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ABSTRACT 

The f i r s t  phase o f  t h e  s t u d y  o f  i n t e r s e c t i o n  l i g h t i n g  and 
a c c i d e n t s  conducted u s i n g  d a t a  from 1964 through 1971 y i e l d e d  
t h e  conc lus ion  t h a t  t h e  i n s t a l l a t i o n  o f  i n t e r s e c t i o n  l i g h t i n g  
reduced t h e  n igh t t ime  a c c i d e n t  f requency b y  52%. 

Niqhtt ime Accident  Rate  
Before  I n t e r s e c t i o n  L igh t ing .  1 .89 p e r  MEV 
A f t e r  I n t e r s e c t i o n  Ligh t ing  0.91 p e r  MEV 

Nightt ime Accident Reduction 5 2% 

With t h i s  conc lus ion ,  t h i s  p r o j e c t  ( t h e  second p h a s e ) ,  was 
i n i t i a t e d  t o  determine t h e  r e l a t i v e  b e n e f i t  o f  a  h ighe r  l e v e l  
o f  l i g h t i n g  a s  opposed t o  minimum l i g h t i n g .  Twenty p a i r s  o f  
i n t e r s e c t i o n s  w i t h  s i m i l a r  geomet r ics  were s e l e c t e d .  Some l i g h t s  
were t u rned  o u t  a t  one i n t e r s e c t i o n  o f  each p a i r  t o  produce a  
l i g h t i n g  l e v e l  d i f f e r e n t i a l .  Based on t h e  r e s u l t s  o f  t h i s  
r e s e a r c h ,  t h e  l i g h t i n g  l e v e l  o f  l i g h t e d  r u r a l  a t -g rade  i n t e r -  
s e c t i o n s  does  n o t  have a  s i g n i f i c a n t  e f f e c t  on t h e  a c c i d e n t  
f requency.  

Niqhtt ime Accident  Rate - 
F u l l  l i g h t i n g  l e v e l  1.06 p e r  MEV 
Reduced l i g h t i n g  l e v e l  1 .01 pe r  MEV 

D i f f e r e n t i a l :  5% 

A t  t h e  n ine t een  "reduced l i g h t i n g "  i n t e r s e c t i o n s ,  t h e  
number o f  l i g h t e d  lumina i r e s  was reduced from 101  t o  46 w i t h  a  
cor responding  r educ t ion  i n  energy  consumption o f  over  100,000 
Ki lowat t  hours  p e r  y e a r .  T h i s  energy conse rva t ion  measure 
cou ld  reduce  consumption b y  an e s t ima ted  1,000,000 Ki lowat t  
hours  p e r  yea r  i f  i n i t i a t e d  on more than  200 e a r l i e r  pr imary,  
r u r a l  i n s t a l l a t i o n s .  



EFFECTS OF REDUCED INTERSECTION LIGHTING 
ON NIGHTTIME ACCIDENT FREQUENCY 

INTRODUCTION 

The highway engineer i s  con t inua l ly  aware of the need f o r  
improved highway sa fe ty .  T r a f f i c  acc idents  a r e  t h e  leading 
cause of acc iden ta l  death,  k i l l i n g  nea r ly  50,000 persons a year 
i n  t he  United S t a t e s .  T r a f f i c  f a t a l i t i e s  f o r  Iowa were 684 i n  
1974, 674 i n  1975 and 785 i n  1976. The at-grade i n t e r s ec t i on  
accounts f o r  15 percent  of a l l  f a t a l  r u r a l  accidents  and 25 
percent  of a l l  r u r a l  accidents  while c o n s t i t u t i n g  a  very small  
por t ion  of t h e  t o t a l  r u r a l  highway mileage (1). In te r sec t ion  
l i g h t i n g  is a  method of improving highway sa f e ty .  

This  research  is t h e  second phase of a  two p a r t  s tudy on 
t h e  r e l a t i onsh ip  o f  i n t e r s ec t i on  l i g h t i n g  and accident  frequency. 
The f i r s t  phase was a  s tudy of 47 r u r a l  at-grade i n t e r s ec t i on  
l i g h t i n g  i n s t a l l a t i o n s  constructed from 1967 through 1971. The 
study was based upon a  comparison of t h e  accident  da ta  f o r  a  
period o f  t h r ee  years  p r i o r  t o  l i g h t i n g  with t h a t  of t h r ee  years  
a f t e r  l i gh t i ng .  The composite accident  frequency of a l l  47 
i n t e r s ec t i ons  i n  "accidents  per mi l l ion  en te r ing  vehicles" was 
determined f o r  both  periods.  The night t ime accident  frequency 
before  l i g h t i n g  was 1.89 and was 0.91 a f t e r  l i g h t i n g  o r  52% 
reduction due t o  t h e  i l luminat ion .  

