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Abstract: This study simulates the evolution of artificial economies in order to understand the tax relevance of
administrative boundaries in the quality of life of its citizens. Themodeling involves the construction of a com-
putational algorithm, which includes citizens, bounded into families; firms and governments; all of them inter-
acting in markets for goods, labor and real estate. The real estate market allows families to move to dwellings
with higher quality or lower price when the families capitalize property values. The goods market allows con-
sumers to search on a flexible number of firms choosing by price and proximity. The labor market entails a
matching process between firms (given its location) and candidates, according to their qualification. The gov-
ernment may be configured into one, four or seven distinct sub-national governments, which are all econom-
ically conurbated. The role of government is to collect taxes on the value added of firms in its territory and
invest the taxes into higher levels of quality of life for residents. The results suggest that the configuration of
administrative boundaries is relevant to the levels of quality of life arising from the reversal of taxes. Themodel
with seven regions ismore dynamic, butmore unequal and heterogeneous across regions. The simulationwith
only one region is more homogeneously poor. The study seeks to contribute to a theoretical andmethodologi-
cal framework as well as to describe, operationalize and test computer models of public finance analysis, with
explicitly spatial and dynamic emphasis. Several alternatives of expansion of the model for future research
are described. Moreover, this study adds to the existing literature in the realm of simple microeconomic com-
putational models, specifying structural relationships between local governments and firms, consumers and
dwellings mediated by distance.
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Introduction

1.1 The Brazilian tax system is paradoxical, with high taxes, dual tax systems (taxes and contributions) and fierce
fiscal war between federated members (Afonso et al. 2013). The complexity of the tax system becomes more
obvious and striking when considering the subnational entities. The post-1988 constitutional decentraliza-
tion imposes the same competences to very heterogeneous municipalities (Rezende 2010). Municipalities that
have di�erent administrative, technical, and political capacities; besides their inherently di�erentiated bor-
rowing leverage (Canuto and Liu 2013). This heterogeneity among municipalities occurs not only in relation
to budgetary magnitude, but also in relation to the disparity between central and peripheral municipalities in
metropolitan and regional context (Antinarelli 2012; Rezende and Garson 2006). Indeed, Furtado et al. (2013)
identified that there are significantly fewer resources to metropolitan peripheral municipalities vis-à-vis the
central city and non-metropolitan municipalities. The authors also suggest that such municipalities are ad-
ministratively ine�icient, with poorer results. In addition to this reduced administrative and financial capacity,
peripheral municipalities still have worse quality of life and higher levels of violence (Andrade and Fiquereido
2005; Waiselfisz 2012). There is a huge amount of literature on public spending e�iciency (Afonso et al. 2013;
Gasparini and Miranda 2011; Orair et al. 2011), which contains actual policy propositions (Afonso 2014; Gobetti
2015), is descriptive (Santos and Gouvêa 2014), and of a high-quality level. However, few exercises emphasize
the prospective analysis that simulates future e�ects of present public policy change (Brandalise et al. 2012;
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Carvalho et al. 2015), especially for the case of Brazil and its subnational entities. Another trend of literature dis-
cusses federalism and optimal economic criteria to determine federal entities boundaries (Olson 1969; Oates
1972, 1999). However, these authors recognize that most limits are imposed by history rather than rational
reasoning. Specifically formetropolitan regions, Bahl (2010) provides a theoretical panorama and details inter-
national financing experiences.

1.2 Computer simulation models for macroeconomic analysis and taxes (Dawid et al. 2012; Dosi et al. 2012, 2009),
banking and finance (Cajueiro and Tabak 2005, 2008; Tabak et al. 2009), stock exchange (LeBaron 2006; Palmer
et al. 1994) and energymarket (LeBaron and Tesfatsion 2008), to name a few applications, abound. These stud-
ies were developed from the seminal works of Anderson et al. (1988) and Arthur (1994). Recently, advances in
this literature includesmodels thatdiscussesbank interconnectionsbymeansofnetworkanalysis and systemic
fault possibilities (Bargigli and Tedeschi 2014; Grilli et al. 2014; Ya-Qi et al. 2013).

1.3 This abundant literature, however, looks at specific markets (banking, energy or exchange markets) or seek to
representmarkets and its agents and processes in detail, so that they quickly become complex and demanding
high computing power (Guocheng et al. 2015; Van Der Hoog et al. 2008).

1.4 Simple models that intend to model the interaction among actors in short-term spatial scales are rare. Tesfat-
sion (2006) makes an initial proposal of a model with two products (hash and beans) whereas Straatman et al.
(2013) proposed a framework that simulates amarket auction linked to a productionmodel that together result
in a simple model, but complete andmicro founded.

1.5 Lengnick (2013) expands the work of Ga�eo et al. (2008) and proposes amodel that simulates macroeconomic
variables, contains elements of real estate and goods and labor markets. As detailed below, our proposal is
based on Lengnick’s model, but makes several changes, including explicit spatial location in the housing mar-
ket, and subnational administrative regions.

1.6 Given this framework, this paper proposes an agent-based model that is able to replicate basic elements of an
economy, itsmarkets, its players and its processes as simple as possible, enabling spatial and dynamic analysis
of the central economic mechanisms. Specifically, the research question is to identify whether the change of
administrative boundaries and the consequent change of local tax revenue dynamics, in principle, alters the
quality of life of the citizens 1.

