack of participation may be a result of discrepancies 
between the methods used in practice and the ambitions of urban living labs defined in an early phase. 

Arnstein`s ladder (1969) conceptualizes public involvement in decision-making as a hierarchy ranging from 
nonparticipation to full citizen involvement. However, studies have also put forth alternative frameworks to 
Arnstein's (1969) ladder, such as the wheel of participation (Davidson, 1998) as a more appropriate metaphor 
to deal with different levels of citizen engagement. The wheel promotes the appropriate level of community 
involvement to achieve clear objectives, without suggesting that the aim is always to climb to the top of the 
ladder. This wheel metaphor thus beckons the importance of a mix of engagement levels in living lab 
approaches to effectively channel citizens' experiences and competences.  

Summing up 

Taken together, to reap the benefits of living labs for collaboration and knowledge support activities, a 
systematic process orientation to the living lab concept is required. Living Lab facilitators working on the 
ground are in need of a simple methodology that is practical and easy to apply. Furthermore, a high degree of 
engagement is not always required to deliver change processes and implement sustainable solutions. The 
transformative potential of an urban living lab can also be realised with a low level of user involvement. As 
the literature points out, the ‘higher level of engagement, the better’ is not the aim. Instead, it is more 
important to consider the right form of engagement at the right time. This paper asks: How can a living lab 
approach be established for varying ambition levels of community engagement, communication and 
education towards sustainable neighbourhood transformations? 

3 RESEARCH APPROACH 

This section outlines the research approach. It is based on six living labs for community engagement focused 
on deep renovation. We draw on ongoing results from the EU Green Deal project ‘ARV’ (https://greendeal-
arv.eu/) which aims to demonstrate and validate attractive, resilient, and affordable solutions for a 
sustainable neighbourhood concept known as “Climate Positive Circular Communities” (CPCCs). 

A CPCC in the ARV project is defined as an urban area which aims to achieve net zero greenhouse gas 
emissions, enables energy flexibility, and promotes a circular economy and social sustainability. This novel 
concept focuses strongly on the interaction and integration between new and regenerated buildings, users, 
and energy systems, facilitated by ICT to provide attractive, resilient, and affordable solutions for citizens. 

3.1 Purposeful sampling 

To better understand the task of establishing a living lab approach for community engagement, purposeful 
sampling was relied upon. Purposeful sampling, or specifically criterion sampling, is widely used in 
qualitative research for the identification and selection of information-rich cases related to the phenomenon 
of interest (Creswell, 2009). A range of diverse strategies that can be used in purposeful sampling in 
accordance with different objectives (Palinkas et al. 2015). 

Two widely used strategies for purposeful sampling include the identification of unusual phenomena from 
extreme cases as well as the identification of patterns of variation from heterogeneous cases. A third strategy 
can also include the simplification of the analysis and the emphasis on similarity from homogeneous cases or 
convenience sampling that emphasise collecting information from willing participants. While the first two 
strategies focus on describing the variability or dispersion of values, the third is used primarily to reduce the 
range of variation and identify similarities. 

In line with this study’s objective of increasing our understanding of how to establish a living lab approach 
for community engagement, we relied on the third strategy of purposeful sampling. This choice reflects our 
aim to deepen insight into the complexities of developing a living lab approach across the pilot sites and to 
provide detailed accounts of their contexts, aims, actors, and activities. This  purposeful sampling strategy is 
particularly interesting where relationships between actors extend both horizontally, between organizations 
at the same level in the network context, and vertically from state to local stakeholders. 

Various activites were carried out to interact, engage and collaborate with the multiple actors in the six 
demonstration communities in the ARV project during 2022-2025. These activites include, among other 
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things, stakeholder mapping, one-to-one meetings, workshops and events. Actvities conducted in the six 
demonstration communities were systematically registered in respective living lab logbooks over the four 
years. Furthermore, the community engagement activites were described and analysed in reports as a part of 
the deliverables for the ARV project. 

3.2 Overview of cases 

For this study, six pilot sites in different climate zones of Europe were used as cases. Within the EU Horizon 
2020 project ARV, Climate Positive Circular Communities were designed and implemented in Oslo 
(Norway), Palma de Mallorca (Spain), Karviná (Czechia), Utrecht (Netherlands), Trento (Italy), and 
Sønderborg (Denmark), offering diverse contexts for examining living lab approaches to community 
engagement. 

 

Fig. 1: Map of ARV demonstration sites in Oslo (Norway), Palma de Mallorca (Spain), Karviná (Czechia), Utrecht (Netherlands), 
Trento (Italy), and Sønderborg (Denmark) 

4 FINDINGS 

In a nutshell, the pilot sites encompass the development of a plus energy school and cultural area in a former 
industrial site in Oslo, Norway, energy upgrades of multi-family blocks with district heating in Sønderborg, 
Denmark, industrialized renovation of social housing in Utrecht, the Netherlands as well as in Trento, Italy, 
the transformation of an health care centre into a living lab for CPCC in Karvina, Czechia, and urban 
transformation of a city district in Palma de Mallorca, Spain. 

Based on the place-based experiences of establishing a living lab approach for community engagement in the 
six pilot sites, we distill the most important aspects that stand out in its community engagement activities. 
CPCC 
Demonstration Site 
(Neighbourhood) 

Understanding 
social contexts and 
embeddedness 

Defining Goals and 
outcomes (the 
innovations) 

Target groups 
to engage 

What was 
learned 
 

Enhance (what to do 
better next time wrt. 
Community 
Engagement) 

Oslo (Voldsløkka) Location of the 
school bridging east 
and west Oslo; the 
need for a non-
homogeneous 
façade appearance, 
and the highly 
ambitious energy 
goal for the building 
building-attached 
photovoltaic 

Create awareness and 
understanding and hence 
acceptance and 
maintenance of these 
innovations/solutions 
BAPV and BIPV 
 
 

Pupils of the 
secondary 
school 
(Voldsløkka 
school) and the 
culture school 
(Voldsløkka 
Culture Station) 
 
Building 
professionals  

Long 
presentations on 
sustainability 
aspects did not 
attract the pupils. 

Pupils liked 
contextualized and 
playful formats – such as 
climate bootcamps, 
board game co-creation, 
and prototyping – which 
helped translate abstract 
concepts into tangible 
understanding. 
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(BAPV) and 
building-integrated 
photovoltaic (BIPV) 
panels on the East, 
West, and South 
façades, and on the 
roof. 
 
Outdoor stormwater 
solution.   

 
Municipality 
planners  
 
 

Sonderborg Cost-optimal design 
to reduce district 
heating return 
temperature2 from 
substation systems 
in multi-flat 
buildings. 

Tenants’ usage of heating 
and radiator thermostats 
varied very much among 
apartments; activities were 
initiated to help the tenants 
to operate the radiators in 
an optimal way. 

Tenants 
 

Engaging 
representatives of 
residents  (Green 
ambas-sadors) to 
help tenants using 
energy soluti-ons 
properly 

Representatives of the 
housing organization 
visited each household to 
inform and engage the 
residents as a substitute 
for the green ambassador 
program. 

Utrecht (Overvecht) Social renovation 
process where the 
tenants are actively 
offered help before, 
during, and after 
renovation. 
 
Diffrent stake-
holders were 
brought together. 

These partners 
simultaneously 
implemented interventions 
to improve the tenants’ 
conditions, such as work, 
mental support, healthcare, 
housing, social contacts, 
and finances. reduce 
renovation stress. Helps 
establish more trust in 
institutions and 
government in the 
neighbourhood. 

Tenants 
 
Municipality 
actors 

Multi-disciplinary 
coordination 
(housing, welfare 
and health 
workers) reduced 
tenant stress and 
prevented social 
issues. But, the 
colla-boraion 
needed time and 
effort, to create a 
common 
understanding. 
 

To transfer the 
competence in the 
housing coorporation 
and the collaborative 
mechanisms among the 
social partners. 
 
In Overvecht, this 
alignment (multi-
disciplinary 
coordination) has since 
become more efficient 
and has resulted in long-
term collaboration that 
extends beyond the 
social renovation 
projects themselves. 

Trento End-users’ 
perspectives have 
been addressed by a 
noise and dust 
perception campaign 
targeting the 
installation of the 
‘Renew Wall’ kit vs. 
ETICS. 

Cost optimization of the 
prefab kit vs. business-as-
usual solutions 

Tenants – 
elderly 

Terminology 
“indoor comfort” 
 
By using existing 
communication 
channels and local 
dialect to 
communicate with 
and engage 
residents, the 
building manager 
made the residents 
to feel more 
comfortable and 
reassured and to 
build trust. 

Using familiar means to 
communicate with 
tenants (especially when 
they are elderly people) 
will be a more effective 
way to engage them. 

Karvina Renovation of 
existing health care 
centre 
note context: region 
that has historically 
been built on coal 
mining) 
 
Health Centre –as an 
“educational 
building”  
 
 
(Note presence of 
vocal groups in the 
Czech Republic who 
are strongly opposed 
to the Green Deal 
and related 
sustainability topics) 

Getting a building ready 
for PED development 
 
as an educational platform,  
 
and to stem outflow of 
young people 

Centred on 
education and 
engagement of 
young citizens, 
particularly 
pupils aged 14 
to 19. 
 
 institutional 
stakeholders 
such as energy 
centres, schools, 
hospitals, and 
public service 
providers.  
 

Spark interest in 
the topics of 
energy transition 
and sustainability 
and to foster a 
deeper connection 
between the youth 
and their region, 
with the broader 
ambition of 
motivating them 
to stay or return 
and contribute to 
local development 
 
Identified that 
long lectures to 
educate and 
encourage the 
youth to gain 

To gather diverse 
perspectives on 
sustainability and 
identify potential roles 
for these institutions in 
future city projects. 
 
Youth: not overly 
technical tasks, 
importance of 
simplifying the content 
and incorporating more 
creative, hands-on 
elements for students to 
express their ideas. 
 
Institutional 
stakeholders: Projects 
must have specific, 
realistic goals, 

                                                      
2 Reducing the district heating return temperatures from buildings allows the main district heating network to operate with a lower 
temperature level, which again allows the district heating company to utilize energy sources at a lower temperature level, enhancing 
the utilisation of energy produced by heat-pumps, excess heat from factories, cooling applications, data centres, etc. In Denmark, 
building users are economically rewarded if they can reduce the return temperature from their buildings back to the district heating 
network. 
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knowledge on 
sustainability did 
not work well. 

demonstrate cost-
effectiveness, and offer a 
long-term vision. 
 
“The project format” 
(empowering pupils to 
shape their learning 
experience and to 
become co-creators of 
the solutions) has been 
chosen instead of long 
lectures. 
 

Palma (64 homes 
initiative) 

Attending to the 
buildings most in 
need of renovation 
which are often 
overlooked and not 
eligible for subsidy. 

Affordability 
 
 

Architect and 
engineer 
volunteers 
 
Residents – 
vulnerable 
segment 

The construction 
company 
facilitated self-
construction 
activities by the 
residents 
themselves. This 
has helped reduce 
costs, increase 
neighbourhood 
involvement and 
make viable a 
project that would 
otherwise have 
been 
economically 
unfeasible.  

Focusing adequately on 
empowering residents / 
users can be beneficial. 

Table 1: Components for establishing a living lab approach for community engagement 

5 DISCUSSION 

In this section, we discuss the type of living labs that best characterise the ARV living labs. We point out the 
most important components that living lab facilitators work with for establishing living lab activities. In our 
effort to channel the insights from the empirical material into a practical approach supporting community 
engagement, communication and education, we advance a five-phase methodology useful for getting 
community engagement activities up and running (whether new and as an extension of ongoing 
programmes). At the same time, we also point out the limitations of this methodology. 

5.1 Living labs for multi-stakeholder collaboration and knowledge sharing 

The ARV living lab activities have been focused on long-term collaboration and knowledge exchange. The 
activities in the Utrecht and Sonderborg demonstration sites are continuing existing programmes, while those 
of Oslo, Trento, Karvina and Palma are new programmes.However, long-term collaboration and knowledge 
exchange is hard to achieve if a living lab is project-based and unless there is a dedicated living lab 
facilitator. 

In ARV, we observe that activities already embedded in stakeholders’ established practices evolve quite 
differently from those introduced solely through the project. For example, Utrecht municipality had some 
headstart with working with the concept of social renovation and has collaborated with the housing 
associations prior to ARV. It also has the ambition to continue this work beyond the project period. 
Likewise, Sonderborg housing association has been working to deepen the trust with its tenants.  In contrast, 
other demonstrations – such as Oslo – set up short term Living Lab activities that were created primarily to 
meet ARV’s requirements. As a result, sustaining long term collaboration becomes challenging when 
enduring structures and organizational anchoring are not in place. We also observe that it is challenging to 
keep focus on the innovation outcomes once engagement activities take a life on its own.  

Initial learnings point to the importance of identifying and prioritising the target groups to reach out to and 
establishing a deep understanding of the social context. Regarding target groups, at times, this can be 
planned such as the elderly residents in Trento. For Palma, the urgency and oppurtunity to reach out the a 
vulnerable segment of the neighbourhood presented itself when a building was no longer safe enough for 
pedestrians in its vicinity. As for social context, in Karvina, the understanding that a sizeable segmnet of the 
population in this region of Czech Republic are strongly opposed to the Green Deal and related sustainability 
topics is indispensable when planning and putting together the engagement activities. 
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The stakeholders that could make a difference also have to be systematically mapped out. In the case of 
Sonderborg, the district heating supplier is an important actor to enable the ‘aftercooling concept’, working 
in conjunction with the housing association.  

The living lab facilitator is the instrumental actor for sustained interest and coordination of activities. A 
pragmatic approach to achieve a level of knowledge exchange commensurate with predefined goals makes 
the wheel metaphor appropriate for ARV living labs. 

5.2 Five phase methodology: S.M.I.L.E.   

Based on the insights from literature and the on-the-ground realities faced by ARV living labs, we propose a 
five-phase methodology to get community engagement activities up and running (whether new and as an 
extension of ongoing programmes). Community engagement is a difficult task, and some tools will be 
helpful to living lab facilitators and practitioners. 

The diversity of the ARV demonstrations and the planned activities across the living labs demanded a 
coherent and structured approach for the living lab facilitators, practitioners and the researchers. As shown in 
Figure 2, a systematic process orientation to living labs can use five phases to get community engagement 
activities off the ground– Scope, Map, Implement, Learn and Enhance – the S.M.I.L.E. methodology. The 
idea of the SMILE methodology was developed to offer all project participants of ARV a common 
framework recipe for planning the activities, implementing them and reflecting on the results. Building on 
the key dimensions of living labs described by Steen and Van Bueren (2017), the S.M.I.L.E. methodology 
aims to operationalize these dimensions by providing a more concrete, step by step roadmap for designing, 
conducting, and following up living lab processes.  

We outline each phase in more detail: 

 

Fig. 2: The 5 phases of the S.M.I.L.E. methodology to reap the benefits of living labs for collaboration and knowledge support 
activities 
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Scope: In the first phase, Scope identifies the target groups. This foregrounds the users (in their various 
roles) and the community and focus the attention on the needs of the target groups within the community. In 
this first step, a deep understanding of the citizens and community demographics is essential to regard the 
selected target groups as catalysts of innovation and that their inputs can lead to better informed and robust 
outcomes in various measures and solutions. In addition, only when the citizens and the community living in 
the area has been characterized, the question of who may be considered as the under-represented or 
vulnerable can then be posed. 

Map: In the second phase, Map tries to envision all the actors relevant for socio-technical innovation or 
solution in focus. This entails identifying and mapping out all the actors, their resources and goals. It should 
be noted that this is a dynamic picture that needs to be regularly reviewed. The Map phase then also involves 
formulating the goals of the living lab. Based on which actor drives the activities (living lab facilitator), the 
activities, structure, organization, and coordination can then be outlined. The living lab goals are also 
dependent on the main actor that drives the engagement activities. 

Map allows the possibility to look at the dynamic picture of relevant actors and the goals of the living lab, 
reviewing their congruence. Afterall, adopting the living labs approach requires thorough understanding of 
important actors' objectives and drivers, the alignment of operational processes, and establishment of open 
and collaborative culture (Schaffers and Turkama, 2012). 

Implement: In the Implement phase, citizen engagement activities (information-providing activities vs. co-
creation activities) are being planned, organised, and rolled out. Various citizen engagement methods and 
digital tools as well as communication channels may be deployed associated with the activities.  The 
important question to keep asking here is: Who are the target audience of the activity and which actors 
should be involved? How to gather their insights towards the innovation/solution? 

Learn: The Learn phase will be evaluate the engagement activities, the use of various methods and tools 
(considering the innovation outcomes) and derive lessons. 

Enhance: Building on the Learn phase, the Enhance phase will suggest enhancements on the effectiveness 
and efficiency of the engagement methods. The three important questions here are:  

·  How can the community engagement activities contribute to the awareness, undersrtanding and 
acceptance of social and technical solutions and measures related to sustainable transformation of 
urban communities?  

·  What are the opportunities (and pitfalls) in using the various citizen engagement tools for large scale 
renovations and energy transition?  

·  What can be done better in terms of community engagement, communication and education to 
increase the awareness and understanding and hence acceptance and maintenance of these solutions? 

5.3 Community engagement for sustainable neighbourhood transformations – distinct contribution, 
limitations and unintended outcomes 

Sustainable neighbourhood transformations are long-term initiatives. Working at this larger scale than the 
building level means involving multiple urban stakeholders such as landscape architects, the user 
community, making the task more complex and time-consuming. Map envisions all the actors relevant for 
the development of the socio-technical solutions and facilitates the possibility to review the congruence of 
their interests. Adopting the living lab approach requires thorough understanding of important actors' 
objectives and drivers, the alignment of operational processes, and establishment of open and collaborative 
culture. The S.M.I.L.E. methodology provides a pragmatic point of departure for a living lab facilitator 
responsible for engagement activities, whether new or an extension of ongoing programmes, towards 
development of innovations and solutions that support the decarbonisation of the urban built environment.  

The S.M.I.L.E. methodology tries to establish a living lab approach that firmly anchors engagement activities 
in the local environment, considering technical infrastructure, ecosystem approach, level of openness, 
community, lifespan, scale, and real-world context.  Sustainable neighbourhood transformations are local 
place-based initiatives that require ongoing formulation of challenges in its societal context. It tries to 
address concerns from researchers such as Roorda et al. (2014) that we should not bracket our research effort 
towards only focusing on the solutions and innovations while leaving out the context and underlying 
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systemic challenges and problems. The task of sustainable neighbourhood transformations is fraught with 
difficulty, and a practical tool like the SMILE methodology can be helpful to discourage working in silos but 
shape collaboration in a transdisciplinary fashion across topics, allowing for adaptability and reflection to 
find most effective ways of sharing knowledge, creating awareness and deepening the understanding of 
neighbourhood-scale interventions and developments. 

The distinct contribution of the S.M.I.L.E. methodology is its simple, coherent and structured approach to get 
all CPCC living labs going in the 6 demo sites. With identifying target groups and their needs coupled with 
mapping relevant stakeholders at its core, the S.M.I.L.E. methodology can be considered a vital and 
fundamental preparatory measure for sustainable neighbourhood transformations. It is particularly suited for 
laying the groundwork for developing CPCCs – places where communities thrive, with low-carbon and 
energy-efficient building technologies, human-scale architecture, nature-based solutions and green-blue 
infrastructure, and inclusive public spaces.  

However, a novel concept such as CPCCs is related to the notion that durable change has been achieved only 
when people’s hearts and minds, their values and cultural practices, and the quality of relationships they 
have, are transformed. Engagement activites have both intended and unintended outcomes, and the 
S.M.I.L.E. methodology can be futher finetuned to address the absence of desired outcomes as well as 
adverse effects. 

6 CONCLUDING REMARKS 

This paper has advanced a practical five-phase methodology in order to reap the benefits of a living lab 
approach towards community engagement, communication and education for urban regeneration. The 
S.M.I.L.E. methodology puts people in focus, foregrounding their specific needs, interaction, and wellbeing, 
channelling their experiences to take positive steps towards acceptance of innovations and solutions that can 
support the decarbonisation of the urban built environment.  

As living labs can be broadly interpreted as unique spaces where different types of innovators can interact 
and thus benefit from synergies, diversity and cross-pollination of ideas, a simple yet practical process-
oriented approach can be useful for getting community engagement activities off the ground (whether new or 
an extension of ongoing place-based programmes). Offering a means to cut through the clutter of projects 
and approaches carried out under the ‘living lab’ umbrella, the S.M.I.L.E. methodology is particularly suited 
for living labs focused towards multi-stakeholder collaboration and knowledge sharing, and for initiatives 
pursuing the neighbourhood scale in deep renovations. 

6.1 Research implications 

Depending on the living lab facilitator who drives the activities, living labs differ from one another in terms 
of goals, activities, structure, organization, and coordination. Deploying engagement methods and tools will 
have to take this into consideration. Living lab facilitators and researchers contemplating innovation-oriented 
living labs need to consider the intended inputs and outcomes and reframe their engagement activities 
accordingly when relying on the S.M.I.L.E. methodology. Varying ambition levels of community 
engagement should be set to allocate resources accordingly.  

6.2 Practical implications 

A high degree of citizen engagement is not always required to deliver change processes and implement 
sustainable solutions. The transformative potential of an urban built environment can also be realised with a 
low level of user involvement, commensurate with the ambitions set for a particular target group. It is more 
useful to focus on target groups and their needs, consider their embeddedness, draw out their experiences and 
competences, and allow these to be channelled to the socio/ technical innovations that support sustainable 
neighbourhood transformations. Along this vein of thinking, the S.M.I.L.E. methodology can easily be 
understood and applied by living lab facilitators and practitioners. As the literature points out, the "higher 
level of engagement, the better" does not always hold true. Instead, it is more important to consider the right 
form of engagement at the right time for efficient allocation of resources. 
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1 ABSTRACT 

Despite South Africa’s progressive policy and legislative frameworks aimed at transforming human 
settlements, the unique spatial, social, and economic dynamics of rural towns remain largely marginalised 
within mainstream planning discourses. As rural development gains prominence in national planning 
priorities, the question of whether existing policies and laws effectively support sustainable rural human 
settlements becomes critical. This paper contends that a disconnect exists between the legislative vision and 
the practical realities of rural settlement development. The study aims to systematically examine South 
Africa’s policy and legislative environment to identify gaps, inconsistencies, and biases that hinder 
sustainable rural development. The study employs the  PRISMA method, focusing on frameworks such as 
Breaking New Ground (BNG), the Integrated Urban Development Framework (IUDF), the Rural 
Development Framework, SPLUMA, and other sectoral policies and legislation. Findings indicate that most 
frameworks adopt an urban-centric approach, offering limited guidance for rural spatial forms, tenure 
arrangements, or informal settlement upgrading in small towns. Integrated planning is often cited but seldom 
achieved due to institutional fragmentation and inadequate coordination across governance levels. Moreover, 
rural development strategies lack enforceable rural-specific standards and actionable instruments. The paper 
proposes a multi-level governance framework anchored in spatial justice, legislative alignment, and capacity 
building at local levels. It calls for the localisation of planning tools, legal recognition of rural informality, 
and enhanced intergovernmental synergy to ensure that rural towns are not left behind in South Africa’s 
human settlements agenda. 

Keywords: South Africa, governance, human settlements, policy implementation, rural towns 

2 INTRODUCTION 

South Africa’s post-apartheid policy and legislative architecture have evolved with a stated commitment to 
address spatial inequality and to enhance sustainable human settlements. Since 2004, the Breaking New 
Ground (BNG) policy has served as the government’s comprehensive strategy for sustainable human 
settlement development, integrating subsidised, rental, and bonded housing with municipal engineering and 
mixed-use development principles. However, critiques argue that its implementation has been uneven, 
particularly in rural settings where small rural towns face entrenched socio-spatial disadvantages that typical 
urban-biased policies struggle to address effectively (South African Government, n.d.). Spatially, the Spatial 
Planning and Land Use Management Act (SPLUMA) 16 of 2013 provides a unified legislative framework 
for spatial planning and land use management across South Africa, aiming to redress past imbalances and 
promote social and economic inclusion through development principles such as spatial justice and 
sustainability. SPLUMA mandates wall-to-wall land use schemes and Spatial Development Frameworks 
(SDFs) at the municipal level, requiring integrated spatial planning that equally considers rural and urban 
localities (Republic of South Africa, 2013). At the same time, sectoral frameworks such as the Integrated 
Urban Development Framework (IUDF) stress spatial transformation and integration but are frequently 
interpreted through an urban lens, with limited tailored guidance for rural towns despite acknowledging 
rural-urban interdependencies (Department of Cooperative Governance and Traditional Affairs [CoGTA], 
2022). Despite these progressive frameworks, significant limitations persist in how rural settlement realities 
are incorporated into legislative and policy instruments. The limited guidance on rural spatial forms, tenure 
systems under customary authority, and informal settlement upgrading in small towns reflects broader 
institutional challenges. Weak intergovernmental coordination, capacity constraints at local levels, and the 
dominance of urban-centred planning paradigms often undermine meaningful rural integration within 
national settlement agendas (IUDF, 2020). This review, therefore, situates South Africa’s human settlements 
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legislative frameworks within their historical and institutional aspects, intending to identify limitations that 
impede the advancement of sustainable human settlements in small rural towns. 

3 SYSTEMATIC POLICY AND LEGISLATIVE ANALYSIS 

The literature on sustainable rural human settlements in South Africa reveals persistent deficiencies in 
implementation that destabilize efforts to achieve equitable rural development. A significant theme in this 
body of work is that historical legacies of segregation, land dispossession, and dualistic spatial planning 
continue to shape rural settlement dynamics, resulting in structural barriers that current policies struggle to 
overcome. Early analyses of rural development in South Africa highlighted how apartheid land-use regimes 
produced marginalised rural economies and settlement patterns, reinforcing poverty and limited access to 
basic services and opportunities across rural localities. These structural factors have been seen not merely as 
residual “backlogs” but as deeply embedded socio-economic attributes of rural spaces that require setting-
sensitive policy frameworks (Makgetla 2010). A growing body of scholarship stresses that government 
planning instruments tend to replicate urban-centric paradigms that are ill-suited to the complexities of rural 
areas. For example, traditional urban planning tools embedded in Integrated Development Plans (IDPs) and 
spatial frameworks often assume service delivery configurations appropriate to urban densities, leading to 
strained institutional and fiscal capacities when applied to dispersed rural populations. Linked to this is the 
argument that rural spatial forms are often ignored in dominant planning discourses, which prioritise 
densification and economic agglomeration as if rural settlements were scaled-down versions of urban centres 
(South African Local Government Association [SALGA], 2019). 

