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Analysis of Chickenpox Occurrences in New York City
Introduction

The goal of this project is to fit a time series model to the historical record of the Chicken Pox Incidence in New York City, New York, USA. In the analysis below, I propose several models and determine which is most appropriate, based on in-sample goodness-of-fit tests and out-of-sample forecast tests.

Data
Reported Number of Cases of Chickenpox
The data for this project was taken from the collections of a Time Series Data library. The link to reach this online library is: http://www.robjhyndman.com/TSDL. This data can be found in Appendix A. The data contains the reported number of cases of Chickenpox for each month starting from January, 1931 till June, 1972. I used the all monthly data from 1931 to 1970 to build a model, leaving the years 1971-1972 to perform an out-of-sample check.
Calculation Tools
All calculations for this project were performed in Microsoft Excel. To perform the regression analysis for the autoregressive models, I used the Microsoft Excel regression add-in.

Analysis

Below, I examine the data and propose several models. For all diagnostic tests, I used a 5% significance level.  

Examination of the Data

I began my analysis by creating a graph of the data and correlogram of the sample autocorrelations.
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Seasonality

The data seems to have peaks and valleys around specific times during the year. Since the data was available on a monthly basis, the seasonality was removed from data based on the algorithm provided in the text book in section 15.2.2.
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After the adjustment for seasonality the data seems to be quite random with no apparent seasonality.

Sample autocorrelations using the exact formula are used to form the Correlogram. Upon investigation of this graph there is some sugggested trend from the fact that the autocorrelation does not decline to zero till lag100 and has a very slow decline ther onwards.
[image: image3.png]Correlogram with DeSeasonlized Data

0.8

0.6

0.4

0.2

Lag





The correlogram of the data fairly close to zero by lag 100 and fluctuates about zero thereafter. We will take a look at the first differences of the de-seasonalized data to obtain a Correlogram that resembles a stationary time series.
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From the above Correlogram it does appear that the first differences resemble a stationary time series. The next step is to fit a model that simulates the time series.

[image: image5.emf]Y(t) y(t-1) y(t-2) y(t-3) y(t-4) y(t-5) y(t-6) y(t-7) y(t-8) y(t-9) y(t-10) y(t-11) y(t-12)

Feb-32

-99.0173

21.88 93.13 105.88 63.28 156.38 -168.59 -344.37 36.89 21.92 -64.48 177.82 -128.24

Mar-32

-177.213

-99.02 21.88 93.13 105.88 63.28 156.38 -168.59 -344.37 36.89 21.92 -64.48 177.82

Apr-32

77.35792

-177.21 -99.02 21.88 93.13 105.88 63.28 156.38 -168.59 -344.37 36.89 21.92 -64.48

May-32

141.7231

77.36 -177.21 -99.02 21.88 93.13 105.88 63.28 156.38 -168.59 -344.37 36.89 21.92

Jun-32

43.1771

141.72 77.36 -177.21 -99.02 21.88 93.13 105.88 63.28 156.38 -168.59 -344.37 36.89

Jul-32

-79.469

43.18 141.72 77.36 -177.21 -99.02 21.88 93.13 105.88 63.28 156.38 -168.59 -344.37

Aug-32

-122.359

-79.47 43.18 141.72 77.36 -177.21 -99.02 21.88 93.13 105.88 63.28 156.38 -168.59

Sep-32

89.24766

-122.36 -79.47 43.18 141.72 77.36 -177.21 -99.02 21.88 93.13 105.88 63.28 156.38

Oct-32

400.4744

89.25 -122.36 -79.47 43.18 141.72 77.36 -177.21 -99.02 21.88 93.13 105.88 63.28

Nov-32

498.4746

400.47 89.25 -122.36 -79.47 43.18 141.72 77.36 -177.21 -99.02 21.88 93.13 105.88

Dec-32

-124.444

498.47 400.47 89.25 -122.36 -79.47 43.18 141.72 77.36 -177.21 -99.02 21.88 93.13

Jan-33

-314.36

-124.44 498.47 400.47 89.25 -122.36 -79.47 43.18 141.72 77.36 -177.21 -99.02 21.88

: : : : : : : : : : : : :

