APPENDIX

Definition of Variables 

Observation Period and Registrations (Sales)

U.S. new vehicle registration data for the 1995 through 2006 model years were obtained on a quarterly basis from R. L. Polk and Company.  R. L. Polk compiles registrations, the equivalent of U.S. sales. Production data are not usable, as vehicles are produced worldwide for distribution in domestic and foreign markets.

While some variables, including U.S. registrations and advertising expenditures, were obtained on a quarterly basis, we aggregated such data on a model year basis. The primary purpose of this paper is to investigate the impact of restyling and other non-price tools on market shares. Since restyling occurs on a model year basis, the model year had to be the basic unit of measuring registrations and advertising expenditures. 

Vehicular Submarkets

Using market segments as defined by Consumer Guide, we selected six automobile and eight light truck submarkets that existed over the entire twelve-year observation period.  As detailed in Table 1, automotive submarkets included: subcompact (23 lines), compact (11), midsize (16), large (14), near luxury/premium (20), and luxury (19).  The light truck submarkets included minivan (19), compact truck-based sport utilities [SUV] (13), compact car-based sport utilities (4), mid-size, truck-based SUVs (21), mid-size car-based SUVs    (4), large/non-luxury SUV (9), compact pickups (9), and large/standard pickups (6).  The number of competitors in the several submarkets changed annually as industry participants entered and left the U.S. market or added (deleted) lines.

Car lines were delineated by niches within the market, not necessarily by nameplate.  Thus, the introduction of a new nameplate which replaced an existing line was considered a continuum.  For example, three different nameplates constituted the minivan category for Chevrolet between the 1995 and 2006 model years.  The 1995-96 Chevrolet Lumina APV was replaced by the Venture for the 1997 through 2004 model years, and finally the Uplander.

Vehicular lines were delineated by manufacturer and the country in which the manufacturer is headquartered. Thus, Toyota vehicles were treated as Japanese, independent of where they were actually produced. Table 2 shows the several countries/regions. 

Styling Change

We used two dummy variables to categorize styling and technological change.  This approach is similar to those developed by Reilly and Hoffer (1984), Millner and Hoffer (1993), and Pauwels et. al. (2006).
  It covers the array of changes in styling. 

The partial restyling dummy variable took a value of 1 if models underwent grill, tail lamp lens, trim, front/rear fascia, and/or partial sheet metal changes.  A new grill and front fascia on the 2004 Jeep Grand Cherokee and revised sheet metal from the A-pillar forward (front windshield) on the 1995 model year GM minivans (Chevrolet Uplander and Pontiac Montana SV6) represent examples.

The complete restyling dummy variable took a value of 1 if vehicles underwent restyling with at least all new sheet metal and green houses.  Also new entrants were given a value of 1. Since this paper focuses on the impact of styling changes on consumer markets, we did not distinguish between restyling on existing or new platforms (chassis).  Styling changes were discerned from a number of sources, including original corporate literature.

Advertising Expenditures

We obtained complete media advertising expenditures by vehicle line, by model year on a quarterly basis from the first quarter 1995, through the second quarter 2006 as compiled by Leading National Advertisers (LNA).  Model year expenditures by automotive line were developed from this LNA database.  Included in the totals were local/regional dealer association and leasing advertising expenditures.  Advertising expenditures promoting two distinct lines were divided among each line.  Excluded were advertising expenditures which promoted the make or manufacturer in general, but not a particular vehicle line.

Name Changes

Increasingly over the observation period, automotive manufacturers, American firms in particular, when introducing a redesigned model would change its name. Thus, the 2004 Buick Regal and Century lines became the Lacrosse for the 2005 model year.  And the LeSabre nameplate, which had been used by Buick for 46 model years, became the 2006 Lucerne.

We used a dummy variable to designate a name change.  Nomenclature changes that designated changes in engine displacement are not considered name changes here. For example, Hyundai renamed its “XG” series in the 2002 model year from the “XG300” to the “XG350” to reflect a larger displacement engine.  The frequent changes in engine displacements for the BMW 3 and Mercedes- Benz C series provide two other examples. Partial name changes, such as Nissan’s morphing the name of its large SUV the “Pathfinder Armada” into the “Armada” for the 2005 model year, were treated as a no change.

