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HIGHLIGHTS 

The recent dramatic increase in the number of light trucks (109% 

between 1963 and 1974) has prompted concern about the energy consequences 

of the growing popularity of  the light truck. 

number of light trucks is considered to be a reasonable first step in 
assessing the energy impact of these vehicles. 

forecasts based on two models and six scenarios. The coefficients for 

the models have been derived by ordinary least squares regression of 

national level time series data. The first model is a two stage model: 

The first stage estimates the number of light trucks and cars (together), 
and the second stage applies a share's submodel to determine the number 

of light trucks. The second model is a simultaneous equation model. 

The two models track one another remarkably well, within about 2%. The 

scenarios were chosen to be consistent with those used in the Lindsey- 

Kaufman study Projection of Light Truck Population to Year 2025. 

in the case of the most dismal economic scenario, the number of  light 

trucks is expected to increase from the 1974 level of 0.09 light truck 

per person to about 0.12 light truck per person in 1995. 

An estimate of the future 

This monograph contains 

Except 
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SUMMARY OF FINDINGS 

According t o  t h e  Truck Inventory and Use Survey, i n  1972, 

14.598 x l o 6  l i g h t  t r u c k s  were r e g i s t e r e d  i n  t h e  United S t a t e s .  By 
1995, t h a t  number i s  expected t o  inc rease  t o  about 30 x 106 f o r  t h e  

scena r io  considered most l i k e l y  by Lindsey-Kaufman, Case I I A .  Except 

i n  t h e  case  of t h e  most dismal economic scenar io ,  t h e  number of l i g h t  

t r u c k s  i s  expected t o  inc rease  no t  on ly  i n  numerical  count,  bu t  a l s o  i n  

terms of  l i g h t  t r u c k  p e r  person r a t i o s  as well as l t g h t  t ruck  p e r  car 

r a t i o s .  The 1972 l i g h t  t r u c k  p e r  person r a t i o  was 0.075, and i s  p re -  

d i c t e d  t o  be 0.12-0.13 by 1995 (Case I I A ) .  
which was 0.16 i n  1972, i s  f o r e c a s t  t o  be 0.20 i n  1995. Under f u t u r e  

economic and technologica l  cond i t ions  no t  d r a s t i c a l l y  d i f f e r e n t  from t h e  

p r e s e n t ,  t h e  gene ra l  agreement is t h a t  t h e  number of l i g h t  t rucks  w i l l  

i nc rease .  I t  i s  a l s o  a matter o f  genera l  concensus t h a t  t h e  r a t e  of 
growth i n  t h e  l i g h t  t ruck  p e r  person r a t i o  w i l l  u l t i m a t e l y  slow; only  
t h e  t iming and t h e  magnitude of  t h e  slowing i s  i n  deba te .  

The l i g h t  t ruck  p e r  c a r  r a t i o ,  

Theore t i ca l ly ,  i nven to r i e s  of l i g h t  t rucks  depend on a t  least  two 

types  o f  f a c t o r s :  F i r s t ,  economic and popula t ion  f a c t o r s ,  and second, 

consumer tas tes  (because,  t o  a degree,  l i g h t  t r u c k s  are s u b s t i t u t e s  f o r  
cars).  Because of t h e  i n a v a i l a b i t y  o f  appropr i a t e  d a t a ,  t h e  l a t t e r  
f a c t o r  (consumer t a s t e s )  has  not  been e x p l i c i t l y  captured  i n  t h e  formulat ion 

of t h e s e  models. 

income and populat ion;  each has  a s i g n i f i c a n t  p o s i t i v e  in f luence  on t h e  
number o f  v e h i c l e s ,  cars, and l i g h t  t r u c k s ,  Household s ize  appears  with 

a nega t ive  c o e f f i c i e n t  as an explanatory v a r i a b l e  f o r  t h e  number of 

v e h i c l e s  - a reasonable  f ind ing  i n  t h a t  members of t h e  same household 

are probably more l i k e l y  t o  sha re  t h e  use  of  a v e h i c l e  than  persons from 

d i f f e r e n t  households. 

wi th  a nega t ive  c o e f f i c i e n t .  The remaining explana tory  v a r i a b l e ,  age 

d i s t r i b u t i o n  between 15 and 45, expressed as a percentage,  e n t e r s  

s i g n i f i c a n t l y  wi th  a p o s i t i v e  c o e f f i c i e n t  i n  each of t h e  r eg res s ion  
equat ions .  

s e c t i o n  of t h i s  monograph devoted t o  t e c h n i c a l  a n a l y s i s .  

The models a r e  d r iven  p r i m a r i l y  by personal  d i sposable  

Unemployment a l s o  e n t e r s  t h e  v e h i c l e  equat ion 

Age d i s t r i b u t i o n  i s  d iscussed  i n  g r e a t e r  d e t a i l  i n  t h e  

x i i i  





1. INTRODUCTION 

The purpose of t h i s  monograph i s  t o  provide f o r e c a s t s  under var ious  
economic condi t ions  from 1975 through 2000 of t h e  number of l i g h t  t rucks  

( i . e . ,  t rucks  weighing l e s s  than  o r  equal  t o  10,000 lb )  r e g i s t e r e d  i n  

t h e  con t inen ta l  United S t a t e s .  Light t rucks  have become a concern o f  

t h e  Transpor ta t ion  Programs Divis ion  o f  t h e  Office of  Conservation and 

S o l a r  Appl ica t ions ,  Department of  Energy, because o f  t h e  r ap id  inc rease  

i n  t h e i r  numbers: t h e  inventory  of  l i g h t  t rucks  increased  109% from 1963 
through 1974,2-5 whi le  t h a t  of  c a r s  increased  only  52% €or t h e  same pe r iod .  

S a l e s  s ta t is t ics  demonstrate  t h i s  explos ive  growth more c l e a r l y ,  
S a l e s  of  l i g h t  t r u c k s  increased  from 0.934 x l o6  i n  1963 t o  2.256 x lo6  
i n  1974,  with a h igh  of 2.556 x l o6  i n  1973. 

sales were 7.941 x l o6 ,  8 . 8 5 2  x lo6, and 11.430 x l o6  r e spec t ive ly .6  

Data i n d i c a t e  t h a t  i n  1963, t h e  r a t i o  of l i g h t  t rucks  t o  cars s o l d  was 
approximately 1:8.5,  whereas i n  1974 t h e  r a t i o  was 1 : 4 .  Even more 

dramatic  i s  t h e  f a c t  t h a t  t h e  Chevrolet  Divis ion of General Motors now 

sells  one l i g h t  t r u c k  for every 1.8 cars.  
t r u c k  f o r  every 6 . 3  cars.7 
number of  t r u c k s  ( 9 . 7  x lo6) is  small i n  comparison t o  t h a t  of  cars 
(36.2 x IO6), y e t  i f  t h e  growth of  t h e  number of l i g h t  t rucks  cont inues  

a t  t h e  p re sen t  rate, l i g h t  t rucks  could become a major f a c t o r  i n  
petroleum product  consumption. Th i s  t r e n d  i s  f u r t h e r  aggravated by t h e  

fac t  t h a t  l i g h t  t r u c k s  h i s t o r i c a l l y  have had poorer  f u e l  economy than  

automobiles .  