1.7 In addition to answering the research question, the contribution of this study is the explicit construction of a
computational algorithmthat canbeconfiguredasa "simulationengineof theeconomy". Thepaper canbe said
to be a modular laboratory on which small changes and additions can be applied in order to amplify research
possibilities. Thus, the fourth section includes specific examples of future applications of themodel in addition
to the exercise done in this text.

1.8 The model adds to the literature as an adaptation and advancement of the approach proposed by Lengnick
(2013). Themain contribution is the inclusion of local governments to collect taxes and provide public services.
However, the proposed model has a di�erent objective from the original. Whereas Lengnick seeks to study
e�ects on macroeconomic variables of small shocks of monetary policy, this model emphasizes the spatial
di�erences among di�erent administrative regions that collect taxes and invest in their own regions through
public service provision, hence promoting the improvement of quality of life of local people. Moreover, the
design of the model is also innovative, changing a fixed dwelling structure into one in which families move
in search of homes and regions either with better quality of life – à la Tiebout (1956) – or that best suits their
current income status 2. Another important distinction of our model is the absence of a network-like structure
that establishes the interactions of the labor market and the goods market. In our model, the interactions in
these markets take place through prices and the distance between the dwelling and the firm. Finally, the entry
into the labormarket is restricted only by age andopen to allmembers of the family, whereas in Lengnick (2013)
it is exclusive of the head of the family.

1.9 Hence, this paper proposes a simulation model of the economy that is based on previous literature, but ad-
vances in the specific area of simple microeconomic models, introducing local governments and explicit spa-
tiality of markets.

1.10 Besides this introduction, the text includes the presentation of themodel, followed by the discussion of the re-
sults, the sensitivity analysis and possibilities of further development of themodel. The final section concludes
the paper.
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The Proposed Model: Methodology, Features, and Processes

2.1 In order to model the collection of local taxes and the provision of public goods to evaluate and compare pol-
icy options an agent-basedmodel of a simple economy is presented. We propose amodel with heterogeneous
agents, dwellings, firms and governments, eachwith attributes, location and specific processes attached. A�er
the description of the theoretical model, a numerical simulation is applied to the set of parameters, its robust-
ness is verified by a sensitivity analysis and the results for specific periods are computed.

Agent-basedmodeling

Literature

2.2 The economic analysis based on agent-based models has its methodological groundwork laid by the "Sug-
arscape" model, developed by Epstein and Axtell (1996). Before that, agent-based models were discussed in
the context of social segregation in the classical work of Nobel author Thomas Schelling (1969); on the seminal
framework of game theory and cooperation strategies (Axelrod and Hamilton 1981) and social (Holland 1992)
and economic sciences (Ciarli 2012; Holland and Miller 1991). Furthermore, complete microsimulation models
of the labor market were reported much earlier by Bergmann (1974) and Eliasson et al. (1976).

2.3 More recently, agent-based models have been applied to learning and behavior studies, coalition and cooper-
ation (Nardin and Sichman 2012); artificial intentionality (Adamatti et al. 2009) and education and cognition
(Maroulis et al. 2010, 2014) 3. A recent milestone in economics is the text of Boero et al. (2015) which o�ers a
conceptual andmethodological description, along with applications for human capital development, network
analysis, the interbank payment systems, consulting firms, insurance systems in health, ex-ante evaluation of
public policies, governance, tax, and cooperation.

2.4 Hassan et al. (2010) describe the methodological steps of ABMs with an emphasis on interpretation of empir-
ical data. Two central aspects of the methodology are verification and validation (Carley 1996; Midgley et al.
2007). The verification step assesseswhether the adopted algorithme�ectively doeswhat themodeler and the
developer planned. That is, it checks the adequacy of the intention of the algorithm against its factual imple-
mentation (David et al. 2005).

2.5 The validation process refers to the use of historical data to assess whether the model can minimally replicate
known trajectories. It verifies that the model contains the essence of the phenomenon. Once validated, the
model can be used to indicate future trajectories. Zhang et al. (2011) illustrate this process for the adoption of
alternative car fuels.

2.6 One methodological principle of this modeling process is that the decisions made and the steps of the model
are known, understood and comparable. The scientific community suggests twoprocedures (a) the adoption of
protocols, such as the Overview, Design concepts, and Details protocol (ODD), described by Grimm et al. (2006,
2010) and (b) the availability of the source code. The code used in this study is available and can be requested
to the authors 4. The Pseudocodes and ODD protocol are also readily available.

Attributes of themodel: processes and rules

2.7 This section describes themodel, its characteristics, assumptions, processes, steps, intentions and limitations.
Intuitively, we describe the decision-making processes that govern the dynamics of the model. The literature
that underlies the choices are listed in the processes.

Classes

2.8 Themodel was developed using the concept of object-oriented programming (OOP) in Python, version 3.4.4 5.
The following section describes the initial values and allocation processes; the breakdown ofmarkets, the gov-
ernment, the spatial and temporal sequencingof themodel. Then,wepresent the implementation, parameters
and limitations of the model.
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Classes - initial values

2.9 The model contains five main classes: agents: citizens, bounded into families; dwellings, firms, and govern-
ments. The agents’ features are drawn from a uniform distribution and includes age, years of schooling (quali-
fication) and an initial monetary amount.

2.10 Dwellings have di�erent sizes. Their prices are a function of its size and the value of the square meter given by
its location. Firms are also located randomly in space and start the simulation with some capital.

Allocation of agents into families

2.11 The modeler determines the number of agents and the number of families of the model exogenously. The al-
location process is random. An agent who has not been allocated is chosen along with a family and the link is
made. Thus, the proportion of agents per family is variable and given by the proportion of agents and families
chosen. Agents maintain the same age throughout the simulation.

