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SUMMARY 

The Of f i ce  of the  Auditor General has completed a  performance aud i t  of the  

Department of Health Serv ices ,  Vehicle Emissions Inspec t ion  Program. This  

a u d i t  was conducted i n  response t o  Senate B i l l  1220 enacted by t h e  

Thi r ty- four th  Leg i s l a tu re  i n  1980. 

The Arizona Vehicle Emissions Inspec t ion  (VEI) Program requ i r e s  t h a t  

c e r t a i n  motor veh ic l e s  pass  an annual inspec t ion  t o  ensure t h a t  t h e i r  

exhaust emissions meet s tandards  e s t ab l i shed  by t h e  Department of Health 

Serv ices  (DHS). The program goa l  i s  t o  p r o t e c t  publ ic  h e a l t h  from the  

e f f e c t s  of motor veh ic l e  po l lu t ion .  Although the  Arizona Leg i s l a tu re  

o r i g i n a l l y  i n i t i a t e d  the  V E I  Program i n  1974 i n  response t o  a i r  q u a l i t y  

problems i n  t he  Phoenix and Tucson a reas ,  emissions in spec t ion  i s  now a  

c e n t r a l  component of t he  S t a t e ' s  p lan  f o r  meeting requirements of t he  

Federal  Clean A i r  Act. 

We found no evidence t h a t  t he  V E I  Program has been e f f e c t i v e .  Resul t s  of 

a  time s e r i e s  a n a l y s i s  covering the  eight-year  per iod 1974 through 1981 

indica ted  t h a t  t h e  emissions in spec t  ion program has not  reduced carbon 

monoxide l e v e l s  i n  Phoenix and Tucson. Nei ther  t he  implementation of t he  

mandatory program i n  1977 nor dramatic  increases  i n  t e s t  f a i l u r e s  i n  1979 

had an impact on carbon monoxide concent ra t ions  i n  e i t h e r  c i t y  ( s e e  page 

Several  problems and f a c t o r s  may, e i t h e r  i nd iv idua l ly  o r  t oge the r ,  expla in  

why t h e  V E I  Program has not been e f f e c t i v e .  The Program may not have 

s i g n i f i c a n t l y  changed veh ic l e  maintenance behavior.  Fu r the r ,  a  

s u b s t a n t i a l  proport ion of mo to r i s t s  admit t o  circumventing program 

requirements by r ead jus t ing  t h e i r  engines a f t e r  t h e  emissions t e s t s .  

Exclusion of o lde r  and out -of -s ta te  veh ic l e s  from t e s t  requirements and 

problems r e s u l t i n g  from t h e  v a r i a b i l i t y  of automobile emissions may a l s o  

c o n t r i b u t e  t o  the  Program1 s  i ne f f ec t iveness .  However, we do not know f o r  

c e r t a i n  why it i s  i n e f f e c t i v e ,  and thus  t h e  e f f e c t  of po l i cy  o r  program 

changes addressing any o r  a l l  of t hese  f a c t o r s  i s  a l s o  unknown ( s e e  page 

11) .  



F e d e r a l  law r e q u i r e s  ~ r i z o n a  t o  o p e r a t e  an  emiss ions  i n s p e c t  i o n  program. 

Unless  a d d i t i o n a l  r e s e a r c h  i d e n t i f i e s  f e a s i b l e  a l t e r n a t i v e s ,  i f  any,  f o r  

a n  e f f e c t i v e  program, we recommend t h a t  DHS o p e r a t e  t h e  VEI Program on ly  

a s  r e q u i r e d  t o  avoid  i m p o s i t i o n s  of F e d e r a l  s a n c t i o n s .  Any program 

changes should be  r i g o r o u s l y  and independen t ly  e v a l u a t e d  b e f o r e  be ing  

implemented. We f u r t h e r  recommend t h a t  DHS i d e n t i f y  a l t e r n a t e  s t r a t e g i e s  

f o r  reduc ing  automotive  a i r  p o l l u t i o n  i n  t h e  absence  of a n  e f f e c t i v e  

emiss ions  i n s p e c t i o n  program. I n  a d d i t i o n ,  t h e  ~ e g i s l a t u r e  should 

c o n s i d e r  p e t i t i o n i n g  t h e  U.S. Congress t o  review t h e  a p p r o p r i a t e n e s s  of 

t h e  emiss ions  t e s t i n g  requirement  i n  t h e  Clean A i r  Act.  

The VEI Program boundar ies  i n  Pima County a r e  n o t  a p p r o p r i a t e .  Although 

t h e  boundar ies  a r e  l a r g e r  t h a n  n e c e s s a r y  t o  a d d r e s s  carbon monoxide 

problems i n  Tucson, t h e  Program boundar ies  exc lude  a r e a s  which may be 

r e q u i r e d  f o r  e f f e c t i v e  ozone c o n t r o l .  We a l s o  found, however, e f f e c t i v e  

c o n t r o l  o f  ozone through t h e  VEI Program may n o t  b e  p o s s i b l e  because  

1 )  t h e  Program has  n o t  been e f f e c t i v e  i n  reducing ca rbon  monoxide l e v e l s ;  

2) t h e  Program does  n o t  a d d r e s s  n i t r o u s  o x i d e s ,  one of t h e  two p r e c u r s o r s  

of ozone; and 3 )  few v e h i c l e s  f a i l  emiss ions  t e s t s  f o r  hydrocarbons ,  t h e  

o t h e r  component of ozone. 

The Pima A s s o c i a t i o n  of Governments (PAG) and t h e  Department of Hea l th  

S e r v i c e s  should a n a l y z e  t h e  n a t u r e  and s o u r c e s  of automotive  p o l l u t i o n  i n  

t h e  Tucson a r e a .  PAG should a d j u s t  t h e  program boundar ies  i n  Pima County 

t o  i n c l u d e  a l l  a r e a s  which c o n t r i b u t e  t o  Tucson 's  c u r r e n t  and p o t e n t i a l  

automotive  a i r  p o l l u t i o n  and exc lude  t h o s e  a r e a s  which do n o t  ( s e e  page 

17) .  

The a i r / f u e l  waiver  p r o v i s i o n  o f  A r i z o n a ' s  Vehic le   missions I n s p e c t i o n  

Program i s  n o t  c o s t  e f f e c t i v e .  Although s t a t u t e s  r e q u i r e  t h e  Department 

of Hea l th  S e r v i c e s ,  Bureau o f  V e h i c u l a r  Emiss ions  I n s p e c t i o n  (BVEI) t o  

i s s u e  a i r / f u e l  w a i v e r s ,  l e s s  t h a n  2 p e r c e n t  o f  t h e  m o t o r i s t s  u s e  t h i s  

s e r v i c e .  A s  a r e s u l t ,  t h e  c o s t  p e r  wa iver  i s  approx imate ly  $61. The 

Bureau cou ld  save a n  e s t i m a t e d  $121,700 i n  S t a t e  and F e d e r a l  funds 

a n n u a l l y  by e l i m i n a t i n g  t h e  a i r / f u e l  wa iver  program. We recommend t h a t  

t h e  L e g i s l a t u r e  c o n s i d e r  amending A.R.S. $36-1772.E. t o  a l l o w  such an 

a c t i o n  ( s e e  page 23) .  



N e i t h e r  t h e  Bureau nor  Hamilton T e s t  Systems (HTS) conducted t h e  

a p p r o p r i a t e  number o f  i n s p e c t i o n  s t a t i o n  f i e l d  a u d i t s  i n  f i s c a l  y e a r  

1981-82. B V E I  conducted o n l y  56 p e r c e n t  of t h e  a u d i t s  r e q u i r e d  by i t s  

r e g u l a t i o n s  d u r i n g  t h e  y e a r .  HTS conducted o n l y  53 p e r c e n t  o f  t h e  a u d i t s  

r e q u i r e d  by company p o l i c y .  Although B V E I  and HTS have i n c r e a s e d  t h e  

f requency of i n s p e c t i o n  s t a t i o n  a u d i t s ,  t h e  Bureau needs  t o  s t r e n g t h e n  

c o n t r o l  by 1 )  i n s t i t u t i n g  a  formal  management r e p o r t i n g  system t o  inform 

t h e  Bureau c h i e f  t h a t  n e c e s s a r y  a u d i t s  a r e  conducted and 2) r e q u i r i n g  HTS 

by c o n t r a c t  t o  conduct  two a u d i t s  p e r  month on  each  i n s p e c t i o n  s t a t i o n  

l a n e  ( s e e  page 3 2 ) .  

I n  a d d i t i o n ,  t h e  Bureau needs  t o  e n s u r e  t h a t  i t s  i n s p e c t o r s  conduct t i m e l y  

q u a l i t y  a s s u r a n c e  i n s p e c t i o n s  of a n a l y z e r s  used by f l e e t  i n s p e c t o r s  and 

p r i v a t e  g a r a g e s  a s  r e q u i r e d  by Bureau r u l e s .  R e s u l t s  o f  t h e s e  i n s p e c t i o n s  

should b e  r e p o r t e d  t o  t h e  Bureau c h i e f  a t  l e a s t  monthly ( s e e  page 3 4 ) .  
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INTRODUCTION AND BACKGROUND 

The O f f i c e  of t h e  Audi to r  General  h a s  completed a  performance a u d i t  of t h e  

Department of Hea l th  S e r v i c e s ,  Veh ic le  Emiss ions  I n s p e c t i o n  Program. Th is  

a u d i t  was conducted i n  response  t o  S e n a t e  B i l l  1220 enac ted  by t h e  

T h i r t y - f o u r t h  L e g i s l a t u r e  i n  1980. 

Arizona Revised S t a t u t e s  $36-1772, which e s t a b l i s h e s  t h e  Vehic le  Emiss ions  

I n s p e c t i o n  (VEI) Program, r e q u i r e s  t h a t  c e r t a i n  motor v e h i c l e s  p a s s  an  

annual  i n s p e c t i o n  t o  e n s u r e  t h a t  t h e i r  exhaus t  emiss ions  meet s t a n d a r d s  

e s t a b l i s h e d  by t h e  Department o f  Hea l th  S e r v i c e s  (DHS). The program g o a l  

i s  t o  p r o t e c t  p u b l i c  h e a l t h  from t h e  e f f e c t s  of motor v e h i c l e  p o l l u t i o n .  

Although t h e  Arizona L e g i s l a t u r e  o r i g i n a l l y  enac ted  t h e  program i n  1974 i n  

response  t o  a i r  q u a l i t y  problems i n  t h e  Phoenix and Tucson a r e a s ,  

emiss ions  i n s p e c t i o n  i s  now a  c e n t r a l  component of t h e  S t a t e ' s  p l a n  f o r  

meet ing requ i rements  of t h e  F e d e r a l  Clean A i r  Act.  

Program Opera t ions  

The Bureau o f  Vehicu la r  Emiss ions  I n s p e c t i o n  (BVEI) w i t h i n  DHS a d m i n i s t e r s  

t h e  i n s p e c t i o n  program. To a c h i e v e  t h e  program g o a l  of p r o t e c t i n g  p u b l i c  

h e a l t h ,  t h e  Bureau h a s  e s t a b l i s h e d  t h r e e  o b j e c t i v e s .  These a r e :  

- To i n s p e c t  a l l  v e h i c l e s  i n  t h e  nonat ta inment  a r e a s  of Maricopa 

and Pima Count ies  a s  r e q u i r e d  by law, 

- To adopt emiss ions  s t a n d a r d s  which w i l l  i d e n t i f y  v e h i c l e s  which 

a r e  g r o s s  and h i g h  p o l l u t e r s ,  and 

- To r e q u i r e  r e p a i r s  t o  v e h i c l e s  which a r e  g r o s s  and h i g h  p o l l u t e r s  

which w i l l  r educe  ca rbon  monoxide and hydrocarbon emiss ions  t o  

t h e  l e v e l  of v e h i c l e s  i n i t i a l l y  p a s s i n g  t h e  i n s p e c t i o n .  

The VEI Program t e s t s  v e h i c l e s  t o  e n s u r e  t h a t  ca rbon  monoxide and 

hydrocarbons  i n  t h e i r  e x h a u s t  emiss ions  meet s t a n d a r d s  e s t a b l i s h e d  by 

DHS. The i n s p e c t  ion  requirement  a p p l i e s  g e n e r a l l y  t o  gasoline-powered 

v e h i c l e s  which a r e  l e s s  t h a n  14 y e a r s  o l d  and l o c a t e d  w i t h i n  d e s i g n a t e d  

p o r t i o n s  o f  Pima and Maricopa Count ies .  The Program i n c l u d e s  t h o s e  



p a r t s  of t h e  two c o u n t i e s  which do n o t  meet t h e  ca rbon  monoxide s t a n d a r d s  

of t h e  F e d e r a l  Clean A i r  Act. P l o t o r i s t s  whose v e h i c l e s  f a i l  t o  meet t h e s e  

s t a n d a r d s  must r e p a i r  t h e i r  v e h i c l e s  and submit t o  a  r e t e s t .  M o t o r i s t s  

must e i t h e r  p a s s  t h e  emiss ions  t e s t  o r  seek  o n e  o f  t h e  s e v e r a l  wa ivers  

provided under t h e  law o r  BVEI r e g u l a t i o n s .  

The Bureau does  n o t  conduct t h e  a c t u a l  i n s p e c t i o n s .  A p r i v a t e  company, 

Hamilton T e s t  Systems (HTS),  under c o n t r a c t  w i t h  DHS o p e r a t e s  n i n e  

permanent f a c i l i t i e s  and one mobi le  s t a t i o n  where i t s  employees conduct 

emiss ions  t e s t s  f o r  t h e  S t a t e .  Hamilton conduc t s  about 1 .4  m i l l i o n  t e s t s  

p e r  y e a r .  Payments t o  t h e  c o n t r a c t o r  d u r i n g  1981 were approximately  $5.8 

m i l l i o n .  

Importance of t h e  Vehicle  
Emiss ions  I n s p e c t i o n  Program 

The Vehic le  Emiss ions  I n s p e c t i o n  Program i s  t h e  p r i n c i p a l  s t r a t e g y  f o r  

reduc ing  ca rbon  monoxide p o l l u t i o n  i n  Phoenix and Tucson. The Federa l  

Clean A i r  Act r e q u i r e s  Arizona t o  implement an  emiss ions  i n s p e c t i o n  

program i n  t h e s e  two c i t i e s  because  n e i t h e r  met t h e  F e d e r a l  s t a n d a r d s  f o r  

ca rbon  monoxide by December 1982. F a i l u r e  t o  implement such a  program and 

develop a  p l a n  f o r  meet ing t h e  s t a n d a r d s  by December 31,  1987, could  cause  

t h e  two c i t i e s  t o  l o s e  more t h a n  $100 m i l l i o n  i n  F e d e r a l  a i d .  However, 

Arizona h a s  a n  i n s p e c t i o n  program i n  e f f e c t  and Phoenix and Tucson a r e  

making a c c e p t a b l e  p r o g r e s s  i n  developing t h e  r e q u i r e d  p l a n s .  Thus, 

n e i t h e r  c i t y  appears  t o  be  i n  danger  o f  l o s i n g  F e d e r a l  funds  i n  t h e  

f o r s e e a b l e  f u t u r e .  

Cur ren t  p l a n s  f o r  meeting t h e  1987 ca rbon  monoxide s t a n d a r d s  r e l y  on t h e  

V E I  Program a s  t h e  primary s t r a t e g y . *  Although o t h e r  s t r a t e g i e s  w i l l  a l s o  

b e  implemented, n e i t h e r  t h e  Environmental  P r o t e c t i o n  Agency (EPA) n o r  

A r i z o n a ' s  r e g i o n a l  p lann ing  a g e n c i e s  c o n s i d e r  t h e s e  s t r a t e g i e s  s u f f i c i e n t  

* Although ca rbon  monoxide l e v e l s  i n  Pima County a r e  s u b s t a n t i a l l y  l e s s  
t h a n  i n  Maricopa County and t h e  F e d e r a l  s t a n d a r d s  may be e a s i e r  t o  
a t t a i n ,  t h e  pr imary s t r a t e g y  w i l l  most l i k e l y  be  t h e  VEI Program. 
Pima County h a s  n o t  y e t  completed work on i t s  d r a f t  p l a n .  



t o  produce t h e  ca rbon  monoxide r e d u c t i o n s  needed t o  meet t h e  F e d e r a l  

s t a n d a r d s .  For example, t h e  d r a f t  p l a n  f o r  Maricopa County p r o j e c t s  

needed carbon monoxide r e d u c t i o n s  o f  449 t o n s  p e r  day t o  a t t a i n  t h e  1987 

g o a l .  The p l a n  e s t i m a t e s  t h a t  t h e  e x i s t i n g  VEI Program combined w i t h  

F e d e r a l  emiss ion  requ i rements  f o r  new motor v e h i c l e s  w i l l  reduce ca rbon  

monoxide by 349 t o n s  p e r  day (78  p e r c e n t ) .  The Maricopa p l a n  p r o j e c t s  

a d d i t i o n a l  r e d u c t i o n s  of 71 t o n s  p e r  day (16  p e r c e n t )  i f  t h e  VEI Program 

a l s o  i n c l u d e s  a l l  v e h i c l e s  produced s i n c e  1969. 

I n  a d d i t i o n  t o  t h e  VEI Program, t h e  Maricopa p l a n  f o r  a t t a i n i n g  F e d e r a l  

s t a n d a r d s  a l s o  i n c l u d e s  s t r a t e g i e s  t o  reduce v e h i c l e  u s e  and t o  improve 

t r a f f i c  flow. The major  e f f o r t s  i n  t h i s  d i r e c t i o n  a r e  t o  m a i n t a i n  t r a n s i t  

r i d e r s h i p  a t  current: l e v e l s  and implement s p e c i f i c  t r a n s p o r t a t i o n  c o n t r o l  

measures ( r e v e r s i b l e  l a n e s ,  f o r  example). These e f f o r t s ,  however, account  

f o r  r e d u c t i o n s  of o n l y  27 t o n s  p e r  day,  6  p e r c e n t  o f  t h e  needed 

r e d u c t i o n .  Other  s t r a t e g i e s ,  such a s  i n c r e a s i n g  t r a n s i t  r i d e r s h i p  and 

v e h i c l e  occupancy would p r o v i d e  38 t o n s  p e r  day o f  t h e  needed r e d u c t i o n .  

O r g a n i z a t i o n  and Budget 

BVEI i s  one of f o u r  bureaus  i n  t h e  DHS Environmental  Hea l th  S e r v i c e s  

D i v i s i o n .  The Bureau h a s  23 FTE p o s i t i o n s  f o r  t h e  c u r r e n t  f i s c a l  y e a r  and 

employed 22 pe rsons  i n  Phoenix and Tucson a s  of August 1982. Seventeen 

employees work i n  f o u r  s e c t i o n s  l o c a t e d  i n  Phoenix.  These s e c t i o n s  a r e :  

- Adminis t ra t ion--processes  r e q u e s t s  f o r  exemptions,  wa ivers  and 

renewals  of mechanic c e r t i f i c a t e s  and p r o v i d e s  r e s e a r c h  and 

c l e r i c a l  s u p p o r t ;  

- Licens ing  and C e r t i f i c a t i o n - - t r a i n s  and c e r t i f i e s  mechanics t o  

perform procedures  r e q u i r e d  f o r  a i r l f u e l  wa ivers  and f l e e t  

i n s p e c t  ions .  

- Waiver and Tes t ing- -opera tes  t h e  B V E I  wa iver  and r e t e s t  f a c i l i t y  

and i n s p e c t s  v e h i c l e s  owned by smal l  governments;  

- Q u a l i t y  Assurance-- inspects  S t a t e  s t a t i o n s  o p e r a t e d  by HTS t o  

e n s u r e  compliance w i t h  p rocedures ,  r e l i a b i l i t y  of equipment and 

i n s p e c t s  and c e r t i f i e s  a n a l y z e r s  used by f l e e t  i n s p e c t o r s  and 

p r i v a t e  r e p a i r  f a c i l i t i e s .  



F i v e  p e r s o n s  work i n  t h e  Bureau ' s  Tucson o f f i c e  and perform e s s e n t i a l l y  

a l l  of  t h e  f u n c t i o n s  of t h e  Phoenix o f f i c e  w i t h  t h e  e x c e p t i o n  of 

i n s p e c t i n g  S t a t e  s t a t i o n s .  Personne l  from t h e  Phoenix o f f i c e  i n s p e c t  

S t a t e  s t a t i o n s  i n  b o t h  c i t i e s .  

As shown i n  T a b l e  1, t h e  t o t a l  budget f o r  t h e  Vehic le  Emiss ions  I n s p e c t i o n  

Program i n  f i s c a l  y e a r  1982-83 i s  approximately  66.7 m i l l i o n .  The V E I  

Program h a s  s e v e r a l  s o u r c e s  o f  funding.  General  Fund a p p r o p r i a t i o n s  

supplemented by F e d e r a l  g r a n t s  suppor t  most BVEI p e r s o n n e l  and 

a c t i v i t i e s .  I n  a d d i t i o n ,  f e e s  c o l l e c t e d  f o r  emiss ions  t e s t s  f low i n t o  a  

r e v o l v i n g  fund. BVEI u s e s  t h e s e  funds  t o  pay Hamilton T e s t  Systems f o r  

t h e  emiss ions  t e s t s  i t  conduc t s .  Payments t o  t h e  c o n t r a c t o r  account  f o r  

90 p e r c e n t  of t h e  VEI Program budget .  The r e v o l v i n g  fund a l s o  i n c l u d e s  

f e e s  charged f o r  wa ivers  and exemptions and s u p p o r t s  t h e  c o s t  o f  pe rsonne l  

who p r o v i d e  t h e s e  s e r v i c e s .  

TABLE 1 

VEHICLE EMISSIONS INSPECTION PROGRAM BUDGET 
FOR FISCAL YEAR 1982-83 

A 1  l General  Revolving 
Sources  Fund Fund F e d e r a l  

FTE s 2 3  16 5 

P e r s o n a l  s e r v i c e s  
Employee-related 

e x p e n d i t u r e s  
P r o f e s s i o n a l  and 

o u t s i d e  s e r v i c e s  
T r a v e l :  

I n - S t a t e  
Out-of-State 

Other  o p e r a t i n g  
expenses  

Other  payments 
T o t a l s  

* Est imated  payment t o  Hamilton T e s t  Systems f o r  emiss ion  t e s t s .  



Audi t  Scope 

The scope of o u r  a u d i t  focused  p r i m a r i l y  on t h e  need f o r  t h e  e m i s s i o n s  

i n s p e c t i o n  program, i t s  impact and t h e  p o l i c i e s  and p rocedures  which 

govern i t s  o p e r a t i o n .  The a u d i t  addressed  t h e  fo l lowing  s p e c i f i c  i s s u e s :  

- The e f f e c t  o f  t h e  V e h i c l e  Emiss ions  I n s p e c t i o n  Program on t h e  

carbon monoxide l e v e l s  i n  Phoenix and Tucson; 

- The a p p r o p r i a t e n e s s  of  VEI Program boundar ies  i n  Pima County; 

- The c o s t  e f f e c t i v e n e s s  o f  t h e  a i r / f u e l  wa ive r  program; and 

- The adequacy o f  q u a l i t y  a s s u r a n c e  f o r  S t a t e  e m i s s i o n s  t e s t i n g  

s t a t i o n s  and a n a l y z e r s  used by p r i v a t e  and f l e e t  f a c i l i t i e s .  

The r e p o r t  s e c t i o n ,  Other  P e r t i n e n t  I n f o r m a t i o n ,  p r e s e n t s  d e t a i l e d  

i n f o r n ~ a t i o n  on v e h i c l e  i n s p e c t  i o n  f e e  payments and c o l l e c t  i o n s  and t h e  

i n s p e c t i o n  equipment used i n  t h e  Program and HTS t e s t  and b i l l i n g  

p rocedures .  

C o l l e c t i o n  and a n a l y s i s  of  d a t a  i n  two a r e a s  r e q u i r e d  u s e  o f  o u t s i d e  

p r o f e s s i o n a l  a s s i s t a n c e .  The A u d i t o r  Genera l  c o n t r a c t e d  w i t h  t h e  C e n t e r  

f o r  I n f o r m a t i v e  E v a l u a t i o n  t o  conduct  a  t ime  s e r i e s  a n a l y s i s  t o  a s s e s s  t h e  

impact of t h e  VEI Program on ca rbon  monoxide l e v e l s  i n  Phoenix and 

Tucson. The r e s u l t s  o f  t h i s  a n a l y s i s  form t h e  b a s i s  f o r  F ind ing  I. A 

second c o n t r a c t o r ,  t h e  Behavior  Research C e n t e r ,  surveyed 800 p e r s o n s  i n  

Phoenix and Tucson who had e x p e r i e n c e s  w i t h  t h e  V E I  Program. The su rvey  

p rov ided  i n £  o rmat ion  o n  p u b l i c  p e r c e p t i o n  o f  a i r  q u a l i t y ,  a t t i t u d e s  toward 

t h e  VEI Program, and t h e i r  e x p e r i e n c e s  i n  complying w i t h  i t s  

requ i rements .  Survey r e s u l t s  supplement A u d i t o r  Genera l  s t a f f  r e s e a r c h  on 

program e f f e c t i v e n e s s .  

The A u d i t o r  General  and s t a f f  e x p r e s s  a p p r e c i a t i o n  t o  t h e  Department of  

H e a l t h  S e r v i c e s  and Hamilton T e s t  Systems f o r  t h e i r  c o o p e r a t i o n  and 

a s s i s t a n c e  d u r i n g  t h e  c o u r s e  of t h e  a u d i t .  



FINDING I 

THE VEHICLE EMISSIONS INSPECTION PROGRAM HAS NOT REDUCED CARBON MONOXIDE 

LEVELS I N  PHOENIX AND TUCSON. 

The Vehic le  Emiss ions  I n s p e c t i o n  (VEI) Program h a s  n o t  reduced ca rbon  

monoxide ( C O )  l e v e l s  i n  Phoenix and Tucson. N e i t h e r  t h e  implementat ion of 

t h e  mandatory program i n  1977 n o r  d r a m a t i c  i n c r e a s e s  i n  t e s t  f a i l u r e s  i n  

1979 had a n  impact on ca rbon  monoxide c o n c e n t r a t i o n s  i n  e i t h e r  c i t y .  

Thus, t h e  VEI Program does  n o t  appear  t o  b e  a n  e f f e c t i v e  s t r a t e g y  f o r  

meet ing t h e  F e d e r a l  A i r  Q u a l i t y  S tandards  i n  1987. Although a  number of 

f a c t o r s  may impa i r  t h e  Program's  e f f e c t i v e n e s s ,  we do n o t  know f o r  c e r t a i n  

why i t  i s  i n e f f e c t i v e .  Thus, t h e  e f f e c t  o f  p o l i c y  o r  program changes 

a d d r e s s i n g  any o r  a l l  of  t h e s e  f a c t o r s  i s  unknown. 

Program Was ~ s t a b l i s h e d  
t o  Improve A i r  q u a l i t y  

The g o a l  o f  t h e  Vehic le  Emiss ions  I n s p e c t i o n  Program i s  t o  p r o t e c t  p u b l i c  

h e a l t h  by reduc ing  p o t e n t i a l l y  harmful  automotive  emiss ions .  These 

emiss ions  i n c l u d e  ca rbon  monoxide, a  h e a l t h  hazard  i n  i t s e l f ,  and 

hydrocarbons ,  which a r e  a  p r e c u r s o r  o f  t h e  p o l l u t a n t  ozone.* Unl ike  

ozone, ca rbon  monoxide i s  g e n e r a t e d  a lmost  e n t i r e l y  from automotive  

emiss ions .  The Arizona L e g i s l a t u r e  enac ted  t h e  program i n  1974 t o  a d d r e s s  

a i r  q u a l i t y  problems i n  Phoenix and Tucson. I n  1977 t h e  U.S. Congress 

amended t h e  Clean A i r  Act t o  r e q u i r e  e m i s s i o n s  i n s p e c t i o n  i n  a r e a s  n o t  

meeting F e d e r a l  ca rbon  monoxide and ozone s t a n d a r d s  by December 1982. The 

a c t  p r o v i d e s  f o r  wi thho ld ing  F e d e r a l  a i d  f o r  highway c o n s t r u c t i o n  and 

sewage t r e a t m e n t  p l a n t  c o n s t r u c t i o n  i n  s t a t e s  n o t  complying w i t h  t h i s  

requirement .  I f  Arizona d i d  n o t  have t h e  VEI Program i n  e f f e c t ,  t h e  S t a t e  

could  l o s e  up t o  $116 m i l l i o n  p e r  y e a r  i n  F e d e r a l  a i d .  

* Ozone i s  formed by s u n l i g h t  a c t i n g  o n  hydrocarbons and n i t r o u s  ox ides .  



P r e v i o u s  Emiss ions  I n s p e c t i o n  S t u d i e s  

Because c a r b o n  monoxide i s  g e n e r a t e d  l a r g e l y  by motor v e h i c l e s ,  p r e v i o u s  

e v a l u a t i o n s  o f  e m i s s i o n s  i n s p e c t i o n  programs have focused  on how t h e  

program h a s  a f f e c t e d  ca rbon  monoxide l e v e l s  i n  t h e  atmosphere.  Some 

p r e v i o u s  s t u d i e s  s u g g e s t  t h a t  ca rbon  monoxide l e v e l s  have been reduced by 

i n s p e c t i o n  programs. Department o f  Hea l th  S e r v i c e s  (DHS) assessments  i n  

t h e  e a r l y  y e a r s  of t h e  Program show improvement i n  ca rbon  monoxide 

emiss ions .  F e d e r a l  Environmental  P r o t e c t i o n  Agency (EPA) s t u d i e s  a l s o  

i n d i c a t e d  t h a t  emiss ions  t e s t i n g  programs reduced ca rbon  monoxide l e v e l s  

i n  Phoenix a s  w e l l  a s  P o r t l a n d ,  Oregon. 

However, t h e  Oregon s t u d y  found a r e d u c t i o n  i n  ca rbon  monoxide 

a t t r i b u t a b l e  t o  e m i s s i o n s  t e s t i n g  a t  o n l y  one o f  f o u r  moni to r ing  s t a t i o n s  

i n  P o r t l a n d .  Fur thermore,  a t  t h e  s i t e  where t h i s  e f f e c t  was found, 

r e s u l t s  were confounded by movements of t h e  moni to r ing  p robe  and by major  

t r a f f i c  d i s r u p t i o n s  i n  t h e  a r e a .  A New J e r s e y  s t u d y  u s i n g  a  s i m i l a r  t ime 

s e r i e s  methodology a l s o  found r e d u c t i o n s  i n  c a r b o n  monoxide l e v e l s .  I n  

t h i s  s t u d y ,  however, t h e  e f f e c t s  a t t r i b u t a b l e  t o  emiss ions  t e s t i n g  could  

no t  be s e p a r a t e d  from t h e  e f f e c t s  of new c a r  emiss ion  s t a n d a r d s .  

UHS e v a l u a t i o n s  of t h e  V E I  Program have r e p o r t e d  t h a t  ca rbon  monoxide 

l e v e l s  were d e c r e a s i n g .  However, DHS a n a l y s t s  concluded i n  two r e c e n t  

s t u d i e s  t h a t  t h e  VEI Program, even when combined w i t h  o t h e r  carbon 

monoxide c o n t r o l  s t r a t e g i e s ,  w i l l  n o t  e n a b l e  Maricopa County t o  a c h i e v e  

F e d e r a l  s t a n d a r d s  f o r  ca rbon  monoxide by 1987. 

To e v a l u a t e  t h e  e f f e c t i v e n e s s  of t h e  Arizona V e h i c l e  Emiss ions  I n s p e c t i o n  

Program i n  Phoenix and Tucson, we c o n t r a c t e d  f o r  a n  impact assessment  of 

t h e  Program u s i n g  t ime  s e r i e s  a n a l y s i s  c o v e r i n g  t h e  e i g h t - y e a r  p e r i o d  1974 



through 1981.k Time s e r i e s  a n a l y s i s  h a s  been used t o  e v a l u a t e  a i r  q u a l i t y  

d a t a  i n  o t h e r  s t a t e s  (Oregon and New ~ e r s e ~ )  b u t  h a s  n o t  p r e v i o u s l y  been 

employed i n  Arizona.  I n  o u r  o p i n i o n ,  t h i s  methodology r e p r e s e n t s  t h e  most 

t e c h n i c a l l y  s o p h i s t i c a t e d  and a p p r o p r i a t e  approach f o r  a s s e s s i n g  t h e  

impact o f  t h e  s t a t e ' s  Vehicle  Emiss ions  I n s p e c t i o n  Program. 

The VEI Program Has Not Reduced Carbon 
Monoxide Leve l s  i n  Phoenix and Tucson 

Although t h e  V E I  Program i s  i n t e n d e d  t o  p r o t e c t  p u b l i c  h e a l t h  by reduc ing  

ca rbon  monoxide l e v e l s ,  r e s u l t s  o f  t h e  t ime  s e r i e s  a n a l y s i s  i n d i c a t e  t h a t  

t h e  Program h a s  n o t  ach ieved  i t s  d e s i r e d  e f f e c t .  A s  a  r e s u l t ,  Maricopa 

and Pima Count ies  cannot  r e l y  on  t h e  emiss ions  i n s p e c t i o n  program t o  meet 

t h e  1987 F e d e r a l  A i r  Q u a l i t y  S tandards .  

Arizona implemented t h e  mandatory VEI Program i n  January  1977. F o r  t h e  

f i r s t  t i m e ,  m o t o r i s t s  whose v e h i c l e s  f a i l e d  t h e  e m i s s i o n s  t e s t  were 

r e q u i r e d  t o  r e p a i r  t h e  v e h i c l e  and r e t u r n  f o r  a  r e t e s t .  Beginning i n  t h a t  

y e a r ,  t h e  program r e q u i r e d  proof  o f  compliance f o r  v e h i c l e  r e g i s t r a t i o n .  

By t h e  end of 1977, a l l  l i g h t - d u t y  v e h i c l e s  had been i n s p e c t e d  and i f  

n e c e s s a r y ,  main ta ined  t o  s t a n d a r d s .  Moreover, i n  January  1979, Program 

s t a n d a r d s  were r a i s e d  and s i g n i f i c a n t l y  more c a r s  f a i l e d  t h e  emiss ions  

t e s t .  The average  number o f  v e h i c l e s  f a i l i n g  t h e  i n s p e c t i o n  each  month 

i n c r e a s e d  by a lmost  5,900 i n  Phoenix and more t h a n  2,000 i n  Tucson. 

* The t ime  s e r i e s  methodology employed i n  t h i s  s t u d y  i s  t h e  
A u t o r e g r e s s i v e ,  I n t e g r a t e d ,  Moving Average (AKIMA) models and methods 
developed by Box and J e n k i n s .  Carbon monoxide d a t a  analyzed i n  t h i s  
s t u d y  i n c l u d e d  f o u r  d i f f e r e n t  measures  of ca rbon  monoxide (8-hour 
monthly h i g h ,  mean h i g h e s t  8-hour average ,  monthly average  and mean 
5  p.m. r e a d i n g s )  a t  two moni to r ing  s t a t i o n s  i n  Phoenix ( C e n t r a l  
Phoenix and North  phoenix)  and one measure o f  c a r b o n  monoxide (mean 
h i g h e s t  8-hour a v e r a g e )  a t  t h e  downtown moni to r ing  s t a t i o n  i n  Tucson. 
Highest  8-hour average  c o n c e n t r a t i o n s  of ca rbon  monoxide a r e  c o l l e c t e d  
and r e p o r t e d  t o  t h e  F e d e r a l  Environmental  P r o t e c t i o n  Agency a s  t h e  
b a s i s  f o r  de te rmin ing  compliance w i t h  F e d e r a l  A i r  Q u a l i t y  S tandards .  
For  a  d e t a i l e d ,  t e c h n i c a l  d i s c u s s i o n  of s t u d y  r e s u l t s ,  s e e  Appendix I. 



R e s u l t s  of t h e  t ime s e r i e s  a n a l y s i s  r evea led  t h a t  ca rbon  monoxide l e v e l s  

i n  Phoenix and Tucson were n o t  reduced by t h e  implementat ion of t h e  

mandatory emiss ions  i n s p e c t i o n  program i n  1977 o r  by more s t r i n g e n t  

s t a n d a r d s  which took e f f e c t  i n  January 1979. A f t e r  conduct ing a  

s u b s t a n t i a l  number of a n a l y s e s ,  t h e  c o n s u l t a n t s  concluded t h a t  t h e  Program 

has  n o t  been e f f e c t i v e :  

"Our f i n d i n g s  a r e  t h a t  n e i t h e r  t h e  1977 i n t e r v e n t i o n  
(mandatory I/M) nor  t h e  1979 i n t e r v e n t i o n  ( h i g h e r  I / M  
s t a n d a r d s )  had any s t a t i s t i c a l l y  s i g n i f i c a n t  impact on 
CO l e v e l s .  Our a n a l y s e s  gave t h e  I / M  program every 
p o s s i b l e  " b e n e f i t  of t h e  doubt." Yet we found n o t  one 
i o t a  of ev idence  t o  suppor t  t h e  h y p o t h e s i s  t h a t  t h e  
Arizona I / M  program had an impact on ambient a i r  
q u a l i t y .  Given t h e  remarkable  d e g r e e  of 
consis tency--our  f i n d i n g s  were c o n s i s t e n t  a c r o s s  
i n t e r v e n t i o n s ,  s i t e s ,  CO i n d i c a t o r s ,  and models--we have 
t h e  g r e a t e s t  p o s s i b l e  conf idence  i n  o u r  major 
c ~ n c l u s i o n . ' ~  

R e s u l t s  of t h e  t ime  s e r i e s  s t u d y  s t r o n g l y  sugges t  t h a t  Maricopa and Pima 

Count ies  cannot  r e l y  on t h e  Vehic le  Emissions I n s p e c t i o n  Program t o  meet 

F e d e r a l  A i r  Q u a l i t y  S tandards  by t h e  end of 1987. To meet t h e  d e a d l i n e ,  

Maricopa A s s o c i a t i o n  of Governments h a s  p repared  a  nonat ta inment  a r e a  p l a n  

which i d e n t i f i e s  s t r a t e g i e s  t o  reduce  a i r  p o l l u t i o n  l e v e l s  i n  Maricopa 

County. The Vehic le  Emiss ions  I n s p e c t i o n  Program, a l though  n o t  t h e  s o l e  

c o n t r o l  s t r a t e g y ,  i s  t h e  major element i d e n t i f i e d  i n  t h e  plan.* Because 

t h e  t ime s e r i e s  a n a l y s i s  shows t h a t  t h e  V e h i c l e  Emiss ions  I n s p e c t i o n  

Program h a s  n o t  reduced ca rbon  monoxide l e v e l s  i n  Phoenix and Tucson, t h e  

Program cannot  be r e l i e d  on t o  meet t h e  1987 d e a d l i n e  f o r  a t t a i n i n g  

F e d e r a l  A i r  Q u a l i t y  S tandards .  

* Pima County h a s  n o t  y e t  d r a f t e d  a  nonat ta inment  a r e a  p l a n  f o r  1987. 
The p l a n  now under development w i l l  i d e n t i f y  t h e  VEI Program a s  a  major 
s t r a t e g y  f o r  meeting F e d e r a l  s t a n d a r d s  i n  1987. 



S e v e r a l  F a c t o r s  May Account f o r  
t h e  Program's  I n e f f e c t i v e n e s s  

S e v e r a l  problems and f a c t o r s  may e i t h e r  i n d i v i d u a l l y  o r  t o g e t h e r  e x p l a i n  

why t h e  Vehic le  Emiss ions  I n s p e c t i o n  Program h a s  n o t  been e f f e c t i v e .  These 

f a c t o r s  i n c l u d e  unchanged b e h a v i o r ,  c i rcumvent ion ,  automotive  eng ine  

v a r i a b i l i t y  and v e h i c l e  e x c l u s i o n s .  However, t h e  e f f e c t  of p o l i c y  o r  

program changes a d d r e s s i n g  any o r  a l l  of  t h e s e  f a c t o r s  i s  u n c e r t a i n .  

Unchanged Behavior - As no ted  by o u r  c o n s u l t a n t s  ( s e e  Appendix I ) ,  p a r t  of 

t h e  t h e o r y  behind t h e  VEI Program i s  t h a t  m o t o r i s t s  cannot  o r  w i l l  n o t  

v o l u n t a r i l y  i n s p e c t  and m a i n t a i n  t h e i r  v e h i c l e s .  However, most m o t o r i s t s  

t u n e  t h e i r  v e h i c l e s  and would c o n t i n u e  t o  d o  s o  i n  t h e  absence o f  t h e  

Program.* Thus, t h e  VEI Program may n o t  a f f e c t  v e h i c l e  maintenance 

behav ior  t o  a s  l a r g e  a n  e x t e n t  a s  was o r i g i n a l l y  thought .  T h i s ,  i n  t u r n ,  

r educes  t h e  impact o f  t h e  Program. 

Circumvention - P o s t - t e s t  eng ine  a d j u s t m e n t s  may c o n t r i b u t e  t o  t h e  reduced 

e f f e c t i v e n e s s  of t h e  VEI Program. Approximately one  i n  n i n e  m o t o r i s t s  ( 1 1  

p e r c e n t )  circumvented VEI Program requ i rements  d u r i n g  t h e  y e a r .  I n  

a d d i t i o n ,  20 p e r c e n t  o f  t h e  su rvey  responden ts  a d m i t t e d  t o  c i rcumvent ing 

t h e  requ i rements  a t  some t ime  i n  t h e  p a s t .  Because many persons  may b e  

u n w i l l i n g  t o  admit  t o  such b e h a v i o r ,  t h e  a c t u a l  p r o p o r t i o n  o f  m o t o r i s t s  

c i rcumvent ing  t h e  VEI Program may b e  h i g h e r .  The r e s u l t  i s  t h a t  many 

v e h i c l e s  which p a s s  t h e  emiss ions  t e s t  subsequen t ly  o p e r a t e  a t  a  l e v e l  

which does  n o t  comply w i t h  program requ i rements .  

M o t o r i s t s  c i rcumvent  t h e  program by a d j u s t i n g  t h e i r  e n g i n e s  t o  p a s s  t h e  

emiss ions  tes t :  and r e a d j u s t i n g  t h e i r  v e h i c l e s  a f t e r  complet ing t h e  t e s t .  

These i n d i v i d u a l s  t a k e  such a c t i o n  because  t h e y  f e e l  t h a t  t h e i r  v e h i c l e s  do 

n o t  o p e r a t e  p r o p e r l y  when tuned f o r  low e m i s s i o n s  a s  i l l u s t r a t e d  by t h e  

f o l l o w i n g  examples: 

* 93 p e r c e n t  of su rvey  responden ts  s t a t e d  t h a t  i f  a n  emiss ions  program 
were n o t  r e q u i r e d ,  they  would t u n e  o r  a d j u s t  t h e i r  c a r s  about  a s  o f t e n  
a s  t h e y  do now. For  a  f u l l  r e p o r t  on  t h e  p u b l i c  su rvey  r e s u l t s ,  s e e  
Appendix 11. 



- One survey  respondent  had a  mechanic a d j u s t  t h e  c a r b u r e t o r  s o  t h a t  

t h e  v e h i c l e  would p a s s  t h e  emiss ions  t e s t .  The same mechanic l a t e r  

r e a d j u s t e d  t h e  c a r b u r e t o r  s o  t h e  t h e  c a r  would "run r i g h t . "  The 

m o t o r i s t  noted t h a t  "A l o t  o f  p l a c e s  a r e  t e l l i n g  p e o p l e  up f r o n t  t h a t  

t h e y ' l l  d o  t h a t  now." 

- A respondent  no ted  t h a t  a  mechanic had t o  r e a d j u s t  t h e  c a r b u r e t o r  

a f t e r  i t  had passed t h e  emiss ions  t e s t  because  t h e  v e h i c l e  kep t  

s t a l l i n g .  

- Another p e r s o n  r e p o r t e d  r e s e t t i n g  t h e  i d l e  a f t e r  t h e  emiss ions  t e s t .  

P r i o r  t o  t h e  t e s t ,  a  mechanic had tuned t h e  v e h i c l e  which reduced t h e  

f u e l  economy from 3 1  mpg t o  23 mpg. The i n d i v i d u a l ' s  ad jus tments  

i n c r e a s e d  mi leage  t o  27 mpg. 

S i n c e  a t  l e a s t  11 p e r c e n t  of v e h i c l e  o p e r a t o r s  c i rcumvent  t h e  program by 

making pos t - t e s t  ad jus tments ,  t h e i r  impact on program e f f e c t i v e n e s s  i s  

l i k e l y  t o  be  s i g n i f i c a n t .  

Engine V a r i a b i l i t y  - The v a r i a b i l i t y  of automotive  e n g i n e s  may a l s o  l i m i t  

program e f f e c t i v e n e s s .   missions from a n  automobi le  c a n  v a r y  d u r i n g  t h e  12 

months between i n s p e c t  ions .  As a  r e s u l t ,  t h e  Vehic le  Emiss ions  I n s p e c t i o n  

Program may n o t  produce t h e  a n t i c i p a t e d  r e d u c t i o n  i n  ca rbon  monoxide 

emiss ions  from a  g i v e n  v e h i c l e .  

The Motor Vehic le  Manufacturers  A s s o c i a t i o n  (MvMA) c i t e s  t h r e e  major 

problems a s s o c i a t e d  w i t h  au tomobi les  which a f f e c t  t h e  r e l i a b i l i t y  of 

emiss ions  t e s t i n g :  

1. V e h i c l e  emiss ions  w i l l  va ry  o v e r  a  wide range o f  weather  c o n d i t i o n s .  

Temperature ,  humidi ty  and b a r o m e t r i c  p r e s s u r e  c a n  c a u s e  emiss ions  t o  

va ry  s u b s t a n t i a l l y .  For  example, a 10 d e g r e e  t empera tu re  change caused 

ca rbon  monoxide emiss ions  t o  i n c r e a s e  by 50 p e r c e n t  i n  one t e s t .  

2. V e h i c l e  usage  immediately p r i o r  t o  t h e  emiss ions  t e s t  c a n  a f f e c t  t e s t  

r e s u l t s .  Measurements t a k e n  a f t e r  a  long d r i v e  a r e  q u i t e  d i f f e r e n t  from 



t h o s e  t a k e n  a f t e r  s h o r t  d r i v e s  a s  might o c c u r  d u r i n g  in-town 

use .  I d l i n g  w h i l e  w a i t i n g  i n  l i n e  f o r  a  t e s t  c a n  a l s o  be  a  

f a c t o r .  

3. The v a r i e t y  o f  f u e l s  used i n  d i f f e r e n t  v e h i c l e s  have d i f f e r e n t  

c h a r a c t e r s t i c s  t h a t  a f f e c t  measured emiss ions  l e v e l s .  

I n  a d d i t  ion ,  t h e  v a r i a t i o n  r e s u l t i n g  from t h e  d i f f e r e n t  v a r i a b l e s  i s  

n o t  c o n s i s t e n t  from one model t o  a n o t h e r  o r  from t e s t  t o  t e s t .  AS a  

r e s u l t ,  MVPlA s u g g e s t s  t h a t  emiss ions  t e s t i n g  f o c u s  on  d e t e c t i n g  o n l y  

"gross"  p o l l u t e r s .  

The problem w i t h  t h e  v a r i a b i l i t y  of v e h i c l e  emiss ions  was 

demonstra ted by automobi les  submi t t ed  f o r  e m i s s i o n s  t e s t i n g  by 

Audi to r  General  s t a f f .  Two v e h i c l e s  p rov ided  and tuned by P i o n e e r  

Ford were submit ted f o r  f i v e  s e r i e s  of t e s t s .  Each s e r i e s  c o n s i s t e d  

of emiss ions  ad jus tments  and a  p r e t e s t  r e a d i n g  by a n  exper ienced  

mechanic on a  S t a t e - i n s p e c t e d  a n a l y z e r ,  two o r  t h r e e  emiss ions  t e s t s  

a t  S t a t e  s t a t i o n s  i n  Maricopa County and a  p o s t - t e s t  r ead ing  a t  

P ioneer  Ford.  I n  t h r e e  of t h e  s e r i e s ,  t h e  v e h i c l e  e i t h e r  passed o r  

f a i l e d  a l l  t e s t s  a s  expected.  I n  two of  t h e  s e r i e s ,  one of t h e  t h r e e  

S t a t e  s t a t i o n  t e s t s  showed unexpected r e s u l t s .  A  v e h i c l e  s e t  t o  f a i l  

passed one of t h r e e  i n s p e c t i o n s  and a  v e h i c l e  s e t  t o  p a s s  f a i l e d  one 

of t h r e e  i n s p e c t i o n s .  Tab le  2  p r e s e n t s  d a t a  f o r  t h e  two s e r i e s  which 

produced unexpected r e s u l t s .  

TABLE 2 

CARBON PIONOXIDE EMISSIONS TEST SERIES RESULTS 

1980 Ford Fairmont 1981 Ford Fairmont 
Carbon Monoxide Standard 2.20% o r  Less  1.50% o r  Less  

I) - Time Reading R e s u l t  Time Reading R e s u l t  - 
P r e t e s t  5:00 pm* 6.80% F a i l  9:05 am 0.01% Pass  

S t a t i o n  t e s t s  9 : 2 0 a m  8.41 F a i l  10:05 am 0.02 P a s s  
l0 :07 am 6.34 F a i l  10:39 am 0.02 Pass  
10:41 am 1.54 P a s s  10:58 am 3.03 F a i l  

P o s t - t e s t  12:45 pm 6.20 F a i l  11:40 am 0.01 P a s s  

* Tes ted  on p r e v i o u s  evening 



Vehic le  E x c l u s i o n s  - The e f f e c t  o f  exc lud ing  v e h i c l e s  from t h e  e m i s s i o n s  

i n s p e c t i o n  program o v e r  t h e  p a s t  f i v e  y e a r s  i s  u n c e r t a i n .  A i r  q u a l i t y  

p l a n n e r s  p r o j e c t  t h a t  exc lud ing  o l d e r  v e h i c l e s  w i l l  i n c r e a s e  i n  

s i g n i f i c a n c e  i n  f u t u r e  y e a r s .  I n  a d d i t i o n ,  o u t - o f - s t a t e  v e h i c l e s  d r i v e n  

by w i n t e r  r e s i d e n t s  may c o n t r i b u t e  t o  t h e  l a c k  of program e f f e c t i v e n e s s .  

Although o l d e r  v e h i c l e s  have n o t  been t h e  s o u r c e  of a  s i g n i f i c a n t  

p r o p o r t i o n  of ca rbon  monoxide emiss ions  i n  r e c e n t  y e a r s ,  p l a n n e r s  e x p e c t  

t h e i r  s i g n i f i c a n c e  t o  i n c r e a s e .  The VEI Program exc ludes  v e h i c l e s  more 

t h a n  13 y e a r s  o l d .  Because e m i s s i o n s  from o l d e r  v e h i c l e s  a r e  l i k e l y  t o  be  

more s i g n i f i c a n t  i n  f u t u r e  y e a r s ,  t h e  Maricopa A s s o c i a t i o n  of Governments 

i s  recommending t h a t  t h e  VEI Program i n c l u d e  a l l  v e h i c l e s  manufactured 

a f t e r  1969. 

Out-of-s ta te  v e h i c l e s  d r i v e n  by v i s i t o r s  f o r  extended p e r i o d s  d u r i n g  t h e  

w i n t e r  months may a l s o  c o n t r i b u t e  t o  ca rbon  monoxide problems i n  Phoenix 

and Tucson. T h e i r  impact i s  unknown and no i n f o r m a t i o n  on  t h e i r  numbers 

o r  emiss ions  i s  a v a i l a b l e .  However, b o t h  t r a f f i c  volume and t h e  number of 

ca rbon  monoxide v i o l a t i o n s  i n c r e a s e  i n  Maricopa County d u r i n g  t h e  w i n t e r  

months when t h e s e  v i s i t o r s  a r e  i n  r e s i d e n c e .  

Improving VEI Program 
E f f e c t i v e n e s s  

The p o t e n t i a l  f o r  improving VEI Program e f f e c t i v e n e s s  by a d d r e s s i n g  t h e  

above problems i s  n o t  c e r t a i n .  Br ing ing  o l d e r  v e h i c l e s  i n t o  t h e  program 

can  b e  r e a d i l y  achieved a l though  t h e  impact i s  u n c l e a r .  O t h e r  problems may 

b e  imposs ib le  t o  a d d r e s s  e f f e c t i v e l y .  

MAG and DHS have t a k e n  a c t i o n  t o  i n c l u d e  o l d e r  v e h i c l e s .  Expanding t h e  

program t o  i n c l u d e  o l d e r  v e h i c l e s  would r e s u l t  i n  a  p r o j e c t e d  d rop  i n  

emiss ions .  However, t h e  r e l a t i v e  impact o f  t h i s  a c t i o n  depends on 

c o n t i n u a t i o n  o f  F e d e r a l  new c a r  emiss ions  s t a n d a r d s  which a r e  under  review 

by t h e  U.S. Congress.  No d a t a  i n d i c a t e  t h e  e x t e n t  t o  which t h e s e  changes  

w i l l  a f f e c t  ca rbon  monoxide l e v e l s .  



Problems such a s  t h e  v a r i a b i l i t y  of automotive  emiss ions ,  c i rcumvent ion  

and t h e  impact of w i n t e r  v i s i t o r s  w i l l  be more d i f f i c u l t ,  i f  n o t  

imposs ib le ,  t o  address .  The v a r i a b i l i t y  o f  v e h i c l e  emiss ions  means t h a t  

even v e h i c l e s  p a s s i n g  t h e  i n s p e c t i o n  may c o n t i n u e  t o  c o n t r i b u t e  t o  a i r  

p o l l u t i o n .  E f f e c t i v e l y  reduc ing  c i rcumvent ion would r e q u i r e  s t r i c t e r  

c o n t r o l  of m o t o r i s t  and mechanic behav ior .  V i o l a t i o n s  may be  v i r t u a l l y  

imposs ib le  t o  d e t e c t  wi thou t  u s e  of unaccep tab le ,  i n t r u s i v e  methods. 

F i n a l l y ,  c o n t r o l l i n g  emiss ions  from o u t - o f - s t a t e  v e h i c l e s  would be  

i m p r a c t i c a l .  

CONCLUSION 

The Arizona Vehic le  Emiss ions  I n s p e c t i o n  Program h a s  n o t  been e f f e c t i v e  i n  

reduc ing  ca rbon  monoxide l e v e l s  i n  Phoenix and Tucson and may n o t  be  a  

r e l i a b l e  s t r a t e g y  f o r  meet ing t h e  1987 F e d e r a l  a i r  q u a l i t y  s t a n d a r d s .  

Although s e v e r a l  problems and f a c t o r s  a s s o c i a t e d  w i t h  t h e  Program may 

account  f o r  i t s  i n e f f e c t i v e n e s s ,  we do n o t  know f o r  c e r t a i n  why i t  i s  

i n e f f e c t i v e .  Thus, t h e  e f f e c t  o f  any p o l i c y  o r  program changes i n  t h e s e  

a r e a s  i s  a l s o  unknown. A s  a  r e s u l t ,  Arizona needs  t o  develop a l t e r n a t i v e s  

t o  t h e  VEI Program f o r  reduc ing  automotive  p o l l u t a n t s .  

1. Unless  a d d i t i o n a l  r e s e a r c h  i d e n t i f i e s  f e a s i b l e  a l t e r n a t i v e s ,  i f  any,  

f o r  a n  e f f e c t i v e  VEI Program, DHS should o p e r a t e  t h e  Program o n l y  a s  

necessa ry  t o  avoid  i m p o s i t i o n  o f  F e d e r a l  s a n c t i o n s .  Any program 

changes should be  r i g o r o u s l y  and independen t ly  e v a l u a t e d  b e f o r e  being 

implemented. 

2 .  I n  t h e  absence o f  a n  e f f e c t i v e  VEI Program, DHS and A r i z o n a ' s  r e g i o n a l  

a i r  q u a l i t y  p lann ing  a g e n c i e s  shou ld  develop and e v a l u a t e  a l t e r n a t e  

s t r a t e g i e s  f o r  reducing motor v e h i c l e  p o l l u t i o n .  

3 .  The L e g i s l a t u r e  should c o n s i d e r  p e t i t i o n i n g  t h e  U.S. Congress t o  

rev iew t h e  a p p r o p r i a t e n e s s  o f  t h e  F e d e r a l  r equ i rements  f o r  emiss ions  

t e s t i n g  i n  l i g h t  o f  t h e  f i n d i n g s  i n  t h i s  r e p o r t  and t h e  a l t e r n a t e  

s t r a t e g i e s  f o r  reducing a i r  p o l l u t i o n  developed by DHS. 



FINDING I1 

THE VEHICLE EMISSIONS INSPECTION PROGRAlV BOUNDARIES DO NOT EFFECTIVELY 

ADDRESS AUTOMOTIVE AIR POLLUTION PROBLEMS I N  PIYA COUNTY. 

The Vehic le  Emiss ions  I n s p e c t  i o n  (VEI) Program boundar ies  a r e  n o t  

a p p r o p r i a t e  i n  t h e  Tucson a r e a .  The c u r r e n t  boundar ies  a r e  l a r g e r  t h a n  

n e c e s s a r y  t o  c o n t r o l  t h e  e x i s t i n g  ca rbon  monoxide problem. However, t h e  

program boundar ies  do n o t  i n c l u d e  a l l  a r e a s  which may be  r e q u i r e d  t o  

c o n t r o l  f u t u r e  ozone p o l l u t i o n .  

Es tab l i shment  of Nonattainment Area Boundar ies  

The VEI Program c o v e r s  t h e  Pima County nona t ta inment  a r e a  (NU) f o r  ca rbon  

monoxide ( ~ 0 ) .  The Clean A i r  Act r e q u i r e s  t h a t  each s t a t e  d e s i g n a t e  such 

a r e a s  wherever a i r  q u a l i t y  does  n o t  meet F e d e r a l  s t a n d a r d s .  NAAs must 

encompass t h e  a r e a s  where v i o l a t i o n s  o c c u r  and b e  s u f f i c i e n t l y  l a r g e  t o  

a d e q u a t e l y  a d d r e s s  t h e  s o u r c e  of t h e  problem. Tucson exceeds  a i r  q u a l i t y  

s t a n d a r d s  f o r  ca rbon  monoxide and,  a s  a  r e s u l t ,  comes under t h e s e  

requirements .  

The Pima A s s o c i a t i o n  of Governments (PAG), working i n  c o n j u n c t i o n  w i t h  t h e  

Department o f  H e a l t h  S e r v i c e s  (DHS),  d e s i g n a t e d  t h e  NAA i n  1978 based on 

t h e  concept  of a n  a i r  shed.  The h i g h  mountain r i d g e s  su r rounding  Tucson 

d e f i n e  a n  a i r  shed which i s  t h e  b a s i s  f o r  t h e  Pima County NAA. An a i r  

shed i s  a n  a r e a  i n  which a i r  p o l l u t a n t s  mix b u t  cannot  escape  i n  t h e  

absence of a  major  weather  f r o n t .  Thus,  t h e  a i r  shed i s  in tended  t o  

p r o v i d e  t h e  b a s i s  f o r  area-wide a i r  q u a l i t y  management. 



