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Introduction

Birth rate data is readily available via many sources, including the internet.  Most data shows interesting trends that can be seen throughout the history, which are expected to align with significant events.  However, this can make data modeling much more difficult.
In this exercise, I attempt to find a reasonable model to accurately forecast future birth rates.  To aide in my project, I have relied on the statistical software R.  The remainder of this report outlines the process, analysis and results of my efforts.
Data Review
The birth rate data utilized for this analysis was taken from US Center for Disease Control website.  This source provides a significant amount of data, ranging from 1909 to 2000.  Table 1 illustrates the birth rates over this period.  In addition, the complete data has been provided in Appendix A.
Table 1: Birth Rate “Raw” Data
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In the development of an ARIMA model, one would not want to utilize the entire data set in the determination process.  Instead, some data should be excluded for future model testing.  For this exercise, I chose to utilize the data between 1909 and 1964 for model estimation purposes.  Later we will see how the 1965 through 2000 data will be used for testing of forecasts.  
Table 2 represents the autocorrelation function of the sample data set (1909 – 1964).  It is clear from this chart that the series is not stationary.  There is no clear indication that the data is trending to zero quickly.  Instead, the series does not reach zero until lag eleven or twelve.

Table 2: Autocorrelation and Partial Autocorrelation of Birth Rate Data [image: image2.png]ACF
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In an attempt to achieve a stationary series, I have taken the first differences of the sample data.  Table 3 illustrates the first differences of the Birth Rate data.  It is clear that taking the first differences removes many of the trends that were easily noticed in the raw data.  The first differences have an average rate of -0.16 with a variance of 1.0.  
Table 3: First Differences of Birth Rate Data [image: image3.emf]Birth Rate Data First Differences
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Though the first differences illustration is pointing towards a stationary series, it is still necessary to complete further analysis of the data.  Table 4 provides both the autocorrelation and partial autocorrelation functions of this data.  It is noted that this autocorrelation function quickly nears zero after only two or three lags and oscillates within +-0.35.  In addition, we find no long-term trends in the data.  Because the autocorrelation function is not close to zero for all time points, it can be accepted that this is not a white noise process.  All characteristics indicate that the first differences series is stationary.

Review of the partial autocorrelation function indicates that this series may be modeled as an ARIMA process with two parameters.  Because the data reaches zero over very few time steps, a moving average model may be most appropriate.  In the interest of better understanding this data and model, I have also chosen to review models with other parameters.  I have chosen to display the additional model results of MA(3) and MA(4) here.  Additional models can be reviewed in the attached spreadsheet.
Table 4: Autocorrelation and Partial Autocorrelation of Birth Rate First Differences
[image: image4.png]ACF

Partial ACF

04 10

-02

00 02

03

Series FirstDiff

Lag

Series FirstDiff





Model Estimation
Moving Average(2)

The first model that was fitted to the sample data was a Moving Average with two parameters.  Utilizing the R program, the parameters were found to be:

µ = 24.11
θ1 = -0.6380
θ2 = 0.3620
Therefore the model becomes:


Yt = 24.11 + εt – 0.6380εt-1 + 0.3620εt-2
Based on the first differences of the sample data, I was able to calculate a forecast for this model.  Table 5 illustrates the slight error the forecast model has produced.  

Table 5: MA(2) Model and Forecast
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Based on preliminary analysis mentioned above, it is believed that a moving average model with two parameters will be the best fit for this data.  However, I have prepared additional moving average models with three and four parameters for comparison.
Moving Average(3)

Parameters:
µ = 24.11
θ1 = -0.9856
θ2 = 0.2545
θ3 = 0.5420
Model:

Yt = 24.11 + εt – 0.9856εt-1 + 0.2545εt-2 + 0.5420εt-3
Table 6: MA(3) Model and Forecast
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Moving Average(4)

Parameters:
µ = 24.11
θ1 = -0.8869
θ2 = 0.3575
θ3 = 0.4131
θ4 = -0.2763
Model:

Yt = 24.11 + εt – 0.8869εt-1 + 0.3575εt-2 + 0.4131εt-3 – 0.2763εt-4
Table 7: MA(4) Model and Forecast
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Model Selection and Diagnostic Checking
Based on the three models described above, the moving average model with two parameters has been chosen as a best fit for this data.  This is consistent with the preliminary analysis of the autocorrelation and partial autocorrelation functions described above.

