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1. SUMMARY

Rapid urbanization, historical spatial inequality, and growing pressure on municipal finances
require cities, particularly in the Global South, to modernize property valuation systems in ways
that are efficient, transparent, and socially just. This paper examines how the City of Cape
Town, in partnership with Woolpert, has integrated geospatial intelligence, digital twins, Al-
driven change detection, and Lean methodologies to support a more complete, equitable, and
responsive valuation system.

Situated within the constitutional mandate of developmental local government and the
Municipal Property Rates Act (MPRA), Cape Town’s transformation demonstrates how
modern geospatial workflows can strengthen the rates base required to fund sub-economic
services, indigent households, and vulnerable communities. Through high-resolution aerial
imagery, light detection and ranging (LiDAR), and automated change detection, the City now
more comprehensively and equitably identifies unregulated developments, including backyard
dwellings and small-scale rental units that have historically been underrepresented in
conventional valuation systems.

The result is a valuation system that moves beyond mere technical optimization, enabling a
more inclusive representation of the built environment, faster turnaround times, enhanced data
quality, and improved revenue fairness. This hybrid social-justice and technical approach
positions Cape Town as a leading example of ethically grounded digital transformation in
African urban governance.

1of9

Geospatial Intelligence for Equitable Urban Futures: A City of Cape Town—Woolpert Collaboration (14017)
Tanner Chris and Ferguson Matthew (South Africa)

FIG Congress 2026
The Future We Want - The SDGs and Beyond
Cape Town, South Africa, 24-29 May 2026



Geospatial Intelligence for Equitable Property Valuation and Developmental
Local Governance: A Hybrid Digital Twin Approach for Cape Town

Matthew FERGUSON and Chris TANNER, South Africa

2. INTRODUCTION

Cities in the Global South are experiencing rapid demographic and spatial transformation, with
growing pressures from land scarcity, informal housing expansion, and increased service
demand. Cape Town exemplifies these conditions. The 2022 Census records a population of
4.77 million, with 11.7 percent of households living in informal structures (Research Analytics,
Policy and Strategy Department, City of Cape Town, 2023). These patterns reflect
contemporary socio-economic pressures layered upon long-standing spatial inequality. While
this paper does not center apartheid spatial planning, its structural legacy continues to shape
present-day access to housing, property markets, and municipal resource distribution.

In this context, property valuation becomes a critical governance instrument rather than a purely
technical exercise. The Municipal Property Rates Act mandates fairness, transparency, and
continuous updating of valuation rolls (Local Government: Municipal Property Rates Act 6 of
2004 | South African Government, n.d.), aligning with constitutional objectives for
developmental local government (Constitution of the Republic of South Africa, 1996 | South
African Government, n.d.). Accurate, up-to-date valuation data is essential for ensuring cross-
subsidization of indigent households and supporting sub-economic communities.

Globally, cities are deploying geospatial intelligence, remote sensing, artificial intelligence
(AI), and digital-twin approaches to modernize urban governance (Goodchild, 2018; Data and
the City, 2017). Cape Town’s partnership with Woolpert represents one of the most advanced
African applications of these technologies to property valuation. High-resolution oblique and
nadir imagery, LiIDAR, Al-driven change detection, and Lean workflow optimization have
enabled a valuation system that simultaneously strengthens revenue fairness and enhances
institutional responsiveness. The adoption of geospatial solutions, over a number of years, has
transformed the City’s approach to the valuations process, from one of traditional field surveys
to an enabling desktop approach with multiple time and cost benefits.

This paper develops a hybrid academic narrative, balancing technical detail with social-justice
framing, to illustrate how Cape Town’s digital valuation model advances equitable and
sustainable municipal governance.

3. CONCEPTUAL FRAMEWORK

Digital twins are increasingly recognized as sociotechnical artifacts that can dynamically
synchronize with physical environments, enabling real-time monitoring, simulation, and
predictive modelling for urban governance (Adade & de Vries, 2025). Their interactive and
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immersive qualities, combined with user-friendly interfaces and real-time data, position them
as powerful tools for participatory planning and agenda-setting (Adade & de Vries, 2025). By
allowing citizens and policymakers to visualize spatial changes, test interventions, and
negotiate priorities, digital twins transform planning from a static process into a collaborative,
adaptive system. This aligns with Cape Town’s approach, where the valuation roll is
continuously updated through remote sensing and Al-driven change detection, allowing it to
function as a fiscal digital twin that reflects the built environment and supports dynamic revenue
modelling in near real time (Adade & de Vries, 2025).