13.0 mpg i n  1972 f o r  luxury automobiles;  18.0 mpg f o r  s tandard ,  22 .5  mpg 
fo r  compact, and 30.8 mpg f o r  subcompact,* as opposed t o  10.8-12.4 mpg 

f o r  l i g h t  t rucks .9  

For t h e  same yea r s ,  car 

The r a t i o  i n  1960 was one 

To be su re ,  t h e  numerical  increase i n  t h e  

(Estimates of i n t e r c i t y  f u e l  economy for  automobiles were 

Th i s  monograph provides  f o r e c a s t s  f o r  t h e  number o f  l i g h t  t r u c k s  

under va r ious  economic cond i t ions  i n  t h e  years 1975 through 2000.10 

The p r o j e c t i o n s  are based on six scena r ios :  Cases I ,  11, PIA, 111, and 

IV are those  assumed by t h e  Lindsey-Kaufman s tudy . l  

i s  based on p r o j e c t i o n s  by E .  Hint of Oak Ridge Nat ional  Laboratory.  l o  

Case "Hirst Data" 
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The estimates i n  t h i s  s tudy  arc t h e  expected values  generated f o r  

each scena r io  and, a t  b e s t ,  a r e  presumed t o  have v a l i d i t y  only under 

socioecono~i~ic- technological  condi t ions  n o t  d r a s t i c a l l y  d i f f e r e n t  From 

the  p re sen t .  

T h i s  monograph p resen t s  d a t a  generated by t h e  two models, a 

d i scuss ion  of t h e  t echn ica l  d e t a i l s  of t h e  models, and f i n a l l y ,  conclusions.  

Below arc t h e  p r o j e c t i o n s  der ived  from use  of the  models i n  con- 
junct ioi i  with the  scena r ios  considered.  Figures  1.1 t o  1 .6  p re sen t  t h e  

p r o j e c t i o n s  g raph ica l ly ,  Tables 1.1 and 1 . 2  l i s t  t h e  p ro jec t ed  numbers 

of  l i g h t  t rucks  f o r  s e l e c t e d  yea r s ,  arid Table 1 .3  l i s ts  t h e  parameter 

va lues  f o r  each scena-rio. 

L 

ORNL-DWG 79-1 1086 

P 

Fig. 1.1. Light Truck Forecast  -Case  I .  
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Fi.g. 1 . 4 .  Light Truck Forecast -Case 111. 
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Fig.  1 . 5 .  Light Truck Forecast  - Case TV. 
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F i g .  1 .6 .  Light Truck Forecas t  - Hirst Data. 

Table  1.1. T o t a l  Count of  Light Trucks x l o 3  
~ - -  

. _ _  
Truck Inventory and 

Use Survey 

Case 1963 1967 1972 Model 1975 1995 2000 

I 

I 1  

I IA 

A 
8,853 11,318 14,598 B I 1 1  

I V  

Hirst 
Data 

18,962 
19,240 

18,962 
19,240 

18,962 
19,240 

18,962 
19,240 

18,962 
19,240 
17,091 
17,762 

32,894 
33 , 487 

30,120 
30,773 
29,396 
30,164 

27,570 
27,603 

18,673 
18,181 

31,057 
31 , 992 

36,286 
36,719 

31,888 
32,466 

32,466 
32,784 

28,218 
27,962 

19,444 
18,619 

33 , 509 
34,021 



Table 1 . 2 .  Percent D i s t r i b u t i o n  of Light 'I'rucks by Major IJse 

Truck Inventory and Use Survey Pro j e c t  i ons 
.I.........-I_ 

Major use 1963 1967 1972 1975 1995 2000 

Personal 

For h i r e  

Serv ices  and 
u t i l i t i e s  

5Vholesale and 
r e t a i l  

Manufacturing 
and mining 

Construct ion 

Agr icu l ture  

F o r e s t r y  and 
1 limb e r 

Other 

34.7 

1 . 3  

9 .0  

44.8 

0.6 

8 .5  

53.4 

0.6 

10.2 

56 .1  
0.6 

1 0 . 4  

59 .3  

0 .6  

9 .8  

60.8 

0 .5  

9 . 4  

10.4 8 .5  6 . 1  6 . 3  5.9 5.6 

2.7 1 .7  1 .5  1 .5  1 . 4  1 .4  

9 . 7  

29.6 

1 .0  

8 .3  

23.6 

1 .0  

6.9 

2 0 , l  

0 . 5  

6 .8  

20.1 

0 . 5  

6 .2  

18.6 

0 .5  

5 .9  

18 .0  

0 .5  

1 .6  3.6  1 . 2  1 . 2  1 . 2  1 . 2  
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‘Table 1.3. Parameters  f o r  s c e n a r i o s  
..-___ - 

Case I Case IT Case IIA 
- 

1975 1995 2025 1995 2025 1995 2025 

CNPa 1202. x 2620.35 8420.5 2358.9 3522.6 2208.5 4159.0 
POPb 213.54 266.6 369.3 240.0 280.0 240.6 287.2 
PDIC 3146 5459.1 12779.2 5459.1 7242.6 5413.6 8639.4 
I d  166.8 346.9 1040.5 346.9 1040.5 346.9 1040.5 
U N E M P ~  8 . 5  5.0 5.0 6 .5  5 .0  6 . 5  5.0 

1980 1985 1990 2000 1980 1985 1990 2000 1980 1985 1990 2000 

AGES 44.0 44.06 43.95 42.34 40.65 44.06 43.95 42.34 42.07 44.06 43.35 42.34 42.07 

Case I11 Case I V  Hirst Data 
____ __l_l__ ~ l--.-____-_l __.-.__.__I_ _... 

1975 1995 2025 1995 2025 1995 2025 

GNP 1202.1 1757.2 3707.6 1231.3 1983.8 2486. I 2981.3 
POP 213.54 251.1 294.7 240.9 252.3 254.495 
P U I  3146 4016.7 7242.6 2853.6 3411.9 5155 5832.5 
l-1C 166.8 346.9 1040.5 346.9 1040.5 346.9 1040.5 
UNEMP 8 . 5  5.0 5.0 11.0 11.0 7 .29  7.29 

260.378 

1980 1985 1990 2000 1980 1985 1990 2000 1980 1985 1990 2000 

AGE 44.0 44.64 45.30 44.52 42.07 44.64 45.30 44.52 42.07 44.68 45.47 44.73 41.77 
~ ___ __ 

-I __ ____ -_._.__I___-.._.. . ... . 

a C N P  (g ross  n a t i o n a l  product)  is given i n  lo9  1972 d o l l a r s .  

b~~~ (popu la t ion )  i s  g iven  i n  106 peop le .  

CPDI (pe r sona l  d i s p o s a b l e  income) i s  given i n  1967 d o l l a r s .  

’HC (consumer p r i c e  index f o r  housing) i s  given i n  1967 d o l l a r s  and i s  e x t r a p o l a t e d  from 
h i s t o r i c a l  d a t a  on b a s i s  of ave rage  growth f o r  t h e  p e r i o d  1963-1975. 

e 

’AGE i s  t h e  p e r c e n t  of popu la t ion  between t h e  ages o f  15 and 45; i . e . ,  15 < x < 45. 
Sources: 

UNEMP (unemployment) i s  given as pe rcen tage  of unemployment f o r  a l l  workers.  

Unemployment d a t a  - David Curry,  e t  a l . ,  Transpr ta t ion  in ~4nierica’s Future: 
Potential f o r  the  Next Half Centmy, prepa red  by S tandfo rd  Research I n s t i t u t e  f o r  t h e  U.S. Depart-  
ment of T r a n s p o r t a t i o n ,  DOT-TPI-20-77-21, June 1977; Age d a t a  - S t a t i s t i c a l  Abstracts  of the 
United Stu tes ,  2977, U.S. Department of Commerce, Bureau o f  t h e  Census, Washington, D . C . ,  1977; 
Lindsey-Kaufman Co.,  Projection of Light Truck  Popuzation t o  Y e a r  2025, ORNI,/Sub-78/14285/1, Oak 
Ridge Na t iona l  Laboratory,  Oak Ridge, Tenn. ,  1978; R .  11. Goshorn, Socio-Eeonom.Lc Factor8 A f f ac t ing  
Household E‘omation and Housing S i z e  in the United S t a t e s ,  Oak Ridge Nat ional  Laboratory,  December 
1977. (Computer p r i n t - o u t  made a v a i l a b l e  by E .  I I i r s t  o f  ORNL.) 





