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between the parameters may be an indication of redundancy in the model

that could be reduced by simplifications in the specified model. Gne

consequence of high parameter correlations, according to McCleary and Hay

(1980:303), is that the num of squares function

.. . may not have une clearly defined minimum, but rather 
several minima, each associated with a particular 
configuration of the 'edundant parameters. When the 
(non-linear estimation) algorithm attempts to solve a 
function of this sort, it may oscillate between several 
minima without ever converging.

Although the correlation between the seasonal auto-regressive and the

constant terms was relatively high (-.76), the decision was made to retain

the constant term in the preliminary noise model and reassess the need for

the constant term when the combined ARIMA/transfer function model was

evaluated.

For several o f the variables examined in the present study, an 
examination o f the autocorrelations and partia l autocorrelations for the 
appropriately transformed and differenced data revealed that more than one 
model could plausibly be specified to account for the observed pattern o f 
serial correlations. In such cases maximum likelihood parameter estimates 
were obtained fer each plausible model. Each model was assessed using the 
criteria d’ scussed above and any modified models that appeared necessary 
were also evaluated. I f  more than one resulting ARIMA mcdel met a ll o f 
the evaluative criteria, the model with the lowest sum o f squares was 
selected to represent the basehne series.

The second major stage o f the Box-Jenkins intervention analysis 
strategy is the identification, estimation, and evaluation o f a transfer 
function mcdel to describe the nature of the intervention impact on the



criterion variable. The Form of the initial transfer functions for each 

of the accident series was selected on the basis of the hypothesized 

intervention effects. The major exogenous factor of interest* the raised 

legal drinking age, was represented by an abrupt, permanent impact pattern 

transfer function model.

A  second major exogenous factor influencng the frequency of 

motor vehicle crashes between 1972 anr 1979 was the fuel shortage and 

maximum legal speed limit reduction of early 1974. To reduce the residual 

error variance and more accurately assess the impact of the raised 

drinking age, a first-order dynamic transfer function was included to 

account for the changes in crash frequency associated with the events of 

early l°74,

In summary, the complete model included: (A) a transfer 

function for the determination of the raised drinking age impact, (B) a 

dynamic transfer function controlling for the effects of the fuel 

shortage/speed limit reduction of P74, and (C) a parsimonious A R I M A  model 

controlling for trends, seasonality, and other autocorrelation components 

in the criterion time-senes. The parameters of this combined model were 

simultaneously estimated.

The estimation results are presented in Table 4.2. Since the 

estimate of the constant term was net significantly different from zero, 

it was likely that a more parsimonious model, without a constant term, 

would also adequately account for the pattern of crash frequency over 

time. The moderately high correlations between the constant and the 

auto-regressive parameters noted earlier <Table 4,1), indicated that the 

sum squares function might not have a steep depression Put rather a



T a b l e  <■ 2 I n i t i a l  E s t i m a t i o n  R e s u l t s  for C o m b i n e d  
A R I M A / T r a n s f e r  F u n c t i o n  M o d e l  of T h r e e - f a c t o r - s u r r o g a t e  
C r a s h  F r e q u e n c y  A m o n g  D r i v e r s  A g e d  18 - 20

N o i s e  M o d e l :  A R I M A  ( 1 , 0 , 0 ) ( 3 , 0 , 0 ) 1 2  w i t h  no
t r a n s f o r m a t i o n s
Fu el  S h o r t a g e  T r a n s f e r  F u n c t i o n :  rsb (1,0,0) w i t h  p u l s e
f u n c t i o n  i n p u t
R a i s e d  D r i n k i n g  A g e  T r a n s f e r  F u n c t i o n :  rsb (0,0,0) w i t h
s t e p  f u n c t i o n  i n p u t

P a r a m e t e r  E s t i m a t e s S t a n d a r d  E r r o r s  
1 4 .0 3  
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R a i s e d  D r i n k i n g  A g e

w - - 1 7 . 2 7  
« - .71
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♦ l * .34
T i -  .74 

a - 1 2 .9 1



shallow trough. Based on these considerations! the model's parameters 

were re-estimated without a constant term included. The results, 

presented in Table 4.3, indicated that the model adequately and 

parsimoniously accounted for the frequency of 3FS crasnes amor vers 

aged 18-20 over the 1972 through 197? time period (Figure 4,4 ,t,

the noise model parameters and the auto-regressive parameter *, ,e fuel

shortage transfer function met the requirements for system stability. 

Second, the noise model parameters were significantly different from zero.

Third, none of the residual autocorrelations were significantly different 

from zero (the O-statistic was 13.01 for lags one through 24| p>.03).

Fourth, all of the parameter correlations were .37 or less. Finally, the 

full model accounted for about 67 percent of the variance of the raw 

time* series. The goodness of fit of the model to the data can be seen in 

Figure 4.3, where the actual crash frequency and the frequency predicted 

by the final model are plotted on the same graph.

On the basis of the criteria discussed above, it was dear that 

an adequate model of the frequency of 3FS crashes among drivers 13-20 had 

been achieved, and the model could therefore be used to assess the changes 

in crash frequency associated with raising the legal minimum drinking age. 

The estimation results indicated that after the drinking age was raised in 

December of 1^73, there was an average reduction of 27.3 crashes per month 

in the time-senes analyzed (Table 4.3>I this effect was statistically 

significant with p<C.0l. The average monthly reduction of 27.3 crashes over 

the first 12 months after the drinking age was raised represents a 17.74 

percent reduction tn late-night, single-vehide, male, 13-20 year old 

driver crash involvements when compared to the frequency of such crashes
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T a b l e  4.3 Fi na l  E s t i m a t i o n  R e s u l t s  for C o m b i n e d  
ARIMA/Tiw.isfec F u n c t i o n  M o d e l  of T h r e e - f a c t o r - s u r r o g a t e  
C r a s h  F r e q u e n c y  A m o n g  D r i v e r s  A g e d  18 - 20

N o i s e  M o de l : A R I M A  (1 , 0, 0 )( 1, 0 ,0 )  12 w i t h  no
t r a n s f o r m a t i o n s
F ue l  S h o r t a g e  T r a n s f e r  F u n c t i o n :  rsb (1,0,0) w i t h  p u l s e
f u n c t i o n  in put

R a i s e d  D r i n k i n g  A g e  T r a n s f e r  F u r c ti on :  rsb (0,0,0) w i t h
s t e p  f u n c t i o n  i n p u t

P a r a m e t e r  E s t i m a t e s
Fuel S h o r t a g e u - 1 6 . 91

S t a n d a r d  E r r o r s  
14.10

6 <• .71 .40
R a i s e d  Dr inkin g A g e w ■ - 27.50 8.06

♦ l■ .35 . 1 1
1*1 9 .73 .09

Res idual V a r i a n c e  ■ 320 R-sqr - .67 Q  - 18.01

Res idual A u t o c o r r e l a t i o n s : A p p r o x . s t a n d a r d error - . 1 1
1 :- . 0 9 2 : .19 3: . 0 0 4 : - . 1 7 5 .08
6 :- . 0 7 7: -. 07 8 :-.03 9 : - . 0 8 10 -. 07

1 1 : .13 1 2 :- . 1 7 13: .07 14 :-.05 15 -.0 6
16: -.03 17: - . 1 3 18: -.04 1 9 : - . 0 3 20 -.07
2 1 :- . 0 1 2 2 :-. 0 9 23: .08 24: .13
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Figure 4.4 Frequency of Three-factor-surrogate Crash Involvement Among 
10 -  20 Year Old Orlvers In Michigan, 1972 -  1979
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expected had there been no change in the drinking age. The 17.74 percent 

reduction in crashes can be interpreted as the net effect associated with 

the raised drinking age, controlling for the effects of (A) the fuel 

shortage/speed limit reduction of early 1974, (3) trend and seasonal 

variation in crash frequency, and (C) random variation in the frequency of 

motor vehicle crashes.

However, the drinking age transfer function estimate of -27.5 

crashes cannot be directly used as a point estimate of the actual number 

of 3FS crashes prevented by raising the drinking age, since the mcdel was 

estimated using a time-series based on a random 20 percent sample of all 

reported crashes. The best point estimate of the actual number of crashes 

prevented by the legal change is obtained by multiplying the transfer 

function point estimate (i.e., -27.5) by the inverse of the sampling 

fraction (i.e., 5), resulting in the estimate of 137.5 crash involvements 

per month prevented by the legal change. Over the first twelve months 

after the drinking age was raised, therefore, an estimated 1650 3FS 

crashes among 19-20 year old drivers were prevented.

Although not the focus of the present investigation, the full 

model results presented m  Table 4.3 also provide information concerning 

changes in 3FS crashes associated with the fuel shortage/speed limit 

factors. The results indicated that a statistically non-significant, 

temporary reduction in 3FS crashes occurred in early 1^74. It should be 

noted, however, that the fuel shortage/speed limit effect estimates based 

on the analysis of 1972 through 1^7* crash frequencies should be 

interpre* d with caution, since the po nt estimates were based on a short 

baseline series. As discussed m  Chapter 3,0, the main purposes for



including the transfer function for the fuel shortage/speed limit effects 

in the analyses were! (A) to determine the effects associated with the 

modifications in the legal drinking age independent of the well 

established impact of the fuel shortage and speed limit reduction, and (B) 

to reduce the residual error variance (and consequenctly increase the 

precision of the drinking age parameter estimates) by accounting for this 

major exogenous shock to the system causing the crash time-senes.

In summary, the iterative specfu... ion, estimation, and 

evaluation strategy of modeling time-series suggested by Box and Jenkins 

resulted in an A R I M A  model that adequately represented the autocorrelation 

structure of the monthly frequency of 3FS crashes among 13-20 year old 

drivers. The A R I M A  model was combined with two transfer functions, 

representing the effects of the 1974 fuel shortage/speed limit reduction 

and the hypothesized effects of raising the legal minimum drinking age.

The iterative speaficaton, estimation, evaluation process was repeated 

for the combined ARIMA/transfer function model. The fin*l resulting model 

revealed a highly significant reduction in 3F3 crash frequency associated 

with raising tne drinking age, with a magnitude of appro'cim itely 18 

percent, or 137.5 crash involvements per month.

4.2 Time-series Models of Michigan Total Crash Frequence*, 1 *72 - l°79

The iterative model building strategy was applied to earr of the 

time-series Included in the full design matrix (see Table 3.1). 1 e 

estimation results for each of the variables based on 20 pet z*n* 

random sample file are presented below. Included for each variable are!