Initial allocation of families into dwellings

2.12 Before simulation begins, families are randomly allocated to dwellings that are vacant.

Real estate market

2.13 When the simulation is already underway, the process of modeling the real estate market is as follows: Given a
parameter chosen by the modeler, say 0.05, that portion of the set of families monthly enters into a randomly
composed list of "families on the market" in pursuit of new residence (Arnott 1987). At the same time, vacant
dwellings are selected 6. Residential prices pt,i are monthly updated, given the price in the previous month
pt−1,i and the percentage of change in the Quality of Life Index ∆IQVr of the region where the residence is
located.

pi,t = pi,t−1 ∗ (1 +
∆IQVr

∆IQVr,t−1
) (1)

2.14 The quality of the dwellingQi is based on the size of the residenceSi, which is a fixed value, and on the current
Quality of Life Index (DiPasquale andWheaton 1996; Nadalin 2010) and it serve solely as a choice criteria for the
new residence 7.

Qi = Si ∗ IQVr,t (2)

2.15 Two alternatives are available for families who are on the market. Families whose total financial resources is
higher than themedian of all families will look for houses with higher quality and will conclude the purchase if
the value of the current family home pi(s,r) added to the cash available γ is higher than the value of the better
quality house intended pi(s,r) + Y > pj(s,r). On the other hand, families whose available resources are less
than the median of families’ wealth will look for cheaper homes pi(s,r) > pj(s,r) so that they acquire new cash
(Brueckner 1987; DiPasquale and Wheaton 1996).

2.16 When these conditions are observed, the change of address is made and the di�erence, if moving into more
expensive homes pi(s,r) − pj(s,r), or payback pj(s,r) − pi(s,r) is recorded on the family budget. The houses
whose families moved become vacant.

2.17 Thus, a portion of the families are always looking for larger or better quality homes, located in the best areas,
when they have the financial resources and the other portion of families are in search of cheaper homes from
which they can capitalize.

Firms: production function and prices

2.18 The firm’s production technology is fixed and the production function depends on the number of workers lf
their qualification Ek and an exogenous parameter α that determines productivity 8. Capital of the company
in this version of the model refers only to the accumulated wealth and it does not influence the production
function.

f(lf , Ek, α) =

lf∑
k=0

Eαk (3)
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The production is updated daily according to the above equation. In this model there is only one product per
firm.

Firms: decision-making about price adjustment

2.19 The literature confirms the rigidity of prices and the di�iculty ofmanagerial decision-making about the process
of changing prices (Blinder 1982, 1994). In the proposed model, the initial price is set as the cost price. Firms
change their prices according to inventory levels (Bergmann 1974) 9. When the level in stock q is below the level
given by the exogenous parameter δ, prices are adjusted upwards, in the amount stipulated by another chosen
parameter φ. This parameter is exactly the markup chosen by the firm. When the amount is above the chosen
level, prices go back to cost price. That is, when demand is low the markup is zero. This proposal follows the
survey results, conducted by Blinder (1994), which indicates that only a small portion of firms readjusts prices
downwards.

pt =

{
pt − 1 ∗ (1 + φ), if q ≤ δ,
1, if q > δ.

(4)

Goodsmarket

2.20 Given that not all family agents are part of the working population, the family’s total resources are equally di-
vided among family members before the decision to consume. Each customer then chooses a value for con-
sumption ranging between 0 and their total wealth ωi, discounted by an exogenous factor of propensity to
consume β (Schettini et al. 2012).

Ci ∼ U(0, wβi ) (5)

2.21 The family then carries out two calculations. Given the market size parameter Γ for example, of five firms,
each agent searches among these firms, the onewith lowest price (Mankiw 2011), and the onewith the shortest
distance of the agent’s residence (Fujita et al. 1999; Lösch 1954). Randomly, the agent chooses between lower
price and shorter distance. Intuitively, sometimes it is worth the e�ort to go further to find the lowest price,
sometimes one chooses closer, though not necessarily cheaper.

Wages

2.22 Wages are defined as a fixed portion (k) 10, multiplied by the employee qualificationEi elevated to a parameter
of productivity α. The parameter α is the same parameter of the company production function. This decision
is harmonious to the fact that more skilled workers also produce more (in the proposedmodel).

ωi = k ∗ Eαi (6)

Thus, better-qualified (andmore productive) employees have better pay.

Labor market

2.23 The firmmakes decisions regarding hiring and firing randomly, on average, once every four months, according
to an exogenously set parameter γ.

2.24 The selection ismade through apublic advertising system. Interested companies becomepart of a list. Employ-
ees between 17 and 70, who are currently not employed, repeatedly, register themselves into the labor supply
list.

2.25 Then, there is amatching systembetween company and employee, so that the randomly selected firm chooses
among themost qualified employees or the one who lives the closest (Boudreau 2010). The choice of worker is
made with an upward bias. However, it is not guaranteed that the most qualified is chosen. That means that
the matching adjustment is imperfect 11.

2.26 Once the matching has been made, the firm and the hired employee are removed from the list of public an-
nouncements and a new round of wage, distances and qualifications ranking is made. And so on, until there is
no more interested firms or available employees 12.
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2.27 Whenmaking firing decisions – given recent losses –, the firm just randomly chooses an employee and let him
or her go.

