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Abstract 

This paper intends to improve the estimation of migration rates, and to use these rates to analyze 

flows between the Brazilian states of Bahia and São Paulo. The estimation of migration rates proposed by 

Machado (1993) is an important tool to study population streams. However, improvements on this 

technique are necessary to provide accurate estimates. As a demonstration, 1980, 1991 and 2000 Brazilian 

censuses are used to estimate migration rates. Results suggest that more industrialized areas attract more 

female than male migrants. Migration to São Paulo is more concentrated around labor ages, while 

migration to Bahia presents a familial pattern. 
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Introduction 

The focuses of this paper are the improvement of migration methods and their application to the 

migration between the Brazilian states of Bahia and São Paulo. There are several techniques used to 

measure and categorize the level and pattern of migrant movements. Some researchers developed studies 

about population movements using techniques to build model migration schedules. These studies 

increased the ability to estimate migration rates. For instance, Rogers and Castro (1981) proposed the 

measurement of migration using model schedules. This idea is the same applied to fertility and mortality 

demographic components by previous studies (Brass, 1971; Coale and Trussell, 1974; Coale and 

Demeny, 1966; Coale, 1977; United Nations, 1955). Rogers and Castro (1981) were the first 

demographers to construct model migration schedules by age and sex. This new migration technique was 

applied to a group of 17 countries: United Kingdom, Finland, Sweden, German Democratic Republic, 

Netherlands, Canada, Hungary, Soviet Union, Federal Republic of Germany, Austria, Poland, Bulgaria, 

France, Czechoslovakia, Japan, United States, and Italy. 

Another study that tried to use model schedules to correct migration data was conducted by the 

United Nations (1992). This study focused the analysis on projections for regions, instead of countries. 

The main objectives of this study were the development of techniques to measure the migration between 

regions, the estimation of age and sex distribution of migrants, and the preparation of projections of future 

migration rates. The distribution of migrants by age and sex was estimated using the model age schedules 

developed by Rogers and Castro (1981). 

The model migration schedules technique was applied in Brazilian research to estimate rural and 

urban population movements (Beltrão and Henriques, 1987; Henriques and Beltrão, 1986). The main 

objective of this research was to estimate rural-urban migration in Brazil. This information would be used 

as an indicator in the new proposal for National Public Health Insurance. Rogers and Castro’s 

methodology was applied in this Brazilian research. This technique provided the estimation of model 

migration schedules for 1960-1970 and 1970-1980, by sex. 

Some recent Brazilian demographic studies developed new techniques and models to measure 

and correct migration rates. These new methodologies present several advantages to the study of 

population movements. The first study that developed estimation of model migration schedules is the one 

elaborated by Jannuzzi (1998; 2000). Jannuzzi analyzes the migration’s pattern and level in the Brazilian 

state of São Paulo. This study is very important to the improvement of migration, introducing new 

information and variables to model schedules. The suggestion is that migration can occur for several 

reasons and by an individual or group movement. 

On the one hand, Jannuzzi categorized the reasons of population movement to estimate different 

migration models. One reason for migration can be the search for better work conditions. Another reason 
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for migration can be an episode related to family movement. The third reason is the search for a cheaper 

place to live. Somebody can move to another place because he/she has previous information about that 

location. Migration can also be explained by the search for better life quality. Finally, Jannuzzi arranges a 

set of other reasons for human movement. The first is that after retirement a person can decide to move 

home. Another kind of movement is the returning migration to the original place of residence. Migration 

can also happen for studying purpose. At the end, the marriage can also cause population movement. 

On the other hand, Jannuzzi disaggregates data in four different groups, depending on followers 

in the migration process. The migrant can move with the nuclear family. Another possibility is that the 

movement can occur with part of the nuclear family. Relatives or friends can be other followers in the 

migration process. Finally, migration can also occur by an individual movement. 

Other research that tried to improve the estimation of population movements was organized by 

Machado (1993). Machado’s main objective was to project the Brazilian population by regions: North, 

Northeast, Southeast, South, and Central-West. To allow the population projection, Machado created a 

new technique to estimate migration rates by age and sex. 

Although these two new studies provided important improvements to estimate migrant models 

and rates, these techniques still have some problems and limitations. Jannuzzi’s methodology used a 

specific database for the state of São Paulo, which included information about reasons and followers in 

the migration. This kind of dataset is not common in most countries. Even in Brazil, censuses do not 

provide these types of variables. In the case of Machado’s techniques, there are some problems in the 

formula used to estimate migration rates. Some corrections will be proposed in this article, with the goal 

of improving the results obtained. 

One objective of this article is to explain previous methods to estimate migration models and 

rates as well as to show their limitations. Moreover, some changes in migration techniques will be 

suggested. The intention is to develop those migration estimations. The purpose is to improve techniques, 

which can be applied to different countries and databases. The Machado (1993) proposition is a good 

foundation upon which to build new techniques. This methodology can be applied to most censuses 

available worldwide. 

The understanding of technical procedures is made through the use of real migration data. The 

1980, 1991 and 2000 Brazilian censuses (IBGE, 1980; IBGE, 1991; IBGE, 2000) were used to replicate 

previous techniques and to check the new one. More specifically, the new technique was applied to the 

migration between the Brazilian states of Bahia and São Paulo. 

This article is organized in six main sections. First of all, the explanation of previous migration 

techniques is provided. This furnishes the reader with information about previous important migration 

studies. After that, an explanation of new migration techniques is presented. This section shows how 
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Brazilian demographers tried to improve those techniques. The third section provides the explanation of 

technical procedures used to calculate migration rates. Formulas and explanations about migration rates’ 

terms are clarified, in detail, in this section. Following that, several propositions to model and adjust 

migration rates are analyzed. Explanations are provided to clarify the reason to not use one of those 

procedures. The fifth section shows the results obtained from Brazilian censuses. Tables and figures are 

provided to illustrate migration patterns and levels between the states of Bahia and São Paulo. Finally, the 

main conclusions are detailed in the last section. A discussion about future uses of migration rates 

provides an interesting reflection about censuses data. 