Another very s imi l a r  research p r o j e c t  was conducted i n  t h e  
S t a t e  of I l l i n o i s  with t h e  conclusion t h a t  i l luminat ion  o f  
i n t e r s ec t i ons  r e su l t ed  i n a 4 5  percent  reduct ion in t he  night t ime 
accident  r a t e  ( 3 ) .  These two independent s t ud i e s  a r e  i n  complete 
agreement a s  t o  t h e  s a f e t y  b e n e f i t  derived from in t e r s ec t i on  
l i gh t i ng .  

The Iowa Department of Transportat ion (Iowa DOT) l i g h t i n g  
designs a r e  based pr imar i ly  on t he  American National Standards 
I n s t i t u t e  (ANSI) Manual. These recommended procedures conform 
c lo se ly  t o  American Association of S t a t e  Highway and Transporta- 
t i o n  O f f i c i a l s  (AASHTO) and a r e  supported by t h e  Federal Highway 
Administration (FHWA) . 



The energy crisis of November, 1973, caused many s t a t e s  t o  
reduce t h e  amount of e x i s t i n g  highway l i g h t i n g  ( 4 ) .  Iowa reduced 
l i g h t i n g  l eve l s  by turning o f f  some luminaires a t  various i n t e r -  
s ec t i ons  i n  t he  following months. Af ter  the  easing of t h e  energy 
c r i s i s  and fac ing mounting complaints,  l i g h t i n g  was res to red  a t  
most of these i n t e r s ec t i ons  around Apr i l  of 1974. This energy 
crisis i n i t i a t e d  a  need f o r  a  re-evaluation of highway l i g h t i n g  
p o l i c i e s  i n  Iowa. Safe ty  was a  d e f i n i t e  considerat ion f o r  any 
change of po l i cy  and t he r e fo re ,  generated both phase I and t h i s  
research  on d i f f e r e n t  l e v e l s  of i n t e r s ec t i on  l i gh t i ng .  

OBJECTIVE 

The ob jec t ive  of t h i s  research is t o  determine i f  t he  l e v e l  
of i l luminat ion  of l igh ted  r u r a l  at-grade i n t e r s ec t i ons  a f f e c t s  
t h e  accident  frequency. 

METHOD OF STUDY 

Se lec t ion  of I n t e r s ec t i ons  

Approximately 2 2 0  primary road i n t e r s ec t i ons  were reviewed 
and va r i ab l e s  such a s  geometric layout ,  channel izat ion,  t r a f f i c  
con t ro l s  and major l egs  were considered. I n t e r s ec t i ons  t h a t  w e r e  
s im i l a r  with respec t  t o  these  va r iab les  were grouped. From these  
groups, twenty p a i r s  of i n t e r s e c t i o n s  were matched f o r  comparison 
(Table 1). 

Level of I l luminat ion 

Iowa's i n t e r s ec t i on  i l luminat ion  va r i e s  from 3 l i g h t s  t o  15 
l i g h t s  and t h e  number genera l ly  r e l a t e s  t o  t he  complexity and 
channel iza t ion  of t h e  i n t e r s ec t i on .  During the  energy cr ishs,  
many of t he  3 l i g h t  i n s t a l l a t i o n s  w e r e  reduced t o  1 l i g h t  and an 
8 l i g h t  i n s t a l l a t i o n  may have been reduced t o  4  l i g h t s .  In a  
few cases ,  t h e  o r i g i n a l  l i g h t i n g  i n s t a l l a t i o n  on geometr ical ly 
s imi l a r  i n t e r s ec t i ons  u t i l i z e d  a  s i g n i f i c a n t l y  d i f f e r e n t  number 
of l i g h t s  and provided a  comparison without l i g h t i n g  reduction. 
In  most cases ,  however, a  reques t  t o  tu rn  ou t  some l i g h t s  on one 
of each p a i r  was necessary t o  y i e ld  a  s i g n i f i c a n t  d i f fe rence .  The 
number of l i g h t s  requested a t  each o f  t he  40 i n t e r s e c t i o n s  is 
shown i n  Table 1. The l i g h t i n g  layouts  f o r  each i n t e r s e c t i o n  
des ignat ing  t h e  p a r t i c u l a r  l i g h t s  t o  be l e f t  "on" o r  " turned o f f "  
a r e  included i n  Appendix B. 



