British Spirits Example

Simple Linear Regression Over Time

Response Variable (Y) – Per capita consumption of Spirits
Predictor Variable (X) – Indexed Price-to-income ratio
Time Period – Annual Data 1870-1938
Source: J. Durbin and G.S. Watson, “Testing for Serial Correlation in Least Squares Regression. II.” Biometrika. 38: (June 1951) pp.159-177.

Model:  
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Step 1: Plot the consumption versus the indexed price-to-income ratio.

[image: image1.wmf]e

b

b

+

+

=

X

Y

1

0

Step 2: Fit a simple linear regression model:


Coefficients
Standard Error
t Stat
P-value
Lower 95%
Upper 95%

Intercept
5.16
0.258
20.01
.0000
4.64
   5.67

price_inc
-3.14
0.238
-13.17
.0000
-3.62
      -2.66

Thus, the fitted equation is: 
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Step 3: Obtain a histogram of the residuals (I copied residuals to original spreadsheet)
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The first bin (0 cases) represents the number less than –0.25, the second bin (9 cases) represents the number between –0.25 and –0.20, and so on. The distribution is centered at 0, but not particularly mound shaped.

Step 4: Plot the residuals versus 
[image: image3.wmf]^

Y

 (I copied these values to original spreadsheet).
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Note that there is some evidence of non-constant error variance (but I’ve seen much worse in practice).

Step 5: Plot the residuals versus X (This was automatically printed by PHStat, but I rescaled it).
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This is a mirror image of the residuals versus fitted values, re-scaled.

Step 6: Plot the residuals versus year.

[image: image8.wmf]price_inc  Residual Plot
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Residuals close in time are very similar, displaying clearly that there is positive autocorrelation among residuals. This is by far the most serious violation of model assumptions from the 4 graphs.

Step 7: Conduct the Durbin-Watson test for Positively correlated errors.

H0: Errors are not positively correlated over time

HA: Errors are positively correlated over time

Test Statistic: 
[image: image4.wmf]å

å

=

=

-

-

=

n

i

i

i

i

i

e

e

e

DW

1

2

69

2

2

1

)

(


Durbin-Watson Calculations





Sum of Squared Difference of Residuals
0.099348772

Sum of Squared Residuals
1.401388918




Durbin-Watson Statistic
0.070893076

Decision Rule (n=69 observations, k=1 predictor, =0.05 significance level):

Conclude HA if  dL < 1.58, Conclude H0 if dU > 1.64

Here, we clearly conclude in favor of HA. There is serious autocorrelation among errors.

Step 8: Regression statistics and the Analysis of Variance (for completeness, Tests are not appropriate after step 7)

Regression Statistics






Multiple R
0.849290817





R Square
0.721294892





Adjusted R Square
0.717135114





Standard Error
0.144624523





Observations
69












ANOVA







df
SS
MS
F
Significance F

Regression
1
3.626825052
3.626825052
173.3974597
2.93887E-20

Residual
67
1.401388918
0.020916253



Our estimate of the standard error of the random errors () is Se=0.1446. The model explains 72.13% of the variation in consumption (R2=0.7213). Note that the F-statistic is highly significant. We would certainly conclude there is an association (it’s actually negative, based on the 95% confidence interval for 1 from step 1). The interval was:  

(-3.62,-2.66), which is entirely below 0. However, it has been found that the standard errors of regression coefficients can be biased downward when errors are not independent. This leads us to believe this confidence interval is probably too narrow.
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SLR

		Regression Analysis

		Regression Statistics

		Multiple R		0.849290817

		R Square		0.7212948919

		Adjusted R Square		0.7171351141

		Standard Error		0.1446245225

		Observations		69

		ANOVA

				df		SS		MS		F		Significance F

		Regression		1		3.6268250523		3.6268250523		173.3974597018		2.93887388275354E-20

		Residual		67		1.4013889184		0.0209162525

		Total		68		5.0282139707

				Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%

		Intercept		5.1562877238		0.2577490455		20.0050701018		5.81996102802323E-30		4.6418183338		5.6707571138

		price_inc		-3.1400956329		0.238463278		-13.1680469206		2.93887388275173E-20		-3.6160704591		-2.6641208066