: : : : : : : : : : : : :

Nov-70

-467.718

180.45 -212.27 64.40 137.19 -19.55 -46.14 224.26 -24.05 -15.42 -34.09 -14.30 -59.69

Dec-70

18.89656

-467.72 180.45 -212.27 64.40 137.19 -19.55 -46.14 224.26 -24.05 -15.42 -34.09 -14.30

Jan-71

-11.8699

18.90 -467.72 180.45 -212.27 64.40 137.19 -19.55 -46.14 224.26 -24.05 -15.42 -34.09

Feb-71

63.46913

-11.87 18.90 -467.72 180.45 -212.27 64.40 137.19 -19.55 -46.14 224.26 -24.05 -15.42

Mar-71

12.52141

63.47 -11.87 18.90 -467.72 180.45 -212.27 64.40 137.19 -19.55 -46.14 224.26 -24.05

Apr-71

74.30578

12.52 63.47 -11.87 18.90 -467.72 180.45 -212.27 64.40 137.19 -19.55 -46.14 224.26

May-71

-9.52045

74.31 12.52 63.47 -11.87 18.90 -467.72 180.45 -212.27 64.40 137.19 -19.55 -46.14

Jun-71

159.4574

-9.52 74.31 12.52 63.47 -11.87 18.90 -467.72 180.45 -212.27 64.40 137.19 -19.55

Jul-71

169.2065

159.46 -9.52 74.31 12.52 63.47 -11.87 18.90 -467.72 180.45 -212.27 64.40 137.19

Aug-71

-45.3272

169.21 159.46 -9.52 74.31 12.52 63.47 -11.87 18.90 -467.72 180.45 -212.27 64.40

Sep-71

-33.5354

-45.33 169.21 159.46 -9.52 74.31 12.52 63.47 -11.87 18.90 -467.72 180.45 -212.27

Oct-71

-267.69

-33.54 -45.33 169.21 159.46 -9.52 74.31 12.52 63.47 -11.87 18.90 -467.72 180.45

Nov-71

-94.0348

-267.69 -33.54 -45.33 169.21 159.46 -9.52 74.31 12.52 63.47 -11.87 18.90 -467.72

Dec-71

-18.3115

-94.03 -267.69 -33.54 -45.33 169.21 159.46 -9.52 74.31 12.52 63.47 -11.87 18.90

Jan-72

80.81974

-18.31 -94.03 -267.69 -33.54 -45.33 169.21 159.46 -9.52 74.31 12.52 63.47 -11.87

Feb-72

67.94737

80.82 -18.31 -94.03 -267.69 -33.54 -45.33 169.21 159.46 -9.52 74.31 12.52 63.47

Mar-72

34.24724

67.95 80.82 -18.31 -94.03 -267.69 -33.54 -45.33 169.21 159.46 -9.52 74.31 12.52

Apr-72

63.23136

34.25 67.95 80.82 -18.31 -94.03 -267.69 -33.54 -45.33 169.21 159.46 -9.52 74.31

May-72

192.1294

63.23 34.25 67.95 80.82 -18.31 -94.03 -267.69 -33.54 -45.33 169.21 159.46 -9.52

Jun-72

70.5914

192.13 63.23 34.25 67.95 80.82 -18.31 -94.03 -267.69 -33.54 -45.33 169.21 159.46


For this we obtain a lagged data matrix of first differences. From the available data it was possible to obtain 485 observations which have all the 12 lags. We reserve the last 12 observations to test the model forecasting ability and use the 473 observations to predict a model.

ARIMA(0,1,12)

[image: image6.emf]SUMMARY OUTPUT

Regression Statistics

Multiple R 0.450576

R Square 0.203019

Adjusted R Square0.182228

Standard Error164.5219

Observations 473

ANOVA

df SS MS F Significance F

Regression 12 3171710 264309.1911 9.764829999 4.6359E-17

Residual 46012451034 27067.46468

Total 47215622744

CoefficientsStandard Error t Stat P-value Lower 95% Upper 95% Lower 95.0% Upper 95.0%

