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Regression analysis on airline operating costs

Introduction

This student project describes a regression analysis study of the relationships between airline operating costs and several flight data. There are seven explanatory variables: length of plane (miles), speed of plane (miles per hour), daily flight time per plane (hours), population served (1000s), ton-mile load factor (proportion), available capacity (tons per mile) and total assets ($100,000s). Excel add-ins regression tool will be used to determine significant variables and quantify the coefficients.
Data and Transformation
Raw data comes from link: http://www.stat.ufl.edu/~winner/datasets.html .
	From the quartiles of each variable, I find that most of them are positive skewed, except for Daily flight time per plane and Ton-mile load factor. To correct positive skew, I apply transformation of natural logarithm to the following variables: Length of plane, Speed of plane, Population served, Available capacity, Total assets and Total operating costs. The remaining variables are kept without any transformation, since their ratios are closer to 1 than the others. In column “Ration (ln)”, the skewness of variables is corrected in different degrees.

　
	1st quartile
	median
	3rd quartile
	Ratio
	Ratio (ln)

	Length of plane
	71
	100
	174.5
	2.57 
	1.62 

	Speed of plane 
	141.5
	150
	181.5
	3.71 
	3.27 

	Daily flight time per plane
	5.865
	6.6
	7.26
	0.90 
	0.90*

	Population served 
	2500
	6500
	19100
	3.15 
	1.13 

	Ton-mile load factor 
	0.399
	0.505
	0.5685
	0.60 
	0.60*

	Available capacity 
	2.1195
	2.405
	4.598
	7.68 
	5.13 

	Total assets
	13.23
	21.6
	167.31
	17.41 
	4.16 

	Total operating costs 
	50.8
	75.4
	120.75
	1.84 
	1.19 


Model and Hypothesis
After above transformation, the full model is 
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is intercept ,
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are least squares coefficients, 
X1 is the nature logarithm of Length of plane,
X2 is the nature logarithm of Speed of plane,

X3 is Daily flight time per plane,

X4 is the nature logarithm of Population served,

X5 is Ton-mile load factor,

X6 is the nature logarithm of Available capacity,

X7 is the nature logarithm of Total assets,

Y is the nature logarithm of Total operating costs,
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 is random error. 
The null hypothesis is that the least squares coefficients are zero:
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7-Variable Full Regression Model
The following regression statistics and ANOVA results are obtained from excel add-in regression tools.

	SUMMARY OUTPUT
	
	
	
	

	Regression Statistics
	
	
	
	

	Multiple R
	0.982775
	
	
	
	

	R Square
	0.965847
	
	
	
	

	Adjusted R Square
	0.955453
	
	
	
	

	Standard Error
	0.138555
	
	
	
	

	Observations
	31
	
	
	
	

	
	
	
	
	
	

	ANOVA
	
	
	
	
	

	　
	df
	SS
	MS
	F
	Significance F

	Regression
	7
	12.4869
	1.783843
	92.92054
	2.41E-15

	Residual
	23
	0.441543
	0.019198
	
	

	Total
	30
	12.92844
	　
	　
	　

	
	
	
	
	
	

