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Abstract: This paper suggests the use of the inverse model
coupled with land and property systems to support urban
decision making. The inverse model is to be used for
planning decisions today to achieve the desired tomorrow.
This approach has been used previously in urban planning
with a property system. The use of a property system alone
is insu cient in dealing with the complexity of urban
systems. Complex systems are made up of sub systems that
interact with each other; the integration of two sub systems
o ers a rst and simple alternative to address the
complexity of urban systems. We suggest the use of two
parametric approaches, logistic regression and house price,
to model land and property sub systems, respectively.
Finally, we stress that further studies are needed to integrate
the inverse model with other statistical techniques that also
deal with complexity, such as cellular automata (CA) or
agent based models.
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Most scholars seem to agree that the urbanisation rate is growing very rapidly
worldwide. According to the United Nations (2019), today, 55% of the world’s
population lives in urban areas, a proportion that is expected to increase to 8% by
2050. Although urbanisation is a natural process with positive e ects on society, it is
also well known that high rural urban migration rates may produce undesired e ects
such as urban sprawls, unemployment, pollution and increased crime rates, amongst
other problems (Ahmed and Islam 2014, Zhang 201 , Bhat et al. 2017). Looking at these
facts, several practical questions arise when it comes to devising future sustainable
cities. For instance, will cities in the future be prepared to absorb massive rural urban
migration in a sustainable way? What are governments doing today to address the
approaching changes in urban and rural societies? Are the governments working
towards the right direction? United Nations (2019) warn that the preparation for this
growth all depends on the decisions made now. Hence, it becomes essential to assist
governments with appropriate policies and actions to be taken today in the a empt to
secure sustainable future cities.

To deal with these undesired uncertainties in the planning process, policymakers and
researchers often turn to statistical methods and models to forecast future urban
pa erns. One popular technique is cellular automata (CA), a rule based method
capable of simulating future states of urban pa erns represented by a grid cell
arrangement over space. Moreover, the rules determine whether a cell is to be
urbanised or not in the future. To this end, the rules must be de ned in relation to the
drivers that promote urbanisation, such as urban regulations, population movement,
population growth, land price, planned actions and geographical conditions, to
mention just a few. Various scholars have stressed the importance of CA in urban
modelling. One of them, Ba y (2005) argued in favour of understanding cities by the
means of complexity science techniques, such as CA, agent based models and fractals.
Other scholars, including Liu and Phinn (2003), Fuglsang et al. (2013) and Gonçalves
et al. (2019), conducted more applied studies where CA is used to forecast city growth
in Sidney, Copenhagen and Cape Verde, respectively.

Other remarkable methodological contributions to urban planning come from
econometrics and spatial econometrics. For example, logistic regression is a popular
method for modelling rural urban land use change (Allen and Lu 2003, Hu and Lo
2007, Khajeh Borj Se di and Ghalehnoee 201 , Gangopadhyay et al. 2020, Kantakumar
et al. 2020). The method seeks the probability of land use change in terms of a set of
explanatory variables associated with urbanisation drivers, such as climate, population
density or accessibility, to mention a few. To deal with a potential spatial
autocorrelation in the data, some scholars have proposed the spatial autologistic
regressionmodel (SALR). Similar to the spatial autoregressivemodel (SAR) introduced
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by Anselin (1988), SALR incorporates a spatially lagged term to account for the
probability of the neighbouring cells of the grid. Although Dormann (2007) has
questioned the statistical validity of SALR, the model has been used in land use change
studies by Millington et al. (2007), Tayyebi et al. (2010), Wu et al. (2010) and Jiang et al.
( ).