 

Figure 1: Review Approach 
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Several scholars also note the limitations of statutory planning instruments in navigating systemic constraints 
such as insecure land tenure and customary land governance. While SPLUMA provides a unified spatial 
planning framework, its normative principles and reliance on formal land-use schemes have been critiqued 
for insufficiently accounting for rural land tenure heterogeneity, including communal land under traditional 
authorities. This tension has significant implications for sustainable settlement outcomes in rural towns 
where customary land rights remain central to social and economic life.  In addition, recent research 
foregrounds the role of governance pluralism in shaping rural development trajectories. Studies advocating 
for frameworks such as the Rural Development and Governance Initiative (RDGI) argue that effective rural 
development requires mechanisms that bridge formal local government structures and traditional leadership 
systems, recognising that traditional authorities continue to wield considerable socio-political influence in 
rural areas. Such work also highlights capacity constraints and role ambiguities that currently limit the 
participation of traditional authorities in formal planning and governance processes (Sebola-Samanyanga, 
2025). The literature highlights the need to reconceptualise rural development research and practice. Recent 
reviews argue for interdisciplinary frameworks that engage with rural heterogeneity, spatial justice, and 
governance dynamics rather than perpetuating simplistic urban–rural dichotomies. Such frameworks aim to 
better capture setting-specific definitions of ‘rural’ and integrate place-based development approaches that 
align policy instruments with lived realities in small rural towns. Overall, these strands of literature 
collectively point to an enduring policy–practice deficit in South Africa’s rural settlement landscape, 
indicating the need for more adaptiveframeworks to advance sustainable human settlements in rural areas. 

4 METHODOLOGY IMPERATIVES 

This study employed a systematic qualitative review approach to investigate policy and legislative 
limitations influencing the development of sustainable human settlements in small rural towns in South 
Africa. The review was informed by the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) framework, ensuring transparency, methodological rigour, and replicability in the 
identification, selection, and analysis of sources. A comprehensive and structured search strategy was 
implemented across academic databases, government repositories, and policy archives to capture relevant 
national legislation, policy instruments, and peer-reviewed literature relating to human settlements, spatial 
planning, and rural development, as shown in Figure 1. The inclusion criteria focused on sources that 
explicitly engaged with human settlements, spatial planning, land governance, or rural development within 
the South African setting, while exclusion criteria filtered out materials that did not address rural or small-
town settlement dynamics. The selected documents were analysed using thematic content analysis, with 
attention given to policy objectives, underlying spatial assumptions, implementation mechanisms, and 
governance arrangements. Essential national frameworks, including Breaking New Ground, the Integrated 
Urban Development Framework, the Rural Development Framework, and the Spatial Planning and Land Use 
Management Act (SPLUMA), were examined comparatively to evaluate their coherence, alignment, and 
applicability to rural settings. This methodological approach was well-suited to interrogating a complex and 
fragmented policy landscape and enabled the synthesis of insights that underpin a practical, policy-oriented 
framework for advancing sustainable human settlement development in small rural towns. 

 

Figure 2: Publication Trend 
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5 ANALYSIS AND DISCUSSION 

This section presents the results of the bibliometric analysis, highlighting publication trends, dominant 
themes, and patterns of collaboration related to sustainable human settlements. The analysis provides insight 
into the conceptual focus and knowledge limitations within the literature, particularly in relation to rural and 
small-town settuings. 

Figure 2 demonstrates a marked and accelerating increase in scholarly output on sustainable human 
settlements from 2016–2026, with particularly strong growth after 2020. This rise coincides with renewed 
global and national attention to sustainability, spatial justice, and post-COVID development challenges, 
especially in the Global South (UN-Habitat, 2020). However, while the quantity of publications has 
increased, the findings of this review suggest that rural towns remain conceptually peripheral within much of 
this literature. Many studies framed under “sustainable development” or “human settlements” continue to 
privilege metropolitan, peri-urban, or informal urban settlements, often treating rural towns as transitional or 
residual spaces rather than as distinct settlement systems. This pattern mirrors South Africa’s policy 
trajectory. Despite progressive post-apartheid reforms, such as Breaking New Ground (BNG) and the 
Integrated Urban Development Framework (IUDF), policy attention remains largely urban-centric, with rural 
towns frequently subsumed under broader rural development narratives or secondary cities, rather than 
addressed through tailored settlement frameworks. 

 

Figure 3: Keywords 

Figure 3 provides a keyword co-occurrence network, offering important insights into the dominant thematic 
orientations shaping scholarly debates. The highly central keywords such as urban development, informal 
settlement(s), housing, and sustainable development suggest that the literature is primarily anchored in urban 
theory and practice, even when rural areas are nominally included. Informal settlements emerge as a critical 
concern, yet they are most often discussed within metropolitan upgrading paradigms, drawing on urban 
policy tools that are ill-suited to rural spatial forms. This aligns with the study’s finding that informality in 
rural towns is poorly recognised in law and policy. Evidence from South African perspectives further 
indicates that effective settlement upgrading depends on legislative flexibility, strong community 
participation, and secure tenure arrangements, rather than solely on formal housing delivery models 
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(Mndzebele & Gumbo, 2023). Instruments such as SPLUMA (Republic of South Africa, 2013) provide 
procedural guidance for land-use management but fail to adequately address customary tenure, hybrid land-
administration systems, or dispersed settlement patterns common in rural towns. 

Keywords such as rural development, small town, livelihood, rural population, and rural transformation 
appear less central and more weakly connected within the network. This reflects a broader tendency in both 
scholarship and policy to treat rural towns as support spaces for urban economies, rather than as sites of 
autonomous development with distinct governance, infrastructure, and tenure challenges. Notably, planning 
practice appears weakly linked, suggesting a persistent deficit between policy rhetoric and implementation 
capacity. While integrated planning is repeatedly stressed in frameworks such as the National Development 
Plan (NDP) and IUDF, empirical studies show that rural municipalities often lack the institutional capacity, 
financial resources, and technical expertise to operationalise these ambitions. 

 

Figure 4: Countries 

Figure 4 reveals the country co-authorship network in which South Africa occupies a dominant central 
position, strongly connected to the United Kingdom, the United States, Germany, and Sweden. This reflects 
South Africa’s role as both a policy laboratory and a focal point for Global South urban and settlement 
research. While international collaboration has enriched the theoretical depth of South African planning 
scholarship, the findings suggest a continued reliance on Global North planning paradigms, particularly those 
rooted in urban sustainability, compact city models, and formalised land markets. This has important 
implications for rural towns. Planning approaches imported from urban or international contexts often fail to 
accommodate: 

·  communal and customary land tenure systems; 

·  seasonal and livelihood-based settlement patterns; 

·  incremental and self-built housing processes outside formal subsidy regimes. 

As a result, rural towns remain legally and institutionally misaligned with the planning tools intended to 
guide their development.  

6 TOWARDS THE INSTITUTIONAL FRAMEWORK FOR SUSTAINABLE  RURAL 
SETTLEMENT DEVELOPMENT (IFSRSD) 

This section converts the study’s analytical findings into practical policy and planning recommendations 
intended to enhance sustainable human settlement development in small rural towns. The recommendations 
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are presented as an applied framework designed to promote legislative coherence, improve institutional 
coordination, and enable implementation across different levels of governance. 

 

Table 1: Institutional Framework for Sustainable Rural Settlement Development (IFSRSD) 
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1 ABSTRACT 

A major challenge in promoting sustainable mobility behavior in rural areas is the spatial structure. Mapping 
and modelling the causal interactions between land-use, mobility behavior, and local accessibility is 
associated with considerable methodolgical complexity. Accessibility analyses have to be linked with 
tangible applications in order to generate real added value for land-use planning. In the project move.mORe, 
an approach was developed, building on current research and practical findings, to use accessibility analyses 
effectively in advising rural municipalities on land-use planning..  

Empirical evidence shows that structural parameters such as residential density, mixed land use, accessibility 
to public transport, and proximity to essential services strongly influence travel behavior. Areas with higher 
density, diverse land use, and efficient public transport connections exhibit lower car ownership rates and 
higher shares of walking, cycling, and public transport use. Longitudinal and quasi-experimental studies 
indicate that changes in the built environment can causally affect mobility behavior, although the extent of 
these effects is moderated by self-selection processes, whereby individuals choose residential locations 
aligned with their pre-existing mobility preferences. This poses challenges for researchers and planners 
seeking to disentangle causality from selection effects. 

To address these challenges, the project move.mORe developed a multimethodological toolbox designed to 
support rural municipalities in evaluating and promoting sustainable mobility within the land-use planning 
process. The aim of the toolbox is to provide a scientifically grounded impact assessment. This enables 
municipalities to identify potential traffic-related effects of residential developments already in the early 
stages of the planning process and to develop evidence-based strategies to support the sustainable mobility of 
residents. On this basis, site-specific solutions can be developed to promote sustainable mobility. Policy 
interventions can support sustainable mobility through “pull measures” that enhance the attractiveness of 
environmentally friendly transport modes, as well as “push measures” that limit car dependency, such as 
parking management or restricted vehicle access. 

The toolbox employs two primary indicators to evaluate the sustainability of the mobility in planned 
residential developments: traffic-related greenhouse gas emissions and the provided accessibility for 
residents. Greenhouse gas emissions quantify the ecological impact of transport demand generated by the 
development area, representing the environmental boundary of sustainability. Accessibility measures the 
ability of residents to reach essential destinations such as supermarkets, schools, healthcare providers, and 
public transport nodes within a defined travel time, reflecting the social needs dimension of sustainable 
mobility. Accessibility analyses within the regions and municipalities of the project area are conducted using 
weighted destination categories and isochrones based on the concept of “15-minute city” and transferring its 
ideas and applications to a “15-minute rural region”. The project’s core structure allows the analysis of these 
cities these “smaller” cities and municipalities in rural regions and explore different use-cases for 
accessibility analyses.  

Keywords: toolbox, accessibility, sustainable mobility, rural areas, land-use planning 

2 BUILT ENVIRONMENT AND MOBILITY BEHAVIOUR – THE INTE RACTION BETWEEN 
CAUSALITY AND SELF-SELECTION 

The development of mobility and built environment in rural areas can be described as a “vicious circle”. 
Since the mid-20th century, the increasing prevalence of the automobile and the expansion of car-oriented 
infrastructure have promoted an increasingly sprawling settlement structure. This leads to longer daily 
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journeys and increased traffic volumes. In order to cover longer trip distances, many people rely on fast 
modes of transport, especially private cars, which reinforces car dependency. Increased travel speeds reduce 
sensitivity to distances, leading to the acceptance of longer journeys and inducing additional car-oriented 
traffic flows. This in turn encourages people to choose more distant residential locations and exacerbates 
urban sprawl. In such structures, residents are heavily dependent on motorised individual transport and 
generate comparatively high greenhouse gas emissions (Holz-Rau and Scheiner 2019; Jarass 2018). This 
process has not only ecological but also social implications: public services are often only accessible by car, 
which places a financial burden particulary on low-income households  and limits the social participation of 
people without access to a private car. 

It is widely accepted in the literature that the settlement structure plays a significant role in shaping mobility 
behaviour of the residents and hence changes in the spatial structure can lead to changes in mobility 
behaviour and promote sustainable mobility (Planersocietät 2012; Holz-Rau and Scheiner 2019).Many 
authors assume that the mobility behaviour of residents differs depending on various built environment 
characteristics. Above all, constraints such as residential location, mixed land use, degree of integration into 
the existing road network, accessibility of daily trip destinations and developments in locations with good 
public transport connections can influence the mobility behaviour of residents. This is reflected in lower 
motorisation rates and a high proportion of enviromentally-friendly transport modes  in settlement locations 
with good public transport infrastructure, sharing services and accessibility to daily destinations (see also 
Beckmann 2020). However, it should not be overlooked that individual parameters such as socio-
demographic factors, lifestyles and mobility styles, as well as other structural parameters such as the 
transport system, also play an important role in shaping mobility behaviour and must therefore not be 
ignored (Beckmann 2020; Holz-Rau and Scheiner 2019; Jarass 2018). 

A study by Christiansen et al. (2017) from Norway, which focuses on commuting, shows that parking 
availability at work and at home has a significant influence on the choice of transport. The longer the 
walking distance to parking at home, or if there is no fixed parking space at the workplace the less likely 
commuters choose the car as their mode of transport. This effect is even more pronounced when there are no 
parking facilities at the workplace. A combination of limited supply and additional parking fees proves to be 
particularly effective. 

Næss (2011) examined the modal split of commutes in inner-city development projects (“new urbanism 
development”) compared to conventional suburbs in Denver, USA. The results show that, in addition to non-
spatial parameters such as transit pass ownership and socio-demographic factors, the availability of free 
parking at the destination is also correlated with the choice of transport mode. 

Schwarze et al. (2025) demonstrate in their empirical study in Germany that walking distance to everyday 
trip destinations significantly increases the proportion of walking, cycling and public transport use, while 
reducing car use and the household motorisation levels. Multiple motorisation of households is also less 
common in residential areas which offer good local accessibility. Interestingly, households in such locations 
travel more frequently, but their journeys are shorter on average. 

The longitudinal study by Bauer et al. (2005) examines the mobility behaviour of households before and 
after moving within the region of Dresden and shows that moving from the city centre to the surrounding 
area is often associated with an increase in motorisation level. This study also emphasises the role of car 
orientation in residential location preferences, so that moving from the city centre to a more peripheral 
location both requires and promotes car orientation. 

Another study by Bauer et al. (2022) examines the influence of mobility concepts in car-reduced new 
neighbourhoods of Germany on the mobility behaviour of residents. The results show a decline in the degree 
of motorisation after moving, with less use of private cars in favour of public transport. In addition, the use 
of car sharing has increased after moving to new neighbourhoods. 

A central question in the discussion on the interaction between settlement structure and mobility behaviour 
concerns, whether observed correlations are causal or whether they result primarily from processes of self-
selection. This means that people consciously choose places to live that correspond to their existing mobility 
behaviour or mobility preferences (Scheiner and Holz-Rau 2007; Bruns 2014; Van de Coevering et al. 2018). 
Several studies therefore question the thesis that built environment characteristics alone shape mobility 
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behaviour. Bagley and Mokhtarian (2002), for example, emphasise that the influence of built environment 
characteristics is often overestimated in comparison to socio-demographic variables and lifestyles. 

Various methodological approaches have been developed to address the question of causality. Vance and 
Hedel (2007), for example, analyse variables that correlate with the urban form but are not directly correlated 
with mobility decisions.  

Studies that use longitudinal approach to examine households before and after a move have been able to 
demonstrate a causal influence of settlement structure changes on mobility behaviour in some cases. A 
particularly illustrative example is provided by the study by Cao et al. (2019) from Norway, which uses a 
hybrid method combining a quasi-longitudinal approach and qualitative analysis in the form of interviews. 
One interviewee reported that after moving from a location close to the city centre to a peripheral location, 
she purchased a car, even though she had had no intention of buying a car before the move. The reason for 
this decision was that everyday trips were no longer feasible by public transport. This qualitative observation 
supports the assumption that the change in mobility behaviour was a consequence of the residential location 
and the built environment characteristics at the new place of residence and not an expression of pre-existing 
mobility preferences in the sense of self-selection when choosing a place to live. 

Robert Cervero (2017) argues that sustainable mobility depends less on increasing the speed of travel and 
more on improving accessibility and the ability for people to reach jobs, services, and daily needs efficiently. 
This shift places land-use planning at the core of transportation policy. Rather than expanding road networks 
to ease congestion, Cervero advocates for compact, mixed-use, and transit-oriented development patterns 
that reduce travel distances and automobile dependence. By aligning urban form with high-quality public 
transit, walkability, and cycling infrastructure, cities can lower greenhouse gas emissions, improve public 
health, and advance social equity. Sustainable mobility is achieved not simply through cleaner vehicles, but 
through reshaping urban development to prioritize proximity, accessibility, and people-centered design. 

3 LAND-USE PLANNING AS A LEVER FOR SUSTAINABLE MOBILI TY IN RURAL AREAS 

Despite the ongoing discussion on causality and self-selection there is a broad consensus that both transport 
mode choice and travel distances vary depending on the built environment characteristics and the spatial 
context (Jarass 2018; Scheiner 2009). Integrated land-use and transport planning is therefore an important 
planning approach, particularly with regard to ensuring that everyday destinations can be reached without a 
private car and creating a healthy and liveable environment (Holz-Rau and Scheiner 2019). Transport 
planning based on the principles of integrated land-use development forms the basis for promoting 
sustainable mobility behaviour. Only where suitable built environment structures and appropriate 
infrastructure conditions are in place do residents actually have the opportunity to adapt their mobility 
behaviour in favour of environmentally friendly modes of transport. 

At the same time, implementing appropriate measures, such as increasing density and mixed land use, 
improving access to public transport stops or redesigning public spaces, often involves considerable time and 
financial expenditure once a settlement is developed. This makes it all the more important to consider these 
aspects at an early stage when planning new settlements. Nevertheless, existing areas also offer certain scope 
for action. The expansion of infrastructure for eco-friendly transport (e.g. through bicycle and pedestrian 
infrastructure, better public transport connections) and supplementary measures such as mobility hubs or 
parking management can provide behavioural incentives. 

The spatial planning system in Germany shapes the built environment through a two-stage system of local 
spatial development planning comprising preparatory land-use plan (Flächennutzungsplan) and binding land-
use plan (Bebauungsplan). Preparatory land-use plans define the intended types of land use for the entire 
municipal territory in accordance with proposed urban development strategies, aiming to address the 
anticipated needs of the municipality over often a ten- to fifteen-year period. These plans provide the 
overarching framework and serve as the foundation for binding land-use plans. Binding land-use plans 
constitute the principal instrument for implementing local government planning. They are developed based 
on the preparatory plans and contain legally binding provisions that guide and regulate urban development 
patterns, including the use of land for development and other purposes. 

Both types of plans regulate a wide range of measeres that influence the mobility behaviour trough the built 
environment. For example, the preparatory land use plans affect future traffic volumes, in particular by 
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specifying development sites and their integration into existing infrastructure. A compact, short-distance-
oriented settlement structure and the concentration of new developments along high-capacity public transport 
corridors can significantly enhance the attractiveness of sustainable modes of transport (SRL-FMV Working 
Group 2020). 

Binding land-use plans adapt these objectives to local conditions and have a direct impact on accessibility 
and mobility behaviour through regulations on density, mixed land use and the design of public spaces. 
Requirements for transport facilities such as cycling and pedestrian infrastructures, bicycle parking facilities 
or car-parking regulations create the structural conditions for sustainable everyday mobility (SRL-FMV 
Working Group 2020). Once settlement structures have been established, they play a formative role in the 
mobility behaviour of residents for many years. Land-use planning therefore offers a fundamental 
opportunity to shape mobility behaviour in the long term and create the basis for sustainable mobility. 

Mobility impact assessments for spatial development plans have become increasingly common in recent 
years, they are often limited to estimating car traffic volumes for the purpose of designing transport 
infrastructure. Assessing whether an urban development plan promotes or enables sustainable mobility 
behaviour in the long term is rarely the focus of consideration. The move.mORe project is an IHS-funded 
transfer project of the Karlsruhe university of applied science and Offenburg university of applied science. 
(IHS – Innovative Hochschule is a federal-state initiative designed to promote research-based ideas, 
knowledge and technology transfer).The work package “Region of Short Distances” focuses on the 
development of a practical toolbox that can be used to assess the extent to which specific measures at the 
urban land-use planning level will contribute to the development of sustainable mobility in the future. The 
toolbox builds on existing methodological approaches, which have been systematically combined as a multi-
method approach in the project context, further developed and adapted to the specific conditions of rural 
areas. The adaptation to rural conditions includes the use of data from rural sites as well as the design of the 
toolbox for application in small not specialized adiminstrations. The aim of the toolbox is to provide a 
scientifically based impact assessment to support municipalities in rural areas in promoting sustainable 
mobility. This enables local authorities to identify the potential transport impacts of planned residential 
developments at an early stage of urban land-use planning and, if necessary, to take countermeasures at an 
early stage. On this basis, area-specific measures can be derived that promote sustainable development. 

4 EXISTING APPROACHES FOR ASSESSING THE IMPACTS OF RESIDENTIAL 
DEVELOPMENTS ON SUSTAINABLE MOBILITY 

A review of existing approaches to assessing the traffic impacts of residential developments is provided, 
which served as the basis for the development of the toolbox's multi-method approach. These approaches 
either enable an overall assessment of the plans in terms of their sustainability or focus on individual 
planning measures and estimate their specific traffic impacts. 

4.1 Qualitative checklist: Options for establishing measures for greater climate protection in transport 
within the framework of binding land-use plan procedures  

The Climate Mobility Competence Network (KKM)  supports local authorities in promoting climate-friendly 
transport planning in state of Baden-Württemberg, Germany. It offers local authorities “guidance and advice 
on possible courses of action, contact persons and funding opportunities” (https://www.klimaschutz-
bewegt.de/anlaufstelle/). 

One of the KKM's tools is a checklist for the qualitative assessment of climate protection in transport within 
the framework of binding land-use plan procedures. The aim of this checklist is to support local authorities in 
avoiding traffic, expanding sustainable transport and strengthening climate-neutral modes of transport. 

The checklist takes into account transport-related aspects that can be specified in a binding land-use plan. 
These include, for example, the location and density of development, the network of bicycle and pedestrian 
paths, public transport services, mobility hubs and parking management. In addition, supplementary 
measures that can positively influence mobility behaviour in terms of climate protection are also considered. 
These can be agreed upon in urban development contracts, e.g. car-sharing services, parking management or 
mobility consulting services. 
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The checklist can be applied to development area and analysed using a qualitative evaluation system. This 
makes it possible to assess the extent to which the planned measures of a development area contribute to 
climate protection. The great advantage of this tool is its user-friendliness, which allows local authorities to 
easily obtain a comprehensive overview of possible specifications for promoting climate-friendly mobility. 

4.2 Method for estimating the car ownership in neighbourhoods 

The study “Parking space allocation and mobility concepts in residential development” by the Technical 
University of Hamburg, funded by the “Lebendige Stadt” foundation, uses a statistical method to estimate 
car ownership in residential areas and determine the necessary parking space requirements (Tahedl 2021). 
The investigations are based on approximately 900 neighbourhoods in the two major cities of Hamburg and 
Osnabrück in Germany and focus on the question of which spatial and socio-structural parameters influence 
car ownership. A small-scale neighbourhood-level analysis is applied. 

The identified factors influencing car ownership at the neighbourhood level include: Population density and 
proportion of residential use in the area, walking distance to local amenities, level of mixed land use, 
walking distance to bus stops and their service frequency, walking distance to S-Bahn stations and their 
service frequency, public transport travel time to the city centre, household size or apartment size and 
houshold income. 

Based on the assumption that the availability of parking spaces can influence mobility behaviour and, in 
particular, car use by residents, the underlying approach emphasises the importance of carefully determining 
the number of parking spaces required in the context of urban land-use planning. The aim is to contribute to 
the promotion of sustainable mobility behaviour through conscious control of parking space availability. In 
this context, it is emphasised that the decision on the number of parking spaces to be actually realised must 
always be made in the context of the conflicting interests of space availability, costs, requirements for public 
space and the goals of the mobility transition. The estimation of car ownership serves as a methodological 
basis. According to Tahedl (2021) it must be determined on a case-by-case basis how many of the forecasted 
vehicles should be allocated parking spaces and to what extent alternative mobility options can be considered 
as compensation. 

Since the underlying factors are based on empirical data from large cities, the method is suitable for use in 
metropolitan areas as well as medium-sized and small cities (Tahedl 2021). For application in rural, small-
sized municipalities, however, context-specific adjustments of the parameters are necessary. 

4.3 Elasticity models for mode choice 

Transport mode choice models based on elasticities analyse how much the demand for a particular mode of 
transport changes when travel time or travel costs change as a result of supply adjustments. They therefore 
enable an assessment of the extent to which measures that influence travel time or travel costs can change the 
probability of choosing a particular mode of transport. Examples of such models are the elasticity model for 
transport mode choice for regional routes in Switzerland developed by ETH Zurich (Vrtic and Axhausen  
2000) and the standardised evaluation framework for transport infrastructure investments in local public 
transport, which is developed based on the empircial data in Germany (Intraplan 2016). 

A disadvantage of these statistical models is that they can only take into account measures that can be 
quantified in terms of changes in time or cost. In addition, spatial conditions and socio-demographic 
characteristics have a considerable influence on elasticity. As a result, the elasticity values determined vary 
considerably between different studies. As Vrtic and Axhausen (2000) emphasise, the transfer of such model 
parameters only makes sense under clearly defined conditions and for comparable supply and demand 
conditions. 

4.4 Estimating traffic volumes for modes of transport in development areas with Ver_Bau  

The German tool for estimating traffic volume through urban land-use planning projects (Ver_Bau) serves to 
estimate the traffic impact of planned development projects within the framework of urban land-use 
planning. The tool enables a forecast of future traffic volume based on empirical values and data. It takes 
into account different types of areas such as residential, mixed land use, commercial and special areas, as 
well as large-scale retail facilities.(Bosserhoff and Vogt 2007). 



A Toolbox to Analyse Sustainable Mobility in Land-Use Planning Processes: Methodological Challenges and Approaches for 
Residential Developments in Rural Areas 

98 
 

   

 
 
 

REAL CORP 2026:  
EVERYBODY PLANS … SOMETIMES  

 

The tool consists of two parts. In the first part, the structural variables and demand groups of the planned 
project are estimated on the basis of typical land use parameters (e.g. population density). Based on this, the 
expected traffic volume in the area is determined in a second step. Based on these values, other traffic-related 
indicators such as modal split, travel frequency, domestic traffic shares, car occupancy rates and hourly 
shares in car traffic can be estimated (Bosserhoff and Vogt 2007). 

While the tool can reliably predict the number of trips within an area, it has shortcomings in its assessment of 
the mode share and can only provide rough estimates. In order to account for the existing uncertainty in 
traffic generation forecasts, the results are given as ranges. A major advantage of the tool is the 
comparatively low time required, as the calculations are based on established parameters. Another limitation 
of the tool is the relatively rough estimate of traffic volume, as location-specific influencing factors are only 
taken into account to a limited extent. In particular, traffic-influencing factors such as the the mobility 
concept of the development area, measures to promote environmentally-friendly transport or connections to 
public transport are not taken into account. 

4.5 Transfer of experience from case studies 

As the above approaches are often based on studies in urban areas, their transferability to rural contexts is 
limited. In addition, many statistical approaches have difficulties in reflecting the complexity of real 
conditions in rural areas. Comparing the study area with relevant case studies can provide additional insights 
into the actual effects of planned measures. 

However, analysing case studies presents several challenges. For example it is often difficult to identify 
comparable areas with similar conditions. This is particularly true in the case of new or innovative measures 
that have so far only been implemented in a few cases, especially in rural communities. In addition, the 
quantitative transferability of the observed effects is problematic, as they are highly context-dependent. 
Another methodological disadvantage is that, in real-world planning processes, individual measures are 
rarely implemented in isolation. Instead, bundles of measures are usually implemented, the effects of which 
influence and overlap with each other. It is therefore difficult to attribute the effects of individual measures 
within such a package to a specific cause. For these reasons, the uncertainty of assessments based on case 
studies is high. 

