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An epistemological-political meta-account of Digital
Urban Twins

Abstract. This theoretical contribution explores Digital Urban Twins (DUTS)
through the lens of political epistemology, aiming to critically evaluate DUT
conceptions and propose future research directions. DUTSs, designed to generate
forecasts for city governance, must address not only technological challenges
but also political and social ones due to their public function, and specific theo-
retical frameworks are needed to manage these challenges. Political epistemol-
ogy, which integrates scientific knowledge with its political context, offers val-
uable insights. Reviewing meta-literature on DUTSs reveals a focus on social in-
tegration and governance issues, with case studies illustrating the complexity of
DUT applications, emphasizing the need for interdisciplinary insights and par-
ticipatory processes. This analysis suggests that political epistemology can in-
form DUT research, raising important questions and highlighting the inter-
twined nature of technical and social aspects in urban governance and techno-
scientific practices.

Keywords: Digital Urban Twin, Political Epistemology, Science for policy

1 Theoretical contextualization and methodology

The following theoretical contribution proposes to look at Digital Urban Twins
(DUTSs) from the perspective of political epistemology, with the aim to: a) critically
illuminate DUT conceptions and bring out lines of future research, mainly in the form
of questions for current developers of these tools; b) to demonstrate the hypothesis
that political epistemology could be of use for DUT research.

The statement we begin with is that DUTS, being machines designed to generate
forecasts beneficial to decision-makers for effective city governance, have a “public
function”, and therefore have to deal not only with technological construction issues
but also with political and social challenges. If these challenges in the development
and implementation of DUTS exist, purely technical conceptions of DUTs may over-
look them: specific theoretical frameworks are instead necessary, equipped with tools
to manage these criticalities. In other words, if technological development is guided
by technical expertise, which expertise could inform the development of DUTS’ pub-
lic function? Furthermore, knowledge production must be considered, since it may not
correspond to the production of technical knowledge guiding technological develop-
ment. We believe that these questions can be tackled by a political-epistemological
approach.

Political epistemology refers to mode of inquiry involving various theories of sci-
entific knowledge that adopt the methodological principle of not keeping scientific
knowledge separate from its relationship with the political sphere (whether structural,
ideological, or applicative). Among its focuses, we can find the examination of how



science is used prescriptively to inform political action, the ideological implications
of discourses on science, the interconnections between scientific practices, institutions
and power structures, the social role of expertise [1, 2, 3].

For example, a theoretical proposal that can be considered within the field of polit-
ical epistemology is the one formulated by Jerry Ravetz and Silvio Funtowicz, who
refer to post-normal science (PNS) to describe situations where facts are uncertain,
values are in dispute, stakes are high, and decisions are urgent [4, 5]. When
knowledge is employed to contribute to governance processes, the framing and priori-
tization of issues inevitably involve value choices, questioning a rigid dichotomy
facts/values. Moreover, the diverse perspectives involved in the collective sphere not
only imply different values but also different bodies of knowledge and a pluralized
expertise [6]. Within this framework, knowledge reconfigures itself around specific
hierarchies of needs and aspirations, giving rise to distinct forms of understanding [7].
Finally, the urgency that characterizes the decision-making context prevents the plu-
rality of hypotheses that can be formulated for new knowledge contents from being
mobilized and properly tested. While influenced by scientific knowledge, political
choices are therefore not methodologically scientific themselves; science intended for
public decisions is always intertwined with conflicting values and interests, and the
often necessary timeliness of decisions [8].

From this epistemological-political perspective, the promise of the DUT project to
function as a knowledge producer about the future state of the city would find itself
entangled in a decision-making and epistemological context that questions this very
promise. For example, how would the DUT produce the kind of knowledge employed
in governance processes if this knowledge involves a fragmented, multi-layered, val-
ue-laden, and potentially inherently conflictual production chain?

If this is the scenario painted by an epistemological-political driven approach, the
conception of technoscientific activities that partly contributed to its emergence has
made its way into the epistemological field for a few decades, especially since the
interest of historians, sociologists, and philosophers has shifted from scientific theo-
ries to scientific practices, coupling epistemology with historical analysis [9], carrying
out ethnography in laboratories [10] and reconstructing the evolution of science and
technology in relation to the material conditions in which are situated. Is this the case
of the interdisciplinary field of Science and Technology Studies (STS) [11], that con-
siders technoscientific practices not isolated from the social world but as social activi-
ties themselves, where scientists, instruments, normative and institutional context
interact in the production of knowledge. These interactions involve controversies,
negotiations and forms of stability [12]. From this perspective, the problem of the
DUT's public function becomes the problem to couple the development of DUT’s
technological functioning with an equally essential development of DUT’s social
functioning, that is, a functioning able to perform in contexts where, for example,
values are in dispute. Would a political-epistemological angle, with the tool kit of-
fered by theories such as PNS or STS, offer insights into such a development, or at
least research questions worth exploring?