The one e x c e p t i o n  t o  t h e  a i r  shed approach i s  t h e  Town o f  Marana which 

r e q u e s t e d  t o  b e  excluded from t h e  NAA on  t h e  grounds t h a t  t h e  town had no 

a i r  q u a l i t y  v i o l a t i o n s .  C i t i n g  r e p o r t s  t h a t  Marana showed no ozone 

v i o l a t i o n s ,  PAG approved t h i s  exclus ion.*  DHS concur red  and t h e  

Environmental  P r o t e c t i o n  Agency (EPA) approved t h e  nona t ta inment  a r e a  

boundar ies  i n  1979. EPA based i t s  approva l  on  t h e  f a c t  t h a t  1 )  t h e  

ca rbon  monoxide NAA encompassed t h e  a r e a s  where ca rbon  monoxide v i o l a t i o n s  

o c c u r r e d  and 2 )  no d a t a  supported i n c l u d i n g  Marana i n  t h e  ozone a r e a .  

Pima NAA Boundar ies  Are L a r g e r  Than 
Needed t o  Cont ro l  Carbon Monoxide i n  Tucson 

The Pima NAA i s  l a r g e r  t h a n  n e c e s s a r y  t o  a d d r e s s  ca rbon  monoxide problems 

i n  Tucson. Carbon monoxide p o l l u t i o n  i s  r e l a t i v e l y  i s o l a t e d  i n  Tucson, 

caused l a r g e l y  by commuter t r a f f i c .  However, t h e  NAA encompasses a n  

e x t e n s i v e  a r e a ,  a lmost  h a l f  of which does  n o t  c o n t r i b u t e  t o  ~ u c s o n ' s  

commuter t r a f f i c .  

Carbon monoxide p o l l u t i o n  i s  l i m i t e d  t o  a  smal l  a r e a  of Tucson. V i o l a t i o n  

of F e d e r a l  ca rbon  monoxide s t a n d a r d s  o c c u r r e d  a t  o n l y  one of t h e  t h r e e  

moni to r s  i n  t h e  c i t y  d u r i n g  1980. Two m o n i t o r s  recorded  v i o l a t i o n s  i n  

1981. These moni to r s  a r e  l o c a t e d  a t  i n t e r s e c t i o n s  which e x p e r i e n c e  t h e  

h e a v i e s t  t r a f f i c  flow. Thus, t h e  ca rbon  monoxide problem in Tucson 

a p p e a r s  t o  b e  l a r g e l y  a  m a t t e r  of emiss ions  from commuter t r a f f i c  i n  

s p e c i f i c  p l a c e s  r a t h e r  t h a n  a  g e n e r a l  problem throughout  t h e  a i r  shed.  

Commuter t r a f f i c  t r a v e l s  i n t o  Tucson from o n l y  about  h a l f  of t h e  Pima 

County NAA--those a r e a s  w i t h i n  approximately  10 t o  20 m i l e s  of t h e  c e n t r a l  

c i t y  ( F i g u r e  1).  I n  c o n t r a s t ,  t h e  Maricopa NAA c o n s i s t s  almost e n t i r e l y  

of a r e a s  which c o n t r i b u t e  commuting t r a f f i c  t o  Phoenix.  Between 72 and 83  

p e r c e n t  o f  t h e  v e h i c l e  m i l e s  t r a v e l e d  i n  Pima County o c c u r s  w i t h i n  t h e  

u rban ized  p o r t i o n  of t h e  county.  Thus, t o  t h e  e x t e n t  t h a t  any program i s  

e f f e c t i v e ,  c o n t r o l  of ca rbon  monoxide p o l l u t i o n  i n  Tucson probably  can  be 

ach ieved  w i t h  s m a l l e r  V E I  Program boundar ies  t h a n  a r e  p r e s e n t l y  i n  e f f e c t .  

* A t  t h e  t ime  t h e  nonat ta inment  a r e a  was d e f i n e d ,  Tucson exceeded 
s t a n d a r d s  f o r  b o t h  ozone and carbon monoxide. 
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Our a n a l y s i s  i n d i c a t e s  t h a t  o u t l y i n g  a r e a s  c a n  b e  excluded from t h e  NAA 

wi thou t  a f f e c t i n g  ca rbon  monoxide p o l l u t i o n  i n  Tucson. Thus, exc lud ing  

t h e  Town of  Marana i s  a p p r o p r i a t e .  To be  c o n s i s t e n t ,  however, o t h e r  

o u t l y i n g  a r e a s  should b e  removed from t h e  ca rbon  monoxide nonat ta inment  

a r e a  i f  t h e y  do n o t  g e n e r a t e  commuter t r a f f i c .  Two a r e a s ,  Green Val ley  

and Oro V a l l e y ,  r e q u e s t e d  e x c l u s i o n  i n  1979. Although PAG d i r e c t e d  i t s  

s t a f f  t o  i n v e s t i g a t e  such a c t i o n ,  t h e  d a t a  r e q u i r e d  by EPA were n o t  

a v a i l a b l e  t o  suppor t  e x c l u s i o n .  However, EPA now o n l y  r e q u i r e s  t h a t  an  

a r e a  demons t ra te  by any means t h a t  no problem e x i s t s .  Our a n a l y s i s  

s u g g e s t s  t h a t  Green Val ley  c o n t r i b u t e s  l i t t l e  t o  t h e  ca rbon  monoxide 

problem i n  Tucson. Consequently,  exc lud ing  Green V a l l e y  would p robab ly  

n o t  a d v e r s e l y  a f f e c t  t h e  problem. Oro Val ley ,  on  t h e  o t h e r  hand, l i e s  

w i t h i n  t h e  commuting r a d i u s  and,  t h u s ,  c o n t r i b u t e s  t o  Tucson ' s  ca rbon  

monoxide problem. 

Larger  Boundar ies  May Be Required 
t o  E f f e c t i v e l y  Cont ro l  Ozone 

If e f f e c t i v e  c o n t r o l  o f  ozone c a n  be  accomplished through t h e  V E I  Program, 

i t  may r e q u i r e  a n  area-wide V E I  Program. Because ozone o c c u r s  and spreads  

throughout  t h e  a i r  b a s i n ,  t h e  more c i rcumscr ibed  a r e a  which would 

e f f e c t i v e l y  c o n t r o l  ca rbon  monoxide may n o t  a l l e v i a t e  ozone p o l l u t i o n .  I f  

ozone c o n t r o l  r e q u i r e s  a  l a r g e r  a r e a ,  t h e n  no o u t l y i n g  a r e a s  should b e  

excluded from t h e  emiss ions  i n s p e c t i o n  program. However, e f f e c t i v e  

c o n t r o l  of ozone through t h e  e x i s t i n g  VEI Program may n o t  be  f e a s i b l e .  

Although Pima County i s  n o t  c u r r e n t l y  a  nona t ta inment  a r e a  f o r  ozone, 

h e a l t h  o f f i c i a l s  i n d i c a t e  t h a t  t h e  problem i s  growing and may r e q u i r e  

a t t e n t i o n  i n  coming y e a r s .  Unl ike  carbon monoxide, ozone i s  an  area-wide 

problem because  i t  forms i n  t h e  upper  atmosphere and s p r e a d s  w i t h  t h e  

p r e v a i l i n g  winds. S i n c e  t h e  Pima County NAA i s  a  wel l -def ined a i r  shed,  

t h i s  mass o f  a i r  may s t a y  i n  t h e  a r e a  f o r  s e v e r a l  days  u n t i l  a  major  

weather  f r o n t  pushes i t  o u t .  To t h e  e x t e n t  t h a t  any emiss ions  i n s p e c t i o n  

program i s  e f f e c t i v e ,  c o n t r o l  o f  ozone may r e q u i r e  i n c l u d i n g  a l l  v e h i c l e s *  

i n  t h e  a i r  shed i n  t h e  VEI Program. 

A l l  v e h i c l e s  means t h o s e  r e q u i r e d  by law t o  undergo emiss ions  t e s t s .  
Cur ren t  law r e q u i r e s  gasoline-powered v e h i c l e s  l e s s  t h a n  14 y e a r s  o l d  
t o  be t e s t e d .  



The e x t e n t  t o  which e f f e c t i v e  c o n t r o l  of ozone r e q u i r e s  a n  a r e a  l a r g e r  

t h a n  needed f o r  ca rbon  monoxide p o l l u t i o n  c o n t r o l  depends on t h e  e x t e n t  t o  

which nonurban a r e a s  c o n t r i b u t e  t h e  p r e c u r s o r s  o f  ozone--hydrocarbons ( H C )  

and n i t r o u s  o x i d e s  (NOx)--to t h e  atmosphere.  These o u t l y i n g  a r e a s  

account f o r  between approx imate ly  17 and 28  p e r c e n t  of v e h i c l e  m i l e s  

t r a v e l e d  i n  t h e  NAA. PAG and DHS need t o  a n a l y z e  c a r e f u l l y  t h e  n a t u r e  of 

ozone p o l l u t i o n  i n  t h e  a r e a  t o  de te rmine  i f  nonurban v e h i c l e  t r a v e l  

c o n t r i b u t e s  s i g n i f i c a n t l y  t o  t h e  ozone problem i n  t h e  a r e a .  I f  nonurban 

v e h i c l e s  a r e  s i g n i f i c a n t  c o n t r i b u t o r s ,  t h e n  t h e  NAA boundary should b e  

changed t o  i n c l u d e  Marana. Although no one a r e a  i s  l i k e l y  t o  show 

s i g n i f i c a n t  impact on a i r  q u a l i t y ,  a  f i n d i n g  t h a t  t h e  o v e r a l l  nonurban 

c o n t r i b u t i o n  i s  s i g n i f i c a n t  would p r o v i d e  no b a s i s  f o r  exc lud ing  any 

o u t l y i n g  a r e a .  I f  t h e  nonurban c o n t r i b u t i o n  i s  n o t  s i g n i f i c a n t ,  t h e n  PAG 

should c o n s i d e r  reduc ing  t h e  s i z e  of t h e  NAA t o  exc lude  a l l  o u t l y i n g  a r e a s .  

I n  a l l  d e c i s i o n s  on t h e  NAA boundar ies ,  however, DHS and PAG should  

c o n s i d e r  t h a t  e f f e c t i v e  c o n t r o l  of ozone may n o t  be  p o s s i b l e  through t h e  

e x i s t i n g  VEI Program, r e g a r d l e s s  of i t s  boundar ies ,  because  of t h e  

f o l l o w i n g  r e a s o n s :  

1. A v a i l a b l e  d a t a  i n d i c a t e  t h e  VEI Program h a s  n o t  had a n  impact on 

ca rbon  monoxide l e v e l s  ( s e e  F ind ing  I ) .  Thus, f a c t o r s  which 

l i m i t  t h e  Program's  e f f e c t  on ca rbon  monoxide may a l s o  a f f e c t  i t s  

impact on ozone. 

2.  Some h e a l t h  o f f i c i a l s  i n d i c a t e  t h a t  n i t r o u s  o x i d e s ,  which a r e  n o t  

c o n t r o l l e d  by t h e  VEI Program, may have more impact on ozone t h a n  

hydrocarbons.  S i n c e  t h e  V E I  Program h a s  been i n  e f f e c t  

hydrocarbon l e v e l s  have d e c r e a s e d ,  b u t  n i t r o u s  o x i d e s  and ozone 

l e v e l s  have r i s e n  a t  t h e  r a t e  o f  4 t o  5 p e r c e n t  a n n u a l l y  i n  Pima 

County. 

3 .  Few v e h i c l e s  f a i l  emiss ions  t e s t s  f o r  hydrocarbon l e v e l s .  Only 

20 p e r c e n t  of 200,000 t e s t  f a i l u r e s  i n v o l v e  hydrocarbons.  The 

remaining f a i l u r e s  i n v o l v e  ca rbon  monoxide on ly .  



CONCLUSION 

The Pima County NAA boundar ies  do n o t  p r o v i d e  a n  a p p r o p r i a t e  b a s i s  f o r  

a d d r e s s i n g  c u r r e n t  and p o t e n t i a l  a i r  q u a l i t y  problems caused by motor 

v e h i c l e  emiss ions  i n  t h e  Tucson a r e a .  Depending on t h e  n a t u r e  o f  t h e  

p o l l u t i o n  problem, t h e  boundar ies  a r e  e i t h e r  t o o  l a r g e  o r  t o o  smal l  f o r  a n  

e f f e c t i v e  VEI Program. However, o t h e r  f a c t o r s  sugges t  t h a t  t h e  e x i s t i n g  

VEI Program may n o t  e f f e c t i v e l y  reduce ozone, r e g a r d l e s s  of i t s  boundar ies .  

RECOMMENDATIONS 

1. The Pima A s s o c i a t i o n  of Governments and Department of Hea l th  S e r v i c e s  

shou ld  a n a l y z e  t h e  n a t u r e  and s o u r c e s  of automotive  p o l l u t i o n  i n  t h e  

Tucson a i r  shed t o  de te rmine  t h e  most e f f e c t i v e  a r e a  f o r  c o n t r o l l i n g  

c u r r e n t  and a n t i c i p a t e d  a i r  q u a l i t y  problems. I n  e v a l u a t i n g  t h e  

optimum s i z e  f o r  t h e  nona t ta inment  a r e a ,  PAG and DHS should a l s o  

c o n s i d e r  t h e  a b i l i t y  o f  t h e  e x i s t i n g  VEI Program t o  e f f e c t i v e l y  

c o n t r o l  ozone. 

2 .  Based on t h e  r e s u l t s  of t h e  a n a l y s i s  recommended above,  PAG and DHS 

should  a d j u s t  t h e  nona t ta inment  a r e a  boundar ies  t o  e i t h e r  a )  i n c l u d e  

a l l  a r e a s  which c o n t r i b u t e  t o  Tucson ' s  c u r r e n t  and p o t e n t i a l  

automotive  a i r  p o l l u t i o n  o r  b)  exclude t h o s e  a r e a s  which do n o t .  



FINDING I11 

THE BUREAU OF VEHICULAR EMISSIONS INSPECTION CAN SAVE $121,700 I N  STATE 

AND FEDERAL FUNDS ANNUALLY BY ELIMINATING AIR/FUEL WAIVERS. 

The a i r / f u e l  waiver p rov i s ion  of Ar izona ' s  Vehicle  Emissions In spec t ion  

Program i s  not  c o s t  e f f e c t i v e .  Although s t a t u t e s  r e q u i r e  t h e  Department 

of Heal th  Se rv i ce s  (DHS), Bureau of  Vehicular  Emissions Inspec t i o n  (BVEI 

o r  Bureau) t o  i s s u e  a i r / f u e l  waivers ,  l e s s  than  2  percent  of t h e  m o t o r i s t s  

use  t h i s  s e rv i ce .  The Bureau could save an  es t imated  $89,500 i n  S t a t e  

funds and $32,300 i n  Federa l  funds annual ly  by e l imina t ing  t h e  a i r / f u e l  

waiver program. While t h e  Bureau main ta ins  t h a t  such a  change would l i m i t  

i t s  a u t h o r i t y  t o  r e g u l a t e  t h e  r e p a i r  i ndus t ry ,  t h e r e  i s  no i n d i c a t i o n  t h a t  

c u r r e n t  s t a t u t o r y  p rov i s ions  intended t o  g i v e  t h e  Bureau such broad 

r egu la to ry  powers. 

S t a t u t o r y  Provis ions  
f o r  Ai r /Fue l  Waivers 

A s  a  s e r v i c e  t o  m o t o r i s t s ,  S t a t e  law r equ i r e s  t h e  Bureau t o  i s s u e  a i r / f u e l  

waivers  f o r  veh i c l e s  f a i l i n g  t h e  emissions i n spec t ion  t e s t  f o r  carbon 

monoxide (GO) only. Arizona Revised S t a t u t e s  (A.R.S.) $36-1772.E. s t a t e s :  

"Vehicles which f a i l  t h e  curb  i d l e  t e s t  s o l e l y  because 
of a i r  gas  mixture  a r e  e n t i t l e d  t o  a  c e r t i f i c a t e  of 
waiver upon c o r r e c t i o n  of  t h e  problem, a f t e r  having 
furn ished  s a t i s f a c t o r y  evidence of c o r r e c t i o n  t o  t h e  
d i r e c t o r  on a  form t o  be  p re sc r ibed  by t h e  d i r ec to r . ' '  

To comply wi th  A.R.S. $36-1772.E., t h e  Bureau r e q u i r e s  a i r / f u e l  waiver 

a p p l i c a n t s  t o  r e p a i r  t h e  v e h i c l e s  a t  State-approved f a c i l i t i e s  and t o  have 

t h e  waiver form signed by a S t a t e - c e r t i f i e d  mechanic. To p a r t i c i p a t e  i n  

t h e  program, r e p a i r  f a c i l i t i e s  must r e g i s t e r  t h e i r  ana lyzers  w i th  t h e  

Bureau and employ a t  l e a s t  one automotive t e c h n i c i a n  c e r t i f i e d  by t h e  

Bureau. The Bureau i n s p e c t s  r e g i s t e r e d  ana lyze r s  p e r i o d i c a l l y  and t r a i n s  

mechanics p r i o r  t o  i s su ing  c e r t i f i c a t i o n .  



Carbon monoxide emiss ions  o r  f a u l t y  a i r / £  u e l  m i x t u r e  i s  t h e  most common 

c a u s e  f o r  f a i l i n g  emiss ions  i n s p e c t i o n .  The Bureau i n s p e c t s  o v e r  1.2 

m i l l i o n  v e h i c l e s  a n n u a l l y  of which approximately  160,000 f a i l  t h e  t e s t  

s o l e l y  due  t o  ca rbon  monoxide problems.* These v e h i c l e  owners a r e  

e l i g i b l e  t o  seek  an  a i r / f u e l  waiver.  

Most E l i g i b l e  M o t o r i s t s  Do Not 
Use t h e  A i r / F u e l  Waiver Program 

Although most m o t o r i s t s  whose v e h i c l e s  f a i l  t h e  emiss ions  t e s t s  a r e  

e l i g i b l e  t o  apply  f o r  a n  a i r / f u e l  wa iver ,  t h e  overwhelming m a j o r i t y  simply 

r e t u r n  t h e i r  v e h i c l e s  t o  a  S t a t e  s t a t i o n  f o r  a  f r e e  re tes t .** Compared t o  

t h e  r e t e s t ,  o b t a i n i n g  a n  a i r l f u e l  waiver  i s  a  compl ica ted ,  l eng thy  

procedure .  

Only 2,400 ( o r  1.5 p e r c e n t )  o f  t h e  160,000 m o t o r i s t s  e l i g i b l e  t o  app ly  f o r  

a i r / f u e l  wa ivers  u t i l i z e d  t h e  waiver  p rocedure  d u r i n g  f i s c a l  y e a r  

1981-82. I n s t e a d  t h e  v a s t  m a j o r i t y  (up t o  98 p e r c e n t )  of e l i g i b l e  

m o t o r i s t s  r e t u r n e d  t o  t h e  i n s p e c t i o n  s t a t i o n  f o r  a  f r e e  r e t e s t .  According 

t o  BVEI, t h e  low u t i l i z a t i o n  i n  f i s c a l  y e a r  1981-82 i s  t y p i c a l  of most 

y e a r s .  

The a i r l f u e l  waiver  procedure  i s  more complicated and c o s t l y  t h a n  t h e  f r e e  

r e t e s t .  The f r e e  r e t e s t  i s  s imple  and conven ien t .  M o t o r i s t s  have r e p a i r s  

made a t  f a c i l i t i e s  o f  t h e i r  own c h o i c e  and t h e n  t a k e  t h e  f r e e  r e t e s t  a t  

t h e  i n s p e c t i o n  s t a t i o n s .  To o b t a i n  a  waiver ,  however, t h e  Bureau r e q u i r e s  

a p p l i c a n t s  t o  1 )  r e p a i r  t h e  v e h i c l e s  a t  Sta te-approved f a c i l i t i e s ,  2 )  have 

completed forms s igned  by a  S t a t e - c e r t i f i e d  mechanic,  3 )  pay b 1  f o r  t h e  

c e r t i f i c a t e  i n  a d d i t i o n  t o  t h e  $5.44 p a i d  f o r  t h e  i n i t i a l  t e s t ,  and 4 )  

m a i l  t h e  forms t o  t h e  Bureau ' s  c e n t r a l  o f f i c e .  M o t o r i s t s  may n o t  have 

t ime  t o  m a i l  t h e  forms r e q u e s t i n g  t h e  waiver  t o  t h e  Bureau e s p e c i a l l y  i f  

it i s  c l o s e  t o  t h e  v e h i c l e ' s  r e - r e g i s t r a t i o n  d e a d l i n e .  Thus, p r o v i d i n g  

a i r / f u e l  wa ivers  a s  a n  a l t e r n a t i v e  t o  t h e  f r e e  r e t e s t  a t  t h e  i n s p e c t i o n  

s t a t i o n s  has  o n l y  marg ina l  b e n e f i t s  f o r  m o t o r i s t s .  

* An a d d i t i o n a l  40,000 v e h i c l e s  f a i l  bo th  t h e  CO and hydrocarbon ( H C )  
t e s t s .  

-9- ,. ,. Under t h e  terms of t h e  c u r r e n t  c o n t r a c t  w i t h  Hamilton T e s t  Systems, a  

m o t o r i s t  whose v e h i c l e  f a i l e d  t h e  f i r s t  t e s t  c a n  have a  r e t e s t  a t  no 
a d d i t i o n a l  charge.  



A i r / F u e l  Waiver Program I s  C o s t l y  

The c o s t  of a d m i n i s t e r i n g  t h e  a i r l f u e l  wa iver  program i s  s u b s t a n t i a l  and 

n o t  suppor ted  by f e e s  charged.  The e s t i m a t e d  annua l  c o s t  f o r  p r o c e s s i n g  

2,400 a i r l f u e l  waivers  i s  $147,000, o r  19 p e r c e n t  of t h e  Bureau 's  budge t ,  

w h i l e  t h e  income from t h e  $ 1  f e e  charged f o r  each waiver  i s  about $2,400- 

The waivers  do n o t  g e n e r a t e  s u f f i c i e n t  income t o  reasonab ly  cover  t h e  

a d m i n i s t r a t i v e  c o s t s .  Thus, $144,600 of t h e  wa iver  s e r v i c e ' s  

a d m i n i s t r a t i v e  expenses  a r e  s u b s i d i z e d  by o t h e r  funding sources .*  

I n c r e a s i n g  t h e  f e e  charged f o r  t h e  wa iver ,  however, i s  n o t  a  f e a s i b l e  

s o l u t i o n  s i n c e  t h e  c u r r e n t  c o s t  i s  $61 p e r  waiver .  

The a i r l f u e l  waiver  s e r v i c e ' s  a d m i n i s t r a t i v e  c o s t s  i n c l u d e  i n s p e c t i o n  o f  

r e g i s t e r e d  a n a l y z e r s  i n  r e p a i r  f a c i l i t i e s ,  y e a r l y  c e r t i f i c a t i o n  of 

mechanics,  t r a i n i n g ,  c l e r i c a l ,  t r a v e l  and equipment expenses.  Tab le  3  

g i v e s  t h e  c o s t  breakdown f o r  work a c t i v i t i e s  r e l a t e d  t o  p r o c e s s i n g  2,400 

a i r l f u e l  waivers .  

TABLE 3  

AIRIFUEL WAIVERS PROCESSING COST, 
FISCAL YEAR 1982-83 

ITEM 

Personne 1 : 
I n s p e c t o r s  
T r a i n e r s  
A d m i n i s t r a t i v e  

( A s s t .  Bureau c h i e f )  
C l e r i c a l  

Employee r e l a t e d  
Opera t ing  overhead 
Vehic les  ( t r a v e l )  
C a l i b r a t i n g  g a s  

T o t a l  

ANNUAL COST 

* Of t h e  $144,600, $112,400 a r e  General  Fund a p p r o p r i a t i o n s  and $32,200 
a r e  F e d e r a l  funds .  



E l i m i n a t i n g  t h e  A i r / F u e l  Waiver 
Program Would Save $121,700 

BVEI cou ld  save  approximately  $89,500 i n  S t a t e  funds  and $32,200 i n  

F e d e r a l  funds  i f  S t a t e  law d i d  n o t  r e q u i r e  a i r l f u e l  wa ivers .  Without t h i s  

requirement  t h e  Bureau would n o t  need t o  m a i n t a i n  s u r v e i l l a n c e  o v e r  

p r i v a t e  r e p a i r  f a c i l i t i e s .  

S i n c e  t h e  waiver  program i s  of  m a r g i n a l  b e n e f i t  t o  m o t o r i s t s ,  t h e  Bureau 

cou ld  s a v e  approx imate ly  $121,700 i n  S t a t e  and F e d e r a l  funds  a n n u a l l y  by 

e l i m i n a t i n g  t h e  program. C u r r e n t l y ,  t h e  Bureau h a s  700 r e g i s t e r e d  

a n a l y z e r s  i n  r e p a i r  f a c i l i t i e s  and 800 c e r t i f i e d  mechanics employed by 

t h e s e  f a c i l i t i e s . *  The Bureau i n s p e c t s  a n a l y z e r s  and t r a i n s  mechanics f o r  

c e r t i f i c a t i o n .  The Bureau c a n  e l i m i n a t e  t h e  requ i rements  f o r  r e g i s t e r e d  

a n a l y z e r s  and c e r t i f i e d  mechanics i n  r e p a i r  f a c i l i t i e s  i f  t h e  s t a t u t e s  d i d  

n o t  r e q u i r e  a i r / f u e l  wa ivers .  As T a b l e  4  i n d i c a t e s ,  t h i s  would save 

$121,700 i n  S t a t e  and F e d e r a l  funds  o r  16 p e r c e n t  of t h e  Bureau ' s  f i s c a l  

y e a r  1982-83 budget.  

* The Bureau a l s o  h a s  approximately  400 r e g i s t e r e d  a n a l y z e r s  f o r  f l e e t  
o p e r a t i o n s  and c e r t i f i e s  765 mechanics who i n s p e c t  f l e e t  v e h i c l e s .  The 
c o s t  s a v i n g s  p r o j e c t i o n  i s  f o r  a i r / f u e l  wa ivers  p rocedures  only  and d o e s  

(I 

n o t  reduce i n s p e c t i o n  and t r a i n i n g  f o r  f l e e t  o p e r a t i o n s  and f o r  t h e  
Hamilton i n s p e c t i o n  s t a t i o n s .  



TABLE 4 

ITEM 

PKOJECTED ANNUAL SAVINGS 
BY ELIMINATING AIRIFUEL WAIVERS* 

S t a t e  funds :  -- 
P e r s o n a l  S e r v i c e s  - 

Inspec  t o r s  
C l e r i c a l  

Employee-related 
e x p e n d i t u r e s  

Opera t ing  overhead 
expenses  

V e h i c l e s  ( t r a v e l )  
C a l i b r a t i n g  g a s  

S u b t o t a l  S t a t e  

Less  c u r r e n t  income 
Net S t a t e  s a v i n g s  

FTEs 

F e d e r a l  Funds: 
P e r s o n a l  S e r v i c e s  - 

T r a i n e r  1.0 
Employee-related 
Opera t ing  overhead - 

S u b t o t a l  F e d e r a l  1.0 - 

T o t a l :  A l l  Funds 4.0 - 

AMOUNT OF SAVINGS 

* Based on t h e  1982-83 budget 

By e l i m i n a t i n g  t h e  a i r / f u e l  wa ive r  program t h e  Bureau cou ld  reduce  i t s  

s t a f f  by f o u r  p o s i t i o n s :  2.5 i n s p e c t o r s ,  one  t r a i n e r  and .5 c l e r i c a l  

p o s i t i o n s .  The f o u r  FTEs' s a l a r i e s  and r e l a t e d  employee and o p e r a t i n g  

c o s t s  amounts t o  a  $112,800 annua l  r e d u c t i o n .  I n  a d d i t i o n ,  t h e  Bureau 

would s a v e  $11,300 i n  t r a v e l  and c a l i b r a t i n g  g a s  expenses .  The t o t a l  

r e d u c t i o n  would b e  $124,100. S i n c e  t h e  Bureau w i l l  n o t  r e c e i v e  t h e  $2,400 

annua l  income from t h e  wa ivers  f e e s ,  t h e  n e t  s a v i n g s  a r e  $121,700 i n  S t a t e  

and F e d e r a l  funds  a n n u a l l y  o r  1 6  p e r c e n t  of t h e  B u r e a u ' s  1982-83 budget .  



These s a v i n g s  do n o t  i n c l u d e  t h e  c o s t  o f  s t a f f  members who d e v o t e  on ly  a  

smal l  p o r t i o n  of t h e i r  t ime  t o  t h e  a i r l f u e l  waiver  f u n c t i o n  w h i l e  t h e  

$147,000 i s  based on  t o t a l  p r o c e s s i n g  c o s t .  Thus,  t h e  Bureau can 

implement t h e  sav ings  wi thou t  j e o p a r d i z i n g  o t h e r  f u n c t i o n s .  Moreover, t h e  

S t a t e  cou ld  s a v e  a t  l e a s t  $89,500 of General  Fund monies even i f  t h e  

f e d e r a l l y  sponsored t r a i n i n g  program i s  n o t  reduced i n  scope.  

Bureau May Be Exceeding 
L e g i s l a t i v e  I n t e n t  

Although a i r l f u e l  wa ivers  a r e  n o t  c o s t  e f f e c t i v e ,  t h e  Bureau h a s  n o t  

r e q u e s t e d  t h e  L e g i s l a t u r e  t o  a b o l i s h  t h e  s t a t u t o r y  requirement .  Ra ther ,  

t h e  Bureau u t i l i z e s  t h e  requirement  a s  a  t o o l  t o  r e g u l a t e  t h e  automobi le  

r e p a i r  i n d u s t r y  i n  g e n e r a l .  The Bureau c h i e f  s t a t e d  t h a t  t h e  purpose  of 

c e r t i f i c a t i o n  i s  t o  ensure  t h a t  mechanics a r e  t r a i n e d  t o  p r o p e r l y  r e p a i r  

a l l  v e h i c l e s  r a t h e r  t h a n  t o  s i g n  o f f  on  t h e  few a i r / f u e l  waivers .  

However, t h e r e  i s  no i n d i c a t i o n  t h a t  t h e  p r o v i s i o n s  o f  A.R.S. 536-1772.E. 

were meant t o  g i v e  t h e  Bureau such  broad r e g u l a t o r y  power o v e r  t h e  r e p a i r  

i n d u s t r y .  

CONCLUSION 

The Bureau cou ld  save  $89,500 i n  S t a t e  funds  and $32,200 i n  F e d e r a l  funds  

a n n u a l l y  i f  S t a t e  law d i d  n o t  r e q u i r e  a i r l f u e l  wa ivers .  Few m o t o r i s t s  use  

t h e  wa iver  p r o c e s s ,  which i s  c o s t l y .  E l i m i n a t i n g  t h e  a i r l f u e l  waivers  

w i l l  n o t  inconvenience t h e  ~ u b l i c .  C u r r e n t l y  o v e r  98 p e r c e n t  o f  those  

e l i g i b l e  f o r  a i r l f u e l  wa ivers  s imply r e t u r n  t o  t h e  i n s p e c t i o n  s t a t i o n  f o r  

a  f r e e  r e t e s t .  

RECOPDIE NDATIONS 

1. The L e g i s l a t u r e  should c o n s i d e r  amending A.R.S. 536-1772.E. t o  d e l e t e  

t h e  requirement  f o r  a n  a i r / f u e l  waiver  program. 



I f  t h e  L e g i s l a t u r e  d e l e t e s  t h e  a i r l f u e l  waiver requirement,  BVEI  

should : 

a. De le t e  i t s  admin i s t r a t i ve  r u l e s  and r e g u l a t i o n s  r e l a t i n g  t o  

a i r / f u e l  waivers and 

b. Review i t s  p o l i c i e s ,  procedures  and work a c t i v i t i e s  and 

e l i m i n a t e  those  func t ions  r e l a t e d  t o  a i r l f u e l  waivers.  The 

Bureau should r e v i s e  i t s  budget and reduce personnel  t o  r e f l e c t  

t h i s  program change. 



FINDING I V  

ALTHOUGH THE BUREAU OF VEHICULAR EMISSIONS INSPECTION AND THE CONTRACTOR 

HAVE INCREASED THE FREQUENCY OF EQUIPMENT CHECKS, ADDITIONAL CONTROLS ARE 

NEEDED TO ASSURE ACCURATE AND RELIABLE EMISSIONS TESTING. 

Both t h e  Bureau of Vehicu la r  Emiss ions  I n s p e c t i o n  (BvEI) and Hamilton T e s t  

Systems (FITS) have i n c r e a s e d  t h e  f requency  o f  equipment f i e l d  a u d i t s  a t  

i n s p e c t i o n  s t a t i o n s ;  however, a d d i t i o n a l  c o n t r o l s  a r e  needed t o  ensure  

a c c u r a t e  and r e l i a b l e  emiss ions  t e s t i n g .  S p e c i f i c a l l y ,  BVEI needs  t o  

1 )  improve management c o n t r o l  o v e r  i t s  f i e l d  a u d i t  program and 2 )  r e q u i r e  

HTS by c o n t r a c t  t o  conduct i n s p e c t i o n  s t a t i o n  f i e l d  a u d i t s .  I n  a d d i t i o n ,  

BVEI needs t o  conduct more t i m e l y  a u d i t s  of f l e e t  and r e g i s t e r e d  a n a l y z e r s  

i n  p r i v a t e  f a c i l i t i e s .  

Need f o r  Frequent  
Emiss ions  Eauioment Checks 

BVEI and Hamilton T e s t  Systems a s s u r e  t h e  accuracy  and r e l i a b i l i t y  of 

emiss ions  t e s t i n g  equipment by conduc t ing  p e r i o d i c  f i e l d  a u d i t s  a t  t h e  

v e h i c l e  emiss ions  i n s p e c t i o n  s t a t i o n s .  A f i e l d  a u d i t  i s  a n  i n s p e c t i o n  

which u s e s  a blend o f  g a s e s  o f  known p r o p o r t i o n s  t o  t e s t  t h e  a b i l i t y  of 

equipment t o  sample and a n a l y z e  emiss ions  a c c u r a t e l y .  I n  e f f e c t ,  a  f i e l d  

a u d i t  approximates  a c t u a l  emiss ions  t e s t  c o n d i t i o n s .  

HTS equipment i s  among t h e  b e s t  a v a i l a b l e  f o r  emiss ions  t e s t i n g ,  b u t  even 

t h e  most r e l i a b l e  equipment needs  t o  be  checked f r e q u e n t l y .  

A d m i n i s t r a t i v e  Rule  R-9-3-1025.A. r e q u i r e s  BVEI t o  conduct equipment 

checks  t w i c e  each month a t  each  o f  t h e  30 permanent t e s t  l a n e s  i n  Phoenix 

and Tucson.* 

* The mobi le  i n s p e c t i o n  s t a t i o n  i n  Green Val ley  i s  checked once each 
month. 



I n  a d d i t i o n ,  HTS h a s  e s t a b l i s h e d  i t s  own p o l i c i e s  c a l l i n g  f o r  two 

a d d i t i o n a l  BVEI-type f i e l d  a u d i t s  p e r  month. Thus, a  t o t a l  o f  f o u r  f i e l d  

a u d i t s  shou ld  be  conducted monthly a t  each t e s t  l a n e .  T h i s  f r equency  o f  

a u d i t i n g  i s  comparable t o  t h e  minimum requ i rements  i n  o t h e r  s t a t e s  w i t h  

c e n t r a l i z e d  programs. F o r  example, C a l i f o r n i a ,  which o p e r a t e s  a  

c e n t r a l i z e d  emiss ions  i n s p e c t i o n  program u s i n g  Hamilton equipment,  

r e p o r t e d  t h a t  f i e l d  i n s p e c t o r s  check s t a t i o n s  t h r e e  t o  f o u r  t i m e s  

monthly.  

F i e l d  a u d i t i n g  i s  n o t  t h e  s o l e  q u a l i t y  a s s u r a n c e  p rocedure .  The DHS-HTS 

c o n t r a c t  r e q u i r e s  HTS t o  c a l i b r a t e  a n a l y z e r s  p e r i o d i c a l l y .  C a l i b r a t i o n  

d i f f e r s  from f i e l d  a u d i t i n g  i n  t h a t  s e p a r a t e  t e s t  g a s e s  a r e  used f o r  each  

component o f  t h e  sys tem (e .g . ,  ca rbon  monoxide, hydrocarbons ) .  Although 

t h i s  p rocedure  does  n o t  t e s t  t h e  e n t i r e  s y s t e m ' s  a b i l i t y  t o  sample and 

a n a l y z e  t h e  combinat ion o f  g a s e s  i n  v e h i c l e  e x h a u s t s ,  c a l i b r a t i o n  does  

e n s u r e  t h a t  each  component a c c u r a t e l y  r e c o r d s  g a s  c o n c e n t r a t i o n s .  Audi to r  

Genera l  r ev iew o f  a  sample o f  HTS r e c o r d s  f o r  f i s c a l  y e a r  1981-82 shows 

t h e  c o n t r a c t o r  t o  b e  i n  compl iance  w i t h  c a l i b r a t i o n  requ i rements  o f  t h e  

c o n t r a c t .  

BVEI and HTS Did Not Conduct 
A p p r o p r i a t e  Number of  A u d i t s  

BVEI d i d  n o t  conduct  t h e  number of  i n s p e c t i o n  s t a t i o n  f i e l d  a u d i t s  

r e q u i r e d  by r e g u l a t i o n  d u r i n g  f i s c a l  y e a r  1981-82. F u r t h e r ,  HTS d i d  no t  

conduct  a l l  f i e l d  a u d i t s  r e q u i r e d  by i n t e r n a l  company p o l i c y .  

BVEI conducted o n l y  56 p e r c e n t  o f  r e q u i r e d  f i e l d  a u d i t s  i n  f i s c a l  y e a r  

1981-82. The Bureau d i d  n o t  conduct  r e q u i r e d  f i e l d  a u d i t s  from J u l y  1981 

t h r o u g h  March 1982. No f i e l d  a u d i t s  were conducted a t  a l l  d u r i n g  

February .  These f i e l d  a u d i t s  were n o t  conducted because  t h e  employee 

r e s p o n s i b l e  f o r  t h i s  f u n c t i o n  f a i l e d  t o  c a r r y  o u t  h i s  d u t i e s . *  B V E I  

management was unaware o f  t h i s  d e f i c i e n c y  u n t i l  a  q u a l i t y  a s s u r a n c e  t e c h n i -  

* The employee h a s  s i n c e  been t e rmina ted  from s e r v i c e .  



c i a n ,  who was n o t  r e s p o n s i b l e  f o r  i n s p e c t i o n  s t a t i o n  f i e l d  a u d i t s ,  

informed t h e  A s s i s t a n t  Bureau Chief of  t h e  problem. The Bureau began 

complying w i t h  i t s  r e g u l a t i o n  i n  A p r i l  1982 and s i n c e  t h e n  h a s  conducted 

v i r t u a l l y  a l l  r e q u i r e d  f i e l d  a u d i t s  o f  i n s p e c t i o n  s t a t i o n s .  

Hamilton T e s t  Systems a l s o  d i d  n o t  conduct  a l l  f i e l d  a u d i t s  r e q u i r e d  by 

i n t e r n a l  company p o l i c i e s  i n  f i s c a l  y e a r  1981-82. U n t i l  March 1982, HTS 

i n f o r m a l  p o l i c i e s  c a l l e d  f o r  one  monthly f i e l d  a u d i t  f o r  each  t e s t  l a n e .  

I n  A p r i l  1982, HTS f i e l d  a u d i t  p o l i c i e s  were r e v i s e d  t o  r e q u i r e  two such 

a u d i t s  p e r  month. HTS f a i l e d  t o  conduct  t h e  a u d i t s  because  t h e y  were 

u n c e r t a i n  a s  t o  t h e  s p e c i f i c  p r o c e d u r e s  t o  b e  used.  DHS had n o t  s u p p l i e d  

HTS w i t h  needed i n f o r m a t i o n  f o r  t e s t i n g  and HTS was i n  t h e  p r o c e s s  o f  

c o n v e r t i n g  from one equipment sys tem t o  a n o t h e r .  I n  a d d i t i o n ,  some t e s t  

r e s u l t s  were n o t  be ing  recorded .  L i k e  DHS, however, Hamilton h a s  complied 

w i t h  i t s  p o l i c i e s  s i n c e  A p r i l  1982. 

TABLE 5 

BVEI AND HTS STATE STATION AUDITS, 
FISCAL YEAR 1981-82 

1981 
J u l y  
August 
September 
October  
Novernbe r 
December 

1982 
January  
February  
March 
A p r i l  

May 
June  

T o t a l s  

DHS - HT S - 
Lanes Audi ted  Lanes Audi ted  

P e r c e n t  o f  P e r c e n t  of  
Number Requ i red  Number Required 



A d d i t i o n a l  C o n t r o l s  Are Needed 

Although BVEI and HTS have i n c r e a s e d  t h e  f requency  of t h e i r  equipment 

a u d i t s  a t  i n s p e c t i o n  s t a t i o n s ,  a d d i t i o n a l  c o n t r o l s  a r e  needed. B V E I  needs  

t o  1 )  i n s t i t u t e  a  formal  management r e p o r t i n g  system and 2) r e q u i r e  HTS 

by c o n t r a c t  t o  conduct f i e l d  a u d i t s .  

The Bureau h a s  n o t  y e t  e s t a b l i s h e d  a  formal  management r e p o r t i n g  system t o  

in form t o p  management o f  f i e l d  a u d i t  performance.  The Bureau Chief does  

n o t  know on a  t imely  b a s i s  1 )  whether  a l l  r e q u i r e d  f i e l d  a u d i t s  have been 

conducted and 2) t h e  n a t u r e  and e x t e n t  of t e s t  l a n e  equipment f a i l u r e .  

Thus, t h e r e  i s  no a s s u r a n c e  t h a t  t h e  problem which occur red  i n  f i s c a l  y e a r  

1981-82 w i l l  n o t  r e c u r .  

While Hamilton T e s t  Systems now conduc t s  two f i e l d  a u d i t s  p e r  t e s t  l a n e  

p e r  month, t h e  c o n t r a c t o r  i s  n o t  r e q u i r e d  t o  do so .  The DHS c o n t r a c t  w i t h  

Hamilton does  no t  r e q u i r e  r e g u l a r  f i e l d  a u d i t s  o f  i n s p e c t i o n  s t a t i o n s  n o r  

r e p o r t i n g  of r e s u l t s  t o  DHS. R e q u i r i n g  HTS by c o n t r a c t  t o  conduct two 

monthly a u d i t s  and t o  r e p o r t  r e s u l t s  t o  DHS would ensure  t h a t  a t o t a l  of 

f o u r  f i e l d  a u d i t s  a r e  performed o n  each t e s t  l a n e  p e r  month. As noted 

e a r l i e r ,  t h i s  f requency of f i e l d  a u d i t i n g  i s  comparable t o  t h e  minimum 

requ i rements  i n  o t h e r  s t a t e s  which have i n s p e c t i o n  programs s i m i l a r  t o  

A r i z o n a ' s .  

BVEI Did Not Conduct Timely Audi t s  
o f  Analyzers  i n  P r i v a t e  F a c i l i t i e s  

BVEI a l s o  d i d  n o t  conduct  t i m e l y  i n s p e c t i o n s  o f  f l e e t  and r e g i s t e r e d  

a n a l y z e r s  i n  p r i v a t e  f a c i l i t i e s  i n  f i s c a l  y e a r  1981-82. As a  r e s u l t ,  

f a u l t y  a n a l y z e r s  may have remained i n  s e r v i c e  l o n g e r  t h a n  necessa ry .  

Although BVEI r u l e s  and p o l i c i e s  r e q u i r e  t h e  Bureau t o  i n s p e c t  f l e e t  and 

r e g i s t e r e d  a n a l y z e r s  e v e r y  t h r e e  months, approx imate ly  3 7 p e r c e n t  of t h e  

i n s p e c t i o n s  exceeded t h e  90-day requirement  i n  f i s c a l  y e a r  1981-82. As 

shown i n  Tab le  6, f l e e t  and r e g i s t e r e d  a n a l y z e r  i n s p e c t i o n s  which exceeded 

90 days  averaged 117 and 124 d a y s ,  r e s p e c t i v e l y ,  and ranged a s  h igh  a s  264 

days--nearly 9 months. These i n s p e c t  ions  were  n o t  conducted because  

employees f a i l e d  t o  c a r r y  o u t  t h i s  f u n c t i o n  p r o p e r l y  and management d i d  

n o t  t a k e  a c t i o n  t o  a d d r e s s  t h e  d e f i c i e n c y .  



Because i n s p e c t i o n s  have n o t  been t i m e l y ,  f a u l t y  a n a l y z e r s  may have 

remained i n  s e r v i c e  longer  t h a n  n e c e s s a r y .  One-fourth o f  t h e  a n a l y z e r s  i n  

o u r  sample f a i l e d  t h e  q u a l i t y  a s s u r a n c e  t e s t  i n  1981-82. I f  t e s t e d  a s  

r e q u i r e d ,  f a u l t y  a n a l y z e r s  would b e  t a k e n  o u t  o f  s e r v i c e  and a d j u s t e d  t o  

meet BVEI accuracy  s t a n d a r d s .  T h i s  would p r o v i d e  more a s s u r a n c e  t h a t  

v e h i c l e s  i n s p e c t e d  a t  f l e e t  s t a t i o n s  and p r i v a t e  g a r a g e s  a r e  p r o p e r l y  

t e s t e d .  A t  l e a s t  10 p e r c e n t  of t h e  v e h i c l e s  i n s p e c t e d  a n n u a l l y  p a s s  

through t h e s e  f a c i l i t i e s .  

TABLE 6 

TIMELINESS OF QUALITY ASSURANCE INSPECTIONS 
FOR SAMPLE OF FLEET AND REGISTERED ANALYZERS, 

FISCAL YEAR 1981-82 

G r e a t e r  Than Average Days I n  
T o t a l  Within  90 Days 90 Days Excess of 90 

Number Percen t  Number P e r c e n t  

F l e e t  
S t a t i o n s  167 116 69% 5 1  31% 11 7 

R e g i s t e r e d  
Analyzer  
S t a t  i o n s  152 - 84  55 - 68 45 - 124 - 

T o t a l  319 200 63% - - - - 119 37% - - 121 

CONCLUSION 

Both B V E I  and Hamilton T e s t  Systems have i n c r e a s e d  t h e  f requency  o f  

equipment f i e l d  a u d i t s  a t  i n s p e c t i o n  s t a t i o n s .  However, a d d i t i o n a l  

c o n t r o l s  a r e  needed t o  a s s u r e  a c c u r a t e  and r e l i a b l e  emiss ions  t e s t i n g .  

DHS a l s o  needs  t o  conduct more t i m e l y  i n s p e c t i o n s  o f  f l e e t  and r e g i s t e r e d  

a n a l y z e r s  i n  p r i v a t e  f a c i l i t i e s .  



1. BVEI should e s t a b l i s h  a  system of t w i c e  monthly r e p o r t s  t o  t h e  Bureau 

C h i e f ,  n o t i n g  t h e  number of S t a t e  i n s p e c t i o n  s t a t i o n  l a n e s  f i e l d  

a u d i t e d  by b o t h  Bureau and Hamilton T e s t  Systems p e r s o n n e l  and t h e  

a u d i t  r e s u l t s .  

2. BVEI should r e q u i r e  by c o n t r a c t  t h a t  Hamilton T e s t  Systems conduct two 

f i e l d  a u d i t s  p e r  month and r e p o r t  t h e  r e s u l t s  of t h e  a u d i t s  t o  t h e  

BVEI Q u a l i t y  Assurance Manager. 

3 .  The BVEI Q u a l i t y  Assurance Manager shou ld  e n s u r e  t h a t  i n s p e c t o r s  

conduct t i m e l y  q u a l i t y  a s s u r a n c e  i n s p e c t i o n s  of f l e e t  and r e g i s t e r e d  

a n a l y z e r s  a s  r e q u i r e d  by Bureau r e g u l a t i o n s  and p o l i c y .  R e s u l t s  of 

these i n s p e c t i o n s  should b e  r e p o r t e d  a t  l e a s t  monthly t o  t h e  Bureau 

Chief .  



OTHER PERTINENT INFORPATION 

During t h e  a u d i t ,  o t h e r  p e r t i n e n t  i n f o r m a t i o n  was developed r e g a r d i n g  

1 )  v e h i c l e  i n s p e c t i o n  f e e  payments and c o l l e c t i o n s  and 2 )  t h e  emiss ions  

t e s t  equipment and p rocedures  used i n  t h e  program. 

Vehic le  I n s p e c t i o n  Fee 
Pavments and C o l l e c t i o n s  

S i n c e  January  1981 t h e  Bureau of Vehicu la r  Emiss ions  I n s p e c t i o n  (BVEI) h a s  

p a i d  Hamilton T e s t  Systems (HTS) $575,000 l e s s  t h a n  t h e  amount b i l l e d  by 

t h e  c o n t r a c t o r .  T h i s  s h o r t f a l l  i n  payments o c c u r s  f o r  two r e a s o n s :  

1 )  t h e r e  i s  a  s i g n i f i c a n t  t ime  l a g  between emiss ions  t e s t s  and r e m i t t a n c e  

of funds  by t h e  county a s s e s s o r s  and t h e  Motor Vehic le  D i v i s i o n  (MvD), 

and 2 )  f e e s  a r e  n o t  c o l l e c t e d  f o r  a l l  t e s t s  performed. Although BVEI has  

proposed ways t o  a d d r e s s  t h e  c a s h  f l o w  problem, t h e  problem of  c o l l e c t i n g  

f o r  a l l  t e s t s  conducted h a s  n o t  been addressed.  

C o l l e c t i o n  Process  - Current  s t a t u t e s  p rov ide  f o r  emiss ion  t e s t  f e e s  t o  b e  

c o l l e c t e d  by t h e  county a s s e s s o r s  o r  t h e  Motor V e h i c l e  D i v i s i o n  of t h e  

Department of T r a n s p o r t a t i o n  a t  t h e  t ime  of v e h i c l e  r e g i s t r a t i o n . *  These 

funds  a r e  r e m i t t e d  on a  monthly b a s i s  t o  BVEI which t h e n  pays HTS f o r  

t e s t s  performed. Vehic le  owners must pay $5.44 f o r  t h e  f i r s t  i n s p e c t i o n  

and t h e  same amount f o r  t h e  t h i r d ,  f i f t h  and s e v e n t h  subsequent  t e s t s .  

Each of t h e s e  p a i d  t e s t s  i n c l u d e s  a  f r e e  r e t e s t ,  i f  needed. 

S h o r t f a l l  i n  Payments - As shown i n  Tab le  7 ,  BVEI h a s  p a i d  HTS 

approximately  $575,000 l e s s  t h a n  t h e  t o t a l  amount b i l l e d  by t h e  c o n t r a c t o r  

s i n c e  January  1981. T h i s  s h o r t f a l l  i n  payments t o  HTS r e p r e s e n t s  t h e  

d i f f e r e n c e  between t h e  v a l u e  o f  emiss ion  t e s t s  performed by HTS ($11.2 

m i l l i o n )  and t h e  amount B V E I  r e c e i v e d  from t h e  coun ty  a s s e s s o r s  and PlVD 

(b10.6 m i l l i o n )  f o r  t h e  p e r i o d  January  1981 through September 1982. 

* MVD h a s  t a k e n  o v e r  t h e  v e h i c l e  r e g i s t r a t i o n  f u n c t i o n  i n  Pima County. 
I n  a d d i t i o n ,  some v e h i c l e  owners r e g i s t e r  t h e i r  v e h i c l e s  a t  t h e  PiVD 
c e n t r a l  h e a d q u a r t e r s  i n  Phoenix.  



TABLE 7 

BILLINGS AND PAYMENTS FOR EMISSIONS INSPECTIONS, 

JANUARY 1981 THROUGH SEPTEMBER 1982 

Payments Unpaid Balance 
Amount P e r c e n t  of P e r c e n t  of 

Per iod  B i l l e d  Amount B i l l i n g  Amount B i l l i n g  a 
January  - 

December 
1981 $ 6,252,344 $ 5,783,680 92.5% $468,664 7.5% 

January  - 
September 
1982 4 ,915,808 4 ,809,115 97.8 106,693 2.2 

T o t a l  

The s h o r t f a l l  grew s u b s t a n t i a l l y  d u r i n g  t h e  f i r s t  y e a r  of t h e  c u r r e n t  

c o n t r a c t  t o  approximately  $469,000. The s h o r t f a l l  grew more s lowly i n  

1982--increasing about  $107,000. BVEI p a i d  HTS 98  p e r c e n t  of t h e  amount 

between January  and September 1982 compared t o  93 p e r c e n t  i n  t h e  f i r s t  

y e a r  of t h e  new c o n t r a c t .  T o t a l  payments s i n c e  January  1981 a r e  95 

p e r c e n t  o f  t o t a l  b i l l i n g s .  

Causes of S h o r t f a l l  - The s h o r t f a l l  i n  payments t o  HTS appears  t o  occur  

f o r  two reasons .  F i r s t ,  t h e r e  i s  a s i g n i f i c a n t  t ime l a g  between emiss ions  

t e s t s  and r e m i t t a n c e  of funds  t o  BVEI. Second, f e e s  a r e  n o t  c o l l e c t e d  f o r  

a l l  t e s t s  performed by HTS. 

The amount o f  t ime  t h a t  may e l a p s e  between a n  emiss ions  i n s p e c t i o n  and t h e  

r e c e i p t  of f e e  f o r  t h a t  i n s p e c t i o n  appears  t o  be  a major  c o n t r i b u t o r  t o  

t h e  d i f f e r e n c e  between b i l l i n g s  and payments. Although HTS b i l l s  f o r  

i n s p e c t i o n s  a t  t h e  end of each month, B V E I  may n o t  r e c e i v e  payment f o r  a s  

long a s  135 days  a f t e r  a v e h i c l e  i s  i n s p e c t e d .  As a r e s u l t ,  B V E I  r e c e i p t s  

and payments have been l e s s  t h a n  HTS b i l l i n g s  i n  13 o f  t h e  21 months s i n c e  

t h e  beg inn ing  of t h e  c u r r e n t  c o n t r a c t .  



The t ime  l a g  between emiss ions  t e s t i n g  and r e m i t t a n c e  o f  funds  i s  

p e r m i t t e d  by DHS r u l e s  and r e g u l a t i o n s .  R e g u l a t i o n s  r e q u i r e  emiss ions  

i n s p e c t i o n s  90 days  p r i o r  t o  t h e  r e g i s t r a t i o n  renewal d a t e .  R e g u l a t i o n s  

a l s o  s t i p u l a t e  t h a t  county a s s e s s o r s  o r  MVD r e m i t s  i n s p e c t i o n  f e e s  

c o l l e c t e d  a t  t h e  t ime  o f  r e g i s t r a t i o n  by t h e  1 5 t h  o f  t h e  month fo l lowing  

c o l l e c t i o n .  Thus, c o l l e c t i o n  p rocedures  c r e a t e  a  " p i p e l i n e  e f f e c t "  which 

d e l a y s  r e c e i p t  of i n s p e c t i o n  f e e s  up t o  135 days .  I f  v e h i c l e s  a r e  

r e g i s t e r e d  l a t e ,  t h i s  t ime  l a g  can  b e  even g r e a t e r .  

R e s u l t s  of a  r e c e n t  DHS a u d i t  confirmed t h a t  t h e  t ime  l a g  e x i s t s  between 

t e s t i n g  and r e m i t t a n c e  of funds  by county a s s e s s o r s  and MVD t o  BVEI. Fees  

f o r  41 p e r c e n t  o f  emiss ions  t e s t s  conducted i n  October  1981 were n o t  

c o l l e c t e d  u n t i l  t h e  fo l lowing  o r  subsequent  months. I n  a d d i t i o n ,  a u d i t o r s  

found t h a t  some funds  were h e l d  f o r  up t o  s i x  weeks a f t e r  c o l l e c t i o n .  

However, such r e t e n t i o n  i s  p e r m i t t e d  by BVEI r e g u l a t i o n s  and t h e  a u d i t  

found no ev idence  t h a t  county a s s e s s o r s  and MVD were n o t  p r o p e r l y  hand l ing  

emiss ions  f e e s  o r  were n o t  complying w i t h  a p p l i c a b l e  r e g u l a t i o n s .  

The s h o r t f a l l  i n  payments a l s o  o c c u r s  because  f e e s  a r e  n o t  c o l l e c t e d  f o r  

a l l  t e s t s  performed. According t o  BVEI a n a l y s e s ,  approximately  2.3 

p e r c e n t  of HTS b i l l i n g s  s i n c e  J u l y  1981 i n c l u d e  f e e s  f o r  v e h i c l e s  which do 

n o t  q u a l i f y  f o r  r e g i s t r a t i o n .  These a r e  v e h i c l e s  which f a i l e d  t h e  i n i t i a l  

t e s t  and have n o t  passed o r  were waivered a t  t h e  t ime  HTS b i l l e d  f o r  t h e  

i n i t i a l  test.  The DHS a u d i t  i d e n t i f i e d  3.9 p e r c e n t  of October 1981 t e s t s  

which were s t i l l  u n c o l l e c t e d  i n  March 1982. 

BVEI a l s o  f e e l s  t h a t  some m o t o r i s t s  do n o t  pay a s  r e q u i r e d  f o r  a l l  t e s t s  

performed on  t h e i r  v e h i c l e s .  These a r e  m o t o r i s t s  who must r e t e s t  t h e i r  

v e h i c l e s  a  t h i r d ,  f i f t h  o r  even seven th  t ime  and should pay f e e s  f o r  t h e s e  

odd-numbered t e s t s  i n  a d d i t i o n  t o  t h e  i n i t i a l  t e s t  f e e  (even-numbered 

t e s t s  a r e  f r e e  r e t e s t s ) .  The BVEI-HTS c o n t r a c t  r e q u i r e s  BVEI t o  c o l l e c t  

f e e s  f o r  more t h a n  one t e s t  f o r  a  m o t o r i s t  on ly  when HTS n o t i f i e s  t h e  

a s s e s s o r  o r  MVD t h a t  a d d i t i o n a l  f e e s  a r e  r e q u i r e d .  



Although HTS h a s  implemented some procedures  i n  a n  a t t e m p t  t o  e n s u r e  t h a t  

t h e  i n s p e c t i o n  c e r t i f i c a t e s  r e f l e c t  a l l  c h a r g e s  f o r  m u l t i p l e  t e s t s ,  

m o t o r i s t s  c a n  e a s i l y  c i rcumvent  t h e s e  p rocedures .  S t a t i o n  p e r s o n n e l  punch 

e n t r y  documents ( renewal  c e r t i f i c a t e s  o r  t i t l e s  f o r  example) t o  show t h a t  

t h e  v e h i c l e  h a s  been t e s t e d .  However, m o t o r i s t s  c a n  submit v e h i c l e s  f o r  

a d d i t i o n a l  t e s t s  and avoid c h a r g e s  by s w i t c h i n g  documents. For  example, 

A u d i t o r  General  s t a f f  submi t t ed  two v e h i c l e s  f o r  e l e v e n  p a i d  i n s p e c t i o n s .  

Only one HTS i n s p e c t o r  i d e n t i f i e d  p r i o r  t e s t s  t h a t  should  have been added 

t o  t h e  i n s p e c t i o n  c e r t i f i c a t e .  

A l t e r n a t i v e s  f o r  Reducing S h o r t f a l l  - Although BVEI h a s  proposed ways t o  

a d d r e s s  t h e  c a s h  f low problem which c o n t r i b u t e s  t o  t h e  s h o r t f a l l  i n  

payments, t h e  problem of  c o l l e c t i n g  f e e s  f o r  a l l  t e s t s  conducted h a s  n o t  

been addressed .  

bVEI h a s  i d e n t i f i e d  two s o l u t i o n s  t o  t h e  c o l l e c t i o n s  c a s h  f low problem. 

