Dispensed Hydrocarbons

Hydrocarbon vapors escape from a gasoline tank whenever gasoline is pumped into the gasoline tank of an automobile.  These hydrocarbons will produce a significant amount of air pollution.  To prevent this vapor recovery devices are placed on gasoline dispensers.  However it is difficult to test a vapor recovery device in actual operation since all that can be measured is the amount of hydrocarbons vapor recovered and whether any of the hydrocarbon vapors  actually escaped into the air.  In a laboratory experiment a device measured the actual amount of hydrocarbon vapor that escaped into the air as well as a number of variables that can actually be measured.  We shall attempt to find a predictive relationship between the amount of hydrocarbon vapor released and the predictor variables.  The variables that were measured are:
· The initial tank temperature (oF) denoted X1.

· The temperature of the dispensed gasoline (oF) denoted X2.

· The initial vapor pressure in the tank (p.s.i.) denoted X3.

· The vapor pressure of the dispensed gasoline (p.s.i.) denoted X4.

Emitted hydrocarbons are measured in grams.

The data was obtained from the text “Mathematical Statistics and Data Analysis”, 2nd Edition by John A. Rice (International Thomson Publishing, ©1995; page 567).  No source is given for the data.  All computations may be found in the attached spreadsheet.
[P&R] refers to Robert S. Pindyck and Daniel Rubinfeld, authors of the text “Econometric Models and Economic Forecasts”, Irwin McGraw Hill, © 1998.

We shall start our examination by examining scatter plots of the data.  The response variable, emitted hydrocarbons lies on the vertical axis; the predictor variables on the horizontal.
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Generally speaking there is a positive correlation between the predictor and response variables.  Data tends to be clustered and the variance appears constant, with perhaps some heteroscedasticity in the upper range.  The variable X4 may not be linear.
One Variable Regression Analysis
We start our analysis with a one variable regression on the outcome and predictor variables.  That is on the model:
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A single variable linear regression line was fitted using each of the measured variables as a predictor for the response variable.  The results of the regression for each predictor variable follow:
X1; Initial tank pressure:
Y = 8.7161 + 0.3814X1
R2= 65.26%
	
	Estimate
	tN-2 under H0: β=0
	p-value

	α
	8.7161
	5.09 x 10-30
	< 0.0001

	β
	0.3814
	3.42 x 10-7
	< 0.0001


	ANOVA
	Sum of Squares
	Degrees of Freedom
	Mean Square
	F1,N-2
	p-value

	Regression
	5,580.14
	1
	5,580.14
	231.07
	< 0.0001

	Error
	2,970.39
	123
	24.15
	
	

	Total
	8,550.53
	124
	
	
	


X2; Temperature of the dispensed gasoline:
Y = 1.7062 + 0.5110X2
R2= 77.05%

	
	Estimate
	tN-2 under H0: β=0
	p-value

	α
	1.7062
	1.1647
	0.2493

	β
	0.5110
	20.3201
	< 0.0001


	ANOVA
	Sum of Squares
	Degrees of Freedom
	Mean Square
	F1,N-2
	p-value

	Regression
	6,588.03
	1
	6,588.03
	412.91
	< 0.0001

	Error
	1,962.5
	123
	15.96
	
	

	Total
	8.550.53
	124
	
	
	


X3; Initial vapor pressure in the tank:
Y =6.6196 + 0.5618X3
R2= 72.34%

	
	Estimate
	tN-2 under H0: β=0
	p-value

	α
	6.6196
	4.7556
	 0.0415

	β
	0.5618
	17.9371
	< 0.0001


	ANOVA
	Sum of Squares
	Degrees of Freedom
	Mean Square
	F1,N-2
	p-value

	Regression
	6,185.74
	1
	6,185.74
	321.74
	< 0.0001

	Error
	2,364.79
	123
	19.23
	
	

	Total
	8,550.53
	124
	
	
	


X4; Vapor pressure of the dispensed gasoline:
Y = 8.8383 + 5.1038X4
R2=58.54%

	
	Estimate
	tN-2 under H0: β=0
	p-value

	α
	8.8383
	5.1441
	< 0.0358

	β
	5.1038
	13.1245
	< 0.0001


	ANOVA
	Sum of Squares
	Degrees of Freedom
	Mean Square
	F1,N-2
	p-value

	Regression
	5,005.39
	1
	5,005.39
	172.25
	< 0.0001

	Error
	3,545.14
	123
	29.06
	
	

