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PREFACE 

The autho r  w i s hes t o  ac knowl edge t he cont r i bu t i on o f  James 
Guarente  o f  Kent ron Hawa i i  L im i t ed who d i d  the programming and 
data  hand l i ng fo r this p roj e c t . Mr . Gua r en t e  a l s o  was respons i b l e  
f o r  many day- t o - day dec i s ions o n  t he cour s e  o f  t he analy s i s , and 
as s i s t ed i n  d e t e rm i n i n g  t he d i rec t i on o f  this  s tudy .  Be caus e of 

hi s d i rect  i nvo lveme n t  w i t h  t he actu a l  analys i s  and exper imenta­
t i on , Mr . G�arente  has wr i t ten  one  o f  t he s e c t ions of  this  report  
ent i t l e d  "Course of  Exper imen tat ion . "  

The autho r  i s  a l s o  i ndeb t ed to B .  George and R .  Snow o f  t he 
federal  Ra i l road Admi n i s t rat ion f o r  t he i r  suppo r t  a nd guidance , 
and to J. H i t z , E .  Fa r r , and R .  H i nck l ey o f  TSC for us e ful s u g ­
g e s t ions t hroughout t he cou rs e  o f  t hi s  wor k . 
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SUMMARY 

The Federal Ra i l road Adm i n i s trat ion ( FRA) , i n  accordanc e w i t h  
t he Federal Railroad Safety Ac t o f  1 9 7 0 ,  i s  i nve s t i g a t ing prob l ems 
of  ra i l road c ro s s ing s a fety improvement .  I n  pur su i t  o f  t he r e l a t ed 
s tud i e s , t he FRA s ought the s e rv i ces  o f  t he Transporta t i on Sys tems 
Center CTSC) i n  s e l e c t ing , evaluat ing , and deve loping ha z ard 
indexes , formu l as used to  e s t imate  from avail ab l e  quant i f ied info r ­
mat ion t he ha z ards , o r  relat ive ha z ards , o f  train/vehi c l e  acc idents 
at ra i l ro ad cros s ings . The TSC , currently  engaged i n  a Grade 
Cro s s ing  Funding Al l ocat i on Pro j ect whi ch a l s o  requi res s ta t e - o f ­
the - art ha zard indexes o f  the highe s t  s e l e c t ive and p redic t i ve 
capab i l i t i es , compl i e d  wi th t he FRA reques t .  Thus , it has provided 
this docume nt report on  a s tudy o f  ha zard indexes a� evaluated and 
cons t ructed on t he bas i s  of FRA data . The report d i s t ingui s he s  
b e tween , deve lops , a n d  eva luates the fo l l owing ha zard i ndexe s :  

• Re l a t ive hazard i ndexe s , for rank ing cros s ings accord i ng 
to  rel ative ha z ard . 

• Ab s o lute  ha zard indexe s ,  for provid ing an e s t imate equal 
to , or a t  l e as t  propo rt i onal to , expec t ed acc i dent fr e ­
quency a t  t he indi v idual cros s ings . 

Comparis ons o f  s everal pr eviou s ly dev e l oped ha z ard indexes are 
g i ven . O f  t he s e , the New Hamp s hire  and Peabody - Dimm i c k  are w i d e l y  
used . Se l ected Co l eman - Stewart formu las  for t hree spec i fi c  warn i ng 
device  c l a s s e s  ( cross bucks , f l a s hing l i ght s , and automa tic g a t e s ) 
have a l s o  been evaluated . 

New ha z a rd i ndexes w i th improved p red i c t i on capab i l i ty have 
been deve l oped , and are repo rted on . The perfor�anc e o f  t he s e  new 
indexes i s  comp ared in det a i l  wi th t he p revious l r  proposed fo rmu l a s . 
A number  o f  techn i ques for cons truc t in g  ha z ard ind exe s have b een 
exp l o red , and a part icul arly e ffec t i ve techn i que emp l oy ing non ­
l i near l o gi s t i c  d i s c r im i nant t e c hni que s was s e l ec t ed for t he f i nal 
mode l s  repo rted on . Thi s method is described in de t a i l, and i s  
sugge s t e d  a s  the tool t o  form t he basis o f  fu rther analys i s  o r  
deve l opment .  

v 



The majo r res ul t s  of t Ile s t udy i n c l ude: 

1 .  Techn i ques and me thodo l ogy fo r pro duc i ng ,  compar ing , and 
eva luat i ng h azard i n dexes 

2 .  New h az a rd indexe s  for th ree wa rn ing  dev i c e  c l a s s e s  (cros s ­
buc ks , fl as h i n g  l i g h t s , and ga t e s )  

3 .  De t a i led  comp a r i s on s  o f  t h e  pe rformance o f  h azard  i ndexes . 

Out o f  t h e s e  h ave come spec i fi c  resu l t s : 

a .  Volume fac tors  ( average da i l y veh i c l e  vo lume and average 
d a i l y t r a i n volume) account for 9 0 - 9 5  pe rc ent  of the p redic t ive 
powe r ob t a i n ab l e  from the fac t o rs s t udi e d ,  exc ludi n g  acc i dent 
his t o ry a t  pre s en t .  ( Se e  b e l ow . )  

b .  Th e s imp l e  New Hamp s h i re fo rmu l a  ( r e l at ive h a z a r d  propo r ­
t i onal  to  veh i c u l a r  vo l ume t i mes t ra i n  vo l ume) i s  nearly as e ffec ­
tive as o t h er vo lume-on l y  formu l as for re l at i ve h a z ard.  A pro ­
cedure and formu l a  ar e g iven for conve r t i ng th i s  to  an ab s o l u t e  
h a z a r d  i ndex (proport i onal  to  expec t ed acc i dent  frequency) . The 
New Hampsh i re formu l a  is u s e fu l  fo r i t s  comb i na t i on of powe r  and 
s i mpl i c i ty .  

c .  For some u s e s , and i n  c er t a i n  respec t s  de scribed i n  t he 
report,  the TS C formul as exh i b i t ed great er s e l ec t iv i ty o f  ha zardous 
c r o s s ings  ( per formance a s  a r e l a t ive  ha zard i ndex) t han o ther for ­
mu l a s  t e s t ed .  Th i s  i s  ev i denc ed,  for examp l e , by comp ar ing t h e  
ten  percent mo s t  ha zardous c ro s s i ng s  s e l ec t ed by t he T S C  formul a  
w i t h  t he t e n  percent mo s t  hazardous s e t  s e l ec t ed by t h e  New Hamp ­
s hi r e  formu l a  (cros s buck c a s e ) . The TS C t e n  percent s e t , a s  
de t ermined from t he FRA dat a  ba s es , conta ins  t hree perc ent more o f  
t he t o t a l  acc i den t s  t h a n  the  New Hamp s h i r e  t en percent s et . Thi s  
i s  s ta t i s t ical ly s i g n i f icant . 

The TSC formu l a s  developed and repo r t e d  on  here may b e  u s eful 
when a n  ab s o l u t e  ha zard index or expected frequency of acc iden t s  
i s  needed,  as  i n  t h e  funding a l loc a t i on wor k .  For t h i s  purpo s e , 
bo t h  compr ehens ive and vo lume - only formu l as are g iven . The 
performanc e of ab s o l u t e  ha zard i ndex e s  is exh i b i t ed i n  spec i a l  
p l o t s . 

vi 



d .  Becau s e  o f  the l arge amount of experimentat i on done and 
the  re l a t iv e l y  s ma l l  i mproveme n t s  in powe r factors ( PF)  obtainab l e , 
i t  wou ld appear that the u l t i mate l y  a t t a i nab le powe r factors arc 
not far from thos e ob t a i ned i n  t h i s  s tudy . (The power fac t or a t  
X%  mu l t i pl i ed b y  X %  g ives the percen t of acc idents  at t h e  X %  mos t  
hazardou s  c ro s s i ngs accord i ng to t he g iven hazard i ndex . Thus , i f  
the 5 %  powe r fac t or i s  4 ,  then 5 %  o f  t h e  cross i n gs have 2 0 %  6£ the 
acciden t s . )  The fo l l ow i ng powe r factors are quoted to i l l ust rate 
the  performance measur e s  a t t a i ned i n  a few i ns t ances t aken as  
examp l e s . 

Cros sbucks Power Factors 

% PF PF  
C ro s s ings New HamEs h i re TSC 

1 6 . 8 0 7 . 8 6 
2 6 . 1 7 5 . 9 0 
6 4 . 7 6 4 . 9 2 

1 0  3. 83  4 . 1 0 
2 0  2 . 8 8 3 . 0 1  
4 0  2 . 0 3 2 . 03 

Thus , th i s  tab l e  says that accord i ng to t he New Hamp s h i r e  formu l a , 
the 1 0% mo s t  hazardous cros s ings had about 38 % of  the acc i den t s , 
wh i l e  the 1 0% mos t  hazardous c ros s i ngs according  to  the TSC formu l a  
had about 4 1 %  ( the 3 %  d i fference was a l luded to  above ) o f  the 
acc iden t s , a l l  f i gured on the FRA data bas e s  ( 1 9 7 5  acc i den t s ) . 
More comp le t e  i n forma t i on and s imi l ar i n fo rma t i o n  for o t her warn ing 
device c l a s s e s  i s  pre s en t ed in· t h e  hody o f  t h i s  report . 

Sugg e s t ions  for fu rther work are a l s o  g iven . I n  part i cu l ar ,  
in one o f  the append i xe s  (Appendix  H) a proposed me ans i s  deve l oped 
fo r incorpor a t i n g  accident  h i s tory a t  an i n d i v idua l cro s s ing  alon g  
w i th c ro s s ing charac ter i s t i c s into  a hazard index , and some pre l im ­
inary resu l t s a re g i ve n . The t e chn i qu e s  o f  th i s  appendix are 
curren t l y b e i ng used in the FY 7 9  e ffort at TSC to  produce accident  
h i s to ry depe ndent hazard indexe s . 

v i i  



.\dd�' ndum to SUIIlJlla ry 

Since this report was written, some p owe r fact ors have been 
run using the s ame best TSC and  �ew lIampsh i re mode ls d i s cuss ed i n  
this report, but with the 1976 accident d a t a  and t he i nven tory d a t a  
of �Iay 197 8 ( ah out 9 months later than the d a t e  of t h e  inv(:ntory 
data used in this report) . In order not to d e lay pub li c a t ion , 
results are presented on l y  i n  t his summa ry fo r this report . I n  
general, the results we're quite comparahle t o  the  re s u l t s  reported 
on in detail for the earlier date presellteJ i n  this repo rt , the 
comparahility hold i ng for all three Ivarning c l a s s e s . Part i a l r e s u lt s  
corresponding to the table given j ust a ho ve arc given in the fo I -
l O\�' i n g t <l b 1 e : 

% 

C ro s s bucks Powe r Fac t or s  
(19 7 6  acciJe n t s )  

P F  
Cros s i ngs Ne\v Hamps h i re 

1 7 . 1 1 
2 6.1 1  
6 4 . 43 
1 0  3 . 7 2  
2 0 2 .7 8  
40 1 . 9 8  

P F  
TSC 

7 . 7 3 
6.57 
4 . 7 1  
3 . 9 2  
2 .9 1 
2 . 0 3 

The obs e rved resu l t s  confi rm the s t ab i l i ty of  rel a t i ve performance 
fo r the TSC mode l s  when used on acc i de n t  dat a  for a d i ffe re n t  ye ar 
from tha t o f  the data used i n  the i r  co n s t ruc t i on . The powe r 
factors fo r the o ther two warn i n g  dev i ce c l a s s e s  s im i l ar ly con­
fi rmed this  s tab i l i ty .  

v i i i  
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GLOSSARY 

ABSOLUT E  HAZARD I NDEX - - A ha z a rd i nd e x  wh i ch is a l so p ropor­
t i ona l to  e xp e c t ed number of acc i d e n t s  per  year . (See HAZARD 
I NDEX , PROBA B I L ITY O F  ACC I DE NT, and EXP ECTED FREQUENCY OF ACC I ­

))):NTS . )  ( S e e  Sec t i ons 1 , 2 . 3 , and 4.3.) 

ACC I DENT - - "A pub lic g rade  cro s s i ng acc i d en t / inc i dent is 
any impact b e tween ra i l road on - t rack equ ipme n t  and  a n  automob i l e ,  
bus, t ruck� motorcyc l e ,  bi cyc l e ,  farm veh i c l e ,  o r  p e d es t r i an,  
rega rd l e s s  of  wh e t h e r  i t  re s u l ted in  any casua l t i e s  or d amag e . "  
(See Re ference 3.) The ra t i o  of  fa ta l it i e s  to  ac c id en t s  i n  the 
ye ar 1 9 7 5  was  approx ima t e l y  0. 1 0 5 . (See  Se c t i on 1 and Append i x  F . ) 

COLEMAN-STEWART �IODEL - - One o f  s everal  s p ec i f i c  hazard i n ­
de xe s .  ( Sec A p pend i x  B and Re ferenc e  2 . )  

EMPIRICAL OPERAT I NG CHARACTER I ST I CS ( EOC ) - - A t ab l e  g iv ing 
power  fa ctor s , cumu l at i v e  a c c i d ents a t  vari ous p e rcentages of  
h a z a rdous cro s s i n gs ,  etc. A l s o  a graph o f  p e rc e n t  acc i d en t s  
versus  p e rcen t  cros s i ngs . (Se c  al so POWER FACTOR . )  (See  Sec t ions 
2 and 4 and Appendix C .) 

EOC - - See  EMP I R I CAL  OPERAT I NG CHARACTER I ST I C . 

EXPECTED FRE QUENCY OF ACC I DENTS ( o r  expe c ted  numb e r  o f  
ac ci dent s )  - - For a g i ven  va lue o f  t h e  h a z a rd index,  t h e  exp e c t e d  
numb er  o f  a c c i d e n t s  t o  occur a t  a g i ven c ro s s ing  i n  a g i ve n  year . 
Re l a t e d approx imat e l y  t o  p ro babi l i t y o f  acc ident,  p ,  by f·= p/ l - p .  
( S e c  PROBAB I L I TY OF ACC I DENT . )  ( S e e  S ec t i on s  2 . 3  and 4.3.) 

HAZARD I NDEX (or  h a z a rd func t i on,  h a z ar d  mode l ) . A 

formu l a  re l a t i n g  r e l a t i v e  h a zard of ac c i d en t  t o  quan t i fiab l e  
cros s i ng charac t e r i s t ic s .  Th e h i gh e r  t h e  h a zard i ndex the h igher 
the p robab i l i ty o f  acc i d e n t s  ( i f  th e h �za rd index h o l d s  goo d ) . I f  
the  h a z a rd i ndex i s  a l s o  p rop o r t iona l 
then i t  i s  an abs o lu t e  haza rd i ndex . 
I�DEX. ) ( Se e  Sect  i on 1 . )  

t o  prob ab i l i ty o f  accident , 
( Se e  a l s o  ABSOLUTE HAZARD 

I TERATED WEI GHTED LOGI STIC REGRESS I ON - - Each o f  t h e  component  
parts  o f  t h i s  expre s s i on has a common mea n i n g  in  s t a t i s t i c a l  
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ana l�·s is . Th ey are combined in th i s  proje c t  to produce a techn i ­
qu e e s p e c i a l l y adapted for produ c i ng ha zard mode l s . (See Se c t i on 
2 . 2  and Append ix A . ) 

NEW I�MPSH I RE MODEL - - A very s imp l e  ha z ard i ndex (often g i ven 
other name s )  wh ich s t ates  that for a g i ven warn ing dev i c e  c la s s  
t h e  ( r e l a t i ve )  ha zard incre as e s  w i t h t h e  product of  t h e  average 
ve h i cu l a r  volume and the ave rage t r a i n  vo l ume . Th i s  g ive s a good 
re l a t ive ha z ard index , but not a good ab s o l u t e  hazard index 
(except by mod i f i c a t i on ) . ( Se e  Sec t ion 4.1 and Appendix B . ) 

NON�VOLUME VAR I ABL E S  - - Al l cro s s ing charac t er i s t i cs no t 
derived on ly from vo lume var i ab le s , e . g . , number of  tracks , train  
speed , number of  night  trains , e tc . (See a l s o  VOLUME VAR I ABLES . )  
( Se e  Se c t i ons 1 and 3 . )  

PEABODY - DIMM I CK MODEL - - A hazard index deve l oped many years 
ago depend i ng only on veh i cu l ar vo lume and 
cro s s i ng of a g i ven warn i ng d ev i ce c l a s s .  
Append i x H, and Re fe rence 1 1 . )  

train  vo lume for a 
( Se e  Sec t i on 4 . 1 ,  

POWER FACTOR - - The fra c t i on of acc idents  occurring at a g iven 
fraction  of the mo s t  ha z ardous cros s i ngs . I f  the 5 pe rcent factor 
is 4, then the 5 percent mos t  h a z ardous (accord ing to a g i ven 
ha z ard index)  cros s ings have 20  pe rcent of  the acc i dents . (See 
Se c t i on 2 and Append i x  C . ) 

POWER FACTOR FUNCT I ON - - An ana l yt i c  repre sentat ion o f  the EOC 
by means of a func t i on wh i ch f i t s  the observed func t i on a l  re l a ­
t ion o f  powe r factor t o  frac t i on of  cros i s ng s . ( I t  i s  used  for a 
given warning device  c l as s  and h a z a rd index . )  I t  i s  usua l ly of  
the fo rm l o g  p = a ( l o g  A) b , where  p is  the A x 1 0 0 %  power fac tor , 
and A i s  a g i ven fract i on of  the cro s s i ngs . ( Se e  a l s o  POWER 
FACTOR . )  ( Se e  Sec t i ons  2 . 3 and 4 . 1  and Append i x  C . ) 

PROBA B I L ITY OF ACC I DENT - - For a g iven value of a g iven haz ard 
index the p robabi l i ty ,  p ,  of  a c ros s ing (wi t h  t h i s va lue for the 
ha z ard inde x )  exper i encing an acc i de n t  in a g i ven year . (See  

EXPECTED FREQUENCY OF  ACC I DENTS . )  
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TSC COMPREHENSI VE �IODEL - - A ha z a rd ind ex, for each warn ing 

dev i c e c l a s s  con st ruc t ed in t h i s  pro ject , wh ich uses the TSC vo lume 

mode l  as  a b a s e ,  and wh ich i nclud e s  non - vo l ume variab l es as we l l .  

The best  comprehen s i ve mod e l s for each warn ing  device c l a s s  are 

g iven in App endix B. The best compr ehen s ive mode l s  are o f  l og i st i c 

con s t ruct ion ,  and ea s i l y  y i e l d  an a bsolut e ha z ard index . 

TSC VOLUME MODEL - - A ha zard index fo r each warning device 
c l as s ,  con s t ructed in th i s  proj ect,  us ing only vo lume var i able s .  
Best  VO lume , mode l s  are o f  l og i s t i c  cons truc t i on ,  and y i e l d  abs o lute 
ha zard as  we l l .  ( Se e  Se ctions  4 . 1  and 4 . 4  and Appendix B ,  e t c . )  

VO LUME REG RESS I ON - - Any ha zard i ndex opt imi zed  as a fun ction  
of volume variab l e s  o n l y ,  whe ther  cons t ruc ted by l ine ar r egress i on,  
l og i s t i c  d i s c r iminant analy s i s ,  e t c .  I t  h a s  been obs e rved that  
apparen t l y  9 0 - 9 5  pe rcent o f  the pred i c t i ve power of  any hazard 
i ndex i s  ac coun ted for by i t s  vo lume dependence . (See a l s o  VOLUME 
VAR IABLES . ) ( See Se ctions  2 and 3.) 

VO LUME VAR I ABLES - - Thos e  var i a b l e s  and fun c t i on s ,  entering 
any ha zard index, wh i ch depend on l y  on C,  the aver age  t o t a l  da i ly 
veh i cu l a r vo l ume, and T, the ave rage total  d a i l y  train vo l ume . 
On ly total  t r a ffic o f  e i the r k i nd i s  inc luded . By t h i s  def i n i t i on ,  
any bre akdown such as  day/n i gh t ,  through/swi t ch, car/ truck invo lve s  
non - vo lume var i ab l es . (See a l s o  NON - VOLUME VAR IABLE S . )  

WARN I NG DEV I CE CLASS - - A class o f  cro s s ings  de t e rminE!d by the 
\�arn i ng dev i c e s  for h i ghway veh i c le s . The mos t e ffe c t ive device  
p re s e n t  a t  each cro s s i n g  in the  class  g ive s its  name to  t he c l a s s . 
Thus,  e ach cros s i ng i n  the warn i ng device c l as s  des i gnated  "cro s s ­
buck s "  has n o  act ive warn i n g  equipmen t ,  but has the s tandard 
cro s s bucks to warn highway traffi c .  The s ep arate and d i s j o in t  
warn ing  device  c l a s s e s  " cro s s bucks , "  " f lashing  l i ght s , " and 
" automa t i c  g a t e s "  toge t her e ncompass  about 90 percent of  al l pub l i c  
grade cro s s ing s accoun t ing for over 9 0  percent o f  a l l  g rade 
cro s s i ng acc ident s ,  and are the focus of th i s  r epo r t . All the 
an a l y s e s  and con s t ruct ions in t h is r eport are  d i s aggregat ed by 
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wrn:ning device c l a s s .  The t e rm "wa r n ing device c l a s s "  r e fers t o  
e s s ent ially t he same c l a s s e s  o f  cros s ings a s  does t he t erm "pro ­
t ect ion c l a s s" us ed in  some previous 1 i t er ature . (See  Tab l e  F - 2 ,  
LOe 4 7 . )  
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I. INTRODUCTION 

1 . 1  HAZARD I NDEXES 

The re has b e e n  l ong and continued  inte re s t  in ob j ec t i ve 
fo rmulas  fo r compar ing ind i v i dua l ra i l road grade cros s i ngs w i th 
respect to acci dent ha zard. The s e  formulas are u s ua l l y  re l a t i v e l y  
s i mp l e  func t ions o f  eas i l y quan t i fiab l e  chara c t e r i s t i cs o f  the 
grade cros s in g ,  and are c a l l ed "ha z ard indexes . "  (See  Reference s  
1 ,  2 ,  5 ,  8 , . and 12 . )  

An examp l e  o f  a ha zard index i n  common u s e  i s  the s o - c a l l e d  
New Hamp s h i r e fo rmul a :  

H = K ·CT 
P 

whe re C i s  the average d a i l y  veh icul ar traffic vo lume at the cros s ­
ing ,  and T i s  the ave rage numb e r  o f  tra i ns p e r  day . Kp i s  cons tant , 
d i ffe r i ng fo r each warn ing devi c e  c l as s .  As w i l l  be shown i n  thi s  
repo rt,  the N ew Hampsh i re formul a  can b e  o f  value fo r compar i n g  
c ros s i ngs o f  t h e  same warn i ng device  c l a s s  w i th  r e s p e c t  t o  re l a ti ve 
haz ard. The means o f  comparing formulas i n  t h e i r  ab i l ity to pre -
d ic t haz ard will be s hown and t he s e  me t hod s \.;i l l  be u s e d  w i t h  the 
comprehens ive data ( a l l to  be des cribed pres en t ly )  to make re l a ­
tive as s es s me n ts o f  the ha z a rd ranking e ffi c i ency o f  var iou s for­
mulas . (The  :-Je,.; Hamps hire formula is not the  b e s t  i n  t h i s  reg ard, 
but is a good e xampl e  because it is s urp r i s i ng ly  e f f i c i en t ,  g iven 
its s i mp l i city . 

A haz ard ind ex, as  re fe rred t o  a bo ve ,  g iv e s  a re l at ive  i nd i ­
c at i on o f  h az ard . An abs olute indic at i on o f  haz ard i s  a quant i t y 
whic h is proportional to  e xpec t e d  freque ncy o f  ac c idents  p er year 
(a t a cr o s s i ng wit h  t h e  c h a r act e r i s t i c s  rep r e s e nted i n  the formu l a). 
Th e �ew Hamps hire formu l a, as s tated abo ve ,  i s  good a s  a r e l a t ive  
haz ard ind e x  only.  Other fo rmu l as ,  which are good as  abs o lute  
h a z a rd ind e x e s ,  wil l be c overed,  as wi l l  the me thod of  obt a i n i ng 
an ab s o l u t e  ha zard ind ex  from a re l a t i ve haz ard i nd e x  . . 

Re l a t ive  hazard ind e x e s  are us ed for  ranki n g  a nd compar i n g  
grade c ro s s i�g s a s  to the i r  haz ard l e v e l .  O n e  prac t ic a l  u s e  wou ld 
b e  i n  pre l i m inary s e l e c t i on of a gr oup o f  c r o s s ings (ou t  of  s ome 
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popul a t i on) fo r c l o s e r  examina t ion in order to  s e l ec t  from t h i s  
g roup a sma l l e r  group fo r imp rovemen t ,  i . e., upg r a d i ng o f  warning 
dev i ce c l a s s . 

Fo r cer t a i n  mo re anal y t i c  app l icat i on s ,  espec i a l l y  those  
carr i e d  out  on a large  sca l e ,  i t  may not  be enough t o  have a re l a ­
t i ve ha zard i ndex ; rather, a n  ab s o l u t e  hazard i ndex i s  needed . 
Fo r examp l e ,  i n  calcu l at ing bene fi t /cos t r a t i os o n  a per cro s s ing 
bas i s ,  the  bene f i t s may be based on the expec t ed (pre d i c t e d )  acc i ­
dent frequeQcy a t  the part i c u l a r  c ro s s i ng,  and t h i s  i s  g i ven only  
hy an ab so l u t e  haz ard  index. 

Cons t ruc t i o n  o f  a sup e r i o r  r e l a t ive h a z a r d  i ndex i s  the mo re 
d i f f i c ul t part . "Sha p i ng" the h a z a rd func t i on  to an abs olu t e  
ha zard index i s  eas i er and mo re s t ra i ght forward.  

Mathema t i c a l l y ,  the t e rm " re l a t i ve hazard  index "  can  be  
de f i n e d  in te rms o f  "ab s o l u t e  ha za rd i ndex" ( even though the c a l cu­
l a t i o r  may go the other way ) . An  abs o l u t e  h a zard  index is  any 
quan t i ty d i rec t l y  propo rt ional  to expec t e d  frequency o f  acc i den t . 
A r e l a t ive h a z a rd index i s  any mono ton i c  ( a lways i n c reas ing)  
func t i on o f  an ab s o l u t e  hazard index . From a lmo s t  every intu i t ive , 
compu t a t iona l , and p ra c t i c a l  p o i n t  of  v i ew ,  h oweve r , the  concep t 
o f  re l at ive hazard  i n d ex may be though t o f  as p r i o r . The r e l at i ve 
ha zard  index i n d i c a t e s  wh i ch c ros s i ngs are  more h a z a r dous , but  n o t  
b y  how much ; t h e  ab s o l u te h a zard index answe r s  t h e  l at t e r  ques t i on . 

1 . 2 THE FRA DATA BASES 

Th e FRA has comp i l ed a comp rehens ive d a t a  base  c o n t a i ning  
data  on  a l arge numb e r  o f  qua l i tat ive and q uan t i t a t ive cha rac t e r ­
i s t i cs  o f  a l l  pub l i c roadway - ra i lway grade c ros s i ngs  a n d  a l l  p r i ­
va t e  grade c ro s s ings i n  the Un i t e d  S t a t e s . This  cros s in g  i nven -
t o ry i s  b r i e f l y  d escr ibed  in  Append ix F ( s e e  a l so Sec t i on 3 ) , and 
i s  also the s ub je c t  of an ear l i e r  report  ( Re fe rence  4) . I t  con­
t a i n s ,  i n  quant i f i ed f ixed- fo rmat records , i n forma t i on on  a g re a t  
many fac t o r s ,  o f  wh i ch t o t a l  ave ra g e  da i l y veh i c l e  vol ume , t o t a l  
average d a i l y  t r a i n  vo l ume,  a nd max imum warn ing  dev i ce c l a s s  a r e  j us t  
three ( d e r i ved)  quant i t i es .  Th e re are  o ther  q uan t i t i es r e l a t ed t o  
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veh i c l e  vo lume, tra i n  vo lume,  and cro s s ing  warn i ng equ i pment 
i n c luded, and many quan t i t i e s  not  re l a t ed to the s e , s uch as es t i ­
mates  o f  t yp i c a l  t ra i n  speeds , funct i onal  c l as s  o f  road , type o f  
developme nt of the area, etc. In the work reported on here,  only 
those records which refer to public grade cros s ings  are u s ed 
(219,162 in number). This dat a hase i s  re fer red t o  as  "the 

crossing inven tory." 

I n  add i t ion , the FRA has been ke ep ing  a comp l e t e  f i l e  on  the  
grade c ros s �ng acc idents  wh ich occur a t  thes e cros s i ngs ; th i s  data  
bas e i s  des c r i b ed b r i e f l y  i n  Appendix  F (see  also  Sec t i on 3 ) , and 
a l s o  repo rted on in Re ference 3 .  Fo r the year 1 97 5 ,  a t o t a l  o f  
8 , 0 2 8  accidents are repres ented . Th i s  da t a  bas e (1 97 5 only)  wi l l  
be cal le d  the " acc i dent  f i l e . "  The acc i dent f i l e (since  197 5 

inclus ive ) i s  keyed t o  the cro s s ing  i nventory by a cros s ing i den t i ­
f i ca t i on number, un i que l y  as s o c i ated w i th e ach cro s s ing . Thi s  
number i s  i n c l uded i n  the re cord a s s o c i a te d  w i th tha t cros s in g  
in  the cro s s i n g  i nventory , and i n c l uded i n  the record ( s ) for a l l  
a c c i dents  wh i ch occurred a t  that cros s ing . ( A  cer t a i n  numbe r  o f  
acc i de n t s  are n o t  l i n ke d  t o  cro s s i ng s  be caus e o f  t echn i c a l  d i f f i ­
cu l t i e s . See Sub s e c t i on 2 . 3 . 1 . )  

1 . 3  PROJECT OBJECT I VES 

The FRA as ked TSC t o  i nves t i ga t e  accident  pred i ct i on us i n g  
t h e  d a t a  b ases  jus t  re ferred t o  i n  o rder to cons truc t a n  e f f i c i en t  
ha z a rd i ndex who s e  ove ra l l perfo rmance on pub l ic cros s in gs i n  the 
Un i ted States  wou ld  be  as  good as p os s i b l e . 

The overa l l  goal o f  th i s  p ro je c t  was to  cons t ruct  a nd t es t  
ha z ard i ndexe s w i th the i n tent  o f  a t ta i n i ng o r  e s t i m a t ing the ul t i ­
mate  a t t a i nab le  p red i c t i o n  power . I n  purs u ing  th i s  goal , i t  was 
endeavo red to: 

a .  Rate haz ard i ndexes (previous l y  prop o s e d  o r  a r i s i ng i n  
t h i s  p ro je c t )  on  the i r  ab i l i ty t o  p re d i c t  r e l at ive a nd 
ab s o l u t e  ha zard o f  acc i dents . 

b .  Cons t ruct  ha zard i ndexe s wh i ch are b e t t e r  i n  pe rformance 
than previous l y  propo s ed or previ ous l y  used h a zard i ndexes . 
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c.  At t emp t t o  def i ne the l i mi t s  o f  p owe r achi evab l e  b y  acc i ­
dent  ha za rd p redict i on func t i ons , i . e . , h a z a rd i ndexes . 

In all three o f  t he s e  e nde avors, avail ab l e  i nf orma t i on i s  
�on fined t o  t ha t  in oll r da t a  bases. In p a r t i c u l ar , t he hazard 
in de xe s whi c h  are co n s t ruct ed, compare d, e tc . , arc a l l  b as ed o n  
the d ata items which p e r t ain t o  each cros s ing in t he cross i ng 
inventory. f la z ard i n dexe s  whi ch arc bas e d  on d a t a  i t ems not  
i IH : lu ued in t he cros s i ng inventor), (for examp l e , "unobs t ru c t e d  
sight di s t a �c e " ) canno t b e  comp a re d, e va l u a t ed , o r  c ons t ru c t ed i n  
tllis manner. The da t a  base s  a t  ha nd are about t he mo s t  comprehen­
s i v e of this t ype eve r ga thered; therefo re , t he res u l t s  r epo rted 
here s hou l d  he repre s en t a t ive o f  ove r a l l  U . S . expe r ience . 

The methodo l o g y ,  as  d es c r ibed i n  t he next s ec t i on , i s  bas ed 
on the a s s e s sment o f  the hypothe t i c a l  per formance o f  c andidate 
ha zard i ndexes  i f  t he y  had been us e d  to pred i c t  the acc i dents 
which have been observed (as recorded i n  the acc i d ent f i l e ) . 

T he key e l eme nts  are:  

1 .  A good repre s e ntat i on of  pe r fo rmance qua l i ty .  

2 .  A means o f  as s e s s i ng the samp l e  va r i ab i l i ty and t he 
c apac i t y  fo r genera l i za t i on o f  our meas ures . 

3. A good  me ans o f  s e t t i n g  up a fami l y  o f  haz a rd funct i ons 
wh i ch can eas i l y  be  op t im i z ed w i th respect  to  an app ro­
priate  c r i t er i on . 

A l t hough goa l c above , "define the l imi t s  of powe r achi evab l e , "  
is no t a feas ib l e  t a s k  i n  s o  complex  a s ituat i o n , the  r es u l t s  may 
s t i l l  b e  q u i te  h e lp fu l  i n  t hi s  regard . 

�o te t hat t he g o als and me t hod s all p e rta i n  t o  pred i ct i on .  
There has been no  a t t empt t o  i s o la t e facto rs wh i c h  are  causa l l y  
r ela t e d  t o  acc i d e n t s . The r e  i s  a c o n n ec t i on be t we e n  the two 
endeavors , bu t since t he e f fo r t s he re  are d i rec t ed s o l e l y  at 
p red i c t iv e capability, i . e . , ha zard e s t imat i on ,  t he r esu l t s  w i l l  
not nece s saril y be r e ad i ly in t e rpr e t able f r om a c au s a l  p o i nt o f  
\' i ew. 
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In more expl ic i t  t e rms , the ha zard i n dexes are for the pur ­
pos es o f  i den t i fying hazardous c ro s s i n g s , but i f  the fo rm o f  the 
ha zard i ndex formu l a  sugges t s  the d i rec t i on and mag n i t ude of t he 
i n fl uence o f  a c e r t a i n  factor , t h i s  asp ec t i s  i nc i de n t a l , and 
c ould  be m i si n t e rp r e t ed . Thi s  an d re l at e d  qu e st i ons wi l l  be 
de al t w i t h  i n  Sec t i on 4. 

Grade C ros s ing Fund i n g  Al locat i on Project  

An abs �lute  ha zard index wi l l  be  used in  the Grade C ros s in g  
Fund ing  Al loca t i on Proje c t  ( FRA -TSC- RR 8 3 3 )  curre n t l y  underway a t  
TSC . In tha t pro je c t , s t ra t e g i e s  for al l ocat i ng funds for warn ing  
d e v i c e  c l a s s  improvemen t s  among g roup s of  cro s s ings are  be i n g  worked 
out and i ncorporated i n to compu ter programs . The marg i n a l  bene f i t /  
cos t rat i os for i n d i v idual cro s s ings  wh i ch the s e  s trateg i e s  are 
based on are propo rt i on a l  to  the expec ted frequenc y of  acc iden t s  
a t  the i nd i v i dua l cro s s ings ; hence , the need  for a n  ab s o l ut e 
ha zard i ndex . It i s  c l ear that  ab s o l u t e , and not  re l a ti ve , 
ha z ard i n dexes are n e ce s s ar y  for i nput to  t he fund i n g  a l l oc a t i o n  
algor i thms . One o f  t h e  g o a l s  o f  t h i s  proje c t  was to  s upp l y  such 
ha z ard i ndexes for the fund i n g  a l loca t ion  proje c t . 

1 . 4  NOTES ON STRUCTURE , CONTENT , AND CONVENT I ONS 

1 . 4 . 1  De f i n i t i ons and Te rms 

I n  th i s  report , s evera l express i on s  wi l l  be  us ed as s ynonyms 
fo r "haz ard i ndex" : "haz ard func t i on , "  " h a z ard mode l , "  "ha z ard , "  
" d i s c r imi nant  func t i o n , "  and "probab i l i t y  fun c t i on . "  Th e s ynonyms 
wi l l  c l ear l y  refer to hazard i ndex , but  may conno t e  i n teres t i n  a 
spec i a l  aspect  i n  certa i n  con texts . 

A l i s t  o f  s e l ec t ed t erms u s ed i n  t h i s  r eport w i l l b e  found i n  
t h e  fron t  s ec t ion t i t l ed " G l o s sary. " Th i s  i s  t o  p rov ide emp ha s i s  
and c l ar if ic a t ion o f  key concept s , espec i a l l y  when t h e y  are d i s ­
cu s s ed i n  s everal  s ec t ion s .  A b r i ef  d e f in i t ion i s  g iven i n  t he 
g l o s s ary,  and s ec t ion re ferenc e s  are g iven t o  k e y  p a s s ages  deal ing  
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w i t h t h e  i t em . I t  i s , cons equen t l y ,  s ugges t ed that the g lo s s ary 
b e  read st ra i gh t  th rough by the interested reader , as i t  w i l l  aid  
in d e ve l op i ng the  des i red perspec t ive . 

1 . 4 . 2  Append i xes 

The append i xes a re an i n t egral part  of this report . Near l y  
a l l the subs tant i ve data  are i n  the append ixes . The append ixes 
a l l ow re s u l t s  to be found easi l y  for re ference at  a ny t ime . The y  
a l s o  a l l ow l engthy parenthet i c a l  comments w i thout int e rrup t ing  the 
d i scussi on . 

1. 4. 3  No t es on Sugge s t e d  Order o f  Read i ng 

Sec t i on 3, ent i t l ed IICo urse o f  Expe r imen t at i on , "  i s , from a 
s l i ght l y  d i fferent perspec t i ve ,  an o verv i ew o f  the who l e  p roj e c t . 
Some read ers h ave found t h i s  s ec t i on a he l p ful i n t roduc t i on as we l l  
a s  a g enera l  descr ip t i on o f  wh a t  was done . The s ep arate perspec ­
t i ve provi ded b y  t h i s  s ec t i on i s  us e fu l  for the purpos e o f  h e l p ing 
t o  commun i ca t e  a general  rev i ew of  a comp l ex pror,ram . 