F i r s t ,  f e e s  cou ld  b e  c o l l e c t e d  by Hamilton a t  t h e  t ime  of  emiss ions  

t e s t i n g .  T h i s  method of c o l l e c t i o n s  was used p r i o r  t o  January  1981, bu t  

was inconven ien t  f o r  t h e  p u b l i c .  Hamilton accep ted  o n l y  c a s h  payment and 

p e r s o n a l  checks  were n o t  accep ted .  C o l l e c t i n g  $5.44 i n  cash  o r  any o t h e r  

odd amount, a t  t h e  t ime  of t e s t i n g ,  would r e p r e s e n t  a n  even g r e a t e r  

inconvenience i f  Hamilton con t inued  t o  r e q u i r e  c a s h  payment. 

Second, B V E I  h a s  proposed t h a t  county a s s e s s o r s  and MVD remi t  emiss ions  

t e s t i n g  f e e s  on a d a i l y  b a s i s .  T h i s  would improve c a s h  f low and i s  

c o n s i s t e n t  w i t h  a s i m i l a r  Audi to r  General  recommendation r e g a r d i n g  

r e m i t t a n c e  of o t h e r  v e h i c l e  r e g i s t r a t i o n  f e e s  by t h e  c o u n t i e s  ( s e e  Audi tor  

General  Repor t  number 82-31. 

N e i t h e r  DHS n o r  HTS have developed p rocedures  t o  e n s u r e  c o l l e c t i o n  of f e e s  

f o r  a l l  t e s t s  performed. T h i s  would r e q u i r e  improving c o n t r o l s  a t  

i n s p e c t i o n  s t a t i o n s  t o  i d e n t i f y  m o t o r i s t s  who r e c e i v e  m u l t i p l e  

i n s p e c t i o n s .  Use of s i n g l e  e n t r y  documents o r  unique v e h i c l e  

i d e n t i f i c a t i o n  numbers may b e  needed t o  a l l o w  HTS t o  n o t i f y  coun ty  

a s s e s s o r s  and MVD o f  t h e  p r o p e r  amount t o  b e  c o l l e c t e d .  



Emissions  T e s t  Equipment 
and Procedures  

An important  p a r t  of t h e  Vehic le  Emissions I n s p e c t i o n  (VEI) Program a u d i t  

was a  review of t e s t  r e l i a b i l i t y  and accuracy  o f  r e c o r d s .  F ind ing  I V  

a d d r e s s e s  t h e  major  r e l i a b i l i t y  i s s u e ,  q u a l i t y  assurance .  Our r e s e a r c h  

i n d i c a t e s  t h a t  t h e  equipment used t o  i n s p e c t  v e h i c l e  emiss ions  i s  a s  good 

a s  any a v a i l a b l e .  Pioreover, t e s t  p rocedures  and d a t a  hand l ing  a r e ,  w i t h  

two e x c e p t i o n s ,  adequa te  t o  e n s u r e  r e l i a b l e  t e s t i n g  and b i l l i n g .  

Equipment - Compet i tors  and a  major  c l i e n t  a l i k e  t o l d  Audi to r  General  

s t a f f  t h a t  t h e  Arizona VEI Program c o n t r a c t o r ,  Hamilton T e s t  Systems 

(HTS),  i s  a  l e a d e r  i n  t h e  emiss ions  t e s t i n g  f i e l d .  An o f f i c i a l  o f  t h e  

C a l i f o r n i a  emiss ions  program d e s c r i b e d  HTS a s  a  p i o n e e r  i n  t h e  f i e l d .  A 

r e p r e s e n t a t i v e  o f  a  company which competed a g a i n s t  HTS f o r  t h e  Arizona 

c o n t r a c t  s a i d  t h a t  he  knew of  no b e t t e r  equipment and t h a t  h i s  company 

used HTS a s  a  s t a n d a r d  when making i t s  b i d .  Another c o m p e t i t o r  d e s c r i b e d  

i t s  equipment a s  s u p e r i o r  b u t  added t h a t  i t  des igned  i t s  equipment t o  meet 

C a l i f o r n i a  s t a n d a r d s .  HTS des igned  t h e  o r i g i n a l  equipment f o r  t h a t  

s t a t e ' s  program. F i n a l l y ,  a  r e p r e s e n t a t i v e  of one  of t h e  major  automobi le  

manufac tu re r s  d e s c r i b e d  HTS a s  a  l e a d e r  i n  b o t h  developing t e s t i n g  

equipment and t e s t  p rocedures .  Thus, t o  t h e  e x t e n t  t h a t  HTS m a i n t a i n s  i t s  

equipment,  t h e  equipment i s  a s  good a s  any a v a i l a b l e .  A s  no ted  i n  F ind ing  

I V Y  however, t h e  Department of H e a l t h  S e r v i c e s  (DHS) h a s  n o t  adequa te ly  

i n s p e c t e d  HTS equipment i n  t h e  p a s t  t o  e n s u r e  t h a t  i t  f u n c t i o n s  up t o  i t s  

c a p a b i l i t y .  

T e s t  P rocedures  - The VEI Program t e s t  equipment i s  f u l l y  automated t o  

p r o v i d e  a c c u r a t e  t e s t i n g  and r e c o r d i n g  of t e s t  d a t a .  A l l  t h a t  an  

i n s p e c t o r  must do i s  e n t e r  and v e r i f y  t h e  v e h i c l e  i d e n t i f i c a t i o n  d a t a ,  

i n s e r t  t h e  t a i l p i p e  probe and t h e  sys tem a u t o m a t i c a l l y  samples t h e  

e x h a u s t ,  a n a l y z e s  t h e  g a s  and r e p o r t s  t h e  r e s u l t s .  According t o  HTS 

p e r s o n n e l ,  s t a t i o n  i n s p e c t o r s  cannot  a f f e c t  t h e  conduct o f  t h e  t e s t .  

Moreover, t h e  sys tem i s  programmed t o  a b o r t  t e s t i n g  i f  major problems 

occur  t h a t  would r e s u l t  i n  e r roneous  t e s t  r e s u l t s .  



However, HTS p e r s o n n e l  do n o t  always e n t e r  t h e  p r o p e r  e n g i n e  s i z e  

i n f o r m a t i o n  (number o f  eng ine  c y l i n d e r s )  i n t o  t h e  system, r e s u l t i n g  i n  t h e  

p o s s i b i l i t y  t h a t  v e h i c l e s  w i l l  be  measured on  t h e  wrong s t a n d a r d s .  I n  6 

of 14 i n s t a n c e s  where Audi to r  General  s t a f f  submi t t ed  v e h i c l e s  f o r  

emiss ions  i n s p e c t i o n ,  s t a t i o n  p e r s o n n e l  d i d  n o t  a s k  t h e  number of 

c y l i n d e r s  o r  check under  t h e  hood. The e n t r y  document d i d  n o t  p r o v i d e  

t h i s  in fo rmat ion .  I n  f i v e  o f  t h e  s i x  i n s t a n c e s ,  s t a t i o n  p e r s o n n e l  

i n c o r r e c t l y  assumed t h e  v e h i c l e  had s i x  r a t h e r  t h a n  f o u r  c y l i n d e r s .  T h i s  

e r r o r  reduced a l l o w a b l e  emiss ions  from 2.5 t o  2.2 percent--a 12 p e r c e n t  

r e d u c t i o n .  

B i l l i n g  Procedures  - Hamilton T e s t  Systems'  c o n t r o l  o v e r  t h e  b i l l i n g  

p r o c e s s  i s  s u f f i c i e n t l y  adequa te  t o  e n s u r e  t h a t  b i l l s  submi t t ed  t o  t h e  

Department o f  Hea l th  S e r v i c e s  a r e  a c c u r a t e .  Although some weaknesses 

e x h i s t  i n  t h e  r e c o r d i n g  and p r o c e s s i n g  of d a t a  which r e s u l t s  i n  t h e  HTS 

b i l l ,  t h e  weaknesses do no t  s i g n i f i c a n t l y  a f f e c t  b i l l i n g  accuracy.  

A u d i t o r  General  EDP s t a f f  reviewed t h e  p r o c e s s  by which HTS r e c o r d s  and 

h a n d l e s  t e s t  in fo rmat ion .  T h i s  p r o c e s s  b e g i n s  when a  v e h i c l e  e n t e r s  a  

t e s t  s t a t i o n  and ends  w i t h  t h e  p r e p a r a t i o n  of a  b i l l  t h a t  HTS submits  t o  

t h e  Department.  The p r o c e s s  i s  r e l i a b l e  and a c c u r a t e .  D i r e c t  r e c o r d i n g  

o f  t e s t  i n f o r m a t i o n  on t h e  s t a t i o n  computer,  p r o c e s s i n g  o f  a l l  r e c o r d s  

w i t h  no d e l e t i o n s  and s e p a r a t i o n  of programming and systems f u n c t i o n s  a r e  

s t r o n g  c o n t r o l  f e a t u r e s  i n  t h e  p r o c e s s .  

Although EDP s t a f f  no ted  s e v e r a l  weaknesses,  o n l y  two appeared 

s i g n i f i c a n t .  F i r s t ,  s t a t i o n  i n s p e c t o r s  sometimes f a i l  t o  a c c u r a t e l y  e n t e r  

t h e  p r o p e r  number of eng ine  c y l i n d e r s .  A s  noted above, t h i s  problem 

o c c u r r e d  w i t h  v e h i c l e s  submi t t ed  by Audi to r  General  s t a f f  f o r  i n s p e c t i o n  

and can  r e s u l t  i n  e r roneous  r e s u l t s .  The second weakness i s  t h a t  HTS can 

change v e h i c l e  in format ion .  T h i s  produces  t h e  p o t e n t i a l  f o r  f a l s e  

b i l l i n g .  However, a  s p o t  check o f  b i l l i n g s  d i d  n o t  i n d i c a t e  t h a t  such 

f a l s e  b i l l i n g s  had occur red .  



GLOSSARY 

AIR/FUEL WAIVER: Waiver issued t o  v e h i c l e s  f a i l i n g  t h e  emissions t e s t  f o r  

carbon monoxide only.  A mo to r i s t  may o b t a i n  an  a i r / f u e l  waiver upon 

c o r r e c t i n g  t h e  problem and fu rn i sh ing  s a t i s f a c t o r y  evidence of 

c o r r e c t i o n  t o  t h e  Bureau of Vehicular  Emissions Inspec t ion .  

A I R  SHED: Area i n  which a i r  p o l l u t a n t s  mix but  cannot escape i n  t h e  

absence of a  major weather f r o n t .  An a i r  shed provides  t h e  b a s i s  f o r  

area-wide a i r  q u a l i t y  management. 

AMBIENT A I R :  The a i r  around us .  

BUREAU OF VEHICULAR EMISSIONS INSPECTION: The Bureau wi th in  t h e  Department 

of Heal th  Serv ices  t h a t  admin i s t e r s  t h e  Vehicle Emissions In spec t ion  

Program. 

CARBON MONOXIDE ( ~ 0 ) :  Odorless ,  c o l o r l e s s  gas  emit ted by motor veh ic l e s .  

Carbon monoxide dep r ives  t h e  blood of oxygen. A l a r g e  concen t r a t i on  

can k i l l ;  a  smal le r  amount can cause d i z z i n e s s ,  f a t i g u e ,  headaches and 

slower d r i v i n g  r e a c t i o n  time. 

FIELD AUDIT: An in spec t ion  of an emissions ana lyzer  using a  blend of t e s t  

ga se s  i n  which t h e  r e l a t i v e  p ropor t i on  of each gas  i s  known. ~ i e l d  

a u d i t s  a r e  conducted t o  ensure  accuracy and r e l i a b i l i t y  of  emissions 

ana lyze r s -  

HAMILTON TEST SYSTEMS (HTS): A p r i v a t e  company which opera tes  t h e  S t a t e  

emissions i n spec t ion  s t a t i o n s  under a  c o n t r a c t  w i th  t h e  Department of 

Heal th  Serv ices .  



HYDROCAKBONS (HC) :  Atmospheric p o l l u t a n t  caused by unburned g a s o l i n e  i n  

eng ine  exhaus t  by e v a p o r a t i o n  l o s s e s  from pe t ro leum s t o r a g e  and 

h a n d l i n g  and by e v a p o r a t i o n  from o r g a n i c  s o l v e n t s .  Hydrocarbons a r e  

one component of t h e  p o l l u t a n t  ozone. 

MAXICOPA ASSOCIATION OF GOVERNIVIENTS (MAG):  Regional  P lann ing  O r g a n i z a t i o n  

r e s p o n s i b l e  f o r  developing p l a n s  f o r  reduc ing  automotive  a i r  p o l l u t i o n  

i n  Maricopa County. 

NITkOUS OXIDES (NO ) :  Atmospheric p o l l u t a n t  produced where fuel i s  X 
burned a t  h i g h  t e m p e r a t u r e s ,  such a s  i n  motor v e h i c l e s  o r  power 

p l a n t s .  T h i s  p o l l u t a n t  i s  a  component o f  ozone. 

NONATTAINMENT AKEA ( N U ) :  An a r e a  where t h e  a i r  q u a l i t y  s t a n d a r d s  are 

v i o l a t e d  f o r  a  g i v e n  p o l l u t a n t .  I n  Arizona,  NAA boundar ies  f o r  carbon 

monoxide a r e  a l s o  t h e  boundar ies  i n  which t h e  emiss ions  i n s p e c t i o n  

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

OZONE: Photochemical  o x i d a n t s  which r e s u l t  from r e a c t i o n s  i n  t h e  

atmosphere between hydrocarbons and n i t r o u s  o x i d e s  i n  t h e  p r e s e n c e  of 

s u n l i g h t .  Ozone i s  p o p u l a r l y  known a s  smog. 

PIMA ASSOCIATION OF GOVERNlYENTS (PAG): Regional  P lann ing  O r g a n i z a t i o n  

r e s p o n s i b l e  f o r  deve lop ing  p l a n s  t o  reduce  automotive  a i r  p o l l u t i o n  i n  

Pima County. 

TIME SERIES ANALYSIS: A s t a t i s t i c a l  method of s t u d y i n g  movements i n  a  s e t  

o f  c h r o n o l o g i c a l l y  o rdered  o b s e r v a t i o n s .  

TONS PEE DAY: Uni t  of measurement f o r  ca rbon  monoxide and hydrocarbons.  

VEHICLE EMISSIONS INSPECTION (VEI)  PROGRAM: A program enac ted  by t h e  

Arizona L e g i s l a t u r e  r e q u i r i n g  c e r t a i n  motor v e h i c l e s  t o  p a s s  a n  annual  

i n s p e c t i o n  t o  e n s u r e  t h a t  t h e i r  exhaus t  emiss ions  meet s t a n d a r d s  

e s t a b l i s h e d  by t h e  Department of H e a l t h  S e r v i c e s .  The s t a n d a r d s  

s p e c i f y  minimum emiss ions  f o r  carbon monoxide and hydrocarbons* 
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Mr. Douglas Norton 
Auditor General 
111 West Monroe Street 
Phoenix, Arizona 85007 

Dear Mr. Norton: 

This is in response to the performance audit report of the Vehicle Emissions 
Inspection Program conducted pursuant to Senate Bill 1220 enacted by the 
34th Legislature in 1980. 

In our meeting on January 11, 1983 and in our memorandum of January 17, 1983, 
we pointed out serious problems with the time series analysis and the resultant 
conclusions provided by your consultant, the Center for Informative Eva1 uation. 
In spite of our well founded objections which are supported by experts in the 
field of Air Quality, the performance audit report continues to be based upon 
a study which lacks understanding of air quality complexities and is misleading. 

The analysis is flawed to the point of rendering it invalid. The analysis fails 
to support the conclusion that "the I/M program has had no salutary impact on 
ambient air quality in Arizona." A more appropriate conclusion of the study 
might be that the model, data and consultant utilized were unable to detect 
any effect either positive or negative. More importantly the contractor did 
not make a sufficient attempt to reconcile his analysis with the significant 
empirical evidence which shows the program is effective in reducing emissions. 
The following experts support our position and their comments can be found as 
Attachments 1, 2 and 3: 

John Trijonis, Ph.D., an environmental scientist with extensive 
experience in air pollution studies in California, Dr. Trijonis 
has also served on several National Academy of Sciences air quality 
committees. 

Robin Dennis, Ph.D., Staff Scientist for the National Center for 
Atmospheric Research, Boulder, Colorado, Dr. Dennis is involved in 
the development of stochastic models of ambient CO data in Denver. 

Mr. Phil Lorang, Chief, Technical Support Staff, U.S.E.P.A., Ann 
Arbor, Michigan, and author or co-author of several technical papers 
relating to the effects of vehicle emissions on air quality. 

Terry Woodf ield, Ph. D. , Assistant Professor of Mathematics at Arizona State 
University, also reviewed the report to evaluate the application of the 
methodology. His comments, noting impediments to the use of this Report in 

b 
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Mr. Douglas Norton 

Page Two. 

decisionmaking, are included as Attachment 4. Our detailed comments relating 
to the study are contained in Attachment 6. Additional comments regarding 
Finding I and comments on the Summary, Findings 11, 111, IV, and Other Per- 
tinent Information are contained in Attachment 5. Attachment 7 is Hamil ton 
Test Systems' response to Finding IV. * 

We are in the process of initiating a more detailed study of carbon monoxide 
air quality in Arizona. This study will be conducted by recognized profes- 
sionals in the field of air quality. Because of the considerable expert 
opinion which is in disagreement with your consultant's report, we recommend 
that you delay the issuance of your report or appropriately modify it until 
such time as the detailed study is complete. 

We appreciate your concern shown in considering our comments on these drafts. 
If you have any questions concerning our comments, please contact R. Fred 
Iacobelli, Chief, Bureau of Vehicle Emissions Inspection at 255-1135. 

JES:RFI:db 

Attachments 

Sincerely, 

A+-- J mes E. Sarn, 4 . a ~ ~  

* (The Auditor General has chosen t o  inc lude  t h i s  as a  s epa ra t e  response. 
Therefore,  t h e r e  i s  no Attachment 7 . )  



SANTA FE RESEARCH CORPORATION 
ROUTE 7 BOX 124K SANTA FE, NEW MEXICO 87501 (505) 983-6568 

R. Fred Iacobel l i ,  P . E .  
Acting Chief, Bureau of Air Qua l i ty  
Arizona Department of Health Services 
1740 West Adams 
Phoenix, Arizona 85007 

Dear Mr. Iacobel l i :  

January 10, 1983 

As per your request ,  I have reviewed the January 1983 repor t  "Time 
Series Analysis of the  Impact of the Vehicle Emissions Inspection Program 
(I/M) on Ambient Air Qua1 i ty in Phoenix and Tucson." In my opinion, the 
analyses and r e s u l t s  in t h i s  repor t  do not support i t s  principal conclusion 
tha t  " the I / M  program has had no sa lu tary  impact on ambient a i r  qual i t y  
in Arizona." More importantly, t h i s  repor t  alone c e r t a i n l y  cannot be 
considered adequate j u s t i f i c a t i o n  t o  discontinue o r  modify the current  I/M 
program. The repor t  does, however, suggest the need t o  analyze and resolve 
possible inconsistencies between ambient a i r  qual i ty  trends and calculated 
emi s s  i on trends. 

I find t h a t  the  aforementioned repor t  contains several important 
omissions and defects .  Before I discuss the s p e c i f i c  def ic iencies ,  however, 
I would l i k e  t o  r a i s e  a more general issue. This i ssue  concerns the general 
d i f f i c u l t y  in in terpre t ing  trends of ambient a i r  qua l i ty  data. I have been 
involved in numerous a i r  qua l i ty  trend s tudies  performed f o r  federa l ,  s t a t e ,  
and local agencies. In some of these s tudies ,  I have found t h a t  ambient 
a i r  qual i ty  can y ie ld  confusing i f  not wrong implications. Not only a r e  

b a i r  qual i ty  data continually confounded by meteorological f luc tuat ions ,  b u t  
a l so  unexpl icable aberrat ions often creep in due t o  undocumented changes in 
monitoring procedures o r  other  unknown fac tors .  I think t h a t  i t  i s  very 
important t o  analyze a i r  qual i t y  data t o  make sure  t h a t  ongoing control pro- 
grams a r e  having the  expected e f fec t .  When the a i r  qua l i ty  trends confirm the 
predictions based on emission analyses, the  r e s u l t s  a r e  reassuring and a re  
supportive of the control programs. When the ambient data seem t o  cont radic t  
emission trend data ,  such as be the case f o r  CO in Arizona, then there i s  
a need t o  analyze the  problem fu r the r  and resolve the  discrepancy. However, 
considering the vagaries of meteorology and potential  e r ro r s  in ambient 
a i r  qual i ty  data,  such a discrepancy should d e f i n i t e l y  not be immediately 
interpreted as a f a u l t  in the emission data o r  a f a i l u r e  of the control program. 
Such an in terpre ta t ion  would be pa r t i cu la r ly  inappropriate with regard to  the 
r e s u l t s  of the repor t  in question. 

I would now 1 i ke t o  address some of the major def ic iencies  i n  the repor t ;  
these a r e  discussed below: 



The main conclusion in the report, "The I/M program has had no salutary 
impact on ambient CO a i r  quality in Arizona: i s  overstated. Assumingthat 
the s t a t i s t i ca l  results are correct, a more reasonable conclusion would 
appear t o  be that "no evidence can be found that the I/M program has 
had an impact on CO a i r  quality in Arizona." More importantly, depend- 
ing on the standard errors of the s t a t i s t i c s  (see next comment), the 
conclusion might actually be "no evidence can be found t h a t  the I/M 
program has not had the expected 3-15% improvement in a i r  quality 
during the two interventions! 

t 

A major omission in the report i s  the lack of standard errors for  the 
trend s t a t i s t i c s .  If these standard errors are quite large, the results 
of the report may not be inconsistent with a lo%,  20%, or 30% improvement 
in CO a i r  qua1 i ty due t o  I/M. 

0 A ma.ior deficiencv in the s t a t i s t i ca l  a ~ ~ r o a c h  i s  the fai lure  to  
expl ic i  t l y  control for t r a f f i c  growth, federal emission standards, and 
meteor01 ogy. A1 1 three of these phenomena can potentially produce 
greater effects than the I/M program. Traffic levels evidently grew by 
about 50% over the 8-year study period; new car standards produced a 
large decrease in total emissions over the period; and meteorology leads 
typically t o  10-20% fluctuations in a i r  quality indices on a year-to- 
year basis. I t  i s  a major defect t o  search for the impact of I/M without 
explicit ly controlling for the other factors,  especially when the other 
factors can be included in an accurate fashion (e.g. gasoline sales 
adjusted for fuel efficiency to represent t r a f f i c ,  emission models for 
the new car standards, and Arizona DHS meteorological normalization 
procedures). The authors of the report say that they have "controlled" 
for these factors,  b u t  th is  i s  true only t o  the extent that meteorological 
fluctuations are purely seasonal and that t r a f f i c  growth and federal 
emission reductions represent a constant trend over the period. Neither 
of these l a t t e r  two assumptions i s  justified.  Considering that the three 
exogenous factors are likely t o  be stronger than the I/M effect  and are 
likely to  be confounded historically with the I/M effect ,  i t  i s  important 
t o  t rea t  them explicit ly in the s t a t i s t i ca l  model. 

0 A t  several points in the report, the authors erroneously assume that 
vehicular CO emissions depend on fuel efficiency. This i s  n o t  true. 
Vehicle emission standards and factors are expressed in gm/mi, and total 
vehicular emissions depend on these factors and t ra f f ic  levels (e.g. 
miles traveled). There i s  no consistent relationship between fuel 
efficiency and vehicular emissions. Fortunately, I think that this  error 
does n o t  affect the s t a t i s t i ca l  results in the report. The error does, 
however, seem to bear on some of the interpretations and qualifications 
made by the authors. 

o The functional form used t o  represent the I/M program -- stepped increases 1 
spread o u t  over 12 months in 1977 and 1979 -- may be inappropriate. As 
I understand i t ,  the Arizona DHS has expectations a n d  evidence that  
there was a voluntary response t o  I/M in 1976 and that there was a 



continued improvement in 1978 and 1980 as vehicle owners modified their  
behavior in response t o  I / M .  I think that ,  in further analyses, the 
appropriate I/M transition function should be selected in consultation 
wi t h  Arizona DHS. 

The above paragraphs summarize my major conclusions concerning the 
report. If necessary, I would be happy to meet with you t o  discuss any of 
these issues in greater detail .  Please contact me i f  you have any questions 
or i f  you require any further information. 

Sincerely, 
. -. - 

I.' 

'\ / d* ;.* .{*+ - 
" .-- { 4 $~--*, - 3 - 

L John Trijonis 
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P. 0. Box 3000 Boulder, Colorado 80307 
Telephorze: (303) 494-51.51 TW,Y. YIO-940-3245 Trle .~:  45 694 I-'TS: 322-5151 

1 4  January  1983 

Fred Acabe l la  
Arizona Department of Hea l th  S e r v i c e s  
S t a t e  Hea l th  Bui ld ing  
Phoenix, AZ 85007 

Dear Fred: 

This l e t t e r  is  i n  response  t o  your  r e q u e s t  f o r  our  comments on p o r t i o n s  
of a  r e p o r t  by Richard McCleary on h i s  t ime s e r i e s  a n a l y s i s  of t h e  impact 
of I M  on ambient CO l e v e l s  i n  Phoenix and Tucson. C u r r e n t l y  we a r e  involved 
i n  an e f f o r t  t o  develop s t o c h a s t i c  models of ambient CO d a t a  i n  Denver, 
t h e r e f o r e  we a r e  w e l l  aware of t h e  complexity of t h e  problem and c u r r e n t  
l i t e r a t u r e  on t h e  t o p i c .  

It i s  d i f f i c u l t  t o  comment on t h e  a n a l y s i s  because s o  l i t t l e  a c t u a l  d a t a  
is  inc luded  i n  t h e  two appendices  we r e c e i v e d ,  s o  our  comments must be gen- ' 

e r a l .  The annual  means shown i n  Table  3a of Appendix I r a i s e  some i n t e r e s t -  
ing  q u e s t i o n s ,  however. The annual  means over a l l  of t h e  d a t a  sets show 
g e n e r a l l y  t h e  same p a t t e r n  of ups and downs by year :  a  d e c l i n e  1974-76, 
l e v e l l i n g  o f f  1977-81. The random f l u c t u a t i o n s  about t h i s  g e n e r a l  t r e n d  a r e  
t o  be expected due t o  d i f f e r e n c e s  i n  meteorology from y e a r  t o  y e a r .  Coin- 
c i d e n t a l l y ,  t h e r e  a r e  i n c r e a s e s  i n  1979 i n  a l l  d a t a  s e t s ,  and i n  1977 i n  a l l  
d a t a  s e t s  excep t  Phoenix Sunnyslope. Such f l u c t u a t i o n s  a r e  n o t  unusual  b u t  
they i l l u s t r a t e  t h e  d i f f i c u l t y  of s e p a r a t i n g  i n t e r v e n t i o n  e f f e c t s  from t h e  
e q u a l l y  a b r u p t  changes which can be  caused by changing weather  p a t t e r n s .  

Therefore  i t  is  e s s e n t i a l  t o  have some unders tanding of c a u s a l  r e l a t i o n s h i p s  
and t o  view t h e  CO d a t a  i n  r e l a t i o n  t o  important  exp lana to ry  v a r i a b l e s .  We 
cannot a c c e p t  McCleary's c o n t e n t i o n  t h a t  a  u n i v a r i a t e  ARINA mode1,wil l  ac- 
c u r a t e l y  s e p a r a t e  I M  e f f e c t s  from a l l  o t h e r  e f f e c t s  and t h a t  it i s  n o t  neces- 
s a r y  t o  unders tand t h e  reasons  f o r  observed changes. 

The accuracy of any es t imated  paramete rs  r e q u i r e s  t h a t  t h e  model be  c o r r e c t l y  
formulated.  There a r e  s e v e r a l  r easons  t o  doubt t h e  c o r r e c t n e s s  of McCleary's 
ARIMA model: (1) A s  no ted  above, random f l u c t u a t i o n s  due t o  unexplained 
sources  a c t u a l l y  l e d  t o  i n c r e a s e d  CO l e v e l s  i n  t h e  y e a r s  t h e  I M  e f f e c t s  were 
expected t o  occur ,  hence changes i n  weather  and t r a f f i c  p a t t e r n s  should be  
i n v e s t i g a t e d  a s  p o t e n t i a l  causes .  ( 2 )  Emissions changes due t o  I M  p r e d i c t e d  
by t h e  MOBILE2 model d i f f e r  from t h e  one-year s t e p  change used i n  McCleary's 
model. (3) It has  been shown t h a t  s t r o n g l y  s e a s o n a l  t ime s e r i e s  based on 
d e t e r m i n i s t i c  p h y s i c a l  p rocesses  a r e  l i k e l y  t o  be i n c o r r e c t l y  desc r ibed  by a  
s t andard  ARIMA model and r e q u i r e ,  i n s t e a d ,  a  p e r i o d i c  ARMA model.. P o i n t s  ( 2 )  
and (3) r e q u i r e  f u r t h e r  e l a b o r a t i o n .  

The National Center for Atmospheric Research is Operated by the University Corporation 
for Armosphenc Research under sponsorship of the National Science Foundation. 
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I n  regard  t o  p o i n t  ( 2 ) ,  EPA t e s t e d  t h e  e f f e c t s  of I M  on emiss ions  i n  P o r t l a n d ,  
Oregon, o v e r  s e v e r a l  s u c c e s s i v e  i n s p e c t i o n s  and,  i f  . necessa ry ,  r ead jus tments  
a t  3  month i n t e r v a l s .  The r e s u l t s ,  i n c o r p o r a t e d  i n  MOBILE2, showed t h a t  
f u r t h e r  r e d u c t i o n s  i n  mean emiss ions  were ob ta ined  on s u c c e s s i v e  i n s p e c t i o n s  
(Rutherford,  1982).  MOBILE2 p r e d i c t s  an  i n i t i a l  s t e p  change due t o  t h e  
f i r s t  i n s p e c t i o n  and a d d i t i o n a l  s m a l l e r  s t e p  changes due t o  t h e  second and 
t h i r d  i n s p e c t i o n s .  Also,  i n  t h e  Arizona program mandatory annual  i n s p e c t i o n s  
of motor v e h i c l e s  began i n  January 1976 b u t  r e p a i r  of f a i l e d  v e h i c l e s  was 
vo lun ta ry .  W e  would assume t h a t  some few f a i l e d  v e h i c l e s  w e r e  r e p a i r e d  i n  
1976. Thus i t  is  q u i t e  p o s s i b l e  t h a t  some IM e f f e c t  would be  incorpora ted  
i n  t h e  t r e n d  p o r t i o n  of a  u n i v a r i a t e  model o v e r  s e v e r a l  y e a r s  and would n o t  
appear  a s  a s t e p  change. 

I n  regard  t o  p o i n t  ( 3 ) ,  t h e  a c t u a l  models used a r e  n o t  shown i n  e i t h e r  of t h e  
two appendices  t h a t  we have seen .  We can on ly  assume t h a t  t h e y  were s t a n d a r d  
u n i v a r i a t e  ARIMA models o f  t h e  t y p e  d e s c r i b e d  i n  McClearyls book (Applied 

.Time S e r i e s  Analysis  f o r  t h e  S o c i a l  Sc iences ,  1980) .  These methods use  
s e a s o n a l  d i f f e r e n c i n g  t o  accomodate t h e  c y c l i c  behav ior  of s e a s o n a l  d a t a ,  and 
assume t h a t  t h e  mean and au tocovar iance  f u n c t i o n  of a d i f f e r e n c e d  s e r i e s  a r e  
homogeneous over  a l l  seasons .  However, i n  s t r o n g l y  s e a s o n a l  d a t a  t h e  assump- 
t i o n  of homogeneity can b e  q u i t e  i n a p p r o p r i a t e .  Tiao and Grupe (1980) have 
shown t h a t  t h i s  can l e a d  t o  a  m i s s p e c i f i e d  model which looks  a c c e p t a b l e ,  b u t  
i s  much less a c c u r a t e  than  a  model which i n c l u d e s  p e r i o d i c  means and /or  per- 
i o d i c  covar iances .  Cleveland and Tiao (1979) demonstra te  t h e  e f f e c t s  of such 
an i n a p p r o p r i a t e  model cho ice  on monthly ozone d a t a .  The s t a n d a r d  ARIMA model 
c l e a r l y  d i d  n o t  produce a s  good a  f i t  a s  t h e  a l t e r n a t i v e ,  a  p e r i o d i c  ARMA model. 
This simply means t h a t  d i f f e r e n t  parameter  e s t i m a t e s  were needed f o r  d i f f e r e n t  
months of t h e  y e a r  t o  g e t  a  good f i t .  S i m i l a r  e f f e c t s  can be  expected f o r  
monthly CO d a t a  because,  l i k e  ozone, i t  h a s  a s t r o n g  p h y s i c a l l y  determined 
s e a s o n a l  p a t t e r n .  

Lacking c o n t r o l s  t h a t  can b e  shown t o  account  f o r  changes i n  weather ,  t r a f f i c ,  
and f e d e r a l  emiss ion s t a n d a r d s ,  i t  is p o s s i b l e  t h a t  McCleary's model is in- 
capab le  of i s o l a t i n g  t h e  e f f e c t s  o f  I M .  I n  h i s  model i t  i s  l i k e l y  t h a t  some 
weather e f f e c t s  a r e  inc luded  i n  t h e  s t e p  change component which h e  a t t r i b u t e s  
t o  I M  and t h a t  some I M  e f f e c t s  a r e  inc luded  i n  t h e  t r e n d  component which is  
supposed t o  r e p r e s e n t  on ly  non-IM changes. There i s  no way of t e l l i n g ,  s i n c e  
t h e  model h a s  no exp lana to ry  power. Thus McCleary's conc lus ion  t h a t  I M  had no 
impact is o v e r s t a t e d .  It would b e  more a c c u r a t e  t o  s a y  t h a t  no impact could  
be  d e t e c t e d  us ing  t h i s  p a r t i c u l a r  model. 

It i s  a l s o  p o s s i b l e  t h a t  t h e  Arizona d a t a  b a s e  f o r  1974-81 i s  incapab le  of 
suppor t ing  any model of t h e  necessa ry  p r e c i s i o n .  McCleary's recommendations on 
development of a  f u t u r e  d a t a  b a s e  a r e  e x c e l l e n t  and shou ld  be  implemented. 
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We a g r e e  w i t h  PlcCleary t h a t  t h e  1979 Arizona DHS s t u d y  of ambient e f f e c t s  of 
I M  has  s e r i o u s  problems which p u t  i t s  conc lus ions  i n  doubt.  McCleary shows 
a l a c k  o f  unders tanding of t h e  e m p i r i c a l  s t u d i e s  of emiss ions  e f f e c t s  of I M ,  
however. Meteorology and c l i m a t e  a r e  n o t  r e l e v a n t  i n  a c o n t r o l l e d  FTP t e s t  
of t a i l p i p e  emiss ions .  Thus t h e  c o n t r o l l e d  emiss ions  t e s t s  o f f e r  e m p i r i c a l  
evidence i n  suppor t  of IM. Whether emiss ions  r e d u c t i o n s  due t o  I M  can b e  
d i s c e r n e d  i n  ambient CO measurements remains t o  b e  seen.  
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Very t r u l y  yours ,  

Robin Dennis 

&dZ 
Mary Downton 
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Thgr,k ycc fcr  the oppcrtucity t o  cement on the  Janrizry 6, 
2,033 draf t  report t i t l e d  ' T h e  Series Analysis of the Iopiiet 
of rke  Vchicie B.issions Ing2ectiort P , ' Q ~ T ~ c  (I,&) cn Anbierrt 
A i r  Quality in Phoenix and Tucson.* 1 have already coEr.entad 
by on earlier letter on a p r e u i c ~ s  d r a f t  of this repor t .  

Ey rest serious ccaplaint ahaut t h e  previous & a f t  applies t o  - 
this report also, m c e l y  tha t  the  aut t tbrs  reset tea negative- 
ly t e  their  fa.ilt?re t o  reject the null hypothesis tha t  I/)I 
kas had an affeer cr: CO levels ,  The authors seen t:, 20 
beyond conventional statistical repcrting t o  perssade the 
reaAer that the inability to reject  the n u i l  hypothesis 
prdves that the ~ u l l  hypothecis sfiauId he accepted. I ak 
l e f t  vanc?tritig uhetber the authcr8 have sirply last  s i g h t  of 
the !inits of hypothesis testing as a netfiod cf positive 
procf ,  or vhether they  tldve a pre-existin? e c i ~ u s  tovsrds X/E 
ir, particular. e unexplainab1e fa i lure  to report the 
stcndard er:or of the eatinatea nakes i t  inpossit-le f o r  the 
reaEer t o .  judge .how nuch weight to attribute to the icabi l f t j .  
t o  reject the n c l l  hypcthesis. If as i suspect the  stanEzrd 
QrrorE are l a r g e ,  then  any nuEber of Rore aptinistic 
hypotheses about l/Kts effect could also be imune from 
rejectior,.  It is true that the point  estinates cf I/Ets 
e f fect  are saall, but if the standard errors are  t a r ~ e ,  there 
is ir good probability of Seein9 such resu l t$  by pure chance 
even i f  I/E were as effective as believed, 

The authors  ~ a k e  such of having used three CO sites and up t o  
fcur CO cecsurcs ir!  the analysis, f o r  a t o t d l  of eight  
site-ceescte cotpbinatioas. Pbey t t y  t o  convince the  reader 
t h a t  i f  the I/H p r q r m  fa i l ed  t c  show a significant benefit 
in .eight 'quasi-experinente the fj)! Frogran has been 
positively proven t a  be ineffective. I n  f a c t ,  however, sites 
in the sane city and dif ferent  Deasures of CO are not 
independent enperinents for  testin? ih. The study really 
has cnly  pivan i/)r tro opportunities t o  prove i t se l f ,  cnce 

(Corrected 2/2/83) 



f o r  Phoenix and once  f o r  Tucson. Even t h e s e  may n o t  be 
i ndependen t ,  s i n c e  r e g i o n a l  wea the r  p a t t e r n s  cou ld  i n f l u e n c e  
b o t h  c i t i e s .  

The r e p o r t  i n  a  number of  p l a c e s  s a y s  t h a t  e m i s s i o n s  d e c r e a s e  
a s  f u e l  economy i n c r e a s e s .  T h i s  r e v e a l s  a  l a c k  of 
u n d e r s t a n d i n g  o f  F e d e r a l  e m i s s i o n  c o n t r o l  r e g u l a t i o n s ,  which 
r e g u l a t e  e m i s s i o n s  i n  grams p e r  m i l e ,  n o t  p e r  q u a n t i t y  of 
f u e l  burned .  

The r e p o r t  r e f u s e s  t o  acknowledge t h a t  r e s u l t s  from e m i s s i o n s  
t e s t s  of i n -use  v e h i c l e s  i n  I/M programs a r e  e m p i r i c a l  d a t a  
and can  b e  used a s  e v i d e n c e  t h a t  I / M  r e d u c e s  CO e m i s s i o n s .  
Only a  d i s b e l i e v e r  i n  t h e  c o n s e r v a t i o n  of mass c o u l d  a r g u e  
t h a t  e m i s s i o n s  can  be reduced  w i t h o u t  improving a i r  q u a l i t y .  
Of c o u r s e ,  i t  i s  p o s s i b l e  t o  p o s e  a rguments  t h a t  t h e  v e r y  
l a r g e  body o f  e v i d e n c e  from t es t s  o f  in -use  v h i c l e s  i n  
P o r t l a n d ,  Los Angeles ,  and Phoenix cou ld  b e  m i s l e a d i n g  f o r  
r e a s o n s  such  a s  p o t e n t i a l  r e c r u i t i n g  b i a s ,  d i f f e r e n c e s  
between t h e  FTP and r e a l  wor ld  d r i v i n g  c o n d i t i o n s ,  e t c .  
However, t h e  r e p o r t  f o r  t h e  most p a r t  chooses  t o  i g n o r e  t h i s  
body of e v i d e n c e  r a t h e r  t h a n  d i s c u s s  i t s  merits f a i r l y .  T h i s  
i s  u n f o r t u n a t e ,  s i n c e  I b e l i e v e  t h e  e v i d e n c e  s u p p o r t s  a t  
l e a s t  a  t e n t a t i v e  c o n c l u s i o n  t h a t  I / M  works ,  and t h a t  it is 
t h e r e f o r e  u n f a i r  t o  p r e f e r  a  n u l l  h y p o t h e s i s  t h a t  i t  h a s  z e r o  
e f f e c t  . 
I n  t h e  main p a r t  of t h e  a n a l y s i s ,  t h e  a u t h o r s  u s e  a  model 
which i g n o r e s  t h e  p o s s i b i l i t y  t h a t  i r r e g u l a r  year - to-year  
f l u c t u a t i o n s  i n  t r a f f i c  volume and meteoro logy  cou ld  be 
o b s c u r i n g  a  p o s i t i v e  b e n e f i t  f o r  I/M. The a u t h o r s '  a t t e m p t s  
t o  r a t i o n a l i z e  t h i s  model a r e  s t a t i s t i c a l l y  i n c o r r e c t .  My 
u n d e r s t a n d i n g  i s  t h a t  t h e  ARIMA m ~ d e l ' s  N t  t e rm c o n t r o l s  
f o r  l i n e a r  and s e a s o n a l  t r e n d s  b u t  n o t  f o r  yea r - to -yea r  
weather  d i f f e r e n c e .  The r e p o r t  does  n o t  a d e q u a t e l y  in form 
t h e  r e a d e r  of t h i s  sho r t coming .  

The r e p o r t  i n c l u d e s  a  s h o r t  s e c t i o n  on r e s u l t s  o b t a i n e d  f o r  a  
model which u s e s  t r a f f i c  volume e s t i m a t e s  and a  t e r m p e r a t u r e  
i n v e r s i o n  v a r i a b l e .  In  p r i n c i p l e ,  t h e s e  two v a r i a b l e s  shou ld  
e x p l a i n  some of  t h e  v a r i a t i o n  i n  CO l e v e l s ,  t h u s  r e d u c i n g  t h e  
s t a n d a r d  e r r o r s  and improving t h e  m o d e l ' s  power. S i n c e  
t r a f f i c  and weather  may be  c o r r e l a t e d  w i t h  t h e  I / M  i n t e r v e n -  
t i o n ,  i n c l u d i n g  them a s  v a r i a b l e s  can  change t h e  e x p e c t e d  
v a l u e  of t h e  r e g r e s s i o n  e s t i m a t o r s  a l s o .  It t u r n s  o u t  t h a t  
t h e  no rma l i zed  d a t a  a r e  sometimes more v a r i a b l e  t h a n  b e f o r e  
n o r m a l i z a t i o n  and t h e  I / M  e f f e c t s  a r e  s t i l l  n o t  s i g n i f i c a n t l y  
d i f f e r e n t  from z e r o .  The f a c t  t h a t  t h e  d a t a  become more 
v a r i a b l e  w i t h  t h e  n o r m a l i z a t i o n  s u g g e s t s  t o  me t h a t  pe rhaps  
t h e  p a r t i c u l a r  t e m p e r a t u r e  i n v e r s i o n  v a r i a b l e  is  f o r  some 
r e a s o n  a  poor  i n d i c a t o r  of CO d i s p e r s i o n  p o t e n t i a l ,  and t h a t  
o t h e r  m e t e o r o l o g i c a l  v a r i a b l e s  such  a s  wind speed  o r  r e l a t i v e  



humidity should have been tried. In any case, the fact that 
even with this particular normalization it is impossible to 
reject the null hypothesis of no effect from I/M does not 
prove that I/M has no effect, as the authors attempt to 
conclude. 

If I can be of further assistance; please call. 

Sincerely Ayours, 

Phil Lorang, C d ief 
Technical Support Staff 
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R .  F r e d  I g c o b e l l i ,  P . E .  
A c t i n g  C h i e f ,  Bureau  o f  A i r  Q u a l i t y  
A r i z o n a  D e p a r t m e n t  o f  H e a l t h  S e r v i c e s  

i-' 
1740 West Adams 
P h o e n i x ,  A r i z o n a  85007 

Dear  Mr. I a c o b e l l i :  

Thank you f o r  t h e  o p p o r t u r , i t y  t o  r e v i e w  t h e  d r a f t  Appendix  
t i t l e d  "Time S e r i e s  A n a l y s i s  o f  t h e  Impac t  o f  t h e  V e h i c l e  
E m i s s i o n s  I c s p e c t i o n  Program on  Ambient  A i r  Q u a l i t y  i n  
P h o e n i x  a n d  Tucson"  b y  R i c h a r d  McCleary  a n d  B a r b a r a  C .  
N i e n s t e d t .  S i n c e  I a n  r e s p o n s i b l e  f o r  EPA1s a c t i v i t i e s  i n  
e v a l u a t i o n  o f  i n s p e c t i o n  a n d  m a i n t e n a n c e  (I/M) p r o g r a m s ,  I am 
i n t e r e s t e d  i n  a l l  s u c h  e f f o r t s .  A s  you know, my s t a f f  
s u p e r v i s e d  t h e  s t u d y  by G .  C .  T i a o  a n 6  h i s  a s s o c i a t e s  o f  t h e  
i m p a c t  o f  t h e  I / M  p rogram i n  P o r t l a n d ,  Oregon on  t h a t  c i t y ' s  
CO a i r  q u a l i t y ,  s o  I am f a m i l i a r  w i t h  t h e  t y p e  o f  f u n c t i o n a l  
m o d e l s  which  c a n  b e  u s e d  f o r  t h i s  p u r p o s e .  The T i a o  s t u d y  i s  
l i s t e d  a s  R e f e r e n c e  2 2  i n  t h e  d r a f t  Appendix  you s e n t  me, 
which  s p e a k s  q u i t e  f a v o r a b l y  o f  i t .  

I h a v e  o r g a n i z e d  my comments on t h e  d r a f t  Appendix  t o  a d d r e s s  
i n  s e q u e n c e  t h e  m o d e l i n g  method ,  t h e  - i n t e r p r e t a t i o n  o f  t h e  
r e s u l t s  o f  t h e  m o d e l i n g  e f f o r t ,  t h e  r e c o m m e n d a t i o n s  o f f e r e d  
a t  t h e  end o f  t h e  Append ix ,  and  my own c o n c l u s i o n s  a b o u t  t h e  
o v e r a l l  v a l u e  a n d  s i g n i f i c a n c e  o f  t h e  s t u d y  r e p o r t e d  i n  t h e  
Append ix .  

M o z e l i n g  P e t h o d  and I s s u e s  

F i r s t ,  t h e  Appecd ix  d e s c r i b e s  t h e  s t u d y  b y  T i a o  i n  P o r t l a n d  
a s  t h e  o n l y  good p r i o r  work on  t h e  s u b j e c t  o f  e s t i m a t i n g  I / M  
b e n e f i t s  f r o m  CO a i r  q u a l i t y  d a t a .  U n f o r t u n a t e l y ,  t h e  
Appendix  d o e s  n o t  u s e  t h e  same f u n c t i o n a l  f o r m  o r  
s p e c i f i c a t i o n  a s  T i a o  d i d  f o r  t h e  model  which r e l a t e s  CO 
l e v e l s  t o  t h e  v a r i a b l e s  t h a t  c o n t r i b u t e  t o  t h o s e  l e v e l s .  
T i a o  fount i t  b e s t  t o  e x p r e s s  CO c o n c e n t r a t i o n  a s  t h e  p r o d u c t  
o f  a  CO e m i s s i o n s / m i l e  e m i s s i o n  f a c t o r  t e r m  [ k e B t  
(1 + M i n  . T i a o l s  s y m b o l s ] ,  a  t r a f f i c  volume term 
[ T R t ] ,  and  a m e t e o r o l o g y  t e r m  [REt ] .  T h i s  makes s e n s e ,  
s i n c e  CO e m i s s i o n s  r e s u l t  f r o m  t h e  p r o d u c t  o f  a.n e m i s s i o n  
r a t e  p e r  m i l e  times VMT a n d  a r e  d i l u t e d  d e p e n d i n g  on 
m e t e o r o l o g y .  I n  c o n t r a s t ,  t h e  Append ix  u s e s  s e v e r a l  



d i f f e r e n t  models i n  which t h e  t r a v e l  v a r i a b l e  and meteoro logy  
v a r i a b l e  a r e  added,  n o t  m u l t i p l i e d .  The Appendix does  n o t  
u s e  any  te rm t h a t  i s  c l e a r l y  an emis s ion  f a c t o r  t e r m .  The 
Appendix d o e s  ment ion t h a t  a  "no rma l i zed"  model was a l s o  used 
( p .  3 7 )  which may b e  more l i k e  t h e  more l o g i c a l  T i a o  
app roach ,  b u t  t h i s  "no rma l i zed"  model i s  n o t  v e r y  w e l l  
d e s c r i b e d  ir .  t h e  Appendix.  A l l  e l s e  a s i d e ,  t h e  u s e  of t h e  
a d d i t i v e  model i n  t h e  Appendix s h o u l d  s t i l l  g i v e  meaningfu l  
r e s u l t s  b u t  t h e y  w i l l  be  l e s s  d i r e c t l y  i n d i c a t i v e  o f  e f f e c t s  
on a i r  qua1  i t y  . 
Second, t h e  Appendix u s e s  t h e  s i n g l e  h i g h e s t  8-hour CO 
a v e r a g e  each  month t o  d e s c r i b e  CO a i r  q u a l i t y  d u r i n g  t h a t  
month. T i a o  used  t h e  a v e r a g e  CO v a l u e  f o r  t h e  month. The 
s i n g l e  h i g h e s t  v a l u e  i s  n o t o r i o u s l y  v a r i a b l e ,  s i n c e  it  can  be  
i n f l u e n c e d  by t r a f f i c  volume and weather  d u r i n g  v e r y  s h o r t  
p e r i o d s  and t h e s e  i n  t u r n  may f l u c t u r a t e  g r e a t l y .  S i n c e  t h e  
model i n  t h e  Appendix u s e s  monthly a v e r g e  f u e l  s a l e s  a s  t h e  
measure  of t r a f f i c  volume and  monthly a v e r a g e  r e l a t i v e  
humid i ty  a s  t h e  meteoro logy  v a r i a b l e ,  t h e  CO s t a t i s t i c  shou ld  
c l e a r l y  be  based  on t h e  monthly a v e r a g e  a s  w e l l .  ( I f  t h e  
monthly a v e r a g e  is n o t  r e a d i l y  a v a i l a b l e ,  t h e  a v e r a g e  of each  
d a y ' s  h i g h e s t  8-hour v a l u e  s h o u l d  be  u s e d . )  Using t h e  s i n g l e  
monthly h i g h  v a l u e  adds  n o i s e  t o  t h e  t i m e  s e r i e s  and makes i t  
much h a r d e r  t o  show t h a t  i n d i v i d u a l  f a c t o r s  have a  
s t a t i s t i c a l l y  s i g n i f i c a n t  e f f e c t  on CO l e v e l s .  

T h i r d ,  a s  -ment ioned ,  t h e  Appendix used f u e l  s a l e s  a s  t h e  
measure  o f  t r a f f i c  volume f o r  l a c k  of  a c t u a l  t r a f f i c  c o u n t s .  
The Appendix p o i n t s  o u t  t h e  sho r t comings  o f  t h i s  app roach ,  
b u t  n e g l e c t s  t o  ment ion one sho r t coming  t h a t  c o u l d  have been 
c o r r e c t e d :  a v e r a g e  v e h i c l e  f u e l  economy h a s  been i n c r e a s i n g ,  
s o  t h e  r e a l  i n c r e a s e  i n  VMT ove r  time h a s  beer, f a s t e r  t h a n  
i n d i c a t e d  by f u e l  s a l e s  a l o n e .  The Appendix i g n o r e s  t h i s .  
A s  a  r e s u l t ,  i t  f a i l s  t o  r e c o g n i z e  p a r t  o f  t h e  r e d u c t i o n  i n  
CO e m i s s i o n s  p e r  m i l e  o v e r  time, a  r e d u c t i o n  t h a t  i n  p a r t  may 
be  a t t r i b u t a b l e  t o  I / M .  I have e n c l o s e d  some t a b l e s  f rom 
s t a n d a r d  U .  S .  Department o f  T r a n s p o r t a t i o n  r e p o r t s  which 
g i v e  e s t i m a t e s  of t h e  f l e e t  f u e l  economy i n  each  c a l e n d a r  
y e a r .  

Four th ,  t h e  Appendix u s e s  a model which d o e s  n o t  e x p l i c i t l y  
accoun t  f o r  t h e  b e n e f i c i a l  e f f e c t s  o f  t h e  new c a r  emis s ion  
s t a n d a r d s - - t h e  F e d e r a l  Motor V e h i c l e  C o n t r o l  Program 
(FMVCP). T i a o  d i d  r e c o g n i z e  t h e  FMVCP a s  a  p o s s i b l e  e f f e c t ,  
and i n  f a c t  d i d  f i n d  from t h e  d a t a  t h a t  t h e  FMVCP caused  a  5% 
p e r  y e a r  r e d u c t i o n  i n  CO e m i s s i o n s  and ambient  l e v e l s .  I t  is 



i n c o n c e i v a b l e  t h a t  t h e  FMVCP h a s  n o t  a l s o  h a d  a n  e f f e c t  i n  
P h o e n i x  a n d  T u c s o n .  The Appendix  a c c o u n t s  f o r  t h e  e f f e c t  
o n l y  a s  p a r t  o f  t h e  " n o i s e "  t e r m .  I am n o t  f a m i l i a r  w i t h  how 
t h i s  n o i s e  term i s  t r e a t e d  i n  t h e  ARIMA model  u s e d  b y  t h e  
Append ix ,  b u t  t h e  f a i l u r e  t o  r e c o g n i z e  t h e  p o s s i b l e  e f f e c t  of  
t h e  FMVCP may h a v e  n e g a t i v e  c o n s e q u e n c e s  f o r  t h e  r e s u l t s  o f  
t h e  a n a l y s i s .  

F i f t h ,  t h e  Append ix  u s e s  a  v e r y  s i m p l e  v a r i a b l e  fo rm t o  
d e s c r i b e  t h e  i n t e r v e n t i o n  d u e  t o  I / M .  I t  a s s u m e s  t h a t  I / M  
h a s  a  c o n s t a n t  e f f e c t  o n  a m b i e n t  l e v e l s  ( e x c e p t  f o r  a n  
a d d i t i o n a l  i m p a c t  f rom t h e  c h a n g e  i n  f a i l u r e  r a t e )  o n c e  a l l  
c a r s  h a v e  b e e n  i n s p e c t e d  o n e  t i m e .  A b e t t e r  v a r i a b l e  would 
h a v e  b e e n  t h e  number o f  v e h i c l e s  which  had  b e e n  i n s p e c t e d ,  
f a i l e d ,  and  t h e n  p a s s e d  t h e  r e t e s t  a f t e r  r e p a i r .  T h i s  would 
c a p t u r e  i n  o n e  v a r i a b l e  t h e  e f f e c t  o f  s t a r t i n g  t h e  I / M  
p rogram i n  1977  a n d  i n c r e a s i n g  t h e  f a i l u r e  r a t e  i n  1979 .  I t  
would a l s o  r e f l e c t  a n y  . c h a n g e s  i n  w a i v e r  r a t e s  o v e r  time; 
p r e s u m a b l y  c a r s  which  r e c e i v e  w a i v e r s  d o  n o t  c o n t r i b u t e  a s  
much t o  r e d u c i n g  CO l e v e l s  a s  do  s u c c e s s f u l l y  r e p a i r e d  
v e h i c l e s .  S i n c e  CO l e v e l s  a r e  a f f e c t e d  by a l l  c a r s  on  t h e  
r o a d  and  n o t  j u s t  t h o s e  b e i n g  i n s p e c t e d  e a c h  month ,  i t  is 
n e c e s s a r y  t o  u s e  a  c u m u l a t i v e  v e h i c l e  c o u n t  f o r  t h i s  
v a r i a b l e .  To r e f l e c t  g r a d u a l  d e t e r i o r a t i o n  i n  CO e m i s s i o n s  
back  t o w a r d s  non-I/M l e v e l s  f o l l o w i n g  i n s p e c t i o n  and  r e p a i r ,  
I recommend T i a o ' s  method o f  d i s c o u n t i n g  i n s p e c t i o n s  f rom 
p r e v i o u s  months  by  p r o g r e s s i v e l y  l a r g e r  p e r c e n t a g e s .  S e e  
p a g e  2 4  o f  T i a o ' s  f i n a l  r e p o r t  t o  EPA f o r  d e t a i l s .  A n o t h e r  
a d v a n t a g e  o f  t h i s  method i s  t h a t  o n e  c o u l d  t h e n  e a s i l y  
e s t i m a t e  t h e  b e n e f i t  o f  r e d u c i n g  t h e  w a i v e r  r a t e  t h r o u g h  a  
h i g h e r  c o s t  l i m i t ,  b e t t e r  t r a i n i n g  f o r  m e c h a n i c s ,  o r  more 
r i g o r o u s  r e v i e w  o f  w a i v e r  a p p l i c a t i o n s .  

F i n a l l y ,  t h e  Appendix  d i f f e r s  f rom t h e  T i a o  method o f  
a c c o u n t i n g  f o r  s e a s o n a l i t y .  I am n o t  f a m i l i a r  enough w i t h  
t h e  two methods  t o  s a y  w h e t h e r  t h i s  i s  l i k e l y  t o  h a v e  a n  
e f f e c t  on t h e  r e s u l t s .  

I n t e r p r e t a t i o n  o f  Mode l inq  R e s u l t s  

The Appendix  e s t i m a t e d .  t h e  e f f e c t  o f  t h e  I / M  p rogram i n  
P h o e n i x  o n '  CO l e v e l s  i n  s e v e r a l  d i f f e r e n t  ways a n d  g o t  
r e s u l t s  r a n g i n g  f r o m  a r e d u c t i o n  o f  17% t o  a  r e d u c t i o n  o f  
4 2 % .  T h i s  r a n g e  c o r r e s p o n d s  r o u g h l y  t o  what  EPA mode l s  o f  
I / M  would s u g g e s t .  However, t h e  Appendix  r e p o r t s  t h a t  none  
o f  t h e  e s t i m a t e d  b e n e f i t s  a r e  s t a t i s t i c a l l y  s i g n i f i c a n t .  The 
Append ix  c o n c l u d e s  t h a t  t h e r e  i s  t h e r e f o r e  no  e v i d e n c e  t h a t  



I / M  h a s  had a n  e f f e c t ,  a n d  e v e n  impl ies  t h a t  t h e  e v i d e n c e  
shows i t  d o e s  n o t  h a v e  a n  e f f e c t .  T h i s  i s  a n  
o v e r s i m p l i f i c a t i o n  o f  t h e  mean ing  o f  t h e  s t a t i s t i c a l  r e s u l t s  
and  w i l l  m i s l e a d  many l a y  p e r s o n s  who r e a d  t h e  Append ix .  The 
m o d e l i n g  r e s u l t s  a c t u a l l y  n e e d  more c a r e f u l  e x p l a n a t i o n  s o  
t h a t  t h e  a v e r a g e  r e a d e r  u n d e r s t a n d s  t h e  s i g n i f i c a n c e  o f  t h e  
a n a l y s i s  i n  t h e  Append ix .  