5 TOOLBOX FOR LAND-USE PLANNING AND SUSTAINABLE MOBIL ITY 

Despite the diverse approaches presented above, there are limitations to the evaluation of transport measures 
in spatial development processes. These weaknesses are particularly evident in the analysis of mobility in 
rural areas. Most existing approaches are primarily geared towards urban contexts and can only be applied to 
rural structures to a limited extent. In addition, they often focus on regional and community scales, while 
small-scale effects, for example at the neighbourhood level, have hardly been investigated to date. The 
developed toolbox addresses the limitations of previous assessment approaches. It aims to minimise the 
uncertainties existing in previous approaches while at the same time making targeted use of their potential. 
The toolbox integrates tried and tested elements from the existing approaches. So the multi-method structure 
of the Klima Mobil competence network checklist is used to structure the scope of the study, while the 
Ver_Bau tool is used as the data basis. Other approaches are used to assess the transport impacts of specific 
measures. The toolbox uses data from a comprehensive literature review on the transport impacts of urban 
land-use planning. In addition, data on mobility in rural areas from Mobility in Germany (nationwide survey 
of mobility behaviour: https://www.mobilitaet-in-deutschland.de ) is used as a reference value. 

5.1 Understanding and indicators Sustainable mobility 

In order to assess the contribution of land-use planning to sustainable mobility, two indicators are used: 
accessibility and traffic-related greenhouse gas emissions. These indicators are based on the understanding of 
sustainability (Ott and Döring 2011) and the definition of sustainable mobility: enabling society to satisfy 
basic mobility needs while ensuring safety, health, the functioning of ecosystems and justice within and 
between generations (Gerlach et al. 2015; Eckart et al. 2020). In this context, “transport-related greenhouse 
gas emissions” (GHG emissions) represent the ecological upper limit of sustainable mobility (other possible 
ecological issues include air pollutants, noise, ecosystem protection, water and resource consumption), while 
the indicator “accessibility” marks the minimum social limit (other social issues include road safety, asset 
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maintenance and fairness), thus reflecting the basic need for mobility. The scope for planning sustainable 
mobility is within these two limits. The following section describes the structure of the toolbox with its two 
strands: determining transport-related GHG emissions and the accessibility of the development area (see 
Figure 1). 

5.2 Input values for the assessment 

The toolbox is based on a list of measures that influence traffic and can be influenced within the framework 
of German land-use planning. The toolbox is primarily based on the provisions of the German Building Code 
and the checklist of the Klima Mobil competence network. The measures considered were verified by an 
internal expert panel. The measures taken into account include: walking time to the car-parking space at 
home, walking travel time to the bus station from home, mixed land use, density, distance to the city center 
and to local amenities e.g.  

The toolbox takes into account area-specific inputs, such as the planned number of residential units, the 
population of the municipality or the spatial typology according to the seven categories of RegioStaR 
(regional statistical spatial typology of the German federal ministery of transport for mobility and transport 
research). The input values required for the calculations are based either on data from the national survey 
Mobility in Germany (https://www.mobilitaet-in-deutschland.de), on the Ver_Bau tool or on user-defined 
specifications.  

 

Figure 1: Flow chart of the toolbox 

5.3 Determining the choice of transport mode  

The modal split is a key factor in assessing the impact of planning on sustainability, as it has a significant 
influence on transport-related greenhouse gas emissions. Due to the inherent uncertainties of such 
assessments, the results are presented as ranges. The lower end of the range reflects the more conservative 
estimates, while the upper end represents the more optimistic effects. The impact of measures in the spatial 
development plan on the modal split is estimated on the basis of up to three different methodological 
approaches: car ownership models, time elasticity models or empirically based case studies. The approaches 
selected are those that are technically suitable for assessing the measure under consideration.  

Within the framework of land-use planning, decisions about walking time to the car-parking space at home 
and walking travel time to the bus station from home are made. Measures such as the location of public 
transport stops, the location of parking spaces, the mixed land use and accessibility of everyday amenities 
have a significant influence on mobility behaviour, including the choice of transport mode. The time 
elasticity model is used to assess these consequences on the modal split. Region-specific boundary 
conditions that influence elasticity are taken into account when selecting elasticity values. 
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For measures that influence car ownership, the approach used to estimate the number of cars in 
neighbourhoods is applied. To ensure a more accurate representation of rural communities, the model was 
adjusted based on available published data. Due to limited data availability, additional surveys are planned. 

The case study approach draws on a pool of empirical examples from the literature research and previous 
surveys. Suitable case studies are selected based on the measures and context. A forecast for the respective 
study area is created based on the relative change in the modal split in the selected case study. To calibrate 
the estimated modal split values, these are compared with empirical data from the project and from previous 
research in order to refine them and make the forecasts more realistic. 

5.4 Greenhouse gas emissions 

Based on the estimated range of the modal split, the number and length of trips for each mode of transport 
and mode-specific emission factors, the greenhouse gas emissions caused by traffic in the development area 
are calculated on an annual basis. A distinction is made between the emission factors for conventional and 
electric cars. The result is presented as an indicator of sustainable mobility in terms of the GHG emissions 
generated by the development area. In order to reflect the uncertainties of such a forecast, the results are 
presented as a range, with the lower end of the range representing the more conservative values (which will 
be achieved with a higher certainty), while the upper end represents the possible effects. In addition, 
qualitative information are provided on the conditions under which the upper or lower end of the range can 
be expected. It should be noted that the influence of residential self-selection is not taken into account in the 
toolbox assessments. This methodological limitation can lead to an overestimation of causal relationships 
between built environemnt and mobility behaviour. Accordingly, a reflective interpretation of the results in 
the planning context is required. 

 

Figure 2: Calculated GHG emissions for a case study 

5.5 Accessibility analysis 

In parallel the accessibility in the vicinity of the development area is analysed. This is based on the concept 
of travel time budget indicators for accessibility, which describes how many activities can be reached by a 
means of transport within a certain travel time (Schwarze 2005). A comprehensive list, containing 24 
different everyday activities, is used as a guideline for measuring accessibility (Schwarze 2025). These 
activities are categorized into four major dimensions: supply, healthcare, education and leisure. These 
dimensions split into detailed categories like level of schools, different services and types of markets. The 
toolbox focuses on six categories of everyday activities: supermarket/discount store, daycare centre, primary 
school, family doctor, pharmacy and local public transport stop. Accessibility of workplaces is not yet part of 
our categories. The analysis is carried out using a tool developed by the project team based on data from 
OpenStreetMap and  isochrone and travel-time APIs. It determines the number of accessible facilities in each 
category within a 15-minute walk or bicycle-drive. So the focus are walking, driving by bicycle and in the 
future also public transport. As results two different indeces are calculated. The first index aims to provide a 
interpretation of the availability of local everyday destinations. We call it the 15-minute-index. The 15-
minute-index describes how many of the twentyfour categories are accessible in 15 minutes by a 
predetermined mode which makes the most sense for the given category. Respecting the different weights (as 
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in: schools and supermarkets are heavier weighted than ATMs or repair shops)  a percentage between 0 and 
100 is the result of the calculation, with 100 meaning every category is reachable within 15 minutes. This 
index can then be compared with similar regions or residential developments. A second, much more 
descriptive index, called X-minute-index, describes the accessibility of an area based on the average travel 
time to destinations of the categories. To calculate this index, the travel time to the next destination and the 
the weight associated with that category are used. The result is an index that illustrates the average travel 
time in the context of the categories, meaning for example in a 7-minute-city, the average travel time to the 
important (highly weighted) categories is relatively short. It does not mean the average travel time to every 
category is 7 minutes, however the lower the value, the closer the important categories are. This index differs 
vastly dependent on area, population and destinations. Also different weights can alter the indeces. We plan 
to iterate on weights and categories depending on use cases.  

Finally, the local accessibility values are compared with those of municipalities with comparable spatial 
typologies in Baden-Württemberg and througho ut Germany. This is based on data from INKAR (indicators 
and maps for spatial and urban development) from the Federal Institute for Research on Building, Urban 
Affairs and Spatial Development (BBSR). Due to a lack of data in INKAR, daycare centres and family 
doctors are not included in these comparisons. An expansion of the accessibility analysis is planned. Based 
on first results with participating cities and urban planners, the details and weightings of certain categories 
and destinations will be made variable, to offer a more individual approach depending on the planned 
development.  

 

Figure 3: Flow chart of accessibility analysis 

5.6 Integrated assessment of sustainable mobility 

For the purpose of advising local authorities and decision-makers, transport-related GHG emissions are 
presented as an indicator of the ecological limits of sustainability and accessibility as an indicator of the 
social limits of sustainability. The tool is delibarately limited on two indicators in order to facilitate the 
communication to decision makers and public. By comparing the two indicators for the development area, 
the contribution of various transport measures to sustainable mobility in rural areas is illustrated. In addition, 
the contribution of the measures taken in the development area to achieving German Climate Action 
Programme 2030 (reduction of 55% of greenhouse gases by 2030) is shown.  

5.7 Application and need for further development 

The current version of the toolbox is being tested as a tool for policy counceling in two pilot municipalities 
in order to check its functionality in real-life situations and to further develop the methodology on the basis 
of practical experience. As the testing is still in process, the results are pending. The current version only 
allows single measures to be evaluated. An extension for evaluating packages of measures in the form of a 
combination of qualitative and quantitative assessments is currently under development.  

The methodology developed in the project has a high potential to be transferred to other countries, 
particularly where comparable planning frameworks and objectives exist in the field of sustainable 
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residential and transport development. Since the core principles of integrated planning such as promoting 
short distances, mixed land use, and multimodal accessibility are universally relevant for sustainable 
transport, the toolbox can serve as a conceptual approach in international contexts as well. However, the 
transfer requires adaptation to country-specific institutional structures (especially regarding approaches for 
estimating car ownership and the Ver_Bau tool), legal planning instruments, and available data sources (such 
as the Mobility in Germany dataset). Differences in spatial structure or public transport organization 
significantly influence the mechanisms through which planned measures have an effect. Therefore, 
contextualizing the indicators and evaluation criteria is necessary to provide valid assessments of transport-
related impacts. Overall the methodology offers a transferable framework that, through appropriate 
localization of parameters, can provide a basis for sustainable land use and transport planning beyond 
Germany. 

6 CONCLUSION 

Due to the interactions between built environment and mobility behaviour, land-use planning influences 
framework conditions for sustainable mobility. The toolbox developed in the move.mORe project offers a 
practice-oriented, scientifically approach that supports local authorities in the early assessment of the 
transport impacts of settlement developments. 

The toolbox can help to prioritise measures in urban land-use planning in a targeted manner and make their 
contribution to sustainable mobility transparent. This strengthens the capacity to act of small and medium-
sized municipalities in rural areas, which often have limited technical resources.  

Applying ideas from the “15-minute city” concept to rural areas offers a significant improvement in 
evaluating, comparing and quantifying accessibility, especially in terms of assisting municipalities in 
decision-making during stages of land-use planning. 

To further develop the toolbox it is planned that  the data basis for rural areas is to be expanded further and 
to facilitate the evaluation of packages of measures. Continuous validation in pilot municipalities can 
additionally increase feasibility and strengthen acceptance in municipal planning practice. 
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1 ABSTRACT 

Building land registers have the task of providing potential areas for construction activities and developing 
them for the demand for residential, commercial and open space. They are therefore an essential basis for the 
ability of municipalities to plan strategically for future land use and to help implement development 
objectives. The emergence of artificial intelligence, open and free geodata and new technologies in data 
collection is creating new possibilities and business models for capturing potential areas. The data 
integration, evaluation and provision of the collected information, in turn, benefits from the development of 
Urban Digital Twins (UDT). Model projects show that UDTs potentially strengthen cooperation between 
authorities, the private sector and stakeholders. Existing software solutions already contain relevant data, 
which makes it easier to design the information model for a UDT.  

This article focuses on the adaptation, scaling, and establishment of these solutions in the process 
management of land management. For this purpose, the current state of development for two common 
software solutions (ArcGIS Urban©, Urbanistic©) is compared for the requirements of land management. The 
focus is onthe design of land registers that conforms to the criteria of a new norm on digitals twins for cities 
and municipalities (DIN SPEC 91607). The results show that methodological approaches are mostly 
designed as GIS functions and challenging to implement. This learning from our test was further 
substantiated in discussions with experts, where the seamless integration of benchmarking functions and 
scenario indicators in UDTis seen as a main requirement for the technical progress and added value for 
planning. Artificial intelligence is of particular importance in the collection, processing and integration of 
auxiliary data.  

The recommendations in the article conclude that new requirements for information management in urban 
planning have emerged. They require investments in the development of enhanced land management 
cadastres which benefit from UDT functions. Their introduction in local planning requires that organizations 
adapt new process management techniques. The accelerated activation of building land, which has recently 
been introduced through reforms of the building law in Germany (“Bauturbo”), requires a speedier and more 
comprehensive evaluation of urban development quality criteria if sustainability criteria are still to play a 
role. Over time, we expect that UDT technologies will help in this context.   

Keywords: Digital Twins, Land management, Infill development, Climate adaptation, Process management 

2 BACKGROUND 

There is broad support in the literature on sustainable urban development for models and concepts of 
redensification and infill development (e. g. Heinig 2021; Barton 2016; WBGU 2016). The building land 
requirements of cities and municipalities should primarily be met within planned inner areas and harmonized 
with climate adaptation measures and the functional networking of sustainable infrastructures 
(Umweltbundesamt 2023, see Figure 1).  

In planning practice, however, resolving conflicting goals is a challenge. In this context, one author describes 
the clash of narratives on sustainable urban development as follows:  

“The guiding principles [of infill development] are well-founded in each case, and some measures can be 
implemented without conflict. However, they must enable sustainable socioeconomic development and 
measurable growth in prosperity. Private investors and project developers are concerned with market-driven 
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utilization concepts, space efficiency, technical constructability, cost-benefit calculations, financial viability, 
and marketability. Without a promising business case, no one will invest. Where this understanding cannot 
prevail, where radical, uncompromising demands from isolated individual interests clash, decisions cannot 
be made, plans cannot be drawn up, and construction cannot begin, resulting in valuable time being lost” 
(translated from the German original, see Achilles 2024). In order to bridge this gap, newer approaches focus 
on a digitally supported flow of information that is specifically practiced between urban development 
stakeholders (Brade 2025).  

 

Figure 1: The three challenges of infill development (from left to right: building redensification, sustainable infrastructure, climate 
adaptation; source: courtesy of Must Städtebau https://must. eu/ [18. 01. 2026]).  

UDTs provide new technologies for this purpose. They are currently being introduced in local government as 
a building block of smart city strategies (Etezadzadeh 2020). In this context, Figure 2 shows two frequent 
and legally requried tasks in local government for land management which can be supported by UDT 
technologies in the future:Issuing building permits (left) and setting building regulations through the 
development of local areaplans (right).  

 

Figure 2: Schematic representation of the process for reviewing a building permit (left) and the process for drawing up a development 
plan (right) with the support of a digital twin (adapted from BBSR 2025, p. 22).  

The workflows depicted in Figure 2 are taken from pilot projects where UDT technologies are currently 
being introduced (here: City of Kirchheim near Munich). In general, however, there is not much empirical 
knowledge about UDTusage in planning practice(Guckenbiehl et al. 2021). It is largely unclear what 
technologies or functionalities constitute a UDT and what makes it unique in comparison to other GIS 
applications. The term originally comes from industry and is used to create digital representations of 
products or machines. These serve as virtual replacements for physical prototypes, which can be used to 
create simulations and analyses (van der Horn and Mahadeva 2021). Applying this concept to the UDT gives 
cities and municipalities a comprehensive virtual representation of their structural elements and functional 
networks. This opens up new possibilities for projecting planning goals and building land development 
designs into the future (Schubbe et al. 2023). Accordingly, a smart city requires a dynamic, digital 
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representation that not only integrates the physical building fabric, infrastructure, urban processes, and 
citizen feedback. The intelligent digital image also knows about the business processes (e. g. , informal and 
formal urban land-use planning), responsibilities (role and user concept), and interfaces to systems at 
partners that map the state of the city for their needs (Brandt et al. 2023). This means that not only does the 
city provide the twin with up-to-date information, but the twin can also transmit data and insights from other 
systems back to the city (Guckenbiehl et al. 2021).  

In summary, UDT technologies have the potential to improve land management procedures in planning 
practice. This comes at a time where remaining infill land potentials in German cities have become more 
difficult to activate, since many larger potentials have already been developed over the last decades. 
Interviews with experts in Northrhine-Westphalia explain that remaining potentials are more difficult to 
activate. Cities like Munster have been successful in the past to direct growth to derelict sites within the 
urban compound. Now, continued growth pressure forces city planners to develop new suburbs on the 
outskirts and expand the urban footprint (Fina et al. 2020). In this context, some authors argue that proactive 
land management needs to focus more on land potentials that are likely to become available in the future and 
plan for its reuse at an early stage. Newer methodological approaches from pilot studies show that continued 
urban transformation trends can lead to new obsolete land uses (e. g. petrol stations, car parks, retail and 
offices, Wenner und Thierstein 2024; Rettich und Tastel 2023). In the past, federal and state research and 
funding programs have provided valuable impetus to plan for the reuse of such potentials, which has led to 
improvements in the information base in recent years (BBSR 2022). In planning practice, however, dealing 
with conflicting planning law objectives in the activation of infill potentials remains a challenge (Preuß und 
Böhnke 2024).  

In 2025, political targets to provide housing for residential use and economic development have led to policy 
reforms in the building code (“Bauturbo”, i. e. Construction Acceleration Act). Many planning requirements 
are not required anymore, local planning authorities can or even must provide building consents to applicants 
without environmental impact assessments or other forms of planning regulation compliance that are usually 
spelled out in local area plans. This leads to uncertainties about the legal status of building consents in 
conflicting situations. Many experts predict that such cases will be subject to subsequent legal conflicts that 
have to be decided in court, counteracting on the target to accelerate land activation. For instance, the tasks 
of climate protection and climate adaptation and the associated requirements for land use have increasingly 
being regulated over the last years (Mitschang 2021). It is unclear how the resulting conflicts in legislation 
can be resolved. Planning asscociations and planning pracitioners warn that the reform falls short from 
ensuring associated sustainable urban development requirements(SRL 2025). The main line of argument, on 
one hand, revolves around a large consensus that does support the debureaucratization of planning 
procedures for faster activation of land potentials. On the other hand, this should not come at the cost of 
giving up on planning controlsand risk new forms of land speculation(von Lojewski 2025).  

Based on this background, we address the question whether (1) UDT technologies can contribute to 
accelerate the activation of land potentials for infill development and (2) still ensure sustainable development 
targets at the same time (“accelerating instead of waiving planning”). In the following sections we posit that 
the emergence of new norms and standards will help to innovate digital planning in urban land management.  

3 METHODOLOGY 

In the first step, we evaluate these questions based on a review of UDT norms and standards. In the second 
step, we evaluate two widely used software options (ArcGIS Urban©, Urbanistic©) against criteria taken from 
the DIN SPEC, focusing on aspects of data interoperability and integration, indicators and benchmarks as 
well as workflow requirements for planning practice. A special focus is on indicators for climate adaptation. 
The work was carried out in a third-party funded research project1 at THA where this perspective is of 
particular importance.  

Our initial findings lead to insights about the importance of digital innovation and process management in 
local government (Will und Winter 2024). We address this viewpoint in a separate chapter and in the 
discussion section.  

                                                      
1 Digital Planning Support for carbon-neutral urban development (DiPukS), https://www. tha. de/Architektur-und-
Bauwesen/DiPukS. html [18. 01. 2026].  
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4 NORMS AND STANDARDS 

Since the end of 2024, DIN SPEC 91607 “Digital Twin for Cities and Municipalities” has specified a UDT 
standard that was developed by municipalities, associations, business, politics, and science in the Connected 
Urban Twins cooperation project (Munich, Leipzig, Hamburg). In addition to technical issues, the standard 
also incorporates ecological, economic, and social aspects, including topics such as building permits and 
sustainable neighborhood development. It defines usage scenarios and methods for accessing and displaying 
data (Schonowski et al. 2025; DIN SPEC 91607). Another standard, “Municipalities and Digital 
Transformation – Overview of Fields of Action,” serves as a guide for the digital transformation of 
municipalities. Among other things, DIN identifies digital infrastructures, digital administration, mobility, 
construction and housing, as well as energy and the environment as areas for action (DIN SPEC 91387).  

While developing DIN SPEC 91607, a similar methodology was established to systematically define 
concrete application cases for the Urban Digital Twin. The approach followed a four-step process to derive 
use cases addressing municipal needs: 

(1) Structuring by establishing initial frameworks through the preliminary identification of application cases 

(2) Capturing usage scenarios by collecting input from municipal stakeholders 

(3) Grouping application cases according to thematic relevance and alignment with defined fields of action 

(4) Developing case profiles to describe selected use cases in detail and to prepare subsequent 
implementation steps 

The resulting set of use cases compiled within DIN SPEC 91607 demonstrates that the five most frequently 
mentioned municipal needs concerning usage scenarios are similar to DIN SPEC 91387: environment, 
building and housing, mobility, digital administration, and energy, are all directly linked to spatial and land 
management. Regardless of the specific use case, the geospatial base twin consistently constitutes the 
foundational layer and is likewise developed based on a municipal target vision. This process relies on 
municipally curated datasets in the domain of geospatial base data, including infrastructure and 3D building 
models, which are implemented using open source data models compliant with OGC standards (e. g. , 
CityGML, json, gml) as well as XÖV standards (e. g. , XBau, XPlanung). An XÖV standard is a German e-
government data exchange standard for interoperable electronic communication between public 
administrations.  

Building upon this foundation, municipal requirements are subsequently integrated in the form of 
application-oriented use cases as additional modular components of the UDT. Within the domain of digital 
land management, the digital building permit process plays a decisive role. The current building permitting 
process requires substantial effort to research, consolidate, and evaluate approval-relevant data from various 
municipal sources as well as from legal and regulatory frameworks. Delays often occur due to complex 
coordination among multiple stakeholders and the iterative, human-centred nature of decision-making. UDT 
technologies address these challenges by digitally supporting all phases of the permitting process. By 
integrating property and building-related information from public registries, GIS, and BIM data models, the 
UDT enables partially or fully automated, transparent, and accelerated decision-making. Through the digital 
representation of legal and regulatory evaluation criteria, formerly analogue workflows can be efficiently 
parallelized and simplified. Application scenarios include decision support based on indicator-driven data 
visualization, simulation-based assessment of planned projects, digital communication and collaboration 
among stakeholders, automated issuance of digital permits, and ongoing digital monitoring and 
documentation of construction progress. Furthermore, the UDT serves as a training platform for authorities 
and professionals to build competencies in managing digital permitting processes and assessing construction-
related risks.  

However, practical implementation examples remain scarce, with current developments largely limited to the 
application of XÖV standards and the solution DIPlanung that is currently being introduced by state 
authorities, amongst others in Bavaria (DIPlanung 2026). Following Kaushal (2022), initial international 
research on application of an UDT in urban planning can be observed. In his work, ArcGIS Urban© is 
employed in combination with a Spatial Urban Quality Framework that transfers urban quality indicators 
from first tier to second-tier cities, enabling spatial analyses to support data-driven urban planning. Our own 
tests with this and alternative software solutions shows that data integration of legally binding district and 
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local area plans are technically laborious. To date, there is no clear added value of UDT applications for the 
efficiency of building permitting processes. One main obstacle are the delays in the introduction of the 
subject-independent and interdisciplinary XÖV standard XPlanung, a data format for use in municipal GIS 
software solutions for urban land-use planning (Brade 2025). The corresponding legislation for XPlanung 
was already passed by the federal and state governments in 2017 and should have become the basis for a 
more direct and cross-system form of cooperation in digital planning by 2023. However, due to 
implementation problems, interim solutions are currently being pursued which define partial vector capture 
as a minimum standard in stage 1 of the introduction and only represent the georeferenced scope of a 
development plan with undefined essential information from a plan in accordance with XPlanung. Only in a 
later stage 2 will full vector-based recording of all spatial data (e. g. , areas, specifications) as digital objects 
become mandatory (STMBW 2025). The current data landscape therefore continues to be characterized by 
formats and tools that are subject to specific domain knowledge and system barriers and create barriers to 
communication between the actors involved. Land management planning processes will therefore only 
become fully machine-readable with the delayed introduction of the full range of features in development 
plans. Furthermore, this regulation only applies to plans that have been drawn up in development planning 
procedures since 2017. Important planning law indicators that provide decisive information about the 
permissible extent and scope of development (e. g. , floor area ratio and floor space index) in older plans 
must therefore continue to be interpreted manually.  

In this context, the question arises wether XPlanung-compliant digitization should extent to cover legally 
binding older development plans. It is mostly in these plans where crucial building regulations for existing 
development based on the principle of infill developmentcan be found. Efforts to fully digitize these plans 
require the allocation of considerable time and financial resources within the administration or for the 
commissioning of service providers. In the process, technical standards with sample directories are being 
reinterpreted in order to achieve the best possible results for specific urban land-use planning applications, 
depending on feasibility (cf. NRW. Urban 2021 STMBW 2021). Pilot studies show that artificial intelligence 
(AI) can be a game changer in this context. A technological leap is being observed in this area, with the use 
of AI to transfer a new generation of digital building land and brownfield site registers to UDTs. In a pilot 
study Schwarz (2024) concludes that current AI tools are already capable to interpret text and images in local 
area plans in high quality. Prerequisites are that the resolution of the documents is high and location specific 
markers help to interpret map legends and other plan signatures. Additional domain-specific training material 
is likely to emerge over the coming years to further improve results.  

5 EVALUATION OF UDT APPLICATIONS FOR LAND MANAGEMENT  

Software tools to capture, store and administer infill potentials in cities have evolved signficantly over the 
last few years. Initial database and spreadsheet driven approaches have increasingly integrated GIS 
functionalities to visualize land potentials on maps. Advanced GIS functionalities help to better understand 
and analyze the geographic context for building land activation, e. g. to inform and provide conditions that 
enable future usage according to development plans(Fina et al. 2023). Figure 3 shows selected parts of the 
software interface of the government funded research project KFMplus© (“Kommunales Flächen- und 
Ressourcenmanagement”, i. e. local planning land and ressource management) for the data-driven 
assessment of development options for the city of Dachau, Germany. The establishment of such software 
developments does not necessarily include 3D visualized objects. More importantly, they require interfaces 
to digitally map infill potentials and auxiliary information on land activation prerequisites, and to supply 
algorithms for data-driven assessment and visualization technologies. The software design of pilot projects 
like KFMplus© provided the path for innovations that are currently being rolled out in parts of Germany. One 
example is the introduction of new land management software with a similar design in the State of Baden-
Württemberg.2  

Sample indicators in the frame on the right of Figure 3(enlarged and translated from the German original) are 
compiled from a range of geodata inputs and compared between the current situation and a range of 
development options that the user can select from (in this case “dense built-up”). The Figure focuses on 
indicators on the acccessiblity of amenities and aspects of climate change. The colour coding of the 

                                                      
2 https://mlw. baden-wuerttemberg. de/de/landesentwicklung/flaechenmanagement/digitales-flaechenmanagement. 
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comparison can help to better understand negative and positive effects when implementing a certain 
development option (shades of red: indicator values show negative effects; yello: neutral; shades of green: 
indicator values show positive effects). There are also a range of other indicators available in modules on 
urban amenities (“Daseinsvorsorge”) at the location of a selected infill potential, and other important 
informaton to activate the site for reuse (“Innenentwicklungspotenziale”). The integration of planning 
regulations is limited to data fields for users to store and manually interpret permissible land use types, the 
ground area index, the floor area ratio or the building volume ratio. Spatial delineations like construction 
lines and building delineations are usually only available in linked documents (PDF) and have to be 
interpreted manually.  