(A) a plot o f the raw series (Figures 4.6 to 4.15), and (B) the final



combined ARIMA/transfer function model estimation results (Tables 4,4 to 

4.14), (3) The full complement of diagnostic statistics are included for 

each model, verifying its appropriateness for estimation of the effect of 

the raised drinking age,

The first hypothesis of this investigation was that raising the 

legal minimum drinking age would result in reduced alcohol-related traffic 

crashes among 18-20 year old drivers. The time-series modeling results, 

summarze-J in Table 4,15, revealed highly significant reductions both in 

police-reported had-been-drinking crashes and three-factor-surrogate 

alcohol-related crashes among 13-20 year old drivers after the drinking 

age was raised. Police-reported H B D  crashes dropped by 30.72 percent, and 

3FS crashes were down by 17.75 percent from what would have been expected 

had there been no drinking age change. (4)

The m a m  "control" series specific to 13-20 year old drivers was 

the frequency of police-reported "had not been drinking" crashes. A  small 

reduction in H N B D  crashes was evident, but it was not statistically 

significant and small in magnitude compared to the drop in the frequency 

of K B D  or 3F5 crashes (Table 4,15>. The observed ubstantial reductions 

in H B D  and 3FS alcohol-related crash frequencies, rnd no significant 

change in H N B D  non-alcohol-related crashes, provided strong support for 

hypothesis cne, that is, that the raised legal drinking age caused a 

reduction in alcohol-related traffic accidents among drivers aged 13-20.

It was also hypothesized that the raided legal drinking age 

would cause a reduction m  alcohol-related crash involvement among drivers 

aged 16-17. Analyses of 3FS crashes among drivers of this age group 

revealed a significant reduction associated with the raised legal age
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Figure 4.6 Frequency of llad-been-drlnklng Crash Involvement Among 10 -  20 
Year Old Orlvers In Michigan, 1972 -  1979
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Figure <1.7 Frequency of Three-factor-surrogate Crash Involvement Among 
16 -  17 Year Old Drivers 1n Michigan, 1972 -  1979



Table 4.5 Final Estimation Results for Combined 
ARIMA/Transfer Function Model of Three-fa c t o r - s u r r o g a t e  
Crash Frequency Among Drivers Aged 16 - 17

Noise Model: ARIMA (0,0,0) (1,1,0) 12 with no
transformations
Raised Drink'ng Age Transfer Function: rsb (0,0,0) wit.i
step function input

Parameter Estimates S tandard Errors
Raised Drinking Age u *» -9 .4 5 3.05

Ti- -. 50 . 1 0

Residual Varianr.e * 1 1 2 R-sqr - .65 Q - 20.26

Residual Autocorrelations: A p p r o x . standard error ■ . 1 1
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T a b l e  4.6 F in a l E s t i m a t i o n  R e s u l t s  for C o m b i n e d  
AftlMA/Transfer F u n c t i o n  M o d e l  of R e p o r t e d  H a d - b e e n -
d r i n k i n g  C r a s h  F r e q u e n c y  A m o n g  D r i v e r s  A g e d  16 - 17

N o i s e  Mo de l:  A R I M A  (1,0,0) ( 1, 0, 0 )1 2  w i t h  no
t r a n s f o r m a t i o n s

Fuel S h o r t a g e  T r a n s f e r  F u n c t i o n :  rs b  (1,0,0) w i t h  p u l s e
f u n c t i o n  inpu t

R a i s e d  D r i n k i n g  A g e  T r a n s f e r  F u n c t i o n :  rsb (0,0,0) w i t h
s t e p  f u n c t i o n  input

P a r a m e t e r  E s t i m a t e s  S t a n d a r d  E r r o r s
F u e l  S h o r t a g e  « . - 7 . 0 8  5 . 1 0

« ■ .90 .13
R a i s e d  D r i n k i n g  A g e  u - - 3.40 3 . 3 6

♦ t -  .19 .12
1*1“ .54 .10
a - 4.5 6 2.82

R e s i d u a l  V a r i a n c e  ■ 75 

R e s i d u a l  A u t o c o r r e l a t i o n s :
i . 0 1 2: .05 3:
6 : - . 1 7 7 : - . 0 2 8 :

11: .15 1 2 : - . 1 7 13:
1 6 : - . 1 2 1 7 : - . 0 6 18:
2 1 : - . 0 3 2 2 : - . 0 1 23:

R-sqr • .57 Q  - 22. 38

Ap pr ox . s t a n d a r d  error » .11
.04 4: .05 5 : - . 0 2
.09 9 : - . 1 5 1 0 : .15
.15 14: .10 15: .06
.04 1 9 : - . 2 2 2 0 : - . 0 9
.04 24: .10



Figure  4.9 Frequency o f  H ad -n o t -b een -d r in k ln g  Crash Involvement Among 10 -  20 
Year Old O r lve rs  In M ich igan , 1972 -  1979



Table 4.7 Final Estimation Results for C o m b i n e d
A R I M A / T c a n s f e r  Function Model of Reported H a d - n o t - b e e n
drink i n g  Crasn Frequency Among Drivers Aged 18 - 28

N o i s e  M o d e l :  A R I M A  ( 1 , 0 , 0 ) ( 1 , 0 , 0 ) 1 2  w i t h  no
t r a n s f o r m a t i o n s

Fu el S h o r t a g e  T r a n s f e r  F u n c t i o n :  rsb (0,0,0) w i t h  st ep
f u n c t i o n  i np u t

R a i s e d  D r i n k i n g  A g e  T r a n s f e r  F u n c t i o n :  rsb (0,0,0) w i t h
s t e p  f u n c t i o n  i n pu t

P a r a m e t e r E s t i m a t e s S t a n d a r d  Error
F ue l  S h o r t a g e w ■ - 0 6 . 0 5 73 .13
R a i s e d  D r i n k i n g  Age «*» * - 9 2 . 0 5 6 5 . 5 9

♦l- .33 .11
Ti- .74 .08

Re s idual V a r i a n c e  ■ 22,7 2 8  R-sqr ■ . 66 0 - 25.9

R e s i d u a l A u t o c o r r e l a t i o n s :  A p p r o x . s t a n d a r d e r r o r  ■ .1
1: .01 2 : - . 1 3 3: .19 4 : - . 0 5 5: .00
6: .02 7: .08 8: .02 9 :-.09 10: .05

11: .16 1 2 : -. 17 13: .20 14: .20 1 5 : - . 1 9
16: .07 17: .04 18: -. 1 1 19: .02 2 0 : - . 1 0
2 1 . - . 0 7 2 2 : - . 1 0 23 :- .1 0 24: .13
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Figure 4.10 Frequency of Had-not-been-drinklng Crash Involvement Among 16 - 17
Year Old Drivers In Michigan, 1972 - 1979



N o i s e  M od e l:  A R I M A  (0^0,0) (1,1,0)12 w i t h  no
t r a n s f o r m a t i o n s
Fuel S h o r t a g e  T r a n s f e r  Fu n ction:  rsb (0/0,8) w i t h  step
f u n c t i o n  i n pu t
R a i s e d  D r i n k i n g  Age T r a n s f e r  F un c ti on : rsb (0/0,0) w i t h
st ep  f u n c t i o n  input

Table 4.8 Final Estimation Results for Combined
ARIMA/Transfer Function Model of Reported Had-not-been-
drinking Crash Frequency Among Drivers Aged 16 - 17

P a r a m e t e r E s t i m a t e s S t a n d a r d Error
Fuel S h o r t a g e w * - 4 1 . 9 2 26.50
R a is e d D r i n k i n g  A ge u = - 5 5 . 9 8 27.16

r!» -.27 .13

R e s id ua l V a r i a n c e  - 8300 R-sqr - .68 Q - 16.4

Re s id u al A u t o c o r r e l a t i o n s :  Approx. s t a n d a r d error ■ . 1
1: .05 2: .13 3: .21 4: .05 5 : .04
6:-. 0 4 7 :-.05 8 : - . 06 9: .09 10 :-.03

11: .10 1 2 : -. 05 13: .14 14: .05 15 :-. 09
16: .07 1 7 : -. 03 18 :-. 06 1 9 : - . 1 0 20 :-.06
21 : -. 1 0 2 2 : - . 2 0 2 3:-.16 24 :- .04



It 4+M -4  »-M -f f 4 + * ^ * 4 4 4 4 4 - f  M 4 - rY M + * « -M 4  i » H 4 4 4  I H h H M  I  H H  * ♦ H  H  H  H  t » t + + H + M  M  *4  ♦ M  t ♦ M  * W 4 4 4 4  • M  M
197? I 1973 | 1974 | 1975 | 1976 | 1977 | 1970 | 1979

F ig u r e  4. 11 Freq uency o f  T h r e e - f a c t o r - s u r r o g a t e  C ra sh  In vo lve m e n t Among 21 - 24
Year Old D r i v e r '  In  M ic h ig a n ,  1972 - 1979



rr
!

T ab l e 4.9 Final E s t i m a t i o n  R e s u l t s  for C o m b i n e d  
A R I M A / T r a n s f e r  F u n c t i o n  Model of T h r e e - f a c t o r - s u r r o g a t e  
C r a s h  F r e q u e n c y  A m on g  D r i v e r s  Aged 21 - 24

N o i s e  Model: A R I M A  ( 0 , 0 , 2 ) ( 0 , 1 , 1 ) 1 2  w i t h  no
t r a n s f o r m a t i o n s
Fuel S h o r t a g e  T r a n s f e r  Fu nction: rsb (0,0,0) w i t h
step f u n c t i o n  input
R a is e d D r i n k i n g  A g e  Tra n s fe r Fu n ction : rsb (0,0,0) wi tn
s t e p  f u n c t i o n  input

(

Pa ra m et e r E s t i m a t e s S t a n d a r d Err or s
Fuel S h o r t a g e <D * 7.07 6.14
R a i s e d  D r i n k i n g  Age w a 2.96 6.69

01 = -.10 .12
02 - -.33 .12
Ai- -50 .13

R e s i d u a l V a r i a n c e  « 241 R-sqr - .66 Q - 20.63

Re si d ua l A u t o c o r r e l a t i o n s : A p p r o x . s t a n d a r d error - .11
1: -.02 2:-.0 9 3 .12 4 :- . 12 5 .01
6: .18 7: .04 8 .09 9: .11 10 -.29

11: .03 12:-.0 2 13 -.01 14: .16 15 .08
16: .03 17 :-.03 18 -.12 1 9: -. 03 20 .14
21: .03 22: .06 23 .15 24 :- . 14

C





Table 4.13 Final E s t i m a t i o n  Results for Combined
A RIMA/Tr a n s f e r  F u n c t i o n  Model of Reported Had-been-
drinking Crash F r e quency Among Drivers Aged 21 - 24

N o i s e  M o d e l :  A R I M A  (0 ,0 ,0) ( 1 , 1 , 0) 1 2 w i t h  log
t r a n s f o r m a t i o n
R a i s e d  D r i n k i n g  A g e  T r a n s f e r  F u n c t i o n :  rsb (0,0,0) w i t h
s te p  f u n c t i o n  i n p u t

P a r a m e t e r E s t i m a t e s S t a n d a r d  E r ro r
R a i s e d  D r i n k i n g  A g e u « .09 .05

Ti- .002 .009

R e s i d u a l V a r i a n c e  - .0247 R-sqr - .52 Q - 26.6

R e s i d u a l A u t o c o r r e l a t i o n s : A p p r o x . s t a n d a r d e rr o r ■ .1
1: .06 2 : - . 0 9 3 : .10 4: .08 5 : - . 0 2
6: .02 7: .18 8 : .03 9: .00 10: .10

