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PREFACE
Manfred SCHRENK

Conference Director,
President CORP — Competence Center of Urban anébRa&gPlanning

WELCOME to REAL CORP 2026, the
31* International Conference on Urban & Regional Devadpment and Spatial Planning
in the Information Society!

As urban and regional landscapes become more cappnning is no longer a linear process. It is
adaptive, participatory, and often unpredictabieudban and regional development, planning is both
discipline and a gamble. This conference gatharkehs and doers to navigate the space between
vision and reality — shaping futures one decision me.

For three decades, the REAL CORP conference shassbeen at the forefront of exploring the
profound impact of information and communicatiorchieologies (ICT) on urban and regional
development. As we navigate an era of unprecedeadkeshge, marked by rapid technological
advancements, evolving societal structures, andsprg environmental challenges, REAL CORP
2026 invites researchers, practitioners, experntsivists and policymakers to contribute to the
discourse on “Cherish Heritage, Plan Now, Createreil

We are witnessing a paradigm shift in how our sitend regions function, are planned, and are
experienced. From the pervasive influence of aréifiintelligence and big data analytics to the
imperative of climate resilience and inclusive gmamce, urban and regional landscapes are
undergoing continuous metamorphosis. REAL CORP 202fides a vital platform to critically
examine these transformations, share innovativetieak, and collectively envision sustainable and
equitable futures.

The REAL CORP 2026 research question is: does téahy and especially Al really revolutionise
everything? Even CITIES, the biggest invention @inkind?

New technologies and especially Al lead to manynglea in all aspects of life, including in citiesdan
regions and, of course, in planning processed. &i#s and regions are not primarily a playground
for “new technologies” but the main goal is to haugstainable, resilient and above all livable
environments. The soul of a livable future ofteesliin adequate density, adaptive reuse, green
infrastructure, and places where communities thnivigh eco-conscious urban design, human-scale
architecture, and inclusive public spaces!

All this has to be planned, created, maintainedearghtually renewed.

Planning is always an effort of many contributonsl glanners have to be part of all urban planning
efforts — be it as experts, visionaries, strategisb-ordinators, moderators and mediators, adgsecat
and sometimes opposers. LET'S PLAN TOGETHER!

Welcome to Vienna! Welcome to Austrial Have a greatonference!
Manfred SCHRENK, Clemens BEYER & the REAL CORP Team
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PREFACE

Dear participants of REAL CORP 2026!

On behalf of the City of Vienna, | would like toterd a warm welcome to you all! | am delighted that
such important topics as urban planning and regideeelopment are on the agenda of such a high-
profile conference. International exchange is testlvay to tackle global challenges that affecalus
equally.

This applies in particular to the impact of revaotry modern technologies and Al in particulais|t
no coincidence that the central research quesfictE&AL CORP 2026 is whether these innovations
will really change everything, including modern nogiblises such as Vienna.

We are already feeling this change in our evenjdes: for example, more and more administrative
procedures in Vienna can be completed digitallg; BRISE project, for example, is making building
permit procedures paperless, faster, more efficrante sustainable and more transparent. In additio
Vienna has become an Al innovation centre.

This process is guided by the principle of “digi@imanism” — in other words, progress should make
everyday life easier. The focus is on people, nogess.

In this context, education will become a key reseuOur industrial societies are transforming into
knowledge societies. That is why it is so importémtset the course now for the best possible
preparation of our children and young people sttthey are ready for the growing challenges of the
digital world.

In addition, it will be important to focus even raathan before on international exchange. Especially
in times of national solo efforts and protectionidtnis important to keep multinational forums for
communication and cooperation open. After all, sogeand innovation are only truly stimulated by
encounters on an equal footing and by learning feach other.

That is why | am very pleased that REAL CORP 2G2&ajor international conference, is taking a
close look at the characteristics and effects efe¢hfundamental transformations. Especially now —
when change is already becoming apparent — it poitant and necessary to develop ideas about
where and how far we as societies want to go. Wetmat allow ourselves to be driven by this
innovation process, but must shape it ourselves satial awareness and clear objectives.

REAL CORP 2026 is making an invaluable contributinrthis regard. | am very excited to see the
results and wish you all a successful and, abdyasightful conference!

Michael Ludwig, Mayor and Governor of Vienna
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PREFACE

Vision Education warmly welcomes participants to RBRL CORP 2026!

Vision Education is honored to support thé' 8iternational Conference on Urban Planning, Reajion
Development, and the Information Society in Vienwaystria, in collaboration with CORP -
Competence Center of Urban and Regional Plannihgs important partnership reflects a shared
commitment to advancing global dialogue and fostgrcademic and practical cooperation in the
fields of urban planning, regional development, ahd information society. As an institution
committed to strengthening education and researthe Kurdistan Region of Iraqg, Vision Education
supports both private and public institutions whiimpowering citizens to contribute to positive
change. Vision Education recognises the criticale rof knowledge exchange, international
collaboration, and interdisciplinary research indr@dsing the complex challenges facing
contemporary cities and regions.

Sustainable urban growth, climate resilience, awhniological innovation require forward-looking
approaches that integrate education, policy, aladtige at both regional and local levels. Through
engagement with global academic networks and unigtits, Vision Education seeks to contribute to
the development of informed leadership, innovatigeearch, and practical solutions that support
sustainable and inclusive urban futures.

Partnerships such as this collaboration with CORENplify the value of building bridges between
regions, institutions, and stakeholders to fodtared expertise, mutual understanding, and long-ter
cooperation.

We are proud to support this leading internationahference, bringing together distinguished
scholars, professionals, and policymakers in Viemma we look forward to the continued exchange
of ideas that will help shape more resilient, sastisle, and intelligently planned cities for gerienas

to come.

Idris Nechirvan Barzani, Chairman of Vision Education
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PREFACE

Dear participants of REAL CORP 2026!

Our cities and regions stand at the threshold oprefound transformation. Climate change,
demographic shifts, digitalisation, and evolvindteans of work and mobility are reshaping how we
live, work, and move. Cities and regions are thaeetentral arenas for safeguarding quality of life
advancing sustainability, and strengthening samhksion for all citizens.

Our shared goal is to create resilient, inclusiaad liveable urban environments. Research,
technology, and innovation play a key role in acinig this objective. They provide essential toals f
integrated spatial planning, enable evidence-bdsetsion-making, and support sustainable solutions
in areas such as energy, mobility, infrastructarg] public spaces. Strategic investment in research
and innovation is indispensable to steering thasdformation in a forward-looking and responsible
manner.

Integrated neighbourhood and district developmemat particularly powerful lever in this context. By

linking spatial, social, ecological, and economimehsions, it enables complex challenges to be
addressed holistically and makes the benefits asfsfiormation tangible for citizens. Well-designed

integrated neighbourhoods can serve as showcas@nfovation, foster social cohesion, and act as
key building blocks for sustainable urban and regialevelopment.

In this spirit, | warmly welcome REAL CORP 2026VW@enna. With its focus on integrated urban and

regional development, the conference provides gioitant platform for international exchange and

brings the discussion to the Vienna Otto-Wagnerahre a place that exemplifies transformation,

innovation, a vibrant architectural culture, and tdhose connection between research, technology, an
urban planning.

KommR Peter Hanke, Federal Minister of Innovation,Mobility, and Infrastructure
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1 ABSTRACT

Digital Twins are increasingly used as analyticahfeworks in urban planning, supporting spatiakplieit
assessments of climate, energy and environmergks.riBased on interoperable 3D city models (e.g.
CityGML/CityJSON) and shared geodata infrastrugurthey enable scenario-based evaluations across
multiple planning domains. This paper examines Bagital Twin workflows can support planning-oriedte
simulation tasks, with a particular focus on theliplay between open-source and proprietary tools.

Using the city of Landsberg am Lech as an applaskcstudy, four thematic applications are invetdifja
solar framework planning in a protected historicseanble, urban heat screening, pluvial flood risk
assessment, and environmental noise scenarioswdhdlows combine open data — most notably LOD2
building models and digital terrain models — withhgbrid toolchain including QGIS, GRASS GIS,
Honeybee, ICETools, H-Risk, as well as proprietamyironments such as Rhino/Grasshopper and ArcGIS
Pro.

The results demonstrate that Digital Twins functioost effectively as shared spatial reference syster
planning-oriented screening and orientation analysather than as fully integrated simulation latfs.
While physically based models such as PALM-4U rsen¢ the state of the art in urban climate modzgllin
simplified tools proved suitable for early-stagarpling and comparative scenario evaluation. Oveiadl
study shows that hybrid workflows combining opem gmoprietary tools currently represent best pcacti
balancing transparency, methodological robustraags planning relevance.

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

2 INTRODUCTION

Contemporary urban planning is increasingly chaiéehby a set of highly complex, mutually dependent
issues related to climate change, efficient resouise, and risk governance. Heat stress, pluwabihg,
noise exposure, and energy transition processesadait spatially and temporally, often exceeding the
analytical capacity of traditional two-dimensiomdnning instruments. In this context, digital teclogies
have become central to contemporary planning mecWhile the concept of the Smart City has prilpari
been associated with sensor-based, real-time ggatiion and proprietary platforms (BATTY, 2018, p. 2
GRIEVES, 2014), the notion of the Open Digital TWIDEMBSKI et al., 2020; KETZLER et al., 2020)
emphasises a different paradigm: the creation ¢téraperable, transparent, and reproducible digital
representations of urban space based on open siaratal open data.

Open Digital Twins are not primarily visualisatitwols but analytical infrastructures (ZIEHL et #&023).
They integrate 3D city models, geospatial datasetd, simulation environments to support scenargeta
planning, early-stage decision-making, and inteigisary collaboration. Their growing relevance is
closely linked to the increasing availability ofespgeodata, such as Level of Detail 2 (LOD2) bogdi
models, digital terrain models (DTM), and open-seugeographic information systems.

This paper investigates the role of Open Digitalifgain urban planning with a specific focus on cliey
related applications. It addresses two centrabrebequestions:

Which planning-relevant simulations can alreadgdeducted entirely with open-source tools?

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

Using the city of Landsberg am Lech as a case sttidy paper demonstrates how a hybrid toolchain
combining open-source and proprietary software lmmmplemented in practice. The contribution aims t
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provide both a conceptual framework and empiriaaights for planners, municipalities, and reseasche
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 plannihgs expanded significantly over the last decadeeliby
advances in geospatial data availability, 3D citpdelling, and simulation technologies. Rather than
constituting a single methodological approach,tdigivins increasingly function as integrative fieworks
that support multiple thematic analyses (JEDDOURIgt2023). In current research and planning pact
four application domains are particularly prominestlar energy assessment, urban climate modelling,
hydrological risk analysis, and environmental na@saluation (ZHU & JIN, 2025).

3.2 Solar Potential Analysis and Urban Solar Frameworks

Solar potential analysis represents one of the mastire and widely applied use cases of 3D cityatwih
urban planning. The availability of LOD2 buildingatd enables the calculation of roof orientation,
inclination, shading effects, and annual solardiagon with high spatial resolution. Numerous $#sd
demonstrate that solar cadastre systems based ocity3nodels provide reliable decision support for
municipal energy strategies (BROSCHART et al., 2024

Recent research increasingly emphasises stratagjig;wide solar planning beyond parcel-based
assessments. Solar framework plans (Solarrahmez)pléanslate technical potential analyses intoialhat
differentiated planning instruments that integraman morphology, heritage protection, densificatio
strategies, and policy objectives (ZEILE et al220

Methodologically, these approaches rely on reprideicGIS-based workflows. While open-source tools
support transparent modelling of solar radiatio atenario comparison (ROUDSARI et al.,, 2013),
proprietary software remains relevant for detailecbnomic or grid-related assessments. The solar
framework plan presented at REAL CORP 2025 (ZEILERlg 2025) illustrates how Digital Twins can serv
as spatial decision-support systems that link gnanglysis and urban planning.

3.3 Urban Climate and Heat Stress Modelling

Urban climate modelling has become increasinglyartgnt due to rising heat stress and the needifoate
adaptation. Digital twins support this domain byyding detailed representations of urban form, alihi
strongly influence radiation balance, airflow, @ahdrmal comfort (LOPEZ-CABEZA et al., 2025).

Current approaches range from simplified surfaceetiamodels to entirely physical, three-dimensional
atmospheric simulations. Open-source tools suchLadybug/Honeybee enable accessible, iterative
assessments of solar exposure and shading, whkileAhM-4U model system represents a state-of-the-ar
physically based approach to urban climate simaaBAKLANOV et al., 2020; HELDENS et al., 2020).

Proprietary tools such as ENVI-met remain widelgdu$or detailed microclimatic studies (BRUSE, 2Q00)
although recent literature highlights the suitapitf simplified models for planning-oriented, coangtive
analyses.

3.4 Pluvial Flooding and Surface Runoff Analysis

Hydrological risk analysis, particularly pluviabfhding, has become increasingly relevant in urdanning
due to the rising frequency of extreme rainfallrége Digital twins enable the integration of tenraiodels,
surface characteristics, and built structures tyase runoff pathways and accumulation zones.

Open-source GIS environments such as GRASS GISQHBIS provide robust tools for surface runoff

analysis (SCHNEIDER, 2025; “SplashTool”). These moels support transparent, reproducible modelling
and are widely applied in municipal risk mappingl aiimate adaptation planning. Proprietary platferm

such as ArcGIS Pro offer extended functionalitiesl @are often embedded in administrative workflows,
while the underlying modelling principles remaiarisferable across software environments.
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3.5 Environmental Noise Modelling

Environmental noise assessment constitutes an lisbidh application of digital spatial models. Noise
exposure is strongly influenced by building geowestreet layout, and traffic volumes, making 3@y ci
models particularly suitable for spatially diffetetted analysis.

Recent developments in open-source GIS plugind) sscH-Risk (TAGUSARI, 2024), demonstrate that
scenario-based noise modelling can support eaalynhg stages by enabling relative comparisonglmdru
form, traffic management, and mitigation measufes. legally binding noise assessments, proprietary
software remains dominant; however, the literatimereasingly acknowledges simplified tools as
complementary instruments in planning practice.

3.6 Synthesis

Across all four domains, the literature indicatesoavergence towards scenario-based planning veovkfl
supported by Digital Twins. While thematic priceii differ, shared methodological requirements —
interoperable data models, reproducible simulatiand spatial transparency — are evident. Solandveork
planning emerges as a particularly effective iaieef between technical simulation and strategic rurba
planning, highlighting the broader potential of Dadg 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 casg dierdonstrating how Open Digital Twin workflows can
be implemented in municipal planning practice. Amadium-sized city with accessible open geodata, a
heterogeneous building stock, and increasing ahgdle related to climate adaptation and energyitiams
Landsberg am Lech represents a typical and traaidé2European planning context.

The digital twin used in this study follows a plamgroriented interpretation of the Digital Twin aapt, as
discussed in recent contributions (BROSCHART et24l25). Rather than aiming at real-time monitorang
sensor-driven control, the model focuses on spatialysis, scenario development, and decision stfgo
strategic and early-stage planning processes,iagjgnith research that positions urban digital vias
integrative spatial frameworks rather than purgdgrational systems.

The data basis consists primarily of open and mpalicdatasets, including a Level of Detail 2 (LOD2)
building model, a high-resolution digital terrairodel (DTM), land use information, and thematic kaye
related to vegetation, mobility infrastructure, amironmental constraints. These datasets weradmsed
within a GIS environment using interoperable datalets, enabling consistent use across multipleyaoal
domains.

Crucially, the digital twin is not conceived as anmnolithic model but as a shared spatial referegystem
connecting different simulation tools and thematialyses. In this sense, the model representsnaipta
oriented digital twin, designed to support scendased analysis, comparative evaluation, and
interdisciplinary workflows. This structure allowdiverse planning questions — such as solar energy
potential, urban heat mitigation, surface runofid anoise exposure — to be addressed using a common
geometric and semantic foundation while retainireghadological flexibility.

By emphasising openness, reproducibility, and thieniategration, the Landsberg am Lech Digital Twin
demonstrates how municipalities can operationatiggtal twins as practical planning instrumentsttha
support both technical analysis and strategic disen

4.2 Solar Framework Planning using the Digital Twin

Solar energy assessment constitutes a particulalidyant application of Digital Twins in historiahan
contexts, where technical potential alone is ineigfit as a planning criterion. In Landsberg amH,dbe
Digital Twin was applied to develop a solar framekvplan (Solarrahmenplan) explicitly addressing the
challenges of solar energy deployment within aquiatd historic ensemble. The central planning Gurest
was not whether solar energy is technically feasibut which types of solar installations are cotiyia
with heritage protection requirements and urbanaligmtegrity.
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4.2.1 Planning Context: Solar Energy in Historic Enserable

The historic core of Landsberg am Lech is charessdrby a dense building fabric, heterogeneous roof
typologies, and strict heritage protection regoladi In such contexts, conventional solar cadaseash
their limits because they typically identify tecbally suitable roof surfaces without accounting ¥isual
exposure, material compatibility, or monument-preation objectives.

The solar framework plan, therefore, reframes gotéential analysis as a spatial governance ingniinits
purpose is to support differentiated planning denss by identifying zones where solar installaticare
permissible, conditionally acceptable, or to beided, and by distinguishing between different pkottaic
and solar thermal technologies. This approachvalthe logic presented in recent CORP researchL&El
et al., 2025), positioning solar framework planniag an interface between energy transition andnurba
heritage management.

4.2.2 Digital Twin as Analytical and Visual Reference

Solar irradiation analysis was used as a suppoldiyer within the framework plan, but did not conge its

primary decision criterion. Instead, irradiationues were interpreted in combination with roof thqupes,

visibility conditions, and conservation guidelin€Bhis enabled the classification of roof surfacet i
differentiated categories, such as suitable forwisible installations, ideal for visually integeat systems,
or unsuitable due to heritage sensitivity.

The analytical workflow combined GIS-based proaegswvith parametric modelling environments. While
open-source tools were used to prepare and steuthe LOD2 data, subsequent analyses and visual
evaluations were conducted in commercial softwangirenments, including Rhino/Grasshopper and
ArcGIS Pro (Fig. 1). This hybrid setup reflectsrpiang practice, in which analytical requirementthea
than licensing models guide tool selection.

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

4.2.3 Modelling Solar Suitability under Heritage Consttsi

Solar irradiation analysis was used as a suppoldiyer within the framework plan, but did not conge its

primary decision criterion. Instead, irradiatiolues were interpreted in combination with roof tiguges,

visibility conditions, and conservation guidelineghis allowed the classification of roof surfacesoi

differentiated categories, such as suitable forwisible installations, ideal for visually integeat systems,
or unsuitable due to heritage sensitivity.

The analytical workflow combined GIS-based proaegswvith parametric modelling environments. While
open-source tools were used to prepare and steuthe LOD2 data, subsequent analyses and visual
evaluations were conducted in commercial softwangirenments, including Rhino/Grasshopper and
ArcGIS Pro. This hybrid setup reflects planninggpicee, where analytical requirements rather theenising
models guide tool choice.
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4.2.4 Differentiation of Solar Technologies

A key contribution of the solar framework plan liesits explicit differentiation among solar tecthogies.
Rather than treating photovoltaic systems as a gemeous category, the framework distinguishes legtwe
conventional PV modules, building-integrated phottaics (BIPV), solar tiles, and solar thermal syss.
Each technology exhibits distinct visual charastars and degrees of compatibility with historiofstapes.

By linking technology categories to spatial zondthiw the Digital Twin, the solar framework planopides
concrete guidance for planners, heritage authsyidad property owners. In this role, the Digitali acts
as a mediating instrument, translating abstractsexation principles into spatially explicit plangi
recommendations.

4.2.5 Planning Relevance and Strategic Value

The Landsberg am Lech solar framework plan dematestrhow Digital Twins can support nuanced
planning decisions in sensitive urban contexts.h&athan maximising energy yield, the framework
prioritises contextual appropriateness and visaggration, thereby reducing the potential for tonf
between energy policy and heritage protection.

Importantly, the Digital Twin does not replace dleth architectural design or approval procedunestead,
it provides strategic orientation at an early staggports transparent communication among statetsl
and increases planning certainty.

4.3 Urban Heat and Microclimate Assessment

Urban heat stress represents a critical challengeifies, particularly in dense urban areas withited
vegetation and high surface sealing. Within OpemgitBi Twin workflows, microclimate assessment
functions as an essential analytical layer for @athg the spatial effects of urban form, matesaland
vegetation on thermal comfort. In the Landsberg beth case study, urban heat assessment was
implemented as a planning-oriented screening aiedtation tool, rather than as an entirely physatiahate
simulation.

4.3.1 Reference Framework: Physically Based Urban Clirvxdels

From a scientific perspective, physically basedaarblimate models such as PALM-4U represent the sta

of the art in microclimate simulation. PALM-4U ened high-resolution modelling of air temperature,

radiant heat fluxes, airflow, vegetation—atmospheteractions, and human thermal comfort, and its
integration into Digital Twin environments is ina®ngly discussed in research and municipal climate
adaptation studies (BENDER et al., 2023).

However, despite its methodological advantages, AU requires substantial computational resources,
specialised expertise, and extended setup timekelhandsberg am Lech case study, PALM-4U sersesl a
conceptual reference model but was not applied abiperlly. Instead, simplified and more accessible
approaches were selected to support exploratonnlg questions.

4.3.2 Applied Tools: Honeybee and ICETools

Urban heat assessment in Landsberg am Lech wasuaedd using a combination of Honeybee
(Grasshopper/Rhino) and ICETools (QGIS). Thesestaare selected to balance analytical relevande wit
practical feasibility in a planning context, as aerstrated in accompanying academic exercises.

hours
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Fig. 2: Heat development in the xy new developnagea in Landsberg with varying vegetation densisésulated in Heneybee.
The areas with reduced heat stress due to vegetatoclearly visible. (Flores & Zumholte 2025)

Honeybee was used to analyse solar radiation exposhading patterns, and surface-related thermal
indicators using the LOD2 building model and se&dcscenarios. Its parametric structure supportsl rap
iteration and comparison of spatial configuratiguesticularly regarding vegetation placement anittling
geometry. While Honeybee does not simulate atmapliynamics, it provides valuable insights into
radiation-driven heat loads (see Fig.2).

ICETools was used as a complementary method tm&®tisurface temperature patterns based on sieplifi

energy balance calculations. By integrating lanslecovegetation, and shading information, ICETools
enables reproducible, low-threshold heat assessntbéat are well-suited for early-stage planning and
scenario comparison.

4.3.3 Methodological Limitations of Tool Integration

Despite increasing tool availability, the integoatiof urban climate simulations into Digital Twirovkflows
remains methodologically fragmented. Tools suchGisTools and ENVI-met require substantial model
reconstruction, as existing Digital Twin geometmasnot be used seamlessly. Buildings, vegetatimfiace
materials, and boundary conditions must be newlsampaterised within each simulation environment,
limiting reproducibility and increasing modellinffart.

Parametric environments such as Honeybee offetegrageroperability, as 3D city models can be in@d
directly. However, practical experience shows tmahbining LOD2 building geometries with digital rt@n
models (DTMs) poses significant challenges. Atdini—terrain interfaces, geometric inconsistenaiey
occur, leading to artefacts such as implausibliasartemperature anomalies (“cold spots”).

These issues are primarily caused by geometricsentintic mismatches between datasets generated for
different purposes. Without careful preprocessing &alidation, such inconsistencies can propagate i
simulation results. Consequently, current DigitalifT workflows should be understood as loosely cedpl
toolchains, reinforcing the need for staged modgli@pproaches in which simplified tools supportlyear
decision-making and more complex models are apgldetctively.

4.4 Pluvial Flood Risk and Surface Runoff

Pluvial flooding constitutes a recurring challenigeurban planning, particularly in compact settl@tme
structures with high degrees of surface sealinghéncase of Landsberg am Lech, surface runoffyaisal
was implemented as a planning-oriented screeniolgtéorapidly identify spatial patterns, flow pattend
potential accumulation zones relevant to urban ldpweent and climate adaptation.

4.4.1 Data Basis and Digital Twin Integration

The analysis was based on a Digital Terrain Mo84dIM) and the LOD2 building model, both of which
could be directly integrated into the Digital Twemvironment. The DTM provided the basis for modelli
surface gradients and runoff directions, while LOR#Idings served as physical obstacles that infted
flow paths and accumulation areas.

A key advantage of this approach is the flexibilitydata preparation. Terrain data can be rapidjysaed
using grayscale heightmaps, enabling quick tesifrgjternative surface conditions or simplified sagos.
This allows planners to explore assumptions abadése sealing, microtopography, or redevelopmatit w
minimal preprocessing effort, while ensuring cotesis representation of terrain and built structures

4.4.2 Modelling Approach and Tools

Surface runoff modelling was conducted using QGi&ash Tools and ArcGIS Pro flow path analysis, both
of which support direct use of terrain and buildioteta without complex model reconstruction. Thdstoo
calculate flow directions and accumulation zoneseldaon terrain gradients and produce visually tintui
results.

The modelling approach focuses on relative flowawabur, highlighting areas where water is likely to
concentrate during intense rainfall events. Rathan simulating exact water depths or temporal dyos,
the analysis identifies structural vulnerabilitiesthe urban fabric. While terrain and building al@aan be
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ingested directly, the modelling process remairesddy coupled to the Digital Twin and requires tool
specific parameterisation.

4.4.3 Visualisation and Interpretability

A central strength of the applied method is theiaislarity of the results. Flow paths, accumulataveas,
and potential impact zones can be visualised direwithin the Digital Twin, supporting intuitive
interpretation by planners and non-technical stakkdrs. As both tools operate on raster-based heigh
models, results can be rapidly updated, enablargtive scenario evaluation.

The pluvial flood analysis is explicitly coarse agxploratory. It does not account for undergrourairchige
systems, sewer capacities, or time-dependent Haisdanarios. Accordingly, results are interpregsd
orientation maps for planning, not as regulatoopdl hazard maps. Embedded within the Digital Ththe,
analysis supports prioritisation and complemertiethematic assessments in a holistic planningezon

o)
| Drainage routes 1

I g e veaumes |

Low watss vounmes

Flow path simulation in QGIS

4 Drainege routes

Hgh water voumas

Low water valumes

Flow path simulation in APcGIS Manipulated flow path simulation in ArcGIS

Fig.3: Comparison of the stream path simulatio@@®IS and ArcGIS in the inventory (left side) andatted water flow through
terrain adaptation on the right (Kappeler & Schwz025)

4.4.4 Planning Relevance and Limitations

The pluvial flood analysis conducted for Landsbang Lech is explicitly coarse and exploratory. legdmot
account for underground drainage systems, sewemncitegs, or time-dependent rainfall scenarios.
Nevertheless, its value lies in its ability to ddycidentify potential problem areas and supporatsgic
planning discussions.

In line with the approach presented here, the t®suk interpreted as orientation maps for plannatiger
than regulatory flood hazard maps. They providelaust basis for prioritising areas where furtheoren
detailed hydrological or engineering analyses mayrdquired. Embedded within the Digital Twin, the
pluvial flood assessment complements other thenaatityses and contributes to a holistic understanaf
spatial vulnerability in urban planning.

4.5 Environmental Noise Scenarios

Environmental noise represents an established btitadologically demanding field within urban plamgi
While norm-based proprietary software solutiongmiiominate noise assessment, recent work demiasstra
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that planning-oriented noise scenarios can alsoeXmored within Digital Twin environments using
simplified, transparent approaches. In the Landglen Lech case study, environmental noise modelling
was therefore included as a supplementary analytgar, in accordance with established methodaklgi
principles.

4.5.1 Planning-Oriented Noise Assessment

From a planning perspective, early-stage noisesagmnt focuses less on legally binding exposuneegal
and more on relative spatial patterns. Key questinciude the location of noise-sensitive usesijrtieence

of urban form on sound propagation, and the pakmrtifects of alternative planning scenarios. Rigit
Twins provide a suitable spatial framework for adding these questions, as building geometry, tstree
networks, and land use are already integrated.

4.5.2 Applied Tools and Workflow

In Landsberg am Lech, noise scenarios were explosety H-Risk in QGIS, integrating open street data
traffic assumptions, and building geometries. Ti@D2 building model served as the geometric bagis fo
modelling reflecting and shielding effects, whilgpénStreetMap (OSM) road network data provided the
source structure for noise emission modelling (E)g.

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

The workflow follows a simplified approach: traffimlumes and speed assumptions are parameterisdd, a
resulting noise levels are calculated and visudlese spatial distributions. This enables rapid camspn of
alternative scenarios, such as changes in tragtiing or street hierarchy. The Digital Twin ensuspatial
consistency with other thematic analyses, while tioése analysis itself operates on a tool-specific
abstraction rather than a fully integrated twin miod

4 5.3 Interpretation and Limitations

The applied noise modelling approach is explicityn-normative. It does not replace standardisedenoi
mapping procedures required for regulatory compkarstill, it serves as a planning-oriented scregaind
orientation tool, highlighting areas where nois@asure may become critical under certain assungtion
Such simplified models are particularly valuable garly planning stages, where they support spatial
awareness and informed discussion rather than fimaification. For legally binding assessments,
proprietary tools such as CadnaA or SoundPLAN ramatcessary.

5 CONCLUSIONS, SYNTHESIS AND OUTLOOK

Taken together, the four applied use cases illiestreat the Digital Twin of Landsberg am Lech fuos
less as a fully integrated simulation environmertt more as a shared spatial reference for plaroriegted
screening analyses. This hybrid use of open angrigtary 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 workfloean support simulation-based urban planning, using
Landsberg am Lech as a case study. Across thettiearatic domains — solar framework planning, urban
heat assessment, pluvial flooding, and environnhemise — the results demonstrate that the Diditain
functions most effectively as a shared spatialresfee system, rather than as a fully integratedilsition
environment. The applied examples confirm that falgfwins are particularly valuable for planning-
oriented screening and orientation analyses. Tpr@mnary contribution lies not in predictive accuyaar
regulatory compliance but in structuring complexatid questions, enabling scenario comparison, and
supporting interdisciplinary communication. Thisding aligns with recent research that positiontsaar
digital twins as integrative planning infrastruauather than operational control systems.

A central insight from the Landsberg am Lech casthat thematic simulations do not require moniit
fully synchronised models. Instead, loosely coupheatkflows, anchored in a consistent geometric and
semantic base, allow planners to address diffepeestions with appropriate tools.

5.2 Open-Source and Proprietary Tools: A Comparative Pespective

A key objective of this study was to assess the oflopen-source and proprietary software withigital
Twin workflows. The results indicate that tool otwiis primarily driven by planning objectives and
methodological requirements, rather than by licemsnodels.

Open-source tools play a crucial role in early-stggdanning and exploratory analysis by supporting
transparency, reproducibility, and rapid iteratidroprietary tools remain relevant where standadlis
procedures, normative requirements, or advancedigddymodelling are required. Table 1 summarises th
complementary roles of both tool categories actios$our thematic domains.

Planning Domain Open-Source / Accessible Tools Proprietary Tools Role within the Digital Twin
Solar Planning QGIS, GRASS GIS, parametr Rhino/Grasshopper, Strategic spatial differentiation
modelling (data preparation) ArcGIS Pro (Solar Framework Plan)
Urban Heat Honeybee, ICEToo0ls ENVI-met, PALM-48creening and comparative
(reference) scenario analysis

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

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

Table 1: Open-Source and Proprietary Tools in Riep@riented Digital Twin Workflows

Rather than competing alternatives, open-sourcepamgtietary tools form complementary components of
hybrid workflows, with open data — particularly LQIuildings and terrain models — providing the kab
foundation for both.

5.3 Methodological Implications for Digital Twin Use

The applied workflows highlight several methodotadiimplications. First, full integration of simtian
tools into a single Digital Twin environment remailimited, as climate, hydrological, and noise niede
typically require tool-specific abstractions of geetry and attributes.

Second, geometric and semantic mismatches — particiat building—terrain interfaces — represent a
persistent challenge across simulation domains.ndwekedging these limitations is essential to avoid
overinterpretation and to maintain methodologicah$parency.

Third, a staged modelling approach emerges as @gaitéc strategy: lightweight, planning-oriented 800
support early decision-making, while advanced, jmajty based models can be applied selectively when
higher accuracy or regulatory compliance is reqlire

5.4 Outlook

Future developments in semantic data modellingrawgd terrain—building integration, and the matorat
of open-source simulation frameworks such as PAWrMay reduce current interoperability barriers. At
the same time, institutional learning and capabityiding will be critical for responsible and effae
Digital Twin use. Rather than striving for fullytagrated, all-encompassing platforms, planning tppac
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may benefit more from robust, modular Digital Twithgt support thematic extension and methodological
flexibility. The Landsberg am Lech case demonstrdbat such an approach is already feasible and can
meaningfully contribute to climate-responsive, estisensitive urban planning.
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1 ABSTRACT

Digital transformation in the Built Environmentiigcreasingly underpinned by the adoption and migtofi
Building Information Modelling (BIM), a critical & for enhancing technological skills and addregsin
complex infrastructure and service delivery chajksy However, the availability of comprehensive BIM
training programs in higher education remains igadée, limiting graduates' and practitioners' capdo
apply and integrate BIM effectively in professiocahtexts. This study adopts a mixed-methods apprtm
evaluate the maturity and integration of BIM traigiin South African Built Environment higher eduoat
programmes. The findings reveal that most availpbdgrams focus on introducing basic BIM concepid a
adoption strategies, advanced training necessaryigher levels of BIM maturity is largely abselithile
short learning programs have been developed toilupslustry practitioners, formal curricula face
persistent barriers, including limited access #itespf-the-art facilities, software and licensirgsts, and
structural rigidities within module offerings. Tetudy argues that these challenges undermine beth t
digital transformation within the Built Environmerdnd the competitiveness of graduates entering
professional practice. Ultimately, the findings angtore the urgent need for policy and institutioetorms

to accelerate digital transformation and ensureé ta Built Environment workforce is equipped witie
skills required to meet the demands of contempandvgnisation and infrastructure development.

Keywords: Digital transformation, training, highamstitutions, Building Information Modelling, Built
environment

2 INTRODUCTION

Adoption and maturity of revolutionary technologi®sch as Building Information Modelling (BIM) are
critical in the Built Environment (BE) for improvin project performance and enhancing infrastructure
delivery. Digital Transformation (DT), driven by ehprinciples of Industry 4.0, has advanced building
systems significantly since the industrial revalatitowards hybridised, intelligent and interconedct
systems (Hazrat et al., 2023). Within the BE, Indug.0 technologies including big data analytexificial
intelligence, virtual modelling and integrated i delivery are reshaping traditional infrastruetu
management approaches. This shift is particulaligvant in contexts facing infrastructure backlaggid
urbanisation and service delivery pressures, ssa@oath Africa.

BIM occupies a central position within this digitahnsformation agenda. It provides innovativeedif/e

and collaborative digital processes and managemoetd that equip professionals with the technolagic
skills required to address complex infrastructurd service delivery challenges (Akintols et al.2@00mar

& Dulaimi, 2023; Obi et al., 2024). According to Waley and Behan (2019), BIM can be utilised for
multiple analyses and performance predictions, iqdarly in projects requiring collaborative three-
dimensional design applications. It reshapes ampl#ies the BE by enhancing professional roles and
responsibilities across the planning, design, cansbn, operation, and maintenance phases (Whyte &
Hartmann, 2017). Furthermore, DT interventions gbaote to notable productivity gains by supporting
professionals with comprehensive, accurate, antitirea information for day-to-day decision-making
(Kaushalya et al., 2024).

Numerous scholars argue that the evolution of D3 ¢@ntributed significantly to mitigating climatech
sustainability challenges in the BE by moving beydraditional infrastructure management approaches
(Muzi et al., 2022; Samuelson & Stehn, 2023). Thi& from fragmented, time-consuming and finangiall
costly traditional techniques towards multidisaigliy, digitally enabled processes enhances vakation
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across the infrastructure chain (Hajj et al., 20Zhe adoption of DT further supports sustainabiategies
and green practices in urban BE contexts experignconsiderable environmental and social pressures
(Stroumpoulis & Kopanaki, 2022). For example, lakgdumes of social and environmental data can be
modified and virtualised in real time to identifyotential threats, simulate predictive scenarios and
recommend resilient infrastructure interventionsarfdtti et al., 2020; Muzi et al., 2022; Saka, 2022
Understanding information through data analyticsisthprovides multiple pathways for improving
infrastructure performance and service delivery YW& Hartmann, 2017).

Despite these advantages, graduates' and praetilorapacity to effectively apply and integratéViBh
professional contexts remains constrained. Traimirggrammes on BIM adoption are more critical than
ever in responding to the demands of big data amidrurban development. However, many higher
education institutions experience inadequate Blkgration within their curricula, resulting in grates
who are insufficiently prepared for digitally enadllpractice. Rather than expecting industry to klesihe
responsibility of upskilling graduates, scholarguar that students should be trained during theicatiibnal
journey to become BIM-ready professionals, therakgiding additional financial and time burdens on
industry (Igbal et al., 2022; Olowa et al., 20227zrht et al., 2023). At the same time, Yusuf e(2017)
highlight that higher education institutions fadeltenges related to limited knowledge, skillsafices, and
resources, which constrain the development of b-kigndard BIM workforce. Igbal et al. (2022) tHere
advocate for stronger industry participation in laobrative seminars, workshops and international
engagements to facilitate skills transfer to edwrsat

In developing countries, the adoption and matudfyDT, including BIM, big data analytics, virtual
modelling, artificial intelligence, and green biilg technologies, remains comparatively slow (Sak.2).
Although university—industry research collaboratisnecognised as a key driver of technologicabiration
and BIM maturity (Igbal et al., 2022), limited ait®n has been given to systematically evaluatimg t
scope, depth and maturity of BIM training withiniversity programmes, particularly in the South Afm
context. This gap has significant implications dagital transformation and graduate readiness withé BE
sector.

Accordingly, this study aims to evaluate the mayuaind integration of BIM training in South AfricaBE
higher education programmes. To achieve this dimstudy employs a mixed-method approach comprising
a literature review, surveys and semi-structurédrinews involving students, academics and profesds

in Urban and Regional Planning, Construction, Cihgineering and Architecture. Through this
investigation, the research seeks to provide eogpimsights into strengthening BIM education adrategic
enabler of digital transformation in the South A&m Built Environment.

3 LITERATURE REVIEW

3.1 Digital Transformation in the Built Environment

In recent years, DT has increasingly differentigbedformance across industries within BE, partidylan
infrastructure construction and service delivergptovements in organisational capabilities and pecadn
efficiency have largely been driven by the inteigratof digital technologies (Samuelson & Stehn, 202
Globally, regions such as the European Union hayétadised on the growth potential of DT technoésyi
including artificial intelligence (Al), robotics,daanced manufacturing, blockchain technologieseghr
dimensional (3D) printing and the Internet of Then@oT), particularly in managing and extractinguea
from big data (Daniotti et al., 2020). These tedbges strengthen sustainable strategies acrogslysup
chains, enable real-time operational monitoring,d agupport resilience-oriented green practices
(Stroumpoulis & Kopanaki, 2022). Consequently, aldeption of Information Technology (IT) is no lomge
optional but necessary to enhance stakeholderrpaafce and infrastructure delivery outcomes (Kaysha
et al., 2024).

In developed countries, higher education instigithave increasingly aligned curricula with IndysttO
technologies, producing graduates who are digitatiynpetent and responsive to evolving BE industry
demands (McAuley & Behan, 2019; Daniotti et al.2@0Stroumpoulis & Kopanaki, 2022; Hazrat et al.,
2023). This alignment has strengthened the domaahdaligital approaches in many developed contexts.
However, the transition is not universally consisteFor example, in ltaly, traditional construction
management practices still dominate certain stafjdse BE operational cycle despite the availapitit DT
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technologies (Muzi et al., 2022). In developing mimies, adoption is generally slower and more fragred.
Although DT technologies form part of contemporargtustrial discourse, higher education institutiams
many developing contexts continue to lag in impletaton (Benavides et al., 2020; Badran et al., 2202
Structural challenges, including corruption, weakvernance, limited funding, and shortages of gkille
personnel, restrict institutional capacity to madse curricula and infrastructure (Hannan, 2028exitreme
cases, geopolitical instability further constratigital adoption, as illustrated in conflict-affedt contexts
such as Syria (Habib, 2023).

These global dynamics resonate with realities intls@\frica, where higher education institutions @te
under financial constraints, uneven digital infrasture and significant student enrolment pressiidsle
national policies promote digital innovation anftastructure development, practical implementatidtmin
BE programmes remains uneven. As a result, digaakformation in the South African BE sector conés
to be characterised by pockets of excellence ralfizer systemic maturity.

3.2 BIM Adoption and Training in Higher Education

Contemporary research positions BIM as a centrablen of digital transformation in the BE. Increagy,
BIM is integrated with emerging technologies sushlal, augmented and virtual reality (AR/VR), Al,
drones, robotics, 3D printing, and laser scanniRralghakaran et al., 2021; Liu et al., 2021). Winéegrated
effectively, these technologies extend BIM beyohce¢-dimensional modelling into a dynamic decision-
support ecosystem. For instance, 10T sensors ereldeddhin buildings enable real-time data collectan
structural performance, energy consumption, andr@mwental conditions. When linked to BIM platforms
these datasets support predictive maintenance ifenydle optimisation. Similarly, AR/VR technologie
enhance stakeholder engagement by enabling immeengsualisation of design alternatives prior to
construction, reducing costly revisions. Al and mae learning algorithms applied to BIM datasetpriove
risk identification, detect design inefficienciemd optimise scheduling processes (Bunse et a25)20
Drone and laser scanning technologies facilitate dbvelopment of accurate as-built models, impigvin
monitoring and quality control.

Despite these advances, the integration of BIM willranced technologies remains uneven across gegion
and sectors. While BIM research continues to exganging from design coordination improvements to
automation and robotics integration (Jayasena.e2@24; Adegoke et al., 2026) the field has ewblvean
incremental and fragmented manner, often lackicgherent digital transformation narrative (Azhed12,
Volk et al., 2014; Yalcinkaya & Singh, 2015). Mudt the literature focuses on adoption strategies,
implementation barriers and best practices, yetpawatively limited attention has been given to edional
maturity and curriculum integration, particulartydeveloping country contexts.

A recurring challenge identified in the literature the difficulty of integrating BIM into existing
organisational systems and workflows (Volk et 2014; Schroeder et al., 2020). Technical interdpkiya
constraints, institutional resistance to changej amsufficient digital infrastructure frequently hitpit
progress. These challenges are amplified in resezmostrained environments, where managing largkesc
data-intensive models places significant demandsaodware, software licensing, and specialist eigeer

The concept of BIM maturity provides a useful framek for evaluating implementation depth. Maturity
models generally conceptualise BIM development@lmmogressive levels:

Level O0: A pre-BIM environment dominated by two-dnsional CAD drawings and paper-based
documentation, with minimal digital collaboratidn. many South African small and medium-sized
enterprises, this level still characterises routgmactice, particularly in municipal infrastructure
projects.

Level 1: Partial digitalisation through isolated 3bdelling tools. While visualisation improves,
collaboration remains siloed, and data exchangdinmged. Some South African universities
introduce BIM at this level through standalone nilimig modules without interdisciplinary
integration.

Level 2: Collaborative workflows supported by stardised data exchange formats (e.g., Industry
Foundation Classes, IFC). Stakeholders share cwirtli models, improving clash detection and
reducing errors. Larger South African firms invalvin commercial developments increasingly

operate at this level, although adoption is incstesit across sectors.
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Level 3 (and beyond): Fully integrated digital @owiments linking design, construction and
operation across the entire project lifecycle. @ibased platforms, real-time collaboration, Al-
driven analytics and automated processes defiedahél. In South Africa, examples remain limited
and are typically confined to high-budget or mdtional projects.

These maturity levels highlight that BIM adoptianriot solely a technical issue but also an orgdoisa

and educational one. Institutional readiness, cuiwim design, educator competence and industry
collaboration are critical determinants of progm@sscross levels. Although numerous studies exaiiiv
implementation in practice, fewer critically assélss scope and maturity of BIM training within hegh
education institutions, particularly in developiogntexts. Existing research often assumes thatatidnal
institutions are adequately preparing graduatesdigital transformation, yet empirical evidence nfro
resource-constrained settings suggests otherwmisgouth Africa, limited curriculum integration, iufficient
interdisciplinary collaboration, and uneven acctsdgligital infrastructure may hinder the productioh
BIM-ready graduates.

Therefore, a clear research gap exists in systeafigtievaluating the scope, depth, and maturityBifl
training within BE programmes in developing countgntexts. This study addresses that gap by asgessi
BIM training across disciplines, identifying cumiar and institutional barriers, and analysing iicggions
for digital transformation and graduate readineiBiwthe South African Built Environment sector.

4 METHODOLOGY

This study adopted a mixed-methods research ddsiggystematically examine the role, delivery, and
perceived effectiveness of BIM training BE prograesnoffered by higher education institutions. The of

a mixed-methods approach was justified on the bisis BIM adoption and maturity encompass both
measurable structural elements (such as trainipgsexe, curriculum content, and resource avaitgpiéind
experiential dimensions (such as perceptions ofpetence, institutional readiness, and preferrechileg
platforms). Integrating quantitative and qualitatidata, therefore, enabled triangulation, enhareadidity,
and provided a more comprehensive understandiiMftraining dynamics (Whyte et al., 2017; Badrdn e
al., 2022). While quantitative data offered meallgrandicators of BIM maturity and training scope,
qualitative insights contextualised these findirmys capturing stakeholder experiences and institatio
realities.

An online survey was administered in 2025 to captpatterns of BIM training provision, utilisation,
associated challenges and levels of BIM maturitpse professional and academic groups in the Bibrsec
The survey instrument was structured around foyrtkematic areas, namely Exposure to BIM training,
Scope and content of BIM training, BIM maturity asmdlvanced digital skills and Resources and ingiitat
support. The development of the questionnaire ¥t a multi-stage process to ensure contextualapte
and methodological rigour. Initially, a draft ingtnent was developed based on a review of existing
literature on BIM adoption, maturity models andit@ibtransformation in higher education. Thereaftae
instrument was refined through consultation withy kstakeholders from government departments,
professional councils, industry associations anadamic institutions. To enhance reliability and teom
validity, a series of focus group discussions wawaducted prior to full deployment. These discussio
served to verify the clarity of questions, aligmmeology with industry standards, and ensure that
instrument reflected both educational realities pialessional expectations. Feedback from the fgcosps
informed revisions to question wording, responsdes; and thematic categorisation, thereby stremiil

the robustness of the final survey tool.

A total of 90 respondents participated in the studrticipants were purposively selected to reftbet
multidisciplinary nature of the Built Environmenéctor. The sample comprised of Undergraduate and
postgraduate students enrolled in BE programmeadémics involved in curriculum development and BIM
instruction and Industry professionals, includingagtitioners from Urban and Regional Planning,
Construction Management, Civil Engineering and Atstture, as well as representatives from professio
bodies and government departments. This distributizssured representation across the education-tipdus
continuum, enabling the study to assess both hgipirovision and professional expectations reggrdin
graduate readiness.
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Data collection was conducted in 2025. The studyeestl to established ethical standards and received
formal approval from the University of Johannesbugthics Committee prior to commencement.
Participation was voluntary, and informed conseas$ wbtained from all respondents before complétieg
survey and participating in the focus group. Redpots were assured of confidentiality and anonynaityl

data were securely stored in accordance with utidital research governance policies. Quantitativeey
data were analysed using descriptive and inferestiidistical techniques. Descriptive statistiagcliiding
frequencies, percentages and mean scores) werdaissdess levels of BIM exposure, training scapk a
perceived maturity. Comparative analysis acrossqggaeint groups (students, academics and profealsipn
was undertaken to identify alignment or discrepasién perceptions of BIM competence and institwion
readiness.

Qualitative data derived from open-ended survegaeses and focus group discussions were analygagl us
thematic analysis. Responses were coded inductieeigentify recurring themes relating to curricmu
gaps, institutional barriers, infrastructure coaisits and training needs. These themes were thapared
with quantitative findings to enable triangulatiamd deepen interpretation. By integrating quaitiat
indicators with qualitative insights, the mixed-imeds design provided a holistic evaluation of BHslirting
maturity, institutional barriers and implicationsr fdigital transformation and graduate preparedmggsn
the Built Environment sector.