More advanced UDTs provide the possibility to integrate such spatial information from standards like 
XPlanung. Having the corresponding information fully integrated in the application provides possibilities to 
automatically test designs for building code compliance, in some cases with rule-based tools that deliver 
compliant design. Indicator-based comparisons of urban development scenarios and public participation to 
tag and label design and environment features enhance these applications further. In this context, we have 
tested two software options (1) ESRI’s ArcGIS Urban© (supported by ArcGIS Pro/Online and ArcGIS City 
Engine) and (2) Urbanistic©. Both were used to set up UDT applications for specific use cases in the City of 
Augsburg in Southern Germany (pop. approx. 300,000). The city has successfully activated former military 
sites for infill development over the last few years and uses urban planning and architectural competitions to 
ensure high quality and economically feasible planning.  

 

Figure 3: Data-driven assessment of development options in infill development (own design).  

Figure 4 shows a UDT with a fully functional building design imported from Autodesk Revit©for the curent 
situation in an area known as the Prinz Karl area. The area is designated for a new campus for the Faculty of 
Architecture and Civil Engineering at the University of Applied Science. Results show that setting up the 
UDT in ArcGIS Urban© with relevant data is time consuming and requires expert knowledge at the interface 
of geoinformation science and urban planning. The bullet points in Figure 4 depict a summary of the steps in 
the workflow that need to be managed. After successful data acquisition and integration, the challenge is to 
harmonize and transform the data into required formats. This applies to context layers like digital elevation 
models and existing building representations (OpenStreetMap or LoD2 – Level of Detail 2 (LDBV 2026), 
vegetation and infrastructure. It also applies to the building code imported from XPlanung (if available) or 
digitized local area plans (Source: City of Augsburg). Architectural designs can currently only be imported 
as drawings that have to be located manually, with limited accuracy (Source: student projects at THA). 
Direct imports for object-oriented desing representations (e. g. BIM models in the IFC standard, see Figure 
4) cannot be functionally connected to the context layers. In order to achieve this, BIM models have to be 
duplicated with ArcGIS Urban© modelling techniques.  

In the same project, we have evaluated the software option of the Munich-based startup Urbanistic© 
(Urbanistic 2026). This cloud solution is pre-equipped with data from OpenData BY (LDBV 2026), using 
API calls for seamless data integration. It has a growing client base in planning practice which values the 
ease of use for data interoperability between GIS and CAD/BIM software. The graphics performance is 
higher compared to ArcGIS Urban© and many functionalities address the competencies of CAD/BIM users 
better than the GIS based software design of ArcGIS Urban©, including building code regulations based on 
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state legislation (“Landesbauordnung”) and specialized tools to model the land area requirements of fire 
brigades or emergency services. In contrast to ArcGIS Urban©, the business model of Urbanistic© requires 
subscriptions for additional data (e. g. local area plans, cadastral data) to be integrated by consultants rather 
than having a generic software that the user can equip with data from own GIS workflows.  

 

Figure 4: Current situation with a selected new redevelopment design in the Prince Karl area in Augsburg, Germany (own design).  

 

Figure 5: Urbanistic© UDT Prinz Karl, Augsburg (own design, Urbanistic 2026).  

Based on the software evaluations of the DiPukS project, one of the authors of this article proceeded to work 
on an another area development in Augsburg, namely at the former Reese baracks. The Reese development 
is divided into two separate developments. The southern part has already been subject to an urban design 
competetion with a winner, the northern part is set to go through the same process in the near future (Stadt 
Augsburg 2022). As is common in planning practice, the local area plan to regulate building and construction 
will only be developed once a design has been chosen. As already depicted in Figure 2, UDT applications 
can be used to inform this process. Figure 6 shows examples for the setup of a UDT for the design of the 
southern part.  

In summary of these learnings, both ArcGIS Urban© and Urbanistic© have the potential to set up UDTs 
specifically for urban planning. Data integration in ArcGIS Urban© is quite flexible, many datasets can be 
prepared and integrated. This process is laborious and requires expert knowledge, whereas Urbanistic© is 
already equipped with many relevant datasets, additional ones require consultant contracting. Both software 
options work with indicators that can inform planners on design scenarios. We will discuss further insights 
from this evaluation in the discussion section of this article.  

6 INNOVATION AND PROCESS MANAGEMENT 

As shown in the previous sections, the handling of new UDT technologies requires specific skillsets to set 
up, run and maintain the corresponding applications. Organizational structures are needed that support 
cooperation between administrators, geoinformation officers and urban planners in a range of tasks, 
including hardware and software provision, data integration and the domain-specific development and usage 



Accelerating instead of Waiving Planning: Opportunities and Challenges of Digital Building Land Cadastres in Urban Digital Twins 

112 
 

   

 
 
 

REAL CORP 2026:  
EVERYBODY PLANS … SOMETIMES  

 

of results. Figure 7 provides an overview of the correponding development stages depicted in DIN SPEC 
91607.  

Experience from model projects shows that the interdisciplinary coordination of the underlying digital 
business processes benefits from professional process management consulting expertise (Schubbe et al. 
2023). 

  

1: Building models derived from OpenStreetMap, 2: Level of detail 2 buildings from OpenData BY 

  

2: Digital elevation model from OpenData BY, 3: Modificationsconducted in ArcGIS CityEngine 

  

4: Building envelopes derived from local area plan digitization, 5: Zoning derived from local area plan digitization 

  

6: Building types based on the winning design, 7: Combined tree canopy (existing + planned) 

 

8: Indicators on size, cost, demography, mobility and emissions, 9: Selected shading and viewshed analyses. 

Figure 6: Selected steps of a workflow to establish an UDT for the Reese barracks in Augsburg (Finger 2025, unpublished). 

The successful adaptation of innovations requires new forms of “digital governance” which not only 
provides users with digital planning support tools and helps them learn how to use them (Przeybilovicz und 
Cunha 2024). It is also committed to the sustainable acquisition of knowledge infrastructures in the concrete 
accomplishment of tasks and establishes new, digitally supported forms of cooperation (Weber und Ziemer 
2022).   
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Figure 7: Development stages for UDTs, adapted for land management processes (modified from DIN SPEC 91607, p. 32).  

The cooperation requirements are described as an innovation potential that still poses numerous challenges in 
the transfer and long-term establishment of pilot applications (cf. e. g. Prognos AG 2025). The institutional 
settings of public authorities with contractors and other stakeholders vary greatly in structure, for example 
between large, medium-sized, and small cities (Milbert und Fina 2021). Land management and location 
planning are also subject to urban-rural dynamics, which cause relocation effects to the urban periphery and 
peripheral locations (Zimmermann et al. 2025). The implementation of UDT technologies to activate infill 
potentials for sustainable urban development is thereoforealso a challenge for the cooperation between the 
different departments within one organisation and the cooperation beween neighbouring local governments 
and planning tiers like regional and state planning authorities. On the technical side, one main hurdle is the 
interoperability between the different land management systems and the applications of stakeholders, 
including government organizations, private industry and educational facilities. Data from one stakeholder 
often cannot be integrated into the platforms of others. This hinders the merging of data and information for 
joint use, such as analysis or planning. Another problem is the lack of clarity about what data and technical 
solutions are already available and what they can do. Because projects are often limited to a single sector, 
cross-sector effects are frequently neglected. The standardization of data structures and content is often 
inconsistent, which can lead to problems during integration (Donaubauer et al. 2023).  

Geoinformation centers often make a cross-cutting contribution in administration to improve the interaction 
between geobasis data and specialist data from the departments. They are tasked with linking several 
application-specific UDTs into a “system of systems” during the development of UDTs. Independent data 
infrastructures and systems thus become a common information platform that supports application-specific 
scenarios. In addition to tools that allow practical access to available data, access to standardized and up-to-
date planning and location data is required. To implement a UDT, data, tasks, and processes from various 
specialist departments and actors must be integrated. Effective project management organizes clear 
responsibilities and takes into account the requirements for communication, process planning, and financial 
resources. It establishes a common understanding of tasks to enable context-oriented communication and 
citizen participation across different organizational areas (Abt und Hohmann 2025).  

The project of developing a UDT is therefore characterized by a high degree of uncertainty of a visionary 
nature. It can be expected that new requirements will continuously emerge from new usage scenarios that, at 
the present point in time, are very likely still unknown. Changes in requirements arise, among other factors, 
from political dynamics, changing climatic conditions, and newly explored technological possibilities in the 
construction sector. These aspects, together with the resulting complexity of such a project, argue strongly in 
favor of an agile approach to project execution.  

Iterative development means that the development stages for UDT implementation are repeatedly carried 
out. At the end of each development cycle, a usable increment is produced that contains valuable 
enhancements compared to the previous version (Schwaber and Sutherland 2020).  

Strictly speaking, projects are characterized as unique undertakings with a limited budget and a defined 
timeframe (“competence-based project managementPM4”,Deutsche Gesellschaft für Projektmanagement e. 
V. 2019). In view of the expected dynamics in this field, however, UDTs must be developed in such a way 
that, after project completion, they can be continuously further developed either within follow-up projects or 
within a permanently established organization.  
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In cases like land management, the highest stage (‘action’) of UDT implementation is interpreted as enabling 
the derivation of adaptive approaches for individual cases of land development activation based on the 
developed UDT. In industry, this is understood as a reference model from which context individual process 
models – in this case, checklists – can be derived. This includes the analysis described in Figure 10, but 
extends beyond it in the following manner. Figure 11 shows how the development stages of fig. 10 can be 
matched with the objectives of the proposed case. The boxes are placed below the related use symbol 
(current use, expected use, continuous improvement) they adress.  

 

Figure 8: Matching of proposed project with development stages for UTD implementation after DIN SPEC 91607 

Within stages 1 and 2 (raw and structured data), profiles consisting of several expected criteria for new 
development land are identified. These can then be compared to the attributes that describe current usage 
profiles. Existing UDTs already provide a substantial number of current attributes and their respective 
characteristics for existing areas (Figure10). However, the number of recorded attributes is not yet 
sufficiently comprehensive to assess whether the currently anticipated “expected criteria” – profiles are 
feasible. This goes well beyond a simple evaluation of a site based on predefined criteria (or, speaking in the 
UDT terminology, indicator values), as profiles made up of multiple criteria must be weighed against one 
another.  

To enable this, in stage 3 (context-sensitive data) the systematic collection of criteria profiles as well as 
additional evaluation criteria must be consistently pursued. These profiles form the basis for the development 
of measures for land development activation (stage 4, findings). Building on this, a mechanism can be 
developed that adaptively derives sets of measures as context-individual approaches from the UDT. The 
UDT serves as a comprehensive reference model for deriving context-specific approaches(Königbauer 
2021). Land development activation can be managed by orchestrating these approaches consisting of 
individual measures into a context-specific process, which can be understood as a checklist or a project 
plan(stage 5, action). This approach potentially accelerates planning,especially in more complex cases 
involving numerous stakeholders and many required individual steps. Such systematic measures have the 
additional benefit that the effectiveness of individual measures can be consistently recorded. Corresponding 
optimization measures can then be incorporated into subsequent land development activation projects.  

Since neither project management nor UDTs are established practices within public administration, 
organizational structures must be introduced that support continuous improvement processes over extended 
periods of time. It cannot be expected that highly committed individuals will drive further development on 
their own or, in extreme cases, exhaust themselves in the course of implementation. Instead, the commitment 
of the involved organizations is required, expressed through leadership engagement in combination with 
subject-matter experts, to ensure that UDTs can evolve into practice-oriented and user-friendly instruments.  

7 DISCUSSION AND CONCLUSION 

This article discusses the potentials and challenges to implement UDT technologies for more efficient 
workflows in urban planning in general and sustainable urban land management in particular. Current 
political trends to waive planning requirements for speedier consenting procedures and critical comments 
from planning scholars on potential effects set the scene for this requirement: Can UDT technologies help to 
ensure high quality urban planning without placing new bureaucratic hurdles on the resources of urban 
planning departments,can they improve and accelerate planning processes in the long run? Are they 
transferable from piloting local government to a wider range of authorities with limited resources?  
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Our learnings from document and literature review and our own tests of software options show that norms 
and standards are urgently needed to provide user orientation. Difficulties to introduce the standards, 
especially for local area plans (“XPlanung”) can potentially be overcome with new initiatives and AI 
support. The new DIN SPEC 91607 on UDTs is a good starting point to transfer learnings from pilot projects 
to the community. Available software options like KFMplus©, ArcGIS Urban© or Urbanistic©all run in 
cloud-based backends and browser-based frontends, but have been designed for different business models (e. 
g. KFMplus©: open source components, ESRIs ArcGIS© stack of software, Urbanistic©: native application). 
One main obstacle for easy-to-use UDTs are the requirements of data integration and the establishment of 
data-driven urban planning indicators. Where KFMplus© provides prefabricated indicator variants for a 
limited set of typical urban planning typologogies (e. g. densely built up, commercial, open space, etc. ), 
ArcGIS Urban© and Urbanistic© work with variable designs based on building typologies that the user can 
select from (and, in the case of ArcGIS Urban©, enhance with custom typologies).  

Apart from a few very generic indicators (e. g. volume, size, etc. ), more advanced indicators require that the 
user sets up the calculation routines for inputs and outputs. Without going through this effort, the added 
value of UDT applications seems to be limited. Planning practice needs to know about the number of 
dwellings or floor area in a new building, derived number of required parking spaces, district heating 
demand, carbon dioxide emissions, etc. If this information is not available and/or the results are not credible 
for stakeholders, UDTs cannot reach their full potential for urban planning. We found in our tests that, at this 
stage, these tasks are laborious if standardized data is not available or supported. Users have to revert to 
digitizing PDF documents or scans, and subsequently deal with attribute generation, relationship modelling 
between object classes, and inaccuracies based on manually generated inputs. Interoperability between 
CAD/BIM on the one hand and GIS on the other needs to be further improved for seamless data exchange, 
including object-oriented attribution and relationship modelling.  

A special focus of our evaluation was on indicators on climate change and climate adaptation, as shown for 
the software KFMplus©. ArcGIS Urban© can provide information about carbon dioxide emissions or soil 
sealing for urban planning designs if calculation routines are set up. More domain-specific information 
(thermal stress, air ventilation, stormwater runoff) is currently not available. New software options like the 
QGIS plugin Climate Scanner© (an AI trained software tool for climate effect assessments of urban designs) 
are being developed for UDT integration in emerging new research projects. Their evaluation is the next step 
in the currently running research project that we reported from in this article.  
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1 ABSTRACT 

Housing deprivation remains a pressing global challenge in contemporary urban planning and development, 
particularly in metropolitan areas and large cities, where unaffordability arises when housing costs exceed a 
household’s financial capacity. Affordable housing – along with related concepts such as low-income 
housing, public housing, social housing, and subsidized housing – serves as a key government-led solution to 
mitigate free-market inequalities, enabling low-income and vulnerable groups to access quality housing 
alongside essential services. Despite growing academic and professional interest in affordable housing, the 
issue still requires further attention, especially when considering local and contextual conditions. Hence, this 
study explores affordable housing in emerging and developing economies through the lens of urban planning 
and policy in African countries. The systematic literature review focuses on a comparative analysis of four 
distinct approaches in African cities: the state-led rental-sale model in Algiers, Algeria; the facilitated but 
unaffordable cooperative model in Bahir Dar, Ethiopia; the insurgent prefigurative movement-led model in 
Cape Town, South Africa; and the informal demand-side adaptation strategies in Lagos, Nigeria. The 
findings reveal a profound disconnect between top-down policies and on-the-ground realities. The analysis 
demonstrates that no single, ideologically pure approach is sufficient. Instead, effective strategies must forge 
a hybrid path that is: (1) empirically grounded in the lived reality and financial capacities of the urban poor; 
(2) built on an integrated system combining land access with enabling financial mechanisms; (3) reliant on a 
reimagined state role that moves from rigid provision to responsive partnership; and (4) focused on housing 
as an act of urbanism, integrating location, services, and liveability. The study concludes that achieving 
affordable housing in emerging and developing economies including African countries requires a pragmatic, 
context-sensitive urban planning framework that learns from informal systems, confronts unjust structures, 
and strategically combines the scale of the state with the agency of its citizens. 

Keywords: Affordable housing, Social housing, Sustainable urban development, Urban planning, Urban 
policy 

2 INTRODUCTION 

Rapid urbanization and inadequate housing supply have led to increasing demand for affordable housing 
from low income households with limited financial resources especially in in developing countries (Adigeh 
& Abebe, 2024). Affordable housing – along with related concepts such as low-income housing, public 
housing, social housing, and subsidized housing – serves as a key government-led solution to mitigate free-
market inequalities, enabling low-income and vulnerable groups to access quality housing alongside essential 
services. From an urban planning perspective, affordable housing entails habitable units with suitable 
facilities subsidized/provided by the government, where prices/costs bear a reasonable proportion to income, 
leaving sufficient funds for other necessities, such as food, clothing, transportation, healthcare, and education 
(Arbab & Shabani, 2023; Makhloufi, 2025). 

Despite growing academic and professional interest in affordable housing, the issue still requires further 
attention, especially when considering local and contextual conditions. Hence, this study explores affordable 
housing in emerging and developing economies by a focus on the role of urban planning and policy in 
African countries. In African cities, rapid urbanization, colonial legacies, and ineffective policies have 
converged to exclude the majority from accessing decent shelter. As the studies on Ethiopia and Nigeria 
show, cities overwhelmed by a demand for housing that far outstrips the supply of serviced land, forcing 
low- and middle-income residents into informal settlements or unaffordable rental markets, despite 
government programs intended to help them (Adigeh & Abebe, 2024; Akinwande et al., 2024). The top-
down interventions often fail, as seen in Nigeria where schemes are frequently unaffordable for their target 
demographic (Ale, 2025), ignoring the resourceful informal housing strategies – like incremental 
construction and community finance – that the urban poor already rely on to survive (Akinwande & Hui, 
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2024). This crisis is further exacerbated by the proliferation of informal settlements lacking basic services, 
which perpetuates poverty and inequality across the continent (Bhanye et al., 2024). It reveals the profound 
disconnect between top-down policies and the on-the-ground realities. The research from Algeria and South 
Africa demonstrates that studying social housing exposes the multifaceted nature of the challenge, 
encompassing not just financial and land-access barriers, but also the political battles, the struggle for spatial 
justice in post-apartheid cities, and the need to critically assess the quality and appropriateness of the housing 
that is actually delivered (Makhloufi, 2025; Tattersall & Iveson, 2024). Furthermore, sustainable housing 
solutions must address environmental, social, and economic dimensions simultaneously to create truly 
inclusive and resilient communities (Bhanye et al., 2024). 

3 METHODOLOGY 

This study adopts a systematic literature review (SLR) approach to examine social housing in emerging and 
developing economies, with a particular focus on African cities. Emerging and developing economies 
encompass nations transitioning from low-income status to advanced industrialization, characterized by rapid 
GDP growth, increased global trade integration, and maturing financial systems, yet facing challenges such 
as income inequality and infrastructure deficits. A structured search was conducted using Google Scholar to 
identify peer-reviewed articles containing the terms “affordable housing” or “housing affordability” in their 
titles. The search was limited to publications indexed in Web of Science and released by reputable 
international publishers from 2024 onward. Review articles and studies emphasizing technical, architectural, 
or psychological dimensions were excluded. The initial screening process identified 40 articles. Following 
the application of inclusion and exclusion criteria – particularly the removal of studies conducted in 
advanced economies – the corpus was reduced to 21 articles. A further refinement was made to retain only 
those studies that included specific city-level case studies with an emphasis on contextual and local 
dimensions, resulting in a final set of nine articles. 

 

Fig. 1: Literature selection process for systematic literature review (SLR) 
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The literature selection process is illustrated in Figure 1, and the specifications of the included articles are 
summarized in Table 1. The selected articles cover a diverse range of cities across the Global South, 
including Algiers (Algeria), Bahir Dar (Ethiopia), Cape Town (South Africa), Hangzhou and Shenzhen 
(China), Ho Chi Minh City (Vietnam), Istanbul (Turkey), Lucknow (India), and Lagos (Nigeria). Given the 
scope of this review and the need for focused analysis, particular attention was paid to four studies centered 
on African cities to enable a more in-depth exploration of social housing issues in that context. 

Author(s) 
Contributing 
Institution Research Area Publisher Year Country City 

Adigeh & Abebe, 2024 Addis Ababa University Urban Land 
Development 

Frontiers in Sustainable 
Cities 2024 Ethiopia Bahir Dar 

Akinwande et al., 2024 RMIT University 
Building and Real 
Estate World Development 2024 Nigeria Lagos 

Gao & Hu, 2025 Swinburne University of 
Technology Building and Planning Journal of Urban 

Management 2025 China Shenzhen 

Huynh & Truong, 2024 
Vietnam National 
University Economics and Law 

Cogent Economics & 
Finance 2024 Vietnam 

Ho Chi Minh 
City 

Makhloufi, 2025 
Ecole Polytechnique 
d’Architecture et 
d’Urbanisme 

Architecture and 
Urban Planning 

Cities 2025 Algeria Algiers 

Ozge Subas� & Turk, 
2024 

Istanbul Technical 
University 

Urban and Regional 
Planning 

Journal of Urban 
Planning 
and Development 

2024 Turkey Istanbul 

Rao & Biswas, 2025 
Indian Institute of 
Technology Roorkee 

Urban and Regional 
Planning 

International Journal of 
Housing Markets and 
Analysis 

2025 India Lucknow 

Tattersall & Iveson, 
2024 University of Sydney Geosciences 

International Journal of 
Urban and Regional 
Research 

2024 South 
Africa Cape Town 

Zhao & Zou, 2025 Zhejiang University Public Affairs Cities 2025 China Hangzhou 

Table 1: Specifications of the included articles 

4 RESULTS 

4.1 Algiers, Algeria: The State-Led Rental-Sale Model 

Algeria employs a top-down, state-driven model to address its housing shortage. The rental-sale program, 
managed by the Housing Improvement and Development Agency (AADL), targets middle-income 
households. It is a structured pathway to homeownership where beneficiaries pay 10% upfront, 15% upon 
completion, and the remainder in monthly installments over 20 years. This program is part of a broader 
strategy that includes slum eradication and caters to different income groups (low, middle, high) through 
various housing types. The new town of Sidi Abdallah, located on the near periphery of Algiers, built with 
the help of international contractors like China State Construction & Engineering Corporation (CSCEC), is a 
prime example of this large-scale, industrialized approach. 

4.1.1 Strengths 

The program’s primary strength is its scale and state capacity. It has demonstrably delivered a vast number 
of housing units and contributed to the near-elimination of slums in major urban areas. The income-
graduated system provides a clear, bureaucratic framework for targeting different socioeconomic groups. For 
middle-income families, it creates a viable, state-backed path to homeownership that the private market may 
not offer. 

4.1.2 Weaknesses/Critique 

Quality vs. Quantity: The model prioritizes quantitative output (units built) over qualitative outcomes. As the 
study’s survey reveals, a significant majority of residents (61%) were unsatisfied with their units, citing poor 
workmanship and construction defects. This highlights a critical gap between housing as a product and a 
home. 

Homogenized Urbanism: The mass production of identical blocks of flats has created monotonous 
environments lacking the vibrancy and amenities of older neighborhoods. This has led to a spatial mismatch, 
where residents (20% in the survey) still commute to the city center, 25 km away, for work, healthcare, and 
social life. 
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Financial and Data Gaps: The model relies heavily on state oil revenue, making it less replicable in fiscally 
constrained contexts. Furthermore, its eligibility criteria are based on outdated income data, raising questions 
about whether the housing remains truly affordable for the intended middle-income group. 

4.2 Bahir Dar, Ethiopia: The Facilitated but Unaffordab le Cooperative Model 

In Ethiopia’s state-owned land system, the government in Bahir Dar acts as a facilitator. It provides land at a 
subsidized benchmark price to self-help housing cooperatives, leveraging collective community action. The 
policy is detailed in regional regulation 9/2013 to promote affordable housing for low- and middle-income 
urban residents, outlining cooperative size, member eligibility (e.g., no prior home ownership), land plot 
sizes (100-150m²), and building standards (G+1 villa house: a building consisting of a ground floor and one 
additional floor). Between 2014 and 2022, this scheme allocated land to over 31,000 cooperative members. 

4.2.1 Strengths 

The scheme has been remarkably effective as a land distribution mechanism. It has formally allocated plots 
to a large number of people, demonstrating the potential of cooperatives to organize demand for housing. 

4.2.2 Weaknesses/Critique 

Fundamental Unaffordability: The core finding of the study is that the scheme fails the test of affordability. 
By shifting all financial risks (land compensation, full construction costs, infrastructure) onto the members, 
and coupling this with the high-cost mandate of a G+1 villa, the policy prices out the very low- and middle-
income groups it was designed for. This is a classic case of a policy being designed for affordability but 
implemented in a way that makes it unaffordable. 

Lack of Enabling Environment: The self-help model has become a cost-shifting exercise. Unlike historical 
Ethiopian models or contemporary examples in Kenya mentioned in the study, there is no government-
backed housing finance. Members are left to rely on inadequate personal savings and high-interest informal 
loans. 

Implementation Gaps & Corruption: Municipal delays in providing serviced land (up to 5 years) and 
corruption in member eligibility screening (using non-digital IDs that confirm the residency in the city for a 
minimum of 2 years) have severely undermined the program’s equity and efficiency. The result is that less 
than 7,000 of the 31,000 who received land have been able to build homes, forcing many to sell their plots. 
This is a devastating indictment of the program’s effectiveness. 

4.3 Cape Town, South Africa: The Insurgent Prefigurative Movement-Led Model 

In Cape Town, when formal strategies (through litigation and protest) failed to stop the sale of prime public 
land for affordable housing, Reclaim the City (RTC), a new social movement of Black working-class and 
poor communities fighting to reverse apartheid-era spatial segregation, shifted to prefigurative politics. In 
2017, they occupied two vacant provincial buildings in the inner city, turning them into live-in models of the 
affordable housing they demanded. This action was part of a constellation of people power strategies, used 
alongside legal challenges and mass mobilization. 

4.3.1 Strengths 

Prefigurative action proved to be a uniquely powerful tactic. It provided immediate, direct relief to those in 
housing stress, demonstrated concretely that inner-city affordable housing was possible, and created 
organizing spaces that built community and sustained the movement. The combination of strategies proved 
effective, leading to the City identifying affordable housing sites and, crucially, a 2020 court ruling that set 
aside the land sale and affirmed the government’s duty to address apartheid spatial planning. 

