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Data
• Brazilian Atlas of Human Development * 
(based on the Brazilian Censuses of 1991, 2000)
* Available at www.pnud.org.br/atlas/

Research Questions
1) What is the spatial (variability) and temporal (change) pattern of 

of fertility in Brazil?

2) Where are the “hot” and “cold” spots in which levels of fertility 
are clustered?

3) What are the factors accounting for these patterns?
To answer this question, three Geographic Weighted Regression 

(GWR) models will be estimated to take into account spatial 
heterogeneity and non-stationary coefficients. These offer an 
excellent way to look at the spatial variability of social 
phenomena, which are often mediated by spatial processes that 
cannot be quantified:

Wi is a matrix of weights specific to location i such that observations nearer to i are 
given greater weight than observations further away.

Variables in the models include child mortality, sex ratio of people 
older than age 15, urbanization rate, human development index 
of education, female labor force participation (in 2000), 
percentage of whites, percentage of teenage mothers, and 
demographic density.

Conclusions
• GIS helps to identify those geographic areas in which 

government policy could intervene to ensure the maintenance 
of declining fertility, which appears to have a tendency to 
spread to nearby counties.

• The maps show significant variability in Brazil when TFRs are 
disaggregated by counties. Lower fertility is clustered in the 
south and southeast, and higher fertility is clustered in the 
northeast and few areas in the north. The critical distances (the 
ones giving higher Moran’s I) were 105km in 1991, 100km in 
2000 and 60km for TFR changes between these two periods.

• TFRs declined more in areas where fertility was higher in 1991. 
Highest fertility is the most important variable in expaining the 
decline in fertility rates over the decade.

• GWR models are more appropriate than classical OLS, OLS with 
spatial lag, or error because they account for spatial 
heterogeneity and non-stationary coefficients. They also 
provide normally distributed, non-autocorrelated and low 
residuals in space according to the Akaike information criterion. 
The GWR models show, therefore, that the variables associated 
with TFRs have different effects in space.
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