2. DISCUSSION OF THE ORNL FORECASTS 

The f o r e c a s t s  are based on two models: A and B .  Model A first 
e s t ima tes  t h e  number of l i g h t  t rucks  and c a r s  t oge the r  and then a p p l i e s  

a s h a r e ' s  submodel t o  genera te  t h e  fo recas t  o f  l i g h t  t rucks .  (The rea-  

soning behind t h i s  approach is  t h a t  l i g h t  t rucks  can be considered a s  

s u b s t i t u t e s  f o r  ca r s . )  

t r u c k s  s e p a r a t e l y  and y i e l d s  the  number of veh ic l e s  as a sum of  t h e  

e s t ima tes .  The f o r e c a s t s  generated by t h e s e  two models (based on t h e  

scena r ios  d e t a i l e d  i n  Table 1.3) a r e  remarkably c lose .  With t h e  except ion 

of t h e  l a t t e r  yea r s  i n  Case I V ,  t h e  d i f f e r e n c e  between t h e  two models 

r a r e l y  exceeds 2%. 

Model B es t ima tes  t h e  number of  cars and l i g h t  

The model f o r e c a s t s  of  l i g h t  t ruck  inven to r i e s  a r e  considerably lower 

than those  of  c e r t a i n  indus t ry  expe r t s ,  t h e  Lindsey-Kaufman Company i n  

p a r t i c u l a r .  Unfortunately,  t h e  d e r i v a t i o n  of  Lindsey-Kaufman f o r e c a s t s  

i s  no t  s u f f i c i e n t l y  q u a n t i t a t i v e  t o  determine t h e  source of t h e  d i s -  

crepancy. 
t o  a s u b j e c t i v e  eva lua t ion  of f u t u r e  and p resen t  s o c i e t a l  a t t i t u d e s  

as they  a f f e c t  t h e  purchase of  l i g h t  t rucks  (o the r  than t h e  degree t o  

which they  a r e  r e f l e c t e d  i n  t h e  o t h e r  v a r i a b l e s ,  t h e s e  a t t i t u d e s  a r e  

i m p l i c i t l y  assumed t o  remain i n v a r i a n t  i n  t h e  models because t h e r e  i s  
no explanatory v a r i a b l e  which e x p l i c i t l y  cap tu res  them). 

One can only surmise t h a t  t h e  discrepancy i s  p r imar i ly  due 

The most dramatic  d i f f e r e n c e s  between t h e  models and Lindsey-Kaufman 

f o r e c a s t s  i n  t h e  growth r a t e  of l i g h t  t rucks  manifest  themselves i n  t h e  

years  1975-1980. 

Light t rucks  x l o 3  ( i n  1980) 

Model A Model B L- K 

Case I 22,477 22,873 29, 500" 

Case I1 21,876 22,280 28, 000" 

Case I I A  21,843 22,245 28,000" 
Case I11 21,558 21,864 28,000" 

Case I V  19,379 19,684 26, OOOa 

H i r s t  Data 22,583 22,834 

a Read from graph. 

9 
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The economic f o r e c a s t s  i n  t h e  Lindsey-Kaufman (L-K) s tudy  do not  

appear of themselves t o  be s u f f i c i e n t  j u s t i f i c a t i o n  f o r  t h e  explos ive  

l i g h t  t ruck  growth fo recas t ed  by L-K. I f  such growth does occur,  
it must be a t t r i b u t e d  t o  s h i f t s  i n  consumer preferencc  which had no t  

t o t a l l y  manifested themselves by 1976. [The number of l i g h t  t rucks  

(20,163 x l o3 )  c a l c u l a t e d  on t h e  b a s i s  of a l i g h t  t ruck  t o  a l l  t ruck  

r a t i o  of  0 .74 t o  1 .0 ,  and t o t a l  t ruck  e s t ima te  of 27,130 x l o 3  by the  
Motor Vehicle  Manufacturers Associat ion5 i s c l o s e  t o  t h e  model p r o j e c t i o n s  

docuniented he re in .  3 
The p l a u s i b i l i t y  of  t h e  f o r e c a s t s  generated by t h e  models can 

f u r t h e r  be eva lua ted  on seve ra l  grounds. 
1. 

2 .  The Federal  Highway Adminis t ra t ion has  f o r e c a s t  t h e  car p e r  

Modcls A and B showed s u r p r i s i n g  cons is tency  with one another .  

person r a t i o  t o  be 0.54 c a r  p e r  person i n  1990. Cascs I ,  11, IIA, and 

I11 y i e l d  r a t i o s  i n  t h e  range from 0.549 c a r  pe r  person t o  0.561 c a r  p e r  

person f o r  1990. (To be su re ,  Case IV f o r e c a s t s  about 0.47 c a r  p e r  

pcrson,  bu t  t h i s  i s  not  s u r p r i s i n g  i n  view of t h e  dismal economic 

sccna r io  appl ied  i n  t h i s  case . )  The H i r s t  Data y i e l d  a r a t i o  of 0.572. 

3 .  In terms of h i s t o r i c a l  t r ends ,  ane would expect a car s a l e s  p e r  
t ruck  s a l e s  r a t i o  between 9 : l  and 3 : 1 ,  probably somewhat toward t h e  

lower end. The f o r e c a s t s  generated by the ORNL models are  no t  incon- 

s i s t e n t  with t h e s e  expec ta t ions .  Again, Case IV i s  t h e  most abe r ran t .  
I f  one assumes t h e  1961 t o  1974 average i m p l i c i t  r e t i r emen t  ra tes  

o f  0.074 and 0.051 f o r  c a r s  and t rucks  r e s p e c t i v e l y ,  use  of t h e  equat ions 

1999 

car s a l e s  (1975 through 2000) = 2 
i = 19'7 5 

[ c ( i  + 1) - c ( i )  + o . o 7 ~ ( i ) l  , 

1999 

1 
i=1975 

t ruck  s a l e s  (1975 through 2000) = [ T ( i  i 1) - T ( i )  + 0.051 T ( i ) l  , 
1 
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where 

C ( i )  = car i-nventory i n  year i, 

'T(i) = li .ght t r u c k  inventory i n  yeap i, 

r e s u l t s  i n  t h e  cumulative car sales per t r u c k  sales  r a t i o s  (1975-2000) 

found. i n  columns 2 and 3 of t h e  t a b l e  below, The rates 0.069 and 0,059 

y i e l d  t h e  r a t i o s  i n  t h e  l a s t  ~ W Q  columns. 

__I_. . . 

Car s a l e s  per t r u c k  sales r a t i o a  

Retirement rates Retirement ra tes  
0.074, 0.051b 0.069, O.05gc 

Model A Model B Model A Model B 
.I - 

Case I 5.85 5.82 5.01 4.96 
Case I1 5.93 6.12 5.02 5.17 
Case 11.4 5.89 5.85 4.99 4.94 
Case 111 6.73 6 .71  5 ,66  5.60 
Case I V  8 .61 9.00 6 .99  7.24 
Hirst Data 5.76 5.71 4.92 4.87 

a Estimates are 
ra te .  For  example, 
t r u c k s  y i e l d s  a car 
Case I ,  model A. 

h ighly  dependent on t h e  assumed retirement 
an  equal re t i rement  ra te  f o r  both cars and 
sales per t r u c k  sales r a t i o  of 4 .5 : l  f o r  

bAverage i m p l i c i t  retirement ra tes  for 1961 t o  1974. 
e Average i m p l i c i t  r e t i r e m e n t  ra tes  f o r  1970 t o  1976. 

