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EXECUTIVE SUMMARY 

The market shares of new, light-duty vehicles sold in the United 

States have exhibited both long term and monthly patterns. 

of this study was to statistically identify these systematic patterns. 

The time period studied was from October 1977 to May 1986. 

The purpose 

The market shares of domestic automobiles have declined steadily from 

71.2% of the light-duty vehicles market in October 1977 to a low of 47.2% 

in November 1985. The market shares of import automobiles were 11.3% in 

October 1977, and peaked at 25.6% in August 1982 before declining 

somewhat to 18.6% in May 1986. The market shares of domestic light 

trucks had a low of 11.3% in March 1981 and subsequently increased to a 

high of 25.2% in November 1985. The market shares of import light trucks 

were 1.9% in October 1977, peaked at 6.1% in August 1980, declined 

thereafter, and peaked again at 7.5% in July 1985. 

Time series models were developed to identify the major patterns in 

the monthly market shares i n  each of the four light-duty vehicle catego- 

ries. The transfer function-intervention models were able to capture the 

long term patterns. Import automobiles, with their complicated pattern, 

exhibited a high-order autoregressive-moving average behavior. The time 

series of the other light-duty vehicles were modelled as first-order 

autoregressive processes, in which market shares were proportional to the 

previous month's share. 

Monthly trends and economic factors were also identified by the 

models. 

a one cent change i.n gasoline price), and the months of April (1.8%), 

October (3.9%) and November (1.8%) were associated with higher market 

Lower gasoline prices (0.12% absolute change in market share for 

xi 



shares for domestic automobiles (numbers in parentheses represent the 

absolute changes i.n market shares compared .t.o the share that would 

otherwise have been expected). 

Low-interest financi-a1 incentives were introduced by domestic 

manufacturers in August and September 1985. They intented to stem or 

reverse the lower than expected market shares in that summer. These 

incentives led to a market share for domestic automobiles that was 6.3% 

higher than the share that would otherwise have been expected. Termina- 

tion of the financial incentives, however, led to an extended decline of 

6.9% i n  the domestic automobi.le market shares compared to the shares t-hat 

would otherwise have been expected. 

Lower gasoline prices (-O.ll%/cent), the months of March (-1.721, 

October (-2.8%) and November (-1.8%), and the financial incentive 

program offered by domestic auto makers (-3.3%) were associated with 

dec1.ine.s in the market shares o f  import automobiles. Perhaps surprising- 

ly, the financial j~ncentive program also resulted in a decline of 3.4% i n  

the market shares of domestic light trucks compared to the shares that. 

would otherwise have been expected, even though the iricent- ives were 

offered for domestic light trucks, as well as for domestic automobiles. 

Lower gasoline prices (-0.036%/cerit) and the domestic auto makers' 

financial incentive programs (-1.52) were associated with lower marke-t 

shares f o r  import trucks. Shares for import t-rucks were generally higher 

in August (0.78%). 

The time series models displayed very high correlations between the 

actual market. shares and the predicted historical shares. The modeling 

procedure allows f o r  additional market-related events to be included as 

xi i 



factors affecting market shares. The results indicate that similar 

models may be developed for the monthly market shares of individual makes 

and models, and they provide insights to possible enhancements of vehicle 

choice models. 

x i i i  





ABSTRACT 

The purpose of the study was to identify systematic patterns in the 

monthly market shares in each of the four light-duty vehicle categories: 

domestic automobiles, import automobiles, domestic light trucks, and 

import light trucks. 

Time series models were developed to identify the major patterns in 

the monthly market shares, using the ARIMA (AutoRegressive Integrated 

Moving-Average) modeling technique derived by Box and Jenkins. 

technique identified temporal lags in monthly market shares and estimated 

the coefficients of both lagged and economic variables. 

The 

In general, monthly trends, gasoline prj ces, and low-interest 

financial incentive programs exhibited significant impacts on monthly 

market shares. Lower gasoline prices, the months of April, October and 

November, and low-interest financial incentives in August and September 

1985 were associated with higher market shares f o r  domestic automobiles. 

Termination of the financial incentives l e d  to a decline of 6.9% 

(relative to the market share that was otherwise expected) in the 

domestic automobile market share. Lower gasoline prices, the months of 

March, October and November, and the Einancial incentive programs offered 

by domestic auto makers were associated with declines in the market 

shares of import automobiles. Perhaps surprisingly, the incentive 

programs also resulted in a decline of 3.4% (relative to the market share 

that was otherwise expected) in domestic light truck market shares. 





INVESTIGATION OF 
VARIATIONS IN MONTHLY MARKET S W E S  OF 

LIGHT-DUTY VEHICLES 

Patricia S .  Hu 
Russell Lee 

1. INTRODUCTION 

This report presents a study of the changes in the monthly market 

shares of new, light-duty vehicles. The sales of domestic automobiles, 

import automobiles, domestic light-duty trucks, and import light-duty 

trucks are expressed in percentage terms relative to the sales of all 

light-duty vehicles. The emphasis is on market shares, rather than on 

actual sales, per se. Two interesting questions are addressed: (1) are 

there systematic monthly variations in the market shares of domestic 

automobiles, import automobiles, domestic light-duty trucks, or import 

light-duty trucks? and (2) does gasoline price affect monthly market 

shares? 