Government

2.28 Local governments in each region collect a tax on consumption τ , at the time of purchase in accordance with
the location of the firm conducting the sale. The rate is determined by an exogenous parameter.

2.29 Everymonth, thegovernmentsof each region r completely transform the resourcesper capita collected in linear
increases in the Quality of Life Index (Schettini et al. 2012). That is, the QLI is a linear result of the summed sales
of firms in a given region, weighted by (ever-changing) population dynamics (Nr).

IQVr,t = IQVr,t−1 +
∑ τ

Nr
(7)

2.30 In the model proposed in this paper, three alternatives of government administrative designs are proposed.
They are detailed in item 2.3.

Model sequence

2.31 The model follows the temporal distribution proposed by Lengnick (2013), which consists of 21 days to make a
month,months are added to quarters and then to years. The sequence of actions occurswith the simultaneous
interaction of various classes (Table 1).

2.32 Themodel sequence can be described as follows:

1. The modeler defines whether the system should be configured with one, 4 or 7 regions. The simulation
parameters and the run parameters can be changed.

2. Regions, agents, families, households and firms are created, given the parameters provided.

3. Agents are allocated to families and families are allocated to dwellings.

4. Before the actual start of the simulation time, the initial framework includes the creation of one product
by firm and an initial round of hiring.

5. When the simulation begins, the production function is applied every day for all firms.

6. At the end of eachmonth:

a) Firms pay wages;

b) Households consume and (in the same transaction) governments collect taxes;

c) Governments apply their available resources into the update of QLI;

d) Firms update their profits, given their last quarter capital;

e) Firms update product prices;

f) If necessary, firms post job o�ers or fire employees;

g) Unemployed workers o�er themselves for the vacancies and the matching process is carried out;

h) A share of the families enter the housing market and perform transactions.

7. Every quarter, companies report profits for the period.
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Agents Families Firms Dwellings Government

Setup

Creation *

Creation *

Creation *

Creation *

Creation *

Allocation
agents into
families

Allocation of
agents into
families

Allocation fam-
ilies in dwelngs

Allocation
families in
dwellings

Initialization

Day 0

Creation prod-
uct

O�er position

Apply for posi-
tion

Hire *

Address regis-
ter

Register

Production Production

Address regis-
ter

Register

Days Production Production

Months

Wages Wages

Family per
capita distribu-
tion

Purchase * Purchase Purchase (Tax)
*

Update QLI

Update profits

Decide on
prices

Fire O�er posi-
tion/Fire

Apply for posi-
tion

Hire *

Enters Real es-
tate market

Update prices Inform QLI

Quarters Update profits

Years

Table 1: Sequencing and interaction between classes and temporal dynamics of the algorithm. Start processes
at "setup" and "day 0", followed by days that add up intomonths andmonths into quarters, successively, until
the period determined by the modeler. Items with an asterisk indicate the need for exogenous parameters.
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Figure 1: Division of space into regions, with coordinates and codes. When running with one region, the simu-
lation space is complete, from north to south, from east to west, including all colors. When running with four
regions, the regionsare symmetrical, including the codes0, 1, 2 and theentire region that consists of sub regions
3, 4, 5, and 6. With seven, there are larger (0, 1 and 2) and smaller (3, 4, 5 and 6) regions.

Indicators and iterations

2.33 For this paper, the results were obtained with 1,000 iterations for each spatial divisions (one, 4 and 7 regions).

Spatial emphasis of themodel

2.34 Themodel has a clear emphasis on its spatial aspects, as space is central to answer the research question. Cal-
culation of the distance (and accessibility) is always present in twomoments: (a) at the choice of the employee
by the firm and (b) when the consumer chooses between price and location. As a share of families is relocating,
these distance calculations are dynamic and change the relations among firms and consumers and firms and
workers every month. That is, firms and dwellings are fixed, but families move constantly, ensuring the spatial
dynamics of the model.

2.35 Furthermore, the QLI is a linear and spatially compartmentalized reflection of firms’ sales in each region. This
same QLI, in turn, a�ects the prices of dwellings. Thus, the housing market and the goods and labor markets
are all spatially linked.

2.36 Besides the presence of spatial interaction in the processes themselves, the model also di�erentiates the ap-
plied regions’ design, according to the scheme of Figure 1. The figure shows the coordinates of the central point
(0, 0). Along the four directions, the boundaries can be established by parameters. This study uses the param-
eters 10, -10, 10, -10, for the North, South, East and West directions, respectively.

2.37 Three di�erent designs were used and are applied by changing the number of regions η. If η is equal to 1, the
model runs with only one region, with code 0, which encompasses the entire space. When η is equal to 4, the
model runs with four regions, with codes 0, 1, 2 and 3, and region 3 covers the entire area of subregions 3, 4, 5
and 6 in Figure 1. Finally, with seven regions, the model follows the configuration of the codes of Figure 1, with
four smaller regions and three larger ones.

Model implementation and parameters

2.38 Running themodel is simple and donewith just one command. Optionally, themodeler can set the parameters
for each simulation and for the run itself, as described below. A systematic analysis of the parameters that
assesseswhether small changes significantly a�ect the results and seek to confirm the robustness of themodel
(sensitivity analysis) is made a�er the presentation of results.