Some scholars have improved the accuracy of future urban pa ern predictions by
integrating several of these methods. This is the case of Siddiqui et al. (2018) andWang
et al. (2019) who combined logistic regression, CA and a Markov model to simulate
future urban pa erns. Both studies conclude that the integration facilitates the
simulation process and increases the accuracy of the results compared with logistic
regression alone. Nevertheless, the authors highlight the need to include socio
economic driving forces to further enhance accuracy. Another interesting study was
conducted by Kantakumar et al. (2019), who combined remote sensing data with
scenario based analysis to improve the role of urban planning on studying rapid
urbanisation in Indian cities. The authors developed a scenario based urban growth
simulation model (SUSM) that uses logistic regression model and stochastic
constrained CA for the spatial simulation of urban growth. In terms of modelling,
SUSM treats cities as complex adaptive systems and therefore a empts to cope with
the inherent dynamics and complex non linear behaviour present in urban systems.
Another integrative approach of urban modelling and scenario based analysis was
conducted by Dorning et al. (2015). The authors integrate a modi ed and more
suitable CA method for urban growth, land suitability mapping and landscape pa ern
analysis to explore urban sustainability under di erent growth circumstances.

Despite most of these models and methods having been very important in promoting
the awareness of urban processes, they approach the problem mostly from a today
perspective. In other words, they use current data to forecast the future states of cities.
In this regards, Grêt Regamey and Crespo (2011) claim that this can lead to a dead end
if the drivers of current problems become the main drivers of the planning process,
thus transferring our problems to the future. To deal with this inconvenience, the same
authors have proposed a novel approach, denoted as planning from a future vision: an
inverse model in spatial planning.

As opposed to traditional planning processes, the point of departure of this novel
approach is a desired future de ned by the stakeholders. From this point on, a top
down quantitative analysis is performed, giving rise to actions to be taken by planners
today to achieve such a desired future. As the forward model, Grêt Regamey and
Crespo (2011) regressed house prices on a linear combination of house price drivers.
Next, the model is inverted to nd an economic compensation scheme for the residents
a ected by noise emi ed from nearby highways and the airport. The set of possible
solutions is given by a linear combination of values for house drivers so that economic
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compensation is achieved. However, the indicated cities are considered complex urban
systems made up of highly heterogeneous sub systems connected by complex
interactions (Ba y 2009, Baynes 2009). As documented by Liu (2009), the examples of
urban sub systems that interact with each other are population, land, employment,
transport, property and infrastructure, to mention a few. The linear hedonic house
price model used by Grêt Regamey and Crespo (2011) concentrates on the analysis of
one single sub system: property. It thereby ignores any interaction between the
property sub system under study and the rest of the urban sub systems. This may steer
the whole urban system into an undesired future state since all sub systems are far
from remaining unchanged over time. Thus, along with being analogous to the
bu er y e ect example widely illustrated in the study of complex systems (Lorenz
19 3), a wrong planning decision today may cause severe con icts in the urban
development in the future.

Accordingly, we think that the whole planning process should combine a system
oriented forward model to be inverted with a participative definition of the future
city defined by the stakeholders. Clearly, cities can be described and defined
following a myriad of concepts, approaches, or viewpoints. For instance, Ortegon
Sanchez and Tyler (201 ) conceptualise a desirable future city state in terms of a set
of five fundamental urban principles: active and inclusive city, courteous city, city
as a public space, evolving and healthy city. The authors argue that these principles
are the initial message to start a dialogue between the people and the city’s agents
to engage, commit and promote transformative actions. From an architecture
perspective, Schmitt (2013) focuses on the role of spatial dimension and geometry
to characterise cities. Following a more systemic approach, cities can be
characterised by a set of measurable indicators that describe each of the above
mentioned interacting components defined by Liu ( ).

This paper aims to suggest the use of the inverse modelling approach to support urban
planners and stakeholders to deal with urban complexities in the planning process
based on literature review. To this end, we follow Liu (2009)’s vision of a city and focus
our a ention on describing cities according to two sub systems that interact with each
other: land and property. We suggest a set of measurable indicators that describe both
systems and that are associated with: land use; land use change; climate; geography;
public transport network; urbanisation of commercial, industrial and residential zones;
types of dwellings preferred by the residents; and amenities, amongst others.

