
Eurographics Workshop on Urban Data Modelling and Visualisation (2015)
F. Biljecki and V. Tourre (Editors)

Commercial Evolution Simulation

Carlos Soriano† & Gustavo Patow‡

ViRVIG-UdG

Abstract
Simulating the evolution of urban landscapes is a challenging objective with a large impact not only for Computer
Graphics (for its applications in the filming and gaming industries), but also for urban planning, economical
and historical studies, urban physics, and many other. However, this target has remained elusive because of the
large complexity implied by urban structures and their evolutions. We present a system that aims at simulating
the evolution of the commercial structure in a modern city. In particular, given an initial distribution of shops, it
studies the evolution when larger commercial areas, like malls, are introduced. This is computed using the Huff
model as a measure of the attraction each commerce has on potential consumers, and an agent-based simulation
to determine how these aspects affect their choices. Then, after a given simulation time, the system decides whether
the shop has retained an income such that it can continue operating, or has gone bankrupt. Our system is used to
study the evolution of the commercial structure of Barcelona city over the last century.

1. Introduction

Procedural urban modeling has presented us with aston-
ishing results over the last decade, starting with the sem-
inal work by Parish and Muller [PM01] and Muller et
al. [MWH∗06], and continuing with the recent advances in
acquisition [MWA∗12], non-regular modeling [LCOZ∗11],
user interfaces [Pat12], among others.

However, in spite of all those improvements, several prob-
lems remain open [PBP14], one of the most important ones
is simulating the evolution of urban landscapes over time.
With only a few exceptions [WMWG09,BWK14], this topic
has barely been touched, in spite of its crucial importance for
history and archeology, urban planning, socio-economical
studies, and many other social-related disciplines.

Among these unexplored aspects, the problem of simu-
lating the evolution of the commerce structure in a city is
a prominent one, as it is attractive for being computation-
ally tractable and crucial for socio-economic studies. But
this study has applications that are broader than a pure so-
cial analysis, as the resulting distributions can be used to
also model its appearance over time, which is interesting
for computer graphics because of its applications to film and
videogames, two of the leading industries in the field.
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2. Previous Work

After the seminal works by Parish and Muller [PM01] and
Muller et al. [MWH∗06], based on the idea of L-systems,
several highly relevant research papers related to city mod-
eling appeared. An approach for street network genera-
tion based on templates was proposed by Sun [SYBG02].
Chen et al. [CEW∗08] proposed using tensor fields to guide
the generation of street graphs. Later, Ridorsa and Pa-
tow [RP10] presented an interactive flow-oriented metaphor
that is both simpler to use and to understand. For more in-
formation, we refer the reader the surveys from Kelly and
McCabe [KM06], Watson et al. [WMV∗08], Vanegas et
al. [VAW∗10] or Smellik et al. [STBB14].

For the specific case of the temporal evolution of cities,
we can mention the work by Weber et al. [WMWG09],
who grew streets based on an L-system-like approach, but
used traffic simulations to validate the streets to add. This
work was later extended by Benes et al. [BWK14], who
took into account a city’s neighborhood for the traffic sim-
ulations. Vanegas et al. [VGDA∗12] used inverse modeling
techniques to simulate and predict the general behavior of an
urban environment.

As opposed to geometric urban modeling, which is purely
Computer Graphics-oriented, behavioral urban modeling is
intended for decision-making regarding urban policies in
current and future urban areas. Two of the most important
examples are the works of Alkheder et al. [AWS08] and
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Wadell [Wad02]. Vanegas el al. [VABW09] approach con-
sists in closing the loop between behavioral and geometric
modeling. This is accomplished by subdividing the urban
space into a regular grid of cells, each one of which is as-
signed a set of variables that control the distributions of pop-
ulation and jobs, land values, road network, parcel shape and
building geometry. These variables can be globally or lo-
cally increased, decreased or constrained. Their behavioral
framework – which is based on a simplification of Urban
Sim [Wad02] – and their geometrical modeling engine pro-
duce a single dynamical system that seeks behavioral and
geometric equilibrium after each user-specified change. That
system, however, lacks of some elements of behavioral mod-
eling that could be provided by a traffic simulation.