4.3.2 Weaknesses/Critique 

This strategy is highly demanding and precarious. Sustaining the occupations required immense effort from 
residents and institutional backing (from partner NGO Ndifuna Ukwazi which means ‘dare to know’ and 
called for the inner-city land to be converted to state-owned public housing rather than the sale). The 
participatory, non-hierarchical governance model was vulnerable to internal tensions and violent external 
pressures, including two murdered residents in 2017. The movement’s gains are also vulnerable to political 
shifts, as progress stalled when supportive politicians resigned. While a powerful form of resistance and 
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advocacy, it is not a scalable model for mass housing production on its own. It is most effective as a tactic to 
force state action, not as a substitute for it. 

4.4 Lagos, Nigeria: The Informal Demand-Side Adaptation Strategies 

The study of Logos experience takes a radically different approach by analyzing the demand side – the 
informal strategies of the urban poor themselves. Through interviews in five major Lagos slums, the 
researchers document how residents house themselves despite state neglect. Key findings include the 
prevalence of rental housing (82.5%) and shared apartments (7.5%), extremely low and irregular incomes 
(90% earn < US$30/month), strong economic ties to their settlement location, reliance on community 
savings groups (87.5% membership), and the use of incremental building. 

4.4.1 Strengths 

The  primary strength of the case of Logos is its empirical grounding in lived reality. By quantifying the 
actual income and expenditure of the target population, it provides a stark reality check for formal policies. 
The findings and recommendations – prioritizing rental housing with daily/weekly payments which are more 
realistic for the urban poor, supporting livelihoods through existent savings group and microcredit 
institutions, and adopting alternative housing approaches such as incremental housing (by use of cheaper 
construction materials) and shared housing (as convertible homes and hostels) – are not abstract theories but 
are derived from proven, working strategies. This experience identifies the raw materials for a genuinely pro-
poor housing policy. 

4.4.2 Weaknesses/Critique 

The study of the Lagos experience  is diagnostic and prescriptive but does not deeply explore the 
complexities of implementation. How can a government institutionalize an informal savings group without 
destroying its trust-based, flexible nature? How can technical support for incremental building be provided 
without triggering gentrification? This case successfully identifies what needs to be done but is less detailed 
on the how – the intricate political and administrative work required to integrate informal systems with 
formal state structures without breaking them or enabling co-optation. 

Aspects/Cases Algiers, Algeria Bahir Dar, Ethiopia Cape Town, South Africa Lagos, Nigeria 

Main Approach 

Top-down State-
Provision: The state is the 
primary provider, financier, 
and developer. It aims at mass 
production and 
homeownership for the 
middle class through a 
structured formal market 
mechanism (rental-sale). 

State-Enabled Collective 
Self-Help: Government 
creates a policy framework 
(land at benchmark price) for 
citizens to form cooperatives 
and help themselves. Places 
the financial burden and 
construction risk on the 
cooperative members. 

Bottom-up Insurgent 
Making: A social movement 
confronts the state by creating a 
concrete micro-utopia (housing 
occupation) to directly 
challenge exclusionary land use 
and demand policy change. The 
approach is pragmatic, using 
direct action when formal 
channels fail. 

Bottom-up Informal 
Adaptation: The urban poor are 
active agents who have 
developed their own solutions 
(incremental building, informal 
finance) outside the formal 
system. The study advocates 
for the state to learn from and 
build upon these strategies. 

Role of the State 

Primary Provider & 
Regulator: The central actor 
in funding, building, and 
managing the program. The 
state‘s role is dominant and 
essential to the model‘s 
functioning. 

Facilitator & 
Enabler: Provides the policy 
and land, but shifts the 
financial burden entirely to 
members. The state is the 
gatekeeper of land but fails 
to provide essential financing 
or timely delivery. 

Adversary & Target: The 
movement opposes the state‘s 
(including provincial 
governments) actions (selling 
public land) and demands it 
become a social housing 
provider. The state is the target 
of protests, occupations, and 
litigation. 

Absent or Hindering: Formal 
policies are seen as ineffective 
or irrelevant. The study argues 
the state should shift from 
control/provider to partnership 
by learning from informal 
practices. 

Target Population 
& Affordability 
Definition 

Middle-Income: Strictly 
defined by monthly income 
bands (1.5 to 6 times the 
minimum wage). 
Affordability is about 
matching a fixed, subsidized 
price to a fixed income 
bracket. 

Low- & Middle-
Income: Targeted by policy, 
but the critical finding is the 
scheme is unaffordable for 
most. High costs of land 
compensation and 
construction, coupled with a 
total lack of accessible 
housing finance, exclude the 
intended beneficiaries. 

Low-Income & Black 
Working-Class: Affordability 
is defined by the lived 
experience of housing stress, 
spatial exclusion (apartheid 
legacy), and the threat of 
displacement. The movement 
directly challenges the state 
and market‘s exclusionary 
logic. 

The Urban Poor: The study 
reveals their actual affordable 
threshold is <$9/month, a 
figure far below any formal 
scheme. Affordability is 
defined by extreme income 
precarity (90% earn 
<$30/month). 

Land Acquisition 
State-Allocated: The state 
provides land for the Housing 
Improvement and 

Government-Allocated at 
Benchmark Price: Land is 
the key state contribution, 

Contentious Occupation: Land 
is acquired by physically 
reclaiming vacant public 

Informal & Market-Based: The 
poor access land in unserviced, 
hazardous peri-urban areas 
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Aspects/Cases Algiers, Algeria Bahir Dar, Ethiopia Cape Town, South Africa Lagos, Nigeria 

Development Agency 
(AADL) projects. The cost is 
integrated into the final price 
paid by the beneficiary over 
20 years. The user doesn't 
directly negotiate for land. 

but members must pay for it 
indirectly through 
compensation fees for 
previous users. A critical 
bottleneck is multi-year 
delays (up to 5 years) in 
getting serviced plots. 

property. This illegal but 
politically powerful tactic 
directly challenges the state‘s 
land use priorities and exposes 
under-used public assets in the 
wealthy inner city. 

(swamps, peripheries) because 
it‘s all they can afford. They 
have strong economic ties to 
these locations, living and 
working within them. 

Financing & 
Construction 

Structured Long-Term 
Payment: The state provides a 
20-year payment plan. The 
household pays 25% upfront 
(10% pre-construction, 15% 
on completion) and the rest in 
monthly instalments. 
Construction is done by large 
contractors (e.g., China State 
Construction & Engineering 
Corporation: CSCEC). 

Member-Financed & 
Built: This is the critical 
failure point. Members must 
save 50% of construction 
costs before getting land and 
then cover all costs. No state-
backed mortgages or 
affordable finance options 
exist. This leads to very low 
construction rates (<7,000 
out of 31,596 plot recipients 
built homes). 

Sweat Equity & Community 
Governance: Residents 
maintain the building and 
govern the space themselves. 
The key output is not just the 
physical space but a new model 
of community-led housing 
governance, which they 
propose to the city as an 
alternative to top-down, 
bureaucratic management. 

Incremental & Shared: The 
poor build in stages 
(incremental housing) as 
money allows. They use 
cheaper materials (wood), 
share housing with family, and 
prefer daily/weekly 
rent. Community savings 
groups (thrifts, 
cooperatives) are their primary 
and most effective financing 
tool. 

Main Challenges 

- Poor build quality and 
monotonous urban design in 
new towns like Sidi Abdallah. 
- Balancing the speed of mass 
production with quality of life 
for residents. 
- Financialization of housing 
potentially undermining 
broader social goals. 

- Policy is fundamentally 
unaffordable for its target 
group due to hidden costs 
(land compensation). 
- Corruption in member 
selection. 
- Extreme delays in 
delivering serviced land (up 
to 5 years). 
- Complete lack of accessible 
housing finance for 
members. 

- State repression and 
continuous legal challenges. 
- Internal conflicts and violence 
within occupied spaces. 
- The resource-intensity of 
sustaining long-term 
occupations. 
- Vulnerability to shifts in the 
political landscape (e.g., 
resignation of supportive 
mayor). 

- Extreme poverty and income 
insecurity (90% earn 
<$30/month). 
- Mismatch between formal 
housing products 
(homeownership) and the 
needs/capacity of the poor 
(need rental <$9/month). 
- Lack of formal finance and 
secure land tenure. 

Outcomes & 
Effectiveness 

High Output, Mixed 
Satisfaction: Successfully 
delivered thousands of units, 
contributing to significant 
slum reduction. However, 
resident satisfaction is low 
(avg. 2.85 of 4) due to quality 
and design issues. The 
product is delivered, but is it a 
good place to live? 

Quantitative Success, 
Qualitative Failure: The 
policy successfully 
transferred land to over 
31,000 members. However, 
it failed in its core mission of 
creating affordable housing. 
Most plots lie empty, 
members cannot afford to 
build, and many are forced to 
sell. 

Political & Policy Wins: The 
occupation forced the city to 
identify and zone specific sites 
for affordable housing. It 
stalled the sale of large piece of 
inner-city 
public land (Tafelberg) and 
won a court case affirming the 
state‘s duty to reverse apartheid 
spatial planning. It created a 
sustained political force. 

Identifies a Viable Policy 
Alternative: The study provides 
a powerful demand-side 
critique. It identifies realistic 
affordability parameters (rent 
<$9/month) and highlights the 
potential of incremental 
housing and informal savings. 
It argues for formalizing, not 
replacing, these strategies. 

Critical Analysis 

The Commodification vs. 
Quality Tension: The program 
successfully financializes 
housing for the middle class 
but struggles with the quality 
of life and urbanism it 
produces. This shows the 
limits of a purely quantitative, 
state-driven production 
model. 

The Policy-Reality Gap: The 
experience is a stark critique 
of a well-intentioned policy 
that is blind to the economic 
realities of its target group. 
The self-help model becomes 
a burden, not a benefit, 
without financial support. It 
highlights a profound failure 
of policy design. 

The Inside/Outside 
Tension: The movement 
successfully uses "outside" 
tactics (illegal occupation) to 
win "inside" concessions 
(policy changes, court rulings). 
However, maintaining the 
internal participatory 
democracy of the occupation is 
fraught with conflict and 
requires significant NGO 
support, challenging 
romanticized notions of 
autonomous movements. 

The Formal/Informal 
Tension: The study makes a 
powerful case for a paradigm 
shift from replacing informality 
to learning from and building 
upon it. This requires a 
fundamental reorientation of 
the state‘s relationship with the 
poor, from control to 
partnership. 

Reference Makhloufi, 2025 Adigeh & Abebe, 2024 Tattersall & Iveson, 2024 Akinwande et al., 2024 

Table 2: Comparative Analysis of planning and policy on affordable housing in Affrican cities 

5 CONCLUSION 

The challenge of affordable housing in emerging and developing economies including African countries 
cannot be resolved by singular, ideologically pure approaches. The diverse experiences of Algiers, Bahir 
Dar, Cape Town, and Lagos collectively demonstrate that effective strategies must move beyond false 
dichotomies – state vs. market, formal vs. informal, ownership vs. rental – and instead forge a hybrid path 
that strategically combines the strengths of multiple actors and processes. This path rests on four following 
foundational pillars: 
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(1) Successful approach must be grounded in the lived reality of the urban poor. Policy must begin not with 
idealized housing standards or financial models, but with a deep, empirical understanding of what the target 
population can actually afford. As the Lagos study starkly reveals, when formal mechanisms ignore the 
precarious, often daily, incomes of the poor (in this case, less than $9 per month for housing), they become 
fundamentally inaccessible. Policy must therefore recognize and enhance, rather than replace, the 
sophisticated informal strategies of incremental construction, shared housing, and community-based savings 
that the poor have already invented. 

(2) Land is a necessary but insufficient condition for affordable housing; it must be integrated with enabling 
financial mechanisms. The Ethiopian experience serves as a tragic cautionary tale: providing land without a 
concurrent strategy for housing finance is not a policy, but a transfer of unbearable risk. It creates a class of 
plot-holders who cannot build. In contrast, the Algerian model demonstrates the power of the state to provide 
structured, long-term finance that aligns with household income, transforming tenants into owners. The 
critical lesson is that land and finance cannot be siloed; they must be designed as an integrated system. 

(3) The state is an inescapable actor whose role must be reimagined, not retreated from. Across all cases, the 
state is central – as builder (Algiers), enabler (Bahir Dar), target (Cape Town), or absentee (Lagos). No 
amount of community self-help can substitute for its capacity to act at scale. However, the state must evolve. 
It must move from imposing rigid, top-down products to supporting housing as a dynamic social process. It 
must build the capacity for responsive listening, flexible implementation, and accountable partnership with 
social movements and community organizations. As Cape Town’s pragmatic prefiguration shows, an 
adversarial state can be forced to change through a constellation of people power strategies – combining 
litigation, mobilization, and the physical demonstration of alternative possibilities. 

(4) Housing is fundamentally an act of urbanism, not just shelter provision. The location, quality, and 
liveability of housing are as important as its existence. The dissatisfaction of residents in Algiers’ new towns 
and the struggle of Cape Town's movement for inner-city land underscore that peripheral housing, no matter 
how cheap, imposes costs in time, dignity, and opportunity that undermine true affordability. Effective 
policy must integrate housing with transport, services, employment, and thoughtful urban design. 

In conclusion, affordable housing in emerging and developing economies requires a new kind of urban 
planning – one that is humble enough to learn from the informal, courageous enough to confront unjust 
structures, and pragmatic enough to combine the scale of the state with the energy of its citizens. The goal is 
not a blueprint, but a framework: a hybrid approach that empowers the poor, enables the state, and 
ultimately, reimagines the city as a place of justice and belonging for all. 

Future research must move beyond siloed analyses to investigate integrated land-finance policy models, 
comparing outcomes for households that receive land with and without accompanying financial mechanisms. 
Researchers should document and analyze informal systems as intelligence, conducting ethnographic studies 
of incremental building, community savings, and shared housing to understand how these strategies can be 
enhanced rather than replaced by formal policy. The concept of pragmatic prefiguration requires comparative 
investigation across housing movements to understand when and how occupations, community experiments, 
and constellations of people power successfully force state transformation. Multidimensional affordability 
frameworks must be developed and tested, integrating shelter costs with transportation, employment access, 
and residential satisfaction. The state’s multiplicity of roles demands comparative institutional analysis to 
explain why some states enable, others obstruct, and still others are forced to change, identifying the 
conditions under which productive state-society synergy emerges. Finally, longitudinal studies tracking 
households over time through incremental construction, policy interventions, and movement participation are 
essential to understand the dynamic processes that determine whether housing strategies succeed or fail – 
moving beyond static snapshots to capture housing as a temporal process. 
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1 ABSTRACT 

In developing countries, human settlements are increasingly becoming more vulnerable to high flood risks 
and damages, especially those who are situated near rivers, flood-prone areas, and at low elevations. 
Correspondingly, South Africa is one of the developing countries that often experience devastating impacts 
of climate-related disasters, such as significantly heavy rainfall-induced flooding. However, floods persist, 
repeatedly affecting the residents despite the existing mitigation measures such as spatial planning. In 
addressing these ongoing challenges, this paper aims to analyse the effectiveness of spatial planning in 
enhancing rural resilience to flooding in South African rural areas and identify opportunities for 
improvement. Using a mixed methods approach, the role of spatial planning in enhancing rural resilience to 
flooding is assessed in relation to spatial development and flood risk management of rural areas in South 
Africa. Findings highlight that spatial planning frameworks in rural areas often lack clear consideration of 
flood risks, resulting in increased vulnerability. Most rural areas are situated in areas that are vulnerable to 
flooding, highlighting the necessity for enhanced planning. Limited and poor infrastructure provision in rural 
areas also hinders rural resilience to flooding. This paper recommends the incorporation of flood risk 
management into spatial planning frameworks, enhancing green infrastructures, raising awareness among 
residents about flood risks, and promoting collaborative spatial planning. This paper emphasises the 
necessity for incorporating spatial planning and flood risk management in rural South Africa, contributing to 
more rural resilience and sustainable rural development. 

Keywords: Flooding, Flood Risk Management, Rural Areas, Rural Resilience, Spatial Planning 

2 INTRODUCTION 

In developing countries, human settlements are more vulnerable to flood disasters due to the combined 
consequences of climate change, rapid land-use change, and socioeconomic vulnerabilities (Ananwa, 2023). 
In South Africa, rural communities located near rivers, low-lying areas, and flood-prone areas are 
particularly at risk, frequently sustaining repeated flood damage with limited ability to adapt and recover 
(Chakwizira et al., 2021). Worldwide, flood damages and risks are increasing as climate change increases the 
frequency and severity of heavy rainfall events, leaving pressure on both urban and rural communities 
(Raphela, 2025). In South Africa, rural human settlements are increasingly vulnerable to flooding due to 
inadequate infrastructure delivery, a lack of adaptability, and underfunded institutions (Ampofo et al., 2024). 
To address the increasing flood risks and damage, researchers and policymakers have devoted substantial 
focus to flood risk reduction and climate adaptation strategies, notably on governance arrangements and 
planning tools employed to manage development in areas vulnerable to flooding (Loschner, 2020). Among 
these planning tools, spatial planning is commonly known as a main mechanism for preparing for flood risk 
and shaping land use patterns in a way that minimises exposure and long-term vulnerability (Roosimagi, 
2021). Spatial planning is a tool that can play a critical role in prevention and transformation in flood risk 
management through guiding settlements in areas that are feasible for residing, regulating land use, and 
incorporating environmental challenges into development decision-making (Kodag, 2022). Existing literature 
largely conceptualises spatial planning as a technical and physical intervention tool, mainly concentrating on 
spatial design measures such as buffer zones, flood-resistant building standards, and stormwater management 
systems (Meng, 2020). Although these approaches are essential for flood resilience, they tend to overlook the 
governance, political, and institutional aspects of planning that shape how such tools are enforced in practice. 
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Consequently, limited focus has been given to how spatial planning systems, decision-making processes, and 
institutional capacity influence flood resilience outcomes, especially in areas characterised by poor resources 
and weak governance. In addition, flood risk management research persistently focuses much on urban areas, 
with rural areas receiving limited scholarly attention despite facing persistent exposure to flooding, poor 
infrastructure investment, and poor planning and governance systems. This gap is particularly evident in 
South Africa, where flooding is the most frequent and damaging natural disaster. Between 2000 and 2016, 
floods accounted for nearly 42% of all natural disasters worldwide and 35% of those recorded in South 
Africa (EM-DAT, 2017). In South Africa, rural areas mostly operate under complex land tenure 
arrangements, poor technical capacity, and fragmented institutional responsibilities, conditions that cater to 
an urban-centred planning model that cannot address rural areas flood vulnerability. 

South Africa exemplifies the aforementioned challenges. The country experiences recurring flood risks and 
damages due to the combination of climatic stressors, historical spatial planning inequalities, and continuing 
institutional and governance challenges (Raphela, 2025). Provinces in South Africa, such as Limpopo, 
KwaZulu-Natal, North West, and the Eastern Cape, are disproportionately affected by more extensive flood 
risks due to a combination of geographic and government-related weaknesses, and limited adaptation 
capacity (Munyai et al., 2021). Despite spatial planning being formally known as a vital mechanism for 
enhancing flood resilience, many rural municipalities struggle to translate planning regulations into efficient 
flood risk reduction practices due to weak inter-sectoral collaboration and poor incorporation of flood risk 
consideration into land use decision-making (Munyai et al., 2021). As a result, flooding continues to have 
impacts on rural settlements repeatedly, raising questions about the effectiveness of existing spatial planning 
techniques. Despite the growing recognition of spatial planning as the main mechanism for flood risk 
management, there is limited empirical knowledge about how spatial planning is being implemented in rural 
South African contexts, the institutional challenges that hinder its effectiveness, and the extent to which 
current spatial planning frameworks support rural flood resilience. This signifies a vital gap in the literature, 
especially considering the accelerating climate change impacts and the disproportionate vulnerability in rural 
human settlements. Addressing these challenges, this study aims to analyse the effectiveness of spatial 
planning in enhancing rural resilience to flooding in South Africa.  

3 LITERATURE REVIEW 

3.1 Climate change and flooding in developing countries 

Worldwide, flooding is known to be one of the most frequent and catastrophic natural disasters, emerging 
when water temporarily overwhelms normally dry land due to heavy rainfall, river overflow, or inadequate 
drainage systems (Ran & Nedovic-Budic, 2016). This statement simply emphasises that globally, floods 
affect more residents than any other type of natural disaster. UNISDR (2018) reported that floods are the 
most frequently reported natural disasters, repeatedly affecting a large number of people. According to the 
United Nations (2015) and Abdrabo et al. (2020), between 1995 and 2015, floods were reported to be 43% of 
all natural disasters, impacting over half of the residents experiencing any other natural disasters and 
resulting in more than a quarter of all disaster-related deaths. As mentioned above, climate change continues 
to increase the flood risks by increasing the frequency and severity of heavy rainfall events, leaving pressure 
on both urban and rural communities (Raphela, 2025). Worldwide, between 2000 and 2022, floods resulted 
in inflation-adjusted economic loss equal to US$929 billion, illustrating 3852 floods (Centre for Research on 
the Epidemiology of Disasters (DRED, 2023). In South Africa, floods and storms are the most frequent 
natural disasters, resulting in 71.2% of the total disasters in the country (CRED, 2023). In the Global South, 
flood risks and damages are intensified by structural and socioeconomic aspects, encompassing inadequate 
infrastructures and weak governmental regulations, and unplanned rural settlements that usually encroach on 
natural floodplains (Nuissl, 2020). According to Liu (2024), globally from 1990 to 2022, 168 countries 
experienced 4,713 flood events, impacting more than 3.2 billion residents, resulting in over 218, 000 deaths, 
and economic losses exceeding $1.3 trillion. Africa continues to be vulnerable to flooding, experiencing the 
third-highest proportion of global flooding events and associated deaths (Hamidifar and Nones, 2021). In 
2024 alone, floods impacted over 8.5 million residents and claimed more than 1,460 lives across 20 countries 
in West and Central Africa, emphasising the combined impacts of climate variability and inadequate 
infrastructures (Ramadane, 2024). These flooding statistics highlight that flooding is not only a repeated 
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environmental disaster but also a pressing developmental and governance challenge, especially in areas with 
limited adaptive capacity. 

3.2 Role of spatial planning in flood risk management 

Spatial planning is known as a process in which public and private sectors influence the spatial allocation of 
activities, people, and land uses to guide long-term development outcomes (Roosimagi, 2021). In addition to 
oversight, spatial planning signifies a coordinated and strategic approach aimed at shaping spatial patterns of 
settlement growth to enhance resilience, efficiency, sustainability, and safety of human settlements 
(Thistlethwaite, 2019; Roosimagi, 2021). This has placed spatial planning as a possible vital tool in 
addressing complex environmental risks and damages, including flooding.  Considering flood risk 
management, spatial planning is known as a preventive tool that can minimise exposure by directing human 
settlement developments away from areas vulnerable to flooding and incorporating environmental challenges 
into land use decision-making (Ran, 2016). Spatial planning operates proactively by directing where and 
how human settlement developments should occur, unlike structural flood control tools such as dams, levees, 
and drainage systems, which minimise flooding probability but cannot fully stop risks and damages (Sayers 
et al., 2013; Thistlethwaite, 2019). Therefore, it plays an enhancing role in engineering-based interventions 
by tackling the fundamental drivers of flood vulnerability. Notwithstanding the recognised capability, the 
literature repeatedly emphasises major challenges in translating spatial planning principles into successful 
flood risk management practice. One of the most commonly quoted challenges is the weak collaboration and 
communication among spatial planning officials and flood risk management institutions, which usually work 
within incoherent government systems (Ran & Nedovic-Budic, 2017). This institutional disconnect is 
worsened by varying professional viewpoints, with town planners and flood risk officials mostly holding 
contrasting perspectives on the role and scope of spatial planning in enhancing flood risk (Solin, 2023). 
These issues are overlooked and threaten the incorporation of flood risk consideration into spatial 
development processes and minimise the effectiveness of planning interventions. The mutual reliance 
between spatial planning and flood risk management highlights the necessity for more integrated 
mechanisms that correspond to spatial planning, environmental management, and governance processes 
(Ran, 2016). Effective spatial planning needs to balance environmental, social, and economic aspects while 
concurrently tackling the current vulnerabilities and hindering the creation of new risks and damages 
(Thistlethwaite, 2019). Incorporating flood risk management into spatial planning regulations is therefore 
vital for minimising long-term exposures and enhancing the rural resilience and sustainability of human 
settlements. These challenges are frequently seen in Africa, where flooding is the most common natural 
hazard and usually leads to notable loss of lives, property damage, and disturbance of livelihoods (Cilliers, 
2019). Under these circumstances, spatial development planning has a vital role in hindering unsuitable 
settlement development in areas that are vulnerable to flooding and supporting disaster risk reduction efforts. 
When executed correctly, spatial planning can contribute not only to minimising flood risks and damages but 
also to addressing social vulnerabilities and reinforcing societal resilience to flooding (Priest et al., 2016; 
McEwena et al., 2018). 

4 APPROACH AND METHODOLOGY 

An exploratory research design was adopted in this study to allow for a flexible and in-depth examination of 
the role of spatial planning in enhancing rural resilience to flooding in South Africa. This design is 
particularly suitable for gaining new insights, clarifying concepts, and identifying patterns, relationships, or 
factors influencing complex phenomena (Saunders, Lewis, & Thornhill, 2019). The study employed a 
mixed-methods research approach, integrating both quantitative and qualitative techniques to provide a 
comprehensive understanding of the research problem. Mixed methods research is especially valuable for 
addressing complex issues that cannot be sufficiently explored through a single methodological approach 
(McLeod, 2024). The quantitative component focused on collecting data related to flood risks, infrastructure 
availability, and spatial planning indicators, while the qualitative component involved semi-structured 
interviews with town planners to explore perceptions of flood risk, the effectiveness of spatial planning 
interventions, and barriers to implementation. A random sampling technique was used to select South 
African residents for the quantitative survey to ensure representativeness, while purposive sampling was 
employed to select town planners with relevant expertise for the qualitative interviews. Data analysis 
involved the use of descriptive statistical tools, including SPSS and Microsoft Excel, for quantitative data, 
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while qualitative data were analysed using thematic analysis to identify recurring themes and patterns. 
Ethical considerations were rigorously observed throughout the study. Participants were fully informed about 
the purpose of the research and assured that they would not be deceived in any way. Participation was 
entirely voluntary, and respondents were informed of their right to withdraw from the study at any stage 
without any consequences. To avoid coercion or undue influence, participants were provided with adequate 
information to make informed decisions and were allowed to ask questions and seek clarification regarding 
any aspect of the study. 

4.1 Data Collection Methods 

Data collection refers to the systematic process of gathering, evaluating, and analysing accurate information 
using established and validated research methods (Mazhar, 2021). This study employed both primary and 
secondary data sources to ensure a comprehensive and well-rounded analysis of the role of spatial planning 
in enhancing rural resilience to flooding in South Africa. Primary data were collected through surveys, 
interviews, and field observations. Secondary data were obtained from policy documents, local government 
reports, and existing scholarly studies related to spatial planning, flooding and rural resilience. 