		RESIDUAL OUTPUT

		Observation		Predicted consume		Residuals

		1		1.7483713812		0.2081286188

		2		1.7876576063		0.1917423937

		3		1.8334146261		0.1785853739

		4		1.8788063439		0.1660936561

		5		1.872988787		0.183111213

		6		1.8331660003		0.2346339997

		7		1.8263936875		0.2297063125

		8		1.8234447584		0.2193552416

		9		1.7994311132		0.2295688868

		10		1.7540678171		0.2439321829

		11		1.7855508229		0.2028491771

		12		1.8061867916		0.1773132084

		13		1.8268816229		0.1504183771

		14		1.8393236195		0.1354763805

		15		1.807158037		0.155741963

		16		1.7921398419		0.1474601581

		17		1.7965208104		0.1343791896

		18		1.8116558839		0.1154441161

		19		1.8556320512		0.0682679488

		20		1.8971593895		0.0442406105

		21		1.9280034016		0.0404965984

		22		1.9122378634		0.0604621366

		23		1.8931404477		0.0804595523

		24		1.8710307122		0.0788692878

		25		1.8896869567		0.0535130433

		26		1.9172701867		0.0396298133

		27		1.9234820906		0.0412179094

		28		1.9406168542		0.0303831458

		29		1.9658314689		0.0060685311

		30		1.9897587294		0.0058412706

		31		2.0161920909		-0.0161920909

		32		1.9990262136		-0.0086262136

		33		1.9980758518		-0.0228758518

		34		1.9839933025		-0.0345933025

		35		1.9876053413		-0.0544053413

		36		2.011779188		-0.097879188

		37		2.0492835196		-0.1401835196

		38		2.0769611163		-0.1630611163

		39		2.0339176783		-0.1453176783

		40		2.0442426506		-0.2497426506

		41		1.9507311192		-0.1863311192

		42		1.9694969044		-0.1877969044

		43		2.0065917195		-0.2281917195

		44		2.03223266		-0.23773266

		45		1.996776185		-0.207976185

		46		2.0873713796		-0.2122713796

		47		2.001000377		-0.215700377

		48		1.6479092698		-0.0404092698

		49		1.5860312317		-0.0675312317

		50		1.7458507178		-0.0945507178

		51		1.6773472679		-0.0526472679

		52		1.4963719702		0.0427280298

		53		1.393470696		0.098729304

		54		1.3972489259		0.0633510741

		55		1.4063922149		0.0487077851

		56		1.4152971267		0.0272028733

		57		1.3695555508		0.0327444492

		58		1.4479726749		-0.0488726749

		59		1.446888587		-0.067088587

		60		1.4514037148		-0.0732037148

		61		1.4105085004		-0.0739085004

		62		1.3548696153		-0.0522696153

		63		1.3316570662		-0.0724570662

		64		1.3686966898		-0.1321966898

		65		1.3958390666		-0.1409390666

		66		1.4348143962		-0.1821143962

		67		1.4782073027		-0.2019073027

		68		1.508120027		-0.217520027

		69		1.5124603865		-0.2403603865





spirits_dat

		year		consume		income		price		price_inc		consume				fitted vals		residuals

		1870		1.9565		1.7669		1.9176		1.085290622		1.9565				1.7483713812		0.2081286188

		1871		1.9794		1.7766		1.9059		1.0727794664		1.9794				1.7876576063		0.1917423937

		1872		2.012		1.7764		1.8798		1.0582076109		2.012				1.8334146261		0.1785853739

		1873		2.0449		1.7942		1.8727		1.0437520901		2.0449				1.8788063439		0.1660936561

		1874		2.0561		1.8156		1.8984		1.0456047588		2.0561				1.872988787		0.183111213

		1875		2.0678		1.8083		1.9137		1.0582867887		2.0678				1.8331660003		0.2346339997

		1876		2.0561		1.8083		1.9176		1.0604435105		2.0561				1.8263936875		0.2297063125

		1877		2.0428		1.8067		1.9176		1.0613826313		2.0428				1.8234447584		0.2193552416

		1878		2.029		1.8166		1.942		1.0690300561		2.029				1.7994311132		0.2295688868

		1879		1.998		1.8041		1.9547		1.0834765257		1.998				1.7540678171		0.2439321829

		1880		1.9884		1.8053		1.9379		1.0734503961		1.9884				1.7855508229		0.2028491771

		1881		1.9835		1.8242		1.9462		1.0668786317		1.9835				1.8061867916		0.1773132084

		1882		1.9773		1.8395		1.9504		1.0602881218		1.9773				1.8268816229		0.1504183771

		1883		1.9748		1.8464		1.9504		1.0563258232		1.9748				1.8393236195		0.1354763805

		1884		1.9629		1.8492		1.9723		1.0665693273		1.9629				1.807158037		0.155741963

		1885		1.9396		1.8668		2		1.0713520463		1.9396				1.7921398419		0.1474601581

		1886		1.9309		1.8783		2.0097		1.0699568759		1.9309				1.7965208104		0.1343791896

		1887		1.9271		1.8914		2.0146		1.0651369356		1.9271				1.8116558839		0.1154441161

		1888		1.9239		1.9166		2.0146		1.0511322133		1.9239				1.8556320512		0.0682679488

		1889		1.9414		1.9363		2.0097		1.0379073491		1.9414				1.8971593895		0.0442406105

		1890		1.9685		1.9548		2.0097		1.0280847145		1.9685				1.9280034016		0.0404965984

		1891		1.9727		1.9453		2.0097		1.0331054336		1.9727				1.9122378634		0.0604621366

		1892		1.9736		1.9292		2.0048		1.0391872279		1.9736				1.8931404477		0.0804595523

		1893		1.9499		1.9209		2.0097		1.0462283305		1.9499				1.8710307122		0.0788692878

		1894		1.9432		1.951		2.0296		1.0402870323		1.9432				1.8896869567		0.0535130433

		1895		1.9569		1.9776		2.0399		1.0315028317		1.9569				1.9172701867		0.0396298133

		1896		1.9647		1.9814		2.0399		1.0295245786		1.9647				1.9234820906		0.0412179094

		1897		1.971		1.9819		2.0296		1.0240678137		1.971				1.9406168542		0.0303831458

		1898		1.9719		1.9828		2.0146		1.0160379262		1.9719				1.9658314689		0.0060685311

		1899		1.9956		2.0076		2.0245		1.0084180116		1.9956				1.9897587294		0.0058412706

		1900		2		2		2		1		2				2.0161920909		-0.0161920909

		1901		1.9904		1.9939		2.0048		1.0054666734		1.9904				1.9990262136		-0.0086262136

		1902		1.9752		1.9933		2.0048		1.0057693272		1.9752				1.9980758518		-0.0228758518

		1903		1.9494		1.9797		2		1.0102540789		1.9494				1.9839933025		-0.0345933025

		1904		1.9332		1.9772		1.9952		1.0091037831		1.9332				1.9876053413		-0.0544053413

		1905		1.9139		1.9924		1.9952		1.0014053403		1.9139				2.011779188		-0.097879188

		1906		1.9091		2.0117		1.9905		0.9894616494		1.9091				2.0492835196		-0.1401835196

		1907		1.9139		2.0204		1.9813		0.9806473966		1.9139				2.0769611163		-0.1630611163

		1908		1.8886		2.0018		1.9905		0.9943550804		1.8886				2.0339176783		-0.1453176783

		1909		1.7945		2.0038		1.9859		0.9910669728		1.7945				2.0442426506		-0.2497426506

		1910		1.7644		2.0099		2.0518		1.0208468083		1.7644				1.9507311192		-0.1863311192

		1911		1.7817		2.0174		2.0474		1.0148706256		1.7817				1.9694969044		-0.1877969044

		1912		1.7784		2.0279		2.0341		1.00305735		1.7784				2.0065917195		-0.2281917195

		1913		1.7945		2.0359		2.0255		0.9948916941		1.7945				2.03223266		-0.23773266

		1914		1.7888		2.0216		2.0341		1.0061832212		1.7888				1.996776185		-0.207976185

		1915		1.8751		1.9896		1.9445		0.9773321271		1.8751				2.0873713796		-0.2122713796