 

Model Migration Schedules 

In this section the first studies about model migration techniques will be explained. The first 

research discussed here was conducted by Rogers and Castro (1981). Mortality and fertility models can 

furnish a suitable foundation to create model migration schedules. Model schedules are important for all 

demographic components because they arrange different observed data by similarities in level and pattern. 

Model schedules are made using information from many observed data collected in various populations. 

The creation of models for demographic variables is possible because mortality, fertility and migration 

rates behave in some predefined limits. 

Former authors created some inflexible schedule models for mortality and fertility (United 

Nations, 1955). These first demographic models are not sophisticated since they have just one parameter. 

Another problem related to these models is their inflexibility for different population patterns. Latter 

authors improved model schedules, using more parameters for mortality and fertility components. One 

case is the study of Coale and Demeny (1966) about mortality model-tables. Another mortality model is 

the logit system created by Brass (1971). The third one is the fertility model of Coale and Trussell (Coale, 

1977; Coale and Trussell, 1974). 

The development of migration models is very important for demographic studies. As in mortality 

and fertility, model schedules can be built to analyze the migration component. Migration schedules have 

more applicability when they have different families and several parameters. Rogers and Castro (1981) 

used propositions of previous mortality and fertility models to summarize regularities of migration 

variable. 

The “correlational” perspective to build migration schedules used ideas from the study of Coale 

and Demeny (1966). This research developed model life tables, which synthesize indexes of level and 

several regression equations for different regions in the world (North, South, East, and West). Rates at 

different ages are associated to an index of level, which is the expected remained life at age 10. 
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The “relational” perspective used ideas from models that corrected shape and level of observed 

data, using a standard schedule. Brass (1971) developed the logit system, which relates different mortality 

schedules by a linear transformation of the logits of their respective survivorship probabilities. Mortality 

patterns are assumed to have regularity with limited modes of variation, which can be represented by life 

tables. Coale and Trussell (Coale, 1977; Coale and Trussell, 1974) improved model fertility schedules 

using a Swedish standard first-marriage schedule. Moreover, Coale and Trussel adopted a double 

exponential curve to define the pattern of first-marriage function, which is an analytical perspective of age 

profiles. 

Rogers and Castro (1981) argue that model migration schedules need to have some singularities. 

Migration rates should be estimated for each single year of age to construct model schedules. However, 

the estimation for single ages is not usual because the most datasets have information by age groups. 

Using Swedish data, the authors estimate migration parameters by single years of age. After that, data are 

aggregated to five-year age groups and then disaggregated to single ages. Estimated parameters are very 

similar using single years of age or five-year age groups. Therefore, Rogers and Castro (1981) conclude 

that estimation can be made by age groups data for other countries. 

The sum of all rates by single years of age equals the “gross migraproduction rate (GMR),” 

corresponding to fertility’s gross reproduction rate. This rate is the average number of movements that a 

person would migrate from one specific region to another one, during all of his/her life. GMR measures 

the level of migration and it depends of the size of a specific area. Migration among larger areas has a 

lower level compared to that among smaller areas. 

The crude migration rate is another estimation for residence movements. This rate is “defined as 

the ratio of the number of migrants, leaving a particular population located in space and time, to the 

average number of persons (more exactly, the number of person-years) exposed to the risk of becoming 

migrants” (Rogers and Castro, 1981:2). This measure is useful in demographic studies, since it provides 

information about the level of migration between two different regions. 

Migration presents selectivity by age and sex, such as argued by Carvalho (1981; 1985) and 

Rogers and Castro (1981). The notion of selectivity in migration is applied by Rogers and Castro (1981) 

in their model migration schedules. The shape and level of migration schedules vary depending on the age 

of analysis. Migrants between 20 and 25 years of age present highest rates. Lowest rates are presented for 

those people between 10 and 19 years of age. Migration rates between zero and nine years of age are a 

reflex of rates between 26 and 40 years of age. Migration to metropolitan areas presents high rates around 

the age of 65 years. Sex has also an influence on the shape and level of population movements. Men’s 

migration rates are higher than women’s rates. The highest migration rates for women occur in younger 
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ages because they marry before men. For a longer period of time, return migration presents higher rates 

(Rogers and Castro, 1981; Carvalho, 1985). 

The main objective of Rogers and Castro (1981) was the estimation of a model migration 

schedule. This model is advantageous because it can be applied in studies with limited data. The 

estimated migration curve is composed of four components related to labor market. The pre-labor curve is 

a negative exponential curve from zero until 19 years of age. The curve for migrants in labor age has a 

parabola shape. The first ascending half of this parabola represents the migration for those between 20 

and 25 years of age.  The second descending half of the parabola represents the migration for those 

between 26 and 40 years of age. The post-labor curve is a small parabola around the age of 65 years. The 

last parameter of the model schedule is a constant that adjusts the migration rates to the mathematic 

expression. 

Rogers and Castro (1981) created three different model migration schedules. The most complete 

schedule is the one named as the “basic model migration schedule” (Rogers and Castro, 1981:40). This 

schedule has all four labor-migration components listed above. The curve has a total of 11 parameters. 

The second migration schedule is defined as “reduced form” (Rogers and Castro, 1981:40). This model 

does not present the post-labor curve around the age of 65 years. Without this last parabola, the reduced 

form has seven parameters. “Model migration schedule with an upward slope” is the third schedule 

presented by Rogers and Castro (1981:42). This last schedule has a linear curve in post-labor ages, instead 

of a parabola. The total number of parameters in this migration curve is nine. 