	Total
	8,550.53
	124
	
	
	


Based of the measure of R2 the best one variable equation for the observed data is the temperature of the dispensed gasoline X2, with value of 77.05%.  The t-statistic for β under the hypothesis β = 0 is highly significant, however the p-value for the constant term is 0.2495 under the null hypothesis α = 0.  However we cannot reject the model as the ratio of explained variance to unexplained variance (the ANOVA) is quite high and therefore highly significant.
However we should not accept X2 unless we have checked to see if there is no heteroscedasticity present.  The scatter-plot indicates that this is probably the case but we should try a formal test such as the Goldfelt-Quandt test.  The test is described in [P&R] page 153.  Accordingly we calculate to least squares lines, one for the lower 50 observations and one for the upper 50 observations.  If ESS1 denotes the error sum of squares for the lower observations and ESS2 denotes the error sum of squares for the upper observations, then under the null hypothesis:

H0: Homoscedasticity  is present
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The p-value for this statistic is 0.2711 indicating that we should not reject the null hypothesis and conclude that the data is not display heteroscedasticity.
Stepwise Regression: The Two-Variable Regression
In an attempt to predict the amount hydrocarbons dispensed from a gasoline pump four possible variables were measured as possible predictor variables.  It is reasonable to assume that if one variable is a good predictor, then two, three of even all variables would be good predictor variables.
In stepwise regression, variables are added to a model to maximize adjusted R2.  Recall that adjusted R2 attempts to correct for a disadvantage inherent in the simple R2 value.  Adjusted R2 imposes a penalty every time an explanatory variable is added whereas R2 will automatically increase every time an predictor variable is added to the regression equation . 
To determine the best regression model that utilizes two predictor variables we calculate the adjusted R2 values for each possible combination and choose as our model the one with the highest adjusted R2.  The table below shows the results:

	
	X1
	X2
	X3
	X4

	X1
	
	79.57%
	71.93%
	82.78%

	X2
	79.57%
	
	84.30%
	87.05%

	X3
	71.93%
	84.30%
	
	87.58%

	X4
	82.78%
	87.05%
	87.58%
	


Based on this, the best predictive model is one combining X3, the initial vapor pressure in the tank and X4, the vapor pressure of the dispensed gasoline.  The results of this regression are:
Y =2.1205 – 8.9395X3  – 15.3393X4 

Adj. R2= 87.58%

	
	Estimate
	tN-3 under H0: β=0
	p-value

	β0
	2.1205
	2.1265
	0.0178

	β3
	-8.9395
	-7.3964
	< 0.0001

	β4
	-15.3393
	12.4147
	< 0.0001


	ANOVA
	Sum of Squares
	Degrees of Freedom
	Mean Square
	F1,N-3
	p-value

	Regression
	7,505.70
	2
	3,752.85
	438.2
	< 0.0001

	Error
	1,077.83
	122
	8.56
	
	

	Total
	8,550.53
	124
	
	
	


Of course we must ask ourselves if it is appropriate to add X3 or X4 to the two variable model.  Thus we form the null hypothesis:

H0: βk = 0
k=3,4
The test statistic for this is the F test involving joint test of several coefficients.  This is of course the statistic:
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ESSUR is found in the ANOVA table above while the ESSR is found from the one variable regression tables.  For k = 3 we have: 
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While for k = 4 we have:
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As F1,122 = 6.85 at a 99% significance level we easily reject both of the null hypothesis and conclude that it is appropriate to include the variables. 

As we have surmised from the scatter-plots of the individual variables there is a high degree of correlation between the predictor variables and the response variable.  The ANOVA tables indicate that the variables are significant in explaining the variance.  Also note that both variables are highly correlated; we have calculated that the correlation coefficient is 0.9759.  A graph displaying the two variables follows:
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In fact, as seen below, there is a high degree of correlation between all variables:

Correlation

	
	X1
	X2
	X3
	X4

	X1
	   
	0.8001
	0.9347
	0.9191

	X2
	0.8001
	
	0.7636
	0.8244

	X3
	0.9347
	0.7636
	
	0.9759

	X4
	0.9191
	0.8244
	0.9759
	


The fact that we have such high pair-wise correlations between variables may be a characteristic of multicollinearity.  It may not be possible to measure change in one variable while keeping the others constant.  Two indications of multicollinearity are:

· A high R2 or a highly significant F-statistic with few significant t-statistics.