Before revisiting these questions, it is necessary to verify whether the hypothesis
of DUTSs concerns with the socio-political level is indeed documented in the literature,



and if so, how. We choose to look at recent literature review articles on the subject.
The analysis therefore moves on a meta-literature level, highlighting findings that
these articles have in turn brought out from a more comprehensive research on what
has been published on DUTSs. Especially, the focus is on what the literature review
articles found regarding DUTs’ application as a support systems for urban govern-
ance, and whether social rather than technical matters were recorded, and of what
kind.

Within this focus, two case studies are brought to attention from the literature. For
both, it is seen what is meant by ‘social’ rather than technical and how the DUTs have
been understood as a tool for knowledge-based governance.

2 Meta-literature review

Three literature review articles are analyzed: City Digital Twin Potentials: A Review
and Research Agenda [13]; A systematic review of digital twin city: The adoption of
urban digital twins [14]; Challenges of urban digital twins: A systematic review and a
Delphi expert survey [15].

It should be noted that all three literature reviews point to research that is still in its
infancy, and that after applying various filter criteria, the cases considered to be genu-
ine urban twinning systems (in prototype or operational phase) are respectively 42,
22, 34 (see each article for their literature review methodology).

2.1  First article

In Shahat et al. the integration of socio-economic components in the DUT is seen as
the future research direction to achieve a completely mirrored city. Particular atten-
tion is paid to the Digital Twin of the city of Zurich, considered one of the most ad-
vanced in supporting administration in urban planning and decision-making process-
es. Concerning the public function of DUTS as a decision-making support, the themat-
ic sets that the review identifies in literature are ‘Planning and Prediction’, and ‘Inte-
gration and Collaboration’. The latter, with the subsets of ‘integration between differ-
ent domains’, ‘stakeholder participation’, ‘citizen engagement’, and the ‘open plat-
form’ depend, is associated with the largest number of articles analyzed. ‘Planning
and Prediction’ instead refers to applications like ‘policy evaluation’, ‘simulation’,
and ‘what-if scenarios’. In planning, the most relevant quality seems indeed the abil-
ity to predict possible outcomes (what-if). Drawing parallels with fields like aero-
space and manufacturing, where predicting the future behavior of the physical coun-
terparts enhances performance, the city digital twin can similarly be employed to
develop plans and scenarios for future urban operations. The challenge of a compre-
hensive digital representation of the city, which requires the integration of different
databases and areas, is the reason to opt for different twinning systems (more or less
in synergy) for different domains. In particular, a lack of awareness of contextual
factors and social, economic and political structure and processes is emphasized as a
drawback for a complete mirroring. The very quality of being an online networked
service is then associated with the possibility of opening up the inclusion of different



stakeholders in planning and design. The challenges for research are summarized in
the ability to model contextual and socio-economic factors and to achieve mutual
integration between the digital model and the physical city, so that cause-and-effect
relationships can be one-to-one, considering that at the moment it is mostly the physi-
cal plane to interact with the digital one.

2.2 Second article

Ferré-Bigorra et al. offers a categorization of the examined articles. One of the cate-
gories concerns the application of DUTS, starting from the users they are addressed to,
which are predominantly public administrations. The prevalent use revolves around
the maintenance of structures and infrastructure, but there are also cases where they
are employed for urban planning. The most common models are those representing
the 3D physical space, followed by meteorological models (whose databases are usu-
ally open source) and those of specific infrastructural networks. Also in this review,
one of the main challenges that DUTs must face is the lack of interoperability and
integration across different data domains, in addition to the high costs associated with
real-time processing of data sources and computing requirements, leading to a trade-
off between accuracy and efficiency.

2.3 Third article

Lei et al. decide to categorize the findings of the literature review into two sets of
challenges that research on DUTs must address during the phases of a digital twin's
life cycle. On one side are the technical challenges, and on the other side are the non-
technical challenges. Focusing attention on the latter, the issue of collaboration and
integration among different data silos emerges again. This issue is attributed to both
technical and social reasons, such as siloed governance architectures that historically
made domains management independent, while collaboration issues arise from defi-
cient participation procedures or inadequate methods to bring together various stake-
holders in constructing the digital twin. Challenges identified as Ownership, Trust-
worthiness, and Participation can be somewhat attributed to collaboration since own-
ership relates to the problem of sharing data from different sources (as citizens them-
selves), which, in turn, cannot disregard reliable security protocols and the inclusion
of underrepresented groups in such projects. The article concludes by presenting the
results of a questionnaire aimed at assessing the severity with which technical and
non-technical challenges are perceived by an expert audience (unfortunately, the ex-
pert's disciplinary affiliation is not made explicit). The vast majority consider the lack
of practical value (e.g. business model) as the primary non-technical challenge, while
interoperability (e.g. lack of semantic integration among data) is perceived as the
most challenging from a technical perspective.