These migration models enable the classification of different migration patterns. There is the 

possibility to analyze the highest migration rates. Through these schedules, it is possible to analyze the 

reflex of older migration to younger migration. Detailed explanation about technical procedures to 

estimate migration schedules will be written in a latter section. 

The application of model migration schedules was also made by the United Nations (1992). The 

main goal of this study is the preparation of migration data for population projections. First of all, sources 

of data for migration projections are reviewed. Censuses data are qualified to migration projections 

because they indicate the exact place of residence for all the population. Surveys have the advantage of 

helping to construct databases with more information about migrants. Moreover, the volume of migration 

can be measured through different techniques and variables. Information about residence at a fixed prior 

time provides data to estimate migration rates using direct demographic techniques. Indirect demographic 

techniques can be applied to estimate migration rates using questions about previous place and duration of 

residence. 

In this research, the distribution of migrants by age and sex is also estimated by several 

techniques and census data. Migrant distributions by age and sex can be estimated from a question about 
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place of residence at a fixed prior date and the total population for each specific region. Information about 

place of previous residence and duration of residence can also generate age and sex distributions for 

population movements. This study emphasized that “model schedules can be used when there are no 

adequate data on the age distribution of migration, when data in broad age groups need to be divided into 

smaller groups or when age distributions from sample data need to be smoothed to remove sampling 

error” (United Nations, 1992:28). Thus, model schedules provide a way to estimate the age distribution of 

migration even with limited data. 

Some conclusions of this study (United Nations, 1992) have important implications to the current 

paper. Estimated migration pattern follows prepositions presented by Rogers and Castro (1981). If 

migration is not related to labor market, then the curve can have different shapes and levels across age 

and sex. Different model migration schedules can be estimated depending on the reasons of population 

movements. Marriage is one common reason for the increase of migration rates. Another reason for 

population movements is the search for school activities. Military services are a third reason for people’s 

displacement. 

The third body of research that used model migration schedules was conducted by Beltrão and 

Henriques (Beltrão and Henriques, 1987; Henriques and Beltrão, 1986). This study is important for the 

improvement of Public Health Insurance changes in Brazil. The Brazilian government was considering 

demographic variables to estimate public benefits. However, population movement was not being 

considered as a variable to estimate the insurance. Beltrão and Henriques affirmed that it is necessary to 

include rural-urban migration in the new public insurance. 

The 1960, 1970 and 1980 Brazilian censuses were utilized for estimation of migration rates. 

Migration rates for the period between 1960 and 1970 were estimated with the 1960 and 1970 censuses. 

Census of 1970 and 1980 were utilized to estimate migration rates for the period of 1970/1980. Instead of 

using gross migration rates, authors used net migration of rural area. The first procedure was the 

estimation of net rural-urban migration. For instance, Beltrão and Henriques estimated the theoretical 

rural population in 1970 using the 1960 census. Then, this theoretical population was subtracted from the 

real population in 1970 using the census of that year. This technique presumes that migration occurred 

just from rural to urban areas. The theoretical assumption is that migration from urban to rural areas is not 

significant in Brazil. Thus, the net migration of rural areas is considered the rural to urban migrants. 

The total population that could have migrated from rural areas was also estimated. The rural 

populations were estimated using the 1960 census, for 1960/1965 and 1965/1970. These populations were 

corrected by the survival ratios from the 1970 census, for 1960/1970 and 1965/1970. Thus, rural-urban 

migration rates were estimated. The net migration of rural area was divided by the population that could 

have migrated from rural areas. 
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Beltrão and Henriques (Beltrão and Henriques, 1987; Henriques and Beltrão, 1986) applied 

Rogers and Castro’s model schedules (Rogers and Castro, 1981) to correct estimated migration rates. The 

utilization of model schedules was made using net migration rates. However, Rogers and Castro (1981) 

applied gross migration rates to their model schedules. Even with these limitations, Beltrão and 

Henriques’ research presents important results. Model migration schedules were applied for the first time 

to the Brazilian context. The shape and level of net rural-urban migration was estimated for the periods of 

1960/1970 and 1970/1980. 

 

Methods to Estimate Migration Rates 

This section will explain new techniques for the estimation and correction of migration rates. 

Jannuzzi (1998; 2000) created a new methodology to correct migration rates. The author tried to improve 

the elaboration of model migration schedules by age. Jannuzzi analyzed population movements according 

to reasons for migration. Migration is also analyzed in conformity to different kinds of followers in 

population movements. Migration rates were estimated using the Regional Household Sample (PRAD) of 

1993 for the state of São Paulo. 

Some problems occurred in Jannuzzi’s research (1998; 2000). Migration rates did not adjust to 

the model proposed by Rogers and Castro (1981). Jannuzzi argued that difficulties in applying model 

schedules were caused by changes in migration dynamics. Migration is no longer determined just by the 

relation of migrant to the labor market. New reasons for migration need to be analyzed. If the family has 

new interests of living, it can decide to move. The search for better income and lower cost of living is 

another influence of migration. A third migration reason is marriage, which can result in the couple or 

family changing residences. Entrance in elementary, junior or high school or in college is connected to 

population movements. Finally, retirement is another variable related to migration. A person can also 

migrate because he/she is accompanying another member of the family. 

Using these analyses, Jannuzzi (1998; 2000) generated new model migration schedules. New 

model migration rates were developed to adjust observed rates. Moreover, Jannuzzi’s study improved the 

understanding of migration pattern and level in São Paulo. 

Another study about estimation of migration rates was developed by Machado (1993). Machado’s 

purpose was to generate emigrant rates that could be used to project Brazilian population. The population 

projection was made for the five Brazilian regions (North, Northeast, Central-West, Southeast and South). 