5 FINDINGS

5.1 Exposure to BIM Training

The survey findings indicate limited and unevenasxpe to BIM training within Built Environment (BE)
programmes. Approximately 60% of respondents regothat BIM is insufficiently integrated into core
curricula and is often offered only as an electventroductory module (see Figure 1). This suggésat
BIM is not yet positioned as a foundational compeyewithin many institutions. Early-stage exposure
remains particularly limited, with students typlgakncountering BIM concepts late in their academic
trajectory.

This delayed introduction restricts the progressigeelopment of competence and confidence, undergiin
cumulative skills acquisition. The quantitativeuks therefore indicate that BIM training remairesipheral
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 thatenitr BIM training is narrow in scope and insuffiaily
aligned with industry practice (see Figure 2). mirag was reported to be predominantly softwarerignt
focusing on basic modelling functions rather thaocpss integration across the full project lifeeycl
Furthermore, respondents highlighted limited inagighlinary collaboration within modules. This nésts
students’ understanding of coordinated workflowsween architecture, civil engineering, construction
management, and urban planning, a core requireofd@iM-enabled environments.
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Fig. 2: Level of Training Resources and Curriculurtegmation

These findings align with previous studies thamntifg fragmentation and incremental adoption in BIM
education (Azhar, 2011; Volk et al., 2014). Whibstitutions may introduce modelling tools, theyeaffail

to integrate BIM as a collaborative, lifecycle-oied process consistent with digital transformation
narratives (Yalcinkaya & Singh, 2015).

5.3 BIM Maturity and Advanced Skills

Survey responses revealed generally low levels bl Bhaturity, 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, pexsion towards Level 2 and Level 3 maturity
(collaborative and fully integrated environmenesnains limited. This finding echoes literature Hiigfiting
persistent institutional and technical barrier8tM integration (Volk et al., 2014; Schroeder et &020).
The quantitative evidence, therefore, suggests estantial disconnect between academic training and
industry expectations, where BIM increasingly supgadntegrated decision-making and performance
optimisation.

5.4 Resources and Institutional Support

Qualitative findings strongly emphasised institnibconstraints. Figure 3 shows several particpared
High software licensing costs limiting student as;éutdated computer laboratories unable to stifgyge
BIM datasets, Limited cloud-based collaborationtfplans and Insufficient continuous professional
development for lecturers

Fig. 3: Key barriers to BIM training
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However, examples of good practice were identifiede University of Johannesburg Virtual Lab was
highlighted as a valuable platform that providesdents with remote access to BIM software and
collaborative tools. This initiative demonstrateswh targeted institutional investment can mitigate
infrastructure constraints and enhance trainindityudarticipants further recommended dedicated Bl
laboratories, structured lecturer upskilling pragnaes, stronger university and industry partnershéosl

the development of national or regional BIM edumatstandards. Such measures would align educational
outcomes with industry expectations and strengttigitel transformation pathways.

6 DISCUSSION AND IMPLICATIONS

The findings confirm that BIM integration within B&urricula remains limited, uneven and insufficignt
mature. This aligns with literature highlightingafimented adoption and institutional resistance éAzh
2011; Volk et al., 2014; Schroeder et al., 2020)thHe South African context, limited BIM integratidnas
significant implications for graduate readiness andustry competitiveness. As infrastructure prigec
increasingly demand collaborative digital workflgwggaduates lacking advanced BIM competencies may
struggle to meet employer expectations. This pagtes a skills gap and increases training burdens o
industry.

Moreover, the dominance of software-centric tragndonstrains deeper understanding of BIM as a psace
driven digital transformation tool. Without intesdiplinary and project-based learning, studentk ttai
develop competencies in coordination, data exchamgelifecycle management — all essential for highe
maturity levels. Addressing these gaps requiredesys curriculum reform, sustained institutional
investment and stronger alignment between acadenaandustry. By embedding BIM progressively across
programmes, investing in digital infrastructure amedhancing educator capacity, higher education
institutions can play a transformative role in awbiag digital maturity within the South African Bui
Environment sector.

7 CONCLUSION

This study examined the role and effectiveness wfdig Information Modelling (BIM) training within
Built Environment (BE) programmes and identifiedrsficant gaps between current educational pragtice
and the evolving demands of industry. The findinggeal that BIM integration within higher education
remains limited, uneven and largely software-cenixposure is often delayed and insufficiently edded
within core curricula, while advanced competendielated to collaboration, coordination and lifeeycl
integration remain underdeveloped. Resource cantrancluding high software licensing costs, ieqdate
digital infrastructure, and limited lecturer capggcifurther inhibit progress. Collectively, theskallenges
weaken graduate readiness and constrain broadtal dignsformation efforts within the BE sector.

The study underscores the urgent need for polifgymeand sustained institutional investment. Cuttimn
restructuring is required to embed BIM progressgivedcross academic programmes, ensuring
interdisciplinary and project-based learning theftects real-world industry workflows. Institutiomaust
prioritise investment in digital infrastructure, cinding dedicated BIM laboratories, cloud-based
collaboration platforms, and updated software emvitents. Equally important is structured profession
development for educators to ensure that teacl@n@ins aligned with industry innovation. Strengthgn
industry—academia collaboration is critical to @hgsthe identified gaps. Partnerships with profesai
councils, government departments, and private-sdictas can facilitate knowledge transfer, currigml co-
design, internship pipelines, and access to reddwproject datasets. In addition, the developmeaint
national or regional BIM education standards wopldmote consistency in competency development,
clarify expected graduate outcomes and align higitrcation outputs with industry benchmarks. Such
standards could support coordinated digital tramsédion strategies at the sectoral level.

Future research should extend this work by expipthe effectiveness of university—industry parthgrs
models in enhancing BIM competency development.gitadinal studies tracking students from entry into
higher education through to professional practiaaldl provide valuable insights into how BIM skills
mature over time and how curriculum interventionuence career readiness. Comparative studiesscro
institutions or provinces could further illuminag&ructural inequalities and identify scalable bastctices
within the South African context. Ultimately, BIMatining is not merely a technical curriculum comgon
but a strategic enabler of digital transformati®rengthening BIM education is essential to enhanci
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graduate competitiveness, improving infrastructiglvery, and supporting sustainable urban devetapm
In the South African context, characterised by dapibanisation, infrastructure backlogs, and pnessi
sustainability challenges, robust and integrateld Bhining will play a pivotal role in acceleratirdjgital
maturity and equipping the Built Environment wonide to meet the complex demands of the future.
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1 ABSTRACT

This research investigates the components of argamee framework for planning approvals of housing
developments in Johannesburg, South Africa, wiflocais on its linkages to economic growth. Through
qualitative research, including interviews with BEperienced professionals and analysis of municipal
reports, the study identifies the roles of key shtaltders — such as municipal officials, technicgesgts, and
community representatives — in the planning appréorahousing development. Findings reveal thatlgvhi
multiple digital and administrative systems suppaenning approvals, their lack of integration hamnsp
effective monitoring and reporting. The researoghhights spatial disparities in development acgivand
demonstrates a correlation between certain approyzés and economic growth datasets. However,
fragmented governance structures and inconsisegurting practices limit the ability to align plang
approvals with broader economic and spatial go@itsee study proposes a collaborative governance
framework that incorporates standardized indicaiarproved integration of digital systems, and rinleivel
oversight to enhance transparency, accountabdgity] turnaround times. While the framework may be
tailored to the city of Johannesburg, the methagipland recommendations offer valuable insightotber
metropolitan areas regionally and internationally.

Keywords: planning approvals, governance, housiegelopment, frameworks

2 INTRODUCTION

This research examines the planning approval psesder housing development.It highlights the @raes
posed by fragmented and inefficient planning apgrpvocesses. The research investigates the stdkefo
involved in planning approvals for housing develemts in Johannesburg.lt analyses historical trémds
reported approvals alongside South Africa's Groemé&stic Product data set as one of the measures of
economic growth and establishes a correlation batwhe types of planning approvals and economic
growth. It proposes a governance framework to iwmgra@oordination, monitoring, and reporting of
outcomes. The research is organised into backgrexpl&nations, a problem statement, a literatuwewe

key role players, input for the thematic governafinamework, and a conclusion.

3 BACKGROUND

Nearly half of South Africa’s population resideghim eight metropolitan municipalities, which fuiwst as
principal centres for economic activity and adntgrissubstantial budgets. These metros — Nelson &land
Bay, Johannesburg, Tshwane, Cape Town, Buffalo, Gfyhekwini, Mangaung, and Ekurhuleni — are
responsible for governing significant urban ar&suth African municipalities are categorised aseGaiy

A (metropolitan), B (local), or C (district), witG@ategory A municipalities exercising exclusive awity
within their regions. Johannesburg, one of the om&i largest metropolitan areas, accommodates
approximately 6.45 million residents, as reportedhe 2022 census The city draws the highest leviels
domestic and international investment nationwidel @ncompasses an area of about 1,644 square
kilometres. In recent years, Johannesburg hasitiséut considerable investment in digital infrasture,
particularly during the COVID-19 pandemic, to impeoservice delivery. Furthermore, Johannesburg has
hosted prominent international events including thé Global Summit (2002), FIFA World Cup (2010),
and G20 and U20 Mayoral Summits (2025), establgstiie city as a key venue for global urban dialogue
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4 PROBLEM STATEMENT

Governance and reporting within South African mebldan municipalities are characterised by
specialisation, fragmentation andnot too strongdioation arrangements, resulting in inefficiendre$oth
housing development and service delivery. Whil&dtives such as National Treasury’s Municipal Ricex
Management Act Circular 88 have been introducegisligtive complexities arising from statutes likkes t
Spatial Land Use Management Act (2013) and thedNatiEnvironmental Management Act (1998) continue
to complicate data management and administrativegsises. Research indicates that convoluted pneasdu
overlapping reporting requirements between proventg national governments, elevated system castls, a
constrained regulatory capacity impede the effectassessment of economic growth. Stevens (2025)
identifies regulatory overlaps, procedural complexiigh system costs, and limited regulatory resesi as
significant challenges. Similarly, Mokoele (2022)serves that multi-authority reporting leads tourethnt
and inconsistent data, thereby restricting evideanehow efficient planning approvals contribute to
economic development, despite cities being recegrés engines of economic and employment growth. Th
City of Johannesburg (2022:150) highlights adddioissues such as delays in processing planning
applications, slow response times regarding remerds, inadequate bulk infrastructure, technoldgica
difficulties, and insufficient integration with @gled systems like billing. In 2023, the City of dohesburg
(2023:144) announced intentions to digitise mamlahning procedures to improve transparency and
efficiency; however, the effectiveness of these suess has yet to be determined. A key obstacleinsma
the absence of a cohesive governance frameworlblaphintegrating planning data, building contrahd
economic growth metrics, which hampers the abititaccurately evaluate the impact of ongoing reform

5 LITERATURE REVIEW

Countries use planning and policies to promote ldgweent and need collaboration across governmesht an
sectors for effective results.de Visser &Poswa @Qiighlightthat in South Africa, the Integratedban
Development Framework (IUDF) and the National Spdbevelopment Framework (NSDF) are used to
guide infrastructure investment. The NSDF isa mgadlin terms of Spatial Land Use Management Act of
2013 to direct national development. In additidreré are funding-related frameworks such as theiuved
Term Revenue and Expenditure Framework (MTREF)thadntegrated Financial Framework for Greening
South African Metropolitan Cities (IFFGSAMC). Thelsameworks aim to align budgets with sustainapilit
goals. South Africa also employs a Scenario-Badadnihg Framework (SBPF), which introduces flexible
planning through three growth scenarios: Nayi lelVBsibhujwa, and Gwara Gwara. The Nayi le Walk
scenario envisions a positive future where the tgunoves toward achieving National DevelopmeninPla
(NDP) targets. In contrast, the Isibhujwa scenggesents a continuation of existing trends, ntatkelow
economic growth and high inequality. The Gwara Gasgenario depicts a "struggling false dawn," where
aspirations remain unfulfilled.

Furthermore, to these national frameworks, intéonat approaches also offer valuable insights. For
example, the Major Infrastructure Delivery Framekv(vlIDF) in England focuses on climate adaptation i
water infrastructure and leverages expertise ircymament and engineering. Meanwhile, the National
Planning Policy Framework (NPPF) of England aimsnirease housing delivery, although it has faced
critiques regarding its overall effectiveness (Niaél Treasury: 2025; Sedighi,et al: 2025; Uptort 90

Despite the range of frameworks available, a siggnift challenge remains: these frameworks oftek lac

amechanism of showing a clear connection betweannplg approvals for housing development and
economic growth. For instance, despite the impleéatem of the NPPF, recent studies have shown that
increases in housing approvals have not consigteadulted in measurable economic growth in several
regions (Sedighi et al: 2025).

Recent studies by Mhlongo, Gumbo, and Musondo (R@Rfhlight ongoing challenges in South Africa’s
low-income housing sector, such as limited stakddroinvolvement, weak accountability, and transpeye
issues. Despite multiple governance frameworkssethproblems persist, underscoring the need for
collaborative co-production models as proposed lgilad Malan, and Mazenda (2024: 10), and Maila
(2025), which require shared legislative understamnend active stakeholder participation. Irtyshehet al.
(2023) stress the importance of clear objectivesrabust tracking systems due to concurrent natiand
provincial responsibilitiesdepited by Mathonsi (Dp2vhile Ndevu and Muller (2018) emphasize théaai

role of local governments. Carter, Klein, and D29@Q2) call for performance-driven, accountable jgubl
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sector management. Although National Treasury (R0dffoduced standardized performance indicators
(MFMA Circular 88),continues to refine them, gapsain in stakeholder coordination and evidencédrpk
planning approvals to economic and spatial outconidse researchers have crafted the conceptual
framework in figurel below to emphasize the needrfgroved integration and monitoring, provide har

on stakeholder roles, reporting practices, andr thennection to economic development, focusing on
housing development context in Johannesburg. Thecegtusal framework visually structures these
concepts and variables and provides a basis firduresearch.

Figure 1: Conceptual Framework (Own diagram)

This study is grounded in Foucault's concept ofegamentality (Kerr, 1999) to examine the governance
frameworks shaping planning approvals for housiagetbpments, with a particular focus on stakeholder
roles and their links to economic growth. The redeers also acknowledge that post-2024 municipal
planning in South Africa is now influenced by ctialh governance, which necessitates balancing skver
interests alongside economic and spatial developi@riuki & van der Waldt, 2025). Furthermore,ghi
research draws upon Dean’s (2010) refined concépgowernmentality, which encompasses citizens’
collective perceptions of governance. Notably, 8tqd998), in conceptualising governance theowarty
distinguishes between authority (government) arafdioation (governance). The researchers alsoarder
the work of Munzhedzi (2021), who asserts thatatife governance involves both public and private
service delivery. These considerations inform tirenilation of the research questions.

6 RESEARCH QUESTION

The main question in this study is who the roleptayare in the planning approval for housing dgualent
in Johannesburg, and what are the governance amenrgs?

7 RESEARCH APPROACH AND METHODOLOGY

The study used a qualitative method, selecting rafa25 experienced professionals for semi-structured
virtual interviews about planning approval. Docuinanalysis drew from city trend reports, annualbrep
and systems from relevant agencies. The reseaccisdd on planning approval applications in Sunrillhgh
Inner City of Johannesburg, Kyalami, and Sandton.

8 FINDINGS

The study revealed the following: Reporting PragicPlanning approvals are recorded in annual remd t
reports, as well as digital systems; reportingasby application type and region. There are diffees in
how planning approvals are reported in the anre@dnts and no integrated national tracking mechasis
better inform economic growth discussions. The ystoecommends further research and comparative
analysis across metropolitan areas, emphasizirigcthieent reporting gaps hinder effective monitgramd
calling for greater integration at the nationaldev
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Systems Supporting Planning Approvals: The maitesys identified are as per table 1 below. At prgsen
these systems are not fully integrated, which istthe ability to conduct comprehensive monitgrand
reporting.

|System Name

|| Administrators

[Town Planning Application System (TAS) ||

City of Jahasburg

[Housing Subsidy System (HSS) I
|Geographic Information System (GIS)

|| City of Johasimeg, Provincial and National Departments

|
|
Provincial and Nati@epartments of Human Settlements |
|
|

|| Provincial and NagbHuman Settlements, National Cooperative Goveraa
Tablel: Systems Supporting Planning Approvals

|Strategic Innovation Hub (SIH)

Trends in Planning Approval Applications within t@#y of Johannesburg: The planning approval preces
includes applications for rezoning, township essiohent, subdivision/consolidation, special conssité
development/building plans, and township establefimOutcomes are approved, refused, withdrawn, or
appealed. From 2006 to 2023, the highest numbapplications was in Johannesburg's inner citypfadd

by Sandton, Sunninghill, and Kyalami. See Tablerziore details.

|App|ication Type || Sunningh"lSandtouHKyalami||Inner Citj
[Rezoning |[ 58 |[ 426 || 23 ][ 2323 ]
[New Township I8 [o 22 ]33 ]
|Consent [ 42 | 188 || 22 ][ 1342 ]
|Subdivision / Consolidatidf#2 [172 22 ][ 2644 ]
|Site Development || 65 || 257 || 44 ] 1337 ]

Table 2: Development applications approved from&@D23. Source: Own table extracted from the City@hannesburg
development planning trend report for 2023/24Fireri¢ear

The figures in table 2 illustrate spatial dispastin development activity across the city of Jolesburg.
However, does not provide an explanation of whytise case and what factors inform decision making

Planning Approvals vs Gross Domestic Product inadolesburg (2013-2023) Trends:Using data from
Johannesburg’s development trends report and GBWres from Statistics South Africa, this analysis
examines links between development application sypad economic growth. Over the past decade,
township establishment applications have showmnrieeledion with GDP, while zoning applications folled

a different pattern. Figure 2 illustrates thesédifigs.

Trends: GDP, 'Township Establishiment and Rezoning applications approved

100% Y o Y B Y Y Y A 1 Y Y

a80%
60%
40%
20%

—@—Township Establichment Approved

—8—GDP —@—TYea

Figure 2: Graph comparison of trends in GDP, Towmsktablishment applications approved and rezoappgocations approved
(Source: Authors own diagram using City of Johanngsblata and Stats SA data sets on GDP PeriodZfi8-2023)

Key role players in planning approval for housireyelopments: The approval process involves congslta
or developers who coordinate applications, and oipal officials who review and approve plans. Key
professionals — town and regional planners (Plaprffmofession Act, 2002), engineers (Engineering
Profession Act, 2000), conveyancers (Deeds Reggskct, 1937), land surveyors (Land Survey Act,7)99
community facilitators (Municipal Systems Act, 200@ousing Act, 1997), project managers, valuersl, an
architects — all ensure compliance, safety, legalcy, inclusivity, and sustainability (Oladirah al.,
2025). Citizens, especially marginalized groupso aparticipate through objections and consultation.
Researchers emphasize governance frameworks ta@ankacial inclusion and address spatial inequities
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The Governance Arrangements: The city has a solidrmance system for development planning, guiged b
frameworks such as the MSDF, RSDF, Land Use Sch@&nhéaws, Nodal Policies, council-approved
delegations, business processes, and proceduraliatsamith checklists. Delegated officials process
applications, while tribunal members handle appaatsobjections, supported by a secretariat thatteias
records and follows the monthly scheduleof meetingsis promotes transparency, efficient project
approvals, and coordinated planning in Johannesiiiogever, the connection between planning appsoval
and economic growth remains weak. Housing stakenslthclude developers, officials, and experts, but
economic growth is mainly discussed informally, hwito formal forum. Early assessments consider land,
infrastructure, transport, heritage, and socio-eoun factors. City managers track economic grovoi,
resource constraints limit broader integrationhafse discussions.

Proposed components of the Framework for Plannipgréval Monitoring: Respondents identified these
key elements: 1) Municipal planning approvals regjumputs such as rezoning and township establishme
applications submitted by qualified experts. 2) Maictivities involve processing, analysing, manggin
objections, and reporting on applications. 3) Otgpare assessed using transparent metrics andmitono
valuations. 4) Desired outcomes include improvedrenments, spatial transformation, job creationd a
economic growth. Success depends on system manuenéimely subsidies, and regular meetings to
monitor progress and resolve application issues.

9 RECOMMENDATIONS

The study advises government to collaborate foatgraransparency, accountability, and better atgmt of
housing planning approvals with economic and spagils. It calls for a governance framework that
includes young, tech-savvy professionals to addyesgh unemployment, revised planning indicators,
coordinated governance structures involving pdaitiand administrative leaders, and a digital ptatfdo
improve tracking and performance evaluation.

10 CONCLUSION

The study finds that current planning approval rtaimg is fragmented and poorly linked to economic
growth. It recommends integrated national and lo@alking, updated indicators, and governance sires
combining political and administrative oversight.récommends the use of digital tools to address th
technical complexity, improve transparency, accabitity, and speed. These steps can strengtheringous
developments in Johannesburg and similar cities.
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1 ABSTRACT

The homeless face desperate socio-economic chafiengt in the least, food insecurity. Vulneralgitare
intensified by changing climatic conditions, ma@oeomic constraints, limited sanitation and podritian
resulting from restricted access in urban food des8ocial support programmes and shelters mitigaime
risks, with several adopting urban agriculture (UAgpevelopmental strategies to yield longer-teenddits.
Examples are especially prominent in the globalttNowhere non-profit organisations (NGOs), research
collaborations and cooperatives have engaged itngrahips to target UA-based interventions for the
homeless. Such strategies emphasise the provigiama cultural ecosystem services (ES) delivered Ay
as green infrastructure (Gl). Framing UA as multidtional GI and acknowledging additional regulgtin
and habitat ES empowers advocacy in urban plartoiaglvance UA practices in urban centres whereespac
is at a premium and market forces favour more caitheeland uses. Although UA is increasingly appgli

in the global South, approaches remain largely yectdst and economic, prioritising food securipgverty
alleviation and entrepreneurship. Very few publeéslease studies link UA and homelessness in devejopi
contexts. This is evident in Cape Town, South Africegarded as a leader in UA in Africa and homa to
substantial homeless population, where informatiansuch strategies remains limited. In responsgs, th
paper explores international precedents from tlo@ail North and turns to a case study of Cape Tawn t
investigate which organisations integrate UA imateiventions for the homeless and how. A qualieativ
approach is applied following semi-systematic #tare reviews. The first examines internationaksas
the academic literature as part of the literatwreening section. The second, under the paper’sriealp
component, reviews grey literature on Capetoniaamgtes identified from an official database of stgied
homeless shelters in the city (n = 29). The litg@bn international cases revesals the dominatteedSA
and emphasises intergovernmental involvement, disdiplinary collaboration, securing long-term temu
linking UA sites with supportive uses, using limilgen spaces such as rooftops, remediating brelesi
subsidising infrastructure, embedding volunteerama co-production, providing training and identifyi
access points to markets. Findings from Cape Towasedb shelters indicate that 17.2% of organisatians
implemented UA-related interventions, most primyafibcused on production and subsistence, with an
auxiliary recognition of therapeutic benefits. Mamfythe operational characteristics identified inrtkern
case studies are also pertinent in interventionsCape Town, underscoring their significance and
contextualising their application. By identifyingvidence-based principles from global North and
Capetonian precedents, the paper highlights dritipportunities to embed UA within strategies addneg
homelessness through more developmental approdeledgated by urban planning, to encourage caltur
and other multi-functional ES beyond (ir)regulastemance or a temporary roof for the destitute.

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

2 INTRODUCTION

Homelessness constitutes an extreme manifestationrtan vulnerability, modelled by intersecting
economic, spatial and social exclusions that arécpéarly pronounced in cities of the global Solhtt,
2022; Hopkins et al., 2024). Within this conditidmod insecurity emerges not merely in episodicdaurbut

as a persistent and multi-dimensional deprivatioat tconstrains health, autonomy and dignity. Far th
homeless, food insecurity is embedded in everyd@aru relations. As such, limited purchasing power,
restricted access to food storage and preparandnaadependence on charitable donations collegtivel
undermine both nutritional adequacy and agency foa# choices (Greene, 2019; Campagnaro et al3)202
In Cape Town, South Africa, where deep income iadtyy spatial fragmentation and uneven food
environments persist (Haysom, 2021; Kanosvamhiral.et2023), food insecurity among the homeless
reflects broader failures in urban governance aathEprotection. Accordingly, food insecurity opéss as
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a critical lens through which the lived realitieshmmelessness and the limits of conventional frbiéesed
responses, may be interrogated.

Urban agriculture (UA) has increasingly been posiid as a response to urban food insecurity, spatyf
within low-income and marginalised communities, vehi¢ is most often justified in terms of food pision.
However, beyond this productivist framing, UA is@lrecognised internationally as an element of urba
green infrastructure (Gl) capable of generatingidewarray of ecosystem services (ES), includingado
cultural and health-related benefits (van Zyl et 8021). Research has shown that engagement with
cultivation and green spaces can support psychzdbgiellbeing, social connection and skill formatio
outcomes that may be especially salient in contekigrofound vulnerability (Soga et al., 2017; Gibis,
2019). Despite the increasing visibility of UA poiin Cape Town (Smit, 2016; Cilliers et al., 20R0pll,
2021), its relevance to homelessness and to fosecumity as a relational and structural urban domrdi
remains poorly conceptualised. This gap raisexalifuestions regarding the way food-based integroas

are framed, valued and integrated within urbanmtamand social development. Against this backgdoun
this paper sets two research questions: Firstlyatwgood practice principles can be derived from
international case studies of UA interventions amielessness? Secondly, which organisations adadgessi
homelessness in Cape Town include UA in their agghioand what lessons are provided by these
institutions for broader application?

The paper proceeds with the next section unpadkomgelessness as a concept, its drivers and livpdats,
with a particular emphasis on food insecurity amgphidy. This is followed by a discussion of UA asnailti-
functional, nature-based developmental intervergioth unpacking ES in UA in Section 4. Internaticcese
studies of UA in homelessness interventions ara theiewed in Section 5 to distil key principlesap@
Town is subsequently introduced as the empiricaé cudy, followed by a methodology section detgili
the desktop review and dataset used. The resudtslianussion sections (8 and 9) examine the naduede
and significance of UA initiatives linked to homsdmess in Cape Town. The paper concludes with
reflections and planning-oriented recommendationimtiegrate UA more systematically into homelessnes
responses in the city, also of value to other cdsatie the global South and North.

3 COMING TO TERMS WITH HOMELESSNESS

Homelessness is a worldwide phenomenon affectingtdes in the global North and South (Pitt, 2020).

is estimated that 150 million people, or 2% of Warld population suffer from homelessness (Lidzhade
Mphambukeli, 2025), with the figure expected tor@ase under globalised neoliberal urbanism ruled by
market forces. Within this system, prolific homealesss jars with aspirations for progressive wokdds
cities principled on rational order, the rule ofvland codified planning to protect private intesegts such,
the homeless are othered and stereotyped as @ggpetwho increase crime, litter and dump, pragioer
hygiene and contaminate, beg and devalue propgrtthdir presence as agents of the ‘broken window
syndrome’ (Michaels, 2022). Such narratives boung@version from powerful private investors and fear
amongst the voting public politicise the issue msmotive challenge for local authorities frameddegp
difference, professional and personal conflict (kop et al., 2024). Broad brush condemnation of the
homeless as a class of ‘social failure, dysfunetibhand unproductivity’ (Gerrard and Farrugia 130 Pitt,
2022:2) easily rationalises blunt political intentien. Yet even a shallow exposition of personarataves

or a frank confrontation of systemic drivers, maycaver accounts opposing freeloading by choice or
deliberate ill intent. Rather, testifying to pratamnf circumstance and last resort, aggravatedcextgrnal
factors beyond individual control. These inclutte&ural unemployment, migration, domestic viokersnd
dysfunctional home environments, adverse childhexgeriences, substance abuse and health challenges
(Makiwane et al., 2010; Pitt, 2022; Hopkins et 2024; Lidzhade and Mphambukeli, 2025). In reaiisat
acknowledging that the homeless are often exposedprbperty threat, isolation, misconception,
stigmatisation, harassment and violence and may gabstance dependence, physical disability arehsks
(Rankin, 2019; Hopkins et al., 2024). Health consanay be far reaching, including injuries, meiisalth
challenges, sexually transmitted infections, redpny ails like tuberculosis and other co-morbedit{ UN-
Habitat, 2020). These issues are severely impdmtarhanging climatic conditions and seasonalitgkilag
sanitation and ablution facilities and food inséguin urban food deserts (Greene, 2019; Hopkinslet
2024).
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Food deserts do not reference the type, size amberuof food retailers established locally, buheat
lacking access to affordable healthy food amongstpoor even when retailers are plentiful (Smitlalet
2010). For the homeless, who often dwell in wetlved urban areas, challenges include limited fifenc
means and restrictions in preparing or storing fadds is especially problematic for perishabletéand
vegetables (Greene, 2019). Food insecurity ovemshsasic hunger to include spatial, social, caltur
political and emotional aspects of food accessd)jbincluding the act and place of consumption
(Campagnaro et al., 2023). Eating is often an unifiggl experience for the homeless as many scaviamge
sustenance in bins, beg or are handed leftovetgume publicly. Such meals are often nutritignall
deficient, even hazardous, consisting of calogh processed foods or expired products. Alternigtivaeore
nourishing meals may be accessed through soupekiscland homeless shelters that may also provide
temporary accommodation, sanitation and ablutiailifi@s, clothing, blankets and possibly rehahtiibn

and developmental services (Brothers et al., 20280ared accommodation and meals may foster social
cohesion in conviviality and camaraderie, but theenm nature of shelter support does not necdgsari
advance food security, nor do charitable serviossilipride, self-confidence, self-esteem or selfance
(Mjema et al. 2023). In addressing issues of nalfrjtadvancing food security, training and digniity
parallel, several organisations incorporate UAéralopmental strategies addressing homelessness.

ES Category | Definition Potential UA examples

Provisioning | Protection and restoration of naturalCommunity gardens, rooftop farms and algkeduce fresh vegetables, fruits,

ES resources and the capability of natural (e{geggs, honey, herbs and other food products oftesurned by proximate residents,
rivers, biomes) or semi-natural (e.g.improving urban food security and reducing food eil Urban gardens may
community gardens) green spaces |tgultivate medicinal and aromatic plant species uisechditional remedies or small-
contribute physical products, materials |0&cale commercial products.
goods consumed directly by humans.

Regulating The regulation of ecosystem processes th&tA vegetation contributes to local cooling througfapotranspiration and shading

ES moderate natural and artificially inducedto reduce the urban heat island effect. Plants Ansystems capture particulate
environmental conditions. Benefits deriyematter and contribute to pollutant removal from ambatmospheres. Sojl
from capacities to control, reduce, or buffeenhancement is promoted via organic matter and cesHucompaction, alsg
ecological, climatic and biological processegreventing surface erosion. There are further dartions to nutrient cycling and
alternatively  requiring  technical  or soil quality stabilisation. UA systems can enhapalinator habitat and activity and
engineered solutions. support populations of beneficial insects that kegupests.

Cultural ES The non-material benefits humans defiv@A spaces provide green venues for recreation,iEenjoyment and aesthet|c
from ecosystems meeting cultural or spirityaéngagement with nature, especially valued in demban contexts. UA sites are
needs when visiting, living in or enjoying often used for environmental education and gardetraining, generally increasing
views of green areas. ecological literacy and food system awareness,matily advancing skill

development and employment opportunities. Shargdihiement in UA projects

fosters cultural expression, social interactiontwoeking, inclusion, community

organisation and stronger sense of community idenExposure to green UA

spaces, participation in gardening and contact wature are linked with mental
health improvements in decreased depression angtgnenhanced cognitive
abilities, increases in attentional capacity, iases in life satisfaction and the
benefits of physical activity like strength, fitrseand flexibility.

Habitat ES that conserve natural ecosystems andA sites, especially diversified gardens, incread®n biodiversity as habitats for

services (or| enhance urban biodiversity do not directlyflora, pollinators, insects and fauna often uncomimobuilt environments. Soils ifn

supporting benefit humans but facilitate the fulfilmenturban horticulture systems regularly present enégnisiological diversity and

services) of all other ES by providing natural habitats. nutrient cycling compared to non-vegetated landssapJA systems presenting
diverse crops, including rare or heirloom cultivassipport the conservation of
genetic resources in urban areas. Through greeer.céowers and sheltereg
microhabitats, UA supports the lifecycles of bediefi organisms, enhancing
general ecological functions in urban areas.

Table 1: ES categories and potential examples in&bAirce: Constructed from Draper and Freedman j2@Gkdhzalez et al.
(2010); Soga et al. (2017); Gibbens (2019); Gomth@drny (2021); Lategan et al. (2021); van Zyle{(2021)

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

TOOL
UA is defined as the production of food and nondfawops and/or animal husbandry at micro and meta

scale within and on the peripheries of urban afelsdman et al., 2022). UA includes all activitiesm
cultivation to the entrepreneurial components af-pgpcessing, marketing and distribution (Cilliessal.,

2020; Chari et al., 2022). UA is acknowledged amture-based solution and element of Gl, defired a

strategically planned, designed and managed urbamork, consisting of various natural, semi-ndtarai
man-made green and blue spaces that conserves semosyunctions, contributes to biodiversity
conservation and provides social, economic andtihdanefits through multiple ES (van Zyl et al. 22D
ES are the direct and indirect benefits all livegecies derive from the capacity of ecosystemgduige

goods and services that satisfy needs (De Groail.et2010). ES have been classified according to
provisioning, regulating, cultural and supportingdbitat services. These categories are not mutually
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exclusive, with multiple benefits derived simultansly by Gl elements like UA (van Zyl et al., 2021)
Table 1 captures ES categories and potential nsatfen examples in UA.

Recognising numerous ES (Table 1), highlights rfultictionality as a critical Gl characteristic, whihas
provided planners with significant motivation anevdérage to advance implementation internationally
(Tsegaye et al., 2018; Cilliers et al., 2021). Yat,overly naive perspective should be avoidedalarized
approach recognises latent ecosystem disservic8®)(Eacknowledging that ecosystem functions may
deliver contrasting negative impacts (Davoren amécgleton, 2021; Lategan, et al., 2021). For UA,
examples may include invasive species or cleanidiggenous remnants, continuous maintenance, operati
expenses, security concerns of theft, squatting \amtlalism. The threat of cultivation on urban ssite
contaminated by proximate pollutants like leadeais from pesticides and polyaromatic hydrocartvomf
exhausts, as well as residue and littering fronsadded items related to substance abuse are ridigid,(
2002; Lategan et al., 2021). Fresh produce isadsociated with microbial foodborne disease dagifiom
cats and birds, composting materials and fertdiZesm livestock (Kaiser et al., 2015). Additioryallimited
funding, skills and knowledge, staff shortages andeliance on volunteer labour, limited markets and
lacking consensus regarding success metrics ofteitedl to biased cost-benefit analyses in favour of
economic sustainability, are concerning (Biewer#]16). Such challenges are exacerbated by limited
research focused on UA benefits for vulnerable edtalders like the homeless (Gibbens, 2019), with
reflections limited to reports on disparate caseliss. Section 5 attempts to relay some of thesesctiom
the global North to evidence their general appraauhdistil potential lessons of practice.

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

The examples summarised in Table 2 were derivenh ftike academic literature on UA interventions

targeting the homeless.

Project / Initiative | Organisationa Key Partners &| Approach & | Produce, Cultivation| Engagement with Outcomes &
| Type Stakeholders Model Methods & Facilities Homeless Impacts
The Food Project|{ Community- | Foundations; Youth Mixed vegetables; open-field Direct:  produce| Food access
Dudley Street| based municipalities; | employment, food| cultivation; greenhouseg; and meals for| youth
Neighbourhood nonprofit schools; hunger donation, farmerg suburban farms (16 ha total);homeless shelters leadership,
Initiative, Boston,| network relief orgs markets. Food| internships organic soilt and soup kitchens| social
MA & suburbs justice—oriented, | based production cohesion
(1991) educational UA| community gardens, farm,
integrating aquaculture facility,
production, greenhouses and biosheltefs,
donation and| processing facilities and
market sales marketing outlets
San Franciscq Nonprofit re- | County jail; | Rehabilitative UA| Vegetables; tree planting; Indirect: food for| 25% lower
County Jail —| entry municipalities linking soil-based cultivation or} homeless and recidivism
Garden  Project] programme incarceration, institutional land elderly
San  Francisco skills and
CA (1992 -2018) community
service
Sea Change, Ing. Nonprofit Philadelphia Entrepreneurial Organic vegetables, herbg,Direct: Skills, food
Philadelphia, PA| economic Redevelopment| and ecological UA| flowers; 0.2 ha site; ecor employment and production
(1993) development | Authority as neighbourhood village systems; organi¢ training
corp. regeneration farming, traditional and
innovative technologies
Cook County| Correctional | Univ. of lllinois | Prison-based Vegetables; 557 m2 prison Indirect: food for| Reduced
Sheriff's UA Extension farming. garden; soil-based homeless; inmate recidivism;
Garden.Chicago, | programme Urban Institutional rehabilitation food
IL (1993) Gardening rehabilitative UA donations
Programme
Growing Home.| Nonprofit City of | Greenhouse Greenhouse, vegetables;Direct: homeless Skills
Chicago, IL | social Chicago; farming; raised beds; 0.4-1.2 haemployment development;
(1998) enterprise Community phytoremediation.| brownfield site; phytore- food
Development Employment- mediation production
Block Gant; | focused UA with
Coalition for the| environmental
Homeless remediation
Gino Organic| Volunteer- Local food | Raised beds| Mixed vegetables; raised Direct: homeless 454 kg
Gardens. based and nonprofits donation model.| beds; 670 m2 vacant lot employment; produce
Chicago, IL | entrepreneuri Subsistence an Indirect: produce| donated in
(1998) al donation-oriented to homeless-| 1998
UA serving orgs
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Seattle Youth| University- Universities; Market gardening;] Market garden vegetables;Direct:  training | Workforce
Garden  Works.| affiliated community skills training. | soil-based plots homeless readiness
Seattle, WA| programme partners Workforce
(1998) development UA
Urban Oasis /| Community- | Public housing| Urban farm.| Vegetables, herbs, flowers; Direct: homeless| Food access
Community based project | authorities; Employment- 0.2 ha farm employment in
Harvest. schools oriented UA in underserved
Washington, D.C. underserved areas area
(Late 1990s)
Justiceville.Chica| Transitional Restaurants; Herb cultivation | Herbs; 93 m2 plot; soil-based Direct: homelgskcome,
go, IL (Late| housing housing for restaurants residents farm skills
1990s) initiative providers Micro-enterprise
UA
City Growers. | For-profit City of Boston;| Sales-based; co- Intensive vegetable Indirect: jobs,| Employment,
Boston, MA | social institutions; operative govern{ production; 0.4 ha over four food to nonprofits | food access
(2010) enterprise /| volunteers ance. Commercia| vacant lots; soil-based
cooperative UA with a social
objective
Higher  Ground| For-profit Private Rooftop Leafy greens, vegetables,Indirect: Proof of
Farm. Boston,| commercial founders; commercial flowers; 1,300 m?2 rooftop] unpaid/volunteer | rooftop UA
MA (2013) UA volunteers farming. open-air beds labour viability
Commercial,
market-driven UA
St. Vincent de| Shelter-based| Univ. of | On-site shelter] Vegetables; 2,500-3,000 mp2Direct: shelter| Improved
Paul Urban Farm| participatory | Dayton; Ohio| farms. on-site shelter gardens; soll-residents nutrition,
Dayton, OH | research State Univ.;| Therapeutic and based participate mental
(2013) shelters participatory UA health, lower
recidivism
Growing  Hope| Nonprofit Shelters; Gardens in shel{ Organic regenerative Direct: Belonging,
Gardens. Los housing ters and housing| gardens; shelter and housingstewardship and empowermen
Angeles, CA providers Regenerative, sites; soil-based participation t
(2010s) empowerment-
based UA

Table 2: Synthesis of international examples ofiAtdrventions in homelessness. Source: Construoted Kaufman and Bailkey
(2000); Biewener (2016); Gibbens (2019); Brotheral ef2020); Mjema et al. (2023)

Findings captured in Table 2 are further detailedSection 9 but is pertinent to acknowledge that al
instances encountered are North American, callegriature of similar approaches in the rest ofwhgd,

but especially in the global South, into questidrand how such approaches manifest in one of tbbad)
South’s most developed and unequal countries, Safrtba, and one of its most developed and unequal
Cities, Cape Town, is particularly intriguing.

6 HOMELESSNESS AND URBAN AGRICULTURE IN CAPE TOWN, SOUTH AFRICA

South Africa is wracked by severe housing shortaigeslting from colonial and apartheid rule, stanat
unemployment and a contemporary neoliberal apprélaghhas reduced output in the state’s low-income
housing projects. Some 3.4 million prospective fieiagies were captured on the national needs tegisy
2024 (RSA, 2024), most of whom are accommodatddformal settlements and informal backyard rental
accommodation. Access to the informal sector, eslethe backyard component, reflects resilienod a
agency amongst the otherwise destitute (Lategan @ifigers, 2017) and the capacity for resource
mobilisation and/or supportive kinship networksttassist in accommodation access (Lategan anaGilli
2019). These informal settlers are not conside@ddhess, but survive in precarity close to the eerf
destitution should their circumstances change.

The housing backlog is concentrated in the coustmgétropolitan areas, particularly in eThekwini (Ban),

the City of Johannesburg and City of Cape Townrarimg instances of absolute homelessness. Capa Tow
is highlighted for a lack of literature on the pberenon and a large comparative homeless population
(Viljoen, 2025). Hopkins et al. (2024) report tloaly five dedicated studies have emerged on hosedss

in Cape Town since 2013 and that the exact exfetiteohomeless population is unknown. A 2020 egdéma
projected a population 0f14357 homeless (ibid)di&w show that up to 71% are classified as chriyica
homeless, having experienced constant homeles&regsninimum of one year, or repeatedly over ¢erta
periods (Viljoen, 2025).

Life on Cape Town’s streets is particularly inhdapie in gentrified business nodes managed under lo
tolerance private improvement cooperatives andkd@ens on vagrancy and squatting in the central
business district (CBD) (Michaels (2022). Punitresponses call on law enforcement and privaterggcu
to fine or remove the homeless based on bylawamisocial behaviour’ (Pitt, 2022; Viljoen, 202®)ape
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Town’s homeless further face harsh summers, wetewsnand gale force winds in what is known as the
Cape of Storms. Some respite from authoritieswiather and hunger may be found in shelters prdvige
the state and non-governmental (NGOs) and nontprgganisations (NPOs). However, offerings gengrall
deliver maintenance services and temporary accomatioo mostly failing to facilitate more permanent
transitions from homelessness supported by long-tervelopmental assistance in social servicestautes
abuse treatment, skills development and econompoea@rment toward permanent independence (Hopkins
et al., 2024). The basic accommodation offeredss acarce and institutions under capacitated, wuitly
3246 shelter beds available (Table 3). Many horseliether actively avoid shelters due to strictragiag
hours and rules, including curfews, a ban on dnudj @lcohol use or non-admission of couples (Viljoen
2025). Even when such detriments are inconsequiemihmore developmental interventions offered,eCap
Town’s homeless are reticent to commit to longemtstays given loss of income from begging or chsua
employment (Hopkins et al., 2024). The need fowernointervention strategies providing multiple leng
term developmental benefits, like UA (Table 2)higs imperative.

There is significant potential to draw on existisigpport for and implementation of UA in the cityapie
Town is regarded as a front runner in UA (Jaggari2@@?2) as the first South African city to delivaer UA
Policy in 2007. This policy, along with the City Gape Town Food Gardens Policy in Support of Pgvert
Alleviation and Reduction, support UA and food &idindigent households and schools (Smit, 201&]lKr
2021). Food systems were also included in the249 Resilience Strategy through targeted actianspl
However, integration into broader urban governaa management has remained limited (Haysom, 2021).
Furthermore, The OneCape 2040 Strategy proposesiticaing to an eco-friendly, inclusive, resiliesrtd
sustainable economy that supports UA and sourc&s @dood locally. Yet, few political aspirationsave
been articulated (Kroll, 2021). Planning documeiite the Municipal Spatial Development Framework
(MSDF) (COCT, 2023) provides for protection andagmition of significant agricultural land like the
Philippi Horticultural Area in the Cape Flats regithat produces a large proportion of the city’gatables.
The Cape Flats accommodates approximately 6000-so@é and micro-farmers who operate some 100
urban gardens. Most are located on school and mpahioroperties, whilst others occupy liminal spatike
road verges to constitute more informal practidéanpsvamhira et al. 2023). UA practices closerhi® t
CBD are also documented, including the Oranjeziity Farm located in a prestigious suburb in th@e&a
Town City Bowl which has itself supported the eBhiment of at least twenty other local UA initiss
(Steenkamp et al., 2021). Despite a significant éless population and advancements in the estaldisthm
of UA policies and practices along the informalféomal continuum, the literature is sparse and twhet
and how, approaches to homelessness in Cape Tawerirf@orporated UA, unknown.

Nr Organisation Capacity Nr Organisation Capacity

1. The Haven Night Shelter, Bellville 83 16. Elinight Shelter, Elsies River 70

2. The Haven Night Shelter, Claremont 15 17 Loares Fishes, Observatory 35

3. The Haven Night Shelter, District Six 80 18. Sadeach for Your Dream, Phillippi 80

4. The Haven Night Shelter, Kalk Bay 18 19. Ubu@itrcle of Courage, Blackheath 0

5. The Haven Night Shelter, Kensington 60 20 Thle @ity of Refuge, Faure 1000

6. The Haven Night Shelter, Kraaifontein 92 21 Y¥o8olutions, Zonnenbloem 60

7. The Haven Night Shelter Moira Henderson Hoys&1l 22. Beth Rogelim, Cape Town 100
Woodstock

8. The Haven Night Shelter Napier Street, Greertpoin 155 23. Culemborg Safe Space, Cape Town 23

9. The Haven Night Shelter, Retreat 115 24 CulembBarking Lot Safe Space, 230

Cape Town

10. The Haven Night Shelter, Wynberg 57 25 Paityt Eafe 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 MinistriBgllville 21

13. Happy Valley, Simonstown 65 28. TASP, Bellville 25

14. Somerset West Night Shelter, Somerset West 54 9. 2 Hope Revolution, Faure 70

15. The Carpenter Shop, Cape Town 40 Total: 3246

Table 3: Homeless shelters registered on the Ci§apfe Town Open Data Portal. Source: CoCT (2025)

7 METHODOLOGY

This paper employs data sourced from the City gpeCaown’s Open Data Portal (CoCT, 2025) that
provides publicly accessible municipal datasetosgra range of thematic categories, including kocia
development. Within this category, a 2025 datadedt'Homeless Shelters’ was identified that irad&s
places of accommodation for the homeless withinGitg of Cape Town. It is acknowledged that the lis
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may not capture informal, faith-based, or unregistanitiatives operating outside of the City’sioilly
recognised programmes. The twenty-nine organisatiaptured in the database are presented in Table 3

Each organisation was subjected to a semi-systemesiktop review (Lategan et al., 2025) of gresréiture
(websites, media articles and reports) using keydsv@and Boolean Operators to configure the follgwin
search strings: Organisation AND Cape Town AND UWrlfggriculture; Organisation AND Cape Town
AND Urban Farming; Organisation AND Cape Town ANRr@en; Organisation AND Cape Town AND
Food Security. Corresponding folders were createdefich organisation and subfolders for each search
query created on Endnote as reference managenmafrpl. Both deductive and inductive coding were
completed using Atlas.ti. Results are discusseskiction 8.