2.4  Some notes

The meta-literature reviews show various areas of overlap, also citing the same refer-
ences. It should be noted how from the fist article (2021) to the last (2023) the goal of



complete and all-encompassing mirroring (despite reporting the contrary opinion
made in a few articles), and analogies like the one between the twin modeling of a
city and twin modeling in the fields of aerospace and manufacturing [13], are always
present, but on a more cautious tone. The city is a complex and constantly changing
ecosystem [15], and its modeling is perhaps more effective, or at least at the moment
achievable, when compartmentalized rather than comprehensively integrated. Fur-
thermore, the simulator function is linked to that of decision-making support, but also
practices of data sharing and participatory co-construction of models are mentioned.
With respect to these topics, it is worth reporting two case studies that all three litera-
ture reviews refer to in sections where social and participatory issues are discussed
(one case is cited by all three articles, and the other by two).

3 Two cases

A research that focus on the development of decision-making processes, with DUT
working to present possible alternatives to decision-making groups, is about the Her-
renberg’s DUT [16, 17, 18]. The authors present an experiment (participated by vari-
ous stakeholders) around a prototype of DUT, noting that a classic criticism of this
tool is the reductionism of the models it implements: for example, it remains chal-
lenging to represent the socioeconomic variables that animate a city. The most high-
lighted result of the experiment is that was able to effectively communicate in an
understandable way to the stakeholders the outcomes of a planning choice through its
visualization in the virtual model. This quality would be crucial to enhance communi-
cations between citizens and administrations; citizens would be able to account for
their expectations, and administrations would explain their decisions more intuitively.
Another point of interest is that the Herrenberg’s DUT leveraged empirical data pro-
vided by the citizens through a process of Volunteered Geographic Information, and
pertain to citizens' daily routes, enriched with gualitative notes and evaluations, re-
sponding to the developers need to integrate aspects of social life, which are often
elusive. The originality of the Herrenberg’s DUT revolves around the aim to expand
the knowledge base in the context of governance actions: there is an explicit reference
to a broad assembly, made of experts but also laypeople. However, the articles are
ambiguous about whether this knowledge base is intended to articulate the models
and functions of the DUT or is primarily addressed to reach a consensus on specific
proposals.

The second case is proposed by Nochta, Wan, Schooling, Parlikad [19], who, not
so differently from many STS scholars, refer to the socio-technical term right from
the title. The case is not precisely a DUT, but rather a City-scale Digital Model
(CDM), a slightly different city model aiming to integrate various models through a
strategy that combines the urban governance plan (considered the “social side”) with
the technical plan consisting of data and modeling. The authors argue that realizing
the benefits of digital twins for cities is not automatic, emphasizing the need for inter-
disciplinary insights and participative processes. They suggest involving prospective
users, city planners, managers, residents, and workers, along with researchers and



technology suppliers. This collaborative approach aims to shape the evolving concept
of CDTs, ensuring meaningful contributions to policy and practice and enhancing the
likelihood of successful implementation. The authors advocate for an interdisciplinary
perspective to move beyond the current technology hype associated with digital twins.
The conventional definition of digital twins as mere replicas of physical systems is
deemed simplistic and flawed, as the authors argue that digital twins, particularly in
the context of cities or the built environment, should be viewed as an intricate inter-
play among the digital, physical, and social realms, introducing complexities in apply-
ing the digital twin concept to the built environment. Still, the efficacy of CDTSs in
decision-making hinges on the successful translation of high-level policy goals into
practical problems that the model can address. However, this translation necessitates a
participatory approach, incorporating in-depth local knowledge and preferences to
enhance utilization in city planning and management.

4 A theoretical evaluation

A few topics encountered in the meta-literature review are now looked under the epis-
temological-political angle reported at the beginning of the contribution.

The use of a model as a tool for communicating knowledge about the future is ul-
timately not different from its historical applications. Even during the Renaissance,
renowned architects engaged in the art of modeling with their clients: «there is less
left undecided, less that the architect needs to or can alter during construction...Fully
detailed models also provide greater control for the client who is better able to assess
and understand the whole and the detail» [20]. The aim is to resolve indecision and
uncertainty: the future is known in a complete and shared manner by the involved
parties (client and architect, in this case). However, as mentioned earlier, various
social practices can correspond to equally diverse technoscientific practices: do mod-
els and simulations retain their status when, as seen in the two DUT case studies men-
tioned, there appears to be an exchange of information and co-production involved? Is
this co-production limited to making aspects of that future more understandable to
stakeholders? Is the participatory approach, reconfiguring social relation in order to
gain a broader knowledge base, a matter of knowing the future or producing it?