The 1980 Brazilian census does not have data about residence at a fixed prior time. Thus, Machado 

utilized migration information on previous place and duration of residence. In fact, Machado (1993) 

created a new methodology to estimate migration rates. The new technique allows researchers to estimate 

gross migration rates with this kind of migration variable. 
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Machado did not use other surveys and censuses. the 1988 and 1990 Brazilian Household Sample 

(PNAD) and the 1991 census were not available at that time. If Machado had these other datasets, his 

research would have provided more complete results. Migration rates for other periods could have been 

estimated with other surveys and censuses. Changes in the Brazilian migration pattern and level would be 

better understood. 

However, Machado’s study (1993) is extremely important to this present paper. The new 

methodology permits the estimation of migration rates using the 1980 census. Different kinds of rates can 

be generated by Machado’s technique. Migration rates can be estimated for males and females. This 

calculation can be made by five-year age groups. Moreover, migration rates can also be produced by 

states. Finally, migration rates can be estimated by cities. 

This methodology developed by Machado can also be applied to the 1991 and 2000 censuses. 

Migration rates can also be estimated with information on residence at a fixed prior time. Therefore, the 

two kinds of estimation can be compared for these two censuses. Technical details of the methodology 

elaborated by Machado (1993) will be explained in the following section. 

 

Techniques to Estimate Migration Rates 

The explanation of technical procedures to calculate migration rates will be elaborated in this 

section. Jannuzzi’s technique (1998; 2000) will not be utilized in the present study. The migration 

variable utilized by Jannuzzi is different from those in Brazilian censuses. In his research, the procedure 

utilized is not applied to emigration rates. This author estimated gross immigration rates. The numerator 

of the formula is the total number of immigrants. The denominator is the total population in the final 

place of residence in 1993. Migration rates are estimated per thousand of residents. 

In the present paper, rates are calculated for emigrants using Machado’s idea (1993) to build 

formulas. Machado’s technique (1993) used the census question on previous place and duration of 

residence. The intention of the present topic is to improve the methodology proposed by Machado (1993), 

estimating migration rates for five-year age groups. 

The author used the term “specific rates of emigration” (Machado, 1993:81) to qualify the 

migration estimative. In this paper, these estimates are named as age-specific emigration rates (ASERx). 

Levels of migration flows will be analyzed with total emigration rates (TER). Those terms facilitate the 

understanding of those estimates, because they can be compared to age-specific fertility rates (ASFRx) 

and total fertility rates (TFR), respectively. 

The theory of Machado (1993) had some assumptions. The first one is that population is 

homogenous with regard to migration risk. Another one assumes that survival ratios for migrants and 

non-migrants are the same. Finally, each individual migrates just once per year. 
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Age-specific emigration rates were calculated using the 1980, 1991 and 2000 censuses data. The 

numerator is the population that migrated from a region i to region j during the five years before a specific 

census. The denominator for a region of origin (i) is the number of person-years who had a risk to 

migrate. The following formula is the one applied by Machado (1993) to estimate age-specific emigration 

rates using information of previous place of residence: 
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in which ASERx,ij is the age-specific emigration rate from region i to region j for age group x; Kt,ij is the 

population that migrated from i to j in time t (t equals zero for those that migrated less than one year 

before the census); Kt,.i refers to migrants from all regions different of i to region i in time t; and Knm,i are 

all residents in region i at the end of the period that already lived in i at the beginning of the period (nm 

means non-migrants). 

For the present paper, Machado’s formula (1993) experienced some changes in the denominator1. 

Those people who lived less than one year in a specific region need to be included in the denominator. 

Another change in the formula concerns the weight for each individual. The weight is not just the number 

of years of residence in a specific region. The number of years of residence is added by one half to 

calculate the weight for each individual. This procedure is a common demographic technique when 

censuses data are used. The reason for this correction is that each individual lived, an average, one-half 

year longer than the amount specified in census. Furthermore, terms that count the number of person-

years lived in the region of origin are added in the denominator. These terms have an opposite weight to 

those weights of the immigrants (region of destination). The sum of weights of emigrants (origin) and 

immigrants (destination) equals five years, which is the extension of the analyzed period. 

Emigrants between zero and five years of age have weights calculated in a specific manner. This 

weight is the difference between the real child age and the number of years in the final residence. Because 

of indirect migration, emigrants between zero and five years of age need to be multiplied by two2. Next 

formula is the one utilized in this paper to estimate age-specific emigration rates using previous place of 

residence: 

                                                      
1 All these changes were applied by suggestion of the professor Dr. José Alberto Magno de Carvalho from the 
Center of Regional Development and Planning (CEDEPLAR) of the Federal University of Minas Gerais (UFMG) in 
Brazil. 
2 In a period of five years, children born in the region of destination of emigrant mothers equal, approximately, the 
same amount of children born in the region of origin. 
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in which ASERx,ij, Kt,ij, Kt,.i, and Knm,i have the same meaning as in Formula 1; and Kt,i. refers to migrants 

from region i to all regions different of i in time t. 

An example to calculate the weights in the denominator of Formula 2 is a child with three years 

of age who lived two years in the final residence. This child will have two and a half person-years 

exposed to the risk of migrating in the current municipality. The difference between child’s age (three 

years) and the number of years in the final residence (two years) equals the amount of time that this child 

was exposed to the risk of migrating in the previous municipality. The sum of these two weights (2.5 and 

1.0) equals the child’s age (three years) added by one half to correct census data. The sum of weights for 

migrant children equals the single weight for non-migrant children with the same age. For those migrants 

above five years of age, the sum of weights equals five because they were exposed to the risk of migrating 

during all period. For all migrants, the two different weights will by applied to distinct regions (origin and 

destination). 