8 RESULTS

Results demonstrate that 48.3% (n=14) of organisatieferenced general gardening practices, Wiil&%
(n=5) referenced larger scale UA activities morec#jcally, though not always directly by name. The
relatively high number of instances recorded fordgaing activities is largely due to the Haven Nigh
Shelter collective with eleven branches, but oneegsl website. Thus, making it impossible to gawbere

and how much gardening takes place. The Haven Nspleiter and the Salvation Army’s Beth Rogelim
men’s home mention resident involvement in gardgated activities (Haven Night Shelter, 2025; Stidva
Army, 2025), with the available information sugdgegtthat these activities are restricted to general
maintenance and domestic gardening duties ratlaer ahstructured developmental strategy based on UA.
The Somerset West Garden Project transformed didepark into a thriving urban farm that utilises
volunteers from the homeless community, sells predwcally through a market and to restaurants and
supplies the Somerset West Night Shelter and ThoA@sse of Hope (Atlantic Fertilisers, 2023). A
Community gardening approach was also identifiedhi& Ubuntu Circle of Courage organisation, which
demonstrates how UA can support the homeless sopal development. The organisation is supported by
the Western Cape Department of Agriculture (WCDa#j the Cape Agency for Sustainable Integrated
Development in Rural Areas (Casidra), with a fieaylease from a local company ensuring medium-term
stability (Casidra, 2025a). The Happy Valley Shaleports the existence of a vegetable garden dednag

a local baboon troop, calling for support to rellssh the space in recognition of its role in pabmg fresh
produce for residents and in fostering a connectith nature (Happy Valley, 2025). However, no data
were available on the garden’s size, productioraciy, governance, or operational model in contvegt
other cases identified.

At the Oasis Reach for Your Dreams organisatios Glarden of Grace project trains residents, wighhielp

of the Local Cape Roots company (Maledo, 2021}hancultivation of a subsistence garden. The ptoje
has received support from the WCDoA and Casidraiggrade infrastructure and increase production
capacity (Casidra, 2025). The Garden of Grace stppatritional needs but also advances persoiaitht
dignity and vocational opportunities whilst produsesold locally in aid of broader food securityncerns
(Oasis, 2025). A wider focus at Garden of Gracewed the Gardens for Growth initiative that supgor
local families to initiate and maintain domesticodlo gardens, ultimately envisioning community-run
enterprises that generate fresh produce and laoplogment whilst promoting climate resilience and
ecological restoration (Casidra, 2025b). A focuseoalogical functions is also evident in U-Turn Helass
Ministries’ Living Roots Nursery in Claremont. Ling Roots offers a distinct form of UA focused on
horticulture, environmental restoration and shelleemployment and not food production. The indigsno
nursery is operated by the formerly homeless infthal stages of U-Turn’s rehabilitation programme
(Shoba, 2023), with therapeutic benefits noted (@eaid and ChariTea Foundation, 2025). Living Rasts

a social enterprise that generates income throlght gales, landscaping services and workshops, wit
profits reinvested into U-Turn’s programmes (Volkwy2023; Living Roots, 2026). Participants receive
accredited training in gardening, landscaping, aostipg, first aid and environmental management,
contributing to both personal rehabilitation andam ecological outcomes (Lemonaid and ChariTea
Foundation, 2025). Structured horticultural tragiirs combined with practical food production in the
Bellville CBD Food Garden, a purpose-built urbandgroduction system integrated into a Safe Spaice f
the homeless and vulnerable in collaboration betwde Greater Tygerberg Partnership and social
development NGO, MES and related to the Tygerbesgpgiation for Street People (TASP). Founded on a
300 m2 site, the garden was conceived during thglDE19 lockdown to improve food security, healthdan
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income opportunities. The project supplies fresbdpce to a soup kitchen and sells surpluses torggne
modest income for participants. Stakeholders enighadignity, mentorship, skills development and
employability as central outcomes. Expansion ptarepproximately 600 m? indicate a transition frpiot-
scale production towards an expanded UA model @leber, 2021). The largest scale, and most mature,
UA intervention was identified in the Ark City ofdRuge’s farm where a small vegetable garden evolved
into an organic urban farm supporting a kitchert fhravides approximately 3000 meals daily (Masiwa,
2024). The farm includes open-field production,neis, fruit trees and designated plots for scheatriers

to gain agricultural experience. The project baadfom long-term partnerships with food retailérogrite,

the WCDoA and other donors, who have provided stftecture, training, seedlings, irrigation equipten
and surplus food (Shoprite, 2021; Shoprite, 2024jirty to forty residents are empowered by direct
participation in food production and receive peraofage training, enhancing their capacity for self-
sufficiency. The farm further supports externalamgations, including soup kitchens, créches adehge
homes to position the initiative as a critical nadéocal food relief networks (The Ark, 2026).

9 DISCUSSION

This paper highlights homelessness as a heterogemendition affected by structural, spatial ancspeal
impacts. Interventions that consider the homelessaasingular group risk strengthening stigma and
advancing a disconnect between need and respoassiti®e UA initiatives are required that acknovged
homelessness as a condition of exclusion from udid@enship and the right to the city. As alludied
previously, one of the principal considerationglaming this right resides in meeting the basimha right

to access adequate food. In keeping, studies onnUhe global South generally highlight issues @bd
security and poverty alleviation, adopting a resgal advocacy approach (Kanosvamhira et al., 2023).
Studies in the Global North initially focused ompmductivist approach but later acknowledged mnieitel
social and cultural factors (Kanosvamhira et @023 Saguin, 2024). Thereby also recognising thatl f
insecurity exceeds mere hunger to include indigoftaccess, preparation and consumption. Appraglyiat
targeted UA practices thus reposition food access ftharitable dependence to a communal partiaipato
practice of agency, citizenship and community. Ho®d Project emphasises social cohesion and civic
engagement alongside food production, positionidgad a developmental and relational practice (Kaufm
and Bailkey, 2000). Growing Hope Gardens and Sncét de Paul Urban Farm demonstrate how
cultivation and shared meals can restore stewgrdstil belonging (Gibbens, 2019; Mjema et al., 2023)
These cases also illustrate the value of embeddgvithin supportive institutional settings, likéelters,
transitional housing and correctional or rehakil& environments, to connect UA sites directly hwit
complementary social services. Thus, also suggestiat some of UA’s most significant contributicias
homelessness may not be caloric or economic, leraocial, cultural and psychological, espoused v
routine, purpose, contact with nature and sociarattion, as cultural ES. All Capetonian cases\baurn
Homeless Ministries’ Living Roots Nursery, focusinmarily on sustenance and nutrition, reconfirming
tendencies in the global South. However, most aésmgnise AU’s therapeutic contributions and the
advancement of personal development as signifidamers, often informed by structured training, liski
acquisition and pathways to employability (Oasigéefor Your Dreams, the Bellvile CBD Food Garden,
U-Turn Homeless Ministries and the Ark City of Rg#). This mirrors international precedents (Seattle
Youth Garden Works, Justiceville, Growing Home) wehevorkforce readiness, accredited training and
transitional employment are central objectiveseathan ancillary benefits (Kaufman and BailkeyQ@0
Activities pursued for income generation often Wgnthe broader community through fresh produce
delivered to restaurants and sold at dedicated etmrfSeattle Youth Garden Works, the Food Project,
Somerset West Garden Project, Bellvile CBD Fooddéa, Ark City Refuge), or donated surpluses (Gino
Organic Gardens, City Growers, the Food Projectivile CBD Food Garden), furthering general food
security. The deliberate identification of accessn{s to market, whether through farmers’ markets,
restaurant supply chains, or institutional procwetns important. Thereby enhancing financial Migband
reinforcing dignity through productive participatido support a sense of achievement, contributimh a
belonging in aid of community assimilation.

External ties are significant in support of UA intentions for the homeless. International caseistulike
Seattle Youth Garden Works, Growing Home and Citpvigrs and Capetonian examples like Ubuntu
Circle of Courage, Oasis, Bellvile CBD Food Gardmmd Ark City of Refuge illustrate that successful
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initiatives are habitually rooted in intergovernrtannvolvement, multidisciplinary collaboration cpublic
private partnerships. International and local cdsdbher demonstrate that embedding volunteeristh@n
production through resident participation, commynitolunteers and institutional partners, enhances
ownership, social capital and programme resiliereartnerships, sponsorships, goodwill and sound
management are paramount in operating sustainaitiy security of tenure to allow UA interventions to
mature and expand.

However, land access and tenure insecurity aren afegrimental constraints to UA, specifically inghi
value urban centres like the Cape Town City Bowkrmehmarket led competition is significant and rask
displacement imminent without explicit policy reaitipn, institutional land access and use rights.
International examples demonstrate adaptive spsttialegies in response to such constraints, imgjuithe
use of liminal and non-traditional spaces like top$ (Higher Ground Farm) and the remediation of
contaminated or underutilised brownfields (GrowiHgme), to expand the spatial repertoire availabte f
UA in dense urban environments (Kaufman and Bajl&p0; Biewener, 2016). Comparable opportunities
exist in Cape Town, and are already practiced éaslike the Philippi Horticultural Area (Kanosvanahet

al. 2023), but remain underexplored within homeiess responses.

Urban planning is thus identified as a champion Wk for its role in land use regulation, strategic
development oversight and as multi-disciplinaryitgnwith potential intergovernmental and privatetes
linkages (Gorna and Gorny, 2021; Skinner and Hayst981; Ngie and Sithole, 2023). In many cases the
strategic instruments informing planning policy gméctice already support food-based uses like dé a
more sustainable and environmentally sensitive ldpmeent options like GI. However, as with other Gl
elements (van Zyl et al., 2021), urban planninggssionals generally remain ill-equipped to intégrdA
which may be illegal in many urban areas in corgndion of traditional bylaws based on permittanaed
restrictions rooted in colonial conventions or Hétieg neoliberalism and capital interests (Leei®imn
2013; Kroll, 2021; Matamanda et al., 2022). Theeabe of a definitive, proactive, integrated and-poor
strategy focusing explicitly on the informal UA sacin Cape Town serves in substantiation (Skiraved
Haysom, 2016).

Emphasising multi-functional ES, both informallydaformally, beyond food for the homeless may be
required to motivate UA in Integrated DevelopmetdanB (IDPs) and Spatial Development Frameworks
(SDFs) aligned to South Africa’s 2013 Spatial Plagnand Land Use Management Act (SPLUMA)
(Haysom, 2021). SPLUMA'’s emphasis on principlegustice, resilience and sustainability are prudent
especially when planners proactively consider ES@mmoensurate with a normative professional
responsibility to separate incompatible land usesguard against detrimental activities (Gorna @adny,
2021). In emphasising ESD, the paper cautions apgdhe idealisation of UA. Risks related to soll
contamination, food safety, labour exploitation &xgosure to unsafe environments may dispropotibna
affect homeless participants. This is particulaydent in cases such as Growing Home, which addses
soil contamination through phytoremediation, highting that environmental risk is not incidentalt bu
structural. The ethical implementation of UA staés for the homeless demands that environmental or
institutional risks are not externalised for areatty vulnerable group. The following section codekithe
paper with six recommendations based on the disnupsesented.

10 CONCLUSION AND RECOMMENDATIONS

Findings confirm that while Cape Town has a comipagly strong policy environment supportive of UA,
the integration of UA into homelessness responsesains fragmented and opportunistic rather than
systematic. Drawing on the literature, empiricatfngs and discussion, the following recommendatiame
proposed emphasising the role of urban plannirenabling homelessness-responsive UA strategiesjie C
Town:

1. Integrate UA explicitly into homelessness antaur planning frameworks: UA should be recognised
formally as an effective instrument in homelessnagsrventions within municipal planning instrumgnt
including IDPs and SDFs. Aligning UA initiatives tiSPLUMA principles would further legitimise their
inclusion as instruments of spatial redress anldisinee urban citizenship. Explicit articulation wdueduce
legal ambiguity, protect UA from displacement andl@e proactive land allocation.
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2. ldentify and secure land for UA via proactivatsa planning: Urban planners should lead targspetial

analyses to identify suitable land for UA linkedhtomelessness services. This may include munitapal,

school properties, rooftops, underutilised pubfiad, servitudes, buffer zones and other liminakepa
Secure tenure arrangements, even if time-boundcetieal to enable UA initiatives to advance, attr
investment and deliver long-term benefits.

3. Promote multi-functional UA models beyond fooaduction: Planning frameworks should explicitly
recognise and incentivise the multi-functionalifyldA, particularly enhancing and integrating cU#UES.

In support, shifting evaluation metrics beyond gjéhcome, or traditional cost-benefit analysesntdude
dignity, wellbeing, agency and community integratito better reflect the objectives and outcomes
demonstrated in both international and local caseiess. This includes recognising UA sites co-ledawith
shelters, safe spaces, rehabilitation centres @mdirtg facilities as critical social infrastruckuand not
ancillary land uses.

4. Support long-term, cross-sectoral partnershigysdence from both international and Capetoniaresas
highlights that successful UA initiatives in serviof the homeless are secured by long-term pattipars
involving multiple tiers of government, NGOs, acaue institutions and the private sector. Urban pkas
may act as conveners to facilitate interdepartni@otardination between social development, envirental
management, economic development and health degraipwhilst also facilitating partnerships withiki
society and donors. Such partnerships are essemsabsidise infrastructure, promote volunteerésrd co-
production in addition to ensuring sustained shigsfer and programme continuity.

5. Address environmental and ethical risks: UAiatites involving homeless participants must gutel
vulnerable against environmental and institutiomsits. Urban planners should operationalise meastare
guarantee that sites are assessed for soil corganinwater quality, food safety and exposure daands
and that mitigation measures, including raised pelgtoremediation, or controlled inputs, are imnpdated
as required. Ethical practice will require that tiggpation is voluntary, safe and empowering and no
conditional or exploitative.

6. Expand empirical research on local UA initiativ&here is a clear need for further research onadé
homelessness in Cape Town and the global Souttiepth qualitative studies of existing initiativésat
investigate governance arrangements, funding meésrhanparticipant experiences and long-term outeome
would address existing shortcomings and strengtiien evidence base to inform more contextually
appropriate policy design. Improved documentatiblocal successes is essential to move UA fronaisal
practice to strategic intervention. This reseamfves as a first step in this regard.
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1 ABSTRACT

Duhok in the Kurdistan Region of Iraq has seenxgaesion rapidly. The growth is so rapid that wiakht
goes against the planned development of the ateaVbssing Report's urban master plan is to beidgegu
for development until 2023. This narrative revieil assess the effectiveness of the urban growthuifok
governorate in the Iragi Kurdistan Region. The ngoal of this study is to show the current stat®ohok
urban development. This study focuses on the eéfffefand use areas that were planned for and caspar
those that were developed with the residentialamdmercial land uses. Urban boundaries were detedni
based on the Google Earth Engine to demonstratdiffieeence between 2010 and 2025 with high-regmbut
satellite images. We then recorded land use viglisatimages from other studies that were condltte
show the state of growth. Land use was mapped @iagle Earth Engine. From this the intensity dfaur
growth was then used to measure the state of growth

Keywords: Urban Sprawl, Master Planning, Duhok, @&art Growth

2 THEORETICAL PART

2.1 Overview of Duhok City in Iragi Kurdistan

Dohuk is one of the three main cities of the KumthisRegion of Irag. It has grown rapidly in recdatades.
This city is becoming a strategic economic and mrleanter with some environmental and planning
challenges. Duhok lies in a valley between Bekhatt Zawa mountains around 585 m above sea level and
the temperate of its climate is moderate to higfour seasons with all four season greatly sedhigmcity
(Hassan & Kotval-K, 2019; Mohammed, 2013). It iflexha Irag’s northern gateway for trade with Tyrke
and Syria. This has given the city its high ecormimiportance, because of all fours seasons piitasgan

& Kotval-K, 2019; Mohammed, 2013). Socially in défy Duhok is multicultural and multi religious wita
Kurdish majority, Assyrian, Chaldean, Arab, and A&nman minorities (Hassan & Kotval-K, 2019).
Population estimates range around 300,000—400,00@¢dition to numbers of strong in migration from
rural Kurdistan other Iragi regions, and refugdeBA (, 2025; Hussein & Al-Jameel, 2025; Taha, 2024)

Aspect Main points Citations

Natural setting Between two mountain ranges; DuRalker | (, 2025; Hussein & Al-Jameel, 2025; Mohammed, 2013)
green corridor

Economy & role Border trade hub; fast post-2003xgho (Hassan & Kotval-K, 2019; Hussein & Al-Jamee?025;

Mohammed, 2013; Othman, 2014)
Land & environment| Surrounded by agricultural lgndmpid loss| (, 2025; Mohammed, 2013; Mohammed & Ali, 2014)
to urbanization

Urban structure Old core plus “urbanized villagesiw city | (Hussein & Al-Jameel, 2025; Raswol, 2017)
quarters
Table 1: Key Urban Characteristics of Duhok. Soulkay physical and functional traits of Duhok City taby author based on the
references

2.2 Urban Growth and Environmental Change of Duhok City

Since the late 1990s, Duhok has experienced a gapigth largely unplanned urban expansion developme
driven by security, economic opportunities, andwation growth (Mohammed & Ali, 2014; Hussein & Al-
Jameel, 2025; Raswol, 2017; Othman, 2014). Reneisirsg shows strong conversion of agricultural and
vegetated land to built up areas between 1998—g@bBammed & Ali, 2014; Mohammed, 2013). This has
increased land surface temperatures, with builtangd barren land reaching up to “&5in summer,
compared with much cooler water and forest areashéivhmed, 2013).

2.3 Sustainability and Planning Issues of Duhok City

Studies highlight shortages of housing in green @peh space and quality sidewalks plus car depénden
development and informal settlements (Raswol, 2&&&wol, 2017; Mohammed, 2013; Abdulsamad et al.,
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2019; Ali, 2016). Sustainability assessments hasweha weak progress in the 1990s with some
improvement after 2005 in compact mixed use andatdé¢ neighborhoods and protection of agriculturg a
urban agriculture areas such as Shindokha (, 28yol, 2020; Hassan & Kotval-K, 2019; Raswol, 2019
Duhok is a strategically located for trade and me @f the rapidly growing Kurdish cities shaped by
mountains, trade routes, and migration. Its fagiaegion has brought economic opportunities but also
stretches and environmental stress plus infrastrei@aps for that reason it has made a sustainabémn
planning which is also a central challenge fofttsire.

3 METHODOLOGY

3.1 Research Framework

The study follows an approach to analyze urban tirowhe study checks the papers that were published
the same area. The author has devised a narrawew designed to trace the cognitive and histbrica
development of Duhok’s master plans based on wizest et by the Vossing Report. The spatiotemporal
analysis using Google Earth Engine (GEE) from 200®025 was generated to transform theoretical
planning into empirical spatial data. This struetuensures that research results are translated from
theoretical knowledge into practical application.

3.2 Search Strategy and Boolean Search

To identify relevant literature a systematic seanas conducted in the Google Scholar databasenfioltp
the methodology of (Buttcher et al. 2010) to seariehutilized Boolean operators (AND, OR) to refine
results and ensure high relevance to the reseajebtves.

The search model was structured as follows ("Uniparwth" OR "Urban expansion") AND ("Duhok” OR
"Kurdistan") AND ("Master plan" OR "Vossing Repor®@R "Land use") (Buttcher, Clarke, & Cormack,
2010)

3.3 Inclusion and Exclusion Criteria (PRISMA)

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

Study Type: Only peer-reviewed journals and publisthesis and technical reports that are directly
addressing urban growth or the Duhok master plae ineluded.

Language: Only studies published in English wetecsed. The behind this is because majority of
global research on strategic urban planning is aheeied in this language.

Temporal Scale: While the narrative review covés history of planning since before 2010 but to
provide a comprehensive view the spatiotemporalyaisaspecifically the author focuses on the
2010-2025 window. (University of North CarolinaGitapel Hill, n.d).

3.4 Spatiotemporal Analysis and Google Earth Engine

The paper objective was supported by utilizing Gedgarth Engine (GEE) to analyze high-resolution
satellite imagery. In that process we first didagadextraction by Identifying urban boundaries kamdi-use.
Secondly, we did a growth intensity mapping by carmpy images from 2010 and 2025 to measure the
intensity of urban sprawl against the planned gnandjectories of the planned master plan of the ci

Metric 2010 Value 2025 Value Absolute Changd Pdegnincrease
Total Area 34.78 km? 51.14 km? +16.36 km? 47.04%
Perimeter 27.85 km 42.82 km +14.97 km 53.75%

Min. Elevation 474.10 m 47114 m -2.96 m -0.62%

Median Elevation 553.68 m 570.79 m +17.11m 3.09%

Max. Elevation 717.98 m 838.88 m +120.90 m 16.84%

Table 2: Comparative Spatial and Elevation Metrigsiuhok (2010-2025). Source: Created by the autttough GEE.

3.5 Data Synthesis and Filtering

As illustrated in the PRISMA Flow Diagram below diees were filtered through three distinct phaséglin
identification, secondly screening for accessiifitpen-access journals only), and final eligibilitased on
the presence of key terms in the title, abstraatpoe paragraphs. This rigorous process ensuatstity the
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most pertinent data points are used to evaluateoBsilurban evolution. (University of North Caroliah
Chapel Hill, n.d)

3.6 Objectives

The primary aim of this study is to evaluate thbamr evolution of Duhok City from 2010 to 2025. And
answering how external geopolitical pressures @rfied 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 recersved (n = 0)

Records marked as ineligible by automation tools ()
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 systemagiciews which included searches of databasesemisters only. Source:

University of North Carolina at Chapel Hill. (n.dQreating a PRISMA flow diagram PRISMA 2020. LibGuides

4 RESULTS

The Author has used a time series like approacbategorize the urban growth into three-time related
category. The first category of growth is pre 2@dilbwed by intermediate phase which is between22@1
2019 and the modern category of urban growth bet\2620 and 2025.

4.1 Historical Phase: Pre—2011 (Baseline and Initial Gywth)

The city of Duhok has its roots from the very fissttliement of the town in the year 1887, in theetf the
Ottoman Empire (Hajani 2019). In 1923, Duhok Ciadtransformed into a natural center of 18.6 hestar
(Hussein & Al, Jameel 2025; Hajani 2019). Duringgé years, the town had already begun to rely parpa
cadastral maps to indicate its development. Thegesmwere produced from the plane table detailecegar
and field surveys were direct on the trace papeattéQ & Abdulrahman, 2019). The local architectafe
Duhok City received a significant incentive in 19%8en Duhok became the provincial capital or iraloc
legal term governorate. The population of Duhol Gitirged from 5, 621 in 1947 to 212, 469 by 1998
(Hajani 2019). To curb the rapid increase in popatathe government instituted a practice of fraedl
allocation to public servants of which roughly 280 land parcels were allocated between 1998 afmd 20
(Hajani 2019). The city underwent rapid extensionhte west during the years 1998 to 2011, chaiaetbr
by the dominance of the single.

4.2 Intermediate Phase: 2012-2019 (Intensification anBnvironmental Stress)

The city also suffered from some minor environmedtgradation during this period. Furthermore, d¢arg
gaps existed in the application of the institutiGmmework. By the year 2014 the expansion of th@ararea
was 5, 763 hectares and dense forest cover hadlygreduced due to clearance of the area for the
construction of the city (Khwarahm et al., 2021jaté 2019). The residential areas built during thériod
such as Masike were good but did not apply thetdtriernational standards of sustainability angl good
thing about this was having feature of a low popaiadensity of 120 people per hectare, makingaitea
car-dependent (Raswol, 2019a).

As a result of the economic crisis and the ISIS lwas than 5% of the proposals of the Duhok Citpt€e
Masterplan in 2014 achieved implementation by 201 project experienced severe challenges (Saadull
2019). Later in 2016, the technical documentati@s wnproved by creating an official land use magtan

that was confirmed to be of a very high positiosuracy of 1.5 cm (Kattan & Abdulrahman, 2019). The
sustainable energy action plan, which was conduttenigh the 2018 Duhok SEAP, demonstrated that the
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residential and transport sectors are still theomajirrent anthropogenic sources of greenhouséasok
Governorate, 2018).

4.3 Modern Phase: 2020-2025 (Governance and Heterogetygi

Recent studies characterize Duhok as a diversehztyrequires the abandonment of the conceptyfide
uniformity (Hussein & Al-Jameel, 2025). Plannerg@gest the development of distinct urban codesHer t
diverse historic, organically developed core, amel $eparate, amenity rich modern development ztmes
foster and protect the local distinctiveness (HumsgeAl-Jameel, 2025). To substitute traditionalniay,
Urban Transect Theory has been utilized as a pateegulatory framework to enhance urban and aatur
systems synergy by using a collection of regulafceyneworks to create and maintain urban areasatieat
high in density and facilitate walkability (Huss&nAl-Jameel, 2023).

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

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

Urban Growth: Urban footprint is projected to grow 271% by 2060 compared to 2017, with the
majority of the loss of farmland (Khwarahm et 2D21).

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

5 DISCUSSION

The assessment of the urban development of Duhiwkeba the years 2010-2025 shows a city with adaptiv
capacity and the importance of its geostrategidgtipos While the spatiotemporal data shows a vamnmat
from the original master plan, a more detailed @evinforms us that Duhok is more likely to have lzad
master plan that is due to exceptional geopolitd@umstances, was delayed, and thus, why theefnaork
was never completed. It lacked systemic failure.

5.1 Resilience and the Geopolitical Crisis

The 2014 regional crisis is pivotal to understagdiuhok’s development trajectory. The 2014 Mastarpl
was a document of great merit with sophisticateshneal features and the use of high precision GPS.
However, as a consequence of the ISIS war the goxeie’s primary focus shifted from urban expangemn
humanitarian and security imperative.

Duhok became a safe haven for over hundreds ofséimals of internally displaced persons (IDPs) and
refugees which meant that housing and land hadetallocated rapidly, and the traditional phasedl lan
development sequencing of the Vossing report haaetbypassed. Duhok’s ability to maintain its pniyna
urban functions and grow was nothing short of résaale, and this was a reflection of Duhok’s resitie as

a city and the supportive governance structurberahan a reflection of failure of the plan.

5.2 The "Safe Haven" Effect and Urban Vitality

The rapid development of Duhok is a testamentstévaibility and economic potential. Duhok has beeca
significant trading and safe haven center withi@ thgion's persistent instability. The increasimiguix of
people and consequent urban sprawl is a problesuafess. The city developed because people wanmted t
live there. While the Masike area and others deeatlaas low-density sprawl they were important twvjgte
shelter during a time of extreme pressure at sonatilevel. The period of modern phase Duhok (2020—
2025) and the transition to E-management and Si@arvices demonstrate that despite the external
challenges of the preceding decade, local goverhim@mmmitted to modernization and efficiency.

5.3 Strategic Pivot Toward Sustainability

The modern phase encapsulates how Duhok is nogjasting but changing. The city is changing for the
better as shown by the 40 percent emissions rexfupledge by 2030 and the continued inclusion ef th
SDGs in city planning. City planners in Duhok amveloping a world-class city, and they are doing so
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despite the conflicts that plague the region. Fhié from firm zoning regulations to the Urban msact
Theory demonstrates Duhok City planners’ appramiatind understanding of the city’s physical contByt
designating the historic core as a protected an€ladasigning a high-density walkable core the istye-
booting the Vossing report.

5.4 Synthesis of Potential

The evidence shows that a Smart Green Duhok isnmttach. The Master Plan Gap was a product of a
necessity that arose from the ISIS war wherebynaewere forced to choose from a growing set ggama
or the immediate protection of the people. Duhokd® in a unique position to integrate its highetaton
planning data with its innovative digital governarto align with the emerging stability in the ragiand
correct the sprawl that so many cities in the nedjiave experienced.

Observealigd2010—2025)

Factor Planned Trajectory (Master Plan)

Land Use Managed green belts & agricultural pratect High conversion of land to residential
Density Sustainable, walkable neighborhoods Lowsigncar-dependent sprawl (e.g., Masike)
Governance Strict adherence to Vossing plans Rliyibue to economic/security crises

Environment

Emission reduction & temperature cdntro Urban Heat Island effects
Table 4: Summary of Discussion Points. Source: €cehy the author.

Resilience &nt
Maintained despite economic crisis

Factor
Technological Base

Strength / Success Indicator
High accuracy in land use mappin

Social Role Multicultural trade and humanitariaribhu Absorbed massive migration without city collapse
Modernization Shift to E-management & Green Codes rep&ing for post-2025 sustainability
Resilience 5% plan implementation with 100% funadility Survival and growth during the ISIS war

Table 5: Key Strengths of Duhok's Urban Framew8durce: Created by the author.
6 CONCLUSION AND RECOMMENDATIONS

6.1 Conclusion: A City of Resilient Growth

The analysis of Duhok’s development over the y2a8i0 to 2025 depicts a highly remarkable develogmen
of urban fortitude. The analytical data suggestd thtiny portion of Duhok’s Vossing Report and 201
Masterplan was actually materialized. However, shigly interprets the implementation gap differenit
suggests that the gap was not a result of a logisioh but rather a significant shift in focus theas needed

to deal with the unforeseen external stresses.peniod of 2014-2019 captures the essence of Duhok’s
balancing act as it successfully played out the ofla safe sanctuary for the people during th8 [Sisis
providing humanitarian assistance, while, paradadkic assuming the position of a Regional Economic
Element (REE) as a cross-border strategic tradamwilithtor. The rapid development and subsequent
urbanization were a result of a choice by Duhokddunctional and open under difficulties. Duhols Imaw
emerged as a multicultural urban center and isongdr in a state of emergency expansion. Immediate
development of digital services, and long-term piag for sustainable development has placed Duhak i
reasonable position for planning additional ste@srrent development is based on earlier planning.
Technically, this planning is still sound and isanbased on a highly precise geospatial foundatiortHe
next generation of smart growth.

6.2 Recommendations

To integrate historical planning with modern reaéit the following steps are proposed. Master Plpdate
With the original Vossing timeline but extended eTgovernorate must establish a Duhok 2040 visidh wi
incorporating the current sprawl into a unified ambframework. Enforcement of the green code on new
developments with a recorded heat island effece dity requires the immediate enforcement of boddi
codes aimed at energy conservation. This will supjbe city’s aim for a 40% emission reduction 930.
The city needs to shift from large homogeneousrapio the transect theory in order to retain theygous
integrated structure of the old city core and #sslof the smart zones with high density and watkabthe
newer areas. Utilize Google Earth Engine (GEE) sindlar technologies for real-time monitoring ofeth
development of different land uses so that anyh&rsettiement on the agricultural land can betitied

and managed. In response to the car dependencg frote 2012 to 2019 green corridors and crossable
sidewalks that integrate with commercial areas fresidential areas must be prioritized in orddiatlitate
walking.
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To further visualize the “Resilience Context” yai"established in the discussion, the following dabl
summarizes the city's trajectory:

Feature The Theoretical Plan The Resilient Re@liil 0-2025)

Land Use Managed green belts & agricultural pratect Rapid conversion to residential to house growinpulations
Urban Density Compact, walkable neighborhoods Lensity sprawl due to emergency housing needs
Governance Strict adherence to Vossing/2014 maps aptAek/Flexible governance prioritizing safety dratle
Technology Standard paper/digital cadastral maps gh4grecision GIS (1.5cm accuracy) and E-management

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

Cities and municipalities face major challengesinmes of climate change. As key actors in the ftams
towards climate neutrality, they require analypignning, decision-making processes and servicéelim
them prioritise and justify the necessary measanelsactivities.

One option for data-based decision-making is the afssatellite-based services. The Urban Sky rebear
project is therefore collaborating with represaués from Austrian cities of various sizes and nees to
identify challenges and needs. This informatior bél used to develop satellite-based services pimder
urban planning, neighbourhood development, nataaards, and urban mobility, while taking into agto
the relevant legal and normative framework condgio

The project focuses on using freely available datzh as that from the Copernicus programme. Theisaim
to explore the potential of the satellite datajeevits feasibility and combine it to create usefatvices.
The project also assesses the added value fos,ditie market potential and the research requirtsnand
categorises and prioritises the services, resultmgctionable recommendations. To achieve this, th
following research questions are answered: (1) Whallenges do Austrian cities face regarding urdoach
neighbourhood planning? (2) How can satellite dietig to solve these challenges? (3) Taking int@act
spatial and temporal resolution, what additionaladand information is required to use satelliteadat
effectively to overcome these challenges?

Following a literature review, the topics were oared down to the following areas: buildings; grepaces
and biodiversity; infrastructure; mobility; natut@zards; urban planning; and spatial planningsélareas
were further discussed and specified during thet flBtakeholderworkshop, which was attended by
representatives of several Austrian cities varymgopulation and structure. Particularly urgenedewere
identified focussing e.g. on buildings and potdrgaovation, solutions to reduce heat energy kssel the
potential for redensification. In the field of nedlihazards, key topics included small-scale airperature
monitoring and the development of early warningteys for floods or agriculture. In the context of
infrastructure, the focus was on the detectionarhage after extreme weather events and the analfysis
photovoltaic (PV) potential in car parks. In adolitj priorities were identified in the following a®
recording of traffic movements and parking spacegasmobility); calculating the degree of greenamgl
tree canopy cover to comply with the EU Nature Bedton Regulation; and smart irrigation management
(green spaces). Other priorities included urbart and monitoring and climate risk analysis (urba
planning).

The applications are primarily based on time-sedigs from optical satellite missions, such as iBehp
and commercial very high-resolution satellites iHéiades, Synthetic Aperture Radar (SAR) miss{sosh

as Sentinel-1, NISAR, and future ROSE-L), and tl@rmissions, e.g. TRISHNA, ECOSTRESS, and the
upcoming Land Surface Temperature Mission (LSTM)rfrthe European Space Agency (ESA). A key
outcome of the Urban Sky project is a structuredysion the potential of satellite technology fobam and
neighborhood planning. The study identifies andlym®s existing satellite applications in cities t{bo
nationally and internationally), and assesses tmmpatibility with current geodata sources. Basedhe
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stakeholders' requirements, the study proposepdtantial applications to serve as a foundatiorfddher
RTI (research, technology, and innovation) initias.

Keywords: satellite data, services, stakeholdaredri urban planning, climate resilience

2 INTRODUCTION

Climate change poses multiple challenges for Aaistaities and municipalities. As the main contradrsitto
greenhouse gas emissions, they are required t@ingpit climate mitigation measures in order to rbegh
national and international climate goals. Howewggent action is not only required due to legiséat
requirements; cities are also the most severegctdt by the consequences of climate change suatbas
heat islands (UHI), heavy rainfall events and bredsity loss. Therefore, they must develop comprsive
adaptation strategies. This pressure has beerefurttensified by the European policy framework. il&h
the European Green Deal (European Commission, 2€4t@plished the ambitious ecological targets, its
successor, the Clean Industrial Deal, introduceeeipruary 2025 (European Commission, 2024), hdkedhi
the focus towards competitiveness and efficient lementation. Within this new framework, local
authorities are not only required to prove ecolagicompliance (e.g., under the Nature Restoration
Regulation (Regulation (EU) 2024/1991)) but ar® algged to accelerate planning and permitting meee

to foster economic resilience. Recent policy aredymmphasise this pivotal role, arguing that ciigtsas the
‘central architects' of the Clean Industrial Dé&lcause they directly control critical levers sashHand use,
transport, and energy systems (C40 Cities, 2025¥ufil this role and tackle these challengesgoééning’
and 'speeding up,' administrations urgently neathbte, evidence-based decision support systems.

To meet these requirements, urban planning aug®@ind decision-makers need accurate, up-to-aate a
comprehensive data. Traditional survey methodsedaral surveying, aerial surveys, local sensarg)
often costly and updated at intervals that areldéog to monitor dynamic changes. Satellite-basedices
(Earth observation — EO), in particular cost-fretag e.g. as provided by the European Copernicus
programme, offer enormous potential in this regalky provide continuous time series on parameigch

as surface temperature, soil moisture and vegatagmsity. Nevertheless, practical experience shbafs
this potential has not yet been sufficiently exigdiin municipal administration (Murgante et al 202
Gulyas et al. 2025, Strand et al 2025).

A major obstacle to the integration of EO datahis discrepancy between large urban agglomeratiods a
smaller municipalities. Large cities often havecgksed GIS departments and budgets for commedeit,

but face the challenge of complex inner-city stuues and extreme pressure on land use. Small adidime
sized towns — the majority of Austrian municip&ii— are often confronted with limited human resesir
and municipal finances, resulting in a lack of expe to process raw data and budget for expensive
software solutions. Therefore, the solution mudtaumsist of providing even more raw data, but ntiesin

the development of tailor-made, cost-efficient g that can be directly integrated into existing
administrative processes.

The Urban Sky research project addresses this.top&aim is to identify the specific needs of stakders
using a demand-driven approach in order to devedmgepts for services supporting their urban chgés.
The focus is on freely available data (open datayder to lower the financial hurdle for local lamrtities.

This paper presents the results of the stakehgddecess and the needs analysis. In order to derive
recommendations relevant to action, this articidresses the following research questions:

(1) What challenges do Austrian cities face regaydirban and neighbourhood planning?
(2) How can satellite data help to solve theselehgks?

(3) Taking into account spatial and temporal retsmh) what additional data and information are reglito
effectively use satellite data to overcome thesdlehges?

3 METHODS

An initial literature research and review was cartdd to gain an understanding of the field of $ttallata
and Earth observation for urban planning. The tesulere used to set up a first online
Stakeholderworkshop, which aimed to gather infoiomabn the needs of cities” representatives reggrdi
their goal to become climate neutral cities. Durihg workshop, the participants were asked to densi
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their daily challenges and what they would likectange. The impressive variety of anwers enableid us
various internal workshops to come up with over sEtvice concepts which have been prepared with
descriptive texts and graphical abstracts and areewmtly being evaluated by our stakeholders in a
comprehensive online survey. Based on the resihiés,best ranked ideas will be detailed in a second
Stakeholderworkshop. For the prioritised ten finasults, a roadmap will be developed including an
assessment of added value, market potential, fotgesmarch 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 werestehed in priority fields that were used throughthe
stakeholder process. Although there are overlappmegs, the priority fields help to classify and ga
overview of most important topics for the citiestbdn Planning & Urban Climate, Buildings & Energy,
Green Spaces & Biodiversity & Water management,ufétHazards, 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 durirg stakeholder workshop was the field of “Urban
Planning and Urban Climate”. Throughout the coratiosis, climate-related risks emerged as a cross-
cutting concern that should not be overlooked.

The following topics were highlighted in the dissigss:

The importance of systematic monitoring and assessmof urban heat islands and surface
temperatures, with a particular focus on publiccepaParticipants discussed the need for city-wide
assessments considering perceived temperatureslingh&onditions, cold air corridors and
monitoring the quality of stay. This information éssential to identify priority areas for heat
mitigation and support climate risk analyses ag/imeourhood scale.

The need to identify and reactivate brownfield siéd vacant urban areas including large, sealed
surfaces such as parking lots and increasingly pis@tely-owned sealed green spaces. Sealed
surfaces were highlighted as major heat traps laefore high-priority targets for cooling-oriented
reuse and redesign. For the participants it waitapt to prioritise adaptation, renovation, and
climate-sensitive redevelopment over new greenfielastruction, as well as monitoring changes in
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land use, vacancy and unused spaces over timeefbher change detection was considered one
interesting topic to be supported by using satetiine-series data.

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

4.1.2 Priority Field: Buildings & Energy

The field of Buildings & Energy was one of the gahtopics discussed during the stakeholder wonsts
it is one of the main levers to reach the goal lohate neutrality and energy efficiency in citickhe
following topics were discussed:

Updating and improving existing building inventajencluding the identification of conditioned
and non-conditioned building areas was seen asitégst® support reporting obligations under the
revised Energy Efficiency Directive EED Il (Diréa¢ (EU) 2023/1791), which requires member
States to improve the availability and consisteofcgiata on building energy performance.

Closely linked to this, stakeholders highlighted tieed for the detection of thermal energy losses
through the building envelope to identify renovatpiorities.

The assessment of rooftop solar potential includhgding was identified as crucial to assess
seasonal yields to support the usage of renewalelg)e and strategic energy planning.

In addition, the monitoring of green roofs was Higfmted as an important climate adaptation
measure. From an EO perspective, time-series asabttow vegetation development and vitality to
be monitored in a consistent and city-wide manrkhis is relevant not only for building
owners/tenants to assess, whether green roofgiedgccontribute to heat mitigation, but also for
city administrations to verify the performance @oientially) subsidised measures, ensure the
effective use of public funding, and support sgateplanning and monitoring of urban climate
targets.

4.1.3 Priority Field: Green Spaces & Biodiversity & Wataanagement

The stakeholders ranked the priority field “Gregraces, Biodiversity and Water Management” as very
important. This was particularly pertinent givere tfuture tasks arising from the implementation and
enforcement of the EU Nature Restoration Regulati®egulation (EU) 2024/1991), a key element of the
EU Biodiversity Strategy (European Commission, 20Z@e discussions covered the following topics:

Quantitative and qualitative mapping of tree pofiafes (including tree species, crown diameter/tree
canopy cover and height) and changes therein (@sdhee health), with the aim of establishing a
baseline in accordance with the EU Nature RestordRiegulation.

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

Green spaces, particularly trees, were regardedniptas a means of mitigating urban heat, but also
as a steppingstone for establishing resilient bigrdity.

4.1.4 Priority Field: Natural Hazards

The topics discussed in the “Natural Hazards” jtsidield were diverse and naturally overlappedhatitose
in other priority fields. There were overlaps, parfarly in the “Green Spaces” priority field.

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

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

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

4.1.5 Priority Field: Mobility & Infrastructure
The focus area of “Mobility & Infrastructure” washeoadly discussed topic in the stakeholder worfsho

The main topics resulting from the exchange amormgkshop participants who came from various
professional background regarding needs asses$onenobility can be narrowed down:

Monitoring of commuting and traffic patterns, magecifically a request was to monitor long-term
the change rate on the used traffic corridors drekts as well as the frequency of its use and the
number and types of vehicles using which road wiigrs topic was also discussed from the
perspective of congestion and traffic frequencwydraitilization, peak times, and improvement of
traffic flow.

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

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

Monitoring the traffic of cyclists to raise the skaf modal split cyclists. E.g. systems for coogti
bicycles, traffic flow measurements with smart ceaméhave been discussed.

CO, and energy accounting of traffic: Especially traovs of goods and cargo, but also public
transport and general transport of passengersa3sessment of this need focusses on measurement
of plausible data instead of a model. The stakedrsldnentioned punctual counts of passenger
mobility and the use of telecommunication data &l as google analytics, the Google Mobility
report or traffic models. The example Vorarlbergswaentioned, where a traffic behavior survey
was conducted for the years 2008, 2013, 2017 a8 @fderry, 2024).

The focus area “Infrastructure” covered the follogvtopics:

Detection of infrastructure damages after extrenmemather events, including the mapping of
economic or monetary damage. Another perspectietiManeed to detect and prevent damage at an
early stage, caused by excessive heat.

There is a need to gather information on the theskn density and persistence of snow cover for
winter service and snow clearing units. This cantibd to weather and temperature scenarios
including the local topography.

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

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

Mapping and regularly updating construction sitesoad closures of each kind. This need includes
regular updates on construction progress and camg#i with regulations concerning deposit of
sewage and construction waste.

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

The following table summarises the five prioritgléls, and the key urban challenges identified fostAan
cities based on literature and stakeholder input.

Having established the main urban priorities anguirements from Austrian cities, the next stepas t
examine how current satellite-based applications address these needs. Chapter 5 presents theGkey E
application domains identified in literature andemmational projects, providing a foundation fortaieng

city priorities with usable Earth observation seeé.
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Priority Field Main Challenges Typical EO-based nasé

- Mapping of surface temperatures using EO datadsat,

T o . ECOSTRESS)

:ar:(ziet?ggtczttlrgrs]sairr:dpH;)?ir(]:ltsop:g]cgesf urban heat islarj _ Identification of potential air corridors using3building

- Assessment of thermal comfort and quality of otapodels in combination with land cover and elevattata
: ¢Sentinel-2, LIDAR, DEMs)

(perceived temperature) - Detection of vacant areas through land use ¢lea8on and

- Detection and constant monitoring of vacant areds. . ) - I .

time-series analysis of satellite imagery (chargtection)
- Light pollution
- EO-supported building inventory updates usingtiBeh2

Urban Planning &
Climate

2

- Updating and improving building inventories and LiDAR data

- Detection of thermal energy losses to identify Urban heat loss screening with thermal satelljtes
Buildings & Energy renovation needs (ECOSTRESS, Landsat)

- Assessment of rooftop solar potential, including Roof PV potential assessment combining opticaageny

shading and energy yield and LiDAR for shading analysis

- Monitoring of green roofs - Green roof monitoring using time-series NDVI (Nalised

Difference Vegetation Index) from Sentinel-2
- Updating and improving green space/tiee EO-supported green space/tree inventory updatisg

Green Spaces & inventories Sentinel-2 and LiDAR data
Biodiversity - Efficient and sustainable irrigation management Using time-series NDVI for health monitoring akés for
(smart irrigation) maintenance and irrigation
- Small-scale monitoring of inner-city alr- Validation with satellite data: ECOSTRESS (datlycle),
Natural Hazards temperatures Landsat (long-term dynamics) or by future missiang.
- ldentification of areas where cold air forms TRISHNA, LSTM
- Mass movement - INSAR (Interferometric Synthetic Aperture Radar)

- Monitoring of commuting and traffic patterrjs- Traffic pattern and congestion analysis usindhigsolution
(frequency, types of vehicles, peak times, conge}ti optical imagery and Sentinel-2 time series
- Detection of infrastructure damage after extremePost-event infrastructure damage assessment Gsintinel-

Mobilit P weather events 1 SAR and optical data
Infrastr):Jcture - Mapping and updating construction sites or rgad Construction site and road closure monitoringotigh
closures to support traffic management change detection on optical imagery and aerialgshot

- Monitoring demolition of buildings and brownfield - Identification of brownfield/fallow areas via Higesolution
areas for potential material reuse and urbaoptical images and land-use data to support rewyclind
redevelopment redevelopment initiatives

Table 1: Summary of Priority Fields, Key Urban Chalies 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 dosientified in the scientific literature and imtational
projects on using satellite data for urban decisi@king in the context of climate-resilient citieA.
literature analysis has been conducted, screenittgah of almost 240 relevant projects and pubiicet
from various sources (publication databases, prajatabases, etc.). These were then clustered hend t
topics were visualised in a matrix (Figure 2). Amgdhe sources were the FFG project database vitbus

on the Austrian Space Application Programme (ASAPEe entire database was screened, and the Horizon
Europe project databases were systematically redewhe ESA portfolio was also considered, pardigul

its demonstration projects and thematically reléy@aojects (“Infrastructure & Smart Cities”) whickere
added to the list. Another source was a collecabESA services which are continuously updated as
“living document”. The “Urban EO Service Catalogu&SA, 2025a) lists a total of 17 services on urban
heat (private access [11], public access [6]),688Yises on mapping urban areas (private accessg8]ic
access [8]), and 15 services on air quality (pewatcess [9], public access [6]). Recent activitigginating
from the Horizon project “Space4Cities” (Forum VWim Helsinki, 2025) were also reviewed. At the
beginning of 2025, the project launched a €2.8Tianilcall for proposals, and the winners have n@erb
announced. Ten of the 20 selected consortia will have the opportunity to further develop theiusioins

to common challenges in European cities, suchaasl ftletection, identifying heat islands, reducirafic
emissions, preventing wildfire risks, protectindtatal heritage sites, locating underground pipkée and
monitoring the condition and changes of green spdmédges, and roads. The five best prototypelstieh

be tested in real-life situations in fifteen Eurapecities from July 2026 to February 2027 (Spadtegi
2025).