		1916		1.7853		1.9843		1.9939		1.0048379781		1.7853				2.001000377		-0.215700377

		1917		1.6075		1.9764		2.2082		1.1172839506		1.6075				1.6479092698		-0.0404092698

		1918		1.5185		1.9965		2.27		1.136989732		1.5185				1.5860312317		-0.0675312317

		1919		1.6513		2.0652		2.243		1.0860933566		1.6513				1.7458507178		-0.0945507178

		1920		1.6247		2.0369		2.2567		1.1079090775		1.6247				1.6773472679		-0.0526472679

		1921		1.5391		1.9723		2.2988		1.1655427673		1.5391				1.4963719702		0.0427280298

		1922		1.4922		1.9797		2.3723		1.1983128757		1.4922				1.393470696		0.098729304

		1923		1.4606		2.0136		2.4105		1.1971096544		1.4606				1.3972489259		0.0633510741

		1924		1.4551		2.0165		2.4081		1.1941978676		1.4551				1.4063922149		0.0487077851

		1925		1.4425		2.0213		2.4081		1.1913619948		1.4425				1.4152971267		0.0272028733

		1926		1.4023		2.0206		2.4367		1.205928932		1.4023				1.3695555508		0.0327444492

		1927		1.3991		2.0563		2.4284		1.1809560862		1.3991				1.4479726749		-0.0488726749

		1928		1.3798		2.0579		2.431		1.1813013266		1.3798				1.446888587		-0.067088587

		1929		1.3782		2.0649		2.4363		1.1798634316		1.3782				1.4514037148		-0.0732037148

		1930		1.3366		2.0582		2.4552		1.1928869886		1.3366				1.4105085004		-0.0739085004

		1931		1.3026		2.0517		2.4838		1.2106058391		1.3026				1.3548696153		-0.0522696153

		1932		1.2592		2.0491		2.4958		1.2179981455		1.2592				1.3316570662		-0.0724570662

		1933		1.2365		2.0766		2.5048		1.2062024463		1.2365				1.3686966898		-0.1321966898

		1934		1.2549		2.089		2.5017		1.1975586405		1.2549				1.3958390666		-0.1409390666

		1935		1.2527		2.1059		2.4958		1.1851464932		1.2527				1.4348143962		-0.1821143962

		1936		1.2763		2.1205		2.4838		1.1713275171		1.2763				1.4782073027		-0.2019073027

		1937		1.2906		2.1205		2.4636		1.1618014619		1.2906				1.508120027		-0.217520027

		1938		1.2721		2.1182		2.458		1.1604192239		1.2721				1.5124603865		-0.2403603865
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SLR

		Regression Analysis

		Regression Statistics

		Multiple R		0.849290817

		R Square		0.7212948919

		Adjusted R Square		0.7171351141

		Standard Error		0.1446245225

		Observations		69

		ANOVA

				df		SS		MS		F		Significance F

		Regression		1		3.6268250523		3.6268250523		173.3974597018		2.93887388275354E-20

		Residual		67		1.4013889184		0.0209162525

		Total		68		5.0282139707

				Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%

		Intercept		5.1562877238		0.2577490455		20.0050701018		5.81996102802323E-30		4.6418183338		5.6707571138

		price_inc		-3.1400956329		0.238463278		-13.1680469206		2.93887388275173E-20		-3.6160704591		-2.6641208066

		RESIDUAL OUTPUT

		Observation		Predicted consume		Residuals

		1		1.7483713812		0.2081286188

		2		1.7876576063		0.1917423937

		3		1.8334146261		0.1785853739

		4		1.8788063439		0.1660936561

		5		1.872988787		0.183111213

		6		1.8331660003		0.2346339997

		7		1.8263936875		0.2297063125

		8		1.8234447584		0.2193552416

		9		1.7994311132		0.2295688868

		10		1.7540678171		0.2439321829

		11		1.7855508229		0.2028491771

		12		1.8061867916		0.1773132084

		13		1.8268816229		0.1504183771

		14		1.8393236195		0.1354763805

		15		1.807158037		0.155741963

		16		1.7921398419		0.1474601581

		17		1.7965208104		0.1343791896

		18		1.8116558839		0.1154441161

		19		1.8556320512		0.0682679488

		20		1.8971593895		0.0442406105

		21		1.9280034016		0.0404965984

		22		1.9122378634		0.0604621366

		23		1.8931404477		0.0804595523

		24		1.8710307122		0.0788692878

		25		1.8896869567		0.0535130433

		26		1.9172701867		0.0396298133

		27		1.9234820906		0.0412179094

		28		1.9406168542		0.0303831458

		29		1.9658314689		0.0060685311

		30		1.9897587294		0.0058412706

		31		2.0161920909		-0.0161920909

		32		1.9990262136		-0.0086262136

		33		1.9980758518		-0.0228758518

		34		1.9839933025		-0.0345933025

		35		1.9876053413		-0.0544053413

		36		2.011779188		-0.097879188

		37		2.0492835196		-0.1401835196

		38		2.0769611163		-0.1630611163

		39		2.0339176783		-0.1453176783

		40		2.0442426506		-0.2497426506

		41		1.9507311192		-0.1863311192

		42		1.9694969044		-0.1877969044

		43		2.0065917195		-0.2281917195

		44		2.03223266		-0.23773266
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		46		2.0873713796		-0.2122713796

		47		2.001000377		-0.215700377
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spirits_dat

		year		consume		income		price		price_inc		consume				fitted vals		residuals										Residuals

		1870		1.9565		1.7669		1.9176		1.085290622		1.9565				1.7483713812		0.2081286188										-0.25

		1871		1.9794		1.7766		1.9059		1.0727794664		1.9794				1.7876576063		0.1917423937										-0.2

		1872		2.012		1.7764		1.8798		1.0582076109		2.012				1.8334146261		0.1785853739										-0.15

		1873		2.0449		1.7942		1.8727		1.0437520901		2.0449				1.8788063439		0.1660936561										-0.1