We recommend the use of a logistic land use change modelling to understand urban
growth dynamics for the former sub system, whilst we recommend hedonic house
price modelling to capture the residents’ preferences for the la er. Arguably, land use
change modelling provides information on where cities will grow, whilst the hedonic
modelling provides information on what type of properties the residents prefer.
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The inverse problem can be brie y de ned as a mathematical procedure by which a
set of model parameters characterising a physical system is derived from observed data
(output of the physical system). This is particularly useful in cases when the inherent
complexity of some physical systems makes it di cult for scientists to grasp the
dynamics governing the system under study merely from the theory. As its name
suggests, the inverse problem operates oppositely to the forward problem. The la er
produces new data based on a set of given or previously estimated parameters
characterising the system. Both mathematical approaches are represented in Figure 1,
following the sketch provided by Scales and Snieder (2000), where G is a linear or non
linear mathematical operator linking the model’s parameters (m) with a vector of data
(d). Thus, prior knowledge of the mathematical operator G becomes fundamental to
solve both the forward and inverse problems.

Figure 1. Representation of the forward and inverse problems. Source: Scales and Snieder (2000)

Further, based onAster et al. (2013), a mathematical formulation of the inverse problem
is represented as follows:

(1)

The solution of the inverse model is given by the set of estimated parameters so that
becomes close to d. According to Engl et al. (2000), there are two possible

interpretations of the solution. First, the estimated parameters represent past states or
parameters of a physical system. In other words, the solution represents the initial
conditions of the system under study. Second, the solution provides guidance on how
to in uence a system via its present state or parameters to steer it to a di erent state in
the future. For this reason, the solution of the inverse approach has found applications
in elds such as exploration geophysics (Parker 1994, Scales and Tenorio 2001, Tarduno
et al. 2009, Menke 2018), environmental modelling (Kaminski and Heimann 2001,
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Giudici 2002, Henze et al. 2009), medical imaging (Louis 1997, Arridge 1999) and
engineering applications (Soemarwoto et al. 2000, Martinez Luaces 2009, Schneider et
al. 2009).

However, in many cases, the solution of the inverse problem may not be unique. More
than one set of estimated parameters solve Equation 1. This is referred to in the
literature as the ill posed problem (Tarantola 2005, Aster et al. 2013). In addition, the
ill posed problem is associated with solutions that are mathematically unstable. The
inconvenience of unstable solutions is that small changes in observations may
correspond to big changes in the phenomenon under study (Rabino and Laghi 2002).
Non uniqueness and/or unstable solutions make the inverse problem di cult to solve;
thereby, sophisticated mathematical methods are often necessary to cope with the ill
posed problem. Louis (199 ) provides a comprehensive review of various
mathematical algorithms and approaches to deal with the problem. Additionally,
Rabino and Laghi (2002) suggest the use of prior information to delimit the space of
solution and to contribute to reducing the instability of solutions.

The ability of the inverse modelling approach to support urban planning has been
examined in three recent studies. In the rst, Grêt Regamey and Crespo (2011) use the
results from an inverse model analysis to quantify how much a public or private
investor might have to compensate the residents for future planned noise emi ing
factories in a metropolitan area in Swi erland. To this end, the authors use a hedonic
house price model to quantify the negative relationship between the high level of noise
and property values. To nd the desired economic compensation scheme, a trade o
analysis between key house pricing drivers was performed. Typical house pricing
drivers are selected from locational, structural, and environmental house price
determinants. In other words, the trade o analysis o ers planners a wide set of
possible combinations between the selected key drivers from which the residents are
to be economically compensated because of a higher level of noise in the proximity.

The trade o analysis plays a fundamental role in the use of the inverse model in urban
planning because it tackles the problem of unfeasible solutions due to economic
restrictions or con icts between public and private parties. It is worth noting that the
ill posed problem is not actually a problem in urban planning; rather, it is a favourable
condition for the trade o analysis. In the second study, Crespo and Grêt Regamey
(2012) provide the theoretical framework for the inverse model in spatial planning and
present a new case study to illustrate how to cope with the increasing population
density in themetropolitan area of Zurich by the housingmarket. Additionally, Crespo
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et al. (201 ) suggest the use of an inverse model coupled with a land use change model
to examine urbanisation in a city in southern Chile.

