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Personal Income and Fertility Rate in the US (1952 to 2005)

Introduction 
One would expect fertility rates and personal income to be correlated. In the developing world, women who believe their children have good economic prospects have fewer children so they can give the most resources to each child.  I wondered if women in this country would be doing something similar – having fewer children as their wealth grows because those children are expected to have greater opportunities. My hypothesis is that fertility rates have a negative correlation with personal income. To look at this, I regressed the birth rate in the US per 1000 people to the per capita real income of the prior year.  I used the prior year because there is a 9-month lag in the initiation of a pregnancy and the birth.  I modeled the residuals with an AR(1) process and modeled the first differences of the residuals with a MA(1) process.  I used Box-Pierce Q Statistics and the principle of parsimony to select the AR(1) model.
Data
I used the yearly fertility rate per 1,000 people in the United States from 1952 to 2005 and regressed it against the prior year’s real annual income per capita.  To get the real annual income, I performed the following steps to the nominal income per capita.

1. I had yearly nominal income per capita and monthly CPI.  (Tabs “Personal income US” and “CPI”)
2. I got the monthly nominal income by dividing that year’s annual income by 12. (“Real Income Per Month” tab)
3. I got the real income per month by dividing the monthly income by the CPI. (“Real Income Per Month” tab)
4. I summed the real income per month to get the annual real income. (“Births and Real Income per year” tab – columns B:C)
I fitted a linear regression analysis to the data in several ways.  
a) Personal Income of the prior year as the independent variable and the fertility rate as the dependent variable (See “Births and Real Income per year” and “Regression” tabs).

b) Fertility rate in prior year as the independent variable and fertility rate of the current year as the dependent variable (See “PriortoCurrentBirthrate” tab).
c) The reciprocal of the personal income of the prior year as the independent variable and the fertility rate as the dependent variable (See “BirthsAndRealIncomeReciprocal” and “ReciprRegression” tabs)

d) The reciprocal of the personal income of the prior year as the independent variable and the natural log of the fertility rate as the dependent variable (See “LogBirthsIncomeReciproc” and “LogReciprRegression” tabs).

e) The first difference of the personal income of the prior year as the independent variable and the first difference of the fertility rate as the dependent variable (See “OtherTests” – columns B:C – and “firstDiffReg” tabs).

f) The percent change of the personal income of the prior year as the independent variable and the percent change of the fertility rate as the dependent variable (See “OtherTests” – columns D:E – and “FirstDiff%Reg” tabs).

g) The natural log of the personal income of the prior year as the independent variable and the natural log of the fertility rate as the dependent variable (See “OtherTests” – columns H:I– and “LogRegression” tabs).

h) The first difference of the natural log of the personal income of the prior year as the independent variable and first difference of the the natural log of the fertility rate as the dependent variable (See “OtherTests” – columns J:K– and “LogFirstDiffRegr” tabs).

i) Using a smaller subset of data from 1973 to 2005 for the regression in (a) to see if similar patterns in the autocorrelations persisted.

The first and second linear regressions were most useful in this project and will be discussed further in this analysis.
Topic:

The fertility rate changes over time and has a correlation to the personal income of a population.

Using linear regression, I set the fertility rate as the dependent variable (Y) and the personal income as the independent variable (X).

The resulting best fit estimate was Y = 29.36 – (0.0978)*X with R2 of .767.  
The R2 statistic indicates that 76.7% of the variation of each y value (fertility rate) around the mean of y can be explained by the x regressor (personal income).
The results of the F- test help us decide between a coefficient of 0 for the personal income regressor (indicating just white noise around a mean) and a coefficient not equal to 0.  Since 4.67 x10-18<.05 we reject that the coefficient equals 0 and conclude the regression is significant at the 95% confidence level.

[image: image1.emf]R Square F Significance F

0.767 170.76 4.67E-18


Both the intercept and the coefficient of X showed a very good fit with p-values of 1.24 x 10-35 and 4.67 x10-18, respectively.  We reject the hypothesis that the coefficients equal 0 at the 95% confidence level. 
[image: image2.emf]CoefficientsStandard Error t Stat P-value

Intercept 29.36423933 0.928509882 31.62512 1.24E-35

Real income in prior year -0.09783933 0.007487162 -13.0676 4.67E-18


I modeled the residuals of this regression with an ARIMA process.  I felt the AR(1) was the best fit for this series.  The phi is estimated at 0.87. (See tab ”Births and Real Income per year” columns L:Q)
I also fitted the first differences of the residuals with a MA(1) process and estimated theta at -0.38. (See tab ”Births and Real Income per year” columns S:W)
The fertility rate of the current year has an even greater correlation to the fertility rate of the prior year, yielding the following results.