Sec t ion  2 (Method o l o g y) c an be read over quic k ly at f i r s t . 
How ever , t Ile part regard ing  emp i r i c a l  opera t i ng ch arac t e ri s t i cs 
and power factors  is a prerequ i s i t e  to underst anding t he resul t s . 
The rest  o f  Sect ion 2 ma y be pr imar i l y o f  i n t e r e s t  t o  s om eon e 
interes t ed i n  do ing fu rt her wo rk in hazard i nd ex con s t ruc t ion . 

Sec t i o n  4 ( Re su l t s )  con t a ins  the pr imary mat er i a l  on what wa s 
d i scovered about hazard indexes and the i r  performanc e . 

I t  i s  sug g e s t ed that f or a f ir s t  read ing of t h i s  report the  
ea s ie s t  s equenc e t o  f ol l ow wou l d  be : Summary;  Sec t io n  1 ,  
I nt roduc t i on; Sect ion 3 ,  Cours e of Exper imenta t i on ;  Sect ions 2 . 1  
and 2 . 3 ;  then Sect i on 4 (wi th a l l  i t s  cross  r eferenc e s ) . 

Append ix H treats  the  pro b l em o f  hazard indexes  bas ed on 
acc ident h i s t roy . Th i s  important subj ec t i s  p l aced in an append i x  
because  t h e  t r eatment here w a s  a l at e  d ev e l opment i n  the 'proj ect , 
w i th the emp i r i c a l  resu l t s b e i ng prel iminary; further d evelopment 
i s  a n t i c ipated . 

1 - 6  



2. METHODOLOGY 

Th is s e ct ion out l i nes and d i s cus s e s , from a pract i ca l  p o i n t  
o f  v i ew , t h e  me thods u s e d  t o  pursue the  three  goal s  l i s te d  i n  
S e ct io n  1 . 3 . The l a t t e r  s e ct i on a l s o  provides the key e l ements  
involved in the methods adop t ed . A paral l e l  repo r t  o n  the  me thods 
us ed ,  including  mo re det a i l s  and theo ret i ca l  con s i derat ions , is  
under preparat i on . Th i s  w i l l  be  r e ferred to  as "Comp rehens ive 
Me th odo logy Repo rt" (CMR) . * 

2 . 1 THE EMP I RI CAL OPERAT I NG CHARACTER I ST I CS  (EOC ) 

The pri ma ry tool  fo r the comparison  o f  re l a t ive h a z a rd indexes 
used in t h i s  s tudy is the  emp i r i ca l  opera t i n g  character i s t i c  (EOC ) . 
Th i s  t e rm refers t o  a s e t  o f  der ived data t o  b e  used for comparing  
the p e r formance o f  two  or mo re ha zard indexes on a g i ven data  b as e .  
Th e EOC i s  a s e t  o f  data de rived from an a ccident and cro s s ing 
data base wh i ch h as been orde red accord i ng to  s ome h a z ard i ndex . 

In verba l  d i s cu s s i ons the power fa ct o r s  are o f t en r e ferred to  
in  co n t e x t s  wh ere re fe rence would be made to  the EOC i n  a more  formal 
d iscu ss i on .  The power factor i s  cl o s e l y  rel a t ed to  the BOC , and 
is easy to mo t i va t e  and to d ef i n e; hence i t s currency in verbal 
d i s cu ss ions w i t hout acces s to  l eng t hy t ab l es o r  graph i ca l  presen­
t a t ions neces s ar y  t o  commu n i ca t e  t h e  en t i re EOC . The  power fact o r  
i s  de f i n ed f i r s t . 

*Th e pre s e nt report is mean t to s t and al one regarding s uppo r t  for 
the con cl us ions . However , th ere are a numb e r  of innova t ive 
t e ch n i ques us e d  here wh i ch a re d i s cus sed  mo r e  ful ly i n  the CMR: A comp l e t e  d i s cu s s i o n  is  the r e fore n o t  wa rran ted here . I n,addl­
t i on , the CMR cont a i n s  many t e chn iques wh i ch wou l d  be  app l I cab l e  
t o  t h i s  ove ra l l  proje ct i f  time  had permi t t ed and i s  b e i n g  pre­
pa red as a companion r eport to t h i s  docume n t . The method?l ogy 
covered i s  appl i cab l e  to analys i s  o f  accid�n t ,data,o f  �a :I ous 
types and i n  gener a l  s i t ua t i o ns where p:ed I ct Ive dIs cr ImInant 
analys i s is  to  be used . The Compreh ens Ive Me thodol o¥y Repo r t  , does n o t  con t a i n  informa t i on speci f i c  t o  grade cro s s Ing ana l YSI s , 
wh ich t h i s  rep o r t  cont a i ns . 
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2.1.1 The Powe r Fac t o r  

Th e powe r fa ctor ( P F )  i s  de fined a s  fo l l ows : The 1 0  percent 
power factor , a l s o  w r i t t en PF( l O % ) , is  the percent of ac cidents 
wh i ch occur a t  the 1 0  percent mo s t  h a z ardous cros s ing s (as  d e t e r ­
mined b y  t h e  gi ven h a z a rd index)  di vided by 1 0 % . The s ame s ort  o f  
de fin i t ion h o l ds for the  5 percent p ower fac t o r  P F ( 5 % ) , e t c . Thus , ! 

if P F ( 5 % )  = 3. 0 ,  then 5 percent o f  the cros s ings account fo r 1 5  
pe rc ent  (3�5 % = 1 5 % )  o f  the acc iden t s  (when the 5 %  referred t o  i s  
the 5 pe rcent  mos t h a z a rdous according t o  the  h azard index i n  
que s t i on) . 

The power fac tor  can be seen  a s  a d i rec t pr imary measure o f  
the e f ficacy o f  a h a z a rd index for rel a t ive ranking o f  c ro s s ings . 
Thus , s uppos e 1 0  percent  o f  a c e rt a i n  group o f  cros s ings i s  to  b e  
s e l e cted for improvement , and a s sume that  o n e  w i s h e s  t o  s e l e c t  th e 
mo s t  haz ardous c ross ings fo r th i s  purpo s e . Then , i f  a g iven h a z ard 
index i s  used , the 1 0  percent mos t h a z ardous c ros s in gs w i l l  b e  
s e l ec t ed acco rd ing  to  that  h a zard index . T h e  numbe r  o f  acc idents 
that  may be expec ted a t  these s e lec ted cro s s ings in any per i od o f  
t i me i s  propo rt i onal  t o  the p ower fac t o r  for the g iven h a z ard in­
d e x . The grea ter  the proport ion o f  t h e  t o t a l  acciden t s  that  woul d 
oc cur a t  the cros s ings s e lected  a s  mos t haz ardous , t h e  mo re e ffec ­
t i ve is  t h e  h a z ard index as evidenced by  t h e  power fac t or ; i n  fact , 
fo r some purpo s e s , the  "payo f f , " or benefi t , w i l l  b e  propor t i on a l  

to the number  (or propo rt ion) of  acc idents  that  woul d occur a t  the  
s e l e c ted cro s s ings , a s  the s e  acc ident s may b e  part i a l ly o r  to t a l ly 
p revented . Consequent ly , when the h a z ard i ndex i s  t o  be u s ed for 
s e l e c t i ng the 1 0  percent  mo s t  h a z a rdous c ro s s i n gs , the 1 0  pe rcent 
po�er factor se ems to be the mos t direct mea sure o f  i t s  e ffec t iv e ­
nes s . Th e s ame would hol d for the 20 p e rc e nt power fac t or i f  2 0  
percent of the crossings were t o  he selected, etc . The comp l e t e  
set of p owe r fac t o r s  compu t e d  at each percen t i l e o f  haz ard (wi t h  
percentile 0.£ haz ard d efi ned a s  the p e rcent  more ha z ardou s , and � 

he nc e , with small order percentiles indicating h i gher hazard)  w i l l  
give t h e s ame i n fo rma t i on as the EOe. (EOC is , a s  has been imp l ied , 
to he c on s idered a more compreh ensiv e term.) 
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The EOC conta ins t h e  power fac tor  and o ther  rel ated info r ­
ma t i on . The power fac t o rs and the  EOC are a lways computed on  a 
speci fied data base  cont a i n i n g a c e r t a i n  numb e r  o f  acc ident cros s ­
ings and a certain  numb e r  o f  inventory cross ings . The data  bas e 
i n fo rmat i on on whi ch the EOC i s  computed thus actua l ly comp r i s e s  
two d a t a  bas e s : t h e  "accident" d a t a  bas e , wh ich i s  a random 
s amp l i ng of acc ident cross ings (repeated as many t imes as acc i ­
dents  occurred at  the c ros s i ng i n  1 9 7 5 ) ; and the "non- ac c ident" 
data bas e , wh ich is  a random s ,amp l ing o f  a l l  c ross ings ( each 
repeated oniy once , wh e t h e r  or not it had an acc ident ) . Sect ion 3 
and Appendix F p rovi de furth e r  des c r i p t i ons o f  the pr imary data 
bases and sub s amp l ed data bases . 

Appendix F des c r i bes t h e  va rious s ampl e d  data bases  used in  
this  p roj ect . Sub s amp l e s  o f  the t o t a l  data base  we r e  us ed for two 
reas ons : 

a .  The t o t a l  numbe r  o f  c ro s s ings compared w i th the numbe r  o f  
acc ident c ro s s i ngs was s o  l a rge that no apprec i ab l e  i ncrease  i n  
accuracy coul d be  achieved b y  us ing a l l  non- accident cross ings 
ve rsus a frac t ional sub s amp l e . 

b .  The t o t a l  numbe r  o f  acc idents was smal l comp ared wi th  the 
to t a l  numbe r  of c ro s s ings , and therefore a l l  ac c idents mus t be  
us ed for  the purposes  o f  this  analys i s . Neverthe l es s , the numbe r  
o f  acc i den ts was suff i c i ent t o  j us t i fy dividing them into two 
groups such tha t one could be used fo r h a zard index cons truc t ion , 
and the o t h e r  fo r val id a t ion . A l l  subdata b a s es we r e  fur ther  
b roken down by warn ing devi ce c l as s  for al l mode l deve l opment 
and t e s t ing . 

2 . 1 . 2  The EOC Descr ibed 

The EOC r e f e r s  to a l arge der ived d a ta s e t . A numb er o f  EOCs 
are g iven in App end ix C .  Ba s ed on Tab le  C - l of App end i x  C ,  t he 
i nformat ion c onta ined in an EOC i s  d e s c r ibed . The f i r s t  s i x c olumns 
g i ve EOe in formation p e r t a i n i ng t o  a g i ven haz ard i ndex ( l ab e l ed 
t here as  t h e  TSC mod e l , but  nume rou s  TSC mod e l s  arc represented in 
var i ous EOC s . )  Tab l e s  C - 2 through C - 1 3 have the s ame format as 
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that of Tabl e C-1. In this section the fo rmat refe r r ing to  Tahle 
<:-1 i� dC'�crihcd; hO\\c\'l'l'. the 11l0�t essential information in Table 
( ' - ' is p r e s e nt e d graphically in rigure E-9 . Thus , t he h o r i zontal  
axis of Figu r e  [-9 c o r r e s po nd s  t o  c o lumn 1 o f  Tab l e  C - 2 ,  and  the 
ver tic al axis c o r r e s po nd s  t o  column 4 o f  Tab l e  C - 2 . Fur t h e r  
in spe c t io n  of  Fi gure 1�-9 w i ll e nable one to und e r s t and t h e  EOC . 
Fo r examp I e , F igu r e  I> 9 s h ow s t hat wh e n  20 p e r c e n t  o f  t h e  c r o s s  ings 
:Ire scle c t e d  as mo s t  hazardous by the TSC mod e l , over 50 perc ent 
of the acc ident s occur at t hem . The t ab l e s  s how t h e  i�me i nfor­
mat ion (and o t h e r  in forma tio n) mor e  accurat e l y .  

Tahl e C - I w i l l now be c onside red . The tab l e ' s  f i r s t  co lumn r e ­
fe r s  to a g iven pe rc e ntage of the "non - a c c id e nt "  c ro s s i ng s . Th i s  was 
a s t ra i gh t  s ampl ing f rom the i nventory , and included bo t h  acc i -
de nt s and non - ac c i d e nts . Cons equent l y t h e  f i r s t  column i s  l ab e l ed 
II � C ross i ngs . "  The s i x t h  column (lab e l e d  "Ha z a rd I ndex")  g i ves 
the va lue o f  a r e l a t ive h a z a rd index f o r  th e l e a s t  h a z ardous non ­
a c c i d ent c ro s s i ng in t h e  group . Thus , column 1 gives the  percen­
tage of the  Ilnon- acc i dent"  cros s i ngs  '''hos e h a z ard index equaled or  
e x c e eded t h e  value g i v e n  in  column 6 .  S im i l a r l y , column 4 g i ves 
the pe rcentage of acc i d ents wh o s e  ( c ro s s ing)  h a zard index equa l s  
o r  e xc eeds  the  s ame va lue . Column 5 g i ves PF ( X % ) , whe r e  X perc ent 
is the value in column 1 .  Thus , column 5 i s  the r a t io of column 
4 to co lumn 1 .  Column 3 g i ves t h e  actual numb er  o f  acc idents  on 
wh i ch the  p e rc entage  in column 4 i s  based  ( c o lumn 3 and 4 are  
proport i o nal ) and column 2 i nd i c ates  the  increments  in  column 3 
( fi rs t d i fferences ) .  The next f i v e  co lumns g i ve t h e  s ame EOC 
in fo r mat i o n  on ano t h e r  h a z a rd i ndex -- the  New Hamp sh i re formu l a  
(based  on the  s ame d a t a  bas e ) . Th e res t o f  t h e  columns g ive in­
fo rmat ion for compar ing  the two h a z a rd func t i ons . Moving ahead to 
the 1 5 th  column , ent i t l ed  "CU�IMTCH" fo r cumu l a t ive matc h , one g e t s  a 
very impo r tant number . I t  t e l l s  h ow many o f  the  acc i dents counted 
i n  c o l Umns 3 and 8 (both  lab e l e d  "CUMIIACC " )  are  i dent ical , i .  e .  , 
how many matches  the r e  a r e . Thus , t h e  1 2 8 fo r t h e  s e cond ent ry in  
co lumn 15  means that of  the  144  ac c id e nt s  s e l e ct e d  by the  "TSC 
mode l ll and the 1 3 5 acc idents s e le c t e d  by the New Hamp s h i r e  mode l , 
1 2 8 we re ident ical , i . e . , inc l uded i n  both groups . (Al l t h i s  
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re fers t o  cros s i ngs s e l ec t ed w i th the I percent  mos t  h a z a rdous 
"non - accident"  c ros s i ngs - - for each mod e l  in turn . )  The cumu -
lat ive match i s  important , as  exp l a ined in  the CMR , becaus e i t  can 
be us e d  to con s t ruct  s ta t i s t i c a l  t e s t s  for the  s i g ni fi cance o f  the 
obs e rved d i fference  b e tween the two mode l s . 

The next - t o - the - I a s t  c o l umn (column 2 0 ) w i l l  now be cons idered . 
That numb e r  i s  the d i f fer ence between t he percent acc idents  for  the 
two mode l s , i . e . , the d i ffe rence between co lumn 4 and column S . The 
las t column ( c o l umn 2 1 )  i s  for t es t ing  the s t a t i s t i ca l  s i g n i f i cance 
of the given ob s e rved d i f fe rence . I t  i s  c a l led  the I t t  value , "  but 
i s  p roperly r e ferred to a normal d i s t r i but i on . Thus , a t value 
of about 2 means " s i g n i f i cant a t  the 5%  l eve l , "  and a t value of 
3 means " s i g n i f i cant at  the 0 . 5  percent l evel . "  (Of cours e ,  a t 
value o f  3 . 5 o r  4 wou l d  b e  ext remely s i gn i f ic ant . )  

Th e key cons i derat i on here i s  that the s i gni f i cance r e fers 
to  each row i n  the tab l e  s ep arat e ly , and does no t app ly if  the  row 
w i t h the  max imum value i s  s e l ec t ed by s e arch i n g  for i t . Howeve r ,  
whe n  the t value exc e eds  3 . 5 ,  i t  i s  a lways s i gni ficant . The 
r e a s on why TVAL = 3 . 5 i s  s tat i s t ical ly s i g n i f icant even i f  it i s  
the  large s t  TVAL a t  any o f  the 1 0 0  h a l f - percen t i l e s  i s  that the 
p robab i l i ty o f  g e t t i ng a s t andard no rma l dev i a t e  greater  than 3 . 5 
i s  0 . 0 0 0 3 3 , wh ich i s  l es s  than 0 . 0 5 even wh en mul t ip l i e d  by 1 0 0  
( a  very cons e rvat ive r eq u i remen t ) . 

The formul a  for the quant i ty "TVAL" i s  

wh ere  Ci deno tes  t h e  value i n  t h e  i th c o l umn ( s e e  t h e  CMR for 
d e r ivat i o n ) . 

The fo rmu l a  for TVAL i s  d e r ived i n forma l ly as fol lows : C 3 
( co lumn 3)  g i ves the numb e r  o f  acc idents  s e l ec t ed by the f i r s t 
fo rmu l a  (TSC) , wh i l e  Cs g ives the numb e r  o f  acc i dents  s e l e c t ed by 
the s econd fo rmu l a  (New Hamps h i re ) . Now C I S g i ves the ove r l ap . 
Thus , c; = C3 - C 1 5  g ives the acc iden� s s e l ec t e d  by TSC over and 
ab ove the common ac c id e nt s , wh i l e

,
C S = C S - C 1 5  g ives t�e s ame for 

New Hamps h i re . The var i ance in C 3 is  approx imately C 3 ' and that  
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, , 
i n  C s i s  approx ima t e ly C s (as  Po i s s on var i ab l es ) . The var i ance i n  
the i r  d i f fe rence i s  the va r i ance o f  the d i fference  o f  i ndependent 
ra ndom var i ab l e s  ( s i nce  the ove r l ap has been s ub trac t ed out) , and 

, , 
so the var i ance o f  C 3 - C s = C 3 - C S can b e  approximat ed by C 3+ C S - 2C l S ' 
Thus , the tes t o f  s i gni f i canc e for the comp a r i son o f  C 3 and C s i s  
b a s e d  o n  C 3 - CS/ IC 3+CS - 2C1 S '

. 
The other columns ( 1 2 ,  1 3 ,  1 4 , 1 6 ,  1 7 , I S , and 1 9 )  are de ­

s c r i b ed as fo l l ows : 

Column· 1 2 : s ame as co lumn 20  

Column 1 3 :  s ame as column 2 1  TVAL , except  that C I S  i s  s et 
to  0 

Column 1 4 : f i r s t  d i fferences o f  column 1 5  

Column 1 6 : column 3 m i nus column 1 5  

Column 1 7 :  column 1 6  expres s ed a s  a p e rc entage o f  a l l  acc i ­
dents  i n  the data bas e ( for the p ar t i cu l ar warn ing 
dev i c e  c l as s )  

C o l umn I S } . 
Co lumn 1 9  . s im i l a r  to c o l umns 1 6  and 1 7 , b ut for New 

Hamp s h i r e i n s t e ad o f  for TSC . 

No t e : Columns 1 2 ,  1 3 ,  1 4 , 1 6 , 1 7 , 1 8 , and 1 9  w i l l  n o t  be  
r e f e r red to further  in  th i s  r epo r t . 

Onc e again  attent i o n  shou l d  be  cal led  t o  the fact that Tab l e  C - l 
( l i k e t h e  o ther  EOC tab l e s )  was computed on  a spec i fi c  s ampl e d  
d a t a  bas e ( t lT e s t  D a t a  Bas e - - Cros sbucks " o f  T ab l e  F - S) . C e r t a i n  
columns (the  k e y  columns ) , howeve r ,  are  re ferab l e  t o  the ent i re 
da t a  base  o f  a l l  acc i dents  and a l l  cros s ings  (cros sbucks)  for 
1 9 7 5 . The universal co lumns ( e s t imates for any s amp l ed data 
b a s e )  a re 1 ,  4 ,  5 ,  6 ,  9 ,  1 0 , and 1 1 .  Thus , from c o l umns 1 and 9 

we s e c  that the 1 5 % power fac t o r  fo r the N ew H amp s h i r e  formu l a  i s  
3 . 3 2 i n  the  c ro s s bucks case . Th i s  means that  i f  one choos e s  the  
15  pe rcent mos t  h a za rdous pub l i c  cros s bucks cros s ings  (accord i ng 
to the New Hampsh i re formula)  throughout the Un i te d  States , one 
may expec t  that i n  a g iven pe r i od o f  t i me 4 9 . S perc e nt of the 
( c ro s s bucks ) acc idents  wi l l  occur at  thes e cros s ings . I n  part icul a r , 
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the powe r fac t o rs and the bas ic  EOC informat i on - - percent acc i ­
dents  versus pe rcent c ro s s ings a s  we l l  as the  r e l evant ha z ard 
index va lues - - are re fe rab l e to the ent i re 1 9 7 5  data bas e .  

2 . 2  HAZARD I NDEX CONSTRUCT I ON 

2 . 2 . 1  The L i near  Regre s s i on Approach 

With  the goal  o f  c on s t ruc t ing an  "opt i ma l "  haz ard index , t h i s  
s tudy i s , in  many ways , s i m i l ar to a r e g res s i on prob l em o f  f i t t in g  
a n  equat ion i n  s ever a l  " i ndepend ent" var i ab les  to ob s e rved p as t  
concom i t ant va l ues o f  the "dependent"  var i ab l e , and then us i n g  the 
re s ul t an t  equa t i o n  to p red i c t  future values o f  the dependent  var i ­
ab l e  whe n  o n ly the independent va r i a b l e s  are known . Such a t e ch ­
n i que i s  used , for examp l e , i n  real ty t ax a s s e s sment t o  e s t ima t e  
wh a t  a hou s e  woul d s e l l  fo r i f  i t  we r e  on  t h e  market , based o n  the  
cos t o f  s im i l a r  hous e s  wh ich have been  s o l d  recen t ly . (Such 
sys t ems h ave b e en used  and are b e ing adopted  by  commun i t i es i n  
va r i ous s t ates fo r dete rm i n i n g  tax val u a t i o n  based  o n  " fa i r  mar k e t "  
va l ue) . 

As us ed here , the dependent var i a b l e , a s  ob served i n  the past , 
is  the occurrence ( o r  numb e r  o f  occurrenc e s )  o f  an ac c ident i n  a 
g i ven t ime per iod . The pred i c t i on i s  on the r e l a t i ve l ik e l i hood 
of occurrence o f  an  acc ident i n  a future t ime p e r i o d . One o f  the 
mathemat i c a l  t echn iques  us ed is ident i c a l  in s ome respects  to  that 
used in  the tax a s s e s sment prob l em .  HOlvever ,  a l though the t e c h ­
n ique i s  i n  p a r t  ident i c a l  t o  o rdinary l inear  regres s i o n , a n d  the re ­
fo re permi t s  the  use  o f  a s tandard l i n ear r e g r es s i o n  packag e , the 
dependent var i ab l e  i s  r e l ated  to a "yes - no" s i tuat i o n , L e . , i s  i t  
o r  i s  i t  n o t  a n  acc iden t ?  I t  i s  no t s o  w i d e l y  known that  s uch a 
t echni que y i e lds  an i n d i c at o r  o f  the p robab i l i ty o f  an acc i dent 
fo r the g iven va lues of i ndependent va r i ab l e s . The theore t i c a l  
cons i derat i on s  w i l l  n o t  b e  cove red h e r e  ( s e e  t h e  CMR) , b u t  i t  i s  
w o r t h  ment i on ing t h a t  the p art icular  way the o rd inary regres s ion 
approach was used i s  equ i val ent to the F i s h e r  l i near d i s c r im i n an t  
techn ique . Spec i fi ca l l y , c l as s i c al l i near  d i s c r iminan t  funct ions 
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Th e p rcc i s c  fo rm t h a t  t h c  r e g r e s s ion  p rob l cm t akes i s : 

" K 
y , :: 1: X l' , k bk 1 k = l  

min imi z ing 

N "  2 1: (Y . - y , )  . I 1 1 1 = 

whcrc  X i , k rep resents  the nume r i c a l  value o f  the kth var i a b l e  
c v a l u a t e d  f o r  t h e  i t h c ro s s i ng . K i s  the number  o f  var i a b l e s  
cons i dc re d , and N t h e  numb e r  o f  c ros s i ngs  i n  t h e  s ampl e .  Y takes 
the value of 0 if  t h e r e  wa s no acc i de n t  ( in the t ime cons i dered) 
at  the i th c ros s ing , and it takes the value I i f  there  was an  ac c i ­
d e n t . The purpose  i s  t o  d e t e rm i ne t he bk s [ f� r the interval ( k  = 

1 , K ) J ,  wh i ch spe c i fy t h e  ha z a rd fun c t i on Y. Y i s  an  e s t imat e o f  
" 

t h e  a c c i dent p robab i l i t y at t h e  i th c r o s s ing . S ince Y can b e  l es s  
t h a n  z e ro and g r ea t e r  t han one , and i s  not a very good es t imate o f  
t h c  p robab i l i ty ( i t  may b e  t rans fo rmed i n t o  a much b e t t e r  e s t imate 
o f  t h e p robab i l i ty) , we cons i d e r  i t  a relat ive ha z a rd fun c t ion , 
i nd i c a t ing on ly r e l a t i ve p roba b i l i t i es . As s t ated p r evious l y , i t  
i s  a c l as s ic a l  d i s c riminant func t i o n . 

2 . 2 . 2  I t e ra t ed  We igh t ed Logi s t i c D i s c r im i nants  

Bes i d es the o rd i na ry r e g res s i on approach to h a z ard i ndex 
cons t ruc t i on (wh i ch , as no t ed ab ove , i s  a l s o  the F i s h er d i s c r im i ­
nant  fun c t ion  approac h ) , o t h e r  approaches  were us ed . The mos t 
i mport ant o f  the s e  techn iques , wh i c h  we re used  t o  cons t ruc t t he mos t 
v a l i d and us e ful mod e l s , was a part icu l a r i t e rat ive we i gh t ed r e ­
g re s s i on approach . S i nce  i t  f i t  a l o g i s t i c fun c t i on t o  the prob ­
ab i l i ty o f  acc ident , i t  was c a l l ed the " l og i s t i c  d i s c r iminant 
approac h . "  I t e rat ive we i gh t ed regre s s i on has  become the s ub j e c t  
o f  mu ch i n t e re s t  i n  r e c e n t  y e a rs , but , fo r th e connect i o n  to  l o g i s ­
t i c d i s c r im i nants  (as used  i n  th i s  s tudy) , the reader i s  r e fe rred 
t o  the CMR , as  one cannot  do j us t ice  t o  the s ubj e c t  here . Log i s t i c  
d i s c r imi nan ts  h ave been ava i l ab l e  fo r many years . The c l ass i cal 
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approach w i l l  be  found in  Cox (Reference 6 ) . Howeve r , the appro ach 
u s e d  h e re is better  desc ribed by re fere nce to robus t and i terat ive 
we i gh ted regres s ion  technique s ; th e s e  cons i d erat i ons are we l l  
d e s c r ibed i n  Mos t e l l e r  and Tukey ( Reference 7 ) . The part icul a r  
appr oach us e d  h e r e  a n d  i t s  j us t i f i c a t i o n  can , as  f a r  as can b e  
determined , be found only i n  the CMR . The s a l i ent features which 
d i s t ingu i s h  it from ord i nary l og i s t i c d i s c r iminant analys i s  become , 
i n  th i s  conte xt : 

a .  Th� ab i l i ty to  put the ma j o r emphas i s  on correc t ly i dent i ­
fy ing the h i gh h a z ard cros s i ngs . 

b .  " Robus t ne s s "  and " res i s t ance" - - techn i ca l  te rms fo r 
i mportant qua l i t i e s  i n  regre s s i ons . I n  th i s  cas e ,  the bene fit  i s  
that the l o g i s t i c  mode l doesn ' t  have t o  h o l d  exact ly for the e st i ­
mates o f  the h a zard funct i on to be  val i d , and a l s o  e r rant data 
po i nts , i . e . , those i n  s t rong d i s agreement wi th the others on  the 
model p a ramete rs , have smal l e ffect . (These  po ints  are de a l t  w i th 
mo re comp l e tely  in  the CMR . )  The vers ion o f  l o g i s t i c  d i s c r iminant 
analys i s  u s ed h er e  is espec i a l ly s u i ted to th i s  p rob l e m .  

What then i s  l og i s t ic d i s c r imi nant ana ly s i s ?  I t  h a s  b e e n  
noted i n  t h e  s t at i s t i c a l  l i t e rature that t h e  l o g i s t i c  funct i on i s  
a good mode l for t h e  probab i l i ty o f  an  event whe n  expre s s ed as a 
funct i o n  o f  a n umb er o f  va r i ab l es i n  a fa i r l y  w i de var i ety o f  
cases . Such an  argumen t i s  often p r e ferred b y  s ome s tat i s t i c i ans , 
even whe n  i t  i s  very un l i kely that the "w i d e  var i e ty o f  cas e s "  
cove rs the c a s e  a t  h and . Th e s imp l e  fact r ema ins  th at the l o g i s t i c 
funct i on , o r  l o g i t  func t i on , has  s ome u s e fu l  p ropert i es . Log i s t i c  
d i s c riminant fun c t i ons  are d i s c r imi nant fun c t i ons , i . e . , h a z a rd 
indexes , wh i ch are lo g i s t ic funct ions o f  l i near  comb i nat i ons o f  
the independent var i ab l e s . The lo g i s t i c fun c t i on i s  s imp ly : 

H eh)  = � + � tanh (h)  = 
I 

I 
- 2h + e 

Log i s t i c d i s c r im i na t ion i s  the s e e k ing o f  coe f f i c i ents  bk such 
that : 
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h . = E bk X . k 1 k 1 ,  

where X .  k i s , as i n  o rdinary regres s ion , the kth character i s t ic 
1 ,  

o f  the ith cross ing . The coe ff i c i ents are to  be cho s en s uch that 
11 (h)  is  a good ab s o lute ha zard index , i . e . , H (h i ) accurately e s t i ­
mates the probab i l ity o f  acci d ent fo r the i th cro s s ing . I f  the 
p robab i l i ty of acc i dent is  cons i de rab ly l e s s  than 1 ,  the p rob ­
a b i l i ty o f  acci dent i s  equal to the expected numb er o f  acc idents 
du r i ng the s ame t ime p er iod . 

S i nce H ( h) i s  a good ab solute  h a z a rd func t i on and H i s  a 
s t r ictly i ncreas ing func t i o n , th i s  means that h i s  a good r e l at i ve 
h a z a rd funct ion . The s t atement "h i s  a good r e l a t ive h a z ar d  func ­
ti on" ( "ha z a rd func t ion" is  synonymous w i th "haz a rd index") means 
that if h i > hj ' then c ro s s ing i has greater acc i dent h a z ard than 
cros s i ng j ,  or the e xpec ted numb er of accidents is h i gher  at 
cros s ing i than at  c r o s s ing j ,  or th e probab i l ity of an acc ident 
is  h i gh e r  at cross ing i than at c ro s s ing j .  

I t  is  important to  note that to get  a good r e l a t ive h a zard 
i ndex i t  is  necess a ry to con s t ruct a good abso lute hazard index , 
i . e . , predicted accident frequency . Th i s  fact l e ads to the u s e  o f  
the log i s t ic d i s c r imi nant ana lys i s , s ince the  logi s t ic funct i on 
has p rope r t i e s  wh ich make i t  a s u i t ab l e  foundat ion fo r an  abs o lute 
h a z ard funct i on .  The chief p ropert i es wh ich mak e i t  a reas onab l e  
func t ion to  " shape" a l inea r haz a rd index into a funct ion which 
g i ves p rob ab i l i ty o f  acc ident are : 

a .  I t  i s  s t r i c t l y  increas ing . 

b .  I t  does not go b e l ow z e ro o r  above one . 

c .  I n  the " t a i l s , "  i . e . , fo r very l arge o r  very sma l l  values 
of the hazard index , it  app roaches i t s l im i t  ( e i ther  0 
o r  1 )  exponent i a l l y . 

The actual cons t ruct ion o f  a logi s t i c  d i s c r iminant type 
h a z a rd func t ion or h a z ar d  index is  des c r ibed  in Appendix A .  
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2 . 2 . 3 I la z ard Func t i on Deve lopment and Va r i ab l e  Selec t ion by 
Synthe s i s  of  Regres s i on and EOC Techn iques 

Th e bas i c  pr i nc i p l e s  used in  ha z ard fun c t i o n  deve l opment  and 
var i a b l e s e l e c t ion  are ab out the s ame , whe ther the deve lopment i s  
based  on an ord i nary l i near regre s s i on o r  o n  the i terat ive we i ghted 
ve rs ion des c r ibed i n  sub s ec t i on 2 . 2 . 2  and Append ix A .  The p ro c e ­
dure for the o rdinary l i near regre s s i on case  is  cons i dered f i rs t .  
F i gure 2 - 1  wi l l  as s i s t  the reader i n  fo l l ow i ng th e d i scus s i on 
b e l ow ;  however ,  i t  mus t  b e  kept i n  mind that the f i gure describes  
the  p roce s s '  us i ng the log i s t i c  appro ach and  not s tr a i gh t  l inear  
reg res s i on , wh i ch w i l l  b e  d e s c r ibed f i r s t . The  fu l l  proces s , i n ­
cluding  the l og i s t i c  appro ach , w i l l  b e  out l i n ed immed i a t e ly after  
th at . 

2 . 2 . 3 . 1  L inear  Case  - - The fundament a l  un i t  o f  s ea rch o r  research 
is a s t epw i s e  regres s i on fo l l owed by an emp i r i c a l  ope rat ing charac ­
t e r i s t i c  (or  power fac tor)  c a lculat i on .  A "vari ab l e  poo l "  o f  from 
2 to about 3 5  raw and derived var i ab les  is s upp l i ed to the s t ep ­
w i s e  regres s i o n . Th i s  i s  a s e t o f  charac t er i s t i cs  o r  vari ab l e s  as 
quan t i f i e d  i n  the cros s i ng inventory and pe rhaps t r ans formed by 
s ome fun c t i on . For examp l e , log  C and l og T have been p revious ly 
me nt ioned as pos s i b l e  va riab l es . ( Rec a l l  C = AADT = average da i ly 
veh i c l e  volume , and T = ave rage da i ly t r a i n  vo lume . )  " I s  the  
h i ghway p aved ? "  yie lds a va r i ab l e wh i ch i s  0 for  unpaved , 1 fo r 
paved . " Popu l at i on" i s  an other var i ab l e  ( s e e  Appendixes B an d  D 
for defin i t i on ) , as i s  " func t i onal c l a s s  o f  road , II and I 'numb e r  o f  
hi ghway l i n e s , "  " numbe r  of ma i n  t racks , "  " numbe r  o f  swi t c h  trains , "  

. 

e t c . De r i ved var i ab l e s  inc lude log  C ,  log  T ,  log  C x l og T ,  " h i gh -
,.,ray paved "  ( 0 , 1 ) t i mes " nearby i n t e r s e c t i ng h ighway" (0 , 1 ) . The 
l a s t  var i ab l e  i s  determined by the pro duct  of a var i ab l e  wh i ch i s  
o o r  I depending on whe ther the h i ghway i s  paved , t i mes another 
va r i a b l e  wh i ch i s  0 o r  1 depending on whether  there i s  a nea rby 
i n t e r s ect ing h i ghway . I f  1 r epresent s  "ye s "  i n  both  cas e s , the 
resu lt  wi l l  b e  0 in  a l l  cas e s  e xcept the one in wh i c h  both the h i g h ­
way is  paved and the r e  i s  a nearby i n t e rs e c t i ng h i ghway . C l e ar ly , 
an i n f i n i t e  numb er o f  der ived var i a b l e s  can b e  generate d . The 
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va riab l e s wh ich can b e  genera t ed from func t i ons o f  C (average 
da i l y  veh icu l ar traffic)  and T (ave rage da i ly t ra i n  t raffic)  are 
what are cal l ed vo lume var i ab l es . Thus , C ,  T ,  log  C ,  l og T ,  and 
l o g  C • log T ,  e t c . , are a l l  vo l ume var iab l e s . As i s  no ted b e lOW , 
vo l ume variab les  we re found to be the ch i e f  det erminants o f  ha z a rd 
funct ions . Thus , it  might be hoped that s imp l e  func t i ons o f  the 
o t h e r  va ri ables  woul d be su ffic i ent when comb ined w i th op t imal  
vo lume func t i ons . Bas i ca l ly , if  a non - vo l ume variab l e  were needed 
in  the h a z ard index , the raw form s hou l d  s uf f i c e  when an opt ima l 
vo l ume func t i on was al ready con tai ned in the regres s i on . Thus , 
th e s t epwise  regres s i on s  were p r imar i l y o f  two types . 

1 .  A regres s ion con t a i n i ng di f fe rent vo lume func t i ons in  
o rder t o  find an  opt imum vo l ume func t i o n . 

2 .  A regres s i on i n  wh ich a "pre - op t imi z ed "  (vo l ume only)  
func t i on was i nc luded in the var i ab l e  pool  as we l l  as 
non - vo l ume va ri ab l e s  (vo l ume var i ab l e s  were a l s o  i n ­
c l uded to t e s t t h e  opt ima l i  t y  o f  t h e  volume only fun c ­
t i on) . 

A s t epw i s e  regre s s ion s e lects  the vari ab l e s  one a t  a time 
from the variable  pool  accord i ng to how much each var i ab le adds to 
the " goodne s s  of f i t "  of the  regres � i on to that  point . There fore , 
the s t epwi s e  reg res s io n  was run for s everal  s teps , add ing more and 
more var i a b l e s  into the regres s i on .  Late r , the resu l t s  were e x ­
am ined to see  a t  wh i ch s t eps t h e  var i ab l e s  e n t e r i n g  t h e  regres ­
s i on made a "s ign i f icant " contr ibut ion accordin g to  their  " t 
va l u es . " The t values , as  p r in t ed out by  the  r egre s s ion package , 
are not d i rect l y  interpr e t ab l e  in t erms o f  predict ion capab i l i ty . 
The r e fore , an emp i r i cal  operat ing charac t er i s t ic ( EOC) had t o  b e  
c a l c u l at ed fo r s e l ec t ed st eps o f  t he s t epwi s e  regress i on . Fo r 
examp l e , a ft e r · runn ing 1 5  st eps o f  a st epwi s e  reg r e s s i on ( a f t e r , 
wh ich  1 5  var i ab l es had been inc luded int o t he regre s s ion) , an EOe 
m ight be run for each of s t ep s  8 ,  9 ,  1 0 , 1 1 , and 1 2 , s ince  after 
s t ep 1 2  t he t va l u e s  ind ic ated that t he r e g r e s s ion was not b e ing 
con t r ibut ed to  s ign i f icant l y . 