Data Col lec t ion  Period 

Reduction i n  i n t e r s ec t i on  l i g h t i n g  due t o  t he  energy c r i s i s  
was i n i t i a t e d  i n  November, 1973, bu t  most of t h e  l i g h t i n g  was 
res to red  by Apr i l ,  1974. Af ter  s e l ec t i on  of t he  twenty p a i r s  of 
i n t e r s ec t i ons ,  t he  s tudy period was es tab l i shed  as  Ju ly  1, 1974 
through June 30, 1977 t o  ob ta in  a  th ree  year period t h a t  would 
y i e l d  s u f f i c i e n t  da t a  f o r  ana lys i s .  

ANALYSIS OF DATA 

Data Sources 

Even though t h e  layout  of these  pai red  i n t e r s ec t i ons  was 
s i m i l a r ,  it was impossible t o  a l s o  match them on t r a f f i c  volume. 
T r a f f i c  volume is  one va r i ab l e  t h a t  would a f f e c t  accident  
frequency. T r a f f i c  movement diagrams t h a t  have been correc ted  
f o r  seasonal  va r i a t i on  and y i e ld  an "Average Annual Daily T ra f f i c "  
were obtained from t h e  Iowa DOT, Of f ice  of Transportat ion Inven- 
to ry .  Most of t he  data  w e r e  taken from t r a f f i c  counts between 
1974 and 1977. For t he  majori ty of t h e  f o r t y  i n t e r s ec t i ons ,  
t he r e  w e r e  two counts ava i l ab le .  Using these  two t r a f f i c  volume 
f i gu re s  based upon a  uniform o r  s t r a i g h t  l i n e  change an "Average 
Annual Daily T ra f f i c "  f o r  January 1, 1976 ( t h e  midpoint of t h e  
research period)  was ca lcu la ted .  There were some in t e r s ec t i ons  
where only one recent  set  o f  t r a f f i c  count da ta  was ava i l ab le .  
In these  cases ,  t h e  value was not  adjusted,  bu t  used a s  t h e  b e s t  
information ava i l ab le .  The genera l  Iowa trend shows an inc rease  
i n  t r a f f i c  volume, b u t  approximately ha l f  of t he  research i n t e r -  
sec t ions ,  where two values a r e  given, exhibi ted  a  decrease i n  
t r a f f i c  flow, so  t h e  values w e r e  not  modified by t he  S t a t e  t r end  
percentage. I n  one case ,  t h e  most recent  da ta  was from 1971. 
The Off ice  o f  Transportat ion Inventory supplied nighttime 
t r a f f i c  f ac to r  information f o r  t h e  1974 t o  1977 study per iod .  
I t  was i n t e r e s t i n g  t o  f i n d  t h a t  i f  t h e r e  had been no day l i gh t  
savings t i m e ,  24.5 percent  of t h e  t r a f f i c  volume was during night-  
t ime hours,  considered from sunse t  t o  sunr i se .  During t he  period 
of dayl ight  savings time with sunset  one hour l a t e r ,  t he  night t ime 
percentage drops t o  2 2 . 2  percent .  Iowa has s i x  months of day l igh t  
savings t i m e  during t he  period when t r a f f i c  volumes a r e  higher  
than t h e  d a i l y  average. Based upon t h i s  da ta ,  a  23 percent  night-  
t i m e  t r a f f i c  f a c t o r  is  used i n  t h i s  research 

The accident  da ta  was obtained from the  Iowa DOT, Motor 
Vehicle Division. The data  f o r  1974 and 1975 were t abu la ted  from 



d a t a  p roces s ing  summaries. b u t  1976 and 1977 d a t a  were taken 
d i r e c t l y  from t h e  a c c i d e n t  r e p o r t s .  These a c c i d e n t  r e p o r t s  
were manually s o r t e d  a s  t h e  summary was n o t  a v a i l a b l e  a t  t h e  
t i m e  o f  t h i s  r e p o r t .  The sou rce  o f  t h i s  in format ion  is t h e  
a c c i d e n t  r e p o r t s  f i l e d  w i t h  t h e  s t a t e  f o r  a c c i d e n t s  i nvo lv ing  
p e r s o n a l  i n j u r y  o r  p r o p e r t y  damage i n  exces s  o f  a  s p e c i f i e d  
amount. The p r o p e r t y  damage l e v e l  was $100.00 a t  t h e  i n i t a t i o n  
o f  t h i s  p r o j e c t ,  b u t  was changed t o  $250.00 i n  September, 1975. 
From t h e s e  s t a t e  r eco rds ,  t h e r e  were 91,114 r e p o r t e d  a c c i d e n t s  
i n  1974 and 94,396 i n  1975. Using t h i s  d a t a  and a  t a b l e  showing 
t h e  t ime o f  s u n r i s e  and s u n s e t  f o r  D e s  Moines (Table  2 )  t h e  
a c c i d e n t s  w e r e  c l a s s i f i e d  a s  "daytime" or "n igh t t ime"  (Table  3 ) .  
Night t ime f o r  t h i s  r e s e a r c h  was cons idered  a s  be ing  from s u n s e t  
to s u n r i s e .  T h i s  c l a s s i f i c a t i o n  took i n t o  account t h e  f a c t  t h a t  
d a y l i g h t  s av inqs  t i m e  was i n  a f f e c t  f o r  t h e  month* of May through 
October .  The a c c i d e n t  r e p o r t s  c l a s s i f y  l i g h t  c o n d i t i o n s  a s  day,  
n i g h t ,  dawn and dusk, b u t  f o r  r e s e a r c h  purposes ,  t h e  dawn and dusk 
were c l a s s i f i e d  a s  day  or n i g h t  based  upon t h e  s u n r i s e  and s u n s e t  
c r i t e r i a .  