· Relatively high simple correlations. It is important to realize that the multicollinearity may be present due to interactions between three or more variables. 

With this in mind we know look at the multiple regression model with three and four variables.

Stepwise Regression: The Three-Variable Regression
	Variables in Model
	Adjusted R2

	X1, X2, X3
	85.71 %

	X1, X2, X4
	88.62 %

	X1, X3, X4
	87.53 %

	X2, X3, X4
	89.10 %


The two variable model contained X2 and X3.  Now in the three variable model we add X4, temperature of the dispensed gasoline.  The model and associated statistics are:
Y = 0.4455 + 0.1501 X2 – 6.0321 X3 + 11.1996 X4 

Adj. R2= 89.10%
	
	Estimate
	tN-4 under H0: β=0
	p-value

	β0
	0.4455
	0.4383
	0.3310

	β2
	0.1501
	4.2467
	< 0.0001

	β3
	-6.0321
	-4.8954
	< 0.0001

	β4
	11.1996
	7.4012
	< 0.0001


	ANOVA
	Sum of Squares
	Degrees of Freedom
	Mean Square
	F1,N-4
	p-value

	Regression
	7,641.22
	3
	2,547.07
	338.94
	< 0.0001

	Error
	909.30
	121
	7.51
	
	

	Total
	8,550.53
	124
	
	
	


Of course we must ask ourselves if it is appropriate to add X3 to the two variable model.  Thus we form the null hypothesis:

H0: β3 = 0
Again the test statistic for this is the F test involving joint test of several coefficients.  We calculate:
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As F1,121 = 6.85 at a 99 significance level we easily reject the null hypothesis and conclude that it is appropriate to include the variable 

Stepwise Regression: The Four-Variable Regression
Y = 0.1661 - 0.0776X1 + 0.1832X2 – 4.45 X3 + 10.27 X4 

Adj. R2= 89.25%
	
	Estimate
	tN-5
	p-value

	β0
	0.1661
	0.1625
	0.4356

	β1
	-0.0766
	-1.6170
	0.9457

	β2
	0.1832
	4.5803
	< 0.0001

	β3
	-4.45
	-2.8428
	0.9974

	β4
	10.27
	6.3853
	< 0.0001


	ANOVA
	Sum of Squares
	Degrees of Freedom
	Mean Square
	F1,N-4
	p-value

	Regression
	7,660.61
	4
	1,915.15
	258.25
	< 0.0001

	Error
	889.91
	120
	7.4160
	
	

	Total
	8,550.53
	124
	
	
	


The value of the F-Test for the regression is 258.25 which is significant at the 95% confidence level.  However when we examine the t-statistics for the individual estimates we see that only β4, vapor pressure of the dispensed gasoline, is significant at the 95% confidence level.  As mentioned above, this is an indication of multicollinearity and we should consider the model unacceptable.  To confirm we calculate the F statistic to see if the additional variable is significant. 
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Since F1, 120 = 2.75 at a 90% significance level we accept the null hypothesis and conclude that there is evidence to suggest that β4=0.
If a multivariate model is to be considered the model should be the simplest model that best explains the phenomena.  This is known a parsimony.  Clearly the 3-variable model explains  the phenomena the best as its adjusted R2 value is the highest (89.10%).  However the two variable model (87.58%) and the best of the one variable models (77.05%) also have relatively high R2 values as well.  Since adding one variable to the two variable model only adds 1.52% to the adjusted R2 our preference would be for the two variable model.
A multivariate model is not the only model we should consider.  As was remarked above in the discussion on the scatter plots X4, vapor pressure of the dispensed gasoline, does not appear to be completely linear.  We shall now attempt to fit two different types of models to the data to see how the compare with the multivariate model
The Hyperbolic Model on X4
We reproduce the scatter plot for X4, vapor pressure of the dispensed gasoline below.
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Looking at the scatter plot for X4, there appears to be a slight hyperbolic trend to the data.  This suggest fitting a third degree polynomial to the observations.  The fitted polynomial is:
Y = -85.18 + 68.13X4 – 13.54X42 + 0.93 X43