New formulas to estimate migration level are now exhibited and explained. The level of 

migration is calculated by an estimator called total emigration rate. However, age-specific non-emigration 

rates (ASNERx) are calculated before the total emigration rate. Age-specific non-emigration rates equal 

the difference between the number one and age-specific emigration rates. The following formula shows 

how to calculate age-specific non-emigration rates: 

ijxijx ASERASNER ,, 1−= .       (3) 

After that, the total non-emigration rate (TNER) is estimated. This rate is the product of all age-

specific non-emigration rates. The formula below illustrates how the total non-emigration rate is 

estimated: 

ijijijijij ASNERASNERASNERASNERTNER ,85,10,5,0 *...*** += . (4) 

Finally, the total emigration rate is calculated. This rate is the difference between the number one 

and the total non-emigration rate. The following formula demonstrates the form to estimate the total 

emigration rate: 

ijij TNERTER −=1 .        (5) 
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The 1991 and 2000 Brazilian censuses have another variable to estimate migration rates. These 

rates can also be calculated using census questions on residence at a fixed prior time. In the numerator, 

the amount of people who lived in another place five years before the census is estimated. In the 

denominator, the total number of individuals exposed to the risk of migration is computed. The 

denominator of this formula is multiplied by five. This procedure is applied to furnish an annual average 

rate. 

Two presumptions are considered to calculate migration rates using this formula. The rate of 

emigration is the same between those who died during five years before census and those who survived 

during this same period. Furthermore, when using migration information at a fixed prior time, migration 

rates for people between zero and five years of age are not possible to be estimated. Then, rates using 

previous place of residence have to be replicated to this first age group. 

Even with this new variable, migration rates in the 1991 and 2000 censuses are also calculated 

such as in the 1980 census using information of previous place of residence. The formula below illustrates 

how to calculate age-specific emigration rates using data at a fixed prior time: 

( ) ( )∑
∑

⎥⎦
⎤

⎢⎣
⎡ ++

=

2
* .

,
iiii

ij
ijx KKKt

K
ASER ,       (6) 

in which ASERx,ij is the age-specific emigration rate from region i to region j for age group x; Kij refers to 

migrants that lived in region i at the beginning of the period and live in region j at the end of the period; 

Ki. refers to migrants that lived in region i at the beginning of the period and live in another region at the 

end of the period; Kii is the population that lived in region i at the beginning and at the end of the period; 

Ki.+Kii is the total population at the beginning of the period; Ki is all the population that lived in region i at 

the end of the period (this is the total population at the end of the period); [(Ki.+Kii)+( Ki)]/2 is the 

estimated population at the middle of the period; t is the number of years between the date of reference of 

the census and the fixed prior time available in the migration question (1991 and 2000 Brazilian censuses 

ask where people lived exactly five years ago, t=5). 

 

Applying Model Migration Schedules 

In this section, adjusting procedures of migration rates are explained. As clarified in the previous 

section, rates of emigration were estimated. The 1980, 1991 and 2000 Brazilian censuses were used. The 

regions of destination and origin are the states of Bahia and São Paulo. 

The estimated rates were submitted to Roger and Castro’s mathematical model migration 

schedules (Rogers and Castro, 1981). The model was defined as the sum of four components. The first 

component is an exponential negative curve. This curve is located in pre-labor ages until 19 years of age 
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and has a descendent indicator called α1. Another component is a parabola located in labor ages. μ2 is the 

age mean indicator for this curve. This component has also the ascendant indicator called λ2 and the 

descendent indicator named α2. The third component of model migration schedule is a small parabola 

located in post-labor ages. The age mean indicator is represented by μ3. λ3 is the ascendant indicator for 

this curve and α3 is the descendent one. Finally, the constant curve is the fourth component of model 

schedules. This component is the adjustment to the mathematical expression. Its indicator is the constant 

value named c. 

Three different model migration schedules were constructed by Rogers and Castro (1981). The 

first model is the “basic migration model.” This model has a parabola in post-labor ages. Following 

equation shows the mathematical form of this family of schedules (Rogers and Castro, 1981): 

( ) ( ) ( ) ( )[ ]{ } ( ) ( )[ ]{ } ceaeaeaxM
xx exexx +++=
−−−− −−−−−−− 33

33
22

221 *** 321

μλμλ μαμαα .  (7) 

Another model migration schedule is the “reduced model.” This model has a constant value in 

post-labor ages. The next equation details the mathematical form of this model (Rogers and Castro, 

1981): 

( ) ( ) ( ) ( )[ ]{ } ceaeaxM
xexx ++=
−−−−−− 22

221 ** 21

μλμαα .     (8) 

The last model is the “migration model with an ascending inclination.” This model has a linear 

function in post-labor ages. The following equation illustrates the mathematical form of this model 

(Rogers and Castro, 1981): 

( ) ( ) ( ) ( )[ ]{ } ( ) ceaeaeaxM xexx x

+++=
−−−−−− 3

22
221 *** 321

αμαα μλ

.    (9) 

The appropriate model migration schedule is selected after the analysis of some questions. The 

shape of migration rates among regions needs to be evaluated. The level of rates of migration has to be 

examined among all regions. The Figure 1 better illustrates all parameters in the curve for the “basic 

migration model” (Rogers and Castro, 1981:6). 

<<< Figure 1 about here >>> 

In the migration model, basic measures are divided in two different groups. The first group 

includes the fundamental parameters. Levels of migration rates are measured by different indicators. The 

first indicator is the level of migration in pre-labor ages (a1). The level of migration in labor ages is 

estimated by a2. The level of migration in post-labor ages is called a3. The constant (c) is the last level 

estimator. Placements of migration rates are calculated using two means. The age mean in labor ages (μ2) 

is one indicator of placement. The other placement indicator is the age mean in post-labor ages (μ3). 