Safety Appliances

To gauge the market’s interest in advanced safety appliances, we included a measure of whether a vehicle line was a safety innovator or on the “safety appliance frontier”.  Table 3 details the computation of the index. 

First, in addition to frontal airbags, NHTSA mandated for the 1997 model year that light vehicles meet minimal side impact protection standards (Standard No. 214).  Generally, 1995 and 1996 model year vehicle lines, which met the 1997 standards, were so promoted by their manufacturers.  We delineated models which met the standard earlier than mandated.

As safety technology has developed, three safety appliances have become the benchmark for a vehicle being on the safety frontier: four-wheel anti-lock brakes (ALB), side airbags/air curtains, and electronic stability control (ESC).  We delineated a vehicle line by whether four-wheel ALBs were standard equipment or were unavailable prior to 1997.  After NHTSA Standard 214 became operative, side airbags/air curtains became the proxy for side-impact integrity.  Thus, we delineated a vehicle line by whether side airbags/curtains were standard equipment or were unavailable prior to 1999.  Finally, we delineated whether ESC was standard or was unavailable on a given vehicle line prior to 2005. Information on safety appliance availability was obtained from various issues of Consumer Guide and Consumer Reports.

Warranty Changes

During the observation period, domestic and import manufacturers repeatedly used differential warranty terms as a non-price competitive tool.  Manufacturers both significantly shortened and lengthened warranty terms.  An example of the former was Chrysler’s discontinuance of its 7 year/70,000 mile powertrain warranty after the 2005 model year.  An example of the latter would be Chrysler’s providing a 7 year/100,000 mile warranty commencing November 1, 2001 on 2001 and 2002 model year vehicles. Using “The Official Warranty Guide,” we chronicled every warranty change over the observation period.
  We used one dummy variable to designate warranty improvements and another to designate warranty curtailments.  

Relative Reliability/Quality

We use a widely available Consumers Union (CU) measure to gauge changes in vehicle line quality relative to competitors.  Our measure is CU’s “reliability/predicted reliability” variable for that model divided by the submarket’s median.  Over our observation period CU has used several terms for this measure, including “Trouble Index”(1997), “Reliability Verdict” (2003), and “Trouble Summary” (2006). This measure is a grade awarded annually by CU on the basis of their Frequency-of Repair data for previous years’ models.  Because of new entry, redesign, or lack of subscriber feedback, not all models carry a “reliability” prediction.  Indeed for five percent of our non-zero sales observations, CU made no reliability prediction.  The reliability measure takes a value from “1” to “5”, with the latter being the best.

Model Year Duration and Number of Competitors

Since our unit of measure is the model year, we needed to recognize that all automotive model years are not of the same time duration.  A quarter with at least 10 per cent of the model year registrations was considered current.  We defined competitors as any vehicle in a submarket with market share above one percent. 

Prices

Our price variable was the Kelley Blue Book (KBB) “list” price (KBB, 80.1 [4]), which we adjusted for manufacturer incentives.  The KBB price variable was chosen for it includes destination charges, as well as standardizes equipment for vehicles within the same market class.  Manufacturers Suggested Retail Price(s) (MSRP) do neither.

KBB calculates prices within each market class comparably equipped. However, each market class is assumed to have its own equipment level. For instance, while vehicles in the subcompact car class (KBB, group 6, e.g. Honda Civic) are priced as being manual transmission equipped, compact car class vehicles (KBB, group 5, e.g. Pontiac G6) are priced to include an automatic transmission.  But in the near luxury submarket (KBB, group 2, e.g. Lexus ES), vehicles are priced and assumed to be equipped with dual power seats and anti-lock brakes, a level of equipment that may not even have been available in lower vehicle market classes.

Our price point for the year was that at model introduction, as KBB does not adjust for incremental price changes during the model year.  Unless the model was body type unique (e.g. the Chevrolet Monte Carlo, which has never been offered other than as a two-door), the “list” price represents the lowest price four-door sedan model, for which an automatic transmission was available, if desired.  SUV prices are those of the lowest price 4 x 4, four-door.