Adj. R2 = 86.56%
	
	Estimate
	tN-4 under H0: β=0
	p-value

	β0
	-85.18
	-6.1709
	< 0.0001

	β2
	68.13
	7.1671
	< 0.0001

	β3
	-13.54
	-6.5006
	< 0.0001

	β4
	0.93
	6.4636
	< 0.0001

	ANOVA
	Sum of Squares
	Degrees of Freedom
	Mean Square
	F1,N-4
	p-value

	Regression
	7429.45
	3
	2476.48
	262.29
	< 0.0001

	Error
	1121.08
	121
	9.27
	
	

	Total
	8550.53
	124
	
	
	


We note that all statistics are significant and the adjusted R2 compares favorably with the two variable model (87.58%).

A Linear Model on X4
Notice how the data for X4 tend to be clustered in two groups; one group from 2 to 5 psi and another in the range 5.5 to 8 psi.  Perhaps fitting two regression lines one in the 2-5.5 psi range and another in the 5.5-8 psi range.  Note that this is not the technique described in [P&R] section 5.4 where the regression lines contains a structural break but remains continuous.  In our regression we will allow discontinuity and simply describe the lines as a piecewise function. 
Y = 
-0.9888 + 7.5868 X4

2.0 ≤ X4 < 5.5

R2 = 75.02%,
s2 = 7.31
-61.5378 + 15.4753 X4
5.5 ≤ X4 ≤ 8.0

R2 = 84.77%,
s2 = 15.04
Of course in [P&R] there are several references to the dangers of forecasting outside of the domain of a predictor variable.  In this sense it is not correct to define the piecewise function on the intervals [2, 5.5) and [5. 5, 8), in fact to be perfectly pedantic these intervals  should be [2.52, 4.72] and [5.80, 7.45], however since our original intent was to make predictions of dispensed hydrocarbons having a piecewise function with no intervening gap is quite attractive.
We do not discuss the individual test statistics here.  The reader may refer to the accompanying spreadsheet.  We close this section with the following observations.  The regression line for the lower interval is based on 108 observations and 17 observations for the upper interval.  Although the upper interval has the higher R2 it also has a higher variance due to the fewer observation in the range.
Notice also that the hyperbolic model has a higher overall R2.  This model is preferable to the linear piecewise model

Conclusion

In an attempt to predict the amount of hydrocarbons released into the atmosphere from a gasoline pump we examined several models out many possible.  We have several conclusions:

1. If we wish to use a one variable model, the temperature of the dispensed gasoline is the best model.

2. A two variable multivariate model involving X3, the initial vapor pressure in the tank and X4, the vapor pressure of the dispensed gasoline is preferable to any other.

3. If we choose X4 as our predictor variable we should choose a hyperbolic model over a linear piecewise model.
� EMBED Equation.3  ���
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Sheet1

				X1 Initial tank temperature (0F)		X2 Temperature of the dispensed gasoline (0F)		X3 Initial vapour pressure in the tank (psi)		X4 Vapour pressure of the dis[pensed gasoline (psi)		Y Emitted hydrocarbons (g)