11: .05 1 ? : - . 3 6 13 : - . 0 6 14: .17 1 5 : - . 0 4
16: .03 17: .06 18 .06 1 9 : - . 2 2 2 0 : - . 0 6
21: .05 2 2 : - . 0 5 23 :- .10 24:- .03
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T a b l e  4.11 Final E s t i m a t i o n  R e s u l t s  for C o m b i n e d  
A R I M A / T r a n s f e r  F u n c t i o n  M o d e l  of T h r e e - f a c t o r - s u r r o g a t e  
C r a s h  F r e q u e n c y  A m o n g  D r i v e r s  A g e d  25 - 45

N o i s e  Mode l : A R I M A  t2,0 ,0) (1 ,1 ,0)12 w i t h  no
t r a n s f o r m a t i o n s
R a i s e d  D r i n k i n g  A g e  T r a n s f e r  F u n c ti o n:  rsb (0,0,0) w i t h
* t e p  f u n c t i o n  input

P a r a m e t e r E s t i m a t e s S t a n d a r d  Erro r s
R a i s e d  D r i n k i n g  A g e b) ■ 3.00 12.22

♦l “ .09 .12

♦2 " .35 .12

Ti " -. 44 .11

R es i d u a l V a r i a n c e  * 613 R-sqr - .68 Q  - 2 1.39

Re si d ua l A u t o c o r r e l a t i o n s : Ap pr ox . s t a n d a r d error - .11
T : -. 10 2 :-.05 3: .02 4:-.14 5 .04
6: .00 7: .03 8: -. 0 2 9 : - . 1 1 10 -.0 1

11: -. 0 9 1 2 : - . 0 7 13: .04 1 4: -. 1 0 15 .07
16: -. 1 8 1 7 : - . 0 6 18: .03 19 :- .0 6 20 .09
21: .02 2 2 : - . 1 1 23: .33 24 :-.24



Figure 4.14 Frequency of llad-been-drlnklng Crash Involve*,., t Among 25 - 45
Year Old Drivers In Michigan, 1972 - 1979



Table 4.12 Final Estimation Results for C o m bined
A R I M A / T r a n s f e r  Function Model of Reported Had - b e e n -
drinking C r a s h  Frequency Among Drivers Aged 25 - 45

N o i s e  M o d e l :  A R I M A  (1,0,0) (1,0 ,0) 12 w i t h  no
t r a n s f o r m a t i o n s

F u e l  S h o r t a g e  T r a n s f e r  F u n c t i o n :  rsb (0,0,0) w i t h  step
f u n c t i o n  i n p u t
R a i s e d  D r i n k i n g  A g e  T r a n s f e r  F u n c t i o n :  rsb (0,0,0) w i t h

stej. f u n c t i o n  in pu t

P a r a m e t e r  E s t i m a t e s  S t a n d a r d  Er ro rs
Fuel S h o r t a g e ut ■ - 46.49 '9.02
R a i s e d  D r i n k i n g  A g e a ■ 21.12 1 6 . 9 2

. ♦l- .36 .10
Tl- .73 .08

R e s i d u a l V a r i a n c e  - 1401 R-sqr - .66 Q - 17.6

R e s i d u a l A u t o c o r r e l a t i o n s : A p o r o x . s t a n d a r d e r r o r ■ . 1
1 :-.02 2 : - . 0 4 3 .25 4: .02 5 .05
6: .11 7: .00 8 -.05 9: .02 30 .19

11: .04 1 2 : - . 1 6 13 -. 03 14: .12 15 -.07
1 6 : - . 6 5 J": .05 18 - . 1 2 1 9 : - . 0 2 20 .07
2 1 : - . 0 7 . .-.12 23 .05 24: .04
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Figure 4.15 Frequency of llad-not-beon-drlnklny Crash Involvement Among 
21 - 24 Year Old Drivers In Michigan, 1972 - 1979



Table 4.13 Final E s t i m a t i o n  Results for Comb ined

ARI M A / T r a n s f e r  F u n ction Model of Reported H a d - n o t - b e e n -
drinking Cra s h  Fr e q u e n c y  Among Drivers Aged 21 - 24

N o i s e  M o d e l :  A R I M A  (1,0,0) (1,0,0) 12 w i t h  no
t r a n s f o r m a t i o n s
Fuel S h o r t a g e  T r a n s f e r  F u n c t i c n :  rsb (0,0,0) w i t h  st e p
f u n c t i o n  i n p u t
R a i s e d  D r i n k i n g  A g e  T r a n s f e r  ‘unc t i o n :  rsb (0,0,0) w i t h
s t e p  f u n c t i o n  i n p u t

P a r a m e t e r  E s t i m a t e s  S t a n d a r d  E r r o r s
F ue l  S h o r t a g e  u> » - 6 0 . 4 1  78 .36
R a i s e d  D r i n k i n g  A g e  w ■ -4 2 . 3 2  69 .24

♦i - .37 .11
I*j * .74 .09

R e s i d u a l  V a r i a n c e  ■ 23 , 2 4 4  R-sqr - .69 Q ■ 17. 8 2

R e s i d u a l  A u t o c o r r e l a t i o n s :  A p p r o x .  s t a n d a r d  e r r o r  ■ .11
1: .00 2: -.04 3: .15 4 : .05 5 -.04
6: -.01 7: .05 8: -.02 9 : - . 0 3 10 .07

11: .18 12: -.10 13: .26 14: .14 15 -.13
16: -.01 17: .02 18: -.06 19:--.05 20 -.0 9
21: -.0 2 22: -.07 23: -.06 24: .38
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Figure <1.16 Frequency of Had-not-bcon-drlnklng Crash Invc lvcmcnt Among 25 - 45
tear Old Drivers In Michigan, 1972 - 1979



T a b l e  4. 1 4  F in a l E s t i m a t i o n  R e s u l t s  for C o m b i n e d
A R I M A / T r a n s f e r  F u n c t i o n  M o d e l  of R e p o r t e d  H a d - n o t - b e e n -
d r i n k i n g  C r a s h  F r e q u e n c y  A m o n g  D r i v e r s  A g e d  25 - 45

N o i s e  M o d e l:  A R I M A  ( 1 , 3 , 0 ) ( 1 , 0 , 0 ) 1 2  w i t h  no

t r a n s f o r m a t i o n s
Fue l S h o r t a g e  T r a n s f e r  F u n c t i o n :  rsb (0,0,0) w i t h  st e p
f u n c t i o n  i np ut
R a i s e d  D r i n k i n g  A g e  T r a n s f e r  F u n c t i o n :  rsb (0,0,0) w i t h
st e p f u n c t i o n  input

P a r a m e t e r  E s t i m a t e s  S t a n d a r d  Err ors
Fu el  S h o r t a g e  w • - 5 7 . 1 7  1 6 3 . 0 8
R a i s e d  D r i n k i n g  A g e  w • — 147.34 1 7 9 . 4 6

.32 .11
fj * .80 .18

R e s i d u a l  V a r i a n c e  ■ 145 , 9 7 9  R-sqr » .72 0  ■ 23.89

R e s i d u a l A u t o c o r r e l a t i o n s :

1: .80 2 : - . 0 3 3:

6: - . 0 2 7: .03 8:

11: .27 1 2 : - . 1 4 13:
16: -. 0 9 1 7 : - . 0 2 18:
21: - . 0 2 2 2 : - . 0 2 23:

A p p r o x .  s t a n d a r d  e rr or  • .11
16 4: .09 5: .01
08 9 : - . 0 1 10: .06
19 14: .19 1 5 : - . 1 0
06 1 9 : - . 0 8 2 0 : - . 0 6
17 24: .14



T ab l e 4.15 S u m m a r y  of T r a n s f e r  F u n c t i o n  E s t i m a t e s  of the Impact of the R a i s ed  Legal 
Dr in ki ng Age on a 20 P e r c e n t  R a n d o m  S a m p l e  of Motor V e h i c l e  C r a s h e s  in M i c h i g a n

Age of Driver
16 - 17 18 - 20 21 - 24 25 - 45

H N B D  C r a s h e s  - 5 6 . 0  (27.2)* - 92 . 0 (65.6) - 4 2 . 3  (69.2) - 1 4 7 . 3  (179.5)
-7.11 - 6 .0 1 - 3 . 3 %  - 4 . 5 %

HBD C r a s h e s  -3.4 (3.4) - . 3 7 6  (.063)** .09 (.05)* 21.1 (16.9)
-7.4% - 3 0 . 7 %  4 9 . 4 %  45.4%

3PS C r a s h e s  -9 . 5  (3.1) •• - 2 7 . 5  (8.1) •• 3.0 (6.7) 3.0 (12.2)
- 1 4 . 7 %  - 1 7 . 7 %  42.3% 41 . 3%

Notcot 1. S t a n d a r d  e r r o r s  a ro  in p a r e n t h e s e s  f o l l o w i n g  e a c h  po i nt  e st i m a t e .
2. Point e s t i m a t e s  s i g n i f i c a n t  at the .05 level are i d e n t i f i e d  w i t h  a s ingle

a s t e r i s k ,  th os e s i g n i f i c a n t  at the .01 level are i d en ti f i e d  w i t h  d o u b l e
asterisk s,  u s i n g  a o n e - t a i l e d  test.

3. P e r c e r t a g e  c h a n g e  f i g ur e s are i n cl ud ed b e l o w  the transfer f un c t i o n
est imates



(Table 4,15). The frequency of 3FS crash-involved drivers was down an 

average of 47.25 crashes per month aver the first year after the drinking 

age was /aised. Theestimatea reduction of 567 crash involvements over 

the first 12 months following implementation of the raised drinking age 

(i.e. 47.25 per month for 12 months), represents a 14,74 percent decrease 

from what one would have expected on the basis of the 7 year baseline 

period.

Analyses of police-reported H B D  16-17 year old crash-involved 

drivers, however, indicated no significant change in frequency asscaated 

with the raised drinking age change (Table 4,15). Although not 

statistically significant, the raised drinking age transfer function 

parameter estimate was in the expected direction, with an estimated 

reduction of 17 IIBD driver involvements per month associated with raising 

the legal drinking age.

Analyses of police-reported K N B D  crash involvement of drivers 

aged 16-17 identified a significant reduction in crash frequency 

concomitant with the raised drinking age (Table 4,15). The estimated 

average reduction of 280 crash involvements per month represents 7.12 

percent fewer police-reported H N B D  crash-involved drivers in P 7 9  than one 

would have expected given the P 7 2  through 1978 baseline trends.

The finding of a significant dr ip in H N B D  crash involvement and 

no significant change in H B O  crashes tmong 16-1? year old drivers appears 

to indicate that raising the drinking ag » caused non-alcohol-related 

crashes to increase with no effect on alcohol-related crashes. However, 

it is important to remember that the H B D  and K N B D  variables were only 

indicators of the underlying concepts. In Appendix B the threats to



in te rn a l v a lid ity  o f in strum entation  anc se le c iio n - in stru m e n ta tio n  

in te ra c tio n , and the th re a ts  to construct v a lid ity  o f "m ono-operation 

b ia s" and "mono-method b ia s" a re  d iscu ssed . In  sh o rt , a l l  o f these 

v a lid ity  th re a ts  a re  concerned w ith  the ex ten t to which the in d ica to r used 

( t .s , H BD /H N BD ) is  a co n s is te n t and va lid  m easure o f the concept 

"a lco h o l-re la ted  crash  invo lvem ent." T h ese  th re a ts  to va lid  cau sa l 

conclusions concerning the impact o f the drinking  age on you th fu l c rash  

invo lvem ent were reduced by the inclusion  o f the 3FS  m easure o f 

a lco h o l-re la ted  acc id en ts .