As its name suggests, future city planning is concernedwithmaking strategic decisions
today to ensure sustainability andwell being in cities in the future. As discussed above,
the proposed inverse model becomes a sound top down mathematical technique to
support planners in the decision making process. However, in the eld of urban
planning, strategic decisions involving the future of cities should rely not only on the
output of mathematical models but also on the knowledge of relevant experts in the
ma er. In the context of the inverse model, the knowledge of experts can be used to
reduce the space of possible solutions by leaving out political, practical, and economic
unfeasible solutions. In this regard, Scales and Snieder (2000) state that, in practical
inverse models, decisions are usually not based exclusively on the estimatedmodel but
involve the integration of other data and human expertise. Based on a gure provided
in the above mentioned work of Scales and Snieder (2000), we extend Figure 1 and
present a new gure (Figure 2) that sketches the framework of the inverse model for
planning future cities that we propose in this study.

Figure 2. Representation of the forward and inverse models for planning future cities.
Source: own elaboration and

In this case, the set of the model’s parameters denoted by m represents a group of key
drivers of urban processes over time. Typical examples of urban processes are urban
growth (often measured by the rate of rural urban land use conversion) and
residential commercial or residential industrial land use conversion. Likewise,
examples for the drivers of urban processes are agriculture subsidies, migration rate,
industrialisation, and increased population density. Consequently, the selection of the
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proper mathematical model (G) for the urban process under study becomes of great
importance in planning future cities and therefore the identi cation of the key drivers
(m) that control the process. As indicated in the introduction, typical mathematical
models used in urban planning are CA, hedonic house price models, logistic
regression, and the Markov processes, amongst others.

It should be noted that the de nition of the desired future urban development becomes
the most important step in the planning process. De ning a future planning scenario
involves the participation of various stakeholders: residents, public and private
institutions, and local and regional authorities, amongst others. It is expected that the
actors of the process may have a completely di erent understanding at the moment of
de ning a future urban development in a given geographical area. It is therefore crucial
for the sake of the planning process that all participants not only to agree with a future
urban development but also to have a close understanding of the shape, a ributes, and
design of the future urban development scenario. In other words, all actors of the
planning process must speak the same language when devising a future urban
development.

The concept of urban development is highly dependent on the level of aggregation of
the analysis. If the analysis is performed at a district or municipality level, the concept
of urban development may be more closely associated to the urban design of small
areas, whilst the concept of urban development is more likely to be associated to
infrastructure and the demographic or socio economic characteristics of the city or
region if the analysis is performed at a city or regional level. It is also worth pointing
out that both the forward and inverse models deal with mathematical modelling;
therefore, the concept of urban development should be quanti able by a set of
indicators such as city size, dwelling type, population density, public transport
network, central business district location, and commercial, industrial, or residential
zones, amongst others.

Once the urban process to be studied and its drivers, and the desired future urban
development de ned by the stakeholders are selected, the next step is to solve the
inverse model for the key parameters (drivers). This set of estimated parameters ( )
are then used as guidelines over time to make key decisions today to achieve the
desired future urban development. The item ‘other knowledge’ summarises the expert
opinion and human expertise supporting a nal decision in the planning process. They
become fundamental to reduce the space of solutions by leaving out the impracticable
solutions that may be technically infeasible or not recommended politically. The whole
planning process is nally completed with the decisions to be made today to achieve
the desired future. The decisions are derived from the solutions of the inverse model
and they should clearly provide stakeholders with the guidelines to gradually achieve
the desired future.
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Next, it becomes necessary to de ne a general framework for a participatory urban
planning approach. To this end, we propose an integrated land and property system
model to deal with urban complexities. The drivers of the land system may be also the
drivers of the property system. In fact, understanding land use changes over time is, in
some ways, similar to understanding how urbanisation evolves. Both processes are
clearly interconnected, as rapid urban population growth occurs as a result of
increasing demand for urban lands, particularly for housing (Thuo 2013).