		1874		2.0561		1.8156		1.8984		1.0456047588		2.0561				1.872988787		0.183111213										-0.05

		1875		2.0678		1.8083		1.9137		1.0582867887		2.0678				1.8331660003		0.2346339997										0

		1876		2.0561		1.8083		1.9176		1.0604435105		2.0561				1.8263936875		0.2297063125										0.05

		1877		2.0428		1.8067		1.9176		1.0613826313		2.0428				1.8234447584		0.2193552416										0.1

		1878		2.029		1.8166		1.942		1.0690300561		2.029				1.7994311132		0.2295688868										0.15

		1879		1.998		1.8041		1.9547		1.0834765257		1.998				1.7540678171		0.2439321829										0.2

		1880		1.9884		1.8053		1.9379		1.0734503961		1.9884				1.7855508229		0.2028491771										0.25

		1881		1.9835		1.8242		1.9462		1.0668786317		1.9835				1.8061867916		0.1773132084

		1882		1.9773		1.8395		1.9504		1.0602881218		1.9773				1.8268816229		0.1504183771

		1883		1.9748		1.8464		1.9504		1.0563258232		1.9748				1.8393236195		0.1354763805

		1884		1.9629		1.8492		1.9723		1.0665693273		1.9629				1.807158037		0.155741963

		1885		1.9396		1.8668		2		1.0713520463		1.9396				1.7921398419		0.1474601581

		1886		1.9309		1.8783		2.0097		1.0699568759		1.9309				1.7965208104		0.1343791896

		1887		1.9271		1.8914		2.0146		1.0651369356		1.9271				1.8116558839		0.1154441161

		1888		1.9239		1.9166		2.0146		1.0511322133		1.9239				1.8556320512		0.0682679488

		1889		1.9414		1.9363		2.0097		1.0379073491		1.9414				1.8971593895		0.0442406105

		1890		1.9685		1.9548		2.0097		1.0280847145		1.9685				1.9280034016		0.0404965984

		1891		1.9727		1.9453		2.0097		1.0331054336		1.9727				1.9122378634		0.0604621366

		1892		1.9736		1.9292		2.0048		1.0391872279		1.9736				1.8931404477		0.0804595523

		1893		1.9499		1.9209		2.0097		1.0462283305		1.9499				1.8710307122		0.0788692878

		1894		1.9432		1.951		2.0296		1.0402870323		1.9432				1.8896869567		0.0535130433

		1895		1.9569		1.9776		2.0399		1.0315028317		1.9569				1.9172701867		0.0396298133

		1896		1.9647		1.9814		2.0399		1.0295245786		1.9647				1.9234820906		0.0412179094

		1897		1.971		1.9819		2.0296		1.0240678137		1.971				1.9406168542		0.0303831458

		1898		1.9719		1.9828		2.0146		1.0160379262		1.9719				1.9658314689		0.0060685311

		1899		1.9956		2.0076		2.0245		1.0084180116		1.9956				1.9897587294		0.0058412706

		1900		2		2		2		1		2				2.0161920909		-0.0161920909
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		1929		1.3782		2.0649		2.4363		1.1798634316		1.3782				1.4514037148		-0.0732037148

		1930		1.3366		2.0582		2.4552		1.1928869886		1.3366				1.4105085004		-0.0739085004

		1931		1.3026		2.0517		2.4838		1.2106058391		1.3026				1.3548696153		-0.0522696153

		1932		1.2592		2.0491		2.4958		1.2179981455		1.2592				1.3316570662		-0.0724570662

		1933		1.2365		2.0766		2.5048		1.2062024463		1.2365				1.3686966898		-0.1321966898

		1934		1.2549		2.089		2.5017		1.1975586405		1.2549				1.3958390666		-0.1409390666

		1935		1.2527		2.1059		2.4958		1.1851464932		1.2527				1.4348143962		-0.1821143962

		1936		1.2763		2.1205		2.4838		1.1713275171		1.2763				1.4782073027		-0.2019073027

		1937		1.2906		2.1205		2.4636		1.1618014619		1.2906				1.508120027		-0.217520027

		1938		1.2721		2.1182		2.458		1.1604192239		1.2721				1.5124603865		-0.2403603865
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		Observations		69
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				df		SS		MS		F		Significance F
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		Total		68		5.0282139707
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		RESIDUAL OUTPUT
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spirits_dat

		year		consume		income		price		price_inc		consume				fitted vals		residuals		year		residuals						Residuals

		1870		1.9565		1.7669		1.9176		1.085290622		1.9565				1.7483713812		0.2081286188		1870		0.2081286188						-0.25

		1871		1.9794		1.7766		1.9059		1.0727794664		1.9794				1.7876576063		0.1917423937		1871		0.1917423937						-0.2

		1872		2.012		1.7764		1.8798		1.0582076109		2.012				1.8334146261		0.1785853739		1872		0.1785853739						-0.15

		1873		2.0449		1.7942		1.8727		1.0437520901		2.0449				1.8788063439		0.1660936561		1873		0.1660936561						-0.1

		1874		2.0561		1.8156		1.8984		1.0456047588		2.0561				1.872988787		0.183111213		1874		0.183111213						-0.05

		1875		2.0678		1.8083		1.9137		1.0582867887		2.0678				1.8331660003		0.2346339997		1875		0.2346339997						0

		1876		2.0561		1.8083		1.9176		1.0604435105		2.0561				1.8263936875		0.2297063125		1876		0.2297063125						0.05

		1877		2.0428		1.8067		1.9176		1.0613826313		2.0428				1.8234447584		0.2193552416		1877		0.2193552416						0.1

		1878		2.029		1.8166		1.942		1.0690300561		2.029				1.7994311132		0.2295688868		1878		0.2295688868						0.15

		1879		1.998		1.8041		1.9547		1.0834765257		1.998				1.7540678171		0.2439321829		1879		0.2439321829						0.2

		1880		1.9884		1.8053		1.9379		1.0734503961		1.9884				1.7855508229		0.2028491771		1880		0.2028491771						0.25

		1881		1.9835		1.8242		1.9462		1.0668786317		1.9835				1.8061867916		0.1773132084		1881		0.1773132084