In  the p resen t ca se , a s ig n if ica n t drop in HNBD crash  

involvem ent and no s ig n if ica n t change in  H BD  crash es  was found. A t face 

va lu e , th ese  find ing s suggest that there  w as a s ig n if ic a n t drop in 

n on-a lcoh o l-re la ted  c rash  involvem ent among d r iv e rs  aged 16-17 a fte r  the 

drinking  age was ra ise d . A general reduction in crash  involvem ent o f the 

age group due to some fa c to r unrelated  to the drinking  age may account fo r 

the s ig n if ica n t drop in both HNBD and 3FS crash  invo lvem ent. H ow ever, the 

reduction in a lco ho l-re la ted  crash es  as measured by the 3FS va r ia b le  was 

tw ice  as la rge  as  the reduction in HNBD c ra sh e s , perhaps ind icating  that 

the reduction in HNBD c rash es  w as a re s u lt  o f a decrease in th at 

p roportion o f the HNBD s e r ie s  rep resenting  a lco ho l-re la ted  c rash es  that 

w ere reported as  H N 5D . A proportion o f a lco ho l-re la ted  c rash es  among 16-17 

yea r o lds m ay, in fa c t , have been included in the HNBD s e r ie s  because of 

re luctance on the p art o f the in vestig a tin g  police o f f ic e r  to report the 

p resence o f alcohol in a c ra sh  invo lv ing  an underage d r iv e r . In  any 

e ve n t , support fo r the h yp o thesis  was provided by a n a ly se s  o f the more 

re lia b le  3F5 m easure , and i t  was cau tio u s ly  concluded th at the ra ised



drinking  age may have had some e f fe c t  on a lco h o l-re la ted  co llis io n  

invo lvem ent among d r iv e rs  aged 1S—17.

I t  w as a lso  hypothesized th a t the e f fe c t  o f the drinking  age on 

d r iv e rs  aged 16-17 would be le s s  than the impact on the focal 13-20 age 

group. Com parisons o f the a n a ly se s  o f the more re lia b le  a lco ho l-re la ted  

c rash  in d ica to r, the th re e - fa c to r-su rro g a te , fo r the two age groups 

revealed  th at the percentage reduction in crash  frequency was somewhat 

sm a lle r fo r the 16-17 group than fo r 13-20 yea r old d r iv e rs  (Tab le  4 .15).

In  add ition , the decrease in H BD  crash es  fo r d r iv e rs  aged 16-17 was much 

sm a lle r than the decrease id e n tif ie d  fo r d r iv e rs  aged 18-20. The find ings 

fo r the 16-17 age group, although in d ic a t iv e  o f some e ffe c t  o f the ra ised  

d rinking  age, w ere more ambiguous than the d e a rcu t e f fe c ts  observed fo r 

the 18-20 age group, and the e f fe c t  as measured by the 3FS va riab le  was 

sm a lle r in magnitude fo r d r iv e rs  aged 16-17 than fo r those ageo 13-20.

The r e s u lt s  were consonant w ith  the hyp o thesis  th at a ra ise d  le^al 

drinking age has le s s  e f fe c t  on underage d r iv e rs  than those d irec tly  

a ffected  by the leg a l change.

In  addition  to exam ining the e f fe c t  o f the ra ise d  drinking  age 

on the frequency o f a lco h o l-re la ted  c rash es  among 16-20 year old d r iv e rs , 

the same m easures o f both a lco h o l-re la ted  and non-a lcoho l-re la ted  

accidents w ere examined fo r o lder d r iv e rs . C o m p ariso n s  between the c rash  

experience o f young d r iv e rs  w ith  the c rash  experience o f older d r iv e rs  

con tro ls  fo r the p o s s ib il ity  that ooserved s h if t s  in  c rash  involvem ent 

among young d r iv e rs  were s im p ly due to general downward s h if t s  in 

co llis io n  freq uencies  among a ll d r iv e r s . Summary re s u lts  o f the ite ra t iv e  

t im e -se n e s  modeling p rocess fo r the 3FS and H ED  m easures o f



a lco h o l-re la ted  c rash es  and the HNBD m easure o f non-a lcoh o l-re la ted  

crashes* fo r d r iv e rs  aged 21-24 and 25-45* are a lso  p resen tea  in Tab le  

4 ,15 . A s ig n if ic a n t in c re ase  o f about 9 percent (p<*05) in H BD  crash  

invo lvem ent w as id e n tif ie d  fo r d r iv e rs  aged 21-24 . A lthough the other 

m easures o f a lco h o l-re la ted  acc iden ts fo r the com parison groups aged 21-24 

and 25-45  revea led  no s ig n if ic a n t changes, i t  w as in s t ru c t iv e  to note th at 

they a l l  had p o s it iv e  c o e ff ic ie n ts , compared to the c o n s is te n t ly  n egative  

c o e ff ic ie n ts  fo r the H BD and 3FS  m easures fo r d r iv e rs  under 21, The 

d iffe re n c e s  between the younger and o lder d r iv e rs  can be e a s ily  seen by 

comparing the p lot o f H BD  frequency fo r 18-20 yea r o lds (F ig u re  4.6) w ith  

the p lo t o f H BD  frequency fo r 21-24 yea r o lds (F ig u re  4 ,12 ). A c lea r drop 

occurred in 1979 fo r the 18-20 group, w h ile  the frequency fo r the 21-24 

group in cre ased . Such a p atte rn  o f fin d in g s  fu rth e r supports the 

hyp o thesis  th a t the reductions in a lco ho l-re la ted  c rash  involvem ent fo r 

d r iv e rs  under 21 was caused by some fa c to r sp e c if ic  to th at age group,

i .e . ,  the leg a l d rink ing  age, and not a re s u lt  o f genera l red uao ns in 

a lco h o l-re la ted  crash  involvem ent fo r a l l  d r iv e rs .

No s t a t is t ic a l ly  s ig n if ic a n t changes in HNBD crash  involvem ent 

w ere id e n tif ie d  fo r d r iv e rs  over the age o f 21. Fu rthe rm o re , an 

exam ination  o f n o n -a lco h o l-re la ted  c ra sh  involvem ent acro ss  the four age 

groups, revea led  neg ative  param eter e s t im a te s  fo r a ll age groups (Tab le 

4 .15). A lthough only the estim ated  reduction in  HNBD cra sh  involvem ent 

fa r  d r iv e rs  aged 16-17 w as s ta t is t ic a l ly  s ig n if ic a n t , the co n s is te n tly  

n eg ative  e s tim a te s  a cro ss  a ll  age groups indicated that there  was a sm all 

reduction in general c ra sh  involvem ent in  1^7°, The raw frequency p lo ts  

o f HNBD crash  involvem ent (F ig u re s  4 ,o , 4 .10 , 4 .15 , and 4.16) dem onstrated
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the reduced HNBD frequency fo r a l l  o f the age groups in 1979 as compared 

to  p rev io u s y e a rs . The economic recess io n  in  M ich igan , increased  motor 

fu e l p r ic e s , and a moderate fu e l shortage may account fo r the sm all 

reduction  in  o ve ra ll c rash  invo lvem ent. The number o f HNBD crash  

invo lvem ents fo r a ll o f the age groups appeared p a r t ic u la r ly  low er than 

expected fo r November and December o f 1979. The u n u su a lly  mild w in te r 

w eath e r, w ith  the concom itant la ck  o f snow and asso c ia ted  d riv ing  hazards, 

may have caused the su b s ta n tia l reduction in c rash  fre q u e n c e s  in la te  

1979.

The  im p lica tio ns fo r a determ ination  o f the cau sa l e ffe c t o f the 

ra ise d  d rink ing  age w as th a t a sm all p a rt o f the reduction in HBD and 3F3 

a lco h o l-re la ted  crash  involvem ent may be due to the genera l reduction in 

c ra sh  involvem ent in 1979. I t  w as d e a r  from the p atte-n  o f find ings 

shown in T ab le  4 .IS ,  how ever, th a t the genera l reduction in 

non-alcohol-re lated^ crash  involvem ent could account fo r only a sm all 

portion o f the s ta t is t ic a l ly  s ig n if ica n t and su b s ta n t ia l reductions in 3FS 

and H BD c rash es  among d r iv e rs  under 21 .

4.3 T im e -se r ie s  M odels o f M ichigan F a ta l C ra sh  F re q u e n c e s , P 6 3  -  197^ 

D ata  cn M ichigan f a t a l i t ie s  were a va ila b le  fo r the e n tire  1963 

through P 7 *  period indud ing  se ve ra l ye a rs  p rio r to the lowered lega l 

d rink ing  age in 1972, the seven ye a rs  during which the d rink ing  age was 

18, and one year a fte r the re tu rn  to a d rink ing  age at 21. A s was 

d iscu ssed  m Section 3 .2 , the fa ta ) c rash  freq uencies were not s t ra t if ie d  

by the po lice reported K B D 'K N B C  va riab le  because of instrum ent changes and 

data  co llection  problem s over the 1°68 to 1 373 tim e period . A s a re s u lt ,



the to ta l frequency o f fa t a l i t ie s  and the frequency o f a lco ho l-re la ted  

fa t a l i t ie s  as measured by the th re e - fa c tc r-su rro g a te  were examined fo r 

each o f the four age groups.

The o rig in a l design called  fo r the e x p lic it  te stin g  o f 

hypotheses concerning the d if fe re n t ia l e f fe c t  o f the lowered and ra ise d  

leg a l d rinking  age using the t im e -se r ie s  a n a ly s is  methods d iscussed  in 

Section 3 .4 . T r a f f ic  f a t a l i t ie s  are re la t iv e ly  ra re  e ve n ts , however, and 

the fa ta l c rash  t im e -se r ie s  had low m onthly counts, e sp e c ia lly  when 

s t ra t if ie d  by age and the 3FS in d ice s , compared to the t im e -se r ie s  

v a r ia b le s  ^ased on a 20 percent sam ple o f a ll  c rash es  presented in the 

p revious sec tio n . One consequence o f the V'w monthly frequency was a 

la rg e r random e rro r component in the s e h e s . The v o la t i l it y  o f the 

f a t a l i t y  t im e -se r ie s  could be seen by comparing the p lo ts  o f the to ta l 

c rash  s e r ie s  (F ig u res  4 .6  through 4.16) w ith  those of the fa t a l i t y  s e r ie s  

(F ig u re s  4, t7  through 4 ,24 ). The co n trast was most dram atic fo r the 

v a r ia b le s  o f p rim ary in te re s t , i .e . ,  underage d rin k e rs  involved in 3FS 

fa ta l c rash es  (compare F ig u re s  4.4 *nd 4,7 w ith  4.17 and 4 .19). The 

u n p red ic tab ility  o f the fa t a l i t y  t im e -se r ie s  w as a lso  evident m the 

p re lim inary  modeling o f 3FS f a t a lt i t ie s  fo r d r iv e rs  under 21. The 

percentage o f to ta l va rian ce  in the fa ta l it y  va r ia b le s  accounted for was 

le s s  than h a lf the percentage accounted fo r by the to ta l c rash  models 

p resented in Section 4 ,2 . A s a re su lt  o f th ese  c h a ra c te r is t ic s  o f the 

fa t a l i t y  v a r ia b le s , s t a t is t ic a l  t im e -se r ie s  in te rven tio n  models were not 

constructed . Suggestive  re s u lts  were based on a v isu a l exam ination o f the 

12 year fa ta l it y  t im e -se r ie s  v a r ia b le s .