Model migration schedules have some parameters to estimate inclinations of curve. The negative 

inclination of pre-labor curve is named as α1. Another parameter is the negative inclination of labor curve 
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(α2). The third indicator is the negative inclination of post-labor curve (α3). λ2 is the positive inclination 

of labor curve. Finally, the positive inclination of post-labor curve is estimated by λ3. 

The second group of basic measures includes ratios of parameters. The labor force dependency of 

population is measured by δ1c=a1/c. The measure δ12=a1/a2 is the youth ratio dependency of population. 

Old-aged ratio dependency of population is the following δ32=a3/a2. The relationship between child 

migration and adult migration is calculated by β12=α1/α2. The ratio σ2=λ2/α2 originates likeness between 

the first and the second-half of labor curve. Finally, similarity between the first and the second-half of 

post-labor curve is estimated by σ3=λ3/α3. 

Derivative measures are divided into two groups to analyze the migration pattern. The first group 

is the calculation of areas below the migration curve. The total area below the curve is the gross 

migraproduction rate (GMR). The area below age zero to fourteen is the percentage of migrants in pre-

labor ages. The area below 15 until 64 years of age is the percentage of migrants in labor ages. The area 

below age of 65 until the last one is the percentage of migrants in post-labor ages. 

The second group of derivative measures is the horizontal distance among parameters. The 

distance between lowest pre-labor rate and highest labor rate is calculated by X. The distance between 

middle pre-labor rate and middle labor rate is represented by the parameter A. 

The estimation method Levenberg-Marquardt was used to correct observed migration data. This 

method was applied by Rogers and Castro (1981). In this present paper, the statistical software SPSS was 

utilized. 

Some problems occurred in the application of this model migration schedule. The iterative 

algorithms of minimization did not converge the observed migration data. Different criteria were utilized 

to calculate the initial parameters. These problems obstruct the utilization of model migration schedules 

developed by Rogers and Castro (1981). 

Problems in the use of migration schedules are caused by several reasons. Methodological and 

technical reasons are important to understand these difficulties. There are differences in the definition of 

migration rates between Rogers and Castro’s study (1981) and this present paper. The high variance of 

migration rates among ages, in this paper, decreases the possibility of adjustment. The statistical software 

could not fit the parameters for model migration schedules. 

Theoretical and substantive reasons are also related to the problems of modeling migration data. 

Migration is no longer related just to labor market changes across ages. Because of new reasons of 

population movements, Rogers and Castro’s model cannot fit migration rates. 

In another study, Jannuzzi (1998; 2000) developed some methodological procedures creating new 

models of migration rates. He used new reasons for migration in his models. New models were not just 

based in economic variables. Different motivations for population movements were considered. Family 
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followers in the migration were considered in the construction of new models. Jannuzzi’s model has 

fourteen different categories. The formula below illustrates migration rate developed by the author: 

∑=
k kiki ps

N
MT * ,        (10) 

in which M is the total of migrants; N is the total of residents; M/N is the gross migration rate; sik is the 

model-migration rate for age group i in migration category k; and pk is the proportion of migrants in 

category k. For those surveys that do not have this proportion of migrants, multivariate regressions are 

needed to estimate pk. 

Jannuzzi argues that some factors can affect the quality of modeling migration rates. The 

definition of migrant can affect the quality of estimated rates. In order to use his model, it is necessary to 

calculate migration rates as he did. His rates were calculated using some rules. If the leader of the family 

was a migrant, everybody in the household was also considered a migrant. The period of analyses equals 

thirteen years, from 1980 until 1993. In the denominator, the population in the region of destination was 

calculated. 

In the present research, rules to estimate migration rates were not similar to those followed by 

Jannuzzi (1998; 2000). Individuals were considered migrants after the analysis of census variables. Those 

people who lived less than five years in the actual municipality were considered migrants. Another case 

of migrants includes people who lived in another city exactly five years before the census. This 

information does not depend on the information of the leader of the family. Furthermore, the period of 

analysis equals five years, from 1975 until 1979 (IBGE, 1980), from 1986 until 1990 (IBGE, 1991) and 

from 1995 until 1999 (IBGE, 2000). In the denominator, the number of person-years in the region of 

origin was estimated. Because of these differences, migration models proposed by Jannuzzi (1998; 2000) 

were not utilized. Because of all these methodological issues explained above, migration models to shape 

observed curves were not used in this paper. 

Since procedures to model migration rates were not successful, a statistical procedure was applied 

to adjust rates. This procedure was applied to decrease the influence of outlier migration rates. These 

outlier observations exist because of deficiencies in migration variables. In Brazilian censuses, migration 

variables are not collected for the entire population. Thus, the amount of observations in censuses is not 

large enough for migration information. Migration is a demographic variable that does not occur as often 

as other population components. Fertility and mortality occur more often than population movements. For 

this reason, migration rates present a considerably oscillating shape across ages. 

The technique utilized to adjust observed migration curves is called Loess. This kind of technique 

is more flexible than the model migration schedules discussed above (Rogers and Castro, 1981; Jannuzzi, 

1998; Jannuzzi, 2000). Initial parameters to the curve are not required to initiate the adjusting process. 
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The statistical software SAS was utilized to the adjustment of migration rates. After several trials, 

adjusting procedures were not used to correct rates. Since the present study is utilizing five-year age 

groups, the Loess technique generates patterns that are too linear. These adjusted rates do not have 

enough information about oscillations on the shape of migration across ages. Therefore, migration rates 

were not modeled or adjusted. 

As discussed before, age-specific emigration rates were estimated for two regions of destination 

(states of Bahia and São Paulo) by sex using 1980, 1991 and 2000 censuses. Therefore, 12 migration 

curves were generated. 