To support this choice, diagnostic checking was completed for the MA(2) model only.  Table 8 outlines this information.
As seen from Table 8, the standardized residuals appear random and show no signs of any trend.  In addition, the autocorrelations are centered around zero and within the white noise process limits.  Review of the large p-values indicate the moving average model with two parameters is an appropriate fit for this data.

Table 8: MA(2) Diagnostic Checking
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Conclusion
Based on my analysis, I have determined that a moving average model with two parameters is the most appropriate fit for the birth rate data I have utilized.  I found that because of historical trends, including the baby boom, the raw data was not fit to be modeled.  Instead, first differences were utilized after confirming a stationary series.

The autocorrelation and partial autocorrelation function of the differences pointed toward a moving average model with few parameter, most likely two.  To be certain, I tested from two to four parameters.  As expected, the two parameter model provided the best fit.  The diagnostic checks supported this conclusion.

The MA(2) model provides a very reasonable fit to the actual data.  I left 36 years to test the forecast model.  As can be seen in the Table 9, the results are within reason.  The statistical moving average model with two parameters can be utilized to forecast the next year’s birth rate.

Table 9: Birth Rate MA(2) Forecast Results
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Appendix A: Birth Rate Data

[image: image11.emf]Year Birth Rate Year Birth Rate

1909

30.0            

1955

25.0            

1910

30.1            

1956

25.2            

1911

29.9            

1957

25.3            

1912

29.8            

1958

24.5            

1913

29.5            

1959

24.0            

1914

29.9            

1960

23.7            

1915

29.5            

1961

23.3            

1916

29.1            

1962

22.4            

1917

28.5            

1963

21.7            

1918

28.2            

1964

21.1            

1919

26.1            

1965

19.4            

1920

27.7            

1966

18.4            

1921

28.1            

1967

17.8            

1922

26.2            

1968

17.6            

1923

26.0            

1969

17.9            

1924

26.1            

1970

18.4            

1925

25.1            

1971

17.2            

1926

24.2            

1972

15.6            

1927

23.5            

1973

14.8            

1928

22.2            

1974

14.8            

1929

21.2            

1975

14.6            

1930

21.3            

1976

14.6            

1931

20.2            

1977

15.1            

1932

19.5            

1978

15.0            

1933

18.4            

1979

15.6            

1934

19.0            

1980

15.9            

1935

18.7            

1981

15.8            

1936

18.4            

1982

15.9            

1937

18.7            

1983

15.6            

1938

19.2            

1984

15.6            

1939

18.8            

1985

15.8            

1940

19.4            

1986

15.6            

1941

20.3            

1987

15.7            

1942

22.2            

1988

16.0            

1943

22.7            

1989

16.4            

1944

21.2            

1990

16.7            

1945

20.4            

1991

16.2            

1946

24.1            

1992

15.8            

1947

26.6            

1993

15.4            

1948

24.9            

1994

15.0            

1949

24.5            

1995

14.6            

1950

24.1            

1996

14.4            

1951

24.9            

1997

14.2            

1952

25.1            

1998

14.3            

1953

25.1            

1999

14.2            

1954

25.3            

2000

14.4            


* Source: http://www.cdc.gov/nchs/data/statab/t001x01.pdf
Appendix B: R Code
#Populate BirthRateData with sample data set (1909-1964) and view graph
BirthRateData<-scan("C:/Data/FAP_Proj/BirthRateDataSample.txt")
ts.plot(BirthRateData)

#View autocorrelation and partial autocorrelation of BirthRateData

par(mfrow=c(2,1))

acf(BirthRateData)

pacf(BirthRateData)

#Populate BirthRateDataDiff with first differences and view graph

BirthRateDataDiff<-diff(BirthRateData)
ts.plot(BirthRateDataDiff)
#View autocorrelation and partial autocorrelation of BirthRateDataDiff

par(mfrow=c(2,1))

acf(BirthRateDataDiff)

pacf(BirthRateDataDiff)

#Find parameters of MA(#) model

param<-arima(BirthRateDataDiff,order=c(0,1,#))  

param
#Diagostic checking
tsdiag(param)
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