The t im e -se r ie s  p lot o f the frequency o f 3FS  fa ta l crash
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lft - 20 Year Old Orlvers In Michigan, 1960 - 1979
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Figure 4.19 Frequency of Three-factor-surrogate Fatal Crash Involvement Among
16 - 17 Year Old Drivers In Michigan, 1968 - 1979
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Figure 4.20 Frequency of Total Fatal Crash Involvement Among 16 -  17 Year Old 
Drivers in Michigan, I960 -  1979
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21 - 24 Year Old Drivers In Michigan, I960 - 1979
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invo lvem ent among d r iv e rs  aged 13-20 (F ig u re  4.17) .e vea led  increased 

m onthly frequencies in  i° 7 2  a f te r  the drink ing  age w as lowered and 

decreased frequencies in 1979 a f t e r  the lega l age w as returned to i t s  

p re-1972 le v e l . One m ight argue th at a s im ila r  p atte rn  w as evident fo r 

to ta l fa t a l  c ra sh  involvem ent among 18-20 year o lds (F ig u re  4 .13). No 

o b v io u s  s h if t s  in the frequency o f 3FS  or to ta l fa t a l c rash  involvem ent 

fo r d r iv e rs  aged 16-17 w ere asso c ia ted  w ith  the lowered drink ing  age in 

197*. or the ra ise d  d rink ing  age in  1978 (F ig u re s  4 .19 and 4 .20). 

T n re e -fa c to r-e u rro g a te  fa t a l  c ra sh  involvem ent fo r d r iv e rs  aged 21-24 and 

29-47 did not change appreciab ly  when the drinking  age w as changed The 

frequency o f to ta l fa ta l c ra sh  invo lvem ent among the 21-24 and 29-45 

groups, how ever, appeared to decline  s lig h t ly  in 1979 compared to p revious 

ye a rs  (F ig u re s  4.22 and 4 .2 * ) .

The observed changes in ratal crash frequencies baaed on a 

visual examination of the 12 year time-series plots should be interpreted 

very cautiously because of the large amount of “noise'' or random error in 

the time-series. Irregul** fluctuations in the frequency of 

alcohol-related fataliti«c among young drivers in Michigan made it 

difficult to detect small changes in the extent of the drinki.ig-dnving 

problem among youth using the fatal crash involvement time-series. Given 

the available data, it must be tentatively concluded that there was no 

demonstrable effect of the raised drinking age on the frequency of 

alcohol-related fatalities in Michigan. Further analyses of the fatality 

data, using yearly aggregates and alternative analysts techniques, were 

underway at the time this was written. <9)



A p lau s ib le  exp lanation  fo r  the la ck  o f a s ig n if ic a n t change in 

a lco h o l-re la ted  fa ta l c rash  involvem ent assoc ia ted  w ith  the ra ised  

d rink ing  age, in  co n tra st to the fin d ing s fo r to ta l a lco ho l-re la ted  crash  

invo lvem ent, m ight be suggested . F a ta l a lco h o l-re la ted  c rash  invo lved 

d r iv e rs  tend to have the h ighest blood alcohol concentrations o f a l l  

d rink ing  d r iv e rs . A s a re s u lt , fa t a l a lco h o l-re la ted  crash  involved 

d r iv e rs  a re  l ik e ly  to be h eav ie r d r in k e rs  than d rink ing  d r iv e rs  involved 

in  n o n -fa ta l c ra sh e s . I t  i s  reasonable- to argue that the h eav iest 

d r in k e rs  among the yo u th fu l d r in k in g -d n ve r population ( i .e . ,  those w ith  

the h ighest chance o f being invo lved  in a fa ta l c ra sh ), are the le a s t 

l ik le y  to be in fluencec by the a lte red  drink ing  norm s, in d u stry  m arketing 

p ra c t ic e s , and alcohol a v a ila b il it y  re su lt in g  from  a change in the leg a l 

d rink ing  age (see F ig u re  2 .9 ). In  c o n s t ra s t , yo u th fu l so c ia l d rin k e rs  are 

le s s  l ik e ly  to have ex trem ely  high blcod alcohol concentrations when 

d riv in g  a fte r  d rink ing , and th e re fo re  are  more l ik e ly  to be invo lved  m a 

n o n -fa ta l a lco ho l-re la ted  c o llis io n . Y o u th fu l so c ia l d rin k e rs  at e a lso  

l ik e ly  to be more influenced by a v a ila b il it y  and leg a l norms concerning 

d rink ing  than heavy d r in k e rs . In sh o rt , i f  a lco ho l-re la ted  fa ta l c rash  

involvem ent is  viewed as an ind ica to r o f a lco h o l-re la ted  problem s among 

heav ie r d r in k e rs , and a lco h o l-re la ted  n o n -fa ta l c rash  involvem ent is  

view ed as an ind icato r o f a lco h o l-re la ted  problem s among more m oderate 

d r in k e rs , one could c rn d u d e  that changes in the lega l drinking  age have a 

la rg e r e ffe c*  on the incidence o f a lco h o l-r Mated problem s among m oaerate 

d rin k e rs  than on the incidence o f a lco h o l-re la ted  p• oblems among hea . 

d r in k e rs .

In  summary, s ince  the m cnth ly frequency o f fa t a l i t ie s  was much



le s s  p red ictab le  than the frequency o f to ta l c ra sh e s , i t  was more 

d if f ic u lt  to id e n tify  s ig n if ica n t changes in  the frequency o f fa ta l 

c rash es  assoc ia ted  w ith  exogenous fa c to rs  such as m od ifications in the 

minimum drink ing  age. A lthough seme changes in  a lco ho l-re la ted  fa ta l i t y  

frequency associated  w ith  the lega l drinking age were noted, they could 

not be con fiden tly  a ttribu ted  to the lega l drinking  age changes. Because 

o f th e ir  reduced u se fu ln ess  fo r leg a l impact a n a ly s is  using t im e -se r ie s  

m ethods, and because fa t a l i t ie s  rep resen t only a sm all frac tio n  of to ta l 

you th fu l a lco ho l-re la ted  crash  invo lvem ent, l i t t le  em phasis has been 

placed on the re s u lts  o f the sep ara te  an a lyse s o f that subset o f a ll 

c rash es  invo lv ing  one or more fa t a l i t ie s .



N otes to Chapter 4,0

!• See Section 3 .4  fo r a d e fin itio n  o f each term  in the “ A R IM A  
( 1,0 ,OKI 0 ,0 )12" nom enclature.

2 . The param eter s ta rt in g  va lu es a re  based on the th eo re tica l 
re la t io n sh ip s  between au to co rre la tio n s  a model p aram eters , su b stitu tin g  
sam ple au tocorre la tion  e s tim a te s  fo r the corresponding population va lu e s .

3 . The f in a l re s u lt s  o f the A R IM A  modeling stage fo r each 
s e r ie s  can be found in the Appendix.

4. Percentage fig u re s  fo r those va r ia b le s  not log transform ed 
were ca lcu lated  as  fo llo w s : percent change equals ( 12x i / x 3 >100, where 
X j equals the tra n s fe r  function  point estim ate  o f change in monthly 
number o f crash  invo lvem ents asso c ia ted  w it) the in te rve n tio n , x 2 equals 
sur u f  actua l 20 percent sam ple crash  involvem ent frequency fo r the 12 
months o f 197?, and x 3 equals x 2 -  12x j , tnat i s ,  the expected
number o f 20 percent sam ple crash  invo lvem ents fc r  197? had there  been no 
d rink ing  age e f fe c t . Percentage fig u res  fo r those va r ia b le s  th a t were log 
transform ed were ca lcu lated  as fo llo w s (M cCleary and H ay , 1980117 4)! 
percent change equals (ew -  1)100 .

5 . The aggregation o f the frequency o f fa ta l c rash  involvem ent 
fo r on# yea r before^nd one yea r a fte r  the ra ised  drink ing  age, and 
a ssessm e n ts  o f the e ffe c t  o f the ra ise d  drinking  age using a lte rn a tiv e  
data a n a ly s is  techniques w ere underway at The U n iv e rs ity  o f M ichigan, 
H ighway S a fe ty  R esea rch  In s t itu te  a t the tim e th is  was w r it te n . The 
p rinc ip a l authors o f an eva lu atio n  o f the e ffe c t  o f the low ered drinking 
age on fa ta l c rash  involvem ent (F lo ra  et a l . ,  P73> jse d  t) e same m ethccs 
to e va lu a te  the e ffe c t  o f the ra ised  u rink ing  age on fa t a l i t ie s . Although 
the method does not contro l fo r long term p atte rn s in the outcome 
v a r ia b le s , it  avo ids some o f the problems encountered when analyzing 
fa t a l i t ie s  in a t im e -s e n e s  design .



5.0 T H E  R A IS E D  L E G A L  D R IN K IN G  A G E AND A G G R E G A T E  A LC O H O L 
CONSUM PTION IN  M ICH IG AN

Although assessm e n ts  o f the e f fe c ts  o f changes in the lega l 

drinking  age have la rg e ly  been concerned w ith  the incidence o f motor 

veh ic le  c o llis io n s  among youth , a major in terven ing  va ria b le  between lega l 

drinking age m od ificatio ns and changes in the frequency o f a lco ho l-re la teo  

t r a f f ic  c o llis io n s  i s  the amount and p attern  o f youth fu l alcohol 

consumption (see F ig u re  2 .9 ). In  th is  chap ter, the lim ited  research  on 

changes in yo u th fu l alcohoi consumption fo llow ing reductions in  minumum 

age o f purchase s ta tu te s  is  rev iew ed , and changes in aggregate beverage 

alcohol s a le s  in M ichigan associa ted  w ith  the ra ised  drinking age are 

exam ined.

5.1 L ite ra tu re  R^/iow

E x is t in g  l ite ra tu re  on the e ffe c ts  o f charging the drinking  age 

on you th fu l alconol consumption has focused on th ree main types o f alcohol 

consumption d a ta : (A> se lf- re p o rte d  consumption, (B ) perceptions of 

youth fu l consumption p a tte rn s  reported by school o f f ic ia ls ,  and <C> 

aggregate s a le s  vo lum es. W olfe and Chapman (1975a, 1 v7'b) surveyed 

Michigan high school s tu d en ts  in 1971 before  the d rink ing  age was low ered , 

and again in 1°73 a fte r the reduction in the drinking age, and found 

su b s ta n t ia lly  increased  frequency o f d rink ing , and increased q uan tity  

consumed per occasion . According to the au thors , the in cre ase s  were 

co n sis te n t w ith  p re -e x is t in g  trends in  youthfu l alcohol u se , and th e re fo re
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could not be unam bigously a ttrib u ted  to the lowered leg a l d rink ing  age.