Eva lua t ion  o f  R e s u l t s  

The o r i g i n a l  r e s e a r c h  was e s t a b l i s h e d  t o  s tudy  40 (20  p a i r s )  
i n t e r s e c t i o n s .  Because t h i s  r e s e a r c h  is based upon i n t e r -  
s e c t i o n s  w i t h i n  t h e  highway system, t h e  r e s e a r c h  i s  secondary t o  
e s s e n t i a l  s a f e t y  and maintenance. I n t e r s e c t i o n  20A was a l t e r e d  
b y  i n s t a l l a t i o n  o f  a  4  way s t o p  d u r i n g  t h e  r e s e a r c h  p e r i o d  and 
t h e r e f o r %  20A and 20B w e r e  excluded from t h e  r e sea rch .  There 
w e r e  f o u r  o t h e r  i n t e r s e c t i o n s  where some l i g h t i n g  was r e s t o r e d  
a t  t h e  "reduced l i g h t i n g "  i n t e r s e c t i o n s  b y  mis take.  Th i s  happened 
due t o  uninformed i n d i v i d u a l s  e f f o r t s  to  " r e p a i r '  l umina i r e s  t h a t  
were n o t  "on." Even du r ing  t h e  p e r i o d  o f  r e s t o r e d  l i g h t i n g ,  t h e  
"reduced l i g h t i n g "  i n t e r s e c t i o n s  had fewer l i g h t e d  lumina i r e s  
than  t h e i r  " f u l l  l i g h t i n g "  c o u n t e r p a r t .  The d i f f e r e n t i a l  d u r i n g  
t h i s  pe r iod ,  however, was less than planned.  Because t h e r e  was 
always a  l i g h t i n g  d i f f e r e n t i a l  and most o f  t h e  r e s e a r c h  p e r i o d  
was a s  planned,  t h e s e  i n t e r s e c t i o n s  w e r e  r e t a i n e d  i n  t h e  e v a l u a t i o n .  

A summary o f  t r a f f i c  volumes and a c c i d e n t s  f o r  t h e  38 i n t e r -  
s e c t b n s d u r i n g  t h e  r e s e a r c h  pe r iod  is g iven  i n  Table 3 .  There  is 
tremendous v a r i a t i o n  i n  a c c i d e n t  f requency when cons ide r ing  
i n d i v i d u a l  i n t e r s e c t i o n s .  The number o f  a c c i d e n t s  i s  shown f o r  
each c a l e n d a r  y e a r  o f  t h e  r e s e a r c h  pe r iod .  The 1974 and 1977 d a t a  
r e p r e s e n t  o n l y  s i x  months. I n t e r s e c t i o n s  4B and 12B e x h i b i t  t h e  
g r e a t e s t  a c c i d e n t  f requency v a r i a t i o n .  For  i n t e r s e c t i o n  4B t h e r e  



were no accidents  i n  t h e  l a s t  s i x  months of 1974, bu t  t he r e  
w e r e  four  i n  1975 and none again i n  1976. In te r sec t ion  1 2 B  
had four  acc idents  i n  t he  l a s t  s i x  months of 1974 with none 
i n  1975. Other i n t e r s ec t i ons  e x h i b i t  l a rge  va r ia t ions  when 
considered individual ly .  