4.2 Survey Questionnaires 

A questionnaire is a research instrument used to collect data through a structured series of questions 
(Hussain, 2022). In this study, structured survey questionnaires comprising both closed-ended and open-
ended questions were used to collect data from South African residents living in rural areas vulnerable to 
flooding. The mixed question format allowed for the collection of both quantifiable data and contextual 
insights. A total of 20 questionnaires were distributed to participants residing in flood-prone rural areas. Each 
questionnaire was designed to take approximately 5–10 minutes to complete. 

4.3 Interviews 

Interviews are a qualitative data collection method that utilises open-ended questions to obtain in-depth 
information from participants (George, 2022). Semi-structured interviews were conducted with five town 
planners, selected due to their role in spatial planning and flood resilience in both rural and urban contexts. 
The semi-structured format enabled flexibility, allowing participants to elaborate on their experiences, 
perceptions of flood risk, the effectiveness of spatial planning measures, and challenges in implementation. 
Each interview was expected to last between 10 and 15 minutes. 

4.4 Literature Sources 

A comprehensive review of existing literature was conducted to establish a strong theoretical and contextual 
foundation for the study. This review focused on spatial planning, rural resilience, flooding, land-use 
planning, and climate change at global, national, and local levels. Key policy documents, including the 
Spatial Planning and Land Use Management Act (SPLUMA, 2013), Spatial Development Frameworks 
(SDFs), and Integrated Development Plans (IDPs), were analysed to understand the role of spatial planning 
in enhancing rural resilience to flooding in South Africa. Additionally, the study was framed within the 
existing research on theoretical viewpoints in land-use planning, rural resilience, flooding and climate 
change found in academic literature. 

5 RESEARCH FINDINGS 

5.1 Flood experience among residents 

The findings highlight that flooding is a common experience among most of the participants. The majority of 
respondents, 83%, stated that they have been exposed to flooding in their communities, while only 17% 
highlighted that they have not. The absence of “not sure” responses highlights that participants were 
confident about their responses, emphasising the tangible and memorable nature of flooding events within 
their communities in South Africa. The majority of affirmative responses emphasise the repeated occurrence 
of flooding in the study area and confirm that flooding is a common and lived challenge for residents who 
stay in rural communities. These results further highlight the need for effective flood risk management and 
spatial planning intervention, as flooding is not a hypothetical risk but a repeated reality impacting most of 
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the residents in rural communities in South Africa, mostly those who reside in areas vulnerable to flooding or 
low-lying areas. 

5.2 Frequency of flood occurrence 

The following figure shows that flooding occurs with different regularity in the study area. Half of the 
participants (50%) reported that they experience flooding every year due to heavy rainfall, highlighting that 
flooding is a common and recurring event for a significant portion of rural South Africa. About one third of 
participants (33%) experience flooding occasionally throughout the year, highlighting irregular but still 
noteworthy exposure to flooding events. 17% reported that they experience flooding rarely, highlighting that 
a smaller portion of the rural South Africa population faces infrequent flood events. Overall, the data shows 
that flooding is the most frequent natural disaster in South Africa, with most of the rural communities' 
residents affected regularly, emphasising the necessity for robust flood risk management and resilience 
strategies. 

5.3 Impacts of flood encountered 

The figure below highlights that housing damage during flooding is the most major impact of flooding, 
affecting 50% of the participants. This emphasises that human settlements in rural areas are highly developed 
in areas that are vulnerable to flood events, possibly because of weak construction materials used or the 
location in flood-prone areas and poor infrastructure, such as drainage systems. The loss of crops and 
livestock is reported to be the second most common impact in rural South Africa, reported by 33.3% of 
participants. This shows that the negative impacts of flooding on agricultural livelihoods and food security 
are particularly significant for households that rely on farming and livestock rearing. Displacement of 
residents affected 16% of the participants, highlighting that fewer households had no choice but to relocate 
due to flooding, causing damage to living arrangements and community stability. Notably, no participants 
reported health problems or loss of income (0%). This may highlight effective coping mechanisms and 
timely evacuation. Overall, the results highlight that flood impacts were primarily physical and livelihood-
related, with housing and agriculture being the most affected aspects. 

5.4 Challenges of flooding in South Africa 

5.4.1 Settlement Patterns in Flood-Prone Areas 

The results highlight that settlements developed in areas vulnerable to flooding are strongly affected by land 
allocation, poor awareness, and weak governmental challenges. All surveyed participants (100%) stated that 
they were not informed about flood risks and had no idea that they were being placed in flood-prone areas 
before residing in their respective communities. This shows an urgent gap in risk communication and public 
awareness about the flood risks, highlighting that flood risk information is not effectively shared with 
residents before settlement decisions are made. The responses further highlight that the lack of knowledge is 
a main issue contributing to continued residential development in flood-prone areas. As highlighted by one 
resident, due to an absence of information pertaining to flood risks, it hinders residents' ability to make 
informed settlement choices (Resident 16, 2026). This result emphasises that the tribal authorities in rural 
communities continue to allocate land in areas that are vulnerable to flooding, leaving residents being the 
ones to experience the challenges. Viewpoints from town planners point to systemic and governmental 
challenges within spatial planning and human settlement delivery processes. Backlogs in the delivery of 
properly demarcated and serviced human settlements have resulted in residents settling in available land 
despite flood risk and damage exposures (Town Planner 1, 2026). This scenario is worsened by repeated 
housing delays, which drive communities to prioritize having shelters rather than considering their safety. 
Additionally, it emphasises that municipal planning priorities are more focused on urban areas, leaving rural 
communities with limited planning support and awareness initiatives. According to Town Planner 3 (2026), 
weak spatial planning practices in local municipalities, lack of land for development, and poor community 
awareness programme lead to the continued allocation of stands in flood-prone areas. This shows a broader 
spatial inequality between rural and urban areas in South Africa. The role of tribal authorities was also 
mentioned as one of the major aspects influencing settlement patterns in areas that are vulnerable to flooding. 
Town Planner 4 (2026) emphasised that tribal authorities often lack adequate knowledge of environmental 
buffers and disaster-prone areas when they allocate stands to residents under their jurisdiction. This 
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emphasises the disconnect among formal spatial planning, disaster risk management regulations, and 
customary land allocation practices, further exacerbating settlement vulnerability. Overall, this analysis 
shows that human settlement in flood-prone areas is not solely a result of individual choice but rather a 
combination of poor awareness, poor spatial planning, inadequate governmental collaboration, and land 
scarcity. These results highlight the necessity for improved flood risk communication, stronger coordination 
among municipalities and tribal authorities, and proactive spatial planning intervention to avoid further 
human settlement in areas vulnerable to flooding. 

5.4.2 Inadequate Integration of Flood Risk into Spatial Planning Frameworks 

This paper found that flood risk management is poorly incorporated into rural spatial planning regulations, 
significantly restricting their effectiveness in minimising flood vulnerability. Spatial Development 
Frameworks and Land Use Schemes in most rural communities lack comprehensive flood risk assessments, 
up to flood hazard mapping, and clearly elaborated settlement development guidelines for areas vulnerable to 
flooding. This absence of risk-informed planning mechanisms leads to human settlement development 
decisions that do not adequately account for current and potential flood risks and damages. Therefore, spatial 
planning tools fail to effectively guide human settlement development away from high-risk areas or 
encourage adaptive land use practices such as controlled development, buffer zones, or flood-resilient human 
settlement patterns. Instead of spatial planning operating as a proactive and preventive mechanism, spatial 
planning regulations mostly respond reactively after flood events have already happened. This responsive 
approach threatens the core objectives of spatial planning in enhancing safety, sustainability, and resilience. 
Additionally, the results show a disconnect between spatial planning and disaster risk management 
regulations. Although there is the existence of national and local disaster management frameworks, their 
principles are not enforced within spatial planning tools at the rural community level. This poor 
incorporation results in recurrent flood challenges in rural communities, as human settlements continue to be 
exposed to flood risks without adequate preventive planning mechanisms. Overall, the paper emphasises the 
immediate necessity for incorporated, risk-sensitive spatial planning approaches that coordinate land use 
planning with flood risk management and climate change adaptation measures. 

5.4.3 Poor Infrastructure Provision and Maintenance 

The results of this study confirm that poor infrastructure provision and maintenance significantly challenge 
rural resilience to flooding. Survey findings highlight that 66.7% of participants have drainage infrastructure 
to help during flooding, while only 33.3% show the presence of some form of drainage infrastructure. This 
imbalance emphasises the widespread absence of basic flood mitigation infrastructure in rural areas and 
underscores the vulnerability of these communities to heavy rainfall events. 

Inadequate drainage infrastructures increased flood impacts by allowing stormwater to accumulate within 
human settlements, exacerbating surface runoff and prolonging inundation periods.  These results align with 
broader observations that infrastructure developments in rural communities commonly lag behind urban 
areas in both delivery and maintenance. Furthermore, poor infrastructure hinders access to essential services 
during flooding events in rural communities. Poorly maintained roads and the absence of stormwater systems 
impede mobility, delay emergency response, and restrict access to healthcare and markets. As a result, 
flooding not only leaves physical consequences but also threatens socioeconomic status, further minimising 
the adaptive capacity of rural communities. From spatial planning viewpoints, these results highlight a 
disconnect between human settlement development and infrastructure planning in rural areas. The absence of 
incorporated infrastructure planning within SDF undermines long-term sustainability and resilience 
objectives. Overall, the findings highlight the necessity for enhanced investments in rural drainage and 
stormwater infrastructure, alongside regular maintenance, to enhance flood resistance in rural areas and 
support sustainable rural development. 

5.4.4 Weak Stakeholder Coordination and Governance 

The paper highlighted that poor collaboration between key stakeholders undermines the effectiveness of 
spatial planning and flood risk management in rural communities. Coordination among town planners, 
disaster management officials, environmental officials, and local government departments is often weak, 
leading to fragmented planning processes and poor enforcement of flood resilience mechanisms. The 
absence of incorporated government structures, formal communication channels, and shared data systems 



Takalani Mugada, Trynos Gumbo, Retsepile C. Kalaoane, Thembani Moyo 

REAL CORP 2026 Proceedings/Tagungsband 
23-25 March 2026 – https://www.corp.at 

Editors: M. Schrenk, C. Beyer, T. Popovich, J. Ryser, D. Mawlood 
ISBN 978-3-9504945-5-6 
 

131 
  
 

further heightens these impacts, resulting in duplicated efforts in some areas while leaving critical policy 
gaps in others. This lack of collaboration not only limits the effective execution of flood mitigation strategies 
but also minimises the capacity of rural communities to benefit from available resources and expertise. For 
example, without collaborative planning, disaster management units may enforce emergency approaches that 
are not aligned with spatial development priorities, while environmental officials may fail to protect natural 
flood buffers critical for minimising flood challenges. The results emphasize the need for strengthened 
intergovernmental and cross-sectoral coordination, including the establishment of shared information 
platforms, joint planning committees, and regular stakeholder engagement forums. By encouraging 
incorporated governance and cooperative decision-making, rural flood-prone areas can achieve more 
coherent spatial planning outcomes, enhancing overall community resilience to flooding. 

5.4.5 Limited Community Awareness and Participation 

Limited community awareness and participation emerged as a significant challenge affecting rural flood 
resilience. The findings indicate that many residents have insufficient knowledge of flood risks, early 
warning systems, and appropriate preparedness measures, which reduces their ability to anticipate, respond 
to, and recover from flood events. The lack of accessible and targeted risk communication in rural areas 
contributes to this knowledge gap, leaving communities unprepared for recurring flooding. In addition, 
community involvement in spatial planning processes is often minimal. Residents are seldom actively 
engaged in decision-making related to land-use planning, settlement development, and disaster risk 
management. This limited participation restricts opportunities to incorporate local knowledge and lived 
experiences into planning processes, which are essential for identifying context-specific flood risks and 
feasible adaptation strategies. When residents are not involved in planning decisions, they are less likely to 
understand, support, or comply with planning regulations and risk reduction measures. As a result, spatial 
planning strategies aimed at enhancing flood resilience become less effective and more difficult to sustain 
over the long term. Overall, the findings highlight the need for participatory and inclusive planning 
approaches that prioritise community awareness, education, and involvement as central components of rural 
flood resilience. 

6 IMPLICATIONS AND RECOMMENDATIONS 

The results of this paper have several implications for spatial planning in rural communities in South Africa. 
The repeated flood impacts highlight that the existing spatial planning approaches insufficiently consider 
environmental risks and damages. The town planners and tribal authorities must therefore prioritise flood 
risk assessment when allocating land uses to residents under their jurisdictions and approving developments, 
especially in rural and low-lying areas. This paper suggests a necessity for stronger implementation of spatial 
planning regulation and frameworks. Despite spatial planning regulations, their limited consideration of 
flood risks and poor enforcement contribute to continued human settlement in areas vulnerable to flooding. 
Municipal town planners must enhance compliance monitoring and make sure that planning decisions align 
with disaster risk reduction principles. Exacerbated heavy rainfall variability and extreme weather events 
require spatial planning regulations and policies that are flexible and responsive to changing climatic 
conditions. Spatial planning tools such as the Spatial Development Framework and Land Use Schemes 
should be regularly reviewed and updated to reflect the evolving flood risk and damage. The results suggest 
that infrastructure planning must be treated as a priority tool for spatial planning, rather than as a split 
sectoral mechanism. Inadequate infrastructure in rural communities exacerbates vulnerability to flooding, 
highlighting the necessity for collaborative planning among town planners, engineers, and disaster 
management officials. Also, the paper emphasises the need for an inclusive and collaborative spatial 
planning process. Weak community awareness of flood risks and damages shows a gap in public 
engagement. Spatial planning should then actively collaborate with rural communities to incorporate local 
knowledge and enhance preparedness and resilience to flooding. The results show that nature-based and 
green infrastructure resolution should be widely adopted in spatial planning decisions. Protecting wetlands, 
river buffers, and natural drainage systems can minimise flood risks and damages while supporting 
sustainable land use and environmental protection. Overall, these implications highlight that spatial planning 
in rural South Africa must be integrated, proactive, and resilient to effectively minimise flood vulnerability 
and support rural developments in South Africa. 
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Flood risk management should be incorporated into rural spatial planning frameworks and policies. SDF and 
LUS must explicitly identify areas that are vulnerable to flooding and restrict settlement development in 
high-risk areas. In areas where relocating is unfeasible, spatial planning frameworks and policies must 
enhance flood-resilient settlement patterns and implement development control measures that minimise 
exposure to flood risks and damages. There is a need to enhance infrastructure development in rural 
communities, especially drainage systems, roads, bridges, and stormwater management infrastructure. 
Enhanced infrastructure will minimise flood impacts and enhance accessibility during and after flood events, 
thereby heightening the adaptive capacity of rural communities. Green infrastructure and nature-based 
solutions should be enhanced as part of spatial planning strategies to minimise flooding in rural communities 
in South Africa. Tools such as wetland restoration, riparian buffer zones, reforestation, and sustainable land 
management practices can minimise surface runoff, promote water absorption, and minimise flood risks 
while supporting environmental sustainability. Rural community residents should be educated about flood 
risks, early warning systems, and appropriate response strategies, and also enhance community awareness 
and participation. Participatory spatial planning processes that actively include local communities can 
enhance local knowledge incorporation and ensure that spatial planning interventions are socially acceptable 
and contextually relevant. Effective flood resilience needs collaboration among town planners, disaster 
management authorities, environmental officials, and local governments. Enhanced data sharing and 
governmental capacity building will support informed decision-making and the enforcement of incorporated 
flood risk management strategies. 

7 CONCLUSION 

This paper analysed the role of spatial planning in enhancing rural resilience in South Africa, with particular 
emphasis on settlement patterns, spatial planning regulation and policies, infrastructure delivery, and 
community involvement. The results present that flooding continues to be a lived reality for many rural 
communities in South Africa, with repeated challenges to housing, agriculture, livelihoods, and human 
settlement stability. Although formal recognition of spatial planning as the main mechanism for flood risk 
management exist, its practical effectiveness in rural communities remains weak. This paper shows that 
many rural communities persist in areas that are vulnerable to flooding due to limited awareness of flood 
risks and damages, poor incorporation of flood risk management into spatial planning regulations and 
policies and weak governance systems. SDF and LUS in rural local municipalities commonly lack detailed 
flood risk assessments and hazard mapping, leading to reactive rather than preventative spatial planning 
approaches. This weakens the capacity of spatial planning to guide safe human settlement development and 
minimise long-term flood vulnerability. Poor infrastructure delivery and maintenance further increase rural 
flood risks. The absence of effective drainage systems, inadequate road networks, and poor stormwater 
management infrastructure exacerbate the frequency and intensity of flood impacts and limit emergency 
response and recovery. This infrastructural impact shows broader spatial inequality among urban and rural 
communities and emphasises the necessity for incorporated infrastructure and land use planning. 

This paper also identifies the poor collaboration among key stakeholders, including tribal authorities, 
municipal officials, and environmental and disaster management officials. This poor collaboration weakens 
the implementation of spatial planning regulations and hinders the effectiveness of flood risk reduction 
measures. Furthermore, limited community awareness and involvement in the spatial planning process limit 
local preparedness and weaken the sustainability of planning involvement. Overall, the paper results 
highlight that spatial planning in rural South Africa has major potential to enhance flood resilience, but it is 
currently hindered by institutional, infrastructural and governance impacts. Enhancing the incorporation of 
flood risk management into spatial planning, investing in resilience and green infrastructure, enhancing 
intergovernmental collaboration, and promoting inclusive and participatory planning processes are important 
to minimising rural flood vulnerability. By integrating a more proactive, incorporated and risk-sensitive 
spatial planning approach, rural South Africa can move towards greater resilience, safety, and sustainable 
human settlement development. 
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1 ABSTRACT 

European policy documents underline the vital contribution of small and medium-sized towns to the urban 
systems of EU member states. Across several countries, there is a growing intention to equip these towns 
with new policy instruments that would strategically strengthen their position as drivers of regional 
development. Common areas of intervention include the regeneration of public buildings, support for 
business growth and innovation, enhanced regional connectivity, housing improvements, and increased 
investment in culture, education, and social services.  

In the education of urban planners within the course Urban Planning Workshop 1: Settlement Planning at the 
Graduate Study Program in Architecture and Urban Planning at the Faculty of Architecture, University of 
Zagreb, small and medium-sized towns hold particular importance. Due to their optimal scale and the 
complexity of their challenges, they serve as suitable case studies through which students learn the processes 
of strategic thinking and spatial planning for future urban development. For the purposes of this paper, the 
example of the small town of � akovec in northern Croatia was selected. In the academic year 2025/2026, 
� akovec served as the workshop assignment for which students were tasked with proposing potential spatial 
development visions for the town for the period up to 2050. 

The aim of this article is to present the educational process in Urban Planning Workshop 1: Settlement 
Planning, which focuses on planning the long-term future development of a small town. The main objective 
of the workshop is to formulate a comprehensive vision for the town’s spatial development, while also 
providing a more detailed elaboration of selected areas considered relevant for future transformation and 
growth. 

Keywords: Spatial planning, Small town, Development vision, Education, � akovec 

2 INTRODUCTION 

Education in the field of spatial planning is largely shaped by national contexts and the institutional 
frameworks of individual countries. Janin Rivolin et al. (2025) start from the assumption that the educational 
process involves the transmission and development of specialized technical knowledge that can be taught 
through theoretical and practical education, independently of the specific features of national planning 
systems. They further argue that, although institutional and legal frameworks significantly influence 
professional practice, they do not fully determine the content and structure of technical knowledge within 
educational programmes. The authors advocate a clear distinction between spatial planning and urban 
governance, with the former serving as an instrument for the achievement of the latter. Technical knowledge 
in spatial planning is most effectively acquired when spatial zoning is established as its foundation and when 
long-term spatial patterns are identified. 

Teaching requires that knowledge be presented to future professionals in a systematic and consistent manner. 
Due to the specific nature of education in the fields of urbanism and spatial planning, this requirement is less 
pronounced, as these fields encompass a complex domain of knowledge and practice in which diversity 
poses increasing challenges (Millard-Ball et al., 2021; Diko et al., 2023).  

Understanding complex spatial systems and processes requires specific practical skills as well as theoretical 
knowledge drawn from multiple scientific disciplines and fields, thereby making the education of spatial 
planners more comprehensive. AESOP (2024) highlights the need to place particular emphasis on the 
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development of strategic thinking competencies and on strengthening capacities for long-term foresight and 
spatial planning, whether at the regional or local level. 

Since the 1990s, particular attention has been given in Europe to strategic spatial planning as a means of 
addressing economic, social, and environmental challenges, with the aim of developing a coordinated vision 
to guide medium- and long-term development (Albrechts & Balducci, 2013; Balducci, Fedeli, & Pasqui, 
2011; Albrechts, Healey, & Kunzmann, 2003). Hersperger et al. (2019) point out that strategic spatial plans 
focus on a combination of development strategies and strategic urban projects. Schmitt and van Well (2016) 
argue that attention is predominantly directed toward governance processes, while insufficient emphasis is 
placed on linking these processes to physical transformations in terms of land cover and land-use change. In 
the implementation of strategic plans, particular attention should be paid to local statutory plans (Mäntysalo, 
Kangasoja, & Kanninen, 2015; van den Broeck, 2013), as these enable the physical transformation of space. 

Small towns represent a particularly suitable context for the education of future spatial planners within the 
field of spatial planning. European policy documents emphasize their key contribution to the urban systems 
of EU Member States, and in many countries there is a stated intention to equip them with new policy 
instruments aimed at strategically strengthening their role as drivers of regional development. ESPON (2024) 
point out that particular attention should be devoted to development through the renewal of public buildings, 
support for entrepreneurship and innovation, the enhancement of regional connectivity, improvements in 
housing, and investments in culture, education, and social services. Within urban systems, such towns 
constitute spatial systems in which relationships between governance processes and physical spatial 
transformation are more readily observable and, due to their scale, less complex, thereby facilitating a more 
comprehensive understanding of space compared to large metropolitan areas. 

The aim of this paper is to present the educational process in Urban Planning Workshop 1: Settlement 
Planning, which focuses on planning the long-term future development of a small town. The main objective 
of the workshop is to formulate a comprehensive vision for the town’s spatial development, while also 
providing a more detailed elaboration of selected areas considered relevant for future transformation and 
growth. 

3 EDUCATION OF FUTURE SPATIAL PLANNERS ON THE FUTURE DEVELOPMENT OF 
SMALL TOWNS 

3.1 Education of Spatial Planners in the Context of EU Documents  

The most significant European documents related to the education of spatial planners are the result of the 
work of two organizations: the European Council of Spatial Planners (ECTP-CEU) and the Association of 
European Schools of Planning (AESOP).  

During the ECTP-CEU meeting in Athens in 1995, national institutes and professional associations of 
planners within the European Economic Community signed the International Agreement and Declaration, 
thereby harmonizing professional standards, ethical principles, and shared objectives for the education and 
practice of spatial planning in Europe. In the supplement of Appendix B: Education and Training of the 
Charter, five common cores were highlighted as essential for the education of spatial planners, representing a 
fundamental part of the planning profession in Europe: 

·  Environmental Context – Perception and evaluation of the environment; local development; 
sustainable development; individual needs. 

·  Theory and Methodology of Planning – History and theory of planning; urban policies; spatial and 
temporal parameters; methods and research. 

·  Institutional Framework – Legislation and administration; local economy; interactions at national, 
regional, and local levels; statistics and resources. 

·  Professional Practice and Technique – Planning and design; strategies and simulations; 
interdisciplinary teams; governance and implementation; communication; design and aesthetics. 

·  Professional Matters – Professional knowledge and competence; responsibility and ethics; guidelines 
for practice; codes of conduct; promotion of standards. 
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In its 2013 document, Charter of European Planning, ECTP-CEU points out that research and analysis, 
advocacy and mediation, and the ability to envision, evaluate, and promote potential future options for urban, 
spatial, and territorial development constitute the core commitments of planners. In the Guidelines on 
Professional Competences in Spatial Planning (2017), ECTP-CEU presented a framework defining the skills, 
knowledge, and responsibilities that spatial planners should possess in order to practice their profession 
competently and effectively. The document emphasizes three specific needs for the competences of spatial 
planners: critical thinking and understanding of the rationale of planning, including its theoretical and legal 
foundations; an understanding of spatial systems; and the technical and creative competences required to 
engage in planning practice. These are linked to eight core competences, which are presented in Table 1. 
Specific needs for the 
competences 

Core competences 

Critical thinking and 
understanding of the rationale 
of planning and its theoretical 
and legal basis 

The Rationale of Planning: Spatial planning plays a key role within a market-oriented environment, as it is 
grounded in the principles of sustainability, social justice, and ethical practice. It balances individual rights with 
public interest, enabling evidence-based decision-making and the resolution of spatial conflicts. Planners must be 
aware of the political and ethical dimensions of planning, particularly in relation to the public good, equity, and 
the fair representation of all stakeholders. 

An understanding of the spatial 
systems 

Socio-economic systems: Spatial planning requires an integrated understanding of social and economic systems 
and their spatial implications. Planners must possess fundamental knowledge of geographic analysis and 
operational contexts in order to assess political, social, and economic factors, with specialized expertise 
necessarily linked to local conditions. 
The Built Environment: Spatial planning requires an understanding of the built environment and its impact on 
quality of life and sustainable development. Particular attention is given to the principles and processes of creating 
high-quality spaces, the role of urban design, and the evaluation of design. Planners must consider the strategic 
potential of planning, climate change, challenges in historic contexts, and develop skills for place-making, 
alongside the ability to engage in interdisciplinary collaboration and mediation to foster inclusive and safe urban 
environments. 
Spatial planning requires an understanding of physical and biological systems and the effective management of 
resources, including health, quality of life, and the sustainable use of ecosystems, landscapes, and energy 
resources. Particular emphasis is placed on the conservation of natural resources and biodiversity, climate change 
adaptation, heritage protection, the development of renewable energy sources, and the application of planning in 
maritime areas. 

Technical and creative 
competence needed to engage 
in planning practice 

Planning Techniques: Spatial planning requires both quantitative and qualitative techniques to address spatial 
challenges and support policy implementation. Planners employ methods to define problems and collaborate 
within multidisciplinary teams. Planning involves the analysis, assessment, and monitoring of development 
alternatives and requires specialized knowledge and skills. This includes scenario development and evaluation, 
visualization of alternatives, land-use and social needs analysis, resource management, assessment of transport 
impacts, fieldwork, and the application of GIS and other analytical tools. Particular emphasis is placed on 
interdisciplinary collaboration, urban design, and the capacity for mediation, negotiation, and stakeholder 
participation. 
Independent Research: A key outcome of education in spatial planning is the development of competencies for 
independent research, including literature analysis, data collection, application of research methods, and the use of 
IT tools for analysis and evaluation. Research skills can also be assessed through alternative formats, without the 
necessity of producing a formal thesis or dissertation. 
Planning Instruments: Spatial planning requires knowledge of institutional and legal frameworks and the 
application of legal, administrative, and financial instruments. This includes understanding national, European, 
and international contexts, relevant directives and environmental protection instruments, legislation, and 
participation systems in planning processes. 
The Planning Product: The outputs of spatial planning include policies, instruments, programs, projects, 
strategies, and urban and landscape plans at different territorial levels. They encompass strategic frameworks and 
development visions, thematic strategies for water, energy, and food security, urban regeneration programs, and 
the integrated use of land, transport, and infrastructure. Planners must combine technical, creative, and personal 
knowledge and skills, including project management, problem-solving, collaboration, communication, and 
knowledge transfer, alongside competencies in negotiation, mediation, advocacy, and leadership. 