5.2 Key thematic clusters identified in the literature

The urban planning theme covers projects that devdigital models (e.g. digital twins, 3D modelsy f
analysing urban structures, vegetation areas arth#i properties, and for supporting planning dens

! Details on satellite technology see chapter 6.
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They differ in their specific fields of applicatiopmwhich range from mapping green spaces, analyiag
urban heat island effect and solar potential, imimg urban resilience and adapt to climate change,
optimising urban mobility and parking space uttiisa, to automated mapping of land use and lancicov
(FFG 2026b; ESA, 2026), and supporting visually aingd people in urban areas. Projects in the féld
heat islands deal with the combination of satellitea, meteorological information and climate medal
order to obtain the most up-to-date or real-timetye possible of urban overheating areas (Cure-
Copernicus, n.a; Geoville, 2025; LUP, n.a.; LAND28). Surface temperature maps are created using
satellite data or aerial survey data in order twvigle cities with a basis for decision-making whanning
green and blue infrastructure (Stadt Konstanz, 20@banFootprint, 2026). Covering the building dama
the creation of digital twins is common, both fodividual buildings and for entire neighbourhoods
(Buildspace Project, 2026). Projects adressingrgspaces aim to monitor and optimise green spauwgs a
their ecological functions (biodiversity, coolingtpntial, biotope areas, etc.) (BOKU, 2025; GritiStaau,

20, FFG 2026c¢). One project covering many of thesgects is the Green Transition Information Factory
(GTIF), an ESA initiative designed to demonstrdie added value of EO. The Austrian GTIF currently
covers various narratives tackling the named tolgiesHeat Risk Maps, High-Resolution ForecastSolar
Potential and Extreme Temperature, Brownfield Recp¥otential, Wind Atlas, Urban Energy Performance
Monitor (GTIF Austria, 2026).

In the field of natural hazards, projects focus the early detection, monitoring, documentation and
prediction of specific hazards such as forest fioesflooding, as well as on the creation of dynamic
comprehensive hazard maps. The projects diffeeiimg of the natural hazard they address, suchrgs fi
water or mass movements, the level of detail inath@lysis (from large-scale monitoring to spedifazard
locations such as aquaplaning) and the focus dicapipn (real-time warning, support for authoritjdraffic
safety, dynamic mapping) (FFG, 2026a; Joanneunt;20RG, 2026d).

Figure 2: lllustration of the subject areas narrdwewn into relevance, rural and urban focal po@&IT

Projects in the field of mobility and infrastructuaim to optimise and secure transport systemgremmitor
infrastructure. The applications range from highgsion positioning for accident prevention andteou
optimisation for cyclists to satellite-based dataciof available parking spaces and road conditiong to
space constraints only two of the 22 identifiedjgxts covering mobility are quickly mentioned. His
SatPark is a completed FFG project from 2019 cagegeoreferencing, identification and classificatiaf
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vehicles based on satellite data to enable imprgas#ling space analysis and navigation (FFG, 2026e€)
Secondly, ESERCOM-D is a project concerning the lémentation of satellite-based data to support
greener and smarter road usage, optimise road enaimte, and enhance traffic safety (EU-Project5R02
In addition, solutions are being developed for rilenagement of infrastructure assets such as paves; g
street lighting and dams in order to improve thea@intenance and resilience. In the literature aaly7
projects and services have been identified thatvithén the field of infrastructure monitoring. Fexample,
the FFG project RAVEN developed a radar-technologyed methodology for detecting structural and
ground movement changes in urban buildings, englitmproved monitoring of infrastructure stabilitpda
early warning capabilities (FFG, 2026e).

The literature review confirms a strong alignmeatween international EO-based urban services amd th
needs expressed by Austrian cities, particulariyhi® domains of urban climate, buildings, and ratur
hazards. However, gaps remain regarding spatiablutsn, 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 applicatios

Optical, radar (SAR) and thermal satellite datahepiovide unique strengths and are suited for ipeci
applications. To address the complexity of urbaanping tasks, they are often combined to facilitate
complementary information content, which they pdevi

Due to often limited resources in cities, they neegay attention to costs. Therefore, for urbapliagtions,

it is crucial to distinguish between freely aval@alsatellite data and commercial datasets. Opeasacc
Copernicus missions such as Sentinel-1 SAR andre¢2t optical provide consistent, long-term tinegies

with high temporal coverage, making them well sifer continuous monitoring and trend analysis for
cities. Thermal open access data such as e.g. ERBESS can be applied to assess urban heat dynamics
such as e.g. UHI mapping and heat stress analsisimercial datasets such as Pléiades (Airbus, 2026)
offer very high spatial resolution and are valudiledetailed analyses at building or object lex@le to
higher costs and task-based acquisitions, theyypreally used selectively, complementing freelyaidable

data where finer spatial detail is required.

6.2 Future satellite missions and their potential for uban applications

While these currently operational satellites alyeadovide valuable data for urban applications,eavn
generation of satellite missions, both public ancthmercial, will significantly expand the availabjliof

high-resolution, freely accessible, and near-rigag¢-tEarth observation data. These missions wilViple a

valuable addition to existing satellite missionsgreby offering Austrian cities enhanced capabsitfor

monitoring, analysis, and decision-making. The nmew satellite missions are:

TRISHNA (Thermal InfraRed Imaging Satellite for HigResolution Natural Resource
Assessment): A Frendndian mission scheduled for launch in 2026, TRISHWill provide
thermal data at 57 m resolution, bridging the gapl &entinel-8 LSTM becomes operational. Its
focus on water resources and land surface temperatakes it highly relevant for heat stress
monitoring (CNES/ISRO, 2025).

Sentinel8 LSTM (Land Surface Temperature Monitoring): Plkedirior launch in 2029, LSTM will
deliver land surface temperature data at 30-50swiuton with revisit times of 1-3 days. These EO
data will be crucial for monitoring urban heat rglg, energy efficiency, and climate adaptation
strategies (ESA, 2025b).

ROSEL (Radar Observing System for Europe irband): Expected launch in 2028, ROBHuvill
operate in the Iband, enabling penetration through vegetation doddccover. With 5-10 m
resolution and revisit times of 3-6 days, it wilipport applications such as infrastructure
monitoring, flood risk assessment, and land covemitaring (ESA, 2025b).

NISAR (NASAISRO Synthetic Aperture Radar): already launched2025, NISAR offers
comparable Lband SAR capabilities as ROSE-L, providing earlgess to datasets relevant for
European urban resilience planning (for details B&&SA, 2025).
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FireSat: Developed by the Earth Fire Alliance wgartners including Google Research, FireSat
aims to deliver nearealtime global fire detection with a 2@inute revisit cycle when the full
constellation is operational. The first protofligbdtellite launched in March 2025, and the system
will expand in coming years (Earth Fire Allianc®25).

HotSat Constellation (Satellite Vu): Following théotSatl demonstrator (2023), HotSatand
HotSat3 are planned for launch soon. These satellitesvathonitoring of heat stress and detection
of heat losses in buildings and industrial fa@hti supporting energy efficiency measures in cities
(SatVu, 2025).

CO3D (Constellation Optique 3D): Jointly develogsdCentre national d"études spatiales (CNES)
and Airbus Defence and Space, CO3D was alreadyheaghin 2025, and the commercial phase is
expected to begin in 2027. It will generate higkolution 3D surface models, enabling systematic
urban morphology analysis and supporting spatehmihg. Global coverage is expected within 3-5
years, with annual updates for priority regions ES\2025).

The integration of these missions into Austrianamriplanning frameworks offers several opportunitas
Urban Climate Resilience:

Enhanced monitoring of heat islands, water res@lianed vegetation.

Improved early warning systems for floods and fires

Detailed 3D urban models for infrastructure renitie and redensification strategies.
Support for compliance with EU regulations suchh@sNature Restoration Regulation.

Together, these missions represent a paradigm ishBatellitebased services, enabling cities to access
actionable, highresolution data for climateesilient developments. Combined with existing CGojis
datasets and local geodata, this information falmasackbone of future applications and can notwhbed

into practical services to address municipal ptiesi as presented exemplarily in the next chapter.

7 SERVICE DEVELOPMENT

7.1 Translation of requirements into service concepts

Based on the first Stakeholderworkshop, the consordeveloped over 15 initial service concepts that
directly address the priority fields identified Bustrian cities. The concepts cover a range of mrba
challenges, including climate resilience, energijcieincy in buildings, mobility and infrastructurend
natural hazard monitoring. These concepts werdldescribed with graphical abstracts and evallidye
stakeholders through an online survey providingliieek on relevance, feasibility, and potential ioipa
This participatory approach ensured that the cdscegflect real municipal needs and priorities. For
example, some ideas already highlighted ways toitmomrban heat hotspots or assess rooftop solar
potential — practical services that cities coulgliement. The most promising concepts will be refiine a
second workshop and translated into a roadmapudimg their potential value, feasibility, and resfa
needs. This process ensures that the resultingcesrare actionable, relevant, and ready to supjemition-
making in Austrian cities.

7.2 Legal, regulatory and organizational considerations

Legal, regulatory and organisational aspects playuaial role in determining whether EO-based s®&wi
can be operationally adopted by cities. Rather thetmg as barriers, these framework conditionsndef
boundary conditions that must be systematicallysiw@red during service design, implementation and-
term operation.

Within the Urban Sky project, the legal framewaskprimarily shaped by European and national remguist
governing data protection, data governance, enwigsrial monitoring and the use of geospatial infaiona
A central element is compliance with the GeneralalDRrotection Regulation (GDPR), particularly where
EO-derived data is combined with auxiliary datasbtt could enable the identification of individsiar
sensitive urban patterns. Objects or locationsucagtin very high-resolution imagery that can Inééid to
specific individuals — such as homes, vehiclegstber personal property — constitute personal datier the
GDPR. Although EO data are typically non-persortdwnstream processing, data fusion and spatial
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resolution must be carefully assessed to avoiddntlipersonal data inference. Consequently, privgey
design and data minimisation principles are intetgréhe development of Urban Sky services.

In addition, the regulatory environment for spatlata infrastructures plays a significant role. TREPIRE
Directive (Directive 2007/2/EC) establishes comnstandards for the harmonisation, interoperabilitd a
sharing of geospatial data across public authentighin the European Union.

From an environmental and urban governance pergpeEiO-based services operate within a framewbrk o
sector-specific regulations related to climate #alégn, air quality, land use planning and disasigk
management. In this context, the EU Nature Restord®egulation (Regulation (EU) 2024/1991), which
entered into force in 2024, introduces legally Ioigdtargets for the restoration of degraded ecesyst
including those located in urban and peri-urbams&r®©rganisational considerations are closelytinieed
with the legal framework. The adoption of EO-basedvices requires clear role definitions betweeta da
providers, service operators and municipal end susBesponsibilities related to data stewards, guali
assurance, liability and long-term maintenance rbastontractually defined to ensure sustainability.

In summary, the legal and organisational framewmndvides a structured environment that shapescgervi
development and deployment. By addressing theselitcmms proactively, Urban Sky aims to ensure
regulatory compliance, institutional acceptance &my-term usability of EO-based services for urban
decision-making, thereby supporting their transitfoom pilot applications to operational tools viittcity
administrations.

7.3 Example Services

While this paper focuses on cities needs and theldpment and evaluation of the services, an aizabfs
their potential economic benefits for cities andkeholders will be addressed in follow-up work.
Nevertheless, two example service concepts aréybdiescribed here to provide an idea of the dioect

7.3.1 Heat Dynamics

The service aims at enabling automated recordigaaralysis of spatio-temporal heat dynamics in mirba
areas in Austria. It provides cities with detailedights to assess urban thermal stress and sasves
decision-making aid for urban planning and climatgaptation. The service combines multiple freely
available datasets to ensure accurate and act®onedllts. This includes thermal satellite timaesefrom
ECOSTRESS, TRISHNA, Landsat, and in the future BSAM, calibrated and validated with
meteorological station data from GeoSphere Ausfdaitionally, Sentinel-2 optical imagery, land wata
from zoning plans or the Copernicus Urban Atlasishémagery, and LiDAR-based terrain and vegetatio
models are integrated to capture the urban landsaapletail. By merging these sources, the service
identifies heat hotspots, monitors changes ovee,tiand provides practical guidance for urban plene
aiming to reduce thermal stress.

7.3.2 Remote sensing for the implementation of the ELLMaRestoration Reqgulation in cities

The aim of the service is to assess and supportetsteration of urban ecosystems in Austria based o
satellite remote sensing. The focus is on implemgnArticle 8 of EU Nature Restoration Regulatiom,
particular ensuring "no net loss" of urban greescsg and tree canopy cover by 2030. It integratésphe
freely available datasets to provide accurate anidreable insights. These include Sentinel-2 opticae
series, land use data from zoning plans, the CoperrJrban Atlas, aerial imagery and LIiDAR, and the
LUCAS land cover inventory (Eurostat, 2026). By doning these sources, the service derives ecolbgica
indicators, monitors changes over time, and gupdisning and management decisions for greenerthieal
urban environments.

8 CONCLUSION AND OUTLOOK

Based on the current findings of this study, siéellased EO has strong potential to support ctresheir
way to climate-neutrality by providing consistentiaspatially accurate information for planning, ntoring

and decision-making. Freely available EO data diremable cities to better assess their key clgalesuch
as heat stress, maintaining green infrastruct@tcting natural hazards, identifying buildings aratking
land use changes over time in a transparent anga@aile way.
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A key advantage of satellite data lies in the reatfrthe data itself, which makes it usable by eftakders
from different sectors: Mostly freely available ass, automated and frequent updates, a holistic fv@m
top and the ability to visualise continuous are@his enables satellite data to be applied andsteared to

all fields of application that benefit from changetection and continuous monitoring, spatially and
temporally. Due to changing legislations on momitgprand reporting obligations, satellite data textbgy is
becoming increasingly relevant.

To maximise the user uptake of the ESA Programng (opernicus and Galileo) and address gaps in
spatio-temporal resolution, the project is movimgvards a multi-modal data fusion strategy for the
considered services. This strategy synthesisely famailable Copernicus and Galileo data, as welhan-
remotely sensed data (e.g. socio-economic andAdrommental data), and considers commercial steelli
products. Integrating non-remotely sensed dataserdial, because satellite sensors alone canovtprthe
services needed to adress cities” specific neatl$ing, combining and layering data from multipleis®s
enables the development of services which migldwallo monitor rapid, localised events, that would
otherwise remain undetectable by single-sensofophas or single data sources, and to respond to thea
timely manner.

Using satellite data strengthens transdisciplinagilaboration both horizontally across municipal
departments and vertically between different adstiative units and economic actors. In this contstetrt-
ups and specialised service providers play an itapbrrole as experts in providing satellite data
understanding and following the fast changes is thther young technology. Public administration ca
benefit from the fast advancements of the Eartlemfasion sector in terms of data-based decisionimgak
and completely new perspectives on data collection.

So far, there is still a lack of communication aminmon ground between data providers, researchers a
end users such as in public administration. Thismeethat offered services often do not align wité t
requirements of public administration and are tlogeeless likely to be implemented and a fix comgarof
running systems. For this reason, the Urban Skyegrglays a valuable role in ensuring the prattica
applicability of solutions developed using sateltiata.
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1 ABSTRACT

Community engagement and feedback has often bempoipied as the weakest link in sustainable
neighbourhood transformations. The living lab applohas been known as a promising methodology for
engaging with multi-stakeholder groups in real-ldentexts, yet studies have shown that engagersent i
rarely achieved in practice in many living labs.this paper, we suggest it is helpful to take acess
orientation to cut through the clutter of livingolditerature, focusing on the “how” of establishititying
labs”. We posit that it is most imperative in thi®cess to put people in focus, foregrounding tepecific
needs, interaction, and wellbeing and channellingirt competences and experiences towards urban
regeneration.

Drawing inspiration from the literature that focesen innovation-oriented living labs and based aase
study of organising and leading six living labs émmmunity engagement in social renovation andgner
transition in six European cities from 2022-202%s tpaper will advance a methodology for estabtigha
living lab approach towards community engagementufban regeneration. We suggest focusing on five
phases to get going on the ground with the livedg metworking approach— Scope, Map, Implement,rLear
and Enhance — the S.M.I.L.E. methodology, Whatdsgtaut from prevailing living lab approaches is [gzo
and Map. Scope foregrounds the importance of getheir various roles) and the community. In thist
step, a deep understanding of the citizens and cmityndemographics regards citizens as catalysts of
innovation and that their inputs can lead to battesrmed and robust outcomes in various measunds a
solutions. Map envisions all the actors relevamttie development of the socio-technical solutians
facilitates the possibility to review the congruenaf their interests. Adopting the living lab apgpeb
requires thorough understanding of important attobgectives and drivers, the alignment of operatio
processes, and establishment of open and colldmretiiture. The S.M.I.L.E. methodology provides a
pragmatic point of departure for a living lab fieilor responsible for engagement activities, whetiewly

set up and as an extension of ongoing programmes.

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

INTRODUCTION

Decarbonising the urban built environment requirgegrated innovations and solutions across climate
mitigation, large scale renovation and urban gmgnifo meet the EU’s ambitious climate and energy
efficiency goals, the rate of deep building renawad must increase. In this regard, the interest in
accelerating deep renovations on a neighbourhoatk dtas arisen as the adequate scale to adopt for
essential solutions such as inclusion of renewadiergy resources and decentralisation of energy
production. In other words, going beyond the linatshe single building has become the more efficand
effective unit to work with. However, it has alsedn increasingly recognised that working on thgdar
neighbourhood scale is challenging as it requinésgrated innovations and solutions involving nmiti
actors across different sectors (Sassenou et @4)20ndeed, stakeholder involvement, community
engagement and feedback has often been pinpoistatieaweakest link in sustainable neighbourhood
transformations. Concomitantly, living labs havemé&nown as a means to structure stakeholder aard us
involvement in innovation processes (Leminen eR@ll2, Almirall & Wareham 2011, Rizzo et al. 2021).
However, in the rather young living lab researcimdim, there is no consensus yet regarding supgortin
theories and frameworks. This has resulted in ifpration of projects and approaches carried aten the
‘living lab’ umbrella in a very loose sense thatnst reaping the benefits of a living lab approach
(Schuurman et al. 2013; Veeckman et al. 2013)his paper, we distill our experience from planngig
living labs for community engagement in social neatt@n and energy transition in six European cititde
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suggest it is helpful to take a process orientatbocut through the clutter of living lab literagyifocusing on
the “how” of establishing “living labs” as a proririg platform for engaging with multi-stakeholdeogps
in real-life contexts.

This paper is organised as follows. We start witle\aew of relevant literature to understand thigedent
types of living labs and specifically foregrounce ttype of living lab focused towards multi-staketeol
collaboration and knowledge sharing. We do so tyathe living lab concept to community engagement
efforts within the EU Green Deal project “ARV(https://greendeal-arv.eu/) which aims to demarnstand
validate attractive, resilient, and affordable $ols for a sustainable neighbourhood concept knagn
Climate Positive Circular Communities (CPCCs). Teper asks: How can a living lab approach be
established for varying ambition levels of commuréhgagement, communication and education towards
sustainable neighbourhood transformations? Based eopirical insights from six demonstration
communities with the ARV project, we advance a 4i@se methodology for establishing a living lab
approach towards community engagement for urbaenexgtion. We then discuss the implications of
adopting a process orientation to living labs fsearch and practice before concluding the paper.

2 THEORY

This sections grounds the understanding of thadiVab approach within the living lab literaturefised on
types of living labs, characteristics and outcorhéghlighting the need to establish a better undading of
how to plan and set up living labs in the practsztse. Based on the literature, the first subeseptesents
a living lab typology to help make sense of the ynigipes of living labs out there. Next, we revieslewant
literature looking for key dimensions that mustdiearly defined and planned for when establishitligiag
lab. The third sub-section highlights variationsambition levels in terms of community engagemeiigre
metaphors such as “wheel of participation” havenhgsed to characterise them.

2.1 Types of living labs

The living lab has been conceptualized as an emviemt (Ballon et al., 2005), a methodology or iratamn
approach (Bergvall-Kareborn et al., 2009), an oiggion or an innovation intermediary (Schuurmaralgt
2013), a network (Leminen and Westerlund, 2012, arsystem (ENoLL — https://enoll.org/living-lahs/)
This lack of common consensus makes it difficultativance research focused on living labs. To better
understand the different typologies of living lalas,useful starting point is to distinguish betwebe
American vs. European notion of living labs.

The first use of living labs in its present contiota was in MIT. This American notion of Living Lab
describes a laboratory environment with all faeistof a regular home, optimized for multi-day oultin
week observational studies of single individualsl @onstructed to resemble a ‘real’ home as cloasly
possible (Schuurman et al., 2025). This Americatonoof Living Labs sees the Living Lab concept algr
as a physical research facility that tries to oware the artificial lab-context.

In Europe, the living lab movement has been gaimhagnentum since 2006 with the founding of ENoLL
and the number of living labs has been growing (8aman et al., 2025). The overall aim of the ENad.
an international federation of Living Labs is topport the creation of a dynamic innovation system
throughout Europe. Two types of living labs candiginguished within this European notion: livirgpk
supporting context research and co-creation vedilabs as extensions to testbeds (Fglstad 2@8}he
one hand, living labs supporting context researah G-creation would be based on an identified lerab
and focused on developing a solution in close auiion with end-users, or on the iterative finetgnof
innovative products or services, tapping into theoivative capacity of test-users. On the other hhwvidg
labs as extensions to testbeds describe testbenisdiéed network environments for test and valima) for
e.g. ICT services (see Ballon et al. 2007).

According to Schuurman et al. (2013), a fourth tgbdiving labs can be further distinguished. Tfirsal
type is more focused towards multi-stakeholderatmlration and knowledge sharing, with less emplasis
developing and testing of new technologies ande®pdnd-user involvement. This fourth type of kivlab
are long-term and are intended to involve prolongeghgement with communities.

! 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 promin@pr@ach in sustainable neighbourhood planning and
development, often referred to as urban living labs

Juujarvi and Pesso (2013) distinguish three tydeariban living labs. First, urban areas can serse a
technology-assisted research environments suchthiealiving lab facilitators can collect feedback o
products and services through webpages or sensedbmethods. Second, users can co-create urban
artifacts and local services, such as communalsyagdrden allotments or daycare services. Citizeas
viewed as co-creators who contribute to designing developing local services such as renovation
processes. Third, an urban living lab can devep kinds of urban planning using new tools and gsses

with the engagement of citizens. The goal is tdlifate vision-making of the area and planning @sses,

and increase the access and mutual learning détstéders. In this manner, the urban living lab sarve as

a platform for stakeholders to participate in gghbburhood'’s renovation initiatives and decisiorkimg.

One strand of living lab research positions livildps as a way to address the complex challenges of
sustainable urban transitions and neighbourhooéldgment through citizen engagement. When collgctin
the varieties of living lab definitions, Steen & Waueren (2017) structured them by defining four
dimensions that must be clearly defined and plarfioed/hen establishing an urban LL:

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

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

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

context (a. real-life use context).

In another study, based on empirical research foamliving labs in Belgium and Finland, Veeckméaraé
2013 has discussed the characteristics and outoointigsg labs as a collaborative innovation apgmb and
introduced a living lab pyramid to provide practicaidelines for organising living labs to fostesew-
centred innovations. The living lab pyramid framekvaonsists of three pillars: living lab environnien
living lab approach, and the innovation outcome.il&/lone base of the pyramid anchors the living lab
environment, considering technical infrastructueepsystem approach, level of openness, community,
lifespan, scale, and real-world context, the ottese of the pyramid secures the attention to theglilab
approach, emphasizing evaluation, context reseamchuser roles. The pinnacle of the pyramid addsess
innovation outcomes, linking them to strategic miien, knowledge, resources, and partnerships.

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

Outcomes in the sense of intended outcomes inclumiter knowledge of user wishes and speeding
up and bringing more solutions to market (e.g. Ke&n et al., 2013).

Unintended outcomes may also happen. These inthedabsence of desired outcomes as well as
adverse effects, and both are to a certain extemexted with bad predictability of influences and
processes.

2.3 Mix of ambition levels for community engagement

Leminen et al. (2012) emphasize that living lales @gren-innovation networks. Based on which activedr
the activities, living labs differ from one anothar terms of activities, structure, organizatiomda
coordination (Westerlund & Leminen, 2011). For epéamliving lab activities can be provider-drivermen
the innovation activities of the living lab aim develop a solution for participants or other stakedrs, or
have an educational purpose. Living lab activites also enabler-driven, taking a bottom-up appgroac
when the activities focus on fulfilling the needsadocal community or association like improvirigetiocal
social development where the living lab is located.

Nowadays, the Living Lab approach can be understmdn attempt to bridge the gap between multiple
actors through directly involving them into the pess of developing or transforming an urban
neighbourhood (Steen & Van Bueren, 2017). Howesekey finding of Steen & Van Bueren (2017)'s
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review is that half of the living labs did not dityy involve users, while the other half organised
participation processes. It is apparent that engage is challenging to achieve in practice in méwing
labs. Steen & Van Bueren, (2017) point out thatlgok of participation may be a result of discrepas
between the methods used in practice and the ambitf urban living labs defined in an early phase.

Arnstein’s ladder (1969) conceptualizes public imement in decision-making as a hierarchy rangnognf
nonparticipation to full citizen involvement. Howay studies have also put forth alternative franmég/do
Arnstein's (1969) ladder, such as the wheel oi@pation (Davidson, 1998) as a more appropriateapteor

to deal with different levels of citizen engageméirtie wheel promotes the appropriate level of comityiu
involvement to achieve clear objectives, withouggesting that the aim is always to climb to the ¢dphe
ladder. This wheel metaphor thus beckons the irpod of a mix of engagement levels in living lab
approaches to effectively channel citizens' expess and competences.

Summing up

Taken together, to reap the benefits of living |&s collaboration and knowledge support activitias
systematic process orientation to the living labagpt is required. Living Lab facilitators workimmg the
ground are in need of a simple methodology thptastical and easy to apply. Furthermore, a higjreke of
engagement is not always required to deliver changeesses and implement sustainable solutions. The
transformative potential of an urban living lab @dso be realised with a low level of user involegm As

the literature points out, the ‘higher level of aggment, the better’ is not the aim. Instead, inwe
important to consider the right form of engagenanhe right time. This paper asks: How can a gviab
approach be established for varying ambition lewv&lscommunity engagement, communication and
education towards sustainable neighbourhood tremsfitons?

3 RESEARCH APPROACH

This section outlines the research approach.dased on six living labs for community engagemenu$ed
on deep renovation. We draw on ongoing results fileenEU Green Deal project ‘ARV’ (https://greendeal
arv.eu/) which aims to demonstrate and validateactve, resilient, and affordable solutions for a
sustainable neighbourhood concept known as “ClirRatgtive Circular Communities” (CPCCs).

A CPCC in the ARV project is defined as an urbagaawhich aims to achieve net zero greenhouse gas
emissions, enables energy flexibility, and promatesrcular economy and social sustainability. Tiosel
concept focuses strongly on the interaction anegration between new and regenerated buildingss,use
and energy systems, facilitated by ICT to provideaative, resilient, and affordable solutions étirzens.

3.1 Purposeful sampling

To better understand the task of establishingiagilab approach for community engagement, purpbsef
sampling was relied upon. Purposeful sampling, pectgically criterion sampling, is widely used in
qualitative research for the identification andesébn of information-rich cases related to thermimenon

of interest (Creswell, 2009). A range of diversetstgies that can be used in purposeful sampling in
accordance with different objectives (Palinkasl e2@15).

Two widely used strategies for purposeful samplimgude the identification of unusual phenomenarfro
extreme cases as well as the identification ofepast of variation from heterogeneous cases. A gtiategy
can also include the simplification of the analyaisl the emphasis on similarity from homogeneosesar
convenience sampling that emphasise collectingnmtion from willing participants. While the firsivo
strategies focus on describing the variability spdrsion of values, the third is used primarilyeduce the
range of variation and identify similarities.

In line with this study’s objective of increasingraunderstanding of how to establish a living laipraach
for community engagement, we relied on the thirdtsgy of purposeful sampling. This choice reflemis
aim to deepen insight into the complexities of depimg a living lab approach across the pilot sied to
provide detailed accounts of their contexts, aimesors, and activities. This purposeful samplitigtegy is
particularly interesting where relationships betweetors extend both horizontally, between orgdiara
at the same level in the network context, and e&liyi from state to local stakeholders.

Various activites were carried out to interact, agy and collaborate with the multiple actors in she
demonstration communities in the ARV project dur2@22-2025. These activites include, among other

E REAL CORP 2026:
EVERYBODY PLANS ... SOMETIMES



Caroline Cheng, Judith Thomsen, Anandasivakumar E&eamib

things, stakeholder mapping, one-to-one meetingskstops and events. Actvities conducted in the six
demonstration communities were systematically teggsl in respective living lab logbooks over tharfo
years. Furthermore, the community engagement tediwere described and analysed in reports as afpar
the deliverables for the ARV project.

3.2 Overview of cases

For this study, six pilot sites in different climatones of Europe were used as cases. Within thiddgidon
2020 project ARV, Climate Positive Circular Comntigs were designed and implemented in Oslo
(Norway), Palma de Mallorca (Spain), Karvind (CZagh Utrecht (Netherlands), Trento (ltaly), and
Sgnderborg (Denmark), offering diverse contexts éaamining living lab approaches to community
engagement.

Fig. 1: Map of ARV demonstration sites in Oslo (Nagy Palma de Mallorca (Spain), Karvina (Czechidjetht (Netherlands),
Trento (Italy), and Sgnderborg (Denmark)

4 FINDINGS

In a nutshell, the pilot sites encompass the dgwedmt of a plus energy school and cultural aresafwrmer
industrial site in Oslo, Norway, energy upgradesnofti-family blocks with district heating in Sgnterg,
Denmark, industrialized renovation of social hogsim Utrecht, the Netherlands as well as in Tretitdy,
the transformation of an health care centre intviag lab for CPCC in Karvina, Czechia, and urban
transformation of a city district in Palma de Matla, Spain.

Based on the place-based experiences of estalgliaHining lab approach for community engagemerthen
six pilot sites, we distill the most important asfsethat stand out in its community engagementvides.

CPCC Understanding Defining Goals and| Target groups | What was | Enhance (what to do

Demonstration Site | social contexts and| outcomes (the| to engage learned better next time wrt.

(Neighbourhood) embeddedness innovations) Community
Engagement)

Oslo (Voldslgkka) Location of the Create awareness ardPupils of the| Long Pupils liked
school bridging easj understanding and hengesecondary presentations on contextualized and
and west Oslo; the acceptance and school sustainability playful formats — such ag
need for a non{ maintenance of thesg (Voldslgkka aspects did nof climate bootcamps
homogeneous innovations/solutions school) and thg attract the pupils. | board game co-creation,
facade appearance, BAPV and BIPV culture  school and prototyping — which
and the highly (Voldslgkka helped translate abstract
ambitious  energy Culture Station) concepts into tangible
goal for the building understanding.
building-attached Building
photovoltaic professionals
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note context: regior
that has historically

been built on coal
mining)
Health Centre —as a

“educational
building”

(Note presence o

vocal groups in the
Czech Republic whq

are strongly oppose

to the Green Dea

and related
sustainability topics)

)

as an educational platform

and to stem outflow of
young people

, young citizens,
particularly
pupils aged 14
to 19.

institutional
stakeholders
such as energy
centres, schools|

hospitals, and
public  service
providers.

and sustainability]
and to foster 4
deeper connectior
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

identify potential roles|
for these institutions in
future city projects.

Youth: not  overly
technical tasks
importance of

simplifying the content]
and incorporating morg
creative, hands-or
elements for students t
express their ideas.

(BAPV) and

building-integrated Municipality
photovoltaic (BIPV) planners
panels on the Easi,

West, and South

facades, and on the

roof.

Outdoor stormwate|

solution.

Sonderborg Cost-optimal designTenants’ usage of heating Tenants Engaging Representatives of the
to reduce districtf and radiator thermostats representatives of housing organizatior
heating return| varied very much among residents (Green visited each household tp
temperature from | apartments; activities werg ambas-sadors) t¢ inform and engage the
substation systems initiated to help the tenants help tenants using residents as a substitute
in multi-flat | to operate the radiators in energy soluti-ong for the green ambassador
buildings. an optimal way. properly program.

Utrecht (Overvecht) Social  renovatignThese partners Tenants Multi-disciplinary | To transfer the
process where the simultaneously coordination competence in  thg
tenants are actively implemented interventions Municipality (housing, welfare| housing coorporation
offered help before| to improve the tenants' actors and health| and the collaborative
during, and after] conditions, such as work, workers) reduced mechanisms among thie
renovation. mental support, healthcare, tenant stress ang social partners.

housing, social contacts, prevented social
Diffrent stake-| and  finances.  reducge issues. But, thg In  Overvecht, this
holders were| renovation stress. Helps colla-boraion alignment (multi-
brought together. establish more trust i needed time and disciplinary
institutions and effort, to create a coordination) has since
government in the common become more efficien
neighbourhood. understanding. and has resulted in longd-
term collaboration tha
extends beyond the
social renovation|
projects themselves.

Trento End-users’ Cost optimization of thg Tenants —| Terminology Using familiar means tqg
perspectives  have prefab kit vs. business-as-elderly “indoor comfort” | communicate with
been addressed by |ausual solutions tenants (especially whep
noise and dus By using existing| they are elderly people|
perception campaign communication will be a more effective|
targeting the channels and local way to engage them.
installation of the dialect to
‘Renew Wall’ kit vs. communicate with
ETICS. and engage

residents, the
building manager|
made the residents
to feel more
comfortable and
reassured and to
build trust.

Karvina Renovation off Getting a building ready Centred on| Spark interest in To gather diversg
existing health care for PED development education and the topics of| perspectives on
centre engagement of energy transition| sustainability and

Institutional

stakeholders:  Project
must have  specific
realistic goals,

2 Reducing the district heating return temperaturemfbuildings allows the main district heating netkvto operate with a lower

temperature level, which again allows the distnieating company to utilize energy sources at aldemperature level, enhancing
the utilisation of energy produced by heat-pumpsess heat from factories, cooling applicationgadzntres, etc. In Denmark,
building users are economically rewarded if they peduce the return temperature from their buildibgck to the district heating

network.

Jec
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knowledge on| demonstrate costt
sustainability did| effectiveness, and offer a
not work well. long-term vision.

“The project format”
(empowering pupils tq
shape their learning
experience  and
become co-creators g
the solutions) has bee|
chosen instead of long
lectures.

> —h

Palma (64 homes Attending to the| Affordability Architect and| The construction| Focusing adequately onh
initiative) buildings most in engineer company empowering residents |/
need of renovatior volunteers facilitated  self-| users can be beneficial.
which are often construction
overlooked and no Residents - activities by the
eligible for subsidy. vulnerable residents
segment themselves. Thig
has helped reduce
costs, increase

neighbourhood
involvement and
make viable 4|
project that would
otherwise have|
been
economically
unfeasible.

Table 1: Components for establishing a living laprapch for community engagement

5 DISCUSSION

In this section, we discuss the type of living |#fest best characterise the ARV living labs. Wenpout the
most important components that living lab facitat work with for establishing living lab activiieln our
effort to channel the insights from the empiricadterial into a practical approach supporting comitgun
engagement, communication and education, we advantiee-phase methodology useful for getting
community engagement activities up and running (hdre new and as an extension of ongoing
programmes). At the same time, we also point aatithitations of this methodology.

5.1 Living labs for multi-stakeholder collaboration and knowledge sharing

The ARV living lab activities have been focusedlong-term collaboration and knowledge exchange. The
activities in the Utrecht and Sonderborg demorisinadites are continuing existing programmes, wttitese

of Oslo, Trento, Karvina and Palma are new programhiowever, long-term collaboration and knowledge
exchange is hard to achieve if a living lab is ecbjpased and unless there is a dedicated livihg la
facilitator.

In ARV, we observe that activities already embeddedtakeholders’ established practices evolveequit
differently from those introduced solely througte tproject. For example, Utrecht municipality hadnso
headstart with working with the concept of sociahavation and has collaborated with the housing
associations prior to ARV. It also has the ambittoncontinue this work beyond the project period.
Likewise, Sonderborg housing association has bewkimg to deepen the trust with its tenants. Intcast,
other demonstrations — such as Oslo — set up s#antLiving Lab activities that were created priflyato
meet ARV’s requirements. As a result, sustainingglderm collaboration becomes challenging when
enduring structures and organizational anchorimgnat in place. We also observe that it is challengo
keep focus on the innovation outcomes once engageawagvities take a life on its own.

Initial learnings point to the importance of iddyitig and prioritising the target groups to reach  and
establishing a deep understanding of the sociatestnRegarding target groups, at times, this can b
planned such as the elderly residents in Trento.Padma, the urgency and oppurtunity to reach loata
vulnerable segment of the neighbourhood presemsetf when a building was no longer safe enough for
pedestrians in its vicinity. As for social conteixt,Karvina, the understanding that a sizeable segmof the
population in this region of Czech Republic arerstty opposed to the Green Deal and related suadtitity
topics is indispensable when planning and puttiggther the engagement activities.
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The stakeholders that could make a difference laa@ to be systematically mapped out. In the cése o
Sonderborg, the district heating supplier is andrtgnt actor to enable the ‘aftercooling concegtrking
in conjunction with the housing association.

The living lab facilitator is the instrumental actor sustained interest and coordination of atési A
pragmatic approach to achieve a level of knowlegigghange 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 @agtound realities faced by ARV living labs, we jpose a
five-phase methodology to get community engageraetivities up and running (whether new and as an
extension of ongoing programmes). Community engagens a difficult task, and some tools will be
helpful to living lab facilitators and practitiorger

The diversity of the ARV demonstrations and thenpkd activities across the living labs demanded a
coherent and structured approach for the livingféaliitators, practitioners and the researchesssiown in
Figure 2, a systematic process orientation to didabs can use five phases to get community engagem
activities off the ground— Scope, Map, Implemergain and Enhance — the S.M.I.L.E. methodology. The
idea of the SMILE methodology was developed to rof## project participants of ARV a common
framework recipe for planning the activities, implenting them and reflecting on the results. Buidon

the key dimensions of living labs described by Staed Van Bueren (2017), the S.M.I.L.E. methodology
aims to operationalize these dimensions by progidirmore concrete, step by step roadmap for degjgni
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. methodoltzgseap the benefits of living labs for collabooatiand knowledge support
activities
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Scope: In the first phase, Scope identifies thgetagroups. This foregrounds the users (in theiioua
roles) and the community and focus the attentiothemeeds of the target groups within the commuiit

this first step, a deep understanding of the giszand community demographics is essential to detar
selected target groups as catalysts of innovatimhtlat their inputs can lead to better informed esbust
outcomes in various measures and solutions. Irtiaddpnly when the citizens and the communityrigin

the area has been characterized, the question of mdyy be considered as the under-represented or
vulnerable can then be posed.

Map: In the second phase, Map tries to envisiorthal actors relevant for socio-technical innovatarn
solution in focus. This entails identifying and rpapy out all the actors, their resources and gdaghould
be noted that this is a dynamic picture that need® regularly reviewed. The Map phase then algolves
formulating the goals of the living lab. Based ohieh actor drives the activities (living lab fatdlior), the
activities, structure, organization, and coordimatcan then be outlined. The living lab goals ads a
dependent on the main actor that drives the engaigeactivities.

Map allows the possibility to look at the dynamictpre of relevant actors and the goals of thentiviab,
reviewing their congruence. Afterall, adopting theng labs approach requires thorough understanadin
important actors' objectives and drivers, the afignt of operational processes, and establishmeoper
and collaborative culture (Schaffers and Turkan®d.22.

Implement: In the Implement phase, citizen engageraetivities (information-providing activities vso-
creation activities) are being planned, organised rolled out. Various citizen engagement methaus
digital tools as well as communication channels rbaydeployed associated with the activities. The
important question to keep asking here is: Whotheetarget audience of the activity and which actor
should be involved? How to gather their insightsaals the innovation/solution?

Learn: The Learn phase will be evaluate the engagemctivities, the use of various methods andstool
(considering the innovation outcomes) and derigedas.

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

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

What are the opportunities (and pitfalls) in ustihg various citizen engagement tools for largeescal
renovations and energy transition?

What can be done better in terms of community eegeemnt, communication and education to
increase the awareness and understanding and decegtance and maintenance of these solutions?

5.3 Community engagement for sustainable neighbourhoodransformations — distinct contribution,
limitations and unintended outcomes

Sustainable neighbourhood transformations are teng-initiatives. Working at this larger scale thie
building level means involving multiple urban sthk&lers such as landscape architects, the user
community, making the task more complex and timesooning. Map envisions all the actors relevant for
the development of the socio-technical solutiond fagilitates the possibility to review the congnae of
their interests. Adopting the living lab approadquires thorough understanding of important actors'
objectives and drivers, the alignment of operafigmacesses, and establishment of open and coltier
culture. The S.M.I.LL.E. methodology provides a pnagc point of departure for a living lab facilibat
responsible for engagement activities, whether mewan extension of ongoing programmes, towards
development of innovations and solutions that suppe decarbonisation of the urban built environtne

The S.M.1.L.E. methodology tries to establish @nlgvlab approach that firmly anchors engagemeniaes

in the local environment, considering technicalrasfructure, ecosystem approach, level of openness,
community, lifespan, scale, and real-world contefustainable neighbourhood transformations aral loc
place-based initiatives that require ongoing fomtioh of challenges in its societal context. legrito
address concerns from researchers such as Roaatlg2014) that we should not bracket our reseaffrt
towards only focusing on the solutions and inn@redi while leaving out the context and underlying
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systemic challenges and problems. The task of isafl@ neighbourhood transformations is fraughtiwit
difficulty, and a practical tool like the SMILE nietdology can be helpful to discourage working lnssbut
shape collaboration in a transdisciplinary fashé@noss topics, allowing for adaptability and refilee to

find most effective ways of sharing knowledge, trepawareness and deepening the understanding of
neighbourhood-scale interventions and developments.

The distinct contribution of the S.M.I.L.E. methdalgy is its simple, coherent and structured apgrdaqget

all CPCC living labs going in the 6 demo sites. Midentifying target groups and their needs couplét
mapping relevant stakeholders at its core, the I3.¥. methodology can be considered a vital and
fundamental preparatory measure for sustainabfghbeiirhood transformations. It is particularly sdifor
laying the groundwork for developing CPCCs — plaedgere communities thrive, with low-carbon and
energy-efficient building technologies, human-scatehitecture, nature-based solutions and greem-blu
infrastructure, and inclusive public spaces.

However, a novel concept such as CPCCs is relatdtetnotion that durable change has been achmvgd
when people’s hearts and minds, their values attdrati practices, and the quality of relationshtpsy
have, are transformed. Engagement activites hath baended and unintended outcomes, and the
S.M.I.L.E. methodology can be futher finetuned tidr@ss the absence of desired outcomes as well as
adverse effects.

6 CONCLUDING REMARKS

This paper has advanced a practical five-phaseadelbgy in order to reap the benefits of a liviradp |
approach towards community engagement, communicaiod education for urban regeneration. The
S.M.I.L.E. methodology puts people in focus, fomgrding their specific needs, interaction, and bestig,
channelling their experiences to take positive stegvards acceptance of innovations and solutioaisdan
support the decarbonisation of the urban built emvhent.

As living labs can be broadly interpreted as unigpaces where different types of innovators cagraat
and thus benefit from synergies, diversity and symdlination of ideas, a simple yet practical @es
oriented approach can be useful for getting comtyilerigagement activities off the ground (whethev ne
an extension of ongoing place-based programme$gri@j a means to cut through the clutter of prgjec
and approaches carried out under the ‘living labhbtella, the S.M.I.L.E. methodology is particulashkyited
for living labs focused towards multi-stakeholdeflaboration and knowledge sharing, and for inked
pursuing the neighbourhood scale in deep renovation

6.1 Research implications

Depending on the living lab facilitator who drivéks activities, living labs differ from one anotherterms

of goals, activities, structure, organization, aoedrdination. Deploying engagement methods and teill
have to take this into consideration. Living labiligators and researchers contemplating innovatioented
living labs need to consider the intended inputd aotcomes and reframe their engagement activities
accordingly when relying on the S.M.LL.E. methampl. Varying ambition levels of community
engagement should be set to allocate resourcesdaugly.

6.2 Practical implications

A high degree of citizen engagement is not alwacuired to deliver change processes and implement
sustainable solutions. The transformative potewfign urban built environment can also be realisgd a

low level of user involvement, commensurate with #mbitions set for a particular target groups ltriore
useful to focus on target groups and their neamissider their embeddedness, draw out their expmreand
competences, and allow these to be channelledet@dhio/ technical innovations that support suatdin
neighbourhood transformations. Along this vein binking, the S.M.I.L.E. methodology can easily be
understood and applied by living lab facilitatoredlgractitioners. As the literature points out, thegher
level of engagement, the better" does not always thoe. Instead, it is more important to consither right
form of engagement at the right time for efficialibcation of resources.
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1 ABSTRACT

Despite South Africa’s progressive policy and legige frameworks aimed at transforming human
settlements, the unique spatial, social, and ecandgmamics of rural towns remain largely margised
within mainstream planning discourses. As rural efil@yment gains prominence in national planning
priorities, the question of whether existing paiiand laws effectively support sustainable rucahdmn
settlements becomes critical. This paper contemalsat disconnect exists between the legislativierviand

the practical realities of rural settlement develept. The study aims to systematically examine fsout
Africa’s policy and legislative environment to idd#y gaps, inconsistencies, and biases that hinder
sustainable rural development. The study emplogs BRISMA method, focusing on frameworks such as
Breaking New Ground (BNG), the Integrated Urban &epment Framework (IUDF), the Rural
Development Framework, SPLUMA, and other sectoddicigs and legislation. Findings indicate that mos
frameworks adopt an urban-centric approach, offetimited guidance for rural spatial forms, tenure
arrangements, or informal settlement upgradingnalstowns. Integrated planning is often cited §eidom
achieved due to institutional fragmentation andléguate coordination across governance levels. dtere
rural development strategies lack enforceable 1apatific standards and actionable instruments. pEper
proposes a multi-level governance framework anchorespatial justice, legislative alignment, angaezity
building at local levels. It calls for the localism of planning tools, legal recognition of ruraformality,

and enhanced intergovernmental synergy to ensatertinal towns are not left behind in South Africa’
human settlements agenda.

Keywords: South Africa, governance, human settlésjgolicy implementation, rural towns

2 INTRODUCTION

South Africa’s post-apartheid policy and legislatiarchitecture have evolved with a stated commitrteen
address spatial inequality and to enhance sustairffabman settlements. Since 2004, the Breaking New
Ground (BNG) policy has served as the governmeotsprehensive strategy for sustainable human
settlement development, integrating subsidisedaleand bonded housing with municipal engineedngd
mixed-use development principles. However, critgjuggue that its implementation has been uneven,
particularly in rural settings where small ruraitts face entrenched socio-spatial disadvantagésytbiaal
urban-biased policies struggle to address effdgti{@outh African Government, n.d.). Spatially, tBpatial
Planning and Land Use Management Act (SPLUMA) 1@@I3 provides a unified legislative framework
for spatial planning and land use management a@oath Africa, aiming to redress past imbalancet an
promote social and economic inclusion through dgwelent principles such as spatial justice and
sustainability. SPLUMA mandates wall-to-wall landeuschemes and Spatial Development Frameworks
(SDFs) at the municipal level, requiring integratgmhtial planning that equally considers rural arighn
localities (Republic of South Africa, 2013). At tlsame time, sectoral frameworks such as the Intdjra
Urban Development Framework (IUDF) stress spatiahgformation and integration but are frequently
interpreted through an urban lens, with limitedot@d guidance for rural towns despite acknowleggin
rural-urban interdependencies (Department of Cadpwer Governance and Traditional Affairs [COGTA|],
2022). Despite these progressive frameworks, sogmif limitations persist in how rural settlemeeglities

are incorporated into legislative and policy instants. The limited guidance on rural spatial forteaure
systems under customary authority, and informalleseént upgrading in small towns reflects broader
institutional challenges. Weak intergovernmentadrdmation, capacity constraints at local levelsq éhe
dominance of urban-centred planning paradigms oftedermine meaningful rural integration within
national settlement agendas (IUDF, 2020). Thiseneytherefore, situates South Africa’s human setlets
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legislative frameworks within their historical antktitutional aspects, intending to identify lintitms that
impede the advancement of sustainable human setiterin small rural towns.