We propose the integrated framework depicted in Figure 3. As it can be observed, the
main actors are the stakeholders, modellers, and planners. Whilst stakeholders deal
with the de nition of the desired future urban development, modellers deal with
system identi cation. As pointed out by Tarantola (2005), the la er task includes the
parameterisation of the system for both forward and inverse modelling approaches.
The output of the modeller’s stage corresponds to a set of recommended actions to be
taken by planners; thus, the appropriate system identi cation becomes crucial to solve
the inverse problem and thus to provide reliable recommendations.

Therefore, it is now necessary to de ne the type of model G from which the key
parameters are to be derived to perform the inverse analysis. In this study, we suggest
the use of a logistic land use change and hedonic house price models to deal with land
and property systems.

Land use change models have been of great importance in forecasting future land
pa erns and therefore nding out where a next urbanisation process is more likely to
occur. The dynamics of land use change comes as a result of the complex interactions
between the human and the physical environment (Verburg et al. 2004). To deal with
these complexities, various statistical approaches have been proposed as documented
by Koomen and Stillwell (2007). One of these statistical approaches most often found
in the literature is the logistic regression approach, by which the observed land use
change (usually at parcel level) between two or more time periods is regressed on a set
of drivers associated to terrain, climate, accessibility, economic and socio economic
a ributes, amongst others. Typical drivers associated to terrain a ributes are slope and
soil degradation. In addition, the typical drivers associated to climate are sunshine
exposure, average temperature, and rainfall. In the case of accessibility, variables such
as the distance to roads and highways or the proximity to bus or train stations are
frequently used. Finally, variables associated to agricultural subsidies, tax levels or
land ownership con icts are often selected as economic and socio economic drivers.
Logistic regressions deal with probabilities, which in this case corresponds to the
probability that a given land use change (e.g. in the case of rural urban) occurs during
two time periods. Such probabilities are strongly correlated to the parameter estimates
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obtained from the regression and associated to each variable (driver). The order of
magnitude of the parameter estimates and their statistical signi cance provide
planners with useful and relevant information to identify the drivers that are more
strongly (positively or negatively) correlated with the urbanisation process analysis.

Figure 3. Framework of the integrated land and property sub-systems

Similarly, the urbanisation trends may also be explored by studying the housing
market. As with the land use analysis, urbanisation and the housing market are closely
related. Very often, urbanisation causes the demand for dwellings to increase more
rapidly than the supply. Therefore, house prices tend to exhibit an upward trend
overtime. In addition to any temporal trend, house prices frequently exhibit spatial
variability, mostly caused by the heterogeneous residents’ preferences for dwelling
attributes (Fotheringham et al. 2002, Bitter et al. 2007, Helbich et al. 2014). It is reasonable
to expect that the residents’ preferences for house attributes vary not only over space
but also over time. This is because cities, as complex adaptive systems, are constantly
evolving and adapting themselves to external shocks. For instance, a demand shock for
housing is likely to have, at least in the short term, a negative impact on the urban
attributes such as mobility, accessibility to workplace, crime rate, unemployment rate
and pollution levels, amongst others. It is also expected that households tend to
compensate this loss of well being by moving out to neighbourhoods with better
accessibility or dwellings with higher standards.