Traffic simulations can be classified in several ways,
the most basic one being the division between continuous-
and discrete-time approaches, and between microscopic (de-
scribe the system entities and their interactions at a more
detailed level of detail), macroscopic (describe entities and
their activities and interactions at a coarse level of detail),
and mesoscopic simulations (a midpoint that usually repre-
sents most entities at a high level of detail but describe their
activities and interactions at a much lower level). One of the
oldest and most well known cases of the use of simulation in
theoretical research is that of Gerlough and Huber [GH75],
in which a differential equation governs the movement of
each vehicle. Recently, the concept of continuum macro-
scopic traffic simulations and treating cars as gas particles in
the context of computer graphics has been explored by Se-
wall et al. [SWML10]. Their simulation describes the flow
of traffic through a system of nonlinear hyperbolic con-
servation laws that represent traffic as a continuum along
lanes, following the work by Lebaque [LMHS07] and aug-
menting the model proposed by Aw and Rascle [AR00] and
Zhang [Zha], extended to be able to handle lane changes and
merges, as well as traffic behaviors due to changes in speed
limit. However, their approach is heavily limited in the scope
of urban planning, given that their vehicles “flow“ without
any intentionality, and is also limited in the type of roads
involved, which can only be of highway-class roads with-
out intersections. Two of the most important microscopic
simulation systems available are MATSim [MBH∗10] and
SUMO [KBW06], both of them vehicle-based. Both systems
are able to simulate large road networks using agent-based
microsimulations. MATSim’s pipeline, starts with the gen-
eration of daily plans for each agent. These plans are based
on information from several sources like census data and
network data, and consist of a series of desired activities
and paths (or ”legs“) between them. To calculate the opti-
mal paths to carry these plans out, MATSim offers modules
based on known algorithms like Dijkstra and A*, as well as
an optimization of the latter named Landmarks-A*. Then, a
simulation based on genetic algorithms is performed, which
iterates over three steps: execution of the plans, scoring them
and replanning according these scores. Finally, an analysis

stage is performed. Their toolbox provides several modules
that can be combined in different ways to perform each one
of these steps. It can take up to 3.2 days to simulate the traffic
for a day in all of Switzerland. Our approach follows an ana-
log path, by simulating the behavior agent by agent, much in
the same way as MATSim or SUMO work.

Another quite related field is mathematical modelling and
the use of models in planning in relation to all aspects of
cities and regions - including demography, economic input-
output modelling, transport and locational structures. In par-
ticular, the applications of dynamical systems theory in rela-
tion to modeling the evolution of urban structure which are
the foundations of a comprehensive theory of urban dynam-
ics described in Complex spatial systems, as described, for
instance, by Dearden and Wilson [DW11] [DWAW15].

3. Commerce Simulation

In this section we will introduce our commerce simulation
model and all the details of its implementation.

3.1. Commercial Model

The distribution of shops and other commercial entities
changes over the time due to different factors, like competi-
tion, population distribution changes or even consumer pref-
erences. In Urbanism, different hypothesis have been formu-
lated to study those interactions, used to statistically predict
which commercial entity is more likely to be chosen.

In this paper we used the model developed by
Huff [Huf63], which is a spatial interaction model that cal-
culates gravity-based probabilities of consumers at each ori-
gin location patronizing each store in the store dataset. From
these probabilities, sales potential can be calculated for each
origin location based on disposable income, population, rev-
enues, or other variables. In our case, this importance S j was
set as the taxes payed by the store owner, which we assume
proportional to its overall activity. The probability values at
each origin location can optionally be used to generate prob-
ability surfaces and market areas for each store in the study
area. The Huff formula is:

Pi j =
S j

αTi j
β

∑
n
k=1 Sk

αTik
β

(1)

where the different symbols are defined in table 3.1.

To compute the distance between each agent and any
given commercial entity we used the well known urban dis-
tance, although any other measure (e.g.,Euclidean) can be
used. Basically, urban distance is the distance between two
points taking into account the shortest path following the
streets of the city, which we implemented using the well
known A∗ algorithm. This distance is computed differently
whether we are considering pedestrians, who can traverse
any street in any of its two directions; or cars, which are
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Pi j Probability to go from entity i to j
S j Importance of a commercial entity
Ti j Travel time or distance from commercial entity

i to commercial entity j
α Sensibility to the commerce importance (empir-

ical value, 1)
β Sensibility to time travel or distance (empirical

value, -2)
n Total number of commercial entities

Table 1: Symbols used for the Huff model. The values for α

and β are the ones recommended by Huff [Huf63] (1 and -2
respectively).

bound to follow street and lane directions. Although the im-
plementation in both cases does not change much, the con-
sequences as to where a consumer will be more leaning to-
wards could drastically change in some complex street net-
works. In the case of pedestrians, we ignored the street di-
rectionality, while for cars they were take into account. It is
important to note that, in the later case, Ti j could be non-
symmetric, as the distance to go from entity i to entity j
could be different as we travel the other way round because
of the different street directionality.