3 SYSTEMATIC POLICY AND LEGISLATIVE ANALYSIS

The literature on sustainable rural human settlésném South Africa reveals persistent deficiendies
implementation that destabilize efforts to achiegeitable rural development. A significant themehis
body of work is that historical legacies of segtemg land dispossession, and dualistic spatiahmplay
continue to shape rural settlement dynamics, fieguib structural barriers that current policiesuggle to
overcome. Early analyses of rural development intlséfrica highlighted how apartheid land-use reggm
produced marginalised rural economies and settleipatterns, reinforcing poverty and limited acctss
basic services and opportunities across ruraliloesl These structural factors have been seemeatly as
residual “backlogs” but as deeply embedded socimaaic attributes of rural spaces that requireregtt
sensitive policy frameworks (Makgetla 2010). A giogv body of scholarship stresses that government
planning instruments tend to replicate urban-cemaradigms that are ill-suited to the complexitésural
areas. For example, traditional urban planningstemhbedded in Integrated Development Plans (IDRg$) a
spatial frameworks often assume service delivenfigarations appropriate to urban densities, legdm
strained institutional and fiscal capacities whepli&ed to dispersed rural populations. Linked tis fls the
argument that rural spatial forms are often ignomeddominant planning discourses, which prioritise
densification and economic agglomeration as iflrsettlements were scaled-down versions of urbairee
(South African Local Government Association [SALGARP19).

Figure 1: Review Approach
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Several scholars also note the limitations of stayuplanning instruments in navigating systemiosteaints
such as insecure land tenure and customary landriganwce. While SPLUMA provides a unified spatial
planning framework, its normative principles antlarce on formal land-use schemes have been ailiqu
for insufficiently accounting for rural land tenuineterogeneity, including communal land under traxal
authorities. This tension has significant implioas for sustainable settlement outcomes in rurahso
where customary land rights remain central to $oaiad economic life. In addition, recent research
foregrounds the role of governance pluralism inpgi@ rural development trajectories. Studies adtinga
for frameworks such as the Rural Development ande@mnce Initiative (RDGI) argue that effectivealur
development requires mechanisms that bridge foltoecal government structures and traditional leduprs
systems, recognising that traditional authoritiestinue to wield considerable socio-political irghce in
rural areas. Such work also highlights capacitystaints and role ambiguities that currently lirthie
participation of traditional authorities in formplanning and governance processes (Sebola-Samamnyang
2025). The literature highlights the need to reeptaalise rural development research and prad®eeent
reviews argue for interdisciplinary frameworks tlesigage with rural heterogeneity, spatial justeed
governance dynamics rather than perpetuating sstiglirban—rural dichotomies. Such frameworks am t
better capture setting-specific definitions of alirand integrate place-based development appreaitizd
align policy instruments with lived realities in athrural towns. Overall, these strands of literatu
collectively point to an enduring policy—practicefidit in South Africa’s rural settlement landscape
indicating the need for more adaptiveframeworkadeance sustainable human settlements in rurad.area

4 METHODOLOGY IMPERATIVES

This study employed a systematic qualitative revigpproach to investigate policy and legislative
limitations influencing the development of sustdleahuman settlements in small rural towns in South
Africa. The review was informed by the Preferredp&ting Items for Systematic Reviews and Meta-
Analyses (PRISMA) framework, ensuring transparenoygthodological rigour, and replicability in the
identification, selection, and analysis of sourcAscomprehensive and structured search strategy was
implemented across academic databases, governeyugitories, and policy archives to capture relevan
national legislation, policy instruments, and pemriewed literature relating to human settlemegpstial
planning, and rural development, as shown in Figuréhe inclusion criteria focused on sources that
explicitly engaged with human settlements, spatiahning, land governance, or rural developmenhiwit
the South African setting, while exclusion critefillered out materials that did not address rawrasmall-
town settlement dynamics. The selected documents wealysed using thematic content analysis, with
attention given to policy objectives, underlyingasal assumptions, implementation mechanisms, and
governance arrangements. Essential national framkswoncluding Breaking New Ground, the Integrated
Urban Development Framework, the Rural Developrir@amework, and the Spatial Planning and Land Use
Management Act (SPLUMA), were examined comparafivtel evaluate their coherence, alignment, and
applicability to rural settings. This methodolodiepproach was well-suited to interrogating a caxr@nd
fragmented policy landscape and enabled the syiatbénsights that underpin a practical, policyeoted
framework for advancing sustainable human settl¢mevelopment in small rural towns.

Figure 2: Publication Trend
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5 ANALYSIS AND DISCUSSION

This section presents the results of the bibliomednalysis, highlighting publication trends, doam
themes, and patterns of collaboration related stasnable human settlements. The analysis provickght
into the conceptual focus and knowledge limitatiaiithin the literature, particularly in relation taral and
small-town settuings.

Figure 2 demonstrates a marked and acceleratingage in scholarly output on sustainable human
settlements from 2016—-2026, with particularly sgragrowth after 2020. This rise coincides with readw
global and national attention to sustainabilityatsgd justice, and post-COVID development challenge
especially in the Global South (UN-Habitat, 2026)owever, while the quantity of publications has
increased, the findings of this review suggest thedl towns remain conceptually peripheral withiach of

this literature. Many studies framed under “susthia development” or “human settlements” continoe t
privilege metropolitan, peri-urban, or informal arbsettlements, often treating rural towns as itianal or
residual spaces rather than as distinct settleragsitems. This pattern mirrors South Africa’s policy
trajectory. Despite progressive post-apartheid rme$op such as Breaking New Ground (BNG) and the
Integrated Urban Development Framework (IUDF), @okttention remains largely urban-centric, withatu
towns frequently subsumed under broader rural dewaént narratives or secondary cities, rather than
addressed through tailored settlement frameworks.

Figure 3: Keywords

Figure 3 provides a keyword co-occurrence netwoffering important insights into the dominant theima
orientations shaping scholarly debates. The highklytral keywords such as urban development, informa
settlement(s), housing, and sustainable developmgygest that the literature is primarily anchdredrban
theory and practice, even when rural areas aremalyiincluded. Informal settlements emerge asitecal
concern, yet they are most often discussed withatropolitan upgrading paradigms, drawing on urban
policy tools that are ill-suited to rural spatiakiins. This aligns with the study’s finding thatdnality in
rural towns is poorly recognised in law and poli&vidence from South African perspectives further
indicates that effective settlement upgrading ddpemn legislative flexibility, strong community
participation, and secure tenure arrangementseradiman solely on formal housing delivery models
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(Mndzebele & Gumbo, 2023). Instruments such as I®RAURepublic of South Africa, 2013) provide
procedural guidance for land-use management butofaidequately address customary tenure, hybnd-la
administration systems, or dispersed settlemetgqoatcommon in rural towns.

Keywords such as rural development, small towrelilnood, rural population, and rural transformation
appear less central and more weakly connectedniitte network. This reflects a broader tendendyaithn
scholarship and policy to treat rural towns as supppaces for urban economies, rather than as aite
autonomous development with distinct governandeastructure, and tenure challenges. Notably, prann
practice appears weakly linked, suggesting a gergisleficit between policy rhetoric and implemeiota
capacity. While integrated planning is repeatetiigssed in frameworks such as the National Devedopm
Plan (NDP) and IUDF, empirical studies show thaakmunicipalities often lack the institutional ey,
financial resources, and technical expertise toaimmalise these ambitions.

Figure 4: Countries

Figure 4 reveals the country co-authorship netwarkvhich South Africa occupies a dominant central
position, strongly connected to the United Kingdang United States, Germany, and Sweden. Thisctefle
South Africa’s role as both a policy laboratory amdocal point for Global South urban and settleimen
research. While international collaboration hasioled the theoretical depth of South African plaugni
scholarship, the findings suggest a continuednmedéiaon Global North planning paradigms, particylénbse
rooted in urban sustainability, compact city modelad formalised land markets. This has important
implications for rural towns. Planning approacheported from urban or international contexts ofhto
accommodate:

communal and customary land tenure systems;
seasonal and livelihood-based settlement patterns;
incremental and self-built housing processes oatiidnal subsidy regimes.

As a result, rural towns remain legally and ingiitoially misaligned with the planning tools intedd&
guide their development.

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

This section converts the study’s analytical figdinnto practical policy and planning recommendgio

intended to enhance sustainable human settlemeatogenent in small rural towns. The recommendations
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are presented as an applied framework designedoimgbe legislative coherence, improve institutional
coordination, and enable implementation acrosewifft levels of governance.

Table 1: Institutional Framework for Sustainabla@®$ettlement Development (IFSRSD)
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1 ABSTRACT

A major challenge in promoting sustainable mobitighavior in rural areas is the spatial structitapping
and modelling the causal interactions between ig®]- mobility behavior, and local accessibility is
associated with considerable methodolgical complexhccessibility analyses have to be linked with
tangible applications in order to generate reakddehlue for land-use planning. In the project mow@Re,
an approach was developed, building on curreneirebeand practical findings, to use accessibilitglgses
effectively in advising rural municipalities on luse planning..

Empirical evidence shows that structural parametect as residential density, mixed land use, adubty

to public transport, and proximity to essentialvmas strongly influence travel behavior. Areashwiigher
density, diverse land use, and efficient publioggort connections exhibit lower car ownership gaad
higher shares of walking, cycling, and public tg@or$ use. Longitudinal and quasi-experimental ssidi
indicate that changes in the built environment cansally affect mobility behavior, although theemttof
these effects is moderated by self-selection psasgswhereby individuals choose residential looatio
aligned with their pre-existing mobility preferescerhis poses challenges for researchers and panne
seeking to disentangle causality from selectioa@$.

To address these challenges, the project move.nu@RReoped a multimethodological toolbox designed to
support rural municipalities in evaluating and patimg sustainable mobility within the land-use piany
process. The aim of the toolbox is to provide ardifically grounded impact assessment. This esable
municipalities to identify potential traffic-relateeffects of residential developments already & darly
stages of the planning process and to develop esgdbased strategies to support the sustainabldityiol
residents. On this basis, site-specific solutioas be developed to promote sustainable mobilityic{Po
interventions can support sustainable mobility digio “pull measures” that enhance the attractiveiogss
environmentally friendly transport modes, as wall“push measures” that limit car dependency, sich a
parking management or restricted vehicle access.

The toolbox employs two primary indicators to ewau the sustainability of the mobility in planned
residential developments: traffic-related greenbogms emissions and the provided accessibility for
residents. Greenhouse gas emissions quantify thlegecal impact of transport demand generated ley th
development area, representing the environmentahdary of sustainability. Accessibility measures th
ability of residents to reach essential destinatisnch as supermarkets, schools, healthcare preyiaied
public transport nodes within a defined travel timeflecting the social needs dimension of sustdaa
mobility. Accessibility analyses within the regiossd municipalities of the project area are conellictsing
weighted destination categories and isochronesdb@sehe concept of “15-minute city” and transfegrits
ideas and applications to a “15-minute rural regidime project’s core structure allows the analysithese
cities these “smaller” cities and municipalities faral regions and explore different use-cases for
accessibility analyses.

Keywords: toolbox, accessibility, sustainable mitgirural areas, land-use planning

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

The development of mobility and built environmentrural areas can be described as a “vicious Eircle
Since the mid-20th century, the increasing prevadenf the automobile and the expansion of car-tegkn
infrastructure have promoted an increasingly spregvkettlement structure. This leads to longerydalil
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journeys and increased traffic volumes. In ordecdwer longer trip distances, many people rely ast f
modes of transport, especially private cars, winighforces car dependency. Increased travel speddse
sensitivity to distances, leading to the acceptasfclnger journeys and inducing additional caeated
traffic flows. This in turn encourages people tmate more distant residential locations and exatesb
urban sprawl. In such structures, residents areiljedependent on motorised individual transport an
generate comparatively high greenhouse gas emss¢idolz-Rau and Scheiner 2019; Jarass 2018). This
process has not only ecological but also socialigations: public services are often only accessiy car,
which places a financial burden particulary on imeeme households and limits the social partiogpeof
people without access to a private car.

It is widely accepted in the literature that théleenent structure plays a significant role in shgpmobility
behaviour of the residents and hence changes irsghéial structure can lead to changes in mobility
behaviour and promote sustainable mobility (Plaometat 2012; Holz-Rau and Scheiner 2019).Many
authors assume that the mobility behaviour of el differs depending on various built environment
characteristics. Above all, constraints such aisleasial location, mixed land use, degree of irgign into
the existing road network, accessibility of dailiptdestinations and developments in locations \gitlod
public transport connections can influence the titghbibehaviour of residents. This is reflected ower
motorisation rates and a high proportion of envigatally-friendly transport modes in settlementalibans
with good public transport infrastructure, sharggyvices and accessibility to daily destinatioree (also
Beckmann 2020). However, it should not be overlookkat individual parameters such as socio-
demographic factors, lifestyles and mobility styles well as other structural parameters such as th
transport system, also play an important role iapghg mobility behaviour and must therefore not be
ignored (Beckmann 2020; Holz-Rau and Scheiner 20d:3ss 2018).

A study by Christiansen et al. (2017) from Norwayhich focuses on commuting, shows that parking
availability at work and at home has a significarftuence on the choice of transport. The longex th
walking distance to parking at home, or if thered@sfixed parking space at the workplace the |dsdyi
commuters choose the car as their mode of transphig effect is even more pronounced when thezenar
parking facilities at the workplace. A combinatiohlimited supply and additional parking fees preve be
particularly effective.

Naess (2011) examined the modal split of commuteimnier-city development projects (“new urbanism
development”) compared to conventional suburbsan@r, USA. The results show that, in addition@a-n
spatial parameters such as transit pass ownerslips@acio-demographic factors, the availability oéef
parking at the destination is also correlated Withchoice of transport mode.

Schwarze et al. (2025) demonstrate in their emgdistudy in Germany that walking distance to evayyd
trip destinations significantly increases the pmtipa of walking, cycling and public transport usehile
reducing car use and the household motorisatioeldeWultiple motorisation of households is alsesle
common in residential areas which offer good l@aessibility. Interestingly, households in suatatmns
travel more frequently, but their journeys are goon average.

The longitudinal study by Bauer et al. (2005) exaasi the mobility behaviour of households before and
after moving within the region of Dresden and shakat moving from the city centre to the surrougdin
area is often associated with an increase in nsaton level. This study also emphasises the rbleap
orientation in residential location preferences,tlsat moving from the city centre to a more periphe
location both requires and promotes car orientation

Another study by Bauer et al. (2022) examines tifeience of mobility concepts in car-reduced new
neighbourhoods of Germany on the mobility behavimfuiesidents. The results show a decline in tlgrate

of motorisation after moving, with less use of pi# cars in favour of public transport. In addititme use

of car sharing has increased after moving to neghbeurhoods.

A central question in the discussion on the int@vacbetween settlement structure and mobility beha
concerns, whether observed correlations are causahether they result primarily from processeseif-
selection. This means that people consciously ehplaces to live that correspond to their existimapility
behaviour or mobility preferences (Scheiner andzHRdu 2007; Bruns 2014; Van de Coevering et al8201
Several studies therefore question the thesis lihdt environment characteristics alone shape ntgbil
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behaviour. Bagley and Mokhtarian (2002), for examgmphasise that the influence of built environtmen
characteristics is often overestimated in compariscsocio-demographic variables and lifestyles.

Various methodological approaches have been deseltp address the question of causality. Vance and
Hedel (2007), for example, analyse variables thatetate with the urban form but are not directlyrelated
with mobility decisions.

Studies that use longitudinal approach to exammgséholds before and after a move have been able to
demonstrate a causal influence of settlement streathanges on mobility behaviour in some cases. A
particularly illustrative example is provided byettudy by Cao et al. (2019) from Norway, whichsuae
hybrid method combining a quasi-longitudinal appfoand qualitative analysis in the form of intewse

One interviewee reported that after moving frono@ation close to the city centre to a peripherahtion,

she purchased a car, even though she had hadembiant of buying a car before the move. The redeon
this decision was that everyday trips were no lofigasible by public transport. This qualitativesebvation
supports the assumption that the change in molétyaviour was a consequence of the residentiatitot

and the built environment characteristics at the pkce of residence and not an expression of xistieg
mobility preferences in the sense of self-selectien choosing a place to live.

Robert Cervero (2017) argues that sustainable ihpliépends less on increasing the speed of trawvel
more on improving accessibility and the ability f@ople to reach jobs, services, and daily neduseeftly.
This shift places land-use planning at the coregasfsportation policy. Rather than expanding rogitvarks

to ease congestion, Cervero advocates for compaxgd-use, and transit-oriented development padtern
that reduce travel distances and automobile depeaddy aligning urban form with high-quality publi
transit, walkability, and cycling infrastructureities can lower greenhouse gas emissions, improxdic
health, and advance social equity. Sustainable lityolsi achieved not simply through cleaner vehsclbut
through reshaping urban development to prioritizeimnity, 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 andsségction there is a broad consensus that batisport
mode choice and travel distances vary dependintherbuilt environment characteristics and the apati
context (Jarass 2018; Scheiner 2009). Integrated-dae and transport planning is therefore an itapor
planning approach, particularly with regard to emguthat everyday destinations can be reachedowith
private car and creating a healthy and liveableireninent (Holz-Rau and Scheiner 2019). Transport
planning based on the principles of integrated Jasel development forms the basis for promoting
sustainable mobility behaviour. Only where suitalidailt environment structures and appropriate
infrastructure conditions are in place do resideatsially have the opportunity to adapt their miopil
behaviour in favour of environmentally friendly mesdof transport.

At the same time, implementing appropriate measwash as increasing density and mixed land use,
improving access to public transport stops or rigésy public spaces, often involves consideraiohe tand
financial expenditure once a settlement is devalopéis makes it all the more important to consithese
aspects at an early stage when planning new settlismNevertheless, existing areas also offerioestope

for action. The expansion of infrastructure for #gendly transport (e.g. through bicycle and pe¢das
infrastructure, better public transport connectjomsd supplementary measures such as mobility bubs
parking management can provide behavioural incestiv

The spatial planning system in Germany shapes tiiedénvironment through a two-stage system of lloca
spatial development planning comprising preparatamg-use plan (Flachennutzungsplan) and bindind-la
use plan (Bebauungsplan). Preparatory land-uses mlafine the intended types of land use for théeent
municipal territory in accordance with proposed amwrbdevelopment strategies, aiming to address the
anticipated needs of the municipality over oftetten- to fifteen-year period. These plans provide th
overarching framework and serve as the foundat@nbfnding land-use plans. Binding land-use plans
constitute the principal instrument for implemengtiecal government planning. They are developeadbas
on the preparatory plans and contain legally biggirovisions that guide and regulate urban devedsm
patterns, including the use of land for developnaamt other purposes.

Both types of plans regulate a wide range of meastrat influence the mobility behaviour trough gt
environment. For example, the preparatory land plaas affect future traffic volumes, in particully
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specifying development sites and their integrafitto existing infrastructure. A compact, short-diste-
oriented settlement structure and the concentratiorew developments along high-capacity publiogpeort
corridors can significantly enhance the attractessnof sustainable modes of transport (SRL-FMV \vigrk
Group 2020).

Binding land-use plans adapt these objectives ¢al loonditions and have a direct impact on acciisgib
and mobility behaviour through regulations on dignamnixed land use and the design of public spaces.
Requirements for transport facilities such as egplnd pedestrian infrastructures, bicycle parkaugities

or car-parking regulations create the structurald@tons for sustainable everyday mobility (SRL-FMV
Working Group 2020). Once settlement structureeHzeen established, they play a formative roléhén t
mobility behaviour of residents for many years. darse planning therefore offers a fundamental
opportunity to shape mobility behaviour in the ldagn and create the basis for sustainable mobility

Mobility impact assessments for spatial developnmahs have become increasingly common in recent
years, they are often limited to estimating caffitravolumes for the purpose of designing transport
infrastructure. Assessing whether an urban devetoprplan promotes or enables sustainable mobility
behaviour in the long term is rarely the focus ohgsideration. The move.mORe project is an IHS-fdnde
transfer project of the Karlsruhe university of kg science and Offenburg university of applietesce.
(IHS - Innovative Hochschule is a federal-statdidtive designed to promote research-based ideas,
knowledge and technology transfer).The work packagegion of Short Distances” focuses on the
development of a practical toolbox that can be usealssess the extent to which specific measurédseat
urban land-use planning level will contribute te tthevelopment of sustainable mobility in the futurbe
toolbox builds on existing methodological approa;hehich have been systematically combined as &-mul
method approach in the project context, furtherettgyed and adapted to the specific conditions odlru
areas. The adaptation to rural conditions inclutlesuse of data from rural sites as well as thegdes the
toolbox for application in small not specializedinamhstrations. The aim of the toolbox is to provide
scientifically based impact assessment to suppanticipalities in rural areas in promoting sustaieab
mobility. This enables local authorities to ideyptithe potential transport impacts of planned radidé
developments at an early stage of urban land-umenpig and, if necessary, to take countermeastiras a
early stage. On this basis, area-specific measarebe 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 thicrimpacts of residential developments is predd
which served as the basis for the development @ftdlblbox's multi-method approach. These approaches
either enable an overall assessment of the plarterins of their sustainability or focus on individu
planning measures and estimate their specifiad¢rafipacts.

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

The Climate Mobility Competence Network (KKM) supfs local authorities in promoting climate-friend!
transport planning in state of Baden-Wrttembergrn@ny. It offers local authorities “guidance anldiae
on possible courses of action, contact persons fanding opportunities” (https://www.klimaschutz-
bewegt.de/anlaufstelle/).

One of the KKM's tools is a checklist for the gtatlive assessment of climate protection in trartspithin
the framework of binding land-use plan procedufég aim of this checklist is to support local auites in
avoiding traffic, expanding sustainable transpad strengthening climate-neutral modes of transport

The checklist takes into account transport-relagpects that can be specified in a binding landplese.
These include, for example, the location and dgrdidevelopment, the network of bicycle and peust
paths, public transport services, mobility hubs gatking management. In addition, supplementary
measures that can positively influence mobilitydgbur in terms of climate protection are also ddeied.
These can be agreed upon in urban developmentactsite.g. car-sharing services, parking manageanent
mobility consulting services.
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The checklist can be applied to development ar€aasalysed using a qualitative evaluation systenis T
makes it possible to assess the extent to whiclpldmned measures of a development area contribute
climate protection. The great advantage of thi$ imis user-friendliness, which allows local antities to
easily obtain a comprehensive overview of posspkxifications for promoting climate-friendly matyil

4.2 Method for estimating the car ownership in neighbothoods

The study “Parking space allocation and mobilityhaepts in residential development” by the Technical
University of Hamburg, funded by the “Lebendige ddtdoundation, uses a statistical method to egéma
car ownership in residential areas and determigentttessary parking space requirements (Tahed)).2021
The investigations are based on approximately @ighthourhoods in the two major cities of Hamburd an
Osnabrtick in Germany and focus on the questionha¢twspatial and socio-structural parameters imitge
car ownership. A small-scale neighbourhood-levelysis is applied.

The identified factors influencing car ownershigta neighbourhood level include: Population dgnaitd
proportion of residential use in the area, walkgigtance to local amenities, level of mixed lan&,us
walking distance to bus stops and their servicgueacy, walking distance to S-Bahn stations and the
service frequency, public transport travel timethe city centre, household size or apartment simd a
houshold income.

Based on the assumption that the availability akipg spaces can influence mobility behaviour and,
particular, car use by residents, the underlyingr@gch emphasises the importance of carefully ohééng
the number of parking spaces required in the comtierrban land-use planning. The aim is to contetto
the promotion of sustainable mobility behavioumtigh conscious control of parking space availgbilih
this context, it is emphasised that the decisiothennumber of parking spaces to be actually reglaust
always be made in the context of the conflictinigliests of space availability, costs, requireméortpublic
space and the goals of the mobility transition. €sémation of car ownership serves as a methodazbg
basis. According to Tahedl (2021) it must be deteech on a case-by-case basis how many of the feiexta
vehicles should be allocated parking spaces andh&d extent alternative mobility options can besidered
as compensation.

Since the underlying factors are based on empidatd from large cities, the method is suitableuse in
metropolitan areas as well as medium-sized andl sitigls (Tahed| 2021). For application in ruramesl-
sized municipalities, however, context-specificustiinents of the parameters are necessary.

4.3 Elasticity models for mode choice

Transport mode choice models based on elasti@tietyse how much the demand for a particular mdde o
transport changes when travel time or travel cosgsige as a result of supply adjustments. Thefibrer
enable an assessment of the extent to which meathateinfluence travel time or travel costs caange the
probability of choosing a particular mode of tramspExamples of such models are the elasticity ehémt
transport mode choice for regional routes in Switael developed by ETH Zurich (Vrtic and Axhausen
2000) and the standardised evaluation frameworktriorsport infrastructure investments in local jpubl
transport, which is developed based on the empuleia in Germany (Intraplan 2016).

A disadvantage of these statistical models is thay can only take into account measures that en b
quantified in terms of changes in time or cost.aldition, spatial conditions and socio-demographic
characteristics have a considerable influence astielty. As a result, the elasticity values deteed vary
considerably between different studies. As Vrtid &xhausen (2000) emphasise, the transfer of surem
parameters only makes sense under clearly definaditions and for comparable supply and demand
conditions.

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

The German tool for estimating traffic volume thgbwrban land-use planning projects (Ver_Bau) setwe
estimate the traffic impact of planned developmprtjects within the framework of urban land-use
planning. The tool enables a forecast of futurffitraolume based on empirical values and datdakes
into account different types of areas such as eesial, mixed land use, commercial and specialsaraa
well as large-scale retail facilities.(Bosserhaftla/ogt 2007).

REAL CORP 2026 Proceedings/Tagungsband Editors: M. Schrenk, C. Beyer, T. Popovich, J. RyBe Mawlood @_
23-25 March 2026 — https://www.corp.at ISBN 978-3-9504945-5-6



A Toolbox to Analyse Sustainable Mobility in Lands& Planning Processes: Methodological ChallengesAgmuioaches for
Residential Developments in Rural Areas

The tool consists of two parts. In the first paéine structural variables and demand groups of thened
project are estimated on the basis of typical lasel parameters (e.g. population density). Basdflisnthe
expected traffic volume in the area is determimed second step. Based on these values, othec-taltited
indicators such as modal split, travel frequenayndstic traffic shares, car occupancy rates andalyhou
shares in car traffic can be estimated (Bossedmutf\VVogt 2007).

While the tool can reliably predict the numbernghs within an area, it has shortcomings in itseasment of
the mode share and can only provide rough estimtesrder to account for the existing uncertaiinty
traffic generation forecasts, the results are giesnranges. A major advantage of the tool is the
comparatively low time required, as the calculadiane based on established parameters. Anotheation

of the tool is the relatively rough estimate officavolume, as location-specific influencing factcare only
taken into account to a limited extent. In partacyltraffic-influencing factors such as the the migb
concept of the development area, measures to peoemtironmentally-friendly transport or connectidas
public transport are not taken into account.

4.5 Transfer of experience from case studies

As the above approaches are often based on stadigban areas, their transferability to rural exts is
limited. In addition, many statistical approachesvén difficulties in reflecting the complexity of ale
conditions in rural areas. Comparing the study angiarelevant case studies can provide additiamaghts
into the actual effects of planned measures.

However, analysing case studies presents seveatlehes. For example it is often difficult to idiéy
comparable areas with similar conditions. Thisastipularly true in the case of new or innovativeasures
that have so far only been implemented in a fevegaespecially in rural communities. In additiome t
quantitative transferability of the observed effe problematic, as they are highly context-depahd
Another methodological disadvantage is that, in-weald planning processes, individual measures are
rarely implemented in isolation. Instead, bundlemeasures are usually implemented, the effectghath
influence and overlap with each other. It is therefdifficult to attribute the effects of individumeasures
within such a package to a specific cause. Foretiheasons, the uncertainty of assessments baseasen
studies is high.

5 TOOLBOX FOR LAND-USE PLANNING AND SUSTAINABLE MOBIL ITY

Despite the diverse approaches presented above,dhelimitations to the evaluation of transpoeasures

in spatial development processes. These weaknassgsarticularly evident in the analysis of moilib
rural areas. Most existing approaches are primggBred towards urban contexts and can only beealpol
rural structures to a limited extent. In addititiney often focus on regional and community scaldsle
small-scale effects, for example at the neighboodhievel, have hardly been investigated to datee Th
developed toolbox addresses the limitations of iptess assessment approaches. It aims to minimise the
uncertainties existing in previous approaches wdilehe same time making targeted use of theirmpiate
The toolbox integrates tried and tested elements the existing approaches. So the multi-methacttire

of the Klima Mobil competence network checklistused to structure the scope of the study, while the
Ver_Bau tool is used as the data basis. Other apbes are used to assess the transport impagisafic
measures. The toolbox uses data from a compreleelitg@vature review on the transport impacts ofaarb
land-use planning. In addition, data on mobilityumal areas from Mobility in Germany (nationwidegey

of mobility behaviour: https://www.mobilitaet-in-deschland.de ) is used as a reference value.

5.1 Understanding and indicators Sustainable mobility

In order to assess the contribution of land-usarpiey to sustainable mobility, two indicators ased:
accessibility and traffic-related greenhouse gais&ons. These indicators are based on the undemstpof
sustainability (Ott and D0Oring 2011) and the déiom of sustainable mobility: enabling society ttisfy
basic mobility needs while ensuring safety, heatte, functioning of ecosystems and justice withimd a
between generations (Gerlach et al. 2015; Eckaat. &020). In this context, “transport-relatedegreouse
gas emissions” (GHG emissions) represent the eiwallbgpper limit of sustainable mobility (other gdse
ecological issues include air pollutants, noisesgstem protection, water and resource consumptidrie
the indicator “accessibility” marks the minimum sddimit (other social issues include road safetgset
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maintenance and fairness), thus reflecting thechaséd for mobility. The scope for planning susible
mobility is within these two limits. The followingection describes the structure of the toolbox vtithwo
strands: determining transport-related GHG emissiand the accessibility of the development area (se
Figure 1).

5.2 Input values for the assessment

The toolbox is based on a list of measures thatente traffic and can be influenced within thenfeavork

of German land-use planning. The toolbox is pritgdrased on the provisions of the German Buildingl€
and the checklist of the Klima Mobil competencewwk. The measures considered were verified by an
internal expert panel. The measures taken intoumtcmclude: walking time to the car-parking spate
home, walking travel time to the bus station froomie, mixed land use, density, distance to theaatyter
and to local amenities e.g.

The toolbox takes into account area-specific inpsteh as the planned number of residential utfits,
population of the municipality or the spatial typgy according to the seven categories of RegioStaR
(regional statistical spatial typology of the Genriaderal ministery of transport for mobility ardnsport
research). The input values required for the catmrs are based either on data from the natianakey
Mobility in Germany (https://www.mobilitaet-in-desghland.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 theaich of planning on sustainability, as it has anificant
influence on transport-related greenhouse gas &mgssDue to the inherent uncertainties of such
assessments, the results are presented as ramgekwler end of the range reflects the more consier/
estimates, while the upper end represents the omimmistic effects. The impact of measures in tpatisl
development plan on the modal split is estimatedtten basis of up to three different methodological
approaches: car ownership models, time elasticigets or empirically based case studies. The appesa
selected are those that are technically suitabblagsessing the measure under consideration.

Within the framework of land-use planning, decisi@bout walking time to the car-parking space aédo
and walking travel time to the bus station from leoare made. Measures such as the location of public
transport stops, the location of parking spaces,nixed land use and accessibility of everyday atiesn
have a significant influence on mobility behavioingcluding the choice of transport mode. The time
elasticity model is used to assess these consesgmiemt the modal split. Region-specific boundary
conditions that influence elasticity are taken iabzount when selecting elasticity values.
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For measures that influence car ownership, the cagpr used to estimate the number of cars in
neighbourhoods is applied. To ensure a more accuegresentation of rural communities, the moded wa
adjusted based on available published data. Dlnited data availability, additional surveys atarmed.

The case study approach draws on a pool of empgiamples from the literature research and previou
surveys. Suitable case studies are selected basttk aneasures and context. A forecast for theentisge
study area is created based on the relative chantdpe modal split in the selected case study. dlibate
the estimated modal split values, these are cordpaith empirical data from the project and from\po&s
research in order to refine them and make the &stsanore realistic.

5.4 Greenhouse gas emissions

Based on the estimated range of the modal spéitnttimber and length of trips for each mode of {rarts
and mode-specific emission factors, the greenhgaseemissions caused by traffic in the developraszd
are calculated on an annual basis. A distinctiomasle between the emission factors for conventiandl
electric cars. The result is presented as an itaticd sustainable mobility in terms of the GHG ssibns
generated by the development area. In order teatethe uncertainties of such a forecast, the tesue
presented as a range, with the lower end of thgeragpresenting the more conservative values (whilth
be achieved with a higher certainty), while the emppend represents the possible effects. In addlition
qualitative information are provided on the corai8 under which the upper or lower end of the razage
be expected. It should be noted that the influexigesidential self-selection is not taken into@eott in the
toolbox assessments. This methodological limitatian lead to an overestimation of causal relatimssh
between built environemnt and mobility behaviouccérdingly, a reflective interpretation of the ri¢gsun
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 ofdldevelopment area is analysed. This is basedeoaaificept

of travel time budget indicators for accessibiliyhich describes how many activities can be readiyed
means of transport within a certain travel timeh{@arze 2005). A comprehensive list, containing 24
different everyday activities, is used as a guidelfor measuring accessibility (Schwarze 2025).s&he
activities are categorized into four major dimensiosupply, healthcare, education and leisure. &hes
dimensions split into detailed categories like leveschools, different services and types of mtewk&he
toolbox focuses on six categories of everyday #digs: supermarket/discount store, daycare ceptimary
school, family doctor, pharmacy and local publangport stop. Accessibility of workplaces is nat yart of
our categories. The analysis is carried out usingoddeveloped by the project team based on data f
OpenStreetMap and isochrone and travel-time APteetermines the number of accessible facilitesach
category within a 15-minute walk or bicycle-driv& the focus are walking, driving by bicycle andhie
future also public transport. As results two diéfietrindeces are calculated. The first index aimaréwide a
interpretation of the availability of local everydaestinations. We call it the 15-minute-index. Tie
minute-index describes how many of the twentyfoategories are accessible in 15 minutes by a
predetermined mode which makes the most senskdaiten category. Respecting the different weiggss
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in: schools and supermarkets are heavier weighizu ATMs or repair shops) a percentage betweeard0 a
100 is the result of the calculation, with 100 miegrevery category is reachable within 15 minufidss
index can then be compared with similar regionsrasidential developments. A second, much more
descriptive index, called X-minute-index, descritt®s accessibility of an area based on the averagel
time to destinations of the categories. To caleuthis index, the travel time to the next destoratind the
the weight associated with that category are u$kd.result is an index that illustrates the averageel
time in the context of the categories, meaningefaample in a 7-minute-city, the average travel ttm¢he
important (highly weighted) categories is relatiwshort. It does not mean the average travel tonevery
category is 7 minutes, however the lower the vah®e closer the important categories are. Thisxruiers
vastly dependent on area, population and destmatilso different weights can alter the indece. phan

to iterate on weights and categories dependingsercases.

Finally, the local accessibility values are compavéath those of municipalities with comparable $qlat
typologies in Baden-Wirttemberg and througho utn@ery. This is based on data from INKAR (indicators
and maps for spatial and urban development) fraenRéderal Institute for Research on Building, Urban
Affairs and Spatial Development (BBSR). Due to eklaf data in INKAR, daycare centres and family
doctors are not included in these comparisons. ¥uamsion of the accessibility analysis is planriaked

on first results with participating cities and unbglanners, the details and weightings of certaitegories
and destinations will be made variable, to offemare 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 amdigsion-makers, transport-related GHG emissions are
presented as an indicator of the ecological limnftsustainability and accessibility as an indicatbrthe
social limits of sustainability. The tool is deldagely limited on two indicators in order to fatalie the
communication to decision makers and public. By jgaring the two indicators for the development area,
the contribution of various transport measuresusianable mobility in rural areas is illustratédaddition,

the contribution of the measures taken in the dgreent area to achieving German Climate Action
Programme 2030 (reduction of 55% of greenhousesdas€030) is shown.

5.7 Application and need for further development

The current version of the toolbox is being tesiedh tool for policy counceling in two pilot murpaiities
in order to check its functionality in real-lifetgtions and to further develop the methodologyhenbasis
of practical experience. As the testing is stillprocess, the results are pending. The currentovemly
allows single measures to be evaluated. An exterfsioevaluating packages of measures in the fdran o
combination of qualitative and quantitative assesgsiis currently under development.

The methodology developed in the project has a higtential to be transferred to other countries,
particularly where comparable planning frameworksd abjectives exist in the field of sustainable
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residential and transport development. Since thie poinciples of integrated planning such as pramgot
short distances, mixed land use, and multimodakssibility are universally relevant for sustainable
transport, the toolbox can serve as a conceptyaoaph in international contexts as well. Howevbge
transfer requires adaptation to country-specifgtiiational structures (especially regarding apphes for
estimating car ownership and the Ver_Bau tool)all@ianning instruments, and available data sousssh

as the Mobility in Germany dataset). Differencessipatial structure or public transport organization
significantly influence the mechanisms through whiplanned measures have an effect. Therefore,
contextualizing the indicators and evaluation cidtés necessary to provide valid assessmentsan§port-
related impacts. Overall the methodology offersrandferable framework that, through appropriate
localization of parameters, can provide a basissigstainable land use and transport planning beyond
Germany.

6 CONCLUSION

Due to the interactions between built environmamd anobility behaviour, land-use planning influences
framework conditions for sustainable mobility. Tto®lbox developed in the move.mORe project offers a
practice-oriented, scientifically approach that mags local authorities in the early assessmenthef
transport impacts of settlement developments.

The toolbox can help to prioritise measures in nraad-use planning in a targeted manner and nfedie t
contribution to sustainable mobility transparertisTstrengthens the capacity to act of small andiune-
sized municipalities in rural areas, which ofterdnimited technical resources.

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

To further develop the toolbox it is planned ttiae data basis for rural areas is to be expandwefuand
to facilitate the evaluation of packages of measuf@ontinuous validation in pilot municipalitiesnca
additionally increase feasibility and strengtheoegatance in municipal planning practice.
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1 ABSTRACT

Building land registers have the task of providpwential areas for construction activities andedeping
them for the demand for residential, commercial apein space. They are therefore an essential foasihse
ability of municipalities to plan strategically fduture land use and to help implement development
objectives. The emergence of artificial intelligenopen and free geodata and new technologiestan da
collection is creating new possibilities and buss;emodels for capturing potential areas. The data
integration, evaluation and provision of the cdketinformation, in turn, benefits from the devetemt of
Urban Digital Twins (UDT). Model projects show thdDTs potentially strengthen cooperation between
authorities, the private sector and stakeholdexsstiBg software solutions already contain relevdata,
which makes it easier to design the information ehdor a UDT.

This article focuses on the adaptation, scaling] astablishment of these solutions in the process
management of land management. For this purposecuirent state of development for two common
software solutions (ArcGIS Urb8nUrbanisti€) is compared for the requirements of land manageriiée
focus is onthe design of land registers that con$oto the criteria of a new norm on digitals twiascities

and municipalities (DIN SPEC 91607). The result®vshthat methodological approaches are mostly
designed as GIS functions and challenging to implgm This learning from our test was further
substantiated in discussions with experts, wheeestamless integration of benchmarking functiords an
scenario indicators in UDTis seen as a main remerg for the technical progress and added value for
planning. Artificial intelligence is of particulamportance in the collection, processing and irdaégn of
auxiliary data.

The recommendations in the article conclude that reguirements for information management in urban
planning have emerged. They require investmentshé development of enhanced land management
cadastres which benefit from UDT functions. Thetraduction in local planning requires that orgatians
adapt new process management techniques. The ratedlactivation of building land, which has retent
been introduced through reforms of the building iIaweermany (“Bauturbo”), requires a speedier armdem
comprehensive evaluation of urban development tyuetiteria if sustainability criteria are still tplay a
role. Over time, we expect that UDT technologiels kélp in this context.

Keywords: Digital Twins, Land management, Infilvedopment, Climate adaptation, Process management

2 BACKGROUND

There is broad support in the literature on suatden urban development for models and concepts of
redensification and infill development (e. g. Hgir#021; Barton 2016; WBGU 2016). The building land
requirements of cities and municipalities shoulidnarily be met within planned inner areas and havized

with climate adaptation measures and the functionatworking of sustainable infrastructures
(Umweltbundesamt 2023, see Figure 1).

In planning practice, however, resolving confligtigoals is a challenge. In this context, one autlescribes
the clash of narratives on sustainable urban dpusdat as follows:

“The guiding principles [of infill development] angell-founded in each case, and some measuresecan b
implemented without conflict. However, they mustakle sustainable socioeconomic development and
measurable growth in prosperity. Private investorg project developers are concerned with markeédr
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utilization concepts, space efficiency, techniaastructability, cost-benefit calculations, finaadciiability,

and marketability. Without a promising businessecam one will invest. Where this understandingncan
prevail, where radical, uncompromising demands fisotated individual interests clash, decisionsnocén
be made, plans cannot be drawn up, and constructionot begin, resulting in valuable time being’los
(translated from the German original, see Achillég4). In order to bridge this gap, newer approsi¢beus

on a digitally supported flow of information that specifically practiced between urban development
stakeholders (Brade 2025).

Figure 1: The three challenges of infill developm@om left to right: building redensification, stainable infrastructure, climate
adaptation; source: courtesy of Must Stadtebawsiitipust. eu/ [18. 01. 2026]).

UDTs provide new technologies for this purpose.yTée currently being introduced in local governires

a building block of smart city strategies (Etezali#a2020). In this context, Figure 2 shows two derg
and legally requried tasks in local government ltovd management which can be supported by UDT
technologies in the future:lssuing building permitsft) and setting building regulations throughe th
development of local areaplans (right).

Figure 2: Schematic representation of the proaasef/iewing a building permit (left) and the presdor drawing up a development
plan (right) with the support of a digital twin @uted from BBSR 2025, p. 22).

The workflows depicted in Figure 2 are taken froitotpprojects where UDT technologies are currently
being introduced (here: City of Kirchheim near Mzhji In general, however, there is not much emgliric
knowledge about UDTusage in planning practice(Goblehl et al. 2021). It is largely unclear what
technologies or functionalities constitute a UDTdamhat makes it unique in comparison to other GIS
applications. The term originally comes from indusand is used to create digital representations of
products or machines. These serve as virtual replants for physical prototypes, which can be used t
create simulations and analyses (van der Horn aattblleva 2021). Applying this concept to the UDTegiv
cities and municipalities a comprehensive virtiggdresentation of their structural elements andtfonal
networks. This opens up new possibilities for prbjey planning goals and building land development
designs into the future (Schubbe et al. 2023). Adiogly, a smart city requires a dynamic, digital
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representation that not only integrates the phydicilding fabric, infrastructure, urban processead
citizen feedback. The intelligent digital imagecalgiows about the business processes (e. g. mafand
formal urban land-use planning), responsibilitieslgl and user concept), and interfaces to systems a
partners that map the state of the city for thegds (Brandt et al. 2023). This means that not dags the
city provide the twin with up-to-date informatidmyt the twin can also transmit data and insighdmfother
systems back to the city (Guckenbiehl et al. 2021).

In summary, UDT technologies have the potentialmtprove land management procedures in planning
practice. This comes at a time where remainingdl itsfnd potentials in German cities have becomeamor
difficult to activate, since many larger potentidlave already been developed over the last decades.
Interviews with experts in Northrhine-Westphaligpksn that remaining potentials are more diffictdt
activate. Cities like Munster have been successfihe past to direct growth to derelict sites mitthe
urban compound. Now, continued growth pressureefrty planners to develop new suburbs on the
outskirts and expand the urban footprint (Final.e2@20). In this context, some authors argue pha&ctive
land management needs to focus more on land paitetitat are likely to become available in the fetand
plan for its reuse at an early stage. Newer metlogital approaches from pilot studies show thaticoed
urban transformation trends can lead to new olesdéatd uses (e. g. petrol stations, car parksil ratd
offices, Wenner und Thierstein 2024; Rettich undt@ka2023). In the past, federal and state reseandh
funding programs have provided valuable impetuglam for the reuse of such potentials, which hdstde
improvements in the information base in recent yéBBSR 2022). In planning practice, however, degli
with conflicting planning law objectives in the aettion of infill potentials remains a challengea€B3 und
Bohnke 2024).

In 2025, political targets to provide housing fesidential use and economic development have ledlicy
reforms in the building code (“Bauturbo”, i. e. Gtnuction Acceleration Act). Many planning requirmts
are not required anymore, local planning autharitian or even must provide building consents tdicgys
without environmental impact assessments or ottrend of planning regulation compliance that areatligu
spelled out in local area plans. This leads to uat#ies about the legal status of building comsen
conflicting situations. Many experts predict thatls cases will be subject to subsequent legal ictsthat
have to be decided in court, counteracting on dnget to accelerate land activation. For instatiee tasks
of climate protection and climate adaptation areldesociated requirements for land use have inoghas
being regulated over the last years (Mitschang ROR1s unclear how the resulting conflicts in idgtion
can be resolved. Planning asscociations and plgnmiacitioners warn that the reform falls shortniro
ensuring associated sustainable urban developragnirements(SRL 2025). The main line of argument, o
one hand, revolves around a large consensus thed dopport the debureaucratization of planning
procedures for faster activation of land potenti@s the other hand, this should not come at tls b
giving up on planning controlsand risk new formdasfd speculation(von Lojewski 2025).

Based on this background, we address the questlmether (1) UDT technologies can contribute to
accelerate the activation of land potentials fdiflidevelopment and (2) still ensure sustainal@eaelopment
targets at the same time (“accelerating insteagladfing planning”). In the following sections we gibthat
the emergence of new norms and standards willtbdahmovate digital planning in urban land managetne

3 METHODOLOGY

In the first step, we evaluate these questionscthasea review of UDT norms and standards. In thoese
step, we evaluate two widely used software opt{@msGIS Urbar?, Urbanisti€) against criteria taken from
the DIN SPEC, focusing on aspects of data inteadpktly and integration, indicators and benchmaaks
well as workflow requirements for planning practiéespecial focus is on indicators for climate ad#pn.
The work was carried out in a third-party fundedearch projeétat THA where this perspective is of
particular importance.

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

! Digital Planning Support for carbon-neutral urbdevelopment (DiPukS), https://www. tha. de/Architekund-
Bauwesen/DiPukS. html [18. 01. 2026].
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4 NORMS AND STANDARDS

Since the end of 2024, DIN SPEC 91607 “Digital Tvian Cities and Municipalities” has specified a UDT
standard that was developed by municipalities,@agons, business, politics, and science in ther€oted
Urban Twins cooperation project (Munich, Leipzigarhburg). In addition to technical issues, the saashd
also incorporates ecological, economic, and sasglects, including topics such as building perraitd
sustainable neighborhood development. It definageiscenarios and methods for accessing and display
data (Schonowski et al. 2025; DIN SPEC 91607). heotstandard, “Municipalities and Digital
Transformation — Overview of Fields of Action,” ses as a guide for the digital transformation of
municipalities. Among other things, DIN identifieligital infrastructures, digital administration, bility,
construction and housing, as well as energy anétlkizonment as areas for action (DIN SPEC 91387).

While developing DIN SPEC 91607, a similar methodgl was established to systematically define
concrete application cases for the Urban Digitalifwhe approach followed a four-step process tivde
use cases addressing municipal needs:

(1) Structuring by establishing initial framewotksough the preliminary identification of applicati cases
(2) Capturing usage scenarios by collecting inputiffmunicipal stakeholders
(3) Grouping application cases according to thesrratevance and alignment with defined fields dfcarc

(4) Developing case profiles to describe selectsg w@ases in detail and to prepare subsequent
implementation steps

The resulting set of use cases compiled within BREC 91607 demonstrates that the five most fretyuent
mentioned municipal needs concerning usage scanar® similar to DIN SPEC 91387: environment,
building and housing, mobility, digital administiat, and energy, are all directly linked to spaéiatl land
management. Regardless of the specific use casegdabspatial base twin consistently constitutes the
foundational layer and is likewise developed baseda municipal target vision. This process relies o
municipally curated datasets in the domain of gatiapbase data, including infrastructure and 3idding
models, which are implemented using open sourca datdels compliant with OGC standards (e. g. ,
CityGML, json, gml) as well as XOV standards (e, ¥Bau, XPlanung). An XOV standard is a German e-
government data exchange standard for interoperaetronic communication between public
administrations.