		1882		1.9773		1.8395		1.9504		1.0602881218		1.9773				1.8268816229		0.1504183771		1882		0.1504183771

		1883		1.9748		1.8464		1.9504		1.0563258232		1.9748				1.8393236195		0.1354763805		1883		0.1354763805

		1884		1.9629		1.8492		1.9723		1.0665693273		1.9629				1.807158037		0.155741963		1884		0.155741963

		1885		1.9396		1.8668		2		1.0713520463		1.9396				1.7921398419		0.1474601581		1885		0.1474601581

		1886		1.9309		1.8783		2.0097		1.0699568759		1.9309				1.7965208104		0.1343791896		1886		0.1343791896

		1887		1.9271		1.8914		2.0146		1.0651369356		1.9271				1.8116558839		0.1154441161		1887		0.1154441161

		1888		1.9239		1.9166		2.0146		1.0511322133		1.9239				1.8556320512		0.0682679488		1888		0.0682679488

		1889		1.9414		1.9363		2.0097		1.0379073491		1.9414				1.8971593895		0.0442406105		1889		0.0442406105

		1890		1.9685		1.9548		2.0097		1.0280847145		1.9685				1.9280034016		0.0404965984		1890		0.0404965984

		1891		1.9727		1.9453		2.0097		1.0331054336		1.9727				1.9122378634		0.0604621366		1891		0.0604621366

		1892		1.9736		1.9292		2.0048		1.0391872279		1.9736				1.8931404477		0.0804595523		1892		0.0804595523

		1893		1.9499		1.9209		2.0097		1.0462283305		1.9499				1.8710307122		0.0788692878		1893		0.0788692878

		1894		1.9432		1.951		2.0296		1.0402870323		1.9432				1.8896869567		0.0535130433		1894		0.0535130433

		1895		1.9569		1.9776		2.0399		1.0315028317		1.9569				1.9172701867		0.0396298133		1895		0.0396298133

		1896		1.9647		1.9814		2.0399		1.0295245786		1.9647				1.9234820906		0.0412179094		1896		0.0412179094

		1897		1.971		1.9819		2.0296		1.0240678137		1.971				1.9406168542		0.0303831458		1897		0.0303831458

		1898		1.9719		1.9828		2.0146		1.0160379262		1.9719				1.9658314689		0.0060685311		1898		0.0060685311

		1899		1.9956		2.0076		2.0245		1.0084180116		1.9956				1.9897587294		0.0058412706		1899		0.0058412706

		1900		2		2		2		1		2				2.0161920909		-0.0161920909		1900		-0.0161920909

		1901		1.9904		1.9939		2.0048		1.0054666734		1.9904				1.9990262136		-0.0086262136		1901		-0.0086262136

		1902		1.9752		1.9933		2.0048		1.0057693272		1.9752				1.9980758518		-0.0228758518		1902		-0.0228758518

		1903		1.9494		1.9797		2		1.0102540789		1.9494				1.9839933025		-0.0345933025		1903		-0.0345933025

		1904		1.9332		1.9772		1.9952		1.0091037831		1.9332				1.9876053413		-0.0544053413		1904		-0.0544053413

		1905		1.9139		1.9924		1.9952		1.0014053403		1.9139				2.011779188		-0.097879188		1905		-0.097879188

		1906		1.9091		2.0117		1.9905		0.9894616494		1.9091				2.0492835196		-0.1401835196		1906		-0.1401835196

		1907		1.9139		2.0204		1.9813		0.9806473966		1.9139				2.0769611163		-0.1630611163		1907		-0.1630611163

		1908		1.8886		2.0018		1.9905		0.9943550804		1.8886				2.0339176783		-0.1453176783		1908		-0.1453176783

		1909		1.7945		2.0038		1.9859		0.9910669728		1.7945				2.0442426506		-0.2497426506		1909		-0.2497426506

		1910		1.7644		2.0099		2.0518		1.0208468083		1.7644				1.9507311192		-0.1863311192		1910		-0.1863311192

		1911		1.7817		2.0174		2.0474		1.0148706256		1.7817				1.9694969044		-0.1877969044		1911		-0.1877969044

		1912		1.7784		2.0279		2.0341		1.00305735		1.7784				2.0065917195		-0.2281917195		1912		-0.2281917195

		1913		1.7945		2.0359		2.0255		0.9948916941		1.7945				2.03223266		-0.23773266		1913		-0.23773266

		1914		1.7888		2.0216		2.0341		1.0061832212		1.7888				1.996776185		-0.207976185		1914		-0.207976185

		1915		1.8751		1.9896		1.9445		0.9773321271		1.8751				2.0873713796		-0.2122713796		1915		-0.2122713796

		1916		1.7853		1.9843		1.9939		1.0048379781		1.7853				2.001000377		-0.215700377		1916		-0.215700377

		1917		1.6075		1.9764		2.2082		1.1172839506		1.6075				1.6479092698		-0.0404092698		1917		-0.0404092698

		1918		1.5185		1.9965		2.27		1.136989732		1.5185				1.5860312317		-0.0675312317		1918		-0.0675312317

		1919		1.6513		2.0652		2.243		1.0860933566		1.6513				1.7458507178		-0.0945507178		1919		-0.0945507178

		1920		1.6247		2.0369		2.2567		1.1079090775		1.6247				1.6773472679		-0.0526472679		1920		-0.0526472679

		1921		1.5391		1.9723		2.2988		1.1655427673		1.5391				1.4963719702		0.0427280298		1921		0.0427280298

		1922		1.4922		1.9797		2.3723		1.1983128757		1.4922				1.393470696		0.098729304		1922		0.098729304

		1923		1.4606		2.0136		2.4105		1.1971096544		1.4606				1.3972489259		0.0633510741		1923		0.0633510741

		1924		1.4551		2.0165		2.4081		1.1941978676		1.4551				1.4063922149		0.0487077851		1924		0.0487077851

		1925		1.4425		2.0213		2.4081		1.1913619948		1.4425				1.4152971267		0.0272028733		1925		0.0272028733

		1926		1.4023		2.0206		2.4367		1.205928932		1.4023				1.3695555508		0.0327444492		1926		0.0327444492