These questions are important in many ways. The sales of new 

light-duty vehicles (as well as the scrappage rates of used vehicles) 

will affect the average fuel economies of the vehicle fleet in the 

country in subsequent years, as well as on a seasonal basis. This will 

have a rather direct impact on gasoline consumption. Also, changes in 

market shares are important in terms of their seasonal as well as their 

longer term implications for imports; trade policy; and production, 

revenues and employment in the automobile industry. Knowledge of 

systematic patterns in market shares would allow manufacturers to better 

1 
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predict sales and thus plan production. Tt would also provide a better 

understanding of the competition between domestic and imported vehicles 

i n  terms of logistical (e.g. the time required to ship vehicles from 

foreign plants to domestic showrooms), political, and economic ( e . g .  

income, vehicle prices, and fuel prices) factors. 

The aggregate approach adopted iri t h i s  study complcinents the 

microeconomic models of automobile demand, such as those presented in t h e  

August 1985 special issue of Transportation Research (Vol.  19B, No. 4 ) .  

The changes in monthly market shares that were identified in this study 

were a reflection of vehicle choices made hy individual consimers. The 

microeconomic approach is typically represented by a nested multinomial 

logit model (Mannering and Train, 1985).  Berkovec and Rust (1985) used 

this mode 

that were 

ing p r i c e  

o ther  var  

for the choice of automobile rnnkes and models. The variables 

included in the model were a set of purchase price and operat- 

variables, passenger carrying and performance variables, and 

ables ( including dunmy variables €or foreign-produced vehicles 

ant1 For the major domestic manufacturers). One of their resiilts was that 

foreign-produced vehiclcs had positive valuations. 

froin the microeconomic studies in that a statistical explanation w a s  

sought f o r  historical changes in the iiivnthly market shares of light-duty 

vehicles in the United States ,  rather than for cxplariations of the 

spccific vehicle characteristics that were valued highly in individuals’ 

discrete choices of vehicles. 

O u r  study differs 

Lave and Bradley  (1980) have estimated the market sharc of import 

cars using geographic and denographic determinants. They estirnatcd a 

regression model using 1975 SLate aggregate statistics, as well as 
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other linear and nonlinear models with data from a random sample of 895 

households, which was collected by Cambridge Systematics, Inc. The two 

most important factors were location in coastal parts of the country 

(which w a s  interpreted as relative marketing effort), and education - 
both of which had strong positive effects on import market shares. These 

results were limited to cross-sectional analyses, however, and did not  

address the time-series changes in monthly market shares which were the 

subject of this study. 

This study focuses on the development of time series models of 

market shares of light-duty vehicles. These models provide a means of 

identifying monthly and seasonal trends in market shares in past yea r s ,  

and of forecasting market shares in the future. In classical statistical 

techniques, the order of the observations is irrelevant. However, it is 

not true for time series data. A time series is a sequence of measure- 

ments ordered by a time parameter. 

annual average fuel economies, and monthly market shares (the latter 

being the subject of this study). 

There are many problems in analyzing time series data using standard 

Examples are quarterly car sales, 

statistical techniques. One of the most severe problems is the autocor- 

relation observed in the error terms. Since the error tei-ms in these 

models do not follow a random process, they lead to inconsistent esti- 

mates of the standard errors of the parameters. This invalidates the 

hypothesis tests of the estimates in the model and results in imprecise 

forecasts. A s  a result, the correlated error terms provide results from 

hypothesis tests that lead to misleading conclusions and the forecasts 

generated from the model tend to exhibit wider confidence intervals. 
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Many techniques have been developed to analyze time series data. 

This study used the ARIMA (AutoRegressive Integrated Moving-Average) 

modeling technique. This technique was devised by Box and Jenkins in a 

series of articles and in a subsequent book (Box and Jenkins, 1976), and 

is common and widely accepted in the time series and econometrics 

literature. 

Data for the study were from the Oak Ridge National Laboratory MPG 

and Market Shares Data System. 

information 0x1 light-duty vehicles since model year 1978. The infoma- 

tion includes sales data, fuel economies, and various vehicle charac- 

teristics on an individual nameplate basis (Hu and Till, 1986).  The 

development and maintenance of the data base is sponsored by the Qff ice  

of Transportation Systems, U.S. Departimnt of Energy. 

This data system maintains monthly 

The monthly market shares data of domestic automobiles. import 

automobiles, domestic light-duty trucks, and import light-duty trucks 

were each considered in aggregate, and were fitted to separate ARIMA 

models, one €OK each of the categories. Included in the models were 

monthly dunmy variables, one for each inonth of Llie year, and the gasoline 

price. Intervention models were also developed in combination with the 

transfer functions by including a set of dummy variables in an attempt to 

capture t l t e  impact of the 7.5% and 7.7% APX (Annual Percentage Rate) 

financial incentive programs offered by the domestic auto manufacturers 

during August and September 1985, as well as the post-incentive impact. 

Section 2 of this report briefly describes the monthly market shares 

data. Section 3 presents the ARIMA models €or the market shares of 

domestic auf-omohi les ;  Section 4 ,  import autamobiles; and Section 5 ,  
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domestic light-duty trucks and import light-duty trucks. Section 6 

summarizes the conclusions from the various models. 
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2 .  DATA DESCRIPTION 

The monthly market shares data were obtained from the Oak Ridge 

National Laboratory MPG and Market Shares Data System (Hu and Till, 

1986), and the monthly gasoline prices were abstracted from t h e  Survey of 

Current Statistics compiled by the Bureau of Economic Analysis. The 

market shares were defined as the sales shares of a l l  new light-duty 

vehicles. By definition, the market shares of the domestic car, import 

car, domestic light truck, and import light truck categories sum up to 1 

for any given month and year. 

leaded gasoline expressed in 1967 dollars. 