Sm art and Schmidt (1975) conducted a s im ila r  before and a fte r  

su rve y  o f Toronto  jun io r and senior high school s tu d e n ts . A fte r  a 

reduction in th e  d rink ing  age. 41 percent o f the stu den ts  reported no 

change in  d rink ing  p a t te rn s . 20 percent reported drinking  more. J  percent 

reported  d rink ing  le s s , and 9 percent ind icated  that they had sta rtec . 

d rink ing  s ince  the d rink ing  age had been reduced. Sm art and Schmidt a iso  

su rveyed  co llege s tu d e n ts , the m ajo rity  o f whom reported *>o change in 

frequency or q u an tity  o f alcohol consumption, although 55 percent did 

rep o rt in creased  p atro n izatio n  o f public drinking estab lish m en ts  since the 

leg a l change.

McFadden and M esch ler (197°) surveyed  M assachu setts  teenagers in 

1965. 1970, and 1°74 . Y o u th fu l alcohol consumption increased  between 1965 

and 1970, when th e re  w as no change in the drinking  age. as w e ll as between 

1*70 and 1974, when th e re  was a reduction in the leg a l age from 21 j  13.

(1) The au tho rs a lso  surveyed  New England co llege students m 1977, and 

found th a t s tu d e n ts  from  s ta te s  w ith  a low lega l d rink ing  age consumed 

alcohol more freq u e n tly  than students from s ta te s  w ith  a high d rink ing  

age.

Rooney and Sw artz  ( P 7 7 )  surveyed high school stu den ts in th ree  

se lected  s ta te s  w ith  minimum lega l drinking  ages at 13. and two se lected  

s ta te s  w ith  d rink ing  ages at 20 and 21, re sp e c tiv e ly . The sam ples were 

not dem onstrab ly re p re se n ta t iv e  o f the high school aged population in the 

s ta te s  exam ined . They found th at 42 percent o f the students in s ta te s  

w ith  *he d rink ing  ages at 20 or 21, and 47 percent in s ta te s  w ith  the 

d rink ing  age at 18, reported  <r t  jm ing beer once a week or m ore.



Fu rtherm o re , s tu d e n ts  in s ta te s  w ith  a high drink ing  age had a low er 

p revalence o f a b s ta in e rs  (19 v e rsu s  24 percent), and a h igher incidence o f 

a lco ho l-re la ted  problem s. The authors concluded th a t a high drinking  age 

has no b en e fic ia l e f fe c t  in con tro lling  alcohol consumption among young 

people, and th a t i t  may a' en have adverse  e f fe c t s ,

O pposite re s u lt s  w ere obtained by M aisto  and P.achal (1930) in 

th e ir  a n a lyse s  o f a nationw ide p ro b ab ility  sam ple o f high school s . jd e n t s . 

They found th at stu d e n ts  in  s ta te s  w ith  a higher leg a l d rink ing  age were 

more l ik e ly  to be a b s ta in e rs , le s s  l ik e ly  to be heavy d r in k e rs , and 

experienced in to x ica tio n  le s s  freq u e n ctly  than stu den ts  in  s ta te s  w ith  a 

low er d rink ing  age. The authors concluded th at the leg a l a v a ila b il it y  o f 

beverage a lcohol, as  re fle c te d  in  the d rink ing  age, is  a sso c ia ted  w ith  the 

drink ing  p rac t ice s  o f young people.

Percep tions o f school o f f ic ia ls  have a lso  been used a s  an 

ind icato r o f changes in yo u th fu l alcohol consumption concom itant w ith  

low ering th« d rink ing  age. Hammond (1973), question ing 354 K .ch ig an  high 

school p r in c ip a ls , found th a t the m ajo rity  reported more drink ing  among 

15-17 yea r old stu d e n ts  a f te r  the drink ing  age was low ered . A s im ila r 

su rvey  in the Toronto  a rea  found that v lc e -p r in a p a ls  reported  more 

drink ing  among stu d en ts  a t school functions a fte r  the d rink ing  age w as 

lowered (Smart and Schm idt, 1975).

The th ird  major type o f data  th at has been used to a s s e s s  the 

impact o f reduced d rink ing  ages on a lco to l consumption p a t te .n s  is  

aggregate sa le s  v o lu m  i .  Sm art and S .h m ia . ( 1 ° 7 5 ) ,  in  a com parison o f 

O ntario  beverage alcohol sh ipm ents b e fo re  and a fte r  a reduction *n the 

legal age. found that consumption in the f i r s t  f iv e  months a fte r  the leg a l



change w as h igher than expected on the b a s is  o f the pre-change f ig u re s . 

In creased  alcohol s a le s  w ere p a rt ic u la r ly  o b v io u s  fo r on-prem ise s a le s , 

strengthen ing  the argument th at the lowered drinking  age w as at le a s t  a 

p a r t ia l cause o f the observed  changes.

B a rsb y  and M arsh a ll (197'7), exam ining aggregate d is t il le d  

s p ir i t s  s a le s  in  25 s ta te s , did not id e n t ify  any s ig n if ica n t impact o f 

lowered leg a l purchase ages on s p ir i t  s a le s . The authors temper th e ir 

conclu sions, how ever, by noting fo ur lim ita t io n s  o f th e ir  s tu d y . F i r s t ,  

any change in d is t i l le d  s p ir i t s  consumption by youth fo llow ing  drinking 

age changes would have to be su b s ta n tia l before the impact would be seen 

in the aggregate s t a t i s t ic s .  Second, ve ry  l i t t le  is  known about changes 

in consumption p a tte rn s  a fte i leg a l changes) a change in location  or 

q uan tity  consumed per occasion re su lt in g  from the lowered drink ing  age, 

fo r exam ple, could have s ig n if ic a n t ad verse  health  consequences, 

independent o f the to ta l q u an tity  consumed. T h ird , the an a lyse s  were 

applied only to d is t i l le d  s p ir i t s ,  not beer or w ine , which are more 

popular beverages among young d r in k e rs . Fo u rth , the tim e-span covered by 

the study was sh o rt , includ ing only one yea r before and one year a fte r  the 

leg a l changes.

D oug lass and Freedm an (1977) avoided the la s t  two design 

lim ita t io n s  o f B a rsb y  and M a rsh a ll's  study by exam ining the m onthly 

aggregate s a le s  o f draught b ee r, packaged beer, w ine , and d is t i l le d  

s p ir it s  in M ichigan over an e ight year period . A s t a t is t ic a l ly  

s ig n if ica n t in crease  in  draught beer sa le s  was asso c ia ted  w ith  low ering 

the drink ing  age. The au tho rs  a ttrib u ted  the s h if t  in draught beer sa le s  

to the lowered d rink ing  age, s ince  no other confounding fa c to rs  were
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id e n tif ie d  th at could have p lau s ib ly  accounted fo r the observed 

re la t io n sh ip , No s ig n ifican t- s h if t s  were id en tif ied  fo r any o f the other 

beverage ca teg o rie s .

Sm art and Goodstadt (1977) d iscussed  a study conducted by Sm art 

and F in le y  in  which per cap ita  beer consumption in  ten Canadian provinces 

was exam ined . E ig h t p rovinces that lowered th e ir drinking ages were 

compared w ith  two th at hac net changed during the study period . Although 

increased  beer s a le s  were ev ident in the p re-p ost com parisons fo r th ree 

provinces experiencing  a reduction in the drinking  age, the in c re a se s  were 

s im ila r  in magnitude to  the experience o f the two contro l p rov inces. 

Moreover* beer s a le s  decreased in the o ther five  p rov in ces. Sm art and 

Goodstadt conclude th a t the s tu d y 's  find ings do not a llow  any general 

conclusion as to the e ffe c t  o f lowered drinking ages on to ta l beer s a le s .

F in a l ly ,  Sm art (1977) compared s a le s  u f b eer, w ine , and 

d is t il le d  s p ir i t s  in 25 s ta te s  which reduced the drink ing  age w ith  25
4

s ta te s  w ith  unchanged drink ing  ages. Although no s ig n if ica n t d iffe re n ce s  

between the s ta te s  w ere id en tif ied  for w ine or d is t i l le d  s p ir i t s ,  

in cre ase s  in beer s a le s  were about s ix  percent g reate r in  the s ta te s  w ith  

lowered d rink ing  ages than s ta te s  w ith  an unchanged lega l age.

The e x is t in g  l ite ra tu re  concerning the e ffe c t of reduced legal 

drinking  ages on beverage alcohol wcnsumpticn among >outh has s ig n if ica n t 

m ethodological lim ita t io n s  and provide* in co n s isten t r e s u lt s . Even le s s  

Is  known about the e ffe c t o f ra is in g  the drinking age, in sp ite  o f a 

d e fin ite  trend toward a higher minimum alcohol purchasing age in recent 

y e a rs . To help f i l l  the gaps in p resent knowledge, an exam ination o f 

monthly aggregate beer and wine d is trib u tio n  volumes in the S ta te  o f



Michigan w as conducted.

5.2 Method

D ata  obtained from  the M ichigan B eer and Wine W ho lesa le rs 

A sso c ia tio n  were used to  construct m onthly tim e- :a -rie s  o f the aggregate 

volum es o f packaged beer* draught b eer, and wine d is tr ib u ted  in the S ta te  

o f M ich igan . These  data  were cb ta in tw  j r  the e leven yea r period from  

Ja n u a ry  o f 1969 through Feb ru ary  o f 1980 (see F ig u re s  3 .1 , 3 .2 , and 7*3)* 

Long s e r ie s  o f o b se rva tio n s  w ere required to a s se s s  the degree to which 

beverage d is tr ib u tio n  volum es in 1979, a fte r  the d rink ing  age w as ra ise d , 

were d if fe re n t from  what would have been expected g iven the long term  

p a tte rn s  in  apparent alcohol consumption.

S h if t s  in the volume o f beverage alcohol d is tr ib u te d  in M ichigan 

at the tim e the d rink ing  age w as ra ised  could have been s t a t is t ic a l ly  

te sted  using  the B o x - Je n k in s  in te rven tio n  a n a ly s is  tect/uques d iscus- *d in 

Section 3 .4 . H ow ever, because o f confounding eve n ts  t£ in c d e n t w ith  tne 

ra ise d  d r in lin g  age, and because o f the lack  o f age sp e c if ic  alcohol 

consumption d ata , s im p le  s h if t s  in aggregate alcohol s a le s  a sso c ia ted  w ith  

the ra ise d  d rink ing  age were not expected . W ithout age-specific  alcohol 

consumption d ata , conclusions concerning the e ffe c t of the drink ing  age on 

the d rink ing  p ractice s o f youth mc.st be made ca u tio u s ly . I f  changing the 

drink ing  age does in flu ence  consumption among young people, such an  e ffe c t  

would have to  be la rg e  before  it  would be evident in the aggregate sa le ' 

d ata . T h e re fo re , ra th e r than a hypothesis te stin g  a n a ly s is , such as  w as 

reported in C hapter 4 .0 , an exp lo ra to ry  exam ination of changes in alcohol 

d is tr ib u tio n  during 1̂ 7*> and e a r ly  l^gO was conducted.