		1927		1.3991		2.0563		2.4284		1.1809560862		1.3991				1.4479726749		-0.0488726749		1927		-0.0488726749

		1928		1.3798		2.0579		2.431		1.1813013266		1.3798				1.446888587		-0.067088587		1928		-0.067088587

		1929		1.3782		2.0649		2.4363		1.1798634316		1.3782				1.4514037148		-0.0732037148		1929		-0.0732037148

		1930		1.3366		2.0582		2.4552		1.1928869886		1.3366				1.4105085004		-0.0739085004		1930		-0.0739085004

		1931		1.3026		2.0517		2.4838		1.2106058391		1.3026				1.3548696153		-0.0522696153		1931		-0.0522696153

		1932		1.2592		2.0491		2.4958		1.2179981455		1.2592				1.3316570662		-0.0724570662		1932		-0.0724570662

		1933		1.2365		2.0766		2.5048		1.2062024463		1.2365				1.3686966898		-0.1321966898		1933		-0.1321966898

		1934		1.2549		2.089		2.5017		1.1975586405		1.2549				1.3958390666		-0.1409390666		1934		-0.1409390666

		1935		1.2527		2.1059		2.4958		1.1851464932		1.2527				1.4348143962		-0.1821143962		1935		-0.1821143962

		1936		1.2763		2.1205		2.4838		1.1713275171		1.2763				1.4782073027		-0.2019073027		1936		-0.2019073027

		1937		1.2906		2.1205		2.4636		1.1618014619		1.2906				1.508120027		-0.217520027		1937		-0.217520027

		1938		1.2721		2.1182		2.458		1.1604192239		1.2721				1.5124603865		-0.2403603865		1938		-0.2403603865
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SLR

		Regression Analysis

		Regression Statistics

		Multiple R		0.849290817

		R Square		0.7212948919

		Adjusted R Square		0.7171351141

		Standard Error		0.1446245225

		Observations		69

		ANOVA

				df		SS		MS		F		Significance F

		Regression		1		3.6268250523		3.6268250523		173.3974597018		2.93887388275354E-20

		Residual		67		1.4013889184		0.0209162525

		Total		68		5.0282139707

				Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%

		Intercept		5.1562877238		0.2577490455		20.0050701018		5.81996102802323E-30		4.6418183338		5.6707571138

		price_inc		-3.1400956329		0.238463278		-13.1680469206		2.93887388275173E-20		-3.6160704591		-2.6641208066

		RESIDUAL OUTPUT

		Observation		Predicted consume		Residuals

		1		1.7483713812		0.2081286188

		2		1.7876576063		0.1917423937

		3		1.8334146261		0.1785853739

		4		1.8788063439		0.1660936561

		5		1.872988787		0.183111213

		6		1.8331660003		0.2346339997

		7		1.8263936875		0.2297063125

		8		1.8234447584		0.2193552416

		9		1.7994311132		0.2295688868

		10		1.7540678171		0.2439321829

		11		1.7855508229		0.2028491771

		12		1.8061867916		0.1773132084

		13		1.8268816229		0.1504183771

		14		1.8393236195		0.1354763805

		15		1.807158037		0.155741963

		16		1.7921398419		0.1474601581

		17		1.7965208104		0.1343791896

		18		1.8116558839		0.1154441161

		19		1.8556320512		0.0682679488

		20		1.8971593895		0.0442406105

		21		1.9280034016		0.0404965984

		22		1.9122378634		0.0604621366

		23		1.8931404477		0.0804595523

		24		1.8710307122		0.0788692878

		25		1.8896869567		0.0535130433

		26		1.9172701867		0.0396298133

		27		1.9234820906		0.0412179094

		28		1.9406168542		0.0303831458

		29		1.9658314689		0.0060685311

		30		1.9897587294		0.0058412706

		31		2.0161920909		-0.0161920909

		32		1.9990262136		-0.0086262136

		33		1.9980758518		-0.0228758518

		34		1.9839933025		-0.0345933025

		35		1.9876053413		-0.0544053413

		36		2.011779188		-0.097879188

		37		2.0492835196		-0.1401835196

		38		2.0769611163		-0.1630611163

		39		2.0339176783		-0.1453176783

		40		2.0442426506		-0.2497426506

		41		1.9507311192		-0.1863311192

		42		1.9694969044		-0.1877969044

		43		2.0065917195		-0.2281917195

		44		2.03223266		-0.23773266

		45		1.996776185		-0.207976185

		46		2.0873713796		-0.2122713796

		47		2.001000377		-0.215700377

		48		1.6479092698		-0.0404092698

		49		1.5860312317		-0.0675312317

		50		1.7458507178		-0.0945507178

		51		1.6773472679		-0.0526472679

		52		1.4963719702		0.0427280298

		53		1.393470696		0.098729304

		54		1.3972489259		0.0633510741

		55		1.4063922149		0.0487077851

		56		1.4152971267		0.0272028733

		57		1.3695555508		0.0327444492

		58		1.4479726749		-0.0488726749

		59		1.446888587		-0.067088587
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spirits_dat

		year		consume		income		price		price_inc		consume				fitted vals		residuals										Residuals

		1870		1.9565		1.7669		1.9176		1.085290622		1.9565				1.7483713812		0.2081286188										-0.25

		1871		1.9794		1.7766		1.9059		1.0727794664		1.9794				1.7876576063		0.1917423937										-0.2

		1872		2.012		1.7764		1.8798		1.0582076109		2.012				1.8334146261		0.1785853739										-0.15

		1873		2.0449		1.7942		1.8727		1.0437520901		2.0449				1.8788063439		0.1660936561										-0.1

		1874		2.0561		1.8156		1.8984		1.0456047588		2.0561				1.872988787		0.183111213										-0.05

		1875		2.0678		1.8083		1.9137		1.0582867887		2.0678				1.8331660003		0.2346339997										0

		1876		2.0561		1.8083		1.9176		1.0604435105		2.0561				1.8263936875		0.2297063125										0.05

		1877		2.0428		1.8067		1.9176		1.0613826313		2.0428				1.8234447584		0.2193552416										0.1