Building upon this foundation, municipal requirerteerare subsequently integrated in the form of
application-oriented use cases as additional moawaiaponents of the UDT. Within the domain of digit
land management, the digital building permit pracglays a decisive role. The current building péing
process requires substantial effort to researatsalmate, and evaluate approval-relevant data frarous
municipal sources as well as from legal and regwyaframeworks. Delays often occur due to complex
coordination among multiple stakeholders and tbitve, human-centred nature of decision-makirngTU
technologies address these challenges by digiglpporting all phases of the permitting process. By
integrating property and building-related inforneatifrom public registries, GIS, and BIM data modéhe
UDT enables partially or fully automated, transpérend accelerated decision-making. Through tgeadi
representation of legal and regulatory evaluatioteria, formerly analogue workflows can be effitig
parallelized and simplified. Application scenarioslude decision support based on indicator-dridaia
visualization, simulation-based assessment of gldnprojects, digital communication and collabomatio
among stakeholders, automated issuance of digi&mips, and ongoing digital monitoring and
documentation of construction progress. Furthermitiee UDT serves as a training platform for autihesi
and professionals to build competencies in manadiigitel permitting processes and assessing cartiind
related risks.

However, practical implementation examples remaaree, with current developments largely limitedhe
application of XOV standards and the solution DiRlag that is currently being introduced by state
authorities, amongst others in Bavaria (DIPlanufg6). Following Kaushal (2022), initial internatain
research on application of an UDT in urban planniag be observed. In his work, ArcGIS UrBan
employed in combination with a Spatial Urban Quyaktramework that transfers urban quality indicators
from first tier to second-tier cities, enabling Sabanalyses to support data-driven urban planndwy own
tests with this and alternative software solutishews that data integration of legally binding migstand
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local area plans are technically laborious. To didwere is no clear added value of UDT applicatifamghe
efficiency of building permitting processes. Oneinmabstacle are the delays in the introduction hadf t
subject-independent and interdisciplinary XOV stmdXPlanung, a data format for use in municipa® Gl
software solutions for urban land-use planning @r2025). The corresponding legislation for XPlapun
was already passed by the federal and state goeetsnm 2017 and should have become the basis for a
more direct and cross-system form of cooperationdigital planning by 2023. However, due to
implementation problems, interim solutions are entlly being pursued which define partial vectortaep

as a minimum standard in stage 1 of the introdoctiad only represent the georeferenced scope of a
development plan with undefined essential infororafrom a plan in accordance with XPlanung. Onlgin
later stage 2 will full vector-based recording bfspatial data (e. g. , areas, specificationsjiggal objects
become mandatory (STMBW 2025). The current datddeape therefore continues to be characterized by
formats and tools that are subject to specific dorkaowledge and system barriers and create bartier
communication between the actors involved. Land agament planning processes will therefore only
become fully machine-readable with the delayedbohiction of the full range of features in developine
plans. Furthermore, this regulation only applieplns that have been drawn up in development pignn
procedures since 2017. Important planning law idics that provide decisive information about the
permissible extent and scope of development (eflgor area ratio and floor space index) in olgé&ns
must therefore continue to be interpreted manually.

In this context, the question arises wether XPlgrcompliant digitization should extent to cover dtg
binding older development plans. It is mostly iedd plans where crucial building regulations fasting
development based on the principle of infill deyeh@ntcan be found. Efforts to fully digitize thgdans
require the allocation of considerable time andarditial resources within the administration or fbe t
commissioning of service providers. In the processhnical standards with sample directories aiagbe
reinterpreted in order to achieve the best possiésalts for specific urban land-use planning agpions,
depending on feasibility (cf. NRW. Urban 2021 STMBA#21). Pilot studies show that artificial intefligce
(Al) can be a game changer in this context. A tetbgical leap is being observed in this area, \hth use
of Al to transfer a new generation of digital binlg land and brownfield site registers to UDTsalmpilot
study Schwarz (2024) concludes that current Ald@wk already capable to interpret text and imaglkesal
area plans in high quality. Prerequisites are ttatesolution of the documents is high and locasipecific
markers help to interpret map legends and other ggnatures. Additional domain-specific trainingtarial
is likely to emerge over the coming years to furihgrove results.

5 EVALUATION OF UDT APPLICATIONS FOR LAND MANAGEMENT

Software tools to capture, store and administell mbtentials in cities have evolved signficantlyer the
last few years. Initial database and spreadshdgerdrapproaches have increasingly integrated GIS
functionalities to visualize land potentials on mapdvanced GIS functionalities help to better ustisnd
and analyze the geographic context for buildingllaantivation, e. g. to inform and provide condigahat
enable future usage according to development fares(et al. 2023). Figure 3 shows selected parthef
software interface of the government funded re$eamoject KFMplu§ (“Kommunales Flachen- und
Ressourcenmanagement”, i. e. local planning land essource management) for the data-driven
assessment of development options for the city adHau, Germany. The establishment of such software
developments does not necessarily include 3D vma@lobjects. More importantly, they require indeds

to digitally map infill potentials and auxiliary fiormation on land activation prerequisites, andsupply
algorithms for data-driven assessment and visualizdechnologies. The software design of pilotjgcts

like KFMplus® provided the path for innovations that are cutyelm¢ing rolled out in parts of Germany. One
example is the introduction of new land managenseitivare with a similar design in the State of Bade
Wiirttemberd:

Sample indicators in the frame on the right of FégB(enlarged and translated from the German @ipare
compiled from a range of geodata inputs and contpbdetween the current situation and a range of
development options that the user can select fianth(s case “dense built-up”). The Figure focuses
indicators on the acccessiblity of amenities anpeets of climate change. The colour coding of the

2 https://mlw. baden-wuerttemberg. de/de/landeseftwing/flaechenmanagement/digitales-flaechenmanagem
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comparison can help to better understand negativk positive effects when implementing a certain
development option (shades of red: indicator vaklesn negative effects; yello: neutral; shadesretq;:
indicator values show positive effects). There @e® a range of other indicators available in mesiudn
urban amenities (“Daseinsvorsorge”) at the locatidna selected infill potential, and other impottan
informaton to activate the site for reuse (“Innemacklungspotenziale”). The integration of planning
regulations is limited to data fields for usersstore and manually interpret permissible land ypegd, the
ground area index, the floor area ratio or thedmy volume ratio. Spatial delineations like coustion
lines and building delineations are usually onlyaitable in linked documents (PDF) and have to be
interpreted manually.

More advanced UDTs provide the possibility to imddg such spatial information from standards like
XPlanung. Having the corresponding informationyfulitegrated in the application provides possietitto
automatically test designs for building code compdie, in some cases with rule-based tools thatedeli
compliant design. Indicator-based comparisons bamrdevelopment scenarios and public participaton
tag and label design and environment features eehtnese applications further. In this context, hage
tested two software options (1) ESRI's ArcGIS Ufbésupported by ArcGIS Pro/Online and ArcGIS City
Engine) and (2) Urbanisfic Both were used to set up UDT applications forc#jweuse cases in the City of
Augsburg in Southern Germany (pop. approx. 300,000¢ city has successfully activated former mmita
sites for infill development over the last few ygand uses urban planning and architectural cotigretito
ensure high quality and economically feasible pilagn

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

Figure 4 shows a UDT with a fully functional buitdi design imported from Autodesk Ré&Witr the curent
situation in an area known as the Prinz Karl afés. area is designated for a new campus for theltyauf
Architecture and Civil Engineering at the Univeysitf Applied Science. Results show that settingthg
UDT in ArcGIS Urbaff with relevant data is time consuming and requingsert knowledge at the interface
of geoinformation science and urban planning. Tiléebpoints in Figure 4 depict a summary of thepstin
the workflow that need to be managed. After sudakslata acquisition and integration, the challeig®
harmonize and transform the data into required &smrhis applies to context layers like digitaweltion
models and existing building representations (Opee8Vap or LoD2 — Level of Detail 2 (LDBV 2026),
vegetation and infrastructure. It also appliesh® building code imported from XPlanung (if avaigbor
digitized local area plans (Source: City of AugsljuArchitectural designs can currently only be aripd
as drawings that have to be located manually, Viitited accuracy (Source: student projects at THA).
Direct imports for object-oriented desing repreatahs (e. g. BIM models in the IFC standard, sigeire

4) cannot be functionally connected to the contayers. In order to achieve this, BIM models havdoe
duplicated with ArcGIS Urbahmodelling techniques.

In the same project, we have evaluated the softwgteon of the Munich-based startup Urbani$tic
(Urbanistic 2026). This cloud solution is pre-equed with data from OpenData BY (LDBV 2026), using
API calls for seamless data integration. It hasaving client base in planning practice which valdlee
ease of use for data interoperability between Gi& @AD/BIM software. The graphics performance is
higher compared to ArcGIS Urbamnd many functionalities address the competerafi€AD/BIM users
better than the GIS based software design of Ard@®t®arf, including building code regulations based on
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state legislation (“Landesbauordnung”) and spemdlitools to model the land area requirementsref fi
brigades or emergency services. In contrast to f8d@®barf, the business model of UrbaniStieequires
subscriptions for additional data (e. g. local gokzns, cadastral data) to be integrated by canssltrather
than having a generic software that the user caipagth data from own GIS workflows.

+ Integrate urban context
layers (e.g., tree population
by species)

+  Set up and check building
regulations (local area
development plan)

+ Prepare building sites
(building demolition or
preservation, surface
editing)

+ Create or import
architectural designs

+ Add additional “assets”
(e.g., street furniture,
vegetation)

Figure 4: Current situation with a selected nevexvedbpment design in the Prince Karl area in Auggb@ermany (own design).

Figure 5: Urbanistie UDT Prinz Karl, Augsburg (own design, Urbanistii2B).

Based on the software evaluations of the DiPuk§eptoone of the authors of this article proceeedork

on an another area development in Augsburg, naatelye former Reese baracks. The Reese development
is divided into two separate developments. Thehsat part has already been subject to an urbagrdesi
competetion with a winner, the northern part istegjo through the same process in the near fijfteedt
Augsburg 2022). As is common in planning practibe,local area plan to regulate building and corsion

will only be developed once a design has been chaose already depicted in Figure 2, UDT applicasion
can be used to inform this process. Figure 6 shexasnples for the setup of a UDT for the designhef t
southern part.

In summary of these learnings, both ArcGIS Ufbamd Urbanisti® have the potential to set up UDTs
specifically for urban planning. Data integrationArcGIS Urbafi is quite flexible, many datasets can be
prepared and integrated. This process is labormuakrequires expert knowledge, whereas Urbafiissic
already equipped with many relevant datasets, iaddit ones require consultant contracting. Bothveafe
options work with indicators that can inform plarsien design scenarios. We will discuss furtheigirts
from this evaluation in the discussion sectionhig article.

6 INNOVATION AND PROCESS MANAGEMENT

As shown in the previous sections, the handlinged UDT technologies requires specific skillsetseb

up, run and maintain the corresponding applicatiddganizational structures are needed that support
cooperation between administrators, geoinformatifficers and urban planners in a range of tasks,
including hardware and software provision, datagration and the domain-specific development aagels
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of results. Figure 7 provides an overview of thereponding development stages depicted in DIN SPEC
91607.

Experience from model projects shows that the dmeiplinary coordination of the underlying digital

business processes benefits from professional ggoo®nagement consulting expertise (Schubbe et al.
2023).

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

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

4: Building envelopes derived from local area plagit@ation, 5: Zoning derived from local area pldigitization

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

8: Indicators on size, cost, demography, mobilitg amissions, 9: Selected shading and viewshegsasal

Figure 6: Selected steps of a workflow to estaldistUDT for the Reese barracks in Augsburg (Fin@@52 unpublished).

The successful adaptation of innovations require& forms of “digital governance” which not only
provides users with digital planning support tomtel helps them learn how to use them (Przeybilowiat
Cunha 2024). It is also committed to the sustamalbljuisition of knowledge infrastructures in thaarete

accomplishment of tasks and establishes new, thg#apported forms of cooperation (Weber und Zieme
2022).
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Figure 7: Development stages for UDTs, adaptedafodt management processes (modified from DIN SPEDB1p. 32).

The cooperation requirements are described asnavation potential that still poses numerous chakss in

the transfer and long-term establishment of pifggligations (cf. e. g. Prognos AG 2025). The ingiitnal
settings of public authorities with contractors anibler stakeholders vary greatly in structure,deample
between large, medium-sized, and small cities (&ftllund Fina 2021). Land management and location
planning are also subject to urban-rural dynamidsch cause relocation effects to the urban periphad
peripheral locations (Zimmermann et al. 2025). Thplementation of UDT technologies to activate linfi
potentials for sustainable urban development isetiferealso a challenge for the cooperation betwhen
different departments within one organisation amal ¢ooperation beween neighbouring local governsnent
and planning tiers like regional and state planr@athorities. On the technical side, one main fuislithe
interoperability between the different land manageisystems and the applications of stakeholders,
including government organizations, private indpstnd educational facilities. Data from one stakaéio
often cannot be integrated into the platforms bkat. This hinders the merging of data and infoionafior
joint use, such as analysis or planning. Anotheblem is the lack of clarity about what data arehigcal
solutions are already available and what they @anBacause projects are often limited to a singldas,
cross-sector effects are frequently neglected. Sthadardization of data structures and contentfteno
inconsistent, which can lead to problems duringgrdition (Donaubauer et al. 2023).

Geoinformation centers often make a cross-cuttorgrioution in administration to improve the intetian
between geobasis data and specialist data fromdéipartments. They are tasked with linking several
application-specific UDTs into a “system of systérdaring the development of UDTs. Independent data
infrastructures and systems thus become a comniomiation platform that supports application-spiecif
scenarios. In addition to tools that allow pradteecess to available data, access to standardizdip-to-
date planning and location data is required. Tolement a UDT, data, tasks, and processes fromusrio
specialist departments and actors must be intefraiéfective project management organizes clear
responsibilities and takes into account the requingts for communication, process planning, andhfiie
resources. It establishes a common understandinigs&f to enable context-oriented communication and
citizen participation across different organizatibareas (Abt und Hohmann 2025).

The project of developing a UDT is therefore chtdeed by a high degree of uncertainty of a viaign
nature. It can be expected that new requiremenkgaitinuously emerge from new usage scenarios #ta
the present point in time, are very likely stillkmown. Changes in requirements arise, among otutors,
from political dynamics, changing climatic condit®) and newly explored technological possibilitreshe
construction sector. These aspects, together wdthesulting complexity of such a project, arguersily in
favor of an agile approach to project execution.

Iterative development means that the developmagestfor UDT implementation are repeatedly carried
out. At the end of each development cycle, a usamdeement is produced that contains valuable
enhancements compared to the previous version @mwvand Sutherland 2020).

Strictly speaking, projects are characterized aguenundertakings with a limited budget and a dsfin
timeframe (“competence-based project management®dtsche Gesellschaft flr Projektmanagement e.
V. 2019). In view of the expected dynamics in tiésd, however, UDTs must be developed in such g wa
that, after project completion, they can be comtirsly further developed either within follow-up prcts or
within a permanently established organization.
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In cases like land management, the highest stagégh’) of UDT implementation is interpreted asbling

the derivation of adaptive approaches for individcases of land development activation based on the
developed UDT. In industry, this is understood asfarence model from which context individual prss
models — in this case, checklists — can be deriVéd includes the analysis described in Figure i,
extends beyond it in the following manner. Figuleshows how the development stages of fig. 10 ean b
matched with the objectives of the proposed case Boxes are placed below the related use symbol
(current use, expected use, continuous improventleey)adress.

Figure 8: Matching of proposed project with devehamt stages for UTD implementation after DIN SPEG(¥1

Within stages 1 and 2 (raw and structured datajfiles consisting of several expected criteria fiew
development land are identified. These can theodmapared to the attributes that describe curreageis
profiles. Existing UDTs already provide a subs@ntiumber of current attributes and their respectiv
characteristics for existing areas (Figurel0). Have the number of recorded attributes is not yet
sufficiently comprehensive to assess whether threently anticipated “expected criteria” — profilese
feasible. This goes well beyond a simple evaluatioa site based on predefined criteria (or, speaki the
UDT terminology, indicator values), as profiles reagp of multiple criteria must be weighed against o
another.

To enable this, in stage 3 (context-sensitive d#ta)systematic collection of criteria profiles asll as
additional evaluation criteria must be consisteptlysued. These profiles form the basis for theebigment

of measures for land development activation (stagéndings). Building on this, a mechanism can be
developed that adaptively derives sets of measasesontext-individual approaches from the UDT. The
UDT serves as a comprehensive reference model dawing context-specific approaches(Kdnigbauer
2021). Land development activation can be managedrbhestrating these approaches consisting of
individual measures into a context-specific procedsich can be understood as a checklist or a groje
plan(stage 5, action). This approach potentiallgebarates planning,especially in more complex cases
involving numerous stakeholders and many requingtividual steps. Such systematic measures have the
additional benefit that the effectiveness of indiidl measures can be consistently recorded. Comdaym
optimization measures can then be incorporatedsubeequent land development activation projects.

Since neither project management nor UDTs are ksited practices within public administration,
organizational structures must be introduced tbhppesrt continuous improvement processes over egtend
periods of time. It cannot be expected that higldynmitted individuals will drive further developniesn
their own or, in extreme cases, exhaust themsaivitee course of implementation. Instead, the camemnt

of the involved organizations is required, exprdsgeough leadership engagement in combination with
subject-matter experts, to ensure that UDTs catvewioto practice-oriented and user-friendly ingtants.

7 DISCUSSION AND CONCLUSION

This article discusses the potentials and chalkerigeimplement UDT technologies for more efficient
workflows in urban planning in general and sustdi@aurban land management in particular. Current
political trends to waive planning requirements $peedier consenting procedures and critical cortsnen
from planning scholars on potential effects setdtene for this requirement: Can UDT technologep o
ensure high quality urban planning without placimgw bureaucratic hurdles on the resources of urban
planning departments,can they improve and accelgpinning processes in the long run? Are they
transferable from piloting local government to @erirange of authorities with limited resources?
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Our learnings from document and literature reviewd aur own tests of software options show that isorm
and standards are urgently needed to provide usentation. Difficulties to introduce the standards
especially for local area plans (“XPlanung”) cantgmbially be overcome with new initiatives and Al
support. The new DIN SPEC 91607 on UDTs is a gdadisg point to transfer learnings from pilot pois

to the community. Available software options likeMplus®, ArcGIS Urbaf or Urbanisti€all run in
cloud-based backends and browser-based frontendkate been designed for different business mddels
g. KFMplug’: open source components, ESRIs ArcGsBack of software, Urbanisficnative application).
One main obstacle for easy-to-use UDTs are theinmgents of data integration and the establishroént
data-driven urban planning indicators. Where KFMplprovides prefabricated indicator variants for a
limited set of typical urban planning typologogi@s g. densely built up, commercial, open spaag, )et
ArcGIS Urbarf and Urbanisti® work with variable designs based on building tgmiés that the user can
select from (and, in the case of ArcGIS UrBaenhance with custom typologies).

Apart from a few very generic indicators (e. g.urak, size, etc. ), more advanced indicators rednatethe
user sets up the calculation routines for inputd amtputs. Without going through this effort, thédad
value of UDT applications seems to be limited. Rlag practice needs to know about the number of
dwellings or floor area in a new building, derivadmber of required parking spaces, district heating
demand, carbon dioxide emissions, etc. If thisrimfttion is not available and/or the results areanedible

for stakeholders, UDTs cannot reach their full ptitd for urban planning. We found in our testst tlad this
stage, these tasks are laborious if standardiztd isdanot available or supported. Users have terteo
digitizing PDF documents or scans, and subsequelety with attribute generation, relationship modgl
between object classes, and inaccuracies basedaooatty generated inputs. Interoperability between
CAD/BIM on the one hand and GIS on the other needse further improved for seamless data exchange,
including object-oriented attribution and relatibigsmodelling.

A special focus of our evaluation was on indicatmsclimate change and climate adaptation, as stokwn
the software KFMplUuS ArcGIS Urbaff can provide information about carbon dioxide einiss or soil
sealing for urban planning designs if calculatioutines are set up. More domain-specific infornratio
(thermal stress, air ventilation, stormwater rupgdfcurrently not available. New software optidike the
QGIS plugin Climate Scanrfefan Al trained software tool for climate effecsassments of urban designs)
are being developed for UDT integration in emergiegv research projects. Their evaluation is the sip

in the currently running research project that egorted from in this article.
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1 ABSTRACT

Housing deprivation remains a pressing global ehak in contemporary urban planning and development
particularly in metropolitan areas and large cjtisBere unaffordability arises when housing costeed a
household’s financial capacity. Affordable housirgalong with related concepts such as low-income
housing, public housing, social housing, and slibsithousing — serves as a key government-ledisoltd
mitigate free-market inequalities, enabling lowene and vulnerable groups to access quality housing
alongside essential services. Despite growing am&dand professional interest in affordable housthg
issue still requires further attention, especiathen considering local and contextual conditionsné¢, this
study explores affordable housing in emerging aakbbping economies through the lens of urban fann
and policy in African countries. The systematied#iture review focuses on a comparative analysfelof
distinct approaches in African cities: the statd+ental-sale model in Algiers, Algeria; the faeited but
unaffordable cooperative model in Bahir Dar, Etiggphe insurgent prefigurative movement-led madel
Cape Town, South Africa; and the informal demantbsadaptation strategies in Lagos, Nigeria. The
findings reveal a profound disconnect between tprdpolicies and on-the-ground realities. The asialy
demonstrates that no single, ideologically pure@ggh is sufficient. Instead, effective strategresst forge

a hybrid path that is: (1) empirically groundedhe lived reality and financial capacities of tirean poor;

(2) built on an integrated system combining lanckeas with enabling financial mechanisms; (3) rel@na
reimagined state role that moves from rigid praxisio responsive partnership; and (4) focused arsihg

as an act of urbanism, integrating location, sewjiand liveability. The study concludes that aghgg
affordable housing in emerging and developing enves including African countries requires a pragmat
context-sensitive urban planning framework thatriegrom informal systems, confronts unjust strouesy
and strategically combines the scale of the stétethe agency of its citizens.

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

2 INTRODUCTION

Rapid urbanization and inadequate housing supphe hed to increasing demand for affordable housing
from low income households with limited financialsources especially in in developing countries ¢ati

& Abebe, 2024). Affordable housing — along withateld concepts such as low-income housing, public
housing, social housing, and subsidized housingrves as a key government-led solution to mitidjage-
market inequalities, enabling low-income and vuliée groups to access quality housing alongsicenéas
services. From an urban planning perspective, ddfide housing entails habitable units with suitable
facilities subsidized/provided by the governmertieve prices/costs bear a reasonable proportiarctorie,
leaving sufficient funds for other necessities fsas food, clothing, transportation, healthcaré, esucation
(Arbab & Shabani, 2023; Makhloufi, 2025).

Despite growing academic and professional interestffordable housing, the issue still requirestHar
attention, especially when considering local anatextual conditions. Hence, this study exploresralfible
housing in emerging and developing economies bgcad on the role of urban planning and policy in
African countries. In African cities, rapid urbaaiion, colonial legacies, and ineffective policieave
converged to exclude the majority from accessincede shelter. As the studies on Ethiopia and Nigeri
show, cities overwhelmed by a demand for housirag tar outstrips the supply of serviced land, fogci
low- and middle-income residents into informal lgstients or unaffordable rental markets, despite
government programs intended to help them (AdigeAkbe, 2024; Akinwande et al., 2024). The top-
down interventions often fail, as seen in Nigerizeve schemes are frequently unaffordable for tiaeget
demographic (Ale, 2025), ignoring the resourcefafoimal housing strategies — like incremental
construction and community finance — that the urpaar already rely on to survive (Akinwande & Hui,
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2024). This crisis is further exacerbated by thdifgration of informal settlements lacking basersces,
which perpetuates poverty and inequality acrosctimtinent (Bhanye et al., 2024). It reveals thafqund
disconnect between top-down policies and the ofgtband realities. The research from Algeria andtgo
Africa demonstrates that studying social housingoses the multifaceted nature of the challenge,
encompassing not just financial and land-accesgebsrbut also the political battles, the strugglespatial
justice in post-apartheid cities, and the needitrally assess the quality and appropriateneshehousing
that is actually delivered (Makhloufi, 2025; Tagtalt & Iveson, 2024). Furthermore, sustainable hgus
solutions must address environmental, social, as@h@nic dimensions simultaneously to create truly
inclusive and resilient communities (Bhanye et2024).

3 METHODOLOGY

This study adopts a systematic literature revielaR)Sapproach to examine social housing in emergimg)
developing economies, with a particular focus omicah cities. Emerging and developing economies
encompass nations transitioning from low-incoméustéo advanced industrialization, characterizedapyd
GDP growth, increased global trade integration, ewaduring financial systems, yet facing challengesh

as income inequality and infrastructure deficitsstAuctured search was conducted using Google &ctwl
identify peer-reviewed articles containing the terfaffordable housing” or “housing affordabilityh itheir
titles. The search was limited to publications etk in Web of Science and released by reputable
international publishers from 2024 onward. Revietickes and studies emphasizing technical, architat;

or psychological dimensions were excluded. Thaaingcreening process identified 40 articles. Reily

the application of inclusion and exclusion criteraparticularly the removal of studies conducted in
advanced economies — the corpus was reduced tdi@les A further refinement was made to retaityon
those studies that included specific city-level ecatudies with an emphasis on contextual and local
dimensions, resulting in a final set of nine aescl

Fig. 1: Literature selection process for systemigtcature review (SLR)
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The literature selection process is illustratedrigure 1, and the specifications of the includditlas are
summarized in Table 1. The selected articles cavetiverse range of cities across the Global South,
including Algiers (Algeria), Bahir Dar (Ethiopiafape Town (South Africa), Hangzhou and Shenzhen
(China), Ho Chi Minh City (Vietnam), Istanbul (Twk), Lucknow (India), and Lagos (Nigeria). Giver th
scope of this review and the need for focused arglparticular attention was paid to four studiestered

on African cities to enable a more in-depth exgioraof social housing issues in that context.

Contributing . .

Author(s) Institution Research Area Publisher Year | Country City
; . . ; Urban Land| Frontiers in Sustainabl Amref .

Adigeh & Abebe, 2024| Addis Ababa University Development Cities 2024 | Ethiopia Bahir Dar
Akinwande et al., 2024 RMIT University Egt”:tlt-?g el (REEl World Development 2024 | Nigeria Lagos
Gao & Hu, 2025 Swinburne University of Building and Planning Journal of Urban 2025 China Shenzhen

Technology Management
Huynh & Truong, 2024 V'e.t“am. National Economics and Law C_ogent Economics & 2024 Vietnam Hp Chi Minh

University Finance City

Ecole Polytechnique "
Makhloufi, 2025 d’Architecture et Arch|tecture_ i Cities 2025 | Algeria Algiers

, ; Urban Planning
d’'Urbanisme
- : Journal of Urban

Ozge Subas & Turk, Ista'mbul' Technical Urban and Regiona Planning 2024 Turkey Istanbul
2024 University Planning

and Development
International Journal o

Indian Institute  of| Urban and Regiona

Rao & Biswas, 2025 . Housing Markets and 2025 India Lucknow
Technology Roorkee Planning :
Analysis
Tattersall & Iveson e e @ South
University of Sydney Geosciences Urban and Regiona 2024 . Cape Town
2024 Africa
Research
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 ddrass its housing shortage. The rental-sale pmygra
managed by the Housing Improvement and Developnfeggncy (AADL), targets middle-income
households. It is a structured pathway to homeostmgrwhere beneficiaries pay 10% upfront, 15% upon
completion, and the remainder in monthly installtseover 20 years. This program is part of a broader
strategy that includes slum eradication and catemifferent income groups (low, middle, high) thgh
various housing types. The new town of Sidi Abdall@cated on the near periphery of Algiers, bwilh

the help of international contractors like Chinat8tConstruction & Engineering Corporation (CSCEE s
prime example of this large-scale, industrializpgraach.

4.1.1 Strengths

The program’s primary strength is its scale antestapacity. It has demonstrably delivered a vastber

of housing units and contributed to the near-elation of slums in major urban areas. The income-
graduated system provides a clear, bureaucratieefrgrk for targeting different socioeconomic graupsr
middle-income families, it creates a viable, stageked path to homeownership that the private nankas

not offer.

4.1.2 Weaknesses/Critigue

Quality vs. Quantity: The model prioritizes quaatiite output (units built) over qualitative outcandés the
study’s survey reveals, a significant majority esidents (61%) were unsatisfied with their unitsng poor
workmanship and construction defects. This hightigh critical gap between housing as a productaand
home.

Homogenized Urbanism: The mass production of idahtblocks of flats has created monotonous
environments lacking the vibrancy and amenitiesldér neighborhoods. This has led to a spatial r@ism
where residents (20% in the survey) still commotéhe city center, 25 km away, for work, health¢cared
social life.
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Financial and Data Gaps: The model relies heavilgtate oil revenue, making it less replicableisadlly
constrained contexts. Furthermore, its eligibitititeria are based on outdated income data, raigiegtions
about whether the housing remains truly affordédséhe intended middle-income group.

4.2 Bahir Dar, Ethiopia: The Facilitated but Unaffordable Cooperative Model

In Ethiopia’s state-owned land system, the goventrimreBahir Dar acts as a facilitator. It providaad at a
subsidized benchmark price to self-help housingeaatives, leveraging collective community acti®he
policy is detailed in regional regulation 9/2013pmmote affordable housing for low- and middleanme
urban residents, outlining cooperative size, mendbeibility (e.g., no prior home ownership), lampdbt
sizes (100-150m?), and building standards (G+AhVibuse: a building consisting of a ground flood ane
additional floor). Between 2014 and 2022, this seheallocated land to over 31,000 cooperative mesaber

4.2.1 Strengths

The scheme has been remarkably effective as adiatribution mechanism. It has formally allocatddtp
to a large number of people, demonstrating thenpialeof cooperatives to organize demand for hagisin

4.2.2 Weaknesses/Critigue

Fundamental Unaffordability: The core finding o&thtudy is that the scheme fails the test of affoildy.

By shifting all financial risks (land compensatiduall construction costs, infrastructure) onto thembers,
and coupling this with the high-cost mandate of+d @illa, the policy prices out the very low- anddatie-

income groups it was designed for. This is a atasase of a policy being designed for affordabibityt
implemented in a way that makes it unaffordable.

Lack of Enabling Environment: The self-help modaktbecome a cost-shifting exercise. Unlike hisabric
Ethiopian models or contemporary examples in Kemgmtioned in the study, there is no government-
backed housing finance. Members are left to relynadequate personal savings and high-interestnreb
loans.

Implementation Gaps & Corruption: Municipal delaiys providing serviced land (up to 5 years) and
corruption in member eligibility screening (usingmdigital IDs that confirm the residency in théydor a
minimum of 2 years) have severely undermined tlognam’s equity and efficiency. The result is thedd
than 7,000 of the 31,000 who received land have lakée to build homes, forcing many to sell thdatg
This is a devastating indictment of the progranffeativeness.

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

In Cape Town, when formal strategies (throughditign and protest) failed to stop the sale of prpublic
land for affordable housing, Reclaim the City (RT@&@)new social movement of Black working-class and
poor communities fighting to reverse apartheid-gpatial segregation, shifted to prefigurative jagit In
2017, they occupied two vacant provincial buildifigshe inner city, turning them into live-in modedf the
affordable housing they demanded. This action veas qf a constellation of people power strategisgd
alongside legal challenges and mass mobilization.

4.3.1 Strengths

Prefigurative action proved to be a uniquely powetdctic. It provided immediate, direct relief loose in
housing stress, demonstrated concretely that iciberaffordable housing was possible, and created
organizing spaces that built community and susththe movement. The combination of strategies prove
effective, leading to the City identifying affordathousing sites and, crucially, a 2020 court @lihat set
aside the land sale and affirmed the governments t address apartheid spatial planning.

4.3.2 Weaknesses/Critique

This strategy is highly demanding and precarioust&@ning the occupations required immense effornf
residents and institutional backing (from partngd@I Ndifuna Ukwazi which means ‘dare to know’ and
called for the inner-city land to be converted tatesowned public housing rather than the salee Th
participatory, non-hierarchical governance modes walnerable to internal tensions and violent exdker
pressures, including two murdered residents in 20h@& movement’s gains are also vulnerable toipalit
shifts, as progress stalled when supportive pi@itie resigned. While a powerful form of resistaacel
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advocacy, it is not a scalable model for mass Imgugioduction on its own. It is most effective aaetic to
force state action, not as a substitute for it.

4.4 Lagos, Nigeria: The Informal Demand-Side AdaptationStrategies

The study of Logos experience takes a radicallfediht approach by analyzing the demand side — the
informal strategies of the urban poor themselvesiodgh interviews in five major Lagos slums, the

researchers document how residents house themsebésgste state neglect. Key findings include the

prevalence of rental housing (82.5%) and sharedtrapats (7.5%), extremely low and irregular incomes

(90% earn < US$30/month), strong economic tieshtr tsettlement location, reliance on community

savings groups (87.5% membership), and the use#mental building.

4.4.1 Strengths

The primary strength of the case of Logos is itgieical grounding in lived reality. By quantifyintpe
actual income and expenditure of the target pojauiatt provides a stark reality check for formallipies.
The findings and recommendations — prioritizingtaéhousing with daily/weekly payments which arereno
realistic for the urban poor, supporting livelihgodhrough existent savings group and microcredit
institutions, and adopting alternative housing apphes such as incremental housing (by use of eheap
construction materials) and shared housing (asertible homes and hostels) — are not abstract igsebut
are derived from proven, working strategies. Thigezience identifies the raw materials for a gealyitpro-
poor housing policy.

4.4.2 \Weaknesses/Critique

The study of the Lagos experience is diagnostid prescriptive but does not deeply explore the
complexities of implementation. How can a governtriestitutionalize an informal savings group withou
destroying its trust-based, flexible nature? How technical support for incremental building bevided
without triggering gentrification? This case sucfelly identifies what needs to be done but is kEstiled

on the how — the intricate political and administ& work required to integrate informal systemghwi
formal state structures without breaking them @bding co-optation.

Aspects/Cases | Algiers, Algeria Bahir Dar, Ethiopia Cape Town, South Africa Lagos, Nigeria
Top-down State| State-Enabled Collectiv| Bottpmyp . Insurger Bottom-up Informal
S ; . Making: A social moemen e
Provision: The state is th Self-Help: Government . |Adaptation:The urban poor a|
h - - . . confronts the state by creatin_ .
primary provider, financief creates a policy framewo active agents who had

and developer. It aims at mg

(land at benchmark price) fq

concrete micrastopia (housin
occupation) to direct

developed their own solutio

Main Approach | production anq citizens to form cooperative . (incremental building, inform
. challenge exclusionary land (. .
homeownership  for  th and help themselves. Placand demand policy change Jfinance) outside the form
middle class through |the financial burden an 'd policy change. system. The study advocqd

) . approach is pragmatic, us
structured formal markq construction risk on th¢ . for the state to learn from a
; - direct action when form| . -
mechanism (rental-sale). cooperative members. . build upon these strategies.
channels fail.

Facilitator Adversary &  TargetThe

Primary Provider & . - . Imovement opposes the stal/Absent or HinderingForma
. Enabler: Provides the polid,. . L T ?

Regulator: The central act| ) (including provincigpolicies are seen as ineffect
. . o and land, but shifts th . 1L
in funding, building, an governments) actions (sellijor irrelevant. The study argy

Role of the State

managing the program. T
state's role is dominant ai
essential to the model
functioning.

financial burden entirely t
members. The state is
gatekeeper of land but fai
to provide essential financin
or timely delivery.

public land) and demands
become a social housi
provider. The state is the tar
of protests, occupations, g
litigation.

the state should shift frg
control/provider to partnersh
by learning from informg
practices.

Target Populatio
&  Affordability
Definition

Middle-Income: Strictly
defined by monthly incom|
bands (1.5 to 6 times tlf

minimum wage)
Affordability is about
matching a fixed, subsidiz
price to a fixed incom
bracket.

Low- & Middle-
Income: Targeted by policy

but the critical finding is thdis

scheme is unaffordable fq
most. High costs of lan
compensation an
construction, coupled with
total lack of accessibl
housing finance, exclude th
intended beneficiaries.

Low-Income & Blac
\Working-Class: Affordability
defined by the livg
experience of housing strg
spatial exclusion (aparthg
legacy), and the threat
displacement. The movem
directly challenges the st
and market's exclusiong
logic.

The Urban PoorThe stud
reveals thi actual affordabl
threshold  is<$9/month,
figure far below any form
scheme. Affordability i
defined by extreme incor
precarity (90% ea
<$30/month).

Land Acquisition

State-Allocated: The stal
provides land for the Housir|
Improvement an

Government-Allocated e

Benchmark Price: Land

ilis
the key state contributiorreclaiming

Contentious Occupatiohang
acquired by physica
vacant  publ

Informal & Market-BasedThe
poor access land in unservid
hazardous penrban areg
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Aspects/Cases

Algiers, Algeria

Bahir Dar, Ethiopia

Cape Town, South Africa

Lagos, Nigeria

Development Agenc]
(AADL) projects. The cost i
integrated into the final prig
paid by the beneficiary ovq
20 years. The user doeg
directly negotiate for land.

but members must pay for
indirectly through
compensation fees  fg
previous users. A criticg
bottleneck is multi-yea
delays (up to 5 vyears) i
getting serviced plots.

property. This illegal
politically — powerful tacti
directly challenges the stat
land use priorities and expo
underused public assets in
wealthy inner city.

bij(swamps, peripheried)ecaus|

it's all they can afford. Th
have strong economic ties
these locations, living al
working within them.

Financing &

Construction

Structured Long-Tern
Payment: The state provide:
20-year payment plan. Tk
household pays 25% upfrg
(10% pre-construction, 15
on completion) and the rest
monthly instalments
Construction is done by larg
contractors (e.g., China Stat
Construction & Engineerin
Corporation: CSCEC).

Member-Financed
Built: This is the critical
failure point. Members mug
save 50% of constructiol
costs before getting land al
then cover all costs. No stat
backed mortgages q
affordable finance option
exist. This leads to very lo
construction rates (<7,00
out of 31,596 plot recipient]
built homes).

&Sweat Equity & Communi

Governance: Residents
maintain the building al
govern the space themsel
The key output is not just {
physical space but a new mg
of communityled housin
governance, which th
propose to the city as
alternative to toown
bureaucratic management.

& Sharedhe
in stage

Incremental
poor build
(incremental  housing)
money allows. They uj
cheaper materials (woo|
share housing with family, a
prefer daily/weeki|
rent. Community saving
groups (thriftg]
cooperativesare their primar
and most effective financin
tool.

Main Challenges

- Poor build quality an
monotonous urban design
new towns like Sidi Abdallal|
- Balancing the speed of mg
production with quality of lifg
for residents|
- Financialization of housin
potentially underminin
broader social goals.

- Policy is fundamentally
unaffordable for its targe
group due to hidden cos
(land compensation
- Corruption
selection.

- Extreme delays i
delivering serviced land (u
to 5 years).
- Complete lack of accessib
housing finance fo
members.

in membe|_

- State repression &
continuous legal challeng
- Internal conflicts and violen
within occupied space
The resourcéatensity o
sustaining longerm
occupations.

- Vulnerability to shifts in th
political landscape (e
resignation  of  supporti
mayor).

- Extreme poverty and incor|
insecurity (90% eal
<$30/month).

- Mismatch between form
housing produci
(homeownership) and t
needs/capacity of the pc
(need rental  <$9/montt
- Lack of formal finance ar
secure land tenure.

Outcomes &

Effectiveness

High Output, Mixed
Satisfaction: Successfully
delivered thousands of uni
contributing to significan|
slum reduction. Howeve
resident satisfaction is lo
(avg. 2.85 of 4) due to quali
and design issues. T
product is delivered, but is it
good place to live?

Succes
Failure: The
policy successfully
transferred land to ovg
31,000 members. Howeve
it failed in its core mission o
creating affordable housin
Most plots lie empty.
members cannot afford
build, and many are forced
sell.

Quantitative
Qualitative

Political & Policy Wins:The
occupation forced the city
identify and zone specific sit
for affordable housing.
stalled the sale dérge piece (
inner-city

public land (Tafelberg and
won a cairt case affirming th

tistate's duty to reverse aparth

spatial planning. It created
sustained political force.

Identifies a Viable Polig
Alternative: The study provide
a  powerful demandide]
critique. It identifies realist]|
affordability parameters(rent
<$9/month) and highlights t|
potential of  increment|
housing and informal saving
It argues for formalizing, n
replacing, these strategies.

Critical Analysis

The Commodification vs
Quality Tension: The progral
successfully financializ¢
housing for the middle cla
but struggles with the quali
of life and urbanism
produces. This shows tl
limits of a purely quantitative
state-driven productio
model.

The Policy-Reality Gap: Th
experience is a stark critiqU
of a well-intentioned policy
that is blind to the economi
realities of its target grouf

The self-help model becomginternal

a burden, not a benefi
without financial support. |
highlights a profound failurg
of policy design.

The Inside/Outsig
Tension:The movemet|
successfully uses "out®'

tactics (illegal occupation)
win  "inside"  concessio

(policy changes, court ruling
However, maintaining tl
participatol
democracy of the occupatiol

fraught with conflict an|
requires  significant NG
support, challengir|
romanticizel notions [

autonomous movements.

The Formal/Informe
Tension:The study makes
powerful case for a paradi
shift from replacingnformality|
tolearning from and buildir]
uponit.  This  requires
fundamental reorientation
the state's relationship vhitthe
poor, from control t
partnership.

Reference

Makhloufi, 2025

Adigeh & Abebe, 2024

Tattersall & lveson, 2024

Akinwande et al., 2024

Table 2: Comparative Analysis of planning and poticyaffordable housing in Affrican cities

5 CONCLUSION

=

The challenge of affordable housing in emerging dadeloping economies including African countries
cannot be resolved by singular, ideologically papproaches. The diverse experiences of AlgiersjrBah
Dar, Cape Town, and Lagos collectively demonstthte effective strategies must move beyond false
dichotomies — state vs. market, formal vs. infornoainership vs. rental — and instead forge a hypaith
that strategically combines the strengths of midtgctors and processes. This path rests on fdlowniag
foundational pillars:
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(1) Successful approach must be grounded in tleel lreality of the urban poor. Policy must begin wih
idealized housing standards or financial models wWith a deep, empirical understanding of whatttrget
population can actually afford. As the Lagos ststigrkly reveals, when formal mechanisms ignore the
precarious, often daily, incomes of the poor (iis tase, less than $9 per month for housing), bezpme
fundamentally inaccessible. Policy must therefoezognize and enhance, rather than replace, the
sophisticated informal strategies of incrementaistauction, shared housing, and community-baseithgav
that the poor have already invented.

(2) Land is a necessary but insufficient conditionaffordable housing; it must be integrated wétiabling
financial mechanisms. The Ethiopian experienceeseas a tragic cautionary tale: providing land auitha
concurrent strategy for housing finance is not licpobut a transfer of unbearable risk. It creaedass of
plot-holders who cannot build. In contrast, theeklgn model demonstrates the power of the stgteoide
structured, long-term finance that aligns with rehad income, transforming tenants into owners. The
critical lesson is that land and finance cannasilueed; they must be designed as an integratedrayst

(3) The state is an inescapable actor whose rot# beureimagined, not retreated from. Across aésathe
state is central — as builder (Algiers), enableah(iB Dar), target (Cape Town), or absentee (Lagus).
amount of community self-help can substitute fercéipacity to act at scale. However, the state sugve.

It must move from imposing rigid, top-down produtdssupporting housing as a dynamic social prodess.
must build the capacity for responsive listeningxible implementation, and accountable partnerstith
social movements and community organizations. ApeC&own’s pragmatic prefiguration shows, an
adversarial state can be forced to change througbnatellation of people power strategies — conmgini
litigation, mobilization, and the physical demoasimn of alternative possibilities.

(4) Housing is fundamentally an act of urbanismt just shelter provision. The location, quality,dan
liveability of housing are as important as its &xi€e. The dissatisfaction of residents in Algiersv towns
and the struggle of Cape Town's movement for imitgrland underscore that peripheral housing, nttana
how cheap, imposes costs in time, dignity, and dppdy that undermine true affordability. Effeativ
policy must integrate housing with transport, segsi employment, and thoughtful urban design.

In conclusion, affordable housing in emerging amyealoping economies requires a new kind of urban
planning — one that is humble enough to learn fthminformal, courageous enough to confront unjust
structures, and pragmatic enough to combine the sfdhe state with the energy of its citizense Qoal is

not a blueprint, but a framework: a hybrid approdbht empowers the poor, enables the state, and
ultimately, reimagines the city as a place of pestind belonging for all.

Future research must move beyond siloed analysésvéstigate integrated land-finance policy models,
comparing outcomes for households that receivewatidand without accompanying financial mechanisms
Researchers should document and analyze inforretdrag as intelligence, conducting ethnographiciesud
of incremental building, community savings, andretlehousing to understand how these strategiebean
enhanced rather than replaced by formal policy. ddmeept of pragmatic prefiguration requires corapiee
investigation across housing movements to undedsidren and how occupations, community experiments,
and constellations of people power successfullgatate transformation. Multidimensional affordigbi
frameworks must be developed and tested, integratielter costs with transportation, employmentessgc
and residential satisfaction. The state’'s multipliof roles demands comparative institutional gsial to
explain why some states enable, others obstruct, stifi others are forced to change, identifying th
conditions under which productive state-societyesgy emerges. Finally, longitudinal studies tragkin
households over time through incremental conswuacpolicy interventions, and movement participatioe
essential to understand the dynamic processesi¢itatmine whether housing strategies succeed lof fai
moving beyond static snapshots to capture housirgtamporal process.
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1 ABSTRACT

In developing countries, human settlements areeagingly becoming more vulnerable to high floodgis
and damages, especially those who are situated resas, flood-prone areas, and at low elevations.
Correspondingly, South Africa is one of the devaigpcountries that often experience devastatingairtg

of climate-related disasters, such as significah#tavy rainfall-induced flooding. However, floodergist,
repeatedly affecting the residents despite thetiegismitigation measures such as spatial planning.
addressing these ongoing challenges, this papes tonanalyse the effectiveness of spatial planming
enhancing rural resilience to flooding in South iédn rural areas and identify opportunities for
improvement. Using a mixed methods approach, tleeabspatial planning in enhancing rural resilierto
flooding is assessed in relation to spatial develapt and flood risk management of rural areas iattso
Africa. Findings highlight that spatial planningafneworks in rural areas often lack clear consideratf
flood risks, resulting in increased vulnerabilijost rural areas are situated in areas that amevaile to
flooding, highlighting the necessity for enhancéghping. Limited and poor infrastructure provisiorrural
areas also hinders rural resilience to floodingisTimaper recommends the incorporation of flood risk
management into spatial planning frameworks, enhgngreen infrastructures, raising awareness among
residents about flood risks, and promoting collabwe spatial planning. This paper emphasises the
necessity for incorporating spatial planning amed risk management in rural South Africa, conttiitogi to
more rural resilience and sustainable rural devatq.

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

2 INTRODUCTION

In developing countries, human settlements are maheerable to flood disasters due to the combined
consequences of climate change, rapid land-usegehand socioeconomic vulnerabilities (Ananwa, 2023
In South Africa, rural communities located nearers; low-lying areas, and flood-prone areas are
particularly at risk, frequently sustaining repeat®mod damage with limited ability to adapt andaoeer
(Chakwizira et al., 2021). Worldwide, flood damagesl risks are increasing as climate change inescag
frequency and severity of heavy rainfall eventgvieg pressure on both urban and rural communities
(Raphela, 2025). In South Africa, rural human setdnts are increasingly vulnerable to flooding tue
inadequate infrastructure delivery, a lack of adhitity, and underfunded institutions (Ampofo et 2024).