Intercept -1.81353 7.567215 -0.239656197 0.810703546 -16.6841241 13.05706 -16.6841241 13.05706421

y(t-1) -0.07875 0.046351 -1.699093244 0.089977732 -0.169841303 0.012331 -0.169841303 0.012331323

y(t-2) -0.24908 0.046484 -5.358396441 1.33016E-07 -0.340427527 -0.15773 -0.340427527 -0.157732635

y(t-3) -0.23158 0.047403 -4.885335076 1.42784E-06 -0.324731346 -0.13843 -0.324731346 -0.138425652

y(t-4) -0.2796 0.048128 -5.80952465 1.17085E-08 -0.374175435 -0.18502 -0.374175435 -0.185021156

y(t-5) -0.14517 0.048956 -2.965261784 0.003181489 -0.241374926 -0.04896 -0.241374926 -0.048962735

y(t-6) -0.16386 0.048229 -3.397609082 0.000738835 -0.258640582 -0.06909 -0.258640582 -0.069087044

y(t-7) -0.23499 0.048123 -4.883010159 1.44394E-06 -0.329553533 -0.14042 -0.329553533 -0.140417052

y(t-8) -0.19871 0.049229 -4.036325555 6.35868E-05 -0.295447412 -0.10196 -0.295447412 -0.101963202

y(t-9) -0.15031 0.048364 -3.107999295 0.002000292 -0.245356274 -0.05527 -0.245356274 -0.055273347

y(t-10) -0.149 0.047844 -3.114276931 0.001959084 -0.243018224 -0.05498 -0.243018224 -0.05497932

y(t-11) -0.01893 0.046726 -0.405051046 0.685628288 -0.110749807 0.072897 -0.110749807 0.072896798

y(t-12) 0.111626 0.046609 2.394966319 0.017020963 0.020033926 0.203219 0.020033926 0.203218811


[image: image7.emf]DWS=
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Using linear regression, I determined that the optimal AR(12) model for this time series is 

yt = ϕ1yt-1 + ϕ2yt-2 + ϕ3yt-3 + ϕ4yt-4 + ϕ5yt-5 + ϕ6yt-6 + ϕ7yt-7 + ϕ8yt-8 + ϕ9yt-9 + ϕ10yt-10 + ϕ11yt-11 + ϕ12yt-12 + δ + εt
where 

	 
	Coefficients

	δ
	-1.81353

	ϕ (t-1)
	-0.07875

	ϕ (t-2)
	-0.24908

	ϕ (t-3)
	-0.23158

	ϕ (t-4)
	-0.2796

	ϕ (t-5)
	-0.14517

	ϕ (t-6)
	-0.16386

	ϕ (t-7)
	-0.23499

	ϕ (t-8)
	-0.19871

	ϕ (t-9)
	-0.15031

	ϕ (t-10)
	-0.149

	ϕ (t-11)
	-0.01893

	ϕ (t-12)
	0.111626


As an additional check that this time series is stationary, I compared the mean of this AR(12) model to the actual mean of the data.  According to this ARIMA(0,1,12) model, μ = δ / (1 – (ϕ1+ ϕ2+ ϕ3+ ϕ4+ ϕ5+ ϕ6+ ϕ7+ ϕ8+ ϕ9+ ϕ10+ ϕ11+ ϕ12)) = -0.6504.  The actual mean of the data is -0.6252.  This is another good indication that the time series is stationary. The stationarity of the process is also verified by property (ϕ1+ ϕ2+ ϕ3+ ϕ4+ ϕ5+ ϕ6+ ϕ7+ ϕ8+ ϕ9+ ϕ10+ ϕ11+ ϕ12) = -1.788348827 < 1.
For this model, I also performed the Durbin-Watson statistic which is equal to 2.010896. Therefore, we do not reject this model based on the Durbin-Watson test.

