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Abstract 
 

Although digital twins first originated as models of physical systems, they are 
rapidly being applied to social systems whose components are conceptual and 
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Definitions 
 
The term ‘digital twin’ is riddled with ambiguity1. It emerged some 20 years ago as a computer 
representation of a real system whose structures and functions are usually physical in form2. In 
this sense, a twin is a digital model, although there are limits on the extent to which a twin is 
coincident with the system it is designed to represent. In fact a twin cannot be the equivalent 
of a physical system which it attempts to mirror, otherwise it would be identical to the real 
system itself. If we define a model as being a simplification, then we can always associate a 
twin with an underlying digital abstraction which links the model to theory. In fact, the idea of 
a digital twin goes back many years to alternative models of space exploration3, and even 
Grieves who is accredited with its popularization, first defined such a twin as a “mirrored 
spaces model”4 echoing David Gelerntner’s idea of a mirrored world5. 
 
Digital twins are thus computer 
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we can forecast their future form, this predictability dissolves13 and our current predictions for 
many social processes are at present no better than two-to-three day weather forecasting14. In 
short although there is a general assumption even by informed populations and communities 
that cities are easy to explain, nothing could be further from the truth.  
 
The key challenges such as the impact of climate change, questions of housing affordability, 
traffic congestion and high residential densities, spatial segregation, deprivation, exclusion, 
migration, aging, health and so on all define a myriad of problems facing our cities. Half a 
century ago, urban problems were characterized by Rittel and Webber (1973) as ‘wicked’, 
problems that once tackled, become ever more insoluble, problems that get worse rather than 
better as we attempt to alleviate them15. It might thus appear that urban problems cannot be 
addressed at all using digital twins but this is far from the mark. In fact it is in these policy 
areas that digital twins as models are needed even more so, rather than in the rather strictly 
defined scientific domains from whence they originate16. This echoes Marc Kac’s insightful 
sentiment that “… the main role of models is not so much to explain or predict 
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An appealing graphic of this augmented system is the cartoon drawn by Gordon Pask19 over 
60 years ago reprinted here from his book An Approach to Cybernetics that we show in Figure 
1(a). Pask illustrates the real system, essentially a pattern of traffic flow in a town which he 
pictures as a ‘black box’ where a variety of sensors measuring some of its flow dynamics are 
being monitored by the scientists intent on explaining and controlling its outputs in terms of its 
inputs. The humans in this loop are attempting to understand the system using an implicit 
‘digital’ model where they are mixing qualitative and quantitative insights. Moreover, the black 
box clearly provides an environment for controlling, managing and designing the future system 
where it is clear that the box is not completely black but shades of grey20. We thus observe the 
model directly using our human senses to see what is happening in non-digital form (by looking 
through the window in Figure 1a), and we can also sense it using digital means as implied in 
the network of sensors wired up to the system. In more abstract terms, we also illustrate this 
intersection of models, twins and humans in schematic form in Figure 1b. 
 
Although we show the real system, digital twin and the human in the loop in Figure 1, these 
three elements are entangled and replicated many times in the wider environment of twins and 
stakeholders. Indeed, we can even elaborate the real system itself into many systems or 
subsystems, thus forming an ecology of analysis, control and prediction consisting of 
federations of digital twins and many different types of science (and scientist) that formalize 
this complex environment. In the case of cities, such environments already exist as different 
models are coupled together and used at different spatial and temporal scales where 
information and data are exchanged between their various elements. In short, in social systems, 
we can define many types of twin which reflect a multitude of theoretical perspectives, each of 
which reflect different features of the real system. In such contexts where more than one twin 
is developed, a hierarchy of models can emerge that need to be coupled in ways that enrich our 
understanding of how different types of simulation extend our abilities to control the real thing. 
This type of environment for digital twins represents an ecology or federation of different 
models that can be coupled and integrated in different ways and which illustrate the complexity 
of systems such as cities that can only be understood through multiple paradigms21. To 
anticipate the limitations of the digital twin environment we have sketched, our models are 
largely designed to inform the dialogue between planning professionals and decision-makers 
immersed in producing new designs for better cities, so that a better quality of life, greater 
resilience, and urban sustainability can be achieved. This reflects Kac’s mantra that models are 
“to polarize thinking and to pose sharp questions”. 
 
MPer ePdddr vPchre oBhI_ MIIr h IF qBhPfrfd
( oBhPfrfd cPe To posw ycPe Tew cPe T sw ycPe Thaw cPeMIIr hTblw cPe 2 c hPfrffd cPe To posw ycPe Tlw cPfhc hPfrffdcPe nPe Ttw cPe Tiw cPe Tcw cPe T formw cPe T he oBhPfrf yhreA I_cPeT he or v vPrPchre oBe Tt TnTtw cPe Triw cPe Tzwh cPe Te1I z ] cc fc eccePrPchre Ir h z ] vPccPe Tsw yp vPrPchrcPe nPesw ycPe Tfz ]fccPe Tsw yp vPrPchvdcPhBh h IF  I_cPeT he or ffdTsw yp vPrPchvdcPhBh h IF  I_cPeT he or ffdTsw yp vPrPcre Ir Per c c cP Per c c cP Per c c cP Per c c cP Per c c cP Per c c cP Per fc viw cPPe Tiw cPe Tcw cPcP Per c uI fc c he fcf T er oaw cPe T). w yoP Per c c cP Per fc viw cPPe Tiw cPe Tcw cPcP Per c uI fc c yhreA I_cPec c c c fc hAhhPrdf OTtw cPe yrdPB ntwtw rfd (_ uI cPchfe I( BB c c BBd
(_ uI fcf w yehvw cPe ntwt
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Figure 2: a) The SOM Wire Frame Fly Through of Chicago in 1982 b) An English Village in 

Desktop CAD 1979 c) A 3D GIS Model of London with the PM10 Pollution Surface 
Layered Between the Buildings in 2003 

 
 
Analytical functions in such models mainly consist of tools to construct viewsheds, 
accessibilities, and related geometries although there is a slow convergence with building 
information models (BIMs)32, and their generalization to cities (CIMs)33. Agent-based models 
that populate such 3D landscapes with traffic and other kinds of movement are beginning to 
embrace the third dimension34 
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are in a perpetual equilibrium, largely due to the difficulties of identifying their appropriate 
dynamics36. 
 
The elements that compose cities – social and economic activities, land uses, clusters of 
population and employment, and so on – relate to aggregate and disaggregate processes 
involving work, leisure, travel, health and social interactions, which are critical to many related 
theories that have evolved over the last century. These elements can be assembled into various 
sets of systems and subsystems which in quantitative terms can generate several different kinds 
of digital twin for the same physical, spatial and social system. In fact, there are many theories 
which explain cities in qualitative rather than quantitative terms and thus cannot be represented 
digitally but still play an important role in our understanding and planning of their form and 
function. This introduces another theme into the use of digital twins in general and this relates 
to the fact that city planning makes use of many kinds of qualitative and quantitative insight, 
digital and non-digital twins as well as various kinds of urban analytics that cover a wide range 
of mathematical structures and logics. Applications that concentrate exclusively on quantitative 
representation are likely to be the exception rather than the rule in city planning as in many 
other social and economic applications of digital twins. 
 
The first urban models simulated the location of land use and transportation which were 
regarded as being critical to urban problems in the mid-20th century city particularly in terms 
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is increasingly possible but as with maps and 3D digital models, the real challenge is linking 
these kinds of representation to social and economic processes that 
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