One of the most popular statistical techniques to explore the relationship between the
house prices and the households’ preferences is the hedonic house price modelling.
This technique is intended to model the price of properties in terms of quantitative and
measurable a ributes related to those properties. Typical a ributes included in the
model are associated to the structural, locational and neighbourhood characteristics of
properties. Structural a ributes refer to the physical characteristics of properties, such
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as number of rooms and bedrooms, number of bathrooms, oor area, building age and
the existence of basement, garage, balcony, and heating system, amongst others. In
turn, locational a ributes refer mostly to accessibility to central business districts and
proximity to schools, shopping centres, bus stops, railway, train stations, airports and
amenities, amongst others (Chin and Chau 2003). Finally, the neighbourhood a ributes
refer to the socio economic characteristics of the surrounding neighbourhood, such as
the social class of the area, the unemployment rate, the crime rate, the racial diversity,
and the occupations of the inhabitants. Hedonic house price models are frequently

ed by ordinary least square or spatial autoregressive regression to account for
spatial autocorrelation. The outcomes from a logistic land use change model provide
useful insights on where city expansions are more likely to occur; and which drivers
are more strongly associated to such expansion. Likewise, the outcomes from the
hedonic house price model provide useful information on the resident’s preferences in
a spatially explicit manner and contribute to answering the question: what type of
property or neighbourhood will the future residents prefer?

Clearly, the dynamics of land and property systems should not be studied separately
from one another. Both systems have common drivers associated to locational, socio
economic and environmental or infrastructure a ributes, i.e. accessibility to road
networks, level of population density around, proximity to amenities and
infrastructure development. For this reason, the use of these drivers in urban planning
should be done with care as it may steer systems to undesired future states. For
example, improved accessibility is likely to foster rural urban land use change as most
people, mostly commuters, tend to live near road networks. However, it is not always
clear whether the values of the surrounding existing properties will drop or rise
because of be er accessibility as some may prefer to reside in more remote and quiet
places. Similarly, promoting industrial zones will likely foster rural urban land use
change because of new employment alternatives; however, house values are likely to
drop as the residents tend to associate industrial zones with air and noise pollution, as
well as with disturbing freight tra c coming in and out. Thus, when studying land
and property systems for spatial planning, we can generally distinguish two types of
drivers: system speci c drivers, i.e. those that only a ect the output of each system,
and common drivers, i.e. drivers that simultaneously trigger changes in both systems.

Identifying both types of drivers and understanding the extent to which they in uence
the output of systems shed important light on performing trade o analysis in spatial
planning. By doing so, the undesired e ects on a system caused by the new values for
drivers of the other system can be compensated by nding an appropriated set of
values from the system speci c drivers. Again, because of the complexity of modelling
both systems together, the inverse model analysis at this point should be done with
caution. It may happen that some combinations of either system speci c or common
drivers from both systems lead the whole process to a desired future state; however, it
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may also happen that a certain combination of drivers from both systems leads the
whole process to an absolute undesired future urban development. When dealing with
public policy, the la er case may imply an important and irreversible waste of time
andmoney. One easy example to illustrate how a public policy may produce undesired
e ects on a system corresponds to the construction of highways near rural areas.
According to land use changemodelling, highways across rural areas are likely to foster
urbanisation, i.e. to induce rural urban land use conversion. Commuters benefit from
the construction of highways nearby; however, highways are also associated to high
traffic, noise, and vehicular congestion. Some residents may demand compensation for
this loss in their quality of life, such as improved amenities or public transport
infrastructure.

As stated above, urban systems are made of various sub systems with very complex
interactions. In this study, with the purpose of facilitating the introduction of the
proposed integrated inverse approach, particularly the trade o analysis, we selected
only two of these sub systems: land and property systems. Thus, future research
should concentrate on integrating other urban sub systems. We suggest the transport
system because of its evident in uence on city development. Clearly, an e cient
transport system yields superior labour mobility, industrial and commercial
development, land and property values and tourism activities, amongst others.
Transport systems play a fundamental role in shaping future cities and promoting
urbanisation. However, it should also be noted that the more city sub systems are
included in the analysis, the higher the complexity of the mathematical modelling
necessary to solve the inverse model. In this sense, further research should also address
the complexity of urban systems in space and time more thoroughly. In complex
systems, most relationships between explanatory and exploratory variables may
exhibit non linearities; urban systems are not the exception to the rule.