The gasoline prices were for regular 

Tables 1, 2, 3 and 4 present the monthly market shares of domestic 

cars, import cars, domestic light trucks, and import light trucks between 

model years 1978 and 1986 (up t o  May 1986), respectively. Table 5 lists 

the gasoline prices during this period. Figures 1 through 4 illustrate 

the market shares data of the domestic car, import car, domestic light 

truck, and import light truck categories between model years 1978 and 

1986, respectively. Figure 5 illustrates the monthly gasoline prices 

during this period. 



Table  1 
MOKTHLV MARKET S W E S  OF 

WmSTIC A~~~~~~ 
(in X i  

Model Years 1978-1986 

X0nth 

Year 
Jan Feb Mar Apr May Jun Ju1 Aug Sep Oct  Nov Dec 

AVE . 
1977 

1978 

1979 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

62.7 63.1 

64.4 63.3 

58.9 59.3 

60.5 59.5 

53.0 55.6 

54.2 55.3 

56.7 58.3 

53.9 54.6 

53.2 52.5 

63.8 

62.2 

61.4 

63.3 

56 .0  

55 .1  

57.5 

56.7 

50.4 

71.2 68.5 55.7 

65.4 65.8 65 .6  63.5 61.2 64.0 67.6 65.8 64.5 

62.3 61.6 63 .1  63.2 62.2 61 .0  63.6 61.7 60.5 

59.7 58.4 57.7 56.5 57.7 63.1 66.7 63.3 59.8 

58.2 58.5 57 .3  57.9 61.9 62.6 61.3 59.5 55 .1  

5 9 . 2  60.4  54.2 53.9 53.5 56.6 59.3 59.0 55.2 

58 .1  57.6 56.3 55.9 54.5 55.8 60.6 57.7 54.5  

59.5 56.8 57.0 57.1 55.0 55.7 56.2 54.4 54.1 

58.5 55.1 52 .3  48.9 56.8 58.9 49 .8  47.2 47.9 

51.8 51.4 

68.5 

64.4 

62.5 

60.0 

58.6 

55.4 

56.4 

56.5 

53.4 

51.8 

m 

57.5 57.9 58.6 59.3 58.4 57.9 57.3 53.9 59.3 61.9 59.7 57.5 58.6 



Table 2 
MONTHLY MARKET SHARES OF 

IMWRT AUTOMQBILES 
(in x) 

Model Years 1978-1986 

Month 

Year ANN. 
AVE. Jan Feb Mar Apr May Jun J u l  Aug Sep Oct Nov Dec 

1977 

1978 15.9 

1979 13.5 

1980 21.7 

1981 22.0 

1982 23.5 

1983 23.2 

1984 18.1 

1985 17 .3  

1986 19.6 

14.5 

15.1 

21.9 

23.4 

21.0 

22.7 

15.8 

15.8 

18.6 

13.8 

17.6 

20.4 

20.8 

19.3 

20.2 

15.3 

14.5 

19.3 

13.5 

13.6 

22.1 

22.8 

19.7 

18.1 

13.9 

14.8 

18.1 

13.1 

19.3 

22.9 

22.5 

19.1 

18.6 

16.5 

17.9 

18.6 

12.6 

17.8 

21.2 

21.9 

23.2 

19.4 

16.8 

18.6 

13.6 

17.4 

23.7 

23.5 

24.5 

20.4 

16.5 

19.5 

16.3 

18.1 

23.3 

19.8 

25.6 

21.1 

18.5 

18.9 

15.7 

17.4 

22.7 

19 .4  

21.0 

17 .2  

16.5 

15.4 

11.3 

11.4 

14.6 

17.6 

19.4 

20.2 

17.2 

16.6 

20.9 

12.8 

12.0 

17.0 

19.4 

20.4 

19.0 

17.8 

17.3 

21.8 

14.7 

12.8 

18.5 

22.0 

24.5 

22.0 

17.9 

18.2 

21.2 

13.Q 

13.8 

17.0 rD 

21.6 

21.7 

21.5 

156.5 

16.7 

18.0 

18.9 

MONTHLY 
AVERAGE 19.4 18.8 17.9 17.8 18.7 18.9 19.9 20.2 18.2 16.6 17.5 19.1 18.6 
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Table  4 
MONTHLY MARK.ET SHARES OF 