		1878		2.029		1.8166		1.942		1.0690300561		2.029				1.7994311132		0.2295688868										0.15

		1879		1.998		1.8041		1.9547		1.0834765257		1.998				1.7540678171		0.2439321829										0.2

		1880		1.9884		1.8053		1.9379		1.0734503961		1.9884				1.7855508229		0.2028491771										0.25

		1881		1.9835		1.8242		1.9462		1.0668786317		1.9835				1.8061867916		0.1773132084

		1882		1.9773		1.8395		1.9504		1.0602881218		1.9773				1.8268816229		0.1504183771

		1883		1.9748		1.8464		1.9504		1.0563258232		1.9748				1.8393236195		0.1354763805

		1884		1.9629		1.8492		1.9723		1.0665693273		1.9629				1.807158037		0.155741963

		1885		1.9396		1.8668		2		1.0713520463		1.9396				1.7921398419		0.1474601581

		1886		1.9309		1.8783		2.0097		1.0699568759		1.9309				1.7965208104		0.1343791896

		1887		1.9271		1.8914		2.0146		1.0651369356		1.9271				1.8116558839		0.1154441161

		1888		1.9239		1.9166		2.0146		1.0511322133		1.9239				1.8556320512		0.0682679488

		1889		1.9414		1.9363		2.0097		1.0379073491		1.9414				1.8971593895		0.0442406105

		1890		1.9685		1.9548		2.0097		1.0280847145		1.9685				1.9280034016		0.0404965984

		1891		1.9727		1.9453		2.0097		1.0331054336		1.9727				1.9122378634		0.0604621366

		1892		1.9736		1.9292		2.0048		1.0391872279		1.9736				1.8931404477		0.0804595523

		1893		1.9499		1.9209		2.0097		1.0462283305		1.9499				1.8710307122		0.0788692878

		1894		1.9432		1.951		2.0296		1.0402870323		1.9432				1.8896869567		0.0535130433

		1895		1.9569		1.9776		2.0399		1.0315028317		1.9569				1.9172701867		0.0396298133

		1896		1.9647		1.9814		2.0399		1.0295245786		1.9647				1.9234820906		0.0412179094

		1897		1.971		1.9819		2.0296		1.0240678137		1.971				1.9406168542		0.0303831458

		1898		1.9719		1.9828		2.0146		1.0160379262		1.9719				1.9658314689		0.0060685311

		1899		1.9956		2.0076		2.0245		1.0084180116		1.9956				1.9897587294		0.0058412706

		1900		2		2		2		1		2				2.0161920909		-0.0161920909

		1901		1.9904		1.9939		2.0048		1.0054666734		1.9904				1.9990262136		-0.0086262136

		1902		1.9752		1.9933		2.0048		1.0057693272		1.9752				1.9980758518		-0.0228758518

		1903		1.9494		1.9797		2		1.0102540789		1.9494				1.9839933025		-0.0345933025

		1904		1.9332		1.9772		1.9952		1.0091037831		1.9332				1.9876053413		-0.0544053413

		1905		1.9139		1.9924		1.9952		1.0014053403		1.9139				2.011779188		-0.097879188

		1906		1.9091		2.0117		1.9905		0.9894616494		1.9091				2.0492835196		-0.1401835196

		1907		1.9139		2.0204		1.9813		0.9806473966		1.9139				2.0769611163		-0.1630611163

		1908		1.8886		2.0018		1.9905		0.9943550804		1.8886				2.0339176783		-0.1453176783

		1909		1.7945		2.0038		1.9859		0.9910669728		1.7945				2.0442426506		-0.2497426506

		1910		1.7644		2.0099		2.0518		1.0208468083		1.7644				1.9507311192		-0.1863311192

		1911		1.7817		2.0174		2.0474		1.0148706256		1.7817				1.9694969044		-0.1877969044

		1912		1.7784		2.0279		2.0341		1.00305735		1.7784				2.0065917195		-0.2281917195

		1913		1.7945		2.0359		2.0255		0.9948916941		1.7945				2.03223266		-0.23773266

		1914		1.7888		2.0216		2.0341		1.0061832212		1.7888				1.996776185		-0.207976185

		1915		1.8751		1.9896		1.9445		0.9773321271		1.8751				2.0873713796		-0.2122713796

		1916		1.7853		1.9843		1.9939		1.0048379781		1.7853				2.001000377		-0.215700377

		1917		1.6075		1.9764		2.2082		1.1172839506		1.6075				1.6479092698		-0.0404092698

		1918		1.5185		1.9965		2.27		1.136989732		1.5185				1.5860312317		-0.0675312317

		1919		1.6513		2.0652		2.243		1.0860933566		1.6513				1.7458507178		-0.0945507178

		1920		1.6247		2.0369		2.2567		1.1079090775		1.6247				1.6773472679		-0.0526472679

		1921		1.5391		1.9723		2.2988		1.1655427673		1.5391				1.4963719702		0.0427280298

		1922		1.4922		1.9797		2.3723		1.1983128757		1.4922				1.393470696		0.098729304

		1923		1.4606		2.0136		2.4105		1.1971096544		1.4606				1.3972489259		0.0633510741

		1924		1.4551		2.0165		2.4081		1.1941978676		1.4551				1.4063922149		0.0487077851

		1925		1.4425		2.0213		2.4081		1.1913619948		1.4425				1.4152971267		0.0272028733

		1926		1.4023		2.0206		2.4367		1.205928932		1.4023				1.3695555508		0.0327444492

		1927		1.3991		2.0563		2.4284		1.1809560862		1.3991				1.4479726749		-0.0488726749

		1928		1.3798		2.0579		2.431		1.1813013266		1.3798				1.446888587		-0.067088587

		1929		1.3782		2.0649		2.4363		1.1798634316		1.3782				1.4514037148		-0.0732037148

		1930		1.3366		2.0582		2.4552		1.1928869886		1.3366				1.4105085004		-0.0739085004

		1931		1.3026		2.0517		2.4838		1.2106058391		1.3026				1.3548696153		-0.0522696153

