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The Importance of Indirect Estimation of 
Migration Flows

• Indirect estimation is useful for generating 
information on age-specific, inter-regional 
migration flows, when no data on migration 
flows are collected.  These data are interesting of 
themselves, and also valuable for predicting 
population change, and for use in government 
and business planning.



Overview of Method 1: Inferring Migration Flows from Infant 
Population Stocks

• Assumptions of the method
• Outline of the method
• Data examined in this case study
• An example of implementing method 1 in EXCEL
• How the results can be assessed
• Summary of the results
• Suggestions for improving the results
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ASSUMPTIONS: 

• Model Migration Schedule

R2 = 0.953
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Inferring Survivorship Proportions from Infant Population Stocks
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Age-to-Infant Ratio:

For this project, the migration values 
being estimated are survivorship 
proportions, which are equal to the 
number of migrants moving from i to j
divided by the total population in i.

Another interpretation of survivorships, a measurement taken from mortality 
studies, is that an individual in i, has the probability of surviving (Sij(x)) in j, t
years later.

Inferring survivorships takes place by using the age-to-infant ratio

The calculation of infant survivorship proportions only requires data on the 
population stocks, which makes this an attractive method.

x = 0, 5, 10, …, 80



Data

• U.S. Census 1985-
90 data is used to 
predict 1995-2000, 
four-region, 
interregional 
migration for U.S. 
born migrants

• The same 
information will be 
examined in all 
three methods for 
comparison.



An Illustration of Indirect Estimation

Suppose you have data for 1985-90 across a number of age groups.  
Suppose you also have data to create survivorships for the first age 
category for 1995-2000.  

With this information you can infer the survivorships that you are 
missing, given that data that you do have.



An Illustration of Indirect Estimation

First, you will need to generate the ATI ratios for the years that you do have 
data.  Recall that this is done simply by dividing: Sij(x)/Sij(-5).



Now, given the ATI ratios, you can predict the survivorships for the age 
groups that you are missing.  This is done by multiplying the ATI from the 
previous year by the survivorship for the first age group for the year with 
missing data.

An Illustration of Indirect Estimation

You can then plot the data you 
have created.  In this study, we 
have done the following for 4 
regions and destinations.  Since 
we do have data for 1995-2000, 
we can assess the quality of the 
estimates.

Migration Flows from the North East
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How to Assess Predicted Values
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Mean Algebraic Percent Error (MALPE):

Mean Absolute Percent Error (MAPE):

R-squared Values for Each Migration Flow



Assessment of Predicted Values, 1995-2000

Mean Absolute Percent Error = 15%

Mean Algebraic Percent Error = -2.3%

The Mean Algebraic Percent Error 
shows where the predicted values over 
and under-estimate the actual values.

The age-to-infant ratio best predicts ages 
0-5 and 25-29.  It tends to most 
overestimate ages 30-34, 60-64, and 
70+, and underestimate 15-24 and 40-59.

The Mean Absolute Percent Error shows 
how the overall level of error varies over 
the age categories.

The error is the greatest for ages 75-79, 
where MAPE = 30%, and lowest for 
ages 0-5, where the MAPE = 6.2%.

Mean Absolute Percent Error for 1995-2000 Estimates
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Assessment of Predicted Values, 1995-2000

Mean Algebraic Percent Error by Region Mean Absolute Percent Error by Region

The Mean Algebraic Percent Error 
shows where the predicted values over 
and under-estimate the actual values.

The age-to-infant ratio best predicts 
flows from W-MW.  It tends to most 
overestimate flows from NE-S and 
underestimate flows from S-MW.

The Mean Absolute Percent Error shows 
how the overall level of error varies over 
the different flows.

The error is the greatest for the Northeast 
to South, and lowest for the South to 
Northeast flows.
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Assessment of Predicted Values, 1995-2000
R-squared Values by Region Predicted and Observed from South to Midwest
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Assessment of Predicted Values, 1995-2000
R-squared Values by Age Predicted and Observed Ages 0-4, across Flows
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POSSIBLE COMPLICATIONS: 

• Model Migration Schedule with Retirement Peak

• Violation of Temporal Assumptions

POSSIBLE SOLUTIONS: 

If there are retirement peaks in the previous 
periods, but not in the current time period:

• Use Age-to-Infant Ratios from more similar 
flows, perhaps find other contextual information 
that would help predict discrepancies in the age 
profile of migration

1985-1990: Northeast to South, Midwest to South, 
Midwest to West

If there are retirement peaks:

• Regression analysis, where retirement peak 
flows are estimated separately from non-
retirement peak flows

• Improved OLS by estimation: 

Sij(x) = a+ b(x)Sij(-5) +  c(x)iKj(+)% + error term

• Logged-odds estimation

• Include more time periods: Geographical 
Analysis, 30(1):2004 examines 1960-1990 data



Retirement Peak found through time, 1960-1990: 

Predicted and Observed Migration Schedules from Northeast to South
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Issues for Future Research

• Using the birthplace-specific population 
stocks of infants, other age-specific 
migration flows can be inferred.

• How well does this methods work for other 
countries?

• Can excluding certain outliers in the data, 
by using confidence intervals, help 
improve this method?