__ 

Retirement ra tes  

Year Light t r u c k s  Cars 

1964 
1965 
1966 
1967 
1968 
1969 
1970 
197 1 
1972 
1973 
1974 
1975 
1976 

0.035 
0.049 
0.057 
0.052 
0.059 
0.066 
0.047 
0.041 
0.038 
0.070 
0.088 
0.076 
0.056 

0.070 
0.089 
0.089 
0.068 
0.079 
0.085 
0.059 
0.065 
0.063 
0.078 
0.084 
0.067 



1 2  

O n  t h e  b a s i s  of t h e  car s a l e s  pe r  t ruck  sales r a t i o s  c a l c u l a t e d  above 

and shown i n  t h e  t a b l e s  below, one might suspec t  t h a t  t h e  models under- 
estimate somewhat t h e  number of l i g h t  t r u c k s  f o r  t h e  s h o r t  run and t h a t  

t h e  L-K p r o j e c t i o n s  overes t imate  t h i s  number. 

\ 

Year Car sales pe r  t r u c k  sales r a t i o  

1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 

8.502 
7.923 
7.995 
7.159 
7.208 
6.811 
6.382 
6.063 
6.161 
5.214 
4.467 
3.924 
4.104 
3.707 

Car sales p e r  
t r u c k  sales r a t i o  

I m p l i c i t  inventory  of l i g h t  t r u c k s  i n  i 9 8 0  
at 6% annual r e t i r emen t  rate ( l o 3 )  

1 :  1 
1 .5 : l  
2.0:l  
2.5: 1 
3.0: 1 
3 .5 : l  
4.0: 1 
4 .5 : l  
5.0: 1 

53.82 
41.08 
34.72 
30.90 
28.35 
26.53 
25.17 
24.11 
23.26 

Car inventory  f o r e c a s t s  of model B (Case I)  and c a r  r e t i r emen t  

rates of  7% annual ly .  
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C l e a r l y  use of t h e  minirnurn 1963-1976 car sales p e r  t r u c k  sales r a t i o  
would r e s u l t  i n  an estimate of about 25-24 x l o 6  l i g h t  t r u c k s  i n  1980. 

estimate more c o n s i s t e n t  w i t h  1974-1976 t r e n d s  would seem t o  be 

24-25 x l o 6  l i g h t  t r u c k s . *  

An 

4 .  Another means of eva lua t ing  t h e  p l a u s i b i l i t y  of the  f o r e c a s t s  

i s  t o  i n v e s t i g a t e  t h e  l i g h t  t ruck  per  person r a t i o .  

Light t r u c k  per person r a t i o n  (1995) 

Model A Model B L- K 

Case I 0.120 0.122 
Case I1 0.123 0.126 0.16 
Case IIA 0.122 0.126 0.14 
Case I11 0.126 0.109 
Case I V  0.077 0.075 
Hirst Data 0.123 0.127 

a His to r i ca l - ly ,  t h i s  r a t i o  has v a r i e d  between 
0.0450 and 0.0876 (1960 t o  1974). 

Year Light t r u c k  p e r  person r a t i o  

1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 

0.045 
0.047 
0.047 
0.052 
0.054 
0.057 
0.060 
0.062 
0.065 
0.068 
0 .071  
0.075 
0.082 
0.088 

* 
Case I i s  the s c e n a r i o  lead ing  t o  t h e  g r e a t e s t  nuinber of  both 

cars and t r u c k s .  
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For 1995 (Case I I A ) ,  t h e  "bes t  judgment" of t h e  L-K r epor t ,  t h e  

models and t h e  1,-K f o r e c a s t  are reasonably c l o s e .  

5 .  The percentage change i n  t h e  inventory of l i g h t  t r u c k s  f o r  t h e  

years  1963-1976 i s  given i n  t h e  fol lowing t a b l e .  

Change i n  l i g h t  t r u c k  
inventory (%) Year 

1963- 1964 
1964-1 965 
1965-1966 
1966-1947 
1967-1948 
1968-1969 
1969-1970 
1970-1971 
1971-1972 
1972-1973 
1973-1974 
1974-197s 
1975- 1976 

6.4 
7.0 
6.3 
5.8 
4.9 
5 .6  
5.3 
5.8 
7.3 
9.2 
6 .1  
4.8 
5 . 4  

If one assumes 20.0 x lo6 l i g h t  t r u c k s  i n  1976, then  according t o  

what one b e l i e v e s  t o  be a reasonable  annual percentage change i n  t h e  

s tock  of  l i g h t  t rucks ,  one arr ives  a t  the  1980 inventory p r o j e c t i o n s  a s  

l i s t e d  below; and again,  reasonable  es t imates  would seem t o  be between 

24 and 26 x lo6  l i g h t  t r u c k s .  

Annual change i n  1980 inventory of 
inventory (%) l i g h t  t r u c k s  ( lo6)  

4.0 
4.5 
5.0 
5.5 
6.0 
6.5 
7.0 
7.5 
8 . 0  
8.5 
9.0 
9.5 

10.0 

23.40 
23.85 
24.31 
24.78 
25.25 
25.79 
24.22 
26.71 
2 7 . 2 1  
27.72 
28.23 
28.75 
29.28 
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In s h o r t ,  if l i g h t  t r u c k  sales cont inue t o  increase a t  o r  somewhat 

above t h e i r  h i s t o r i c a l  maximum rate ,  a p ro jec t ed  inventory  of l i g h t  
t r u c k s  for 1980 would be  about 2 8  x l o 6 .  
24  x l o 6  i s  i n  keeping wi th  a more modest ra te  of growth, f o r  in s t ance ,  

as r e a l i z e d  i n  t h e  pe r iod  1974-1976. 

t h e  models may be  conserva t ive  i n  t h e  sense  t h a t  t h e  models were c a l i b r a t e d  

with d a t a  f o r  t h e  pe r iod  1963-1974. However, €or t h e  long term, it i s  
d i f f i c u l t  t o  determine whether t h e  l i g h t  t ruck  market w i l l  s u s t a i n  i t s  
recent  h igh  r a t e  of growth o r  w i l l  l e v e l  o f f .  

