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Introduction

The popularity of names given to newborn babies changes over time.  This can be due to current events, celebrity affiliations with certain names, and many other things.  This project looks at the rank of the female name Audrey among the top 1,000 female newborn names in the United States from 1880 to 1979.  Several different time series models; AR(1), AR(2), MA(1), and ARMA(1,1); will be fitted to the 100 data points in an effort to determine which is the most appropriate model for the data.  In addition, using the models developed, the rank of the name Audrey will be forecasted for the years 1980 to 2006 and compared with the corresponding actual ranks.

Model Specification 

The graph in Figure 1 below shows the rank of the name Audrey among the top 1,000 female baby names in the 100 years beginning in 1880.  It is obvious that until about 1930, the popularity of the name trended upward (and thus the rank decreased), and around this point the name began to become slightly less popular.  The raw data is clearly not a naturally stationary time series.  
Despite its non-stationary characteristics, the Box-Pierce Q-statistic was calculated in order to determine whether the process is a white noise time series.  Using 40 lags, the Q-test statistic is 397.57.  For the Chi-Squared distribution with 40 degrees of freedom, the critical value at the 95th percentile is 55.76; thus, because the Q-test statistic greatly exceeds the critical value, the hypothesis that this time series is a white noise process is rejected.
Figure 1
[image: image1.emf]Rank of the Female Name Audrey
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Figure 2 below shows the sample autocorrelation function for the original data.  Again, it is clear that this data does not represent a naturally stationary series.  First differences were taken in order to test whether the series is first-order homogenous nonstationary.  A graph of the first differences is shown in Figure 3.
Figure 2
[image: image2.emf]Autocorrelation Adjusted for Degrees of Freedom
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Figure 3

[image: image3.emf]1st Differences for Name Rank
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As is evident in Figure 3, the series of the first differences appears to be stationary.  The graph of the autocorrelation function for the first differences further supports this below, as the function quickly becomes close to zero and continues to fluctuate about zero as the lags increase.

Figure 4

[image: image4.emf]Autocorrelation of First Differences 
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Model Estimation
First, an AR(1) model is fit to the first difference data.  Using least squares regression, the model is given by the following equation.
AR(1):  yt = -10.343 – 0.39314yt-1 + εt
Since |φ1| = 0.39314 is less than 1, the series is stationary.  The mean of the AR(1) series is 
μ = δ / (1 – φ1) = -7.4242, which is equal to the mean of the first difference series.  Figure 5 illustrates the actual first difference series, as well as the AR(1) model.

Figure 5

[image: image5.emf]First Difference Vs. AR(1)
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Using the Box-Pierce test for goodness of fit with 40 lags, the Q-statistic is 29.35.  This value is below the critical value of 55.76; thus, the hypothesis that the residuals are generated by a white noise process is not rejected, and the model fits the data at the 95% confidence level.

In the same manner, MA(1), MA(2), and ARMA(1,1) models are fit to the first difference data.  These three models are as follows:
MA(1):  yt = -7.424 + εt – 0.4860εt-1
MA(2):  yt = -7.424 + εt – 0.4860εt-1  + 1.2362εt-1
ARMA(1,1):  yt = -0.39314yt-1 – 10.343 + εt – 0.4860εt-1
The Q-statistics were calculated with 40 lags for each of these models as well, and the values for all four models are listed below.  All four models have Q-statistics below the critical value of 55.76 at the 95% level of confidence.  Thus, these models fit the data at the 95% level.
AR(1):  7.68
MA(1):  8.17
MA(2):  21.90
ARMA(1,1):  3.58
Based on this test, the ARMA(1,1) looks to be the best fit for the data.
Model Evaluation

In order to evaluate the models, the actual ranking of the name Audrey for the years 1980 to 2006 is compared with the forecasted ranking for each of the models.  A graph of this data can be found in Figure 6 below.  As one can observe, the MA(2) model appears to be the model of the four that fits the data least well.  While the difference between the forecasts of the other three models is very little, there are substantial differences between the forecasts and the actual data at some points.