IMPORT LIGHT TRUCKS 
( i n  X >  

Model Years 1978-1986 

Year 

Month 
- ~ 

I -  ~~ ~~ -- ~ ~~~ 

Am. 
AVE. Jan  Feb Mar Apr May Jun Ju1  Aug Sep O c t  Nov Dec 

1977 

1978 

1979 

1980 

1381 

1982 

1983 

1984 

1985 

1986 

2.8  2.6 2.6 2 .1  

2.8 3.5 3.8 4.0 

5.0 5.3 4.6 4.3  

4.4  4.8 4.6 4 .8  

4 .4  4 . 3  4.3 3.5 

4.5  3.7  4 . 1  3.3 

4.4  4.6 4.6 4 . 0  

5.6 5 . 6  5.2 5 .3  

5 . 7  6 . 4  7 . 2  6 . 3  

1.9 2.0 2.2 2.0 

P 
P 

2 . 1  2 . 1  2 .3  2.8 3 .1  2.8 2.7 3.2 2.6 

4 . 1  3.7  3.9 3.6 3.4 3.1 4.0  4.1. 3.7 

4.8  4.6  5 . 3  6 .1  5.6 3.7 3.6 3.8 4.8 

4.6 4 .8  4.6 4 .8  5.1 4.2 4.4 5.5 4.7 

3.4 3 . 8  4.5 5.2  4.4  5 . 0  4.4  4.8 4.3 

3.5 3.7 4.4  5.9 5.3 3.3 3.9 4.8 4.2 

4.5 4.7 4 .8  6.6 4.9 4.4 5.2 6.0  4.9 

5.4 5.1  7 .5  5.1 5.0  5.5 5 .7  6.5 5.6 

6.0 6.3 
- 

rnNTELY 
A W G R  4.4 4.5 4.6 4.2 4.3 4.1 4.7 5.0 4.6 3.8 4.0 4.6 4.4 
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3 .  ARIMA MODELS FOR MARKET SHARES OF DOMESTIC AIJTOMOBILES 

3 . 1  TRANSFER FIJNCTION MODEL 

Tn this model, the monthly market shares of domestic automobiles are 

structured as a function o f  the monthly dummy variables atid the monthly 

gasoline prices. 

market share Yt i s  not assumed to be contemporaneous, but rather spread 

over a period of time. This implies that the current market share does 

not depend on the current gasoline price but rather on recent past. 

gasoline prices. However, by including the gasoline prices for the 

period from time (t-k) t o  time (t-1) in the model, one would encounter 

two major problems. First, one loses (k -1 )  degrees of freedom because 

the model can be estimated from only (n-kC1) observations, provided that 

there are no other parameters in the model. If k is relatively large, 

this results in a considerable decrease in the number of observations 

that can be used for the estimation procedure. Second, frequently there 

is high multicollinearity among the gasoline prices during the period 

from time ( t - k )  to time (t-l), and this results in imprecise estimates 

for the parameter coefficients. 

The effect of gasoline price P at time t, Pt, on the 

One of the many suggestions presented in the literature is to put 

I 1  some 

to time (t-1) (Maddala, 1977). The inverted V distributed lag model was 

used to build the structure of the Coefficients in this study. This 

approach was first proposed by F. DeLeeuw in 1962. The effect of 

gasoline prices on the market share i s  considered to be most influential 

at the middle of t h e  previous time period, and to decrease linearly 

structure" on the coefficients of gasoline prices from time (t-k) 
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toward the two ends of the per iod .  The gasoline price effect was 

estimated by regressing the market share on t h e  constructed variable Zt, 

where 

where Pt is t h e  price of regular leaded gasoline at time t (expressed in 

1967 dollars). 

depend on the current gasol~ine price but  the gasoline price from one 

month ago, two months ago, and three months ago; and the gasoline price 

two iiionths ago has  the heaviest weight. T h i s  argument is i.iituitively 

reasonable in that- i.t assumes tha t  consumers do not respond instanta- 

neously io changes in gasoline prices in their car purchase decis ions .  

I f  there is any influence at all, it: is assunled that it depends on 

gasoline prices from the previous few rnontiis. Future research on t h i s  

topic will ex'iend -tile influence of gasoline price t o  a period beyond the 

T1i.i.s impli .es that .  the current iiiarket share does not. 

three previous months. 

Lei Yt represent the observed market share of domestic automobiles 

in time period t; let Zt be the constructed price variable f o r  the time 

period t--1, t - 2 ,  and t - 3 ;  and lct Di be the dummy variable for month i. 

The mont-h of January was used as the norm, and is captured in the 

constant term. In iiir first step 01 t h e  analysis, a general linear model 

w a s  b u i l l :  
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12 

where at is of ARIW model structure (i.e., exhibits autocorrelation). 

A s  mentioned earlier, the problem in building a time series model 

using the standard regression technique is the autocorrelation in the 

residual series at. 

build the structure of the residual series at by using the iterative 

model-building philosophy of Box and Jenkins (1976). From an examination 

of the sample autocorrelations at lag k, where k=1,2, ..., 24,  the 

initial model for at was identified to be 

Consequently, the next step in the analysis was to 

where cp is the "autoregressive" parameter of lag 1, 85 is the "moving 

average'' parameter of lag 5, and B is the backshift operator such that 

B5at = at-5. 

and standard error 02. 

Et is a white noise series distributed normally with mean 0 

A transfer function model can be derived by substituting (2) into 

(1): 

12 

The estimation of the parameters in Equation ( 3 )  w a s  accomplished by 

conditional least squares estimation methods as described by Box and 

,Jenkins (1976). The parameters PO, p, 05, and cp were statistically 
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significant. at a=O. 05 level. 

is 

Equation (3) with L h c ?  estimated parameters 

Yt 0.0675 f (-I).Q32)Zt + 0.0048D2 3. 0.0124D3 + 0.0193D4 
-t- 0.01031)rj .t 0.0011Dg + (-O.O048>D7 
+ 0.0057D8 + 0.0226D9 + 0.0362D10 

+ 0.0161Dll + (-O.O049>U,, 
+ [ ( l+O. 4 2 1 8 ~ 5 > /  ( 1-0.736aB> 1 Et . ( 4 )  

'The estimated paraiiieters in bold are statistically significant at the 

a=0.05 level. A portmanteau 1.ack of fit test of the residuals indicated 

a whit.(? noise process. 'The residual. standard error was 0.020. The mean 

square error of the sample  forecast was 0.0004. 