		1		28		33		3		3.49		22

		2		24		48		2.78		3.22		27

		3		33		53		3.32		3.42		29

		4		29		52		3		3.28		29

		5		33		44		3.28		3.58		27

		6		31		36		3.1		3.26		24

		7		32		34		3.16		3.16		23

		8		34		35		3.22		3.22		23

		9		33		51		3.18		3.18		26

		10		33		50		3.12		3.02		19

		11		34		51		3.2		3.07		21

		12		37		51		3.39		3.08		22

		13		36		54		3.38		3.43		28

		14		34		54		3.17		3.4		27

		15		36		54		3.2		3.41		27

		16		39		57		3.37		3.49		28

		17		34		36		3		3		21

		18		35		35		3.03		3.03		21

		19		36		33		3.07		3		21

		20		34		35		2.9		2.95		20

		21		59		56		4.78		4.59		33

		22		59		57		4.78		4.64		33

		23		60		59		4.8		4.72		35

		24		60		60		4.72		4.72		34

		25		60		60		4.72		4.72		28

		26		60		60		4.72		4.72		31

		27		59		60		4.6		4.41		32

		28		57		60		4.32		4.32		28

		29		57		59		4.32		4.32		27

		30		60		60		4.53		4.53		34

		31		61		60		4.64		4.53		34

		32		62		60		4.74		4.53		33

		33		60		59		4.52		4.47		33

		34		60		60		4.52		4.47		33

		35		59		60		4.47		4.34		33

		36		60		59		4.45		4.45		33

		37		61		59		4.5		4.4		34

		38		59		58		4.36		4.23		35

		39		60		59		4.4		4.36		36

		40		60		60		4.4		4.36		36

		41		60		61		4.31		4.42		31

		42		60		62		4.31		4.42		34

		43		60		61		4.31		4.31		32

		44		59		60		4.19		4.27		31

		45		60		36		4.27		3.94		23

		46		59		36		4.2		3.8		24

		47		61		39		4.39		4.13		25

		48		62		38		4.41		3.49		24

		49		58		35		4.1		3.29		21

		50		61		57		4.32		4.21		33

		51		59		60		4.17		4.17		31

		52		60		60		4.19		4.19		31

		53		61		61		4.27		4.27		32

		54		62		61		4.39		4.39		32

		55		60		61		4.19		4.27		32

		56		60		61		4.19		4.19		32

		57		90		64		7.32		6.7		40

		58		92		64		7.6		6.58		38
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		70		61		62		3.91		3.99		28
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		92		59		62		3.98		4.11		29
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				X1 Initial tank temperature (0F)		X2 Temperature of the dispensed gasoline (0F)		X3 Initial vapour pressure in the tank (psi)		X4 Vapour pressure of the dis[pensed gasoline (psi)		Y Emitted hydrocarbons (g)
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		32		62		60		4.74		4.53		33

		33		60		59		4.52		4.47		33

		34		60		60		4.52		4.47		33

		35		59		60		4.47		4.34		33

		36		60		59		4.45		4.45		33

		37		61		59		4.5		4.4		34

		38		59		58		4.36		4.23		35

		39		60		59		4.4		4.36		36

		40		60		60		4.4		4.36		36
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		47		61		39		4.39		4.13		25
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		49		58		35		4.1		3.29		21

		50		61		57		4.32		4.21		33

		51		59		60		4.17		4.17		31

		52		60		60		4.19		4.19		31
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		55		60		61		4.19		4.27		32

		56		60		61		4.19		4.19		32
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		59		90		56		7.32		7.2		45
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		61		92		89		7.45		7.37		58

		62		92		92		7.45		7.45		58

		63		92		92		7.45		7.45		55

		64		92		92		7.45		7.45		54

		65		92		90		7.38		7.26		55

		66		91		92		7.26		7.26		52

		67		62		68		3.99		4.22		30

		68		62		62		3.99		3.99		29

		69		61		62		3.91		4.08		29

		70		61		62		3.91		3.99		28

		71		59		44		3.75		3.54		22

		72		59		42		3.75		3.45		22

		73		93		68		7.07		6.38		35

		74		92		66		6.93		6.25		32

		75		88		65		6.48		5.8		31

		76		91		69		6.7		5.92		32

		77		92		87		6.8		6.48		43

		78		91		89		6.7		6.6		45

		79		90		90		6.6		6.6		46

		80		61		62		4.1		4.2		30

		81		63		62		4.3		4.3		37
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				X1 Initial tank temperature (0F)		X2 Temperature of the dispensed gasoline (0F)		X3 Initial vapour pressure in the tank (psi)		X4 Vapour pressure of the dis[pensed gasoline (psi)		Y Emitted hydrocarbons (g)

		1		28		33		3		3.49		22

		2		24		48		2.78		3.22		27

		3		33		53		3.32		3.42		29

		4		29		52		3		3.28		29

		5		33		44		3.28		3.58		27

		6		31		36		3.1		3.26		24

		7		32		34		3.16		3.16		23

		8		34		35		3.22		3.22		23

		9		33		51		3.18		3.18		26

		10		33		50		3.12		3.02		19

		11		34		51		3.2		3.07		21
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		24		60		60		4.72		4.72		34
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		26		60		60		4.72		4.72		31