Table 1: ECTP-CEU specific need and core competences defined in Guidelines on Professional Competences in Spatial Planning 
(2017). Source: Author according to ECTP-CEU, 2017.  

The AESOP Core Curriculum (2024) represents an updated version of the Core Requirements for a high-
quality European Planning Education (1995) issued as part of AESOP’s statement odn European Planning 
Education. The document has two crucial roles for AESOP: identifying knowledge, competencies and values 
deemed vital for spatial planners at the beginning of the 21st century; and serving as a ‘benchmark’ for the 
evaluation of applications and admission of new member schools and their education programmes. 

AESOP core curriculum (2024) of planning programs highlights three essential components – knowledge, 
practical skills, and values – that planners are expected to acquire or apply in order to carry out their 
responsibilities in a socially responsible and professionally ethical way. Graduates are expected to 
understand spatial dynamics across different scales, demonstrating the ability to produce, manage, analyse, 
interpret, and communicate knowledge relevant to spatial planning. They should also be able to translate this 
knowledge into practice by designing, evaluating, and implementing spatial interventions that consider 
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multiple stakeholders. Finally, graduates are encouraged to develop a sustainable professional practice by 
assuming the societal responsibilities inherent to the role of a spatial planner.  

In Chapter B, From Knowledge to Action, the development of knowledge is emphasized: regarding the 
nature, purpose, theory, and methods of planning; its historical evolution as an institution and profession; 
planning instruments and their adaptation to new challenges; the role of actors and citizens in democratic 
processes; the political, legal, and cultural context of planning; the application of transformational 
technologies; and transformative action in the context of sustainable development, climate crises, and spatial 
injustice. 

In addition, the chapter highlights the need to develop practical competencies related to: the assessment and 
enhancement of the values of natural and built environments; the application of planning concepts, 
instruments, and measures in practice; the integration of different types of knowledge as well as aesthetic and 
design dimensions into planning proposals; the development of design and visual representation skills; the 
preparation of plans, programs, and measures, and participation in their implementation; active collaboration 
with civil society and stakeholders; and the management of complex governance and transformation 
processes. 

Finally, it stresses the importance of cultivating an appropriate attitude and sense of responsibility, 
encompassing a conscientious and value-driven approach to planning that acknowledges its ethical 
implications, the cultural embeddedness of social and collective processes, democratic procedures, and rights 
such as the “right to the city,” with particular attention to social justice, human and environmental rights, and 
respect for planetary boundaries. 

3.2 Urban Planning Workshop 1: Settlement Planning: Case study � akovec, Croatia 

Urban Planning Workshop 1: Settlement Planning (UPW1) is one of the courses in the field of urbanism and 
spatial planning, offered in the first semester of the Graduate Studies in Architecture and Urbanism at the 
Faculty of Architecture, University of Zagreb. The main objective of the course is to develop a vision and 
concept for the spatial development of a small town based on the principles of sustainability. In the academic 
year 2025/2026, the assignment focused on the case study of the City of � akovec. 

The spatial development vision in UPW1 addresses the administrative area of the local government unit, the 
City of � akovec, in the context of its surrounding settlements, with particular attention to the central 
settlement as well as Mihovljan, Savska Ves, and Ivanovec as potential areas for urban expansion. The task 
requires students to engage in strategic spatial thinking, assessing the potentials of the area and its acceptable 
capacities while taking into account spatial specificities and limitations arising from its unique values. 
Development guided by the principles of sustainability, as a paradigm of contemporary spatial planning, 
must be integrated into spatial visions and concepts to result in an environment suitable for living, working, 
and leisure, equipped with all necessary supporting facilities to meet societal standards. 

Following analyses of the existing conditions, spatial planning documentation, and strategic development 
plans, the course assignment is developed on two levels of detail. At the first level, based on the objectives 
defined in the Spatial Plan of the City of � akovec and the General Urban Plan of � akovec, the town’s 
development goals are established, and a vision for the spatial development of � akovec is proposed and 
elaborated. At the second level, in accordance with the selected development concept, an optimal 
development program is proposed for individual areas of � akovec, including concepts for land use, 
transportation, and spatial structures, as well as photomontages illustrating possible programmatic, design, 
and functional arrangements of the selected areas. 

The course Urban Planning Workshop 1: Settlement Planning is thematically closely linked to Research 
Seminar 1: Settlement Planning and is primarily designed to complement and expand the knowledge and 
insights required to complete the assigned task. The aim of the course is to investigate spatial planning and 
urban design topics that contribute to the formulation of a spatial vision for the development of the studied 
small town and to propose a spatial development concept for the selected area. The course has a research-
oriented character and culminates in the preparation of a seminar paper on the assigned topic. 

At the beginning of the semester, in collaboration with the City of � akovec and the Association of Architects 
of Me
 imurje, a joint site visit and invited lectures were organized for students to provide them with insights 
into the spatial specificities and local needs, as informed by professionals and residents. 
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In the summer semester, students will continue working on the � akovec area within the framework of Urban 
Planning Workshop 2: Urban Transformation, where, in accordance with their previously developed concept 
and development plan, they will create an urban-architectural design for the selected area. The most 
successful student projects from both courses will be exhibited in � akovec at the end of the academic year, 
and a publication will be issued in collaboration with the local government. 

3.2.1 City of � akovec 

The City of � akovec is located in the northern part of the Republic of Croatia, in the central area of 
Me
 imurje County, serving as the administrative, governance, and transport center of the region. It covers an 
area of 73 km² and comprises 14 settlements, including the central urban settlement of � akovec, which has a 
population of 15,078, out of a total of 27,122 inhabitants (2021 census). The central settlement of � akovec is 
spatially and functionally connected with several surrounding municipalities, while the southern boundary of 
the City is defined by the � akovec Hydroelectric Plant reservoir, which also forms the natural border 
between Me
 imurje and Vara�din Counties. 

The town’s favorable geostrategic and transport location has historically influenced its economic and social 
development. � akovec is well-connected by international, national, regional, and local road and rail 
infrastructure. Moreover, the town demonstrates a strong functional link with the City of Vara�din, forming 
an increasingly integrated urban conurbation. Their shared development area significantly affects migration, 
transport, and economic patterns in northwestern Croatia. As the largest and most populous town in the 
county, � akovec serves as the primary driver of economic, demographic, and infrastructural development in 
Me
 imurje and, within a broader spatial context, stands out as a potential contact, transit, and development 
center with substantial urban capacities. With its natural diversity, rich landscape base, and notable 
architectural heritage, � akovec represents a valuable space within the Republic of Croatia, requiring the 
protection and enhancement of its fundamental spatial, cultural, and environmental values. 

3.2.2 Spatial Planning Documents and Strategic Documents  

The first document guiding the development of the City of � akovec was the Directive Regulatory Basis of 
1947, prepared by architect Prof. Josip Seissel at the Faculty of Architecture, University of Zagreb. The plan 
established a new network of major town roads beyond the then town center, introduced new residential 
neighborhoods for both individual and collective housing, and designated an industrial zone to the northwest 
of the railway station. The plan was preceded by the preparation of an early form of a regional plan, which 
examined the spatial and transport connections of settlements in Me
 imurje and demographic trends, 
influencing the foundational layout of � akovec itself (City of � akovec, 2005; Kranj� evi�  & Pintar, 2017). 

 

Fig. 1: Directive Regulatory Basis of 1947. Source: Archive of the Department. 

The General Urban Plan (GUP) of 1964, prepared by the AR 59 project bureau under the leadership of 
architect Borisav Vasiljevi� , represents a revision of the 1947 Directive Regulatory Basis. The plan 
envisioned the southern expansion of the town beyond the railway line while integrating suburban 
settlements into the urban fabric. It disregarded the historic urban grid, permitting radical interventions that 
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resulted in the interpolation of residential blocks and the construction of high-rise buildings (City of 
� akovec, 2005; Kranj� evi�  & Pintar, 2017). 

In 1978, the General Urban Plan of the City of � akovec "� akovec 2000", led by architect Nada Golub-
Pili�ota, established a long-term development concept for the town until the end of the century. The plan 
defined new residential, industrial, and sports-recreational zones, established a pedestrian zone in the town 
center, and set the southern boundary of the town with the southern bypass. New residential quarters with 
distinct identities were created. The plan also implemented the concept of the Eastern Industrial Zone and the 
Mladost Sports and Recreation Center. Subsequently, the plan was supplemented under the title “General 
Urban Plan of � akovec” (led by architect Dragomir Sutlar), which included the construction of the southern 
bypass and introduced building development restrictions (City of � akovec, 2005). 

The Spatial Plan of the � akovec Municipality (1978) was the first plan to consider the integrated territory of 
Me
 imurje, which at the time constituted the unified � akovec Municipality (corresponding to the current 
area of Me
 imurje County, 729 km²). To ensure conditions for overall social and economic development and 
to create equitable living and working opportunities for the entire population of the municipality, while 
adhering to the principles of environmental protection and improvement and rational and efficient spatial 
management, the plan established the following key objectives: Enable polycentric, efficient, and functional 
spatial development; Ensure coordinated and purpose-driven land use that supports optimal, stable, and 
sustainable economic development; Provide a high-quality environment for healthy and humane living while 
preserving aesthetic and cultural values; Safeguard the territory against potential disasters, hazards, and 
destruction. The plan proposed a new spatial model of a polycentric settlement system, with � akovec as the 
primary center. By connecting settlements with each other and with all parts of the territory, the plan aimed 
to ensure optimal mobility of the population, accessibility to workplaces, and connectivity of all areas to 
� akovec within 30 minutes. This framework was intended to facilitate the gradual restructuring of the 
population and to free land for intensive agricultural use (Sutlar & Grgan-Makovec, 2017). 

The Amendment and Supplement to the Spatial Plan of the � akovec Municipality (1989) was primarily 
linked to finding a suitable solution for the alignment of the A4 Budapest–Zagreb highway. When defining 
the corridor, attention was given to minimizing the impact on valuable agricultural land, avoiding the 
Murš� ak protected landscape, and respecting the settlement orientation toward Prelog and � akovec, so that 
the highway would not become a barrier within the territory. 

The current legislative framework for spatial planning and strategic development at the local level for the 
town encompasses several types of spatial and strategic development plans, the most significant of which are 
outlined below. 

 

Fig. 2: The Spatial Plan of the City of � akovec (left) and The General Urban Plan of � akovec (right). Source: 
https://www.cakovec.hr/prostorni-planovi-grad-cakovec/ 

The Spatial Plan of the City of � akovec (2003) defines the conditions for the development of the urban area, 
including its purposeful use, land use designation, spatial design, remediation of building and other land, 
environmental protection, and the protection of cultural heritage and particularly valuable natural areas 
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within the City’s territory, which covers 72.97 km². The plan points out county-level spatial development 
objectives, including the development of the town and settlements with special functions and infrastructure 
systems, the rational use of natural resources, and the preservation of ecological stability and valuable 
environmental components. It also defines town-level spatial development objectives, which include 
demographic development aimed at promoting stable and sustainable population growth, settlement 
development, enhancement of social, transport, and utility infrastructure, and the protection of landscape, 
natural values, and cultural-historical units. Furthermore, the plan sets settlement-level spatial planning 
objectives within the town, which include the rational use and protection of space by directing land use to 
meet the town’s needs, environmental protection, designation of building areas within settlements, and the 
improvement of settlement design and utility infrastructure to enhance the quality of life of residents. 

The General Urban Plan of � akovec (2005) establishes the fundamental spatial organization, the protection 
of natural, cultural, and historical values, and the use and designation of land for the central settlement area, 
covering 11.27 km². The plan emphasizes that � akovec, as the county seat, should continue to function as 
the most important economic, administrative, cultural, educational, and healthcare center, as well as the 
largest transport hub of Me
 imurje County. 

The plan defines the following key long-term objectives: Preserve the identity and specificity of the urban 
area; Protect natural and historical values, the environment, and promote sustainable development; Maintain 
undeveloped areas; Improve the quality of life and living standards of residents; Ensure space and corridors 
for all infrastructure to connect � akovec with surrounding settlements, supporting its role as a regional 
center; Provide the spatial prerequisites for economic development and restructuring relevant to � akovec and 
Me
 imurje County. 

The primary goal of the plan is urban regeneration and consolidation of the town’s structure. The plan 
emphasizes the need to: Enhance the spatial structure of the town at a human scale, ensuring good 
connectivity to all necessary urban functions; Spatially define the existing military zone (training grounds 
and barracks) and integrate it into the urban fabric with appropriate uses; Achieve urban quality through a 
system of urban-architectural projects; Use the town’s space and environment in a way that prevents 
irreversible damage, enabling durable and sustainable development. 

The plan specifies the following urban planning objectives: Ensure the development of all urban systems; 
Dimension spaces according to the scale of the town and moderate continuity of development; Promote 
construction that preserves cultural heritage and natural settings while highlighting urban aesthetics; Protect 
residents from adverse impacts while utilizing local environmental advantages; Align urban development 
with socio-economic programs; Ensure construction that supports economic efficiency of infrastructure 
systems and strengthens the town’s economic capacity through functional distribution and overlap of urban 
functions. 

The plan also identifies specific interventions: Expand areas for residential use (single-family and multi-
family housing) in the northern parts of the town, Globetka, Sajmište, Martane, and Buzovec; Expand areas 
for economic, industrial, and business purposes east of Buzovec and on the former military training ground; 
Form and reconstruct the military barracks area for public and community buildings; Designate new 
multifunctional green spaces on undeveloped or abandoned agricultural land; Define zones to be regulated 
through detailed spatial plans; Provide space for the relocation of the bus and railway stations. 

For the purposes of sustainable urban planning in line with European Union objectives and regional 
development criteria, the � akovec Urban Area (covering 164.85 km²) has been defined, encompassing the 
City of � akovec and the surrounding municipalities of Nedeliš� e, Strahoninec, Pribislavec, and Šenkovec. A 
Development Strategy for the � akovec Urban Area has been prepared for the financial period 2021–2027. 
The medium-term vision for the � akovec Urban Area emphasizes a resilient, innovative, and sustainable 
economy, as well as a healthy, educated, and inclusive society that promotes sustainable urban development 
to ensure a high-quality living environment. The strategy identifies three priority areas of public policy: 
Sustainable Economy; Healthy and Educated Society; and Pleasant Living Environment. Specific objectives 
have been established for each priority area: PP1 – Sustainable Economy: Development of entrepreneurship 
and supportive business infrastructure; strengthening of niche tourism; promotion of green solutions and 
smart innovations in the economy; PP2 – Healthy and Educated Society: Enhancement of lifelong learning; 
strengthening of sports infrastructure; improvement of quality of life through increased publicly accessible 
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amenities; and PP3 – Pleasant Living Environment: Development of cycling and pedestrian infrastructure; 
enhancement of green infrastructure; improvement and design of public spaces. 

The Green Urban Renewal Strategy of the City of � akovec 2022–2030 is aligned with the Development 
Strategy of the � akovec Urban Area, and both documents contribute to achieving the strategic objectives of 
the National Recovery Strategy 2030 – Ecological and Energy Transition for Climate Neutrality. The 
strategy defines a vision for the development of green infrastructure in the City of � akovec, including a 
development concept for both the wider and immediate urban area. Based on the identified developmental 
needs and potentials, as well as the established vision, three complementary and synergistic objectives for 
green infrastructure development have been defined. The strategy also establishes priorities for green urban 
renewal, specifying measures and proposed projects to be implemented within the town. The main strategic 
objectives of the strategy are: Increase the efficiency of planning and management of green infrastructure in 
the town; Improve, expand, and connect easily accessible green infrastructure within the town; and Create 
livable spaces and enhance the quality of life. By achieving these objectives, the strategy ensures the 
preservation and enhancement of the green character and identity of � akovec and guarantees accessible 
green infrastructure of various types, sizes, and functions for all residents. Given the interconnected nature of 
the objectives, their implementation will foster a circular process, resulting in a continuous increase in 
interest and investment in green infrastructure development projects across the town. 

3.2.3 Proposals for the Future Development Visions of the City of � akovec 

The following section offers a brief overview of two selected student projects, highlighting the distinct 
approaches and methodologies adopted by two different menor-led groups. 

The project titled “Student Corridor � akovec – Vara�din” (Figure 3) identifies, through the analysis of the 
broader spatial context, the need and potential for functional connectivity between the main cities of the 
neighboring counties, � akovec and Vara�din. It proposes a joint campus in the eastern industrial zone of 
� akovec and aims to enhance transport connectivity through pedestrian and cycling routes linking the two 
cities, as well as constructing an additional railway track for (inter)urban train services. Considering the 
concentration of existing higher education institutions and planned urban projects – including the Science 
Center, redevelopment of the former military barracks into a Creative-Inspirational Center, establishment of 
a business incubator, and the Me
 imurje Energy Center – the project proposes repurposing the industrial 
zone west of the railway into a new urban neighborhood with a student campus. The design envisions a new 
railway station along the eastern edge of a planned town park, which extends into a central east-west green 
axis. This axis is flanked by public service zones, such as the new campus with student dormitories, faculties, 
a primary school, kindergarten, library, and health center, and mixed residential and commercial zones. 
Peripheral roads in the northern and southern sections are planned for quiet residential areas with family 
houses, while the central axis culminates in a sports and recreational area forming a buffer zone toward the 
planned northern town bypass. 

 

Fig. 3: “Student Corridor � akovec – Vara�din” Vision for � akovac (students: Petra Kujund�i�  & Ivan Kukuljevi� -Sakcinski; mentor: 
Damir Krajnik, PhD, Full Professor). Source: Archive of the Department. 

The student vision entitled “En-park” (Figure 4) identifies multiple (E)layers that strategically aim to affirm 
� akovec as a regional research and education center for biodiversity and nature protection, linked to the 
Mura-Drava Regional Park. The “En” acronym reflects adjectives describing the project’s values: ecological, 
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energy-resilient, educative, economic, efficient, eccentric, eclectic, experimental, expressive, and more. 
Students redesigned and integrated existing entrepreneurial zones, adding new educational, touristic, and 
business functions connected with urban green infrastructure (recreational areas, urban forests, and parks). 
At the regional level, Me
 imurje County was analyzed for three potential scenarios: depopulation, 
stagnation, and demographic growth. The study assessed the potential of built-up zones to become green 
infrastructure, agricultural land, or to expand. At the local level, the entrepreneurial zone in � akovec East 
was planned in detail to integrate all aspects while considering existing and planned major road 
infrastructure. Integration changes were evaluated using the Space Syntax model, guiding students in 
selecting the most appropriate traffic solution between two proposed options. 

 

Fig. 4: “En-Park” Vision for � akovac (students: Lara Pre�gaj & Marija Pupovac; mentor: Tamara Zaninovi� , PhD, Assistant 
Professor). Source: Archive of the Department. 

4 DISCUSSION 

Based on the analysis of the most significant ECTP-CEU and AESOP documents related to spatial planning 
education, a set of comparison criteria was established. These criteria were derived through the synthesis of 
thematic categories presented in the documents, whereby competency domains and educational objectives 
were grouped into broader analytical units applicable to the analysis of Urban Planning Workshop 1: 
Settlement Planning focused on the topic of small towns’ spatial vision. 

Document analysis demonstrates a strong consensus in understanding the role, scope, and expected outcomes 
of spatial planning education, despite varying institutional frameworks. While ECTP-CEU approaches 
planning primarily through the lens of professional competencies and practice standards, AESOP offers an 
educational framework that integrates theoretical knowledge, practical skills, and the ethical values 
necessary for socially responsible planning. Within this context, UPW1 serves as a key platform for 
acquiring both theoretical and applied academic knowledge, simulating professional spatial planning 
practice. 

A central objective of this education is the development of students’ ability to integrate spatial, social, 
economic, and environmental systems, particularly across scales ranging from regional to local. UPW1 
functions as a pedagogical instrument that allows students to explore complex spatial dynamics, synthesize 
knowledge across multiple domains, and translate these insights into foundational visions and concepts for 
the further development of the selected area. 

Research competencies are similarly emphasized across educational frameworks, highlighting the capacity 
for independent inquiry, critical evaluation, and the translation of research into action and spatial 
transformation. In addition to the foundational investigations conducted in UPW1, Research Seminar 1 
provides an opportunity for deeper, topic-specific research. Students independently explore themes relevant 
to their chosen area and communicate the entire research process through seminar papers grounded in 
scientific methodology. 

Methodological and technical competencies are also central, with documents underscoring the importance of 
mastering analytical tools, planning techniques, and legal and institutional instruments, as well as applying 
them in practice from drafting plans to participating in implementation processes. UPW11 is particularly 
instrumental in this regard, enabling students to apply analytical methods, employ planning instruments, and 
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develop the capacity for spatially informed decision-making. Through exercises in strategic thinking, the 
formulation of development visions, and the proposal of their potential realization using planning tools, 
students acquire crucial skills for professional practice, making this a pivotal component in the education of 
future spatial planners. 

Both documents recognize the importance of visualization, communication skills, and participation as 
integral components of planning competence. In this context, UPW1 plays a key role by enabling the 
integration of analytical work, spatial concepts, and visual presentation into a coherent planning product. 
Special attention is also given to the creation of a conceptual model to further develop students’ abilities to 
visualize solutions at different scales. Engagement of experts and the local community in the planning 
process is integrated through organized site visits, guest lectures, presentations, and the curation of 
exhibitions and publications of selected student works. 

Furthermore, both documents strongly emphasize professional ethics, social responsibility, and the value-
based dimension of planning. UPW1 can be seen as a didactic space in which the ethical and value-oriented 
principles of planning are concretized through decisions on spatial priorities, stakeholder involvement, and 
the interpretation of the public interest in proposed spatial solutions. 

While UPW1 primarily focuses on the formulation of spatial visions and planning concepts, real-world 
spatial planning extends beyond the development of plans to their concrete implementation. The success of 
planning proposals depends on institutional procedures, financial capacities, and the engagement of public 
and private development actors, which may significantly reshape initial concepts. Although the workshop 
setting cannot fully simulate these complex dynamics, students are introduced to existing statutory and 
strategic frameworks as instruments that shape spatial transformation. A more explicit reflection on 
implementation conditions and constraints could further strengthen the connection between planning 
education and professional practice. 

The conducted research demonstrates that � akovec, as a representative small town, possesses a long-
standing history of spatial planning. Its further development was already considered in the first half of the 
20th century within a broader regional context, underscoring its considerable spatial and economic 
significance for northern Croatia even at that time. Subsequent interventions in the urban fabric, which 
substantially transformed the town’s character during the second half of the 20th century, were largely driven 
by modifications in the spatial planning framework. These interventions provide illustrative examples of 
specific planning practices that warrant critical reflection when envisaging future urban development. 
Furthermore, strategic planning documents at both the regional and local levels offer a structured basis for 
analyzing and evaluating previously established development objectives, thereby supporting the formulation 
and refinement of a coherent vision for the town’s future growth. 

Student reflections on the future development of � akovec adopt a variety of approaches, ranging from 
regional-scale concepts that consider natural and socio-economic characteristics, to site-specific solutions, 
such as brownfield areas, which have contributed to shaping the broader spatial development framework of 
the town. 

The analysis of student work shows that UPW1 fosters the development of key planning competencies, 
particularly in the area of integrated spatial and socio-economic processes understanding. The projects are 
notable for their analytical rigor and synthetic ability, effectively translating spatial analyses into strategic 
development concepts and urban plans as planning instruments. There is a clear capacity to work across 
different spatial scales and to integrate environmental considerations and principles of sustainable 
development into the proposed solutions. 

5 CONCLUSIONS 

Based on the conducted research, it can be concluded that small towns, such as � akovec in this study, 
provide an appropriate context for education in spatial planning. They are large enough to encompass the 
complexity of spatial, social, and economic processes, yet small enough to remain comprehensible as a 
whole and analytically manageable. 

Towns of this size and position within the hierarchy of spatial systems enable the development of a broad 
range of competencies as defined by relevant European documents on spatial planning education, while 
simultaneously providing space for experimentation and innovative planning approaches. The experiences 
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gained through working on small-town planning within the educational process can serve as a solid 
foundation for the later application of planning methods and concepts in more complex, larger urban 
contexts. 

In this sense, Urban Planning Workshop 1: Settlement Planning can be interpreted as an integrative learning 
platform that effectively links theoretical knowledge, planning practice, and the value-based principles of 
spatial planning. At the same time, spatial planning education should acknowledge that the development of 
plans represents only one phase of the overall planning process. Their realization depends on implementation 
mechanisms, financial frameworks, governance structures, and the active engagement of development actors, 
all of which ultimately shape spatial outcomes. Strengthening students’ understanding of these conditions 
and constraints would therefore further enhance the educational model, enabling a more critical and practice-
oriented connection between planning concepts and their real-world implementation. 
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1 ABSTRACT 

One focal point on the interconnections between transport and land-use patterns is the concentration of 
economic activities near airports. However, the literature typically analyses the environs of airports without 
drawing comparisons with other transhipment zones, such as seaports and inland ports. To contribute 
towards filling this literature gap, the paper analyses the monthly rental values of warehousing, industrial, 
retail, and office properties in the vicinity of Cape Town International Airport, compared with those around 
the Port of Cape Town and Belcon inland/ dry port, South Africa. Property rental data were scraped on 10 
December 2025 from the website of Property 24, a leading South African property listing company. 
Following the cleaning process, the dataset comprised 240 data points: 105 industrial listings, 106 warehouse 
listings, 25 office listings, and four retail listings across the three transhipment precincts. However, only 186 
street addresses were successfully geocoded in Python, forming the foundation for spatial analysis. Using 
QGIS, RStudio and SPSS for spatial and statistical analysis, the results showed that the mean rental values 
for industrial, warehouse, and office properties were highest in areas near the airport, followed by those near 
the port, and lowest around the inland port. The findings provide evidence that, relative to other transhipment 
precincts analysed, the airport environs may constitute a distinct industrial, warehouse and office property 
sub-market. 

Keywords: Cape Town International Airport, Port of Cape Town, Belcon dry port, transhipment precincts, 
City of Cape Town 

2 INTRODUCTION 

One core area of the nexus between transportation technology advancements and land-use patterns is the 
concentration of economic activities near airports (Mokhele & Geyer, 2018), in line with the normative 
models of the so-called airport-led development. Proposing the idealised composition and spatial form of 
urban development near airports, these models are epitomised by the airport city and aerotropolis. Although 
the airport city conception encompasses various distinct categories (Conway, 1993), it is typically used to 
promote urban development in the immediate vicinity of airports (Kasarda, 2009). As the airport city 
evolves, intensifies and matures, urban development is expected to radiate outward, subsequently resulting in 
the spatial form of the aerotropolis, which could extend to a radius of about 20km from the airport (Kasarda 
& Lindsay, 2011). Policymakers, spatial planners, airport authorities, and developers across the world use 
these models to market and strategically guide the economic activity mix and spatial form of urban 
development, which is understood to be related to the airport’s core aviation functions. 