T h e  monthly variations in domestic automobile market shares are 

illustrated by standard i ~ z i n g  them relative t-o Janua ry ' s  market share 

(Fi.gure 6). However, these monthly coefficients should o n l y  be used in 

q u a l i t a t i v e  comparisons of monthly market shares. They should not  be 

used t o  draw any statislical inferences r e g a r d i n g  the comparisons between 

any two months. F o r  statistical inferences, one must consider the 

standard errors of ehc Pstirnatcd parameters as well as their Pstimatrd 

values. 

The observed market shares and ihe market shases predicted by the 

model ate plotied i n  Figure 7 .  i he  model is able to follow t h e  trend and 

ihe monthly pattern closely. However, the model tends to overestimate 

the shares f o r  the later months of the series, i.e., months in early 

model-year 1986. This  suggested that some peculiar events occurred 

during Lhat period that affected the market share pattern. A series of 
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events that may have altered the usual pattern of market shares were the 

financial. incentive programs offered by the auto makers in August and 

September 1985. This is addressed in the next section. 

3.2 COMBINED TRANSFER FUNCTION-INTERVENTION MODEL 

During August and September 1985, the three major domestic manufac- 

turers (Ford, GM, and Chrysler) implemented 7.5% and 7.7% annual percent- 

age rate (APR) financial incentive programs. 

programs dramatically increased the sales in domestic automobiles during 

these two months. Consequently, the market shares of domestic automo- 

biles and import automobiles were affected. Because of their apparent 

These cut-rate financial 

impacts, these financial programs were included in the model structure to 

capture their effects on the changes observed in market shares. 

Time series models that explicitly include the effects of identifi- 

able isol-ated events in their structures are referred to as intervention 

models by Box and Jenkins. The effects of the identifiable isolated 

events in the intervention model are represented in a binary way as the 

occurrence or nonoccurrence of certain events over the time span. 

the common patterns used in the statistical literature is the step 

effect. In this pattern, the effect of the event is observed not only 

during the occurrence time span, but also throughout the period beyond 

it. Another common pattern is the pulse effect, in which the event has 

an effect only during the time span in which the event occurred. Since 

the cut-rate financial incentive program only occurred during the months 

of August and September 1985, it was felt that the financial program 

affected domestic vehicle sales f o r  only those two months, and the effect 

One of 
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was not continued throughout the remaining period of the time serirs, 

Financial incentives were offered on limited number of months throughout 

1986, but it was felt that these were sporadic and minor in impact.. 

Based on these arguments, the financial incentive program can be repse- 

sen ted  as 

1 1, if t-August or Septeiinber 1985 

Once the financial incentive program was terminated in October 1985, 

import sales exhibited a record high in spite of the new model year 

introduction of automobiles by the domestic manufacturers. This drop in 

the share of domestic car sales after the financial incentive programs 

might be attributed to a saturation of built-up demand for domestic 

automobiles or to a decrease in domestic car inventorics. A second 

binary variable was included in the model to represent the p o s t -  

financial-program effects on the market shares of light-duty vehicles. 

T h i s  binary variable was defined as: 

1, if t 2 October 1985 

0 otherwise 
Jt = 

The monthly market shares of domestic automobiles, Y,, can be modeled 

as a combined transfer funct-ion-intervention model by expanding 

Equation (1) to include the two binary variables that relate to the 

financial incentive program: 
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where Zt, Di are the same as defined in Equation ( l ) ,  and nt. is the 

residual series from fitting the model (5). 

A s  mentioned earlier, the estimated residuals from the classical 

regression environment are not independent and identically distributed 

with zero mean and variance 02. 

misleading inferences from the hypothesis tests on the estimated coeffi- 

cients. To avoid this problem, the residual series nt was structured in 

such a manner that the resulting residual series exhibited the desired 

white noise behavior. 

Hence, it would be possible to have 

Using the model-building philosophy of Box and Jenkins, the residual 

series from Equation (5) can be modeled as 

where E~ is a white noise process. 

After  substituting (6) into (5),  the combined transfer function- 

intervention model can be written as 

12 
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Estimation of this model gave the final model equation, 

Yt = 8.6778 + (-0.0302)Zt + 0.0631It + (-0.0692)Jt 

+ 0.0046D2 + 0.01171)3 + 0.0184D4 f 0.0096D.y 

+ (-Oa0022)D6 C. (-0.0085)D7 C. ( -0 .0071)Dg 

+ 0.0089Dg + 0.039W10 + 0,0379D11 
+ (-0.0040)D12 + [1/(1-0.7958B)]~t . ( 8 )  

Estimated parameters in bold are  statistically significant at the (m=O.O5 

level. The standard deviation of the model's residuals w a s  0.0166, and 

there was no significant autocorrelation in the estimated model 

residuals. The mean square error of the sample forecast was 0.00027. 

The results in Equation ( 8 )  indicate that higher gasoline prices led 

to a lower market share for domestic automobiles in the following months. 

An "inverted V" effect - with the gasoline price two months ago having 

double the influence of the prices one and three months ago - was nn 

appropriate representation of the lag in the price effect. The 7.5% and 

7.7% APR financial programs boosted the domestic automobile market shares 

by an additional 6.3% from what would have been expected; but the 

termination of the financial program reduced the domestic automobile 

market share by 6.9% from what would have been expected. 

The monthly variation in domestic automobile market shares ran be 

illustrated as a function of January's market shares (Figure 8 ) -  

only significant monthly variations werc f o r  April, October, and 

November, which were significantly greater than January market share 

(other things being equal). Although statistically insignificant, the 

The 
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three summer months - -  June, July, and August - -  exhibited decreases in 

market share relative to January. The actual market shares versus those 

predicted from model (8) are plotted in Figure 9. 

function-intervention model gave better predictions for the p o s t -  

financial-program period than the transfer function model stated in 

Eqixat ion ( 3 ) . 