2.39 For each simulation run you can choose the number of agents, families, households, the time duration in days,
the number of local governments inwhich space is divided (namely,municipalities, with competence over their
territory) and the path file to save the results (Table 3).
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Simulation parameters Values Possibilities’ intervals Observations

Number of days 5,040 (63 - 12,800) Themodel was developed to run up to
50 years, however
with loss of explanatory power. We ran
the model for 20 years

Number of agents 1,000 (10 - 10,000) Increasing the number of agents
makes the simulation
slower

Number of families 400 (4 - 2,000) Used to define the average number of
agents per family. The suggestion is to
have 2.5 agents per
family, on average

Number of dwellings 440 (5 - 2,200) Necessarily higher than the number of
families. Vacancy in Brazil is around
11%

Number of firms 110 (2 - 1,000) Approximately 10% of the number of
agents

Number of regions 1-4-7 (1 - 4 - 7) Alternative number of regions to run
the model

Model parameters
Firms
Alpha 0.25 (0 - 1) Production function exponent. When

set to ”1”, it does not
change themodel, when set to ”0”, the
production of the
firm is one unit

Beta 0.87 (0 - 1) Consumption function exponent.
When set to ”1” consumption vary
from zero to the total of available
money

Quantity to change prices (ϑ) 10 (100 - 2,000) Threshold to change prices
Frequency of entrance in labor market 0.28 (0 - 1) Time frequency of decision-making on

labormarket. When set to “0”, the eval-
uation is made every month. When set
to “0.25”, the firm enters the market
three times every four
months, on average

Mark-up 0.03 (0 - 1) Percentage added to prices when de-
mand is high (product
level on inventory is below ”Quantity
to change prices”)

Agents
Labor market size (Γ) 100 (1 - 1,000) Number of firms checked before

agents make decision to
consume. Can be set between ”1” and
the total number of
firms

Consumption satisfaction 0.01 [0 - 1) Used to measure satisfaction gained
with consumption

Families
Real estate market 0.021 (0 - 1) Percentage of families’ entering real

estate market
Government
Consumption tax 0.21 (0 - 1) Tax on consumption

Table 3: Parameters of the simulation (that define each run) and exogenous parameters of the model.

JASSS, 19(4) 10, 2016 http://jasss.soc.surrey.ac.uk/19/4/10.html Doi: 10.18564/jasss.3071



Figure 2: GDP growth results, 1,000 iterations, for one region (le�) and seven regions (right).

2.40 The proposedmodel contains a very small number of exogenous parameters. The parameters help understand
how the model mechanisms influence its results. Parameter α, for example, can be set to 1 so that its e�ect is
zero. By reducing the parameter successively by 0.1, one can observe the e�ect of increasingly less productive
workers. The same understanding of relevance can be made with the β parameter, or the rate of consumption
tax. This construction o�ers some flexibility to the modeler. This flexibility is most relevant if the goal is to
increase understanding of the problem that is modeled and the model is used as a guiding tool for decision-
making, or as a methodology to discuss "what if" questions.

Limitations

2.41 The limitation of this study arises from the di�iculty of finding complete, integrated, and simple models that
could be used as initial steps to be expanded and adapted by following researchers. In fact, apart from the
models of Lengnick (2013) and Ga�eo et al. (2008), all others are specific to a single market, such as energy
(Koesrindartoto et al. 2005), finance (Feng et al. 2012) or labor market (Seppecher 2012); or are too complex
(Dawid et al. 2014; Van Der Hoog et al. 2008).

2.42 Another question raised by the choice of a "simple" model is of an epistemological nature. How can we deter-
mine which are the central elements of the phenomenon, which must be present, and what are the accessory
elements? At what point, simplifying the process can take place and where there is significant change of the
observed phenomenon?

2.43 Besides this general limitation, this version of themodel also does not include the credit market, demographic
changes nor investment in social capital.

Results and Discussion

3.1 The results indicate that – for the given configuration, and considering 1,000 iterations – the real estate market
is dominant for the results. The fact that price is given partially by the quality of life index (QLI) of the region
leads to increase in prices in those regions with better QLI. Simultaneously, families that are on average worse
o� use such price di�erence to capitalize, selling their valued-home and moving to suburbs with worse QLI.
Thus, themodel with seven regions benefits from higher levels of cash in the hands of the families, which leads
to higher consumption, production and GDP. All these factors together in turn promotes higher inequality.

3.2 Consumption determines the labor market behavior. Consumption is higher both when the propensity to con-
sume (beta) or the families’ wealth is at high levels. Therefore, when firms are selling well, theymake quarterly
profits and keep hiring in order to increase productivity. The goodsmarket is dependentmainly on consumers’
decision to purchase, as the productivity of workers – given by their qualification – is usually enough to pro-
vide the firm with high levels of products in stock. The firms’ hiring capacity is also fast enough to respond to
increase in demands.

3.3 Themost thriving economy is themodelwith seven regions (Figure 2), on averagewithmedianGDP 30%higher
when compared to the model with four regions. The model with four regions, in turn, achieves results that are
38% above the model with a single region (Table 4). The variability is higher for the model with seven regions,
vis-à-vis the model with one region (Figure 3).

3.4 Considering the labor market, the economies converge towards full employment, keeping a cycle of very low
unemployment, throughout the period, for the three regional designs show similar results (Figure 4).

3.5 Household income varies significantly among the three regional designs, for one region variation is of lower
magnitude when compared to seven regions (Figure 5) through 1,000 iterations. The median, first and third
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Figure 3: BoxPlot of GDP for the last month of the simulation, 1,000 iterations, for the three regions.