We adjusted the KBB “list” price for manufacturer-funded incentive programs.  Over the observation period, we obtained data for three distinct types of nationally available, factory-funded incentive programs: cash rebates (consumer cash), dealer cash incentives, and interest rate subvention programs.  The dollar value of the first two program types was taken at face value, while interest rate subventions were taken as a $500 “list price” reduction.
  This latter, seemingly low adjustment, is based on: (1) most subvented interest incentive programs, had a cash equivalent option; when available we used the latter (2) not all buyers would partake of the available subvented financing option and (3) even if they wished to do so, fewer than one-half of new vehicle buyers would qualify.

KBB “list” prices were adjusted for the nationally available incentives as published in mid-January in Automotive News.
  Mid-January incentives were the basis of our “list” price adjustment, as increased vehicle sales from post-January incentives would not be reflected in increased production quantities for that model year due to early model year build-out dates.  That is, since model year build-out schedules are established generally by early spring, the sales impact of even March incentives on that year’s model production would be minimal, if any.

Table 1:  Market Class Categories

	Market class (size)
	Example

	Panel A: Automobiles

	subcompact (23)
	Ford Focus

	compact (11)
	Pontiac G6

	midsize (16)
	Honda Accord

	large (14)
	Buick Lucerne

	near luxury/premium luxury (20)
	BMW 5-series

	luxury (19)
	Lexus LS

	Panel B: Trucks:

	minivan (19)
	Dodge Grand Caravan

	compact truck-based SUV (13)
	Jeep Cherokee/Liberty

	compact car-based SUV (4)
	Ford Escape

	midsize truck-based SUV (21)
	Toyota 4Runner

	midsize car-based SUV (4)
	Toyota Highlander

	large/non-luxury SUV (9)
	Chevrolet Suburban

	compact pickup (9)
	Ford Ranger

	large/standard pickup (6)
	Chevrolet Silverado


Table 2:  Countries/Regions of Manufacturer Base

	Origin
	Example

	United States of America
	Buick, Chrysler

	Japan
	Toyota, Subaru

	Korea
	Hyundai, Daewoo

	Europe
	BMW, VW


Table 3:  Safety Appliance Index

	Index Value
	Safety Level/Appliance Availability

	I=0
	Does not meet 1997 side impact standard, appliances are not standard 

	I=I+1
	If meets 1997 side impact standard prior to 1997

	I=I+1
	If anti-lock brake standard on all models prior to 1997

	I=I+1
	If side airbag/air curtain standard on all models prior to 1999

	I=I+1
	If electronic stability control standard on all models prior to 2005


Table 4: Cross-Correlations of Demand Determinants
	 
	adv
	price
	m-y length
	# of compt
	quality
	prt rsty
	cmpl rsty
	name chg
	rebates
	subv
	safety +
	safety -
	wnty +
	wnty -

	adv
	1.00
	0.04
	0.14
	-0.07
	0.01
	0.08
	0.34
	0.27
	-0.13
	0.08
	0.07
	-0.02
	0.01
	-0.04

	price
	
	1.00
	-0.05
	-0.03
	0.05
	-0.01
	0.15
	0.14
	-0.26
	0.10
	0.02
	-0.08
	-0.03
	-0.01

	m-y length
	
	
	1.00
	0.10
	0.01
	0.03
	-0.03
	-0.01
	-0.07
	0.00
	0.00
	-0.01
	-0.04
	0.03

	# of compt
	
	
	
	1.00
	-0.04
	0.01
	0.02
	0.00
	-0.09
	-0.04
	-0.07
	-0.03
	-0.04
	-0.06

	quality
	
	
	
	
	1.00
	0.05
	0.03
	0.02
	0.06
	-0.01
	-0.02
	0.05
	-0.01
	0.02

	prt rsty
	
	
	
	
	
	1.00
	-0.11
	-0.03
	0.02
	0.01
	0.03
	0.03
	-0.01
	-0.04

	cmpl rsty
	
	
	
	
	
	
	1.00
	0.36
	-0.18
	0.05
	0.06
	-0.02
	0.00
	-0.01

	name chg
	
	
	
	
	
	
	