To address the increasing flood risks and damaggearchers and policymakers have devoted substantia
focus to flood risk reduction and climate adaptatgirategies, notably on governance arrangemermts an
planning tools employed to manage developmentéasawulnerable to flooding (Loschner, 2020). Among
these planning tools, spatial planning is commdmgwn as a main mechanism for preparing for flaek r
and shaping land use patterns in a way that miegnexposure and long-term vulnerability (Roosimagi,
2021). Spatial planning is a tool that can playritical role in prevention and transformation idd risk
management through guiding settlements in areasatieafeasible for residing, regulating land usa] a
incorporating environmental challenges into develept decision-making (Kodag, 2022). Existing litara
largely conceptualises spatial planning as a teelhiaind physical intervention tool, mainly concatitrg on
spatial design measures such as buffer zones-fesstant building standards, and stormwater mamagt
systems (Meng, 2020). Although these approachesssential for flood resilience, they tend to ocveklthe
governance, political, and institutional aspectplafining that shape how such tools are enforcedaatice.
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Consequently, limited focus has been given to haatial planning systems, decision-making processas,
institutional capacity influence flood resiliencetcomes, especially in areas characterised by r@sources
and weak governance. In addition, flood risk managy# research persistently focuses much on urteas ar
with rural areas receiving limited scholarly attentdespite facing persistent exposure to floodpopr
infrastructure investment, and poor planning andegmance systems. This gap is particularly evident
South Africa, where flooding is the most frequentl @lamaging natural disaster. Between 2000 and,2016
floods accounted for nearly 42% of all natural dises worldwide and 35% of those recorded in South
Africa (EM-DAT, 2017). In South Africa, rural areasiostly operate under complex land tenure
arrangements, poor technical capacity, and fragedeimstitutional responsibilities, conditions tizater to

an urban-centred planning model that cannot addueakareas flood vulnerability.

South Africa exemplifies the aforementioned chalks) The country experiences recurring flood reskd
damages due to the combination of climatic stresdostorical spatial planning inequalities, andtoaiing
institutional and governance challenges (Raphel25@ Provinces in South Africa, such as Limpopo,
KwaZulu-Natal, North West, and the Eastern Cape disproportionately affected by more extensivedio
risks due to a combination of geographic and gawemt-related weaknesses, and limited adaptation
capacity (Munyai et al., 2021). Despite spatialnplag being formally known as a vital mechanism for
enhancing flood resilience, many rural municipasitstruggle to translate planning regulations @fficient
flood risk reduction practices due to weak intertsgl collaboration and poor incorporation of flodsk
consideration into land use decision-making (Murstaal., 2021). As a result, flooding continueshtwe
impacts on rural settlements repeatedly, raisirgstions about the effectiveness of existing spptaining
techniques. Despite the growing recognition of igpgilanning as the main mechanism for flood risk
management, there is limited empirical knowledgeualtnow spatial planning is being implemented iraku
South African contexts, the institutional challemgbat hinder its effectiveness, and the extenwhech
current spatial planning frameworks support rul@bd resilience. This signifies a vital gap in therature,
especially considering the accelerating climatengeampacts and the disproportionate vulnerahitityural
human settlements. Addressing these challenges,sthdy aims to analyse the effectiveness of dpatia
planning in enhancing rural resilience to floodingsouth Africa.

3 LITERATURE REVIEW

3.1 Climate change and flooding in developing countries

Worldwide, flooding is known to be one of the mésiquent and catastrophic natural disasters, emgrgi
when water temporarily overwhelms normally dry laihe to heavy rainfall, river overflow, or inadetpia
drainage systems (Ran & Nedovic-Budic, 2016). ®imement simply emphasises that globally, floods
affect more residents than any other type of nhtlisaster. UNISDR (2018) reported that floods tre
most frequently reported natural disasters, repbatfecting a large number of people. Accordinghe
United Nations (2015) and Abdrabo et al. (2020)wieen 1995 and 2015, floods were reported to be @f3%
all natural disasters, impacting over half of tlesidents experiencing any other natural disastets a
resulting in more than a quarter of all disastéatesl deaths. As mentioned above, climate changgnces

to increase the flood risks by increasing the fesmy and severity of heavy rainfall events, leayngssure

on both urban and rural communities (Raphela, 202&yldwide, between 2000 and 2022, floods resulted
in inflation-adjusted economic loss equal to US$BRI®on, illustrating 3852 floods (Centre for Reseh on
the Epidemiology of Disasters (DRED, 2023). In $o#éfrica, floods and storms are the most frequent
natural disasters, resulting in 71.2% of the tdtshsters in the country (CRED, 2023). In the Gl&xmuth,
flood risks and damages are intensified by strattand socioeconomic aspects, encompassing inaequa
infrastructures and weak governmental regulatiand,unplanned rural settlements that usually ecbroa
natural floodplains (Nuissl, 2020). According toulL{2024), globally from 1990 to 2022, 168 countries
experienced 4,713 flood events, impacting more tharbillion residents, resulting in over 218, (f¥aths,
and economic losses exceeding $1.3 trillion. Afdoatinues to be vulnerable to flooding, experiegdhe
third-highest proportion of global flooding everstsd associated deaths (Hamidifar and Nones, 2021).
2024 alone, floods impacted over 8.5 million restdeand claimed more than 1,460 lives across 26tdes

in West and Central Africa, emphasising the combimapacts of climate variability and inadequate
infrastructures (Ramadane, 2024). These floodiagssits highlight that flooding is not only a reped
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environmental disaster but also a pressing devedopsthand governance challenge, especially in aniths
limited adaptive capacity.

3.2 Role of spatial planning in flood risk management

Spatial planning is known as a process in whicHip@and private sectors influence the spatial atmmn of
activities, people, and land uses to guide longrteéevelopment outcomes (Roosimagi, 2021). In autdiid
oversight, spatial planning signifies a coordinaded strategic approach aimed at shaping spatiarps of
settlement growth to enhance resilience, efficiensystainability, and safety of human settlements
(Thistlethwaite, 2019; Roosimagi, 2021). This hdaced spatial planning as a possible vital tool in
addressing complex environmental risks and damagesuding flooding. Considering flood risk
management, spatial planning is known as a prexeidiol that can minimise exposure by directing aom
settlement developments away from areas vulnetalileoding and incorporating environmental chajjes
into land use decision-making (Ran, 2016). Spatiahning operates proactively by directing wherd an
how human settlement developments should occukeusiructural flood control tools such as damgeés,
and drainage systems, which minimise flooding pbdlig but cannot fully stop risks and damages @ay
et al., 2013; Thistlethwaite, 2019). Thereforegpléys an enhancing role in engineering-based iatgians
by tackling the fundamental drivers of flood vulaleitity. Notwithstanding the recognised capabilitiye
literature repeatedly emphasises major challengdsanslating spatial planning principles into sagsful
flood risk management practice. One of the mostraonly quoted challenges is the weak collaboratiah a
communication among spatial planning officials #ilodd risk management institutions, which usuallgriv
within incoherent government systems (Ran & Ned®udic, 2017). This institutional disconnect is
worsened by varying professional viewpoints, witkvti planners and flood risk officials mostly holgin
contrasting perspectives on the role and scopeatiat planning in enhancing flood risk (Solin, 202
These issues are overlooked and threaten the imadipn of flood risk consideration into spatial
development processes and minimise the effectigemésplanning interventions. The mutual reliance
between spatial planning and flood risk managemsaghlights the necessity for more integrated
mechanisms that correspond to spatial planningir@mwmental management, and governance processes
(Ran, 2016). Effective spatial planning needs tar@e environmental, social, and economic aspehite w
concurrently tackling the current vulnerabilitieadahindering the creation of new risks and damages
(Thistlethwaite, 2019). Incorporating flood risk magyement into spatial planning regulations is ttoeee
vital for minimising long-term exposures and enhagcthe rural resilience and sustainability of hama
settlements. These challenges are frequently seeirica, where flooding is the most common natural
hazard and usually leads to notable loss of lipegperty damage, and disturbance of livelihooddiécs,
2019). Under these circumstances, spatial developplanning has a vital role in hindering unsuiéabl
settlement development in areas that are vulnetalfleoding and supporting disaster risk reductdforts.
When executed correctly, spatial planning can douie not only to minimising flood risks and damadpait
also to addressing social vulnerabilities and aeitihg societal resilience to flooding (Priest &t 2016;
McEwena et al., 2018).

4 APPROACH AND METHODOLOGY

An exploratory research design was adopted insthidy to allow for a flexible and in-depth examioatof

the role of spatial planning in enhancing ruraliliesce to flooding in South Africa. This design is
particularly suitable for gaining new insights, riflging concepts, and identifying patterns, relaships, or
factors influencing complex phenomena (Saundersyid,e& Thornhill, 2019). The study employed a
mixed-methods research approach, integrating batmntifative and qualitative techniques to provide a
comprehensive understanding of the research probltired methods research is especially valuable for
addressing complex issues that cannot be sufflgiexiplored through a single methodological apphoac
(McLeod, 2024). The quantitative component focusedollecting data related to flood risks, infrasture
availability, and spatial planning indicators, wehithe qualitative component involved semi-structure
interviews with town planners to explore percemiaf flood risk, the effectiveness of spatial plsgn
interventions, and barriers to implementation. Adam sampling technique was used to select South
African residents for the quantitative survey tesume representativeness, while purposive sampliag w
employed to select town planners with relevant digee for the qualitative interviews. Data analysis
involved the use of descriptive statistical toafgluding SPSS and Microsoft Excel, for quantitativata,
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while qualitative data were analysed using thematialysis to identify recurring themes and patterns
Ethical considerations were rigorously observedughout the study. Participants were fully infornadaut
the purpose of the research and assured that tbejdwot be deceived in any way. Participation was
entirely voluntary, and respondents were informédheir right to withdraw from the study at any gta
without any consequences. To avoid coercion or enafluence, participants were provided with adeégua
information to make informed decisions and werevedld to ask questions and seek clarification reggrd
any aspect of the study.

4.1 Data Collection Methods

Data collection refers to the systematic procesgatiiering, evaluating, and analysing accuratemmdtion
using established and validated research methodzH, 2021). This study employed both primary and
secondary data sources to ensure a comprehensiveadirrounded analysis of the role of spatial piag

in enhancing rural resilience to flooding in Soutfrica. Primary data were collected through suryeys
interviews, and field observations. Secondary dagee obtained from policy documents, local govemime
reports, and existing scholarly studies relatesptatial planning, flooding and rural resilience.

4.2 Survey Questionnaires

A questionnaire is a research instrument used tleatodata through a structured series of questions
(Hussain, 2022). In this study, structured survegsgionnaires comprising both closed-ended and-open
ended questions were used to collect data fromhSafrican residents living in rural areas vulneel
flooding. The mixed question format allowed for tbellection of both quantifiable data and contektua
insights. A total of 20 questionnaires were disttdal to participants residing in flood-prone ruae¢as. Each
questionnaire was designed to take approximately Srinutes to complete.

4.3 Interviews

Interviews are a qualitative data collection methbdt utilises open-ended questions to obtain tide
information from participants (George, 2022). Setnuctured interviews were conducted with five town
planners, selected due to their role in spatiahmlag and flood resilience in both rural and urleantexts.
The semi-structured format enabled flexibility, omling participants to elaborate on their experience
perceptions of flood risk, the effectiveness oftigppgplanning measures, and challenges in impleatimt.
Each interview was expected to last between 1Ql&ndinutes.

4.4 Literature Sources

A comprehensive review of existing literature wasducted to establish a strong theoretical andecdtunl
foundation for the study. This review focused oratsph planning, rural resilience, flooding, landeus
planning, and climate change at global, nationatl bbcal levels. Key policy documents, including th
Spatial Planning and Land Use Management Act (SPAUIRI013), Spatial Development Frameworks
(SDFs), and Integrated Development Plans (IDPs)ewealysed to understand the role of spatial hann
in enhancing rural resilience to flooding in Soutfrica. Additionally, the study was framed withihet
existing research on theoretical viewpoints in fasd planning, rural resilience, flooding and cliena
change found in academic literature.

5 RESEARCH FINDINGS

5.1 Flood experience among residents

The findings highlight that flooding is a commorpexience among most of the participants. The ntgjofi
respondents, 83%, stated that they have been ekposiooding in their communities, while only 17%
highlighted that they have not. The absence of “sute” responses highlights that participants were
confident about their responses, emphasising thgilile and memorable nature of flooding events iwith
their communities in South Africa. The majority affirmative responses emphasise the repeated ecwar
of flooding in the study area and confirm that flowy is a common and lived challenge for residevtis
stay in rural communities. These results furthghhght the need for effective flood risk manage tnemd
spatial planning intervention, as flooding is ndtygothetical risk but a repeated reality impactingst of

REAL CORP 2026:
EVERYBODY PLANS ... SOMETIMES

5



Takalani Mugada, Trynos Gumbo, Retsepile C. Kalao@Bhembani Moyo

the residents in rural communities in South Africestly those who reside in areas vulnerable todilag or
low-lying areas.

5.2 Frequency of flood occurrence

The following figure shows that flooding occurs lwitlifferent regularity in the study area. Half biet
participants (50%) reported that they experienceding every year due to heavy rainfall, highliggtthat
flooding is a common and recurring event for a isicgnt portion of rural South Africa. About oneirith of
participants (33%) experience flooding occasionaiisoughout the year, highlighting irregular buill st
noteworthy exposure to flooding events. 17% repbitat they experience flooding rarely, highlightithat

a smaller portion of the rural South Africa popigdatfaces infrequent flood events. Overall, theadgtows
that flooding is the most frequent natural disasteSouth Africa, with most of the rural commungie
residents affected regularly, emphasising the msitgefor robust flood risk management and resileenc
strategies.

5.3 Impacts of flood encountered

The figure below highlights that housing damageirduflooding is the most major impact of flooding,
affecting 50% of the participants. This emphasibas human settlements in rural areas are highrgldped

in areas that are vulnerable to flood events, pbssiecause of weak construction materials usether
location in flood-prone areas and poor infrastreestilsuch as drainage systems. The loss of crops and
livestock is reported to be the second most comimgract in rural South Africa, reported by 33.3% of
participants. This shows that the negative impatt$ooding on agricultural livelihoods and foodcseity
are particularly significant for households thalyren farming and livestock rearing. Displacememt o
residents affected 16% of the participants, hidtiligg that fewer households had no choice but lmcate
due to flooding, causing damage to living arrangas@nd community stability. Notably, no particigan
reported health problems or loss of income (0%)s Thay highlight effective coping mechanisms and
timely evacuation. Overall, the results highlighatt flood impacts were primarily physical and litelod-
related, with housing and agriculture being the traffected aspects.

5.4 Challenges of flooding in South Africa

5.4.1 Settlement Patterns in Flood-Prone Areas

The results highlight that settlements developear@as vulnerable to flooding are strongly affedigdand
allocation, poor awareness, and weak governmehtdlenges. All surveyed participants (100%) staked
they were not informed about flood risks and haddea that they were being placed in flood-proreaar
before residing in their respective communitiesis@nhows an urgent gap in risk communication artdipu
awareness about the flood risks, highlighting thabd risk information is not effectively shared thvi
residents before settlement decisions are madereBpenses further highlight that the lack of krexge is

a main issue contributing to continued residerd@lelopment in flood-prone areas. As highlightecbhg
resident, due to an absence of information pertgino flood risks, it hinders residents' ability nmake
informed settlement choices (Resident 16, 2026)s Tésult emphasises that the tribal authoritiesunal
communities continue to allocate land in areas #natvulnerable to flooding, leaving residents getine
ones to experience the challenges. Viewpoints ftown planners point to systemic and governmental
challenges within spatial planning and human getlg delivery processes. Backlogs in the delivedry o
properly demarcated and serviced human settlenfevs resulted in residents settling in availabledla
despite flood risk and damage exposures (Town Blahn2026). This scenario is worsened by repeated
housing delays, which drive communities to priagtihaving shelters rather than considering thdatga
Additionally, it emphasises that municipal plannpriprities are more focused on urban areas, lganiral
communities with limited planning support and avmss initiatives. According to Town Planner 3 (2026
weak spatial planning practices in local municigpedi, lack of land for development, and poor comityun
awareness programme lead to the continued allocafigtands in flood-prone areas. This shows adenoa
spatial inequality between rural and urban areaSdath Africa. The role of tribal authorities wasaa
mentioned as one of the major aspects influenaititement patterns in areas that are vulneralfleading.
Town Planner 4 (2026) emphasised that tribal autesroften lack adequate knowledge of environnlenta
buffers and disaster-prone areas when they allostrds to residents under their jurisdiction. This
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emphasises the disconnect among formal spatialniplgn disaster risk management regulations, and
customary land allocation practices, further exaating settlement vulnerability. Overall, this asi
shows that human settlement in flood-prone areamitssolely a result of individual choice but ratle
combination of poor awareness, poor spatial plapninadequate governmental collaboration, and land
scarcity. These results highlight the necessityirfgoroved flood risk communication, stronger cooedion
among municipalities and tribal authorities, andagative spatial planning intervention to avoid Hrt
human settlement in areas vulnerable to flooding.

5.4.2 Inadequate Integration of Flood Risk into SpatiahRing Frameworks

This paper found that flood risk management is fyooicorporated into rural spatial planning regidas,
significantly restricting their effectiveness in mmising flood vulnerability. Spatial Development
Frameworks and Land Use Schemes in most rural canties lack comprehensive flood risk assessments,
up to flood hazard mapping, and clearly elaboratttiement development guidelines for areas vubiera
flooding. This absence of risk-informed planning cim@nisms leads to human settlement development
decisions that do not adequately account for cuard potential flood risks and damages. Therekpatial
planning tools fail to effectively guide human Batient development away from high-risk areas or
encourage adaptive land use practices such aliedtdevelopment, buffer zones, or flood-resilibnman
settlement patterns. Instead of spatial planningratjng as a proactive and preventive mechanisatjap
planning regulations mostly respond reactively rafteod events have already happened. This respensi
approach threatens the core objectives of spdaahjng in enhancing safety, sustainability, arsilience.
Additionally, the results show a disconnect betwesmatial planning and disaster risk management
regulations. Although there is the existence ofomatl and local disaster management frameworksr the
principles are not enforced within spatial plannitapls at the rural community level. This poor
incorporation results in recurrent flood challengesural communities, as human settlements coattolbe
exposed to flood risks without adequate preverngiaaning mechanisms. Overall, the paper emphasises
immediate necessity for incorporated, risk-sensithpatial planning approaches that coordinate lessed
planning with flood risk management and climatengfeaadaptation measures.

5.4.3 Poor Infrastructure Provision and Maintenance

The results of this study confirm that poor infrasture provision and maintenance significantlyliemage
rural resilience to flooding. Survey findings higfit that 66.7% of participants have drainage sifuecture
to help during flooding, while only 33.3% show theesence of some form of drainage infrastructuhés T
imbalance emphasises the widespread absence af fil@®il mitigation infrastructure in rural areasdan
underscores the vulnerability of these communttdseavy rainfall events.

Inadequate drainage infrastructures increased fioghcts by allowing stormwater to accumulate waithi
human settlements, exacerbating surface runoffpasldnging inundation periods. These results aligsh
broader observations that infrastructure developsnen rural communities commonly lag behind urban
areas in both delivery and maintenance. Furthernpmer infrastructure hinders access to esserdraices
during flooding events in rural communities. Poarigintained roads and the absence of stormwattersygs
impede mobility, delay emergency response, andicestccess to healthcare and markets. As a result,
flooding not only leaves physical consequencesalsd threatens socioeconomic status, further mgingi
the adaptive capacity of rural communities. Fromtigph planning viewpoints, these results highlight
disconnect between human settlement developmenhémadtructure planning in rural areas. The absaic
incorporated infrastructure planning within SDF emdines long-term sustainability and resilience
objectives. Overall, the findings highlight the assity for enhanced investments in rural drainagg a
stormwater infrastructure, alongside regular maatee, to enhance flood resistance in rural areds a
support sustainable rural development.

5.4.4 \Weak Stakeholder Coordination and Governance

The paper highlighted that poor collaboration betwvéey stakeholders undermines the effectiveness of
spatial planning and flood risk management in ru@nmunities. Coordination among town planners,
disaster management officials, environmental dfi and local government departments is often weak
leading to fragmented planning processes and pofwreament of flood resilience mechanisms. The
absence of incorporated government structures,dooommunication channels, and shared data systems
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further heightens these impacts, resulting in aapdid efforts in some areas while leaving critjgalicy
gaps in others. This lack of collaboration not ditlyits the effective execution of flood mitigatiatrategies
but also minimises the capacity of rural commungitie benefit from available resources and experkse
example, without collaborative planning, disastanagement units may enforce emergency approacies th
are not aligned with spatial development priorithile environmental officials may fail to protecatural
flood buffers critical for minimising flood challges. The results emphasize the need for strengthene
intergovernmental and cross-sectoral coordinatiocjuding the establishment of shared information
platforms, joint planning committees, and reguldaaksholder engagement forums. By encouraging
incorporated governance and cooperative decisidtinma rural flood-prone areas can achieve more
coherent spatial planning outcomes, enhancing dweamunity resilience to flooding.

5.4.5 Limited Community Awareness and Participation

Limited community awareness and participation emérgs a significant challenge affecting rural flood
resilience. The findings indicate that many resideimave insufficient knowledge of flood risks, garl
warning systems, and appropriate preparedness nesasthich reduces their ability to anticipate parsd

to, and recover from flood events. The lack of asitde and targeted risk communication in rurabsre
contributes to this knowledge gap, leaving comniesitunprepared for recurring flooding. In addition,
community involvement in spatial planning procesge®often minimal. Residents are seldom actively
engaged in decision-making related to land-use nitap settlement development, and disaster risk
management. This limited participation restrictpapunities to incorporate local knowledge and dive
experiences into planning processes, which arentakdor identifying context-specific flood riskand
feasible adaptation strategies. When residentsi@rivolved in planning decisions, they are léksly to
understand, support, or comply with planning regoies and risk reduction measures. As a resultjadpa
planning strategies aimed at enhancing flood sk become less effective and more difficult tstesn
over the long term. Overall, the findings highligthte need for participatory and inclusive planning
approaches that prioritise community awareness;aiun, and involvement as central components i ru
flood resilience.

6 IMPLICATIONS AND RECOMMENDATIONS

The results of this paper have several implicatfonspatial planning in rural communities in Sothica.

The repeated flood impacts highlight that the @exgsspatial planning approaches insufficiently cdes
environmental risks and damages. The town planaedstribal authorities must therefore prioritiseofd

risk assessment when allocating land uses to masideder their jurisdictions and approving devaiepts,
especially in rural and low-lying areas. This papaggests a necessity for stronger implementafispatial
planning regulation and frameworks. Despite spailahning regulations, their limited consideratioh
flood risks and poor enforcement contribute to cw#d human settlement in areas vulnerable to fltapd
Municipal town planners must enhance complianceitoong and make sure that planning decisions align
with disaster risk reduction principles. Exacerdabeavy rainfall variability and extreme weatheemg
require spatial planning regulations and policibat tare flexible and responsive to changing climati
conditions. Spatial planning tools such as the i8p&ievelopment Framework and Land Use Schemes
should be regularly reviewed and updated to retleetevolving flood risk and damage. The resultggsst
that infrastructure planning must be treated agsiarify tool for spatial planning, rather than asspalit
sectoral mechanism. Inadequate infrastructure iial kommunities exacerbates vulnerability to flowygi
highlighting the necessity for collaborative plamni among town planners, engineers, and disaster
management officials. Also, the paper emphasisesnied for an inclusive and collaborative spatial
planning process. Weak community awareness of flaekls and damages shows a gap in public
engagement. Spatial planning should then activellalzorate with rural communities to incorporatedb
knowledge and enhance preparedness and resilienflteoding. The results show that nature-based and
green infrastructure resolution should be widelg@dd in spatial planning decisions. Protectinglavets,
river buffers, and natural drainage systems canimise flood risks and damages while supporting
sustainable land use and environmental protecBarrall, these implications highlight that spapinning

in rural South Africa must be integrated, proactiard resilient to effectively minimise flood vuhadility

and support rural developments in South Africa.

REAL CORP 2026 Proceedings/Tagungsband Editors: M. Schrenk, C. Beyer, T. Popovich, J. RyBe Mawlood M
23-25 March 2026 — https://www.corp.at ISBN 978-3-9504945-5-6



An Analysis of the Role of Spatial Planning in Entiag Rural Resilience to Flooding: A Case Study oftBd\frica

Flood risk management should be incorporated imtal ispatial planning frameworks and policies. Sibd
LUS must explicitly identify areas that are vulrigeato flooding and restrict settlement developmient
high-risk areas. In areas where relocating is sifd® spatial planning frameworks and policies mus
enhance flood-resilient settlement patterns andiement development control measures that minimise
exposure to flood risks and damages. There is @ m@eenhance infrastructure development in rural
communities, especially drainage systems, roadsigds, and stormwater management infrastructure.
Enhanced infrastructure will minimise flood impaated enhance accessibility during and after floaghts,
thereby heightening the adaptive capacity of rw@hmunities. Green infrastructure and nature-based
solutions should be enhanced as part of spatiahpig strategies to minimise flooding in rural coomities

in South Africa. Tools such as wetland restoratigrarian buffer zones, reforestation, and sustden&and
management practices can minimise surface runoffimpte water absorption, and minimise flood risks
while supporting environmental sustainability. Rurammunity residents should be educated aboutfloo
risks, early warning systems, and appropriate mespstrategies, and also enhance community awarenes
and participation. Participatory spatial planningpgesses that actively include local communitiea ca
enhance local knowledge incorporation and enswedatial planning interventions are socially atakle

and contextually relevant. Effective flood resittenneeds collaboration among town planners, disaste
management authorities, environmental officialsg docal governments. Enhanced data sharing and
governmental capacity building will support inforthdecision-making and the enforcement of incorparat
flood risk management strategies.

7 CONCLUSION

This paper analysed the role of spatial planningnhancing rural resilience in South Africa, witirgcular
emphasis on settlement patterns, spatial plannggglation and policies, infrastructure delivery,dan
community involvement. The results present thabding continues to be a lived reality for many tura
communities in South Africa, with repeated challengo housing, agriculture, livelihoods, and human
settlement stability. Although formal recognitioh spatial planning as the main mechanism for flois#
management exist, its practical effectiveness nalraommunities remains weak. This paper shows that
many rural communities persist in areas that ateevable to flooding due to limited awareness obd
risks and damages, poor incorporation of flood msénagement into spatial planning regulations and
policies and weak governance systems. SDF and bU8ral local municipalities commonly lack detailed
flood risk assessments and hazard mapping, leadingactive rather than preventative spatial plagni
approaches. This weakens the capacity of spatainptg to guide safe human settlement developnmaht a
minimise long-term flood vulnerability. Poor inftascture delivery and maintenance further incraasal
flood risks. The absence of effective drainage esyst inadequate road networks, and poor stormwater
management infrastructure exacerbate the frequandyintensity of flood impacts and limit emergency
response and recovery. This infrastructural imghows broader spatial inequality among urban aral ru
communities and emphasises the necessity for incatgd infrastructure and land use planning.

This paper also identifies the poor collaborationoag key stakeholders, including tribal authorities
municipal officials, and environmental and disast@magement officials. This poor collaboration warak
the implementation of spatial planning regulati@m hinders the effectiveness of flood risk reaurcti
measures. Furthermore, limited community awareaadsinvolvement in the spatial planning processgt lim
local preparedness and weaken the sustainabilitplafining involvement. Overall, the paper results
highlight that spatial planning in rural South A&fihas major potential to enhance flood resiliebagjt is
currently hindered by institutional, infrastructueand governance impacts. Enhancing the incorporaf
flood risk management into spatial planning, investin resilience and green infrastructure, enhamci
intergovernmental collaboration, and promotingusole and participatory planning processes are litapb
to minimising rural flood vulnerability. By integiiag a more proactive, incorporated and risk-seresit
spatial planning approach, rural South Africa casventowards greater resilience, safety, and suthen
human settlement development.
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1 ABSTRACT

European policy documents underline the vital ébation of small and medium-sized towns to the arba
systems of EU member states. Across several ceanthiere is a growing intention to equip thesentow
with new policy instruments that would strategigalitrengthen their position as drivers of regional
development. Common areas of intervention include tegeneration of public buildings, support for
business growth and innovation, enhanced regiooahectivity, housing improvements, and increased
investment in culture, education, and social sesuic

In the education of urban planners within the celwsban Planning Workshop 1: Settlement Plannirtheat
Graduate Study Program in Architecture and Urbamfthg at the Faculty of Architecture, University o
Zagreb, small and medium-sized towns hold particitgortance. Due to their optimal scale and the
complexity of their challenges, they serve as blétaase studies through which students learnnbeepses
of strategic thinking and spatial planning for i@wrban development. For the purposes of thisrpaipe
example of the small town ofakovec in northern Croatia was selected. In thelewéc year 2025/2026,
akovec served as the workshop assignment for watiadtents were tasked with proposing potential apati
development visions for the town for the period@2050.

The aim of this article is to present the educatiqgmrocess in Urban Planning Workshop 1: Settlement
Planning, which focuses on planning the long-teutare development of a small town. The main objecti

of the workshop is to formulate a comprehensivéonidor the town’s spatial development, while also
providing a more detailed elaboration of selectezhs considered relevant for future transformatiod
growth.

Keywords: Spatial planning, Small town, Developmeésion, Education, akovec

2 INTRODUCTION

Education in the field of spatial planning is ldsgeshaped by national contexts and the institutiona
frameworks of individual countries. Janin Rivolinat. (2025) start from the assumption that thecatianal
process involves the transmission and developmispecialized technical knowledge that can be taugh
through theoretical and practical education, indepatly of the specific features of national plagni
systems. They further argue that, although in#iiad and legal frameworks significantly influence
professional practice, they do not fully determihe content and structure of technical knowledggiwi
educational programmes. The authors advocate a distinction between spatial planning and urban
governance, with the former serving as an instrurf@rthe achievement of the latter. Technical klemge

in spatial planning is most effectively acquiredentspatial zoning is established as its foundaimhwhen
long-term spatial patterns are identified.

Teaching requires that knowledge be presenteditoefprofessionals in a systematic and consisteminer.
Due to the specific nature of education in thedBebf urbanism and spatial planning, this requimrgneless
pronounced, as these fields encompass a complexidaoh knowledge and practice in which diversity
poses increasing challenges (Millard-Ball et 2022, Diko et al., 2023).

Understanding complex spatial systems and procesgeses specific practical skills as well as tetioal
knowledge drawn from multiple scientific disciplsy@nd fields, thereby making the education of apati
planners more comprehensive. AESOP (2024) higldighe need to place particular emphasis on the
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development of strategic thinking competencies @md@trengthening capacities for long-term foresayid
spatial planning, whether at the regional or ldeakl.

Since the 1990s, particular attention has beenngiveEurope to strategic spatial planning as a meadn
addressing economic, social, and environmentalesiges, with the aim of developing a coordinatesiovi

to guide medium- and long-term development (Albteck Balducci, 2013; Balducci, Fedeli, & Pasqui,
2011; Albrechts, Healey, & Kunzmann, 2003). Hergperet al. (2019) point out that strategic spailahs
focus on a combination of development strategiessarategic urban projects. Schmitt and van WdllLE)
argue that attention is predominantly directed togovernance processes, while insufficient empghesi
placed on linking these processes to physical fimamations in terms of land cover and land-use geaim
the implementation of strategic plans, particutéergion should be paid to local statutory plansiftysalo,
Kangasoja, & Kanninen, 2015; van den Broeck, 2048}hese enable the physical transformation afespa

Small towns represent a particularly suitable cxnter the education of future spatial plannershinitthe

field of spatial planning. European policy docunseamphasize their key contribution to the urbanesys

of EU Member States, and in many countries thera &ated intention to equip them with new policy
instruments aimed at strategically strengthenieg ttole as drivers of regional development. ESR@DR4)
point out that particular attention should be dedadb development through the renewal of publi¢dings,
support for entrepreneurship and innovation, theasoement of regional connectivity, improvements in
housing, and investments in culture, education, smclal services. Within urban systems, such towns
constitute spatial systems in which relationshigtwleen governance processes and physical spatial
transformation are more readily observable and,tdubeir scale, less complex, thereby facilitatengiore
comprehensive understanding of space comparedg® taetropolitan areas.

The aim of this paper is to present the educatipnatess in Urban Planning Workshop 1: Settlement
Planning, which focuses on planning the long-teutnre development of a small town. The main obyecti
of the workshop is to formulate a comprehensivéonidor the town’s spatial development, while also
providing a more detailed elaboration of selectesha considered relevant for future transformatiod
growth.

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

3.1 Education of Spatial Planners in the Context of ElDocuments

The most significant European documents relatettheoeducation of spatial planners are the resuthef
work of two organizations: the European CouncilSgiatial Planners (ECTP-CEU) and the Association of
European Schools of Planning (AESOP).

During the ECTP-CEU meeting in Athens in 1995, oradi institutes and professional associations of
planners within the European Economic Communityeijthe International Agreement and Declaration,
thereby harmonizing professional standards, etlpdatiples, and shared objectives for the edunagiod
practice of spatial planning in Europe. In the dapent of Appendix B: Education and Training of the
Charter, five common cores were highlighted asrggddor the education of spatial planners, repngisig a
fundamental part of the planning profession in [pato

Environmental Context — Perception and evaluatidnth® environment; local development;
sustainable development; individual needs.

Theory and Methodology of Planning — History andatty of planning; urban policies; spatial and
temporal parameters; methods and research.

Institutional Framework — Legislation and admiraisn; local economy; interactions at national,
regional, and local levels; statistics and resairce

Professional Practice and Technique — Planning dedign; strategies and simulations;
interdisciplinary teams; governance and implema@anatommunication; design and aesthetics.

Professional Matters — Professional knowledge amsbetence; responsibility and ethics; guidelines
for practice; codes of conduct; promotion of stadda
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In its 2013 document, Charter of European PlannE@TP-CEU points out that research and analysis,
advocacy and mediation, and the ability to envisesaluate, and promote potential future optiomsufban,
spatial, and territorial development constitute tttwe commitments of planners. In the Guidelines on
Professional Competences in Spatial Planning (2@CTP-CEU presented a framework defining the skill
knowledge, and responsibilities that spatial plasrshould possess in order to practice their psajas
competently and effectively. The document emphasikeee specific needs for the competences ofapati
planners: critical thinking and understanding af thtionale of planning, including its theoretieald legal
foundations; an understanding of spatial systemd;the technical and creative competences requared
engage in planning practice. These are linkedgbteiore competences, which are presented in Tlable

Specific  needs for the Core competences
competences

Critical thinking and| The Rationale of Planning: Spatial planning playkeg role within a market-oriented environment, i
understanding of the rationalegrounded in the principles of sustainability, sbgiatice, and ethical practice. It balances indiisl rights with
of planning and its theoretical public interest, enabling evidence-based decisiaking and the resolution of spatial conflicts. Plars must be
and legal basis aware of the political and ethical dimensions a@fnpling, particularly in relation to the public goeuity, and
the fair representation of all stakeholders.

An understanding of the spatial Socio-economic systems: Spatial planning requiresgegrated understanding of social and econoystems
systems and their spatial implications. Planners must passiindamental knowledge of geographic analysis [and
operational contexts in order to assess politisakial, and economic factors, with specialized eige
necessarily linked to local conditions.

The Built Environment: Spatial planning requires warderstanding of the built environment and its aetpon
quality of life and sustainable development. Patéicattention is given to the principles and peses of creating
high-quality spaces, the role of urban design, thedevaluation of design. Planners must considesttategic
potential of planning, climate change, challengeshistoric contexts, and develop skills for placaking,
alongside the ability to engage in interdisciplineollaboration and mediation to foster inclusivel safe urban
environments.

Spatial planning requires an understanding of glaysind biological systems and the effective mamage of
resources, including health, quality of life, arfte tsustainable use of ecosystems, landscapes, reandy€
resources. Particular emphasis is placed on thseceation of natural resources and biodiversitynate change|
adaptation, heritage protection, the developmemeéwable energy sources, and the applicatioriaohjng in
maritime areas.

Technical and creative Planning Techniques: Spatial planning requires laptantitative and qualitative techniques to addsgstial
competence needed to engagehallenges and support policy implementation. Réasiremploy methods to define problems and colldbgra
in planning practice within multidisciplinary teams. Planning involveket analysis, assessment, and monitoring of develop
alternatives and requires specialized knowledge skilts. This includes scenario development anduatin,
visualization of alternatives, land-use and soniéds analysis, resource management, assessmeansyfort
impacts, fieldwork, and the application of GIS aoither analytical tools. Particular emphasis is gthon
interdisciplinary collaboration, urban design, atite capacity for mediation, negotiation, and stakdr
participation.

Independent Research: A key outcome of educatimpatial planning is the development of competente
independent research, including literature anglykita collection, application of research methads, the use o
IT tools for analysis and evaluation. ResearcHsskdn also be assessed through alternative formatout the
necessity of producing a formal thesis or dissierat

Planning Instruments: Spatial planning requireswkadge of institutional and legal frameworks anc th
application of legal, administrative, and finandiastruments. This includes understanding natioBakopean,
and international contexts, relevant directives amironmental protection instruments, legislatiamd
participation systems in planning processes.

The Planning Product: The outputs of spatial plagninclude policies, instruments, programs, prajec
strategies, and urban and landscape plans atdfiffegrritorial levels. They encompass strategiomfworks and
development visions, thematic strategies for wagrergy, and food security, urban regenerationrprog, and
the integrated use of land, transport, and infuastire. Planners must combine technical, creatind, personal
knowledge and skills, including project managemanbblem-solving, collaboration, communication, and
knowledge transfer, alongside competencies in e, mediation, advocacy, and leadership.

=

~

Table 1: ECTP-CEU specific need and core competatefegsed in Guidelines on Professional Competenc&patial Planning
(2017). Source: Author according to ECTP-CEU, 2017.

The AESOP Core Curriculum (2024) represents an tepdeersion of the Core Requirements for a high-
quality European Planning Education (1995) issueg@at of AESOP’s statement odn European Planning
Education. The document has two crucial roles flaE®P: identifying knowledge, competencies and \&alue
deemed vital for spatial planners at the beginmifithe 21st century; and serving as a ‘benchmankttie
evaluation of applications and admission of new Imenschools and their education programmes.

AESOP core curriculum (2024) of planning progranghlights three essential components — knowledge,
practical skills, and values — that planners arpeeted to acquire or apply in order to carry owdirth
responsibilities in a socially responsible and essfonally ethical way. Graduates are expected to
understand spatial dynamics across different scdmonstrating the ability to produce, managelyaera
interpret, and communicate knowledge relevant &igbplanning. They should also be able to traadlais
knowledge into practice by designing, evaluatinggd amplementing spatial interventions that consider
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multiple stakeholders. Finally, graduates are eragmd to develop a sustainable professional peadtjc
assuming the societal responsibilities inheretihéorole of a spatial planner.

In Chapter B, From Knowledge to Action, the devetemt of knowledge is emphasized: regarding the
nature, purpose, theory, and methods of plannisghistorical evolution as an institution and pesien;
planning instruments and their adaptation to newallehges; the role of actors and citizens in deatorr
processes; the political, legal, and cultural ceintef planning; the application of transformational
technologies; and transformative action in the exindf sustainable development, climate crises,sqadial
injustice.

In addition, the chapter highlights the need toeli@y practical competencies related to: the asssagsamd
enhancement of the values of natural and built renments; the application of planning concepts,
instruments, and measures in practice; the integraf different types of knowledge as well as hest and
design dimensions into planning proposals; the ldpwmeent of design and visual representation skilis;
preparation of plans, programs, and measures, anidipation in their implementation; active coltahtion
with civil society and stakeholders; and the manag@ of complex governance and transformation
processes.

Finally, it stresses the importance of cultivating appropriate attitude and sense of responsibility
encompassing a conscientious and value-driven apprdo planning that acknowledges its ethical
implications, the cultural embeddedness of socidl@llective processes, democratic proceduresrights
such as the “right to the city,” with particulateatition to social justice, human and environmemnggits, and
respect for planetary boundaries.

3.2 Urban Planning Workshop 1: Settlement Planning: Cas study akovec, Croatia

Urban Planning Workshop 1: Settlement Planning (1P one of the courses in the field of urbanisd a
spatial planning, offered in the first semestethef Graduate Studies in Architecture and Urbanisithe
Faculty of Architecture, University of Zagreb. Th®in objective of the course is to develop a visiod
concept for the spatial development of a small ttwased on the principles of sustainability. In disademic
year 2025/2026, the assignment focused on thestagg of the City of akovec.

The spatial development vision in UPW1 addressestiministrative area of the local government uhé,
City of akovec, in the context of its surrounding settletpemvith particular attention to the central
settlement as well as Mihovljan, Savska Ves, aathdvec as potential areas for urban expansiontagke
requires students to engage in strategic spatraitiy, assessing the potentials of the area anaciteptable
capacities while taking into account spatial speitiés and limitations arising from its unique wes.
Development guided by the principles of sustairigbibs a paradigm of contemporary spatial planning
must be integrated into spatial visions and corsceptesult in an environment suitable for livimggrking,
and leisure, equipped with all necessary suppoftinijties to meet societal standards.

Following analyses of the existing conditions, &dgtlanning documentation, and strategic develagme
plans, the course assignment is developed on tvadsl@f detail. At the first level, based on thgegkives
defined in the Spatial Plan of the City ohkovec and the General Urban Plan @kovec, the town’'s
development goals are established, and a visioh®rspatial development ofakovec is proposed and
elaborated. At the second level, in accordance lith selected development concept, an optimal
development program is proposed for individual sred akovec, including concepts for land use,
transportation, and spatial structures, as welptastomontages illustrating possible programmatésigh,
and functional arrangements of the selected areas.

The course Urban Planning Workshop 1: Settlemeanridhg is thematically closely linked to Research
Seminar 1: Settlement Planning and is primarilyighesd to complement and expand the knowledge and
insights required to complete the assigned task. dilm of the course is to investigate spatial pglagand
urban design topics that contribute to the formokabf a spatial vision for the development of #tedied
small town and to propose a spatial developmentejuinfor the selected area. The course has a cbsear
oriented character and culminates in the preparati@ seminar paper on the assigned topic.

At the beginning of the semester, in collaboratigth the City of akovec and the Association of Architects
of Me imurje, a joint site visit and invited lectures wearganized for students to provide them with intbg
into the spatial specificities and local needsnmmed by professionals and residents.
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In the summer semester, students will continue ingrkn the akovec area within the framework of Urban
Planning Workshop 2: Urban Transformation, whamegdcordance with their previously developed cohcep
and development plan, they will create an urbahitectural design for the selected area. The most
successful student projects from both coursesheilexhibited in akovec at the end of the academic year,
and a publication will be issued in collaboratiohvihe local government.

3.2.1 City of akovec

The City of akovec is located in the northern part of the Réputf Croatia, in the central area of
Me imurje County, serving as the administrative, goe@ice, and transport center of the region. It cogar
area of 73 km? and comprises 14 settlements, imgutie central urban settlement aikovec, which has a
population of 15,078, out of a total of 27,122 ipitants (2021 census). The central settlementaddovec is
spatially and functionally connected with severtatsunding municipalities, while the southern boarydof
the City is defined by the akovec Hydroelectric Plant reservoir, which alsonfe the natural border
between Meimurje and Vara din Counties.

The town’s favorable geostrategic and transportioa has historically influenced its economic aodial
development. akovec is well-connected by international, natipr&gional, and local road and rail
infrastructure. Moreover, the town demonstratesang functional link with the City of Vara din, foning

an increasingly integrated urban conurbation. Thleaired development area significantly affects atign,
transport, and economic patterns in northwestewwaizr. As the largest and most populous town in the
county, akovec serves as the primary driver of economimatgaphic, and infrastructural development in
Me imurje and, within a broader spatial context, staadt as a potential contact, transit, and deveéopm
center with substantial urban capacities. With ntgural diversity, rich landscape base, and notable
architectural heritage, akovec represents a valuable space within the RiepobCroatia, requiring the
protection and enhancement of its fundamental a@patiltural, and environmental values.

3.2.2 Spatial Planning Documents and Strategic Documents

The first document guiding the development of tliiy Gf akovec was the Directive Regulatory Basis of
1947, prepared by architect Prof. Josip SeissileaFaculty of Architecture, University of Zagrdthe plan
established a new network of major town roads beyiie then town center, introduced new residential
neighborhoods for both individual and collectivaubimg, and designated an industrial zone to ththnest

of the railway station. The plan was preceded leygreparation of an early form of a regional plahich
examined the spatial and transport connectionsettfements in Meimurje and demographic trends,
influencing the foundational layout ofakovec itself (City of akovec, 2005; Krangvi & Pintar, 2017).

Fig. 1: Directive Regulatory Basis of 1947. Sourcechive of the Department.

The General Urban Plan (GUP) of 1964, preparedhbyAR 59 project bureau under the leadership of
architect Borisav Vasiljevi represents a revision of the 1947 Directive Rasguy Basis. The plan
envisioned the southern expansion of the town beytre railway line while integrating suburban
settlements into the urban fabric. It disregardedhistoric urban grid, permitting radical intertiens that
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resulted in the interpolation of residential blocksd the construction of high-rise buildings (Cay
akovec, 2005; Krangvi & Pintar, 2017).

In 1978, the General Urban Plan of the City @kovec " akovec 2000", led by architect Nada Golub-
Pili ota, established a long-term development cqnder the town until the end of the century. THamp
defined new residential, industrial, and sportgeational zones, established a pedestrian zoneitotvn
center, and set the southern boundary of the toikm thve southern bypass. New residential quartetis w
distinct identities were created. The plan alsol@mgnted the concept of the Eastern Industrial Zotkthe
Mladost Sports and Recreation Center. Subsequeh#yplan was supplemented under the title “General
Urban Plan of akovec” (led by architect Dragomir Sutlar), whicttluded the construction of the southern
bypass and introduced building development regirist(City of akovec, 2005).

The Spatial Plan of theakovec Municipality (1978) was the first plan tane@ler the integrated territory of
Me imurje, which at the time constituted the unifiedkovec Municipality (corresponding to the current
area of Meimurje County, 729 km?2). To ensure conditions feerall social and economic development and
to create equitable living and working opporturstier the entire population of the municipality, ileh
adhering to the principles of environmental pratettand improvement and rational and efficient ispat
management, the plan established the followingdtggctives: Enable polycentric, efficient, and ftioecal
spatial development; Ensure coordinated and purgogen land use that supports optimal, stable, and
sustainable economic development; Provide a higliitgyLenvironment for healthy and humane living lehi
preserving aesthetic and cultural values; Safegti@dterritory against potential disasters, hazaatsl
destruction. The plan proposed a new spatial moidalpolycentric settlement system, withkovec as the
primary center. By connecting settlements with eattter and with all parts of the territory, therplimed
to ensure optimal mobility of the population, acie#ity to workplaces, and connectivity of all aseto
akovec within 30 minutes. This framework was inthdo facilitate the gradual restructuring of the
population and to free land for intensive agricwdtwse (Sutlar & Grgan-Makovec, 2017).

The Amendment and Supplement to the Spatial Plathef akovec Municipality (1989) was primarily
linked to finding a suitable solution for the aligant of the A4 Budapest—Zagreb highway. When daini
the corridor, attention was given to minimizing thepact on valuable agricultural land, avoiding the
Mur$ ak protected landscape, and respecting the setiteonentation toward Prelog andakovec, so that
the highway would not become a barrier within titory.

The current legislative framework for spatial planghand strategic development at the local levelthe
town encompasses several types of spatial aneégitatevelopment plans, the most significant ofoltare
outlined below.