Regions 0.25 Median 0.75

GINI
1 0.89 0.916 0.932
4 0.925 0.939 0.946
7 0.935 0.944 0.95

GDP
1 1,056,341 1,568,746 2,314,751
4 2,029,562 2,904,486 3,897,685
7 2,794,786 3,788,903 4,501,469

QLI
1 223.21 331.79 487.26
4 425.02 608.9 820.88
7 562.13 761.78 945.87

Families’ wealth
1 589.0 19,757.1 115,814.6
4 32,126.4 253,449.6 893,763.6
7 82,189.9 573,573.3 1,645,295.6

Table 4: Median, first and third quartiles for the last month of the simulations (1,000 iterations) of Gini coe�i-
cient, GDP, QLI and families’ wealth for each regional design.

Figure 4: Unemployment, 1,000 iterations and one region (le�) and seven regions (right).

quartiles are higher for the model with seven regions, vis-à-vis the model with only one region (Table 4 and
Figure 6).

3.6 The Gini coe�icient is computed on the utility of the families. Utility is directly proportional to the cumulative
consumption of the families. The GINI coe�icient reaches a higher level in themodel with 7 regions when com-
pared to the two other models (Figure 7). Moreover, the behavior of the coe�icient in the 1,000 iterations has
a similar pattern of variability with slightly higher standard deviation (Figure 8). Hence, it confirms the greater
inequality among families in the model with 7 regions.

3.7 Finally, the basic indicator to compare the performance of the models is the Quality of Life Index for each sim-
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Figure 5: Families’ wealth, 1,000 iterations, for one region (le�) and seven regions (right).

Figure 6: BoxPlot of families’wealth for the lastmonth of the simulations, 1,000 iterations, for the three regional
designs.

Figure 7: BoxPlot of the Gini coe�icient for the last month of the simulation, 1,000 iterations, for the three re-
gional design.

ulated design for one region and for seven regions (Figure 9). The median and the first and third quartiles are
higher for the model with seven regions vis-à-vis the other models (Figure 10).

3.8 The model results indicate that changes in administrative boundaries have led to robust changes among the
three considered regiondesign. According to theproceduresdescribed, thedynamismof the real estatemarket,
namely, household mobility in the simulations with more than one region, was relevant to the results.

3.9 In the absence of a creditmarket, families with income level below themedian become sellers in the real estate
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Figure 8: Results for the Gini coe�icient, 1,000 iterations, one region (le�) and seven regions (right).

Figure 9: Results of theQuality of Life Index (QLI), 1,000 iterations, for one region (le�) and seven regions (right).

Figure 10: BoxPlot of theQLI, for the lastmonth of the simulation, 1,000 iterations for the three regional designs.

market. Thus, these families capitalize on the sale of homes whose prices increased along with the quality of
life in the region, andmigrate toward regions with poorer quality. This movement is partly counterbalanced by
families trying to migrate in search of better quality. As a result, the models with subdivisions lead to regions
that are less populated and have better quality of life and at the same time, more populated regions that have
worse QLI.

3.10 It is noteworthy the tradeo� between the results for the three models. While the model with seven regions is
more dynamic, more productive and wealthier, it is also more heterogeneous. The model with one region, in
turn, is more harmonic but less vigorous (Table 5).

3.11 The underlying assumption of the authors – that the model with one region would be more e�icient from the
standpoint of conurbation regions – was not observed with the present configuration. Especially given the
strength and mobility of the real estate market that concentrates smaller populations in regions with higher
quality and larger populations in areas with poorer quality. However, the research question – that is, if ad-
ministrative boundaries influence the economic and fiscal dynamic of the regions – can be confirmed. Yet, the
results indicate the wealth of possibilities of analysis of the economic system from heterogeneous agents and
firms in an environment that is continually changing.

3.12 Finally, given the process of creating artificial economies, at each loop iteration the agents and firms are com-
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Regions QLI median QLI sd.

1 Max 333.5 210.9
Min 333.5 210.9

4 Max 860.2 430.2
Min 423.2 198

7 Max 1,499.2 2,047.7
Min 343.9 195.3

Table 5: Median and standarddeviation (sd.) of themaximumandminimumregional values for each simulation
for QLI, 1,000 iterations, by regional design.

Parameters Values

Alpha 0.1 0.14 0.19 0.23 0.28 0.32 0.37 0.41 0.46 0.5
Beta 0.5 0.55 0.61 0.66 0.72 0.77 0.83 0.88 0.94 0.99
Quantity to change prices 10 42.2 74.4 106.7 138.9 171.1 203.3 235.6 267.8 300
Markup 0.01 0.04 0.06 0.09 0.12 0.14 0.17 0.2 0.22 0.25
Labor market entry 0.1 0.14 0.19 0.23 0.28 0.32 0.37 0.41 0.46 0.5
Market size 10 21 32 43 54 65 77 88 99 110
Real estate entry 0.01 0.02 0.03 0.04 0.5 0.6 0.7 0.8 0.9 1
Tax consumption 0.01 0.06 0.11 0.16 0.21 0.25 0.3 0.35 0.4 0.45

Table 6: Simulation parameter values used in the sensitivity analysis.

pletely di�erent. Thus, the next phase of research, which is themodel application to real data, will input actual
data as attributes of the economy and thus reduce the variability of results.

Sensitivity analysis and robustness – the influence of consumption taxes

3.13 The sensitivity analysis is central in building simulation models to ensure that the model is structurally consis-
tent and does not depend solely on a particular parameter, which is adjusted for a specific value. Furthermore,
the sensitivity analysis may serve as an analytical tool to show how and with which magnitude certain config-
urations andmodel processes change trends and results.