[image: image3.emf]R Square F Significance F

0.984 3070 3.079E-47


[image: image4.emf]Coefficients Standard Error t Stat P-value

Intercept 0.429840888 0.315991679 1.360292 0.17972

Birth rate Prior year 0.964009383 0.017398829 55.40657 3.08E-47


The residuals for this series did not show a good ARIMA model fit and I did not pursue this direction further. (See tab “PriortoCurrentBirthrate” columns O:R)
When I looked only at the original time series for autocorrelations I got better results.  I fitted an AR(1) and estimated the phi at 0.92 with excel formulas and 0.91 with the macro. (See tab “BirthrateAutoCorrelations” columns L:S).
When I examined the first differences, a MA(2) model may have been appropriate but the significance of the Box-Pierce Q Statistic was low and did not warrant further analysis.

For this project, I wanted to focus on the effect of personal income, so I will discuss the analysis of the Time series of the residuals of the first regression mentioned above.
Statistical Techniques: 

I used the F-statistic and P-value in the linear regression as noted above and determined there was a significant correlation in personal income and fertility.

Then I looked at the time series of the residuals of the regression.  I got the sample autocorrelations and the Box-Pierce Q statistic.  The first 10 are positive, then they are negative for 24 lags and then they are positive for the last 17 lags tested.  I determined it was not a MA(q) model because the autocorrelations do not decay quickly to zero after q lags at any obvious q.  I looked at the ratio of the first several autocorrelations and the autocorrelation of one lag prior and they had similar ratios.  Because the correlations become negative for a while and then positive again, we know the series is not stationary.  The Box-Pierce Q statistics are very high and indicate it is not a white noise process at greater than a 99.9% confidence on the chi-squared distribution using the degrees of freedom equal to h- v, where h is the number of lags of that correlation and v is the number of parameters estimated other than a constant term.  In this case v equals 1 for the coefficient of the x term in the regression.
Here is a graph of the auto correlations: 
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Autocorrelations of Residuals of Fertility to Personal Income Regression


I took the first differences of the residuals to see if I could get a stationary series.  I could fit this with a MA(1) model fairly easily, but the Box-Pierce Q Statistic was low, and did not surpass a critical value for 90% confidence after lag 3.  Therefore, we cannot reject the hypothesis that it is just a white noise process.
I looked at the regressions and resulting time series of the adjustments made in the scenarios described in the data section above and did not find a series that could completely eliminate the non-stationarity.  My analysis of these adjustments is discussed in the next section.

After altering the data in multiple ways and getting similar patterns in the autocorrelations, I decided by the principle of parsimony to use the simplest explanation, an AR(1) model of the regressions, because other series do not increase the accuracy enough to warrant adding the complexities.

The data is representative of a tumultuous time in women’s reproductive health and it is likely that other social factors provided some pressure on the fertility rate.  Women gained greater access to birth control and in 1973 abortions were made legal throughout the US.  Women also began joining the workforce in greater numbers and chose to spend less time on child-rearing.  Using an autoregressive ARIMA process will work for estimating a few periods forward, but constantly changing social factors play a role too.  Estimating fertility many years in the future would best with more variables.
Corrections and adjustments

The adjustments to the data were analyzed for how well they improved the estimations.  Comments on each of the adjustments discussed in the Data section are discussed below.
b) As discussed above, the fertility rate of the current year is correlated with the prior year’s rate.  But it is not stationary because after 14 lags, the auto correlations become negative. Here is a graph of the autocorrelations of the original series.
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I looked at the first differences as well.  The box-pierce test does not show significance after 5 lags at the 95% confidence level so I reject that this is not white noise.
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Because neither of these proved a stationary time series with high significance, it further supports my conclusion that the personal income correlates with the fertility but that there are other factors that affect it in this series of data.
c) Regressing the fertility on the reciprocal gave a linear regression with a very high R-square value (0.91) indicating a very good fit, but there was a similar pattern of negative autocorrelations in the residuals and first differences of the residuals, and the added complexity did not add to the analysis.

d) Taking the natural log of the fertility and regressing on the reciprocal of the income also gave a well fitted linear regression (R-square of 0.92) but the negative autocorrelations of the residuals after several lags persisted and the first differences did not meet significance tests.

e) The regression of first differences of the income and of the fertility showed a poor fit in the linear regression (R-square of 0.01) so I did not pursue further analysis.

f) Similarly the percentage change in the income and fertility rate had a low R-square value and I did not pursue further analysis.

g) Taking the natural log of both the income and fertility gave a good regression (R-square of 0.87) but had negative autocorrelations after the first several lags.  The added complexity did not help the analysis.

h) The first differences of the logs had a very poor regression (R-square value of 0.008) and I did not pursue further analysis.
i) Using a smaller subset of data (even one that is too small for normal analysis) did not remove the changes in the sign of the autocorrelations.  This supports my conclusion that other factors affect the fertility that are not discussed in this analysis.

Sources:

Yearly birth rate per 1,000 people in the United States (1952-2005, excluding 1981) obtained on 3/12/2012 from http://www.infoplease.com/ipa/A0005067.html#ixzz1owr0Bs00.  

Yearly birth rate per 1,000 people in the United States (1981 only) obtained on 3/12/2012 from http://www.nationmaster.com/graph/hea_bir_rat_cru_per_1000_peo-crude-per-1-000-people&date=1981. 
Personal Income data was obtained from the NEAS discussion forums.

CPI data was obtained from the NEAS discussion forums.