A pro jec t ed  inventory  of about 

Thus, t h e  p r o j e c t i o n s  determined by 

The weakest p o i n t  of t h e  a n a l y s i s  i s  perhaps t h e  p a r t i t i o n  of t h e  

The a lgor i thm t o t a l  number of  l i g h t  t r u c k s  i n t o  major u se  ca t egor i e s .  

t o  achieve  t h i s  end was p a r t i c u l a r l y  s imple:  

ex t r apo la t ed  on t h e  b a s i s  of Table 34, p .  50 of  Trucking Activi ty  and 

Fuel Consumption (Table 2.1 o f  t h i s  r e p o r t ) .  
g iven i n  t h e  next  s e c t i o n  a long  wi th  a more d e t a i l e d  j u s t i f i c a t i o n .  

t h e  b a s i s  of  c r o s s - s e c t i o n a l  s ta te  l e v e l  d a t a  f o r  1972, t h e  e x t r a p o l a t i o n  

scheme does seem unreasonable  i f  one assumes t h e  f o r e c a s t s  l i s t e d  i n  

Table 2 .1 .  

t h e  1972 p a r t i t i o n  was 

The s p e c i f i c  equat ions  are 
On 

O f  course,  any f o r e c a s t  generated by a formal model depends on t h e  

conjec tured  scena r io  which d r i v e s  t h e  model. For t h i s  monograph, s i x  

such scena r ios  were s e l e c t e d  and are d e t a i l e d  i n  Table 1 . 3 .  For Cases 
I ,  11, I I A ,  111,  and IVY t h e  d a t a  f o r  GNP, POP, and PDI have been taken 

d i r e c t l y  from t h e  L-K document (GNP d e f l a t e d  t o  1972 d o l l a r s ,  PD 

d e f l a t e d  t o  1967 d o l l a r s ) .  The unemployment s ta t is t ics  were determined 

from Curry e t  al., l 1  and t h e  AGE s ta t i s t ics  were taken from t h e  S t a t i s t i c a l  

Abstract12 f o r  t h e  appropr i a t e  Census Bureau p r o j e c t i o n s  as d e t a i l e d  i n  

L-K. The v a r i a b l e  HC has  been determined t o  grow a t  3.7% p e r  annum. The 
scena r io  "Hirst Data" is based on p r o j e c t i o n s  by IIirst. l o  

The v a r i a b l e s  GNP,  POP, PDI, and HC were i n t e r p o l a t e d  i n  terms of 
cons tan t  growth €or t h e  pe r iods  1975 t o  1995, and 1995 t o  2025; t h e  

v a r i a b l e s  UNEMP and AGE were i n t e r p o l a t e d  l i n e a r l y .  



Table 2 . 1 .  Growth Rates of GNP and Sec tor  Outputs 
Used i n  the Trucking P ro jec t ions  

Average annual r a t e  of growth 

1972- 1980 1980-1930a 1972-1990 

~ l c o s s  n a t i o n a l  productb 

A g r i c d  tureC 
Construct  ionC 

Manufacturing and mining" 

Wholesale and r e t a i l  t radeC 
Se rv ices  and u t i l i t i e s C  
For h i r e  t rucking  d 
Personal  t rucking  d 

3.1 

3 . 3  

2 . 5  

3 . 5  

4.1 

3 . 8  

3 . 1  
4.9 

2.9 
2 .5  

2 . 5  

3 . 2  

2 . 4  

2 . 7  
2 . 9  

4 . 0  

3 . 0  

2.9 

2 . 5  

3 . 3  

3 . 1  

3 . 2  

3 . 0  

4 . 4  

The p ro jec t ed  growth r a t e s  appl ied i n  t h i s  s tudy  a r e  t h e  same a. 

bThese growth rates a r e  from the Data Resources Incorporated 
f o r  1980-1985 and 1985-1990. 

( D R I )  economic p r o j e c t i o n s  provided Jack Fauce t t  Associates  by FEA. 
These growth r a t e s  a r e  from t h e  Univers i ty  of Maryland Input- 

Output p ro jec t ions  ad jus t ed  t o  be compatible with t h e  D R I  GNP growth. 
dThese growth r a t e s  arc t h e  r e s u l t  of s p e c i a l  ana lyses  made by 

Jack Fauce t t  Associates .  
Source: Jack  Faucet t  Assoc ia tes ,  I n @ . ,  T'rucking A c t i v i k y  and 

Fuel Conswnptiotz, 2973, 1980, 1985, and 1990, Chevy Chase, Md,, J u l y  
1976, Table 34,  p .  50. 

C 



3. TECHNICAL ANALYSIS OF MODELS 

Two d i f f i c u l t i e s  common t o  much of econometric a n a l y s i s  are 

immediately encountered i n  t h i s  a t tempt  t o  f o r e c a s t  t h e  number of l i g h t  

t rucks .  The f irst  i s  t h a t  most economic i n d i c a t o r s ,  as well as t h e  

number of l i g h t  t r u c k s ,  have h i s t o r i c a l l y  exh ib i t ed  s teady  growth and, 

t h e r e f o r e ,  s imula t ion  f o r e c a s t s  a r e  a p t  t o  d iverge  from a h e u r i s t i c a l l y  
f p a s i h l e  region.  The second i s  t h a t  d a t a  are not  a v a i l a b l e  f o r  t h e  

Conventional explana tory  v a r i a b l e  - average l i g h t  t r u c k  p r i c e  - n o r  f o r  

a t ime series f o r  l i g h t  t ruck  fuel economv. The results presented  i n  
t h i s  paper  must be i n t e r p r e t e d  i n  l i g h t  of t h e s e  d i f f i c u l t i e s .  

The f i r s t  d i f f i c u l t y ,  t h a t  o f  p r e d i c t i o n s  exceeding h e u r i s t i c a l l y  

reasonable  bounds, was d e a l t  with by choosing a l o g i s t i c  formulat ion 

f o r  each of  t h e  models, a formulat ion which a s su res  t h a t  t h e  sum of  l i g h t  

t rucks  and c a r s  no t  exceed t h e  popula t ion :  

MODEL A 

Stage 1: LNVEH = In  (1 VEH/POP - vEH,POP) = f(PD1, HHSZ, UNEMP, AGE, FP, 

S tage  2: LSTSC = ln(T/C) = g(PD1, HHSZ, UNEMP, AGE, FP,  ...) , 

T + C  
VEH Stage 3 :  __I = 

T = ([g(PDI, . . . ) I / [  1 + g(PD1, . . . > I  > x VEH . 

The f irst  s t a g e  of  t h i s  model r eg res ses  a t ransformat ion  o f  t h e  sum of 

t h e  number of  l i g h t  t rucks  and cars aga ins t  t h e  explanatory v a r i a b l e s .  

' f i e  second s t a g e  develops t h e  shares model, and t h e  t h i r d  s t a g e  uses t h e  

r e l a t i o n s h i p  I' + C = VEH and t h e  r e s u l t s  of t h e  f irst  two s t ages  t o  c a l -  

c u l a t e  t h e  number of l i g h t  t rucks .  

In  t h e  e s t ima t ion  of t h e  shares model, it would be d e s i r a b l e  as 

we l l  as convent ional  t o  inc lude  t h e  r a t i o  of  p r i c e s  ( t ruck  p r i c e  t o  c a r  

17 
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p r i c e ) ;  however, a l l  t ruck  p r i c e s  known t o  t h e  au thor  appear i n  d i s -  
aggregated form i n  Automotive News, aid t h e  aggregat ion of t hese  d a t a  was 
beyond t h e  scope of  t h i s  s tudy.  S imi l a r ly ,  l i g h t  t ruck  f u e l  economy 
appears  not  t o  be a v a i l a b l e  i n  a time s e r i e s ,  so t h a t  n e i t h e r  of these  
explanatory v a r i a b l e s  was used. 