	　
	Coefficients
	Standard Error
	t Stat
	P-value
	

	Intercept
	9.11767
	2.463224
	3.701518
	0.001177
	

	X1
	0.425224
	0.176348
	2.411278
	0.024283
	

	X2
	-0.9051
	0.585093
	-1.54693
	0.13553
	

	X3
	-0.05322
	0.023128
	-2.301
	0.030794
	

	X4
	0.027475
	0.035129
	0.782103
	0.442132
	

	X5
	-3.12182
	0.364502
	-8.56461
	1.31E-08
	

	X6
	-0.72661
	0.106512
	-6.82184
	5.88E-07
	

	X7
	0.067967
	0.057997
	1.171919
	0.253226
	


Y=9.118+0.425X1-0.905X2-0.053X3+0.027X4-3.122X5-0.727X6+0.068X7.
R2 is 96.58%, which means this full model explains 96.58% of variation in Total operating costs. The model is appropriate for determining Total operating costs based on flight data. In ANOVA, significance F is 2.14E-15, by which the null hypothesis can not be rejected. It indicates that Total operating costs are associated with at least one of the explanatory variables. According to t-tests for regression coefficients, Length of plane, Daily flight time per plane, Ton-mile load factor and Available capacity are significant to Total operating costs, since the p-values are all less than 0.05. However, Speed of plane(X2), Population served (X4) and Total assets (X7) are not significant, with p-value larger than 0.05. 
I will remove the insignificant variables, and analyze the reduced model with the full model.

4-Variable Reduced Regression Model
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	SUMMARY OUTPUT
	
	
	
	

	Regression Statistics
	
	
	
	

	Multiple R
	0.976527
	
	
	
	

	R Square
	0.953606
	
	
	
	

	Adjusted R Square
	0.946468
	
	
	
	

	Standard Error
	0.151887
	
	
	
	

	Observations
	31
	
	
	
	

	
	
	
	
	
	

	ANOVA
	
	
	
	
	

	　
	df
	SS
	MS
	F
	Significance F

	Regression
	4
	12.32863
	3.082158
	133.6028
	6.18E-17

	Residual
	26
	0.599809
	0.02307
	
	

	Total
	30
	12.92844
	　
	　
	　

	
	
	
	
	
	

	　
	Coefficients
	Standard Error
	t Stat
	P-value
	

	Intercept
	5.335462
	0.412753
	12.92651
	7.92E-13
	

	X1
	0.33399
	0.11512
	2.901245
	0.00747
	

	X3
	-0.0601
	0.025196
	-2.38544
	0.024634
	

	X5
	-2.8592
	0.386628
	-7.39523
	7.48E-08
	

	X6
	-0.6834
	0.098483
	-6.93929
	2.29E-07
	


Y=5.335+0.334X1-0.060X3-2.859X5-0.683X6.

R2 of 4-variable model is 95.36%. The reduction of 4 variables does not bring a much decrease. Though p-value of Daily flight time per plane (X3) is less than 0.05, it is far from other variables’ p-values. I will eliminate X3 to test how well 3-variable model performs.
3-Variable Reduced Regression Model
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	SUMMARY OUTPUT
	
	
	
	

	Regression Statistics
	
	
	
	

	Multiple R
	0.971314
	
	
	
	

	R Square
	0.943452
	
	
	
	

	Adjusted R Square
	0.937169
	
	
	
	

	Standard Error
	0.164551
	
	
	
	

	Observations
	31
	
	
	
	

	
	
	
	
	
	

	ANOVA
	
	
	
	
	

	　
	df
	SS
	MS
	F
	Significance F

	Regression
	3
	12.19736
	4.065787
	150.1559
	5.96E-17

	Residual
	27
	0.731082
	0.027077
	
	

	Total
	30
	12.92844
	　
	　
	　

	
	
	
	
	
	

	　
	Coefficients
	Standard Error
	t Stat
	P-value
	

	Intercept
	5.057048
	0.42892
	11.7902
	3.71E-12
	

	X1
	0.35931
	0.124187
	2.893291
	0.007451
	

	X5
	-3.20009
	0.389205
	-8.22212
	7.91E-09
	

	X6
	-0.7466
	0.102762
	-7.26533
	8.17E-08
	


Y=5.057+0.359X1-3.200X5-0.747X6.

R2 decreases to 94.35%, almost 1% from 4-variable model. And p-values of X1, X5 and X6 are not reduced much from the previous ones. So, I prefer 4-variable model to be the final regression model of Total operating costs.

Conclusion

The analysis began with skewness correction to all variables (including Total operating costs) except Daily flight time per plane and Ton-mile load factor, by natural logarithm transformation.