This combined transfer 
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4 .  ARIMA MODELS FOR MARKET SHARES 

4.1 TRANSFER FUNCTION MODEL 

OF IMPORT AUTOMOBILES 

Very similar arguments that were presented in Section 3 were applied 

The transfer to the analyses of market share data of import automobiles. 

function model was constructed to relate the monthly market shares to 

recent past gasoline prices controlling for consistent monthly variations 

in market shares: 

12 

i=2 

where at is of ARIMA model. structure. 

sample autocorrelations and the sample partial autocorrelations, the 

initial model for at was identified to be 

By examining the patterns of the 

After substituting (10) into ( 9 ) ,  the transfer function model of import 

automobile market shares was 

With parameters estimated using the conditional least squares estimation 

method, the transfer function model was 
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The estimated parameters in bold were statistically signiiicant at the 

a-;O.OS level. The residuals from model (12) were normally distributed 

with mean 0 and standard deviation 0.0148, and there was no autocorrela- 

tion in the estimated model residuals. The mean square error 0 5  the 

sarnpl e forecast was 0.00022 a 

I n  this model, increases in the weighted composite v a r i a b l e  f o r  past. 

gasoline prices, Zt, resulted i n  increases in import automobile iuarket 

shares. A s  expected, this is .just the o p p o s i t e  phenomenoin observed in 

the market shares of domestic automobiles where p a s t  increases in 

gasol-ine prices decreased the market shares. Figure 10 shows that the 

market shares observed from September through November tended to be 

significantly smaller than January's. Controlling for the effects o f  

variations in gasoline price, the import automobile market share had its 

lowest level at the beginning of the model years. 

4.2 COMBINED TRANSFER FUNCTION-INTERVENTION MODEL 

A combined transfer function-intervention model of the import car 

market shares was built to capture the effects of not only gasoline 

prices but also of the two identifiable isolated events: (1) 7.52 and 

7.7% APR financial incentive programs offered by the domestic autvwobLle 
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manufacturers, and (2) the termination of these financial programs. 

model was identified to be 

The 

12 

With parameters estimated by the conditional least squares estimation 

method, the combined transfer function-intervention model (13) became 

Yt = 0.104 + 0.0278Zc + (-0.0325)Xt 1- 0.0258Jt 

+ (-0.0074)D2 + (-0.016.5)D3 i- (-0.0176)D4 

f (-0.0088)Dtj + ( -0 .0074)D6 + 0.0007D7 

-t 0 . 0 0 8 7 ~ ~  i (-0.0116)~~ + (-o.oma)nl0 

+ (-0.0184)Dll + (-0.0031)D12 

+ [ ( 1 -0. 2205E4) ( l + O  - 2488B12 ) / ( 1 - 8 - 7884B) ] Et e ( 14) 

The residuals from this model were normally distributed with mean 0 and 

standard deviation 0.0134.  The check for autocorrelation in the resid- 

uals indicated a white noise process. 

sample forecast was 0.00018. 

The mean square error of the 

This combined transfer function-intervention model of import car 

market shares revealed that the weighted, past gasoline prices had a 

positive impact on the market shares. Higher gasoline prices genera1.l.y 

led to higher market shares f o r  import automobiles. Financial programs 

offered by the domestic auto makers significantly decreased the market 

shares of import automobiles by 3.25%" However, once the programs were 
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terminated, the import cars recaptured their share of the market to a 

large degree. 

The monthly variation in import car market shares is shown in 

Figure 11. 

market shares in March, October and November tended to be the smallest 

during the year. 

Similar to the transfer function model in Equation (121, the 
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5. ARIMA MODELS FOR LIGHT-DUTY TRUCK MARKET SHARES 

5.1 MODELS FOR DOMESTIC LIGHT TRUCK MARKET S W R E S  

Similar procedures were applied to the market share data of domestic 

light-duty trucks. 

tions of the modeling procedures. 

to measure: 

and (2) in addition to those trends, the impacts of financial programs 

offered by manufacturers. 

Refer to Sections 3 and 4 for more detailed descrip- 

Two separate ARIMA models were built 

(1) the monthly variation and the effect of gasoline prices, 

The transfer function model, which relates the monthly market share 

behavior to the movements in gasoline prices, was 

12 
= uo + pz, + c -ciDi + at 

i=2 
Yt 

The residuals from model (15) were distributed normally with mean 0 and 

standard deviation 0.0138. The autocorrelation check indicated that the 

residual series ct was of a white noise process. 

of the  srunple forecast was 0.00019. 

The mean square error 

This transfer function model of domestic light truck market shares 

shows that weighted, past gasoline prices d id  not significantly affect 
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the market shares of domestic light trucks. Holding the effect of 

gasoline prices constant, the model also shows that the market shares of 

domestic light trucks tended to be somewhat higher (though not statisti- 

cally significant) in the months of November, December, January, 

February, and March (Figure 12). 

In order to determine whether the financial incentive program 

offered by the domestic auto makers had any impacts on the market shares 

of domestic light trucks, thc combined transfer function-intervention 

model was developed. With the estimated parameters, the model was 

'The residual ct was normally distributed with mean 0 and standard 

deviation 0,0130, and exhibited no significant autocorrelation. The mean 

square error of the sample forecast was 0.00017. 