In relation to the methods used to model land and property systems, we selected two
parametric approaches: logistic regression and hedonic house price. In both cases,
independent variables are associated with a linear parameter that represents the extent
to which changes in the variables a ect the response variable. The advantage of these
methods over nonparametric approaches, such as CA, is that the information contained
in the parameter estimates can be passed onto planners in a more straightforward
manner. Planners can identify more easily the measures (each of them associated with
an independent variable) that are more in uential, feasible and urgent for carrying out
actions.

In addition, the results can be displayed in a spatially explicit manner using local
spatial techniques such as geographically weighted regression (GWR). This technique,
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developed by Fotheringham et al. (2002), allows estimates to vary across space
estimating as many parameters estimates as the number of points in the sample. As
done by Grêt Regamey and Crespo (2011) and Crespo and Grêt Regamey (2012), local
estimates can be clustered over space to de ne di erent planning actions at small area
levels. The applications of GWR in land use change and hedonic house price models
can be found in Helbich et al. (2014) and Zhao et al. (2020), respectively. Although CA
is not a parametric technique, very close a ention should be placed on the recent work
conducted by Feng and Tong (2018), who integrated GWR and CA to produce non
stationary rules over space. With the parametric approach, the inverse model is solved
for the independent variables; therefore, a trade o analysis between key house pricing
and land use drivers is possible. In the case of the integrated GWR CA, this trade o
analysis is not straightforward.We think that further work remains needed to integrate
this approach with the inverse model. This integration can be a promising step forward
as techniques such as CA or agent based models are probably more robust to deal with
urban complexity.

To bring the proposed methodology into actions, there remain some other challenges
to deal with, e.g. the conversion of abstract concepts in urban planning into
quantitative data to t the models. A desired future de ned by stakeholders cannot
always be derived from quanti able concepts such as the percentage of land use
conversion, desired rate of urbanisation or type and size of property. Frequently,
stakeholders tend to discuss general concepts on the types of future urban
development scenarios, such as business as usual land use, mostly tourism landscape
or business oriented city development. Obviously, several urban structures may be
associated to each one of these types of urban development, making the de nition of
the desired future a complex decision. To deal with this inconvenience, we suggest
future studies to integrate 3D visualisation techniques as a way to visualise the output
of mathematical models.

Another relevant challenge in urban planning is concerned with the sustainability of
cities. Experts worldwide seem to agree that the rapid urbanisation rate is becoming
a serious threat to urban sustainability. Rapid urban growth at the expense of future
food or ecosystem service provision is not precisely a desired future. Thus, the
achievement of a not only desired but also sustainable future urban development is
another interesting application of the inverse model approach. To this end, for
further research, we propose the elaboration of a general function accounting for the
welfare of society in a way that the solution of the inverse model provides the actions
to be made today to achieve the desired future development in a sustainable manner.
Broadly speaking, such a well being function should include social, environmental
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and economic variables to secure in the long term food, ecosystem service and
energy provision, as well as an environment free of pollution.

In summary, despite the above mentioned challenges, we think that this study
addresses an interesting way to move ahead to extend the novel work of Grêt
Regamey and Crespo (2011) and Crespo and Grêt Regamey (2012), who proposed
the use of the inverse model in urban planning. The process of forecasting possesses
an intrinsic risk of missing the target, even when using complex mathematical
modelling. Therefore, it becomes important to rst de ne a desired future de ned by
the stakeholders and an appropriate model or combination of models to deal with
urban complexity. By doing so, the risk of missing the target may be reduced
signi cantly. A solution with zero risk is not possible because of the inherent
uncertainty of statistical models and data. Finally, it is worth mentioning that we also
expect this methodology to be fully integrated on a friendly user web based platform
available for planners from either the industry or the public sectors at di erent
geographical levels, such as municipality, city, or regional levels. It is also important
to bring more abstract mathematical concepts to real application for users not
familiar with such concepts.
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