		27		59		60		4.6		4.41		32

		28		57		60		4.32		4.32		28

		29		57		59		4.32		4.32		27

		30		60		60		4.53		4.53		34

		31		61		60		4.64		4.53		34

		32		62		60		4.74		4.53		33

		33		60		59		4.52		4.47		33

		34		60		60		4.52		4.47		33

		35		59		60		4.47		4.34		33

		36		60		59		4.45		4.45		33

		37		61		59		4.5		4.4		34

		38		59		58		4.36		4.23		35

		39		60		59		4.4		4.36		36

		40		60		60		4.4		4.36		36

		41		60		61		4.31		4.42		31
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		43		60		61		4.31		4.31		32
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		45		60		36		4.27		3.94		23
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		48		62		38		4.41		3.49		24

		49		58		35		4.1		3.29		21

		50		61		57		4.32		4.21		33

		51		59		60		4.17		4.17		31

		52		60		60		4.19		4.19		31

		53		61		61		4.27		4.27		32
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		55		60		61		4.19		4.27		32
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		66		91		92		7.26		7.26		52

		67		62		68		3.99		4.22		30

		68		62		62		3.99		3.99		29

		69		61		62		3.91		4.08		29

		70		61		62		3.91		3.99		28

		71		59		44		3.75		3.54		22

		72		59		42		3.75		3.45		22

		73		93		68		7.07		6.38		35

		74		92		66		6.93		6.25		32

		75		88		65		6.48		5.8		31

		76		91		69		6.7		5.92		32

		77		92		87		6.8		6.48		43

		78		91		89		6.7		6.6		45

		79		90		90		6.6		6.6		46

		80		61		62		4.1		4.2		30

		81		63		62		4.3		4.3		37

		82		60		61		4.02		4.2		31

		83		62		62		4.2		4.2		35
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		85		59		61		3.98		4.02		36
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		89		60		62		4.02		4.11		36
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		91		61		63		4.11		3.98		26

		92		59		62		3.98		4.11		29

		93		59		63		3.98		4.2		29

		94		61		62		4.11		4.3		28

		95		61		62		4.11		4.11		28

		96		59		62		3.98		4.02		27

		97		59		62		3.98		3.98		28

		98		62		62		4.2		4.2		30

		99		61		62		4.11		4.2		31

		100		60		61		4.02		4.02		29

		101		59		61		3.98		4.11		28

		102		60		61		4.02		4.02		29

		103		60		61		4.02		4.11		30

		104		60		61		4.02		4.02		33

		105		60		61		4.02		4.11		30

		106		61		61		4.11		4.11		28

		107		60		61		4.02		3.98		29

		108		60		62		4.02		4.02		29
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Sheet1

				X1 Initial tank temperature (0F)		X2 Temperature of the dispensed gasoline (0F)		X3 Initial vapour pressure in the tank (psi)		X4 Vapour pressure of the dis[pensed gasoline (psi)		Y Emitted hydrocarbons (g)