3.14 The sensitivity analysismadewasbasedon thevariationof themodelparameters in 10di�erent valuesbetween
their minimum and maximum values (Table 6). As random numbers influence the model results, comparing
the results of di�erent iterations (model runs) is only possible if we use the same seed. Thus, if the model is
run several times with the same parameter and the same seed, the same results will be produced. Therefore,
when themodeler changes the parameters, variations in sensitivity analysis results will be a result of themodel
structure and not of the random number generator 13.

3.15 The change of the parameters was performed separately (one parameter at a time) with the other parameters
maintained at their default values, defined in a first exploratory analysis.

3.16 Given that the premise is to create amodel (or simulationmachine), the sensitivity analysis furthers our under-
standing of the model. Here we present the sensitivity analysis for the variation of the value on consumption
tax. Anappendix presents variationsonalpha, beta andother parameters. Of course,wealso varied thenumber
of regions (1, 4, 7).

Tax on consumption

3.17 The value of the tax rate influences the economy on many levels. Lower rates lead to lower unemployment,
but influence little when below 0.3 (Figure 11). High tax rates bring hyperinflation, widespread unemployment
and a significant drop in revenues and profits of firms. However, given that the amounts collected in taxes are
applied in the same regions where were collected, QLI improves, and consequently, property prices increase
accordingly. Household income (Figure 11) and GDP are higher for intermediate values of tax rate.

3.18 Thus, we understand that the variation of the results of the model given by the variation of the parameters
is in line with the underlying literature. In addition, there is no change of parameters that cause di�erent or
unexpected behavior of the model. Hence, we believe it indicates the robustness of the model, as described.
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Figure 11: Results of unemployment for various consumption tax rate values, one region (le�) and seven regions
(right).

Figure 12: Families’ wealth results for various consumption tax rate, one region (le�) and seen regions (right).

Themethodological approach: possibilities for future research

3.19 This section describes various additions to themodel that could be implementedwith relatively small and sim-
ple changes in the current code. Given the seminal methodological trait of this paper, we thought the model
shouldbedeveloped in its simplest formpossible, following theKISS logic ("keep it simple, stupid"). Eventually,
it could evolve into the KIDS form ("keep it descriptive, stupid"), formulated by Edmonds and Moss (2005).

3.20 The immediate interest of the authors, it is to apply it for the Federal District region, in Brazil. Empirical data
would be used in the initial configuration of themodel, namely: actualmunicipal boundaries, specific spatially-
bounddemographic patterns, actual companies attributes and location, and supply of skilled labor. The follow-
ing stepwould be to validate the empiricalmodel for a given timeline, seeking correlation or similarity between
theevolutionofobserved indicatorsand thoseproducedby themodel. Finally, a�er validation, themodel could
be e�ectively used to implement public policy alternatives.

3.21 The actual realm of research possibilities are detailed below, following the KIDS argument of Edmonds and
Moss (2005).

1. Implement demographic change, with processes that describe birth, deaths and families’ creation in or-
der tobecomeamoredynamic and realmodelwhile enabling results for specific demographic cohorts. In
addition, inter-temporal analyzes involving inheritance (of wealth or social capital), could also be tested;

2. Another relatively simple alternative is the inclusion of updating workers qualification (years of study),
deducing investment from their resources;

3. The creditmarket, with production and consumer financingpossibility is also relevant tomake themodel
closer to economic reality. The literature is already available (Cajueiro and Tabak 2005, 2008; Tabak et al.
2009);

4. Currently, the market for goods is restricted to firms and consumers in the domestic market. However,
it could also include firms and governments as buyers (and sellers), enabling analysis of intermediate
sectors, as well as foreign buyers allowing the inclusion of an economic measure of exports and trade
balance;

5. Although distance is already included in the model, the formula could be sophisticated to e�ectively in-
clude the transport systemavailable in themunicipalities that areobject of study. As a result, accessibility
analysis would be systematically integrated with the rest of the economy, as demand and supply of the
transport system (for employment purposes).

6. The process of imposing a limit by time or distance to daily commute would endogenously enable the
creation of a system with several regions, making it simple to study urban hierarchy analysis. In such
case, the "employment areas" would be endogenous to the model.
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7. Firmsand their production technologies, decision-makingprocesses andhiring and firing couldbedrawn
from tacit information specific to a particular firm or sector.

8. The taxation system of this model is simplistic, with only one tax applied to consumption, typically a
value-added tax (VAT) levied on the location of the firm. However, note the reader, that the implementa-
tion of the Territorial Taxes on property or on income, or changing VAT to be collected at the destination,
i.e., at the consumer’s place of residence, could be easily implemented. Thus, specific research questions
of fiscal interest could be investigated.

9. Implementation of item 8 would also enable the analysis of the dynamics of taxes across neighboring
municipalities with di�erent tax policies.

3.22 Indeed, it isworthmentioning the advantageofmodularitywithin the scopeof thiswork. Using thebasicmodel
is possible to detail, build, and expand the model module by module, according to the research needs, while
ensuring the evolution of the integration of other processes already implemented and validated. Anyway, this
list is not exhaustive andonly fulfills the jobof informing themodel expansionopportunities, throughenhanced
feature of this theoretical andmethodological proposal.

Final Considerations

4.1 This paper specifies, explains and justifies the steps and processes of the construction of the computational
algorithm that prospectively simulates a spatial economy. It adds to the literature (a) on the explicit spatiality
of themodel, and (b) inachievinga simplemodelwith threemarkets andconurbatedsubnational governments.
Thus, the model establishes an actual framework for economic simulation and it constitutes itself as a public
policy tool.