As mentioned previous ly ,  t h e  i m p l i c i t  c o n s t r a i n t  i n  model A i s  t h a t  

Though t h i s  t h e  suiii o f  l i g h t  t rucks  and ca r5  not  exceed t h e  populat ion.  
may appear t o  be an a r t i f i c i a l  c o n s t r a i n t ,  t h e  fac t  t h a t  t h e  r a t i o  VEH/POP 
s t a y s  wel l  away from t h e  asymptotic limit 1 i n  a l l  t he  simulatioris 

i n d i c a t e s  t h a t  t h e  c o n s t r a i n t  has not  been f u l l y  a c t i v a t e d  and i s  less 

a r t i f i c i a l  than may appear a t  f i r s t  glance,  

The second model, model B, depends on a similar l o g i s t i c  formulat ion:  

MODEL B 

= f ( P D 1 ,  HHSZ, IJNEMP, AGE, F P ,  ...) , T/ POP LNTRVEH = In  1 - (‘r + C ) / P O P  

= G(PD1, HHSZ,UNEMP, AGE, F P ,  ...) . c/ POP 
[ I  - (T + C)/POP LNCVEH = In  

T h i s  simultaneous system of equat ions can e a s i l y  be  solved f o r  both T and 

C .  Morcover, it i s  e a s i l y  seen (as long as T ,C  > 0) t h a t  model €3 con- 

s t r a i n s  ‘T t o  be asymptot ica l ly  smaller than  would be determined by t h e  
f ormul a t  j. on 

Model B i s  formulated as a s tock  adjustment model, which i s  a c t u a l l y  

equiva len t  t o  a f irst  -order  au to reg res s ive  model 

such a iiiodel a r e  ou t l ined  below. 

‘The h e u r i s t i c s  f o r  

One f irst  assumes t h a t  t h e  economically s t a b l e  equi l ibr ium of 
L N T R V E H ” ( n )  a t  time n i s  given i n  terms of o the r  explanatory v a r i a b l e s ,  

LN’TKVEH* (n) = f(PD1 HHSZ . . ) . (1) 
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The number of light trucks, being a major durable capital good, cannot be 

expected to immediately adjust to equal the theoretical equilibrium; 

hence an adjustment process is postulated, 

LNTRVEH(n) = LNTRVEH(n - 1) + €i[LNTRVEH*(n) - LNTRVEH(n - l)] . (2) 

Of course, one expects that the adjustment coefficient 6 lies between 

0 and 1 (i.e., 0 < 6 < 1). The simultaneous solution of Eqs. (1) and 

(2) yields 

LNTRVEH(n) = (1 - 6)LNTRVEHln - 1) + 6 I f (PD1,  HHSZ, . ..)] . 

The smaller the regression coefficient accompanying the lagged variable, 

the more rapid the implicit adjustment response. 

The actual equations of models A and B are given below. The coeffi- 

cients were estimated by ordinary least squares regression of  national 
time series data. (The significance levels of the coefficients are 
included in parentheses.) 

MODEL A 

1 -  LNVEH = -18.60887239 + 3.31754182LAGE - 0.56344654LHHSZ 
(0.0001) (0.0001 j (0.1077) 

+ 0.88412928LPDI - 0.04234495LUNEMP , 
(0.0001) (0.0244) 

R2 = 0.9995 , DW = 1.5073 . 

2. LSTSC = -9.76902093 + 1.13262720LAGE + 0.46539166LPDI , 
(0.0001) (0 0003) (0.0001) 

R2 = 0.9850 , DW = 2.0244 . 
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MODEL 8 

1. LNCVEH = -14.74195127 -t 2,36651560LAGE + 0.74045065LPDI 
(0.0003) (0.0004) (0.0004) 

+ 0.27920896LNCVEHl , 
(0,0818) 

R 2  = 0.9991 ~ DW = 1.8839 . 

2 .  LNTRVEH = -22.49405332 + 3.29024808LAGE + 1.11105327LPDI 
(0" 0001) (0 .0002)  (0.0002) 

f 0.25989339LNTRVEHl , 
( 0 . 0 7 0 8 )  

R 2  = 0.9988 , DW = 2.5365 . 

The r e s i d u a l s  o f  models A and R are examined below, 

MODEL A 

E q .  1. The DW s t a t i s t i c  i s  i n ~ o n c l u s i v e . ~ ~  The runs t e s t ' "  d i d  not  

i n d i c a t e  a s i g n i f i c a n t  c o r r e l a t i o n  among t h e  r e s i d u a l s  [6 rims with a 
s i g n s  d i s t r i b u t i o n  o f  (6 ,8 ) ] .*  

E q .  2 .  The D14 s t a t i s t i c  i n d i c a t e s  lack of f i r s t  order  au tocorre la -  
t i o n .  The runs  t e s t  [ 7  runs  with a s ign  d i s t r i b u t i o n  of (5 ,9 ) ]  d id  
riot i n d i c a t e  a s i g n i f i c a n t  c o r r e l a t i o n  among t h e  r e s i d u a l s .  

MODEL B 

E q .  1. The runs t e s t  [ 7  runs with a s ign  d i s t r i b u t i o n  of (6 ,8) ]  

d i d  not  i n d i c a t e  a s i g n i f i c a n t  c o r r e l a t i o n  among t h c  r e s i d u a l s .  'The 
Durbin K2 s t a t i s t i c ' '  i s  0.0505 - inconclus ive .  

E q .  2 .  The runs t es t  [ 7  runs with a s ign  d i s t r i b u t i o n  of (6,811 

d i d  not  i n d i c a t e  a s i g n i f i c a n t  c o r r e l a t i o n  among the  r e s i d u a l s .  The 

Durbin K 2  s t a t i s t i c  i s  1.0088 - no s i g n i f i c a n t  c o r r c l a t i o n  implied.  

* 
The runs t e s t  counts  the number of  s ign  changes i n  t h e  r e s i d u a l s  and 

adds one. Thus, i f  the r e s i d u a l s  had s i g n s  +, -, -, +, +, -; t h e  runs tests 
would be appl ied  t o  4 runs  with a si.gns d i s t r i b u t i o n  of  (2:2),  



The v a r i a b l e s  are def ined  as 

VEH/ P OP 
LNVEH = In (1 - VEH/POP) 

2 1  

fol lows : 

? 

VEH = 'r + c; 
T = l i g h t  t rucks ;  

C = cars; 
POP = populat ion;  

LSTSC = ln (T/C) ;  
LAGE = In(% of  popula t ion  between t h e  ages of 15 and 4.5 - - - . e . ,  

LPDI = ln (persona1  d isposable  income) ; 
15 c x < 45); 

LUNEMP = I n ( %  unemployment); 

LNCVEHl = LNCVEI-I lagged by one per iod ,  i . e . ,  LNCVEH(n-1) = LNCVEHl (n) ;  
T f POP 

LNTRVEH = In (1 - VEWPOP) ; 
LNTKVEWl = LNTRVEH lagged by one per iod .  

The fol lowing a d d i t i o n a l  v a r i a b l e s  were considered as p o t e n t i a l  

explanatory v a r i a b l e s :  

e 

e 

e 

e 

e 

0 

e 

a 

e 

e 

e 

gross n a t i o n a l  product  

average vehicle-miles  p e r  car 
average vehic le -mi les  per t r u c k  

number of l i censed  d r i v e r s  
car f u e l  economy 

p r i c e  of  new cars 
price of gaso l ine  

r e t a i l - w h o l e s a l e  sales 
c a r  s a l e s  

l i g h t  t ruck  sales 
cons t ruc t ion  a c t i v i t y  

Probably,  t h e  l e a s t  i n t u i t i v e  of  t h e  explana tory  v a r i a b l e s  i s  LAGE. 
This  v a r i a b l e  was chosen f o r  i n c l u s i o n  as an explana tory  v a r i a b l e  because 

it was suspected t h a t  t h e  ownership r a t e  of  veh ic l e s  by persons i n  t h i s  

age b racke t  was h ighe r  than  t h a t  by persons i n  o t h e r  age b racke t s .  The 



2 2  

a v a i l a b l e  d a t a  were i n s u f f i c i e n t  t o  e i t h e r  confirm o r  r e f u t e  t h i s  con- 

j e c t u r e ,  and i t  i s  conceivable  t h a t  t h e  r e s u l t a n t  c o r r e l a t i o n  i s  spur ious .  