2 - 1 3  



I f  the t va lue indicates  no s i gni ficant contr ibut ion t o  the 
regres s ion , for examp l e  t < 3 ,  then i t  may s afely b e  as s umed that 
the furthe r var i ab l e s  wi l l  add nothing to  the  accident pre d i c t ion 
capab i l i ty ,  s ince the t values are bas ed on  the regres s i o n  c r i t er i ­
on ( i . e . , l e a s t  squares ) .  I f  the t va lues are  s ma l l, the regres ­
s i on is n ' t  be ing hel ped ( i n t e rms o f  min imi z ing the s qu ar e  e r ro r )  
and s i nce the regre s s ion c r i t e r i on i s n ' t  be ing h e lped , i t s  us e i n  
another  connec t ion ( acc ident p redict ion)  won ' t  b e  he lped e i the r . 
Howeve r ,  the converse  i s  not , i n  genera l , true : a vari ab l e  can 
cont r i bute s i gni ficant ly to  th e regres s ion , i . e . , t o  lower the s um 
of  the squares o f  the re s i dua l s , w i thout contributing  to  the pre­
d i c t i ve pow� r o f  the resul t ing h a z a rd index . For a measure of 
the l a t t e r  feature the EOC i s  ne eded . Thus , from the  EOCs a t  a 
numb e r  of  s t eps , the b e s t s tep i s  s e l ec t ed , and the resul t i s  a 
h a z a rd funct i on for fur ther  analys i s , compa r i s on , o r  even for u s e  
i n  further  cons t ruc t ions . Thus , fo r e i ther  vo lume o r  non - vo l ume 
( c omp rehens ive)  regre s s i ons , the  reg res s i o n  mus t  be fol l owed by 
one or more EOCs (power fac t o r  tab l e  or p l o t ) . 

I n  us ing  EOCs for mode l deve lopmen t ,  the  EOC s  for s e l e c t ed 
s t eps in  a regre s s i on o r  for the b e s t  s t eps from a numb e r  o f  
regre s s ions a r e  comp ared . The c r i t e r ion i s  t h e  numb e r  o f  acc i ­
dents  i nc luded i n  the h i ghes t h a za rd g roup s , wh ich inc lude 5 p e r ­
cent to  2 5  percent o f  the non - accident cros s ings . I n  other  wo rds , 
the 5 % , 5 . 5 % ,  6 %  . . .  2 4 % , 2 4 . 5 % ,  2 5 %  powe r factors a r e  comp ared 
( PFl o r P F 2 ) . I f  two h a z a rd funct i ons from two di ffe r en t  s teps o f  
one regres s ion  o r  from two di fferent regres s i ons  i n t e r twine the i r  
EOCs , i . e . , i f  they a l t e rnate s everal t imes i n  wh ich one has  the  
h i gh e r  power fact o r  ove r thi s  who l e  range  of  5%  to  2 5 % , then  they 
may b e  cons i de r ed rough ly equ iva l en t . But  if  one  has h i gh e r  power 
fa ctors fo r mos t  o r  a l l  t h i s  r ange ( and subs tant i a l ly h igh e r  at  
s ome p o i n t s ) , then that one  is  t o  be cons idered tentat ively i dent i ­
f i ed as a s up er io r  h a z a rd fun c t ion . N o t i c e  tha t  i n  general  the  
reg res s i on  s ta t i s t i cs  are no t suff i c i e n t  to  make th i s  d i s t in c t i o n . 
I n  other words , the  t values , mul t ip le corr e l at i o n  coeffici ents , 
and F values do not p o i n t  to  the b e t t e r  h a z a rd fun c t i on excep t  in  
a general  way . In  a gro s s  manner they do - - o therw is e ,  regres s i on , 
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and especially s tepwis e  regres s ion , would be us eless  - - but the 
regress ion s tat istics do not rel i ably tell  the whole  comparison 
s tory . I f ,  o f  two regress i ons , one has a much better  mul t iple  
correl at ion coeffici ent than another , then the one with the higher 

corre l at ion coefficient wil l  probab ly have the better hazard func ­

t ion , but only the EOCs can enab le one to make the final decision . 

The result of  this is that many regressions mus t be run and 
their EOCs checked at a number of s t ep s . S ince the EOCs are more  

t ime - consuming and cos t ly to p roduce than regress i ons , this leads 

to a mo re cos tly and time - consuming p rocess than i f  all  information 

were contained in the regress ion s tat is t ics . 

Of the various ways of ensuring external va lidity of the 
. model s  (hazard funct i ons ) produced ,  one o f  the s implest  has been 

chosen . Two s ep arate data bases have been deve l op ed dis j o int 

and created under s tat istical ly ident ical condit ions . This  was 

done by dividing the accident crossing set  into two equal parts 

and adj o ining a s eparate fractional sample  of the non- accident 

cross ings * to each . The detai ls  are described in Appendix F .  

Although thi s  was done in different ways at d i fferent s tages o f  

s tudy , the dis cus s ion is  s impl ified by referring to the two sepa­

rate data bases as data bas e A and data base B which were s eparat e , 

dis j o int , independent , but identical ly created from a s tatis tical 
point o f  view .  The idea is  to create hazard fun ctions on one data 

b as e , and test or val idate them on the other . The origina l p lan 

was to  do both regress ion and init ial se lection on one data base 
and final select ion on the other . But s ince the EOCs are cost ly 

t o  run , it became apparent that the test ing had to be speeded up ; 

t he eventual procedure , then , was to run all  regressions on one 

data bas e  ( for example , dat a base A) and all  EOCs on the other 

dat a base (dat a base B ) . Thus , every power factor is , in effect , 

a "validat ion . "  Th is we akens the ult imate validat ion of the mode ls 
.� " 

us ed here , because some of the selection process  was carried out 

* 
A random cros s ing from the cross ing data bas e  is  cons istent ly 
referred to  as a "non - acci dent cross ing . "  Whether or not it  
experienced an acc ident is  not determined .  See also  Sect ion 3 .  
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on the "val idat ion data base . "  The amount of weakening is , how­

eve r ,  far less  than i f  the regress ions were also  done on that data 
bas e .  Since the data bases  are quite l arge , the weakening s houl d  
be  s l ight . I f  time permits , the crucial s teps o f  final regress ion 
and tes ting should be  repeated , reversing the roles  o f  the two 
data bases . 

2 . 2 . 3 . 2 Logis t ic Case - - The procedures o f  s tepwise  regression 

alternated with EOCs (power factor tables or  plots)  when ordinary 
l inear regress ion is used has been described above . When i terat ed 

weighted regres s ion , i . e . , l ogis tic d iscriminant function cons truc ­
tion ,  is  us ed , the procedure is  very s imi lar except the stepwise  

regress ions must be  it erated s everal times . With reference again 
to Figure 2 - 1 ,  the whole p roces s is  discus s ed with the logistic , 
iterat ive regressions used . Figure 2 - 1  represents something of  a 
s imp l i fication , becaus e the process is  not quite so  formal as 

depicted there . The s teps there we re carried out many times , and 

much e ffort was spent in trying to find better funct ions and 

comb inat ions . This  is indicated to a degree by the dotted flow 

arrows . As this process is  now discus s ed , Fi gure 2 - 1  s hould be 

referred to frequent ly . 

Typical ly , a certain small  group of vo lume variables  - - e . g . , 
10g (T+l ) , 1 0g (C+l ) , log (C+ 1 ) X  10g (T+ 1 ) , [ 10g (C+ l ) ] 2 , [ log (T+1 ) ] 2 , 

see  Section 3 for details  - - is  run through a complete iterated 

regress ion . Any terms wi th small  t values are dropped , and the 

iteration cont inued until  conve rgence is  achieved . The resultant 

hazard funct ion has an EOC run on it , and its  performance as com­

pared to the New Hampshire formula is  tes ted . (One warning devi ce 
clas s  is worked on at a time , i . e . , the whole  procedure , as de ­

scribed in this section , is done s eparately on each �arning device 

class and repeated three t imes for three warning device classe s . )  

At that po int , it  is  determined whether any of the other 
s imp le volume terms used wi ll  enter a stepwise  weighted regres s ion 
with s igni ficant values . It is  important to note  s everal key 

points : 
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a .  The hazard funct ion at this point could be  cal l ed 9 0 -
9 5  percent complete  i n  terms o f  its  performance . 

b .  Becaus e o f  point (a ) , the t value s  for sma l l  groups ( 1 , 2 ,  
etc . )  of  variab l es which were then entered into the 

"select ion" regre s s ion (with the primary volume hazard 

function as one variable )  were indications of the true 
t values of thes e variab les . 

The use o f  t values to guide the choice o f  new vari ab l es for the 
regress ion (which is  how s tepwi se  regress ion works ) is  prob lemat ic 

in ordinary l inear regress iQn , and even more so  in the iterat ive 

we ighted (non- l inear) case , s ince the t values are not even cor­

rect e stimates o f  the uncertainty in the coefficients any more . 
However , as j us t  noted , they are s omewhat indicative of  the pre­

cis ion and s tatist ical s igni ficance o f  the corresponding coeff i ­

cients bk • They wi l l , i n  general , b e  overest imates of the true t 

values , i . e . , the t values as output by the l inear regress i on 

routine wi l l  in general overes t imate  the true t value which would 
b e  obt ained i f  the e stimated coefficient were divided by a good 

es timate of its s tandard error . Us ing more s ophis ticated methods 

(c f "j acknifing , "  Reference 7 ) , one can calculate an estimate of  

the true covariance matrix , and thus , the true s tandard errors of  

the bks (regress ion coeffic ients)  can b e  calcul ated in  the  i terated 
case . This s tep has been bypass ed in order to  focus the ava ilab le  

t ime and resources on a wide exp lorati on of regress ion equati ons 
and tests  of these equations . The as sump t ion is  that the " linear" 

t values  can serve as a crude guide , letting the Eoe be the final 

arbiter of which variab les add to the predictive p ower of the haz ard 
func tion .  

I n  contradi stinction t o  the above less - than -wi shed- for s tate 

of affairs , i t  should be ' noted that what are cal led "se l ection 
regressions " are run wi th a nearly opt imal 'hazard index determining 
the weights . Furthermore , they are run only once , and are thus 

"semi - l inearized . "  I t  is pos s ible  to run such a regress ion that 

the regress ion s tatistics (t  value s , e tc . ) are essentially true con­

ditional ( intermedi ate) values . Since the selection regress ion 

is  us ed to select var iables , it can be run in the s tepwi s e  mode , 
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and the near val idity o f  t values and other regress ion s tatis t ics  

is  especially fortunate . The point  is  that the t values in the 
s elect ion regress ions have very close  to true val idity (con-

ditioned on the volume hazard index) , and th is is  j us t  the s ort � 

of thing des ired for the s election regre ss i on .  

As has been noted , a "bes t  volume function" i s  found first 

us ing the iterative procedure described above . An additional iter­

ation can be run us ing the resulting h in  a polynomial . Thi s  s tep 
will  be described in Secti on 3 .  When the vo lume funct i on has been 

improved , a new weighted stepwi se  regress ion is run in wh ich non­

volume terms are allowed to enter ( selection regress ion) . Some 
vo lume terms are included in the variable  p oo l , so that i f  the 

vo lume function is not completely opt imi z ed , they wil l  b e  p icked 
up early . They may be picked up at later s teps to compensate or  

adj ust for the e ffects of non-vo lume variables  which have already 

entered . Each of the non-vo lume variab les us ed is based on a 

s ingle variab le in the cross ing inventory . Since the volume p ar t  

of the funct ion i s  s o  important , i t  was f e l t  that non- vo lume terms , 

which add l i ttle  to the function , could be expected to make the ir  

contribut ion as  s ingle  var iables , i . e . , no  cross  products . 

Sections 3 and 4 show the j us t i fication for this . 

The s tepwis e  regress ion s elects non-volume variables from a 

l arge variable  pool . They are selected , o f  cours e ,  by the t 
values . These  t values may be expec ted to be  rough to good indi­
cations of which var iables  to selec t  as  indicated above . The key 

to the procedure is  that the stepwise  procedure is cut off at a 

very high t value , and the variab les s e lected at that s tep are 

then to be us ed in a final iterat ive , regress i on .  The s tepwise 

regress ion j us t  described is  of  the we ighted type with U (h)  and 
V (h) ( see Appendix A) determined by the h for the best  volume 

regress ion cal led V (C ,T ) . From this po int , the final i terations 

us e the volume function V (C ,T)  as one of the variab les along with 

the non -vo lume vari ables  (and any additional volume var iables )  

se lected in  the stepwi se  select ion regres s ion j us t  run . 
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S evera l s ets  o f  var i ab le s , a s  chos en a t  di f ferent s t eps  o f  
the s e l ect ion regre s s ion , are run through the i terated regres s ion . 
E ach i s  run through s everal s t eps unt i l  convergence o f  a comp re ­
hens ive (vol ume and non-vo lume ) hazard index i s  achieved . EOC s  
are  run o n  e ach , and the bes t i s  s e l ected a s  the final h azard 
index for t he g iven warn ing device c l as s . 

2 . 3  EXPECTED ACC I DENT FREQUENCY (ABSOLUTE HAZARD I NDEXES)  

2 . 3 . 1  from Lo  i s t ic D i scriminants 

As  noted e ar l ie r ,  the p rimary intere s t in comp aring hazard 
indexes i s  t o  determine the i r  r e l at ive ab i l i ty to  s el ec t  hazardous 
cross ings - - that i s , to comp a re them as r e l a t ive h a z ard indexe s . 
Once a good r e l at ive ha z ard index i s  determined , i t  c an b e  con­
verted to an ab s o lute ha z ard inde x . Present ly i t  wi l l  b e  shown how 
t o  get  an ab s o lute ha z ard index from the ana ly t i c  e xpres s i on for 
the p ower factor curve . I n  addi t i on ,  the l o g i s t i c  discr iminant 
p rocedure p roduces ha z ard indexes which a re immediat e ly inter­
pretab l e  a s  abs o lute ha zard indexe s . Thi s is  becaus e H (h )  = 
1 / 1 + e - 2h gives the p robab i l i ty o f  the cros s ing b e ing an acci dent 
cros s ing . (One nee ds to reca l l  that h is any of the HI s of p ara ­
grap h  B . S o f  App endix B .  I t  i s  a r e l at ive ha z ard index . The value 
1 0 , 0 0 0h is  the value indicated by the numbers in  column 6 of 
Tab le s  C l - C6 , the HAZARD I NDEX column for the TSC mode l . )  Bec au s e  
the "non- acc i dent data" bas e w a s  r ea l ly a s traight s amp l e  o f  the 
inventory , and s ince the " acci dent cross ing s "  f i l e  had e ach cros s ing 
r epeated  for e ach acc i dent occurring a t  the c ros s ing (p roportiona l 
repres entation)  this r e s u l t s  in  the e s t imate  o f  the frequency o f  
acc ident s p e r  year a t  a cros s ing a s : 

C lH 2h C l-ll o r  I e 

The quant i ty h x 1 0 4 is  the quant i ty t abulated under "TSC MODEL ­
HAZARD I NDEX" in Tab l e  C - l , etc . The cons t ant C l i s  dependent 
on how many acc ident cross ings ( accident s )  and how many c ro s s ings 
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were s e l ected for the s ub data  bas e versus the s ame ratio  in the 
t o t a l  dat a b a s e . I f ,  for the g iven warn ing device c l as s , there 
we re M t o t a l  accident s  ( in t he 1 9 7 5  accident fi l e )  and N t o t al 
cro s s in g s  whi l e  in the sub data b a s e  used fo r creat ing the haz ard 
index , there we re m total  " acc ident cro s s ings " and n tot a l  s amp l e  
from the inventory L e . , "non - accident cros s ings , "  then : 

_ M n C l - N m r .  

The quant i ty r i s  a s c a l e  factor wh ich takes into account 
that no t a l l  acc idents occurr ing a t  pub l ic grade cros s ings in 1 9 7 5  
were represented i n  the accident data base  used here . The reas on 
for this  l ack o f  total  repres entati on i s  tha t s ome o f  the acci dent 
r ecords cou l d  not be l i nked t o  the cross ing r ecords b ec aus e of 
miss ing or i nva l i d  cros s in g  i . d .  info rmat i on . Wi th 8 , 0 2 8  acci dents 
repres ented in  the dat a  b as e , and with a tota l o f  1 1 , 3 5 0  acci dents 
at  a l l pub l ic grade cross ings in 1 9 7 5 , one can s c a l e  C1 by the facto r 
r = 1 1 , 3 5 0 / 8 , 0 2 8  to arrive a t  a f ina l s c a l e  fac tor for convert ing 
e 2hTSC into e xpected acc ident frequency in 1 9 7 5 .  Tab l e  2 - 1 g ives 
the value s of M ,  N ,  m ,  n ,  and C l for e ach warning device c l a s s  
con s idered . 

TABLE 2 - l .  FACTORS FOR ABSOLUTE EXPECTED ACC IDENT FREQUENCY 

Warn ing Device 
C l a s s  M N m n r C l 

C ro s s bucks 3 , 9 6 9  1 4 1 , 4 7 7  1 , 9 8 5 2 0 , 1 8 8  1 .  4 1 4  0 . 4 0 3  
F l as h i ng 
L i ghts 2 , 6 5 0  3 3 , 9 6 9  1 , 3 2 6  1 3 , 2 5 0 1 . 4 1 4  1 . 1 0 
Automat ic 
Gates 7 0 7  1 1 , 9 8 3  3 5 4  3 , 5 3 5  1 . 4 1 4  0 . 8 3 3  

Thus , ha zard index h g ives r i s e  to  the absolute h a z ard 
index c l e 2h as an e s t imate of  the expected yearly accident fre ­
quency at the cros s ing . The s tat i s t ical  measures o f  goodne s s  o f  
a probab i l ity e s t imate a r e  not a lways enl i ghtening , and s o  one s ee ks 
to  cons t ruct a direct ( i f  crude )  e s t imate o f  th i s  p robab i l i ty 
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function against  which to check the ha zard index . One s uch esti ­

mate is  to base it  on the relative numbers of increment al accidents 
in  e ach I -percent interval . Figures B - 2 , etc . , show p lots of 
frequency of  accident , f (h )  = c

l e 2h • versus the above crude empiri ­

ca l e stimate for the TSC comprehens ive model s  for crossbucks , 

flashing l ights , and gates . The scatter o f  the emp irical estimates  

is  to b e  expected , and does  not  reflect a fluctuation of  the true 

value . The t rue value should cut through the center  of the scat ­

ter , and s o  a rather good fit  is  observed . Section 4 . 3  wil l  

discus s these  plots i n  detai l .  

2 . 3 . 2  Ab solute Haz ard Indexes Bas ed on Power Factor I nformat ion 

I t  has been noted that the BOC and power factor information 

is  us eful  for comp aring hazard, indexes on a re l at ive bas i s , i . e . , 

to  assess  their  efficiency in ranking cross ings for relat ive 

hazard . Bvery abs olute hazard index is a relative ha zard index , 
and so  absolute and relative hazard indexes can b e  comp ared with 
each other , all on a relative bas i s . In thi s s ection the new 

hazard index const ruction techniques employed have been 
discussed , and the ultimate technique s  result in absolute  haz ard 

indexe s (the TSC models yield  an est imate of expected acc ident 

frequency per year ) at each cross ing . Section 4 . 3  exhibits  the 
results of such estimates , and gives an indicati on of how accu­
rate they are . 

I t  i s  a property o f  mos t  hazard indexes previous ly given in 

the l i te rature that they are poor estimators of abs o lute hazard , 

although they may not b e  poor estimators o f  relative ha zard . 

(Some of  the Coleman - St ewart model s  are poss ibly exceptions . See 

Secti on 4 . 3 . ) Therefore , a technique for deriving abs o lute haz ard 
indexe s from re lative one s has been deve loped . As noted above , 
the new haz ard index construct ion technique used in this proj ect 

yields direct ly an absolute hazard index . Consequent ly , the 
method given in  this s ubs ecti on i s  primari ly to convert  other 

relative haz ard indexes into abso lute  haz ard indexes . 

I f  the power factor as a function o f  percentage o f  cross ings 
is denoted by p e A ) , where A is express ed as a fracti on rather than 
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as a percent , i . e . , A = percent cross ings more hazardous / l O O t , 
and p e A )  is the powe r factor at that percent (or fract ion) , then 
an analytic express i on may s omet imes be found which approximates 
this relat ion . Thus (see Section 4 ) , to  s ome degree of  approxi - 4 

mat ion , log p =  a ( log A ) a (where a and a are cons tants )  can be used 

to represent the power factor funct ion . The key fact is  that i f  
an analytic representation for p e A )  can be  found , then , whatever 
the form , an express ion for the expected accident frequency , f ,  

can be found . One needs to remember that the expected accident 

frequency (number per year) f is what is called an absolute 
hazard index . I f  p eA )  is the power factor as a function of pro -

portion of mos t ha zardous cross ings , then : 

f = C 2 P (1 

C 2 = M FJ" r 

where , 

M = total 
N = total 
r = scale 

+ d l og p) d log A = C P (l + log P 
2 ·  log A 

number o f  accidents in  data 

.d log l og 
d log log 

base which 
number of  cros s ings in the data base 

�) 

P 

factor (see Section 2 . 3 . 1  and Table  2 - 1 ) . 

represents 

This express ion is exact and wi l �  give an exact absolute hazard 
index f unless  the express ion p eA )  does not adequate ly expres s the 

relat ion of power factor to percent (proportion) of cross ings . I f  

log P � a ( log A ) B , then d log log p/d log lQg A � a ,  and s o  
f � C 2 p [ l + ( l og p/log A )  B l . * *  

Sect i on 4 shows that an express ion o f  this form (with B cons tant) 

for f gives sati s factory estimates  of acc ident frequency (absolute 

hazard index) in cas es of interes t .  

The express ion A log log piA log log A can be evaluated over 

short ranges in the EOC table ,  so that , in effect , a is not a 
cons tant . This pos s ib i l ity is  mentioned for l ater analys is , s ince , 

although the behavior of A log log p i A  log lo� A for 1 / 2 - p ercent 

interval s  for one data base  is exhibi ted (see  Tab le C - 7 ) , the form 
( * * )  wi th B cons tant is  adequate for the pre s ent purposes . 
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(Note : Up to this point the me thqdol ogy has been explained ; for 
the resul ts , refer to Section 4 . )  

The use of the express ion (* * )  to determine f requires an 

EOe t ab le in which f can b e  calculated as a funct i on of raw 
.. 

(rela t ive ) ha zard index . As ha s been noted , for each 1 / 2  percent 

increment in crossings the hazard index (New Hampshire)  h has been 

tabulated (in Tabl e  C- l and other tab les o f  that format ) in column 
1 1 ; in column 1 0  the power factor , p ;  and in column 1 the (cumula ­
t ive ) percentage of more ha zardous c ross ings , A X 1 0 0 . Thus , for 

a given value of h (New Hampsh ire) , h is first  located in co lumn 

11 , then the corresponding value of p has to be found from column 

10 and A from column 1 (dividing the latter by 10 0 ) , and this 
substituted in expre s s ion * *  to determine f (h) . (See Table 2 - 2 . )  

This  procedure need not be carried out if  one of the new 

hazard indexe s (produced in this report) is used , as they directly 
yield a value for f .  Howeve r ,  the technique is  valid for con ­

vert ing relat ive hazard indexes of any sort to abs olute hazard 

indexe s .  
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TABLE 2 - 2 .  EMPIRICAL POWER FACTOR FORMULA FOR 
THE NEW HAMPSHI RE MODEL 

P � a ( log A ) a 
++ f � � r ( 1 + log P a) - P '" log A 

for the New Hampshire formula : 

Crossbucks 

Flashing Lights 

Gates 

a 

. 7  ± . 1  

. 7 5 ± . 1  

. 6  ± . 1  

MIN 

. 0 2 8  

. 0 7 8  

. 0 59  

Thus , for A = . 00 5  ( . S % )  to A = . 5  ( . 50 % )  

a = I::. log log p 
fJ. log  log A a = 

log P 
( log A ) a 

log z natural logarithm (log  2 . 7 1 8 2 8  = 1 ) . 

a 

. 76 

. 6 5  

. 6 2 

r = 1 .  4 1  

Information for calculating bes t a and a values  for all  cases 

in EOC Tab les C - 1  to C - 7 .  (See Secti ons 4 . 1 . 1 ,  4 . 1 . 2  and 4 . 1 . 3 . )  

Note : The s econd term [ ( log p/10g A ) - a ]  within parentheses  in 

the above equation for f is to be cons idered negative . 
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3 .  COURSE OF EXPER I MENTAT I ON 

Over the years , s everal models  have been devel oped with the 
purpose o f  creating a relat ive ranking o f  accident potential  
(hazard index) attributed to  rai lroad cross ings . Many o f  the 

model s  were cons tructed us ing local (and in some cas es special i zed) 

data , and were  not repres entat ive of other areas of the country . 

Moreover , the small  amounts of  data  us ed to cons truct the models 
chal lenges the accuracy of the resul ts . 

The creation o f  the inventory data b as e  meant that , for the 

firs t t ime , l arge amounts  o f  s tandardi zed inventory data were 

avai lab le for the cons truct ion of an accident predict ion model . 
Tab l e  F - l o f  Appendix F describes the format o f  the inventory data 
bas e . 

The data availab l e  for this s tudy were mol ded into two forms : 

1 .  The inventory characterist ics of  all  pub l i c  rai lro ad 
cross ings ( 2 1 9 , 1 6 2  cross ings ) . 

2 .  The inventory characteris t ics o f  pub l i c  rai lroad cross ings 

which had an accident in 1 9 7 5  ( 8 , 0 2 8  cros s ings , with 9 4 3  

duplicat ions for mul t iple  accidents ) .  

Thes e  two s ets  o f  data became known as the "non- accident" data 
base  ( inventory characteris tics  of  rail road cross ings)  and the 

"accident" data base ( inventory characteristics o f  rai lro ad cros s ­

ings which had an acc ident in 1 9 7 5) . 

The "non- accident" data base contained e ach cross ing whether 
or not it  had an accident and each cross ing occurred in the "acci ­
dent" data bas e  as many times as it  had acc idents . As a result , 
there was a certain amount of overl ap (redundancy) between the two 
data bases as we ll  as within the accident data bas e . Since the 
accident base cons i s ts of the inventory characteris tics of the 
pub l ic cros s ings which had accidents in 1 9 75 , and the non- acc ident 
data b as e  cons i s ts of the inventory characteristics of all  pub l ic 
cross ings as o f  19 75 , by de finition the characteris t ics of  all  
cross ings with accidents are contained in both data bases . This 
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precipitates an overl ap of  3 . 66 percent . Furthermore , on inves t i ­
gat ion o f  the cross ing ident i fi cat ion numbers for the accident 
data bas e ,  9 4 3  cross ings out of 8 , 0 2 8  were found to have mul t i ­
accidents . Table  F - 4  of  Appendix F contains a breakdown o f  these 
mul t i - accident cros s ings . 

I t  should be po inted out here that the non - accident and acci -

' dent data bases were the complete  sets  of data ava i l able . Var i ­
able  subsets  o f  data were extracted from both data b ases  to 

provide input for the p art icular mathemat i cal  tool being imple­

mented . Subsets were us ed because o f  the economics of  t ime and 
money wh ich coul d be saved instead o f  us ing the complete  sets  of  
dat a .  

In mos t  cases , these subsets  cons is ted o f  two pairs o f  acc i ­

dent/non- accident data bases ; one pair was used for developing a 

model , and the othe r pair for val i dating the mode l developed . 
These pai rs were , for the mos t  part , s tati s t ical ly and numerical ly 

ident ical whi l e , at the same t ime , disj oint . Tab l e  F - 5 provides 
the bre akdown of the non - acc ident and accident data bas e s  by 

warning device clas s .  (Tab le  F - 5 re fers to t he data bases used 

for the nonl inear logis tic  case on ly . Al l re sults  reported on 

in Section 4 are for this case . )  

As a s tarting po int for the cons truct ion of an acci dent 

predict ion mo de l , both data bases were reduced . Thes e  data 
original ly contained 84 fields of  information , but for the purpose 

of this s tudy , only 51  fields were extracted (see Table  F - 2 ) . 

Some fields we re el iminated becaus e they were descriptive in 
nature and hard to q�ant i fy .  

The 5 1  fields describ ing ra i l ro ad cross ing inventory charac ­

teris t ics were examined . One particular report (Reference 8 )  was 

very us eful in providing areas o f  concentrated and isolated inven ­

tory characteristics . 

After fami l iari zation wi th the data ava i lable and extracting 
on ly the fields of int eres t ,  several ex isting models  which provide 

a ha zard index we re examined . The purpose of  this examination was 

two - fo ld in nature . First , by examin ing inventory characterist ics  
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used in previous mode l s , ins ight was gained in finding those charac ­
teristics which seemed to be more predictabl e .  Secondly , it  wa s 

intended to use these  prev ious mode l s  as benchmarks to which the 

newly constructed mode l s  might be compared . 

Of  these model s  examined , only three were found to be app l i ­

cable  to the data bases : the New Hampshire formula , the Peabody­

Dimmick formula , and s everal formulas calculated by Coleman and 

Stewart . These  equat ions appear in Appendix B .  The remaining 

models  were deemed unus able , becaus e their  formula cal l ed for vari ­

ab les not inc luded in the operating data bases . Some o f  the vari ­
ab les were accident experience ( or  accident probab i l ity) and a 

s i ght distance rat ing . (Note that accident his tory may and should 

be used in further s tudies wi th the FRA data bases . )  

By use of  a l ine ar regres s ion technique (the first technique 

that was tri ed) , variables ( invent ory characteri s t ics)  were examined 
further to determine their relat ive rank of predictab i l ity for 
accidents . Several obs ervat ions were noted at this point . They 

wi l l  be discus sed later . 

From previous s tudies i t  was dec ided that the best  approach 

to cons tructing an acc ident prediction model hinged upon the 
segregation of the data by warning device class  ( see Table  F - 3 ) . 

Because they contained the l arges t amounts of  data , crossbucks 
were examined fi rs t .  This par ticular theme o f  examining only 
those cros s ings with cros sbucks was carried throughout the 

model bui lding unt i l  an adequate crossbucks model was obtained . 

At that point the other warning device classes  were examined 
separately . 

From the total reserves o f  data , 1 5 , 6 54  "non- acc ident" 

cross ings (actual ly wi thout regard to whether or not acc ident 

occurred , and wh ich were se lected randomly) and 1 , 2 46 accident 
cros s ings , a l l  of wh ich had crossbucks , were ext ract ed for test ing 
purpo ses . A l inear regre ss ion was to be used . Later it was shown 

that a nonl inear regres s ion wo rked better . 

First  t o  be  described here is s ome extens ive experiment ation 

wi th linear regres s i on because of s ome bas ic princip les brought out 

3 - 3 



in the course of that work . However , the chief  results rep orted 
in Section 4 came from the nonlinear regre s s i ons which are also  
reported on  in thi s  section . 

The l inear regress ion was cons t ructed as fol l ows . There were 
2 7  independent variables and one dependent variable . The de ­
pendent var iab le  was e ither a zero ( 0 )  for the cross ings from the 
non- acc ident subs et , or a one ( 1 )  for those  cros s ings from the 

accident s ubset . Theoretical ly , each dependent variable  approxi ­
mated the probab i l ity for an accident at each cros s ing . Thus , 

the cross ings that had an accident were given a probab i l i ty of 1 ,  

whi le those cross ings that did not have an accident were given a 
probab i l ity of o .  The values for the independent var iables  we re 
the inventory characteris tics  thems e lves as they appeared in the 

subsets . No dis t inction between accident and non- accident data 
was made for the independent variables . The resul ts of  thi s  
regress ion appear in Table  D- l of  Appendix D .  

The conclus ion drawn from this initial examination was 

s impl istic : volume variables (train and vehicle movements )  con­
tributed more to the predictab i l i ty o f  the regress ion than did 

the non- volume variables . Th is conclus ion is drawn from two 

p ieces of evidence . Firs t , the correl ation matrix indicates that 
the volume variables  cons is tently have higher coefficients (when 

crossed  with the dependent variable )  than the non-volume vari ­

ables . Second , three o f  the first four terms selected b y  the 

regress ion were vo lume terms . 

I t  was dec ided that the best  approach to unders tanding the 
volume variables  was to cons truct and run regres s i ons which con­

tained only vo lume terms . In order to meet th is end , many 

regress ions were run which contained many varied functional forms 

of  al l volume variables  plus comb inat ions of  volume variab l es . 
Those variables and functional forms which showed promise were 

s i fted out for further examinat ion and opt imi zation . 

One o f  the prob lems faced was the determinat ion of which 
regress ion mode l was the better predictor . Not only were there 

numerous regres s ions to choose from , but each regress ion had many 
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s teps (a  s tepwise regres s ion model was ut i l i zed) in which a model 
coul d  be cons tructed . There were wel l  over 1 0 0  pos s ib l e  model s  
from which t o  choose .  

Power factors and "empirical operating characteris tic"  (EOC) 

curves * were ut i l i z ed to determine the best  models . After each 

regress ion was run , power factors were computed for s everal dif­

ferent s teps of  that regress ion . These power factors could  then 

be examined to determine the "bes t s tep" for that regress ion . 

Each "best  s t ep" for a regress ion could then be  compared with 
other "best s teps "  from o ther regress ions to find the optimal 
mode l . 

During thes e proceedings , s evera! trends were obs erved . 

Firs t , in any given regress ion , col inearity usually destroyed the 
power factors when 10 or more variables  composed the mode l . This  

mani fes ted itself  in the regress ion through low t and F values , 

and in many cases , the s igns o f  the regre s s i on coefficients were 
reversed . Second , the LOGIO  funct ional form was a better predic ­

tor than other funct i onal forms . 

With the s e  dis coveries in mind , a final regress ion was con­

s tructed to obtain an "opt imum volume model" The independent 

variables  for this regress ion are shown in Tab le  D- 2 of Appendix 

D .  As usual , .  the dependent variab l e  was 0 or 1 .  Several s teps o f  

this regress ion were compared agains t each o ther us ing power 

factors . The "optimum vo lume model "  was derived from s t ep S .  

This formula appears in Appendix B . 4 . l .  

Having obtained the best  vo lume mode l , the next logical s tep 
was to p iggyb ack non - vo lume variab les onto the volume mode l . To 

obtain this e ffect , the vo lume model was made an independent vari­
ab le and fed into the poo l o f  independent variables  along with 

non- volume variables  and combinations o f  non- volume variab l es and 

volume variables . 

* . 
The terms "power factor" and EOC are defined in the Gloss ary and 
Index of Selected Terms and Expres s ions and also  in Sect ion 2 . 1 .  
The power fact ors and EOCs are the p rimary measures o f  predictive 
power used throughout the s tudy . They were calcul ated on s eparate 
data bases from thos e on which the regre s s i ons were run . 
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The pur�os e  of insert ing additional volume variab les as 
pos s ible  selections for a comprehens ive regress ion is  twofo ld . 
Firs t , it  serves as a check on the volume equa tion to insure that 
various vo lume data are bes t represented , and s econdly , comb ining 
them with non- vo lume variab les enab l es the pos s ib i l ity o f  s everal 

cross -product var iab les be ing selected which woul d not have been 
chosen by thems elves . 

Several regres s i ons were process ed us ing this approach . Two 

examples  o f  these comprehens ive l inear regress ions are s hown in 

Tables D - 3 and D - 4 of Appendix D .  Again , s everal s teps from each 

regress ion were compared ; powe r factors were used to determine the 
"bes t step" for each resres s ion ,  and "bes t s teps " from a l l  the 

regress ions were compared to determine the "bes t model . "  From the 

. many steps and regress ions examined , two models  were s elected as 

the "best  models . "  These  appear in paragraphs B . 4 . 2  and B . 4 . 3  
of  Appendix B .  (They are referred to as "bes t  l inear mode l s . "  

The best  nonl inear models , to be discussed short ly , were better . )  

The power factors and EOCs showed these "best"  l inear models  

to be superior to the New Hampshire and Coleman- Stewart models . 
Howeve r ,  the data base for tes ting the models  was inadvertently 
not disj oint from the data base for cons truct ing them . When this 

was discovered , some preliminary tes t ing indicated that the 

improvement was not s tati s t ically s ignificant . Much l ater , a 

special experiment was run to compare the best  l inear model s  with 
the best  nonl inear (logistic)  models  developed in this  proj ect . 

Th is experiment is  reported in Appendix G .  

The cons truc tion o f  a comprehens ive "bes t model "  ( l inear) 

concluded the wo rk in which a l inear regress i on technique was used . 

The obs ervat ions from this s egment are summari zed be low .  

1 .  Volume variables  (train and vehicle movements ) account 

for approximate ly 9 0  percent o f  the p redictive powers of 

the regress ion . 

2 .  Regress ions with mo re than eight  variables frequent ly 

produced poor power factors due to col ineari ty . The s igns 
of col inearity included l ow t values , low F values , 
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misdirected s igns o f  variables , and high cros s - corre ­

l ation coefficients as s een in the correlation matrix . 

3 .  The New Hampshire formula and the Coleman- Stewart formula 

( for urban/rural crossbucks ) were s imil ar to each o ther 

in that they produced almost  equivalent power factors . 

Furthermore , the ranking capab i l i ties o f  both these  

model s  were good . I n  co·ntras t , the Peabody-Dimmick 

formula was inferior to both the New Hampshire and 

Coleman - Stewart formul as . 

4 .  The best  TSC mode l was at least as good as both the New 

Hampshire and Coleman-Stewart formulas . 

S . The best  TSC model appeared to b e  not quite  stat i s ­

t ical ly s ignificantly better than the New Hampshire 

and Coleman -Stewart  models . 

6 .  Linear regression techniques mi ght not be providing an 
adequate tool for producing opt imal or near opt ima l models . 

Many regress ions containing hundreds of different comb ina­

t i ons and funct i onal forms were tes ted , eva luated , and 
validated ,  yet none appeared to s igni ficantly improve 

tpe . ranking capabi lities  over e ither the New Hampshire 

formula or the Co lemen- Stewart formula .  

Becaus e o f  the less  than satis factory results us ing l inear 
regress ions techniques , o ther appro aches were tried . The next 

approach requi red the calcul ation of cross - tabulat ion tables  for 

both the non- accident and acc ident data bases . 

Having obtained the cro s s - tabs rat ios (ratios o f  the number 

of  accidents in a particular cel l to the number o f  non- acc idents 
in the corresponding cel l ) , these  ratios were used in conj unct ion 
with a s tepwise  l inear regress ion to cons truct an acc ident pre­

diction model . Several regress ions were run us ing various 

funct ional forms o f  these cross - tabs rat ios . I t  s oon became 

apparent that many regress i ons which could introduce various 

funct ional forms and combinations were necessary to ob tain a s ig­

ni ficant model . Since the approach was time - consuming compared to 
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other approaches , it  was abandoned before any conclus ive results  
could be found . 