Similar conclusions can be drawn about the effects of gasoline 

prices and about the monthly variations as in the transfer function model 

(15).  The 7.5% and 7.7% APR financial incentive programs caused a 

reduction of 3 . 4 %  in the domestic light truck market share, Even though 

the program was applied to both automobiles and light trucks, the 

domestic automobiles were clearly the major beneficiaries of the program 
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arid the market shares of domestic light trucks in fact suffered. 

Although the termination of the program was followed by a gain in 

domest-ic light truck market share, the gain was not significant at. the 

u=O.OS level. The monthly variations of the market shares are i l lus- 

trated in Figure 13. 

5.2 MODELS FOR YMFORT LIGHT TRUCK MARKET SHARES 

The transfer function model of import light truck market shares w a s  

estimated to be 

Yt 0.0148 -4- 0.00 2 Z t  C 0.0013D2 f 0.0014D3 t- (-0.0020)Dq 

+ (-0.0008)Dg + ( -0 .0021)Dg d- 0.0027D7 

i- 0.0055Dg C 0 . 0 0 0 9 D ~  I- (-O.OO53)D,o 

3- ( -0 .0033)Dl i  + Q.OO26D12 
-I- [ 1/( 1-0.866 R )  ( 1-0. 2637B3) ] Et . ( 1 7 )  

The mean of the residual from this model was not significantly different 

from 0, and the standard deviation was 0.0056. The check o f  residuals 

showed no significant. autocorrelation. 

sample forecast was 0.000031. 

The mean square error of  the 

When the weighted composite gasoline prices of the previous three 

months increased, the market shares of impost light trucks increased. 

'The market share of import- light trucks was the lowest in the month of 

October, The trend of the monthly variation is illustrated in Figure 14. 

The combined transfer function-intervention model of import light 

trucks was estimated t o  h e ,  
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The mean and the standard deviation of the residual. series et were 0 and 

0.0052, respectively; and there was no autocorrelation in the residual 

series. The mean square error of the sample forecast was 0.000027. 

Increases i n  the weighted composite past gasoline prices were 

followed by gains in import light truck market shares. The financial 

programs affered by the domestic automobile manufacturers resulted i n  a 

drop i n  the import light truck market share. The import light trucks 

gained more of the light-duty vehicle market after the  financial incen- 

tive program, though the gain w a s  not statistically significant. In 

terms of monthly patterns, the market share reached its peaks during the 

month of August, and dropped t o  the lowest level in October (Fj.gure 15). 
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6 .  CONCLUSION 

A transfer function model and a combined transfer €unction- 

intervention model were developed for monthly market shares data in the 

United States for each of the four light-duty vehicle categories: 

domestic automobiles, import automobiles, domestic light trucks, and 

import light trucks. The transfer function model included the monthly 

variation in market shares and the effect of recent, past gasoline 

prices. The combined transfer function-intervention model included the 

monthly variation and the gasoline price, and also the impacts of the 

cut-rate financial incentive programs which were offered by the domestic 

auto makers in August and September 1985. Conclusions are drawn from the 

transfer function-intervention models, which included more of the 

significant variables. 

The transfer function-intervention models were able to capture the 

long term patterns. Import automobiles, with their complicated pattern, 

exhibited a higher-order autoregressive-moving average. 

vehicles were rnodelled as first-order autoregressive processes in which 

market shares were proportional to previous month's share. 

Light-duty 

Monthly trends and economic factors were also identified by the 

models. Comparisons of the monthly patterns were illustrated in Figures 

6 ,  8, and 10 through 15.  The impacts of gasoline prices and of the 

financial incentive programs are summarized in Table 6 .  The monthly 

market shares of domestic cars were inversely proportional to prior 

gasoline prices. The effect of prior gasoline p r i c e s  w a s  measured by 



Table G 
SELECTED COEFFICIENTS OF 

COMBINED TRANSFER FUNCTION-INTERVENTION MODELS 

Weighted Composite Financial Incentive Post-Financial 
Gasoline Price Program Incentive Program 

Domestic 
automobiles 

Import 
automobiles 

Domestic 
light 
trucks 

Import 
1 i g h t  
trucks 

-0. 03OIG" 0. 04306" -0. 06921a 

0. Q2784a 

-0.00324 

0.00897" 

-0.03255" 

-0. C13402~ 

-0.01471" 

0.02579 

0.00659 

0.00975 

aIndicates the coefficient is statistically significant at the a = 0.05 level. 



taking a weighted composite of the past three months' prices. 

weighting scheme, the price two months ago was twice as important as the 

previous month's price and as the price three months ago. The underlying 

behavioral assumption was that consumers' expectations of future gasoline 

prices, tu the extent that these expectations affect choices of domestic 

versus import automobiles and light trucks, were from impressions based 

on gasoline prices two months ago and to a lesser extent on gasoline 

prices one and three months ago. 

increase in the previous months' gasoline price led to a 0.0302% decline 

(in absolute rather than relative terms) in the domestic automobile share 

of the light-duty vehicle market, other things being equal. A one cent 

increase in the previous three month period led to a total of 0.1208% 

decrease in domestic automobile market share. Although the percentage 

decrease may seem small, a twenty cent increase in gasoline price f o r  one 

year  ( e . g . ,  from $1.00 to $1.20 in all months) would lead to an estimated 

367,000 decrease in annual sales, based on sales of 15,203,880 light-duty 

vehicles during model. year 1985 (Nu, 1986). 