IIowever, when t h e  v a r i a b l e  LAGE was replaced by t h e  n a t u r a l  logarithm of  
t h e  percentage of  t h e  popula t ion  between the ages of 15 and 65, t h e  

cxplaraatory v a r i a b l e  l o s t  i t s  s i g n i f i c a n c e  ~ even though t h e  populat ion 

i n  t h e  15 t o  65 age bracket  was monotonically inc reas ing  during t h i s  

pe r iod  (both numerical ly  and r e l a t i v e l y )  . 
Since t h e  L-K s cena r ios  d id  not spec i fy  household s ize ,  an addi-  

t i o n a l  r eg res s ion  was run:  

LNHHSZ = -2.47111848 f 0.64867504LI-IC - 0.03117339LUNEMP ; 
(0.0001) (0.0001) (0.1047) 

R2  = 0.9877 , DW = 1.9561 . 

Runs t e s t :  8 runs,  s ign  d i s t r i b u t i o n  ( 7 , 7 )  - n o  s i g n i f i c a n t  c o r r e l a t i o n  
imp 1 i e d  . 
The v a r i a b l e s  are def ined t o  be 

HSE = number of households 

LHC = ln(housing cos t  index) . 

The a p p l i c a t i o n  o f  t h i s  equat ion t o  t h e  s imula t ion  scena r ios  r e s u l t e d  

i n  p r sd ic t ed  household s i ze  of 2 ,62 t o  2.64 f o r  1990, c o n s i s t e n t  with 

Census Bureau p r e d i c t i o n s  of 2.68 f o r  f o r e c a s t  A, 2 , 6 0  f o r  f o r e c a s t  R ,  

and 2.61 f o r  f o r e c a s t  C .  A c o n s i s t e n t  i n t e r p r e t a t i o n  of t h e  r eg res s ion  

equat ion could be t h a t  unemployment inc rcases  shor t - te rm household s i ze  
by causing more people t o  share  expenses,  and t h a t  increased  housing 
c o s t s  r e s u l t  i n  long-term reduct ions  of family s i z e .  

To p a r t i t i o n  t h e  t o t a l  number of  l i g h t  t rucks  i n t o  major use  cate- 
g o r i e s ,  t h e  growth r a t e s  f o r  t h e  r e s p e c t i v e  s e c t o r s  (which determined use)  

were appl ied  t o  t h e  1972 d i s t r i b u t i o n  of l i g h t  t rucks  arid t h e  subsequent 
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r e s u l t s  were normalized. This  a lgori thm was l a te r  t e s t e d  aga ins t  1972 

c r o s s  s e c t i o n a l  data with reasonable  r e s u l t s .  The tes t  cons i s t ed  of forming 

a l l  two-fold combinations ( p a i r s )  of s ta tes  and, f o r  each combination, e s t i -  
mating t h e  percentage  of l i g h t  t r u c k s  used p r imar i ly  f o r  r e t a i l -who lesa l e  

t r a d e  i n  t h e  second s ta te  on t h e  b a s i s  of  both states '  r e t a i l  sales, con- 

s t r u c t i o n  c o n t r a c t s ,  and t h e  r e l a t i v e  number o f  l i g h t  t rucks  used f o r  both 

cons t ruc t ion  o r  r e t a i l -who lesa l e  t r a d e  i n  t h e  f irst  s t a t e .  Formally, l e t  

C( i )  = cons t ruc t ion  c o n t r a c t s  i n  s t a t e  i ,  
r ( i )  = r e t a i l  sales i n  s t a t e  i, 

LC(i) = l i g h t  t r u c k s  used i n  cons t ruc t ion  s ta te  i ,  
L r ( i )  = l i g h t  t r u c k s  used i n  r e t a i l -who lesa l e  t r a d e  s t a t e  i. 

I f  t h e  propor t ion  of  each type  of l i g h t  t ruck  i s  c a l c u l a t e d  as 

nLC(i) = LC(i)/[LC(i)  + L r ( i ) ]  , 

n L r ( i )  = Lr( i ) / [LC( i )  + L r ( i ) ]  = 1 - nLC(i) , 

then  t h e  e r r o r  of t h e  e x t r a p o l a t i o n  D ( i , j )  can be ca l cu la t ed  as 

For i < j ,  t h e  mean and s tandard  dev ia t ion  of t h e  va lues  D ( i , j )  

were ca l cu la t ed :  

p(D)  = -0.00316 , 

o(D) = 0.13307 . 

For t h e  observed va lues  of nLr, t h e  mean and s tandard  dev ia t ion  

were determined t o  be 

p(nLr) = 0.64880 , 

o ( n i r )  = 0.09082 . 
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(Figures  3 .1  and 3.2 show t h e  frequency d i s t r i b u t i o n  of D and n L r  

wi th  t h e  same s c a l e  f o r  t h e  absc i s sa . )  

Although t h e  d i s t r i b u t i o n  of  t h e  e r r o r  D has mean nea r ly  zero, it 
i s  not  as t i g h t l y  concentrated as would be des i r ab le .  This  sugges ts  of 
course t h a t  though t h e  p a r t i t i o n i n g  of l i g h t  t rucks  i n t o  major use  

ca t egor i e s  i s  not  unreasonable,  i-t must be viewed with hea l thy  caut ion .  

The behavior  and s e n s i t i v i t y  t o  per tu rba t ions  of t h e  i n i t i a l  va lues  
and hypotheses of  t h e  models can be i n f e r r e d  by approximating t h e s e  

models by a l i n e a r i z e d  vers ion .  Consider t h e  sequence of vec to r s  

X(n) = 

LwrKvEI  

LNCVEH 

LNVEI.1 

LS'SSC 

LHHS z 
LAGE 

L P D I  

LUNEMP 

wi th  a d d i t i o n a l  boundary condi t ions  

= AX(n - 1) -t R ~ 

X(0) = 

-LN'rKVEH ( - 1 )  

LNCVEH (-1) 

LNVEH (0) 

LSTSC (0) 

LHHSZ (0)  

LAGE (0) 

L P D I  (0) 

LUNEMP (0) - 
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F i g .  3 . 1 .  Frequency D i s t r i b u t i o n  of D ( i , j )  f o r  1972.  
ORNL DWG 79-13672 
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T 
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Fig. 3 . 2 .  Frequency D i s t r i b u t i o n  f o r  nLr for 1972. 



matrix A = 

vector 

0 . 2  

0 

0 

0 

0 

0 

0 

0 
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0 0 0 0  3.2 1.1 0 

0.2 0 0 0 2 . 3  0 . 7  0 

0 0 0 -0 .5 3 . 3  0 .8  -.04 

0 0 0 0  1.1 0.4 0 

0 0 0 f ( n )  0 0 0 

0 0 0 0  1 0 0  

0 0 0 0  0 1 0 

0 0 0 0  0 0 1 

I 

(The coefficients of the matrix A have been chosen to be the first 

two significant digits of  t h e  coefficients of  the respective estimated 

equations. The function f is a monotonically increasing function with 

upper bound 1 and lower bound > O .  9 with { f (n) 1 convergent.) n= 1 

It is not hard t o  see that this system behaves ''in the liarge" much 

as models A and B. Iterative calculations yield 

and 
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0 

0.2" 

0 

0 

0 

0 

0 3 . 2  

2 . 3  

1.1 

0 . 7  0 

n- 1 
-0.5 7~ f ( i )  

i = O  

0 

0 0 0 3 . 3  0.8 

0 0 0 1.1 0*4 

n 
n f ( i )  

i = O  

0 

0 

0 

0 0 0 0 0 

Thus t h e  fol lowing r e su l . t s  can be deduced from t h i s  a n a l y s i s .  

i s  g l o b a l l y  s t a b l e  with regard  t o  i t s  i n i t i a l  value.  

means t h a t  a p e r t u r b a t i o n  i n  t h e  o r i g i n a l  number o f  l i g h t  t rucks  for a l l  

p h y s i c a l l y  r e a l i z a b l e  s tock  adjustment models w i l l  not a f f e c t  t h e  long- 
range l i g h t  t ruck  forecasts.  