The Appendix  i s  p r e s u m a b l y  cc r rec t  t h a t  n o n e  o f  t h e  e s t i m a t e s  
o f  I / M  b e n e f i t s  a r e  " s t a t i s t i c a l l y  s i g n i f i c a n t . "  T h i s  i s  a  
t e c h n i c a l  term w i t h  a  v e r y  s p e c i f i c  mean ing .  I t  means t h a t  
o n e  c a n n o t  s a y  w i t h  much c e r t a i n t y  t h a t  t h e  e f f ec t  o f  I / M  is 
d i f f e r e n t  f r o m  z e r o .  I n  o t h e r  words ,  t h e  e f f e c t  may b e  z e r o ,  
and  t h e  p o s i t i v e  e s t i m a t e s  c o u l d  b e  m e r e l y  random i n  n a t u r e .  
T h i s  is  a  s l a n t e d  way t o  l o o k  a t  t h e  r e s u l t s ,  a n d  is  u s e d  s o  
f r e q u e n t l y  b y  s t a t i s t i c i a n s  o n l y  b e c a u s e  i t  i s  c o n v e n i e n t  and  
e a s y  t o  e x p l a i n .  I n  f a c t ,  a c c o r d i n g  t o  s t a t i s t i c a l  t h e o r y  
t h e  a n a l y s i s  s a y s  t h e  r e a l  I / M  e f f e c t  is  more l i k e l y  t o  b e  
e x a c t l y  wha t  t h e  a n a l y s i s  e s t i m a t e s  i t  t o  b e  ( 1 7 %  t o  42% 
d e p e n d i n g  on  m e t h o d ) ,  t h a n  a n y  o t h e r  v a l u e .  A d m i t t e d l y  it 
c o u l d  b e  z e r o ,  b u t  i t  c o u l d  j u s t  a s  l i k e l y  b e  h i g h e r  t h a n  t h e  
1 7 %  t o  42% e s t i m a t e .  E s s e n t i a l l y ,  a l l  t h e  s t u d y  a c c o m p l i s h e d  
was t o  s a y  t h a t  t h e  " n o i s e "  i n  t h e  a m b i e n t  CO l e v e l s  i s  t o o  
h i g h  t o  b e  a b l e  t o  t e l l  what  i s  c a u s i n g  t h e  CO l e v e l s  t o  v a r y  
f rom month t o  month.  I n  e f f e c t ,  we know no  more t h a n  b e f o r e  
t h e  s t u d y  was made. 

T h i s  b e i n g  t h e  c a s e ,  t h e  s t a t e m e n t s  on  p a g e  31  ( l i n e s  7 a n d  
8 ,  l i n e s  1 6  a n d  1 7 1 ,  p a g e  3 2  ( l i n e s  5 a n d  61 ,  p a g e  3 3  ( l i n e s  
1 5  t h r o u g h  1 7 ) ,  p a g e  34 ( l i n e s  1 2  t h r o u g h  1 8 1 ,  p a g e  37 ( l i n e s  
3 t h r o u g h  7 1 ,  p a g e  40 ( l i n e s  7  t h r o u g h  1 0 1 ,  a n d  p a g e  41 
( l i n e s  5 t h r o u g h  8 )  a r e  m i s l e a d i n g  b e c a u s e  t h e y  i m p l y  t h e r e  
is e v i d e n c e  t h a t  I / M  i s  n o t  w o r k i n g ,  o r  t h a t  t h e  f a i l u r e  t o  
f i n d  c l e a r  e v i d e n c e  t h a t  I / M  i s  w o r k i n g  i s  b y  i t s e l f  a n  
i n d i c a t i o n  o f  I/M1s f a i l u r e .  The s t u d y  h a s  i n  n o  way p r o v e d  
t h a t  I / M  i s  n o t  w o r k i n g .  It i s  a  v e r y  common r e s u l t  t o  f i n d  
t h a t  n o t h i n g  c a n  b e  p r o v e d  s t a t i s t i c a l l y  i n  t h i s  f i e l d ,  and  
s h o u l d  n o t  b e  a  s u r p r i s e .  

T h e r e  is  s u b s t a n t i a l  e v i d e n c e  f rom o t h e r  s o u r c e s  t h a t  I / M  
d o e s  r e d u c e  CO e m i s s i o n s  a n d  t h e r e f o r e  a m b i e n t  CO l e v e l s .  
T h i s  e v i d e n c e  i n c l u d e s  EPA1s s t u d y  o f  e m i s s i o n s  o f  c a r s  i n  
P o r t l a n d ,  t h e  T i a o  s t u d y  o f  a m b i e n t  CO i n  P o r t l a n d ,  t h e  EPA 



s t u d y  o f  t h e  CO e m i s s i o n s  o f  P h o e n i x  c a r s  compared t o  c a r s  i n  
non-I/M c i t i e s *  ( c i t e d  on p a g e s  6 a n d  7  o f  t h e  A p p e n d i x ) ,  
and  a  small EPA s t u d y  o f  t h e  I / M  p rogram i n  t h e  S o u t h  C o a s t  
A i r  B a s i n  o f  C a l i f o r n i a .  T h i s  e v i d e n c e  c r e a t e s  a  p r e s u m p t i o n  
t h a t  mus t  b e  c l e a r l y  r e b u t t e d  by a  s t a t i s t i c a l  a n a l y s i s ,  i f  
t h e  s t a t i s t i c a l  a n a l y s i s  is  t o  b e  h e l d  up a s  p r o o f  t h a t  I / M  
h a s  no  e f f e c t .  I n  f a c t ,  however ,  t h e  s t u d y  i n  t h e  Appendix  
d o e s  n o t  r e b u t  t h i s  p r e s u m p t i o n .  I f  a s k e d ,  I am s u r e  t h e  
a u t h o r s  would  c o n c e d e  t h a t  t h e  s t u d y  r e s u l t s  c o u l d  b e  
h o n e s t l y  r e s t a t e d  t o  s a y ,  " T h e r e  i s  no  e v i d e n c e  t h a t  I / M  d o e s  
n o t  r e d u c e  a m i b e n t  CO l e v e l s  by  a t  l e a s t  1 7 % . "  

The i n c o n c l u s i v e  n a t u r e  o f  t h e  s t u d y ' s  f i n d i n g s  a r e  d u e  i n  
p a r t  t o  t h e  p o o r  c h o i c e  o f  t h e  CO s t a t i s t i c  t o  mode l .  A s  
m e n t i o n e d  a b o v e ,  u s e  o f  t h e  m o n t h l y  h i g h  8-hour  a v e r a g e  a d d s  
n o i s e  t o  t h e  a n a l y s i s .  The i n c o n c l u s i v e  r e s u l t s  a r e  a l s o  d u e  
i n  p a r t  t o  t h e  f a c t  t h a t  i n  P h o e n i x  t h e r e  h a s  b e e n  o n l y  o n e  
m a j o r  I / M  i n t e r v e n t i o n ,  i n  1 9 7 7 .  I n  c o n t r a s t ,  i n  P o r t l a n d  
t h e  b i e n n i a l ,  o n / o f f  p a t t e r n  o f  i n s p e c t i o n s  , i s  a  r e p e a t e d  
i n t e r v e n t i o n  which g i v e s  t h e  s t a t i s t i c a l  a n a l y s i s  a  b e t t e r  
o p p o r t u n i t y  t o  d i s t i n g u i s h  t h e  e f f e c t  o f  I / M  f rom random 
n o i s e .  F o r  t h i s  r e a s o n ,  it i s  n o t  s u r p r i s i n g  t h a t  a  s t u d y  i n  
P h e o n i x  would  b e  l e s s  c o n c l u s i v e  t h a n  t h e  T i a o  s t u d y  i n  
P o r t l a n d .  

Of c o u r s e ,  t h e  i n c o n c l u s i v e  a n d  s i g n i f i c a n t l y  i n s i g n i f i c a n t  
r e s u l t s  may h a v e  b e e n  o t h e r w i s e  i f  t h e  Appendix  h a d  u s e d  t h e  
T i a o  m o d e l i n g  method e x a c t l y .  

Recommendat ions  i n  t h e  Appendix  

Any s u g g e s t i o n  t h a t  t h e  I / M  p rogram b e  t e r m i n a t e d  b a s e d  on 
t h e  r e s u l t s  o f  this s t u d y  would  c e r t a i n l y  b e  a n  o v e r r e a c t i o n .  

*The Append ix  s a y s  on p a g e  7  t h a t  c o n s i d e r i n g  t h a t  t h e r e  was 
no c o n t r o l  f o r  m e t e o r o l o g i c a l  f a c t o r s ,  it i s  d i f f i c u l t  t o  
p l a c e  much f a i t h  i n  t h i s  EPA s t u d y .  T h i s  c o n c l u s i o n  i s  
b a s e d  o n  a m i s t a k e n  u n d e r s t a n d i n g  o f  t h e  EPA s t u d y .  The EPA 
s t u d y  compared v e h i c l e  e m i s s i o n s  u n d e r  t h e  r i g i d  c o n d i t i o n s  
o f  t h e  s t a n d a r d i z e d  FTP e m i s s i o n s  t e s t .  M e t e o r o l o g i c a l  
f a c t o r s  a r e  t h e r e f o r e  o f  no  c o n c e r n  i n  c o m p a r i n g  P h o e n i x  t o  
o t h e r  c i t i e s .  If I / M  i n  P h o e n i x  h a s  l o w e r e d  CO e m i s s i o n s  on 
t h e  FTP, a s  t h i s  s t u d y  p r o v e s ,  i t  must  h a v e  l o w e r e d  CO 
e m i s s i o n s  on t h e  s t r e e t s  o f  P h o e n i x  a s  w e l l ,  t o  a t  l e a s t  some , 

d e g r e e .  



The recommenda t ions  r e g a r d i n g  t h e  k e e p i n g  o f  a i r  q u a l i t y  d a t a  
c a n n o t  b e  d i s p u t e d ,  a l t h o u g h  I am n o t  i n  a  p o s i t i o n  t o  t e l l  
wha t  t h i s  would r e q u i r e .  A s  you p r o b a b l y  know, EPA k e e p s  
a  compute r  f i l e  o f  a i r  q u a l i t y  d a t a ,  c a l l e d  t h e  SAROAD d a t a  
b a s e .  I f  EPA c a n  b e  o f  a s s i s t a n c e  t o  A r i z o n a ,  l e t  me know. 

The recommenda t ion  r e g a r d i n g  t r a f f i c  c o u n t s  seems t o  make 
s e n s e  on t h e  s u r f a . c e .  However, s i n c e  t r a f f i c  c o u n t s  w i l l  
n e v e r  b e  a v a i l a b l e  f rom t h e  pre-I/M p e r i o d ,  it may b e  o f  
l i t t l e  u s e  t o  b e g i n  c o l l e c t i n g  them now. 

The recommenda t ion  t h a t  t h e  I / M  p r o g r a m  b e  e v a l u a t e d  w i t h  a  
p r o v e n  s t a t i s t i c a l  m e t h o d o l o g y  a l s o  makes s e n s e .  However, 
t h e r e  i s  s o  much n o i s e  i n  a i r  q u a l i t y  d a t a  t h a t  e v e n  t h e  b e s t  
e v a l u a t i o n  may s t i l l  b e  i n c o n c l u s i v e .  I o b j e c t  t o  a n y  
a s s u m p t i o n  t h a t  a n y  o n e  a i r  c o n t r o l  m e a s u r e  mus t  c o n c l u s i v e l y  
p r o v e  i t s e l f  b a s e d  o n  a n  a n a l y s i s  o f  a i r  q u a l i t y  d a t a .  
C o n t r o l  m e a s u r e s  s h o u l d  b e  p r o v e n  e f f e c t i v e  i n  r e d u c i n g  

• e m i s s i o n s ,  a s  I / M  h a s  b e e n .  Common s e n s e  t h e n  s a y s  t h a t  a i r  
q u a l i t y  w i l l  a l s o  b e  improved .  

I d i s a g r e e  t h a t  a  d e s e r t  community w i t h o u t  I / M  s h o u l d  b e  
e s t a b l i s h e d  as  a  c o n t r o l  s i t e  f o r  f u t u r e  s t u d i e s .  The d e s e r t  
community would  h a v e  t o  h a v e  s i m i l a r  w e a t h e r ,  t r a f f i c  
c o n c e n t r a t i o n s ,  t r a f f i c  g r o w t h ,  t o p o l o g y ,  a n d  new c a r  s a l e s  
a s  P h o e n i x  t o  b e  a  r e l i a b l e  c o n t r o l  s i t e .  T h i s  i s  v e r y  
u n l i k e l y  i n  a  s m a l l  town.  A c o n t r o l  s i t e  i s  n o t  s t r i c t l y  
n e c e s s a r y  f o r  a  time se r ies  i n t e r v e n t i o n  a n a l y s i s ,  a s  t h e  
Appendix d e m o n s t r a t e s .  I would  l i k e  t o  p o i n t  o u t  t h a t  t h e  
T i a o  s t u d y  d i d  n o t  u s e  Eugene as  a  c o n t r o l  s i t e  i n  t h e  common 
s e n s e ,  d e s p i t e  a n  i n d i c a t i o n  t o  t h i s  e f f e c t  on  p a g e  4 o f  t h e  
Append ix .  P o r t l a n d  a n d  Eugene a i r  q u a l i t y  l e v e l s  were n e v e r  
compared d i r e c t l y .  T i a o  m e r e l y  v e r i f i e d  t h a t  i n s p e c t i n g  c a r s  
i n  P o r t l a n d  had  no  e f f e c t  on E u g e n e ' s  a i r  q u a l i t y .  I f  it 
h a d ,  some u n i d e n t i f i e d  v a r i a b l e  would h a v e  b e e n  s u s p e c t e d  a s  
c a u s i n g  t h e  CO r e d u c t i o n s  i n  b o t h  c i t i e s .  Wi th  r e s p e c t  t o  
e v a l u a t i n g  t h e  e f f e c t  o f  I / M  i n  P h o e n i x  a n d  Tucson ,  I am 
g e n e r a l l y  n o t  i n  f a v o r  o f  c o m p a r i n g  a n  I / M  c i t y  a n d  a  non-I/M 
c i t y  a n d  a t t r i b u t i n g  t h e  d i f f e r e n c e  t o  I / M .  If you m u s t  d o  
s o ,  i t  i s  p r o b a b l y  b e t t e r  t o  u s e  c o m p o s i t e s  o f  a  number o f  
o t h e r  c i t i e s  o f  a p p r o x i m a t e l y  t h e  same s i z e  a n d  p o p u l a t i o n  
d e n s i t y  a s  P h o e n i x  a n d  Tucson .  

C o n c l u s i o n  

The Append ix  you s e n t  me c o n t a i n s  a  l e s s - t h a n - t h e - b e s t  
a n a l y s i s  o f  I / M  i n  P h o e n i x  a n d  T u c s o n ,  e v e n  t h o u g h  i t  may b e  
t h e  b e s t  t h a t  was p o s s i b l e  g i v e n  t h e  a u t h o r s '  r e s o u r c e s .  The 



analysis was inconclusive, and is not inconsistent with other 
studies that have shown that I/M reduces CO emissions and 
ambient CO levels. The write-up in the Appendix seriously 
simplifies the explanation of the findings, or lack of 
findings, and may misleaz lay readers. 

Sincerely yours, 

@[ Phil Loranq, Awo7 Chie 

Technical Support Staff 



Comments on McCleary - Nienstadt Report 

P. 2 "Control" i s  a  l i t t l e  confusing. The models actua1l.y account 
fo r  the e f fec t s  of exogenous variables through trend and seasonal 
components, o r ,  such variables are replaced by trend and seasonal 
components which account fo r  roughly the same amount of explained 
variat ion.  

P. 17 "ARIMA models - must be used" should be restated to say ARIMA models 
may be used. 

'There  are  other valid time ser ies  modeling procedures. 
"Econometri c  type" models , mu1 t i  pl i  ca t i  ve model s  , nonl i  near model s  , 
unobserved components models. 

P .  18 Quasi-experimental evidence i s  subject to  in terpre ta t ion.  Lack 
of control se r ies  seriously hinders decision making. Even 
s ign i f i can t  impacts might be misleading as they could be caused 
by unobserved factors other than the I/M program. 
Excellent discussion of how quasi-experimental nature of project  
handled. Comprehensive inspection of threats  to val idi  ty .  

P. 24 Some question as t o  the assumption of a uniform intervention,  b u t  
unlikely t ha t  d i f fe ren t  coding would d ras t i ca l ly  change resu l t s .  
Worthy of investigation.  

P.  38 In discussion of s t a t i s t i c a l  power of models, the statement 
made i s  t rue ,  b u t  since tio was accepted, power i s  an important 
issue.  
"Controlled meteorological variance in C O  by  seasonal ARIMA 
s tructures" means tha t  meteorological variables were almost 
en t i re ly  explained by a seasonal component which was included 
in  the CO model . 
Met. Var. = seasonal + noise 

high % low % of variance 
CO = trend + seasonal + noise 

same as above, accounts fo r  a l l  b u t  small % of 
variat ion due to  meteor01 ogi cal variables.  

i . e . ,  model with seasonal + met. accounts f o r  about same % of 
variat ion as model with seasonal alone, so no need f o r  met. in 
model. 

Additional s t a t i s t i c a l  information. needed in the report: 

jpercent of variation i n  CO explained by model 
(des i re  1 ow standardized residual variance, or  
residual mean square).  

*what percent decrease in C O  could have been 
detected: standard error  of predictors ? 
Standard e r ro r  of impact parameter? 



Impediments t o  decision making: 

1) No control series 
2 )  Short length of series 
3 )  Quasi -experimental design (validity problems) 
4 )  Power of s t a t i s t i ca l  tes t s  (decision based on accepting H o ) .  

Possi ble impediments t o  s t a t i s t i ca l  concl usions : 

1) Nature of residuals, s ize  of residual variance. 
2 )  Distribution theory: s t a t i s t i ca l  t e s t  that accepts n u 1  1 

hypothesis of white noise may have "low" power, assumption 
of white noise essential . 

3 )  By nature of s t a t i s t i ca l  testing procedure, some models will 
produce "significance" merely by chance. 

Eva1 uati on: 

Excellent analysis using quasi-experimental design. 
Comprehensi ve val idi ty check. 
Knowledgeable application of ARIMA modeling t o  intervention analysis. 
Comprehensive modeling of univariate series of interest ,  Correct 
i nterpretati on of resul t s  , b u t  1 ack menti on of residual vari ance 
or nature of residuals. 

Stat is t ical  analysis seems to warrant accepti ng of n u 1  1 hypothesis 
of no effect  of intervention, b u t  conclusion should be qualified 
t o  mention problems of sample s i t e  and power. Otherwise, limita- 
tion of s t a t i s t i ca l  procedures are clearly del i neated. 

I partially endorse conclusion that I/M i s  ineffective. 
I wholly endorse recommendation that data collection/design pro- 
blems be considered more carefully. 



ATTACHMENT 5 

Arizona Department of Health Services' Comments on 
Performance Audit of the Department of Health Services' 

Vehicle Emissions Inspection Program 

S U M M A R Y  

To state that no evidence was found that the Vehicle Emissions Inspection 
program has been effective is to refute the law of conservation of mass. 
Figures 1, 2 and 3 show the reduction in tail pipe carbon monoxide emission 
concentrations resulting from repairs to vehicles that failed the emissions 
test. Figure 1 is for all vehicles inspected. The downward trend indicates 
the effect of dropping older vehicles from the program and including newer 
ones. Figure 2 shows the effect of repairs to 1969 model year vehicles, and 
Figure 3 shows the effect of repairs on 1975 model year vehicles. Figures 2 
and 3 represent two different technologies which were included in the program 
during the years 1976 through 1982. It can be noted that the average emis- 
sion performance deteriorates between inspections, yielding the net effect 
of the emissions reductions shown by the shaded area. There is also a posi- 
tive but less definitive benefit of the inspection program included in the 
area between the dotted lines and the before-repairs plot due to program 
induced behavioral changes. These figures also illustrate that there was a 
profound effect of the program between the 1976 testing and the 1977 testing, 
and that there were effects of the more stringent test standards prior to the 
1979 testing. This phenomenon reveals that the implementation of the manda- 
tory maintenance in 1977 and the increase in test failures in 1979 were 
blended rather than discrete, and consequently the statistical model was 
insensitive to them. 

The decline in idle tail pipe emissions between the 1976 testing and the 1977 
testing, shown in Figures 1, 2 and 3, indicates that the program changed ve- 
hicle maintenance behavior, at least for owners of vehicles that are in the 
program. However, it is suspected that when a vehicle is exempted from the 
inspection program because of age, maintenance habits will revert to prein- 
spection days and emissions will increase. 

The statements regarding circumvent ion are typical of the uninformed and un- 
trained mechanic. Vehicle manufacturers must meet three criteria in the 
design of engine performance: (1) Federal emissions certification, (2) cor- 
porate average fuel economy, and (3) customer demand driveabi 1 ity. Engine 
design and tuning specifications optimize all three so that any vehicle in 
good mechanical condition (including operation of all emission control de- 
vices) when tuned to manufacturer's specifications will have 1 ow emissions 
(pass the Arizona emissions test and the Federal test procedure), good fuel 
economy and optimized performance. 

Variability in vehicles does occur. However, emissions factors and the im- 
pact of inspection/maintenance programs are based on empirical from 
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the testing of in-use vehicles. Consequently there are provisions for engine 
variability in the test design. 

It is evident from inspection data, which is partially shown in Figures 1, 2 
and 3, that emissions reductions are obtained from vehicles entering the pro- 
gram for the first time, and that further emission reductions are gained from 
the periodic inspection/maintenance process. The inspection program could 
become more effective by including older and out-of-state vehicles. 

The statement that it is not known for certain why the program is ineffective 
is a result of a conclusion based on a grossly deficient statistical analysis. 
A more correct statement would be that empirical evidence shows the program 
is effective in reducing emissions. However, the time series analysis con- 
ducted by the Center for Informative Evaluation was unable to determine the 
effect of these reductions on air quality. The effect of polic,y or program 
changes can certainly be evaluated in terms of their effect on emissions. 

The recommendation to operate the program only as required to avoid imposi- 
tion of Federal sanctions neglects to recognize the healthful benefits of the 
emissions reductions and is contrary to the declaration of policy contained 
in ARS 36.1700. Every effort should be made to make the Vehicle Emissions 
Inspection Program as effective as possible. 

Fifty two potential strategies for reducing the automotive air pol 1 ution were 
identified and evaluated by the Phoenix Air Quality Maintenance Area Task 
Force prior to formation of the Nonattainment Area Plan for Carbon Monoxide 
and Photochemical Oxidants in December 1978. Effective alternatives to 
inspection/maintenance such as vehicle free zones, gasoline rationing and 
mandatory maintenance were found unacceptable and rejected. 

The boundaries of the nonattainment area plan for carbon monoxde and ozone 
in Pima County have been revised and adopted for proposal by the Pima Associa- 
tion of Governments Regional Council. In order to reflect this change in the 
inspection/maintenance program, the revision must be submitted to and approved 
by the Administrator of the United States Environmental Protection Agency. 

The statements regarding ozone are questionable and misleading. First, there 
is no evidence or combustion theory that would relate the perceived ineffec- 
tiveness in carbon monoxide control to ineffectiveness in hydrocarbon control. 
Although fewer vehicles fail the emissions test for hydrocarbons than carbon 
monoxide, the attendant fleet-wide improvement in tail pipe concentration 
from repairs to those vehicles that fail is greater for hydrocarbons than for 
carbon monoxide. Improvements in hydrocarbon id1 e tail pipe emissions can be 
depicted in a manner similar to that shown for carbon monoxide in Figures 1, 
2 and 3. 

To state that the air/fuel waiver provision of Arizona's Vehicle Emissions 
Inspection Program is not cost effective ignores the fact that the associated 
provision for registration of emissions analyzers and certification of me- 
chanics has greatly reduced or avoided the expense to program users of multi- 
ple trips to repair facilities resulting from second failures due to improper 
repairs or erroneous emissions measurements during repair. 



P. i i i  

The situation regarding the lack of quality assurance audit has been corrected. 
However, it should be pointed out that there is no evidence that the quality 
of the inspection operation suffered because of this deficiency. 

The effects of tampering with emissions control devices and misfueling have 
not been addressed in the report. These two actions on the part of vehicle 
owners have an obvious and serious impact on the effectiveness of the program 
when the statutory cost limitation on repairs prohibits the enforcement of 
repairs. A management report system has been instituted. 

F I N D I N G  I 

We totally disagree with the Finding because the basis for the Finding, the 
analysis prepared by the Center for Informative Evaluation, is poorly con- 
ceived, of inferior design, misleading due to the consultant's lack of under- 
standing of air quality complexities, and grossly flawed by the inappropriate 
use of statistics. As an example, there is one particular problem that we 
must emphasize because it is critical to the design of the consultant's time 
series analysis, and his failure to recognize it renders the results meaning- 
1 ess. 

The hypothesis being tested is, "Did the ambient air quality improve starting 
in January, 1977 with the inception of the inspection/maintenance program, 
and again in 1979 when failure rates increased?" The results are a statement 
of whether this improvement occurred or not. If the air quality trend due to 
factors other than inspection/maintenance was stable prior to and after in- 
spection/maintenance implementation, this test would be fair and appropriate. 
A visual inspection of the air qual ity trend shown in Figure 4, however, 
indicates that remarkable changes in the air quality trend were occurring 
prior to inspection/maintenance imp1 ementation and continued through to the 
present time. These changes in the slope of the trend indicate that the net 
effect of cleaner new cars and increased traffic has been changing. Appar- 
ently the year to year reduction in emissions attributable to cleaner new 
cars exhibits a decreasing ability to offset the rapid growth in Phoenix 
traffic. Given these observable facts, it is unreasonable to test whether 
inspection/mai ntenance improved the air qual i ty trend. 

The fact that the net effect of the uncontrolled factors is a changing air 
qual ity trend invalidates the test. Since the test is reported anyway, it 
should at 1 east be recognized as being biased against showing an air qua1 i ty 
benefit from inspection/maintenance, because the net effect of the major con- 
trol strategy (Federal new car standards) was a decreasing benefit. 

The Department of Health Services staff advised the staff of the Auditor 
General and his consultants of this potential problem early in the audit. 
The consultant ' s verbal response and subsequent written discussion in the 
report are similar. The consultants contend that the effect of cleaner new 
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cars and the effect of increased traffic "tend" to cancel and therefore the 
balance between these opposing variables does not need to be dealt with expli- 
citly. The two previous inspection/maintenance time series studies in New 
Jersey and Portland recognized the problem and dealt with it. 

It should be clear that this cancel1 ing assumption is in error, and that the 
statistical test was fatally flawed in its design. 

Further, inspection data indicate that the effects of the mandatory mainten- 
ance in 1976 and the change in inspection standards in 1979 were diffused 
rather than discrete and the statistical test was insensitive to them. De- 
tailed comments on the time series analysis are contained in Attachment 6. 

Our comments regarding the certainty of program "effectiveness" are covered 
in the preceding section. 

The statement concerning the Oregon study, "Furthermore at the site where 
this effect was found, results were confounded by movements of the monitoring 
probe and the major traffic disruptions in the area," is flagrantly misleading 
inasmuch as the study found an additional annual percentage reduction of ap- 
proximately 12% at this site with an indication that the inspection/maintenance 
effect is statistically significant at the 5% level. 

In our opinion, which is supported by those knowledgeable of air quality com- 
plexities, the time series analysis as conducted by the Center for Informative 
Evaluation is invalid and cannot be used in determining that the Vehicle Emis- 
sions Inspection Program has not reduced carbon monoxide levels in Phoenix * 
and Tucson and cannot be relied on to meet the 1987 deadline for attaining 
the Federal ambient air carbon monoxide standard. Further, inspection/main- 
tenance is not to be relied on as the only strategy to attain ambient air 
quality standards. Other strategies are required. 

The statement regarding the unchanged behavior and circumventions is addressed 
in the preceding section of this attachment. 

With regard to engine variability, the statement that carbon monoxide emissions 
may increase by 50% with a lo0 temperature change is not confirmed by our test 
results and cannot be cited as a general example. There is little difference 
in summer and winter emissions levels. In one analysis of our summer test re- 
sults, there was scan& evidence that suggested higher hydrocarbon readings at 
temperatures over 105 F with waiting time in excess of five minutes. 

Vehicle usage immediately prior to the emissions test may affect test results 
to the extent that the engine may not be at normal operating temperature if 
the vehicle has been driven only a short distance prior to testing. The 
information brochure accompanying Vehicl e Regi stration Renewal Notices advises 





F I N D I N G  1 1  

We have addressed Finding I1 in our comments on the Summary 

F I N D I N G  I 1 1  

We reiterate our position regarding the benefit to program users of mechanic 
certification and quality assurance aspects of the air/fuel waiver program. 
There is a benefit to program users in higher quality repairs and reduced 
failure rate on retest. In an analysis of a random sample of over 1700 
vehicle inspection reports, it was found that the retest failure rate of 
"untrained" mechanics is 25.6%, whereas the failure rate of "trained" 
mechanics is only 13.8%. 

We believe there is an intent to provide the inspection program users whose 
vehicles fail the test with high quality one-time repairs. The adjunct 
function that has been associated with the air/fuel waiver provision is to 
provide consistent and accurate emission measurements in the repair industry 
which agree with emission measurement at the inspection station, a quality of 
repairs that will insure a high probability of passing retest the first time, 
reduce engine variability and optimize emission reductions resulting from 
repairs . 
Should the air/fuel waiver be eliminated, we recommend a provision for con- 
tinued quality assursncesurveillance of repair industry analyzers and a con- 
tinued provision for mechanic training. Eliminating the provision for regis- 
tered analyzers and mechanic training will inconvenience the public. 

F I N D I N G  I V  

As mentioned in our comments on the Summary, improved management control over 
the field audit program is in place. The benefits to the State of a contrac- 
tual change requiring Hamil ton Test Systems to perform twice monthly field 
audits vs. an operational manual requirement will be carefully considered. 

Hamil ton Test Systems' comments are contained in their letter of January 2Q, 
1983, Attachment 7. 

OTHER PERTINENT INFORMATION 

The shortfall in payment to the contractor, Hamilton Test Systems, Inc., as of 
January 31, 1983 is approximately $660,800. Of this, approximately $192,200 
has accrued during calendar year 1982. The collection of inspection fees at 
the time of inspection would prevent further accrual in the shortfall. 



CONSULTANT'S REPORT TO THE AUDITOR G E N E R A L ,  

REVISED JANUARY 20. 1983 (APPENDIX 1 )  

"The questions addressed in thi s eval uati on i ncl ude : 
- What were the e f f ec t s  of the I/t4 program o n  ambient a i r  qua l i ty?  
- What aspects of the program were most or  l e a s t  e f fec t ive  w i t h  

respect  t o  a i r  qual i ty? And 
- How i s  ambient a i r  qual i ty 1 i kely t o  change in  the future?"  

The l a s t  two questions were not substantively addressed in the repor t .  
The f i r s t  question was dea l t  with; however, t o  be spec i f i c ,  the study 
attempted t o  f ind what the e f f ec t s  1977 and 1979 interventions had on 
ambient CO concentrations . 
" O u r  models ' con t ro l '  these exogenous variables nevertheless---through 
trends,  seasonal components, and other ' no i s e '  s tructures---permitt ing 
unbiased estimates of I/M impacts on ambient CO." 

The t e rn  "control" in  experimental and s t a t i s t i c a l  work re fe r s  t o  
del i bera te ,  expl i ci t treatment of i n t e r f e r r i  ng condi t i  ons . The seasonal , 
t rend,  and noise treatments in t h i s  report  a r e  i nd i r ec t  and incomplete. 
In the referenced New Jersey and Portland s tud ies ,  e f f o r t s  were made to  
control f o r  meteorological and t r a f f i c  variabi 1 i t y .  Apparently a t  times 
the authors a r e  aware of the correct  use of the word "controlu---on Page 
2 2 .  . . "we wi 11 ordi nari 1 y repor t  one trend ( i  ncrease o r  decrease) f i  pure 
with the understanding t ha t  t h i s  trend i s  the  confounded e f f e c t  of the 
many uncontrol led forces .  " (under1 i ne added). 

P .  3 2nd Paragraph - 

"There a r e  only three  sure  methods fo r  reducing mobile source primary a i r  
pol lu tants  in  the atmosphere. These methods a re  

1) Reducing vehicle miles traveled by building mass t r a n s i t  systems, 
taxing motor fuel a t  a prohibit ively high r a t e ,  e t c ;  

2) Reduci ng fuel consumpti on i ndependent of vehi cl e mi 1 es traveled 
by making vehicles more fuel e f f i c i e n t . "  

Reducing fuel consumption does not assure reduced emissions and should not 
appear i n  t h i s  l i s t .  Engine design,  f ue l ,  and control devices determine 
the potential  emissions of an engine. 
The maintenance of engines and control equipment i s  a sure way t o  reduce 
emissions, which should be a pa r t  of any l i s t  of "sure" methods of reducing 
emissions. The authors '  opinions on the effect iveness  of I/M programs to 
achieve t h i s  i s  i r r e l  event. 

P .  8 3rd Paragraph I- 

"The research controlled meteorological variance in  CO levels  with a del ta  
' temperature'  f ac to r  . . ."  



The work referenced used delta temperature and wind speed t o  calculate 
a daily "met factor ."  Although simple in derivation and form, the met 
factor explains over 80 percent of the day t o  day variabi l i ty  of the peak 
CO measurements. The authors d idn ' t  use th i s  index or present any 
a1 ternati  ves . 

P. 9 1 s t  Paragraph 

"The DHS I/M evaluations used a related (and equally inappropriate) 
s t a t i s t i c a l  method as well as questionable data (PSI CO readings) . "  
The questionable data was obtained from the same source as used by the 
consultant. The authors provide no support for th is  statement; however, 
i f  the data i s  questionable, then i t  equally effects  their  study. The 
comment on inappropriate s t a t i s t i c a l  methods i s  also n o t  supported. We 
are confident that  we have n o t  violated a law of s t a t i s t i c s  by comparing 
the best-fi t curves of C O  t o  a meteorological index for the same month 
of consecutive years. 

P .  9 2nd Paragraph 

"In closing this  discussion, we can only say that  the effectiveness of 
the Arizona I/M program with respect t o  ambient a i r  quality remains t o  
be tested empi r i  cal ly . " 
The emission t e s t  report by E P A  (Rutherford) and the exhaust measurements 
by Hamilton Test Systems - are empirical evidence that  the Arizona I/M 
grogram reduces emissions . 
I t  i s  common sense and an indisputable, s c i en t i f i c  conclusion that  reduced 
emissions necessarily resul t  in lower ambient concentrations. 

P .  13 Last Paragraph 

Hypotheis #1 - "Beginning in January, 1977, ambient CO a i r  quality in 
Phoeni x and Tucson improved. " 
Hypothesis # 2  - "Beginning in January, 1979, ambient CO a i r  quality in 
Phoeni x and Tucson improved again. " 

These hypothesis statements re f lec t  the lack of t h o u g h t  given t o  the CO 
a i r  quality s i tuat ion.  For these hypotheses t o  be a valid t e s t  of the 
expected effect  of the I/M interventions, the following conditions should 
be demonstrated to ex is t :  

1) The potential increase in emissions due t o  VMT are exactly 
counterbalanced each year by the introduction of cleaner new cars.  

2 )  The meteorological conditions were e i ther  the same each year or 
they are expl i ci t l y  control 1 ed i n the s t a t i s t i ca l  procedure. 

3)  The interventions are discrete and of suff ic ient  magnitude to be 
founded by the time ser ies  model. 

Apparently, no preliminary t e s t s  were made t o  check these basic consider- 
t ions.  The stated hypotheses are therefore unsupportable and present an 
unfair t e s t  of 1/19 effect i  veness. 



High qua l i ty  data in  the geographic area af fect ing each monitor, vehicle 
r eg i s t r a t i on ,  and emission data (grams/mi) f o r  the vehicle f l e e t  a r e  
essent ia l  to  ver i fy  the f i r s t  condition. 
Si nce meteor01 ogi cal conditions frequently vary substant ia l  ly from year 
t o  year ,  t h i s  variabi 1  i ty  must be accounted f o r  in addit ion t o  the 
simple adjustment f o r  seasonal i ty ,  in  order t o  s a t i s f y  the second 
requi rement . 
As regards the th i rd  condit ion,  hypotheis #1 depends on a d i sc re te  
s t a r tup  of I/M in January, 1977, despi te  the f a c t  t ha t  the authors a r e  
aware of empirical data supporting the conclusion t ha t  the program had 
an e f f e c t  i n  1976. The intervention i s  therefore probably not d i s c r e t e ,  
s t a r tup  being diffused over a  two-year period. 
Moreover, the i n i t i a l  ( 1 s t  year )  reduction on emissions (according t o  
 MOBILE^) i s  only 10 percent. Under these circumstances, time se r ies  
analysis  may not be expected to  f ind t h i s  in tervent ion.  Finding the 
1979 intervention i s  an even more dubious undertaking, s ince  MOBILE2 
estimates an impact of l e s s  than 5 percent in  the year following t h i s  
intervention.  The exhaust measurements, which a r e  e s s en t i a l l y  ignored 
in  the repor t ,  may be the only means of detecting these mi nor year t o  
year reductions in f l e e t  emissions. 

P .  18 2nd Paragraph 

"To i l l u s t r a t e  t h i s  logical point ,  note t ha t  the germane th rea t s  t o  
internal  va l i d i t y  a r e  limited to :  

2) Federal new car  standards re la t inq  t o  fuel ef f ic iency:  In a  ' 

time se r ies  context ,  we expect CO-levels to  drop gradually - 
over a  period of years due t o  t h i s  fac to r  a lone."  

Same mistake regarding fuel ef f ic iency as noted e a r l i e r .  Additionally, 
the l i s t  of threats  to  internal  valdity doesn ' t  mention meteorology 
t h i s  time. This i s  a  par t iculary  bothersome oversight because 
meteorological variabil  i t ,y  i s  probably the most s ign i f i can t  of the 
uncontrolled variables on a  year to  year bas is .  One must suspect t ha t  
the authors d i d n ' t  want t o  include meteorology because i t s  trend couldn ' t  
be characterized as gradual in any di rect ion.  

P. 19 2nd Paragraph - - --.--- 

"We expect federal new car  standards,  improvements i n  fuel ef f ic iency,  
changes in  vehicle miles t raveled,  and other f l e e t  changes to  be realized 
incremental ly . When Detroit  re leases  a  new car  model , in other words, 
we do not expect CO levels  in  Phoenix o r  Tucson to  respond discre te ly  . . .  
I/M impacts, on the other hand, a r e  expected t o  be d i sc re te .  When the 
I/M interventions occur, t ha t  i s ,  we expect a  coincident reduction in 
CO levels  d i s t r ibu ted  over the subsequent year ."  

Changes in meteorology can obviously be d i sc re te  and of su f f i c i en t  
magnitude t o  t o t a l l y  mask a  year to  year I/M benefi t  expected to  be in 
the 3-10 percent range. Mew car  standards a l so  exhibi t  d i sc re te  s t ep s .  
For example, f o r  the 1975-1379 model years ,  the e~ni ssion standard was 



15 grams/mile, then s t a r t i n g  with the 1980 models, the applicable standard 
was 7  grams/mile. Obivously as the model year 1980 cars were introduced 
t o  the f l e e t ,  i t  would represent a  d i s c r e t e  change in  the r a t e  of emission 
reduction due t o  new cars .  In te res t ing ly ,  t h i s  s t e ~  change in the new 
car  function occurred during the 1979 I/M in tervent ion.  Obviously, s ince  
the authors d i d n ' t  address the new car  standards,  they inadvertently 
determined t ha t  the federal change from 15 t o  7 grams per mile, a l so  had 
no sa lutary  e f f e c t .  
I t  i s  apparent from the pre-I/Ll a i r  qua l i ty  trend t ha t  the e f fec t s  of 
cleaner new cars i s  d i sc re te .  

P .  19 Last Paragraph, Con't on P .  20 --- -- 

"In our analyses,  we wi 11 ordinar i ly  report  one trend ( increase  o r  decrease) 
f igure  with the understanding t ha t  t h i s  trend i s  the confounded e f f e c t  of 
many uncontrolled forces .  Whatever the source o r  cause of a  t rend,  
however, we can d i s t i  ngui sh between incremental e f fec t s  ( trends due t o  
fac tors  o t h e r h a n  the I/M i  n t e r v e n t ' m i  s c r e t e  e f f ec t s  ( s h i f t s  
due to  the I/!l in te rven t ion) .  The real imp1 ica t ion  then i s  t h a t  we wil l  
have l i t t l e  d i f f i c u l t y  finding the d i sc re te  impact of the I/M program." 

The f i r s t  sentence quoted above i s  cor rec t .  The verbiage a f t e r  the f i r s t  
sentence i s  a  continuation of a  proposition t ha t  the time s e r i e s  analysis  
i s  very sens i t ive  t o  I/M because i t  alone among the independent variables 
i s  d i sc re te  (noni ncremental ) . As shown i n  our previous comment, new car 
standards operate on a i r  qual i ty  in a  analogous way to  the 1979 I/M 
intervention.  Again, meteorology can be shown to  exhibi t  d i s c r e t e  changes 
in consecutive years .  If  the unique (d i s c r e t e )  nature of I/M interventions 
i s  as important as the authors seem to  be saying, then our comments on 
t h i s  matter should severely l im i t  the s t rength  of the conclusions s ta ted  
in  the repor t .  

P .  20 2nd Paragraph -- 

"In the decade p r io r  t o  implementation of I/M, ambient annual CO levels  
decreased by 63 percent. In the f i r s t  year of the I/M program, the 
s t a t i s t i c  decreased by 23 percent b u t  in the second year of the I/M 
program, the s t a t i s t i c  increased by 14 percent. " 

The above statement re fe r s  t o  Table 1. The f i r s t  sentence i s  cor rec t .  
The second sentence i s  not and should read as follows: In the f i r s t  
year of the I/M program, the annual mean CO concentration a t  the central  
monitor was 3.3 percent higher than the previous  year, b u t  in the second 
year ,  the annual mean was 22.5 percent lower. In addit ion to  the mistake, 
i  t i s  a l so  revealing t ha t  the second year(1978) :/as the year analyzed 
fo r  impact of the f i r s t  intervention and no s ign i f i can t  impact was 
concluded. 22.6 percent not s ign i f i can t !  



P .  20 3rd Paraarauh 

"These annual figures say nothing about the impact of the I/M program 
CO a i r  quality because gross annual difference mask a steady downward 
trend in ambient C O . "  

The ambient CO trend i s  n o t  steady, b u t  rather resembles a hockey s t ick  
with remarkably different  slopes over different  time periods. 
I t  i s  interesting that  a t  l eas t  in this  context the authors are aware 
of gross annual differences. These gross differences also necessarily 
appear in the monthly data used in the study. The causes of the gross 
year to year di fferences i  s  predomi nantly the resul t s  of meteor01 ogi cal 
variabi 1 i  ty and the changing balance of cleaner new cars versus 
increasing t r a f f i c .  Since these gross differences are greater in 
magnitude than the expected ef fec t  of I/M, i t  i s  essential that they 
be understood and controlled. The authors failed t o  investigate th i s  
and did not control for  these confounding ef fec ts .  

"Nevertheless, i t  appears that  increases in vehicle t r a f f i c  are of fse t  
by increases in f l e e t  fuel efficiency. This suggests that vehicle 
t r a f f i c  increases will n o t  be a potent threat  to internal val idi ty ."  

A real threat  t o  internal val idi ty  i s  dismissed based on a misconception 
of the effects  of fuel efficiency. 
We are aware that  "runs" were made to  t e s t  for  I/M commencing in 1976. 
However, this  treatment i s  not proper e i the r ,  because only a partial  
change in public behavior apparently occurred and avaiable data ( fa i lure  
r a t e )  i s  not a measure of th is  change. This ambiguous (non-discrete) 
startup of I/M should have been studied more thoroughly because i t  may 
diffuse the i n i t i a l  impact of I/M t o  the degree that  time series might 
n o t  be an appropriate analytical tool.  

P .  20 Bottom Con't on P .  21 

"The many diverse forces ref1 ected in these annual s t a t i s t i c s  (federal 
new car emissions standards, improved fuel economy, f l e e t  changes, and 
so for th)  do  n o t  seem t o  interact  in any specified direction or manner. 
They appear t o  cancel each other in some respects, b u t  overall ,  resu l t  
in a weak net trend in annual CO levels.  The ef fec t  of I/M program 
interventions, in contrast ,  are focused and easily measured as before/ 
a f t e r  changes. I t  i s  this  aspect of the interventions which permit us 
t o  t e s t  nu1  1 hypotheses. 

Another example of poor (erroneous) analytical perception. The s t a t e -  
ment that  the e f fec t  of I/M program interventions in contrast ( t o  the 
effects  of other forces on CO annual concentrations), are focused and 
easily measured as beforelafter changes i s  n o t  supported. As can be 
seen on Table 1, even a s table  s t a t i s t i c  l ike  annual mean varies 
radically from year t o  year in response to factors other than I/M prior 
to I/M intervention. For example, the mean s t a t i s t i c  for 1971 decreased 
17 percent from 1970; subsequently increased by 7 percent in 1972, 
followed by a 29 percent decrease in 1973, and a 14 percent increase 
in 1974. In this  context, to speak of I/M as relat ively discrete 



e f f e c t  in  comparison to  other e f f ec t s  on CO i s  unwarranted. Further- 
more, routine year to  year net  variabi 1 i  ty of the uncontrolled indepen-: 
dent variables i s  greater  than the year t o  year benef i t  of 5-10 percent 
claimed f o r  1/11. The analysis  i s  c lea r ly  and f a t a l l y  flawed with 
respect  t o  t h i s  i  tem a1 one. 

P. 21 1 s t  Paragraph ---- 

" I f  we assume tha t  the d i s t r ibu t ion  of t e s t s  across t h i s  12-month period 
was uniform, then a  theore t i ca l ly  plausible coding f o r  the intervention 
would be." 

I t  = 0 pr ior  t o  1/77 
= 1/12 in 1/77 
= 2/12 in 2/77 

= 11/12 in  11/77 
= 12/12 in  12/77 
= 1 the rea f te r  

This coding fo r  the 1977 intervention i s  inconsis tent  with empirical 
evidence and I/M theory. The following problems e x i s t :  

1 )  The e f f e c t  of I/M was not 0  p r io r  to  1977. 
2 )  Available data indicates  a  nine month deter iora t ion period fo r  

I/M ef fec t s  (see  work by Tiao).  
3 )  I/M benefi ts  according to  theory and exhaust t e s t  data -- are  

cumulative. The treatment of I/M as a  s tep  function spread 
over one year i s  incor rec t .  

"As the breakdowns in  Table 3a and 3b c lea r ly  show, however, no t h r ea t  
to in ternal  valdity can have the same e f f e c t  on a l l  indicators  in  a l l  
s i t e s  unless the th rea t s  i n t e r a c t  i n  some bizarre  manner. Since "Bizarre" 
means "improbably," we discount t h i s  pos s ib i l i t y .  To the extent  t ha t  our 
findings a r e  consis tent  across indicators  and s i t e s  then, th rea t s  to  
val i  di ty cannot plausibly confound the conclusions drawn from our 
analyses. " 

"The breakdowns" show seasonal trends and the r e l a t i ve  magni tudes of 
the four d i f f e r en t  averaging periods a t  the two s i t e s .  I t  does not 
contain information to  support the claim tha t  there  a r e  no threats  t o  
in ternal  va l id i ty  . 

P.  36 Table 4c --- 
In response to  the DHS review of the l a s t  version of the consul tant ' s  
r epor t ,  the authors cor rec t  an e r ro r  in the trend est imate f o r  Phoenix- 
Sunnyslope mean 5pm readings (pre-1977) in  the new Table 4d. Now, 
however, we see a  bewildering s e t  of addit ional  changes in  other trend 
est imates,  which do not correspond to  the previous Table 4c. The reason 
f o r  these changes i s  not explained in the t e x t ,  so the reader i s  l e f t  to  
es tabl ish  f o r  himself which s e t  of values i s  accurate.  



P .  31 Bottom Con't on P .  32 

"The I/M program, in our opinion, should not have an incremental impact 
on CO concentrations. An incremental impact---a post-intervention 
t r end - - - im~ l i e s  t ha t  I/M has a cumulative e f f e c t  on C O .  We can think 
of no theoret ica l  j u s t i f i c a t i on  f o r  a cumulative impact and accepted 
I/M theories ( t he  PIOBILEZ model, e , g . )  assume a l i nea r  re la t ionship  
between CO concentrations and vehicle emissions." 

As mentioned previously, I/M theory and exhaust measurements support 
the concept of a cumulative benef i t .  Apparently, the authors fa i l ed  
t o  fami l i a r i ze  themselves with I/M theory as coded in MOBILE2 and the 
corroborating data from the Arizona I/M program. 

P .  33 2nd Paragraph 

"Unless local weather conditions changed abruptly in January, 1977 and 
then changed again in January, 1979, meteorological e f f ec t s  a r e  a lso  
imp1 ausi ble th rea t s  t o  internal  va l i d i t y .  O u r  s t a t i s t i c a l  analyses 
controlled meteorological variance in CO by seasonal ARIMA s t ruc tu res  
and, of course, these models give an acceptably accurate descript ion 
of s e r i e s  variance (Table 4a ) .  Our analyses of meteorological time 
s e r i e s  suggest fu r the r  t h a t  these models give an acceptabls degree of 
control f o r  weather fac to rs .  B u t  t h i s  t h r e a t ,  too,  i s  moot because 
uncontrol led meteorological variance (background noise) in our CO time 
s e r i e s  could plausibly a f f ec t  only the s t a t i s t i c a l  power of our models. 
And i f  every s ing le  parameter est imate in Tables 4b-4d were s i gn i f i c an t ,  
our conclusions would remain unchanged; null hypotheses of I/M impact 
would not be re jec ted . "  

The discussion on the Page precedinp the paragraph quoted, i s  s imi lar  
t o  language which has already been c r i t i c i z e d .  The negation of 
meteorological variabi 1 i  ty as a t h r ea t  t o  in ternal  val id i  ty  i s  
unfounded. I t  i s  a f a c t  t ha t  year t o  year changes in meteorology 
occur in  Phoenix and Tucson and t h a t  these changes a re  a component of 
the corresponding differences in measured a i r  qua l i ty .  For empirical 
data demonstrating va r i ab i l i t y ,  the Table l *  on the next page which 
had been furnished t o  the Auditor General, shows the trend of a 
temperature d i f ference measure, which i s  probably the best meteorological 
parameter t o  associa te  with ambient pol lu tant  concentrations. 

*See "Delta T (So. MTN minus Sky Harbor)" on the next page. 



TABLE 1 

Del ta  T (So.  MTN niinus Sky Harbor)* 

Month Year 
1974 1975 1976 1977 1278 1979 1980 1981 Marginal S.D. 
_ C - - - - - - - - - - - - - - - -  

January 2 .2  6 . 9  5 . 5  .6  -;4 -1 .6  - . 7  3 . 0  1 .94 3 . 1  

February 6 . 0  5 . 1  . 8  4 . 8  -2 .6  3 . 3  .9 3 . 0  2.66 2 . 8  

March 2 .5  . 3  .9  - . 5  - . 6  1 . 4  - 2 . 3  -4 .0  - .29 2 . 1  

Apri 1  4 .5  . 9  1 . 4  .1 . 5  3 . 5  . 3  -2 .1  1 .14 2 . 1  

May 2 .5  3 . 0  . 6  - 1 . 4  1 .6  -1 .5  -1 .7  -3 .1  0 .00  2.2 

June 3 .0  3 .7  2 .5  . 3  5.6 1 . 7  5 . 3  -1 .9  2.53 2 .5  

J u l y  - 4 . 3  - 5 . 4  - 4 . 5  -5 .5  -1 .4  .1 MSG - 7 . 1  -4 .01 2 .5  

August - . 9  2 .2  - 5  -4 .5  - . 6  - . 8  -3 .4  -4.7 -1 .53 2 .5  

September - 2 . 1  . 4  -1.7 - 2 . 3  -2 .0  1 :4  .6 -2 .7  -1.05 1.8 

October - 1 . 3  3 . 5  - . 7  .2  2 . 8  4 . 9  1 . 8  -.1 1.39 2 .2  

November 6 . 1  7 . 2  3 . 2  3 . 8  . 3  6 . 0  5 . 1  5 . 3  4 .63 2 .2  

December 4 .9  3 . 8  4 . 4  3 . 3  .2 6 . 9  5 . 8  4 . 5  4 .23  2 . 0  - ___ - . 
Marginal 1 . 9 3  2 .63 1 .08  - .09 .28 2.11 1 .12  - . 8 3  2 . 3  

*5pm t o  5am minimum hour ly  r e a d i n g s  averaged a c r o s s  months 

The v a r i  a b i  1  i t y  o f  meteorol ogi c a l  c o n d i t i o n s  , y e a r  t o  y e a r ,  and f o r  t h e  
same months a c r o s s  y e a r s  i s  l a r g e .  There i s  abundant  c l i m a t o l o g i c a l  
d a t a  t h a t  r e f u t e  t h e  c o n t e n t i o n  t h a t  s i g n i f i c a n t  meteorol o g i c a l  
v a r i a b i  1 i t y  i s  r e s t r i c t e d  t o  r e c u r r i n g  seasona l  p a t t e r n s .  

P .  35 Paragraph 1 

"Given t h e  remarkable  degree  o f  cons i s tency- - -our  f i n d i n g s  were c o n s i s t e n t  
a c r o s s  i  n t e r v e n t i  ons , s i t e s  , CO i n d i c a t o r s  , and model s---we have t h e  
g r e a t e s t  p o s s i b l e  conf idence  i n  o u r  major c o n c l i s i o n . "  

S ta tements  o f  t h i s  t o n e  o c c u r  i n  s e v e r a l  p l a c e s  i n  t h e  r e p o r t .  The 
impress ion  i s  conveyed t h a t  many independent  t e s t s  were made whose 
r e s u l t s  rep1 i c a t e  t o  high d e g r e e .  The t e s t s  were n o t  a s  numerous and 
independent  o r  t h e  r e s u l t s  a s  s i m i l a r  a s  t h e  a u t h o r s  con tend .  For example,  



1) The a i r  qual i ty  trends a t  the two Phoenix s i t e s  a r e  d i f f e r en t .  
2) The I/r4 impact estimates f o r  the two Phoenix s i t e s  a re  d i f fe ren t .  
3)  The four a i r  qual i ty  measurements were used in Phoenix b u t  only 

one measurement was used in Tucson. 
4) The four ai  r qua1 i  ty measurements i  n Phoeni x a r e  not i  ndependent , 

i  . e . ,  they a r e  i  n ter re l  ated because the d i f f e r en t  averaging periods 
share common measurenients. 

5 )  The 1979 intervention was only tes ted  in Phoenix s ince  the Tucson 
data was truncated.  

"VFIT s t a t i s t i c s  a r e  not avai lable  f o r  CO monitor s i t e s . .  . "  "These 
s t a t i s t i c s  a r e  absolutely essent ia l  f o r  any evaluation of the 1/14 
program. " 
"Comparing Arizona C O  s e r i e s  with data from New Jersey and Oregon, i t  
i s  c l e a r  t h a t  Arizona data a re  more seasonal and, otherwise, l e s s  
s t ructured.  As a  pract ica l  consequence, t h i s  means t h a t  r e l a t i ve ly  
long time s e r i e s  w i  11 be required fo r  any evaluation of the ~ r i z o n a  -- 
I/M program. " 
"A real problem with in te rpre t ing  future  evaluations of the I / M  program 
i s  t ha t  there i s  no s t a t u s  quo control .  In an evaluation of the 
Oregon 1/11 program, fo r  example, Taio e t  a1 , (1981) were able t o  compare 
CO 1  evel s  i  n an I/M ci ty \ E I ~  t h  CO 1  evel s i  n a  non-I/M ci ty  . As a  
~ r i n c i ~ l e  of research design, comparisons of th i s  s o r t  ensure the 
val i  di ty  of eval ua t i  on f i  ndi ngs . Under i  deal ci rcums tances , the 
comparison increases the s t a t i  s t i c a l  power of the ana ly t i c  model , 
a1 lowi ng a  precise lrleasure of re la t ive ly  marginal inlpacts. For t h i s  
propose, a  CO monitoring s i t e  should be establ  ished in  a  deser t  c i t y  
not serviced by the I/rl  program." 

Given the absence of these data requirements in the present design, 
i t  does not seem thoughtful to  conclude "we can therefore s t a t e  our 
conclusion wi th a  hi gh  degree of confidence, " wi thout an accompanyi n g  
statement of these reservations.  



P I M A  ASSOCIATION OF  G O V E R N M E N T S  
405 TRANSAMERICA BUILDING 

TUCSON, ARIZONA 85701 

January 7 ,  1983 

Mr. Mark Fleming 
Audi tor  General ' s Office 
O E P A D  
i700 west Washington 
Phoenix, Arizona 85007 

Dear Mark: 

Please forgive th is  l a t e  response to your inquiry concerning 
the I/M report. As Mr. Brown discussed with you over the phone, PAG 
has no direct  comments on the report. 

In i t s  e f for t  to update the Carbon Monoxide Nonattainment Area, PAG 
has reviewed the extent of the present nonattainment area and has recom- 
mended a reduction i n  s ize  along the l ines of the proposals in your report. 

I t  i s  PAG's wish to use the minimum resources to achieve the goal of 
clean a i r  in Pima County. 

Sincerely, 

Nick Buchholz d 
Air Quality Planner 



UNITED 
TECHNOLOGIES 
HAMILTON 
TEST SYSTEMS 

2303 East Thomas Road 
Phoenix, Arizona 8501 6 

6021955-9670 

CONFIDENTIAL 

January 20, 1983 
HAND DELIVERED 

Mr. Douglas R. Norton 
Auditor General  
S t a t e  of Arizona 
11 1 West Monroe S t r e e t  
Phoenix, AZ 85007 

Re: Hamilton Test  Systems, Inc. Comments  t o  
Auditor General's Report  82-9 on t h e  
Vehicle Emissions Inspection Program 

Dear  Mr. Norton: 

This l e t t e r  is in response t o  your l e t t e r  of January 6, 1983 requesting 
Hamilton t o  review a revised preliminary repor t  d ra f t  of Finding IV of t h e  
subject  report ,  which apparently represents your understanding of t h e  
changes agreed t o  during our December 10, 1982 meeting. 

We apprecia te  t h e  changes t h a t  have been made, but  substantive e r ro rs  of 
f a c t  st i l l  remain, er rors  pointed out t o  you a t  t h e  December 10 meeting and 
in our l e t t e r  t o  you dated December 13, 1982, which summarized our 
understanding of t h e  changes t o  be made. In addition, despite t h e  f a c t  t h a t  
Hamilton ha; fully complied with a l l  contractual  requirements t h e  bold f a c e  
paragraph headings and t h e  t ex t s  a r e  purposely slanted t o  imply otherwise. 

With respect  t o  Finding IV, our specific comments  a r e  a s  follows: 

1s t  Section (Page 3 1) 

Your repeated s ta tement  t h a t  "additional controls a r e  needed t o  
assure a c c u r a t e  and reliable emissions testingt'  is a conclusion 
t h a t  is not  substantiated by any data ,  and indeed is not supported 
by t h e  t e x t  of Finding IV itself. 

2nd Section (Pages 31 and 32) 

Your s t a t e m e n t  t h a t  Hamilton Test  Systems assures t h e  accuracy 
and reliability of emissions test ing equipment by conducting 
periodic field audits  a t  t h e  vehicle emissions inspections stat ions 
is not  correct .  