	1.00
	-0.10
	0.09
	0.00
	-0.02
	0.05
	0.04

	rebates
	
	
	
	
	
	
	
	
	1.00
	-0.24
	-0.08
	0.13
	0.08
	0.07

	subv
	
	
	
	
	
	
	
	
	
	1.00
	0.04
	-0.04
	-0.03
	-0.03

	safety +
	
	
	
	
	
	
	
	
	
	
	1.00
	-0.03
	-0.03
	-0.02

	safety -
	
	
	
	
	
	
	
	
	
	
	
	1.00
	-0.03
	-0.01

	wnty +
	
	
	
	
	
	
	
	
	
	
	
	
	1.00
	-0.03

	wnty -
	
	
	
	
	
	
	
	
	
	
	
	
	
	1.00


Table 5: Collinearity Diagnostics I
	 
	R2
	Variance Inflation Factor
	Tolerance

	Adv
	0.19
	1.24
	0.81

	Price
	0.10
	1.11
	0.90

	m-y length
	0.05
	1.05
	0.95

	# of compt
	0.05
	1.05
	0.95

	Quality
	0.02
	1.02
	0.98

	prt rsty
	0.04
	1.04
	0.97

	cmpl rsty
	0.24
	1.31
	0.76

	name chg
	0.17
	1.21
	0.83

	Rebates
	0.18
	1.21
	0.82

	Subv
	0.07
	1.08
	0.93

	safety +
	0.02
	1.02
	0.98

	safety -
	0.03
	1.03
	0.97

	wnty +
	0.02
	1.02
	0.99

	wnty -
	0.02
	1.02
	0.98


Notes:  R2 is the multiple correlation coefficient of variable i when the variable is regressed on the remaining explanatory variables. Variance inflation factor of variable i is computed as 1/(1-R2). Tolerance is the inverse of the variance inflation factor.  


Table 6: Collinearity Diagnostics II
	 
	Eigenvalues of XTX
	Scaled Condition Index

	1
	2.34
	1.00

	2
	1.72
	1.17

	3
	1.17
	1.42

	4
	1.09
	1.46

	5
	1.05
	1.50

	6
	1.03
	1.50

	7
	1.02
	1.52

	8
	0.94
	1.57

	9
	0.90
	1.61

	10
	0.84
	1.66

	11
	0.81
	1.70

	12
	0.72
	1.80

	13
	0.64
	1.91

	14
	0.51
	2.14

	15
	0.22
	3.25


� Pauwels et. al. (2006, p. 146) note that “… all three approaches converge on most innovation levels.” 


� “George E. Hoffer Automotive Literature Collection,” Richmond, VA: Virginia Commonwealth University, James E. Cabell Library, Special Collections and Archives; Consumer Guide, “Car and Truck Test Monthly,” Lincolnwood, IL: Publications International, 1998-2007.


� J & L Warranty Pros, “The Official Warranty Guide,” Auburn MI: 2006, pp. 58-109.


� J.D. Powers’ “Power Information Network” transaction price data were not available over a significant part (1996-2000) of our observation period. 


� Busse, Silva-Risso, Zettelmeyer (2006) and Crafton-Hoffer (1981) have found that dealer incentives were not passed forward 100 percent.  However, during our observation period, dealer incentives were used sparingly by manufacturers.


� For an example of the format, see “Customer and Dealer Incentives,” Automotive News, January 22, 2001, Detroit: Crain Communications.


� For illustration, take the 2005 model year production which for most lines would have commenced after the July 4th,( 2004), holiday/vacation shutdown, and continued through June, 2005. Until March, 2005, increases or decreases in retail demand would have been transmitted backward by corresponding changes in dealer orders, unless dealers planned permanent inventory level changes or unless the vehicle was produced in a fixed proportion with other product whose output was not to change.


 By early spring, however, the dealers’ ability to order any specific model combination may be limited by parts constraints. That is, the manufacturer has largely determined model year production quantities by early spring and thereafter seldom is in a position to supply every build combination. Thus, our choice of the model year price point as the KBB list price inclusive of late winter incentives. The fixing of model year quantities by March does not preclude the significant variation in weekly production reported by Copeland and Hall (2006).