At this po int a different approach was tried . The fol lowing 
s erves as a s imp l i s t ic exp l anation of the prob lem to be solved 
and the new directions avai l able . 

I f  one were to represent the accident and non- accident data 

as probab i l it ies , the po int and l ine curve would look l ike the 

sketch below .  

P (ACC)  = 1 )( 
Hypothet ical 
probab i l ity 
curve 

x )( )( X ACCI DENTS 

P (ACC) = 0 ..)6=�;::::::�-"':""��-------4--NON -ACC I DENTS 

I f  the data are from an acc ident cross ing , its  probabil ity for an 

accident is 1 ;  thus , the po ints along P (ACC )  = 1 .  I f  the data are 

from a non- acc ident cros s ing , i ts probab i l ity for an accident is  0 ;  

thus , the points along P (ACC )  = O .  

I f  one were to fit these  points us ing a l inear regress ion 

model , the approximat ion woul d be a s traight l ine as shown below . 
Note that this approximation is  weak where P (ACC) = 0 and P (ACC ) = 

1 ,  the places where good fits are necess ary . 

P (ACC) = l ------------.... """IA�iI!!!!!ilI!� ACC IDENTS 
}"inear 
approximat ion Hypothet ical 

probabi l i ty 
curve 

P (ACC) = 0 *--=-��::x------�------ NON-ACC IDENTS 

Not only is the l inear approximation a crude fit , but it  also  
produces an overshoot where P (ACC ) = 1 ,  and an undershoot where 

p eACe) = O .  This appears to be a satisfactory exp l anat ion of 

the l inear regression not b e ing ab le  to produce a s i gni ficant 
accident predic tion model . 
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Another approach to the prob lem cons idered the us e o f  piece ­
wise l inear fits . The theory beh ind th is approach is  to approxi­
mate the hypothetical probab i l ity curve by  s everal l inear curves . 
Theoret ically , this  approach is  shown below .  

Piecell 3 
P (ACC) = 1 .-------------"""""==_...-'-="-=:;....---- ACCI DENTS 

- -
� .-­

.� Hypothetical 
probabi l ity curve 

P (ACC) = ..0. � __ ===i:::::"":::' ___________ NON -ACC I DENTS 
P iecell l 

However th is approach did not yield any conclus ive results . In  

fact , the  probl em of  overshoo t s t i l l  existed .  It  is  pos s ible  
that this approach would produce s ignificant results  i f  more t ime 

were allotted for test ing . 

However ,  it  was hopeful that a third approach , which con­

s idered the nonl inear shape of the hypothet ical probab i l ity curve , 

would rendei a quicker solution . The shape of  the hypothet ical 

probab i l ity curve resembles  the hyperbolic  tangent curve . Whereas 

the hypothet ical probabil ity curve takes on values between 0 and 
+ 1 , the hyperbolic tangent curve ranged from - 1 to + 1 . I t  was 

decided to incorporate  the hyperbol ic tangent curve into the l inear 
regression package to produce a nonl inear regress ion . The mechanics 

of this method are described in Section 2 and Appendix A .  

The execut ion procedure for this nonl inear regress ion 
becomes iterat ive in nature . That is , the regress ion coefficients 
that result from the firs t regress ion are used as parameters in 
the s econd regress i on ; the coefficients from the s econd regres s ion 
are used as parameters for the third regres s ion , etc . 

The independent var iables were the same variables  used for 

the l inear regression technique . However ,  the dependent variable  

took on  a value o f  e i ther - l or + 1  (for non- accident and acc ident 

cross ings , respective ly) whereas the l inear regress ion had a 

value of e ither 0 or 1 .  The change in the dependent var i ab l e  only 

required a s imple  trans formation to produce the probab i l i ty of  an 

accident . 
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S ince the i terat ive proce s s  i s  innova t i ve , s everal  b ehavioral  
observat i ons s houl d  b e  noted a t  t h i s  po int . The numb er o f  in­
dependent var i ab le s  s hould b e  l im i t ed t o  about s ix ,  s ince a greater 
numb e r  could int roduce no i s e  into the regres s i on .  As a s tart ing 
point , the ini t ia l  va lues for the regress ion coeffic i ents  for each 
independent var i ab l e  may b e  s e t  to O .  Th i s  a l l ows each var i ab l e  
t o  reflect  i t s  orig ina l value . During each i terat i on , the values 
of the coeffic i ents  w i l l  change . Some coe ffic ients wi l l  m i grate 
and converge t oward their  final value s , wh i l e  o thers  wi l l  migrate 
in  an unsys t ema t i c  fas h ion and not c onverge . Tho s e  var i ab l e s  
wh ich d o  no t converge on a f i n a l  v a l u e  (s te ady s ta t e )  a r e  uns t ab l e , 
and shou l d  be d roppe d  from the poo l o f  independent variab le s . 
When the coe ffic i ent s app roach the ir final values , a t o l erance can 
b e  imp o s e d  for j udging when the i t erat ive p ro c e s s  i s  comp l et e . 
The t o l e r anc e us ed in t h i s  s tudy was b as ed on the s tandar d  e rror 
o f  e s t imate for each coeffic i ent . When the change in coeff i c i ent  
( from one i t e ra t i on t o  the  nex t )  for  a l l  vari ab l es was  less  than 
l / l O t h  o f  th e i r  respect ive s tandard e rror of e s t imates , the coe f ­
f i c i ents  were s a id t o  b e  converged t o  the i r  s te ady s ta t e  and the 
i terat ive proces s comp l ete . One fina l wo rd of c aut i on : the 
t values and F va lue s of the regre s s ion b e c ome meaning l e s s  due t o  
t h e  non l inear i ty o f  t h e  regres s ion . Therefore , the accep t ance o f  
a var i ab l e  i n t o  the equat ion i s  b a s ed on the sys t emat i c  migration 
and conve rgence o f  i t s  coeffic i ent t o  a f inal value . Mos t  o f  the 
coeff i c i ents  migrate at a fa irly c ons i s t en t  rate of change . 

The data base  sub s e t s  us ed for the non l inear regres s i on were 
cons t ruc t ed qu i t e  d i fferent ly than the sub s e t s  for the l inear 
regre s s ions . F i r s t , i t  was dec ided to cons truct two sub s e t s  o f  
acc ident /non - ac c ident data ; one p a i r  o f  accident/non - ac c i dent data 
for experimental  purpo s e s , a nd the o ther  p a i r  for va l idat i on pur ­
poses . These  data b as e s  were named the "TEST" data  base  and the 
"VAL I DAT I ON" data base , but s ince they were cons truc ted  to be  
s ta t i s t ic a l ly and nume r i ca l ly identic a l , they could b e  interchanged 
for tes t ing and val idat ion purpo s e s . A t ab l e  of the breakdown o f  
these subs ets  app ears in Tab l e  F - 5 (Appendix F) . 
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It was dec ided t o  cons t ruc t an acc i dent pred i c t i on mode l for 
each warning device c l as s . I t  was a l s o  decide d  to con s t ruct each 
mod e l  in three phas es . The firs t pha s e  was to  cons ider only 
volume var i ab l e s  and produce a "b e s t  vo lume" mode l . The s econd 
phas e was intended to refine the "bes t vo lume " mode l , s haping i t  
into a po lynomial  o f  up t o  the th i rd degre e . The th i rd phase 
incorporates non - vo l ume va riab l es into an equa tion w i th the  re­
fined volume mode l  ( a  po lynomia l )  to p roduce the accident pre ­
d i c t i on model  or a "comprehens ive" mod e l .  The s e  phas e s  m ay be 
exp re s s e d  in general terms as s hown b e l ow .  

Ph a s e  1 (Bes t Vo lume Mod e l )  

H = aO + al LOG1 0  ( T  + 1 )  + aZ LOG1 0  (C  + 1 )  + a 3 [ LOG1 0  (T + 1 ) ] Z 

whe re 

Phas e 2 (Refined Volume Mode l )  

Phase  3 (Ac c i dent Pred i c t i on Mode l )  

a . , b .  and c .  are regre s s i on coeff i c i ents  
1 1 1 

X i are non - volume variab l e s  

T i s  t ra in movements 

C i s  vehic l e  movements 

H I  i s  the res ultant  h a z ard inde x . (Re ferred t o  as "h" in  
Sec t ions Z and 4 . )  
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Cros sbucks were the fi r s t  warn ing dev ice c l a s s  t o  be mode l ed . 
The s e r i e s  o f  regress ion pr intouts  in Tab l e  D - S o f  Appendix D 

i l lus t rates how the regres s io n  coeffic ients migrat e .  Th i s  s e r i e s  
o f  i t e rat i ons  i s  from the  "re fined vo l ume" mode l  d e s c r ib e d  i n  
pha s e  2 .  The i t erat i on w a s  t erminated , s i nce the changes in  the 
coeffici ents are a l l  l e s s  than 1 / 1 0 th of the i r  respect ive s t andard 
er ro r of e s t imates . I t  should be noted that the bes t vo lume mode l  
cont a i ned o n l y  four t e rms : the  i n t erc ep t , LOG I O (T+ 1 ) . LOG 1 0 (C+ I ) , 
and [ LOGI O (T+ 1 ) ] 2 . The o ther two terms , [ LOG1 0 (C+ I ) ] 2 and LOG 1 0  
(T+ 1 )  * LOGI O (C+ 1 ) , were dropped becaus e the i r  coeffic ients did  no t 
sys temat i c a l ly migra t e . Thus , for the cros s bucks "be s t  volume" mode l , 
a4 and a s were zero ( from the g enera l equat ion in pha s e  2 ) . The 
equat ions for the cros s bucks "be s t  volume" model and "refined volume" 
mo del are s hown in  App end ix B . S . I .  The power fac tors appear in  Tab l e  
C - 1 o f  App endix C .  

Once the volume model for c ro s s bucks was found , the next s t ep 
( phas e 3) c a l l ed for the inco rporat ion o f  non- volume variabl e s . 
A " s e l ec t i on" regres s ion was d eveloped and u t i l i zed  t o  int roduce 
the mos t effect ive non - vo lume va r i ab l es . The me thodology beh ind 
the " s e l ec t ion" regre s s i on is d i s cus s ed in Section  2 .  Th e 
" s e l ec t i on" regres s i on i s  a technique that was deve loped to  ind i ­
cate  which non- vo lume va r i ab l e s  woul d b e  mo s t  effect ive a t  d i rectly  
pred i c t ing acc idents i n  the  nonl inear envi ronment . I n  contras t t o  
t h e  i t erat ive non l inear regres s i ons , the t values provided by 
the " s e l ect i on" regress ion are t rue mea surements . The s e l ec t i on 
regre s s i ons for cross bucks i s  shown in  Tab l e  D - 6  o f  Append i x  D .  

Volume var i ab l e s  appear with  non - vo lume var i ab l es in  the " s e l ec t i on 
regress ion" . pool  in orde r to provide d i fferent comb inations for the 
comprehens ive mode l as we l l  a s  to  s t rengthen the volume mode l i f  
nec e s s ary . 

Aft er choos ing the non - vo lume t e rms to comb ine w i th the 
vo lume mode l , the regre s s i on was i terat ed unt i l  a s t eady - s tate  
s o lut i on for  the regre s s ion co e ffic ients was  found . Th i s  equat i on , 
the comprehens ive acc i dent p re d i c t i on mode l , i s  shown in  Appendix 
B . S . 1 . 3 . 

Power factors were c a l cu l ated  from this  comp rehen s ive mo de l 
to p rovide an indicat ion o f  s ucc e s s  when measured aga ins t the 
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he nchmark mode l s  ( New Hamps h i re and C o l ema n - Stewart) . The power 
factors fo r the cross bucks mod e l  are shown in Tab l e s  C - 2 and C - 8 
o f  Appendix C .  I n  orde r to b e tter  i l lus trate the s ucce s s  (or 
fai lure) of the acc ident pred ict ion model  for cro s s bucks , a p lo t  
o f  t h e  power fact ors der ived from the equat i on w a s  c ontras ted  
against  the  N ew Hampsh i re and the Coleman - Stewart formu l a . Th is 
p l o t  appe ars in F i gures E - 9 ,  E - I O , and E - I l  o f  Append i x  E .  

Be s i des providing a h a z ard index , one o f  the fea tures o f  the 
acc ident p red i c t ion mode l i s  i t s  ab i l i ty t o  s upply the p robab i l i ty 
o f  acc iden t s . Thus , th e h a z ard i ndex may b e  t rans formed into a 
frequency o f  acc ident curve . A plot  o f  t h i s  t rans forma t ion for 
c ros s bucks is shown in F i gures E - I through E - 8 of App e nd i x  E .  The 
TSC mode l is c ont ras t e d  a g a i ns t the Co leme n - Stewart mode l for cros s ­
bucks . The s o l i d  curve repre sents the p e rformance of t h e  mode l , 
whi l e  the  p o i nt s , denoted by x ' s ,  repres ent the emp ir i c a l  dat a .  

Aft er the cro s sbucks mode l was comp l e t e d , the three proces s ­
ing p has e s  we re repeated for cro s s ings  with f l as h in g  l i gh t s , and 
ag a i n  fo r cro s s ings w i t h  gates . 

I n  b o th the mod e l s  for f l as h ing  l i ghts  and gates , phase 2 
(where the re f i ned vo l ume model  i s  cons truc t ed in  the form o f  a 
po l ynom i al ) i s  not , us ed . They are cons truc t ed this  way b ec aus e 
the coeffic ients  for the po lynom i al in  phas e 2 wou l d  not m i grate  
in a sys t emat ic  manner and  conve rge to a s te ady s tate . Therefore , 
i t  was de emed that the po lynomial  was uns t ab l e  and caus ed by 
col inear i ty .  Thus , for both the flash ing  l i gh t s  mod e l  and the 
gates  mode l , b O ' b Z ' b 3 in  t he general equat ion for phas e 2 were 
equal t o  z e ro , wh i l e b l was equal to one . 

Aft e r  the vol ume mod e l s  for both f l as h i n g  l i gh t s  and g a t es 
were ob t a i ned , " s e l e c t i on" regre s s ions were run for each warning 
dev i ce c l a s s  t o  determine wh i ch non - vo lume var i ab le s  should b e  
incorporated i n t o  t h e  comprehens ive equat ion . T h e  s e l ec t ion 
regress i ons for  f l ash i n g  l i gh t s  and gates  are  d ep i c t ed respec t ive ly 
i n  Tab l e s  0 - 7 and 0 - 8 of Appe nd i x  o .  After the comprehens ive 
mode l was i te rate d , power fac to rs were c a l cul a t ed as we l l  as fre ­
quency o f  acc ident curves and EOC curves . 
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Th e power fac tors fo r f l as h i ng l i gh t s  appear i n  Tab l e s  C - 3 ,  
C - 4 , and C - 9 o f  Append ix C .  Tho s e  fo r gates  are in  Tab l e s  C - S ,  
C - 6 ,  and C - I O . The EOC p l o t  for flas h i ng l i ghts app e ars i n  
F i gure E - I O  o f  Appendi x  E and the EOC p lo t  for g a t es appe ars i n  
F i gure E - l l . Frequency o f  acc ident p l ot s  for  flash ing l i ghts  
appear i n  F i gures E - 4 ,  E - 6 ,  E - 7 ,  and  E - 8 and fo r gates  i n  F i gure 
E - S . 

The l a s t  four i t erat i ons o f  the "be s t  volume" model  for 
fl a s h i ng l igh t s  are dep i c t e d  in  Tab l e  D - 9  o f  Appendi x  D .  The l as t  
four i t e rat i ons o f  the comp rehens ive model  (phas e 3 )  are s hown i n  
Tab l e  D- I O . Th e s e  examp l e s  i l lus t ra t e  how the c o e ff i c i en t s  o f  
the variab l e s  migra t e  t oward a s te ady s t a t e . A l s o  s hown are the 
l a s t four i t e rat ions of pha s e  I and  phas e 3 fo r gate s . The s e  
appear i n  Tab l es D - l l  and D - 1 2 ,  respec t ively . 

The "b e s t  vo lume " equat i on and the comprehens ive equat i on for 
flashing  l i gh t s  a re g iven in App end ix B . S . 2 .  Tho s e  fo r gates are 
shown in  Append i x  B . S . 3 . 

As a feature o f  t h i s  s tudy , a l l  three c l as s i ca l  mode l s  were 
examined . Tab l e s  C - 8 and C - l l o f  Append ix C indicat e the power 
fac tors o f  the Coleman- Stewart formu l a  ve rs us the New Hamp s h i r e  
fo rmu l a  and the  Peabody - D immi c k  formu l a  versus the  N ew Hamp s h i r e  
formu l a  fo r cros sbucks . C o l eman - S t ewart versus New Hamp s hi re and 
Peabody - D immi c k  versus New Hampsh i re fo r flash ing l igh t s  are s hown 
in Tab l e  C - 9 and C - 1 2 .  Tab les  C - I O  and C - 1 3  s how both c omp ar i s ons  
fo r gates . 
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4 .  RES ULTS 

As noted in Sec t i on 1 ,  the c h i e f  obj ec t i ve o f  th i s  s t udy was 
to p roduce a b e t t e r  ha zard i nde x .  According to  the  rather r i gorous 
cri ter i a  use d ,  t h i s  obj e c t i ve was achi eved . The magni tude o f  the 
imp rovement may be  j udged by the reader as to i ts imp ortance . 

Some ra ther compre hens ive disp lays and comparis ons of  TSC ' s  
new mode l s  and p revi ous mode l s  have a l s o  b e e n  produc e d . The thi rd 
obj e c t ive , wh ich was to  e s t ima te  the l im i t s  achi evab l e  in  pred i c ­
t i o n  mod e l s  (ha z ard i ndexe s ) for rai l road g rade cros s ings , i s , o f  
cours e , almos t a ph i l osophical contra di c t i on .  There i s  no way t o  
s ay that a formul a c anno t be  found whi ch wi l l  re l iab ly p re d i c t  
acc idents  wi th any arb i t rary prec i s i on .  Neve r th e l e s s , the  e xp e r ­
i ence and resu l ts of this  s t udy s tr on g ly s ugges t fai rly s harp 
l imits on the power fac t ors ach i evab le wi th  any h a z ard i ndex . The 
reason for th i s  i s  that  s imi lar res u l t s  have been ob t ained wi th 
nume rous a t temp t s  to find t h e  bes t h a z ard i ndex . 

No t e  that  in  the subs ec t i ons  o f  th is s ec t ion , frequent refer­
ence i s  made t o  the  appendixe s . In  part icular , the defin i t i ons o f  
the va rious h a z ard index formulas  d i s cus s ed appea r  in  Appendix B .  
As each o f  the s e  formu l as i s  firs t r e fe rred t o  in  th i s  s ec t ion , 
the numbe r  o f  the  p rec i s e  formu l a  (or paragraph) i n  Append ix B i s  
g iven , e . g . , Append ix B . S . l . 3 .  Al s o , EOC t ab l es and curves and 
acc ident frequency curves wi l l  be refe rred to in  a s im i l ar manner 
in Appendixes C and E .  The reader is urged to  turn to e ach s u�h 

re ferenc e as i t  occurs , for the f i rs t t ime a t  l e as t . Append ixes 
B ,  C ,  and E provide the p r imary emp i r i c a l  resul t in fo rma t i on , and 
might we l l  be marked by i ndex tabs for ready r eferenc e . 

4 . 1  EOCs AND POWER FACTORS 

4 . 1 . 1  I n t roduc t ory Commen t  

As n o t e d  numerous t imes i n  Sect ions 2 and 3 ,  t h e  bul k o f  this  
p ro j ect  was exp l o ratory in nature : an  a t t emp t to  find wha t  worked 
and what  technique s y i e l ded the bes t h a zard func t i ons . Th erefore , 
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mos t  o f  the work was concentra t ed on a s ingle  warn ing  device c l a s s . 
C ros sbucks we re chos en becaus e o f  the large numb e r  o f  cros s i ngs i n ­
v o l ve d .  F la s h ing l i ghts  m i g h t  have been p ro f i t ably  chosen , s ince 
that warning device  c la s s  i nvo lved only ab out one - th i rd fewe r  a cc i ­
de n t s  and wou l d , therefo re , have y i e l de d  nea r ly as prec i s e  e s t imat e s . 

Neve rthe less , t h e  obj ec t ive o f  th i s  s tudy was t o  do the who l e  
s t udy for a l l  warni ng device c l a s s e s . Pre ferred me thods have been 
app l i e d , deve l oped from exten s i ve te s t ing  on the crossbucks case  
t o  the other two warning dev ice c l a s s es , flas hing l i gh t s  and aut o ­
ma t i c  gat e s . The results  are s hown i n  the p ower fac t ors in  Tab les  
C - 3 t o  C - 7 o f  Append i x  C .  

4 . 1 . 2  The Cro s sbucks Case  

Tab l e  C - 2 (see  a l so F i gure E - 9 o f  Append i x  E )  g ives the  EOC 
for the bes t TSC c ro s sbucks mode l (comp rehens i ve )  compared to the  
New Hampshire  (cros s bucks ) mode l . (The b e s t  TSC mode l s  w i l l  be 
di scus s e d  be low in Sec t i on 4 . 2 .  They are de f i ned i n  Appendix 
B . S . l . 3 ) .  Remember th at the best  mode ls a r e  a l l  o f  l o g i s t i c  con­
s t ruct i on . The p owe r fa ctors for each p e rcent  leve l may b e  s een . 
Thus , i f  2 percent o f  the cross ings are  chos en , a power factor o f  
ab out 6 i s  ob t a i ne d  (PF ( . 0 2 )  = 5 . 9 ) . I f  6 p e rcent o f  the  cros s ings  
are chosen , the p ower fac t o r  b ecome s about 5 (PF ( . 0 6 )  = 4 . 9 2 , and 
6 percent of the c ro s s ings have 2 9 . 5  p ercent of the acci den t s ) .  I f  
1 0 . 5  percent  o f  the c ro s s ings are chos en , the  powe r fac tor i s  about 
4 ( PF ( . l O S ) = 4 . 0 ) . At 20 p e rcent of the cros s ings , the power 
factor becomes about 3 ,  wh i l e  at 4 1  percent i t  b ecome s about 2 .  

To get  s ome idea o f  how c l o s e  the s e  are t o  the  be s t  ach i eva ­
b le ,  they may be compared t o  the New Hamp s h i r e  p ower fac tors . 
Deno t ing the p ower fact ors for the TSC mode l by PFTSC and the  New 
Hamp s h i re p owe r fac t ors by PFNH , one no tes  the  da ta of Tab le 4 - 1 :  
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TABLE 4 - 1 .  EST IMATES O F  POWER FACTORS AND 
"ACH I EVABLE" POWER FACTORS (CROSSBUCKS) 

PF P F  PF 
Cro s s ing ¥ TSC NH "X" ± 

1 7 . 8 6 6 . 80 8 . 8  1 0 %  
2 5 . 9 0 6 . 1 7 6 . 4  7 %  
6 4 . 9 2  4 . 7 6 5 . 2  5 %  

1 0  4 . 1 0 3 . 8 3 4 . 4  4 %  
2 0  3 . 0 1 2 . 88 3 . 3  3 %  
4 0  2 . 0 3 2 . 0 3 2 . 1  2 . 5 % 

The t values (Tab l e  C- 2 )  s how that the TSC model  i s  s i gn i f i cantly 
b e t t e r  a t  certain percentage l eve l s , mos t  not ab ly the 9 p ercent 
leve l ,  whe re the t va lue i s  4 . 4 .  The reader wi l l  rec al l t ha t , a s  
indi c at e d  in  Se c t i on 2 . 1 ,  a t va lue o f  3 . 5 i s  t o  b e  cons i de re d  � 
than s i gni ficant ( s t a t i s t i ca l ly )  at the 0 . 0 5 l eve l (even though , a s  
in  t h i s  case , t he larg e s t  o f  1 0 0  t va lues h a s  b een s e lected) . Neve r ­
the l e s s , t h e  i mp rovement i s  s ma l l . The i mp rovement i s  b e s t  measured 
by the percent  o f  the total  accidents the TSC model s e l ects  ove r that 
wh i ch the New Hamp s h i re mode l doe s . I t  i s  s e en that th i s  i s  a 
maximum in the 8 - 1 0  percent  r ange , where i t  i s  3 p ercent o f  the 
acci den t s  (out of about 4 0 % , wh i ch are p i cked up by both mode l s ) . 
There fore , a t  the point  o f  mos t  favorab l e  comp ar i s on , the TSC 
mod e l  is r e l a t ive ly about 7 - 8 percent b e t t e r . 

I t  may b e  expected that any other mod e l  would b e  better  than 
the TSC model by no mor e  than the TSC mode l i s  b e t t e r  than the New 
Hamp s h i r e  mode l .  Thi s  s tat ement cannot be proven , and is onl y  
app roximate . I t  may overes t imate  or underes t imate the max imum 
achievab l e . The co lumn l ab e l ed PFX wou l d  represent  t h i s  crude ly 
e s t ima t ed bound on the  u l t imately a t t a inab l e  power fact ors . The 
reasons for surm i s ing that PFX may rep r e s ent  the be s t  a t ta inab l e  
are : 

a .  The l arge amount o f  exp e r iment a t i on and t e s t ing done 
le ads one t o  suspect that the TSC mode l i s  n e ar the b e s t . 
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b. .  The improvement ach i eved ove r the s imp l e s t  good model 
(New Hamp s h i re )  i s  re l at ive ly sma l l , and , there fore , would 
be e xpected t o  e s t ima t e  i n  o rde r of  ma gni tude an uppe r  
bound on  wha t  i s  l e ft for imp roveme n t .  

I n  p rac t ic a l  t e rms the imp rovement ach i e ved about 3 p e rcent  
more o f  the  acc ident s i dent i fied (out of 40  percent total  fo r both  
mode ls ) for 10  percent total  c ros s i ngs  chosen  may or may no t be  
c ons i dered p r a t i ca l ly s i gn i f icant . If  the  ha zard i n de x  were being  
us e d  onl y  a t  thi s leve l , then  upwards of  3 p ercent o f  a l l  accidents 
(at c rossbuc k s ) cou l d  b e  an t i c ipated (by the  new mode l over and 

above the New Hamp s h i re mode l )  and thus avo i ded by up grading  the 
warn i n g  equi pment at the cros s i ng . Th i s  could amount t o  many a c ­
c i dents  over many years . IIoweve r ,  i n  gene ra l , other i nformati on 
may be ava i l ab le than i s  used by these  formu l as , and , in  this  case , 
they may be e xpected  t o  be  used mo s t ly for p r e l iminary s creen i n g , 
s o  that  accuracy would not b e  s uch a l arge fact or . I nc i den t a l ly , 
as no t e d  i n  the  co lumn � (i . e . , abso lute p e rcentage e rrors i n  
a n  e s t i ma t ed p ower fa c t o r )  i n  Tab l e  4 - 1  ab ove , t he power fact ors 
as e s t imat e d  here are about as  unc e r t a i n  i n  the abso l ut e  magn i tude* 
as  i s  the differenc e b e twe e n  wh at is  e s t imated to b e  the p ower 
fac to r  of the b e s t  mode l and the powe r fac tor of the b e s t  att ainab l e  
mode l . 

I n  cases  wh ere t he ha z a rd mode l s  are t o  b e  used for final  
s e l ec t ion o f  c ros s i ngs for  improvement expenditures for  what ever · 
reasons  ( s uch as  obj ect ive fo rmula  requ i red by  l aw) , then the 
rough ly 3 percent mo re accidents ,,,h ich may b e  "p r e - i dent i fi ed , "  
i . e . , a n t i c ipated or pred i c t ed by the TSC mode l over and above the 
N ew H ampshire  mode l , could be of cons i de rab l e  i n t e re s t .  As 
further a i ds i n  interpret ing and unders tanding the power factor 
i n format ion i n  the EOC , Append i x  E contains p l ots of EOC curves 
(whi c h  g i ve p e rcent acci den t s  vs . p e rcent c ros s ings ) for var ious 
mode l s  a nd warni ng devi c e  c l a s s e s  as  indicated . The r e l a t i ve ly sma l l  

* Th i s  quan t i ty , wh ich appears in  the column headed "+ " ,  is  1 /  
{tU��CC expres s ed as a percen t . CU��CC i s  in  c o l umn 3 o f  the C 
t ab l e s . Thus, ± = l / Ico l 3 x 1 0 0 % . Th i s  number has b ee n  rounde d  up 
for Tab l e  4 - 1  to b e  conserva t ive . 
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but no ti c eab l e  improvement o f  th e b e s t  TSC mod e l s  over th e previ ­
ous mod e l s  can be obs e rved . 

Analytic  Power Factor  Curves 

Tab les  C - l to C - 6 a l s o  pres ent data on s ingle p arame t e r  
repres ent a t i ons o f  ent i re power fa ctor curve s . Since power fac tor 
curves are emp i rically  determined , they are inheren t ly no i sy ( s e e  
F i gures E - 9 t o  E - l l ) . An ana l y t ic express ion c an remove t h i s  
no i s iness t q  fac i l itate  power factor e s t imate s  and c omparisons . 
Such expre s s i ons can b e  used to e s t imat e powe r fac tors wi thout 
having the ent ire tab l e s  at hand , and a l s o  to inte rp o l a t e  and 
ext rapo l at e .  They are a l s o  us e d  to obtain a c c i dent frequency 
e s t imat e s  b e l ow .  

Th e numbers  l ab e l ed CON I , CON 2 , etc . , in Tab l e s  C - l  through 
C - 6 are "cons tants"  appropriate  fo r four emp i rical  formu l as for 
power fac tors . Let  A b e  the percent l evel e xp r es s e d  as a fract ion , 
and p the powe r factor a t  the l evel . Thus , p ( . l ) = 2 . 1  meanS 
" th e  1 0 %  

A) 

B) 

C )  

D) 

power factor is 

p = C l  log A 

1 1 + l o g  l o g  p 

l og p 
( l og A ) · 5 

= A 

= C 3  

l og p = C 4  
(log  A ) · 'S  

2 . I .  " Th e four func t ions o f  p , A  are : 

1 
C 2  

Th e s e  funct ions are cho s en on a rat iona l e  that  log  p and l o g  A are 
s imp ly re l ated . Th i s  result  c an be  der ived theore t ical ly under 
certain a s s ump t ions . S ince p i s  a funct ion o f  A ,  then C l , C 2 , C 3  
and C 4  are a l s o  func t ions o f  A .  They are t abul ated in Tab l e s  C - l ,  

.' e t c . as " CON I , e t c . "  Insofa r  as any of the funct i on s  are app roxi ­
mat e ly con s tant , then the appropriate  funct ion g ives p as an imp l i ­
c i t  funct ion o f  A .  Thus , i f  C 4  i s  observed t o  h o l d  rather cons t ant 
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( i n  a . g i ven EOC ) for a who l e  range o f  � then log p = C 4 ( l og  A ) · 7 5 
rep re s ents  the EOC or power fac tor curve . Notice  that for each 
" cons t ant"  C l , C 2 , C 3 , C4 , a p / a C I  > 0 ,  a p/ Cl C 2  > 0 ,  e tc . , s o  that 
the l arger the value the "bet ter" the . power factor  curve . Thus , 
i f  two h a zard i ndexe s  can be  g iven the s ame repre s e n t a t i on w i t h  
d i fferent va lues o f  C l , C 2 , C 3 , e tc . , t h e n  the  ha z ard i ndex w i th 
the l arge r  va l ue ( o f  C l , etc . )  i s  b e t t er . I t  can  b e  s ee n  that the 
fo rms log p = a ( log A ) B g i ve the bes t fi t s . Later i t  w i l l  be  shown 
wha t  values of a and B to us e ,  and further uses for the power 
fac tor fo rmu l a .  (See Subs ect ion 2 . 3 . 2 . )  

4 . 1 . 3 F l a s h i n g  Lights  Case  

Tab l e  C - 3 s hows a compar i s on of  t he p ower factors  for  v o l ume ­
on ly ha zard index for the fl ashing l ight warning device  c la s s  
versus the New Hampsh ire h a z ard index . (See Appendix B . S . 2 . 2  for 
the d e f i n i t i on of  the TSC flashing  l i gh t s  vo lume - on ly mode l . )  
I t  should be remembered tha t a l l  b e s t  TSC mode l s  reported i n  Sect i on 
4 are of l ogi s t i c cons t ruc t i on . 

The volume model  is  roughly no b e t t e r  and no wors e in  ranking  
c ro s s ings than  the  New Hamp s h i re formul a .  I n  fac t , they come qui t e  
c l o s e  t o  g iv i ng the s ame rank i ng . The prac t i c a l  d i s t inct ion b e ­
tween the two formu l as i s  that  the TSC h a zard index h y i e l ds the 
abso lute  h a z ard index C l e 2h , as  noted above . Th i s  makes the TSC 
vo lume mod e l  s u i table  fo r add ing on  non - vo lume terms . (Th i s  sur ­
pris i ng as s er t ion i s  d i s cus s ed in  Sec t ion 2 and i n  the CMR . )  

Even w i th the non - vo l ume terms added in , the TSC mod e l  i s  
o n l y  s l ight ly b e t te r  t h a n  t h e  N ew Hamp s h i re mode l , as  c a n  b e  s ee n  
in  Tab le  C - 4  ( a  maximum o f  2 %  absolute  or , i n  other word s , " 2  per­
c e n t age po i nt s "  d i fference a t  the  1 6 %  to  1 8 %  l evel ) . 

Th e conc lus ion h e re , as  w i th cros s bucks , i s  that  a s l ight  
improvement over the  N ew Hamp s h i r e  fo rmu l a  i s  pos s ib l e ; a two ­
percent reduc t ion i n  acc idents  cou l d  c e r t a i n l y  b e  wel l  wo rth 
con s i der ing . However , the s e  formu l as are very l i ke ly n o t  as  effi ­
c i ent as pro fe s s i ona l j udgement  wi th an on - s i t e  inspec t i on by 
local  author i t i es . Thus , a sma l l  d i fferenc e in  effi c i ency (as 
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measu red by the power fac to r) , a l though important abs o lutely on a 
na t i onal bas i s , coul d be ins ign i f i cant in the use o f  the formula  
fo r a pre - s creening proc ess . 

The s cant ine s s  o f  the improvement again give s  evi dence that 
the TSC mode l i s  near the u l t i mat e . Tab le 4 - 2 l is ts the powe r 
factors (they s hou ld b e  cons idered in the P F I  s ense for the 1 9 7 5  
acc i dents ) for the TSC mode l ,  the Ne,v Hamp s h i re mo de l , and , a s  a 
gue s s  at an uppe r  ground , for the ult ima te a ttainab le : 

TABLE 4 - 2 .  POWER FACTORS ( FLASH I NG L I GHTS )  

% PF PF PFX 
C ro s s ings TSC NH U l t imate (gues s l  

1 %  7 . 5 5 6 . 7 2 8 . S 
2 %  5 . 7 4 5 . 4 4 6 . 1  
5 %  4 . 3 5 4 . 1 2 4 . 6  

1 0 %  3 . 4 8 3 . 3 2 3 . 7  
2 0 %  2 . 6 2 2 . 5 9 2 . 7 
30 % 2 . 0 9 2 . 1 1 2 . 2 

Aga in , wha t  the "ult imate power fac tor" mi ght be  i s  an "educated 
gue s s . "  At  the s ame t ime , the  e xpe r i ence of  many frui t ful ( and 
frui t l e s s )  a t t emp t s  would have one be l i eve i n  the s t ab i l i ty of 
p e r formance of good reasonab le mode l s  on these  dat a ; it wou l d  b e  
remi s s  not t o  impart a s ens e o f  the knowl e dge  wh ich was gained 
from this exper i ence . 

A comparison o f  Tab l e  C - 4  w i th Tab l e  C - 2 s hows that power 
fac tors for flash ing l i ghts are sma l ler  than tho s e  for cro s sbucks . 
Th i s  s ays that the dependence o f  r e l at ive p robab i l i ty o f  accident 
on the factors in the c ro s s ing invent ory is s t ronger for ' cro s s ­
bucks than fo r flashing l ight s . Roughly speak ing , h i gh car  and 
train vo lumes h ave a l arger relat ive e ffect (mu l t i p l icat ive) on 
the probab i l i ty o f  acc ident at cros sbucks than at flash ing l i ght s . 
The ab s olute p rob abi l i ty o f  acc idents i s  c ons iderab l y  sma l ler  a t  
cross buck than a t  flash ing l i ghts  (wi t h  s imi l ar volume s ) , but the 
vo lume dependence i s  more p ronounc ed for c ro s sbucks . 
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4 . 1 . 4  Aut oma t i c  Gates  Cas e 

The last  warn ing dev i c e  c l as s for which results  are given in 
t h i s  report is aut omat i c  gat e s . Here the s amp le  s i ze i s  so sma l l  
that the re s u l t s  mus t  be  t reated  caut i ous ly . There were on ly 
s l igh t ly over 7 0 0  acc idents at gates , g iving about 3 5 0  for both 
data bases . The powe r factors compar ing t h e  TSC vo lume mode l w i t h  
t h e  New Hampsh i re mod e l  are shown in  Tab le  C - 5 .  The f a c t  t h a t  a t  
s ome p l aces  t he TSC mod e l  g e t s  up to  6 percen t  more of  t h e  t o t a l  
acc idents (at  5 0  percent of  t h e  cros s ings , TSC g e t s  8 0 . 5 p er cent 
of the a cc i dent s , whi le the New Hamp s h i re mod e l  gets  7 4 . 9  percent 
of  the acc iden t s ) should be t reated c aut ious ly . The s t a t i s t i c a l  
s i gn i f i c ance i s  not a s  h i gh a s  mi ght be  des i red . The evidence for 
this is that New Hampsh ire c at ches up to  TSCat a t  3 2 . 5  percent , and 
even goes ahead by nearly a fu l l  percentag e  p o i n t  aft e r  dropping over 
4 pe rcent of the  t ot a l  ac c i dents  beh ind at 1 7  perc ent of the c ro s s ­
ings . However , there i s  evidenc e that the TS C formu l a  performs b e t t e r . 

