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Productivity and Fragmentation in Brazilian 
metropolises

• A general overview: urban governance and 
metropolis 

• A preliminary econometric exercise on 
productivity

• Agent-Based Modeling (ABM) as a tool to ex-ante 
public policy analysis



Urban governance in Brazil

• 5,570 municipalities, extremely heterogeneous 
(804 to 12 million)

•Municipalities are autonomous, independent 
entities
• Responsible for basic health and education services

• Thus, 3 levels of government: Union, 27 states 
and municipalities



Metropolises are spatially heterogeneous

• Capital: fiscal power, dominates the core of the 
economy

• Peripheries: violence (Rodrigues, 2013), long 
commutes, poor access

• No metropolitan entity or agency



Pereira and Schwanen, 2015 [DP192]

Commute 
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Conclusions: Pereira and Schwanen, 2015

1. Travel times 31% longer in SP and RJ compared 
to other metropolitan areas

2. Poorest spend on average 20% more time, 
although gap varies among metropolitan areas

3. Worsening commuting time (1992-2009)



Empirical application on productivity

• Functional Urban Areas (FUA/OECD) 

• Areas of Urban Agglomeration (ACPs/IBGE-BR)

• Data: 

• 43 ACPs, 318 municipalities, 92.9 million 
inhabitants, 2013-2015, 117,8 million 
observations

• (RAIS/MTE-BR and IBGE)





Econometric analysis

• First stage/Productivity: hourly wages regressed on 

gender, experience, education, occupation, 
city-year dummies

• Second stage: coefficients_city-year regressed on 

pop. and area, Herfindahl index (HHI), 
percentage of high-education, sectors of the 
economy, fragmentation index



Preliminary concluding remarks

• On average, estimates indicate:

• An increase of 1% in population

Increases productivity by aprox. 0.3%

• More generally: 

• Specialization, hospitality and catering reduce
productivity, and

• Diversity, commerce and high technology increase
productivity



Population size and productivity by city



Fragmentation

• One extra municipality per 100 thousand 
inhabitants
• Lowers productivity by aprox. 36%

•Metropolis of 1 million inhab. with 10 
municipalities
• One extra municipality reduces productivity by

3.6%



Administrative fragmentation and 
productivity



Spatially bounded Economic Agent-based Lab: 
SEAL

• Key idea: 

• Generate data-driven markets 

• That are administrative and spatially bounded

• So that, ex-ante policy analysis can be 
experimented upon

• Prognostics rather than diagnostics



SEAL

• Agent-based model – ABM 

• Python: object-oriented programming

• Actors: Citizens, Families, Firms, Governments/Municipalities

• Markets: Goods, Labor, Real Estate

• Tax: on consumption

• Governments apply taxes to increase quality of life (HDI)

• Data: 2000s onwards, population, rural, urban, fertility, 
mortality, number of firms



SEAL: discrete time

• Daily: production and commuting

• Monthly:
• Process demographics (births, aging and deaths)
• Firms make payments
• Family members consume
• Governments collect taxes
• Governments spend the taxes collected on municipal life quality 

improvement
• Firms calculate profits and update prices
• Labor market is processed
• Real estate market is processed
• Statistics and output are processed
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Output examples: sensitivity analysis

Illustration of
a sensitivity 
analysis;
results of 
average per 
capita 
commuted 
distance 
per
family 
consumption 
propensity
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Policy analysis: 
fusion of municipalities 19



Comparison with multi-run 20



GINI evolution 21



Amount produced by each firm 22



SEAL

• Ex-ante policy analysis

• Rapid prototyping and visualization

• Flexible, cheap

• Modular, additive, integrated

• Dynamic, spatial, transdisciplinary

• Full information on all actors, at all times

• Limitations: lack of benchmarking
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Thank you. Collaboration?

• Thanks. 

• bernardo.furtado@ipea.gov.br

• Papers: researchgate.net/profile/Bernardo_Furtado

• Open for collaboration

24



References: ABM

• Epstein e Axtell (1996). Thomas Schelling (1969); (AXELROD; 
HAMILTON, 1981 (HOLLAND, 1992) and (CIARLI, 2012; 
GEANAKOPLOS et al., 2012; HOLLAND; MILLER, 1991). Bergmann
(1974) and Eliasson (1976).

• (NARDIN; SICHMAN, 2012); (ADAMATTI et al., 2009) (MAROULIS et 
al., 2010, 2014). Marco relevante Boero et al. (2015). 

• Hassan et al. (2010). (CARLEY, 1996; MIDGLEY et al., 2007). 

• (DAVID et al., 2005). 

• Zhang et al. (2011) Winikoff et al. (2012).