 

Results 

The techniques discussed in the previous sections were applied to the population movements 

between the Brazilian states of Bahia and São Paulo. During the 1960s and 1970s, the migration from 

Bahia to São Paulo was characterized by a rural to urban migration. Lower classes people migrated and 

still migrate from Northeast to São Paulo, since this state has the most industries and job opportunities in 

Brazil. Before the illustration of results for these specific areas, a discussion about the main migration 

patterns in Latin America are addressed. 

Roberts (1995) discusses about the relationship between the process of industrialization and the 

migration flows in underdeveloped countries, mainly in Latin America. Changes in the agricultural areas 

were important in the process of internal migration. However, recent migration patterns seem to show that 

rural-urban population movements are decreasing in developing countries. This new pattern needs to be 

analyzed as a broad process, including its indirect effects in the destination areas. Children of migrants 

born in the urban area are an important aspect in this discussion. 

In previous centuries, Latin American countries had economies based on exportation of 

agricultural products. The industrialization changed this process. Investments on urban areas developed 

those areas and made other areas more dependent to the large cities. However, since the 1980s, the rural-

urban migration has a lower importance. Some reasons are the declining of people living in rural areas 

and the flourishing of medium urban centers as new destination areas. 

Roberts (1995) explains four different types of agrarian structures in Latin America. The first one 

is characterized by a large-scale commercial production. The second type is the one with an economy 

based on mining or plantation agriculture, such as banana and sugar plantations. The labor force comes 

from areas of subsistence farming. The third type of agrarian structure is a small-scale farming, oriented 

to some market activities, encountered in many Latin American countries. The fourth kind is the 

subsistence farming combined with low productive stages, common in most countries. These agrarian 

structures can explain the rural-urban migration in those countries. 
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Moreover, Roberts argues that industrialization increases the diversification and 

commercialization of rural areas, expanding the peasant sector. Industrialization and migration have a 

complex relation in the development of capitalism. Thus, internal migration can be seen as the 

incorporation of provincial areas by the dominant national urban economy. 

Cerrutti and Bertoncello (2003) show that the Import Substitution Industrialization (IS) model 

had a crisis since the 1970s. This economic process created a new dynamic in Latin American countries, 

changing the patterns of population distribution and mobility. On previous decades, the rural-urban flow 

contributed to a fast urban growth. On recent decades, the population dynamic has changed. “On the one 

hand, migration rates from rural to urban areas have decreased; on the other, urban natural growth rate 

continued being significantly lower than rural” (Cerrutti and Bertoncello, 2003:6). Nowadays, the most 

important flow is the urban-urban migration. Two aspects of this new pattern is the increasing 

significance of middle size cities and the intra-metropolitan migration. 

The intra-metropolitan migration occurs from central urban areas to peripheral territories. On one 

hand, upper classes are segregated in gated communities isolated from lower classes. On the other hand, 

low-income people are concentrated in deteriorated urban areas. Internal migration became more 

complex, with a widely variety of places of origin and destination and a change in the socioeconomic 

characteristics of migrants. 

Following, some data will be presented, such as the number of migrants between Bahia and São 

Paulo, the proportion of migrants in the population of origin, the total emigration rate (TER), and the 

curves of estimated and proportional age-specific emigration rates (ASERx). Those data cannot verify the 

hypothesis that migration from rural to urban areas has been substituted by urban to urban migration. The 

intention is to analyze the levels and patterns of migration flows between those Brazilian states, showing 

that the previous techniques are an important tool in the explanation of population movements. 

The Table 1 shows that the number of migrants from Bahia to São Paulo increased from 1975-

1979 to 1995-1999. For instance, the female migration increased 116.3% (from 249,618 to 539,862) from 

the first period to the last one. Moreover, the migration from São Paulo to Bahia improved significantly. 

The male migration augmented 333.1% (44,736 to 193,734) from 1975-1979 to 1995-1999. Analyzing 

the proportion of those migrants on the population of region of origin, the numbers show a decrease from 

1975-1979 to 1986-1990, and a increase from 1986-1990 to 1995-1999. These proportions are a good 

migration measure, because the size of population that had the risk to migrate was taking into account. 

<<< Table 1 about here >>> 

The total emigration rates between Bahia and São Paulo and Northeast and Southeast are 

presented in Table 2. 

<<< Table 2 about here >>> 
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In general, the level of migration from Northeast to Southeast and from Bahia to São Paulo 

decreased from 1975-1979 to 1986-1990 and increased from 1986-1990 to 1995-1999.  

On the one hand, the interesting information is that in the first and third periods, the rates of 

migration are higher for women. This result is opposite to the assessment made by Rogers and Castro 

(1981), in which the selectivity of migration would present higher rates to men than to women. In the case 

of Table 2, these data might be showing that areas with more opportunities of insertion into the labor 

market attract women from rural areas or small cities in Northeast and Bahia to more industrialized and 

modern areas in Southeast and São Paulo. On the other hand, the migration rates from Southeast to 

Northeast and from São Paulo to Bahia present higher levels for men than for women, in all periods. In 

this case, areas with fewer opportunities for women to enter into the labor force attract more male 

migrants. 

The Figure 2 is another form to analyze the level of migrants between Bahia and São Paulo. 

These rates are reported in Tables 1 and 2 in the Appendix. First of all, age-specific emigration rates show 

that migration from Bahia to São Paulo is much greater than from São Paulo to Bahia. Moreover, the level 

of migrants from Bahia to São Paulo increased in 1995-1999, comparing to the previous periods. For 

women, this raise is greater than for men, supporting to the data analyzed in Table 2. 