Add ing in  the non - vo lume var i ab l e s  make s the cas e s tronger 
at the lower p e rcen t ages  (be l ow 3 5 %  of the cros s i n gs ) , where the 
formu la is expected  to be of more use ; this i mp rovement i s  at the 
expense  of p oorer per formance above 35 percen t . (Comp ared to TSC 
volume on ly , it rema ins  be t t e r  than New Hamp s h i re . )  Tab l e  C - 6  
g ives powe r factors for the TS C comp rehens ive mod e l s  for gates . 
Although i t  gives up to  6 . 5  p e rc ent improvement over New Hampshire  
at  s ome leve l s , the var i ab i l i ty of qual i ty o f  p erform ance makes i t  
app ear that the amount o f  imp rovemen t i n  qua l i ty i s  ve ry hard t o  
e s t imate . The TS C mod e l  i s  ev iden t ly about equa l t o  the  New 
Hampsh ire mod e l  in  the reg ion of 6 %  to 1 5 % , a c onceiv ab ly very 
imp or t ant reg ion in  app l i cat i on . I t  is  not certain t hat  s t at i s ­
t i c a l ly s i gnifi cant imp rovements  have been ob t a ine d ; i n  other 
words , the 6 - p e rcent improvement over New Hamp s h i r e  in the  gate 
c ategory is  much less  s igni f i c ant t han the 3 - percent i mp rovemen t  
in  t h e  cros sbuck cate gory . 

I n  s p i t e  of a l l  the  variab i l i ty and imp r e c i s ion of  t h e  gates  
power factors (because  of  t he sma l l  number of  acc iden t s ) ,  Tab l e  
4 - 3  l i s t s  the fo l lowing e s t imat e d  powe r fac t ors . 
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TAB LE 4 - 3 .  EST IMATED POWER FACTORS (GATES) 

% TSC NH U l t imat e 
Cro s s ings Power Power PFX Factor Factor 

2 3 . 8 - 4 . 8  3 . 4 - 3 . 6 5 . 5  
5 3 . 4  2 . 8  4 . 0  

1 0  2 . 7 2 . 7  3 . 0  
2 0  2 . 2 2 . 1  2 . 5 
3 0  1 . 9  1 . 9  2 . 0  

4 . 1 . 5  An EOC over the Ful l  F l as h ing L i ghts Data Bas e  

Al l the power factor  t ab l e s  ( EOC s )  pres ented i n  Appendix C 
were c a l cu l a t ed on  random s ub s amp l e s  o f  the data bas e (cros s ing 
inventory + acc ident f i l e ) . One EOC was c a lculated on the b as i s  
o f  a l l  rel evant data . Th i s  was p r ima r i ly t o  exh ib i t  the cons i s ­
tency o f  the s amp l ed data  EOCs . Tab l e  C - 7 shows a n  EOC for the 
New Hamps h i re model for f l a s h i ng l i ght s . I t  i s  cal cul ated on the  
bas i s  o f  all  pub l ic f l as h ing l i ght cro s s ings and a l l  1 9 7 5  pub l ic  
flashing l i gh t c ros s in g  acc idents . Tab l e  C - 3 g ives the s ame in­
forma t ion for a s amp l e d  data  base c ont a in i ng 5 0  perc ent o f  the  
accident s and a s amp l ing o f  the cros s ings . The  agreement is  qu i t e  
s a t i s factory . Since  Tab l e  C - 7  i s  bas ed on 2 , 6 5 0  acc i dent s and 
Tab l e  C - 3 on 1 , 3 2 4  acc ident s , one can see  tha t Tab l e  C - 7  should h ave 
app roximate l y  tw ice  as many (plus mayb e 1 or 2 )  acc i dents at each 
l eve l , as  has  Tab l e  C - 3 .  Tab l e  C - 3  has  198  acc i dent s ( for New 
Hampsh i re)  at the 3 - perc en t  l evel , wh i l e  Tab l e  C - 7 has  39 2 acc i ­
dent s ( 2  x 1 9 8  = 3 9 6 ) . The d i fferenc e o f  4 acc iden t s  out o f  3 9 2  
i s  qu i te sma l l . 

At the 1 0 - perc en t  l eve l , 8 9 3  acc idents in  Tab l e  C - 7  compares 
w i th 2 x 4 4 0  = 8 8 0  a c c idents in  Tab l e  C - 3 .  The di fference o f  1 3  
i s  sma l l  c ompared t o  8 9 3 .  I n  genera l , the d i fference b e tween the  
acc idents i n  Tab l e  C - 7 and twic e tho s e  in Tab l e  C - 3 could reach 
as h i gh a s  6 0  w i thout t he re b e ing a s i gnificant d i fference . The 
d i fference doesn ' t  reach this s i z e , and in g eneral there is no 
evidenc e for any s ta t i s t ical  d i fferenc e b e tween the two . 
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I n  Tab l e  C - 7 ,  extra data are g iven for interpret ing equa t i on 

I I ) ! ' , :  == I t ( 1 1 1 � ' .. " , .. � 

B .\ ) . 

\ 'a l u c ;-;  o f  ex = l og p fo r the va lues of B :  
A )  B ( l og 

B = . 6 5 ,  . 70 ,  . 7 5 and . S O are g iven i n  t h e  c o l umns headed 
* *  . 6 5 ,  * *  . 7 0 ,  e tc . 

The next - to - l a s t  co lumn i s  � l og l og p / �  log  l o g  A f i gured 
over 1 / 2  percent interva l s  in A ,  wh i l e  the l a s t  column g ives 
averages ove r group s  of s even o f  the l atter quant i ty . I t  can  b e  
s e en that for the N e w  Hamp s h i r e fl a s h i ng l i ghts  c as e ,  B ranges 
from a s t ab l e  0 . 7  to a s tab l e  O . B . Th erefo re ,  us ing B = 0 . 7  (as 
in F i gure E - 7 ) can be exp ec t ed to underes t imate f for va lue s o f  
A x 1 0 0 %  > 2 5 % , but s hould otherw i s e  d o  rather we l l . (See  
Tab l e  2 - 2 . )  

4 . 1 . 6  Eva luat ion o f  Other Prev i ous ly Propos e d  H a zard I ndexes 

Con t i nuing w i th the compar i s on o f  r e l a t i ve h a zard i ndexe s , � 

the c l a s s i c a l  Peabody - Dimmick formula and the Colema n - Stewart for -
mul as w i l l  be c ons i dered . As w i t h  the compari s on o f  the TSC for -
mul a s  w i t h  the New Hamp s h i re mode l i n  Sub s e c t i on s  4 . 1 . 2 - 4 . 1 . 4 ,  the 
comp a r i s ons i n  th i s  s ect i ons w i l l  a l l  be of the EOC type ; thus , 
the mode l s  w i l l be comp are d as re l a t i ve h a z ard i ndexes , i . e . , w i th 
respect to the i r  abi l i ty t o  rank cross ings accord i n g  t o  h a z ard . 
Tab l es C - B t o  C - 1 3  present  comp a r i s ons between C o l eman - St ewart 
mode l s  and the New Hamps h i r e  fo rmu l a , and b e tween the Peab ody-
Dimmick  formu l a  a nd the New Hamp s h i r e  formu l a  for the three 
wa rn ing  device c l a s s e s  cons i de red . Compar i s ons with t he TSC mode l s  
a r e  omi tted , as  the TSC comp rehens ive mode l s  outpe rform the 
Co l eman - S tewart  mode l s  te sted here ( those from Reference 2 fo r the 
three warn ing device c l as s e s ) and the Peabody - Dimm i c k  formu l a  as 
we l l  as  the New Hamp s h i re formu l a  for a l l  three warn ing device  
c l a s s e s . Fur ther , the New Hampsh ire fo rmu l a  i s , fo r t he mo s t  p art , 
s omewhat b e t t e r  than t he other two model s as measured on  the s e  
data and exh i b i ted i n  Tab l e s  C - S to C - 1 3 .  
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The reas on why the New Hamp s h i re model i s  supe r i o r  to the 
Peabody- Dimmick is  probab ly that the train volume appears to a 
l ower power than car vo lume i n  the Peabody - D immi c k  formu l a , wh i l e  
the ev i dence indicates  that t h e  train vo lume s hould appear t o  a 
h igher powe r .  

The supe r i o r i ty o f  the New Hampsh i re formu l a  over the Col eman­
Stewa rt mode l s  i s  d i fficul t t o  expl a i n . It  may be  r e l ated to  
Co l eman- S t ewart ' s  u s e  of  four d i s t inct formu l a s  to p roduc e one 
relat ive h a zard index . Thus , if the norma l i zat ion , i . e . , s cal ing 
factor , is s l ightly  off  fo r one formu l a  r e l a t ive t o  ano ther , the 
performanc e as a rel at ive h a z a rd index i s  th rown off . To put i t  
d i fferently , s i nce a d i fferent formul a i s  us ed fo r e ach s t ate o f  
t h e  urban/rur a l  and s ingl e/mul t ip l e  track var i ab l e , there i s  a 
need for t he formu l as to perform accurately a s  ab s o lute  h a z ard 
indexes in order that they may pe rfo rm e ffec t ively in  concert as 
a relat ive h a zard i ndex . Accuracy o f  an ab s o lute h a z ard index i s  
d i fficult  t o  achieve ( s ee Sec t ion 4 . 3 ) ,  and s o  the e ffect i vene s s  
as a r e l at ive h a z ard index i s  imp a ired . 

Earl i e r  in the proj e c t , wh en s ome mode l s  were t e s te d  which were 
cons truc ted by Coleman- Stewart and wh ich cont a ined the urb an/rural 
and s ing l e /mul t i p l e  t rack var i ab l e s  d i rec t ly in  the formul a ,  the 
h a z ard indexes appeared to perfo rm s omewhat b e t ter than the New 
Hamp s h i re mode l , a l though s omewhat poorer t han the TSC mode l s . 
Such resul t s  cannot b e  reproduc ed and inc luded he re b ec ause 
o f  t ime cons traints . The mode l s  we re , as  has  been  indicat e d , no 
b e t t e r  than the TSC mode l s , and t he i r  form aided i n  s ugges t i ng 
forms for the op t i mum TSC mode l s . 

I n  summary , Tab l e s  C - 8 through C - 1 3  indicate that the New 
Hamp s h i re formu l a  p rovides a relat ive haz ard i ndex super ior t o  
t h a t  o f  the o ther two fam i l i e s  o f  previous mode l s . I t  fo l l ows , 
then , that the TSC mode l s , s inc e they have a l ready b e en d e s c r ibed 
as s uperior  in  accuracy to the New Hamp s h i r e  model , are l i kew i s e  
sup erior  t o  the o th er two mode l s . 

F i gures E - 9 through E - l l o f  Append ix E s how graph ical ly the 
e ffec t ivenes s o f  the TSC , Col eman - S t ewart , and New Hamp s h i re 
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mod e l s  i n  t erms o f  re lat ive  hazard i ndexe s , wh i ch , in turn , are 
man i fes ted  as respec t i v e  EOCs in the f i gures . 

The fol low ing  p o i n t s  are pert inent to  the  defini t ion o f  the 
formu l as : 

1 .  The Peabody - D immick formul a ,  as  i t  occurs in  the  o r i g inal  
art ic l e , amounts to a comp l e x func t i on o f  C · 1 7 . T · l S ; but 
s ince  th i s  comp l ex func t i on is s t r i c t ly increas ing  
( . ) C · 1 7  T · I S . 

'
. 1 h I mono tonlc , • I S  equ lva ent to  t e c omp ete  

Peabody - Dimmick fo rmul a  for  use a s  a r e l a t ive h a zard 
i ndex ( such as  the compar i s on i n  this  sub s e c t i on re l a t e s  
to) . 

2 .  The New Hamp s h i re formula  has a warn ing  device c l as s  facto r ,  
but t h i s  can  be  i gnored here , as  the  comp ar i s ons a re 
l i mi te d  to  s in g l e  warning  device c la s s e s . 

3 .  The C o l eman - S t ewart formu las are , s tr i c tly  speaking , 
und e fi ned i f  e i ther C or T i s  z ero . Th i s  i s  res o l ved 
here by taking  C = 1 / 2 and T = 1 / 2  r espect ively in the 
z e ro c a s e s . (Act ua l ly , T = 0 repres ents the cas e when 
the i nventory fo rm had a z e ro for e a ch of i t ems 2 4 , 2 6 , 
2 8 , and 30  o f  Tab l e  F - 2 . ) 

4 . 2  D ISCUSS I ON OF TS C COMPREHENS I VE MODELS AND VOLUME MODELS 

4 . 2 . 1  Cros s bucks 

The vo lume model  requires  l i t t l e  d i scus s i on ( s e e  Append i x  
B . S . l . l  for d e f i n i t i on ) . I t  p rovides  a rank i ng o f  the cros s ings 
wh ich d i ffers l i t t l e  from the  New Hamp s h i r e  mode l , and i n  the 
effec t iveness  or pred i c t i v e  v a lue of the rank i ngs , d i ffers by s t i l l  
l es s . The ch i e f  purpo s e  o f  the comp l e x i ty o f  the vol ume mod e l  i s  
t o  ensure that the h a z ard index becomes a n  abs o lu t e  h a zard i ndex . 
I t  i s  noted  i n  Sec t ion 2 that  th i s  i s  a neces s a ry p rope r ty for 
d i s cr iminants to  ensure the i r  op t ima l cons truc t i o n . In other 
word s , un l e s s  a good e s t imate of  the ac tua l p rob ab i l i ty can  be  
wor ked o u t , it  is  n o t  p o s s i b l e to cons t ruct the b e s t  d i s c riminant 
( h a z a rd index)  even from the re l a t ive  po int  of v i ew .  
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S i nce s ome of the terms i n  the ha zard index have negat ive 
coe ffi c i ents , i t  is  good to check that the ha z ard i ndex is  an 
increas i ng func t ion o f  the car  and t ra i n  vo lume over a s uffic i en t l y  
wide  range . I n  t h i s  connect i on , ahv/ a c  < O , fo r  a l l values o f  c ,  
but ahv/ aT > 0 only when 1 . 1 5 8  - 2 .  * . 2 2 1 2 1 0 g l O (T+ l )  < 0 ,  or 
T > 4 1 4 .  So , if there are more than 4 1 4  tra ins per day , the h a z ard 
index s tarts  to decrease wi th i ncrea s ing t r a i n  vo lume , but no t 
b e fore . The decrease i s  very smal l ; fo r examp l e , doub l ing the 
numbe r  of trains (to 8 2 8 ) decreases the probab i l i ty ( frequency) 
e s t imat e s  by l e s s  than 1 percent o f  i t s  value , i . e . , the relat ive 
dec reas e is 1 % .  Of cours e , the es t imat e s  are no t val i d  at the s e  
very h i gh t ra i n  volume s . A s epara t e  analys i s  would be  requi red to  
es t ima te  the  d ependence o f  h a z ard on very high  train  volume s . The 
point o f  this  d i scu s s ion is  to ver i fy that the negat ive coeffi ­
c ient o f  [ 1 0gl O (T+ l ) ] 2 does no t result in a decrease in  e s t imated 
haz ard a t  o rd inary train vo lumes . The non - vo lum� terms tha t were 
s e l ec t ed by the s e l ec t ion regres s i on (and not droppe d  l ater  due to 
shr inking contribut i on)  are mo re no t ab l e . 

Bes i des the vo lume t e rm there are (see  B . s . l . 3 ) : 

1 .  The l o gari thm o f  the numb e r  o f  day through - t ra ins (plus 
1 ) : (pos i t ive coeffic ient ) . 

2 .  The numb er o f  main t rack s : (pos i t ive coeffi c i ent ) . 

3 .  I s  the  h i ghway paved?  (pos i t ive co e ffic ient ) . 

4 .  Popu l at ion ( s ee Append ixes B and D for defin i t i on o f  the 
variabl e) : (po s i t ive coe ffic ient ) . 

s .  Func t i on c l a s s  o f  the road ( s e e  Appendix F for d e f i n i t ion 
of this var i ab l e ) : (nega t ive coe ffic i en t ) . 

As s t a t ed in Sec t i on 1 ,  the goal o f  t h e  s tudy wa s pred ict ive 

effec t ivenes s and no t ident i f i cat ion o f  t he causes  of ac c ident s .  

Therefore , caut i on mu s t  be  exerc i s ed in  int erpr e t i ng these  t erms 

as caus a l ly connec t ed w i t h  accidents . However , the  t erms are  a l l  

intui t ively r ea s onabl e  a s  contr ibutors t o  acc ident probab i l i ty 

( t aking into account the s ign o f  the  coeffi c i ent) . 
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The pos i t ive connection o f  acc idents to day through - t rains i s  
pe rhaps the mo s t  obvious . S ince "volume" va riab les  are b a s e d  on 
t o t a l  ave rage veh i cul a r  traffic  and t o t a l  average train t ra ff i c , 
i t  does not  t ake into  account extra exposure o f  day trains t o  
h i gher day traffic ; therefore , a n  extra t e rm for day tra ins i s  to  
be expect e d .  

Th e pos i t ive t e rm fo r numb e r  o f  main t racks i s , l i kewis e ,  
eviden t , espe c i a l ly s ince many acc idents occur invol ving s low o r  
s t al l ed veh i cl e s , and s ome invo l ve veh i c l e s  n o t  s e e in g  trains 
ma s ked b y  other t ra ins . 

The pos i t i ve corre l at ion with  the h i ghway be ing paved would 
s eem h arder to  exp l a i n .  Perhaps t h i s  ends up be ing a proxy var i ­
ab le fo r veh ic l e  speed . Because o f  the  vo l ume op t imi z a t i on and 
p re s ence o f  track and l ane var i ables  in  the var i ab l e  poo l , i t  
should be no mo re than a part ial  proxy for them ( the s ame ho l ds 
fo r func t ional c l as s ) .  Howeve r ,  a road tha t i s  no t p aved would 
very l i k e ly c arry cogni z ant local  traffic a t  l ower speeds than 
would a p aved road w i th the s ame veh icular vo lume . 

Th e popul a t i on var i ab le i s  a l s o  t r i c ky - - the h i gher the popu­
l at io n , the h i gher th e ri s k .  Th is i s  l ik e l y  t ie d  up w i th the 
corre l at ion of s i gh t d i s tance w i th popul a t i on . One f inds that 
popu l a t i on is a b e t t e r  predi c t o r  than urb an/ rural ,  so popul at i o n  
i s  probab ly a p roxy for urban/ rura l , even though urban/rural  was 
part o f  the  var i ab l e  pool ava i l ab l e  t o  the s t epw i s e  regre s s i on .  
Popul at ion i s  probab l y  a l s o  a proxy for p e rcent fami l i ar drivers . 
The demog raphi c  i mp l i ca t ions o f  th i s  vari ab l e  cou l d  p rovide end ­
l e s s  specu l a t i on . Func t ional c l a s s  i s  perhaps a pro xy fo r l anes , 
veh i c l e  speed , p e rcent fami l i ar drive rs , e t c . 

4 . 2 . 2  Flash ing L i gh t s  

The flash ing l igh t s  comp rehens ive mod e l  i s  g i ven i n  B . S . 2 . 2 . 
I t  i n vo l ves ex�c tly  the  s ame non - vo l ume vari ab l es as cros sbucks 
and wi th the s ame s i gns for the coe ffic ients , except fo r the added 
t e rm " number o f  h i ghway l anes "  rep l ac ing the "hi ghway paved" 
va r i ab l e . Th i s  i s  very reas onab l e  on two count s : 
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a .  The mo re lane s , the mo re l i kely the d r ive r  i s  not  t o  
no t i ce t h e  flashing  l i ghts . 

b .  I n  the  case o f  f l a s h i n g  l i gh t s , the vari ab l e  " h i ghway 
paved" i s  no t very us e ful , s i nce it almo s t  a lways h as 
the s ame value . Numb e r  o f  h i ghway l anes then becomes a 
reasonab l e  proxy for the s ame s e t  o f  cond i t i pns . 

4 . 2 . 3  Au tom a t i c  Ga tes  

The automa t i c  gates  comp rehens ive model  is  con ta ined i n  
B . S . 3 . 2 .  I n  th i s  case  the smal l er s amp l e  s i z e  supports the i n ­
corporat ion o f  fewer va riab l e s into the mode l . The s e l ect ion 
regre s s i o n  used to  s e l ec t  the vari ab l e s  for the automat i c  gate 
mod e l  i s  g iven i n  App end i x  D ,  Tab l e  D- 1 3 .  I t  i s  i nt e re s t ing t o  
exam i ne t he regre s s i on at  s te p  4 ,  s t ep 6 ,  and aga i n  a t  s t ep 1 0 . 
At s tep 4 i t  can be s e e n  that the f i r s t  var i ab le chosen  (at s t ep 
1 )  was "pre s ence of rai l road advanced warn i n g  s i gns . "  Th i s  enters 
wi t h  a negat i ve s ig n . In  other words , i f  t he advance warning  s i gn s  
a r e  pres ent , t h e  cros s i ng i s  more dangerous . Thi s  c la s s  of phenomenon 
may be c a l l e d  the warning  device  leve l  pa radox (or p e rhaps the  Cole ­
man - Stewar t p aradox ) . 

Th i s  paradoxical  phenomenon i s  fa i r ly w i d espread i� s afety 
analys i s  o f  th i s  type , and bears s ome .d i s cus s ion . The charac ­
t er i s t i c o f  i n teres t ( i n  t h i s  i ns tance and i n  certa i n  o thers ) i s  
that  the " h i gh e r  warn i n g  device leve l "  c ro s s ing i s  more hazardous 
t han t he " l owe r warn i ng dev i c e  leve l "  c ros s ing , even account ing fo r 
other factors . The warn ing device l eve l var i ab l e  has  become a 
proxy for " l oc a l  j udgmen t . "  I n  ot her words , i f  t he h igher warn ing 
device l eve l is pre s ent , t h i s  re fle c t s  a j udgment  on the part o f  
someone t hat  the cros s ing wa rrant s t he warn ing equ ipmen t , perhaps 
bas e d  on factors not in the data b a s e  used here , inc luding p a s t  
acc i dent h i s t ory . The othe r  e l ement  necess ary t o  produce the p ar a ­
d o x i c a l  s i tua t i on i s  t hat , on the  ave rage , the  e ffect i vene s s  o f  
t h e  e xt ra warning device does n o t  offs e t  t h e  i ncre a s e d  hazard 
i mp l ie d  by i t s  pre sence . I n  the cas e o f  the "RR advance warnin g  
s i gn , "  th i s  i s  e spe c i a l ly l i ke ly t o  be true , s ince i t  presumab ly 
i s  of l ow e ffec t i vene s s  but  i s  a l s o  r e l at i ve ly i nexpens i ve . 
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( : o i em a n - S t ewa rt no ted the p a r adox ( i f  not t h i s  exp l anat ion) in  
conne c t ion w i t h f l a s h ing l i ghts  and ga tes  under c er t a i n  cond i t ions 
and a s i mi l ar anoma ly was noted in the  C a l i forn i a  report (Re ference 
1 ) . The vari ab le  " RR advance warn i ng s i gn s  p re s e n t "  i s  not inc l uded 
here mos t ly because of the odd na ture of i t s  p romi s e d  c ontributi on .  
I f  mo re t i me had permi t ted , i t  wou l d  have been  inc l uded ' i n  a final  
mode l ,  s i nce  it  doe s add t o  predi c t i ve powe r , and that i s  what  i s  
de s i re d . I n  genera l , a paradoxical  va r i ab le i s  us ual ly a p roxy 
for s ome other va ri ab le ,  s o  that i nc luding i t  w i l l  i mprove p re ­
d i c t ab i l i ty ;  however , i t  c an a l s o  e i ther i mp rove or reduce one ' s  
ab i l i ty t o  g i ve a caus a l  i nte rpre ta t i on o f  the mode l . 

Step 6 o f  Tab l e  D - 1 3  s h ows that a numb e r  of var i ab l e s  have 
entered the regre s s i on . "Numb e r  o f  lane s "  and "number of  main 
track s "  were chosen b ecause of  the i r  re l at i ve ly l arge t value s . 
T he va r i ab le [ l og (C+ l ) ] 2 could have been i nC l ude d , b ut s ince i t  i s  
a vo lume va r i a b l e  and , there fore , only adj us t i ng for the addit i on 
o f  the other variab l e s  (no t  a l l  o f  wh ich woul d b e  kep t ) , and 
s i nce the s amp l e  s i ze is s ma l l  ( s upport i ng few vari ab l es ) , i t  was , 
decided t o  keep only  the tracks and l anes v ar i ab l e s  and the "var i ­
ab l e "  1 ,  i . e . , a cons tant . Th e cons t ant has  a l ready been cho s en 
by the vo lume regres s i on ,  but w i th only two o ther non- vo l ume 
variab l e s , the inc l us ion o f  a cons tant t e rm i s  surely  adv i s ab l e . 
(�fany " b l ind al l ey s "  and abandoned a t t emp t s  h ave shown the advan ­
tages  and d i s advan tages of  i nc l uding the cons t ant t e rm . ) I t  i s  
prob ab ly always adv i s ab l e  t o  include i t  o n  theor e t i c a l  g round s , 
and i t  wa s l e f t out o f  the mod e l s  only wh en the power factor s howed 
it d i d  no t hel p . Looking at s t ep 1 0 ,  one s ee s  t hat  t he cons tant " 1 "  
entered only  o n  the 8 t h  s tep . Some o f  the t values o f .  s tep 1 0  are 
so  smal l that int erpr e t a t i on is  prob l e ma t i c a l . 

The pos i t ive dep endenc e on n i gh t  trains need not b e  inter­
pre ted , even  though it  is  contrary to the  pos i tive  dependence on  
day trains for c ros sbucks and flashing  l i gh t s . Al l v ar iab l e s  wh i c h  
entered t h o s e  mo de l s  h a d  much l arger t values  i n  t h e  s e l e c t ion 
regres s ion . 

Ne xt t o  be  cons i de re d  i s  wh at did  not show up i n  the mode l s . 
The ga te  s e l e c t i on regre s s i on var i ab l e  poo l (Tab le  D - 1 3 )  s hows the 
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mo s t  impo rtant ones . Con s i derab le experi ence had l ed to the drop ­
ping o f  o ther variab l e s  previou s l y  as  espec i a l l y unpromi s ing . 
" C ros s i ng ang l e "  i s  a no tab l e  one .  Nearly every s e l ec t i on r e ­
g res s ion conta ined t h a t  var i ab l e  to  n o  ava i l . The var i ab l e  was  
j us t  not pert i nent to  any of them . Howeve r , it  s hould h ave been 
inc luded i n  the variab l e  poo l  for gates  in  s p i te of  its  l ac k  of  
us e fulne s s  for cro s s bucks . But this  overs i gh t  i s  unl ikely  t o  be 
of any s i gn i f ic ance . 

Of the variab l e s  s hown i n  Tab l e  D - 1 3 , "maximum train  speed" 
(va r i ab l e  10)  was  an examp l e  o f  a va r i ab l e  that  was  carried in  
vi rtua l ly every s e l e c t ion regre s s ion t o  prac t i c a l ly no ava i l . I t  
never entered the gate s e l e c t ion regre s s ion s hown i n  the t ab l e  
e xcept a t  a very l a t e  s tep w i th comp l e t e l y  ins i gn i f i c an t  t value . 
I t  ent e red s e le c t i on regre s s i ons fo r f l as h i ng l i gh t s  and cros s ­
buc ks , but at  l a te  s teps , w i th too sma l l  t val ues t o  j us t i fy 
keeping the var i ab l e  for pred i c t ion purpo s es , but prob ab ly l arge 
enough to  prove i t s  s ig n i f icanc e . I t  entered w i t h  a pos i t iv e  
coe ffic i ent . Apparent ly , "max speed , "  which i s  b et t e r  than the 
other two variab l es r epres ent ing train speed , is of amb i guous 
va lue for de termining acc ident haz ard . On the  one hand , the 
fas ter  the tra i n , the mo re l i kely  for the train  to s tr i ke the car 
becaus e of l ac k  of warning (of more importanc e for cros sbucks and 
fl as hing l i gh ts ) . On the other hand , the s lower the train , the 
more l i k e ly the car is to  s tr ike the train . (No t i c e  a l s o  that  the 
train speed is  a p roxy for numb er of cars i n  the t r a i n . )  The two 
e f fects  evidently  c anc e l  in the c a s e  o f  gates  and p ar t i a l l y  c anc e l  
i n  the c a s e  o f  l ower warni ng device c l as s e s , wi th  s l ight  t ipp ing o f  
the ba l anc e t o  h igher haz ard fo r h igher speed . I f  acc ident s eve r ­
i ty or j us t  fat al acc iden t s  had been con s id e red in s t e ad o f  a l l  acc i ­
dent s , the find ing m i gh t  have been comp l e t e ly contrary . 

I t  s hould b e  no ted that the var iab l e  "urban/rura l "  was  forced 
out o f  the regre s s ion in  Tab l e  D - 1 3 .  Thi s  var i ab l e  was  a lw ay s  
pa s s ed up in  favor o f  "populat ion" i n  the cas e o f  s el e c t i on r e ­
gre s s ions fo r cros sbucks and gate s . Various indica t i on s  l ed to 
suppre s s i ng i t  from t h i s  regres s ion s ince i t  h ad entered ano ther 

gate s e l e c t ion regres s ion (see Sect ion 3) , and s in ce the o ther 

4 - 1 7  



va r i ables  s eemed to perfo rm bet ter in i t s ab s ence . Th i s  k ind o f  
j udgment somet ime s l ed t o  cho ices that were not dicta ted b y  the 
s e l ec t ion regres s i on ,  but as  far as pos s ib l e  the EOC was , as noted 
in  Sect ion 2 ,  the f inal arb i ter . 

4 . 3 EXPECTED ACC I DENT FREQUENCY PLOTS 

I t  has been noted that there is need in s ome contexts for an 
abso lute as we l l  as a re l at ive ha zard index . An abs olute ha z ard 
i ndex i s  one which is  p ropo r t i ona l t o  the  expected frequency of  
acc idents each year  a t  t he g i ven c ro s s ing . I t  has  been indicated 
that the expected acc i dent freq uency can be e s t i mated i n  a numbe r  
o f  ways . I n  Appendi x E p l o t s  are pres ented which show a c omp ar i s on 
o f  the e xpected acci dent frequency a s  computed four way s : 

a .  £1 = r � P (1 + }�: � 8) 
The s econd t e rm w i thin the p arenthes e s  i s  cons i dered negat ive . 
(See Tab l e  2 - 2 and Sect ion 2 . 3 . )  

b .  M !J. % Acc idents f 2 = N !J. % Cros s ings 

wh ere !J. % acc i dents i s  the p e rcentage of a l l  accidents occurring 
i n  a I - percent i nterval of cross ings : 

c .  

!J. % Cro s s ing s = 1 %  

2h 
f = C e TSC 

3 I 

wh ere hTSC is  any one o f  the TSC haz ard i ndexe s . The formu la 
for f3 i s  g iven in  Sec tion 2 . 3 . 1 . The va lue fo r hTSC can b e  
obtained from any o f  t h e  fo l l owing fo rmul as , depending o n  warn ing 
device c l a s s  and on whet her t he non - vo lume variab l e s  are to be 
used : 

B . S . 1 . 2  
B . S . 1 . 3  

B . S . 2 . 1  
B . S . 2 . 2 
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Th e cons tant C l is determined by no rma l i z a t i on , s o  that the cumu ­
l a t ive number o f  (predicted) acc idents over the 5 0  percent mos t  
hazardous c ros s i ngs agrees w i th obs e rvat ion . Alternat ive ly , the 
values of  C l g iven i n  Section 2 . 3 . 1  can be  used . 

h 
d .  f4 = k e c s  

whe re h i s  the approp r i ate Co 1eman - Stewa'rt model ( s ee Appendix B )  c s  
and k i s  det e rmined as in c .  above b y  normal i z ation . 

Th e quant i ty f2 ( s e e  b .  above ) is  the obs erved emp i r i c a l  
frequency of  acc i dents in a g i ven int erva l ( o f  ranked cros s ings ) . 
Cons equent ly , the other formulas are espec i a l ly to b e  compared to 
th i s  one . Wh en the es t imate provided by f 2 j umps around a l o t , 
the o t her frequency e s t imates , wh ich are s tr i c tly decreas ing , are  
accurate if  the  " empi r i cal"  es t imates  average around the " theo­
ret ical"  e s t ima tes . ( By emp i r ical f 2 i s  mean t , and by theoretical  
f l , f3 ' and f 4 are re ferred to . )  A l s o , when any two of  t he e s t i ­
ma tes  tend t o  agree , t h i s  i s  conf irmat ion for bot h  e s t imate s , s ince 
t hey are der ived and calcu l a t ed by qu i t e  d ifferent methods . 

For exampl e ,  F i gure E - l o f  Appendix E compares the frequency 
e s t imates  for the TSC comprehens ive cros s bucks mode l , as g iven by 
formulas f1 and f3 . The s o l id l ine repres en t s  f3 and the X I S  
repres ent fl . I t  i s  not real ly pos s ib l e  to s ay wh ich g ives the 
better  e s timate (indic ated b e l ow wi l l  b e  how t h i s  can be re so lve d  
w i th a l i t t le more ana lys i s ) . I t  app ears that the agreement i s  
rather goo d ,  e spec i a l ly i n  the 5 percent t o  3 0  percent re g i on . 

F igure E - 2 i s  for t he s ame ha z ard index (TSC c omprehens ive 
c ro s s - bucks ) . The fo rmulas  represented are : f3 by the s o l id l ine 
and f2 by t he X I S .  Of course , f2 e s t imates t he " t rue"  values in the 
sense o f  unb i a s ed but it is  qu i te no i s y . * G iven that f 2 is un­
b iased , it s e ems that f3 i s  not undere s t ima t ing out near 50  p e r ­
c e n t  a n d  i s  a s  good a s  t h e  eye can d i s t ingu i s h  f o r  l ow percentage 

* "No i sy" = "has l arge random component . " Th i s  qual i ty i s  evi -
dent in the f i gure . 
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( h i gh .  ha z ard)  cros s ings . I t  may be as sumed that f 3 g ive s rathe r 
good p robab i l i ty e s t imates . 

Figure E - 4  provides the s ame compari s on for the TSC compre­
hens ive flash ing l i gh t s  mo de l . The agreemen t  is  a s  good as the 
eye can sugges t for a s t rictly decreas ing smooth function ( except 
po s s ib ly b e low 5 % ) . 

Fi gure E - 5 provides th e s ame compar i so n  ( f2 vs f 3) for the 
TSC comprehens ive automa t i c  gates  mode l . The large s cat ter i s  
cons is tent w i th the findings o f  l arge var i ab i l ity o f  e s t imates in 
the automa t i c  gates case . The agreement is d i ffi cul t to as s es s . 

F i gure E - 7 i s  the fl , f 2 comp a r i s on for the New Hamp s h i re 
mode l  in the fl ashing l i ghts case . I n  ear l ier  work i t  was s hown 
that the New Hamp s h i r e  formula H=CT does n o t  provide an abs o lute 
haz ard index direc t ly ,  so s ome thing l ike an fl e s t imate i s  nece s ­
s a ry .  In Figure E - 7 ,  fl and £2 are represented by the s o l i d  l ine 
and X ' s  respective ly .  The agreement is about as good as the eye 
can sugge s t  ( 8  was t aken to be 0 . 7 ) .  

Figure E - 8 is  a l s o  for the flash ing l i ght c as e , but comp ares 
f1 and f2 app l i e d  to the TSC model . ( I n  fl , 8 was s e t  to 0 . 7 
again . ) Th e agreement  i s  as good a s  the eye c an t e l l . Re fer ­
r ing t o  F i gure E - 4 ,  i t  c an b e  s een tha t f 3 p erhap s  overe s t ima t e s  
f o r  l ow percentages . F i gure E - 8  s h ows tha t fl e s timates sma l ler 
va lue s  in  th e same r e g i on . I n  th i s  c as e ,  f l may b e  a b et t er  
fr equency es t imator than f3 . 

Fi gure E - 3 i s  for the C o l eman - Stewart cro s sbucks mode l , and 
Fi gure E - 6 rep re s en t s  the C o l eman - St ewart f l ashing l i gh t s  mo del . 
No t e  that i n  the c ro s s bucks mo de l the Col eman - S tewart formul a ,  
normal i zed  t o  this  data b a s e , f i t s  the emp i rical  frequency po ints 
rel ative ly we l l . 

I t  m i gh t  app ear tha t the C o l eman - S tewart cros sbucks formu l a  
i s  as  good an ab s olute  ha z ard index a s  the TSC (comprehens i ve )  
c ro s s buck formul a .  However , the c l os eness  w i th which the curve 
ma tches the emp i rical  frequenc i es is no t the only tes t . The 
o ther cons i derat ion is how much of a d i fferential  spread in  
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frequencies the formu l a  creates . Thus , a fo rmula that s imply 
as s i gned the s ame average acc ident frequency to a l l  c ro s s ings 
would match the emp i r i c a l  value almos t exac t ly , but would be 
us e l e s s  as an abs olute haz ard index , s ince i t  contains a lmo s t 
z ero info rma t i o n .  The TSC cros sbucks formu l a  resul t s  i n  mo re o f  
a s pread , a s  evi denced by a mo re sharply r i s ing curve (compare 
F i gure E - 2 w i th F i gure E - 3 ) , and thus i s  apparently mo re u s e ful 
as an abs o lute haz ard index . The sharper frequency curve is  
reflected direc t ly i n  the fact that the TSC formula  has h i gher 
power fac t o rs . 

The Col eman- St ewart f l a s h i ng l i ghts model  ( F i gure E - 6 ) has a 
h i gh s p read o f  emp i r ic a l  frequenc i es ab out the fo rmul a  curve . 
Th i s  i s  p robab ly p ar t i a l ly due to a misma tched comb i na t ion o f  the 
four fo rmul as wh ich make up the Coleman- S t ewart mode l for th i s  
warn ing devic e c las s * ,  and thus gives added evidence that separate 
fo rmu l as may be  g iving t roub l e  when us ed to compare cross ings . 
The use o f  s ep ara te  (TSC ) formulas  fo r separate warn ing devi c e  
cl a s s e s  i s  a l l  r ight under e i ther o f  two c i r cums t anc e s : 

1 .  No cro s s  comp a r i son be tween warn ing device c l a s s e s  i s  made . 

2 .  The c ro s s ings are c ompared over the who l e  popul a t ion on 
whi ch the hazard i ndexes a re cons t ruc ted and c a l ibrated 
(the  ent i re Un i t ed States) . 

I n  other cases , a s in g l e  c omb i ned formu l a  for a l l  warning 
devi ce c l a s s e s  m ight be cons i dered (with warning device  c l a s s  a s  
a vari ab le ) .  Such a formula has not yet been cons t ruc ted (us i ng 
our t ec hnique ) . 

The Co l eman - St ewart flas hing l ights  formu l a  a l s o  re su l t s  in a 
l e ss s h�rpl y  increas ing curve than t he TSC f l as h ing l ights formu l a . 