Even though t h e  i n t e r s ec t i ons  w e r e  pa i red  on t he  b a s i s  ( 
of geometrics, it i s  impossible t o  completely e l iminate  t h e  
va r iab les .  There a r e  two commonly accepted methods of m i n i -  
mizing t h e  e f f e c t s  of t h e  va r iab les .  One i s  t o  r e l a t e  t h e  
accident  frequency t o  t r a f f i c  volume. Again, when t h e  t r a f f i c  

I 
volume and accident  frequencyare compared f o r  individual  i n t e r -  I 
s e c t i ons ,  t he r e  is very l i t t l e  re la t ionsh ip .  The co r r e l a t i on  \ 
c o e f f i c i e n t  f o r  t h e  "reduced l i gh t i ng"  i n t e r s ec t i ons  was 0.38 
and t h e  " f u l l  l i gh t i ng"  c o e f f i c i e n t  was 0.56. Both o f  these  
values i nd i ca t e  a  very  poor co r r e l a t i on .  This v a r i a b i l i t y  I 
emphasizes t he  need of including a reasonably l a rge  number o f  
i n t e r s ec t i ons  i n  t h e  research study. I t  would be de s i r ab l e  
t o  include more than t h e  19 p a i r s ,  bu t  t h e  geometric matching 1 I 
was a l i m i t i n g  f ac to r .  When considering t h e  cummulative data 
f o r  19 i n t e r s e c t i o n s  (Table 4 )  t he  t o t a l s  a r e  pr imar i ly  r e l a t ed  
t o  t r a f f i c  volume and exh ib i t  l i t t l e  dependence on t h e  l e v e l  of 
l i g h t i n g .  The " f u l l  l i gh t i ng"  i n t e r s ec t i ons  had a night t ime 

i 
accident  frequency of 1.06 acciderts per mi l l ion  en te r ing  vehicles  
whi le  t he  "reduced l i gh t i ng"  frequency was 1.01. This  shows no 

I 
I 

b e n e f i t  of t h e  higher  l e v e l  of l i gh t i ng  a s  t he  frequency is 
5 percent  g r ea t e r .  The daytime and total .  accident  frequencies  a r e  
3 percent  and 4 percent  higher  respec t ive ly  f o r  t h e  " f u l l  Lighting" 
i n t e r s ec t i ons .  This would not exh ib i t  a  s i g n i f i c a n t  d i f f e r ence  

I 
between t he  "reduced l i gh t i ng"  and " f u l l  l i gh t i ng"  i n t e r s e c t i o n s  1 
when based on t r a f f i c  volume. 1 

The second method of minimizing t he  e f f e c t s  of va r i ab l e s  i s  
t h e  n igh t  acc iden t / to ta l  acc ident  r a t i o  which has been noted as  

t 
I 

~e b e s t  method because t h e  only va r iab le  no t  accounted f o r  i s  
t h e  l i g h t  cond i t i on ( s ) .  Even though t h i s  i s  claimed, it may no t  
be t r u e  a s  t h e  d r i v e r  condi t ion ,  due t o  drinking o r  l ack  of s l eep ,  
may d e t e r i o r a t e  during t he  same nighttime hours. In t h i s  research,  

i 
both  t he  t r a f f i c  volume r e l a t i onsh ip  and t h i s  method w i l l  be used 1 
a s  v a l i d  and meaningful methods of evaluat ion.  The n i g h t  accident/  
t o t a l  acc ident  r a t i o  was 0.290 fo r  t he  " f u l l  l i gh t i ng"  i n t e r s e c t i o n s  
and 0.288 f o r  t he  "reduced l i gh t i ng . "  This d i f fe rence  is less than 1 
1 percent  and again, shows an i n s ign i f i c an t  d i f fe rence  when comparing 1 
t h e  l e v e l  of l i gh t i ng .  

I 



Energy Requirement 

The 19 reduced l i g h t i n g  i n t e r s ec t i ons  of t h i s  research 
u t i l i z e  400 Watt Mercury Vapor luminaires.  During t h i s  research,  
t h e  t o t a l  number of luminaires (19 i n t e r s ec t i ons )  was reduced 
from t h e  o r i g i n a l  101 t o  46. The luminaires a r e  l igh ted  f o r  an 
approximate average of 11 hours each day with an energy input  of 
465 Watts each. Energy consumption a t  t h e  19 i n t e r s ec t i ons  was 
reduced 54% amounting t o  281 Kilowatt hours per day o r  102,684 per 
year.  I f  these  i n t e r s ec t i ons  a r e  represen ta t ive  of more than 200 
e a r l i e r  primary, r u r a l  i n s t a l l a t i o n s  i n  Iowa, the poss ib le  reduction 
i n  energy consumption would amount t o  1,080,880 Kilowatt  hours 
per  year. 

CONCLUSIONS 

From the  f i r s t  phase of t h i s  study on i n t e r s ec t i on  l i g h t i n g  
and accidents  ( 2 ) ,  t he  s a f e t y  b e n e f i t s  of i n t e r s ec t i on  l i g h t i n g  
were es tab l i shed .  The night t ime accident  r a t e  of r u r a l  at-grade 
c ross ings  was reduced by 52%. Based on t h i s  phase of t h e  study 
it can be concluded t h a t :  

1. There a r e  l a rge  v a r i a t i o n s  i n  t h e  accident  frequency a t  
ind iv idua l  i n t e r s ec t i ons .  