Despite its insights, the existing literature on the airport-urban development nexus analyses the environs of 
airports without comparing them with other transhipment zones within a given territory, particularly seaports 
and inland/ dry ports. The concept of transhipment points is akin to what Palander (1935) eloquently referred 
to in his seminal work as transport points connected to other transport points by transport lines. Intermediate 
transport points, therefore, have special transfer benefits when they are transhipment points or junctions 
(Hoover, 1948). 

Various transhipment nodes are crucial for facilitating logistics processes and global trade amid intensifying 
globalisation (Chen et al., 2017), and therefore have the potential to shape development patterns and the 
spatial economy in their territories. Reflecting on the importance of ports, the UN Trade & Development 
(2025) argues that maritime transport is the backbone of global trade, accounting for over 80% of the volume 
of goods transported worldwide. Seaborne trade has evolved and gained traction over time, influenced by the 
increasing containerisation, the growth of developing economies and the shifting global patterns of 
production and consumption (UN Trade & Development, 2025). In this evolving economic milieu, the 
concept of an inland or dry port has been used to shift intermodal terminals inland and reduce traffic 
congestion at seaports (Bayene et al., 2023). While seaports undoubtedly dominate in terms of the volume of 
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goods transported globally, the International Air Transport Association (n.d.) reports that air transport 
accounts for approximately 35% of the value of global trade, reflecting the important role airports play in 
supply chains and logistics. Globally, cargo tonne kilometres increase year on year, reflecting the importance 
and growth of the air cargo market (International Air Transport Association, 2025). 

To contribute towards extending the literature and filling the gap above (i.e., the lack of a comparative 
analysis of transhipment precincts), the paper analyses the rental value of properties in the vicinity of Cape 
Town International Airport, South Africa, in comparison to the values around the Port of Cape Town and 
Belcon inland port. The paper addresses the following research question: Do the environs of the airport 
represent a unique property sub-market compared to the Port of Cape Town and Belcon inland port? As 
detailed in the Methods section, the analysis focused on the monthly rental values of warehousing, industrial, 
retail, and office premises in and around the studied transhipment precincts. 

3 LITERATURE REVIEW 

As emphasised by Usman et al. (2021), the urban property market is characterised by price variation, which 
may be influenced by several spatial, social, and physical variables, arguably making it a composite of 
separate submarkets. Market analysis, therefore, requires segmentation to delineate the property market into 
distinct groups that are relatively homogenous within themselves, while heterogeneous with others. Sub-
markets were introduced as an important analytical tool in the 1950s and 1960s, and the resultant research in 
property market segmentation has arguably improved the accuracy of property pricing. However, most 
segmentation studies have focused on the housing market with less attention on the commercial property 
market. Similar to the housing market, the commercial or non-housing property market is complex and 
heterogeneous and warrants attention on the market segmentation (Usman et al., 2021). 

Aligned with the discussion above, Dunse, Leishman and Watkins (2002) argue that the spatial variation in 
urban property values is specifically due to the influence of the physical attributes of the property stock 
across different sections of the city. Two approaches dealing with this variation in property values have been 
developed. On the one hand, as noted earlier, markets can be interpreted as composed of interrelated sub-
markets, each of which may exhibit different price or rental values. On the other hand, price and rental 
variations can be explained through trade-off theories of locational choice (Dunse, Leishman & Watkins, 
2002). 

In a study of the office real estate market in Tokyo, Japan, Matsuo et al. (2024) found that the presence or 
absence of amenities significantly impacted both rent and vacancy rates. Amenities have been perceived and 
interpreted differently in the literature, with numerous studies classifying them into neighbourhood, on-site, 
and worker amenities (Sivitanidou, 1995). Neighbourhood amenities include, for instance, the office’s 
proximity to complementary facilities, such as restaurants and retail stores. Neighbourhood amenities are 
shared among various neighbouring office buildings and thus have a strong public element. By contrast, on-
site amenities are private, as their benefits are restricted to tenants in the individual buildings and therefore 
serve as a differentiating factor from other premises. In this regard, neighbourhood amenities are exogenous, 
making it difficult for a property owner to directly influence them through capital investment. However, on-
site amenities can be directly influenced by the individual property owners (Matsuo et al., 2024). 

Sivitanidou (1995) argue that within multi-nodal metropolises, business rent variation across nodes should be 
attributed not only to differences in their amenity endowments but also to differences in their institutional 
frameworks. Coupled with a set of firm amenities reflecting traditional demand-side influences (such as 
access to the central business district, freeways, and airports) and various worker amenities (education 
quality, levels of crime, access to shopping opportunities, and the ocean), supply-side attributes, such as the 
availability of appropriately zoned land, and density restrictions, were found to play a crucial role in 
influencing price variations in office-commercial rents (Sivitanidou, 1995). 

In another study, Franco and Cutter (2022) found that, on the one hand, open space, typically an amenity 
considered to be jointly valuable to firms and households, had either weak or non-robust effects on non-
residential property values. On the other hand, the amenities of coastal access, air pollution, weather and 
crime levels appeared to have stable correlations with property values. In contrast, amenities that are likely 
valued only by firms, such as accessibility and proximity to concentrations of skilled labour, showed strong 
and significant correlations with non-residential properties (Franco & Cutter, 2022). 
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4 STUDY AREA 

The study focused on the urban development precincts that are contiguous with the transhipment nodes of 
Cape Town International Airport, the Port of Cape Town, and the Belcon inland/ dry port in the City of Cape 
Town municipality, Western Cape province, South Africa. The subject development nodes are Airport 
Industria/ Airport City, Paarden Eiland, and Parow Industria, respectively (Fig. 1). The studied precincts are 
considered among the main industrial areas in the City of Cape Town municipality, with varying spatial 
economic attributes, backgrounds and histories, as highlighted below. It is important to note that the study 
did not examine areas within the seaport, the inland port, or the airport landholdings. 

 

Fig. 1: Location of Cape Town International Airport relative to the surrounding municipalities. 
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Established in 1954, Cape Town International Airport is the second-busiest airport in South Africa after OR 
Tambo International Airport in Gauteng province. It is also the only international airport and one of the two 
commercial passenger airports in the Western Cape province. Origins of urban development in the vicinity of 
the airport can be traced to the government’s concerted efforts to promote industrial development, where in 
1981, about 130 ha of land in this area was zoned for industrial purposes, albeit most of the landholdings 
were undeveloped at the time (Mokhele, 2017). A trend in the development of warehousing and storage 
facilities near the airport was particularly evident in the 1990s (City of Cape Town municipality, 2002). 

The Port of Cape Town is also the second-largest seaport in South Africa, after the Port of Durban in 
KwaZulu-Natal province. Paarden Eiland, situated in the environs of the port, has a long spatial economic 
development history. The literature notes that, with the increasing scale and intensity of manufacturing in 
Cape Town in the mid-20th century, a search for more expansive and affordable land naturally led to the 
establishment of new industrial zones in, among other areas, Paarden Eiland. The area was developed mainly 
in the 1960s (Mokhele & Fisher-Holloway, 2024). In the mid 1990s, Paarden Eiland notably boasted a prime 
industrial rental rate that was about three percent higher than the municipal average (City of Cape Town 
municipality, 2002). 

The third focus area, Belcon, is a dry port directly connected to the Port of Cape Town via rail. In 2010, 
Transnet Freight Rail officially opened the Belcon terminal, which serves as an inland port and an extension 
of the Port of Cape Town, focusing on rail-based container consolidation. Positioned about 30km from the 
port, this facility allows truckers to increase the number of loads per day by avoiding traffic congestion and 
delays in and out of the city, as well as congestion at the port itself.1  

5 RESEARCH DESIGN AND METHODS 

This section presents the overarching research design, the units of analysis, and the data collection and 
analysis methods employed in the study. 

5.1 Research design 

The study employed a quantitative comparative research design (Iranifard & Roudsari, 2022), using 
statistical and spatial analysis to compare the monthly rental values of warehousing, industrial, retail, and 
office properties in the environs of Cape Town International Airport, the Port of Cape Town, and the Belcon 
inland port. 

5.2 Units of analysis 

The study’s units of analysis were the warehousing, industrial, retail, and office premises advertised for rent 
in the vicinity of Cape Town International Airport, the Port of Cape Town, and the Belcon inland port. This 
focus distinguishes the paper from previous related studies (for example, Mokhele, 2025), which used land 
parcels rather than individual establishments as units of analysis. A key limitation of land parcel-based 
studies is that they do not account for the potential influence of what Sivitanidou (1995) refers to as on-site 
amenities, as a single land parcel may accommodate multiple buildings or units with differing amenity 
provisions and value. 

5.3 Data sources 

Generally, data on land transactions are scarce in cities, whereas data on rental prices are relatively frequent 
(Fuss, Koller & Weigand, 2021). Property rental data were scraped on 10 December 2025 from the website 
of Property 24, a leading South African property listing company. Property 24 was selected because it is a 
platform widely used by both property agents and individual property owners to advertise properties for sale 
and rent. The data scraped from Property 24 comprised 361 data points: 218 industrial listings, 114 
warehouse listings, 25 office listings, and four retail listings across the three transhipment precincts. To 
avoid distortions due to the typical conflation of and overlaps between the “industrial” and “warehouse” 
land-use/ economic activity categories, the industrial listings that did not mention warehouse were 
categorised under “industrial”. In contrast, the industrial listings that mentioned “warehouse” were included 
under the warehouse category. 

                                                      
1 https://www.freightnews.co.za/article/belcon-forever-a-white-elephant-or-the-port-of-cape-towns-saviour 
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The data scraped from the website were cleaned by removing duplicates and entries for which the average 
monthly rental price per square metre (m2) could not be determined, where, for instance, the monthly rental 
value or the extent of the property were missing. After discarding 121 entries, the cleaned data comprised 
240 data points, as discussed in detail in the results section. 

Furthermore, to prepare for the spatial analysis, the street addresses from the web-scraped data were 
geocoded in Python using the Google Maps application programming interface (API). The total number of 
geocoded data points was 186, after omitting the entries without accurately formatted street addresses. It is, 
however, important to note that the omitted data points were still valid and included in the statistical analysis. 

5.3.1 Data analysis methods 

Statistical and spatial analyses were performed to identify similarities and differences in property rental 
values across the three transhipment precincts, particularly to determine whether a unique property sub-
market existed in the environs of the airport, or by implication, at the other two transhipment precincts. 

5.3.2 Statistical analysis  

The monthly rental information from the three transhipment precincts was combined into a single Excel 
spreadsheet and loaded into IBM statistical package for social sciences (SPSS) version 29 for analysis. Basic 
statistical analysis was then conducted on the 240 data points. The data were split in SPSS to disaggregate 
the analysis by the transhipment precincts and the four land-use categories analysed. 

5.3.3 Spatial analysis  

Spatial analysis of the 186 successfully geocoded points was conducted to compare the three transhipment 
precincts. Because of the relatively small population, the points were analysed at an aggregated level, 
without distinguishing between the warehouse, industrial, retail and office categories. After obtaining the 
coordinates through the geocoding process outlined in Section 5.3, the analysis and map visualisation were 
performed in QGIS and RStudio. 

The first tool employed in QGIS, kernel density, estimates the density of features within an area and creates 
a smoothly tapered surface for each point (ESRI, 2019). In the study, the features whose densities were 
calculated were the geocoded warehousing, industrial, retail, and office premises advertised for rent across 
the three transhipment precincts. 

Global and local Moran’s I were also applied to measure spatial autocorrelation to examine the data’s pattern 
and identify the similarities or discrepancies within the dataset (Yamada, 2024; Chen, 2023; Westerholt, 
2022). Moran’s I estimates typically range from -1 to +1 (Overmars et al., 2003), where negative values 
indicate that dissimilar values are closer together and positive values indicate that similar values are 
clustered. In contrast, a value of zero indicates that the data are randomly distributed. In Moran’s I statistics, 
the p-value indicates statistical significance, where values below 0.05 are statistically significant, implying 
that the observed pattern is not due to random chance. 

6 RESULTS 

As noted in Section 5.3 above, the cleaned property rental data comprised 240 data points, including 106 
warehouses, 105 industrial properties, 25 office properties and four retail properties across the three 
transhipment precincts. However, the successfully geocoded data used for spatial analysis comprised 186 
points. Against this backdrop, this section presents the results of the statistical and spatial analyses 
comparing the monthly rental values of warehouse, industrial, retail, and office properties near Cape Town 
International Airport (Airport Industria/ Airport City), the Port of Cape Town (Paarden Eiland), and the 
Belcon inland port (Parow Industria). 

6.1 Densities and land-use category mix 

The kernel density estimations in Fig. 2 identify areas with a high concentration of warehouse, industrial, 
retail and office premises, where green indicates low-intensity areas and red marks high-intensity zones. 
Kernel density results show that the high density values were found in the vicinity of the Port of Cape Town, 
followed by the environs of the airport and Belcon inland port (Fig. 2). Notably, the data points in the 
environs of the airport were more spatially spread out compared to Parow Industria and Paarden Eiland. 
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Fig. 2: Kernel density values 

Building on the kernel density presentation above, it was also essential to investigate the economic activity 
or land-use composition across the three transhipment zones. As shown in Fig. 3, in Airport Industria, the 
majority of the advertised properties were warehouses, followed by industrial and office premises. Notably, 
no retail properties were advertised for rent near the airport. In Paarden Eiland, the majority were industrial 
properties, followed by warehousing, office and retail properties. In Parow Industria, most entries were 
industrial properties, followed by warehousing, office and retail properties. Overall, the number of retail 
properties was relatively low across the study areas, cementing the transhipment precincts' primary roles as 
industrial and logistics zones. Only Paarden Eiland reflected a fair number of office properties, albeit still 
lower than the other land-use categories within the precinct (Fig. 3). 
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Fig. 3: Number of advertised properties at Airport Industria, Paarden Eiland, and Parow Industria. 

 

Fig. 4: Geographical distribution of the rental price variation (Global Moran’s I) 
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6.2 Aggregated rental value variations between the transhipment precincts 

The Global Moran’s I yielded a value of 0.4322, indicating spatial clustering within the dataset. This 
suggests that premises with high rental prices tended to be located close to one another, and that lower-priced 
properties were similarly clustered. The p-value of < 2.22e-16 confirms that the observed pattern is 
statistically significant and unlikely to have occurred by chance. Fig. 4 shows that properties in Airport 
Industria near the airport and Paarden Eiland near the port had higher rental prices per m2. In contrast, Parow 
Industrial was characterised by medium to low rental prices per m2. 

The Local Moran’s I statistics are presented in Table 1 below. For Paarden Eiland, Moran’s I statistic of 
0.2158 implies that properties with similar price per m2 were located near one another. This result is 
statistically significant, indicating spatial clustering in the area. In Airport Industria, clustering was slightly 
higher with a value of 0.3774, reflecting the tendency for properties with similar prices to be spatially 
concentrated. The p-value is significant for this location as well. In contrast, Parow Industria recorded a 
value of -0.0125, which is close to zero, with a p-value of 0.39768. This result is not statistically significant, 
suggesting that the distribution of monthly rental prices per m2 in Parow Industria was spatially random. 

Metric Location Moran’s I  Estimate P-value Observation Count 
Moran’s I statistic Paarden Eiland 0.2158 >0.001 79 
Moran’s I statistic 1 Airport Industria 0.3774 >0.001 78 
Moran’s I statistic 2 Parow Industria -0.0125 0.39768 29 

Table 1: Moran’s I statistics. 

6.3 Disaggregated rental value variations between the transhipment precincts 

The descriptive statistics results, disaggregated by transhipment precincts and the four land-use categories, 
are displayed in Table 2 and discussed in the subsections hereunder. Monthly rental variations within and 
between the precincts could potentially be influenced by differences in neighbourhood and on-site amenities 
(Dunse, Leishman & Watkins, 2002). Overall, the highest mean was ZAR177.5/m2 for two office properties 
at Airport Industria, followed by ZAR139/m2 for office premises at Paarden Eiland. The findings show that 
office properties have a higher rental value than warehousing, industrial, and retail properties across the three 
transhipment precincts. 

Precinct Category N Min Max Range Mean Std. Dev 
Airport Industria Industrial 42 69.6 204.6  135.0 104.6 24.9 

Office 2 150.0 205.0 55.0 177.5 38.9 
Warehousing 53 67.5 157.1 89.6 109.3 27.7 

Paarden Eiland Industrial 46 66.0 175.7 110.0 98.6 24.4 
Office 20 71.1 206.3 135.1 139.0 40.1 
Retail 3 114.8 116.7 1.9 116.0 1.1 
Warehousing 40 75.0 120.0 45.0 91.9 13.2 

Parow Industrial Industrial 17 12.0 115.0 103.0 65.1 24.6 
Office 3 65.0 80.0 15.0 70.0 8.7 
Retail 1 110.0 110.0 - 110.0 - 
Warehousing 13 60.0 110.0 50.0 74.3 12.3 

Table 2: Disaggregated descriptive statistics. 

6.3.1 Warehouse rental values 

The mean monthly warehouse rental value was highest at Airport Industria (ZAR109.3/m2), near the airport, 
followed closely by Paarden Eiland at ZAR91.9/m2. The mean value of advertised warehouses was lowest at 
Parow Industria, at ZAR74.3/m2. 

6.3.2 Industrial rental values  

The mean industrial monthly rental value was highest at Airport Industria at ZAR104.6/m2, with the widest 
range at ZAR135/m2, followed by Paarden Eiland at ZAR98.6/m2. The mean industrial value was lowest at 
Parow Industria at ZAR65.1/m2. The findings indicate that, unlike in the mid 1990s when the industrial 
rental rate in Paarden Eiland was three percent higher than the municipal average (City of Cape Town 
municipality, 2002), the November 2025 rental rates were slightly higher in the vicinity of the airport. 

6.3.3 Office rental values  

The mean office rental value was highest at Airport Industria at ZAR177.5/m2, albeit only two properties 
were recorded. Paarden Eiland followed with an office rental value of ZAR139/m2. The office mean value 
was lowest at Parow Industria at ZAR70/m2, with only three properties recorded. 
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6.3.4 Retail rental values  

The mean advertised retail rental value was highest at Paarden Eiland at ZAR116.7/m2, followed closely by 
Parow Industria at ZAR110/m2. As observed earlier in the paper, no retail property was advertised for rent in 
the vicinity of the airport. 

7 CONCLUSION 

The aim of the paper was to analyse the rental value of warehouse, industrial, office and retail properties in 
the vicinity of Cape Town International Airport, in comparison with values around the Port of Cape Town, 
and the Belcon inland/ dry port. The specific objective was to ascertain if the airport environs, in 
contradistinction to the other two transhipment precincts, represented a unique property market. Using QGIS, 
SPSS and RStudio to analyse the monthly rental data scraped from a prominent property-listing company, 
the results show that the mean rental values for industrial, warehouse, and office properties were highest near 
the airport, followed by those in the vicinity of the port, and lowest around the inland port. Global Moran’s I 
showed a stronger clustering of similar rental values in the environs of the airport, followed by Paarden 
Eiland, while estimates in Parow Industria were not statistically significant. 

Despite the densities that are higher in the vicinity of the Port of Cape Town and the absence of retail 
properties advertised for rent near the airport, the study’s findings show that, from the perspective of rental 
values, it can be argued that airport environs may potentially constitute a distinct warehousing, industrial, 
and office property sub-market. Spatial planning efforts could leverage this unique position to, among other 
objectives, appropriately guide the municipality’s spatial economy and maximise the agglomeration 
economies in the vicinity of the airport. 

Despite the paper’s insights, it has two main limitations. Firstly, the cross-sectional study’s main limitation is 
that rental information was collected at a single point in time (i.e., November 2025) and may not provide a 
comprehensive picture of the dynamics of property rental value near the airport, relative to the seaport and 
the inland port environs. Secondly, the study relied on the scraping of a single website. 

To address these limitations, it is recommended that future research consider different property listing 
websites, include sale prices, and scrape data at different times to identify trends and patterns in the 
warehouse, industrial, office and retail property values in the vicinity of transhipment zones. 
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1 ABSTRACT 

Rapid urbanisation trends in Southeast Asia are primarily influenced by mass transit systems, however the 
influence of railways on land use dynamics in India remains unique from global patterns. Unlike 
contemporary Light Rail Transit (LRT) or Metro systems where Transit-Oriented Development (TOD) is 
often a planned and post-construction intervention, Indian railway nodes typically predate the very concept 
of TOD, implying urban areas have integrated organically following railway infrastructure rather than being 
retrofitted. The study investigates this Railway-induced spatial restructuring in the Indian context, 
specifically the Southern West Bengal region, a rapidly densifying polycentric system, with the primary 
objective of determining whether railway proximity naturally fosters efficient development or induces 
chaotic ribbon sprawl. The methodology incorporates a multi-scalar geospatial framework by employing a 
25-year temporal gradient (2000-2025) to analyse the relationship between horizontal densification and 
vertical building density. Data from remote sensing (Landsat 7/8) was utilised to compute fragmentation 
metrics using FRAGSTATS to quantify horizontal sprawl, while Google Earth Engine (Open Buildings 
2.5D) was utilised to derive the average building height. These morphological outputs were further 
correlated with Space Syntax Integration values to assess functional connectivity. The analysis established 
four distinct station typologies regarding the urban form efficiency, namely saturated node, stagnant core, 
benchmark model and developing node. Moving beyond standard computer simulations, the study predicts 
future growth by analysing these distinct evolutionary categories and utilising passenger footfall data to 
forecast passenger and train load transfer. The research concludes that without policy intervention, rapid 
expansion of these urban areas will overburden infrastructure, highlighting the need for specific policy 
formulation to mitigate these externalities before they become irreversible. 

Keywords: Railway-induced Urban Growth, Transit-oriented Development, Spatial Metrics, Urban Sprawl, 
Urban Morphology 

2 INTRODUCTION 

2.1 Background and Research Motivation 

The relationship between transport infrastructure and urban form is one of the defining characteristics of the 
21st century Asian metropolis (Navalkar et al. 2023). A new global paradigm has emerged focusing on 
smart, sustainable, and inclusive development, yet the practical application of these concepts in Southeast 
Asia often faces unique challenges. In India, rapid urbanisation is not merely a function of population growth 
but is intrinsically linked to mass transit availability (Sekar and Gangopadhyay 2017). Southern West Bengal 
serves as a paradigmatic case of this phenomenon. As a major rail corridor and economic gateway for 
Eastern India, the region is witnessing a rapid emergence of peri-urban growth clusters centred around the 
railway stations. Unlike the planned Transit-Oriented Development (TOD) seen in other cities like Singapore 
or Hong Kong where density is not organic, the urban growth around Southern West Bengal is organic, 
historical and mostly chaotic (Mandal et al. 2020). 

The motivation for this research arises from a critical observation of the surroundings where the Government 
of India (through the Ministry of Railways) has allocated significant capital of approximately INR 14,000 
crores to upgrade railway infrastructure in West Bengal to support micro-enterprises and regional movement. 
But investment alone does not guarantee urban transformation. With the absence of evidence-based urban 
planning, capital investment runs the risk of accelerating “ribbon sprawl” rather than fostering efficient and 
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compact transit nodes. This has led to discussions that investment numbers alone are insufficient, and closer 
attention must be paid to the tangible morphological changes they trigger in cities (Ramachandra et al., 
2014). 

2.2 Problem Statement 

The central planning challenge facing the Kolkata Metropolitan Area (KMA) and its hinterlands is the 
balancing act between infrastructure expansion and sustainable land management. Current frameworks of 
urban planning often lack the granular data required to understand how railway stations specifically 
influence the vertical and horizontal dimensions of growth. There is a clear methodological gap, as most 
existing studies focus only on 2D land-use patterns and overlook the vertical intensity of development (such 
as building heights), which is essential for understanding densification (Karmarkar, Jana, and Velaga 2024). 
Along with this, a significant contextual gap persists because international TOD frameworks are seldom 
tailored to the complex realities of Indian railway towns, where informal settlements and historically evolved 
urban layouts resist easy incorporation into conventional planning models (Mehra and Vardhan 2025). In 
these regions, the presence of informal settlements and historical urban forms resists the ‘clean’ geometry of 
conventional planning models. While this study establishes a vital baseline for these towns, it also 
understands that it lacks the socio-economic depth needed to fully capture these physical changes that 
involve the lives of the people inhabiting them. Consequently, the primary research inquiry stands at “How is 
railway expansion reshaping patterns of urban development in this dynamic region?” and “Do railway nodes 
encourage compact, efficient agglomerations, or do they contribute to more fragmented and dispersed urban 
growth?” 

2.3 Aim and Objectives 

The primary aim of this study is to investigate the phenomenon of transit-induced spatial restructuring along 
the Southern West Bengal rail corridor, specifically determining whether railway proximity fosters efficient 
densification or induces chaotic sprawl. To achieve this, the research examines the spatio-temporal evolution 
of urban forms around four distinct railway station contexts – Howrah, Shalimar, Santragachi and Uluberia – 
over a 25-year period (2000 to 2025). This involves a multi-scalar analysis that correlates horizontal 
fragmentation metrics with vertical building density to establish distinct evolutionary typologies of railway-
induced growth. Building upon this morphological classification, the study further seeks to forecast future 
development trajectories for the active growth nodes by synthesising historical urbanisation trends with 
passenger ridership shifts. 

3 LITERATURE REVIEW 

The relationship between rail corridors and urban form has been extensively documented, establishing the 
fact that mass transit systems are acting as an active agent for densification and spatial restructuring. One of 
the studies monitored urban growth in Howrah (Mandal et al. 2020). The study used spatial metrics to reveal 
a distinct pattern of “clumping” in the core city, which is contrasted against rapid outlying growth and high 
fragmentation at the periphery. This also aligns with the findings of Sekar and Gangopadhyay (Sekar and 
Gangopadhyay 2017), who analysed land use changes around suburban rail in Chennai using a 
“concentration index”. This index confirms densification has shifted decisively towards railway corridors, 
thereby altering the city’s macro-spatial form. All these studies underscore that while rail proximity acts as a 
catalyst for growth, the resulting urban morphology varies significantly between compact and fragmented 
based on local constraints. 

However, a significant methodological limitation in current research is the heavy reliance on two-
dimensional Land Use Land Cover (LULC) analysis, ignoring the vertical intensity that defines the principle 
of modern urbanisation. While LULC effectively maps the horizontal expansion, it fails to capture the 
volumetric capacity of transit nodes. Recent work by Karmarkar (Karmarkar et al. 2024) attempts to bridge 
this gap by modelling “Volumetric Growth” (2D+3D) around new transit stations. Their work demonstrated 
that high-rise development correlates strongly with station proximity, yet such studies majorly rely on coarse 
building height classes or limited field data. There remains a gap of more precise and continuous building 
height assessments to accurately correlate horizontal with vertical densification, which is addressed by this 
study by using open-source 2.5D datasets. 






































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































