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A simple agent-based spatial model of the economy: 
Tools for policy
Overview, Design concepts, Details – ODD  
The model description follows the ODD (Overview, Design concepts, Details) protocol for describing individual- and agent-based models (Grimm et al. 2006, 2010). 

1. Purpose

The model is a first exercise to observe the economy in its full spatially explicit environment, its markets, and main agents in order to capture taxes mechanisms and their effects as a means to enable public policy evaluation ex-ante. The model falls within the simple category and it is a loosely expansion of Lengnick (2013) and Gaffeo (2008) with the introduction of spatially bounded government regions. Proven its validity, Brazilian intricate tax system can be inserted into the model and subnational development in the medium term could be analyzed. The main hypothesis is that for a given labor market area where citizens commute daily; it makes economic sense to have a single political administrative boundary. The results of the model suggest that it may be the case.
2. Entities, state variables, and scales



The model contains classes of agents, families, households, firms, and government, along with accessory classes. 
IDs. All members of all classes have their own unique identification (IDs). Agents keep their current workplace ID, family and household IDs. Families keep track of all their members and current household. Households knows which family is currently hosting, if any, their government region ID. Firms knows all their employers IDs and its government region ID. Government is passive and money is transferred directly from consumers. Each government region has its own ID.
The agents have age (in years), qualification (in years of study), utility and money attributes along with family and household identification. They also have processes to update money balance and consumption procedures. Agents buy and work in firms, are members of families and can move among households along with their families.  
Families are groups of agents. Consumption money is always equally divided among family members. Families move among households. They register the current household address and value. 

Households are fixed in space, have prices (proportional to size and Quality Index of the government region), size and quality. Quality and prices are updated monthly, given that the Quality Index at the government region has been updated.  
Government are within sets of pre-defined boundaries. They have a Quality Index and collect taxes from firms within their territory when there is consumption. They invest all treasure into Quality Index updates. 
Firms have one product (with price and quantity), monthly balance, profits, address (x, y), and constantly knows its employees. They are fixed in space and process sales, production (with product quantity update), hire and fire decisions, and make employers payment. 

Temporal extent. The model was designed to run for 20 years, but there is no strict limit applied. It runs in terms of days, months (of 21 days), quarters and years, following Lengnick (2013). In this configuration 5,040 days represents 20 years.
Spatial extent. The spatial boundaries are determined exogenously through parameters. We used -10, 10 on horizontal and vertical axis with location within the square in float precision.

Along with the main classes, accessory classes include a system of communication that holds the labor market procedures; statistics, output, plotting, main, control (that iterates over simulations), generator that creates the instances of agents, families, households and firms before simulation; space and time iteration. A products class was also built to facilitate new products development. However, in the current model only one product is in effect.
3. Process overview and scheduling

The model runs in a discrete mode fully using the Object-Oriented Programming (OOP) paradigm. The pseudocode of the main processes are available as appendices.

Time sequence

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 each month:

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 offers or fire employees; 

g. Unemployed workers offer 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.

The model was designed for a Python 3.X environment. Thus, it makes full use of classes, their variables and methods with variable updating being processed when methods are called. In order to run one simulation step, instances of the classes are created to make sure that objects are updated correctly. According the description of item 2, we have the following instances: my_agents, my_regions, my_houses, my_firms, my_journal (communications), my_parameters, my_simulation (TimeControl).  

4. Design concepts

Basic principles. The model is an extension of some principles from Lengnick (2013) and Gaffeo et. al (2008) with many adaptations. Given the lack of simple models (VAN DER HOOG et al., 2008), some processes are new implementations. Mainly these processes are the markets of goods, labor and houses and the decision processes of firing and hiring, setting of goods prices and wages. 

Prices. Firms rationalize on prices given their current stock. When quantity produced is below a given parameter threshold, firms raise prices by some parameter percentage. Otherwise, when quantity is above that same parameter threshold. This follows basic microeconomic procedures (MANKIW, 2011).

Wages. Firms pay additional proportional wages when they have had profits. That is, they follow a profit distribution procedure when possible (MICHAELY; ROBERTS, 2012). When having losses, firms pay wages solely proportionally to employees’ qualification. Production is also a function of employees’ qualification. 