January 20, 1983 
Mr. Douglas R. Norton 
Auditor General  
Page 2 

To ensure and maintain a quality program, Hamilton has 
established an  extensive Quality Assurance Program of which 
weekly calibration checks a r e  t h e  primary control  as outlined on 
t h e  a t t achment  t i t led "Functional Explanation and Summary of 
Weekly Calibration.'' The description therein and the  
accompanying tabulated da ta  were  again totally ignored, even 
though submitted in our l e t t e r  of December 9, 1982. 

The monthly Master Technician checks called out in our 
Maintenance Procedures a r e  not  a contractual  requirement, but  
were  implemented t o  duplicate t h e  BVEI calibration audits. While 
t h e  BVEI audits  a r e  an  essential  pa r t  of t h e  State 's  surveillance of 
Hamilton's Quality Assurance Program, Hamilton's duplicate 
checks  a r e  not  cr i t ica l  t o  system reliability or integri ty and any 
a t t e m p t  t o  depict  otherwise is gross misrepresentation. 

Your s t a tement  t h a t  t h e  DHS-HTS con t rac t  requires HTS t o  
cal ibra te  analyzers each week is also incorrect. The con t rac t  
specifies "periodic calibration checks" and !'periodic 
recalibrations" (see  Contract  Section 6.6 - Maintenance). HTS 
chose t o  implement weekly calibration checks as  t h e  primary 
quality control  check based on proven equipment design and 
performance. * 

3rd Section (Pages 32 and 33) 

The s ta tements  t h a t  "HTS did not  conduct appropriate number of 
audits" and "further, HTS did not  conduct all field audits  required 
by internal  company policy," along with "Table 5 representing t o  
show HTS performed only 53% of required audits," appear t o  be 
del ibera te  a t t e m p t s  t o  imply failure t o  perform on Hamilton's 
par t ,  and t o  discredit system integri ty and reliability which is  
second t o  none in motor vehicle inspection programs. What a r e  
t h e  appropriate or  required numbers? "Appropriateness" is 
d ic ta ted by technical  f ac to rs  and "requirements" by contract .  

As s ta ted  previously, and acknowledged by your report ,  the re  is  
absolutely no requirement for monthly checks by Hamilton. 

Curiously your repor t  fails t o  t ake  full account of t h e  following 
undisputed facts: 

1. Hamilton has complied with a l l  contractual  requirements. 

2. Hamilton performed 6,2371 weekly calibrations during the  audit  
period July 1981 through June 1982. 

* Text has been changed t o  ref lect  this correction 
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3. During t h e  audit  period July 1981 through June  1982 only 39 
calibration failures t o  m e e t  BVEI specifications were  encountered 
for  a failure r a t e  of only 0.62%, which is exceptionally low. 

In addition t o  t h e  weekly checks, Hamilton conducted 243 
monthly calibrations during this period (although not required by 
con t rac t )  t h a t  duplicated t h e  BVEI monthly audits, at i t s  own 
expense. 

5. Since April 1982 at t h e  request  of BVEI, Hamilton has voluntarily 
insti tuted semimonthly calibrations duplicating t h e  BVEI audits, 
at no cos t  t o  t h e  Sta te .  

Of even g rea te r  concern t o  us is your failure t o  provide HTS with a copy of 
Findings I, I1 and 111 of t h e  report  together with t h e  appendices thereto,  
despite numerous verbal  and wri t ten  requests therefor.  Having been given 
access  t o  t h e  f i rs t  d ra f t  repor t  and invited t o  t h e  f i r s t  meeting on December 
10, i t  is diff icult  t o  understand why you have steadfastly refused t o  provide 
t h e  en t i re  repor t  t o  us, particularly taking into account  HTS' responsibilities 
under A.R.S. S 36-1775 et seq. As t h e  party responsible for conducting t h e  
t e s t s  for t h e  past seven years, we believe Hamilton is uniquely qualified t o  
comment  on t h e  ent i re  report ,  and we respectfully request  one last  t ime  t h a t  
you allow us t o  review t h e  en t i re  d ra f t  report  and give us sufficient  t ime t o  
comment  on it. 

Very truly yours, 

HAMILTON TEST SYSTEMS, INC. 

Anthony Arrigo 
Manager - MVI Programs 

AJA:jm 
a t t achment  
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FUNCTIONAL EXPLANATION AND SUMFvlARY O F  WEEKLY CALIBRATION 
JULY 1, 1981 THROUGH JUNE 30, 1982 

T h e  Hamilton maintenance procedure  requires  t h a t  a calibration check  of 
each  analyzer in every  lane b e  performed weekly a s  a routine. This 
calibration check  is exclusive of and in addit ion t o  those  performed a s  a 
resul t  of s o m e  o ther  maintenance function; fo r  example ,  installation of a 
new inf ra-red source. This cal ibra t ion rou t ine  is perf ormed by introducing 
named calibration gases through e a c h  of t h e  four  ana lyzers  in each EMS: HC, 
CO, HHC, and CO*, and  recording t h e  results. T h e  calibration t ab les  in t h e  
sys tem sof tware  conta in  t h e  BVEI l imi ts  f o r  e a c h  gas  in t h e  c_ontractual 
ranges. If a cal ibra t ion gas  reading exceeds  t h e  BVEI limit, t h e  so f tware  
rout ine  locks t h a t  EMS and preven t s  vehic le  t e s t ing  unti l  t h e  problem is 
corrected.  In t h e  e v e n t  of a "Fail" reading, t w o  "Pass" readings must  b e  
obtained a f t e r  ad jus tment  with t h e  same-ges- in  order;. t o  resume testing. 

As a foundation fo r  t h e  above cal ibra t ion procedure,  t h e  so f tware  also 
conta ins  a l l  analyzer  ser ia l  numbers  and conversion factors ,  g a s  b o t t l e  
values, and  b o t t l e  ser ia l  numbers. Al l 'computat ions  involving t h e  calibration 
rout ine  a r e  based upon analyzer  conversion fac to rs ,  b o t t l e  values, and a c t u a l  
readings f rom t h e  analyzers. Final  ca l ibra t ion resul ts  a r e  electronically 
computed and recorded on  t h e  s t a t ion  level  floppy disk pending transmission 
t o  headquarters.  

WEEKLY CALIBRATION CHECKS 
JULY 1981 - JUNE 1982 - 

MONTH 

Ju ly  1981 
August 
September  
Oc tober  
November 
December  
Jan.  1982 
February 
March 
April  
May 
J u n e  

TOTALS 

NUMBER O F  ANALYZER 
CHECKS PERFORMED - 

ANALYZERS WHICH 
FAILED TO MEET 
BVEI CONTRACT 
SPECIFICATIONS 



CnrJSULTANTtS REBUTTAL TO WRITTEN RESPONSES 

Our report concludes that the I/M program has had no salutary impact on CO concentra- 
tions in Arizona. The report is "inaccurate" in only one respect, however; it does 
not accurately reflect the amount of time and resources devoted to the research. We 
report the results of only 45 model analyses, for example, but in fact, we analyzed 
several hundred time series models before we arrived at our conclusion. Many of the 
comments made by DHS seem reasonable --- although some do not. In any event, each 
of the points raised in these comments was addressed to some extent or another in our 
research. While the analyses addressing these points may not have been explicitly 
described in our report --- although some were and others were implicitly described 
--- none of the comments were ignored in our broader research project. Our analyses 
were most comprehensive in this respect and, after reviewing the DHS comments, we must 
stand by our major conclusion. 

The DHS comments raise several consistent objections to our analysis. We will comment 
on these objections in general, not addressing the specific source or point. 

1) Annual weather variation - Many objections focus on annual weather variation that (I 
might obscure an I/M impact. First, in our opinion, it is most unlikely that year-to- 
year changes in weather-could coincide exactly so as to make I/M look ineffective; this 
would be a "coincidence" in the truest sense. Nevertheless, we examined this possi- 
bility with in-depth analyses. In addition to the seasonal ARIMA models (which rely 
on the heavy seasonality of Arizona weather), we used relative humidity, temperature, 
windspeed, and Delta T inversion measures. None of these analyses generated an I/M (I 
impact of the sort claimed by DHS. After this extensive investigation of meteorological 
variables, our conclusions were unchanged. 

2) Annual Traffic Variation - Our opinion with respect to traffic variation is similar 
to our opinion with respect to meteorology. We examined two relatively distinct measures 
of traffic but none of these analyses generated an I/M impact of the sort claimed by (I 
DHS. Our conclusions remained unchanged even after considering these variables. 

The analyses shown in our Tables 5a-5c are typical of the results from analyses where 
meteorological and traffic variables were explicitly controlled. No other model that 
we analyzed produced a statistically significant salutary impact, however. 

(I 
3) Periodic or Spectral Models - One comment raised the possibility that standard ARIMA 
models may not adequately describe ambient CO processes; it was suggested that some 
form of "Periodic ARMA" model would give a better description. We examined models of 
this sort for both Phoenix and Tucson but still found no I/M impact of the sort claimed 
by DHS. Of course, it is unlikely that one model would fit all CO time series but we 
addressed this problem in a straightforward manner by examining hundreds of models. If 
redundancy gives us any protection from logical errors, we are more confident in our 
conclusions. 

4) Functional Forms - We examined at least three functional forms for each time series: 
linear trend, log-trend, and some "best" trend in between these two extremes. Regard- 
less of functional form, however, we found no salutary impact for I/M. (I 

5) I/M Coding - Several comments question our coding of the I/M impact as an abrupt 



change in CO concentrations. We are most sensitive to this comment and we have been 
since the start of this research. In fact, we examined at least five different types 
of I/M impact; three of these impact-types are explicitly described in our report. 
Regardless of impact-type, we found no salutary I/M impact. We cannot address each 
distinct impact-type raised in the DHS comments due to deadline restrictions. But of 
course, we examined each of the impact-types suggested in the DHS comments and found 
no salutary impact of I / M .  

6) Emissions Factors - We do not dispute the fact that emissions tests of vehicles 
are empirical data. Several commentators, especially Mr. Phil Lorang, have raised this 
point. On the other hand, our research did not deal with this phenomenon and for a 
good reason. We do dispute the implied statement that tailpipe emission tests can be 
used as empiricalevidence that 1) I/M reduces CO emissions, and 2) that I/M has a 
salutary impact on abient CO air quality. To evaluate I/M impacts on ambient CO air 
quality, we must look directly at indicators of ambient CO air quality. Tailpipe 
emissions tests are not "empirical evidence of I/M effectiveness" in this sense. 

7) Fuel Economy - Several commentators have noted our claim that fuel economy and CO 
emissions are related; they have disputed this claim. First, none of our analyses 
depend on or are based on this premise and, hence, it has nothing to do with our con- 
clusion. Second, however, there is no strong consensus on this issue in the scientific 
community as the DHS comments seem to imply. See, e.g., "U.S. Automotive Emissions 
Controls: How Well Are They Working?" by Professor L.J. White, Am. Econ. Review - -  
7 2 ( 2 ) ,  Flay, 1982). Professor White says, "To the extent that fuel economy improve- 
ments involved increases in the pure efficiency of combustion, this would have decreased 
HC and CO emissions." 

In summary, we can only say that none of the comments or objections raised by DHS are 
surprising. Each was addressed in one way or another by our reseach. None of these 
comments or objections would cause us to change our conclusions in any substantial 
way. 

Richard McCleary, Ph.D. 

Barbara C. Nienstedt 
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ABSTRACT 

I n  January, 1977, a  mandatory v e h i c l e  I / M  program was implemented i n  Phoenix 
and Tucson. Two years l a t e r ,  I / M  standards were r a i s e d  s i g n i f i c a n t l y .  Both 
o f  these p o l i c y  i n t e r v e n t i o n s  were aimed a t  reduc ing  ambient a i r  p o l l u t i o n  i n  
t h e  c i t i e s .  An in-house e v a l u a t i o n  o f  t h e  1977 i n t e r v e n t i o n  found t h a t  manda- 
t o r y  I / M  had reduced ambient CO concen t ra t ions  i n  Phoenix by more than 30 p e r -  
cent.  Because t h i s  es t ima te  r e l i e d  on an i n a p p r o p r i a t e  s t a t i s t i c a l  a n a l y s i s  
of ques t ionab le  data, however, t h i s  f i n d i n g  cannot be taken s e r i o u s l y .  

The research repo r ted  here  i s  an e v a l u a t i o n  o f  t h e  1977 and 1979 i n t e r v e n t i o n s  
on ambient CO concen t ra t i ons  i n  Phoenix and Tucson. Our research des ign i s  a  
v a r i a t i o n  o f  t h e  " t ime s e r i e s  quasi-exper iment."  Our da ta  i n c l u d e  f o u r  con- 
c e p t u a l l y  d i s t i n c t  measures o f  month ly  ambient CO concen t ra t ions  recorded a t  
t h r e e  d i s t i n c t  s i t e s  i n  two c i t i e s .  The da ta  were analyzed w i t h  ARIMA t i m e  
se r i es  models and methods. 

Our f i n d i n g s  are, e s s e n t i a l l y ,  t h a t  n e i t h e r  t h e  1977 i n t e r v e n t i o n  (mandatory 
I IM )  no r  t h e  1979 i n t e r v e n t i o n  (h i ghe r  I / M  s tandards)  had any s t a t i s t i c a l  l y  
s i g n i f i c a n t  impact on CO l e v e l s  i n  Phoenix and Tucson. More s p e c i f i c a l l y ,  we 
found no evidence whatsoever t h a t  t he  I / M  proqram reduced ambient CO l e v e l s  i n  . - 
Phoenix and Tucson. Th i s  "no-evidence'' f i n d i n g ,  fur thermore,  was c o n s i s t e n t  
across a  d i v e r s e  range o f  CO i n d i c a t o r s ,  mon i to r  s i t e s ,  c i t i e s ,  and i n t e r v e n -  
t i o n s ;  i t  was robus t  t o  gross changes i n  s t a t i s t i c a l  models and assumptions. 
We can t h e r e f o r e  s t a t e  our  conc lus ions  w i t h  a  h i g h  degree o f  conf idence. 



1.0 I n t r o d u c t i o n  

The U.S. Clean A i r  Act  o f  1970, as amended i n  1977, r e q u i r e s  t h a t  s t a t e s  

implement c a r  inspect ion lmaintenance ( I /M)  programs i n  major  c i t i e s  t o  reduce 

hydrocarbon and carbon monoxide (CO) emissions f rom l i g h t - d u t y  veh ic les .  I n  

May, 1974, t h e  Ar izona l e g i s l a t u r e  au thor i zed  t h e  Ar izona  Department o f  Hea l th  

Serv ices (DHS) t o  conduct com~rehens i ve  annual emissions i nspec t i ons  i n  a l l  

coun t ies  w i t h  popu la t i ons  over  350,000. The Ar izona  I / M  program was s i m i l a r  

t o  programs implemented i n  o t h e r  s t a t e s  except t h a t  i t  was t h e  f i r s t  program 

i n  t h e  U.S. operated by  p r i v a t e  con t rac to r s .  Beginning i n  January, 1976, t h e  

I / M  program r e q u i r e d  emissions i nspec t i ons  o f  a l l  v e h i c l e s  app l y i ng  f o r  r e g i s -  

t r a t i o n ;  maintenance and r e p a i r  ( o f  v e h i c l e s  f a i  1  i n g  i n s p e c t i o n )  was vo lun-  

t a r y ,  however. I n i t i  a1 I / M  r e g u l a t i o n s  r e q u i r e d  t h a t  CO and hydrocarbon t a i  1  - 
p ipe  emissions be t e s t e d  a t  h i g h  c r u i s e  (approx imate ly  50 mph), low c r u i s e  

(approx i lnate ly  30 mph), and i d l e .  Compliance w i t h  standards f o r  bo th  CO and 

hydrocarbon p o l l u t a n t s  was determined i n  a l l  t h r e e  t e s t  modes. 

Debate over  t h e  e f f e c t i v e n e s s  o f  I / M  caused t h e  l e g i s l a t u r e  t o  recons ider  

t h e  program i n  i t s  f i r s t  yea r  o f  opera t ion .  The d e c i s i o n  was f i n a l l y  r e f e r r e d  

t o  t h e  vo te r s  i n  t h e  1976 genera l  e l e c t i o n .  P r i o r  t o  t h e  referendum, however, 

t h e  I / M  program was reformed i n  severa l  ways. Older  veh i c l es  were exempted 

f rom I / M  and compliance w i t h  p o l l u t i o n  standards f o r  nonexempt veh i c l es  was 

determined a t  i d l e  speed only .  "Loaded" t e s t  modes (h i gh  and low c r u i s e )  were 

used f o r  d i a g n o s t i c  purposes on ly .  F i n a l l y ,  v e h i c l e s  f a i l i n g  r e t e s t  would be 

issued a  waiver  i f  t h e  r e p a i r s  r e q u i r e d  t o  meet I /M standards c o s t  more than  

$75. With these mod i f i ca t i ons ,  t h e  vo te r s  r e t a i n e d  t h e  I / M  program by a  s i x  

percent  margin. 

The research descr ibed  i n  t h i s  r e p o r t  i s  an independent e v a l u a t i o n  o f  I / M  



ef fect iveness i n  reduc ing  ambient p r imary  p o l l u t a n t s  i n  t h e  two m e t r o p o l i t a n  

areas served by  t h e  I / M  program. The quest ions addressed i n  t h i s  eva lua t i on  

i n c l  ude : 

- What were t h e  e f f e c t s  o f  t h e  I / M  program on ambient a i r  q u a l i t y ?  

- What aspects o f  t h e  program were most o r  l e a s t  e f f e c t i v e  w i t h  respec t  t o  

a i r  q u a l i t y ?  And 

- How i s  ambient a i r  q u a l i t y  l i k e l y  t o  change i n  t h e  f u t u r e ?  

We address these ques t ions  w i t h  analyses of month ly  CO a i r  q u a l i t y  t ime  s e r i e s  

f rom t h r e e  s i t e s  served by  t h e  I / M  program. Our research f o l l o w s  t h e  work of 

L e d o l t e r  -- e t  a l .  (1979) and T iao  -- e t  a l .  (1981) who used t ime  s e r i e s  ana l ys i s  t o  

eva lua te  I / M  programs i n  New Jersey and Oregon. Our research i s  d i f f e r e n t  

f rom t h i s  work, however, i n  t h a t  we s p e c i f y  no s t r u c t u r a l  r e l a t i o n s h i p s  among 

emissions, t r a f f i c ,  f e d e r a l  i n t e r v e n t i o n s ,  and meteorology. We i ns tead  m i l d  

na ive  ARIMA "no ise"  models t o  t e s t  n u l l  hypotheses o f  I / M  impacts on ambient 

CO; ou r  work more c l o s e l y  resembles t h e  work o f  Box and Tiao (1975) i n  t h i s  

respect .  Because our  models do n o t  i n c l u d e  a l l  exogenous v a r i a b l e s  and r e l a -  

t i onsh ips ,  we cannot es t ima te  t h e  impacts o f  emissions, t r a f f i c ,  weteorology, 

f e d e r a l  i n t e r v e n t i o n s ,  and so f o r t h  on ambient CO. Our models " c o n t r o l "  these 

exogenous v a r i a b l e s  never the less  --- th rough t rends,  seasonal components, and 

o t h e r  "no ise"  s t r u c t u r e s  --- p e r m i t t i n g  unbiased est imates o f  I / M  impacts on 

ambient CO. Our e v a l u a t i o n  dea ls  o n l y  w i t n  these I / M  impacts, o f  course, so 

t h i s  shortcoming of our  a n a l y s i s  i s  n o t  a r e a l  concern. To make t h i s  l i m i t a -  

t i o n  o f  our  research e x p l i c i t ,  we no te  t h a t  our  e v a l u a t i o n  w i l l  n o t  address a 

broad range o f  ques t ions  which i nc l ude :  

- What were t h e  e f f e c t s  o f  f e d e r a l  new c a r  standards on ambient a i r  

qua1 i t y ?  

- What were t n e  e f f e c t s  o f  changes i n  t r a f f i c  on ambient a i r  q u a l i t y ?  



- What were the  e f f ec t s  of meteorology on ambient a i r  qual i ty?  

In addition t o  I/M impact estimates, our analyses will estimate the change in 

ambient a i r  qual i ty  - not due t o  I/M. While we can a t t r i b u t e  the  gross residual 

change t o  the  j o in t  e f f ec t  of these  variables,  we cannot untangle t h e i r  unique 

e f fec t s .  This would require a f u l l  s t ructural  equation model which, given t he  

limited scope of t h i s  research, would not be warranted. 

2.0 How the I/M Program Works and Why i t  Might not "Work" 

Since our evaluation t e s t s  null hypotheses of I/M impact, the  underlying 

theory of the I/M program i s  an important issue. There are only three sure 

methods f o r  reducing mobile source primary a i r  pol lutants  in the  atmosphere. 

These methods are  

1 )  Reducing vehicle miles traveled by building mass t r a n s i t  systems, 

taxing motor fuel  a t  a pronibi t ively  high ra te ,  e t c ;  

2)  Reducing fuel  consumption independent of vehicle mi 1 es  traveled by 

making vehicles more fuel  e f f i c i e n t ;  and 

3) Making internal  combust ion engines r u n  "cleaner" independent of fuel  

efficiency and vehicle miles traveled.  

These three  methods are  components of a broad national policy airned a t  

improving a i r  qual i ty  in U.S. c i t i e s .  The second and th i rd  methods describe 

( a t  the  r i sk  of oversimplif ication) federal  "new car  standards" which, since 

the l a t e  1960s, have grown increasingly s t r i c t e r .  Although federal  new car  

standards have led inexorably t o  a cleaner vehicle f l e e t ,  they quarantee only 

t ha t  cars  wil l  be cleaner and more fuel  e f f i c i en t  a t  the time of manufacture. 

Thereafter, routine I/M i s  required. New car  standards are best enforced a t  

the  federal level .  I/M f a l l s  neatly in to  a t r ad i t iona l  s t a t e  jur isdic t ion,  



however, and, thus ,  i s  b e s t  en fo rced  a t  t h e  s t a t e  l e v e l .  

The t h e o r y  behind I / M  programs (nay be descr ibed  t h i s  way. Veh ic le  owners 

cannot o r  w i l l  n o t  v o l u n t a r i l y  i n spec t  and m a i n t a i n  t h e i r  veh i c l es .  Some 

owners, f o r  example, may n o t  know t h a t  t h e i r  v e h i c l e s  need maintenance o r  

r e p a i r .  Others owners may know t h a t  t h e i r  v e h i c l e s  r e q u i r e  maintenance bu t ,  

as a  m a t t e r  o f  pe rsona l  t a s t e ,  w i l l  choose n o t  t o  per form t h e  maintenance o r  

r e p a i r .  I / M  must t h e r e f o r e  be f o r c e d  on v e h i c l e  owners. As a  r o u t i n e  annual 

procedure, I/lY i n f o rms  owners when and i f  t h e i r  v e h i c l e s  r e q u i r e  maintenance; 

owners who would n o t  then  pe r f o rm  t h e  necessary maintenance a re  f o r c e d  t o  do 

so i n  o rde r  t o  r e l i c e n s e  t h e i r  veh ic les .  As a  n e t  r e s u l t  o f  t h i s  program, no 

emiss ion-o f fend ing  v e h i c l e  w i l l  go w i t h o u t  r o u t i n e  maintenance f o r  more t han  

e leven months. Now summarizing t h i s  d iscuss ion,  we may diagram t h e  the0r.y 

u n d e r l y i n g  t h e  I / M  program as 

Owner Behav ior  
I / M  -----[ I----- Cleaner A i r  

Ven ic le  Emission 

What t h i s  diagram means, simpl.y, i s  t h a t ,  i n  theory ,  t h e  I / M  program d i r e c t l y  

impacts owner behav io r  and v e h i c l e  emissions. I t s  impact on ambient p o l l u t i o n  

i s  e n t i r e l y  - i n d i r e c t ,  however. The goal  o f  t h e  I / M  program ( c l eane r  a i r )  can- 

no t  be r e a l i z e d ,  i n  o t h e r  words, un less  i t  impacts owner behav io r  and v e h i c l e  

emissions. 

I n  theory ,  t h e  I / M  program should  accompl ish these  goa ls  i n  a  r e l a t i v e l y  

s t r a i g h t f o r w a r d  manner. Examining t h e  t h e o r y ' s  assumptions, however, we see 

t h a t  t h e r e  a re  a  number o f  p l a u s i b l e  reasons why t h e  I/lY program migh t  n o t  

"work." S p e c i f i c a l l y :  

- The I / M  t h e o r y  assumes t h a t  owners who would v o l u n t a r i l y  ma in ta i n  t h e i r  



veh ic les  a re  n o t  aware t h a t  t h e i r  v e h i c l e s  need maintenance. S ince new c a r  

war ran t ies  o f t e n  r e q u i r e  r o u t i n e  maintenance, t h i s  may n o t  be an app rop r i a te  

assumption f o r  a  g rea t  number o f  owners. 

- The I / M  t heo ry  assumes t h a t  some owners w i l l  no t  v o l u n t a r i l y  ma in ta i n  

t h e i r  veh i c l es  even when made aware o f  t h e  need. Since f u e l  p r i c e s  have more 

than quadrupled i n  t h e  l a s t  decade, however, and s i nce  r o u t i n e  maintenance may 

a lso  op t im i ze  f u e l  e f f i c i e n c y ,  t h i s  may n o t  be an app rop r i a te  assumption f o r  a  

g rea t  number o f  owners. 

Any I / M  program assumes t h a t  v e h i c l e  owners - cannot o r  w i l l  n o t  v o l u n t a r i l y  

p e r f o r v  I / M  behavior .  I f  t h i s  assumption i s  unwarranted, t h e  program has n o t  

accomplished i t s  p r imary  goal  o f  changing v e h i c l e  owner behavior.  If v e h i c l e  

owners were v o l u n t a r i l y  per fo rming  I / M  p r i o r  t o  1977, i n  o t h e r  words, t h e  p ro -  

gram would n o t  have an impact on ambient a i r  qua1 i ty .  Furthermore: 

- The I / M  t heo ry  assumes t h a t  t e s t i n g  procedures have low f a l s e  p o s i t i v e  

( " c l ean "  veh i c l es  i n c o r r e c t l y  t e s t e d  as " d i r t y " )  and f a l s e  nega t i ve  ( " d i r t y "  

veh ic les  t e s t e d  as "c lean" )  r a tes .  Fa lse  negat i ve  t e s t s  w i l l  l i m i t  t h e  I / M  

program's e f f ec t i veness .  Fa lse  p o s i t i v e s ,  however, w i l l  i n f l a t e  t h e  apparent 

e f f e c t i v e n e s s  o f  t h e  I / M  program by r e q u i r i n g  r e p a i r  o f  v e h i c l e s  t h a t  a r e  

a l ready "clean."  I n  e i t h e r  case, I / M  assumes t h a t  f i e l d  emiss ion t e s t s  are 

reasonably accurate and r e l i a b l e .  The evidence f o r  t h i s  assumption i s  n o t  

t o t a l l y  conv inc ing.  I f  emissions of fenders i n  f a c t  cannot be de tec ted  w i t h  

any degree of accuracy, t h e  program cannot p o s s i b l y  work. 

- The I/M t heo ry  assumes t h a t  program-induced behav io r  i s  synonymous w i t h  

emissions-reducing behavior ;  t h a t  any a c t i o n  a  v e h i c l e  owner takes t o  pass 

inspec t ion ,  i n  o t h e r  words, w i l l  n e c e s s a r i l y  r e s u l t  i n  reduced emissions. But 

v e h i c l e  owners might  i ns tead  be per fo rming  maintenance s o l e l y  f o r  t h e  purpose 

of passing t h e  annual t e s t .  I f  t h i s  i s  a t  a l l  p l a u s i b l e ,  then  t h e  I / M  program 



i s  n o t  accompl ishing i t s  secondary goal .  Again, t h e  evidence on t h i s  p o i n t  i s  

i s  n o t  t o t a l l y  conv inc ing.  P u b l i c  o p i n i o n  surveys, f o r  example, suggest t h a t  

some owners r e p a i r  t h e i r  veh i c l es  o n l y  f o r  t h e  l i m i t e d  purposes o f  pass ing t h e  

I / M  t e s t .  

We cou ld  expand on t h e  assumptions unde r l y i ng  t h e  I / M  program, commenting 

on t h e  p l a u s i b i l i t y  o f  each, b u t  t h i s  bas i c  o u t l i n e  serves our  purposes. We 

are n o t  a rgu ing  t h a t  I / M  i s  i n e f f e c t i v e  o r  t h a t  t h e  t h e o r e t i c a l  bas i s  f o r  i t s  

e f f e c t i v e n e s s  i s  w h o l l y  imp laus ib l e .  Instead, we have t r i e d  t o  demonstrate 

t h a t  t h e r e  i s  no bas i s  f o r  b e l i e v i n g  t h a t  t h e  I / M  program "works" o r  t h a t  i t  

does no t  "work". Supporters o f  t h e  I / M  program argue t h a t ,  g iven  t h e  ''common- 

sense" na tu re  o f  t h e  program, i t s  e f f e c t i v e n e s s  should be se l f - ev i den t .  But 

as we have t r i e d  t o  show, commonsense arguments can suppor t  bo th  s ides  o f  t h e  

issue. Lacking e m p i r i c a l  evidence, bo th  p o s i t i o n s  a re  p l a u s i b l e .  

3.0 Empi r i ca l  Evidence 

Supporters o f  t h e  I/M program argue t h a t  i t  has reduced ambient (CO) p o l -  

l u t i o n  ( i n  Phoenix) by  30 percen t  o r  more; w i t h o u t  a v igorous I / M  program, 

t h e  atmosphere i n  Phoenix and Tucson would be poisoned i n  a sho r t  t ime  (DHS, 

1979). Supporters a l s o  c i t e  I / M  eva lua t i ons  i n  o t h e r  s t a t e s  as evidence t h a t  

1 I / I Y  works i n  Ar izona . De t rac to r s  o f  I / M  argue, converse ly ,  t h a t  a i r  qua l -  

i t y  has n o t  improved markedly s i nce  1977, imp l y i ng  t h a t  I / M  has - n o t  been e f -  

f e c t i v e ;  one need o n l y  look  a t  Camelback Mountain t o  see how e f f e c t i v e  t h e  

program has been. O f  course, I / M  e f f e c t i v e n e s s  cannot be assessed independent 

of h i s t o r y .  Changes c o i n c i d i n g  w i t h  t h e  I / M  program (e.g., popu la t i on  growth) 

cou ld  e a s i l y  e x p l a i n  why a i r  q u a l i t y  would d e t e r i o r a t e  even i f  t h e  I / M  program 

were s p e c t a c u l a r l y  e f f e c t i v e .  Both suppor te rs  and d e t r a c t o r s  o f  I / M  a re  wrong 



i n  one respect ,  however. The e f f e c t i v e n e s s  o r  i n e f f e c t i v e n e s s  o f  I / M  i s  n o t  

s e l f - e v i d e n t  no r  does t h e  e m p i r i c a l  evidence suppor t  e i t h e r  view. 

Computer s i m u l a t i o n  s tud ies  (which are n o t  e m p i r i c a l  evidence) suppor t  t h e  

argument t h a t ,  w i t h o u t  I / M ,  a i r  q u a l i t y  would have d e t e r i o r a t e d  more r a p i d l y  

than i t  has. The Systems Model ing and Research s e c t i o n  o f  t h e  Ar izona Depart-  

ment o f  T ranspor ta t ion ,  f o r  example, concluded f rom a  "Monte Car lo "  s i m u l a t i o n  

t h a t  f e d e r a l  new c a r  standards mere ly  n u l l i f i e d  t h e  e f f e c t  o f  increased t r a f -  

f i c  between 1976 and 1979 (Ar thur ,  1979). D iscoun t ing  meteoro log ica l  f ac to r s ,  

t h i s  i m p l i e s  t h a t  CO a i r  q u a l i t y  i n  1977-78 would have been v i r t u a l l y  i d e n t i -  

c a l  t o  1976 l e v e l s  w i t h o u t  t h e  I / M  program. A  C a l i f o r n i a  computer s i m u l a t i o n  

(Of f i ce  of t h e  L e g i s l a t i v e  Analyst ,  1980) a r r i v e d  a t  a  s i m i l a r  s e t  o f  conc lu-  

s ions.  Both s tud ies  demonstrated t h a t  (s imu la ted)  a i r  qua1 i ty  improvements 

cou ld  n o t  be a t t r i b u t e d  s o l e l y  t o  f e d e r a l  new c a r  standards; bo th  a t t r i b u t e d  

a i r  q u a l i t y  improvements t o  I / M  by d e f a u l t .  

2  I n  another computer s imu la t i on ,  us ing  t h e  EPA emissions model, MOBILE3 , 

and l i n e a r  " r o l l b a c k "  methods, Neuroth and Poynter (1982) p r o j e c t e d  ambient CO 

concen t ra t ions  i n  Phoenix under severa l  s e t s  o f  h y p o t h e t i c a l  c i rcumstances. 

They found t h a t  

"...compliance w i t h  t h e  8-hour CO s tandard would o n l y  be approached 
by  1987 i f  EPA were t o  r e l a x  t h e  ambient s tandard t o  a l l o w  5 exceed- 
ances of t h e  r e q u i r e d  CO p o l l u t i o n  l eve l s ,  and i f  t h e  Ar izona I / M  p ro -  
gram were mod i f i ed  by t i g h t e n i n g  standards and ex tend ing  t h e  t e s t i n g  
t o  veh i c l es  o l d e r  than  t h e  p resen t  t h i r t e e n  yea r  o l d  v e h i c l e  c u t o f f .  
A l l  o t h e r  combinat ions o f  proposed changes would n o t  a l l o w  compliance 
by t h e  yea r  2000." 

The l i n e a r  r o l l b a c k  method assumes t h a t  a i r  q u a l i t y  i n  a  g iven  area v a r i e s  one- 

to-one w i t h  emissions, so these  p r o j e c t i o n s  a re  v a l i d  o n l y  t o  t h e  e x t e n t  t h a t  

t h i s  assumption i s  va l id . '  



The problem with computer simulation models generally is that, to demon- 

strate I/M effectiveness, the models must assume that I/M is effective to some 

extent. Many models assume, for example, that emission tests are accurate and 

reliable (low false positive and negative rates, i .e.) and that all repairs 

are directed toward the primary I/M goal (not merely toward passing the test, 

i..). These models assume, in other words, that the I/M theory, as we have 

outlined it, is wholly correct. The I/M theory is only a theory, however, and 

simulated evidence in this sense is - not evidence. 

The body of empirical evidence on the effectiveness of the Arizona I/M 

program, on the other hand, is inconclusive at best. Two limited evaluations 

of the program do conclude that I/M is effective in reducing ambient CO (in 

Phoenix) but both studies are fatally flawed. 

The Arizona DHS (1979) analyzed the impact of the I/M program on PSI CO 

concentrations in Phoenix and, controlling for meteorological and traffic 

variance, found a substantial I/M impact. The research controlled meteoro- 

logical variance in CO levels with a "delta temperature" factor, a direct 

measure of temperature inversion. Variance in CO levels due to traffic was 

control led (apparently) by analyzing month-long periods of weekdays. Data 

were analyzed with ordinary least-squares regression algorithms. 

A second evaluation, conducted by Rutherford (1981), compared Phoenix CO 

emissions with emissions from low-altitude non-California sites without I/M 

programs. The Emissions Factors (EF) Testing Program had contracted with 

independent laboratories to perform emission testing in several U.S. cities. 

Phoenix was an EF test site for several years before and after the inception 

of its 1 /M program. Analysis of covariance for Chicago, Houston, St. Louis, 

Washington, D.C., and Phoenix showed a reduction in emission means due to the 

I/M program. 



Consider ing t h a t  t h i s  s tudy  analyzed o n l y  emissions --- n o t  a i r  qua1 i t y  - p r  

se --- i t s  f i n d i n g  says no th i ng  about I / M  impacts on a i r  q u a l i t y .  Ana l ys i s  of - 
covar iance i n  any event ignores  temporal  r e l a t i o n s h i p s  among data.  The DHS 

I / M  eva lua t i on  used a  r e 1  ated (and e q u a l l y  i n a p p r o p r i a t e )  s t a t i s t i c a l  method 

as w e l l  as ques t ionab le  da ta  (PSI CO read ings) .  I n  bo th  cases, I / M  impact 

est imates a re  a t  l e a s t  b i a ~ e d . ~  Conclusions drawn f rom e i t h e r  eva lua t i on  

must be i n t e r p r e t e d  cau t i ous l y ,  i f  n o t  w h o l l y  d iscounted.  

We have no t  cons idered t h e  adequacy of t h e  research designs used i n  these 

two eva lua t ions .  By " research design," we mean some l o g i c a l  system, couched 

i n  terms o f  p e r t i n e n t  v a l i d i t y  issues, which suppor ts  s c i e n t i f i c  in fe rence .  

Both eva lua t i ons  used f lawed designs or,  perhaps, used no des ign a t  a l l .  The 

o tne r  weaknesses o f  these  eva lua t ions ,  p a r t i c u l a r l y  t h e  s t a t i s t i c a l  issues, 

render  t h i s  p o i n t  moot. Design i s  a  most c r u c i a l  i s sue  o f  t h i s  e v a l u a t i o n  and 

and we w i l l  now devote cons iderab le  e f f o r t  t o  e x p l a i n i n g  our  research design. 

I n  c l o s i n g  t h i s  d iscuss ion,  we can o n l y  say t h a t  t h e  e f f e c t i v e n e s s  o f  t h e  

Ar izona I / M  program w i t h  r espec t  t o  ambient a i r  q u a l i t y  remains t o  be t e s t e d  

e m p i r i c a l l y .  

4.0 Research Design: Const ruct  V a l i d i t y  

Const ruct  v a l i d i t y ,  which we d e f i n e  i n  very  general  terms as t h e  l i n k  

between t h e o r e t i c a l  c o n s t r u c t s  and t h e i r  e m p i r i c a l  r e f e r e n t s  ( o r  w i t h  t h e i r  

represen ta t ions ,  ope ra t i ona l  i z a t i o n s ,  measures, e tc . ) ,  i s  t h e  s i n e  qua non o f  

any e m p i r i c a l  research. Our t h e o r e t i c a l  c o n s t r u c t  i s  " a i r  q u a l i t y  i n  areas 

served by t h e  I / M  program." There are i n f i n i t e l y  many e m p i r i c a l  r e f e r e n t s  o f  

" a i r  q u a l i t y  i n  areas served by t h e  I / M  programn and t h e  dilemma i s  t h a t  none 

dep i c t s  t h i s  t h e o r e t i c a l  c o n s t r u c t  p e r f e c t l y .  



In popular conversation, "air quality" means photochemical smog because, 

pro~ably, people can - see smog. Primary pollutants such as CO, hydrocarbons, 

and ozone, in contrast, are invisible and, hence, do not make for good popular 

conversation. But the 111'4 evaluation literature has focussed on ambient CO. 

Following this tradition, our evaluation of the I/M program w i  1 1  deal only 

with its impact on "CO - air quality." 

"CO air quality" is not synonymous with "air quality," of course, but 

there are two justifications for this narrower definition. As a practical matter, 0 

CO data are readily available for both Phoenix and Tucson; measures of other 

pollutants are not so readily available. More important, however, ambient CO 

is related to public health. 

Tne critical link between vehicle emissions, CO air quality, and public 

health rests on the concept of a "dose response." Primary vehicle emission 

pollutants such as CO constitute a "dose" to which populations are exposed. 

Impaired lung function, eye irritation, and similar physiological effects are 

common "responses" to CO doses. CO "dose response" phenomena are not fully 

understood. People of widely different ages, diets, 1 ifestyles (especially 

smoking versus non-smoking) , and other sensitivities, for example, respond 

differently to similar CO doses. The responses to - high CO doses are fairly 

well documented. Drowsiness, cardiac changes and pulmonary transformations 

are common results of CO exposure; even the molecular-level responses to high 

CO doses are well known (Office of the Legislative Analyst, 1980). However, 

the responses to relatively low CO doses (ten ppm., e.g.) over long periods of 

time (years, e.g.), the interaction of CO with other primary and secondary 

pollutants, and CO dose responses in the "real world" (versus the laboratory) 

are not well documented. The theoretical link to public health makes ambient 

CO an important (if not the most important) indicator of air qua1 ity. We must 



remain s e n s t i v e  never the less  t o  t h e  l i m i t s  o f  ou r  f i n d i n g s .  We a re  e v a l u a t i n g  

t h e  I / M  program o n l y  w i t h  r espec t  t o  "CO a i r  q u a l i t y . "  Our f i n d i n g s  w i l l  no t ,  

s t r i c t l y  speaking, g e n e r a l i z e  t o  " a i r  q u a l i t y . "  

L i m i t i n g  our  research  t o  "CO - a i r  qua1 i t y  i n  areas served by t h e  I / M  p ro -  

gram," s t i l l  leaves two unreso lved c o n s t r u c t  v a l i d i t y  issues:  geograph ica l  

area and CO readings.  I n  bo th  cases, t h e r e  a re  no p e r f e c t  e m p i r i c a l  r e f e r e n t s  

but, r a t h e r ,  a  p l e t h o r a  o f  imper fect  ones. 

Consider geographica l  area, f o r  example. One "area served by  t h e  I / M  

program" i s  Maricopa County b u t  no e m p i r i c a l  CO measure covers  t h i s  e n t i r e  

geographica l  area. A l l  we have a re  samples o f  t h e  area taken  f r om d i s c r e t e  CO 

mon i to rs  a t  two s i t e s  ( 7 t h  S t r e e t  and B u t l e r  and 18 th  S t r e e t  and Roosevel t ) .  

The germane quest ion,  of course, i s  t h i s :  Do CO read ings  f r om these  s i t e s  

adequately d e p i c t  CO a i r  q u a l i t y  across t h e  e n t i r e  I / M  s e r v i c e  area? If one 

were s tudy ing  r e a l  e s t a t e  p r i c e s  o r  demographics, these  s i t e s  would n o t  

adequately d e p i c t  t h e  phenomena f o r  a l l  o f  Maricopa County o r  even f o r  a l l  o f  

Phoenix. These s i t e s  p robab ly  do g i v e  adequate ( though i m p e r f e c t )  d e p i c t i o n s  

of CO a i r  q u a l i t y  f o r  t h e  e n t i r e  I / M  s e r v i c e  area, however. 

I n  any event, we would be s u r p r i s e d  i f  t h e  I / M  program improved ( o r  d i d  

no t  improve) CO a i r  q u a l i t y  a t  these  s i t e s  b u t  d i d  n o t  improve ( o r  improved) 

CO a i r  q u a l i t y  i n  t h e  r e s t  o f  Maricopa County. Because we can use two s i t e s  

t o  d e p i c t  t h e  geographic area, ou r  research  des ign  has some c o n t r o l  over  t h i s  

c o n s t r u c t  v a l i d i t y  issue.  If we a r r i v e  a t  t h e  same o r  ve ry  s i m i l a r  f i n d i n g s  

f o r  b o t h  s i t e s ,  we w i l l  have more con f idence  i n  ou r  f i n d i n g s  t han  i f  we a r r i v e  

a t  ve r y  d i f f e r e n t  f i n d i n g s  f o r  bo th  s i t e s .  

The i s sue  of c o n s t r u c t  v a l i d i t y  as i t  r e l a t e s  t o  area i s  cons ide rab l y  l e s s  

p rob lema t i c  than  t h e  i s sue  of s p e c i f i c  CO measures. Put s imply,  t h e r e  a re  t o o  

many p o s s i b l e  measures o f  CO a i r  q u a l i t y .  For  example: 



- The average monthly CO reading at  5 P.M. 

- The highest CO reading in a month 

- Some average CO reading in a month 

This l i s t  of measures i s  not exhaustive. In the case of monthly average CO 

readings, for  example, there are a great many types of averages (many ways to  

combine discrete  readings into an average, i . e . ) .  Each type of average i s  

related t o  every other type in some way, of course, so the distinction might 

appear petty. Nevertheless, i t  i s  conceivable tha t  I/M could have an impact 

on one type of average b u t  not on another. 

Now the quality of any empirical referent - qua referent i s  determined by 

the values of the researcher. Research aimed a t  assessing compliance with a i r  

quality laws, fo r  example, might rely on one empirical referent while research 

aimed a t  assessing public health risks might rely on another; and research on 

health risks to  the general population might rely on a different referent than 

research on the health risks to  some subpopulation. Even when the values of 

the researcher are focussed on a limited context, however, there i s  no single 

"best1' representation. 

Quasi-experimental logic requires that  analyses be generalized only t o  the 

specific empirical representation. If analysis shows that  the I/M program has 

reduced the average 5 P.M. CO reading a t  a single monitor in Phoenix, that  i s ,  

the reduction must be interpreted l i t e r a l l y ;  i t  says nothing about the impact 

of I/M on the average 5 P.M. CO reading a t  other inonitor s i t e s  (much less for  

Phoenix as a whole or for  Tucson) or about the impact of I/M on some other CO 

measure. As a rule of logic, we must agree that the I/M program could impact 

one CO measure or one s i t e  or one c i ty  b u t  yet have no impact on some other CO 

measure, s i t e ,  or c i ty .  

B u t  there are practical l imits to  th i s  philosophical reservation. If we 



f i n d  t h a t  t h e  I/M program i s  e f f e c t i v e  ( o r  i n e f f e c t i v e )  on one CO measure, i n  

one s i t e ,  i n  one c i t y ,  ou r  conc lus ions  w i l l  be weak. I f  we a r r i v e  a t  t h e  same 

f i n d i n g  f o r  another CO measure, i n  another  s i t e ,  i n  another c i t y ,  our  f i n d i n g s  

grow s t ronger .  And i f  ou r  research  leads t o  s i m i l a r  f i n d i n g s  f o r  severa l  CO 

measures read from m u l t i p l e  s i t e s  i n  two c i t i e s ,  we w i l l  have a  g rea t  deal  o f  

conf idence i n  ou r  conc lus ions.  In t h e  end, r e p l i c a t i o n  i s  t h e  o n l y  c o n t r o l  i n  

our  research  des ign f o r  c o n s t r u c t  v a l i d i t y  issues.  

The p r o b a b i l i s t i c  n o t i o n  o f  v a l i d i t y  u n d e r l y i n g  t h i s  dicturn appeals t o  

common sense. The s c i e n t i f i c  procedure assoc ia ted  w i t h  t h i s  t y p e  o f  l o g i c ,  

e m p i r i c a l  " t r i a n g u l a t i o n , "  r e q u i r e s  t h a t  one accept t h i s  commonsense d e f i n -  

i t i o n  o f  v a l i d i t y .  I n  terms o f  pu re  l o g i c ,  o f  course, one can never be u l t i m -  

a t e l y  c e r t a i n  t h a t  an e m p i r i c a l  conc lus i on  i s  v a l i d .  Given a  c o n s i s t e n t  se t  

o f  f i n d i n g s ,  however, one can be reasonably  c e r t a i n .  Adopt ing t h e  c r i t e r i o n  

o f  cons is tency  a  p r i o r i ,  we w i l l  be reasonably  c e r t a i n  o f  any conc lus ions  we 

make. Our research w i l l  p r o v i d e  compe l l i ng  evidence o f  t h e  I/M impact o n l y  t o  

t h e  e x t e n t  t h a t  our  f i n d i n g s  a re  c o n s i s t e n t .  

5.0 Research Design: I n t e r n a l  V a l i d i t y  

Beginn ing i n  January, 1977, I/M became mandatory. Due presumably t o  t h e  

p u t a t i v e  e f f e c t i v e n e s s  o f  t h e  I / M  program, t e s t  emiss ion s tandards were r a i s e d  

i n  January, 1979. Beginn ing t h a t  month, s i g n i f i c a n t l y  more v e h i c l e s  f a i l e d  an 

i n i t i a l  t e s t  and were r e q u i r e d  t o  be r e p a i r e d  and re tes ted .  The hypotneses o f  

ou r  research  a re  deduced f r om these  two i n t e r v e n t i o n s .  

Hypotnes is  #1 - Beginn ing i n  Januar-y, 1977, ambient CO a i r  q u a l i t y  i n  

Phoenix and Tucson improved. 

Hypothesis #2 - Beginn ing i n  January, 1979, ambient CO a i r  q u a l i t y  i n  



Phoenix and Tucson improved again. 

These hypotheses are transformed into null hypotheses by simple negation. 

In both cases, the expected improvement in CO air quality will be realized as 

coincident reductions in CO concentrations distributed over the subsequent 

years, 1978 and 1980. Reductions due to the second intervention are expected 

to be relatively smaller than the first. 

The most appropriate design for testing these hypotheses is the so-called 

"time series quasi-experiment." Using the notation of Campbell and Stanley 

(1966; also, Cook and Campbell, 1979), the time series quasi-experiment may 

be diagrammed as 

... 0 0 0 0 O(I)O 0 0 o... 

where each "0" is a monthly CO reading and where the "I" is an intervention. 

In the present case, for example, mandatory I/M was implemented in January, 

1977. As a result of this intervention, we would expect the post-intervention 

CO readings to be statistically different than the pre-intervention readings. 

Specifically, we would expect them to have a lower level. Within the limits 

of logical inference, any difference (a reduction, e.g. ) could be attributed 

to the implementation of mandatory I/M. 

According to Campbell and Stanley, the time series quasi-experiment is the 

most powerful - nonexperimental design for assessing the impact of planned inter- 

ventions. Use of time series quasi-experiments to evaluate I/M programs has, 

nevertheless, been limited. This is probably due to the high level of techni- 

cal expertise required to interpret time series data, the sophisticated soft- 

ware required for time series analyses, and the lack of readily available time 

series data. But three important studies have used time series designs and 

this experience guides our research in several respects. 

First, with respect to statistical methods, we cite the work of Box and 



Tiao (1975) who used this design in an environmental assessment of photo- 

chemical smog in Los Angeles. Recognizing that time series data are serially 

dependent, nonstationary, and highly seasonal, they state that 

"...the ordinary parametric-nonparametric statistical procedures which 
rely on dependence or special symmetry in the distribution function are 
not available nor are the blessings endowed by randomization." 

This considerat ion cannot be overempnasized. Traditional regression methods 

( including analyses of variance and covariance) are inappropriate for eval u- 

ation of I/M programs. Instead, the - AutoRegressive - - Integrated - Moving - Average 

(ARINA) models and methods of Box and Jenkins (1976; also, Box and Tiao, 

1965; 1975) must be used. We will use AKIMA models for analysis of all time 

series data in this researcn. 

In addition to statistical requirements, prior research suggests a number 

of design issues. New Jersey was one of the first states to initiate an I/M 

program and, also, one of the first 1/1'4 programs evaluated as a time series 

quasi -experiment. In summarizing their analysis, Led01 ter -- et al. (1979) note 

that 

"...from 1971/1 to 1977/6 CO concentrations at all seven New Jersey 
air monitoring stations decreased significantly. The average reduc- 
tion is approximately 28 percent. Tnis reduction can be attributed 
to the progressively more stringent federal CO emissions standards and 
to state programs such as tne New Jersey car I/M program. Their rela- 
tive contributions, however, are confounded and are best interpreted 
jointly. " 

Tne New Jersey study illustrates the salient shortcoming of all quasi-experi- 

mental designs; quasi-experimental evidence is subject to interpretational 

confounding b,y uncontrolled threats to internal validity. 

For our purposes, we define a threat to internal validity simply as some 



f a c t o r  o t h e r  than  t h e  i n t e r v e n t i o n  which may cause a  change i n  CO l e v e l s .  The 

germane t h r e a t  t o  i n t e r n a l  v a l i d i t y  i n  t h e  New Jersey s tudy  i s ,  as L e d o l t e r  - e t  

a l .  note, t h e  c o i n c i d e n t  f e d e r a l  new c a r  emiss ion standards which, presumably, - 
also  lead t o  CO reduc t ions .  

Campbell and S tan ley  c a l l  t h e  general  t h r e a t  t o  i n t e r n a l  v a l i d i t y  r a i s e d  

i n  t h i s  research "h i s to r y . "  To i l l u s t a t e  t h e  confounding i n f l uence  of t h i s  

u n c o n t r o l l e d  t h r e a t ,  suppose t h a t  we go t o  two doc to rs  t o  be t r e a t e d  f o r  an 

i l l n e s s .  If we are  cured, t h e  c u r e  cannot be a t t r i b u t e d  un ique l y  t o  e i t h e r  

t reatment .  E i t h e r  one o r  bo th  t rea tments  cou ld  have produced t h e  cure. In 

t h i s  s p e c i f i c  case, g i ven  t h e  c o i n c i d e n t  implementat ion o f  f e d e r a l  new c a r  

emission standards, L e d o l t e r  -- e t  a l .  cou ld  say o n l y  t h a t  t h e  CO r e d u c t i o n  due 

t o  I/M ranged between zero  and 28 percent .  I n  s t r i c t e s t  l o g i c a l  terms (which 

may be i napp rop r i a te ,  o f  course, s i nce  t h i s  excerp t  i s  taken ou t  o f  con tex t ) ,  

t h i s  i s  tantamount t o  say ing  t h a t  t h e  I / M  program may o r  may n o t  have had an 

impact. 

The most app rop r i a te  method f o r  c o n t r o l l i n g  " h i s t o r y "  as a  t h r e a t  t o  

i n t e r n a l  v a l i d i t y ,  accord ing  t o  Campbell and Stanley,  i s  t o  i nco rpo ra te  a 

" c o n t r o l  s e r i e s "  i n t o  t h e  quas i -exper imenta l  design. Wi th  t h i s  f ea tu re ,  t h e  

t ime s e r i e s  quasi-exper iment may be diagrammed as 

... 0 0 0 0 O(1)O 0 0 o... ... 0  0 0 0 0  0 0 0 o... 

The second s e r i e s  has no 1/14 i n t e r v e n t i o n ,  so any p re -  t o  p o s t - i n t e r v e n t i o n  

reduc t i on  i n  CO concen t ra t i on  must be a t t r i b u t e d  t o  a l l  f a c t o r s  o t h e r  than  1/M 

--- t o  f e d e r a l  new c a r  standards and a l l  o t h e r  t h r e a t s  t o  i n t e r n a l  v a l i d i t y .  

The New Jersey I/M e v a l u a t i o n  had no r e a d i l y  a v a i l a b l e  c o n t r o l  s e r i e s  b u t  

t h e  nex t  major I/M eva lua t ion ,  conducted i n  Por t lana ,  C)i-ecm by Tiao -- e t  a l .  



(1981), was able to  compare CO reductions i n  Portland with CO reductions in 

Eugene, where no I/M program had been implemented. Tiao -- e t  a l .  found that 

"At a l l  Portland s i t e s ,  one can observe a reduction in ambient CO 
concentrations over the 1970-79 period, with the average reduction 
ranging from 3.4% t o  7.3% per year. The reduction in Eugene i s  less ,  
the average being 1.9% per year." 

This excerpt i l l u s t r a t e s  quasi-experimental logic. Since the analysis found a 

reduction in CO concentrations in Eugene (where there was no I/M program), 

the Portland reductions could not be attributed ent i rely t o  I/M. On the other 

hand, since the Portland reductions were larger than the Eugene reductions, i t  

i s  unlikely tha t  these e f fec ts  were due ent i rely t o  uncontrolled threats to  

internal validity such as federal new car standards. The residual Portland 

reductions can be attributed t o  the I/M program. 

One shortcoming of our research design i s  that  we have no control c i t y  f o r  

Phoenix or Tucson. CO monitors in Flagstaff and Yuma (which are not serviced 

by the I/M program) have n o t  operated long enough t o  provide the desired con- 

t ro l  data. Lacking a control c i ty ,  point estimates of the I/M program impact 

may be confounded with uncontrolled threats to  internal validity.  O u r  design 

has strong controls fo r  threats  to  internal val idi ty  relating to  t e s t s  of the 

null hypotheses, however. We will have great confidence in our ab i l i t y  to  say 

whether the I/M prograrn did (or did not) nave an impact on ambient CO then b u t  

we would have less confidence in our ab i l i t y  t o  s t a t e  the s ize of any nonzero 

I/M impact. 

Let us now examine these features of our design, assessing the i r  ab i l i t y  

to  control germane threats  t o  internal validity.  F i rs t ,  our design i s  unique 

in that we have - two interventions. As a practical matter then, we are dealing 

with a weak version of a design that  Cook and Campbell (1979: Chapter 5)  ca l l  



t he  " sw i t ch ing  r e p l i c a t i o n "  t ime  s e r i e s  quasi-exper iment.  Each s e r i e s  has an 

i nhe ren t  c o n t r o l  f o r  c e r t a i n  t h r e a t s  t o  i n t e r n a l  v a l i d i t y .  

Second, t h e  I / M  program has a  s p e c i f i c  t y p e  o f  impact which enables us t o  

d i s t i n g u i s h  i t  f rom impacts due t o  t h e  germane t h r e a t s  t o  i n t e r n a l  v a l i d i t y .  

To i l l u s t r a t e  t h i s  l o g i c a l  p o i n t ,  n o t e  t h a t  t h e  germane t h r e a t s  t o  i n t e r n a l  

v a l i d i t y  a re  l i m i t e d  t o :  

1)  Federa l  new c a r  standards r e l a t i n g  d i r e c t l y  t o  emissions: I n  a  t ime  

se r i es  context ,  we expect CO l e v e l s  t o  drop g r a d u a l l y  over  a  p e r i o d  o f  years  

due t o  t h i s  f a c t o r  alone. 

2) Federal  new c a r  standards r e l a t i n g  t o  f u e l  e f f i c i e n c y :  I n  a  t ime  

s e r i e s  context ,  we expect CO l e v e l s  t o  drop g r a d u a l l y  over  a  p e r i o d  o f  years 

due t o  t h i s  f a c t o r  alone. 

3) Increased v e h i c u l a r  t r a f f i c  i n  Ar izona: I n  a  t i m e  s e r i e s  con tex t ,  we 

expect CO l e v e l s  t o  r i s e  g r a d u a l l y  over  a  p e r i o d  o f  years  due t o  t h i s  f a c t o r  

a1 one. 

4) Floods: Floods i n  Phoenix d u r i n g  t h e  l a t e  1970s and e a r l y  1980s 

severe ly  d i s r u p t e d  t r a f f i c  p a t t e r n s  f o r  severa l  months. The e f f e c t  o f  t h i s  

d i s r u p t i o n  on ambient CO i s  unknown b u t  e m p i r i c a l l y  ev iden t .  I n  any event, we 

expect CO l e v e l s  t o  change d i s c r e t e l y  c o i n c i d e n t  w i t h  t h e  f loods  due t o  t h i s  

f a c t o r  alone. 

Now t h e r e  a re  two impor tan t  dimensions o f  these f o u r  t h rea t s .  F i r s t ,  some 

of t h e  t h r e a t s  (new c a r  standards f o r  emissions and f u e l  e f f i c i e n c y )  w i l l  lead 

t o  decreases i n  CO l e v e l s  and, thus, w i l l  b i a s  n u l l  hypothes is  t e s t s  i n  f a v o r  

o f  t h e  I / M  program by exaggerat ing t h e  I / M  impact. Other t h r e a t s  ( p a r t i c u -  

l a r l y  increased v e h i c u l a r  t r a f f i c )  w i l l  l ead  t o  increases i n  CO l e v e l s  and, 

thus, w i l l  b i a s  n u l l  hypothes is  t e s t s  aga ins t  t h e  I / M  program. C l e a r l y  then, 

these f a c t o r s  a re  po ten t  t h r e a t s  t o  i n t e r n a l  v a l i d i t y  o n l y  i n  t h e  con tex t  o f  a  



par t icular  finding. If we f ind t ha t  the I/M program has e f fec t ive ly  reduced 

CO concentrations, f o r  example, increased vehicular t r a f f i c  i s  not a plausible 

threat  t o  internal  va l id i ty ;  and i f  we f ind no e f f ec t ,  i t  i s  a plausible 

threat  t o  internal  va l id i ty .  