		1		28		33		3		3.49		22

		2		24		48		2.78		3.22		27

		3		33		53		3.32		3.42		29

		4		29		52		3		3.28		29

		5		33		44		3.28		3.58		27

		6		31		36		3.1		3.26		24

		7		32		34		3.16		3.16		23

		8		34		35		3.22		3.22		23

		9		33		51		3.18		3.18		26

		10		33		50		3.12		3.02		19

		11		34		51		3.2		3.07		21

		12		37		51		3.39		3.08		22

		13		36		54		3.38		3.43		28

		14		34		54		3.17		3.4		27

		15		36		54		3.2		3.41		27

		16		39		57		3.37		3.49		28

		17		34		36		3		3		21

		18		35		35		3.03		3.03		21

		19		36		33		3.07		3		21

		20		34		35		2.9		2.95		20

		21		59		56		4.78		4.59		33

		22		59		57		4.78		4.64		33

		23		60		59		4.8		4.72		35

		24		60		60		4.72		4.72		34

		25		60		60		4.72		4.72		28

		26		60		60		4.72		4.72		31

		27		59		60		4.6		4.41		32

		28		57		60		4.32		4.32		28

		29		57		59		4.32		4.32		27

		30		60		60		4.53		4.53		34

		31		61		60		4.64		4.53		34

		32		62		60		4.74		4.53		33

		33		60		59		4.52		4.47		33

		34		60		60		4.52		4.47		33

		35		59		60		4.47		4.34		33

		36		60		59		4.45		4.45		33

		37		61		59		4.5		4.4		34

		38		59		58		4.36		4.23		35

		39		60		59		4.4		4.36		36

		40		60		60		4.4		4.36		36

		41		60		61		4.31		4.42		31

		42		60		62		4.31		4.42		34

		43		60		61		4.31		4.31		32

		44		59		60		4.19		4.27		31

		45		60		36		4.27		3.94		23

		46		59		36		4.2		3.8		24

		47		61		39		4.39		4.13		25

		48		62		38		4.41		3.49		24

		49		58		35		4.1		3.29		21

		50		61		57		4.32		4.21		33

		51		59		60		4.17		4.17		31

		52		60		60		4.19		4.19		31

		53		61		61		4.27		4.27		32

		54		62		61		4.39		4.39		32

		55		60		61		4.19		4.27		32

		56		60		61		4.19		4.19		32

		57		90		64		7.32		6.7		40

		58		92		64		7.6		6.58		38

		59		90		56		7.32		7.2		45

		60		90		60		7.32		7.2		46

		61		92		89		7.45		7.37		58

		62		92		92		7.45		7.45		58

		63		92		92		7.45		7.45		55

		64		92		92		7.45		7.45		54

		65		92		90		7.38		7.26		55

		66		91		92		7.26		7.26		52

		67		62		68		3.99		4.22		30

		68		62		62		3.99		3.99		29

		69		61		62		3.91		4.08		29

		70		61		62		3.91		3.99		28

		71		59		44		3.75		3.54		22

		72		59		42		3.75		3.45		22

		73		93		68		7.07		6.38		35

		74		92		66		6.93		6.25		32

		75		88		65		6.48		5.8		31

		76		91		69		6.7		5.92		32

		77		92		87		6.8		6.48		43

		78		91		89		6.7		6.6		45

		79		90		90		6.6		6.6		46

		80		61		62		4.1		4.2		30

		81		63		62		4.3		4.3		37

		82		60		61		4.02		4.2		31

		83		62		62		4.2		4.2		35

		84		60		61		4.02		4.1		37

		85		59		61		3.98		4.02		36

		86		60		61		4.02		4.11		38

		87		60		61		4.02		4.11		34

		88		59		61		3.98		4.11		35

		89		60		62		4.02		4.11		36

		90		60		62		4.02		4.11		33

		91		61		63		4.11		3.98		26

		92		59		62		3.98		4.11		29

		93		59		63		3.98		4.2		29

		94		61		62		4.11		4.3		28

		95		61		62		4.11		4.11		28

		96		59		62		3.98		4.02		27

		97		59		62		3.98		3.98		28

		98		62		62		4.2		4.2		30

		99		61		62		4.11		4.2		31

		100		60		61		4.02		4.02		29

		101		59		61		3.98		4.11		28

		102		60		61		4.02		4.02		29

		103		60		61		4.02		4.11		30

		104		60		61		4.02		4.02		33

		105		60		61		4.02		4.11		30

		106		61		61		4.11		4.11		28

		107		60		61		4.02		3.98		29

		108		60		62		4.02		4.02		29

		109		62		63		4.62		4.53		35

		110		60		62		4.48		4.62		34

		111		59		62		4.39		4.53		34

		112		40		35		2.98		2.8		22

		113		37		35		2.8		2.68		20

		114		37		35		2.73		2.64		19

		115		34		35		2.62		2.52		17

		116		35		35		2.59		2.62		19

		117		35		35		2.59		2.59		16

		118		37		37		2.73		2.59		22

		119		35		36		2.59		2.62		18

		120		34		35		2.62		2.52		19

		121		35		35		3.23		3.06		21

		122		35		35		3.23		3.12		22

		123		36		35		3.27		3.27		23

		124		37		35		3.26		3.12		22

		125		37		36		3.26		3.12		23
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