In the 

It was estimated that a one cent 

The 7.5% and 7.7% APR financial incentive programs were a successful 

short t e r m  promotion which boosted the domestic car market shares by 6.3X 

above the otherwise expected levels. However, once the program was 

terminated, domestic car market shares decreased 6.9% more than otherwise 

expected. One explanation of this decline is that the inventories of 

new, model year 1985 cars were depleted as a result of the financial 

incentives. Consequently, fewer 1985 domestic cars were available after 

the introduction of the 1986 cars than would have otherwise been 
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expected. 

by the financial incentive' programs saturated much of the consumer demand 

f o r  n e w  domestic automobiles. Buyers of new cars decided .to purchase. the 

198s cars at low interest rates rather than wait for the 1986 cars. A 

third possible explanation is that the relaxation of the voluntary import 

quotas in 1986 led to greater sales of import vehicles and a reduced 

market share f o r  domestic automobiles. 

Another explanation is that the high sales that were promplred 

Controlling for other factors, April, October and November were the 

months in which domestic cars gained a larger share of the market. 

October and November are t . radi . t ional ly  the fi.rst t w o  motit.hs of the model 

year. Consumer interest in the new models, which w a s  heightened by heavy 

advertising by the domestic auto makers, resulted in higher sales during 

these two months. October and November market shares were respectively 

3.9% and 1.8% greater, using January as a norm. The month of A p r i l ,  w i t h  

its share greater by 1.8% compared t o  the January norm, is more diffcult: 

to explain, and is the subject of ongoing research. 

The changes i.n the market. shares of impo-rt automobiles were gen- 

erally the converse of those of the domestic automobiles, Thi.s is 

because automobiles comprise about three-quarters of the total light-duty 

vehicles market (Nu, 1986). In contrast to their domestic counterparts, 

the market shares of import cars reacted positively to increases in 

gasoline price. A one cent increase in the previous month's gasoline 

price was estimated to result in an increased market share of 0.0278% Tor 

import automobi1.e~~ A one cent increase i n  the previ.ous three month 

period would lead to an estimated increase of 0.1112%, 



The cut-rate financial program of the domestic auto makers had a 

significant impact on the import car market shares: a drop of 3.3%. 

Thus, about half of the 6 .3% gain in domestic automobile market share 

during this program was at the expense of import automobiles. 

the program appeared to help the import cars regain their market shares 

t o  their otherwise expected levels. 

the period after the financial incentive programs was not statistically 

significant in both of the light truck models as well. Thus, the market 

shares of import automobiles, domestic light trucks, and import light 

trucks rebounded after the program to approximately their expected 

levels, taking into account gasoline prices and monthly trends. By 

comparison, the financial incentive programs had a "yo-yo" effect on 

domestic automobiles in terns of an increased market share followed by an 

approximately equal decreased share after the program. 

The end oE 

The variable that was used to denote 

In the months of March, October and November, market shares of 

import  automobiles were significantly below the January norm: 

-2.8% and - 1 . 8 2 ,  respectively. The March pattern is not yet explained. 

The October and November patterns might be associated w i t h  the tradi- 

tional beginning-of-model-year strength in domestic automobile sales. 

Part of the reason for the relatively weaker sales of import automobiles 

during this period may be due to delays in distributing some vehicles to 

car dealers in the United States because of the greater transportation 

distances from foreign manufacturing plants. 

-1.7%, 
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The market shares of domestic light trucks were the least sensitive 

to any changes in gasoline price, The gasoline price coefficient was not 

statistically significant. 

Interestingly, the market shares of domestic light trucks suEfered 

together with import cars and import light trucks during the period of 

cut-rate financial programs offered in August and September 1985. Even 

though financial incentives were offered for domestic trucks as well as 

for automobiles, domestic 1 ght truck market shares decl-ined compared to 

what was otherwise expected. In fact, about half of the market share 

gain by domestic automobiles was at the expense of domestic light trucks. 

With the termination of the financial incentive programs, the domestic 

light truck market share rebounded to an otherwise expected level. 

There were no statistically significant monthly trends in domestic 

light truck market shares. This stable behavior w i t h  regard to both 

seasonal changes and gasoline prices suggests that domestic light trucks 

were a somewhat. different type of good compared to automobiles in that 

domestic light trucks were used for rather different purposes. Hence, 

the demand for domestic light trucks was generally invariant to gasoline 

prices or seasonal factors. 

Similar to their car counterparts, market shares of import light 

trucks reacted positively to increases in gasoline price. The coef- 

ficient w a s  0.0090. The financial incentive program of domestic auto 

makers also put a significant dent in the shares of import light trucks. 

There was a -1.47% impact on the import light truck market share, The 

termination of the program bel-ped the import light t rucks  to gain 
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approximately 1% more than expected of the market, but this estimate was 

not statistically significant. The market shares of import light trucks 

peaked during the period from July through September, with August being 

the only statistically significant month (with a coefficient of 0.0078). 

Winter months were also somewhat better for import light trucks, though 

there was no statistically significant pattern. 

The time series models displayed very high correlations between the 

predicted historical market shares and the actual market shares. 

Nevertheless, there may be other major factors, which affect market 

shares, that were omitted from the models. The possibility of this 

omitted-variable bias is always a concern in statistical models, and it 

serves to warn that the numerical estimates of the various coefficients 

are not "final." The modeling procedure allows for additional market- 

related events to be included as factors affecting market shares. The 

results indicate that similar models may be developed for the monthly 

market shares of individual makes and modelsp and they may provide 

insights to possible enhancements a€  vehicle choice models. 
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