' The data  a n a ly se s  began w ith  a ca re fu l exam ination o f each

tim e -se n e s  p lot fo r changes in  the aggregate sa le s  o f a lcoho lic  beverages 

associa ted  w ith  ra is in g  the leg a l drinking age. In  addition  to v is u a l 

exam inations o f the raw data  p lots* the general m u lt ip lic a t iv e  seaso na l 

Auto R e g re ss ive  In teg ra ted  Moving A verage (A R IM A ) ^ m e -se n e s  modeling 

s tra te g y  developed by Box and Je n k in s  (1976) was used to build a 

parsim onious model th a t adequate ly accounted fo r the p atte rn  o f 

au tocorre la tion  in each v a r ia b le . The ite ra t iv e  sp e c if ic a t io n , 

e stim a tio n , and eva lu atio n  modeling s tra te g y  was applied to the 1963 

through 1973 b ase lin e  period o f each t im e -s e n e s . The  re su lt in g  models 

were used to fo rc a s t beverage d is  .rib u tion  fo r 1979 and e a r ly  1930 and the 

actua l d is tr ib u tio n  f ig u re s  were compared to the fo recasted  v a lu e s .

( S u b sta n tia l d e v ia tio n s  o f the actua l d is tr ib u tio n  volum es from the

forecasted values based on previous distributor patterns were considered 

indicative of the effects of exogenous factors such as the increase in the 

legal drinking age, the ban on non-returnable beverage containers, and the 

Michigan economic downturn of 1979. (21

5.3 Results

A Seasonal Auto-Regressive-Integrated-Moving-Average model was 

identified as the best description of wholesale packaged beer shipments 

from l«69 through 1973 (Figure 5.1). The identified ARIMA .node!, shown in 

Table 5.1, was used to forecast packaged beer distribution for the 

subsequent I * months. A comparison of the forecasted and actual values 

(Table 5.2), indicated that the actual packaged beer distribution for 10 

of the U  pest drinking age change months were 5 to 20 percent lower than
\
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Figure 5.1 Wholesale Distribution of Packaged Deer In the State of Michigan: 
January 1969 through February 1900



Table 5.1 Estimated Baseline Model c 'ackaged Beer Distribution: 
January 1969 Through Dece/u. .r  1978

Model Form: ARIMA (1 ,0 ,0 )(1 ,1 ,0 )12 with no transformatlc'S

Parameter Estimates 95 Percent Confidence Interval

■ -2576 .0661 to .4491

^  * **4022 -.6000 to -.2044

Q-statist1c • 16.54 with 18 degrees of freedom 

R2 ■ .65



Table 5.2 Comparison of Forecasted and Actual Packaged Beer Distribution: January 1979 Through
February 1980

Month Percent Change Actual Value Forecasted Value 95 Percent Confidence

January ♦18.77 500,590 421,480 324,130 - 518,830
February ♦1.56 467,930 460,720 360,190 - 561,250
March -9.37 530,220 585,030 484,290 - 685,770
April -17.93 464 ,500* 565,980 465,230 - 666,740
May -13.87 555,220 644,600 543,850 - 745,360
June -12.13 578,620 658,530 557,770 - 759,200
July -13.78 546,980 634,440 533,690 - 735,200
August -7.45 557,570 602,480 501,720 - 703,230
September -12.01 454,620 516,700 415,940 - 617,450
October ♦24.71 503,320 403,590 302,030 - 504,340
November -6.71 450,190 482,680 381,920 - 583,430
December -17.42 4*4,990 514,650 413,900 - 615,410
January -.70 407,490 410,370 294,050 - 526,690
February -7.41 429,640 464,030 346.750 - 581,310

‘Significantly different from forecasted value with p s .05.
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expected given the b ase lin e  d a ta .

Important deviations from the overall pattern of lower than 

expected packaged beer distribution were present. F irst, the actual 

distribution for October 1«7° was about 23 percent higher than forecasted 

The forecasted value for October 1979 was low because of the unusually 

low volume for October 1978. Since the year immediately prior to the 

forecasts (i.e. the last year of the baseline period) has a 

disproportionate influence on the forecast values, the unusually low 

volume for October 1978 caused a low forecast for October P79, As a 

result, the actual October l *>7« distribution was 23 percent higher than 

the forecast.

A second deviation from the overall reduction in packaged beer 

distribution was a 19 percent higher than forecasted volume for January 

197°, The distribution volume in February 1*7? was also higher than 

predicted, although only marginally (14 percent). As a result of the 

higher than expected distribution valunes for *he early months of 1979, 

and the lower than predicted distribution »u »he summer months, the 

variation in packaged beer distribution was substantially less m |*79 

comoared to the baseline years.

In short, two changes in the volume of packaged beer 

distribution in Michigan were found when comparing the fust 14 months 

after the drinking age was raised to the previous 10 year period. Fu st, 

an overall reduction in packaged beer distribution was evident. Second, 

higher than forecasted distribution for the first two months of !97r» 

combined with lower than forecasted distribution vckme for the summer 

months, resulted in a reduction in the sea ion al variation in apparent



packaged beer consumption.

Th* aggregate distribution of draught beer (Figure 3.2) from 

1969 through 1*78 m s s  slso modslsd Mlth s  specific form of the gsnsrsl 

seasonal multlpllcstivs ARIMA modsl. Th* identified bsssline model (Table 

5.3) wss used to generate the forecasts presented in Table 3.4. An 

examination of the time-series plot and the 'percent change* column of 

Table 3-4 indicated that there m s s  an overall increase in draught beer 

distribution in the first 14 months after the legal drinking age m s s  

raised. (3) Only three months deviated from the pattern of increased 

draught beer sales! sales were lower than forecasted in February, March, 

and November of 197*. The deviations from the pattern of increased 

draught beer consumption were small, however, and were attributed to 

random error.

A first-order moving average model was identified as the best 

description of wine distribution in Ml higan from 1**9 through 1978 

(Figure 3.3). Using this baseline nodel (Table 3*3), the forecasts 

presented in Table 3 4  were generated. The actual values were generally 

lower than forecasted, indicating a reocction in wine distribution from 

what one would have •  * peeled given previous trends. An initial 

examination of the time-series plot (Figure 3.)) might lead one to 

conclude that there was no change in total win# distribution after the 

drinking age was raised m Decamp** of 1 >’ 4. The reduction in wine 

distribution was evident in Table 3 4  because the model on which the 

fo*era«ts were based included a significant constant arm (equal to 5«0f 

gallons per month*, representing the slope of the baseline trend. Since 

the *orecesti% odel as.v» <ed the baseline t/*nd widen* o*e* the
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Figure S .2 Wholesale Distribution of Drauoht Beer In the Stete of Michigan: 
January 1969 through February i960



Table 5.3 Estimated Baseline Model of Draught Beer Distribution: 
January 1969 Through December 1978

Model Form: ARIMA «2,1,0)(1,1 ,0 )^  with no transformations

Parameter Estimates 95 Percent Confidence Interval

#1 ■ -.6783 -.8546 to -.5020

♦2 • -.4463 -.6204 to -.2723

• -.2314 -.4303 to -.0325

Q-stat1st1c • 22.*6 *1th 1/ degrees of freedom

R2 - .57



Table 5.4 Comparison of Forecasted and Actual Draught Beer Distribution: January 1979 Through
February 1900

Month Percent Change Actual Value Forecasted Value 95 Percent Confidence Interval

January ♦18.13 67,816 57,409 46.883 - 67,935

February -7.25 57,427 61,918 50,800 - 73,036

March -1.25 73,698 74,631 62,933 - 86,329
April ♦9.24 76,690 70,205 56,780 - 83,630

May ♦20.97 97,437* 80,548 56,352 - 94,744

June ♦5.52 97,346 92,252 77,315 - 107,190

July ♦12.41 99,107 88,165 72,256 - 104,070

August ♦18.33 98,727 83,434 66,783 - 100,080

September ♦21.92 92,339 75,740 58,375 - 93,105

October ♦20.11 81,571 67,915 49,800 - 86,031

November -1.46 75,532 76.650 57,857 - 95,443

December ♦6.02 74,351 70,130 50,682 - 89,579

January ♦14.72 70,825 61,738 38,422 - 85,054

February ♦ 9.59 72,929 66,546 41,999 - 91.093

•S1gn1flcantly different from forecasted value with pf .05.
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Figure 5.3 Wholesale Distribution of Wine 1n the State of Michigan: 
January 1969 through February 1980



Table 5.5 Estimated Baseline Model of W1ne Distribution: 
January 1969 Through December 1978

Model Form: ARIMA (0,1,1)(0,0.0) with no transformations

Parameter Estimates 95 Percent Confidence Intervals

■ .9027 .8171 to .9882

a • 5608 2936 to 8281

Q-stat1st1c ■ 23.32 on 18 degrees of freedom



Table 5.6 Comparison of Forecasted and Actual Wine Distribution: January 1969 Through February 19Q0

«M
U1

Month Percent Change Actual Value Forecasted Value 95 Percent Confidence Interval

January -21.59 960.830* 1,225,400 962,120 1,488,700

February -19.23 994.280 1,231,000 966,490 1,495,500

March -.89 1.225.600 1,236,600 970,860 1,502,400

April -21.10 980.130 1,242,200 975,230 1,509,200

May -2.70 1.214.100 1,247,800 979,620 1,516,000

June -3.00 1.215.800 1,253,400 984,000 1,522,900

July -18.39 1.027,400 1,259,000 988.400 1,529,700

Augus t -8.68 1,154,900 1,264,700 992,800 1,536,500

Septeatoer -20.51 1,009,700 1,270,300 997.200 1,543,300

October ♦23.90 1,580.800* 1,275,900 1,001,600 1 ,5 : 0.100
November ♦20.98 1,550,400 1,281,500 1,006,000 1.556,900

December -3.92 1,236,700 1,287,100 1,010,400 1,563,700

January •23.87 984.140* 1,292,700 1,014,900 1,570,500

February -22.29 1,008,900* 1,298,300 1,019,300 1.577.300

•Significantly different from forecasted value with p * .05.



through 1978 period would continue, most o f the fo recasted  va lu es were 

la rg e r than the actua l v a lu e s , which did not fo llow  the upward trend , The 

d ev ia tio n s  o f the actua l va lu es from the fo re c a sts  ind ica ted , th e re fo re , 

that th ere  apparently was a change in slope s ta rt in g  a t the beginning o f 

1979, w ith  the upward trend id en tif ied  during the b ase lin e  period no 

longer ev id e n t.

Tw o months d ev ia te  from the o ve ra ll p atte rn  o f low er than 

expected w ine d is tr ib u tio n  In 1979 and e a r ly  1980. Wine d is tr ib u tio n  in 

October and November 1979 was 24 and 21 percent h igher than fo reca sted , 

re s p e c t iv e ly . Excep t fo r th ese  two m onths, w ine d is tr ib u tio n  a fte r  the 

d rink ing  age was ra ise d  was co n s is te n tly  low er than predicted using the 10 

year b ase lin e  period .