Based on the p-values from the above regression, we can say that the hypothesis of a non-zero coefficient for the lags of order 1and 11 would be statistically not significant based on the available data. If we remove these two variables from the above equation and run the regression again, then we get:

[image: image8.emf]SUMMARY OUTPUT

Regression Statistics

Multiple R 0.44497

R Square 0.197999

Adjusted R Square0.180639

Standard Error164.6817

Observations 473

ANOVA

df SS MS F Significance F

Regression 10 3093281 309328.1359 11.405884 1.49577E-17

Residual 46212529463 27120.04911

Total 47215622744

CoefficientsStandard Error t Stat P-value Lower 95% Upper 95% Lower 95.0% Upper 95.0%

Intercept -1.6399 7.573652 -0.216527358 0.8286723 -16.52297779 13.24317 -16.52297779 13.24317188

y(t-2) -0.24188 0.045713 -5.291383586 1.879E-07 -0.331712756 -0.15205 -0.331712756 -0.152052286

y(t-3) -0.20944 0.044875 -4.667260514 4.005E-06 -0.297629707 -0.12126 -0.297629707 -0.121259729

y(t-4) -0.25885 0.04568 -5.666572392 2.567E-08 -0.348613075 -0.16908 -0.348613075 -0.169081615

y(t-5) -0.12041 0.046408 -2.594533994 0.009773 -0.21160434 -0.02921 -0.21160434 -0.029210259

y(t-6) -0.14956 0.047096 -3.175544581 0.0015956 -0.24210546 -0.05701 -0.24210546 -0.057006795

y(t-7) -0.21894 0.045458 -4.816300633 1.986E-06 -0.308271529 -0.12961 -0.308271529 -0.129610209

y(t-8) -0.17801 0.046843 -3.800096765 0.000164 -0.270059397 -0.08596 -0.270059397 -0.085956107

y(t-9) -0.13056 0.045616 -2.862079283 0.0043999 -0.220197695 -0.04092 -0.220197695 -0.040916163

y(t-10) -0.13493 0.047133 -2.862777696 0.0043903 -0.227550997 -0.04231 -0.227550997 -0.042309322

y(t-12) 0.114084 0.04654 2.451311611 0.0146031 0.022627646 0.20554 0.022627646 0.205539562


[image: image9.emf]DWS=
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From the ARIMA(0,1,10) model above we have

yt = ϕ2yt-2 + ϕ3yt-3 + ϕ4yt-4 + ϕ5yt-5 + ϕ6yt-6 + ϕ7yt-7 + ϕ8yt-8 + ϕ9yt-9 + ϕ10yt-10 + ϕ12yt-12 + δ + εt
The mean of the sample and the model are also quite close where μ = δ / (1- (ϕ2 + ϕ3 + ϕ4 + ϕ5 + ϕ6 + ϕ7 + ϕ8 + ϕ9 + ϕ10 + ϕ12)) = -0.6486 and sample mean = -0.6252 which establishes that the process is stationary.

The Durbin Watson test statistic is 2.167244 which is still close to 2 and therefore we do not reject this model.
Fitting the Data
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The above figure shows that the predicted values fit the actual historical data but there seem to be some outliers when the trend suddenly changes.

Conclusion
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Using the reserved data to check for the prediction capability of our model, we see that the data fits well.

Appendix A
Chicken Pox occurrences in New York City.