I n  genera l , 
fa i rly accura t e . 
fo r the flashing 

the f requency e s t ima t ing formu l as fl and f3 are 
Fo rmu l a  f3 i s  probably good wi thin � 1 0  p ercent 

l ight s and cros sbuck c a s e s . I t  is d if f i cu l t  t o  
eva luat e  these  fre quency e s t imat e s . A careful analys is u s in g  the 

*Tfie four formu l a s  invo lved for each warn ing device c l a s s  are s hown 
in Append ix B ,  Sect ion B . l .  The fact that d i s t inc t formu l as a r e  
u s ed to compare d i s t inct c r o s s ing s is  t h e  i s sue i n  p o int . 
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exact formula 
M ( f = N P 1 + log p d log log p) 

l o g  � d log log A 

( s ee Sub s ec t ion 2 . 3 . 2 ) cou l d  be under taken wi th the data ava i l ab l e . 
The assump t ion above has been that 

B = d log  log p 
d l o g  log A 

i s  a cons tant . The o the r de fini t i on o f  B i s  the value that makes  

log p 
( l og  A )  B = ex 

s t ay c ons tan t . I n  general , B w i l l  no t be  cons tant , but a funct ion 
o f  A .  B may be  determined by bes t f i t  locally o f  6 log log p = 
B � log log A or , according to an a l t e rnat ive hypo the s i s , 
� log log p = r � l o g  log A + 5 � log A fo r wh ich B = r + s log A .  
B or r and s can be f i t  loca l ly over s everal p e rcen t  ( t o  smooth 
out the no i s e ) . Al though there was no t time to do this  ana lys i s  
for t h i s  rep or t , i t  c a n  neverthe l e s s  b e  s urmi sed that the e s t imated 
acc i dent fr-equenc ies  a l ready repo rted wi l l  be  us e ful even if e s t i ­
mated to wi thin about 1 0  percent . 

I t  s eems a lmos t unreasonab le to predic t  these r are events 
more accura t e ly . Furthermore , it  might be  s ugge s te d  that mos t  
se lec t i on p roces ses , whether they be  rea l  o r  hyp othe t ic a l  for 
ana lys i s  purpos es , can be based on power fac tors rather than on 
probabi l i ti e s  ( frequenc i es ) . It should be remembe red that when 
power fact or  p is a s s oc ia t ed with a hazard i ndex va lue h ( as suming 
A is known as  we l l , i . e . , h se lec t s  A x 1 0 0 %  of the cross ings ) , 
then one has the answer to the ques t i on of  the number of  acc i dents 
tha t are to be  expected in the next year at the A x N cross ings 
w i th this or greater hazard index (in  the g i ven warning device 
c l a s s ) .  On the other hand , i f  " f , "  i s  known one has the answer t o  
the que s t i on of  the number o f  acc i dents t h a t  c an b e  expected at  a 
cros s ing w i th th i s  val ue o f  "h" in one year . I t  i s  di fficult t o  
know what the c omp ar i s on i s  of the e rrors in p w i th tho s e  in  f ;  
the error i n  p may have been over e s t ima ted or  underest imated i n  f .  
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I n  general , f e s t i mates  the deriva t i ve o f  a random func t i on and , 
there fore , cannot be  known as we l l  as p ,  which i s  based on cumu ­
lat ive quan t i t i e s  on ly . 

4 . 4  SUMMARY O F  RESULTS 

Wi th a data base o f  unus ual ly large s i ze and degree of com­
p l e tene s s , and with the s ta t i s t i cal  too l s  for con s t ruct ing , tes t ­
ing , evaluat ing , and exhib i t i ng prop e rt i e s  o f  haz ard i ndexe s , a 
numb er o f  things have been quan t i tat i ve ly demons t rated about hazard 
indexes for r a i l road c ros s ing acc i dent s that c ould not be done 
under other c i rcums tances . 

Ext ens ive exper imentation has b een done , on the bai i s  ot -ihich 
t hree compreh�ns ive mode l s  are offered ; t he s e  mode l s  are also .� 
t e s t ed and compared in performanc e to o ther haz ard indexe s  o n  t he 
overa l l  Uni t ed States acc ident exper i ence for 1 9 7 5 . Extens ive 
t e s t s  and analys es have been performed to  provide c l ear and 
spec i f i c  informat ion on what these ha zard indexes indi c at e ; in  
t h i s  r egard , s ome s im i l ar analy s e s  wer e  performed o n  ear l i er 
s imp ler hazard indexes . 

I t  has been shown by extens ive e xp e r iment at i on and t e s t s  that 
s imp l e  volume - dependent formulas appear t o  have 9 0 - 9 5  percent o f  
the p redict ive p ower o f  mo re c omp l ex formu l a s . Of  vo lume - only 
formu l a s , the New Hamp sh ire hazard index for a g iven warning dev ice 
c l a s s  g ives nearly as good a rank ing as  an op t imi zed formu l a  . 

. However ,  the s tr a i ght formula H = k CT shou l d  not be  used to 
es t ima te acc i dent  frequency . I n  this  regard , Tab l e  2 - 2 and the 
d i s cuss ion in  Sub s ec t i on 2 . 3 . 2  show how to conver t a value of CT 
( ave rage da i ly veh icul ar vo lume t imes average da i l y  train volume) 
into a power fac tor and also  an expected acc ident frequency . 

The new formu las t hat  are derived are , in certain  respects as 
described above , more s e lec t ive than the New Hampshire  formu l a ,  
even though the d i fference , wh i l e  s t a t i s t i c a l ly s igni fican t , may 
not be cons idered large enough in certain app l i cat ions to forgo 
the s imp l i c ity o f  the New Hampshire formula . I f  the TSC compre ­
hens ive formulas a�e used , they t oo may b e  conver t e d  int o  exp ected  
frequency of  acc i dent by  s imp ly forming Cl e 2 h . The value of  
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h x 1 0 , 0 0 0  is l i sted  under the column HAZARD I NDEX , TSC in t he 
EOCs (Ap pend ix C ) ; the New Hampshire  h a z ard index value g iven i s  
s i mp ly CT . 

Final ly , it  has been shown exp l i c i t ly how the p ower factor  
and expected frequency o f  acc ident s  ch ange and what values they 
t ake ( for t he three warn ing device c l as s es  - - cros s bucks , fl ashing 
l i ght s , and gates ) wh en a g iven percent ag e o f  the mos t  h a z ardous 
cross ings is chos en . This  informat ion is in the EOe t ab le s  and in 
t h e  fitted  formulas re l at ing f and p to A .  

The techn ique s used have been e xcep t i ona l ly e ffec t ive i n  
i l lumina t i ng the quant itative aspects  o f  h a zard a s  predic ted by 
s imp l e  quan t i tat ive character i s t ics . However , there has not been 
t ime to real i z e  a l l  of the intended app l icat ions of the s e  con­
s t ruct ions and t e s t s . I ndeed , a very maj or p roduct o f  thi s  proj ec t 
cons i s ts of  the too l s  and techn i ques and proc edures whi ch were found 
us e ful . Furthe r us e o f  the s e  too l s  and s imi l ar techniques w i l l  no 
doub t s narpen the p icture t hat has been produce d .  

I n  the nea r  future hazard indexe s that u s e  acc i dent h i s tory 
of the indiv i dua l c ros s i ng to he lp det e rmine hazard are e xpected 
to be deve loped . (See App endix H for de t a i ls . )  P re l iminary r e ­
s u l t s  indi cate tha t acc i dent h i s tory c an be o f  great predictive 
value when comb ined ,>Ii th the other fact ors cons i dered in  this 
report . 

F ina l ly , the re ader or the us er  of  informat ion in t h i s  report 
mus t be caut ioned that the work presented here is  more of the n ature 
of  "exp er imentat i on "  than of  "p roduc t ion . "  A great deal of care 
has g one int o ens ur ing t he accuracy of  the r e s u l t s  s h own , but a l l  
the dat a and formu l a s shou l d  b e  cons idered subj ect t o  refinement 
as more exp e r i ence and dat a are g a ined . 
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5 .  SOME PRACT ICAL CONS I DERAT I ONS 

The prac t i c a l  worker is faced w ith two que s t i ons : 

a .  Which haz ard i ndex t o  us e ?  

b .  How i s  i t  t o  be  us ed? 

5 . 1  SELECT ING A HAZARD I NDEX 

The info rmal recommend a t i ons g iven in th is  s ec t ion w i l l  n o t  
subs t i tute fo r a mo re tho rough appra i s a l  b a s ed o n  a read ing o f  
the who l e  repor t , but may help g e t  the worker s tarted o n  th e t ask . 

For choos ing a h a z ard inde x ,  one needs to ask the fol lowing 
ques t i ons : 

1 .  Wha t  in forma t i on i s  avai lab l e  for the c ons t ruc t i on o f  the 
ha zard index?  

2 .  How much comp l exity in the  formula i s  fe as ib le ? 

3 .  How important i s  accur acy ? 

4 .  I s  an ab s o lute ha zard index ( fre quency of acc i dents p e r  
yea r )  nec es s ary , or is  a r e l a ti ve ha z ard index suffi ­
cient ( for r anking cros s ings  by re l a t i ve h a z ard) ? 

Now one needs t o  focus on a part i c u l ar warning device c las s 
(cros sbucks , flash ing l i ght s , or gates ) .  Supp ose  that only vo lume 
info rma t i on i s  known , i . e . , avera ge da i ly number of vehi c l e s  over 
the road and ave rage da i ly number of  train movemen t s . The s imp l e  
New Hamp s hi re formu l a  i s  ava i l ab l e  f o r  re l a t i ve ranking w i th i n  a 
warning devi ce c l as s , but i f  an abs o lute h a z ard index i s  neede d ,  
� i f  the moderate · c omp l exi ty o f  the TSC vol ume formu l as i s  not 
a s uffi c i ent drawb ack , then a TSC vo l ume formu l a  is t o  be used . 

. So , with vo lume - on ly informa t i on ,  i f  ( a )  an abs o lute haz ard index 
is i ndi spens ab l e , s uch as for an abso lute comp ar i s on of ha z ard 
be tween warning device c l as s e s  or for us e i n  a c o s t /bene fi t  rati o ,  
or (b ) the comp l exi ty of the TSC formulas is not cons i dered a 
s e ri ous drawback , i . e . , the c alculat i ons can be  done wi th ease , 
then i t  i s  nec e s s ary t o  us e one o f  the TSC b e s t  volume formulas  
as fol l ows : for c ros s bucks one us es  B . S . l . l  (Appendix B ) ; for 
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f l as hing l i ghts  one uses B . 5 . 2 . l ; and for automa t i c  gates one us es  
B . 5 . 3 . l .  I f ,  on the o ther hand , a s imp le formula i s  des i re d ,  and 
accuracy di f ferences wi thin a sma l l  p erc ent age r ange are t o lerab le , 
and an abs o l ute  ha z ard i ndex i s  i n  n o  way neces s ary , then one uses  
the s imp le New Hamp s h i re formula . 

Now , s uppos e  o ther informa t i on i s  avai l ab l e  bes i des veh i cular 
vo lume and t ra i n  vo l ume . In  thi s  cas e , one has  t o  check the re l e ­
vant TSe be s t  comprehens ive formulas : for c ros sbucks , B . 5 . l . 3 ;  
for flashing l i ghts , B . 5 . 2 . 2 ; a nd for automatic  gat es , B . 5 . 3 . 2 .  
One sees  i f  a l l  the informa t i on required for the s e  formulas i s  
ava i lab le ; fo r e xamp le , i f  th e warning devi ce c l a s s  i s  gates , then 
the number of h i ghway lane s mus t  be  known for each cros s ing .  Thi s 
informa t i on res i des i n  the FRA dat a  b ase  ( s e e  Sec t i on s  I and 3 a nd 
Appendi x F ) , and w i l l  be ava i l ab l e  from that s ource i f  from no othe r .  
I f  a l l  the i n fo rma t i on requ i re d  by the s e  formu l as i s  ava i l ab le , then 
us e of  th ese foumul as is s ugges ted . I f  no t ,  then one needs t o  de ­
c i de whe ther a volume - on ly formula  i s  s a t i s factory ; for thi s  dec i ­
s ion , t he d i s cu s s ion in Sec t ion 4 c onc erning t he EOe tabl e s  of  
Append ix e may be  helpfu l . I n  genera l , use  o f  the c omprehen s ive 
formu l a s  when one or more  data i t ems are m i s s ing for each cros s ing , 
or for mo s t  cro s s ings , i s  no t t o  be r ecommended . At t he s ame t ime , 
t here i s  no ev idenc e that a reas o nab l e  a t t empt a l on g  t he s e  l ines 
i s  sure to be  unsucces s ful . 

, .  

I f  there are s ome data i t ems (quant i f ied cro s s ing  features ) 
ava i l ab l e  on the cro s s ings t o  wh ich the h a z ard index i s  t o  b e  
app l i ed but no t repres ented i n  the F RA  dat a  bas e , e . g . , " c lear 
s i ght d i s t ance down t rack , "  t hen the que s t i on as t o  how t he s e  i tems 
s hould be treated has , of c ours e , not been direc t ly answere d .  But 
after reading thi s report , the user may be re luc t�nt to as s i gn a 
large e ffect t o  any addi t i onal non - vo lume var i ab le s  (except acc i ­
dent h i s t ory , cons i dered be l ow) . I t  should be  reme mbered a l s o  
that any add i t i onal  var i ab l e  w i l l , i n  gener a l , a lready h ave been 
part i a l ly accounted for by other var i ab l e s  acting as proxy . 

Th i s  report  has s tre s s e d  that acc ident h i s t ory at p a rt i cular 
c ro s s ings i s  p rob ab ly of  great i mport ance i f  ava i l ab l e . We  are 
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not yet ready t o  report on haz ard inde xe s involving acc i dent 
h i s t ory , but App endix H shows how they can b e  cons t ructed by 
us e o f  the s ame data b as e  of  acci dents and cross ings . 

5 . 2 USE OF THE HAZARD I NDEX 

Next to be c on s i dered i s  the prac t i c a l  us e of t he h a z ar d  inde x .  
I t  s eems that t h i s  always invo lves carrying out s ome form o f  the 
fo l l ow ing bas ic  procedu re :  

1 .  Rank a l l  the cros s ings  unde r  cons iderat ion accord i ng t o  
t h e  value of  the haz ard index . (Th i s  ranking i s  p robab ly 
mos t  rel i ab l e  i f  all  the cro s s ings of only one warn ing 
dev ice c l a s s  are cons idered at one t ime . I f  cro s s ing s 
o f  two or more warning dev ice c l a s s es are t o  be ranked 
together , i . e . , interspers ed , then it is e s s ential  that 
an ab s o lute h a zard index propo rt ional to expec t ed acc i ­
dent frequency be  used . ) 

2 .  S e l e c t  from this  o rdered l i s t  of  c ro s s ings under cons ider­
a t i on a spec i fic numb er o r  a spec i fi c  p ercentage (propor t i on) 
for s ome a c t ion , e . g . , improvemen t  of cros s ing warn ing 
equ ipment .  

Rel a t ive o r  Ab s o lute " Haz ard I ndex 

Now , to convert a r e l a t ive hazard index to an expect ed fre­
quency o f  c ro s s ing ( o r  an  abs o lute h a zard index ) , i t  i s  nec e s s a ry 
t o  emp loy s ome trans forma t i on , and th i s  i s  s imp l e s t  and probab ly 
mo s t  accurate when one o f  the TSC h a z ard indexes is used . In this  
c a s e , one  s impl y  fo rms C l e 2 h , wher e  h = H I , t he ha z ard index g iven 
by the de s ired formu l a  chos en from the fo l l owing group in Appen­
dix B :  

1 .  C ro s s bucks - c omprehe ns ive : B . 5 . l . 3 . 

2 .  Cro s sbucks - vo lume - only : B . S . l . 2 .  

3 .  F lash ing l i gh t s - comprehens i ve : B . 5 . 2 . 2 .  

4 .  F l a s h i ng l i ght s - vo l ume - only : B . S . 2 . l .  

5 .  Automat ic  g a t es - comp rehens ive : B . 5 . 3 . 2 . 
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6 .  Automat i c  gates - vo l ume - only : B . 5 . 2 . l .  
I f  an abs o lute ha zard func t ion invo l ving the New Hampsh i re fo rmu l a  
i s  des i red , the t rans forma t i on i s  d i s cus s ed in  Sub s ec t i on 2 . 3 . 2 ,  
but , as al ready no ted , when an abs o l ut e  hazard funct ion i s  to be  
us ed , a TSC  form i s  probab ly b e s t . 

Once a port ion o f  the cro s s ings has been chosen as the mos t  
haz ardous , s ome mea s ure o f  the expected effect ivene s s  o f  the pro­
cedure may be  des ired . As  no ted throughout t h i s  report  (s ee 
espec i a l l y  S ec t ion 2 . 1 ) , the Eoe and the power factor are the 
recommended measures of performance . Thus , i f  1 5  percent o f  the 
c ro s s ings  have been cho s en us ing the TSC c omprehens ive cros sbucks 
fo rmula , than , as  has been seen , on a nati onal b as i s  (see Tab l e  
C - 2 )  5 1 . 3  percent o f  the accidents wi l l  occur a t  the s e  c ros s i ngs , 
g i ving  a power factor o f  3 . (2 .  

Now , i f  the formu l a  i s  used in a certain local i ty ,  s ay a 
certain s tate , i t  i s  to be expec ted that va r i ous re l a t i onships that 
are obs erved nat i onal l y  may , to s ome extent , not hold true . 
Log i c a l ly , o ne would expect that the mo s t  invariant qua l i ty o f  a 
h a z ard index wou l d  be  i ts general goodne s s  a s  a r e l a t ive h a zard 
index - - not nece s s a r i ly the s p ec i fic  measures of t h i s  qua l i ty o f  
perfo rmanc e , but the fac t that i t  i s  a good rel at ive hazard index 
when compared w i th the perfo rmanc e o f  o ther h a zard i ndexes . Next 
i n  va r i ab i l i ty would be  its qua l ity as an abs o lute h azard index , 
wh ich might b e  a l i t t l e  more var i ab l e . F o l l ow ing i n  var iab i l i ty 
the p l ain abs olute h a z ard i ndex , wh ich is , by defini t i on , only 
propo rtional t o  expected acc ident frequency , woul d  b e  the expect ed 
acc ident frequ ency i t s e l f ,  wh ich m i gh� requ i r e  further s c a l ing . 
Las t ,  and mos t  variab l e , wou l d  b e  the EOe curve i t s e l f  - - the ' 
power fac tors , etc . Th i s  would be mo re var i ab l e , becaus e i t  would 
ref l e c t  l ocal var i ab i l i ty i n  the cro s s i ng characte r i s t i c s  them­
s e lves , no t j us t  the re l a t ion of t he s e  charac teri s t i c s  to accident 
frequency . Thus , if 1 5  percent of a l ocal popul a t i on o f  cro s s ings 
is cho s en accord ing t o  the TSC comprehens ive cro s s bucks mode l , i t  
can b e  expected that a s ta t i s tical  devia t ion from the nat ional ave r ­
age , 5 1 . 3  percent of  t he acc ident s in t h a t  l o c a l  popu l at ion , wi l l  
occur a t  thos e c ro s s ing s . 
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I f  one refers t o  Tab l e  C - 2 ,  one s e e s  that the value o f  H I  for 
the 1 5  percent mos t  ha z ardous cross ing s na t iona l ly is greater t han , 
or equal t o ,  - 0 . 8 5 8 5 , wh ich represents the HI o f  t he l e a s t  haz ardous 
c ro s s ings of the I S - pe rc ent chosen as t he mos t  h a zardous . The 
l e a s t  h a z ardous c ro s s ing of the 1 5  pe rcent of the cross ings chosen 
loca l ly c ould be great e r  than , or less  than , th i s  val ue . I t  i s  
s ugges ted here that the nat i on a l ly de termined powe r fac t or for the 
a c tua l  h a zard i ndex o f  the leas t h a z ardous cros s ing  in the s e t  
cho s en should b e  us e d  fo r re ference t o  t h e  EOC t ab l e s  rather than 
the pe rcentage of the l ocal  p op ula t i on se lected for the h a z ardous 
cros s ings group . 

By way o f  i l lus t rat i on , i t  i s  as s ume d tha t  1 5  percent o f  the 
cross buck cros s i ngs h ave been s e lected us ing the TSC ctossbucks 
c omp rehens i ve formul a ,  and that the ha zard index of the leas"t 
ha za rdous cross i ng in the I S - p ercent g roup i s  HI = - 0 7 9  ( from 
equat i on B . S . l . 3) .  Thi s  HI i s  then re ferred t o  Tab le C - 2 ( f i r s t  
mul t ip lying by 1 0 , 0 0 0  a s  not e d  i n  para graph C . 3  o f  Appendix C ) , 
and i t  i s  seen that - 7 9 0 0  corresp onds to the nat i on a l  1 2 . 5  p e rcent 
p oint , that  is , t o  a p owe r fac tor of 3 . 6 7 r ather than to  the 1 5 -
p er c ent p ower factor o f  3 . 4 .  Thi s  sma l l  di fference i n  p owe r factor 
is not ve ry s i gn i ficant , and s t a t i s t i c a l fluctua t i on w i l l  probab ly 
be l ar ge r . When the l oc a l  e s t i mate i s  c l o s e  t o  the national  ave rage , 
confi dence i n  calcu lat i on b as e d  on nat i onal s t ati s t i c s  may h ave 
been inc re ased . 

The prac t ic a l  s i gni fi cance o f  a power fac tor o f  3 . 6  for 1 5  
percent o f  the c ro s s ings s e l ec ted can b e  exp l ai ned as fo l l ows . 
I f  a l l  a c c i de nt s  at those s e le cted cros sbuck cros s i ngs  c ou l d  be 
p revente d ,  i n  th i s  hyp o the t i c a l  cas e  1 5  percent o f  a l l local c ro s s ­
buck cros s ings , 5 4  pe rcent of a l l  loc a l  c ros sbuck c ros s i ng a c c i ­
den t s  could be prevented . 

When the formu l a s  and t ab l es o f  this  rep o r t  are used on a 
nat ional b as is , they are mo s t  r e l i ab le . I t  i s  in j us t  s uch c i rcum ­
s t anc es  t h a t  expected acc ident frequency bas ed on obj ect ive c r os s ­
ing charac ter i s t i c s  may b e  mos t us e ful in l arge - s c a l e  c o s t /b ene f i t  
analys es . " 
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AP PENDIX A 

THE LOGISTIC DIS C RIMINANT APPROAC H TO HAZARD INDEX CONSTRUCTION 

F i rst , an ordinary l inear reg re s s ion i s  run , ident ical  to the 
one descr ibed in Sec t i on 2 . 2 except fo r the trivial  d i fference that 
an acc ident is repres ented by + 1 whi l e  a non - acc ident cro s s i ng i s  
repre sented by - 1 . ( In Sect i on 2 the non- acc ident c ro s s i ng wa s 
repres ented by 0 . )  The effect on the haz ard i ndex g enerated i s  to 
mul t iply the previous l inear regre s s ion hazard i ndex by 2 and sub ­
tract 1 . That i s , the present procedure produces the s ame h a z ard 
function except for t h i s  mu l t ip l ication and s ubtra c t i on . Thi s  
di fference i s  immater i a l , a s  the ha z ard index so g enerated at  t h i s  
point i s  good as a rel at ive haz ard index only . An interat ive pro ­
cedure i s  then used to find the bk ' s  as  fo l l ows : 

One s hould rec a l l  that X i k . is  the kth character i s t i c  for the , 
i th c ros s ing .  Thus , l e t t in g  C = AADT o r  average dai ly veh i c l e  
traffic , X .  k = l o g  (C . ) would be a pos s ib i l i ty .  

1 ,  1 
log Ti ' whe re Ti i s  the ave rage number o f  trains 
would be a nother pos s i b i l i ty .  

Equa t i on X i , k = 
at cros s ing i ,  

Several var iables  o f  th i s  type are carried i n  the regre s s ion . 
The i t erat ion i s  of the so c al l ed " f ixed p o i n t "  or " impl i c i t  
equat i on" type , with each s t ep i n  the it erat i on be ing the equiva ­
l ent o f  an ordinary regres s i on .  At each s tep , s ,  o f  the i terat ion , 
there i s  an e s t imate o f  bk ; k = 1 ,  K denoted by bk 

( s ) . From 
bk

( S ) , hi 
( s )  i s  defined a s : 

h . ( s )  = E b ( s) X . .  
1 . k k 1 , k 

The var i a b l e s  X i , k and Y i undergo a nonl inear t rans fo rmat ion b e fore  
the  next reg r e s s ion is  perfo rmed : 
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x e s )  = x .  -/U ( h . ) ( s )  
i , k 1 , k " 1 

y . ( s )  = Y . J V ( h . ) ( s)  
1 1 1 1 

whe re : 

U (h)  = s e ch2 ( h) ( tanh
h

(h) ) 
V ( h) = s ech2 (h)  ( h ) 

tanh (h)  

The regre s s i on seeks an o rdinary l e a s t  squar e s  s ol ut i on to : 

; . ( s )  = 1 
� b ( s + l )  x ( s )  
LJ k i , k  

k=l 

The least  squares solut i on b ( s + l )  is the one which minim i z e s  k 
l: (; . ( s )  - y . ( S ) ) 2 . The reg r e s s ion i s  carr i ed out by an ordinary 1 1 1 

l i near l ea s t  squares package ( t he I BM SSP s t epwi s e  regre s s i on 
packag e was used on a DEC PDP - l O ) which has been modi f i ed s l ightly 
( one o r  two s t atements )  so that  i t  doe s  not automa t i c a l l y  correct 
fo r the mean . Thi s  i s  becaus e for this typ e  of  i t erated non ­
l i near procedure the cons tant term mus t be hand led separately  and 
exp l i c i t l y ; thus , X .  1 - I i s  alway s u s ed . One of the bas i c  var i -

1 ,  
ab I e s  mus t  be a cons t ant 1 (un i ty) w i t h  no l o s s  o f  g eneral i ty .  
( See CMR fo r further detai l s . ) 

I n  this  manner , bk
( S ) le ads to bk

( s+ l ) ; a s  noted al ready , 
bk

( l ) i s  obta ined from s t ra ight reg r e s s i on (no we i g ht s )  which i s , 
in ef fect , t he s ame a s  tak ing b i r o) = o . Th i s  wi l l  r e su l t  in 
hi

( O ) = 0 ,  U [hi
( O ) ] = 1 ,  and V [ hi

( O) ] = I for a l l  i and therefo re , = 

as s t ated an o rdinary untrans formed , unwe ighted l inear regres s ion . 

C l a s s i cal  l og is t i c  d i s c r iminant analys i s  ( Re ference 6 )  can 
be shown ( s ee CMR) to be equival ent to t h i s p rocedure w i th U ( h) 
and V (h) rep l aced by 
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; 

U ( h) = h/ t anh ( h) 

and 

V ( h) = t anh ( h) / h . 

The funct ions [ s ech (h) ] 2 . h/ t anh (h) , [ s ech (h) ] 2 . t an (h) / h ,  
h/ t anh (h) , and t anh (h) /h are a l l  p l o t ted in  F igures  A- I and A- 2 
w i th 

1 1 1 H ( h) = -2 + -2 t anh (h)  = 2h 1 + e -

superimpos ed for refe rence . The c l a s s ical  procedure may be s een 
to g ive excep t ional ly he avy weight ( by the factor h/ t anh (h) to 
acc ident cro s s ings for which a very low acci dent probab i l i ty i s  
e s t ima t e d  (h�oo) . In this  case  a l l  low probab i l i ty cros s ings are 
we ighed l ow [ by the factor ; e ch 2 (h) ] and only tho s e  cross ings for wh ich 
H (T)  t ak e s  i nt ermediate values are we i ghe d h i gh . (The intermediate 
va lues are , re lat ivley speak i ng , the  h i gh h a z ard va lues . )  

I t  i s  arranged that a l l  accident probab i l it ie s  fal l b e l ow 1 / 2 . 
Th i s  is not r equired of  a l l  cros s ing s , but o f  a l l  but the 1 / 2  per­
cent  mos t ha z ardous . This i s  achi eved by bal ancing t he s ampl e  
w i th the correct number o f  acc i dents and n on - accident s ,  and by t he 
us e o f  a s eparate cons t ant we ighing fact o r  for acc iden t s  in s ome 
warn ing devi c e  c la s s e s . The rea son fo r having a l l  acc ident prob ­
ab i l it ies  fal l  be low 1 / 2  ( they are l a t e r  s c a l ed t o  t he ir real  value s )  
is  that the weight ing factor sech2 ( h) wi l l  t hen always be 
sma l le r  fo r sma l l er H ( h) , i . e . , sma l l er acc i dent probab i l i ty . 
This  i s  becaus e H ( h) = 1 / 2  and sech2 ( h) takes i t s  max imum when 
h = 0 ,  whi l e  H (h)  is l e s s  than 1 / 2  for neg a t ive value s o f  h .  
Late r , when t he EOC curves for sp e c i fi c  h a z ar d  funct i ons are pre ­
s ented , the e ffect o f  the fac tor sech 2 (h ) w i l l  be shown ; thi s  
di s t ingu i s hes the TSC technique from c l a s s ical  log i s t i c discriminant 
ana lys i s . As j us t  noted , the e ffe ct is to emphas i z e  the 
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pe rformance o f  the ha z ard index for h igh haz ard cro s s ings ; j us t  
how much w i l l  b e  shown when the re sults  are p re s ent e d . 
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APPENDI X  B 

HAZARD I NDEX FORMULAS-DEFIN I T I ON S  FOR REFERENCE 

B .  1 COLEMAN - STEWART :-'IO Dr:I.. 

whe re 

A = numb e r  o f  a c c i dent s ( p ropo rt i ona l to f )  

C = ave rage da i l y ve h i c u l a r  movemen t s . ( I f  C= O ,  u s e  

1 / 2 i n s  t e ad fo r t h  i s  mod e 1 o n  1 y .  ) 

T = ave rage da i ly t r a i n  movement s .  ( I f  T= O ,  u s e  1 / 2  ins t ead 

for t h i s  mo del  o n ly . )  

C a t ego ry 

S i ng l e - t r ack u rban 

Au toma t i c g a t e s  

F l as h ing l i g h t s  

Cros sbucks  

S i ng l e - t rack  rural 

Au t omat i c  g a t e s  

F l a s h i ng l ig h t s  

C r o s s hucks 

Mu l t i p l e - t ra ck u rb an 

Au t omat i c  g a t e s  

F l a s h i ng l i ght s 

Cros s bucks 

Mu l t i p l e - t r a c k  rura l  

Aut oma t i c  g at e s  

F l a s h i ng l i ght s 

Cros s bucks 

c o 

- 2 .  1 7  
- 2 . 8 5 
- 2 . 3 8 

- 1 .  4 2  
- 3 . 5 6 
- 2 . 7 7 

- 2 . 5 8 
- 2 . 5 0 
- 2 . 4 9 

- 1 .  6 3  
- 2 . 7 5 
- 2 . 39 

B - 1 

0 . 1 6 
0 . 3 7  
0 . 2 6 

0 . 9 6 
1 . 1 6 
0 . 7 8 

0 . 0 8 - 0 . 1 5  
0 . 6 2 0 . 9 2 
0 . 4 0 0 . 8 9 

0 . 2 3 1 .  30 
0 . 36  0 . 6 8 
0 . 3 2 0 . 6 3 

0 . 2 2 - 0 . 1 7  
0 . 3 8 1 . 0 2 
0 . 4 6 - 0 . 5 0 

- 0 . 3 5  
- 0 . 4 2  
- 0 . 1 8 

- 0 . 2 5 
- 0 . 3 8 
- 0 . 2 9 

- 0 . 4 2 
- 0 . 0 9 
- 0 . 0 2 

0 . 0 5 
- 0 . 3 6 

0 . 5 3 



B . 3 

I I I  = T x C [o r C r o s s b u c k s , 
F l a s h i ng L i g ht s , 

G a t e s  

Whe re : T = t ra i n  movem e n t s  

C = veh i c l e  moveme n t s  

H I  = ha z a rd i ndex 

P EABODY - D I MMI CK MODE L * 

II I = C · 1 7 0  . T · 1 5 1 
f o r  C r o s s bu c k s , 

P l a s h i ng L i g h t s ,  

G a t e s  

Whe r e : T = t r a i n  moveme n t s  

C = y e h i c l e  moveme n t s  

H I  = ha z a r d  i n dex 

B . 4  T SC L I N EAR MODE L S ( C ROS S B U C K S  ON L Y )  

R . 4 . 1  Car - Tr a i n  Equa t io n  ( L inear ) 

H I  = - 0 . 0 2 0 2 2  
+ 0 . 0 1 5 0 9  LO G 1 0  ( C + l ) L O(; 1 0 ( T + l )  

+ 0 . 0 1 3 9 1  [ LO�
l O  ( C + 1 )  J 2 

+ 0 . 0 6 3 3 0 LO G 1 0 ( C + l )  LO (; 1 0 ( DT+ l )  

- 0 . 1 1 0 3 9  LOG 1 0 ( DT +  1 ) 
+ 0 . 0 3 9 0 7  LO G 1 0 ( N I T E + 1 ) 

Whe r e : T = t ra i n  noveme n t s  

C = veh i c l e  movemen t s  

DT : d a y  t hru t r a i ns 

N I T E  = n i g h t  t r a in s  

H I  = h a z a rd i ndex 

*N o t e : Ori g i na l vers i ons o f  t h e s e  mod e l s  had addi t i ve and / o r  
mu l t i p l i c a t i ve t e rms , depending  on wa rn i ng dev i ce c las s . 
S i nc e  these  fo rmu l a s  a re u s e d  on ly a s  r e l a t i ve h a z ard 
i ndexes  and o n  only one wa rni ng device c l as s at  a t i me , the 
e x t r a  fac t or s  and t e rms a re i r re l evan t . A l s o , the Peab ody ­
D i mm i c k  formu l a  a s  o r i g i na l ly g i ven  was  a comp le x  funct i on 
o f  t h e  formu l a  g i ven  h e re , but i f  i t  i s  t o  b e  evaluated  
( or t o  be us e d )  as a re l a t ive h a z a r d  i n dex , t h e  func t i ona l � 

t rans forma t i on become s  i rre l evant ( s ee Sub s e c t i on 4 . 1 . 5 ) .  
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B .  ,1 • 2 M o de l 8C 

II I = 0 . 1 1 0 7 4 

+ 1 . 4 34 3 2  ( VOL) 

- 0 . 4 8 8 4 8 (VOL x N RBY X I NG HWY ) 

+ 0 . 0 7 9 06 ( VOL x POP)  

+ 0 . 0 1 996  (MA I N  TRAC KS)  

- 0 . 0 0 0 0 1  (AADT/ LANES + 1 )  

- 0 . 0 1 34 9  ( F C)  

- 0 . 0 1 2 8 3  ( N RBY X I NG HWY ) 

- 0 . 0 1 2 3 2 LOG I O  (AADT+ 1 )  

Whe re : 

VOL = Vo lum e  equa t i on ( H I  f rom B . 4 . 1 ) 

NRBY X I NG HWY = nearby cro s s i ng h ig h\vay? 

POP = popu l a t i on ;  the t ens d i g i t  o f  fun c t iona l 

c l a s s i f i c at i on o f  road over  c ro s s ing  

MA I N  T RACKS = numbe r  o f  m a i n  t r acks 

AADT = ve h i c l e  movemen t s  

LANES = number o f  t ra f f i c  l an e s  

FC  = t he un i t s  d i g i t  o f  func t i ona l c l a s s i fi c a t i on 

o f  road over c r o s s i n g  

H I  = haz a rd i ndex 

B .  4 . 3 �1o de I 8D 

HI = 3 . 6 7 8 2 1  

+ 0 . 7 5 9 5 2  ( VOL/N RBY X I NG HWY ) 

+ 0 . 06� 7 8  ( VOL x POP)  

- 0 . 0 0 1 9 4  ( AADT 2/ LANES)  

- 0 . 0 1 3 2 7  ( FC )  

+ 6 . 8 0 3 4 2 LOGI O  ( VOL 2 ) 

- 6 . 6 3 9 8 5  ( VOL)
2 

- 0 . 0 1 2 8 2  ( NRBY X I NG HWY ) 

- 0 . 1 1 6 2 9  ( VOL  x N RBY X I NG HWY) 
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\,' h c  r c  : 

VOL = vo l ume e q ua t i o n  ( H I  f r om B . 4 . 1 ) 

N RBY X I N G HWY = n e a r b y  c r o s s i ng h i g hwa y ?  

POP = p o pu l a t i o n ; t h e  t cn s  d i g i t  o f  fun c t i on a l  

c l a s s i f i c a t i o n  o f  r o a d  o ve r  c ro s s i ng 

AAOT = ve h i c l e  mo vemen t s  

LANES = numb e r  o f  t r a f f i c  l a n e s  

FC = t h e  un i t s  J i g i t  o f  fu n c t i o n a l  c 1 a s s  i f i c a t  ,i f '  ' I  

o f  r o a d  o v e r  c r o s s i ng 

HI = h a z a rd i nd e x  

B . S T S C  B E ST NONL I NEAR ( LOG I S T I C )  

B . 5 . l C ro s s bu c k s  

B . S . l . 1  B e s t  Vo l ume M o de l - C r o s s hu c k s  

h = - 3 . 0 2 6 4  

+ 1 . 1 5 8 0  LOG 1 0  ( T + I )  

+ 0 . 4 8 6 5 4 LOG
I O  

( C + l )  

- 0 . 2 2 1 2 2  [ LOG l O 
( 1 + 1 ) ] 2 

T = t ra i n  mo veme nt s ( Sum o f  i nven t o ry i t em s  2 4 - 3 0 ,  

Ta b l e  P - 2 ) 

C = ve h i c l e  m ov em e n t s  ( I n ve n t o ry i t em 8 1 , Tab l e  F - 2 )  

B . 5 . 1 . 2  Re f i ne d  Vo l um e  Mod e l - C r o s s bu c k s 

I I I  = - 0 . 1 3 7 1 1  

+ 0 . 3 8 0 6 9  h 

- 0 . 6 6 8 0 0  h 2 

- 0 . 1 9 1 7 1  h
3 

Whe re : 

h = b e s t  v o l um e  m o d e l fo r c ro s s b u c k s  g i v e n  i n  B . s . l . 1  

H I  = h a z a r d  i n dex 

B - 4  



8 . 5 . 1 . 3  Comp r e h e n s i v e  Mo d e 1 - C r o s s hu c k � 

I I I  = 0 . 7 4 9 8 2  HVOL 

+ 0 . 1 9 4 7 4  LOG
1 0. ( DT + l )  

+ 0 . 1 7 4 9 1  HA I N  T RACKS 

+ 0 . 1 7 7 8 0  HWY PAVE D  

+ 0 . 0 4 5 4 0 5  POP 

- 0 . 1 3 1 3 9 FC 

W h e r e : 

HVOL = t h e  r e f i n e d v o l ume e q u a t i o n  f o r  c r o s s bu c k s  g iv en 

i n  B . 5 . 1 . 2  

DT = n umb e r  o f  d a y  t h ru t r a i n s  

MA I N  T RACKS = numb e r  o f  ma i n  t ra c k s  

HWY PAVE D = i s  h i g hway p a v e d ?  ( N o  = 0 ,  Y e s  = 1 , No t e  

d i f fe ren c e  i n  c o d i ng from i t em 6 7 , Tab l e  F - 2  

P O P  = popu l a t i on ; t h e t en d i g i t o f  func t i on a l  c l a s s i ­

f i c a t i o n  o f  r o ad o v e r  c ro s s i ng 

FC = t he un i t s  d i g i t  o f  func t i on a l  c l a s s i f i c a t i on o f  

r o a d  o v e r  c r o s s i ng 

H I  = h a z a rd i n de x  - - t h i s 1 S  " h" i n  S e c t i on s  2 a n d  4 .  

c
l

e 2 h  
i s  a n  a b s o l u t e  h a z a r d  i nd ex , s e e Su b s ec t i on 

2 . 3 . 1 .  I n  t h e  t a b l e s  o f  App en d i x  C ,  H I  i s  

m u l t i p l i ed b y  1 0
4

. 