		1932		1.2592		2.0491		2.4958		1.2179981455		1.2592				1.3316570662		-0.0724570662

		1933		1.2365		2.0766		2.5048		1.2062024463		1.2365				1.3686966898		-0.1321966898

		1934		1.2549		2.089		2.5017		1.1975586405		1.2549				1.3958390666		-0.1409390666

		1935		1.2527		2.1059		2.4958		1.1851464932		1.2527				1.4348143962		-0.1821143962

		1936		1.2763		2.1205		2.4838		1.1713275171		1.2763				1.4782073027		-0.2019073027

		1937		1.2906		2.1205		2.4636		1.1618014619		1.2906				1.508120027		-0.217520027

		1938		1.2721		2.1182		2.458		1.1604192239		1.2721				1.5124603865		-0.2403603865
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spirits_dat

		year		consume		income		price		price_inc		consume

		1870		1.9565		1.7669		1.9176		1.085290622		1.9565

		1871		1.9794		1.7766		1.9059		1.0727794664		1.9794

		1872		2.012		1.7764		1.8798		1.0582076109		2.012

		1873		2.0449		1.7942		1.8727		1.0437520901		2.0449

		1874		2.0561		1.8156		1.8984		1.0456047588		2.0561

		1875		2.0678		1.8083		1.9137		1.0582867887		2.0678

		1876		2.0561		1.8083		1.9176		1.0604435105		2.0561

		1877		2.0428		1.8067		1.9176		1.0613826313		2.0428

		1878		2.029		1.8166		1.942		1.0690300561		2.029

		1879		1.998		1.8041		1.9547		1.0834765257		1.998

		1880		1.9884		1.8053		1.9379		1.0734503961		1.9884

		1881		1.9835		1.8242		1.9462		1.0668786317		1.9835

		1882		1.9773		1.8395		1.9504		1.0602881218		1.9773

		1883		1.9748		1.8464		1.9504		1.0563258232		1.9748

		1884		1.9629		1.8492		1.9723		1.0665693273		1.9629

		1885		1.9396		1.8668		2		1.0713520463		1.9396

		1886		1.9309		1.8783		2.0097		1.0699568759		1.9309

		1887		1.9271		1.8914		2.0146		1.0651369356		1.9271

		1888		1.9239		1.9166		2.0146		1.0511322133		1.9239

		1889		1.9414		1.9363		2.0097		1.0379073491		1.9414

		1890		1.9685		1.9548		2.0097		1.0280847145		1.9685

		1891		1.9727		1.9453		2.0097		1.0331054336		1.9727

		1892		1.9736		1.9292		2.0048		1.0391872279		1.9736

		1893		1.9499		1.9209		2.0097		1.0462283305		1.9499

		1894		1.9432		1.951		2.0296		1.0402870323		1.9432

		1895		1.9569		1.9776		2.0399		1.0315028317		1.9569

		1896		1.9647		1.9814		2.0399		1.0295245786		1.9647

		1897		1.971		1.9819		2.0296		1.0240678137		1.971

		1898		1.9719		1.9828		2.0146		1.0160379262		1.9719

		1899		1.9956		2.0076		2.0245		1.0084180116		1.9956

		1900		2		2		2		1		2

		1901		1.9904		1.9939		2.0048		1.0054666734		1.9904

		1902		1.9752		1.9933		2.0048		1.0057693272		1.9752

		1903		1.9494		1.9797		2		1.0102540789		1.9494

		1904		1.9332		1.9772		1.9952		1.0091037831		1.9332

		1905		1.9139		1.9924		1.9952		1.0014053403		1.9139

		1906		1.9091		2.0117		1.9905		0.9894616494		1.9091

		1907		1.9139		2.0204		1.9813		0.9806473966		1.9139

		1908		1.8886		2.0018		1.9905		0.9943550804		1.8886

		1909		1.7945		2.0038		1.9859		0.9910669728		1.7945

		1910		1.7644		2.0099		2.0518		1.0208468083		1.7644

		1911		1.7817		2.0174		2.0474		1.0148706256		1.7817

		1912		1.7784		2.0279		2.0341		1.00305735		1.7784

		1913		1.7945		2.0359		2.0255		0.9948916941		1.7945

		1914		1.7888		2.0216		2.0341		1.0061832212		1.7888

		1915		1.8751		1.9896		1.9445		0.9773321271		1.8751

		1916		1.7853		1.9843		1.9939		1.0048379781		1.7853

		1917		1.6075		1.9764		2.2082		1.1172839506		1.6075

		1918		1.5185		1.9965		2.27		1.136989732		1.5185

		1919		1.6513		2.0652		2.243		1.0860933566		1.6513

		1920		1.6247		2.0369		2.2567		1.1079090775		1.6247

		1921		1.5391		1.9723		2.2988		1.1655427673		1.5391

		1922		1.4922		1.9797		2.3723		1.1983128757		1.4922

		1923		1.4606		2.0136		2.4105		1.1971096544		1.4606

		1924		1.4551		2.0165		2.4081		1.1941978676		1.4551

		1925		1.4425		2.0213		2.4081		1.1913619948		1.4425

		1926		1.4023		2.0206		2.4367		1.205928932		1.4023

		1927		1.3991		2.0563		2.4284		1.1809560862		1.3991

		1928		1.3798		2.0579		2.431		1.1813013266		1.3798

		1929		1.3782		2.0649		2.4363		1.1798634316		1.3782

		1930		1.3366		2.0582		2.4552		1.1928869886		1.3366

		1931		1.3026		2.0517		2.4838		1.2106058391		1.3026

		1932		1.2592		2.0491		2.4958		1.2179981455		1.2592

		1933		1.2365		2.0766		2.5048		1.2062024463		1.2365

		1934		1.2549		2.089		2.5017		1.1975586405		1.2549

		1935		1.2527		2.1059		2.4958		1.1851464932		1.2527

		1936		1.2763		2.1205		2.4838		1.1713275171		1.2763

		1937		1.2906		2.1205		2.4636		1.1618014619		1.2906

		1938		1.2721		2.1182		2.458		1.1604192239		1.2721
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Price-to-Income Ratio

Consumption

Consumption vs Price/Income
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