The implications of these questions for DUTS’ research practices are made clear by
the sociologist of science Karin Knorr-Cetina [21]. The tradition that extends from
scale models to simulations put social actors on a stage (the simulation), requiring
them to perform everyday life competently and behave in simulated conditions faith-
ful to real-time daily practices (that means: how many parameters can we add to make
it “as real as possible”). This virtual laboratory indeed faces criticism for being con-
ducted in inevitably reductive conditions, potentially yielding non-generalizable re-
sults. The careful design of these simulations becomes then crucial to approximate the
experience they aim to simulate, aligning with their intended purposes. To address
this challenge, those working in simulations develop what Knorr-Cetina refers to as
“technologies of correspondence”. However, correspondences in the cases reported in
the literature appear to be more sought through social reconfigurations external to the



simulation theater, such as real participatory processes in which different stakeholders
organize themselves (or are organized) to assume different roles. And indeed there is
a distinction between model/simulation and experiment. Herbert Simon already intro-
duced an ontological difference [22]: while simulation reproduces only the relation-
ships of one system in another system it aims to replicate, an experiment is constituted
of the same material as the phenomenon it studies, isolating parts and observing their
behavior under different conditions. In the DUT case, which by definition interacts
(or should interact) in an information exchange with the physical city it aspires to
model, but also with matter of social order, we are likely dealing with a hybrid be-
tween simulation and experiment. If the DUT involves aspects related to experimenta-
tion, prediction is not solely based on the ability to construct correspondences but also
on actively intervening in phenomena, regardless of the model used [23]. The litera-
ture reviewed does not seem to account for this deviation in the techno-scientific prac-
tices underlying the DUT, and it does not attempt to view the DUT as an experimental
apparatus - with its own political and social consequences - rather than a scenario
simulator.

Regarding the ability to provide evidence, even the most socio-technical cases re-
ported in the meta-literature still aim at an evidence available for policy-making. But,
as written above, is this solely about evidence, or does it also involve the capacity to
incorporate more indeterminate factors? Nochta et al. express in fact concern that the
complexity to be represented deepens with multiple decision options that are often
incompatible or contradictory, each supported by internally coherent evidence derived
from different modeling efforts, and that these models may be developed in sectoral
silos or cater to different governments with distinct political leadership and agendas,
contributing to the intricate landscape of decision-making in urban contexts.

In the theoretical framework of PNS, the notion of “extended facts” has been put
forth to denote a broader understanding of scientific facts that goes beyond mere ob-
jective observation or measurement. Extended facts reflect the awareness that science,
especially when dealing with complex issues and social controversies, is inherently
tied to different values, perspectives, and contexts. This implies that the production
and interpretation of scientific facts can be influenced by non-scientific considera-
tions, such as ethical, political, and social aspects. In the context of PNS, there is an
emphasis on the need to involve a wider range of perspectives and to consider the
plurality of values at play, even in scientific knowledge production. The two DUTs
cases presented advance a similar proposal in their own way, but maintaining along-
side the participatory engagement of different perspectives a rather traditional concep-
tual framework of the scientific output (the model to make the understanding of future
scenarios more efficient).

These two sides shouldn’t be conceptualized and developed separately, as under-
lined with the distinction between simulations and experiments. Technoscientific
knowledge production involves a corresponding reflection on knowledge production
in broader and different social arenas than the laboratorial one, with various implica-
tions. If the city is composed of measurable entities for which evidence can be ap-
proximated, it is equally made up of much more indeterminable factors driven by
trajectories definable as intentional. The weight given to these factors and therefore to



the unpredictable changes these may undergo, is directly proportional to the level of
unpredictability the city as a whole presents. Is it then possible to incorporate inten-
tions and make sense of this unpredictability? Would it be sufficient to build simula-
tions with agents performing increasingly accurate profiles, along the lines of Big
Data business models? Or would be sufficient to gather participatory practices? Or to
design DUTSs to function as if they were more an organization than a technological
piece? And if so, should this be a public organization? Could we still talk about
knowledge production in the form of models and simulations, or the form of experi-
ments? Or something else entirely?

5 Conclusion

To summarize, the analysis of the meta-literature reports issues that we can define as
pertaining to political epistemology: the research on DUTSs identifies this aspect as a
set of problems that the development of these tools must address. Furthermore, a cer-
tain continuity between technical and social aspects is highlighted in the meta-
literature, especially in the second case study, where semantic integration among dif-
ferent databases and the trade-off between autonomy and interdependence among
governance entities are presented as inseparable issues. What seems to be missing is
just as much awareness in considering this area of issues as in need of specific theo-
retical and disciplinary tools. As we hope to have suggested with this contribution,
which concludes with a series of questions aimed at the development of digital twin-
ning practices, theories relating to the political epistemological panorama can play not
only a critical but also a constructive role in DUTS research.
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