B . 5 . 2 F l a s h i ng L i g h t s  

B . s . 2 . 1 B e s t  Vo l um e  Mod e l - F l a s h i ng L i g h t s  

H I  = - 2 . 8 3 9 5  

+ 0 . 7 5 4 7 7  LOG
1 0  

( T + l )  

+ 0 . 0 8 3 2 9 2  [ L OG
1 0

( C + l ) ]
2 

Whe re : 

T = t r a i n  m o v emen t s  

C = v e h i c l e  moveme n t s  

H I  = h a z a rd i ndex 
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H .  5 .  2 .  2 Com p r e h e n � j \' c  �fo J c l - F l a s h i ng I . i g h t �. 

I I I  = 1 .  0 4 2 2  I IVOL 

+ 0 . 1 3 7 3 7  MA I N  T RACKS 

- 0 . 0 9 7 5 8 4  [ LO,G I O  ( T+ 1 ) ] 2 

+ 0 . 0 1 8 0 6 4  LANES 

- 0 . 0 3 6 2 5 9  Fe 
+ 0 . 1 2 1 3 7 LOG 1 0  ( DT + l )  

+ 0 . 0 1 8 9 4 4  POP 

W h e r e : 

"VOL = t h e  b e s t  v o l um e  e q u a t i o n  fo r f l a s h i ng l i � h t s a s  

g i v en i n  R . S . 2 . 1 
�1:\ l N  T RACKS = num b e r  o f  ma i n  t r a c k s  

T = t r a i n  mo v eme n t s 

LANES = numbe r o f  t r a f f i c  l an e s 

FC = t he un i t s d i g i t  o f  f u n c t i ona l 

ro a d o v e r c ro s s  i ng 
DT = numb e r o f  d a y  t 'H u  t r a i ns 

c l a s s i f i c a t i o n  o f  

POP = p o p u l a t i on ; t he t e ns d i g i t  o f  func t i o n a l  c l a s s i ­

f i c a t i on o f  r o a d  o v e r  c r o s s i ng 

II I = h a z a rd i nd e x - - " h" ( s e e  B . 5 . 1 . 3 ) 

B . 5 . 3 Au t oma t i c  G a t e s  

B . S . 3 . 1 B e s t  Vo l ume Mod e l - G u t e s  

I I  I = - 1 .  96  7 4  

+ 0 . 1 8 6 2 1  LOG
I O  

(T + 1 )  LOG
I O  

( C + l )  

N lw r e :  

T = t r a i n  mo v em e n t s 

C = v e h i c l e  m o vem e n t s 

H I  = h a z a r d  i nd e x  
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B . S . 3 . 2  Comprehens ive Model - Gates  

H I  = - 0 . 8 36 5 6  
+ 0 . 7 4 8 4 9  
+ 0 . 1 91 39 
+0 . 0 9 38 2 9  

wher e 

HVOL 
TRACKS 
LANES 

HVOL = best  vo lume model for gates  a s  g iven 
TRACKS = number o f  main tracks  

LANES = number o f  traffic lanes 
HI = ha z ard index - - "h" ( s e e  B , 5 . l . 3) 

in B . 5 . 3 . l  

B . 6  TSC GRADE CROS S I NG HAZARD MODELS ( Cons o l idat ed for Ea s y  
Reference) 

The formulas  in this s ec t ion are e s s ent i a l ly t ho s e  in B . 5 
repeated . They are pres ented in a form more c onvenient to us e .  
I n  addit ion,  the overal l  factor for each formul a  has b e en c hang ed 
s l i g ht ly , reflecting the norma l i zat ion appropr iate for us ing the 

. formulas  for a l l  warning device c l a s s e s . (Th i s  overa l l  factor 
was referred to  as Cl in B . 5 and Sec t ion 2 . 3 , 1 , and is now c hanged 
to the values ind icated below in t he expres s ion for H ,  i . e . , 
0 . 38 9 , 1 . 0 84 , and 0 . 8 2 0 . Note that the ha z ard indexes here are o f  
t he form H= ce 2h , where h i s  an H I  from B . S . )  

The mode l s  to  b e  u s ed for Warning Device Clas s e s  1 , 2 , 3  and 4 ,  are : 
2 X  

Compr ehens ive Mode l : H= 0 . 38 9  EXP 1 

where 

Vo lume Model : H= 0 . 3 8 9  EXP 
2HVOLI 

Xl = 0 . 7 4 9 8 2HVOLl + 0 . 1 9 4 7 4  LOGl O ( DT+ l )  + 0 . 1 7 4 9 1  MAI N  TRACKS 

+ 0 . 1 7 78 0 HWY PAVED + 0 . 04 5 4 0 5 POP - 0 . 1 3 1 3 9  FC 

HVOLl = - 0 . 1 3 7 l l+ 0 . 3 8 0 6 9hl - 0 . 6 6 8 0 0h1
2 - 0 . 1 9l 7 I h1

3 

hI = - 3 . 0 2 6 4  + 1 . 1 5 8 0  LOG1 0 (T+ l )  + 0 . 4 8 6 54 LOGl O (C+ I ) - 0 . 2 2 1 2 2 
2 [LOG1 0  ( T+ l ) ] • 
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T I l t;! mode l s  to be u s ed for Warning Dev ice Clas ses  5 ,  6 and '7 are : 
2X 

Comprehens ive Model : H= l . 0 8 4  EXP 2 

Vo lume Mode l : H= 1 . 0 8 4  EXP 
2HVOL2 

wlw l ' c  

X Z = l . 04 2 2HVOL2 + 0 . 1 3 7 3 7  MAIN TRACKS - O n 9 7 5 8 4  I LOGl O ( T+ 1 ] 2 

+ 0 . 0 1 8 0 64 LANES - 0 . 0 3 6 2 5 9  FC  + 0 . 1 2 1 3 7  LOG1 0 (DT+l )  
+ 0 . 0 1 8 94 4  POP 

HVOL2 = - 2 . 8 3 9 5  + 0 . 7 54 7 7  LOG1 0 ( T+ 1 )  + 0 . 0 8 3 2 9 2 [ LOG1 0 ((+ 1 ) ] 2 . 

l1iod e l s  t o  be u s ed for 

Comprehens ive Mode l : 

Vo lume Model : H=0 . 8 2 0  

whe or e  

Warning Dev i c e  C l a s s  
2 X  

H= 0 . 8 2 0  EXP 3 
2HVOL3 EXP 

8 are : 

X3= - 0 . 8 36 5 6  + 0 . 7 4 8 4 9  HVOL3 + 0 . 1 91 3 9  MAI N  TRACKS 

+0 . 0 9 38 2 9  LANES 

HVOL3 = - 1 . 96 7 4  + 0 . 1 8 6 2 1 LOG1 0 ( T+ 1 )  LOG1 0 (C+ 1 ) . 

§xp l anat ion of symbol s : 

H � Expec t ed numb er o f  acc idents per year 
T = Numb er of tra ins per day 
C = Numb er o f  cars per day 
DT = Numoer of day thru tra ins per day 
��I N  TRACKS = Number of ma in tracks 
HWY Paved = 1 if h ighway paved , 0 if not p av ed 
POP = Populat ion . Thi s  i s  the t ens d ig i t  of  func t ional clas s if i ­

cat ion o f  road over cro s s ing . 
FC  = The units  dig i t  o f  funct ional c l as s i f icat ion o f  road over 

cro s s ing 
LANES = �umber of traffic l anes 
EXP = 2 . 7 1 8 2 8  • . . .  
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Warn i.ng Device Class  8 = Automatic Gates 
7 = Flashing LIght 
6 = Highway Signal s ,  Wigwags ,  or Bells  
5 = Special  Protection 

.. 

4 = Cros sbucks 
3 = Stop Signs 
2 = Other Signs 

1 = None 

B - 9/B- IO 
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APPENDIX C 

EOC AND POWE R  FACTO R TABLES 

C . l B R I E F E X PL ANAT I ON O F  EOC T A B L E S  

Mo s t  o f  t he t ab l e s i n  t h i s  a p p e n d i x  a r e i n  t h e fo rma t 0 f  
T a b l e  C - l .  The i n f o rma t i o n  on t h e  f i r s t  p a g e  o f  t h e  t ab l e  J S  a l s o 

(' ,:, s t: '- i b e d  i n  S e c t i o n  2 . 1 .  The c o l um n s  a r e  numb e r e d  a l on g  t h e  
b 0 1" t '. ' m  o f  t h e  f i r s t  p ag e . Co l umn 1 i s  l a h e l ed " % X i ng s " , , I r o t  s ho u l d  

b e  i n t e r p re t e d  a s  a p e rc e n t ag e  o f  t h e  t o t a l  c ro s s i ng s  s e J e c t A J  b y  

t h e  h a z a rd i n dex . C o l umn 4 i s  l a b e l ed " %  ACC" , a n d  g i v e s  t h e  p e r ­

c e n t  o f  a c c i den t s  ac cumu l a t e d  w i t h  t he p e r c e n t  o f  c ro s s i ng s  ( fo r  

t he T S C  mode l ) , w h i l e  c o l umn 3 l a b e l e d "CUM H ACC " , g i v e s  t h e  a c t u a l  

numb e r  o f  a c c i d e n t s  w i t h  ha z a r d i n d ex a s  g re a t  o r  g re a t e r  t han t he 

v a l u e  i n  c o l umn 6 ( "HAZARD I NDEX " )  i n  t he d a t a  b a s e  u s ed . Co l umn 

S ,  " POWE R  FACTOR" , i s  t h e  r a t i o  of c o l umn 4 to c o l umn 1 ,  i . e . , t h e  

r a t i o  o f  t he c umu l a t i v e  p e r c e n t  o f  ac c i d e n t s  to t he cumu l a t i v e  

p e r c e n t  o f  c ro s s i ng s . Thus , c o l um n s  1 ,  4 ,  S ,  a n d  6 c an b e  i n t e r ­

p r e t ed w i thout re fe r e n c e  t o  a pa r t i c u l a r  d a t a  b a s e , and a l t houg h 

t h ey a re c a l c u l a t e d  i n  a s p ec i f i c  d a t a  b a s e , t hey e s t im a t e  t he 

c o r re s p o n d i ng quan t i t i e s  w i t h  r e fe r e n c e t o  a l l  ( c r o s s bu c k )  c r o s s ­

i ng s  and a l l  ( c r o s s b u c k )  a c c i d e n t s  ( a t  pub l i c  c ro s s i ng s  i n  t h e  

e n t i re U . S . ) . C o l umn s 1 ,  9 ,  1 0 ,  and 1 1  g i ve t he s am e  i n fo rm a t i o n  

f o r  t h e  N e w  Hamp s h i r e  f o rmu l a , wh i l e c o l umn 2 0  g i ve s t h e  d i f f e r ­

e n c e  i n  pe r c e n t  ac c i d e n t s fo r t h e  two form u l a s . T h e  o t he r  c o l um n s  

( d e s c r i b e d  i n  S e c t i on 2 . 1 ) r e f e r  m o s t l y  t o  t he p a r t i cu l ar d a t a 

b a s e  u s e d , and c an b e  u s e d  fo r c a l cu l a t i n g  t h e  ac c u r a cy and s t a t ­

i s t i c a l  s i g n i f i c an c e  o f  t h e r e s u l t s .  S i nc e , fo r t he T S C  mode l ,  

1 0  p e r c en t  o f  t h e c ro s s i ng s  c o r re s pond t o  7 6 9  a c c i d e nt s , t he 1 0  

p e r c e n t  p ow e r  f a c t o r  h a s  a r e l a t i ve s t an d a r d  e r ro r o f  �7 6 9  
7 6 9  

= . 0 3 6  o r  3 . 6  p e r c en t . T h i s  i s  r e f l e c t e d  b y  t h e 4 p e r c e n t  i n  

T a� l e  4 - 1  o p p o s i t e  1 0  p e r c e n t  o f  t he c r o s s ing s . O t h e r  a c c u r a c y  

and s i gn i f i c an c e  i n fo rma t i o n  c a n  be d e r i v ed f r om t he s e  c o l umn s - ­

e s pe c i a l l y  from t he t va l u e  i n  the l a s t  c o l umn ( s e e  S e c t i on 2 . 1 ) .  
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C . 2 L I ST O F  TABLES IN  APPEN D I X  C ( E OC ' S  AND PONER FACTORS ) 

Tab l e : 

C - I 
C - 2 

C - 3 

c - 4 
C - 5 

C - 6 
C - 7 

C - 8 

C - 9 

C - l O  

C - l l  

C - 1 2  

C - 1 3  

Mode l s Repres ented 

TSC (Vo l ume on l y )  vs . New Hamp s h i r e  ( NH )  cr o s s b uc k �  
TSC ( Comp rehens ive)  vs . NH cro s s bucks 
TSC (Volume on ly)  vs . NH f l as h ing l i ght s 
TSC ( Comp rehens ive ) vs . NH f l a s h ing l i ghts  
TSC (Vo lume ) vs . N i l  automa t i c  gates  
TSC (Comp rehens ive)  vs . NH automa t i c  gates  
Spec ial  EOC and Power Fact ors  fo r New Hampsh ire 
F l a s h ing L i g h t s  ca s e , Fu l l  data base 
Col eman - St e,,,art v s . NH cros sbuck s  
C o l eman - S t ewart v s . NH f l a s h ing l ight s 
Co l eman - St ewart vs . NH gates  
Peabody - D imm ick vs . NH c ro s sbucks 
Peabody - Dimmick  vs . NH f l a s h i ng l ig h t s  
Pe abody - D imm ick vs . NH automat ic  g at e s  

C . 3 LEGEND 

T h i s  s ect ion ident i f i e s  formu l as f rom Append i x  B used to pro ­
v i de data l i s t ed unde r the column head ing HAZARD I NDEX , column 6 
o f  Tab l e s  C - 1 through C - 6 .  In each tab l e , HAZARD I NDEX i s  dete r ­
m i ned b y  t he expre s s i on H I x I O , O O O , where H I  i s  g iven in  the 
de s ignated subsect i ons o f  Append ix  B as l i s ted be low for the 
re spect ive t ab l e s . 

Tab l e  T S C  Sub sect i on 

C - l 
C - 2 
C- 3 
C - 4 
C - S 
C - 6 

B . s . 1 . l  

B . s . 1 . 3  

B . s . 2 . l  

B . s . 2 . 2  

B . s . 3 . 1  

B . 5 . 3 . 2  

C - 2 
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TABLE C - 1 . TSC (VOLUME ONLY) VERSUS NEW HAMPSH I RE 

% TSC aOllEL * IIBV HU PSHlRf! C T  
I Nc CUll POll ER H AZ ABO ne C Oli POIIBB HAZ U D  V ITH !lITCH IIIC coa X i n g Ace . Aee , ACC PACTR I N D EX Ace .Aec , ACC PACTI 111 DEI ' DIPP T U t.  a t :: H  IIrCR 

0 . 5 0  86 86 4 . 33 8 . 67 -2274 83 83 4 . 1 8  8 . 37 72 000 0. 1 5 0 . 2  8 1  8 1  
1 . 0 0  5 8  1 44 7 . 26 7 . 26 -2941 52 1 35 6 . 80 6 . 80 47300 0. 4 5  0 . 5  47 128 
1 . 5 0 4 5  1 89 9 . 53 6. 35 -3404 54 1 89 9 . 53 6 . 35 3 11 50 0  0 . 00 0 . 0  46 1 74 
2 . 0 0  6 5  2 54 1 2. 8 0 6 . 11 0 -3864 56 2 4 5  1 2 . 35 6 . 1 7  27200 0 . 4 5 O . CI  48 222 

2 . 5 0 4 7 30 1 1 5 . 1 7  6 . 07 -4 2 2 1  5 6  3 0 1  1 5. 1 7  6 . 07 22800 0. 0 0  0 . 0  57 279 

3 . 0 0  47 3 48 1 7 . 54 5 . 85 -4561 40 JIl l  1 7 . 1 9  5 . 7 3  1 9 200 0". 3 5  0 . 3  38 3 1 7  
3 . 50 5 0  3 98 2 0 . 06 5 . 7 3  -48 43 34 3 75 1 8 . 90 5 . 4 0  16800 1 . 1 6  0 . 8  37 3511 

4 . 0 0 3 1  4 B  2 1 . 6 2  5 . 4 1 -5096 Q 1  Cl 16 2 0 . 9 7  5 . 2C1 l C1800 0 . 6 6 0 . 4  32 386 
4 . 50 4 7  4 76 2 3 . 99 5 . 3 3 -5HO CI S  46 1 2 3 . 2 4  5 . 1 6  1 3000 0 . 7 6 0 . 5 45 III 1 
5 . 0 0 38 5 1 4  2 5 . 9 1  5 . 1 8  - 5546 33 49C1 2 4 . 90 11 . 98 1 2000 1 . 0 1  0 . 6  38 469 

5 . 50 43 557 2 8 . 0 7  5 . 1 0 -5767 3 1  525 26. 46 11 . 8 1  1 1 000 1 . 6 1  1 .0 3 1  500 
6 . C O  2 5  582 29 . 33 4 . 89 -5946 112 567 2 8 . 58 4 . 76 10000 0.76 0 . 11  3 3  533 

6 . 5C 3 1  6 1 3  3 0 . !t0 4 . 75 -6 1 3 5  2 4  5 9 1  2 9 . 79 11 . 5 8  9 1 50 1 . 1 1  0 . 6  35 568 
7 . 0 0  26 6 39 3 2 . 2 1  4 . 6 0 -6275 24 6 1 5 3 1 . 0 0  11 . 4 3  8500 1 . 2 1  0 . 7  27 59 5 

7 . 5 0 1 2  651 3 2 . 8 1  4 . 38 -6436 2 3  6 3 8  3 2 . 1 6  11 . 29 8000 0. 6 6  0 . 11  1 5  6 1 0  
8 . CC 2 1  6 7 2  3 3 . 8 7  4 . 23 -6603 27 665 3 3 . 52 4 . 1 9  71&811 0 . 3 5  0 . 2  2 1  63 1 
8 . 5 0  24 696 3 5 . 0 8  4 . 1 3  -67 65 2 3  6 8 8  3 4 . 6 8  4 . 08 6 90 0  0 . 4 0  0 . 2  16 647 

9 . 0 0 36 732 36. 9 0  4 . 1 0 -6906 22 7 1 0  3 5 . 79 3 . 98 6400 1 . 1 1  0 . 6  2B 675 
9 . 50 2 0  7 5 2  3 7 . 9 0  3 . 99 -7067 "26 736 37 . 10 3 . 90 6000 0. 8 1  0 . 4 1 9 6'" 

1 0 . 00 1 7  7 6 9  3 8 . 76 3 . 811 -7 1 9 8  2 3  7 5 9  38. 26 1 . 83 5600 0 . 50 0 . 3  22 7 1 6  
1 0 . 5 0  2 7  796 4 0 . 1 2  3 . 82 -7368 3 1  790 3 9 . 82 1. 79 5250 0 . 3 0  0. 2 26 742 n 
1 1 . C O  2 1  8 1 7  4 1 . 1 8 3 . 74 -7490 27 8 1 7 4 1 . 18 1. 74 5000 0 . 0 0  0 . 0  28 770 I 
1 1 . 50 2 8  A il S  4 2 . S� 3 . 70 -7647 22 839 4 2 . 2 9  1 . 68 11 800 0 . 30 0 . 1 25 795 VI 
1 2 . C ·) 28 87 ) 4 4 . 0 0  3 . 67 -77611 30 869 113 . 80 3 . 6 5  1 14 00 0 . 2 0  0 . 1 29 8211 
1 4: . 50 2 5  898 4 5 . 26 3 . 6 2 -7886 22 S 9 1  4 4 . 9 1  3 . 59 11 200 0. 35 0 . 2  2 5  849 
1 3 . CO 1 8  9 1 6  4 6 . 1 7  3 . 55 -80 0 1  3 6  9 2 7  4 6 . 72 3 . 59 11000 -0. 5 5  - 0 . 3  28 877 
1 3. 50 2 5 9 4 1 " 7 . 4 3  3 . 5 1 -8 1 83 1 3  9110 4 7 . 38 3 . 5 1  3800 0 . 0 5  0 . 0  1 7  8911 

H . O O  6 947 4 7 . 73 l . 4 1  -8274 1 7  9 57 11 8 . 24 3 . 4 5  3 600 - 0. 5 0  -0. 2  9 903 
H. SO 22 969 11 8 . 8 4  3 . 37 -83 95 8 965 4 8 . 6 11  3 . 3 5 3 500 0. 2 0  0 . 1 19 922 
1 5 . Q O  1 4  9 8 3  4 9 . 55 3 . 30 -84 80 2 3  9 88 4 9 . 80 3 . 32 32110 -0. 2 5  -0 . 1  1 5  937 
1 5 . 50 21 1 004 5 0 . 6 0 3 . 26 -8628 1 5  1 0 0 3  50 . 55 3 . 26 3070 0 . 0 5  0 . 0  1 9 956 
1 6 . 0 0  1 5  1 0 1 9  5 1 . 3 6  3 . 2 1  -8723 3 1  1 0 311 52. 1 2  3 . 26 3 000 - 0. 76 - 0 . 3  29 985 
1 6 . 5 0 1 0  1 029 5 1 . 86 3 . 14 -8758 1 1 0 3 5  52 . 1 7 3 . 1 6 2948 -0. 3 0  -0 . 1 1 986 

1 7 . C O 24 1 0 53 5 3 . 0 7  3 . 1 2 -8906 19 1 0 511 5 3 . 1 3  3 . 1 3  2 800 -0 . 0 5  -0 . 0  2 4  10 1 0  
1 7 . 5 0 1 2  1 065 5 3 . 6 8  3 . 07 -9000 21 1 0 75 54 . 1 8 3 . 1 0  2600 - 0 . 5 0  - 0 . 2  1 0  1020 
t o . C O  26 1 09 1  5 11 . 99 3 . 0 5  -9 1 0 1  1 5  1 090 5 11 . 94 3 . 05 2 50 0  0. 05 0 . 0  2 6  1 04 6  
1 8 . 50 24 1 1 1 5  5 6 . 20 1 . 04 -9250 23 1 1 13 5 6 . 10 3 .0 3  2 1100 0. 1 0  0 . 0 20 1066 
1 9 . 0 0  1 9  1 1 34 5 7 . 16 3 . 0 1  -93 29 o 1 1 1 3 56. 1 0  2 . 95 2 "00 " 1 . 06 0 . 4  7 1073 
1 9 .  SO 12 ""6 57. 76 2 . 96 -9432 17 1 1 30 56. 96 2 . 9 2  2240 0. 8 1  0 . 3  1 6  1 08 9  
20 . ('1 0 18 1 1 6/1 5 8 . 6 7  2 . 93 -95 1 1  1 2  1 1 42 5 7 . 5 6  2 . 88 2 130 1 . 1 1 0 . 5  1 1  1 100 
2 0 . 5 0  20 1 1 84 5 9 . 6 8  2 . 9 1 -9 6 33 11 5 1 1 87 5 9 . 83 2 . 9 2  2000 - 0 . 1 5  - 0 . 1 110 1 1 110 
21 . 0 0 8 1 1 92 60. 0 8  2 . 86 -97 27 o 1 1 87 5 9 . 83 2 . 8 5  2000 0 . 2 5 0 . 1 5 1 1 4 5  
2 1 . 50 1 1  1 20 3  60 . 6 4 2 . 82 -9865 o 1 1 87 59 . 83 2 . 78 2000 0 . 8 1  0 . 3  8 1 1 53 
22 . 0 0  1 3  1 2 1 6  6 1 . 2 9  2 . 7 9  -9939 8 1 1 95 6 0 . 23 2 . 74 1 90 0  1 . 06 0 . 11 7 1 1 60 
22 . 5 0  16 1 23 2 6 2 . 1 0  2 . 76 - 1 0 0 17 22 1 2 1 7 6 1 . 3 11  2 . 13 1 800 0 . 7 6  0 . 3  2 1  1 1 8 1  
2 l . CO 7 "  1 2 39 6 2 . 4 5  2. 72 - 10089 1 1  1 2 2 8  6 1 . 90 2 . 69 1 7 50 0. 55 0 . 2  1 6  1 19 7  
23. SO 1 1  1 250 6 3 . (1 0  2 . 6 8 - 10237 1 4  1 2 42 62 . 60 2 . 66 1 62 0 0 . 4 0  0 . 2  1 8  1 2 1 5  

211 . 0 0 1 0  1 26 0  6 3 . 5 1  2 . 6 5  - 1 0327 1 8  1 26 0  6 3. 5 1 2 . 6 5  1 600 0. 0 0  0 . 0  8 1 223 
2 4 . 5 0  2 2  1 282 6 4 . 6 2  2 . 611 - 1 0384 1 0  1 2 7 0  6 11 . 0 1  2 . 6 1 1 520 0. 6 0  0 . 2  7 1 230 
25. 00 1 5  1 297 6 5 . 3 7  2 . 6 1  - 10503 2 5  1295 6 5 . 27 2 . 6 1  1 500 0. 1 0  0 . 0 23 1 253 

1 2 3 4 5 6 7 8 9 1 0  1 1  1 2  1 3  1 4  1 5  
* See LEG END , Sect i on C . 3  (Hazard I ndex = h x1 0 , 0 0 0 )  

C ROSSBUCKS 
. X B K·, :.. 

rsc IB 
LBSS aATCH L ESS BltCa 
' "::e , Ace .lCC I lC= 

5 0. 25 2 0. 1 11 
1 6  0. 8 1  7 0. 35 

1 5 0 . 76 1 5  0. 76 
3 2 1 . 6 1  23 1 . 1 6 

" 2 2 1 . 1 1  22 1 . 1 1  
1 1  1 . 56 211 1 . 2 1  
1I C1  2. 22 2 1  1 . 06 
113 2. 1 7  3 0  1 . 5 1 
4 5  2. 27 30 1 . 5 1  
cas 2. 27 25 1 . 2 6 
5 7  2 . 87 2S 1. 26 
0 9 2 . 117 3 11  1 . 7 1  
4 5  2 . 27 2 3  1. 1 6 
11 4  2 . 2 2  20 1 . 0 1 
II I  2. 07 28 1 . U  
111 2 . 07 311 1 . 7 1  
49 2 . 117 II I  2. 07 

57 2 . 87 35 1 . 76 
58 2 . 9 2  4 2  2. 1 2  
51 2 . 67 43 2. 1 7 
54 2 . 72 4 8  2. 42 
CI7 2 . 37 47 2 . 31 
50 2 . 52 44 2. 22 
119 2 . 47 li S  2 . 27 
11 9 2 . 47 42 2. 1 2 
39 1 . 97 50 2 . 52 

117 2. 37 46 2 . 32 
II "  2. 22 511 2 . 72 
11 7 2 . 37 4 3  2 . 1 7 

/1 6  2 . 32 5 1 2 . 57 
118 2 . 112 117 2 . 37 
311 1 . 7 1  119 2.117 

43 2. 17 119 2 . 117 

113 2 . 17 44 2 . 22 
Q S  2 . 27 55 2. 77 
11 5 2 . 27 1111 2. 22 
119 2 . "7 47 2. 3 7  
6 1 3 . 0 7 liD 2 . 02 
57 2 . 87 11 1  2 . 07 
611 3 . 23 42 2. 1 2 

4 11  2 . 22 47 2 . 37 
III 2 . 37 4 2  2 . 1 2  
S O  2 . 52 311 1 . 7 1  
56 2. 82 35 1 . 76 
5 1  2 . 51 36 1. t! > 
.. 2 2. 1 2  3 1  1 . 56 
3 5  I • . " "  27 ' . 16 
3 1  1 . 8'> 3' 1 . 86 
5 2  2. 62 110 2. 02 
l1li 2 . 22 112 2. 1 2 

1 6  1 7 1 8  1 9  

JAT 
LF.SS alTCH 
'DIPr nu. 

0 . 15 1 . 1 
0. 1i5 1 . 9 
0.00 0 .0 
0 . 1l5 1 . 2 
0. 00 0.0 
0. 35 0.9 
1 . 16 2 . 9  
0.66 1 . 5 
0 . 76 1 . 7  
1 . 0 1  2 . 11  
1 . 6 1 3 . 5  
0 . 76 1 . 6  
1 . 1 1 2 . 7  
1 . 2 1 3 . 0  
0 . 66 1 . 6  
0. 35 0 . 8  
0 . 110 0 . 8  
1 . 1 1  2.3 
0 . 8 1  1 . 6 
0 . 50 1 . 0 
0 . 30 0 . 6  
0 . 00 0 . 0  
0 . 3 0  0 . 6  
0 . 20 0 . 11  
0.35 0.7 

- 0 . 55 - 1 . 2 

0 . 05 0 . 1  

- 0 . 50 - 1 . 0  
0 . 2 0  0 . 11 

- D . 25 - 0 . 5  

0 . 05 0. 1 
-0.76 - 1 . 6 
-0.30 - 0 . 6  
-0 . 05 -0 . 1  
-0. 50 - 1 . 0  

0 . 05 0 . 1  
0 . 1 0  0 . 2  
1 . 06 2 . 1 
0 . 8 1  1 . 6  

1 . 1 1  2. 1  
-0 . 1 5 - 0 . 3  

0 . 2 5 0 . 5  
0 . 8 1  1 . 7 
1 . 06 2 . 2  
O . "J E:  1 . 1:  
� • ",S 1 . 3  
C . •  j 1 . u 
v e CO 0 . 0  
0 . 6 0  1 . 3 
0 . 1 0  0 . 2  

2 0  2 1  C a l l .  



% 
X i n g 

2 5 . 50 
26 . 0 0  
26 . SO 
27 . 00 
27 . 50 
28 . (10 
2 11 . 50 
2'J . O O 
29. SO 
3 0 . 0 0  
30 . 50 
3 1 . 00 
3 1 . 5 0 
32 . 0 0  
32. 50 
3 3 . 00 
33. 50 
34. 00 

n 34 . 50 

I 3 5 . 00 

� 3 5 . 5 0  
3 6 . 0 0  
36. 50 
37 . 0 0  
37 . 5 0 
3 01 . 00 
3 8 . 5 0  
3 9 . ,) 0  
39 . 5 0  
4 0 . 0 0  
4 0 . 5 0  
" , . 0 0  
/1 1 . 50 
4 2 . 00 
/12. 50 
4 3 . 0 0 
113 . 5 0  
/14 . 0 0 
/1 11 . 50 
4 5 . 0 (1  
45 . 50 
4 6 . 0 0  
4 6 . 50 
11 7 . 0 0 
11 7. 5 0  
48. 00 
4a . 50 
49 . 0 0  
4 9 . 50 
50. 0 0  

* See 

Tse BODEL * 

TABLE 

!lEII HlIIPSHIIIB 

C - l .  

C T  
I lie CUll PO II ER BAZARD IRC COli POIiEa HAZARD 

ACC .ACC " Ace PAetH D DEl lee .lee I lee PlCTa XIIDBI 

9 1 306 6 5 . 83 2 . 58 - 1 06 07 1 1 296 6 5 . 3 2  2 . 56 1 460 
21 1 32 7  66 .89 2 . 57 - 1 0668 1 5  1 3 1 1  6 6 . 08 2 . 5" 1 40 0  

9 1 336 67 . 3 4  2 . 54 - 1 0695 6 1 3 1 7 6 6 . 3 8  2 . 50 1 350 
10 1 311 6  6 7 . 84 2 . 5 1  - 1 0 8 1 9  9 1 3 26 6 6 . 83 2 . 48 1 28 0  

7 1 3 53 68. 20 2 . 4 8 - 1 0 9 1 8  8 1 334 67. 24 2 . /1 5  1 220 
13 1 3 66 6 8 . 85 2. 46 - 10 9 63 30 1 3 64 6 8 . 7 5  2 . 46 1 200 
1 0  1 376 69. 35 2 . 43 - 1 1 0 59 o 1 364 6 8 . 75 2 . /1 1  1 2 00 
1 0  1 386 69. 86 2 . 4 1  - 1 1 1 73 13 1 3 77 6 9 . 4 1  2 . 39 1 1 20 
13 1 399 7 0 . 5 1  2 . 39 - 1 1 2 67 1 3  1 390 7 0 . 06 2 . 3 7  1 080 

9 1 4 08 7 0 . 97 2 . 37 - 1 1 3 16 1 1  1 4 0 1  7 0 . 6 1  2 . 35 1 0 2 0  
7 ' '' , 5  7 1 . 3 2 2 . 31! - 1 1 3 90 37 1 4 3 8 72. 48 2 . 38 1 000 

12 1 42 7  7 1 . 9 3  2. 32 - 1 1 5 36 o , .. 38 72. 48 2 . 34 1 000 
5 1 1132 72. 1 8  2 . 29 - 1 1 6 1 5 o 1 4 3 8  7 2 . " 8  2 . 30 1 000 

1 6  1 114 8  72 . 9 8  2 . 28 - 1 1 6 49 19 1 11 57 7 3 . "/1 2 . 29 925 
19 1 1167 73 .94 2 . 28 - 1 1 7 5" 1 9  1 4 76 7 /1 . 4 0  2 . 29 900 

o , .. 67 7 3 . 9 4 2 . 2 11  - 1 1 7 511 1 1 4 77 74 . "5 2 . 26 890 
9 " ' 76 74 . 4 0  2 . 22 - 1 1 8 5 1  1 2  l U9 7 5 . 05 2 . 24 84 0 

1 1  ' ''87 7" . 95 2 . 20 - 1 1 9 64 27 1 5 1 6  7 6 . 4 1  2 . 25 800 
1 11 1 50 1  75.66 2 . 1 9  - 1 2 0 8 1  o 1 5 1 6  7 6 . 4 1  2 . 21 800 
1 4  1 5 1 5  7 6 . 3 6  2 . 18 - 12 1 58 3 1 5 1 9 7 6 . 56 2 . 1 9  776 
13 1 528 7 7 . 0 2  2. 17 - 1 2268 9 1 5 28 7 7 . 0 2  2 . 1 7  7 5 0  
1 2  1 5 110 7 7 . 6 2  2 . 1 6  - 12 2 97 17 1 5 45 1 7 . 87 2. 1 6  720 
1 7  1 557 7 8 . 4 8  2 . 1 5  - 1 2369 7 1 5 52 7 8 . 23 2. 1 "  700 

6 1 563 7 8 . 7 8  2. 1 3  - 1 211 88 5 1 5 57 7 8 .48 2. 1 2  660 
10 1 5 73 7 9 . 28 2 . 1 1  - 1 2587 7 1 56/1 7 8 . 83 2 . 1 0  640 

6 1 5 79 7 9 . 5 9  2 . 09 - 12 599 37 1 6 0 1  8 0 . 70 2 . 1 2  600 
1 0  1 5 89 80 . 0 9  2 . 0 8  - 1 2679 o 1 6 0 1 8 0 . 70 2. 1 0  600 

9 1 598 8 0 . 5 4  2 . 07 - 12763 o 1 6 01 8 0 . 7 0  2 . 0 7  6 0 0  
6 1 60 4  80 . 8 5  2 . 0 5  - 12 8 7 1  o 1 6 0 1  8 0 . 7 0  2 . 0 4  5 9 "  
6 1 6 1 0  8 1 . 1 5 2 . 0 3  - 1 2 9 1 1  1 1  1 6 1 2  8 1 . 25 2 . 03 550 
5 1 6 1 5  8 1 . 4 0  2 . 0 1  - 12986 6 1 6 1 8  8 1 . 55 2. 0 1  522 
4 1 6 1 9  8 1 . 6 0  1 . 99 - 13048 23 1 6 4 1 82. 7 1  2 . 02 5 0 0  
6 1 6 25 8 1 . 9 1  ' . 97 - 13 1 60 o 1 611 1  8 2 . 7 1  1 . 99 5pO 
9 1 63 4  8 2 . 3 6  1 . 96 - 13 2 35 o 1 6 4 1  8 2 . 7 1  ' . 97 500 
4 1 6 3 d  8 2 . 5 6  1 . 94 - 13 305 o 1 6 4 1  8 2 . 7 1  1 . 95 5 0 0  
o 1 63 8  82 . 5 6 1 . 9 2 - 1 33117 7 1 6 4 8  83 .06 1 . 93 UO 
9 1 64 7  83. 0 1  1 . 9 1  - 13 11 53 Il 1 6 52 8 3 . 2 7  1 .9 1  1160 
5 1 6 52 83 . 27 1 . 89 - 13555 9 1 6 6 1  8 3 . 72 1 . 90 /ISO 

11 1 663 83 .82 1 . 8 8  - 13607 1 1 6 6 8  8 4 . 07 1 . 89 1120 
4 1 667 d 4 . n 2  1 . 87 - 13 7 2 1  2 3  1 6 9 1  8 5 . 23 1 . 89 1100 
8 1 67 5  8 11 . 4 3  1 . 86 - 13792 o 1 6 9 1  8 5 . 2 3  1 . 87 /1 0 0  
5 ' 6 80 84 . 6 8  1 . 84 - 1 38 6 1  o 1 6 9 1  8 5 . 23 1 . 85 11 0 0  

1 7  1 69 7  8 5 . 53 1 . 84 - 13 9 66 o 1 6 9 1  8 5 . 23 1 . 83 4 0 0  
o 1 69 7  8 5 . 53 1 . 8 2 - 13 9 66 1 1 6 9 2  8 5 . 28 1 . 8 1  376 

13 1 7 1 0  86 . 1 9  ' . 8 '  - ' 40 44 7 1 6 99 8 5 .6/1 1 . 80 3 60 
o 1 7 1 0  86 . 1 9 1 . 80 - 14044 o 1 6 99 8 5 . 611 1 . 78 3 50 
1 1 7 1 1  8 6 . 2 4  1 . 78 - 14 1 1 3 5 1 7 04 85 . 89 1 .71 326 
8 1 7 1 9  8 6 . 6 4  1 . 77 - 14 2 1 6 5 1 709 8 6. 1 .  1 . 76 3 20 
8 1 727 8 7 . 0 5  1 . 76 - 14 2 50 111 1 7 23 86. 8/1 1 . 75 3 0 0  
3 1 730 8 7 . 2 0  1 . 74 - lU68 o 1 72 3  8 6 . 84 1 . 711 300 

L E G END , S e c t i on C . 3 . 