2 .  The accident  frequency a t  individual  i n t e r s ec t i ons  is no t  
c l o s e l y  r e l a t e d  t o  t r a f f i c  volume. 

3 .  The l i g h t i n g  l e v e l  of l i gh t ed  r u r a l  at-grade i n t e r s ec t i ons  
does not  have a  s i g n i f i c a n t  e f f e c t  on t h e  accident  frequency, 
a s  long a s  t h e  c o n f l i c t  a rea  is s u f f i c i e n t l y  i l luminated.  

PROPOSED ACTION 

I. Continue the  cu r r en t  p r a c t i c e  t o  u t i l i z e  t h e  minimum number 
of luminaires t h a t  w i l l  adequately l i g h t  t he  c o n f l i c t  a reas .  

2. I n i t i a t e  a  program t o  remove luminaires from over l ighted ,  
e a r l i e r  i n s t a l l a t i o n s .  

3 ,  Continue t o  l i g h t  r u r a l  at-grade in te r sec t ions  a s  funding 
allows within t he  t o t a l  highway program. 
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Tab le  4. Summary o f  Cummulative 
T r a f f i c  Volume and Accident  Data 

Item Reduced L i q h t i n q  ~ u l l  L i q h t i n q  ! 

T r a f f i c  Volume (ADT f o r  19  I n t e r s e c t i o n s )  
~ i g h t t i m e  (ADT X 0.23) 13,502 15,534 I 

Daytime (ADT X 0.77) 45,201 52,003 
TOTAL (ADT) - 5 8 , 7 0 3  67,537 I . . . . . . . . . . . . . .  

T r a f f i c  Volume ( f o r  3  y e a r  r e s e a r c h  p e r i o d )  \ 
Night t ime  (ADT X 0.23 X 365 X 3 )  14 ,784 ,351  17,009,193 
Daytime (ADT X 0.77 X 365 X 3 )  49,495,434 56,943,822 

TOTAL. . . . . . . . . .  -64 ,279 ,785  73,953,015 
I 
1 

Acc iden t s  
Night t ime 15 
Daytime 37 

TOTAL . . . . . . . . . . . . . . . . . . . .  52 

Acc iden t  R ~ ~ ~ / M E V  
Night t ime 1 - 0 1  
Daytime 0.75 . . . . . . . . . . . . . . . . .  TOTAL. 0.81 

. . . . . .  Night  Acc iden t /Tota l  Accident  R a t i o .  0.288 



Appendix B - In t e r s ec t i on  Layouts 







iR
e
fe

re
n

c
e
 

2 
A

 
L

u
m

in
a
ire

s 
in

 o
r
ig

in
a

l 
in

s
ta

lla
tio

n
 

6
 

- 
L

u
m

in
a
rie

s 
re

q
u

e
s
te

d
 
d

u
iin

g
 re

s
e

a
rc

h
 

2 
, 

m 
I ! ! 

L
u

m
in

a
ire

s 
re

m
a

in
in

g
 

lig
h

te
d

 
L

 
L

u
m

in
a
ire

s 
tu

rn
e

d
 

"
o

ff"
 
fo

r 
re

s
e

a
rc

h
 

0
 





. 
. . .

 
. . . . 

. 

Re;f*xesee 
3
 
A
 

L
u
m
i
n
a
i
r
e
s
 
r
e
q
u
e
s
t
e
d
 

L
u
m
i
n
a
i
r
e
s
 
i
n
 
o
r
i
g
i
n
a
l
 

i
n
s
t
a
l
l
a
t
i
o
n
 

L
u
m
i
n
a
i
r
e
s
 
r
e
m
a
i
n
i
n
g
 
l
i
g
h
t
e
d
 @

 
L
u
m
i
n
a
i
r
e
s
 
t
u
r
n
e
d
 
"
o
f
f
"
 

f
o
r
 
r
e
s
e
a
r
c
h
 

@
 

HIGHWAY 
L

lG
H

T
lW

 
L

A
Y

O
U

T
 

IN
P

C
R

Y
C

T
O

H
 

O
F

 
U

-S
N

O
I. 

I
 

IO
*A

 
W

lD
I 



iR
e
fe

re
n

c
e
 

2 
A

 
L

u
m

in
a
ire

s 
in

 o
r
ig

in
a

l 
in

s
ta

lla
tio

n
 

6
 

- 
L

u
m

in
a
rie

s 
re

q
u

e
s
te

d
 
d

u
iin

g
 re

s
e

a
rc

h
 

2 
, 

m 
I ! ! 