The MPRA supports this technical evolution by mandating a comprehensive and frequently
updated valuation roll (Local Government: Municipal Property Rates Act 6 of 2004 | South
African Government, n.d.). Section 152 of the Constitution explicitly frames local government
as responsible for developmental objectives, including equitable service provision (Constitution
of the Republic of South Africa, 1996 | South African Government, n.d.). A complete, accurate
and up to date valuation roll therefore becomes an enabler for achieving revenue fairness and
equity. These provisions create a living, authoritative dataset that mirrors the physical and
economic state of the built environment, meeting the essential digital twin criteria: continuous
synchronization, fidelity to physical assets, and actionable insights for decision-making.

Post-apartheid transformation provides essential context. It can be argued that that meaningful
governance improvement requires recognizing informal and incremental housing rather than
treating it as anomalous (Roy, 2005; Ferguson, 2024). Cape Town’s valuation system, by
identifying and incorporating unregulated building development, reflects this understanding.

4. DATA AND METHODS

The City’s modernization strategy integrates high-resolution spatial data, advanced analytics,
and Lean governance methodologies. Oblique and nadir aerial imagery provide multi-
directional visibility for remote assessment of structures, while LiDAR-derived surface models
enable volumetric and elevation analysis. Together, these datasets contribute to the accuracy of
desktop-based valuation (Ferguson, 2024).

Al-driven change detection compares multi-temporal imagery to identify unregistered
structural changes. These tools are especially effective for mapping incremental backyard
rentals, informal additions, and unregulated small-scale rental blocks, which can be up to three
stories in height and comprise as many as 24 residential units. Unregulated developments like
these are frequently underrepresented in traditional valuation datasets (Ferguson, 2024). Rather
than punitive enforcement, this approach supports developmental policy by improving
recognition of low-income housing markets.

Lean governance principles streamline workflows, reduce delays, and improve valuation
consistency. Transitioning from a field-based model to a remote desktop model significantly
increased processing capacity and reduced turnaround times. Field inspections now focus on
complex properties or disputed cases.
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Lean Thinking, originally developed for manufacturing, has been adapted by the City of Cape
Town to transform property valuation workflows into efficient, citizen-centric processes. The
city adopted Lean in 2007 to improve service delivery by focusing on what matters most to
citizens. Applied to municipal valuation, Lean principles were applied sequentially to
restructure valuation workflows. Value Stream Mapping was used to analyze the full valuation
process across nine municipal departments, identifying bottlenecks and non-value-adding steps.
Continuous flow replaced batch processing, enabling near real-time updates and significantly
improving throughput. Heijunka (demand levelling) was applied to harmonize uneven demand
(mura) and reduce overburden (muri), using flow metrics derived from Little’s Law (Little,
2011). Finally, linear workflows were replaced with citizen service loops, allowing both
residents and officials to initiate interactions, thereby improving transparency, responsiveness,
and institutional trust (Ferguson, 2024).

To support the above methods, the city adopted South African National Standards (SANS)
aligned with ISO for quality assurance and process improvement:

- SANS 2859-1: Sampling procedures for inspection by attributes.

- SANS 13053-1 & 13053-2: Quantitative methods for process improvement.

Figure 1 presents the lean measures of continuous improvement for citizen service loops, and
Figure 2 illustrates how such citizen service loops can rationalize service delivery from the
citizen’s perspective (Ferguson, 2024).

Public Citizens

| IMPACTS What have we achieved? Equity? | Service delivery
IMPROVED How we improve the lives of those we serve? thag B ;
SERVICE TO |—d P - Quality in SEFVI(.:E
L CITIZENS | OUTCOMES | What we wish to achieve? _ Effective?) Reduce cornp!alnts
) . . Reduce lead times
[ How effectively do we achieve our objectives?
- -
OUTPUTS What | produce? Efficient? Information flow
IMPROVED How proficient am | in my work? ) Improved outputs
PROCESS | == - -
PERFORMANCE ACTIVITIES What are my duties? _ Economic?) 5"?““:"“’“‘!
r mon
What processes do | follow? ) alue for money
LEADERSHIP INPUTS What is my input level? Engaged?) Develop people
Am | 100% busy during working hours? Physical safety
RESPECT FOR | — ! - )
PEOPLE - Emotional wellness
Public Servant Don’t overburden

Figure 1 Measuring continuous improvement — lean principles of flow.
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Figure 2 Property value chain rationalized as a non-linear flow.

Importantly, these methodologies are governed by constitutional principles and MPRA
compliance. Ethical alignment ensures that modernization enhances, rather than undermines,
transparency and fairness from a citizen perspective.