	Year
	Jan
	Feb
	Mar
	Apr
	May
	Jun
	Jul
	Aug
	Sep
	Oct
	Nov
	Dec

	1931
	956
	927
	1585
	1536
	1448
	1272
	303
	68
	62
	116
	275
	565

	1932
	922
	928
	925
	1121
	1282
	1142
	411
	114
	82
	220
	646
	1069

	1933
	1320
	1473
	2305
	2094
	1694
	1043
	390
	127
	56
	148
	426
	890

	1934
	1500
	1442
	1799
	1556
	1926
	1635
	379
	90
	68
	210
	667
	905

	1935
	1124
	1192
	1850
	1941
	1505
	1016
	429
	58
	78
	251
	605
	817

	1936
	970
	860
	977
	1143
	920
	940
	426
	193
	99
	186
	525
	1085

	1937
	1220
	1157
	1974
	2301
	2277
	1746
	413
	129
	78
	160
	448
	820

	1938
	1154
	1277
	1841
	1981
	1304
	1288
	387
	114
	97
	278
	604
	787

	1939
	1010
	968
	1195
	1200
	1218
	1183
	334
	145
	66
	252
	536
	996

	1940
	1624
	1626
	1603
	1740
	1900
	1424
	711
	191
	135
	302
	612
	1178

	1941
	1409
	1218
	1543
	1477
	987
	935
	495
	126
	109
	197
	397
	880

	1942
	1097
	1164
	1652
	1800
	1941
	1419
	444
	136
	70
	171
	424
	660

	1943
	1050
	1177
	1559
	1513
	1371
	1042
	205
	67
	83
	143
	469
	611

	1944
	745
	1039
	1389
	1284
	1288
	871
	299
	87
	89
	155
	446
	749

	1945
	1037
	1080
	1289
	1211
	1076
	1080
	372
	132
	78
	133
	203
	214

	1946
	347
	407
	780
	1182
	1082
	899
	479
	123
	86
	180
	326
	695

	1947
	1235
	1399
	1854
	2406
	2026
	1378
	522
	136
	76
	109
	259
	521

	1948
	996
	1174
	1751
	1554
	1428
	1308
	438
	150
	88
	151
	395
	781

	1949
	1389
	2059
	3058
	2589
	1488
	1048
	253
	82
	79
	125
	226
	470

	1950
	936
	1026
	1244
	935
	1079
	884
	349
	144
	79
	260
	445
	592

	1951
	1427
	1545
	1951
	2200
	1964
	1284
	523
	142
	93
	148
	198
	374

	1952
	915
	963
	1154
	1393
	1227
	1158
	478
	84
	44
	113
	331
	1052

	1953
	1747
	1796
	2625
	2411
	1877
	1052
	543
	110
	67
	124
	160
	430

	1954
	726
	1101
	1769
	1599
	1035
	988
	424
	147
	76
	105
	281
	524

	1955
	1044
	1247
	2023
	1903
	1653
	1247
	372
	107
	75
	94
	224
	487

	1956
	989
	1639
	1991
	1905
	1846
	1381
	451
	176
	83
	150
	272
	550

	1957
	798
	902
	1316
	1443
	1102
	705
	272
	119
	106
	72
	115
	337

	1958
	677
	885
	1142
	1590
	1355
	1198
	565
	136
	89
	115
	174
	477

	1959
	741
	1034
	1401
	1316
	1056
	882
	506
	136
	80
	62
	149
	368

	1960
	683
	993
	1205
	1485
	1349
	1067
	369
	173
	95
	113
	175
	335

	1961
	619
	691
	1022
	858
	953
	913
	332
	127
	82
	62
	147
	384

	1962
	711
	928
	1152
	1134
	1277
	961
	509
	173
	170
	193
	290
	415

	1963
	707
	724
	1105
	1065
	938
	755
	442
	170
	91
	150
	219
	317

	1964
	561
	631
	829
	857
	955
	808
	398
	111
	82
	147
	276
	528

	1965
	746
	889
	1274
	1164
	1024
	863
	436
	270
	156
	139
	156
	306

	1966
	362
	438
	624
	543
	642
	659
	286
	86
	43
	68
	168
	253

	1967
	526
	601
	809
	759
	950
	1088
	452
	198
	82
	72
	154
	206

	1968
	316
	569
	549
	671
	736
	659
	287
	132
	51
	85
	79
	133

	1969
	177
	210
	372
	562
	623
	626
	296
	142
	82
	96
	166
	288

	1970
	416
	459
	576
	1042
	873
	704
	366
	137
	58
	134
	71
	142

	1971
	211
	331
	471
	639
	569
	718
	391
	123
	72
	63
	86
	141

	1972
	320
	463
	690
	847
	1121
	1048
	
	
	
	
	
	


Appendix B
The worksheets that make up the Excel workbook xxxxxxx xxxxxxxxxxxx_VEE Time Series Student Project.xls are described below.

· Original Data – Data taken from the website:
http://robjhyndman.com/TSDL/epi/chicknyc.dat
· Formatting the original Data – formatting the data into the desired structure

· Seasonality – Removing seasonality
· Trend Autocorrel & Corellogram  – Removing the trend, Calculation of sample autocorrelations, correlogram, Durbin Watson Statistic and Box-Pierce Q test for the data

· Lagged Array with First Diff's – calculating the array of data for first differences

· Regression with First Dif – performing regression on data with first differences

· Forecasting – Forecasts from the models 