L
u

m
in

a
ire

s 
re

m
a

in
in

g
 

lig
h

te
d

 
L

 
L

u
m

in
a
ire

s 
tu

rn
e

d
 

"
o

ff"
 
fo

r 
re

s
e

a
rc

h
 

0
 



. 
. . .

 
. . . . 

. 

Re;f*xesee 
3
 
A
 

L
u
m
i
n
a
i
r
e
s
 
r
e
q
u
e
s
t
e
d
 

L
u
m
i
n
a
i
r
e
s
 
i
n
 
o
r
i
g
i
n
a
l
 

i
n
s
t
a
l
l
a
t
i
o
n
 

L
u
m
i
n
a
i
r
e
s
 
r
e
m
a
i
n
i
n
g
 
l
i
g
h
t
e
d
 @

 
L
u
m
i
n
a
i
r
e
s
 
t
u
r
n
e
d
 
"
o
f
f
"
 

f
o
r
 
r
e
s
e
a
r
c
h
 

@
 

HIGHWAY 
L

lG
H

T
lW

 
L

A
Y

O
U

T
 

IN
P

C
R

Y
C

T
O

H
 

O
F

 
U

-S
N

O
I. 

I
 

IO
*A

 
W

lD
I 



-
-
 

L
u

m
in

a
ire

s 
in

 o
rig

in
a

l in
s

ta
lla

tio
n

 
3 

A
l

l
 lu

m
in

a
ire

s
 
lig

h
te

d
 d

u
rin

g
 re

s
e

a
rc

h
 

D
U

C
TW

O
R

K
 E

U
IU

 
F

O
R

 
P

A
V

E
D

 I
U

W
 

,
 

I
D

I
P

l
t

Y
S

 



L
u

m
in

a
ire

s re
m

a
in

in
g

 
lig

h
te

d
 

@
 

R
e

fe
re

n
c

e
 4

 
A

 
1 

L
u

m
in

a
ire

s 
tu

rn
e

d
 

"
o

ff"
 fo

r 
re

s
e

a
rc

h
 

@
 

L
u

m
in

a
ire

s 
in

 o
r

ig
in

a
l in

s
ta

lla
tio

n
 

fi 
1 

1 L
ig

h
te

d
 

L
u

m
in

a
rie

s 
re

q
u

e
s

te
d

 d
u

rin
g

 re
s

e
a

rc
h

 4
 

, 
i 

N 
i 111 



R
e

fe
re

n
c

e
 
4
 

B
 

L
u

m
in

a
ire

s 
in

 o
r

ig
in

a
l in

s
ta

lla
tio

n
 

A
l

l
 lu

m
in

a
ire

s
 

lig
h

te
d

 d
u

rin
g

 re
s

e
a

rc
h

 















- 
- - 

R
e

fe
re

n
c

e
 
8
 

A
 

L
u

m
in

a
ire

s 
i

n
 o

r
ig

in
a

l in
s

ta
lla

tio
n

 
3 

L
ig

h
te

d
 

lu
m

in
a

ire
s

 re
q

u
e

s
te

d
 d

u
rin

g
 re

s
e

a
rc

h
 
1
 

-- -
 -___ 

- - - ,
 

S
&

J
*
f
iM

,h
k
 

h
d
e 

p
m

ir/xd
 

quhf,h/ C
m

pony 

L
u

m
in

a
ire

s 
re

m
a

in
in

g
-lig

h
te

d
 
' @

 
L

u
m

in
a

ire
s 

tu
rn

e
d

 'b
fk

" 
f

o
r

 re
s

e
a

rc
h

 
@

 

,
 

- 
U

O
~

O
 

U
Y

O
U

~
. 

.
 

2 
€

0
.~

. .a
 w A

N
# tom

 .a 
m

sa 





z#z 
R

e
fe

re
n

c
e

 
9
 

A
 

L
u

m
in

a
ire

s 
in

 Q
rig

in
a

l in
s

ta
lla

tio
n

 
3 

L
ig

h
te

d
 

lu
m

in
a

ire
s

 re
q

u
e

s
te

d
 d

u
rin

g
 re

s
e

a
rc

h
 
1
 

-*u
rp

u
rk

d
 

a
n

r
m

*
 

w
c

rw
o

~
r orm

#
~

$
 

FO
R

 
R

Y
E

0
 IY

A
U

D
 

(O
r*- 

!
 