Then regression model began with Length of plane, Speed of plane, Daily flight time per plane, Population served, Ton-mile load factor, Available capacity and Total assets. By eliminating three variables that weren’t significant, the best fit model is:

Y=5.335+0.334X1-0.060X3-2.859X5-0.683X6,
where 

X1 is the nature logarithm of Length of plane,

X3 is Daily flight time per plane,

X5 is Ton-mile load factor,

X6 is the nature logarithm of Available capacity,

Y is the nature logarithm of Total operating costs.

Appendix: Raw Data
	Airline
	Length of flight 
	Speed of Plane 
	Daily Flight Time per plane 
	Population served 
	Ton-Mile load factor 
	Available Capacity 
	Total Assets  
	Total Operating Cost 

	All American
	57
	133
	6.1
	20200
	0.4
	2.4
	21.13
	116.3

	American
	270
	216
	6.93
	56928
	0.689
	5.776
	1436.53
	43

	Bonanza
	100
	140
	4.45
	183
	0.358
	2.207
	6.65
	141.5

	Braniff
	176
	182
	6.6
	11869
	0.557
	4.614
	160.3
	50.6

	Capital
	142
	167
	7.47
	41097
	0.51
	5.255
	195.02
	51

	Central 
	51
	134
	4.67
	1757
	0.167
	2.096
	14.02
	318.5

	C&S               
	175
	175
	8.6
	18000
	0.558
	3.889
	114.16
	59.2

	Colonial          
	112
	150
	6.87
	13500
	0.505
	3.327
	35.34
	77

	Continental        
	131
	179
	6.5
	3831
	0.537
	3.166
	49.74
	62.3

	Delta                   
	174
	191
	7.6
	13119
	0.598
	4.582
	174.32
	45.3

	Eastern                 
	182
	187
	9.5
	44000
	0.528
	5.814
	1042.58
	42.6

	Empire                   
	59
	143
	4.83
	451
	0.313
	2.204
	4.71
	112.4

	Frontier                 
	81
	141
	7.47
	2500
	0.398
	1.809
	17.66
	125.2

	Lake Central            
	73
	142
	3.85
	5405
	0.212
	2.264
	6.32
	169.3

	Mid-Continent          
	144
	167
	6.2
	6725
	0.565
	2.708
	76.12
	64.8

	Mohawk                  
	79
	137
	5.88
	9250
	0.476
	2.143
	14.54
	100.5

	National                
	199
	207
	8.28
	23431
	0.567
	5.503
	181.27
	42.9

	Northeast                 
	94
	150
	6.77
	16000
	0.597
	1.988
	49.38
	81.1

	Northwest                
	271
	202
	6.88
	27000
	0.57
	7.544
	471.5
	56.7

	Piedmont                 
	90
	153
	8.13
	3362
	0.449
	2.405
	21.6
	75.4

	Pioneer                
	89
	150
	7.05
	2050
	0.483
	2.402
	19.11
	71.3

	Southern                
	67
	147
	6.15
	2337
	0.317
	1.893
	12.44
	150.1

	Southwest                
	54
	127
	5.85
	5143
	0.491
	2.403
	16.06
	78.9

	Trans-Texas           
	78
	147
	6.08
	2600
	0.372
	1.747
	11.1
	130.3

	TWA                   
	293
	193
	6.4
	51500
	0.67
	5.403
	1217.98
	46.2

	United                  
	270
	207
	6.63
	48913
	0.63
	5.952
	1127.25
	42.3

	West Coast              
	58
	135
	4.5
	1852
	0.421
	1.948
	10.98
	103.3

	Western                
	172
	181
	6.67
	6250
	0.656
	4.085
	137.39
	44.2

	Inland               
	147
	158
	9.38
	1000
	0.575
	2.678
	16.61
	64.7

	Wiggins               
	45
	116
	2.35
	2500
	0.166
	0.422
	2.03
	820.9

	Wisconsin                
	69
	142
	5.72
	6500
	0.43
	1.884
	10.8
	130.9
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