With respect t o  null hypotheses then, these th rea t s  present no real 

obstacle t o  inference. Second, however, and more important, note that  only 

one of these t h r ea t s  (f loods) i s  expected t o  have a d i sc re te  impact on CO 

levels. We expect federal  new car  standards, improvements in fuel  ef f ic iency,  

changes in vehicle miles t raveled,  and other f l e e t  changes t o  be realized 

incrementally. When Detroit re leases  a new car  model, in other words, we do 

not expect CO levels  in Phoenix or  Tucson t o  respond discre te ly .  Instead, we 

expect CO levels t o  respond gradually over a period of many months and years. 

For example: 

I/M impacts, on the other hand, are expected t o  be d i sc re te .  When the  I/M 

interventions occur, t h a t  i s ,  we expect a coincident reduction in CO levels  

d is t r ibuted over the  subsequent year. For example, 

We cannot disentangle the  many e f f ec t s  which feed a trend.  In our analyses, 



we w i  11 o r d i n a r i l y  r e p o r t  one t r e n d  ( i nc rease  o r  decrease) f i g u r e  w i t h  t h e  

understanding t h a t  t h i s  t r e n d  i s  t h e  confounded e f f e c t  o f  many u n c o n t r o l l e d  

fo rces .  Whatever t h e  source o r  cause o f  a  t rend,  however, we - can d i s t i n g u i s h  

between incrementa l  e f f e c t s  ( t r ends  due t o  f a c t o r s  o the r  than  t h e  I / M  i n t e r -  

ven t ions)  and d i s c r e t e  e f f e c t s  ( s h i f t s  due t o  t h e  I / M  i n t e r v e n t i o n ) .  The r e a l  

i m p l i c a t i o n  t hen  i s  t h a t  we w i l l  have l i t t l e  d i f f i c u l t y  f i n d i n g  t h e  d i s c r e t e  

impact o f  t h e  I/M program. 

Table 1  Here 

Table 1  shows a  s e t  o f  annual t ime  s e r i e s  da ta  f o r  Phoenix, c o l l e c t e d  f rom 

var ious  sources, which i l l u m i n a t e  t h i s  d iscuss ion .  Annual average CO readings 

f rom 1967 t o  1981 i l l u s t r a t e  t h e  p o t e n t  e f f e c t  o f  f e d e r a l  new c a r  standards on 

CO a i r  q u a l i t y .  I n  t h e  decade p r i o r  t o  implernentat ion o f  I / M ,  ambient annual 

CO l e v e l s  decreased by  63 percent.  I n  t h e  f i r s t  year  o f  t h e  I/M program, t h e  

s t a t i s t i c  decreased by 23 percen t  b u t  i n  t h e  second year  o f  t h e  I/iY program, 

t h e  s t a t i s t i c  - increased b y  14 percent .  

These annual f i g u r e s  say no th i ng  about t h e  impact o f  t h e  I / M  program on CO 

a i r  q u a l i t y  because gross annual d i f f e r e n c e s  mask a  steady downward t r e n d  i n  

ambient CO. A d d i t i o n a l l y ,  t h i s  i s  o n l y  one l i m i t e d  e m p i r i c a l  r e f e r e n t  o f  CO 

a i r  q u a l i t y ;  and these  annual f i g u r e s  a re  apparen t l y  i n f l uenced  by  t h e  f loods  

i n  t h e  l a t e  1970s. Nevertheless, i t  appears t h a t  increases i n  v e h i c l e  t r a f f i c  

a re  o f f s e t  by  increases i n  f l e e t  f u e l  e f f i c i e n c y .  Th is  suggests t h a t  v e h i c l e  

t r a f f i c  increases w i l l  n o t  be a  po ten t  t h r e a t  t o  i n t e r n a l  v a l i d i t y .  Th i s  i s  

an e m p i r i c a l  quest ion,  o f  course, which can o n l y  be decided i n  t h e  con tex t  o f  • 
our  analyses. 

The many d i v e r s e  f o r c e s  r e f l e c t e d  i n  these  annual s t a t i s t i c s  ( f e d e r a l  new 

c a r  emissions standards, improved f ue l  economy, f l e e t  changes, and so f o r t h )  

do no t  seem t o  i n t e r a c t  i n  any s p e c i f i e d  d i r e c t i o n  o r  manner. They appear t o  



cancel  each o t h e r  i n  some respec ts  but ,  o v e r a l l ,  r e s u l t  i n  a  weak n e t  t r e n d  i n  

annual CO l e v e l s .  The e f f e c t  o f  I / M  program i n t e r v e n t i o n s ,  i n  con t ras t ,  a re  

focussed and e a s i l y  measured as b e f o r e / a f t e r  changes. It i s  t h i s  aspect of 

t h e  i n t e r v e n t i o n s  which pe rm i t  us t o  t e s t  n u l l  hypotheses. 

6.0 The I / M  I n t e r v e n t i o n s  

As a  f i r s t  s t ep  i n  o u r  e v a l u a t i o n  o f  t h e  I / M  program, we must dec ide  on an 

app rop r i a t e  o p e r a t i o n a l i z a t i o n  o f  t h e  I/M i n t e r v e n t i o n s .  I n  January, 1977, 

I / M  became a  mandatory component o f  annual v e h i c l e  r e g i s t r a t i o n .  By December, 

1977, a1 1  e l i g i b l e  v e h i c l e s  had been t e s t e d  and, i f  necessary, repa i red .  If 

we assume t h a t  t h e  d i s t r i b u t i o n  o f  t e s t s  across t h i s  12-month p e r i o d  was u n i -  

form, then  a  t h e o r e t i c a l l y  p l a u s i b l e  cod ing f o r  t h e  i n t e r v e n t i o n  would be 

It = 0 p r i o r  t o  1/77 
= 1/12 i n  1/77 
= 2/12 i n  2/77 

= 11/12 i n  11/77 
= 12/12 i n  12/77 
= 1  t h e r e a f t e r  

The r a t i o n a l e  f o r  t h i s  cod ing  i s  f a i r l y  obvious. The second i n t e r v e n t i o n ,  i n  

January, 1979, can be coded analogous ly  and w i t n  t h e  same r a t i o n a l e .  For  t h i s  

coding, ou r  t i m e  s e r i e s  models a re  o f  t h e  f o rm  

where Cot i s  t h e  t t h  - obse rva t i on  o f  a  CO t i m e  s e r i e s  

Ilt i s  t h e  t t h  - value  o f  t h e  1/77 i n t e r v e n t i o n  

I 2 t  i s  t h e  t t h  - value  o f  t h e  1/79 i n t e r v e n t i o n  

Nt i s  t h e  t t n  - obse rva t i on  o f  an ARIMA model 

The ARIMA model con ta i ns  a l l  l e v e l  and t r e n d  parameters as w e l l  as seasonal 



and nonseasonal s t r u c t u r e s .  The parameters wl and w2 a re  s c a l a r  we igh ts  

which g i v e  t h e  impacts o f  t h e  i n t e r v e n t i o n s  on t h e  Cot se r i es .  A t e s t  o f  

t h e  n u l l  hypo thes is  t h a t  these i n t e r v e n t i o n s  had no impact on t h e  CO s e r i e s  i s  

Ho: W1 = W 2  = 0 

Th is  n u l l  hypo thes is  can be t e s t e d  aga ins t  t h e  s tandard e r r o r s  o f  wl and 

w2 a t  a nominal l e v e l  o f  conf idence.  I f  t h e  n u l l  hypo thes is  i s  r e j ec ted ,  

then  wl and w2 can be i n t e r p r e t e d  as es t imates  o f  t h e  impact,  s u b j e c t  t o  

t h e  p e r t i n e n t  t h r e a t s  t o  i n t e r n a l  v a l i d i t y .  

To i l l u s t r a t e  these  procedures, we w i l l  ana lyze a t i m e  s e r i e s  r e l a t i n g  t o  

our  n u l l  hypotheses. Table 2 snows annual r e t e s t  s t a t i s t i c s  ( i n  thousands o f  

v e h i c l e s )  f o r  Maricopa and Pima Count ies.  From these  s t a t i s t i c s ,  we can see 

t h a t  t h e  I / I ~  i n t e r v e n t i o n s  a re  n o t  a t  a l l  minor  o r  t r i v i a l .  Veh ic le  r e t e s t s  

i n  Maricopa and Pimd Count ies inc reased  f r om ze ro  t o  110 and 40 thousand f rom 

1976 t o  1977; f r om  1979 t o  1980, r e t e s t s  increased again  by  80 and 69 percent  

r e s p e c t i v e l y .  From 1980 t o  1981, however, r e t e s t s  dropped i n  bo th  count ies ,  

making i t  appear as i f  I/M e~n i ss i ons  s tandards had been Th i s  i s  

an e m p i r i c a l  quest ion,  of course, which can be answered w i t h  a n a l y s i s  o f  a 

t ime  s e r i e s  quasi-exper iment.  

Denot ing t h e  number o f  Maricopa County r e t e s t s  i n  t h e  t t h  month by Rt, - 
we p o s i t  t h e  model 

wnere Ilt and Izt are s t e p  f u n c t i o n s  changing f r om zero  t o  one on 1/79 and 

1/81 r e s p e c t i v e l y .  The i t e r a t i v e  identification/estimation/diagnosis model- 

b u i l d i n g  s t r a t e g y  of Box and Jenk ins (1976; see also,  McCleary and Hay, 1980: 

2.1 1 ) l eads  t o  t h e  Nt model 

where i s  d i f f e r e n c i n g  operator¶ wg  i s  a constant ,  i n t e r p r e t e d  as an annual 



Year 

1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 

Table 1 - Se lec ted  Annual Time Se r i es  

NPGb - VMTc - VMTIIYPG 

a, Annual Average CO i n  mg/m3. Source: Ar i zona  DHS 
b, Cars Only. Source: Environmental  P r o t e c t i o n  Agency 
c, To ta l  M i l l i o n  VMT. Source: MAG T ranspo r ta t i on  Planning O f f i c e  



Table 2 - Annual Retests  i n  Thousands 

1974a 1975a 1976b 1977 1978 1979 1980 1981 

Mari  copa County 110.2 106.6 189.7 189.1 164.7 

Pima County 40.7 41.9 70.8 72.0 60.2 



s e r i e s  t rend ,  and at i s  a  wh i t e  no i se  random shock. Through a s imple a lge-  

b r a i c  manipu la t ion,  we may r e w r i t e  t h i s  Nt express ion as 

Nt - Nt-12 = wO f at 

And i n  t h i s  form, t h e  na tu re  o f  t h e  model i s  made c l e a r .  The cons tan t  wo i s  

an annual increment i n  r e t e s t s  due, presumably, t o  a l l  f a c t o r s  o t h e r  than  I / M  

p o l i c y  i n t e r v e n t i o n s .  The s t o c h a s t i c  te rm o f  t h i s  Nt i s  wh i t e  noise, i n d i -  

c a t i n g  t h a t  t h e r e  a re  no o t h e r  (exogenous) s t r u c t u r e s  a f f e c t i n g  r e t e s t s  o t h e r  

than  those captured i n  t h e  constant .  Est imates o f  t h e  model 's  t h r e e  s c a l a r  

parameters a re  

wO = + 273.0 w i t h  s tandard e r r o r  = 238.7 

w1 = +5759.7 w i t h  s tanaard e r r o r  = 413.5 

W2 = -2312.5 w i t h  s tandard e r r o r  = 413.5 

I n t e r p r e t i n g  these est imates, t h e  r e t e s t  s e r i e s  increases b y  273 each yea r  due 

t o  unmeasured exogenous s t r u c t u r e s .  I n  January, 1979, however, t h e  s e r i e s  i n -  

creased by more than  5700 r e t e s t s ;  t h e  inc rease  was permanent and abrupt.  I n  

January, 1980, t h e  s e r i e s  - decreased, again permanent ly and ab rup t l y ,  by more 

than 2300 r e t e s t s .  

The n u l l  hypotheses assoc ia ted  w i t h  these  two s h i f t s  are, i n  words, t h e  

r e t e s t  s e r i e s  d i d  - not  change i n  e i t h e r  1979 o r  1980. To t e s t  t h i s  n u l l  hypo- 

t hes i s ,  we compare t h e  es t imates  o f  wl and w2 w i t h  t h e i r  s tandard e r ro r s .  

Since bo th  es t imates  a re  more than  t w i c e  t h e  s i z e  o f  t h e i r  s tandard e r r o r s  

( r ough l y  equ i va len t  t o  a  t - s t a t i s t i c  o f  - + 1.96 o r  t h e  95 percen t  conf idence 

l e v e l ) ,  we r e j e c t  bo th  nu1 1 hypotheses. The a l t e r n a t i v e  hypothesis,  which we 

accept, i s  t h a t  t h e  r e t e s t  s e r i e s  - d i a  change i n  bo th  years.  

We have used t h i s  exe rc i se  t o  demonstrate t h e  i n t e r p r e t a t i o n  o f  ARIlYA t i m e  

s e r i e s  models and t h e  hypo tnes is  t e s t i n g  procedure. We w i l l  eva lua te  t h e  I / I Y  

program impact analogously.  Subs tan t i ve l y ,  t h e  ana l ys i s  i n d i c a t e s  a s h i f t  i n  



program standards f r om 1980 t o  1981. We w i l l  accomodate t h i s  s h i f t  i n  l a t e r  

analyses by examining a l l  p l a u s i b l e  coding schemes f o r  t h e  I / M  impact, i n c l u d -  

i n g  us ing  t h e  r e t e s t  s e r i e s  -- per  se as a  measure o f  t h e  I / M  i n t e r v e n t i o n .  

7.0 The Data 

A p r a c t i c a l  obs tac le  t o  ou r  e v a l u a t i o n  o f  t h e  I / M  program i s  t h a t  t h e  

s t a t e  agency charged w i t h  ope ra t i ng  t h e  I / M  program, DHS, does n o t  r o u t i n e l y  

mon i to r  a i r  q u a l i t y .  Pr imary r e s p o n s i b i l i t y  f o r  c o l l e c t i n g  these  da ta  l i e s  

i ns tead  w i t h  t h e  county  h e a l t h  departments. And s i nce  these  agencies have no 

p r ima ry  r e s p o n s i b i l i t y  f o r  runn ing  o r  eva lua t i ng  t h e  I / M  program, a i r  q u a l i t y  

da ta  a re  n o t  c o l l e c t e d  i n  an e a s i l y  analyzed form. No county  has a  computer- 

i zed  da ta  r e t r i e v a l  system, f o r  example. Our a i r  q u a l i t y  da ta  consequent ly 

were c o l l e c t e d  f rom county  logs  by t h e  O f f i c e  o f  t h e  A u d i t o r  General f o r  t h e  

s p e c i f i c  purpose o f  t h i s  eva lua t i on .  A l l  t ime  s e r i e s  were n e c e s s a r i l y  hand- 

c a l c u l a t e d  a t  a  g r e a t  cos t .  T h i s  p r a c t i c a l  f a c t o r  l i m i t e d  t h e  number o f  CO 

t ime  s e r i e s  a v a i l a b l e  f o r  t h e  ana l ys i s .  We are  never the less  s a t i s f i e d  t h a t  

t h e  t ime  s e r i e s  c o l l e c t e d  f o r  t h e  e v a l u a t i o n  a re  s u f f i c i e n t  t o  guarantee a  

f a i r  t e s t  of t h e  I / M  n u l l  hypothesis.  

The impact analyses, r e p o r t e d  i n  subsequent sec t ions ,  a re  based on f o u r  

conceptual  l y  d i s t i n c t  CO measures: ( 1 )  h i ghes t  8-hour reading, ( 2 )  month ly  

mean h ighes t  8-hour reading,  ( 3 )  month ly  mean 5 P.M. reading,  and ( 4 )  month ly  

1-hour mean. We say t h a t  these f o u r  i n d i c a t o r s  a re  "concep tua l l y "  d i s t i n c t  

because, o f  course, t h e y  a re  n o t  who l l y  unre la ted .  S ince each measure i s  

composed o f  d i s c r e t e  CO readings,  each measure i s  c o r r e l a t e d  t o  some ex ten t  

w i t h  every  o t h e r  measure. The degree o f  c o r r e l a t i o n  i s  smal l  as a  p r a c t i c a l  

mat ter ,  however, and t h i s  pe rm i t s  us t o  analyze each i n d i c a t o r  as if i t  were 



indeed d i s t i n c t .  

One o f  t h e  f o u r  i n d i c a t o r s ,  t h e  mean 5 P.M. CO reading, measures CO a t  a  

t ime  o f  t h e  day when, presumably, concen t ra t ions  a re  a t  t h e i r  lowest.  Peak 

commuting hours t r a d i t i o n a l l y  beg in  a t  5 P.M. and end a t  approx imate ly  8 P.M. 

Due t o  meteoro log ica l  p e c u l i a r i t i e s ,  t h e  h i ghes t  d a i l y  CO concentrat ions,  i n  

Phoenix a t  l eas t ,  a re  thouqht  t o  occur  a t  10 P.M. Since t h i s  i n d i c a t o r  r ep re -  

sents a  "best caseb' CO concen t ra t ion ,  i t  g i ves  t h e  I / M  program i t s  most con- 

s e r v a t i v e  t e s t .  If I / M  impacts t h i s  i n d i c a t o r ,  we would have t o  agree t h a t  i t  

i s  a  s p e c t a c u l a r l y  successful  program. 

Another o f  t h e  f o u r  i n d i c a t o r s ,  t h e  h i ghes t  d a i l y  8-hour concentrat ion,  i s  

a  "worst  case" measure o f  CO a i r  q u a l i t y .  U n l i k e  t h e  o t h e r  t h r e e  i n d i c a t o r s ,  

t he  h i ghes t  8-hour concen t ra t i on  i s  n o t  a  month ly  mean but,  r a the r ,  a  s i n g l e  

read ing  f o r  any g iven  month. Th i s  i n d i c a t o r  has a  much h ighe r  l e v e l  than  any 

o f  t h e  month ly  mean i n d i c a t o r s  and, presumably, cou ld  he more e a s i l y  impacted 

by t h e  I / M  program. But t h i s  i n d i c a t o r  a l s o  has a  h i ghe r  var iance  than t h e  

o the r  t h r e e  i n d i c a t o r s  and, thus,  i t  cou ld  e a s i l y  unders ta te  t h e  s t a t i s t i c a l  

( though n o t  subs tan t i ve )  s i g n i f i c a n c e  o f  an I / M  impact. On balance then, we 

might  expect t o  f i n d  impacts i n  t h i s  i n d i c a t o r  i f  t h e  I / M  program i s  a t  a l l  

e f f e c t i v e ;  bu t  we should n o t  be s u r p r i s e d  i f  these impacts a re  n o t  s t a t i s -  

t i c a l l y  s i g n i f i c a n t  a t  a  nominal  l e v e l .  

The t h i r d  i n d i c a t o r ,  mean d a i l y  8-hour high, represen ts  t h e  same "worst  

case" measure o f  CO concen t ra t ions .  Because t h i s  i n d i c a t o r  i s  a  month ly  mean, 

however, i t s  month ly  var iance  w i l l  be much sma l l e r  than  any h i ghes t  ( s i n g l e -  

day) 8-hour CO reading,  making t h e  task  o f  s t a t i s t i c a l  d e t e c t i o n  eas ie r .  The 

l e v e l  of t h i s  i n d i c a t o r  w i l l  a l so  be lower  than  t h e  s ing le -day  reading, and 

so, concep tua l l y ,  i t  represen ts  a  mid-range t e s t  between "bes t "  and "worst "  

case i n d i c a t o r s .  



The f o u r t h  i n d i c a t o r  i s  a  mean CO i n d i c a t o r  composed of h o u r l y  read ings  

f rom each day of t h e  month. Because i t  i s  h i g h l y  c o r r e l a t e d  w i t h  t h e  t o t a l  

volume o f  CO i n  t h e  atmosphere d u r i n g  t h e  month ( though n o t  n e c e s s a r i l y  emi t -  

t e d  i n  t h a t  month), t h i s  "monthly average'' d e p i c t s  t h e  o v e r a l l  CO a i r  q u a l i t y  

i n  t h e  I / M  s e r v i c e  area. I n  a  sense, t h e  month ly  mean i s  an " i n d i c a t o r  of 

i nd i ca to r s , "  and hence, represen ts  a  r e l a t i v e l y  conse rva t i ve  t e s t  o f  t h e  I / M  

program's e f f ec t i veness .  I / M  cou ld  reduce CO concen t ra t i ons  a t  one t i m e  o f  

t h e  day o r  month, t h a t  i s ,  w i t h o u t  reduc ing  t h e  month ly  mean s t a t i s t i c .  The 

month ly  mean s t a t i s t i c  cou ld  d i l u t e  any h i g h l y  s p e c i f i c  I / M  impact and we must 

remain s e n s i t i v e  t o  t h i s  issue.  

The four  i n d i c a t o r s  were c o l l e c t e d  f rom t h r e e  mon i t o r i ng  s i t e s :  Phoenix 

Centra l ,  Phoenix Sunnyslope, and Tucson Centra l .  Not a1 1  f o u r  i n d i c a t o r s  were 

r e a d i l y  a v a i l a b l e  f r om each o f  t h e  f o u r  s i t e s ,  however. The Phoenix Cent ra l  

mon i to r  was t h e  bes t  da ta  source, p r o v i d i n g  a l l  f o u r  CO s e r i e s  f rom January, 

1974 t o  December, 1981. The Phoenix Sunnyslope mon i t o r  had no da ta  p r i o r  t o  

January, 1975. Th is  source p rov ided  t h r e e  o f  t o e  f o u r  CO s e r i e s  from t h a t  

da te  t o  December, 1981. F i n a l l y ,  t h e  Tucson mon i t o r  p rov ided  o n l y  one CO 

s e r i e s  from January, 1974 t o  December, 1978. Fo r  Tucson then, we a re  unable 

t o  eva lua te  t h e  impact o f  t h e  1979 I / M  i n t e r v e n t i o n .  

Taole 3a Here 

The Phoenix Cent ra l  and Sunnyslope s e r i e s  i l l u s t r a t e  t h e  s t r eng ths  o f  

bas ing an e v a l u a t i o n  on severa l  i n d i c a t o r s  c o l l e c t e d  a t  m u l t i p l e  s i t e s .  Table 

3a, f o r  example, shows annual s t a t i s t i c s  developed f rom each o f  t h e  month ly  

t ime  ser ies .  These annual s t a t i s t i c s  must be i n t e r p r e t e d  c a u t i o u s l y  because 

t hey  mask month ly  v a r i a t i o n .  b4e use them here o n l y  f o r  t h e  l i m i t e d  purposes 

of demonstrat ion. We no te  f i r s t  t h a t  some o f  t h e  Sunnyslope i n d i c a t o r s  show 

weaker annual t r ends  than  t h e  Cent ra l  i n d i c a t o r s .  The Sunnyslope mean 5  P.M. 



Tab le  3a - Annual CO S t a t i s t i c s  (mg/m3) 

1974 1975 1976 1977 1978 1979 1980 1981 
H ighes t  8 -h r  
PHX C e n t r a l  15.55 14.98a 11.82b 12.91 10.68 10.99 9.77 10.00 

rn Mean H ighes t  8 - h r  
PHX C e n t r a l  7 . 4 2 a 6 . 5 6  5 . 7 5 b 6 . 0 5  4.80 5.61 4.71 5.26 
PHX Sunnyslope 4 . 0 8 ~  3.52 3.41 3.21 3.54 3.39 3.16 
Tucson 3.26b 3.58 3.57 4.18a 3.18b 

Mean 5 P.M. 
I) PHX C e n t r a l  1.54a 1.32 1.27b 1.40 1.16 1.19 1.10 .97 

PHX Sunnyslope 1.10b 1.10a .89 .56 1.25 1.17 1.09 

Mean 1 -h r  
PHX C e n t r a l  4.06a 3.71 3.29b 3.57 2.77 3.31 2.60 2.98 
PHX Sunnyslope 2.52 2.17 1.98 1.70a 2.20 2.18 2.07b 

a, h i g h e s t  month; b, l o w e s t  month; c, h i g h e s t  - and lowes t  month 



i n d i c a t o r ,  f o r  example, shows v i r t u a l l y  no t r e n d  from 1975 t o  1981 w h i l e  t h e  

same i n d i c a t o r  f o r  Cent ra l  show a  26.5 percen t  reduc t ion .  Percent r educ t i ons  

i n  mean month ly  CO, i n  c o n t r a s t ,  a re  reasonably  s i m i l a r  f o r  t h e  two s i t e s  (20  

and 18 percen t  r e s p e c t i v e l y )  as are t h e  percen t  r educ t i ons  i n  mean h ighes t  

8-hour CO (20 and 22 percen t  r e s p e c t i v e l y ) .  Th is  suggests t h a t  t h e  two s i t e s  

w i l l  respond t o  I / M  s i m i l a r l y  i n  terms o f  two i n d i c a t o r s  bu t  d i f f e r e n t l y  i n  

terms o f  t h e  t h i r d  i n d i c a t o r .  Overa l l ,  t h e  r e l a t i v e l y  h igher  CO concentra-  

t i o n s  read a t  t h e  Cen t ra l  mon i t o r  suggest t h a t  i t  w i l l  be t h e  more s e n s i t i v e  

( t o  I / M  impacts)  o f  t h e  two s i t e s .  

These annual t r e n d  s t a t i s t i c s  a l s o  i l l u s t r a t e  t h e  need t o  analyze I / M  

e f f e c t i v e n e s s  w i t h  month ly  t i m e  ser ies .  For  some i n d i c a t o r s ,  t h e  lowest CO 

readings occur  p r i o r  t o  e i t h e r  I / M  i n t e r v e n t i o n .  For  others,  t h e  oppos i te  i s  

t r u e .  Examining o n l y  t h e  1977-78 changes, moreover, i t  might  appear t h a t  t h e  

i n i t i a l  I / M  i n t e r v e n t i o n  was e f f e c t i v e .  But some i n d i c a t o r s  show g rea te r  one- 

year  r educ t i ons  p r i o r  t o  1977 w h i l e  o the rs  show s t a r k  post-1977 increases. We 

cannot i n t e r p r e t  these  annual t r ends  i n  t h i s  way, of course, because t hey  masK 

month ly  changes where one would expect t o  f i n d  I / M  impacts. U l t i m a t e l y ,  Table 

3a shows o n l y  t h a t  annual t r e n d  s t a t i s t i c s  cannot suppor t  in fe rences  about I / M  

program e f fec t i veness .  

Table 3b Here 

Table 3b shows another aspect o f  these se r i es .  Broken down by month, we 

see t h a t  some i n d i c a t o r s  a re  more seasonal than  o thers .  For a  g iven  ser ies ,  

fur thermore,  t h e  Cent ra l  and Sunnyslope mon i to rs  a re  n o t  always e q u a l l y  prone 

t o  v a r i a t i o n  by seasonal f a c t o r s .  Again, these  da ta  should be i n t e r p r e t e d  

c a u t i o u s l y .  

The s i m i l a r i t i e s  and d i f f e r e n c e s  across i n d i c a t o r s  and s i t e s ,  as shown i n  

Tables 3a and 3b, demonstrate never the less  how t h e  m u l t i p l e  CO i n d i c a t o r s  i n  



t h i s  e v a l u a t i o n  c o n t r o l  germane t h r e a t s  t o  i n t e r n a l  v a l i d i t y .  Some of t h r e a t s  

o u t l i n e d  e a r l i e r  opera te  i n c r e m e n t a l l y  and/or seasonal ly .  As t h e  breakdowns 

i n  Tables 3a and 3b c l e a r l y  show, however, no t h r e a t  t o  i n t e r n a l  v a l i d i t y  can 

have t h e  same e f f e c t  on a l l  i n d i c a t o r s  i n  a l l  s i t e s  un less  t h e  t h r e a t s  i n t e r -  

ac t  i n  some b i z a r r e  manner. S ince " b i z a r r e "  means " improbable,"  we d iscoun t  

t n i s  p o s s i b i l i t y .  To t h e  e x t e n t  t h a t  ou r  f i n d i n q s  a re  c o n s i s t e n t  across i n d i -  

c a t o r s  and s i t e s  then, t h r e a t s  t o  v a l i d i t y  cannot p l a u s i b l y  confound t h e  con- 

c l u s i o n s  drawn f r om our  analyses. 

8.0 F ind ings :  Impact Analyses 

Table  4a Here 

As a  p r e l i m i n a r y  s tep  i n  t h i s  task ,  we cons t ruc ted  u n i v a r i a t e  ARIMA models 

f o r  each o f  t h e  e i g h t  CO t i m e  se r i es .  S t a t i s t i c a l  d e s c r i p t i o n s  o f  t h e  ARIMA 

models, shown i n  Table 4a, p r o v i d e  c r u c i a l  i n s i g h t  i n t o  these  data. We w i l l  

use t h e  f o rma t  i n  Table 4a th roughou t  t h i s  r e p o r t .  Models a re  based on t h e  

n a t u r a l  l o g a r i t h m  s e r i e s  and r e s u l t s  a re  expressed i n  percentages.6 Conf i - 
dence bounds assoc ia ted  w i t h  each model a r e  s e t  a t  95 percen t  (approx imate ly  

p lus-or -minus two s tandard e r r o r s ) .  Any i n t e r v a l  b r a c k e t i n g  zero i n d i c a t e s  a  

s t a t i s t i c a l l y  i n s i g n i f i c a n t  parameter. 

The "va r iance  exp la ined"  s t a t i s t i c s  shown i n  Table  4a (computed here as 

t h e  R' c o e f f i c i e n t  o f  de te rm ina t i on )  i n d i c a t e  t h a t  t h e  u n i v a r i a t e  models f i t  

a l l  s e r i e s  except, perhaps, Sunnyslope 5 P.M. CO. The t r ends  f o r  these models 

i n d i c a t e  modest annual decreases i n  CO concen t ra t i ons  or,  where t h e  parameter 

i s  n o t  s t a t i s t i c a l l y  d i f f e r e n t  than  zero, no change i n  t h e  near f u t u r e .  None 

o f  these models accounts f o r  p o s s i b l e  I/rY impacts, o f  course, so we rese rve  

judgement on t h i s  i s sue  f o r  t h e  t i m e  be ing.  



Highest 8-hr  
PHX Cent ra l  

Mean 8-hr  High 
PHX Cent ra l  
PHX Sunnyslope 
Tucson 

Mean 5 P.M. 
PHX Cent ra l  
PHX Sunnyslope 

PHX Sunnyslope 

Table 3b - Month ly  CO D i s t r i b u t i o n s  (mg/m3) 

JAN FEB MAR APR MAY JUN J U L  AUG SEP OCT NOV DEC - - _ _ - - _ _ _ _ - - -  



Table 4a - U n i v a r i a t e  Models 

Var iance Annual 9 5% 
Expl  a i  ned Trend L i m i t s  

Highest  8-hr  
PHX Cent ra l  

Mean Highest  8-hr  
PHX Cent ra l  
PHX Sunnyslope 

0 Tucson 

PHX Sunnyslope 

- 
PHX Sunnyslope 79.6% - .2 * - + 8.0% 

* Trend es t ima te  n o t  s t a t i s t i c a l l y  s i g n i f i c a n t  a t  P.05 



Table 4b - Impact Est imates 

Highest 8-hr  
PHX Cent ra l  

Mean Highest  8-hr  
PHX Cent ra l  

PHX Sunnyslope 

Tucson 

Mean 5 P.M. 
PHX Cent ra l  

PHX Sunnyslope 

Model: Cot = w l I l t  + w2I2 t  + N t  

Annual Impacts 
Trends 1977 1979 

Mean Month ly  
PHX Cent ra l  - 14.6% + 42.877 + 40.3% 

(+ - 5.4%) (+34 .6%)  - (525 .1%)  
PHX Sunnyslope - 6.5%* + 4.8%* +40.0%* 

(+ - 17.3%) (+56 .6%)  - ( ~ 5 5 . 9 % )  

* Parameter es t ima te  n o t  s t a t i s t i c a l l y  s i g n i f i c a n t  a t  P.05 



We nex t  i nco rpo ra ted  f i x e d  reg resso r  components i n t o  t h e  u n i v a r i a t e  ARIMA 

models t o  r ep resen t  t h e  I / M  program. The genera l  model f o r  t h i s  a n a l y s i s  was 

- cot - W I I l t  + W 2 I Z t  + Nt 

where Cot i s  t h e  t t h  - obse rva t i on  o f  a  CO t i m e  s e r i e s  and 11, and 12t a re  

dummy v a r i a b l e s  coded as desc r i bed  e a r l i e r ;  f o r  t h i s  model, wl and w2 a re  

es t imates  o f  t h e  impacts on t h e  s e r i e s  due t o  t h e  1977 and 1979 I / M  i n t e r v e n -  

t i o n s .  

Table 4b Here 

The r e s u l t s  o f  these  analyses, summarized i n  Table 4b, a re  t h e  s t a r t  o f  a 

c o n s i s t e n t  body o f  f i n d i n g s  we r e q u i r e  - a  p r i o r i  t o  suppor t  ou r  conc lus ions.  

Four o f  t h e  1/14 i m ~ a c t s  were s t a t i s t i s t i c a l l y  d i f f e r e n t  than  zero and 

these rep resen t  - increases i n  ambient CO. Based o n l y  on these 

analyses, we cannot r e j e c t  t h e  n u l l  hypo thes is  b u t  must conc lude i ns tead  t h a t  

t h e  I / M  program has no s a l u t a r y  impact on a m ~ i e n t  CO. We w i l l  subsequent ly  

reana lyze  these  da ta  t o  t e s t  t h e  p l a u s i b i l i t y  o f  severa l  t h r e a t s  t o  i n t e r n a l  

v a l i d i t y .  Our conc lus ions  remain unchanged, however. The u n i v a r i a t e  models 

shown i n  Table 4a, i n  t h a t  sense, a r e  o u r  f i n a l  es t imates  o f  CO processes i n  

Phoenix and Tucson. 

The es t imates  i n  Table 4b must be i n t e r p r e t e d  c a u t i o u s l y .  The models used 

t o  d e r i v e  these  es t imates  a r e  non l i nea r .  Parameters must o f t e n  be i n t e r p r e t e d  

j o i n t l y  and s t a t i s t i c a l l y  i n s i g n i f i c a n t  parameters should  be d e l e t e d  f r om any 

model be fo re  p o i n t  es t imates  a r e  i n t e r p r e t e d .  The "bes t "  t r e n d  es t imates  i n  

t h i s  sense a re  those g i ven  i n  Table  4a. S ince each o f  these  s e r i e s  i s  nonsta-  

t i o n a r y ,  pe rcen t  e f f e c t s  f u r t he rmore  may be mis lead ing .  The impact es t imates  

i n  Table 4b can be used o n l y  f o r  t e s t i n g  n u l l  hypotheses. I n  t h i s  con tex t ,  we 

can e n t e r t a i n  ques t ions  of s t a t i s t i c a l  power based on these  est imates.  

S t a t i s t i c a l  power i s  a comp l i ca ted  t o p i c  i n  t h e  s imp les t  con tex t  b u t  i t  i s  



e s p e c i a l l y  compl icated when d e a l i n g  w i t h  m u l t i p l e  hypo thes is  t e s t s .  No tw i t h -  

s tand ing  t h i s  r ese rva t i on ,  s t a t i s t i c a l  power can be addressed i n  t h e  c rudes t  

sense by a t t r i b u t i n g  t h e  l a r g e s t  p o s s i b l e  s a l u t a r y  impact t o  t h e  I / M  program. 

For Cen t ra l  Phoenix, based on 95 percen t  con f idence  bounds, t h e  "most opt im-  

i s t i c "  impacts would be 7  

1977 
H ighes t  8 -h r  - 16.5% 
Nean Highest  8 -h r  + .6% 
Mean 5 P.M. - 0.0% 
Mean Month ly  + 8.2% 

For  Phoenix Sunnyslope, t h e  analogous es t imates  would be 

1977 - 
Mean H ighes t  8 -h r  - 19.5% 
Mean 5 P.M. -164.8% 
Mean Month ly  - 51 -8% 

And f i n a l l y ,  f o r  Tucson, t h e  "most o p t i m i s t i c "  impact would be a  0.0 percen t  

impact i n  1977. One migh t  conc lude f rom these f i g u r e s  t h a t ,  i n  Sunnyslope a t  

l e a s t ,  a  s u b s t a n t i a l  s a l u t a r y  I / M  impact cannot - be r u l e d  ou t  and t h i s  conc lu -  

s i o n  would be c o r r e c t .  I n  Phoenix Cen t ra l  and Tucson, on t h e  o t h e r  hand, one 

would have t o  conc lude t h a t  any s a l u t a r y  I / M  impact - can be r u l e d  out.  And o f  

course, one would a l s o  have t o  conc lude t h a t  t h e  I / M  program a c t u a l l y  had a  

s t r ong  nega t i ve  impact i n  Phoenix Cen t ra l .  Ove ra l l ,  however, t h e  conf idence 

i n t e r v a l s  i n  Table 4b r e i n f o r c e  our  o p i n i o n  t h a t  ou r  f i n d i n g s  w i t h  r espec t  t o  

I / M  impacts a re  n o t  an a r t i f a c t  o f  s t a t i s t i c a l  power. 

Table  4c Here 

Cons t ruc t  v a l i d i t y ,  which we d iscussed i n  t h e  c o n t e x t  o f  CO i n d i c a t o r s ,  

app l i es  as w e l l  t o  t h e  manner i n  which we model t h e  I/M program. A  t h r e a t  t o  

c o n s t r u c t  v a l i d i t y  i n  t h i s  c o n t e x t  rneans s imp l y  t h a t  we cannot d e t e c t  an I / M  



Highest  8 -h r  
PHX Cent ra l  

Mean Highest  8 -h r  
PHX Cent ra l  

PHX Sunnyslope 

Tucson 

Mean 5 P.M. 
PHX Cent ra l  

PHX Sunnyslope 

Mean Month ly  
PHX Cent ra l  

PHX Sunnyslope 

Table 4c - Impact Est imates 

Model: Cot = wlRt  + N t  

Annual 
Trends 

Percent Impact 

* Parameter es t ima te  n o t  s t a t i s t i c a l l y  s i g n i f i c a n t  a t  P.05 



impact because we have fundamenta l l y  m is represen ted  t h e  program i n  our  t i m e  

s e r i e s  models. To c o n t r o l  t h i s  t h r e a t ,  we r e p l i c a t e d  ou r  analyses w i t n  f i v e  

d i s t i n c t  I / M  impact models (and l i t e r a l l y  dozens of v a r i a t i o n s  w i t h i n  each 

d i s t i n c t  model- type).  S ince r e t e s t s  may have dropped f rom 1980 t o  1981 i n  

bo th  Maricopa and Pima Counties, f o r  example, (see Table Z ) ,  a s imple dummy 

v a r i a b l e  cod ing  may g i v e  an u n f a i r  t e s t  o f  I / V l  impact.  Table 4c summarizes 

t h e  I / M  impacts es t imated  f r om t h e  model 8 

Cot = wlRt + Nt 

where Rt i s  t n e  a c t u a l  number o f  r e t e s t s  i n  t h e  t t n  - month. These analyses 

b u i l d  on ou r  c o n s i s t e n t  body o f  f i n d i n g s .  411 o f  these  es t imates  a re  p o s i t i v e  

( though most a re  s t a t i s t i c a l l y  and s u b s t a n t i v e l y  t r i v i a l ) ,  so t h e  nu1 1 hypo- 

t h e s i s  must stand. 

S t a t i s t i c a l  power seems t o  be a nonissue i n  these  models t o o  because even 

t h e  "most o p t i m i s t i c "  impacts a re  ex t reme ly  t r i v i a l .  These r e s u l t s  a re  i n  no 

way a t y p i c a l  o f  o t h e r  r e s u l t s .  We analyzed a wide range o f  models based on 

t h e  Rt s t a t i s t i c s  but ,  i n  a l l  cases, found a b s o l u t e l y  no evidence o f  a  r e l a -  

t i o n s h i p  between I / M  a c t i v i t y  ( f a i l u r e s ,  r e t e s t s ,  e t c . )  and CO (except  f o r  a  

few increases which we can i gno re ) .  

Table  4d Here 

Table  4d i l l u s t r a t e s  another  c l a s s  o f  I / M  impact  models which we examined 

i n  t h e  course o f  t h i s  research.  The t r e n d  es t imates  summarized i n  Table 4d 

are based on t h e  model 

cot = WO + W I I l t  + Nt 

where wO i s  an es t imate  o f  pre-1977 t r e n d  and wl i s  an es t ima te  o f  pos t -  

1977 t rend .  The I / M  program, i n  ou r  op in i on ,  shou ld  n o t  have an inc rementa l  

impact on CO concen t ra t i ons .  An inc rementa l  impact --- a p o s t - i n t e r v e n t i o n  

t r e n d  --- i m p l i e s  t h a t  I / M  has a cumu la t i ve  e f f e c t  on CO. We can t h i n k  o f  no 



Table 4d - Est imated Trend Impacts 

Hignest 8 -h r  
PHX Cent ra l  

0 Mean H ighes t  8 -h r  
PHX Cent ra l  

PHX Sunnyslope 

Tucson 

Annual Trends 
Pre-1977 Post-1977 

Mean 5 P.M. 
PHX Cent ra l  - .I%* + .OX* 

(2 -2%) (2 -0%) 
PHX Sunnyslope - 45.1%* + 15.5% 

( +  - 63.6%) (+  - 13.1%) 

Mean Month ly  
PHX Cen t ra l  

PHX Sunnyslope 

* Parameter es t ima te  no t  s t a t i s t i c a l l y  s i g n i f i c a n t  a t  P.05 



t h e o r e t i c a l  j u s t i f i c a t i o n  f o r  a  cumu la t i ve  impact and accepted I / M  t h e o r i e s  

( t h e  MOBILE2 model, e.g.) assume a  1  i n e a r  r e l a t i o n s h i p  between CO concent ra-  

t i o n s  and v e h i c l e  emissions. A l though hypo thes is  t e s t s  based on incrementa l  

models a re  t nus  "generous," none o f  these  analyses r e j e c t  t h e  n u l l  hypo thes is  

i n  any form. S t a t i s t i c a l  s i g n i f i c a n c e  no tw i t hs tand ing ,  o n l y  one wl e s t ima te  

i s  more r e l a t i v e l y  nega t i ve  t han  t h e  cor respondinq wo es t ima te  and i n  t h a t  

s e r i e s  (Tucson 8-hour mean), t h e  p o s t - i n t e r v e n t i o n  t r e n d  i s  es t imated  f r om 

o n l y  24 observa t ions .  Otherwise, t hese  es t imates  i n d i c a t e  t h a t  CO concent ra-  

t i o n s  changed a t  a  s lower  r a t e  a f t e r  t h e  January, 1977 I / M  i n t e r v e n t i o n  than  

be fo re .  

The evidence f r om these  analyses a c t u a l l y  suggests t h a t  t h e  p r imary  I / M  

impact was a  d e t e r i o r a t i o n  o f  CO a i r  q u a l i t y .  Whi le  we c o u l d  t h i n k  o f  more 

than  one scena r i o  ( o r  t h e o r y )  t o  e x p l a i n  an impact o f  t h i s  s o r t ,  t h e r e  i s  no 

need t o  do so. The s o l e  purpose o f  these analyses was t o  t e s t  t h e  hypo thes is  

o f  a  n u l l  I / M  impact. It was t e s t e d  on two d i f f e r e n t  i n t e r v e n t i o n s  i n  two 

d i f f e r e n t  c i t i e s  a t  t h r e e  d i f f e r e n t  s i t e s  us i ng  f o u r  d i f f e r e n t  CO i n d i c a t o r s .  

I n  each case, t h e  da ta  c o u l d  n o t  r e j e c t  t h e  n u l l  hypo thes is .  So we accept i t  

and because i t  has su rv i ved  many f a i r  t e s t s ,  we must have much con f idence  i n  

ou r  conc lus i on  t h a t  I / M  has had no demonstrable impact on CO a i r  q u a l i t y .  

9.0 Analyses o f  Normal ized CO Data 

Most of t h e  t h r e a t s  t o  i n t e r n a l  v a l i d i t y  d iscussed e a r l i e r  cannot, i n  our  

op in ion ,  e x p l a i n  away t h e  es t imated  I / M  impacts presented i n  Table 4b-4d. The 

p u t a t i v e  e f f e c t s  o f  f e d e r a l  new c a r  emiss ion and f u e l  economy standards on CO 

concen t ra t ions ,  f o r  example, would be r e a l i z e d  as nega t i ve  t rends .  Even when 

we a l l o w  f o r  t h e  p o s s i b i l i t y  of p o s t - i n t e r v e n t i o n  t r e n d  impacts, however, we 



f i n d  no evidence o f  an I/M impact on CO (see Table 4d). Veh ic le  f l e e t  changes 

due t o  f e d e r a l  new c a r  standards would tend  t o  b i a s  these  hypothes is  t e s t s  i n  

favor  o f  an I / M  impact b u t  s i n c e  no n u l l  hypotheses were re j ec ted ,  t h i s  t h r e a t  

i s  moot. 

Veh icu la r  t r a f f i c  increases s i nce  1974 a l s o  seem i r r e l e v a n t .  The da ta  i n  

Table 1  would suggest t h a t  v e h i c u l a r  t r a f f i c  increases d u r i n g  t h i s  pe r i od  were 

n u l l i f i e d  by  f u e l  economy increases and emiss ion decreases. But  i n  any event, 

t o  e x p l a i n  t h e  impact es t imates  i n  Tables 4b-4d, v e h i c u l a r  t r a f f i c  would have 

had t o  r i s e  a b r u p t l y  i n  1977 and, again, i n  1979, e x a c t l y  o f f - s e t t i n g  any CO 

reduc t ions  due t o  I/M. Th i s  i s  who1 l y  imp laus ib le ,  of course. 

Unless l o c a l  weather c o n d i t i o n s  changed a b r u p t l y  i n  January, 1977 and t hen  

changed again i n  January, 1979, meteoro log ica l  e f f e c t s  a re  a l so  imp laus ib l e  

t h r e a t s  t o  i n t e r n a l  v a l i d i t y .  Our s t a t i s t i c a l  analyses c o n t r o l l e d  meteorolog- 

i c a l  va r iance  i n  CO b y  seasonal A R I M A  s t r u c t u r e s  and, o f  course, these models 

g i v e  an acceptably  accura te  d e s c r i p t i o n  o f  s e r i e s  var iance  (Table 4a). Our 

analyses of me teo ro log i ca l  t ime  s e r i e s  suggest f u r t h e r  t h a t  these models g i v e  

an acceptable degree o f  c o n t r o l  f o r  weather f a c t o r s .  But t h i s  t h r e a t  t o o  i s  

moot because u n c o n t r o l l e d  me teo ro log i ca l  va r iance  (background no i se )  i n  our  CO 

t ime  s e r i e s  cou ld  p l a u s i b l y  a f f e c t  o n l y  t h e  s t a t i s t i c a l  power o f  our  models. 

And if every s i n g l e  parameter es t imate  i n  Tables 4b-4d were s i g n i f i c a n t ,  ou r  

conc lus ions  would remain unchanged; n u l l  hypotheses o f  I / M  impact would n o t  

be r e j e c t e d .  

When cons idered separa te ly ,  v e h i c u l a r  t r a f f i c  and meteoro log ica l  f a c t o r s  

are imp laus ib l e  t h r e a t s  t o  i n t e r n a l  v a l i d i t y .  These two f a c t o r s  cou ld  opera te  

j o i n t l y  as a  po ten t  t h r e a t  t o  i n t e r n a l  v a l i d i t y ,  however. Consider ing t h i s  

p o s s i b i l i t y ,  we "normal ized"  each o f  our CO t i m e  s e r i e s  by t h e  f o rmu la  

CONOKMt = Cot x (VMTt x Tt) - '  



where VMTt i s  a  measure o f  " v e h i c u l a r  m i l e s  t r a v e l e d 1  and Tt i s  a  measure 

9 o f  " temperature i nve rs i on ' '  i n  t h e  t t h  - month . We then  r e p l i c a t e d  t h e  model 

analyses Shown i n  Tables 4b-4d u s i n g  norma l i zed  CO as t h e  dependent va r i ab l e .  

The r e s u l t s  o f  these  analyses a r e  summarized i n  Tables 5a-5c. Again, t h e  n u l l  

hypotheses cannot be re j ec ted .  One advantage o f  no rma l i zed  data, obviousl.y, 

i s  t h a t  me teo ro l og i ca l  and t r a f f i c  v a r i a b l e s  a re  e x p l i c i t l y  rep resen ted  i n  t h e  

models and, as a  r e s u l t ,  t h e  norma l i zed  d a t a  behave somewhat d i f f e r e n t l y  t han  

t h e  raw CO i n d i c a t o r s .  They a re  l e s s  seasonal, f o r  example, and sometimes 

more v a r i a b l e .  No rma l i za t i on  moreover a f f e c t s  t h e  Cen t ra l  s e r i e s  d i f f e r e n t l y  

than  t h e  Sunnyslope s e r i e s  ( t h e  same t r a f f i c  and temperature i n v e r s i o n  s e r i e s  

were used f o r  b o t h  s i t e s ) .  The r e s u l t s  o f  these analyses never the less  a re  

c o n s i s t e n t  w i t h  t h e  r e s u l t s  o f  o u r  analyses o f  t h e  raw CO se r ies .  Not o n l y  do we 

f i n d  no s t a t i s t i c a l l y  s i g n i f i c a n t  e f f e c t s  but ,  i n  almost a l l  cases, t h e  s igns  

of t h e  es t imated  e f f e c t s  a re  e x a c t l y  oppos i t e  o f  what we would expect  i f  t h e  

I /~" f rogram had any s a l u t a r y  impact on CO. 

10. Conclusions and Recommendations 

Our a n a l y s i s  began w i t h  two r e l a t e d  hypotheses. S ince 95 percen t  o f  t h e  

CO i n  Phoenix and Tucson come from mob i l e  sources, we expected CO l e v e l s  t o  

drop i n  1977, c o i n c i d i n g  w i t h  imp le~nen ta t i on  o f  a  mandatory I / M  program; we 

d i d  n o t  expect  an immediate drop but ,  r a t h e r ,  a  decrease d i s t r i b u t e d  across 

t h e  year .  S i m i l a r l y ,  i n  1979, emiss ions standards f o r  t h e  mandatory I / M  p ro -  

gram were ra i sed .  We expected an immediate i nc rease  i n  t h e  number o f  v e h i c l e s  

f a i l i n g  i n s p e c t i o n  and, hence, another  drop i n  CO l e v e l s ;  bu t  again, we ex- 

pected CO l e v e l s  t o  be d i s t r i b u t e d  across t h e  subsequent year .  

To t e s t  these hypotheses, we cons t ruc ted  ARIlYA moaels f o r  e i q h t  month ly  CO 



Table 5a - Impact Est imates 

Highest  8 -h r  
PHX Cen t ra l  

Mean Highest  8 -h r  
PHX Cent ra l  

PHX Sunn,yslope 

I) 

Mean 5 P.M. 
PHX Cent ra l  

PHX Sunnyslope 

I) 

Mean Month ly  
PHX Cent ra l  

PHX Sunn-ys 1 ope 

I) 

Model: CONORMt = w l  I lt + w212t + Nt  

Annual 
Trends 

Irnpac t s 
1977 - 1979 - 

* Parameter es t ima te  n o t  s t a t i s t i c a l l y  s i g n i f i c a n t  a t  P.05 



Highest  8-hr  
PHX Cen t ra l  

Mean H ighes t  8 -h r  
PHX Cent ra l  

PHX Sunnyslope 

Mean 5 P.M. 
PHX Cen t ra l  

PHX Sunnyslope 

PHX Sunnyslope 

Table 5b  - Impact Est imates 

Model: Cot = q R t  + N t  

Annual 
Trends 

Percent Impact 

* Parameter es t ima te  n o t  s t a t i s t i c a l l y  s i g n i f i c a n t  a t  P.05 



Highest 8-hr 
PHX Central 

Mean Highest 8-hr 
P t i X  Central 

PHX Sunnyslope 

Mean 5 P.M. 
P H X  Central 

P H X  Sunnyslope 

P H X  Sunnyslope 

Table 5c - Estimated Trend Impacts 

Annual Trends 
Pre-l 977 Post-1977 

* Parameter est imate not s t a t i s t i c a l l y  s ign i f i can t  a t  P.05 



t ime s e r i e s  c o l l e c t e d  f rom t h r e e  s i t e s  i n  Phoenix and Tucson. Based on these 

models, we comparea pre- and p o s t - i n t e r v e n t i o n  t irne s e r i e s  segments. We found a 

no s t a t i s t i c a l l y  s i g n i f i c a n t  b e f o r e / a f t e r  d i f f e rences .  Our f i n d i n q s  a re  t h a t  

n e i t h e r  t h e  1977 i n t e r v e n t i o n  (mandatory I/M) nor  t h e  1979 i n t e r v e n t i o n  (h i gh -  

e r  I / M  s tandards)  had any s t a t i s t i c a l l y  s i g n i f i c a n t  impact on CO leve ls .  Our 

analyses gave t h e  I / M  program every p o s s i b l e  " b e n e f i t  o f  t h e  doubt." Yet we 

found n o t  one i o t a  o f  evidence t o  suppor t  t h e  hypo thes is  t h a t  t h e  Ar izona  I / M  

program had an impact on ambient a i r  q u a l i t y .  Given t h e  remarkable degree o f  

cons is tency  --- our  f i n d i n g s  were c o n s i s t e n t  across i n t e r v e n t i o n s ,  s i t es ,  CO 

i n d i c a t o r s ,  and models --- we have t h e  g rea tes t  p o s s i b l e  conf idence i n  our  

major  conc lus ion.  

Conclusion #1: The I / M  program has had no s a l u t a r y  impact on ambient a i r  

q u a l i t y  i n  Ar izona. 

Th is  f i r s t  conc lus ion  appears t o  c o n f l i c t  w i t h  pub l i shed  r e p o r t s  o f  t h e  

DHS Bureau o f  Emissions Inspec t ions .  A 1979 r e p o r t  o f  t h e  Bureau claimed a 30 

percent  decrease i n  CO l e v e l s  due t o  mandatory I / M  and improved v e h i c l e  mix. 

Th is  c l a i m  i s  based on ques t ionab le  assumptions and methods, however. The 

Bureau used a "Derived A i r  Q u a l i t y  (DAQ) index," f o r  example, and found t h a t  

"If t h e  DAQ index i s  a r e l i a ~ l e  ( s i c )  measure o f  CO a i r  q u a l i t y ,  w i t h  
t h e  e f f e c t s  o f  meteorology he ld  constant ,  ..., then  we should exper ience 
cons iderab le  improvement i n  t h e  DAQ index. .." 

Th is  assumption should n o t  be accepted w i t h o u t  quest ion.  The "Derived A i r  

Q u a l i t y  index"  must be cons idered i n f e r i o r  t o  more grounded, s t r a i g h t f o r w a r d  

measures o f  CO a i r  q u a l i t y .  We cannot understand why t h e  Bureau chose i ns tead  

t o  use a specu la t i ve ,  i n d i r e c t  --- a l b e i t  perhaps --- r e l i a b l e  i n d i c a t o r  o f  CO 

l e v e l s ;  no r  do we understand what " r e l i a b i l i t y "  means i n  t h e  DAQ con tex t .  To 

eva lua te  impacts on CO concen t ra t ions ,  one should look  d i r e c t l y  a t  CO concen- 



t r a t i o n s .  More impor tant ,  o f  course, t h e  s t a t i s t i c a l  analyses used i n  t h e  

Bureau r e p o r t  do n o t  approach t h e  s t a t e  o f  t h e  a r t .  

Conclusion #2: The DHS Bureau o f  Emissions I n s p e c t i o n  has no ongoing I / M  

e v a l u a t i o n  program no r  even a s t a t i s t i c a l  da ta  system adequate f o r  an e x t e r n a l  

eva lua t i on .  Even i f  t h e  I / M  program were m a r g i n a l l y  e f f e c t i v e  i n  reduc ing  am- 

b i e n t  CO concen t ra t ions ,  t h e  Bureau o f  Emissions I n s p e c t i o n  cou ld  n o t  demon- 

s t r a t e  i t s  e f f e c t i v e n e s s  t o  an i m p a r t i a l ,  s c i e n t i f i c  audience. 

Based on ou r  analyses, we migh t  recommend t h a t  t h e  mandatory I / M  program 

be c u r t a i l e d  o r  even e l im ina ted .  Th i s  recommendation would be s i m p l i s t i c ,  o f  

course, and perhaps even na ive.  One cou ld  argue t h a t  no major  program should  

be c u r t a i l e d  o r  l i m i t e d  on t h e  b a s i s  o f  one r e t r o s p e c t i v e  eva lua t i on .  On t h e  

o t h e r  hand, ambient CO i s  a  "major problem" and t h e  a v a i l a b l e  evidence leads 

us t o  conclude t h a t  I / M  i s  n o t  an e f f e c t i v e  s o l u t i o n .  

Recommendation #1: i4e recommend t h a t  Ar i zona  cons ide r  a l t e r n a t i v e s  t o  t h e  

I / M  program. 

Our research  i s  p a r t i c u l a r l y  c o n c l u s i v e  w i t h  r espec t  t o  I / M  e f f e c t i v e n e s s  

i n  Ar i zona  b u t  t h e  evidence f o r  genera l  I / M  e f f e c t i v e n e s s  i s  i n c o n c l u s i v e  t o  

say t h e  l e a s t .  The conven t iona l  wisdom ( e s p e c i a l l y  among EPA and DHS person- 

n e l )  i s  t h a t  t h e  T iao -- e t  a l .  e v a l u a t i o n  o f  Oregon's I / M  program "proves" t h e  

e f f e c t i v e n e s s  o f  I / M  programs gene ra l l y .  It i s  q u i t e  p o s s i b l e  f o r  a  program 

such as I / M  t o  "work" elsewhere b u t  n o t  i n  Ar izona,  of course, b u t  T iao  -- e t  a l .  

do n o t  make t h e  s t r ong  conc lus ions  a t t r i b u t e d  t o  them.'' I n  o u r  op in ion,  no 

s c i e n t i f i c a l l y  v a l i d  research  has demonstrated t h e  e f f e c t i v e n e s s  o f  I / M .  The 

e m p i r i c a l  evidence, i n  f a c t ,  suppor ts  t h e  oppos i t e  conc lus ion.  F i n a l l y ,  even 

i f  an I / M  program were m a r g i n a l l y  e f f e c t i v e  --- say a one-t ime CO r e d u c t i o n  of 

f i v e  percen t  --- I / M  would s t i l l  n o t  be a c o s t - e f f e c t i v e  means o f  improv ing CO 

a i r  qua1 i t y .  



There are a number of programs which could, theoretically,  deliver real 

improvements in a i r  quality. Most evaluators would agree, for  example, that 

federal new car standards have affected substantial reductions in ambient CO 

concentrations nationally. Arizona could conceivably use the funds that i t  

now spends on 1/14 t o  improve the vehicle f l ee t .  This could be accomplished 

through a tax credi t  program similar to  the programs which support household 

energy conservation (improved insulation, solar hot water, etc. ) . Lacking 

cost figures,  we could not recommend a specific program. B u t  we do recornmend 

t h a t  al ternatives t o  I/M be studied. 