The Figure 3 illustrates the proportional ASERx between Bahia and São Paulo. Those rates 

provide information to understand the migration patterns. The estimation of proportional rates was made 

using the ASERx in Figure 2, making the sum across age groups equals one unit. These results are 

reported in Tables 3 and 4 in the Appendix. These curves show that migration from Bahia to São Paulo is 

concentrated between the age groups 15-19 and 30-34. This is a typical migration caused by persons 

looking for job opportunities, since these rates aggregate individuals in labor ages. For the case of 

migration from São Paulo to Bahia, the importance of rates in earlier ages is higher. This is consistent 

with the assessment that this migration is more related to familiar movements. Thus, the migration 

movements between those areas have different patterns. The data are reinforcing the considerations that 

São Paulo has more job opportunities to persons in labor ages, and Bahia is more attractive to a familial 

migration pattern. 

<<< Figure 2 about here >>> 

<<< Figure 3 about here >>> 

 

Discussion 

The technique developed by Machado (1993) is very important for migration research. The 

estimation of migration rates can be conducted in two different ways. One procedure utilizes questions on 

previous place and duration of residence. This procedure is the technique developed by Machado (1993). 
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This kind of migration information is furnished by 1980, 1991 and 2000 censuses. The other estimative of 

migration rates uses questions about residence at a fixed prior time. This technique is a direct way to 

estimate migration rates. This information was first gathered in the 1991 census and following in the 2000 

census. However, migration rates were not estimated using this direct technique, but only using 

Machado’s procedure, which is very important for demographic analysis. On one hand, migrant patterns 

can be evaluated through the shape of proportional estimated curves. On the other hand, migrant levels 

are examined by the total emigration rate. 

It is worthy emphasizing that some corrections were applied to Machado’s technique (1993), 

because his formula presented some errors. In the denominator of the formula, some changes were 

applied. It is essential the inclusion of the component of emigration in the denominator. Moreover, 

weights need to be changed to improve results. In the numerator, a specific change must be realized. 

Children between zero and five years of age need to have special weights. This correction adds the 

indirect effect of migration. This procedure prevents the underestimation of migration rates on these early 

ages. The correction of Machado’s technique is an improvement in the study of migration. 

Some limitations are encountered in the 2000 census. Questions on previous place and duration of 

residence have limitations. Information about municipality of previous residence is not available. The 

information is just about state or country of residence. Therefore, it is not possible to estimate intra-state 

emigration rates. In the 2000 census, intra-state analyzes can be made using information of residence at a 

fixed prior time. 

Even with these difficulties using the 2000 census, Machado’s technique is highly useful. This 

kind of research can be utilized by several researchers around the world. The development of migration 

techniques will be possible by using real data. New techniques might arise to increase the results obtained 

by research in this area. 

The main results for the migration between Bahia and São Paulo suggest higher migration levels 

from Bahia to São Paulo than the opposite direction. More industrialized areas attract more female than 

male migrants, which might be explained by the existence of more opportunities of insertion into the 

labor market for women. The patterns of migration are different between those states. On the one hand, 

migration to São Paulo is more concentrated in labor ages. On the other hand, migration to Bahia presents 

rates more uniform across all age groups, which suggest a familial migration. 
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Figure 1. The model migration schedule elaborated by Rogers and Castro 

 
Source: Rogers and Castro (1981:6). 
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Table 1. Total Number of Emigrants and Proportion in the Population of Origin by Region and 
Sex: Selected Brazilian Areas, 1975-1979, 1986-1990, 1995-1999 

1975-1979 1986-1990 1995-1999 Region Male Female Male Female Male Female 
Northeast to 
Southeast 1,039,548 1,081,717 1,190,793 1,194,996 1,664,949 1,812,730 

Bahia to 
São Paulo 219,893 249,618 304,146 314,272 482,972 539,862 

Southeast to 
Northeast 260,073 244,602 514,962 478,956 841,201 763,012 

São Paulo to 
Bahia 44,736 42,921 91,893 87,865 193,734 182,099 

Proportion in the population of origin  
 

Northeast to 
Southeast 0.060994 0.060867 0.057301 0.055037 0.071058 0.074440 

Bahia to 
São Paulo 0.047097 0.052151 0.051924 0.052293 0.074656 0.081593 

Southeast to 
Northeast 0.010105 0.009407 0.016669 0.015039 0.023742 0.020622 

Sao Paulo to 
Bahia 0.011349 0.010481 0.021563 0.019127 0.033596 0.028894 

Source: Table constructed by the author, based on IBGE (1980; 1991; 2000). 
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Table 2. Total Emigration Rate (TER) by Region and Sex: Selected Brazilian Areas, 1975-1979, 
1986-1990, 1995-1999 

1975-1979 1986-1990 1995-1999 Region Male Female Male Female Male Female 
Northeast to 
Southeast 0.166779 0.168524 0.154852 0.148777 0.193040 0.201819 

Bahia to 
São Paulo 0.130010 0.143407 0.139747 0.137829 0.199146 0.212118 

Southeast to 
Northeast 0.033909 0.031315 0.053048 0.048379 0.080175 0.070546 

São Paulo to 
Bahia 0.011994 0.011532 0.019264 0.017927 0.036925 0.034099 

Source: Table constructed by the author, based on IBGE (1980; 1991; 2000). 
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Figure 2. Age-specific Emigration Rates (ASERx) by Age Group and Sex: Brazilian States of Bahia and São Paulo, 1975-1979, 1986-1990, 
1995-1999 
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Source: Figure constructed by the author, based on IBGE (1980; 1991; 2000). 
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Figure 3. Proportional Age-specific Emigration Rates (ASERx) by Age Group and Sex: Brazilian States of Bahia and São Paulo, 1975-1979, 
1986-1990, 1995-1999 
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Source: Figure constructed by the author, based on IBGE (1980; 1991; 2000). 

 


	05-06-03-cover.pdf
	PRC Working Paper Series
	No. 05-06-03