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

The Spatial Plan of the City ofakovec (2003) defines the conditions for the dguelent of the urban area,
including its purposeful use, land use designatipatial design, remediation of building and otlaard,
environmental protection, and the protection oftwal heritage and particularly valuable naturadaar
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within the City’s territory, which covers 72.97 kn®he plan points out county-level spatial develepm
objectives, including the development of the towmd aettlements with special functions and infrattme
systems, the rational use of natural resources,t@doreservation of ecological stability and valea
environmental components. It also defines townilesgatial development objectives, which include
demographic development aimed at promoting stalld sustainable population growth, settlement
development, enhancement of social, transport, wifity infrastructure, and the protection of lacdpe,
natural values, and cultural-historical units. Rartmore, the plan sets settlement-level spatiahryihey
objectives within the town, which include the ra@b use and protection of space by directing lasel to
meet the town’s needs, environmental protectiosigtation of building areas within settlements, #mel
improvement of settlement design and utility infrasture to enhance the quality of life of residgent

The General Urban Plan ofakovec (2005) establishes the fundamental spatnization, the protection
of natural, cultural, and historical values, and tise and designation of land for the centralesattht area,
covering 11.27 km?. The plan emphasizes traltovec, as the county seat, should continue totibmas
the most important economic, administrative, caltueducational, and healthcare center, as wethas
largest transport hub of Menurje County.

The plan defines the following key long-term obpees: Preserve the identity and specificity of thiban
area; Protect natural and historical values, thér@mment, and promote sustainable developmentnidad
undeveloped areas; Improve the quality of life Avidg standards of residents; Ensure space anidoos
for all infrastructure to connectakovec with surrounding settlements, supportingrale as a regional
center; Provide the spatial prerequisites for enooaevelopment and restructuring relevant &kovec and
Me imurje County.

The primary goal of the plan is urban regeneradod consolidation of the town’s structure. The plan
emphasizes the need to: Enhance the spatial seudiuthe town at a human scale, ensuring good
connectivity to all necessary urban functions; Bfigtdefine the existing military zone (trainingaginds
and barracks) and integrate it into the urban €atith appropriate uses; Achieve urban quality tigto a
system of urban-architectural projects; Use thentewspace and environment in a way that prevents
irreversible damage, enabling durable and sustkrddyelopment.

The plan specifies the following urban planningeatives: Ensure the development of all urban system
Dimension spaces according to the scale of the tamsh moderate continuity of development; Promote
construction that preserves cultural heritage atdral settings while highlighting urban aesthetlotect
residents from adverse impacts while utilizing loeavironmental advantages; Align urban development
with socio-economic programs; Ensure constructioat tsupports economic efficiency of infrastructure
systems and strengthens the town’s economic cgphcitugh functional distribution and overlap oban
functions.

The plan also identifies specific interventions:pkrd areas for residential use (single-family andtim
family housing) in the northern parts of the tov@ipbetka, Sajmiste, Martane, and Buzovec; Expasdsar
for economic, industrial, and business purposesadduzovec and on the former military trainingpgnd,;
Form and reconstruct the military barracks area goblic and community buildings; Designate new
multifunctional green spaces on undeveloped or @draed agricultural land; Define zones to be regualat
through detailed spatial plans; Provide spacehfer¢location of the bus and railway stations.

For the purposes of sustainable urban planningina With European Union objectives and regional
development criteria, theakovec Urban Area (covering 164.85 km?) has bedimabh encompassing the
City of akovec and the surrounding municipalities of Nedeli Strahoninec, Pribislavec, and Senkovec. A
Development Strategy for theakovec Urban Area has been prepared for the finhpeiriod 2021-2027.
The medium-term vision for theakovec Urban Area emphasizes a resilient, innogatwnd sustainable
economy, as well as a healthy, educated, and imelg®ciety that promotes sustainable urban devedop

to ensure a high-quality living environment. Theatdgy identifies three priority areas of publidipg
Sustainable Economy; Healthy and Educated Socety;Pleasant Living Environment. Specific objedive
have been established for each priority area: PBdistainable Economy: Development of entreprengursh
and supportive business infrastructure; strengtizgeoif niche tourism; promotion of green solutiomsl a
smart innovations in the economy; PP2 — Healthy Bahdcated Society: Enhancement of lifelong learning
strengthening of sports infrastructure; improvematjuality of life through increased publicly assile
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amenities; and PP3 — Pleasant Living Environmeetvdlbpment of cycling and pedestrian infrastructure
enhancement of green infrastructure; improvemedtd@sign of public spaces.

The Green Urban Renewal Strategy of the City akovec 2022—-2030 is aligned with the Development
Strategy of the akovec Urban Area, and both documents contributekieving the strategic objectives of
the National Recovery Strategy 2030 — Ecological &mergy Transition for Climate Neutrality. The
strategy defines a vision for the development @egrinfrastructure in the City ofakovec, including a
development concept for both the wider and immediaban area. Based on the identified developmental
needs and potentials, as well as the establisigdnyithree complementary and synergistic objestioe
green infrastructure development have been defifiled.strategy also establishes priorities for gnedyan
renewal, specifying measures and proposed prdjedie implemented within the town. The main striteg
objectives of the strategy are: Increase the efiicy of planning and management of green infraitrean

the town; Improve, expand, and connect easily adgesgreen infrastructure within the town; and &iee
livable spaces and enhance the quality of life. @¥ieving these objectives, the strategy ensures th
preservation and enhancement of the green charaotkidentity of akovec and guarantees accessible
green infrastructure of various types, sizes, amdtfons for all residents. Given the interconnéctature of
the objectives, their implementation will fostercecular process, resulting in a continuous inceess
interest and investment in green infrastructurestigament projects across the town.

3.2.3 Proposals for the Future Development Visions ofCGhg of akovec

The following section offers a brief overview of dwselected student projects, highlighting the lggti
approaches and methodologies adopted by two diffenenor-led groups.

The project titled “Student Corridorakovec — Vara din” (Figure 3) identifies, throughet analysis of the
broader spatial context, the need and potentiafifoctional connectivity between the main citiestioé
neighboring counties, akovec and Vara din. It proposes a joint campushia eastern industrial zone of
akovec and aims to enhance transport connectivigugh pedestrian and cycling routes linking the tw
cities, as well as constructing an additional raywrack for (inter)urban train services. Considgrthe
concentration of existing higher education insititas and planned urban projects — including therga
Center, redevelopment of the former military bakgaimto a Creative-Inspirational Center, establishtrof
a business incubator, and the Mweurje Energy Center — the project proposes regingothe industrial
zone west of the railway into a new urban neighbodhwith a student campus. The design envisioresaa n
railway station along the eastern edge of a platoed park, which extends into a central east-wesén
axis. This axis is flanked by public service zorsgh as the new campus with student dormitoréesilfies,
a primary school, kindergarten, library, and heaémter, and mixed residential and commercial zones
Peripheral roads in the northern and southern®ectare planned for quiet residential areas withilfa
houses, while the central axis culminates in atspamd recreational area forming a buffer zone tdvilae
planned northern town bypass.

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

The student vision entitled “En-park” (Figure 4pidifies multiple (E)layers that strategically aioaffirm
akovec as a regional research and education cemtérodiversity and nature protection, linked teet
Mura-Drava Regional Park. The “En” acronym reflemtifectives describing the project’s values: ecicklg
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energy-resilient, educative, economic, efficientcamtric, eclectic, experimental, expressive, aratem
Students redesigned and integrated existing emtneprial zones, adding new educational, touristia]
business functions connected with urban greenstrfrature (recreational areas, urban forests, amkisp

At the regional level, Mamurje County was analyzed for three potential aces: depopulation,
stagnation, and demographic growth. The study asdethe potential of built-up zones to become green
infrastructure, agricultural land, or to expand.tA¢ local level, the entrepreneurial zone imkovec East
was planned in detail to integrate all aspects evhibnsidering existing and planned major road
infrastructure. Integration changes were evaluatsithg the Space Syntax model, guiding students in
selecting the most appropriate traffic solutionazsn two proposed options.

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

4 DISCUSSION

Based on the analysis of the most significant ECER® and AESOP documents related to spatial planning
education, a set of comparison criteria was esfaddi. These criteria were derived through the sgighof
thematic categories presented in the documentsielthecompetency domains and educational objectives
were grouped into broader analytical units appleao the analysis of Urban Planning Workshop 1:
Settlement Planning focused on the topic of snoahts’ spatial vision.

Document analysis demonstrates a strong consemsuglérstanding the role, scope, and expected meatxo

of spatial planning education, despite varying iingonal frameworks. While ECTP-CEU approaches
planning primarily through the lens of professionampetencies and practice standards, AESOP ddfers

educational framework that integrates theoreticabwedge, practical skills, and the ethical values
necessary for socially responsible planning. Wittiis context, UPW1 serves as a key platform for
acquiring both theoretical and applied academicwkedge, simulating professional spatial planning
practice.

A central objective of this education is the depetent of students’ ability to integrate spatialciab
economic, and environmental systems, particuladyss scales ranging from regional to local. UPW1
functions as a pedagogical instrument that allowdets to explore complex spatial dynamics, s)sitiee
knowledge across multiple domains, and translageehnsights into foundational visions and concégpts
the further development of the selected area.

Research competencies are similarly emphasizedsaeducational frameworks, highlighting the capacit
for independent inquiry, critical evaluation, anke ttranslation of research into action and spatial
transformation. In addition to the foundational é@stigations conducted in UPW1, Research Seminar 1
provides an opportunity for deeper, topic-spedifisearch. Students independently explore themegara

to their chosen area and communicate the entirearels process through seminar papers grounded in
scientific methodology.

Methodological and technical competencies are @sral, with documents underscoring the importasfce
mastering analytical tools, planning techniquesl egal and institutional instruments, as well pplang
them in practice from drafting plans to participgtiin implementation processes. UPW11 is partitular
instrumental in this regard, enabling studentspioiyaanalytical methods, employ planning instrurseand
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develop the capacity for spatially informed deaisinaking. Through exercises in strategic thinkitigg
formulation of development visions, and the propadatheir potential realization using planning I®o
students acquire crucial skills for professionaagbice, making this a pivotal component in the edioa of
future spatial planners.

Both documents recognize the importance of visaitp, communication skills, and participation as
integral components of planning competence. In taetext, UPW1 plays a key role by enabling the
integration of analytical work, spatial conceptadavisual presentation into a coherent planninglpca
Special attention is also given to the creatioa abnceptual model to further develop studentditesi to
visualize solutions at different scales. Engagenwnéxperts and the local community in the planning
process is integrated through organized site vigjteest lectures, presentations, and the curation o
exhibitions and publications of selected studentkao

Furthermore, both documents strongly emphasizeepsidnal ethics, social responsibility, and theusal
based dimension of planning. UPW1 can be seendégaatic space in which the ethical and value-agén
principles of planning are concretized through siecis on spatial priorities, stakeholder involvemamd

the interpretation of the public interest in propospatial solutions.

While UPW1 primarily focuses on the formulation gffatial visions and planning concepts, real-world
spatial planning extends beyond the developmeptaofs to their concrete implementation. The sucoéss
planning proposals depends on institutional procegjufinancial capacities, and the engagement blfigu
and private development actors, which may signifigareshape initial concepts. Although the worksho
setting cannot fully simulate these complex dynamitudents are introduced to existing statutony an
strategic frameworks as instruments that shapeiaspaansformation. A more explicit reflection on
implementation conditions and constraints couldthierr strengthen the connection between planning
education and professional practice.

The conducted research demonstrates tteltovec, as a representative small town, possesdesga
standing history of spatial planning. Its furth@vdlopment was already considered in the first bathe
20th century within a broader regional context, ansdoring its considerable spatial and economic
significance for northern Croatia even at that tirBebsequent interventions in the urban fabric,ctvhi
substantially transformed the town’s characterrduthe second half of the 20th century, were lgrddlven

by modifications in the spatial planning framewofllhese interventions provide illustrative exampbés
specific planning practices that warrant criticaflection when envisaging future urban development.
Furthermore, strategic planning documents at bothrégional and local levels offer a structuredséw
analyzing and evaluating previously establishecebiggment objectives, thereby supporting the fornore
and refinement of a coherent vision for the towntsre growth.

Student reflections on the future development akovec adopt a variety of approaches, ranging from
regional-scale concepts that consider natural actb-economic characteristics, to site-specifiausohs,
such as brownfield areas, which have contributeshtping the broader spatial development framewbrk
the town.

The analysis of student work shows that UPW1 festhe development of key planning competencies,
particularly in the area of integrated spatial aondio-economic processes understanding. The psojet
notable for their analytical rigor and synthetidgligh effectively translating spatial analysesdngtrategic
development concepts and urban plans as plannsiguinents. There is a clear capacity to work across
different spatial scales and to integrate enviramale considerations and principles of sustainable
development into the proposed solutions.

5 CONCLUSIONS

Based on the conducted research, it can be cortltigg small towns, such asakovec in this study,
provide an appropriate context for education intigp@lanning. They are large enough to encomphass t
complexity of spatial, social, and economic proessget small enough to remain comprehensible as a
whole and analytically manageable.

Towns of this size and position within the hierardi spatial systems enable the development ofoacbr
range of competencies as defined by relevant Earommcuments on spatial planning education, while
simultaneously providing space for experimentatmal innovative planning approaches. The experiences
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gained through working on small-town planning withihe educational process can serve as a solid
foundation for the later application of planning the@s and concepts in more complex, larger urban
contexts.

In this sense, Urban Planning Workshop 1: SettlérRé&anning can be interpreted as an integrativenieg
platform that effectively links theoretical knowlgs planning practice, and the value-based priesipif
spatial planning. At the same time, spatial plagréducation should acknowledge that the developmmient
plans represents only one phase of the overalhpigrprocess. Their realization depends on impleatem
mechanisms, financial frameworks, governance sirast and the active engagement of developmentsacto
all of which ultimately shape spatial outcomeseBgthening students’ understanding of these camditi
and constraints would therefore further enhancesthueational model, enabling a more critical aratfce-
oriented connection between planning concepts lagidreal-world implementation.

6 REFERENCES

AESOP Core Curriculum for a High-Quality Europeaarfiing Education. AESOP, Torino, 2024. [Online] #afale from: AESOP
— About AESOP Accessed [10/01/2026]

ALBRECHTS, Louis, HEALEY, Patsy & KUNZMANN, Klaus R.:tftegic Spatial Planning and Regional Governandguirope.
In: Journal of the American Planning Associatio®(%), pp. 113-129, 2003.
https://doi.org/10.1080/01944360308976301

ALBRECHTS, Louis & BALDUCCI, Alessandro: Practicing Stgic Planning: In Search of Critical Features tol&ixpthe
Strategic Character of Plans. In: disP — The PlanRiaeview, 49(3), pp. 16-275, 2013.
https://doi.org/10.1080/02513625.2013.859001

BALDUCCI, Alessandro, FEDELI, Valeria & PASQUI, GalegEds.): Strategic Planning for Contemporary UrBagions. City
of Cities: A Project for Milan. Routledge, UK, 201ttps://doi.org/10.4324/9781315610924

CENTAR GRA EVINSKOG FAKULTETA d.o.o.: Strategija zelene urbamenove Grada akovca 2022.-2030. CENTAR
GRA EVINSKOG FAKULTETA d.o.0., Zagreb, 2022.

CITY OF AKOVEC: Strategija razvoja urbanog podpa Grada akovca za financijsko razdoblje 2021.-2027. godidY OF

AKOVEC, akovec, 2023.

CITY OF AKOVEC: Spatial Development plan for the City ofikovec, 2003 [Online] Available from:
https://www.cakovec.hr/prostorni-planovi-grad-cakotAccessed [11/01/2026].

CITY OF AKOVEC: General Urban Plan ofakovec, 2006 [Online] Available from: https://wwwal®vec.hr/prostorni-planovi-
grad-cakovec/ Accessed [11/01/2026].

CROATIAN BUREAU OF STATISTICS: Census 2021 [Online] Awdile from: https://popis2023.hr/ Accessed [09/02620

DIKO, Stephen Kofi; HOLLSTEIN, Leah Marie; PALAZZ@anilo (Eds.): Routledge Companion to Professiéwedreness and
Diversity in Planning Education. Routledge, Londok, 2023.

ECTP-CEU: Charter of Euroepan Planning. ECTP-CEU, Blexe2013.

ECTP-CEU: Appendix B: Education and Training. In: Coatg@lFounding Charter [Online] Available from: htifesctp-
ceu.eu/complete-charter/ Accessed [10/01/2026].

ECTP-CEU: Guidelines on Professional Competencesaticgflanning. ECTP-CEU, Bruxelles, 2017.

ESPON: Role of Small and Medium-sized Towns and €itieTerritorial Development and Cohesion. ESPObkdmburg, 2024.

HERSPERGER, Anna; GRDINARU, Simona; OLIVEIRA, Eduardo; PAGLIARIN, Sofia ALKA, Gaétan: Understanding
strategic spatial planning to effectively guide elepment of urban regions. In: Cities, 94, pp. 96;1D19.
https://doi.org/10.1016/j.cities.2019.05.032

JANIN RIVOLIN, Umberto, GAETA, Luca & MAZZA, Luigi:Spatial Planning Education Across Cultures. In: Efapedia, 5(2),
52, 2025. https://doi.org/10.3390/encyclopedia5@200

KRANJ EVI , Jasenka & PINTAR, Mirjana: Prilog poznavanju uristinko-arhitektonskog razvojaakovca u prva dva desetlge
nakon drugoga svjetskog rata. In: Transformacigsfmra Meimurske upanije kao rezultat prostornog planirainja
ure enja, pp. 39-45. Zavod za prostorno @rge Me imurske upanije, akovec, 2017.

MANTYSALO, Raine; KANGASOJA, Jonna K. & KANNINEN, \&a: The paradox of strategic spatial planning: dotktical
outline with a view on Finland. In: Planning The@yPractice, 16(2), pp. 169-183, 2015.
https://doi.org/10.1080/14649357.2015.1016548

MILLARD-BALL, Adam; DESAI, Garima & FAHRNEY, Jassicaiversifying Planning Education through Course Regsl In:
Journal of Planning Education and Research, 4p(2)527-534, 2021. https://doi.org/10.1177/073%4538.00193

PETROVI KRAJNIK, Lea: Urban Planning Workshop 1 — Settletfelanning Assignment: A Spatial Vision for the et
Development of akovec, Faculty of Architecture, Zagreb, 2025.

SCHMITT, Peter & VAN WELL, Lisa: Territorial Govermae across Europe. Pathways, Practices and PresRecttledge,
London, UK, 2016. https://doi.org/10.4324/97813 16720

SUTLAR, Dragomir & GRGAN-MAKOVEC, Jadranka: Temeljgdbkumenti prostornog urenja u razdoblju od 1976. do 2001. In:
Transformacija prostora M@murske upanije kao rezultat prostornog planiranjae enja, pp. 13-25. Zavod za
prostorno ureenje Me imurske upanije, akovec, 2017.

VAN DEN BROECK, Jef: Balancing Strategic and InstitaabPlanning: The Search for a Pro-Active Plandimggrument. In: disP
— The Planning Review, 49(3), pp. 43-47, 2013. httfs.org/10.1080/02513625.2013.859007

REAL CORP 2026 Proceedings/Tagungsband Editors: M. Schrenk, C. Beyer, T. Popovich, J. RyBe Mawlood E—
23-25 March 2026 — https://www.corp.at ISBN 978-3-9504945-5-6






reviewed paper

Analysing the Logistics Space near Cape Town Inteational Airport in Comparison to the Seaport
and Dry Port Environments

Masilonyane Mokhele
(A. Prof Masilonyane Mokhele, Cape Peninsula Uniterf Technology, PO Box 652, Cape Town 8000, mo&hef cput.ac.za)

DOI: 10.48494/REALCORP2026.9141

1 ABSTRACT

One focal point on the interconnections betweenspart and land-use patterns is the concentration o
economic activities near airports. However, therditure typically analyses the environs of airparithout
drawing comparisons with other transhipment zorsegh as seaports and inland ports. To contribute
towards filling this literature gap, the paper gsak the monthly rental values of warehousing, stréhl,
retail, and office properties in the vicinity of @aTown International Airport, compared with th@seund

the Port of Cape Town and Belcon inland/ dry pSduth Africa. Property rental data were scraped@n
December 2025 from the website of Property 24, aifey South African property listing company.
Following the cleaning process, the dataset com@r22l0 data points: 105 industrial listings, 1068ekause
listings, 25 office listings, and four retail listis across the three transhipment precincts. Haywety 186
street addresses were successfully geocoded imiRytbrming the foundation for spatial analysisirds
QGIS, RStudio and SPSS for spatial and statiséinalysis, the results showed that the mean reataks

for industrial, warehouse, and office propertiesengighest in areas near the airport, followedhnsé near
the port, and lowest around the inland port. Thdifigs provide evidence that, relative to othemghdpment
precincts analysed, the airport environs may ctutstia distinct industrial, warehouse and officeparty
sub-market.

Keywords: Cape Town International Airport, Port@épe Town, Belcon dry port, transhipment precincts,
City of Cape Town

2 INTRODUCTION

One core area of the nexus between transportagidmology advancements and land-use patterns is the
concentration of economic activities near airp¢hokhele & Geyer, 2018), in line with the normative
models of the so-called airport-led developmenopBsing the idealised composition and spatial fofm
urban development near airports, these modelspit@ased by the airport city and aerotropolis.hligh
the airport city conception encompasses varioudndiscategories (Conway, 1993), it is typicallyedsto
promote urban development in the immediate vicimtyairports (Kasarda, 2009). As the airport city
evolves, intensifies and matures, urban developmestpected to radiate outward, subsequently tieguh
the spatial form of the aerotropolis, which couktieed to a radius of about 20km from the airporagirda

& Lindsay, 2011). Policymakers, spatial planneigpat authorities, and developers across the wose
these models to market and strategically guide @benomic activity mix and spatial form of urban
development, which is understood to be relateteairport’s core aviation functions.

Despite its insights, the existing literature om #irport-urban development nexus analyses thears/iof
airports without comparing them with other transhgmt zones within a given territory, particulargaports
and inland/ dry ports. The concept of transhipnpemts is akin to what Palander (1935) eloquergfemed
to in his seminal work as transport points conrgtbeother transport points by transport lineserdmtediate
transport points, therefore, have special transarefits when they are transhipment points or jonst
(Hoover, 1948).

Various transhipment nodes are crucial for fadihig logistics processes and global trade amichsitging
globalisation (Chen et al., 2017), and thereforeehthe potential to shape development patternstiaad
spatial economy in their territories. Reflecting thie importance of ports, the UN Trade & Developtnen
(2025) argues that maritime transport is the baes&hw global trade, accounting for over 80% ofthkime

of goods transported worldwide. Seaborne tradeshalsed and gained traction over time, influencgdhe
increasing containerisation, the growth of develgpieconomies and the shifting global patterns of
production and consumption (UN Trade & Developmeét@25). In this evolving economic milieu, the
concept of an inland or dry port has been usedhift mitermodal terminals inland and reduce traffic
congestion at seaports (Bayene et al., 2023). Véraports undoubtedly dominate in terms of theraelof

REAL CORP 2026 Proceedings/Tagungsband Editors: M. Schrenk, C. Beyer, T. Popovich, J. RyBe Mawlood E
23-25 March 2026 — https://www.corp.at ISBN 978-3-9504945-5-6



Analysing the Logistics Space near Cape Town Intamal Airport in Comparison to the Seaport and Port Environments

goods transported globally, the International Airafdsport Association (n.d.) reports that air tramsp
accounts for approximately 35% of the value of gldibade, reflecting the important role airportaypin
supply chains and logistics. Globally, cargo tokibemetres increase year on year, reflecting thgoirrance
and growth of the air cargo market (International ansport Association, 2025).

To contribute towards extending the literature dillthg the gap above (i.e., the lack of a compaeat
analysis of transhipment precincts), the paperyaralthe rental value of properties in the vicimityCape
Town International Airport, South Africa, in compson to the values around the Port of Cape Town and
Belcon inland port. The paper addresses the fafigwesearch question: Do the environs of the airpor
represent a unique property sub-market comparatied?ort of Cape Town and Belcon inland port? As
detailed in the Methods section, the analysis fedus the monthly rental values of warehousingystdal,
retail, and office premises in and around the swidianshipment precincts.

3 LITERATURE REVIEW

As emphasised by Usman et al. (2021), the urbapeptyp market is characterised by price variatiohiclv
may be influenced by several spatial, social, ahgsigcal variables, arguably making it a composite o
separate submarkets. Market analysis, therefogejres segmentation to delineate the property manke
distinct groups that are relatively homogenous witihemselves, while heterogeneous with others- Sub
markets were introduced as an important analytazdlin the 1950s and 1960s, and the resultanarekén
property market segmentation has arguably impravedaccuracy of property pricing. However, most
segmentation studies have focused on the housimigeimaith less attention on the commercial property
market. Similar to the housing market, the comnaror non-housing property market is complex and
heterogeneous and warrants attention on the meggatentation (Usman et al., 2021).

Aligned with the discussion above, Dunse, Leishmad Watkins (2002) argue that the spatial variaion
urban property values is specifically due to thituance of the physical attributes of the propestyck
across different sections of the city. Two appreacthealing with this variation in property values/d been
developed. On the one hand, as noted earlier, nsadea be interpreted as composed of interrelaibd s
markets, each of which may exhibit different pramerental values. On the other hand, price andatent
variations can be explained through trade-off tlesoof locational choice (Dunse, Leishman & Watkins
2002).

In a study of the office real estate market in Tmkjyapan, Matsuo et al. (2024) found that the peEser
absence of amenities significantly impacted bottt aad vacancy rates. Amenities have been perceindd
interpreted differently in the literature, with namus studies classifying them into neighbourhawdsite,
and worker amenities (Sivitanidou, 1995). Neighbowd amenities include, for instance, the office’s
proximity to complementary facilities, such as aesaints and retail stores. Neighbourhood amerdties
shared among various neighbouring office buildiagd thus have a strong public element. By contaast,
site amenities are private, as their benefits estricted to tenants in the individual buildingsl aherefore
serve as a differentiating factor from other preysidn this regard, neighbourhood amenities argexxaus,
making it difficult for a property owner to diregtinfluence them through capital investment. Howegoa-
site amenities can be directly influenced by ttaviidual property owners (Matsuo et al., 2024).

Sivitanidou (1995) argue that within multi-nodaltnogolises, business rent variation across nodesldHe
attributed not only to differences in their amergtydowments but also to differences in their ingtnal
frameworks. Coupled with a set of firm amenitiefleding traditional demand-side influences (sush a
access to the central business district, freewamgd, airports) and various worker amenities (edanati
quality, levels of crime, access to shopping opputies, and the ocean), supply-side attributesh &1 the
availability of appropriately zoned land, and d@nsiestrictions, were found to play a crucial rofe
influencing price variations in office-commerciahts (Sivitanidou, 1995).

In another study, Franco and Cutter (2022) fourad, thn the one hand, open space, typically an dyeni
considered to be jointly valuable to firms and hehadds, had either weak or non-robust effects am no
residential property values. On the other hand,atimenities of coastal access, air pollution, weatinel
crime levels appeared to have stable correlatidtis property values. In contrast, amenities that ldely
valued only by firms, such as accessibility andxjmity to concentrations of skilled labour, showstdong
and significant correlations with non-residentiedgerties (Franco & Cutter, 2022).
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4 STUDY AREA

The study focused on the urban development precihett are contiguous with the transhipment nodes o
Cape Town International Airport, the Port of Camevii, and the Belcon inland/ dry port in the CityGxpe
Town municipality, Western Cape province, Southidsfr The subject development nodes are Airport
Industria/ Airport City, Paarden Eiland, and Palowustria, respectively (Fig. 1). The studied pmets are
considered among the main industrial areas in titye & Cape Town municipality, with varying spatial
economic attributes, backgrounds and historiesigtgighted below. It is important to note that tsteidy

did not examine areas within the seaport, the thfzart, or the airport landholdings.

Fig. 1: Location of Cape Town International Airpogtative to the surrounding municipalities.
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Established in 1954, Cape Town International Aitpeithe second-busiest airport in South Africea®R
Tambo International Airport in Gauteng provinceislalso the only international airport and onehaf two
commercial passenger airports in the Western Cepénge. Origins of urban development in the vityirof

the airport can be traced to the government’s abedefforts to promote industrial development, wehie
1981, about 130 ha of land in this area was zooednflustrial purposes, albeit most of the landings
were undeveloped at the time (Mokhele, 2017). Adrén the development of warehousing and storage
facilities near the airport was particularly evitlanthe 1990s (City of Cape Town municipality, 200

The Port of Cape Town is also the second-largempase in South Africa, after the Port of Durban in
KwaZulu-Natal province. Paarden Eiland, situatedhi@ environs of the port, has a long spatial egoao
development history. The literature notes thathwfite increasing scale and intensity of manufaatuim
Cape Town in the mid-20th century, a search forarepansive and affordable land naturally led ® th
establishment of new industrial zones in, amongto#ineas, Paarden Eiland. The area was developaty ma
in the 1960s (Mokhele & Fisher-Holloway, 2024) the mid 1990s, Paarden Eiland notably boastednaepri
industrial rental rate that was about three perbagtter than the municipal average (City of Capeviio
municipality, 2002).

The third focus area, Belcon, is a dry port direcibnnected to the Port of Cape Town via rail. 01,
Transnet Freight Rail officially opened the Beldenminal, which serves as an inland port and aanskon
of the Port of Cape Town, focusing on rail-basedtaimer consolidation. Positioned about 30km fréwm t
port, this facility allows truckers to increase tingmber of loads per day by avoiding traffic congesand
delays in and out of the city, as well as congestiothe port itself.

5 RESEARCH DESIGN AND METHODS

This section presents the overarching researclgmetiie units of analysis, and the data collechod
analysis methods employed in the study.

5.1 Research design

The study employed a quantitative comparative rebeaesign (Iranifard & Roudsari, 2022), using
statistical and spatial analysis to compare thethtpnmental values of warehousing, industrial, et@and
office properties in the environs of Cape Town in&ional Airport, the Port of Cape Town, and thetddn
inland port.

5.2 Units of analysis

The study’s units of analysis were the warehoudimdystrial, retail, and office premises advertiedrent
in the vicinity of Cape Town International Airpothe Port of Cape Town, and the Belcon inland piints
focus distinguishes the paper from previous relatedies (for example, Mokhele, 2025), which usedl|
parcels rather than individual establishments ats wf analysis. A key limitation of land parceldessl
studies is that they do not account for the paadirtiluence of what Sivitanidou (1995) refers amn-site
amenities, as a single land parcel may accommauatdple buildings or units with differing amenity
provisions and value.

5.3 Data sources

Generally, data on land transactions are scarcgi@s, whereas data on rental prices are relgtifrequent
(Fuss, Koller & Weigand, 2021). Property rentaladaere scraped on 10 December 2025 from the website
of Property 24, a leading South African properstiig company. Property 24 was selected becalseait
platform widely used by both property agents amtividual property owners to advertise propertiessie

and rent. The data scraped from Property 24 coewrB61 data points: 218 industrial listings, 114
warehouse listings, 25 office listings, and foutarlelistings across the three transhipment prasin€o
avoid distortions due to the typical conflation add overlaps between the “industrial” and “wareledus
land-use/ economic activity categories, the indaistlistings that did not mention warehouse were
categorised under “industrial”. In contrast, thdustrial listings that mentioned “warehouse” wereluded
under the warehouse category.

! https:/lwww.freightnews.co.za/article/belcon-fozexa-white-elephant-or-the-port-of-cape-towns-sawvio
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The data scraped from the website were cleaneeingving duplicates and entries for which the awerag
monthly rental price per square metre (m2) couldb®odetermined, where, for instance, the monthhtal
value or the extent of the property were missinfietAdiscarding 121 entries, the cleaned data cisegbr
240 data points, as discussed in detail in thdteesection.

Furthermore, to prepare for the spatial analydis, $treet addresses from the web-scraped data were
geocoded in Python using the Google Maps applicgtimgramming interface (API). The total number of
geocoded data points was 186, after omitting theesnwithout accurately formatted street addredses,
however, important to note that the omitted datatgavere still valid and included in the statiatianalysis.

5.3.1 Data analysis methods

Statistical and spatial analyses were performedi¢atify similarities and differences in propertgntal
values across the three transhipment precinctsicplarly to determine whether a unigque propertp-su
market existed in the environs of the airport, pirbplication, at the other two transhipment pretsn

5.3.2 Statistical analysis

The monthly rental information from the three tiaipsnent precincts was combined into a single Excel
spreadsheet and loaded into IBM statistical packagsocial sciences (SPSS) version 29 for analfassic
statistical analysis was then conducted on thedst@ points. The data were split in SPSS to disage
the analysis by the transhipment precincts andaineland-use categories analysed.

5.3.3 Spatial analysis

Spatial analysis of the 186 successfully geocodsdte was conducted to compare the three transhipme
precincts. Because of the relatively small popatatithe points were analysed at an aggregated, level
without distinguishing between the warehouse, itréals retail and office categories. After obtaigithe
coordinates through the geocoding process outlimeéfection 5.3, the analysis and map visualisaivene
performed in QGIS and RStudio.

The first tool employed in QGIS, kernel densitytireates the density of features within an area@aedtes

a smoothly tapered surface for each point (ESRL920In the study, the features whose densities wer
calculated were the geocoded warehousing, indystei@il, and office premises advertised for raatoss
the three transhipment precincts.

Global and local Moran’s | were also applied to swga spatial autocorrelation to examine the dgattern
and identify the similarities or discrepancies witlthe dataset (Yamada, 2024; Chen, 2023; Westerhol
2022). Moran’s | estimates typically range fromtel+1 (Overmars et al., 2003), where negative \&lue
indicate that dissimilar values are closer togethed positive values indicate that similar values a
clustered. In contrast, a value of zero indicabes the data are randomly distributed. In Morarsgatistics,
the p-value indicates statistical significance, mghealues below 0.05 are statistically significantplying
that the observed pattern is not due to randomaghan

6 RESULTS

As noted in Section 5.3 above, the cleaned propertyal data comprised 240 data points, includiog 1
warehouses, 105 industrial properties, 25 officepprties and four retail properties across theethre
transhipment precincts. However, the successfudlycgded data used for spatial analysis compriséd 18
points. Against this backdrop, this section presethie results of the statistical and spatial amslys
comparing the monthly rental values of warehouseustrial, retail, and office properties near Capen
International Airport (Airport Industria/ Airport i), the Port of Cape Town (Paarden Eiland), amel t
Belcon inland port (Parow Industria).

6.1 Densities and land-use category mix

The kernel density estimations in Fig. 2 identifgas with a high concentration of warehouse, incist
retail and office premises, where green indicateg-ihtensity areas and red marks high-intensityezon
Kernel density results show that the high densdty@s were found in the vicinity of the Port of €afown,
followed by the environs of the airport and Beldafand port (Fig. 2). Notably, the data points et
environs of the airport were more spatially spreaticompared to Parow Industria and Paarden Eiland.
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Fig. 2: Kernel density values

Building on the kernel density presentation abavejas also essential to investigate the econorttiwigy
or land-use composition across the three transhipm@nes. As shown in Fig. 3, in Airport Industribe
majority of the advertised properties were warebsufollowed by industrial and office premises. &by,
no retail properties were advertised for rent nbarairport. In Paarden Eiland, the majority werguistrial
properties, followed by warehousing, office andatleproperties. In Parow Industria, most entriegeve
industrial properties, followed by warehousing,iadf and retail properties. Overall, the number ethit
properties was relatively low across the study sreamenting the transhipment precincts' primakgsras
industrial and logistics zones. Only Paarden Eileaftected a fair number of office properties, #ltstill
lower than the other land-use categories withinpiieeinct (Fig. 3).
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Fig. 3: Number of advertised properties at Airdodustria, Paarden Eiland, and Parow Industria.

Fig. 4: Geographical distribution of the rentalcerivariation (Global Moran’s 1)
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6.2 Aggregated rental value variations between the trashipment precincts

The Global Moran’sl yielded a value of 0.4322, indicating spatial thusig within the dataset. This
suggests that premises with high rental priceseend be located close to one another, and thadrkpwced
properties were similarly clustered. Tlpevalue of < 2.22e-16 confirms that the observedepatis
statistically significant and unlikely to have ocad by chance. Fig. 4 shows that properties irpatir
Industria near the airport and Paarden Eiland tieaport had higher rental prices pet in contrast, Parow
Industrial was characterised by medium to low remiaes per rh

The Local Moran'd statistics are presented in Table 1 below. FordemaEiland, Moran’d statistic of
0.2158 implies that properties with similar pricer mf were located near one another. This result is
statistically significant, indicating spatial clasing in the area. In Airport Industria, clusteriwgs slightly
higher with a value of 0.3774, reflecting the tamde for properties with similar prices to be spiatia
concentrated. The-value is significant for this location as well. tontrast, Parow Industria recorded a
value of -0.0125, which is close to zero, witp-galue of 0.39768. This result is not statisticalgnificant,
suggesting that the distribution of monthly remtates per rhin Parow Industria was spatially random.

Metric Location Moran’s | Estimate P-value Observation Count
Moran’s| statistic Paarden Eiland 0.2158 >0.001 79
Moran’s| statistic 1 Airport Industria 0.3774 >0.001 78
Moran’s| statistic 2 Parow Industria -0.0125 0.39768 29

Table 1: Moran’s | statistics.

6.3 Disaggregated rental value variations between theanshipment precincts

The descriptive statistics results, disaggregatetranshipment precincts and the four land-usegcaies,

are displayed in Table 2 and discussed in the stibes hereunder. Monthly rental variations witlind

between the precincts could potentially be inflleghby differences in neighbourhood and on-site diesn
(Dunse, Leishman & Watkins, 2002). Overall, thehigigt mean was ZAR177.5/rfor two office properties
at Airport Industria, followed by ZAR139/or office premises at Paarden Eiland. The findisgow that
office properties have a higher rental value thanelvousing, industrial, and retail properties actbs three
transhipment precincts.

Precinct Category N Min Max Range Mean Std. Dev
IAirport Industria Industrial 42 69.6 204.6 135.0 0416 24.9
Office 2 150.0 205.0 55.0 1775 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 12.0 115.0 103.0 165. 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 higliesirport Industria (ZAR109.3/m2), near the aitpo
followed closely by Paarden Eiland at ZAR91.9/mBeTnean value of advertised warehouses was lowest a
Parow Industria, at ZAR74.3/m2.

6.3.2

The mean industrial monthly rental value was higlagg\irport Industria at ZAR104.6/m2, with the it
range at ZAR135/m2, followed by Paarden Eiland ARZ8.6/m2. The mean industrial value was lowest at
Parow Industria at ZAR65.1/m2. The findings indecdhat, unlike in the mid 1990s when the industrial
rental rate in Paarden Eiland was three perceriehithan the municipal average (City of Cape Town
municipality, 2002), the November 2025 rental ratese slightly higher in the vicinity of the airgor

Industrial rental values

6.3.3 Office rental values

The mean office rental value was highest at Airpodustria at ZAR177.5/m2, albeit only two propesti
were recorded. Paarden Eiland followed with anceffiental value of ZAR139/m2. The office mean value
was lowest at Parow Industria at ZAR70/m2, withyahree properties recorded.
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6.3.4 Retail rental values

The mean advertised retail rental value was highieBaarden Eiland at ZAR116.7/m2, followed clossly
Parow Industria at ZAR110/m2. As observed earhdéhe paper, no retail property was advertiseadot in
the vicinity of the airport.

7 CONCLUSION

The aim of the paper was to analyse the rentalevafuvarehouse, industrial, office and retail prtips in
the vicinity of Cape Town International Airport, @omparison with values around the Port of Caperlow
and the Belcon inland/ dry port. The specific objex was to ascertain if the airport environs, in
contradistinction to the other two transhipmencprets, represented a unique property market. UG4S,
SPSS and RStudio to analyse the monthly rental statgped from a prominent property-listing company,
the results show that the mean rental values thrstrial, warehouse, and office properties werbdsgnear
the airport, followed by those in the vicinity dfet port, and lowest around the inland port. GldBatan’s |
showed a stronger clustering of similar rental galin the environs of the airport, followed by Flmar
Eiland, while estimates in Parow Industria werestatistically significant.

Despite the densities that are higher in the wigioif the Port of Cape Town and the absence oflreta
properties advertised for rent near the airpos,dtudy’s findings show that, from the perspecoteental
values, it can be argued that airport environs patgntially constitute a distinct warehousing, isiial,
and office property sub-market. Spatial plannirfpré$ could leverage this unique position to, amotiter
objectives, appropriately guide the municipalityspatial economy and maximise the agglomeration
economies in the vicinity of the airport.

Despite the paper’s insights, it has two main kiitns. Firstly, the cross-sectional study’s mairithtion is
that rental information was collected at a singbnpin time (i.e., November 2025) and may not jdleva
comprehensive picture of the dynamics of propegtytal value near the airport, relative to the setagad
the inland port environs. Secondly, the study detia the scraping of a single website.

To address these limitations, it is recommended fitare research consider different property rigti
websites, include sale prices, and scrape datdffatest times to identify trends and patterns e t
warehouse, industrial, office and retail propejues in the vicinity of transhipment zones.
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1 ABSTRACT

Rapid urbanisation trends in Southeast Asia amagrily influenced by mass transit systems, howelrer
influence of railways on land use dynamics in Ind&mains unique from global patterns. Unlike
contemporary Light Rail Transit (LRT) or Metro sgsts where Transit-Oriented Development (TOD) is
often a planned and post-construction interventiodian railway nodes typically predate the veryaept

of TOD, implying urban areas have integrated orcglty following railway infrastructure rather thieing
retrofitted. The study investigates this Railwagitined spatial restructuring in the Indian context,
specifically the Southern West Bengal region, adigpdensifying polycentric system, with the primar
objective of determining whether railway proximitaturally fosters efficient development or induces
chaatic ribbon sprawl. The methodology incorporatesulti-scalar geospatial framework by employing a
25-year temporal gradient (2000-2025) to analyse rilationship between horizontal densification and
vertical building density. Data from remote sens{hgndsat 7/8) was utilised to compute fragmentatio
metrics using FRAGSTATS to quantify horizontal sgrawhile Google Earth Engine (Open Buildings
2.5D) was utilised to derive the average buildingight. These morphological outputs were further
correlated with Space Syntax Integration valueassess functional connectivity. The analysis eistadxdi
four distinct station typologies regarding the urliarm efficiency, namely saturated node, stagrang,
benchmark model and developing node. Moving beysiaddard computer simulations, the study predicts
future growth by analysing these distinct evoludigncategories and utilising passenger footfalldat
forecast passenger and train load transfer. Thearels concludes that without policy interventioapid
expansion of these urban areas will overburderastfucture, highlighting the need for specific pwli
formulation to mitigate these externalities befibrey become irreversible.

Keywords: Railway-induced Urban Growth, Transitemtied Development, Spatial Metrics, Urban Sprawl,
Urban Morphology

2 INTRODUCTION

2.1 Background and Research Motivation

The relationship between transport infrastructur@ arban form is one of the defining charactersst€the
21st century Asian metropolis (Navalkar et al. 2028 new global paradigm has emerged focusing on
smart, sustainable, and inclusive developmentthetpractical application of these concepts in Seast
Asia often faces unique challenges. In India, raplthnisation is not merely a function of populatgrowth

but is intrinsically linked to mass transit availd (Sekar and Gangopadhyay 2017). Southern \Besgal
serves as a paradigmatic case of this phenomen®ra fajor rail corridor and economic gateway for
Eastern India, the region is witnessing a rapidrgere of peri-urban growth clusters centred arabed
railway stations. Unlike the planned Transit-OrehDevelopment (TOD) seen in other cities like Spaye

or Hong Kong where density is not organic, the orggowth around Southern West Bengal is organic,
historical and mostly chaotic (Mandal et al. 2020).

The motivation for this research arises from daaitobservation of the surroundings where the Gawent
of India (through the Ministry of Railways) hasaahted significant capital of approximately INR Q@0
crores to upgrade railway infrastructure in Weshd@® to support micro-enterprises and regional mearg.
But investment alone does not guarantee urbanftranation. With the absence of evidence-based urban
planning, capital investment runs the risk of aeing “ribbon sprawl” rather than fostering eifict and
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compact transit nodes. This has led to discusslmtsnvestment numbers alone are insufficient, @oder
attention must be paid to the tangible morpholdgateanges they trigger in cities (Ramachandra et al
2014).

2.2 Problem Statement

The central planning challenge facing the Kolkatatddpolitan Area (KMA) and its hinterlands is the
balancing act between infrastructure expansion surstainable land management. Current frameworks of
urban planning often lack the granular data requite understand how railway stations specifically
influence the vertical and horizontal dimensionsgodwth. There is a clear methodological gap, astmo
existing studies focus only on 2D land-use pattams overlook the vertical intensity of developmésnich

as building heights), which is essential for untiarding densification (Karmarkar, Jana, and Vel2@@24).
Along with this, a significant contextual gap petsibecause international TOD frameworks are seldom
tailored to the complex realities of Indian railwayvns, where informal settlements and historicallglved
urban layouts resist easy incorporation into cotigaal planning models (Mehra and Vardhan 2025). In
these regions, the presence of informal settlenmsmdshistorical urban forms resists the ‘clean’rgetry of
conventional planning models. While this study blshes a vital baseline for these towns, it also
understands that it lacks the socio-economic deethded to fully capture these physical changes that
involve the lives of the people inhabiting themnSequently, the primary research inquiry standslatv is
railway expansion reshaping patterns of urban dgweént in this dynamic region?” and “Do railway eed
encourage compact, efficient agglomerations, othéy contribute to more fragmented and dispersbdrur
growth?”

2.3 Aim and Objectives

The primary aim of this study is to investigate gieenomenon of transit-induced spatial restructuaiong
the Southern West Bengal rail corridor, specificalétermining whether railway proximity fostersieignt
densification or induces chaotic sprawl. To achigwg, the research examines the spatio-tempocdligon

of urban forms around four distinct railway statmontexts — Howrah, Shalimar, Santragachi and Ulabe
over a 25-year period (2000 to 2025). This invohgesnulti-scalar analysis that correlates horizontal
fragmentation metrics with vertical building degsid establish distinct evolutionary typologiesrailway-
induced growth. Building upon this morphologicahssification, the study further seeks to forecasiré
development trajectories for the active growth robg synthesising historical urbanisation trendghwi
passenger ridership shifts.

3 LITERATURE REVIEW

The relationship between rail corridors and urbamfhas been extensively documented, establishiag t
fact that mass transit systems are acting as areagjent for densification and spatial restrucigriOne of
the studies monitored urban growth in Howrah (Mdrdal. 2020). The study used spatial metriceteal

a distinct pattern of “clumping” in the core citwhich is contrasted against rapid outlying growtid &igh
fragmentation at the periphery. This also alignthwhe findings of Sekar and Gangopadhyay (Sekdr an
Gangopadhyay 2017), who analysed land use changasmda suburban rail in Chennai using a
“concentration index”. This index confirms densdfion has shifted decisively towards railway carrg]
thereby altering the city’'s macro-spatial form. &kiese studies underscore that while rail proxirattis as a
catalyst for growth, the resulting urban morpholagyies significantly between compact and fragmente
based on local constraints.

However, a significant methodological limitation icurrent research is the heavy reliance on two-
dimensional Land Use Land Cover (LULC) analysisoigng the vertical intensity that defines the pijite

of modern urbanisation. While LULC effectively mafige horizontal expansion, it fails to capture the
volumetric capacity of transit nodes. Recent woylkkarmarkar (Karmarkar et al. 2024) attempts taldpei
this gap by modelling “Volumetric Growth” (2D+3DJyaund new transit stations. Their work demonstrated
that high-rise development correlates strongly \stdtion proximity, yet such studies majorly rety aarse
building height classes or limited field data. Tdveemains a gap of more precise and continuouslibgil
height assessments to accurately correlate hoakuwiith vertical densification, which is addresdmsdthis
study by using open-source 2.5D datasets.
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