E s s e n t i a l l y  t h i s  

In  f a c t ,  

= 0 f o r  model A . a [TCo) 1 

* 
1 3 T("31 = 0 (0.2)n i s  def ined  t o  mean t h a t  t h e r e  e x i t s  a 
aET(o)l T (01 
cons tan t  L such t h a t ,  f o r  N s u f f i c i e n t l y  l a r g e  and n > N ,  
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2 .  

3 .  Per tu rba t ions  i n  t h e  i n i t i a l  va lues  of LAGE and LPDI w i l l  a f f e c t  

A s imilar  s t a b i l i t y  r e s u l t  ho lds  f o r  LNCYEH. 

both LNTRVEII and LNCVEII, and t h e  magnitude of the e f f e c t  i s  determined 

by t h e  product of t h e  s i z e  of  t h e  pe r tu rba t ion  by t h e  r e spec t ive  r eg res -  

s i o n  c o e f f i c i e n t .  

S p e c i f i c a l l y ,  

S imi l a r  e q u a l i t i e s  hold f o r  c a r s .  

va lues  r e q u i r e s  a considerably more complicated expressioii  bu t  has t h e  

same f l a v o r .  

4 .  

S e n s i t i v i t y  of model A t o  t he  i n i t i a l  

The e f f e c t s  of mi s spec i f i ca t ion  of  t h e  models i n s o f a r  as the 

Of r eg res s ion  c o e f f i c i e n t s  a r e  concerned are a l s o  e a s i l y  ca l cu la t ed .  

p a r t i c u l a r  i n t e r e s t  i s  

So long as t h e  r a t i o  

remains bounded away from one, it i s  easy t o  see t h a t  

I I ~  - - O((n-1) T(n)} 
ab7 

f o r  model R .  This  r e s u l t  i n d i c a t e s  that  t h e  number of l i g h t  t rucks  i s  
p a r t i c u l a r l y  s e n s i t i v e  t o  t h e  growth o f  P D I .  
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5. The va lues  of  LNTRVEH, LNCVEH, and LNVEH a r e  dependent no t  only 

on t h e  i n i t i a l  and terminal  values of PDI but  a l s o  on t h e  pa th  between 

t h e s e  p o i n t s .  

p o i n t s  and cons tan t  growth. 

The pa th  used f o r  t h i s  model was determined by the  end 

In summary, t h i s  t e c h n i c a l  a n a l y s i s  i n d i c a t e s  t h a t  t h e  models 

formulated he re  are no t  unreasonable.  

t i v e  t o  t h e  i n i t i a l  number of c a r s  o r  l i g h t  t r u c k s .  

s e n s i t i v e  t o  t h e  populat ion growth and p a r t i c u l a r l y  s e n s i t i v e  t o  t h e  

expected behavior of  personal  d i sposable  income. 

I n  t h e  long run,  they a r e  i n s e n s i  

However, they a r e  





4 .  DISCUSSION OF MODEL REFINEMENTS, IMPROVEMENTS, 
AND SHORTCOMINGS 

Several avenues for improvements of the model immediately suggest 

themselves, yet almost all depend on the greater availability and 

accuracy of  light truck data than is presently at hand. 
1. The actual number of light trucks used to generate the regres- 

sion coefficients in this report was estimated from total truck inventory 

data from the 1975 Automobile Facts and Figures and the ratio of light 

trucks per all trucks data from the 1963, 1967, and 1972 Truck Inventory 

and Use Surveys. 

intervening years. 

that due to linear interpolation. 

mzd Figwes '  data are revised annually, sometimes significantly. 
sensitivity of the coefficients to the light truck inventory data has not 

yet been investigated.) 

These latter ratios were interpolated linearly for 

Two sources of error are possible. The lesser one i s  
The other is that the Automobile Facts 

(The 

With the processing of the state-level Polk data for automobiles 

and light trucks, it should be possible to refine the regression 

analysis by cross-sectional time series analysis on more timely data as 

well as specific major end use analyses. 
2 .  The variable AGE was interpolated. Other sources provide these 

data in the format appropriate to this study and hence obviate the 

necessity of interpolation. Such data should be used. 

3 .  A case can justifiably be made that model B is a simultaneous 

equation model and should more appropriately be estimated by two-stage 
least squares or similar approach. 

the results is unknown at the present time. 

How such an approach would affect 
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5. CONCLUSIONS 

There seems little doubt that the number of light trucks will 

increase in the near future, regardless of the measure used (actual 
numerical count, trucks per person, o r  truck per car ratio). Moreover, 

the general concensus seems t o  be that the light truck per person ratio 
will stabilize sometime in the next one to three decades. The time and 

level of truck per person ratio at which this stabilization will take 

place is an issue subject to less unanimity. Models A and B suggest 

that unless the economy slows, this stabilization will not occur before 

the year 2000. Certain of the L-K forecasts suggest stabilization a t  

0 . 1 4  truck per person by the year 1985 (Case I IA) .  For this same case, 

models A and B forecast 0.131 truck per person and 0.133 truck per 
person, respectively, in the year 2000. 

There are, of course, many contingencies which neither models A and 

8 nor the L-K forecasts consider: wholesale electrification of motor 

vehicles or abolishment of private ownership of vehicles, to name two. 

Hence, the forecasts are general indicators a t  best. Models A arid B 

are open to critical review and for delicate and detailed policy 
questions these models should be supplemented by further analyses, 

both quantitative and qualitative. 

plausibility of the forecasting scenarios and also to the reliability 
of the historical data which form the basis of  any forecasts. 
analytical work might involve time-series cross-sectional analysis as 

well as modeling each of the major light truck uses explicitly. Unfor- 
tunately, the quality of  the data available for this study i s  such that 
even a sophisticated model may yield no additional insight. 

Attention should be directed to the 

Additional 
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Table C . l .  Description of Data 
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62 186.54 56.36 38.7 91.7 2272 5.5 8.750 66.110 799.1 

63  189.24 56.83 38.9 92,7 2321 5.7 8.911 69.055 830.7 7.941 0.934 

64 191.89 57.62 39,O 93.8 2452 5 .2  9.883 71.983 874.4 8.319 1.050 

65 194.30 59.14 39.2 94.5 2571 4 .5  10.586 75.251 925.9 9.546 1.194 

66 196.56 60.11 39.3 97.2 2672 3.8 11.261 78.123 981.0 9.264 1.294 
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69 202.68 64.14 40.1 110.8 2833 3.5 13.197 86.852 1078.8 9.758 1.529 

70 204.88 65.25 40.6 118.9 2879 4.9 13.858 89.230 1075.3 8.827 1.456 

71 207.05 66.58 41.1 124.3 2958 5.9 14.664 92.754 1107.5 10.209 1.657 

72 208.85 68.25 41.7 129.2 3062 5 .6  15.713 96.980 1171 .1  10.919 2.094 

73 210.41 69.90 42.3 135.0 3225 4.9 1 7 . 2 1 1  101.763 1235.0 11.430 2.559 

74 211.90 71.35 43.5 150.6 3143 5.6 18.562 105.290 1217.8  8.852 2.256 
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