5. GOVERNANCE TRANSFORMATION

Traditionally, valuation relied on field inspections triggered by building plans or complaints.
This method inherently produced uneven visibility across neighborhoods, especially where
informality was prevalent. Remote sensing and Al-enabled change detection have
fundamentally altered this dynamic.

The city can now detect new dwelling units, extensions, and densification patterns
automatically, enabling continuous updates to the valuation roll. Remote imagery becomes the
primary assessment tool, while site visits serve as exceptions. This improves efficiency and
enhances spatial fairness.

Key to this shift is the move toward a digital twin environment, where the valuation dataset
now links with Cape Town’s broader digital ecosystem, allowing for infrastructure modelling,
service-demand forecasting, and early-warning systems for unmanaged densification.

6. RESULTS

Cape Town’s valuation modernization has yielded large-scale performance improvements.
Over the past six years, the annual average citizen response times have improved from 122 days
to 24 days in 2025. At the same time the valuation data survey throughput has increased
significantly over the past six years from 30 984 workflow tasks per year to over 255 662 in
2025.

These gains translate into a more responsive valuation system and improved data quality.
A significant aspect of the change detection process is the high statistical confidence associated
with properties identified as unchanged (the change detection true-negatives). This confidence
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has been supported by applying the same lot-by-lot sampling plan for the quality control of
machine no-change inspections and data changes processed by valuation data surveyors.

Figure 3 presents the valuation throughput trends by year, with a service time indicator of the
percentage of tasks completed in 30 days.
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Figure 3 Valuation data survey trends by year
7. DISCUSSION

Cape Town’s experience demonstrates that geospatial intelligence and digital-twin principles
can support equitable governance. Global debates often criticize smart city technologies for
their potential to reinforce surveillance (Sadowski, 2020), but Cape Town shows that ethical,
legally grounded implementations can enhance recognition, transparency, and justice.
Successful digital transformation requires institutional change alongside technological
capability. The Lean-enabled redesign of valuation workflows exemplifies how public-sector
processes must evolve to take full advantage of spatial technologies.

Furthermore, because most properties remain physically unchanged within any given period,
urban valuation datasets naturally generate a high proportion of true-negatives, those properties
in which remote-sensing analysis confirms the absence of structural alteration. This stability is
analytically valuable. As Rosen’s (1974) seminal hedonic price theory emphasizes, accurate
modelling depends on correctly specifying structural characteristics at the time of sale. True-
negatives therefore provide a reliable basis for constructing clean hedonic and repeat-sales
samples free from omitted-variable bias arising from unobserved improvements (Housing
Economics and Public Policy, 2002, Chapter 5). This demonstrates that repeat-sales indices are
highly sensitive to misclassification of physical changes, implying that the digital twin’s
systematic confirmation of “no change” materially improves the precision of market indices.
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Conversely, for true-positives, those properties where the digital twin detects additions,
extensions, or conversions, the ability to timestamp these changes allows the City to distinguish
between improvements made before a sale (to enhance marketability) and those made after
acquisition (as part of investment behavior), a distinction well documented in empirical housing
literature (Glaeser et al., 2008; Goodman & Thibodeau, 2003). Because building works are
frequently completed shortly before listing or initiated shortly after transfer, failing to capture
their timing introduces structural misclassification errors that can distort price modelling.

The digital twin’s temporal precision therefore has the potential to support econometric
specification by anchoring each detected change to the correct sale period. This substantially
enhances the validity of hedonic regressions, repeat-sales indices, and hybrid specification
models, improving both the explanatory power and equity implications of the City’s valuation
system. In this way, the digital twin does not merely support administrative completeness; it
enhances the econometric integrity and fairness of property valuation by enabling market
analyses that truly reflect the built environment as it existed at the moment transactions occurred
(Palmquist, 2005).

Cape Town’s experience provides important lessons for other cities facing urban densification
and informality. By adopting integrated geospatial systems aligned with developmental
governance principles, cities can enhance fiscal resilience while simultaneously promoting
social equity.

8. CONCLUSION

Cape Town’s integration of geospatial intelligence, Al-based change detection, digital twins,
and Lean governance demonstrates a path toward ethical, socially grounded digital
transformation. By aligning technology with constitutional commitments to fairness and
developmental local government, the city has created a valuation system that is more efficient,
more complete, and more equitable.

Goodchild’s (2018) insights on multiscale geographic representation, data integration
challenges, and the transition from digital maps to digital globe models provide strong scholarly
support for interpreting the valuation roll as a digital twin backbone.

This hybrid approach is technically rigorous and socially grounded and shows that digital
transformation can drive inclusion and resilience, contributing to a more just urban future.
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