Goods market. Firms offer their products with given prices. Consumers choose from a subsample of firms; which is determined by a parameter of the model. When considering to purchase, consumers randomly decides from firms that either have the minimum price (MANKIW, 2011) or is the closest from its residence (FUJITA et al., 1999; LÖSCH, 1954). 
Labor market. Candidates of age with a given qualification offer themselves repeatedly on the market. Firms offer posts given their current additional wage as a function of current profits. When experiencing losses, firms wage post is the unit. Matching happens between most qualified employee and either (randomly) closest firm and the one paying highest wages. 
Hiring and firing. Firms decide on hiring or firing periodically, given an exogenous parameter. Typically, once every four months. When profit is positive, they offer one post. When total capital is negative, they fire an employee. Hiring follows the process described in the labor market. The employee to be fired is chosen randomly from the pool of employees of the firm.
Housing market. Families enter the housing market periodically, following an exogenous parameter (IBBOTSON et al., 1985). Once in the market, their decision to move is for more quality, when families have wealth above the average of all families; or to move for cheaper houses and capitalizing on the difference, following a general model of urban economics (BRUECKNER, 1987; DIPASQUALE; WHEATON, 1996). In the first case, for each family in search, the available houses are ranked in order of quality. If the family’s wealth plus the value of the current house is enough to best house, the transaction and the move occurs. In the second case, each family goes for the cheapest house.
Emergence. As output of the model, typical indicators of the economy are produced. We believe many of the results to be endogenous and dependent on the parameters of the model. That is, when making workers very productive, quantities produced are large, thus, given the model design, prices fall. This was made intentionally so that the modeler can tweak the model and separate behaviors given the parameters. Built-in the model is the idea of economies of agglomeration and disagglomeration (FUJITA et al., 1999) and urban economics in general (BRUECKNER, 1987; DIPASQUALE; WHEATON, 1996). That is, the center (or the region) where there is a concentration of firms that are performing well tend to attract agents. Simultaneously, rent prices rise and such process expels families to poor suburbs. However, the central region is an endogenous result of the model. 
Adaptation and Learning. Agents, families or firms do not adapt in the sense that they change the process of decision-making. However, the looseness of families in respect to household attachment along with the dynamics of price changing implies that families have to financially adapt to constant changing environment. 

Objectives. Families’ objective is either try to move to better quality places or have enough resources to keep consuming. Their ‘success rate’ is measured by their members’ utility, which is an indicator that cumulatively measures their actual consumption. Firms’ objective is to increase in size and keep on hiring and producing more and more. However, when out of equilibrium, objective changes to restore financial health (firing employees and lowering wages). Government (implicit) objective is to increase Quality Index. 
Prediction. Decisions of all agents are based on cross-sectional information and do not try to infer the future. The model as a whole is intended as a comprehension mechanism and as a provider to the specific questions posed. 
Sensing. Sensing is global for agents when looking for jobs. When consuming, sensing is restricted to the given number of firms defined (parameter) as its private market. Household price and quality changing mechanism is proportional to the observed at their region; which in turn is proportional to the sales of firms acting in the region. 
Interaction. Interaction happens competitively at the three designed models. However, agents and firms interact directly only in the sense that they may be excluded from the selection process (of hiring or consuming), given that they have lower qualification, are offering lower salaries or expensive products. Implicitly, agents at the same region share the same Quality Index. Thus, families benefit from high quality households that is given by profitable firms in the region.

Stochasticity. Stochasticity plays an important role at this version of the model. All population of agents, families, firms, households is generated from a random process. Random decisions between two alternatives occur when deciding either for closest or cheapest product and for most qualified or closest living employee. Further, there is a random process when the agent decides the amount for consumption monthly and when the firm makes its firing decision.

Collectives. The only collective in the present model are the families. They have been described as a class above. 
Observation. A number of statistics are collected on a monthly basis. However, they do not interfere endogenously, except for the average families’ wealth (interferes on moving decision). The indicators available are absolute production sold (GDP), unemployment, average number of employees per firm, average utility of agents, average prices, average firms’ balance, sum of firms’ profit, GINI inequality index (based on families’ average utility). Firms individually calculate and use their profits endogenously. Every three months they record their total balance and then they calculate next months’ profit in relation to the recorded value.

Parameters. The following parameters are requested from the modeler at every simulation:

	Simulation parameters
	Values
	Possibilities’ intervals 
	Observations

	Number of days
	5,040
	(63 - 12,800)
	The model 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
	0.35
	(0 - 1)
	Production function exponent. When set to ”1”, it does not
change the model, when set to ”0”, the production of the
firm is one unit

	Beta
	0.6
	(0 - 1)
	Consumption function exponent. When set to ”1” consumption vary from zero to the total of available money

	Quantity to change prices (∂)
	200
	(100 - 2,000)
	Threshold to change prices

	Frequency of entrance in labor market
	0.25
	(0 - 1)
	Time frequency of decision-making on labor market. When set to “0”, the evaluation 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 demand is high (product
level on inventory is below ”Quantity to change prices”)

	Agents
	 
	 
	 

	Labor market size (Γ)
	10
	(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
	0.05
	(0 - 1)
	Percentage of families’ entering real estate market

	Government 
	 
	 
	 

	Consumption tax
	0.3
	(0 - 1)
	Tax on consumption


Iteration. Given the artificialness of the population and the stochasticity described, the model was run 1,000 times for each regional configuration (one, four or seven regions) and the results are presented in terms of distributional statistics. 
5. Initialization

At time 0 of the simulation, a number of processes has already run and will not run again (see time sequence). Given that this model is an artificial test aimed at scrutinizing (and proposing) the model itself and allowing only a hinted indication of public policy, the population is always a different one for each different run, given the parameters discussed. It is our future plan to apply the model to a metropolitan area with fixed given population.
6. Input data

The model does not use input data, as it is.
7. Submodels
The model does not have submodels.
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