4.2 The model has a dynamic real estate market with prices given by the features of the dwelling and its location;
a labor market, with matching mechanism between skilled workers and companies; and a goods market with
endogenous price adjustment based on stock. The configuration in di�erent subnational governments, one,
four or seven di�erentiated regions allows for explicit spatial analysis.

4.3 The results and trends obtained a�er 1,000 simulation runs indicate that mobility of families among regions is
central to the model with impoverished families migrating to poorly serviced places and, therefore, lower real
estate prices; and families that are financially well migrating to better quality areas. Therefore, the model with
only one region has a less dynamic economy, although more homogeneous, whereas the model with seven
regions shows greater dynamism, but also greater heterogeneity and inequality.

4.4 Moreover, it is important tohighlight that the resultsof themodel reflectobservedbehavior forBrazilianmetropolises.
That is, higher quality of life areas get expensive as public services accumulate. Such increase in prices push
people towards areaswith lower quality of life, but that aremore a�ordable. Thus, places with lowQLI become
more populated and those with high QLI have sparser population.

4.5 The researchquestion that askedwhether the changeof administrative boundaries and the consequent change
of local tax revenue dynamics, in principle, changes the quality of life of the citizens can be answered a�irma-
tively. Indeed, administrative boundaries – understood as enclosed area of tax collection over economic base
and its investment as collective public services – can alter the quality of life of citizens.

4.6 Theunderlyingquestion facedby this paper is the e�iciencyof the returnof taxes to taxpayers. Is there a spatial,
political and administrative configuration that is more e�icient? This debate should be further discussed by
following research.

4.7 Finally, this paper contributes to the methodological framework of economic tools, particularly those flexible
and forward-looking, with applied realm to public policies of subnational entities.
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Appendix: Sensitivity analysis

Alpha

The variation of each of the parameters a�ects di�erently the results of the simulations. The alpha parameter –
which evaluatesworker productivity – for example, leads to higher values of total GDPwhen values are between
.32 and 0.37.

Considering unemployment, the alpha parameter provides full employment, conditioned to the other param-
eter’s default values. Figure 14 shows that unemployment converges quickly towards full employment. The
behavior was similar for all regions.

Figure 13: Results of alpha variation on unemployment, one region (le�) and seven regions (right).

Figure 14: Firms’ profit variation results for Alpha 0.1 and 0.5, and one region.

Beta

The beta parameter – which controls the propensity to consume of households – heavily influences the econ-
omy. In fact, higher values of beta (lower discount at maximum limit of household spending) or lower levels of
beta, which restricts consumption, lead to high and persistent levels of unemployment (Figure 16), especially
in the model with one region, where the dynamics is more dependent on the goods market.

Low values also keep firms’ profits close to zero. The impact of beta in theGini coe�icient is relevant and similar
among the regional designs used. For low values of beta and low household consumption, Gini rises gradually,
reaching a maximum at about 0.50. However, when beta has a value of 0.99, inequality rises steeply to reach
values close to 0.90 at the end of the period (Figure 16).
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Figure 15: Results for the variation of parameter beta on unemployment values for one region (le�) and seven
regions (right).

Figure 16: Variation in the results of the Gini coe�icient for beta values 0.1 and 0.9, one region.

Other parameters

A sensitivity analysis was performed for each exogenous parameters of the model, with lower relative impact
compared to parameters alpha, beta and the tax rate. The level of the inventory that influences prices seem to
impact little in prices, except for higher levels. The frequency with which firms enter the labor market a�ects
the speed of adjustment in the labor market. When parameter values are higher – taking longer to enter the
labormarket – unemployment is only insignificant at the end of the period. When the entry of firms is frequent,
full employment is achieved within months. The change in the markup value, i.e., the percentage increase in
product prices of firmswhen their stock is low – does not greatly change the profit levels of the firms. However,
very high mark-up rates, lead to uncontrolled inflation a�er some time. The size of the market checked by
consumers when they go shopping interferes only marginally in the results. Finally, the percentage of families
entering the housing market seems to have little influence. When all families are on the market all the time,
there is a small reduction in household income.

Notes

1This concept is detailed in the description of the model, Section 2.
2See Pinto’s (2014, p. 75) discussion: "The decentralization and fragmentation of the territory poses alter-

natives for consumers of collective services who cannot buy services individually, but may buy a package of
services and goods that are more preferable".

3For a more detailed review, see Winiko� et al. (2012).
4Upon publication, the code will be made available in GitHub and OpenABM.
5For an introduction in Python, see Downey (2012).
6The number of dwellings should always be larger than the number of families, for this version of themodel.
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7That is, properties prices are defined by their own features, plus local attributes.
8Adapted from Dosi et al. (2009) and Lengnick (2013).
9Bergmann (1974) uses cost and profit information in addition to stock levels to determine price changes.

Dawid et al. (2012) use stock levels to define production quantity.
10For this specification, k was set to 0.65.
11Wehavecalculated thebiasviaabootstrappingprocedure. A�er 10,000simulations–givenworkers’ school-

ing varying from one to 20 years of study – the selected worker had more than 15 years of study in half of the
times; more than 10 years of study 75% of the times and above 7 in 90% of the times.

12Neugart and Richiardi (2012) have discussed matching mechanisms for the labor market but ponder that
there is insofar no consensus about the best procedure.

13The results of the sensitivity analysis were obtained using a fixed seed.
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