L
u

m
in

a
ire

s 
re

m
a

in
in

g
; 

lig
h

te
d

 @
 

L
u

m
in

a
ire

s 
tu

rn
e

d
 

"
o

ff"
 f

o
r

 re
s

e
a

rc
h

 @
 





R
e

fe
re

n
c

e
 

1
0

 A
 

L
u

m
in

a
ire

s 
in

 
o

r
ig

in
a

l in
s

ta
lla

tio
n

 
6 

~
i

~
h

t
e

d
 

lu
m

in
a

ire
s

 
re

q
u

e
s

te
d

 
d

u
s

in
g

 re
s

e
a

rc
h

 
1
 

-TO* 

P
A

V
E

D
 I
%
A
W
 

ID
I m
 
,
C
A
L
L
 

m
h

. 
C

o
n

tm
lJ

b
tim

p
 *
k

 
f"

m
;*h

e
d

w
 

.I,%
 

C
anp'w

w
 

L
u

m
in

a
ire

s, re
m

a
in

in
g

 
lig

h
te

d
 @

 
: L

u
m

in
a

ire
s

 tu
rn

e
d

 ?
o

ff"
 

f
o

r
 re

s
e

a
rc

h
 
@

 

1
0
8
1
4
 1

m
ID

lm
 1
 

R
c

"
~

~
1

~
1

s
u

 



R
e
f
e
r
e
n
c
e
 
1
0
 B
 

L
u
m
i
n
a
i
r
e
s
 
i
n
 
o
r
i
g
i
n
a
l
 
i
n
s
t
a
l
l
a
t
i
o
n
 

5 
A
l
l
 
l
u
m
i
n
a
i
r
e
s
 
l
i
g
h
t
e
d
 
d
u
r
i
n
g
 
r
e
s
e
a
r
c
h
 



E 
y

sx
e

a
sa

x
 

6
u

y
x

n
p

 p
aq

sa
n

b
ax

 
sa

xT
eu

yu
rn

T
 

p
a

q
rl

fj
y

~
 

@
 

y
sx

e
a

sa
x

 
1

0
3

 ,
,3

3
0

,,
 p

au
x

n
q

 
sa

x
re

u
y

w
n

? 
@

 
p

a
q

y
b

r~
 bu

yu
ye

ur
ax

 
sa

x
re

u
y

w
n

? 











I 
~

e
f

e
r

e
n

c
e

 13
 B
 

L
u

m
in

a
ire

s 
in

 o
r

iq
in

a
l in

s
ta

lla
tio

n
 
6
 

A
l

l
 lu

m
in

a
ire

s
 

lig
h

te
p

 d
u

rin
g

 re
s

e
a

rc
h

 







L 
I 

f 
~

e
f

e
r

h
c

e
 

1
5

 A
 

L
u

m
in

a
ire

s 
in

 o
r

ig
in

 1
 in

s
ta

lla
tio

n
 

4
 

- 
.
 

- 
L

ig
h

te
d

 
lu

m
in

a
ire

s
 

rg
q

u
e

s
te

d
 

d
u

rin
g

 re
s

e
a

rc
h

 
1
 

- - - 
2 

I I I 

b 
N

 
I 

I i 

- 

rb
*. &

+
W

*,&
*~

X
 

,w
d

s
h

d
h

/W
9

Ii~
 

L
u

m
in

a
ire

s 
re

m
a

in
in

g
 

lig
h

te
d

 @
 

c
e

n
r

v
 

L
u

m
in

a
ire

s 
tu

rn
e

d
 
"
o

ff"
 
fo

r 
re

s
e

a
rc

h
 @

 



e
fe

re
n

c
e

 1
5

 B
 

in
a

l in
s

ta
lla

tio
n

 4
 

d
u

rin
g

 re
s

e
a

rc
h

 
a?z 

i 
B

 w
 

I 







-
 -
 

I 
R

e
fe

re
n

c
e

 
1

7
 A

 
1 

L
u

m
in

a
ire

s 
i

n
 o

r
ig

in
a

l in
s

ta
lla

tio
n

 
I 

L
ig

h
te

d
 

lu
m

in
a

ire
s

 re
q

u
e

s
te

d
 d

u
rin

g
 re

s
e

a
rc

h
 1
 I 

I P
 

m
 I 

L
u

m
in

a
ire

s
 

re
m

a
in

in
g

 
lig

h
te

d
 

@
 

L
u

m
in

a
ire

s 
tu

rn
e

d
 

"
o

ff"
 

f
o

r
 re

s
e

a
rc

h
 @

 
F

u
ll 









L
i
g
h
t
e
d
 
l
u
m
i
n
a
i
r
e
s
 
r
e
q
u
e
s
t
e
d
 

i 

-
-
-
-
 

i( 
W

G
~

W
A

Y
 

~
A

V
O

&
~

 
m

-
O

I
 

d
.

u
n

~
n

~
~

u
 

so I-.&
 