3.2. Simulation

The first step in our simulation is to compute, at any given
moment in time, the economic performance of a set of com-
mercial entities. For that, we generate a (large) number of
agents, and we let them decide the entity they will go to
acquire goods with a random selection proportional to the
Huff-calculated probability value. Then, we simply accumu-
late, for each entity, the number of agents that selected it to
get supplies. As a result we have, for each entity, a floating
point value that represents its income (or a factor propor-
tional to this value).

The second stage of our algorithm then is executed for a
different time, with a new set of commercial entities that in-
clude subset of the ones presented at the previous time (some
shops might had been closed for any possible reasons), some
newly created ones. These new entities will have their impor-
tance evaluated and stored along with the ones previously
existing. If, after a simulation step is computed, the income
of the entity gets lower than a given user-defined threshold
(in our case, defined as a percentage of the income in the pre-
vious iteration), the entity goes bankrupt. For newly created
entities, this value is taken as a fixed constant proportional to
its initial importance. The decision of creating a new entity
is taken, in our implementation, solely based on the evolu-
tion of the population density of in a given area. If the popu-
lation increased, new shops are sampled proportional to the
change in population local to that area, and the importance is
assigned with a gaussian distribution using the average and

variance of the existing shops in the area. Closing shops is
accounted for in a natural way, as already described.

3.3. Data acquisition

This process was delicate and quite error-prone, as we man-
ually acquired the information for each shop at the specified
years from the local city council archive, which is not in digi-
tal form. Actually, the situation is even worse as the informa-
tion to gather is hand-written in old official registry books.
As a result, this manual step resulted in a list of shops and as-
sociated information for each of the studied years. However,
as a result, it had several inaccuracies and other problems
that came from this manual setup. In this section we are go-
ing to explain some of the algorithmic steps taken towards
cleaning our input information.

For the real data of commercial entities we used a CSV
file with a few necessary fields like the street name where the
entity is, the importance of the entity, and a optional field for
a location. To know the location (latitude and longitude co-
ordinates) of each entity, we used Google Maps. The process
is quite simple: We query Google Maps for the coordinates
of a given street name, and if there is a result good enough,
Google Maps returns the latitude-longitude pair.

However, the process gets much more involved as our data
comes with the logical typos and wrong street names result-
ing from a manual acquisition based on hand-made annota-
tions. Usually, we can safely assume typos are introduced by
the people who put the data in the CSV file. However, wrong
street names are more related to the street name changes over
the time and, in this particular case, to a specific event in
Barcelona city: The original street names were in Spanish in
the past due to law at the moment of the recording. However,
with the arrival of the democracy, streets are now named us-
ing the local language, Catalan, and so are stored in Google
Maps. Thus, any query of an old Spanish name would re-
sult in either an empty answer or would return a place that
might not even belong to Spain. Filtering by the city bound-
ing box in latitude-longitude may prevent the system from
adding these wrong coordinates, but the first kind of prob-
lems had to be solved with a specific approach. To solve
this, we used Google Translate to ensure all street names
are in the same language (i.e., Catalan). This solved most of
our language problems, providing results that Google Maps
could handle correctly. As a fall-back, if neither of the meth-
ods listed above works, we allow the user to manually add
the coordinates at the CSV file, so important markets are not
lost because of the source data mismatches.

4. Results

In this section we are going to present our results for this
ongoing project. We firstly evaluate the performance of our
hypothesis by testing the Huff model predictive power, and
we studied what we called the natural evolution of the
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commerce in a city, following the population distribution
changes and the occasional apparition or disappearance of
some shops. Then, we proceeded with the simulation of the
real events that happened at the beginning of the century,
when several national markets where created by the new reg-
ulations in Spain. This resulted in many smaller shops to go
bankrupt, so we decided to test our model in this scenario.

4.1. Testing Huff model

Originally, the Huff model was designed to provide a numer-
ical measure of the likelihood of a potential customer to go
to one shop or another among a given number of options.
It was never intendend as a performance measurement tool,
and much less as an evolution-predictive analysis tool. So,
to verify its suitability in our algorithms, we started with a
set of shops uniformly distributed on a homogeneous, proce-
durally generated city, and studied the number of customers
that went to each shop, assuming also a uniform distribution
in the population. This resulted on a reasonably well-shaped
distribution of customers for each shop, with an average be-
ing roughly equal to the number of inhabitants samples di-
vided by the number of shops to select.