Recommendation iY2: We recommend that  the Arizona DHS take immediate posi- 

t ive action to  guarantee that  future a i r  pollution control programs be evalu- 

ated as a routine matter. 

While i t  i s  a relat ively simple matter to  t e s t  null hypotheses of proqram 

effectiveness, i t  i s  quite another matter t o  address the more d i f f i cu l t  "why" 

and "how" questions. - Why was t h i s  program ineffective and - how could i t  have 

been made effective? The evaluation Uescribed in th i s  report deals only with 

impacts, not with the more important issues of process. Could the operational 

processes of the I/M program been adjusted somehow so as to  be effective? Our 

research deals only with the impact of the s tatus  - quo program on ambient CO, 

so we cannot answer t h i s  question. B u t  i f  t h i s  question i s  a t  a l l  important, 

the greatest  f a i lu re  of the I/lvt program i s  that i t  was not routinely monitored 

and evaluated a t  any time during i t s  operation. 

Whatever pollution control program i s  eventua1l.y implemented in Arizona, 

i t  i s  essential  that  the program be monitored and evaluated as an operational 

routine. Kossi -- e t  a l .  (1979) distinguish between "impact" and "process" eval- 

uations. Impact evaluations (our research, for  example) are typically ad hoc 

performance audits conducted by inaependent evaluators. Process evaluations, 



on the other hand, consist of routine monitoring activities aimed at adjusting 

the ongoing program. Since process evaluations address fundamentally differ- 

ent questions, the monitoring and evaluation of a pollution control program 

will require substantial planning. The most pressing problem, however, will 

be data collection. Specific recommendations in this respect include 

1) CO Record Management: The specific CO indicators used in this evalua- 

tion were dictated by practicalities. Ledolter -- et al. (1979) in New Jersey 

and Tiao -- et al. (1981) in Oregon used mean monthly 8-hour and 1-hour CO con- 

centrations for theoretical reasons. While different evaluative contexts and 

questions will require different statistics, a flexible, computerized record 

retrieval system could accomodate all evaluation and monitoring needs. The 

cost of this system (less than twenty thousand dollars) would be relatively 

small compared to the overall cost of the program. Special software would 

permit aggregation of CO readings into any statistic required for the process 

evaluation or for general management decision-making. 

2) Site-specific Traffic: VMT statistics are not available for CO monitor 

sites. Secondary traffic data are available from the Department of Transpor- 

tation only as highly aggregated monthly totals recorded on major arterials 

(1-10 and 1-17, e.g.) far removed from the CO monitor sites. At a minimum, 

the Bureau of Emissions Inspection should be required to sample daily traffic 

passing the monitoring sites. These statistics are absolutely essential for 

any process evaluation. 

3) Data Reconstruction: Comparing Arizona CO series with data from New 

Jersey and Oregon, it is clear that Arizona data are more seasonal and, other- 

wise, less structured. As a practical consequence, this means that relatively 

long time series will be required for any evaluation of an Arizona program. 

Future evaluations cannot be oased solely on future data. Time series must 



i n s tead  be extended i n t o  t h e  p a s t  and these d a t a  must be recons t ruc ted  f r om 

e x i s t i n g  records.  The problem again  i s  i n f o rma t i on  r e t r i e v a l .  A l though h i s -  

t o r i c a l  CO records  e x i s t ,  t h e r e  i s  no s imp le  method f o r  r e t r i e v i n g  these  da ta  

as t ime  se r i es .  Some a t t e n t i o n  must be p a i d  t o  e n t e r i n g  e x i s t i n g  h i s t o r i c a l  

da ta  i n t o  t h e  recommended r e t r i e v a l  system. 

4)  Design Issues:  A r e a l  problem w i t h  i n t e r p r e t i n g  f u t u r e  eva lua t i ons  i s  

t h a t  t h e r e  i s  no s t a t u s  - quo c o n t r o l .  I n  an e v a l u a t i o n  of t h e  Oregon I / M  p ro -  

gram, f o r  example, T iao  -- e t  a l .  (1981) were a b l e  t o  compare CO l e v e l s  i n  an I / M  

c i t y  w i t h  CO l e v e l s  i n  a  non-I/M c i t y .  Comparisons o f  t h i s  s o r t  ensure t h e  

v a l i d i t y  o f  e v a l u a t i o n  f i n d i n g s  and, under i d e a l  c i rcumstances, i nc rease  t h e  

s t a t i s t i c a l  power o f  a n a l y t i c  models, a l l o w i n g  p r e c i s e  measures o f  marg ina l  

impacts. For  t h i s  purpose, a  CO m o n i t o r i n g  s i t e  should  be e s t a b l i s h e d  i n  a  

dese r t  c i t y  n o t  se r v i ced  by  t h e  program. 

5 )  S t a t i s t i c a l  Methodology: F i n a l l y ,  t h e  Ar i zona  program should  be eva lu-  

a ted w i t h  a  proven s t a t i s t i c a l  methodology. At  present ,  t h e  most acceptab le  

methodology i s  t h e  one used i n  t h i s  research and i n  t h e  success fu l  eva lua t i ons  

o f  t h e  New Jersey and Oregon I / M  programs. An advantage of t i m e  s e r i e s  analy-  

s i s  i n  t h e  process e v a l u a t i o n  c o n t e x t  i s  t h a t  i t  pe rm i t s  f o r e c a s t i n g  and t a r -  

ge t ing .  The Bureau o f  Emissions I n s p e c t i o n  p r e s e n t l y  has no f o r e c a s t i n g  capa- 

b i l i t y .  

The cos t s  o f  r o u t i n e  e v a l u a t i o n  w i l l  no t  be i n s u b s t a n t i a l  ou t  t h e  b e n e f i t s  

w i l l  be p r o p o r t i o n a l .  Responsive, e f f e c t i v e  programming r e q u i r e s  ongoing mon- 

i t o r i n y  and e v a l u a t i o n  t o  o p t i m i z e  impacts and conserve scarce resources.  



Footnotes 

1 The Ledolter -- et al. (1979) and Tiao -- et al. (1981) evaluation reports are 
not easily accessible to a lay audience. In a December 9, 1982 letter to the 
Auaitor General, James E. Sarn of DHS argues that New Jersey and Oregon evalu- 
ations found significant I/M impacts on CO. Our reading of Tiao -- et al. (1981) 
does not support this interpretation. Tiao -- et al. report a 10.4 percent drop 
in CO at one Portland site (CAMS). The CAMS monitor proDe was moved twice in 
the course of the quasi-experiment, however. dhen Tiao -- et al. correct this 
instrumentation threat, the reduction is estimated at 5.1 percent and this is 
not statistically different than zero; see tneir Tdble 4.5. No statistically 
significant reductions were found at the other Portland sites. 

2 The EPA MOBILE2 model appears to give overly optimistic estimates of I/kl 
impacts. See Tiao et al. (1981, Table 4.4) for an assessment of MOBILE2 I/Pl 
impact est imates in Pornand. 

3 Neuroth and Poynter argue that this assumption is warranted because CO 
levels in Phoenix are influenced more by emissions over a 100 square-mile area 
than by local traffic. As evidence, they note that the highest hourly CO con- 
centrations occur at 10 P.M., well after peak commuter hours. CO dispersion 
is further complicated by a west-to-east wind shift at peak CO hours which 
blows the polluted air mass back over the area. We have no comments on the 
plausibility of these assumptions. 

4 In a January 17, 1983 memorandum to the Auditor General, Mr. R. Fred 
Iacobelli of DHS responds that "Neither of the referenced reports are 
biased..." We do not refer to the reports, of course, but rather, to the 
estimates of I/M impact. In simple terms, w* is an unbiased estimator of the 
parameter w if E(wk) = W. See Kmenta (1971: Chapter6) for a discussion of 
estimation theory generally and bias specifically; see Hibbs (1974; 1977) 
for a discussion of bias in a lonqitudinal context. 

5 We have no information to support this hypothesis. Analyses of Maricopa 
and Pima County retest series suggest nonetheless that the I/M program shifted 
(in terms of retests) from 1380 to 1981. 

6 Natural logarithm results are presented throughout this report for the 
sake of exposition only; logged parameters can be conveniently interpreted as 
percentages. All analyses were replicated with the raw series as well as with 
the "best" Box-Cox (1964) transformation. Our findings are consistent across 
transformations. The two lowest variance explained statistics in Table 4a are 
due to poor model fits for the logged series. Both model fits exceed .9 when 
the raw data are considered. 

7 This exercise was suggested by Dr. John Tri jonis, a DHS consultant, as 
a means of demonstrating statistical power. We are naturally sensitive to the 
idiosyncracy of this interpretation but, to the extent that one accepts this 
interpretation, it appears that the I/M program could not possibly have a sal- 
utary impact of more than a fraction of one percent. The reader is invitea to 
replicate this exercise with the impact estimates in Tables 4c-5c. Note that 
tne change in "power" from 84 to 96 observations is substantial. 



8 There are several ways to  incorporate re tes t s  into a model. The proDa- 
b i l i t y  of a re tes t ,  for  example, might be used as a measure of program stand- 
ards. Analyses in Table 4c were replicated with re tes t  probabili t ies b u t  the 
resul ts  were consistently the same; null hypotheses were not rejected. Nom- 
inal re tes t s  are preferred because, presumably, each re tes t  reduces CO emis- 
sions. Tiao -- e t  a l .  (1981) used re tes t s  expanded as a power ser ies  t o  ref lect  
a 9-month maintenance l i f e .  The effects  shown in Table 4c are derived from an 
empirically estimated maintenance l i f e  which varies s l ight ly  across ser ies  b u t  
which, generally, amounts to  9-12 months. All analyses using re tes t s  as the 
independent variable lead us t o  the same consistent resul ts .  

9 We are indebted to  the Arizona Department of Transportation and t o  Nr. 
Gary Neuroth of DHS for  these data. Tiao -- e t  a l .  used several models b u t  most 
were variations of the general form 

where R * t  i s  the expanded re tes t  series.  The resul ts  shown in Table 5b then 
are derived from a model that  i s  nearly identical t o  the general Tiao -- e t  a l .  
model. 

Cf. footnote #l .  To set  the matter s t ra ight ,  Tiao -- e t  a1. reported an 
I/N impact a t  one monitor s i t e  (CAMS)  only. When t h i s  im~ac t  was adjusted for  
two instrumentation threats,  the impact was not s t a t i s t i c a l l y  different than 
zero. The Tiao -- e t  a l .  work i s  undoubtedly the most thorough I/iq evaluation in 
the l i te ra ture .  
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INTRODUCTION 

T h i s  s t u d y  was c o m m i s s i o n e d  b y  t h e  O f f i c e  o f  t h e  A u d i t o r  
G e n e r a l  a s  o n e  c o m p o n e n t  o f  t h e  A u d i t o r  G e n e r a l ' s  p e r f o r m a n c e  
a u d i t  o f  t h e  A r i z o n a  V e h i c l e  E m i s s i o n s  I n s p e c t i o n  P r o g r a m .  The 
g e n e r a l  p u r p o s e  o f  t h i s  s t u d y  was t o  p r o v i d e  i n p u t  on t h e  pub-  
l i c ' s  a t t i t u d e  t o w a r d  t h e  V e h i c l e  E m i s s i o n s  P rogram.  The s p e c -  
i f i c  p u r p o s e s  o f  t h e  s t u d y  were  a s  f o l l o w s :  

A .  To d e t e r m i n e  a t t i t u d e s  t o w a r d  a i r  p o l l u t i o n  i n  m e t r o -  
p o l i t a n  A r i z o n a .  

B.  To d e t e r m i n e  p u b l i c  s u p p o r t  o f  t h e  e m i s s i o n s  i n s p e c t i o n  
p r o g r a m .  

C. To m e a s u r e  t h e  p u b l i c ' s  e x p e r i e n c e s  i n  c o m p l y i n g  w i t h  
t h e  e m i s s i o n s  i n s p e c t i o n  p r o g r a m .  

D. To d e t e r m i n e  t h e  e x t e n t  o f  c i r c u m v e n t i o n  o f  t h e  p r o g r a m .  

The i n f o r m a t i o n  g e n e r a t e d  f rom t h i s  s t u d y  i s  p r e s e n t e d  i n  
two s e c t i o n s  i n  t h i s  r e p o r t .  The f i r s t  s e c t i o n  p r o v i d e s  a  d e -  
t a i l e d  r e v i e w  o f  t h e  f i n d i n g s  a n d  s t u d y  m e t h o d o l o g y .  The s e c o n d  
s e c t i o n  ( a p p e n d i x )  c o n s i s t s  o f  a n n o t a t e d  c o m p u t e r  t a b l e s  p r e s e n t -  
i n g  t h e  r e s p o n s e s  t o  e a c h  s t u d y  q u e s t i o n  c r o s s - t a b l u l a t e d  by a  
wide  v a r i e t y  o f  v a r i a b l e s .  T h r o u g h o u t  t h e  f i r s t  s e c t i o n  o f  t h e  
r e p o r t ,  t a b l e  i n d i c e s  a r e  l i s t e d  down t h e  r i g h t  hand  co lumn o f  
t h e  p a g e s .  T h e s e  t a b l e  i n d i c e s  r e f e r  t h e  r e a d e r  t o  t h e  d e t a i l e d  
t a b l e s  f r o m  w h i c h  t h e  d a t a  u n d e r  d i s c u s s i o n  was d r a w n .  

The B e h a v i o r  R e s e a r c h  C e n t e r  h a s  p r e s e n t e d  a l l  o f  t h e  d a t a  
i t  b e l i e v e s  g e r m a n e  t o  t h e  b a s i s  r e s e a r c h  o b j e c t i v e s  o f  t h i s  
s t u d y .  H o w e v e r ,  i f  a d d i t i o n a l  d a t a  r e t r i e v a l  o r  a n a l y s i s  i s  
r e q u i r e d  b y  t h e  A u d i t o r  G e n e r a l ,  we s t a n d  r e a d y  t o  p r o v i d e  s u c h  
i n p u t .  
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behavior research center  phoenix, arizona 



2  

SUMMARY O F  THE FINDINGS 

1 .  By a  r a t i o  o f  2 .3  t o  o n e  ( o r  6 6 %  t o  2 9 % ) ,  r e s p o n d e n t s  f a v o r  
c o n t i n u a t i o n  o f  t h e  a u t o  e m i s s i o n s  t e s t i n g  p r o g r a m  i n  Tucson 1 9 . 0 -  
a n d  P h o e n i x .  Even among t h o s e  who i n i t i a l l y  f a i l e d  t h e  t e s t ,  21 .0  
a  m a j o r i t y  f a v o r  p r o g r a m  c o n t i n u a t i o n .  ( B a s e = 1 4 8 3 )  

2. I n  a d d i t i o n ,  by  r a t i o s  o f  b e t t e r  t h a n  t h r e e  t o  o n e ,  r e s p o n -  
d e n t s  f a v o r  e x p a n d i n g  t h e  t e s t i n g  p r o g r a m  t o  c o v e r  a l l  a r e a s  
o f  t h e  s t a t e  ( r a t h e r  t h a n  j u s t  t h e  u r b a n  a r e a s ) ,  a n d  f a v o r  
r e q u i r i n g  o l d e r  a s  w e 1 1  a s  n e w e r  v e h i c l e s  t o  b e  t e s t e d .  
O p i n i o n  i s  s h a r p l y  d i v i d e d ,  h o w e v e r ,  a s  t o  t h e  a d v i s a b i l i t y  22.0- 
o f  mak ing  t h e  e m i s s i o n s  t e s t  h a r d e r  t o  p a s s .  ( B a s e = 1 4 8 3 )  24 .0  

3. S u p p o r t  f o r  c o n t i n u a t i o n  o f  t h e  p rogram r e s t s  on  p u b l i c  p e r -  19 .0 -  
c e p t i o n s  t h a t :  ( B a s e = 1 4 8 3 )  21 . O  

( a )  A i r  p o l l u t i o n  i s  a  p r o b l e m  i n  t h e  u r b a n  a r e a s  ( 8 3 % ) ;  
( b )  C u r r e n t  a i r  p o l l u t i o n  l a w s  a r e  n o t  t o o  s t r o n g  ( o n l y  6 %  

h o l d  t h i s  v i e w )  ; 
( c )  A i r  p o l l u t i o n  p r o b l e m s  a r e  more s e r i o u s  t h a n  f i v e  y e a r s  

a g o  ( b e l i e v e d  b y  5 3 % ) ,  a n d  a s  s e r i o u s  my a n  a d d i t i o n a l  
21 p e r c e n t ;  a n d  

( d )  I f  t h e  p r o g r a m  w e r e  t o  b e  d i s c o n t i n u e d ,  a i r  q u a l i t y  
would  d e t e r i o r a t e  ( 5 8 % ) .  

4 .  I n  a d d i t i o n ,  5 7  p e r c e n t  b e l i e v e  a u t o m o b i l e s  a r e  a  m a j o r  
s o u r c e  o f  a i r  p o l l u t i o n  a n d  a n  a d d i t i o n a l  3 6  p e r c e n t  c l a s s i f y  7.0- 
a u t o m o b i l e s  a s  a  m i n o r  s o u r c e .  ( B a s e = 1 4 8 3 )  9.1 

5. I n  e v a l u a t i n g  t h e  e m i s s i o n s  t e s t i n g  p r o g r a m ,  t h e  f o l l o w i n g  
f i n d i n g s  w e r e  r e c o r d e d :  

( a )  9 6  p e r c e n t  h a d  no d i f f i c u l t y  i n  o b t a i n i n g  n e e d e d  i n f o r -  25.0-  
m a t i o n  a b o u t  t h e  p r o g r a m  ( h o u r s ,  l o c a t i o n s ,  e t c . ) .  27.0 

( b )  R e s p o n d e n t s  g a v e  s t r o n g l y  f a v o r a b l e  r a t i n g s  t o  t h e  p r o -  
c e s s  w i t h  r e s p e c t  t o :  ( 1 )  t h e  s p e e d  o f  s e r v i c e ;  ( 2 )  t h e  
s k i l l s  a n d  demeanor  o f  s t a t i o n  p e r s o n n e l ;  ( 3 )  s t a t i o n  
h o u r s ;  a n d  ( 4 )  s t a t i o n  l o c a t i o n s .  ~n a d d i t i o n ,  t h e  
$ 5 . 4 4  c h a r g e  f o r  t h e  t e s t  was v i e w e d  a s  " r e a s o n a b l e "  b y  a  28.0-  
m a j o r i t y  o f  r e s p o n d e n t s .  48.0 

( c )  E i g h t  o u t  o f  t e n  r e s p o n d e n t s  e v a l u a t e d  t h e  o v e r a l l  s e r -  
v i c e  t h e y  r e c e i v e d  a t  t h e  s t a t i o n  a s  " e x c e l l e n t "  o r  
~ 9 g o o d " .  T h i r t e e n  p e r c e n t  r a t e d  i t  as- .  " f a i r n  a n d  o n l y  
f o u r  p e r c e n t  r a t e d  i t  a s  " p o o r n  o r  " v e r y  p o o r " .  Even 
among t h o s e  who i n i t i a l l y  f a i l e d  t h e  t e s t ,  t h e  " e x c e l -  52.0-  
l e n t "  o r  n g o o d "  r a t i n g s  r e g i s t e r e d  a t  6 5  p e r c e n t .  54.0 

I 
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( d )  P e r s o n s  w i t h  p r i o r  e x p e r i e n c e  i n  t a k i n g  a  v e h i c l e  
t h r o u g h  t h e  e m i s s i o n  t e s t  ( 8 8 % )  r a t e d  t h i s  m o s t  r e c e n t  
e x p e r i e n c e  a s  f o l l o w s :  3 5  p e r c e n t  " b e t t e r " ,  5 8  p e r c e n t  5 8 . 0 -  
" n o  c h a n g e " .  a n d  s i x  p e r c e n t  " n o t  a s  g o o d " .  6 3 . 0  

6 .  B e f o r e  g o i n g  i n  f o r  t h e  e m i s s i o n s  t e s t ,  h a l f  o f  v e h i c l e  
o w n e r s  t o o k  s t e p s  t o  p r e p a r e  t h e  v e h i c l e  f o r  t h e  t e s t .  ( e . g .  6 4 . 0 -  
t u n e d  t h e  e n g i n e ,  c h e c k e d  t h e  a i r  p o l l u t i o n  c o n t r o l  d e v i c e s ,  6 6 . 0  
c h a n g e d  t h e  a i r  f i l t e r ,  e t c . )  T a k i n g  s u c h  s t e p s ,  h o w e v e r ,  
d o e s  n o t  r e l a t e  t o  w h e t h e r  o n e  h a s  a h i g h e r  o r  l o w e r  p r o b a -  
b i l i t y  o f  p a s s i n g  t h e  t e s t .  ( B a s e = 1 4 8 3 )  

7.  E i g h t y  two p e r c e n t  p a s s e d  t h e  t e s t  o n  t h e i r  i n i t i a l  v i s i t  a n d  70 .0 -  
o f  t h o s e  who d i d  n o t ,  81 p e r c e n t  p a s s e d  o n  t h e  s e c o n d  v i s i t .  7 2 . 0  
E v e n t u a l l y ,  9 8  p e r c e n t  p a s s e d  t h e  t e s t .  ( B a s e = 1 4 8 3 )  

8 .  Among t h o s e  who f a i l e d  t h e  i n i t i a l  t e s t ,  s e v e n  o u t  o f  t e n  
s p o k e  w i t h  someone  a t  t h e  s t a t i o n  r e g a r d i n g  w h a t  t h e y  s h o u l d  8 8 . 0 -  
d o  n e x t ,  a n d  o f  t h o s e  p e o p l e ,  o v e r  8 0  p e r c e n t  r e p o r t e d  t h a t  9 0 . 0  
t h e i r  c o n t a c t  was w i l l i n g  t o  a n s w e r  t h e i r  q u e s t i o n ,  a n d  a n  
s w e r e d  t h e i r  q u e s t i o n  c o r r e c t l y .  The m o s t  common a d j u s t m e n t s  7 3 . 0 -  
made p r i o r  t o  b r i n g i n g  t h e  v e h i c l e  b a c k  f o r  a r e t e s t  i n v o l v e d  8 4 . 0  
c a r b u r e t o r  a n d  t i m i n g  a d j u s t m e n t s  o r  h a v i n g  a  t u n e  u p  p e r -  
f o r m e d .  ( B a s e = 2 6 9 )  

9 .  Consumer  e x p e n d i t u r e s  a s s o c i a t e d  w i t h  t h e  t e s t i n g  p r o g r a m  
( a s i d e  f r o m  t h e  t e s t i n g  f e e )  a r e  p r e s e n t e d  i n  t h e  t a b l e  b e -  
l o w :  ( B a s e = 1 4 8 3 )  

A v e r a g e  d o l l a r s  s p e n t  
130 .0 -  

A s  % o f  Among t h o s e  1 3 2 . 0  
A l l  R e s -  A c t u a l l y  S p e c i a l  

P a s s e d  t e s t  f i r s t  t i m e  
p o n d e n t s  S p e n d i n g  S o r t  
$ 1 3 . 8 6  $ 4 7 . 1 6  

P a s s e d  t e s t  s e c o n d  t i m e  4 8 . 4 6  5 5 . 1 5  
p a s s e d  t e s t  t h i r d  t i m e  4 7 . 3 0  6 0 . 4 4  
N e v e r  p a s s e d  1 1 5 . 1 7  1 5 5 . 1 7  
A v e r a g e :  a l l  r e s p o n d e n t s  21 - 6 9  5 4 . 8 3  

1 0 .  O v e r a l l ,  20% o f  v e h i c l e  o w n e r s  h a v e ,  ( a t  some p o i n t  i n  t h e  
p a s t )  a f t e r  a n  e m i s s i o n s  t e s t ,  r e a d j u s t e d  t h e i r  e n g i n e  t o  
make i t  r u n  more  t o  t h e i r  l i k i n g  ( B a s e  = 1 4 8 3 ) .  I n  t h e  p a s t  
y e a r ,  t h e  p e r c e n t  who h a v e  made s u c h  p o s t - t e s t  a d j u s t m e n t s  
a p p e a r s  t o  b e  a b o u t  1 1  p e r c e n t .  T h i s  p r a c t i c e  i s  m o s t  common 
among p e o p l e  who f a i l  t h e  i n i t i a l  t e s t  a n d  m o s t  a d j u s t m e n t s  
i n v o l v e  a d j u s t i n g  o r  r e b u i l d i n g  t h e  c a r b u r e t o r .  F i f t y - t w o  
p e r c e n t  o f  t h e s e  a d j u s t m e n t s  a r e  d o n e  b y  t h e  r e s p o n d e n t  o r  a  
f r i e n d / r e l a t i v e  w h i l e  4 6  p e r c e n t  a r e  d o n e  p r o f e s s i o n a l l y  b y  a  1 0 0 . 0 -  

i m e c h a n i c  ( B a s e = 3 0 1  ) . 1 0 8 . 0  
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A .  P e r c e i v e d  S e r i o u s n e s s  o f  A i r  P o l l u t i o n  

4  

ATTITUDES TOWARD A I R  POLLUTION I N  METROPOLITAN A R I Z O N A  -- - -- 

Only  1 5  p e r c e n t  o f  t h o s e  s u r v e y e d  s a i d  t h e y  d i d  n o t  t h i n k  a i r  
p o l l u t i o n  was a  p r o b l e m  i n  t h e i r  a r e a .  I n  c o n t r a s t ,  8 3  p e r  

c e n t  p e r c e i v e  i t  a s  a  p r o b l e m  and j u s t  o v e r  4 0  p e r c e n t  r a t e  i t  a s  
a  m a j o r  p r o b l e m .  

"On t h e  w h o l e ,  would  you s a y  t h a t  a i r  p o l l u t i o n  i s  a 
m a j o r  p r o b l e m ,  a  m i n o r  p r o b l e m ,  o r  n o t  a  p r o b l e m  i n  y o u r  
a r e a ? "  

T o t a l  _ P h o e n i x  Tucson  
Ma j  o r  39% 4 7% 3 3 %  
Minor 4 4  4 3 4 9  
Not  a  p r o b l e m  1 5  1 4  1 6  
~ o t  s u r e  2  2 2 

The s t r o n g e s t  c o n c e r n s  a b o u t  a i r  p o l l u t i o n  w e r e  r e c o r d e d  i n  
t h e  P h o e n i x  a r e a  a n d  among women, p e r s o n s  u n d e r  5 5  y e a r s  of  a g e ,  
l o n g e r  t e r m  r e s i d e n t s  and  i n  u p p e r  income g r o u p s .  I n  no  p o p u l a -  
t i o n  s u b - g r o u p  d i d  t h e  p r o p o r t i o n  c l a s s i f y i n g  a i r  p o l l u t 2 o n  a s  a  
n o n - p r o b l e m  e x c e e d  2 5  p e r c e n t .  

When a s k e d  w h e t h e r  t h e y  t h o u g h t  a i r  p o l l u t i o n  i n  t h e i r  a r e a  
t o d a y  i s  m o r e  s e r i o u s ,  a s  s e r i o u s ,  o r  l e s s  s e r i o u s  t h a n  f i v e  
y e a r s  a g o ,  a  m a j o r i t y  a n s w e r e d  "more s e r i o u s n .  I n  a d d i t i o n ,  o f  
t h o s e  e x p r e s s i n g  a n  o p i n i o n  on t h i s  i s s u e ,  t h e  p r o p o r t i o n  a n s w e r -  4 . 0  
i n g  "more s e r i o u s "  r o s e  t o  6 2  p e r c e n t .  6 . 0  

"Would you s a y  t h a t  a i r  p o l l u t i o n  p r o b l e m s  i n  y o u r  a r e a  
t o d a y  a r e  more s e r i o u s ,  a s  s e r i o u s ,  o r  l e s s  s e r i o u s  t h a n  
t h e y  w e r e  f i v e  y e a r s  a g o ? "  

A l l  R e -  Those  With  

More s e r i o u s  
A S  s e r i o u s  
L e s s  s e r i o u s  
Not s u r e  
Not  h e r e  5 y e a r s  a g o  

s p o n d e n t s  An O p i n i o n  - 
5 3 %  6 2 %  
2 1 2 4  
1 2  1 4  

5 0 
9 0  
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I n  e f f e c t ,  t h r e e  o u t  o f  f o u r  u r b a n  A r i z o n a n s  b e l i e v e  t h e  a i r  
p o l l u t i o n  p r o b l e m  i n  t h e i r  a r e a  i s  a s  s e r i o u s  o r  m o r e  s e r i o u s  
t h a n  i t  was j u s t  f i v e  y e a r s  a g o  a n d  o f  t h o s e  w i t h  a n  o p i n i o n ,  t h e  
p e r c e n t a g e  a p p r o a c h e s  9 0  p e r c e n t .  

I n  a d d i t i o n ,  b e l i e f  t h a t  t h e  p r o b l e m  i s  w o r s e n i n g  p e a k s  i n  
t h e  T u c s o n  a r e a ,  a m o n g  women ,  p e r s o n s  u n d e r  5 5  y e a r s  o f  a g e ,  
l o n g e r  t e r m  r e s i d e n t s .  I n t e r e s t i n g l y ,  e v e n  among r e s i d e n t s  who 
a r e  r e l a t i v e l y  new t o  t h e  s t a t e  m o s t  were w i l l i n g  t o  e x p r e s s  a n  
o p i n i o n  o n  t h i s  q u e s t i o n  a n d  v e r y  s t r o n g l y  b e l i e v e  a i r  q u a l i t y  i s  
w o r s e n i n g  w h e t h e r  t h e y  d e r i v e  t h e i r  o p i n i o n  f r o m  e a r l i e r  v i s i t s  
t o  A r i z o n a  o r  f r o m  t h i n g s  t h e y  h a v e  r e a d ,  h e a r d  o r  s e e n  s i n c e  
a r r i v i n g  i s  n o t  c l e a r ,  b u t  t h e y  m o s t  s t r o n g l y  b e l i e v e  t h a t  a i r  
p o l l u t i o n  i s  a w o r s e n i n g  p r o b l e m  i n  t h e  c o m m u n i t y .  

A s  % o f  T h o s e  Ex-  
p r e s s i n g  An O p i n i o n  - 

More A s  ~ e s s  
S e r i o u s  S e r i o u s  S e r i o u s  

T o t a l  

A r e a  - 
P h o e n i x  
T u c s o n  

Age - 
Under  35 
3 5  t o  5 4  
5 5  + 

R e s i d e n c y :  - 

Under  3 y e a r s  
4 t o  6 y e a r s  
7 + 

B.  P e r c e i v e d  S o u r c e s  o f  P o l l u t i o n  

A u t o m o b i l e s ,  w i n d b l o w n  d u s t  a n d  c o m m e r c i a l  v e h i c l e s  a r e  s e e n  
b y  m o s t  A r i z o n a n s  a s  t h e  m a j o r  c u l p r i t s  c o n t r i b u t i n g  t o  a i r  p o l -  
l u t i o n  i n  t h e i r  a r e a  of r e s i d e n c e .  G e n e r a l  b u s i n e s s  a n d  i n d u s -  
t r y ,  a s  w e l l  a s  mine  s m e l t e r s ,  a r e  n o t  w i d e l y  p e r c e i v e d  a s  m a j o r  
s o u r c e s  o f  a i r  p o l l u t i o n  i n  t h e i r  c o m m u n i t i e s .  
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" W o u l d  y o u  s a y  t h a t  e a c h  o f  t h e  f o l l o w i n g  i s  a m a j o r  
s o u r c e ,  a  m i n o r  s o u r c e ,  o r  n o t  a s o u r c e  o f  a i r  p o l l u t i o n  
i s  y o u r  a r e a ? "  

N o t a  N o t  
M a j o r  M i n o r  S o u r c e  S u r e  --- 

A u t o m o b i l e s  5 7 %  3 6 %  6 % 1 % 

W i n d b l o w n  d u s t  5 5 3 8 5  2 
C o m m e r c i a l  v e h i c l e s  4  4 3 8 1 7  1  
B u s i n e s s  a n d  i n d u s t r y  2 0 4 2 3 5 3 
M i n e  s m e l t e r s  2 2  2 6 4 4  8 

O p i n i o n s  o n  t h i s  s u b j e c t  v a r y  s o m e w h a t  w i t h i n  t h e  t w o  m a j o r  
c o m m u n i t i e s .  T h u s ,  T u c s o n i a n s  a r e  m o r e  l i k e l y  t h a n  t h e i r  P h o e n i x  
c o u n t e r p a r t s  t o  see  w i n d b l o w n  d u s t  a s  t h e  m a j o r  a i r  p o l l u t i o n  
s o u r c e  a n d  a r e  s o m e w h a t  l e s s  l i k e l y  t o  b l a m e  e i t h e r  a u t o m o b i l e s  
o r  c o m m e r c i a l  v e h i c l e s .  T u c s o n i a n s  a r e  a l s o  n e a r l y  t w i c e  a s  
l i k e l y  a s  ~ h o e n i c i a n s  t o  see m i n e  s m e l t e r s  a s  a  m a j o r  s o u r c e  o f  
p o l l u t i o n .  

P e r c e n t  P e r c e i v i n g  E a c h  a s  a  
M a i o r  S o u r c e  o f  A i r  P o l l u t i o n  

T o t a l  
P h o e n i x  
T u c s o n  

A u t o -  W i n d b l o w n  C o m m e r c i a l  ~ u s i n e s s  & M i n e  
m o b i l e s  D u s t  v e h i c l e s  -- I n d u s t r y  S m e l t e r s  

5 7 %  5 5 %  4 4 %  2 0 %  2 2 %  

C.  A r i z o n a ' s  A i r  P o l l u t i o n  C o n t r o l  Laws  - 
T h e  b u l k  o f  u r b a n  r e s i d e n t s  i n t e r v i e w e d  b e l i e v e  a i r  p o l l u -  

t i o n  c o n t r o l  l a w s  i n  A r i z o n a  a r e  a b o u t  a s  t o u g h  a s  t h e y  s h o u l d  b e  
a n d  f e w e r  t h a n  t e n  p e r c e n t  d e s c r i b e  t h e m  a s  " t o o  s t r o n g " .  O v e r  a  
t h i r d  t h i n k  t h e  l aws  a r e  t o o  w e a k  -- a b e l i e f  t h a t  t e n d s  t o  g r o w  
i n  s t r e n g t h  t h e  l o n g e r  o n e  h a s  l i v e d  i n  t h e  s t a t e .  

"Do y o u  t h i n k  a i r  p o l l u t i o n  c o n t r o l  l a w s  i n  A r i z o n a  a r e  
t o o  s t r o n g ,  a b o u t  r i g h t ,  o r  t o o  w e a k ? "  

To o  A b o u t  T o o  N o t  

T o t a l  
s t r o n g  r i g h t  w e a k  s u r e  ----- --- 

6 %  4 7 %  3 5 %  1 2 %  

T h o s e  w i t h  a n  o p i n i o n  ( t o t a l )  7  
I 

5  3 4  0 0 
P h o e n i x  7  5 4  3 9 0 
T u c  s o n  7 5 2 4  1  0 
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D .  The I m p a c t  o f  t h e  V e h i c l e  E m i s s i o n s  I n s p e c t i o n  P r o g r a m  o n  A i r  - 
p o l l u t i o n  

E i g h t  o u t  o f  t e n  r e s p o n d e n t s  b e l i e v e  t h e  v e h i c l e  e m i s s i o n s  
t e s t i n g  p r o g r a m  h a s  h e l p e d  k e e p  t h e  a i r  c l e a n  i n  t h e  T u c s o n  a n d  
P h o e n i x  a r e a s .  T h i r t y - t w o  p e r c e n t  b e l i e v e  t h e  p r o g r a m  h a s  h e l p e d  1 3 .  
" a  l o t "  a n d  4 7  p e r c e n t  t h i n k  i t  h a s  h e l p e d  " a  l i t t l e " .  1 5 .  

"As p a r t  o f  i t s  a i r  p o l l u t i o n  c o n t r o l  p r o g r a m ,  A r i z o n a  
r e q u i r e s  t h a t  1 9 6 9  a n d  n e w e r  v e h i c l e s  i n  t h e  P h o e n i x  a n d  
T u c s o n  a r e a s  p a s s  a n  e m i s s i o n s  t e s t  b e f o r e  t h e y  w i l l  b e  
l i c e n s e d  i n  t h e  s t a t e .  Do you t h i n k  t h e  v e h i c l e  e m i s s -  
i o n s  t e s t i n g  p r o g r a m  h a s  d o n e  a  l o t ,  a  l i t t l e ,  o r  n o t h -  
i n g  a t  a l l  t o  h e l p  k e e p  t h e  a i r  c l e a n  i n  t h e s e  a r e a s ? "  

T o t a l  P h o e n i x  T u c s o n  
A l o t  3 2 %  3 3% 3 0 %  
A l i t t l e  4  7  4 6 5  0  
N o t h i n g  1 7  1 7  1 7  
No t  s u r e  4 4 3  

B e l i e f  t h a t  t h e  p r o g r a m  h a s  b e e n  e f f e c t i v e  o r  d o n e  " a  l o t "  
was f a i r l y  u n i f o r m  i n  m o s t  s u b - g r o u p s ,  b u t  d i d  t e n d  t o  b e  s t r o n g -  
e r  among p e r s o n s  o v e r  5 5  y e a r s  o f  a g e .  On t h e  o t h e r  h a n d ,  l o n g e r  
t e r m  r e s i d e n t s  w e r e  among t h e  l e a s t  s a n g u i n e  a s  t o  t h e  e f f i c i e n c y  
o f  t h e  p r o g r a m .  

E x p r e s s e d  a s  % o f  T h o s e  
W i t h  a n  O p i n i o n  - 

T o t a l  
P h o e n i x  
T u c s o n  

Age, - 
Under  35  
3 5  t o  5 4  
5 5  + 

R e s i d e n c y  -- 
L e s s  t h a n  3  y e a r s  
4 t o  6  y e a r s  
7  + y e a r s  

l o t  l i t t l e  N o t h i n g  
3 3 %  4 9 %  1 8 %  
3 4 4 8  1 8  
3 1 5 2 1 7  
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C l o s e  t o  6 0  p e r c e n t  o f  r e s p o n d e n t s  b e l i e v e  t h e  q u a l i t y  o f  
a i r  i n  t h e  T u c s o n  a n d  P h o e n i x  a r e a s  w o u l d  w o r s e n  i f  t h e  v e h i c l e  
e m i s s i o n s  t e s t i n g  p r o g r a m  w e r e  t o  b e  d i s c o n t i n u e d .  F o r  t h e  m o s t  
p a r t ,  t h e  b a l a n c e  b e l i e v e  t e r m i n a t i o n  o f  t h e  p r o g r a m  w o u l d  h a v e  
n o  i m p a c t  w h a t e v e r  o n  t h e  q u a l i t y  o f  a i r  i n  t h e  u r b a n  a r e a s .  
T h i s  d i v i s i o n  o f  o p i n i o n  was  q u i t e  u n i f o r m  a r o u n d  t h e  s t a t e  a n d  
i n  no  s u b - g r o u p  d i d  t h e  p r o p o r t i o n  who b e l i e v e  a i r  q u a l i t y  w o u l d  1 6 .  
d e t e r i o r a t e  d r o p  b e l o w  5 0  p e r c e n t .  1 8 .  

" I f  t h e  v e h i c l e  e m i s s i o n s  t e s t i n g  p r o g r a m  was  t o  b e  d i s c o n -  
t i n u e d ,  d o  you  t h i n k  t h e  q u a l i t y  of a i r  i n  t h e  p h o e n i x  a n d  
T u c s o n  a r e a s  w o u l d  i m p r o v e ,  r e m a i n  a b o u t  t h e  s a m e ,  o r  g e t  
w o r s e ? "  

I m p r o v e  
No c h a n g e  
G e t  w o r s e  
N o t  s u r e  

T o t a l  P h o e n i x  T u c s o n  
1 % 1 % 1 % 

4 0 4 1 3 8 
5 8  5 7 6  0  

1 1 1 

R e s p o n d e n t s  w e r e  a l s o  q u e s t i o n e d  r e g a r d i n g  w h e t h e r  t h e y  
w o u l d  c h a n g e  t h e i r  e n g i n e  m a i n t e n a n c e  a c t i v i t i e s  s h o u l d  t h e  
e m i s s i o n s  t e s t i n g  r e q u i r e m e n t  b e  e l i m i n a t e d .  N i n t y - t h r e e  p e r c e n t  
a n s w e r e d  t h e y  w o u l d  n o t  a l t e r  t h e i r  m a i n t e n a n c e  p r a c t i c e s ,  w h i l e  
t h r e e  p e r c e n t  f e l t  t h e y  wou ld  c u t  b a c k  o n  t u n i n g  a n d  a d j u s t i n g  

t h e i r  e n g i n e s .  A l t h o u g h  v a r i a t i o n s  w e r e  m i n o r ,  p e o p l e  whose  v e -  
h i c l e  i n i t i a l l y  f a i l e d  t h e  e m i s s i o n  t e s t  w e r e  more  i n c l i n e d  t o  
t h i n k  t h e y  w o u l d  c u t  b a c k  o n  e n g i n e  t u n e - u p s .  The d o m i n a n t  p a t -  
t e r n ,  h o w e v e r ,  i s  o n e  i n  w h i c h  m o s t  b e l i e v e  t h e y  w o u l d  n o t  a l t e r  
t h e i r  p r a c t i c e s .  
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" I f  t h e  e m i s s i o n  t e s t  w e r e  n o t  r e q u i r e d ,  w o u l d  you  h a v e  y o u r  
e n g i n e  t u n e d  o r  a d j u s t e d  more  o f t e n ,  a b o u t  a s  o f t e n ,  o r  l e s s  
o f t e n  t h a n  Y O U  d o  now?"  

T o t a l  
More Same L e s s  Not s u r e  

2 %  9 3 %  3 % 2 %  

P h o e n i x  
T u c s o n  

I n i t i a l  T e s t  R e s u l t  
P a s s  2 9 4 2 2 
F a i l  4 9 0 4 2 

S e c o n d  T e s t  R e s u l t  ' 

p a s s  4 8 9  5 2 
F a i l  3 9  5 3 0 

T h i r d  T e s t  R e s u l t  -- 
P a s s  
F a i l  

L 
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PUBLIC SUPPORT F O R  THE A R I Z O N A  VEHICLE EMISSIONS INSPECTION PRO- 
G R A M  

By a  r a t i o  o f  2.3 t o  1 ,  r e s i d e n t s  o f  t h e  s t a t e ' s  u r b a n  a r e a s  
f a v o r  c o n t i n u a t i o n  o f  t h e  a u t o  e m i s s i o n s  p rogram i n  P h o e n i x  and  
Tucson .  I n  no  p o p u l a t i o n  s u b - g r o u p  d i d  s u p p o r t  f o r  i t s  c o n t i n u a -  19 .  
t i o n  d r o p  b e l o w  6 0  p e r c e n t .  21.  

"Do you s t r o n g l y  f a v o r ,  f a v o r ,  o p p o s e  o r  s t r o n g l y  o p p o s e  
c o n t i n u i n g  t h e  a u t o  e m i s s i o n  t e s t i n g  p r o g r a m  i n  t h e  P h o e n i x  
and  T u c s o n  a r e a s ? "  

T o t a l  P h o e n i x  - T u c s o n  
S t r o n g l y  f a v o r  1 7 %  1 6 %  2 1 %  
F a v o r  4 9  5 1 4 6  
Oppose 2 0  2 0 2  1  
S t r o n g l y  o p p o s e  9  8 9  
N e u t r a l / N o t  s u r e  5 5 3  

E x a m i n a t i o n  was a l s o  made o f  r e s p o n s e s  w i t h  r e s p e c t  t o  t h e  
m o s t  r e c e n t  e x p e r i e n c e  r e s p o n d e n t s  h a d  w i t h  t h e  t e s t i n g  p r o g r a m  
a s  w e l l  a s  i n  t e r m s  o f  t h e i r  v i e w s  on a i r  p o l l u t i o n .  

L o o k i n g  f i r s t  a t  a t t i t u d e s  t o w a r d  c o n t i n u i n g  t h e  p r o g r a m  
r e l a t i v e  t o  p e o p l e  who p a s s e d  o r  f a i l e d  t h e  t e s t ,  we f o u n d ,  a s  
e x p e c t e d ,  s t r o n g e s t  s u p p o r t  f o r  i t s  c o n t i n u a t i o n  among t h o s e  who 
p a s s e d  on t h e i r  i n i t i a l  v i s i t  t o  t h e  t e s t i n g  s t a t i o n .  I n  a d d i -  
t i o n ,  h o w e v e r ,  a  m a j o r i t y  o f  t h o s e  who f a i l e d  t h e  f i r s t  t i m e  a l s o  
f a v o r e d  i t s  c o n t i n u a t i o n .  I n  f a c t ,  a  m a j o r i t y  o r  a  p l u r a l i t y  f a -  
v o r e d  i t s  c o n t i n u a t i o n  r e g a r d l e s s  o f  w h e t h e r  t h e y  had  t o  r e t u r n  a  
s e c o n d  o r  t h i r d  t i m e  and  r e g a r d l e s s  o f  w h e t h e r  t h e y  p a s s e d  o r  
f a i l e d .  
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P o s i t i o n  o n  C o n t i n u a t i o n  o f  
E m i s s i o n s  - T e s t i n g  Program 

F a v o r  Opposed -- 
I n i t i a l  V i s i t  t o  
T e s t i n g  S t a t i o n  

P a s s e d  
F a i l e d  

Second  V i s i t  t o  
T e s t i n g  S t a t i o n  

P a s s e d  
F a i l e d  

T h i r d  v i s i t  t o  
T e s t i n g  S t a t i o n  

P a s s e d  47 4  1 
F a i l e d  5 2 4 8 

T a b l e  R e a d s :  Of t h o s e  who p a s s e d  t h e  t e s t  o n  t h e i r  
i n i t i a l  v i s i t  t o  a  t e s t i n g  s t a t i o n ,  7 0  p e r c e n t  f a v o r  
r e t a i n i n g  t h e  p r o g r a m  w h i l e  26 p e r c e n t  a r e  o p p o s e d .  

F i n a l l y ,  a t t i t u d e s  t o w a r d  t h e  d e s i r a b i l i t y  o f  c o n t i n u i n g  t h e  
p rogram c o r r e l a t e  t o  o t h e r  g e n e r a l  a t t i t u d e s  a b o u t  a i r  p o l l u t i o n  
a l o n g  l i n e s  t h a t  would  b e  e x p e c t e d .  T h u s ,  t h o s e  who t h i n k  t h e  
s t a t e ' s  a i r  p o l l u t i o n  l a w s  a r e  t o o  s t r o n g  t e n d  t o  f a v o r  d r o p p i n g  
t h e  t e s t i n g  p r o g r a m .  On t h e  o t h e r  h a n d ,  t h o s e  who s e e  t h e  l a w s  
a s  e i t h e r  " a b o u t  r i g h t n  o r  n t o o  weak" s t r o n g l y  f a v o r  r e t a i n i n g  
t h e  p r o g r a m .  S i m i l a r l y ,  t h o s e  who f e e l  t h e  p r o g r a m  i s  h a v i n g  a n  
i m p a c t  on c u r b i n g  u r b a n  a i r  p o l l u t i o n  f a v o r  r e t e n t i o n  o f  t h e  p r o -  
gram w h i l e  8 0  p e r c e n t  o f  t h o s e  who s e e  no i m p a c t  would  p r e f e r  i t  
b e  d i s c o n t i n u e d .  U n e x p e c t e d l y ,  h o w e v e r ,  t h o s e  who d o  n o t  b e l i e v e  
a i r  p o l l u t i o n  i s  a  p r o b l e m  i n  t h e i r  communi ty  n e v e r t h e l e s s  f a v o r  
r e t e n t i o n  of  t h e  p r o g r a m .  



A i r  P o l l u t i o n  P e r c e i v e d  a s :  
M a j o r  p r o b l e m  ( 3 9 % )  
M i n o r  P r o b l e m  ( 4 4 % )  
N o t  a  p r o b l e m  ( 1  5 % )  

. 
P o s i t i o n  o n  C o n t i n u a t i o n  o f  

t h e  E m i s s i o n s  T e s t i n g  P r o g r a m  

F a v o r  O p p o s e d  
8 0 %  1 7 %  
6 1  3  5 
5 0  43  

A i r  P o l l u t i o n  Laws T h o u g h t  t o  B e :  
Too s t r o n g  ( 6 % )  1 9 %  
A b o u t  r i g h t  ( 4 7 % )  6 8  
Too w e a k (  3 5 % )  7 4  

T e s t i n ' g  P r o g r a m ' s  Ef - 
f e c t  o n  K e e p i n g  A i r  C l e a r :  

D o e s  a  l o t  ( 3 2 % )  
Does  a  l i t t l e  ( 4 7 % )  
Does  n o t h i n g  ( 1 7 % )  

T a b l e  R e a d s :  Of t h e  3 9  p e r c e n t  who b e l i e v e  a i r  p o l l u t i o n  i s  
a  m a j o r  p r o b l e m  i n  t h e i r  a r e a ,  8 0  p e r c e n t  f a v o r  r e t e n t i o n  o f  
t h e  t e s t i n g  p r o g r a m ,  w h i l e  1 7  p e r c e n t  f a v o r  d i s c o n t i n u i n g  
i t .  

" I f  i t  h e l p e d  k e e p  A r i z o n a ' s  a i r  c l e a n  i n  t h e  f u t u r e ,  w o u l d  
you  f a v o r  o r  o p p o s e  e a c h  o f  t h e  f o l l o w i n g  p r o p o s a l s ? "  

Even  i f  i t  h e l p e d  k e e p  A r i z o n a ' s  a i r  c l e a n e r  i n  t h e  f u t u r e ,  
7 2  p e r c e n t  o f  t h o s e  i n t e r v i e w e d  o p p o s e  a  p r o p o s a l  t o  make i t  " a  
l o t  h a r d e r "  f o r  c a r s  t o  p a s s  t h e  t e s t .  On t h e  o t h e r  h a n d ,  h a l f  
f a v o r  m a k i n g  t h e  t e s t  s o m e w h a t  h a r d e r  ( a l t h o u g h  4 4  p e r c e n t  o p -  
p o s e ) .  F i n a l l y ,  t h r e e - q u a r t e r s  o f  u r b a n  r e s i d e n t s  s u p p o r t  p r o -  
p o s a l s  t o  r e q u i r e  o l d e r  v e h i c l e s  a n d  a u t o m o b i l e s  r e g i s t e r e d  i n  
a r e a s  o u t s i d e  o f  p h o e n i x  a n d  T u c s o n  t o  a l s o  b e  i n c l u d e d  i n  t h e  2 2 . 0 a  
m a n d i t o r y  t e s t i n g  p r o g r a m .  2 4 . 0  

F a v o r  O p p o s e  --- 
A .  E x p a n d i n g  t h e  e m i s s i o n s  t e s t i n g  p r o g r a m  

a 

s o  t h a t  a l l  a r e a s  o f  t h e  s t a t e  a r e  i n -  
c l u d e d  i n  i t ,  r a t h e r  t h a n  o n l y  t h e  P h o e n i x  
a n d  T u c s o n  a r e a s .  7 6 %  2 2 %  

B .  ~ e q u i r e  o l d e r  a s  w e l l  a s  n e w e r  v e h i c l e s  
t o  g o  t h e  e m i s s i o n s  t e s t i n g  p r o g r a m .  7  5 2 4  

C .  Make i t  s o m e w h a t  h a r d e r  f o r  v e h i c l e s  t o  
p a s s  t h e  t e s t .  4 9  4 4  

D O  Make i t  a  l o t  h a r d e r  f o r  v e h i c l e s  t o  
p a s s  t h e  t e s t .  2  3 7  2  

-4 
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U n d o u b t e d l y ,  t h e  a b o v e  r e s u l t s  r e f l e c t  t h e  t r u t h  i n  t h e  o l d  
a d a g e  t h a t  o n e ' s  p o s i t i o n  on a n  i s s u e  i s  o f t e n  b u t  a  r e f l e c t i o n  
o f  whose  o x  i s  l i k e l y  t o  b e  g o r e d .  

A t  t h e  e n d  o f  t h e  q u e s t i o n n a i r e ,  a n d  a f t e r  r e s p o n d e n t s  h a d  
b e e n  t a k e n  t h r o u g h  a l l  o f  t h e  q u e s t i o n s  r e g a r d i n g  t h e i r  e x p e r i -  
e n c e s  w i t h  t h e  t e s t i n g  p r o g r a m ,  t h e y  w e r e  a g a i n  a s k e d  w h e t h e r  
t h e y  t h o u g h t  t h e  p r o g r a m  s h o u l d  b e  c o n t i n u e d  i n  A r i z o n a .  The r e -  1 2 7  
s p o n s e  p a t t e r n  i s  i n t e r e s t i n g  b e c a u s e  t h e  p r o p o r t i o n  i n  f a v o r  o f  1 2 9  
c o n t i n u a t i o n  i n c r e a s e d  m o d e s t l y  a n d  t h e  p r o p o r t i o n  o p p o s e d  de- 
c r e a s e d  m o d e s t l y .  The n e t  s h i f t  i n  f a v o r  o f  c o n t i n u a t i o n  o f  t h e  --- 
p r o g r a m  was r e c o r d e d  a t  a p p r o x i m a t e l y  e i g h t  p e r c e n t .  

" A l l  t h i n g s  c o n s i d e r e d ,  d o  y o u  t h i n k  A r i z o n a  s h o u l d  o r  
s h o u l d  n o t  c o n t i n u e  t h e  e m i s s i o n s  t e s t i n g  p r o g r a m ? ' '  

T o t a l  P h o e n i x  T u c s o n  
Y e s ,  s h o u l d  c o n t i n u e  6 9 %  6 8 %  7 3% 
Yes ( i f  made t o u g h e r ; '  a p p l i e d  s t a t e -  

w i d e ;  c o v e r s  a l l  v e h i c l e s ;  i n -  - 
eludes s a f e t y  c h e c k )  

No, s h o u l d  d i s c o n t i n u e  
No t  s u r e  



EVALUATION OF THE VEHICLE EMISSIONS TESTING PROCESS - ------ - 

S u r v e y  r e s p o n d e n t s  w e r e  n e x t  a s k e d  t o  r a t e  t h e  e m i s s i o n s  
t e s t i n g  p r o c e s s  on s e v e r a l  d i m e n s i o n s :  t h e  a v a i l a b i l i t y  o f  i n -  
f o r m a t i o n  a b o u t  t h e  p r o g r a m ,  t h e  a c t u a l  t e s t i n g  p r o c e s s ,  a n d  t h e  
q u a l i t y  o f  s e r v i c e s  r e c e i v e d  a t  t h e  t e s t i n g  s i t e .  G e n e r a l l y  
s p e a k i n g ,  a l l  a s p e c t s  o f  e a c h  o f  t h e s e  v a r i a b l e s  w e r e  r a t e d  q u i t e  
h i g h  b y  t h e  m a j o r i t y  o f  r e s p o n d e n t s .  

The f o l l o w i n g  s e c t i o n s  a d d r e s s  t h e  r a t i n g s  g i v e n  t h e  emis-  
s i o n s  t e s t i n g  p r o c e s s  on  t h e s e  t h r e e  d i m e n s i o n s .  

The e m i s s i o n s  t e s t i n g  p r o g r a m  was  r a t e d  o n  t h r e e  i n f o r m a -  
t i o n - r e l a t e d  s u b j e c t s :  s t a t i o n  l o c a t i o n s ,  t e s t i n g  h o u r s ,  a n d  
o t h e r  p r o g r a m  r e q u i r e m e n t s .  A s  shown b e l o w ,  more  t h a n  9 5  p e r c e n t  
o f  r e s p o n d e n t s  r e p o r t e d  h a v i n g  n o  d i f f i c u l t i e s  g e t t i n g  i n f o r m a -  
t i o n  o n  t h e s e  s u b j e c t s .  

" T h e  l a s t  t i m e  you  t o o k  y o u r  v e h i c l e  i n  f o r  i t s  e m i s s i o n s  
t e s t ,  d i d  you  h a v e  a n y  d i f f i c u l t i e s  g e t t i n g  i n f o r m a t i o n  o n  
t h e  f o l l o w i n g  t h i n g s ? "  

Any D i f f i c u l t i e s  

F i n d i n g  o u t  w h e r e  t h e  i n s p e c t i o n  s t a t i o n s  
a r e  l o c a t e d .  

F i n d i n g  o u t  when t h e  i n s p e c t i o n  s t a t i o n s  
a r e  o p e n .  

F i n d i n g  o u t  a b o u t  a n y  o t h e r  p r o g r a m  
r e q u i r e m e n t s .  

W i t h  o n e  e x c e p t i o n ,  t h e r e  a r e  no  o b s e r v e d  d e v i a t i o n s  f r o m  
t h e s e  f i n d i n g s  among d e m o g r a p h i c  o r  o t h e r  p o p u l a t i o n  s u b - g r o u p s .  
The e x c e p t i o n  i s  s h o r t - t e r m  r e s i d e n t s  o f  A r i z o n a  ( o n e  y e a r  o r  
l e s s  i n  t h e  s t a t e ) ,  who a r e  more  l i k e l y  t h a n  o t h e r s  t o  r e p o r t  
h a v i n g  d i f f i c u l t i e s  f i n d i n g  w h e r e  t h e  s t a t i o n s  a r e  l o c a t e d  ( 1  2%, 
v s  1 %  o f  t h e  t o t a l  s a m p l e ) .  I n  a d d i t i o n ,  t o  some e x t e n t ,  t h i s  
s a m e  g r o u p  r e p o r t e d  h a v i n g  s o m e w h a t  m o r e  d i f f i c u l t y  l e a r n i n g  
a b o u t  o t h e r  p r o g r a m  r e q u i r e m e n t s  ( 8 % ,  v s  4 %  o f  t h e  t o t a l ) .  

a 

J. 
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B. R a t i n g  - o f .  T e s t i n g  P r o c e s s  on S e l e c t e d  F e a t u r e s  

R e s p o n d e n t s  w e r e  a l s o  a s k e d  t o  p r o v i d e  a  s c a l a r  r a t i n g  o f  
t h e  e m i s s i o n s  t e s t i n g  p r o g r a m  on f i v e  f a c t o r s :  s t a t i o n  l o c a t i o n ,  
l e n g t h  o f  t i m e  i t  t a k e s  t o  b e  t e s t e d ,  s t a t i o n  p e r s o n n e l ,  c o s t ,  
and  h o u r s  o f  o p e r a t i o n .  A s  shown b e l o w ,  e a c h  o f  t h e s e  f i v e  f a c -  
t o r s  r e c e i v e d  a n  o v e r a l l  r a t i n g  o f  6.4 o r  b e t t e r  on a  s c a l e  w h e r e  28.  
t e n  i s  t h e  b e s t .  A s c o r e  o f  f i v e  o r  l e s s  would  i n d i c a t e ,  on  b a l -  48 .  
a n c e ,  a  n e g a t i v e  e v a l u a t i o n .  

