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Introduction
Single Malt Scotch whisky is a premium spirit with an incredible range of expressions and price points.  In this analysis we will determine what effect, if any, the region of distillation, age, vintage, and alcohol content of a whisky has on its price.  
Data

All prices come from Park Avenue Liquor Shop in New York.  The advantage of this is that all the prices take into account the same importing and tax costs.  The disadvantage is that this analysis will not hold for whisky prices in general, but only be applicable for prices in this one store.  Park Avenue Liquor Shop was chosen for its wide selection of whiskies.  There are 338 data points.
There are four factors which we will analyze:
Age:

The age of a whisky measures how long it was matured in casks.  When vatting, the age statement is equal to the youngest barrel used.  Not all whiskies have age statements.  By law, scotch whiskies must be at least 3 years old.
Vintage:

The vintage of a whisky is the year it was bottled.  An older vintage does not necessarily imply an older age.  For example, if a whisky was bottled in 1810 after being matured for 10 years it would have a vintage statement of 1810 but an age statement of only 10 years. 

Region:

We will group the major whisky producing regions of Scotland as follows:

Speyside – Speyside (this is the largest whisky producing region in Scotland)
Highlands – Northern, Western, Eastern, and Southern Highlands

Cambeltown – Campbeltown

Islay – Islay

Islands – Orkney, Skye, Mull, Jura, and Arran

Lowlands – Lowlands

*See map in Appendix A

Alcohol Content:

Alcohol content will be measured by proof.  By law, scotch must be at least 80 proof.

Analysis
Let’s start by looking at a graph of age vs. price:
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*Age 0 represents the whiskies with no age statements

Immediately we can see two outliers.  They are the 55 and 57 year old Macallan Lalique.  Both of which were very limited releases in specially designed decanters priced at $16,000 and $19,100 respectively.  We will remove these for all subsequent analyses.  
Now we will group and bin our variables and take a look at a graph of their averages.  We will use the following groupings:
Age: No age statement, 14 and under, 15 – 20, and 21 and older.

Proof: 90 and Under, and Over 90.

Vintage: No vintage, 1969 and Prior, 1970 – 1990, and 1991 and subsequent.

Region: Speyside, Highlands, Campbeltown, Islay, Islands, Lowlands.
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ANOVA
From the graphs it looks like each factor could have an effect on the average price so we will perform an ANOVA analysis for each variable to see if we can disprove the null hypothesis that all the means are equal.
	Anova: Age
	
	
	
	
	
	

	
	
	
	
	
	
	

	SUMMARY
	
	
	
	
	
	

	Groups
	Count
	Sum
	Average
	Variance
	SD
	

	No Age
	41
	5,499
	134
	58,108
	241
	

	14 and Under
	98
	7,283
	74
	1,068
	33
	

	15 - 20
	99
	12,453
	126
	37,138
	193
	

	21 and Over
	98
	89,069
	909
	1,976,981
	1,406
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	ANOVA
	
	
	
	
	
	

	Source of Variation
	SS
	df
	MS
	F
	P-value
	F crit

	Between Groups
	44,912,464
	3
	14,970,821
	25.1236
	<0.0001
	2.6318

	Within Groups
	197,834,549
	332
	595,887
	
	
	

	
	
	
	
	
	
	

	Total
	242,747,014
	335
	 
	 
	 
	 


	Anova: Proof
	
	
	
	
	
	

	
	
	
	
	
	
	

	SUMMARY
	
	
	
	
	
	

	Groups
	Count
	Sum
	Average
	Variance
	SD
	

	Under 90
	152
	64,509
	424
	1,194,542
	1,093
	

	Over 90
	184
	49,794
	271
	330,069
	575
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	ANOVA
	
	
	
	
	
	

	Source of Variation
	SS
	df
	MS
	F
	P-value
	F crit

	Between Groups
	1,968,483
	1
	1,968,483
	2.7306
	0.0994
	3.8695

	Within Groups
	240,778,530
	334
	720,894
	
	
	

	
	
	
	
	
	
	

	Total
	242,747,014
	335
	 
	 
	 
	 


	Anova: Region
	
	
	
	
	
	

	
	
	
	
	
	
	

	SUMMARY
	
	
	
	
	
	

	Groups
	Count
	Sum
	Average
	Variance
	SD
	

	Speyside
	132
	41,725
	316
	518,475
	720
	

	Highlands
	66
	19,138
	290
	376,990
	614
	

	Campbeltown
	15
	2,367
	158
	30,843
	176
	

	Islay
	82
	33,745
	412
	1,298,351
	1,139
	

	Islands
	25
	4,863
	195
	199,314
	446
	

	Lowlands
	16
	12,465
	779
	2,344,609
	1,531
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	ANOVA
	
	
	
	
	
	

	Source of Variation
	SS
	df
	MS
	F
	P-value
	F crit

	Between Groups
	4,771,565
	5
	954,313
	1.3233
	0.2537
	2.2413

	Within Groups
	237,975,448
	330
	721,138
	
	
	

	
	
	
	
	
	
	

	Total
	242,747,014
	335
	 
	 
	 
	 


	Anova: Vintage
	
	
	
	
	
	

	
	
	
	
	
	
	

	SUMMARY
	
	
	
	
	
	

	Groups
	Count
	Sum
	Average
	Variance
	SD
	

	Non Vintage
	209
	43,387
	208
	190,721
	437
	

	1969 and Prior
	19
	51,246
	2,697
	4,839,836
	2,200
	

	1970 - 1990
	64
	15,276
	239
	55,628
	236
	

	1991 and Later
	44
	4,394
	100
	688
	26
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	ANOVA
	
	
	
	
	
	

	Source of Variation
	SS
	df
	MS
	F
	P-value
	F crit

	Between Groups
	112,425,943
	3
	37,475,314
	95.4704
	<0.0001
	2.6318

	Within Groups
	130,321,070
	332
	392,533
	
	
	

	
	
	
	
	
	
	

	Total
	242,747,014
	335
	 
	 
	 
	 


The p value for region is 0.2537 and so is not significant at the 95% level.  The p value for proof is 0.0994 which is close to being significant at the 95% level so, if it has an effect, it is a small one and we would need more data points to accurately determine it.