As a second step, we introduced one large entity, with a
high importance, and repeated the simulation to see the dif-
ference that this big entity introduced in the model. If the
simulation parameters are correct, we would observe a drop
of the agents for each shop following a linear relationship.
In Figure 1 we can see a plot of the result given the distance
between a small entity and the big one.

Figure 1: Testing Huff model on a controlled scenario: rela-
tionship between the agent shop selections and the distance
to a national market (not included).

For the simulation we used real data of the distribu-
tion of shops and similar commercial entities in the city of
Barcelona in 1897, where the presence of large commercial

entities was minimal and small shops were the general kind
of entities. We generated a distribution of customers (agents)
proportional to the population density. For that, we embed-
ded the city in a grid, and sampled agents proportionally to
the density for the respective year in each cell. We then se-
lected the street points closer to the sampled positions, and
projected the agents to these street positions, rejecting the in-
valid ones (e.g., out of the map/street or unconnected streets)
and re-assigned the agents to a different position. We applied
the Huff model for each agent and for each commercial en-
tity, calculating its probabilities to go to a specific entity. Us-
ing a cumulative distribution function (CDF), we randomly
selected which entity will be the agent destination. With this
information, we accumulated the total number of agents for
each destination, obtaining the base income for each com-
mercial entity. Now, for any other year we would like to sim-
ulated, we can compute the difference of the income for that
entity for the given year and the base income, and decide
whether this shop continues working or, if the income fails
below a user-defined threshold (in our case, 60% of the base
income), it becomes bankrupt. In Figure 2 we can see the
situation in Barcelona at year 1897.

Figure 2: Barcelona commercial entities at 1897. Entity
scales are on par with their importances.

Once this initial information was setup, we added the
large national markets that where created at Barcelona in
1932, when a law enforced to build that kind of markets,
which normally were several times (between 4 and 50 times)
larger than a normal commercial entity. This caused small
shops to go bankrupt if they were close to the new market,
or if they were not large enough to avoid the agent loss by
the large market. In Figure 3 we can see the location of the
new markets created in 1932 in relation to the original ones.

After the simulation, the resulting distribution can be seen
in Figure 4, where many small shops went bankrupt (black
dots) because of the decrease in income as a result of the ap-
parition of the large markets. As can be seen, the introduc-
tion of these markets produces, according to the simulation,
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Figure 3: Barcelona national markets, 1932. Pink dots cor-
respond to regular entities and green dots to national mar-
kets. Dot size is proportional to its importance.

the elimination of almost half of the original shops. This can
be understood more clearly if we study the plot of the at-
tractiveness of a uniform distribution of shops when a single
national market is introduced, as shown in Figure 5. As can
be seen, the introduction of each national market results in a
depression of the attractiveness in close areas, with a recov-
ery at farther distances where the influence of the national
marked diminishes (remember that we use Huff’s quadratic
scheme). This results in an overall probability distribution
that can be depicted in the density plots at Figure 6, for both
before and after this introduction.

Figure 4: Barcelona commercial entities at 1932 with
banckrupt represented as black dots

If we compare these theoretical results, we would see that
the model predictions are statistically right (i.e., on average)
at a distance far from the markets. However, when compar-
ing the situation with what really happened until 1932, we
would see an important increase of the number of shops in

the immediate vicinity of the markets. The explanation is
that these new shops benefited from the immediacy to the
market, as people would not perceive it as a problem to go
out of the market and walk less than a block for supplies.
The Huff model is unable to predict this "stickiness" effect,
which should be left as future work for our model.

Figure 5: A plot showing the spatial probability of agents of
going to a regular shop.

Figure 6: A plot showing the density of regular shops before
and after the introduction of the national markets.

5. Conclusion

We have presented an algorithm to predict the evolution of
shops and markets in a modern city over time. The model is
based on the Huff gravitation estimation, and a simulation
given in terms of the urban distance from prospective cus-
tomers to all the shops. The algorithm then used sampling
techniques to generate a population of agents/customers that
selected a potential commercial entity and contributed to its
final income result. This simulation allowed us to partially
predict the evolution of the commercial market of the city
of Barcelona from the situation in 1897 to the one in 1932,
taking into account the introduction of the national markets.
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Our system correctly predicts the average behavior at large
distances from the markets, but fails to predict the "stick-
iness" effect resulting on the attractiveness of the markets
over themselves, but also over the surrounding area. It is left
as future work to add this behavior in our models.

One line for future improvement is to deepen the compu-
tations of shop quality, opening, and closing circumstances,
to reflect more real-life situations. Another future avenue of
research is to explore the connection with dynamical sys-
tems theory in relation to modeling the evolution of urban
structure.
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