"Now I ' d  l i k e  t o  h a v e  you r a t e  t h e  v e h i c l e  e m i s s i o n s  i n s p e c -  
t i o n  p r o g r a m  on a  number o f  d i f f e r e n t  f a c t o r s .  A s  I r e a d  
e a c h  o n e ,  p l e a s e  r a t e  i t  on a  s c a l e  o f  1 t o  1 0 ,  where  " o n e "  
means y o u r  e v a l u a t i o n  i s  v e r y  n e g a t i v e ,  and  " t e n "  means y o u r  
e v a l u a t i o n  i s  v e r y  p o s i t i v e .  I f  y o u r  e v a l u a t i o n  i s  some- 
where  i n  b e t w e e n  v e r y  p o s i t i v e  a n d  v e r y  n e g a t i v e ,  you would  
u s e  o n e  o f  t h e  numbers  i n  b e t w e e n . "  

Mean 
F a c t o r  R a t i n g  
How would you r a t e  t h e  l e n g t h  o f  t i m e  i t  t o o k  you t o  g o  

t h r o u g h  t h e  t e s t i n g  p r o c e s s ,  I mean f rom t h e  t i m e  you 
f i r s t  a r r i v e d  a t  t h e  t e s t i n g  s t a t i o n  u n t i l  t h e  t i m e  
you l e f t ?  8.0 

How would you r a t e  t h e  t e s t i n g  s t a t i o n  p e r s o n n e l  w i t h  
r e g a r d  t o :  ... t h e i r  p r o f e s s i o n a l i s m  7.9 . . . t h e i r  c o u r t e s y  7.9 ... t h e i r  f r i e n d l i n e s s  7.8 

The s t a t i o n s  open  a t  8 : 0 0  am e a c h  weekday a n d  c l o s e  a t  
3 : 3 0  pm on Monday, Wednesday and  F r i d a y .  On T u e s d a y  
a n d  T h u r s d a y  t h e y  s t a y  o p e n  u n t i l  7 : 0 0  pm. How would  
you r a t e  t h e s e  h o u r s  o f  o p e r a t i o n ?  7 .6  

How would you r a t e  t h e  d i s t a n c e  you h a d  t o  t r a v e l  t o  t h e  
l a s t  t e s t i n g  s t a t i o n  you v i s i t e d ?  7.3 

I t  c o s t s  $ 5 . 4 4  f o r  t h e  e n i s s i o n s  t e s t .  How would  you 
r a t e  t h e  r e a s o n a b l e n e s s  o f  t h i s  c h a r g e ?  6.4 
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O v e r a l l ,  t h e  l e n g t h  o f  t i m e  i t  t a k e s  t o  b e  t e s t e d  i s  g i v e n  
t h e  h i g h e s t  r a t i n g ,  w h i l e  t h e  $ 5 . 4 4  c o s t  i s  r a t e d  l o w e s t .  Look- 
i n g  c l o s e r  a t  t h e  d a t a ,  t h e  f o l l o w i n g  v a r i a t i o n s  a r e  n o t e d  f o r  
p o p u l a t i o n  s u b - g r o u p s :  

- - I n d i v i d u a l s  5 5  y e a r s  o f  a g e  and o l d e r  t e n d  t o  g i v e  s t a -  

t i o n  p e r s o n n e l  h i g h e r  r a t i n g s  on c o u r t e s y ,  f r i e n d l i n e s s  
a n d  p r o f e s s i o n a l i s m  t h a n  do y o u n g e r  p e r s o n s ,  e s p e c i a l l y  
t h o s e  u n d e r  35; 

- - T h i s  same g r o u p  ( 5 5  a n d  o v e r ) ,  t e n d s  t o  g i v e  a  l o w e r  
r a t i n g  t o  " s t a t i o n  l o c a t i o n "  t h a n  d o  o t h e r  g r o u p s ;  

- - A r e s p o n d e n t ' s  t o t a l  h o u s e h o l d  i n c o m e  a p p e a r s  t o  h a v e  n_o_ 
r e l a t i o n  t o  t h e  r a t i n g  g i v e n  t h e  c o s t  f o r  e m i s s i o n s  
t e s t i n g  ( 6 . 6  a v e r a g e  f r o m  t h o s e  a n n u a l l y  e a r n i n g  l e s s  
t h a n  $ 1 0 , 0 0 0 ,  c o m p a r e d  w i t h  a  6 . 5  a v e r a g e  f o r  t h o s e  
e a r n i n g  $ 3 0 , 0 0 0  and m o r e ) .  

- - A s  m i g h t  b e  e x p e c t e d ,  r e s p o n d e n t s  who b e l i e v e :  ( a )  t h a t  
a i r  p o l l u t i o n  i s  n o t  a  p r o b l e m ,  ( b )  t h a t  A r i z o n a ' s  a i r  
p o l l u t i o n  l a w s  a r e  t o o  s t r o n g ,  ( c )  t h a t  t h e  e m i s s i o n s  
p r o g r a m  i s  i n e f f e c t i v e ;  o r  ( d )  t h o s e  who o p p o s e  t h e  
p r o g r a m  i n  g e n e r a l ,  t e n d  t o  g i v e  l o w e r  r e a d i n g s  on e a c h  
d i m e n s i o n  r a t e d .  N o n e t h e l e s s ,  e v e n  t h e s e  r e s p o n d e n t s  
g a v e  r a t i n g s  on t h e  p o s i t i v e  s i d e  o f  t h e  s c a l e .  

I n  a  r e l a t e d  q u e s t i o n ,  i n d i v i d u a l s  who r a t e d  s t a t i o n  h o u r s  
o f  o p e r a t i o n  a s  p o o r  ( r a t i n g s  o f  1  t o  4 ) ,  w e r e  a s k e d  w h a t  t i m e s  
w o u l d  b e  m o r e  c o n v e n i e n t .  A s  t h e  s u m m a r y  t a b l e  b e l o w  i l l u s -  
t r a t e s ,  t h e  m a j o r i t y  ( 7 4 % )  who g i v e  a  p o o r  r a t i n g  t o  s t a t i o n s  
h o u r s  would p r e f e r  t h e  s t a t i o n s  s t a y e d  o p e n  l a t e r  o n  weekdays .  

"What t i m e s  would b e  more c o n v e n i e n t  f o r  you?' '  ( A s k e d  o f  
t h o s e  who r a t e d  h o u r s  o f  o p e r a t i o n  1  t h r o u g h  4 ) .  

L a t e r  on w e e k d a y s  74% 
Open S a t u r d a y  1 5  
Open weekends  ( d a y  n o t  s p e c i f i e d )  1 3  
E a r l i e r  on  Weekdays 1 3  
Open Sunday  * 
Not  S u r e  1 0  

* I n d i c a t e s  p e r c e n t  l e s s  t h a n  1 .  
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B Y  way o f  f u r t h e r  a n a l y s i s ,  i t  i s  o b s e r v e d  t h a t  m o s t  ( 9 1 % )  
o f  t h o s e  who f a i l e d  t h e  e m i s s i o n s  t e s t  on t h e  f i r s t  t r y  ( a n d  a l s o  
g a v e  a  1  t o  4  r a t i n g  t o  t h e  h o u r s  o f  o p e r a t i o n )  would  p r e f e r  t h a t  
t h e  s t a t i o n s  s t a y  open  l a t e r  on weekdays .  A d d i t i o n a l l y ,  i t  i s  
n o t e d  t h a t  a  g r e a t e r  p e r c e n t a g e  o f  t h o s e  a n s w e r i n g  t h i s  q u e s t i o n  
who l i v e  i n  T u c s o n  w o u l d  p r e f e r  t h e  s t a t i o n s  o p e n  e a r l i e r  o n  
weekdays  ( 2 4 % ,  v s  9 %  o f  P h o e n i x  r e s i d e n t s ) .  

C .  E v a l u a t i o n  o f  S e r v i c e s  R e c e i v e d  a t  T e s t i n g  S t a t i o n  - 

E i g h t y - t w o  p e r c e n t  o f  r e s p o n d e n t s  s a y  t h e y  would r a t e  t h e  
o v e r a l l  s e r v i c e  t h e y  r e c e i v e d  a t  t h e  t e s t i n g  s t a t i o n s  a s  good o r  
e x c e l l e n t .  F e m a l e s  a n d  o l d e r  i n d i v i d u a l s  t e n d  t o  g i v e  m o r e  
p o s i t i v e  r a t i n g s  t o  t h e  o v e r a l l  s e r v i c e  t h a n  d o  m a l e s  a n d  y o u n g e r  5 2 .  
p e r s o n s .  5  4 .  

"Whethe r  y o u r  v e h i c l e  p a s s e d  o r  f a i l e d  t h e  t e s t ,  would you 
d e s c r i b e  t h e  s e r v i c e  you r e c e i v e d  a t  t h e  t e s t i n g  s t a t i o n  a s  
e x c e l l e n t ,  g o o d ,  f a i r ,  p o o r  o r  v e r y  p o o r ? "  

Gender  Age - 
Under 3 5 -  

T o t a l  Male Female  3 5  5 4  5 5 +  
E x c e l l e n t  3 5 %  2 9 %  38% 2 4 %  3 7 %  5 0 %  
Good 4 7  4  8 4  6 5  2  4 6  3 9  
F a i r  
P o o r  
Very  P o o r  1  1 1  1  2  1  
~ o t  s u r e  1 1  1  - 1  - 1  - 1 - - -  

1 0 0 %  1 0 0 %  1 0 0 %  1 0 0 %  1 0 0 %  1 0 0 %  

Not s u r p r i s i n g l y ,  a l a r g e r  p e r c e n t a g e  o f  t h o s e  who i n i t i a l l y  
p a s s e d  t h e  e m i s s i o n s  t e s t  r a t e d  t h e  s e r v i c e  a s  e x c e l l e n t  o r  good  
( 8 5 8 ,  v s  6 5 %  o f  t h o s e  who i n i t i a l l y  f a i l e d ) .  

To g a i n  a  b e t t e r  u n d e r s t a n d i n g  o f  t h e  r e a s o n s  f o r  a n  i n d i -  
v i d u a l ' s  g e n e r a l  s a t i s f a c t i o n  o r  d i s s a t i s f a c t i o n  w i t h  t h e  e m i s -  
s i o n s  t e s t i n g  s e r v i c e ,  t h e y  w e r e  a s k e d  t o  e l a b o r a t e  o n  t h e i r  
o v e r a l l  _ r a t i n g .  A s  t h e  n e x t  t a b l e  r e v e a l s ,  8 7  p e r c e n t  o f  t h e  
r e s p o n d e n t s  r e n d e r e d  a  p o s i t i v e  r e s p o n s e ,  w h i l e  o n l y  1 5  p e r c e n t  5 5 .  
r e n d e r e d  a  n e g a t i v e  o n e .  5 7 .  

\ 
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The p r i m a r y  r e a s o n s  g i v e n  f o r  t h e i r  r a t i n g s  by  t h o s e  re- 
s p o n d e n t s  who r a t e d  t h e  s e r v i c e  i n  a  p o s i t i v e  n a t u r e  r e v o l v e d  
a r o u n d  t h e  s p e e d  o f  s e r v i c e  r e c e i v e d  and  t h e  q u a l i t y  o f  t h e  s t a -  
t i o n  p e r s o n n e l .  S t a t i o n  p e r s o n n e l  were  a l s o  g i v e n  a s  t h e  p r i m a r y  
r e a s o n  f o r  g i v i n g  t h e  s e r v i c e  a  n e g a t i v e  r a t i n g ,  however  i n  t o -  
t a l ,  p o s i t i v e  p e r s o n n e l  comments o u t w e i g h e d  n e g a t i v e  p e r s o n n e l  
comments b y  a  s e v e n  t o  o n e  m a r g i n .  I t  may a l s o  b e  s e e n  i n  t h e  
t a b l e  t h a t  46 p e r c e n t  o f  t h o s e  r e s p o n d e n t s  who r a t e d  t h e  s e r v i c e  
a s  o n l y  " f a i r n ,  g a v e  i t  a  p o s i t i v e  comment. 

S e r v i c e  E v a l u a t i o n  

T o t a l  Good - F a i r  V e r y  P o o r  
( B a s e )  ( 1 0 0 %  ( 8 2 % )  ( 1  3 % )  ( 4 % )  

N e t  P o s i t i v e  R e s p o n s e s  

F a s t  S e r v i c e  - n o t  w a i t i n g  i n  
l i n e ,  i n  and  o u t  56% 6 6 %  1 6 %  2% 

P e r s o n n e l  - P r o f e s s i o n a l ,  know 
t h e i r  j o b s ,  e f f i c i e n t ,  o r g a n -  
i z e d ,  k n o w l e d g e a b l e  26 

P e r s o n n e l  - C o u r t e o u s  26 
P e r s o n n e l  - F r i e n d l y  1 8  
P e r s o n n e l  - I n f o r m a t i v e :  t o l d  

me w h a t  was wrong w i t h  t h e  
v e h i c l e  7 

P e r s o n n e l  - I n f o r m a t i v e :  e x -  
p l a i n e d  t e s t  t o  m e  and  w h a t  
was g o i n g  on 6  

P e r s o n n e l  - H e l p f u l  ( n o t  
s p e c i f i c  5 

P e r s o n n e l  - I n f o r m a t i v e :  a n -  
s w e r e d  my q u e s t i o n s  2  

C o n v e n i e n c e  - S t a t i o n  l o c a t i o n  3 
C o n v e n i e n c e  - H o u r s  o f  o p e r -  

t i o n  1  

G e n e r a l  P o s i t i v e  - no h a s s l e ,  
e a s y ,  g o o d ,  p a i n l e s s ,  I 
p a s s e d  26 

M i s c e l l a n e o u s  P o s i t i v e  5 

L 
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Net  N e g a t i v e  R e s p o n s e s  - 1 5 %  -- 3% - 
P e r s o n n e l  - Not c o u r t e o u s  3  
P e r s o n n e l  - Not  f r i e n d l y  3  
P e r s o n n e l  - ~ o t  p r o f e s s i o n a l ,  

d o n ' t  know t h e i r  j o b s ,  n o t  
k n o w l e d g e a b l e  2 

P e r s o n n e l  - Not i n f o r m a t i v e :  
d i d  n o t  t e l l  me w h a t  was 
wrong w i t h  v e h i c l e  2 

P e r s o n n e l  - Not i n f o r m a t i v e :  
d i d  n o t  e x p l a i n  t e s t  t o  me 1 

P e r s o n n e l  - Not h e l p f u l  ( n o t  
s p e c i f i c )  1 

P e r s o n n e l  - Not i n f o r m a t i v e :  
d i d  n o t  a n s w e r  my q u e s t i o n s  1 

-. Program i s  a p o l i t i c a l  r i p - o f f ,  
d o e s n ' t  i m p r o v e  a i r  3  * 

Slow s e r v i c e ,  l o n g  w a i t  2 1 
I n a c c u r a t e  t e s t  e q u i p m e n t  1  0  
M i s t r e a t e d  c a r  * 0  
T e s t  d o e s  n o t  m e a s u r e  p r o p e r  

v a r i a b l e s  * 0  
M i s c e l l a n e o u s  n e g a t i v e  * 0  

G e n e r a l  n e g a t i v e ,  s e r v i c e  o n l y  
m e d i o c r e  3 

D o n ' t  know 2  -. - 1  - 
206% 215% 

* I n d i c a t e s  p e r c e n t  l e s s  t h a n  1.  
T o t a l s  e x c e e d  1 0 0 %  d u e  t o  m u l t i p l e  r e s p o n s e s .  

The f i n a l  q u e s t i o n  i n  t h i s  s e c t i o n  a s k e d  i n d i v i d u a l s  who h a d  
p r i o r  e x p e r i e n c e  a t  o n e  o f  t h e  t e s t i n g  s t a t i o n s  ( 8 8 % )  t o  c o m p a r e  
t h e  s e r v i c e  t h e y  r e c e i v e d  t h i s  t i m e  w i t h  p r e v i o u s  v i s i t s .  A s  t h e  
t a b l e  b e l o w  i l l u s t r a t e s ,  n e a r l y  9 5  p e r c e n t  o f  t h e  r e s p o n d e n t s  s a y  
t h e  s e r v i c e  t h e y  r e c e i v e d  on t h e i r  m o s t  r e c e n t  v i s i t  t o  t h e  t e s t -  
i n g  s t a t i o n  was e i t h e r  a s  good ( 5 8 % )  o r  b e t t e r  ( 3 5 % )  t h a n  t h e  58.0- 
s e r v i c e  t h e y  r e c e i v e d  on e a r l i e r  v i s i t s .  The o n l y  n o t a b l e  e x c e p -  6 3 . 0  
t i o n  t o  t h i s  s e r v i c e  r a t i n g  p a t t e r n  w a s  o b s e r v e d  among t h o s e  
r e s p o n d e n t s  who f a i l e d  t h e  t e s t  on t h e  f i r s t  o r  f o l l o w - u p  v i s i t .  
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pus-lity of  S e r v i c e  
B e t t e r  
About t h e  same 
Not a s  good 
Don ' t  know 

L a s t  T e s t  Exper i ence  

I n i t i a l  - Follow-up 

T o t a l  Pass  F a i l  P a s s  F a i l  
35% 37% 27% 28% 24% 
5 8 5 8  5 9 6 1 4 5 
6 5 13 1 1  27 
1 0 1 0 4 

---- 
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THE P U B L I C ' S  MOST RECENT EXPERIENCE WITH - THE V E H I C L E  EMISSIONS 
T E S T I N G  PROGRAM -- 

S u r v e y  r e s p o n d e n t s  w e r e  a s k e d  a  s e r i e s  o f  q u e s t i o n s  t o  d e -  
t e r m i n e :  a )  w h a t  s t e p s  t h e y  t o o k  t o  p r e p a r e  f o r  t h e i r  m o s t  r e c e n t  
e m i s s i o n s  t e s t ;  b )  t h e  o u t c o m e  ( p a s s / f a i l )  o f  t h e  t e s t ;  c )  t h e  
s t e p s  t h e y  t o o k  i f  t h e y  f a i l e d  t h e  t e s t ,  a n d ;  d )  t h e  a m o u n t  o f  
money t h e y  s p e n t  i n  o r d e r  t o  c o m p l y  w i t h  t h e  e m i s s i o n s  p r o g r a m .  
T h i s  s e c t i o n  o f  t h e  r e p o r t  d e t a i l s  t h e s e  f i n d i n g s ,  

A .  S t e p s  ~ a k e n  t o  P r e p a r e  f o r  E m i s s i o n s  T e s t  

A s  t h e  n e x t  t a b l e  i n d i c a t e s ,  o v e r  o n e - h a l f  o f  t h e  s u r v e y  
r e s p o n d e n t s  i n d i c a t e d  t h e y  d i d  " n o t h i n g "  t o  t h e i r  v e h i c l e  p r i o r  
t o  t a k i n g  t h e  e m i s s i o n s  t e s t .  F e m a l e s ,  l o w e r  a n d  u p p e r  i n c o m e ,  
o l d e r ,  a n d  n e w e r  r e s i d e n t s  t o  A r i z o n a  i n d i c a t e d  t h e  h i g h e s t  p r o -  
p e n s i t y  t o  d o  " n o t h i n g "  p r i o r  t o  t h e  t e s t .  The  m o s t  common s t e p  
r e s p o n d e n t s  t o o k  p r i o r  t o  t h e  t e s t  was  t o  h a v e  i t  t u n e d  u p  (4i!%), 6 4 . 0 -  
w i t h  s l i g h t l y  more  r e s p o n d e n t s  p e r f o r m i n g  t h e i r  own t u n e  u p  ( 2 4 % )  6 6 . 0  
a s  o p p o s e d  t o  p a y i n g  someone  e l s e  t o  d o  i t  ( 1 8 % ) .  

0 
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T o t a l  

S e x  - 
M a l e  
F e m a l e  

I n c o m e  I U n d e r  $ 1  5 ~  

Age 
U n d e r  2 5  

' 2 5 - 3 4  
3 5 - 5 4  
5 5 +  

S t e p s  T a k e n  P r i o r  t o  T e s t  
( %  I n d i c a t i n g  E a c h  Was  one) 

Make a n y  % o f  
O t h e r  E n g i n e  R e s p o n d e n t s  

C h e c k / M a k e  S u r e  A d j u s t m e n t s  
T u n e - u p  Air P o l l u t i o n  t o  I m p r o v e  D o i n g  D o i n g  

T u n e - u p  S e l f  / ~ e v i c e s  ~ o o k e d  1 t s  C h a n c e s  Some- N o t h -  
p a i d  F o r  F a m i l y  U p / W o r k i n g  o f  P a s s i n g  t h i n g  i n g  

1 8 %  2 4 %  3 4 %  1 7 %  4 9 %  5 1 %  

I A Z  R e s i d e n c e  
U n d e r  7  y r s .  
7 +  y r s .  

I NOTE: C o m b i n e d  s t e p  t o t a l s  e x c e e d  1 0 0 %  d u e  t o  m u l t i p l e  s t e p s  t a k e n .  



T a k i n g  t h e  a b o v e  a n a l y s i s  o n e  s t e p  f u r t h e r ,  i t  may b e  s e e n  
i n  t h e  n e x t  t a b l e  t h a t  t h e  m a j o r i t y  o f  r e s p o n d e n t s  who c h e c k  
t h e i r  p o l l u t i o n  d e v i c e s  o r  make o t h e r  a d j u s t m e n t  p r i o r  t o  t a k i n g  
t h e  t e s t  g e n e r a l l y  d o  s o  i n  c o n c e r t  w i t h  a  t u n e  u p  ( 7 8 % )  a n d  n o t  
a s  a n  i s o l a t e d  s t e p  ( 2 2 % ) .  

A s  P e r c e n t  o f  
A l l  R e s p o n d e n t s  R e s p o n d e n t s  

S u r v e y  D o i n g  ~ a k i n g  
S t e p s  T a k e n  P r i o r  t o  T e s t  R e s p o n d e n t s  S o m e t h i n g  " O t h e r "  s t e p s  - 
N o t h i n g  51 % N/A N/A 

Tune u p  o n l y  1 1  2  2% N / A  

T u n e ,  u p  & p o l l u t i o n  d e v i c e  
c h e c k  1 5  3 0  

Tune u p  & o t h e r  a d j u s t m e n t  2  5  
Tune u p  & p o l l u t i o n  d e v i c e  & 

o t h e r  a d j u s t m e n t  1 2  25 

P o l l u t i o n  d e v i c e  c h e c k  o n l y  6  1 2  
O t h e r  a d j u s t m e n t  o n l y  2 4 
P o l l u t i o n  d e v i c e  c h e c k  & 

o t h e r  a d j u s t m e n t  1 - 2 - 

B, R e s u l t s  o f  I n i t i a l  E m i s s i o n s  T e s t  

E i g h t e e n  p e r c e n t  o f  t h e  r e s p o n d e n t s  s u r v e y e d  i n d i c a t e d  t h e y  
f a i l e d  t h e  v e h i c l e  e m i s s i o n s  t e s t  o n  t h e i r  f i r s t  t r y  w i t h  T u c s o n  
r e s i d e n t s  ( 2 0 % ) ,  f e m a l e s  ( 2 0 % ) ,  a n d  l o w  i n c o m e  h o u s e h o l d s ( 2 3 % )  
r e v e a l i n g  t h e  h i g h e s t  f a i l u r e  l e v e l s .  

Of p a r t i c u l a r  i n t e r e s t  i n  t h e  f o l l o w i n g  t a b l e  i s  t h e  f a i l u r e  7 0 . 0 -  
r a t e  d i f f e r e n c e  b e t w e e n  t h o s e  r e s p o n d e n t s  who d i d  " n o t h i n g "  p r i o r  7 2 . 0  
t o  t h e  t e s t  ( 1 3 % )  a n d  t h o s e  who d i d  " s o m e t h i n g "  ( 2 6 % ) .  T h i s  
v a f i a t i o n  c o u l d  l e a d  o n e  t o  s p e c u l a t e  t h a t  t h e  b e s t  t h i n g  t o  d o  
p r i o r  t o  t a k i n g  t h e  t e s t  w o u l d  b e  " n o t h i n g " ,  h o w e v e r ,  t h i s  w o u l d  
b e  m i s l e a d i n g  s i n c e  t h i s  s t u d y  was  n o t  d e s i g n e d  t o  e v a l u a t e  v e -  
h i c l e  c o n d i t i o n  p r i o r  t o  t h e  t e s t  -- a  f a c t o r  w h i c h  c o u l d  h a v e  a  
s i g n i f i c a n t  i m p a c t  o n  t h e  t e s t  r e s u l t s ,  N o n e t h e l e s s ,  i t  i s  i n t -  
e r e s t i n g  t h a t  r e s p o n d e n t s  who o n l y  c h e c k e d  t h e  p o l l u t i o n  d e v i c e  
o r  made o t h e r  a d j u s t m e n t s  w i t h o u t  p e r f o r m i n g  a  f u l l  t u n e  u p  h a d  
t h e  h i g h e s t  f a i l u r e  r a t e s .  
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T o t a l  

A r e a  
P h o e n i x  
T u c s o n  

S e x  - 
M a l e  
F e m a l e  

Income  
U n d e r  $1 5K 
$15 t o  24.9K 
$25K+ 

S t e p s  T a k e n  P r i o r  t o  T e s t  - 
No 
Yes  

T u n e - u p  o n l y  
T u n e - u p  & P o l l u t i o n  d e v i c e  c h e c k  
T u n e - u p  & o t h e r  a d j u s t m e n t s  
T u n e - u p  & p o l l u t i o n  d e v i c e  c h e c k  & 

o t h e r  a d j u s t m e n t s  
P o l l u t i o n  d e v i c e  c h e c k  o n l y  
O t h e r  a d j u s t m e n t s  o n l y  
P o l l u t i o n  d e v i c e  c h e c k  & o t h e r  
. a d j u s t m e n t s  

I n i t i a l  E m i s s i o n s  T e s t  

P a s s e d  F a i l e d  
82% 18% 

C. S t e p s  T a k e n  By R e s p o n d e n t s  F a i l i n g  t h e  I n i t i a l  - E m i s s i o n s  T e s t  

R e s p o n d e n t s  who f a i l e d  t h e  i n i t i a l  e m i s s i o n s  t e s t  w e r e  a s k e d  
a  s e r i e s  o f  q u e s t i o n s  t o .  d e t e r m i n e  w h a t  s t e p s  t h e y  t o o k  a f t e r  
f a i l i n g  t h e  t e s t .  The  f i r s t  s e t  o f  q u e s t i o n s  p r o b e d  r e s p o n d e n t s  
o n  w h e t h e r  t h e y  s p o k e  w i t h  a n y  s t a t i o n  p e r s o n n e l  a f t e r  t h e y  
f a i l e d  t h e  t e s t  a n d  w h e t h e r  t h e y  l e f t  t h e  s t a t i o n  w i t h  a  c l e a r  
u n d e r s t a n d i n g  o f  w h a t  t h e y  were t o  d o  b e f o r e  t h e y  r e t u r n e d  f o r  a  
r e t e s t .  

A s  t h e  n e x t  s e t  o f  t a b l e s  r e v e a l s ,  6 8  p e r c e n t  o f  t h e  r e s p o n -  
d e n t s  who f a i l e d  t h e  t e s t  i n d i c a t e d  t h e y  s p o k e  w i t h  someone  a t  
t h e  s t a t i o n  r e g a r d i n g  w h a t  t h e y  w e r e  s u p p o s e d  t o  d o .  Of t h i s  
g r o u p ,  8 2  p e r c e n t  s a i d  t h e  p e r s o n  t h e y  s p o k e  w i t h  was w i l l i n g  t o  
a n s w e r  t h e i r  q u e s t i o n s  a n d  t h a t  t h e i r  q u e s t i o n s  w e r e  a n s w e r e d  
c o r r e c t l y .  



~t i s  a l s o  e v i d e n t  f r o m  t h e  f o l l o w i n g  t a b l e s  t h a t  72  p e r c e n t  
o f  t h o s e  p e r s o n s  who f a i l e d  t h e  i n i t i a l  t e s t ,  l e f t  t h e  t e s t  s t a -  
t i o n  w i t h  a  c l e a r  u n d e r s t a n d i n g  o f  w h a t  t h e y  w e r e  t o  d o  b e f o r e  
r e t u r n i n g  f o r  a  r e t e s t .  T h o s e  p e r s o n s  who l e f t  t h e  t e s t  s t a t i o n  
w i t h o u t  a  c l e a r  u n d e r s t a n d i n g  w e r e  m o r e  l i k e l y  t o  b e  p h o e n i x  7 3 . 0 -  
r e s i d e n t s  t h a n  T u c s o n  r e s i d e n t s  ( 2 8 %  v s .  2 0 % ) ,  f e m a l e s  t h a n  m a l e s  7 5 . r  
( 3 0 %  v s .  1 7 % ) ,  a n d  b e t w e e n  3 5  a n d  5 4  y e a r s  o f  a g e  t h a n  i n  a n y  
o t h e r  a g e  g r o u p  ( 4 0 %  v s .  2 1 % ) .  

" D i d  you  s p e a k  w i t h  a n y o n e  a t  t h e  t e s t i n g  s t a t i o n  r e g a r -  
d i n g  w h a t  y o u  w e r e  s u p p o s e d  t o  d o  w h e n  y o u r  v e h i c l e  
f a i l e d  t h e  t e s t ? "  

( B a s e )  ( 2 6 9 )  

Y e s  
No 
Don '  t R e c a l l  2 - 

1 0 0 %  
"Was t h e  p e r s o n  you s p o k e  w i t h . .  . 
(Among p e r s o n s  who s p o k e  w i t h  s t a t i o n  p e r s o n n e l )  

( B a s e )  ( 1 8 4 )  
W i l l i n g  t o  a n s w e r  - y o u r  q u e s t i o n s  7 6 . 0 -  

y e s  8 2 %  7 8 . 0  
No 1 5  
Don '  t R e c a l l  3  - 

1 0 0 %  

Answer  y o u r  q u e s t i o n s  c o r r e c t l y  - 
y e s  8 2 %  
N O  1 0  
D o n ' t  R e c a l l  8 - 

1 0 0 %  

" D i d  y o u  g e t  c l e a r  i n f o r m a t i o n  r e g a r d i n g  w h a t  t o  d o  79 .0-  
a b o u t  y o u r  v e h i c l e  b e f o r e  b r i n g i n g  i t  b a c k  i n  f o r  8 1 . 0  
r e t e s t i n g ? "  

( B a s e )  ( 2 6 9 )  

Y e s  7 2 %  
No 26 
Don'  t r e c a l l  2  - 

1 0 0 %  
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N e x t ,  t h o s e  p e r s o n s  who f a i l e d  t h e  t e s t  w e r e  a s k e d  w h a t  t h e y  8 2 . 0 -  
d i d  t o  t h e i r  v e h i c l e  b e f o r e  t h e y  r e t u r n e d  f o r  a  r e - t e s t .  A s  may 8 4 . 0  
b e  s e e n ,  c a r b u r e t o r  a d j u s t m e n t s  a n d  f u l l  t u n e - u p s  l e a d  t h e  l i s t .  

"What  d i d  y o u  d o  t o  y o u r  v e h i c l e  b e f o r e  you  t o o k  i t  i n  
t o  h a v e  i t  i n s p e c t e d  a g a i n ? "  

I B a s e )  ( 2 6 9 )  

A d j u s t e d  c a r b u r e t o r  
Had t u n e - u p  p e r f o r m e d  
A d j u s t e d  t i m i n g / p o i n t s  
C l e a n e d / r e p l a c e d  s p a r k  p l u g s  
C l e a n e d / r e p l a c e d  a i r  f i l t e r  
A d j u s t e d  e m i s s i o n s  c o n t r o l  d e v i c e s  
Changed  o i l  
G o t  w a i v e r  
O t h e r ,  n o n - s p e c i f i e d  s e c o n d  p a r t y  

a d j u s t m e n t s  made 

N o t h i n g  7 

Don ' t Know 

* P e r c e n t  e x c e e d s  1 0 0  d u e  t o  m u l t i p l e  r e s p o n s e s  

F i n a l l y  i n  t h i s  s e c t i o n ,  o w n e r s  o f  f a i l i n g  v e h i c l e s  w e r e  
p r o b e d  o n  t h e  o u t c o m e  o f  t h e i r  r e t e s t  a n d  w h a t  t h e y  d i d  i f  t h e i r  
v e h i c l e  f a i l e d  f o r  a  s e c o n d  t i m e .  A s  may b e  s e e n ,  81  p e r c e n t  o f  
o w n e r s  i n d i c a t e d  t h e i r  v e h i c l e  p a s s e d  t h e  r e t e s t  w h i l e  1 5  p e r c e n t  
i n d i c a t e d  t h e i r  v e h i c l e  f a i l e d  f o r  a  s e c o n d  t i m e .  I n  a d d i t i o n ,  
i t  a p p e a r s  t h a t  T u c s o n  r e s i d e n t s  h a d  a  s o m e w h a t  h i g h e r  f a i l u r e  
r a t e  on t h e  r e t e s t  t h a n  d i d  P h o e n i x  r e s i d e n t s .  

The m o s t  common s t e p  r e s p o n d e n t s  t o o k  a f t e r  f a i l i n g  t h e  t e s t  
a  s e c o n d  t i m e  was  t o  o b t a i n  a  w a i v e r .  ~ u c s o n  r e s i d e n t s  w e r e  more  
l i k e l y  t h a n  P h o e n i x  r e s i d e n t s  t o  o b t a i n  a  w a i v e r  w h i l e  P h o e n i x  
r e s i d e n t s  w e r e  more  l i k e l y  t o  e i t h e r  a d j u s t  t h e i r  v e h i c l e s  e n g i n e  
o r  s i m p l y  g o  t o  a n o t h e r  t e s t i n g  s t a t i o n .  W h i l e  t h e s e  v a r i a t i o n s  
b e t w e e n  P h o e n i x  a n d  T u c s o n  a p p e a r  t o  b e  q u i t e  d i s t i n c t ,  t h e y  
s h o u l d  n o t  be o v e r s t a t e d  b e c a u s e  o f  t h e  s m a l l  s a m p l e  b a s e s  t h e y  
a r e  d e r i v e d  f r o m .  

N e a r l y  h a l f  ( 4 6 % )  o f  a l l  v e h i c l e  o w n e r s  who d i d  n o t  p a s s  t h e  
s e c o n d  t e s t  r e v e a l e d  t h a t  t h e i r  v e h i c l e  n e v e r  d i d  p a s s  t h e  t e s t .  
Once a g a i n ,  T u c s o n  r e s i d e n t s  w e r e  more  l i k e l y  t h a n  p h o e n i x  r e s i -  
d e n t s  t o  h a v e  n e v e r  p a s s e d  t h e  t e s t .  
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"When you  t o o k  y o u r  v e h i c l e  i n  t o  b e  r e t e s t e d ,  d i d  i t  8 8 . 0 -  
p a s s  o r  f a i l  t h e  e m i s s i o n s  t e s t ? "  9 0 . 0  

( B a s e )  

P a s s e d  
F a i l e d  
Don1 t R e c a l l  

T o t a l  - P h o e n i x  T u c s o n  
( 2 6 9 )  ( 1 8 8 )  ( 8 1 )  

"What  d i d  you  d o  t h e n ? "  - 
(Among p e r s o n s  who f a i l e d  2nd t e s t )  

( B a s e )  
O b t a i n e d  w a i v e r  
Had m o t o r  a d j u s t e d  
Took v e h i c l e  t o  a n o t h e r  s t a t i o n  

w h e r e  i t  p a s s e d  
Had DHS p e r s o n n e l  a d j u s t  v e h i c l e  
J u n k e d  v e h i c l e  
D o n ' t  r e c a l l  

T o t a l  P h o e n i x  T u c s o n  
( 4 1  ( 1  9) ( 2 2 )  

" D i d  t h e  v e h i c l e  e v e r  p a s s  t h e  t e s t ? "  94 .0 -  
9 6 . 0  

( B a s e )  ( 4 1  ( 1 9 )  ( 2 2 )  

Yes 
N O  

Now, i n  o r d e r  t o  r e v i e w  t h e  c o m p l e t e  t e s t i n g  s e q u e n c e  t h e  
f o l l o w i n g  t a b l e  i s  p r e s e n t e d .  A s  may b e  s e e n ,  s t a t e w i d e ,  9 8  
p e r c e n t  o f  a l l  v e h i c l e s  r e q u i r e d  t o  m e e t  t h e  s t a t e ' s  m i n i m u m  
v e h i c l e  e m i s s i o n s  s t a n d a r d s  d o  s o .  p h o e n i x  r e s i d e n t s  a p p e a r  t o  
h a v e  a  somewha t  h i g h e r  c o m p l i a n c e  r a t e  t h a n  T u c s o n  r e s i d e n t s ,  
h o w e v e r ,  t h i s  c a n  n o t  b e  d e f i n i t e l y  s t a t e d  s i n c e  t h e  v a r i a t i o n  
b e t w e e n  t h e  two a r e a s  i s  n o t  l a r g e  e n o u g h  t o  i n d i c a t e  a  s i g n i f i -  
c a n t  d i f f e r e n c e ,  g i v e n  t h e  s t a t i s t i c a l  p a r a m e t e r s  o f  t h i s  s t u d y .  
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E m i s s i o n s  - - - T e s t  R e c a ~  I 
P a s s e d  t e s t  f i r s t  t i m e  

T o t a l  - P h o e n i x  T u c s o n  
81 - 9 %  8 2 . 6 %  7 9 . 7 %  

P a s s e d  t e s t  s e c o n d  t i m e  1 4 . 7  1 5 . 4  1 2 . 8  
P a s s e d  t e s t  t h i r d  t i m e  1 . 5  1 . 5  1 . 5  

Summary  -- 
E v e r  p a s s e d  t e s t  
N e v e r  p a s s e d  t e s t  
Unknown 

D.  S p e n d i n g  t o  P r e p a r e  f o r  t h e  V e h i c l e  E m i s s i o n s  T e s t  --- 
An o v e r a l l  a v e r a g e  o f  $ 2 1 . 6 9  w a s  s p e n t  b y  s u r v e y  r e s p o n d e n t s  

t o  p r e p a r e  t h e i r  v e h i c l e s  f o r  t h e  e m i s s i o n s  i n s p e c t i o n  t e s t .  
Among t h o s e  r e s p o n d e n t s  who s p e n t  " s o m e t h i n g n  t o  p r e p a r e  f o r  t h e  1 3 0 . 0 -  
t e s t  t h e  o v e r a l l  a v e r a g e  w a s  $ 5 4 . 8 3 .  A s  m i g h t  b e  e x p e c t e d ,  t h e  1 3 2 . 0  
a m o u n t  o f  m o n e y  s p e n t  t o  p r e p a r e  f o r  t h e  t e s t  t e n d e d  t o  i n c r e a s e  Special 
i n  d i r e c t  r e l a t i o n s h i p  t o  t h e  n u m b e r  o f  t imes  a n  i n d i v i d u a l  h a d  Sort 
t o  t a k e  t h e  t e s t .  

O v e r a l l  

A v e r a g e  ( ~ e a n )  R e s p o n d e n t  S p e n d i n g  

Among 
T o t a l  Among R e s p o n d e n t s  
S a m p l e  ( B a s e ) *  S p e n d i n g  " S o m e t h i n g "  ( B a s e )  - -- 
$ 2 1 . 6 9  ( 1 4 4 6 )  $ 5 4 . 8 3  ( 5 7 2 )  

P a s s e d  t e s t  1 s t  t i m e  1 3 . 8 6  ( 1 1 9 4 )  4 7 . 1 6  ( 3 5 1  ) 
P a s s e d  t e s t  2 n d  t i m e  4 8 . 4 6  ( 2 0 6 )  
P a s s e d  t e s t  3 r d  time 4 7 . 3 0  ( 2 3 )  
N e v e r  p a s s e d  t e s t  1 1 5 . 1 7  ( 1 8 )  1 5 5 . 1 7  ( 1 8 )  

* E x c l u d e s  r e s p o n d e n t s  who c o u l d  n o t  r e c a l l  a m o u n t  s p e n t .  1. 
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CIRCUMVENTION A N D  MISUSE O F  THE VEHICLE EMISSION TESTING P R O G R A M  - - - 

Over  a  f i f t h  o f  r e s p o n d e n t s  i n d i c a t e d  t h a t  e v e n  t h o u g h  t h e i r  
e n g i n e  c o u l d  b e  a d j u s t e d  s o  t h a t  i t  w o u l d  p a s s  t h e  t e s t ,  when s o  
a d j u s t e d  t h e  v e h i c l e  d o e s n ' t  r u n  a s  w e l l  a s  i t  s h o u l d .  N e a r l y  
t h e  same p r o p o r t i o n  s a i d  t h a t  t h e y  h a v e  h a d  t o  r e a d j u s t  t h e i r  
e n g i n e  a f t e r  t h e  t e s t  a n d  r o u g h l y  o n e  i n  t e n  v e h i c l e  o w n e r s  made 
s u c h  p o s t - t e s t i n g  a d j u s t m e n t s  t o  t h e i r  e n g i n e s  l a s t  y e a r .  The  
q u e s t i o n s  a s k e d  i n  t h i s  s e r i e s  w e r e  a s  f o l l o w s :  

"Some p e o p l e  h a v e  t o l d  u s  
c a n  b e  a d j u s t e d  s o  t h a t  
d o e s n ' t  r u n  a s  w e l l  a s  i t  
o f  y o u r  v e h i c l e ? "  

( B a s e )  
Y e s  
No 
N o t  s u r e  

t h a t  a l t h o u g h  t h e i r  v e h i c l e  e n g i n e  
i t  w i l l  p a s s  t h e  t e s t ,  i t  r e a l l y  
s h o u l d .  I s  t h i s  t r u e  i n  t h e  c a s e  1 0 0 . 0  

1 0 2 . 0  

( 1 4 8 3 )  
2 2 %  
6 8 
1 0  

"Have  y o u  e v e r  h a d  t o  r e a d j u s t  y o u r  e n g i n e  a f t e r  t h e  t e s t  s o  1 0 3 . 0  
t h a t  i t  r u n s  t h e  way you  t h i n k  i t  s h o u l d ? "  1 0 5 . 0  

( B a s e )  ( 1 4 8 3 )  
k e s  2 0 %  
No 7 8  
N o t  s u r e  2  

( A s k e d  o f  t h o s e  a n s w e r i n g  " y e s "  t o  t h e  p r e v i o u s  q u e s t i o n : )  
" D i d  y o u  h a v e  t o  d o  t h a t  t h e  l a s t  t i m e  you  t o o k  y o u r  v e h i c l e  1 0 6 . 0  
i n  t o  b e  t e s t e d ? "  1 0 8 . 0  

( B a s e )  ( 3 0 1 )  
y e s  1 1 %  
No 89 
N o t  s u r e  * 

I n  g e n e r a l ,  t h e  l i k e l i h o o d  t h a t  o n e  w i l l  make p o s t - t e s t i n g  
a d j u s t m e n t s  i s  s t r o n g e s t  among y o u n g e r  v e h i c l e  o w n e r s  a s  w e l l  a s  
among t h o s e  who v i e w  t h e  s t a t e ' s  a i r  p o l l u t i o n  l a w s  a s  b e i n g  t o o  
s t r o n g  --- a n d  i m p o r t a n t l y ,  among t h o s e  w h o s e  v e h i c l e  f a i l e d  t h e  
e m i s s i o n s  t e s t .  
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T o t a l  

Have R e a d j u s t e d  T h e i r  
E n g i n e  A f t e r  I t  Was T e s t e d  

A t  Any Time A f t e r  i t  Was 
i n  t h e  P a s t  L a s t  T e s t e d  - 

20% 1 1 %  

Age : - 
Under  35  

R e a d j u s t m e n t  o f  t h e  e n g i n e  a f t e r  t h e  e m i s s i o n s  t e s t  h a s  o c -  
c u r e d  among r o u g h l y  s e v e n  p e r c e n t  o f  v e h i c l e  o w n e r s  who p a s s e d  
t h e  t e s t  on  t h e  f i r s t  a t t e m p t .  T h e r e a f t e r ,  r e a d j u s t i n g  t h e  e n -  
g i n e  a f t e r  t h e  s e c o n d  a n d  t h i r d  a t t e m p t  t o  p a s s  t h e  t e s t  j u m p s  t -o  
b e t w e e n  30 a n d  5 0  p e r c e n t .  

Was E n g i n e  Read -  
j u s t e d  A f t e r  I t  Was % E a c h  R e p r e s e n t s  

T e s t e d  L a s t  T ime?  o f  T o t a l  S a m p l e  - 
( %  Y e s )  

P a s s e d  i n i t i a l  t e s t  7 %  5 . 4  
P a s s e d  s e c o n d  t e s t  3 1  4 . 5  
P a s s e d  t h i r d  t e s t  3 2  . 4  
F a i l e d  t h i r d  t e s t ;  

o b t a i n e d  w a i v e r  5 3 .7 

Any v e h i c l e  o w n e r  who made p o s t - t e s t i n g  a d j u s t m e n t s  t o  t h e i r  
e n g i n e  was n e x t  a s k e d  who h a d  made t h e  a d j u s t m e n t s  a n d  w h a t  t y p e  
o f  a d j u s t m e n t s  were made.  A s  may b e  s e e n  i n  t h e  n e x t  t a b l e  a  
m a j o r i t y f o f  t h e s e  o w n e r s  e i t h e r  ? i d  t h e  work  t h e m s e l v e s  o r  h a d  a ,  1 0 9 . 0  
f r i e n d  o r  r e l a t i v e  d o  i t .  y. J u s t  u n d e r  h a l f  p a i d  a  m e c h a n i c  t o  d o  1 1 1 . 0  
t h e  w o r k ,  I 

" D i d  y o u  make t h e  a d j u s t m e n t s  y o u r s e l f ,  o r  d i d  y o u  h a v e  a  
m e c h a n i c  d o  i t ? "  

D i d  i t  m y s e l f  
F r i e n d / r e l a t i v e  
M e c h a n i c  
C a n ' t  r e c a l l  

T o t a l  P h o e n i x  T u c s o n  
.------ 

42% 4 6 %  32% 
1 0  1 0  1 0  
4 6  42 5 6  

2 2 2 
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I n  a d d i t i o n ,  i t  a p p e a r s  t h a t  p a y i n g  a  m e c h a n i c  t o  c o m p l e t e  
t h e  r e a d j u s t m e n t  i n c r e a s e s  among t h o s e  o w n e r s  whose  v e h i c l e s  f a i l  
t o  p a s s  t h e  t e s t  e i t h e r  t h e  f i r s t  o r  s e c o n d  t i m e .  

F i n a l l y ,  m o s t  o f  t h o s e  who make p o s t - t e s t  e n g i n e  a d j u s t m e n t s  1 1 2 . 0 -  
f o c u s  o n  c a r b u r e t o r  o r  t i m i n g  a d j u s t m e n t s .  1 1 4 . 0  

"What  t y p e  o f  a d j u s t m e n t s  w e r e  made?"  

A d j u s t e d / r e b u i l t  c a r b u r e t o r  
A d j u s t e d  t i m i n g / p o i n t s  
Had i t  t u n e d  
A d j u s t e d  e m i s s i o n  c o n t r o l  d e v i c e s  
C l e a n e d / r e p l a c e d  p l u g s  
R e p l a c e d  a i r  f i l t e r  
R e b u i l t  t h e  e n g i n e  
C a n ' t  r e c a l l  

T o t a l  P h o e n i x  T u c s o n  
7 2 %  7 6 %  6 3 %  
1 7  1 5  2 1 

5 5  5  
4 4 4 
3 2 5 
2 1  5  
1 1 0  

1 0  7  1 6  

N o t e :  t o t a l s  e x c e e d  1 0 0 %  d u e  t o  m u l t i p l e  r e s p o n s e s .  

F i n a l l y ,  we a l s o  a s k e d  r e s p o n d e n t s  w h e t h e r  t h e y  h a d  e v e r  
u s e d  t h e  t e s t i n g  s t a t i o n s  j u s t  t o  s e e  how t h e i r  c a r  was  r u n n i n g .  1 1 5 . 0 -  
R o u g h l y  o n e  p e r c e n t  a d m i t t e d  t h e y  h a d  s o  u s e d  t h e  s t a t i o n s  i n  t h e  1 1 7 . 0  
p a s t .  

"Some p e o p l e  s a y  t h e y  o c c a s i o n a l l y  u s e  t h e  t e s t i n g  s t a t i o n s  
j u s t  t o  s e e  how t h e i r  c a r  i s  r u n n i n g  --  t h a t  i s ,  t h e y  t a k e  
i t  t o  t h e  e m i s s i o n s  i n s p e c t i o n  s t a t i o n  a t  t imes  o t h e r  t h a n  
f o r  t h e  t e s t  r e q u i r e d  t o  g e t  a l i c e n s e  r e n e w a l .  Have y o u  
e v e r  t a k e n  y o u r  v e h i c l e  i n  f o r  t h a t  p u r p o s e ? "  

T o t a l  

A r e a  
p h o e n i x  
T u c s o n  

% A n s w e r i n g  Yes 
. 9  

P e r s o n s  who h a v e  u s e d  t h e  s t a t i o n  i n  t h i s  m a n n e r  t o o k  t h e i r  1 1 8 . 0 -  
c a r  i n  a n  a v e r a g e  o f  1 . 6  t i m e s  e a c h  d u r i n g  t h e  l a s t  1 2  m o n t h s .  1 2 0 . 0  
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V e r b a t i m  Comments R e g a r d i n g  P r o g r a m  C i r c u m v e n t i o n  

" M e c h a n i c  a d j u s t e d  c a r b  s o  i t  w o u l d  p a s s ,  t h e n  r e a d j u s t e d  i t  
l a t e r  s o  i t  w o u l d  r u n  r i g h t .  A l o t  o f  p l a c e s  a r e  t e l l i n g  p e o p l e  
u p  f r o n t  t h a t  t h e y ' l l  d o  t h a t  now." 

"My e n g i n e  k e p t  s t a l l i n g  a l l  t h e  t i m e  a f t e r  my l a s t  t u n e -  
u p . . . I  a s s u m e  t h e  a d j u s t m e n t s  w e r e  made w i t h  t h e  t e s t  i n  mind 
b e c a u s e  I t o l d  t h e m  I was  g o i n g  when I t o o k  i t  i n  t o  b e  t u n e d .  
M e c h a n i c  o p e n e d  u p  c a r b  a n d  s e t  u p  i d l e  a f t e r  t h e  t e s t . '  
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< 
3 3  

METHODOLOGY - 

The i n f o r m a t i o n  c o n t a i n e d  i n  t h i s  r e p o r t  i s  b a s e d  o n  a  s t a -  
t i s t i c a l l y  v a l i d  t e l e p h o n e  s a m p l e  c o n d u c t e d  among 8 0 5  v e h i c l e -  
o w n i n g  h o u s e h o l d s  i n  u r b a n  A r i z o n a .  Of t h e  8 0 5  t o t a l  i n t e r v i e w s ,  
4 0 6  w e r e  c o n d u c t e d  among r e s i d e n t s  o f  t h e  m e t r o p o l i t a n  P h o e n i x  
a r e a  a n d  3 9 9  among r e s i d e n t s  o f  t h e  m e t r o p o l i t a n  T u c s o n  a r e a .  
P r i o r  t o  g e n e r a t i n g  t h e  f i n a l  d e t a i l e d  t a b l e s  a p p e n d e d  t o  t h i s  
r e p o r t ,  t h e  s a m p l e  was  c o m p u t e r - w e i g h t e d  t o  r e f l e c t  t h e  a c t u a l  
p r o p o r t i o n a l  d i s t r i b u t i o n  o f  P h o e n i x  ( 7 3 % )  a n d  T u c s o n  ( 2 7 % )  a r e a  
h o u s e h o l d s .  

H o u s e h o l d  s e l e c t i o n  o n  t h i s  p r o j e c t  was  a c c o m p l i s h e d  v i a  a  
c o m p u t e r - g e n e r a t e d  r a n d o m  d i g i t  d i a l  t e l e p h o n e  s a m p l e  w h i c h  s e -  
l e c t e d  h o u s e h o l d s  o n  t h e  b a s i s  o f  t e l e p h o n e  p r e f i x .  T h i s  m e t h o d  
was u s e d  b e c a u s e  i t  e n s u r e s  a  r a n d o m l y  s e l e c t e d  s a m p l e  o f  a r e a  
h o u s e h o l d s  p r o p o r t i o n a t e l y  a l l o c a t e d  t h r o u g h o u t  t h e  s a m p l e  u n i -  
v e r s e .  T h i s  m e t h o d  a l s o  e n s u r e d  t h a t  a l l  u n l i s t e d  a n d  n e w l y  
l i s t e d  t e l e p h o n e  h o u s e h o l d s  w e r e  i n c l u d e d  i n  t h e  s a m p l e .  

Up t o  t h r e e  s e p a r a t e  a t t e m p t s  -- o n  d i f f e r e n t  d a y s  a n d  a t  
d i f f e r e n t  t i m e s  o f  d a y  - -  w e r e  m a d e  t o  c o n t a c t  e a c h  s e l e c t e d  
h o u s e h o l d .  O n l y  a f t e r  t h r e e  s e p a r a t e  a t t e m p t s  was  a  s e l e c t e d  
h o u s e h o l d  s u b s t i t u t e d  i n  t h e  s a m p l e .  

Once a  s e l e c t e d  h o u s e h o l d  was  c o n t a c t e d ,  i n d i v i d u a l s  w e r e  
s c r e e n e d  t o  e n s u r e  t h e y  w e r e  a  v a l i d  s u r v e y  r e s p o n d e n t .  O n l y  
i n d i v i d u a l s  who m e t  t h e  f o l l o w i n g  c r i t e r i a  were i n c l u d e d  i n  t h e  
s u r v e y :  

T h e i r  h o u s e h o l d  h a d  t o  own,  o r  co -own ,  o r  l e a s e  a  m o t o r  
v e h i c l e  n e w e r  t h a n  1 9 6 8 .  

T h e y  h a d  t o  h a v e  p e r s o n a l l y  t a k e n ,  w i t h i n  t h e  p a s t  1 2  
m o n t h s ,  o n e  o f  t h e i r  h o u s e h o l d  m o t o r  v e h i c l e s  t o  a n  
A r i z o n a  M o t o r  V e h i c l e  I n s p e c t i o n  S t a t i o n  f o r  a n  e m i s -  
s i o n s  t e s t .  

A l l  o f  t h e  i n t e r v i e w i n g  o n  t h i s  p r o j e c t  was  c o n d u c t e d  d u r i n g  
S e p t e m b e r ,  1 9 8 2 ,  a t  B e h a v i o r  R e s e a r c h  C e n t e r ' s  c e n t r a l  l o c a t i o n  
t e l e p h o n e  f a c i l i t y .  E a c h  i n t e r v i e w e r  w o r k i n g  o n  t h i s  p r o j e c t  was  
u n d e r  d i r e c t  BRC s u p e r v i s i o n  1 0 0  p e r c e n t  o f  t h e  t i m e .  One h u n -  
d r e d  p e r c e n t  o f  t h e  i n t e r v i e w s  w e r e  e d i t e d  a n d  a n y  c o n t a i n i n g  
e r r o r s  w e r e  p u l l e d ,  t h e  r e s p o n d e n t  r e - c a l l e d ,  a n d  t h e  e r r o r  c o r -  
r e c t e d .  I n  a d d i t i o n ,  1 5  p e r c e n t  o f  e a c h  i n t e r v i e w e r ' s  work  was  
r a n d o m l y  s e l e c t e d  f o r  v a l i d a t i o n  t o  e n s u r e  i t s  a u t h e n t i c i t y  a n d  
c o r r e c t n e s s .  
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The q u e s t i o n n a i r e  u s e d  i n  t h i s  s t u d y  was  d e s i g n e d  b y  BRC i n  
c o n s u l t a t i o n  w i t h  t h e  A u d i t o r  G e n e r a l ' s  O f f i c e .  A f t e r  t h e  A u d i -  
t o r  G e n e r a l ' s  O f f i c e  a p p r o v e d  t h e  p r e l i m i n a r y  q u e s t i o n n a i r e ,  i t  
was  p r e - t e s t e d  w i t h  a  r a n d o m l y  s e l e c t e d  c r o s s - s e c t i o n  o f  1 5  q u a l -  
i f i e d  h o u s e h o l d s .  The  p r e - t e s t  f o c u s e d  o n  t h e  v a l u e  a n d  u n d e r -  
s t a n d a b i l i t y  o f  t h e  q u e s t i o n s ,  a d e q u a c y  o f  r e s p o n s e  c a t e g o r i e s ,  
q u e s t i o n s  f o r  w h i c h  p r o b e s  w e r e  n e c e s s a r y ,  a n d  t h e  l i k e .  S e v e r a l  
c h a n g e s  w e r e  made i n  t h e  q u e s t i o n n a i r e  a f t e r  t h e  p r e - t e s t .  F o l -  
l o w i n g  t h i s ,  t h e  amended  q u e s t i o n n a i r e  was  a g a i n  p r e - t e s t e d  a n d  
t h e n  r e - s u b m i t t e d  t o  t h e  A u d i t o r  G e n e r a l ' s  O f f i c e  w h e r e  i t  re -  
c e i v e d  f i n a l  a p p r o v a l .  

A s  t h e  d a t a  c o l l e c t i o n  s e g m e n t  o f  t h i s  s t u d y  was  u n d e r t a k e n ,  
t h e  c o m p l e t e d  i n t e r v i e w s  were t u r n e d  o v e r  t o  t h e  BRC c o d i n g  d e -  
p a r t m e n t .  The  c o d i n g  d e p a r t m e n t  e d i t e d ,  v a l i d a t e d  a n d  c o d e d  t h e  
i n t e r v i e w s .  E a c h  i n t e r v i e w  t h a t  r e c e i v e d  f i n a l  c o d i n g  d e p a r t m e n t  
a p p r o v a l  was  t h e n  t r a n s f e r r e d  t o  k e y p u n c h i n g  w h e r e  a l l  w e r e  1 0 0  
p e r c e n t  k e y  v e r i f i e d .  

F o l l o w i n g  c o m p l e t i o n  o f  k e y p u n c h i n g ,  a s e r i e s  o f  v a l i d i t y  
a n d  l o g i c  c h e c k s  w e r e  r u n  o n  t h e  d a t a  t o  e n s u r e  i t  was " c l e a n " .  
F o l l o w i n g  t h e s e  c h e c k s ,  t h e  c o m p u t e r  t a b l e s  p r e s e n t e d  i n  t h e  
a p p e n d i x  o f  t h i s  r e p o r t  w e r e  g e n e r a t e d .  

When a n a l y z i n g  t h e  r e s u l t s  o f  t h i s  s u r v e y  i t  s h o u l d  b e  k e p t  
i n  mind  t h a t  a l l  s u r v e y s  a r e  s u b j e c t  t o  s a m p l i n g  e r r o r .  S a m p l i n g  
e r r o r ,  s t a t e d  s i m p l y ,  i s  t h e  d i f f e r e n c e  b e t w e e n  t h e  r e s u l t s  o b -  
t a i n e d  f r o m  a  s a m p l e ,  a n d  t h o s e  w h i c h  w o u l d  b e  o b t a i n e d  b y  s u r -  
v e y i n g  t h e  e n t i r e  p o p u l a t i o n  u n d e r  c o n s i d e r a t i o n .  The s i z e  o f  
s a m p l i n g  e r r o r  v a r i e s ,  t o  some e x t e n t ,  w i t h  t h e  number  o f  i n t e r -  
v i e w s  c o m p l e t e d  a n d  w i t h  t h e  d i v i s i o n  o f  o p i n i o n  on  a  p a r t i c u l a r  
q u e s t i o n .  The  s a m p l i n g  e r r o r  f o r  t h i s  s t u d y  ( a t  a  9 5  p e r c e n t  
c o n f i d e n c e  l e v e l ) ,  i s  a p p r o x i m a t e l y  + 3 .5  p e r c e n t  f o r  t h e  t o t a l  
s a m p l e ,  a n d  + 5 . 0  p e r c e n t  f o r  t h e  i n 2 i v i d u a l  P h o e n i x  a n d  T u c s o n  - 
s u b - s a m p l e s .  