Age and Vintage both have p values less than 0.0001 which is very strong evidence against the null hypothesis of no difference in average price across age and vintage.
Regression Equation

 We will now do a regression analysis of the data looking at Age, Vintage, and Age x Vintage to see if there is any interaction between these two variables.
	SUMMARY OUTPUT
	
	
	
	
	
	

	
	
	
	
	
	
	

	Regression Statistics
	
	
	
	
	

	Multiple R
	0.7172
	
	
	
	
	

	R Square
	0.5143
	
	
	
	
	

	Adjusted R Square
	0.4870
	
	
	
	
	

	Standard Error
	604
	
	
	
	
	

	Observations
	336
	
	
	
	
	

	
	
	
	
	
	
	

	ANOVA
	
	
	
	
	
	

	 
	df
	SS
	MS
	F
	Significance F
	

	Regression
	15
	124,856,555
	8,323,770
	28.5072
	<0.0001
	

	Residual
	323
	117,890,458
	364,986
	
	
	

	Total
	338
	242,747,014
	 
	 
	 
	

	
	
	
	
	
	
	

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

	Intercept
	87
	102
	0.8535
	0.3940
	-114
	288

	14 and Under * 1969 and Prior
	0
	0
	65,535
	#NUM!
	0
	0

	14 and Under * 1970 - 1990
	-624
	459
	-1.3597
	0.1749
	-1,528
	279

	14 and Under * 1991 and Later
	38
	388
	0.0972
	0.9226
	-725
	801

	15 - 20 * 1969 and Prior
	-227
	631
	-0.3603
	0.7189
	-1,470
	1,015

	15 - 20 * 1970 - 1990
	-620
	390
	-1.5903
	0.1127
	-1,388
	147

	15 - 20 * 1991 and Later
	14
	411
	0.0331
	0.9736
	-794
	821

	21 and Over * 1969 and Prior
	0
	0
	65,535
	#NUM!
	0
	0

	21 and Over * 1970 - 1990
	-937
	389
	-2.4068
	0.0167
	-1,703
	-171

	21 and Over * 1991 and Later
	0
	0
	65,535
	#NUM!
	0
	0

	14 and Under
	-24
	127
	-0.1899
	0.8495
	-274
	226

	15 - 20
	12
	128
	0.0915
	0.9271
	-241
	265

	21 and Over
	520
	133
	3.9069
	0.0001
	258
	782

	1969 and Prior
	2,129
	166
	12.8178
	<0.0001
	1,802
	2,455

	1970 - 1990
	645
	363
	1.7743
	0.0770
	-70
	1,360

	1991 and Later
	-3
	363
	-0.0087
	0.9931
	-718
	712


Looking at this we can see that most of the p-values for the interaction terms are not significant enough to reject the null hypothesis that they equal zero so we will drop all the interaction terms and perform another regression.
	SUMMARY OUTPUT
	
	
	
	
	

	
	
	
	
	
	
	

	Regression Statistics
	
	
	
	
	

	Multiple R
	0.7095
	
	
	
	
	

	R Square
	0.5034
	
	
	
	
	

	Adjusted R Square
	0.4943
	
	
	
	
	

	Standard Error
	605
	
	
	
	
	

	Observations
	336
	
	
	
	
	

	
	
	
	
	
	
	

	ANOVA
	
	
	
	
	
	

	 
	df
	SS
	MS
	F
	Significance F
	

	Regression
	6
	122,186,900
	20,364,483
	55.5732
	<0.0001
	

	Residual
	329
	120,560,114
	366,444
	
	
	

	Total
	335
	242,747,014
	 
	 
	 
	

	
	
	
	
	
	
	

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

	Intercept
	139
	95
	1.4580
	0.1458
	-48
	326

	14 and Under
	-63
	115
	-0.5481
	0.5840
	-289
	163

	15 - 20
	-17
	114
	-0.1529
	0.8786
	-242
	207

	21 and Over
	389
	119
	3.2666
	0.0012
	155
	624

	1969 and Prior
	2,190
	156
	13.9989
	<0.0001
	1,883
	2,498

	1970 - 1990
	-71
	91
	-0.7793
	0.4363
	-249
	108

	1991 and Later
	7
	105
	0.0706
	0.9437
	-199
	214


The equation for this regression looks like this:
Price = 139 – 63(14 and Under) – 17(15 - 20) +389(21 and Over) + 2,190(1969 and Prior) – 71(1970 - 1990) + 7(1991 and Later)

The R squared statistic for this equation is 0.5034 so it accounts for half of the variation in the price.  

This is a less than perfect model however because the p-values for the younger ages and vintages are very high.  This suggests that the younger ages and vintages have a small effect, if any at all.  Also, the standard error terms for the coefficients are relatively high which suggests that there is a great deal of variance within the groups.
Conclusion

My conclusion is that the price of Single-Malt Scotch Whisky cannot be accurately predicted based just on the Age, Region, Vintage, and Proof.  Some other factors that might help improve the model are scarcity and quality of the whiskey for which data is not readily available and so will not be discussed in this paper.
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