9 .4  D iscu ss io n

In summary, packaged beer distribution for January 1979 through 

February ! *90 was clearly lower than expected, and draught beer was 

dearly high#' than expected given the trends evident over the previous 10 

years. Wine distribution fell somewhat for most of 197*, but rebounded 

late in the year. A portion of the decrease in packaged beer sales may 

have been due to t*w raised drinking age. but other factors were also 

present. A main confounding factor was the ban on non-returnable beverage 

containers in Michsgar, which was implemented in the same month the 

drinking age was raised The resulting increase in packaged beer prices 

(Michigan State Legislature, P7*>i may have caused a shift to the less 

expansive draught beer by those who consumed bottled beer in public 

drinking establishments. (4» The increased price cf bottled bear and the



inconvenience o f re tu rn ab le  con ta iners may have caused consumers res id ing  

near bordering s ta te s  w ith  non-re tu rnab le  co n ta ine rs  to purchase th e ir 

packaged beer acro ss s ta te  l in e s .

The s u b s ta n t ia lly  increased  sa le s  o f draught beer was contrary 

to the h yp o thesis  th a t the ra ised  drinking  age would reduce on-prem ise 

draught beer consumption by reducing the population o f leg a l d r in k e rs . I t  

is  im portant to note , how ever, th a t only a sm a ll proportion o f to ta l 

draught beer d is tr ib u tio n  rep re se n ts  consumption by 18-20 year old 

d r in k e rs . The increased  d is tr ib u tio n  volum es may re f le c t  changes in 

consumption among d rin k e rs  21 and o ve r. A p la u s ib le  e x p la n a t .jn  o f the 

increased  draught beer s a le s  is  that t i e  economic recess io n  in  Michigan 

Increased  draught beer consumption among unemployed w o rke rs . Another 

consid eration  is  th a t draught beer is  not so le ly  consumed on-prem ise .

P a rt  o f the increased  draught beer sa le s  in 1*79 may be a re s u lt  o f an 

increased  number o f "kegger" p a rt ie s  among 19-20 yea r o ld s , where a lega l 

d rin ke r purchases a keg o f draught beer fo r consumption o f f  p rem ise at a 

p a rty  attended by underage d r in k e rs .

F in a l ly , the low er than expected d is tr ib u t io n  o f wine fo r most 

o f 1* 7 °  could be in te rp re ted  as a re su lt  o f the ra ised  d rink ing  age. 

H ow ever, th# high win# d is trib u tio n  f ig u re s  fo r October and November 1*7* 

com plicate such an in te rp re ta tio n .

One can on ly specu la te  as to the cau sa l s tru c tu re  underly ling  

th# observed changes in beverage alcohol d is tr ib u tio n  in  M ichigan in  1*7° 

and e a r ly  1*80. W ithout age tp e a f ic  consumption d « ia  the e ffe c t o f the 

' i t t e d  d rink ing  age could not be ir  ambiguously determ ined. Furtherm ore , 

de* a iled  in fo rm ation  or the drinking  p ra c t ice s  o f va rio u s  lubpopulations



w ith in  the s ta te  as  id e n tif ie d  by s t ra t if ic a t io n  v a r ia b le s  such as  income 

le v e l and employment s ta tu s  is  n ecessa ry  fo r an assessm en t o f the re la t iv e  

in flu ence  o f economic co n d itio n s, p rice  changes in va rio u s  beverage 

c a te g o rie s , and the leg a l drinking  age, on in d iv id u a l d rink ing  p a tte rn s .
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N otes to C hapter 7 .0

1 . The leg a l d rink ing  age in  M assach u se tts  w as lowered from 21 
to  18 in 1973.

2 . See M cC leary and Hay (19801222*224) fo r a d iscu ss io n  o f the 
lim ita t io n s  o f using u n iv a r ia te  fo re c a s ts  fo r an assessm e n t o f the e f fe c t s  
o f exogenous fa c to rs  on t im e * sc n e s  m easu res .

3 . The percent change f ig u re s  rep re se n t the d iffe re n ce  o f the 
actu a l v a lu e  f c r  a p a rt ic u la r  month from  the fo recasted  va lue  exp ressed  as 
a percentage .

4 . In  pub lic  d rink ing  e sta b lish m en ts  in M ich igan , draught beer 
is  c o n s is te n t ly  the lo w est priced a lcoho lic  beverage (D oug lass e t a l . .
!<>80).

(



6.0 SUMMARY AND CONCLUSIONS

The present study has investigated a complicated relationship 

between a legal change and a major public health problem. Discussed below 

are (A) the findings and conclusions of this research* (B) recommendations 

for further research, and <C) implications and recommendations for public 

health policy.

6.1 Summary of Findings

The most important hypothesis of this research was that the 

raised legal minimum drinking age (from 13 to 21) caused a reduction in 

alcohol-rfla*ed motor vehicle crash involvement among drivers aged 18-20 

(see Section 2.4). The ita on crash involvement in Michigan clearly 

supported this hypothesis. Controlling for trends* seasonality, and other 

patterns in the frequency of police-reported “had been drinking" (HBD) 

crash involvement arrcng .3-20 year old drivers* a reduction of 31 percent 

occurred in the first 12 months after the drinking age was raised from 13 

to 21 in December of 1*73.

To control for potential unreliability in police-reported 

alcohol-involvement, a "three factor surrogate" <3FS) measure of 

alcohol-related crash involvement was also used. Analyses of late-ntgnt* 

single-vehtde crashes with a male driver, of which a majority have been 

consistently identified as mvolvirg a drinking driver* revealed » 

statistically significant reduction of 18 percent among drivers aged 1 3 -2 0  

af'er the htgne» legal drinking age was implemented. In terms of the

1 5 7



actua l reduction in the frequency o f co llis io n  invo lvem ent, an estim ated  

reduction o f 133 a lco ho l-re la ted  crash  invo lvem ents per month occurred 

a fte r  the drinking age was ra ise d . O ver the f i r s t  12 months a fte r 

im plem entation o f the higher drinking age in M ichigan, th e re fo re , an 

estim ated  1650 few er a lcu no l-re la ted  crash  invo lvem ents occurred than 

would have been expected , g iven the trend s evident during the 1972 through 

1978 b ase lin e  period .

A n a ly se s  o f non-a lcoho l-re la ted  c rash  involvem ent among 13-20 

year o lds id en tif ied  a n o n -s ig n ifican t 7 percent drop in 1979. Since the 

s ig n if ica n t crash  reductions fo r 13-20 year o lds were not found for 

general non-a lcoh o l-re la ted  c ra sh e s , one cannot a ttr ib u te  the observed 

red u ctio r in HBD and 3FS crash  involvem ent to increased  fu e l p r ic e s , 

economic re ce ss io n , and other such confounding fa c to rs . I f  one deducts 

the (n o n-stg m f:can t) 7 percent reduction in "had not been dr*nking“

(HNBD) c rash  involvem ent from  the more co n se rva tive  d rink ing  age impact 

e stim ated , i .e . an 18 percent reduction in  3FS  crash involvement, an 11 

percent reduction in alcohol-related crash involvement remain*, even after 

the (non-significant) effects of other factors are subtracted. It is 

clear that general reductions in crash involvement Joe to potential 

ccnfour ling factors cannot exp la in  away the substantial reduction in 

alcohol-related crash involvement among drivers aged 13-20 after the 

drinking age was raised.

In addition to analyses of all alcohol-related crash uwol' rmc'it 

(including property damage, injury, and fatal collsions), separate 

analyses cf fatal crash involvement were conducted. Preliminary analyses 

did not reveal cubstantul charges in 3FS fatal crash invclvam*nt that



could reliably be attributed to the raised drinking age. See Section 4.3 

for a discussion of the limitations on eparate analyses of fatalities.

The second hypothesis was that lowering the legal drinking age 

from 21 to 15 in 1972 caused an increase in alcohol-related crash 

involvement. Inconsistencies in the recording of non-fatal crash 

involvement in several Michigan jurisdictions prior to 1972 precluded the 

use of those data for an evaluation of the lowered drinking age in the 

present study. Accurate counts of fatal crash involvement were available 

for the 1°68 through 197° period. Examination of the time-senes plots of 

fatal crash involvement provided some evidence that the lowered drinking 

age was associated with increased alcohol-related fatal crash frequencies, 

but the small monthly count of age-specific fatalities precluded any 

reliable andusions. The best estimate of the effect of the lowered 

drinking age on alcohcl-related crash involvement remains that of Douglass 

and Freedman <P77 ) ,  They analyzed a set of Michigan Jurisdictions with 

complete accident reporting over the 1^*3 through 1*73 pencd. using a 

time- tries des.gn. The results revealed a 17 percent <p-.*.Q6) increase in 

total tngn-fatal and fatal) alcohol-related oath  involvement (as measured 

by the ?FS indicator) among drivers agad Id -2 0  associated with the lowered 

drinking age. Since total crash involvement among 13-20 year old drivers 

was '4> only 3 percent, and since alcohol related crash moUememt of 

drivers over 21 was up only 3 percent, the 17 percent increase in 

alcohol-related crash involvement among ye mg drivers was attributed to 

the raised drinking age.

Hypotheses three through five stated that the raised and lowered 

dnnkmg age would cause ch« jes in alcoh I-related crash involvement of



d r iv e rs  aged 16 17, although w ith  a sm a lle r magnitude o f impact than the 

fo ca l 18-20 age group. The re s u lts  o f the cu rren t resea rch  provided some 

support fo r th ese  hyp o theses. F i r s t ,  w ith  regard to the e ffe c t  o f the 

ra ise d  d rink ing  age, a s t a t is t ic a l ly  s ig n if ic a n t IS percent reduction in 

3F5  c ra sh  invo lvem ent occurred a t the tim e the d rink ing  age w as ra ise d .

An estim ated  reduction o f 47 crash  invo lvem ents per month was associa ted  

w ith  the ra ise d  d rink ' yq age. The re s u lts  were more ambiguous than the 

re s u lt s  fo r the 18-20 age group, how ever, s ince  only a sm a ll, 

n o n - s ta t ls t ic a l ly  s ig n if ic a n t reduction in "had been drinking '' crash  

invo lvem ent w as id e n tif ie d  ror d r iv e rs  aged 16-17.

The ex«ct reasons for this discrepancy are unknown. However, 

the three-factor-surrogate is generally considered the more reliable 

measure, because the subjective "had been Irinking" measure may be 

influenced by numerous uncontrolled influences, particularly for underage 

youth. As a result, it is  cautiously concluded that alcohol-related 

crashes among 16-17 year old drivers did decease subsequent to the higher 

legal drinking age. Since “had not been drinking* o r ash involvement also 

experienced a significant 7 percent decrease, part »r ,<€ IS percent 

decease in alcohol-related ( I* ., 3FS) crash involvement may have been 

caused by factors unrelated to the drinking age. The remaining 3 percent 

<!.e., IS less 7) decrease in 3FS crash involvement can be considered the 

drinking age effect, supporting the hypr hests that the raised drinking 

age hat an effect on drivers aged 16-17 that is smaller in magnitude than 

the effect on drivers aged 18-20.

With regard to the effect of the lowered drinking age cn drivers 

aged 16-17, examination of the >*quency of fatal 3F3 crash involvement