Figure 6
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Figure 7 below compares the rankings for years 1880 through 2006 with the forecast of the ARMA(1,1) model, which was determined to be the best-fit model for the data.  The model is a very close fit for the actual data, especially in the periods from 1910 to 1930 and 1985 to 2006.
Figure 7

[image: image7.emf]Actual Vs. Forecasted ARMA(1,1)
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Conclusion
The purpose of this project was to use the actual ranks of the female name Audrey among the top 1,000 female baby names in the years 1880 through 1979 to predict the rankings in the following twenty-seven years.  This was done by fitting several different time series models to the data, testing each one, and determining which was most appropriate.  While all four of the models developed here appear to be appropriate fits to the data, it is important to remember that there are many factors that can have an impact on the names parents choose for their children.  Media, celebrity life, and current events may have impacts, and these impacts may last for only one year or for many years to follow.

Furthermore, the models developed in this project are relatively simplistic.  More complex data analysis and models may prove to be better forecasts for the future ranking of the name Audrey among baby names.

Appendix:  Data

	Popularity of the female name Audrey

	Year of birth
	Rank
	
	Year of birth
	Rank
	
	Year of birth
	Rank

	1880
	955
	
	1923
	85
	
	1966
	184

	1881
	511
	
	1924
	84
	
	1967
	186

	1882
	748
	
	1925
	78
	
	1968
	212

	1883
	522
	
	1926
	59
	
	1969
	221

	1884
	398
	
	1927
	62
	
	1970
	241

	1885
	381
	
	1928
	60
	
	1971
	260

	1886
	424
	
	1929
	58
	
	1972
	279

	1887
	345
	
	1930
	63
	
	1973
	271

	1888
	374
	
	1931
	64
	
	1974
	259

	1889
	312
	
	1932
	61
	
	1975
	258

	1890
	270
	
	1933
	59
	
	1976
	239

	1891
	302
	
	1934
	69
	
	1977
	256

	1892
	309
	
	1935
	64
	
	1978
	234

	1893
	312
	
	1936
	68
	
	1979
	220

	1894
	301
	
	1937
	85
	
	1980
	212

	1895
	278
	
	1938
	87
	
	1981
	205

	1896
	276
	
	1939
	98
	
	1982
	177

	1897
	284
	
	1940
	99
	
	1983
	186

	1898
	272
	
	1941
	117
	
	1984
	184

	1899
	245
	
	1942
	120
	
	1985
	186

	1900
	228
	
	1943
	140
	
	1986
	180

	1901
	251
	
	1944
	150
	
	1987
	184

	1902
	202
	
	1945
	143
	
	1988
	180

	1903
	176
	
	1946
	149
	
	1989
	170

	1904
	177
	
	1947
	146
	
	1990
	161

	1905
	184
	
	1948
	157
	
	1991
	169

	1906
	179
	
	1949
	161
	
	1992
	175

	1907
	171
	
	1950
	158
	
	1993
	159

	1908
	164
	
	1951
	167
	
	1994
	162

	1909
	165
	
	1952
	168
	
	1995
	167

	1910
	162
	
	1953
	166
	
	1996
	164

	1911
	154
	
	1954
	149
	
	1997
	155

	1912
	145
	
	1955
	143
	
	1998
	145

	1913
	136
	
	1956
	149
	
	1999
	134

	1914
	138
	
	1957
	149
	
	2000
	115

	1915
	127
	
	1958
	164
	
	2001
	111

	1916
	119
	
	1959
	166
	
	2002
	100

	1917
	117
	
	1960
	174
	
	2003
	78

	1918
	118
	
	1961
	184
	
	2004
	80

	1919
	115
	
	1962
	188
	
	2005
	77

	1920
	103
	
	1963
	200
	
	2006
	68

	1921
	82
	
	1964
	196
	
	
	

	1922
	88
	
	1965
	200
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