,I of 

( con t . ) 

X B KV L  O AT 
tse la 

II lTH BATCH IIC COlI LISS aAtcH L ESS BlTca LlSS UtCB 

" DlPP tiAL BTca arCH 'l:e I lec Ilee I lec IDIFF tYlL 

0. 5 0  0 . 2  3 1 256 50 2 . 52 fiO 2 . 02 0.50 1 . 1 
0. 8 1  0 . 3 19 1 275 5 2  2 . 6 2  3 6  1 . 8 1  0 . 8 1  1 . 7  
0 . 96 0 . /1  1 1  1 286 S O  2 . 52 3 1  1 . 56 0.96 2 . 1  
1 . 0 1  0 . /1  1 0  1 29 6  S O  2 . 52 30 1 . 5 1  1 . 0 1 2 . 2  
0. 96 0 . 4  6 1 302 5 1  2 . 57 32 1 . 6 1  0 . 96 2. 1 
0. 1 0  0 . 0  26 1328 38 1 . 9 2  36 1 . 8 1 0 . 1 0  0 . 2  
0 . 6 0  0 . 2  5 1 33 3  III 2 . 17 3 1  1 . 56 0 . 60 1 . /1  
0 . 4 5  0 . 2  6 1 339 4 1  2 . 3 7  38 .1 .92 0 . /1 5  1 . 0  
0 . /1 5  0 . 2  1 3  1 352 41 2 . 37 38 1 . 9 2  :I .  liS 1 . 0  
0 . 3 5  0 . 1 1 .. 1 366 42 2 . 1 2  3 5  1 . 76 0 . 3 5  0 . 8  

- 1 . 1 6 -0.4 14 1380 3 5  1 . 7 6  5 8  2.92 - 1 . 1 6  -2. " 
-0. 55 -0 . 2  4 1 384 1i 3  2 . 1 7  5" 2 . 7 2  -0. 55 - 1. 1  
-0. 30 -0 . 1  1 1 385 '" 2 . 3 7  5 3  2 . 67 -0.30 - 0 . 6  
- 0. 11 5  -0 . 2  10 1395 53 2 . 67 62 3. 1 3  -0 • •  5 - 0 . 8  
-0, ' 5  -0. 2 27 l1f22 "5 2. 27 5" 2 . 7 2  -0.45 - 0 . 9  
- 0 . 5 0  -0 . 2  o '''22 /IS 2 . 21 55 2 . 77 - 0 . 50 - 1 . 0  
- 0 . 6 6  - 0 . 2  8 1430 116 2. 32 59 2 . 97 - 0 . 66 - 1 . 3  
- 1 . /1 6  - 0 . 5  1 8  , .. U 39 1 . 97 6 8  3 . /1 3  - 1 . "6 - 2 . 8  
-0. 76 -0 . 3  6 1 45 /1  Il7 2 . 37 62 3 . 1 3  -0 . 76 - 1 . /1  
-0. 20 -0. 1 9 ' ''63 52 2 . 6 2  56 2. 82 -0 . 20 - 0 . /1  

0.00 0 . 0  1 2  , .75 53 2 . 6 7  53 2.67 0 . 00 0 . 0  
-0. 2 5  -0 . 1  2/1 1499 /1 1  2 . 07 /16 2. 3 2  -0. 25 - 0 . 5  

0 . 2 5  0 . 1  18 1 5 1 7  4 0  2 . 0 2  3 5  1 . 76 0 . 25 0 . 6  
0 . 3 0  0 . 1 4 1 5 2 1  Q 2  2 . 1 2  36 1 . 8 1  0 . 30 0.7 
0. 4 5  0 . 2  3 1 524 "9 2 . U  " 0  2 . 02 0./15 1 . 0 

- 1 . 1 1  -0 . 4  1 9  1511l 36 1 . 8 1  58 2. 92 - 1 . 1 1  - 2 . 3  
- 0 . 6 0  -0 . 2  8 1 55 1  3 8  1 . 9 2  50 2. 52 - 0 . 6 0  - 1 .3 
-0. 1 5  -0. 1 8 1559 39 1 . 9 7 11 2  2. 1 2  -0. 1 5  -0 . 3  

0. 1 5  0 . 1 1 1560 Q4 2 . 22 /1 1  2 . 07 0 . 15 0 . 3  
-0. 1 0  -0 . 0  1 0  1 5 70 4 0  2 . 0 2  42 2 . 1 2  -0 . 1 0 -0.2 
-0. 1 5  - 0 . 1 7 1 577 3 8  1 . 9 2 /1 1  2. 07 - 0 . 1 5  - 0 . 3  
- 1. 1 1  - 0 . 4  1 0  1 587 3 2  1 . 6 1  5/1 2.72 - 1 . 1 1 - 2 . /1  
-0 . 8 1  -0 . 3  2 1 589 3 6  1 . 81 52 2. 62 -0. 8 1  - 1 . 7  
- 0 . 3 5  - 0 . 1 5 1 59/1 /1 0  2 . 0 2  47 2 . 37 - 0 . 3 5  - 0 . 8  
-0. 1 5  -0. 1 2 1 596 4 2  2. 1 2  4 5  2. 27 -0 . 1 5 -0.3 
-0. 5 0  -0 . 2  • 1600 38 1 . 92 /1 8  2 . 4 2  -0. 5 0  - 1 . 1  
-0. 2 5  -0 . 1  8 1 60 8  3 9  1 . 97 44 2 . 22 - 0 . 2 5  -0.5 
- 0 . " 5  -0 . 2  7 1 6 1 5  3 7  1 . 86 /16 2. 3 2  -0. /1 5  - 1 . 0  
-0. 2 5  -0 . 1  1 4  1 629 34 1 . 7 1  39 1 . 91 - 0 . 2 5  - 0 . 6  
- 1 . 2 1  -0 . /1  5 lU/I 33 1 . 6 6  5 7  2 . 87 - 1 . 2 1  - 2 . 5  
- 0. 8 1  -0. 3 6 16110 35 1 . 76 5 1  2. 57 - 0 . 8 1 - 1 . 7  
- 0 . 5 5  - 0 . 2 2 161f2 38 1 . 92 49 2.47 - 0 . 55 - 1 . 2 

0 . 3 0  0. 1 16 1 65 8  3 9  1 . 97 33 1 . 66 0 . 30 e . 7 
0. 2 5  0 . 1 o . 1 658 39 1 . 97 311 ' . 7 1  0 . 25 0 . 6  
0 . 5 5  0 . 2  1 7  1675 35 1 . 76 2/1 �. 21 0 . 55 1 . /1  
0. 5 5  0 . 2  o 1 675 35 1 . 76 211 1 . 2 1  0. 55 1 . 11  
0 . 3 5  0 . 1 3 1678 13 1 . 66 26 1 . l 1  0 . 3 5  0 . 9  
0 . 5 0  0 . 2 6 16811 3 5  1 . 7 6 2 5  1 . 26 0 . 50 1 .3 
0 . 2 0  0 . 1 10 1694 3 3  1 . 66 2 9  1 . /1 6  0 . 20 0 . 5  
0 . 3 5  0 . 1 2 1696 311 1 . 7 1  27 1 . 36 0 . 35 0 . 9  

� \. 



TAR L E  C - l *  ( c ont . )  
(TSC ) 

% % 
X i ng PPi CON 1 CON 2 CON 3 CON 4 X i n g PP CON 1 CON 2 COS 3 CON II 

0 . 5 0  8 . 67 3 . 6 5  1 . 6 11  0 . 94 0 . 6 2  25. 50 2 . 58 3. 1 0  1 . 8 9  0 . 8 1 0 . 75 

1 .  or. 7 . 26 3 . 4 8  1 . 5 8  0 . 92 0 . 63 26 . 0 0 2 . 57 3 . 1 6  1 . 9 1  0 . 8 1  0 . 7 6  

1 .  S O  6 . 35 3 . 3 0  1 . 5 I 0 . 90 0 . 6 3  26. S O  2 . 54 3. 1 3  1 . 9 1  0 . 8 1 0 . 7 5  

2 . 00 6 . 111) 3. 53 1 . 6 4  0 . 911 0 . 67 2 7 . 0 0  2 . 5 1  3 .  1 1  1 . 9 2  0 . 8 1  0 . 7 0;.  

2 . 50 6 . 07 3 . 53 1 . 65 0 . 94 0 . 6 8 27. SO 2 .  lUI 3 . 0 6  1 . 9 2  0 . 80 ' I . "7' 
3 . 00 5 . 115 3 . 56 1 . 6 7 0 . 94 0 . 6 9  28. 0 0  2 . 46 3 . 07 1 . 93 0 . 80 u . l e  
3 . 5(1 5 . 73 l . 6 11 1 . 7 1  0 . 95 0 . 70 2 9 . 50 2 . 4l l. O S  1 . 94 0 . 79 o . 1 r, 
4 . 00 5 . 4 1  3 . 55 1 . 6 8  0 . 94 0 . 7 0  29. 00 2 . 4 1 3. 03 1 . 9 5 0. 79 0 . 7 ', 

II . s e 5 . ll l . 611 1 . 72 0 . 95 0 . 72 29 . 50 2 . 3 9 3 . 05 1 . 96 0 . 79 U . 7 5 

5. 00 5 . 1 8  3 . 6 5  1 . 73 0 . 95 0 . 7 2  30 . 0 0 2 . 37 3 . 02 1 . 9 6 0. 78 0 . 7 5  

5 .  SO 5 . 10 l . 7 2 1 . 76 0 . 96 0 . 7 3 30 . SO 2 . l11 2 . 9 8  1 . 97 0 . 78 � ' .  7 -;  

6 . 00 II . 89 3 . 611 1 . 7 4  0 . 95 0 . 7 3  3 1 . 0 (1  2 . 32 2 . 9 9  1 . 98 0 . 78 ' 1 . 7 5  

6 . 50 Ii .  75 3 . 63 1 . 7 11  0. 94 fI . 7 3 3 1 .  SO 2 . 29 2. 94 1 . 98 0. 77 11 . 7 11 

7 . 0 0  1i . 60 3 . 5 8 1 . 73 0 . 911 0 . 7 3  32 . 0 C 2 . 2 8 2. 9 8  2. 0 0  0 . 77 U . 7 5 

7. 5 0  11 . 38 3 . 43 1 . 6 9  0 . 92 0 . 7 2 32 . 50 2 . 28 3 . 06 2 . 0 2  0 . 78 0 . 7 5  

8 . 00 4 . 23 l . 3 7  1 .6 8  0 . 9 1  0 . 7 2 33. 00 2 . 24 2 . 96 2 . 0 2  0 . 77 0 . 7 5 

8 . 5 0 Il . 1 3  3 . 3 4  1 . 6 7  0 . 90 0 . 7 2  3l. S0 2 . 2 2 2 . 95 2. 0l 0 . 76 0 . 7 5  

9 . 00 4 . 1 0  l . 4 1 1 . 7 0  0 . 9 1  0 . 7 3  34. cn 2 . 20 2 . 9 6 2 . 04 0 . 76 0 . 7 5  

9. 50 3 . 99 3. 3 6  1 . 6 9  0 . 90 0 . 7 3  34 . � 0 2 . 1 9  3 . 0 0  2 . 0 6  0. 76 0 . 7 5  

10 . 0 0 3 . 88 3. 2 9  1 . 6 8  0 . 89 0 .7 2  l5. 0 0  2. 1 8  3 . 0 4 2 .0 8  0 . 76 0 . 7 5 

1 0 .  SO 3 . 82 l . 3 1  1 . 70 0 . 89 0 . 73 lS. SO 2 . 17 l . 0 7  2 . 0 9  0 . 76 0 . 7 5  

1 1 . 00 l . 711 3 . 2 8  1 . 70 0 . 89 0 . 7 l 36 . 0(1 2 . 16 3. 1 0  2 . 1 1  0 . 76 0. 7 6  

1 1 .  Sf. 3 . 7(; 3 . 32 1 . 7 1  0 . 89 0 . 7l 36 . 5 0 2 . 1 5  3 . 1 8  2. 1 3  0. 76 0 . 76 

I l . 00 l . 67 3 . 3 6  1 . 73 0 . 89 0 . 74 l7. 00 2. 1 3  3 . 1 5  2. 1 4  0 . 76 0 . 76 

1 2 . 50 3 . 62 3 . 3 8  1 . 74 0 . 89 0 . 74 37 . 50 2 . 1 1  3 . 1 6  2 . 1 6  0 . 76 0 . 7 6  

I J . OO 3 . 55 3 . 3 5  1 . 711 0 . 89 0 . 7 4 38 . 0u 2 . 09 3. 1 3  2 . 1 6  0. 75 0 . 7 6  

1 3 .  S O  3 . 5 1  l . 37 1 . 7 5  0 . 89 0 . 7 5  l8. 5 0  2 . 08 3 . 1 5  2 . 1 8  0. 75 0 . 7 6  

1 11 . 00 3 . 11 1  3 . 2 6  1 . 73 0 . 87 0 . 711 39 . 00 2 . 0 7 3. 1 6  2 . 1 9  0 . 75 0 . 7 6  

1 4 . 50 3 . J7 3 . 2 7  1 . 711 0. 87 0 . 7Ii 39. 50 2 . 05 3. 1 3  2 . 2 0  0. 711 0 . 7 6 

15. 0 0  3 . 30 3 . 23 1 . 74 0. 87 0 . 7 4  110 . 0 0 2 . 03 3 . 1 0  2 . 2 1  0. 74 0 . 7 6 

15. SO 3 . 26 3 . 2 4  1 . 7 5  0 . 87 0 . 7 4 110. 5 0  2 . 0 1  3 . 0 7 2 . 2 2  0 . 73 0. 75 

1 6 . 0 0 3 . 2 1  3 . 2 1  1 . 75 0 . 86 0 . 74 4 1 . 0 0 1 . 99 3 . 1'1 2 2 . 2 3  0 . 73 0 . 75 

16. SO 3 . 14 . 3 . 1 4 1 . 74 0. 85 0 . 74 41 . 5 0 1 . 97 3 . 0 0 2 . 2 4  0 . 7 2  0 . 75 

1 7 . 00 3 . 1 2  3 . 1 8  1 . 76 0. 86 0 . 7 4 42 . 0j) 1 . 96 3 . 0 1 2 . 2 6  0 . 72 0 . 75 

1 7. 5 0  3 . 07 3. ' "  1 . 76 0 . 85 0 . 74 42 . 5 0 1 . 911 2 . 96 2. 27 0 . 72 0 . 7 5 

1 8. 0 0  3 . 05 3 . 2 0  1 . 7 8  0 . 85 0 . 7 5  43 . " 0 1 .  S 2  2 . 87 2 . 2 7  0 . 7 1 0 . 74 

18. 50 3 . 011 3 . 25 1 . 8 0  0 . 86 0 . 7 5  43 . 5 0 1 . 9 1  2. 89 2 .2 9  0 . 7 1  0 . 7 4 

19 . 01'1 3 . 0 1  3 . 2 7  1 . 8 1  0 . 85 0 . 7 5  4,. . O C  1 . 89 2 . 86 2 . 3 1  0 . 70 0 . 7 '  

19 . 50 2 . 96 3 . 2 3 1 . 8 1  O .  as 0 . 7 5  4 11 . 5 0  1 . 88 2 . 9 0 2 . l 3  0 . 70 0 . 7 4  

20. 1'0 2 . 9 3  3. 2 ')  1 . 82 0 . 85 0 . 7 5 45. 0 0  1 . 87 2 . 86 2 . 3 4  0 . 70 0 . 74 

20. 5 0  2 . :) 1  3 . 2 8  1 .8 4  0 . 85 0 . 76 45. 5 0 1 . 86 2 . B 8  2 . 3 6  0 . 70 0 . 74 

2 1 .  Ct.:I 2 . 86 3 . 2 2  I.  B 3  0 . 811 0 . 7 5 4 6 . 0 0  1 . 811 2 . 8 5  2 . 3 7  0 . 6 9  0 . 74 

2 1 .  S O  2 .  B2 3 . 1 9  1 .8 3  0 . 84 0 . 7 5  116. 5 0  1 . 84 2 . 9 9  2 . 4 0  0 . 70 0 . 7 11  

22. <; 0  2 . 79 3 . 1 7  1 . 84 0 . 83 0 . 75 47. 01'1 1 . 82 2 . 8 9 2 . 4 1  0 . 69 0 . 74 

22. 5 0  2 . 76 3 . 1 8  1 . 8 5  0 . 83 0 . 7 5 47. 5 0  1 . 8 1 2 . 9 8 2 . 44 0. 69 0 . 74 

23 . 0 e 2 . 72 3 . 1 2  1 . 8 5  0. 82 0 . 7 5 48. 00 1 . 80 2 . 8 9  2 . 11 5  0 . 68 0.74 

23. S O  2 . 6 8 3 . 0 9 1 . 8 5  0 . 82 0 . 75 48. 5 0  1 . 78 2 . 8 1  2 . 4 6  0 . 6 8 0 . 7 3  

24 . 00 2 . 65 3 . 06 1 . 8 5  O .  B l  0 . 7 5  11 9 . 0 0  1 . 77 2 . 84 2 . 4 8 0 . 67 0 . 73 

2 4 . 5 0  2 . 611 3 . 1 2  1 . 8 8  0 . 82 0 . 7 5 119. 5 0  1 . 76 2 . 8 6 2 . 5 0  0 . 67 0 . 74 

25. 0 0  2. 6 1  3. 1 3  1 . 8 9  0 . 82 0 . 7 5 50. 0 0  1 . 711 2. 8 1  2 . 5 2  0 . 67 0 . 73 

* See Subs ection 4 . 1 . 2 fo r d i s cus s i on o f  CON I - CON 4 .  
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% 
X i n g P F I  COli 1 C O li  2 

O. !l 0  d . 37 3 . 55 1 . 5 8  

1 . 0 0 6 . 80 3 . 29 1 . 4 8  

1 . 50 6 . 35 3 . 30 1 . 5 1  

2 . CO 6 . 17 3 . 4 0  1 . 58 

2 . 50 6 .  C7 3 . 5 3  1 . 65 
3 . 0 0  5 . 73 3 . 48 1 . 6 3  

3 . 5e 5. 40 3 . 39 1 . 6 1  

4 . 00 5 .  �" 3. 4 1  1 . 6 3  
II . � O 5 . 1 6  3 . 119 1 .6 7  

5 . 0 0 4 . 98 3 . 11 6  1 . 66 

5. s e· 4 . 8 1  3 . 43 1 . 66 

6 . 00 4 . 76 J . 5 1  1 . 6 9  

6 . 5 C  11 . 58 3 . 11 11 1 . 6 8  

7 . 00 4 . 43 3 . 38 1 . 6 7  

7 . 5 0  11 . 29 3. 32 1 . 66 

8 . 00 11 . 19 3. 3 1  1 . 66 

a. !lo 4 . 08 3. 2 7  1 . 6 5  

9 . 00 3 . 98 3. 2 3  1 . 6 5  

9 . 50 3 . 90 3. 2 3  1 . 66 

10. 00 3 . 83 3. 2 2  1 . 66 

1 0 . 50 3 . 79 3. 2 6  1 . 6 8 
1 1 . 00 3 . 711 3. 2 8  1 . 7 0  

1 1 . SO 3 . 68 3. 27 1 . 70 

12. 00 3 . 6 5  3 . 33 1 . 7 2  

1 2 . 5(1 3 . 59 3. 32 1 . 73 

13. 00 3 . 59 3. U 1 . 76 

1 3 . 50 3 . 5 1  3 . 3 7  1 . 75 
1 4 .  (;1) 3 . 45 3 . 34 1 . 7 5  

1 11 . 50 3 . 35 3 . 2 4  1 . 74 

1 5 . 00 3 . 32 3 . 2 7  1 . 7 5  

1 5. 50 3 . 26 3 . 23 1 . 7 5 

16. 00 3 . 26 3. 32 1 . 7 8  

1 6 . 50 l . 1 6 3 . 1 9  1 . 75 

1 7 . 00 l . 1 3  3 . 1 9  1 . 76 

1 7 . 5 0  3 . 1 0  3 . 2 1  1 . 78 

18. 00 3 . 0 5  3 . 1 9  1 . 7 8  

1 9 . 50 3 . 03 3. 2 4  1 . 8 0  

19. CO 2 . 95 3 . 1 1  1 . 78 

19. 5 0 2 . 92 3 . 1 1  1 . 7 9  

20. 131: 2 . 88 3 . 08 1 .7 9  

20. 50 2 . 9 2  3 . 3 0  1 .84 

2 1 . 0 0 2 . 85 3 . 1 8  1 . 8 3  

2 1 . 50 2 . 78 3 . 06 1 . 8 1  

22 . 00 2 . 74 3. 0 1  1 . 8 1  

22. 50 2 . 73 3 . 0 6 1 . 93 

2 3 . 0 0  2 . 69 3 . 0 3  1 . 83 

23. 50 2 . 66 3 . 0 3 1 . 9 11  

2 11 . 0 0  2 . 6S 3 . 0 6 1 . 8 5  

211 . 50 2 . 6 1  3 . 0 3  1 . 86 

2S. 00 2 . 6 1  3 . 1 2  1 . 88 

TAB LE C - l ( cont . )  
(NU)  

% 
COli 3 COli 4 X i n g PP 

0. 92 0. 6 1  25. 5 0  2 . 56 

0 . 89 0 . 6 1  26. 00 2 . 511 
0 . 90 0 . 63 26. 50 2 . 50 
0. 92 0 . 6 5  27 . 0 0 2 . 4 8 
0 . 911 0 . 6 8  27. 50 2 . 45 

0 . 93 0 . 6 8  2a. 00 2 . 46 

0 . 92 0 . 6 8  28. 50 2 . 4 1  

0 . 92 0 . 69 29 . 00 2 . 39 
0 . 93 0 . 70 29. 50 2 . 37 
0. 93 0 . 7 1 30 . 00 2 . 35 

0 . 92 0 . 7 1  30. 50 2 . J8 

0 . 93 0 . 7 2  3 1 . 00 2 . 311 

0 . 92 0 . 7 2 3 1 .  SO 2 . 30 

0 . 9 1  0. 7 1  32 . 00 2 . 29 

0 . 90 0 . 7 1  32 . 5" 2 . 29 

0 . 90 0 . 7 2  33 . 00 2 . 26 

0 . 90 0 . 7 1 JJ . 5C 2 . 211 

0 . 89 0 . 7 1  34. 00 2 . 25 

0 . 99 0 . 7 2  311. 50 2 . 2 1  

0 . 88 0 . 7 2  35 . 00 2 . 1 9  

0 . 89 0 . 7 2  35. 50 2. 1 7  
0 . 89 0 . 73 36 . 00 2 . 16 

0 . 89 0 . 7 3  36 . 50 2 . 1 11  

0 . 89 0 . 74 37. 0 0  2 . 1 2  

0. 89 0 . 7 4  3 7 . 50 2 . 10 

0 . 90 0 . 7 5  38. 00 2 . 1 2  

0 . 89 0 . 7 5  38. 5C 2. 10 
0 . 88 0 . 7 5  39 . 00 2 . 07 

0. 87 0 . 7 4  39. 50 2 . (14 

0. 87 0 . 74 4il . 00 2 . 03 

0. 87 0 . 7 11  40. 50 2 . Co l  

0 . 87 0 . 7 5  11 1 . 00 2 . 02 
0 . 86 0 . 7 4  111 . 50 1 . 99 

0 . 86 0 . 74 112 . 00 1 . 97 

0. 86 0 . 7 5  42 . 50 1 . 95 

0. 85 0 . 74 43 . 0 0 1 . 93 

0 . 85 0 . 7 5  43 . 50 1 . 9 1 

0 . 84 0 . 74 1111 . 00 1 . 9 0 

0 . 84 0 . 7 4  411. 51'1 1 .  d9 

0 . 83 0 . 74 45. 00 1 . 89 

0. 85 0 . 76 45. se 1 . 87 

0 . 811 0 . 7 5 116. 00 1 . 85 

0. 93 0 . 7 4  46 . 50 1 . 83 

0 . 82 0 . 7 4  47. 0 0  1 . 8 1  

0. 8 2  0 . 7 4 47. 5 0  1 . 80 

O .  II:.! 0 . 7 4  48. 00 1 . 78 

0 . 8 1  0 . 7 11  1111. 50 1 .  " 

0 . 81 0 . 7 5  11 9 . 0 0  1 . 76 

0 . 8 1  0 . 711 49. 50 1 . 75 

0 . 82 0 . 75 50. 0 0  1 . 7ij 

COli 1 COl 2 COB 3 COli 4 

3 . 1'1 2  1 . 8 7  0 . 80 0 . 7 4  
3 . 0 3 1 . 8 9  0. 80 0 . 7 5  

2 . 98 1 . 8 9  0 . 80 0 . 74 

2 . 95 1 .8 9  0 . 79 0 . 74 

2 . 9 1  1 . 8 9  0 . 79 0 . 7 11 

3 . 05 1 . 93 0 . 80 0 . 7 5  

2. 95 1 . 9 2 0 . 79 0 . 74 
2 . 9 6  1 . 93 0 . 78 0 . 7 4  
2 . 9 7  1 . 9 5  0 . 78 0 . 7 4 
2 . 90 1 . 96 0. 78 0 . 7 11  

3 .  1 9  2 . 00 0 . 79 0 . 76 

J . 09 2 . 00 0 . 7 11  0 . 7 5  

2 . �9 1 . 99 0 . 78 0 . 75 
3. 07 2 . 0 1 0 . 78 0 . 7 5  
3 . 1 5  2 . 0 11  0 . 7 8 0 . 76 
3 . 0 6  2 . 0l 0 . 77 0 . 7 5  

3 . 0 7  2 . 0 5  0 . 77 0 . 7 5  

3 . 2 5  2 . 0 9  0. 78 0 . 76 
3 . 1 5  2 . 08 0 . 77 0 . 7 6  

3 . 0 8 2 . 08 0 . 76 0 . 7 5  
3 . 0 7  2 . 0 9  0 . 76 0 . 7 5  

3. 1 5  2 . 1 2  0 . 76 0. 76 
3 . 1 3  2. 1 3  0. 76 0 . 76 
3 . 08 2 . 1 3  0. 75 0 . 7 6  
3 . 06 2. U 0 . 75 0 . 7 5  

J. 40 2 . 1 9  0 . 77 0.77 

3 . 29 2 . 2 0  0 . 76 0 . 7 1  
3 . 1 9  2 .2 0  0 . 75 0 . 7 6  
3 . 0 9 2 . 2 0 0 . 74 0 . 7 6  
3 . 1 3  2 . 2 2  0. 74 0 . 7 6  
3 . 1 0  2 . 2 3 0 . 711 0 . 76 

3 . 3 0  2 . 2 6  0. 74 0 . 76 
3. 20 2 . 2 7  0 . 74 0 . 76 
3 . 1 0  2 . 27 0 . 73 0 . 75 

3. 1)0 2 . 2 7  0 . 72 0 . 7 5 
2 . 9 9  2 . 2 9  0. 72 0 . 7 5  
2 . 9 5 2 . l 0  0 . 7 1  0 . 7 5  

2 . 97 2 . 3 2  0 . 71 0 . 7 5  

2 . 97 2 . 3 3 0 . 7 1  0 . 7 5  
3 . 1 9  2 . 3 7  0 . 7 1  0 . 7 6  
3 . 0 9 2 . 3 8  0 . 7 1 0 . 7 5  
3 . 0 0 2 . 3 9  0. 70 0 . 7 5  

2. 90 2 . 3 9  0 . 69 0 . 74 

2 . 8J 2 . 4 0  0 . 69 0 � 74 

2 . 8 3 2 . 42 0 . 68 0 . 74 
2 . 711 2. U 0 . 68 0 . 73 
2 . 72 2 . 4 5  0 . 67 0 . 73 
2 . 70 2 . 4 6  0 . 67 0.73 

2 . 80 2 . " 9  0 . 67 0 . 7 3  
2 . 7 1  2 . 5 1  0 . 66 0 . 73 

*See Sub s e ction 4 . 1 . 2  for dis cus s i on of CON 1 - CON 4 .  
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TABLE C - 2 . TSC ( COMPR.EHENS I VE) VERSUS NEW HAMPSH IR E  CROC:;SBUC K S  

% TS C  !!ODEL IIBII BlII PSBIaB C T  rsc liB ZZZZZ ' DAT 

X i n g IIIC CUll PU ll ER HAZARD * INC COil PO IlEI IfAZARD 11 11'B urcs lie CO!! LESS IIArCB LESS aArCB USS aueB 

lce ' ICC I lCC PAcra Ilion ACC .Ace I ICC PAcrR 111 OBI IDlPr nAL arcH arCH 'Aec I Ace .lce I lee IDIPP nu. 

O . S O  96 96 4 . 811 9 . 6 8  - 1 0 9S 83 83 11 . 1 8  8 . 37 72000 0.66 1 . 0  39 39 5 7  2 . 87 4 11 2. 22 0 . 66 1 . 3  

1 . 00 60 1 56 7. 86 7 . 86 -2279 S 2  1 35 6 . 80 6 . 80 07300 ' . 06 1 . 2  38 77 79 3. 9 8  58 • 2 . 9 2  1 . 06 1 . 8  

1 . S0 3 8  1 911 9 . 7 8  6 . 5 2  -2896 511 1 89 9. 53 6 . 35 30500 0 . 2 5  0 . 3  31 1 1 4 80 0 .03 7S 3 . 78 0 . 25 0 .11 
2 . 00 11 0  2 3 11  1 1 . 7 9  5 . 90 -3326 56 205 1 2 . 35 6. 1 7  27200 -0. 5 5  -0.5 35 '''9 8 5  11 . 28 96 11 . 8 11  - 0 .  S5 - 0 . 8  

2 . S0 11 9  283 1 11 . 2 6  5 . 7 1  -3800 56 3 0 1  1 5 . 1 7  6 . 07 22800 - 0. 9 1  -0 . 7  52 20 1 8 2  11 . 1 3  1 00 5. 011 -0 . 9 1  - 1 . 3  

3 . 00 70 353 1 7 . 7 9 5 . 93 -"220 110 3U 1 7 . 1 9  5 . 73 1 9200 0.60 0 . 5  116 2 117  1 0 6  5 . 3 11  9/1 11 . 7 11  0. 6 0  0 . 8  

3 . 50 11 1  390 1 9 . 8 6  5 . 67 -11579 311 375 1 8 . 90 5 . ,.0 16800 0 . 9 6  0 . 7  26 273 1 2 1  6 . 10 102 5. 1 Q  0 . 96 1 . 3  
11 . 0 0 " ' Q 3 S  2 1 . 9 3 5 . 118 -11920 I U  11 1 6 2 0 . 97 5. 211 1 11800 0. 9 6  0 . 7  39 3 1 2  1 23 6 . 20 l Oll 5. 211 0 . 96 1 . 3  

II . S0 46 4 8 1  2 " . 2 ,.  5 . 39 -52 1 2  /I S  46 1 2 3 . 2 11  5. 1 6  1 3 000 1. 0 1  0 . 7  ,. ,  353 1 2 8  6 . 4 5  1 08 5. Q4 1 . 0 1  1 . 3  

5 . 0 0 36 5 1 7 26. 0 6  5 . 2 1  -51168 3 3  Q 9 4  2 4 .90 Q . 98 12000 1 . 1 6  0 . 7  32 385 1 32 6. 65 109 5.Q9 1 . 1 6 1 . 5  

5 . 5 0  3 11  5 5 1  2 7 . 7 7  5 . 05 -5700 3 1  5 25 2 6 . 116 11 . 8 1  1 1 000 1 . 3 1  0 . 8  30 il l S  1 3 6  6 . 85 1 1 0 5. 511 1 . 3 1  1 . 7  
6 . 0 0  3 5  586 2 9 . 5 11  4 . 92 - 5 9 28 42 567 2 8 . 58 11 . 76 10000 0 . 9 6  0. 6 40 QS5 1 3 1 6 . 6 0  1 1 2  5. 65 0 . 96 1 . 2  
6 . 50 37 623 3 1 . 40 4 . 83 -6 1 52 2 4  5 9 1  2 9 . 79 4 . 5 8  9 1 50 1 . 6 1 0 . 9  33 1188 1 3 5  6. 80 103 5. 1 9  1 . 6 1  2 . 1  
7 . 0 0 26 6 4 9  3 2 . 7 1  11 . 6 7  -63 1 2  2 11  6 1 5 3 1 . 0 0  11 . 4 3 8500 1 . 7 1  1 . 0  33 5 2 1  1 2 8  6 . 4 5  911 11 . 74 1 . 7 1 2 . 3  
7 . 5 0 11 11  693 311. 93 4 . 6 6  -6500 23 6 3 8  3 2. 1 6  11 . 29 8000 2 . 7 7  1 . 5  35 556 1 37 6 . 9 1  8 2  11 . 13 2 . 77 3 . 7  

II . (' C  3 1  724 36. 11 9  4 . 56 -6670 27 665 3 3 . 52 4 . 1 9  74811 2 . 9 7  1 . 6 30 586 1 3 8  6 . 96 79 3.98 2 . 9 7 11 . 0  

8. S0 2 11  7 11 8  3 7 . 70 11 . 411 -68110 23 ti 88 3 11 . 6 8  11 . 08 6900 3. 0 2  1 . 6  2 1  607 1 11 1  7. 1 1  8 1  • Q. OIS 3 . 02 0 . 0  

9 . 0 0 2 7  775 3 9 . 06 11 . 311 -6985 22 710 3 5 . 79 3 . 98 61100 3 . 2 8  1 . 7  2 5  6 3 2  1 III 7. 2 1  7 8  3. 93 3 . 28 11.0 
9 . 50 2 3  7 9 8  11 1) . 22 11 . 23 -7 1 17 26 736 3 7 . 1 0 3 . 90 6000 3 . 1 3  1 . 6 27 659 1 39 7 . 0 1  77 3.88 3 . 1 3  /l . 2  

n 1 0 . 0 0 1 5  8 1 3  11 0. 98 11 . 10 - 7 2 58 2 3  7 5 9  38. 26 3 . 83 5600 2 . 7 2  1 . 4 23 682 1 3 1  6 . 60 77 3 . 88 2 . 72 3 . 7  
1 0 . 5 0 20 833 4 1 . 9 9  4 . 00 -73 9 1  3 1  7 90 3 9 . 82 3 . 79 5250 2 . 1 7  1 .  1 2 3  70S 1 2 8  6 . 11 5  85 0. 28 2. 17 2 . 9  I 
1 1 . 0 0 1 9  852 11 2 . 94 3 . 90 -75110 27 8 1 7 4 1 . 18 3 . 74 5000 1 . 76 0 . 9  1 9  724 1 28 6 . 4 5  93 11 . 69 1 . 76 2 . /l  

-...J l ' . S0 22 874 4 11 . 0 5  3 . 8 3 -76 8 1  2 2  8 3 9  11 2 . 2 9  3 . 6 8  /i800 1 . 76 0 . 8  2 1  745 1 29 6. SO 91i 4 . 74 1 . 7 6 2 . 3  

1 2. 0 0 1 9  8 9 3  1i 5. 0 1  3 . 75 -7820 30 869 11 3 . 80 3 . 65 1l1i00 1. 2 1  0 . 6  29 770 1 1 9 6. 00 95 4 . 79 1 . 2 1  1 . 6  
1 2 . 50 1 8  9 1 1  45. 9 2  3 . 67 -79 56 2 2  8 9 1  U . 9 1  3 . 59 11 2 00 1 . 0 1  0 . 5  23 797 1 1 4  5 . 75 9Il 4 . 7/l 1 . 0 1  1 . 11  

1 3 . 0 0  2 1  932 116. 9 8  3 . 6 1  -8068 36 9 2 7  116 .72 3 . 59 4 000 0 . 2 5  0 . 1  26 823 1 0 9  5 . 4 9  1011 5. 211 0 . 25 0.3 
1 3 .  SO 2 1  9 53 0 8. 03 3 . 56 -8209 1 3  940 11 7 . 38 3 . 5 1  3 800 0.66 0 . 3  1 6  839 1 1 11  5. 75 1 0 1 5 . 09 0. 66 0. 9 
1 11 . (10 20 973 11 9 . 0 11  3 . 50 -8339 1 7 9 57 118 . 211 3. 11 5  3 6 00 0. 8 1  0 . 11  27 866 1 0 7  5 . 39 9 1  11. 59 0 . 8 1  1 . 1 

1 ,. .  SO 2 3  996 50 . 20 3 . 11 6  -84 58 8 9 65 U. 611 3 . 35 3 500 1 . 56 0 . 7  1 2  878 1 1 8 5 . 95 87 11 . 39 1 . 56 2 . 2  
1 5 . 00 2 1  1 0 1 7 5 1 . 26 3 . 112 -8585 23 9 88 11 9 . 80 3 . 3 2  3 2110 1. 116 0 . 6  28 906 1 1 1  5. 59 82 11 . 1 3  1 . 116 2 . 1 
1 5 . S0 2 1  1 03 8  52. 3 2  3 . 38 -8724 1 5  1 0 03 5 0 . 55 3 . 26 3 070 1 . 76 0 . 8  1 6  922 1 1 6  5 . 85 81 11 . 0 8  1 . 76 2 . 5  
1 6 . (10 1 8  1 0 56 53. 23 3 . 33 -88 27 .3 1 1034 5 2 . 1 2  3 . 26 3 000 1 . 1 1  0 . 5  211 .946 1 1 0  5 .  Sit 88 II. II/l 1 . 1 1  1 . 6  
1 6 .  SO 1 5  1 0 7 1  53 . 9 8 3 . 27 -89 37 1 1 0 3 5  5 2 . 1 7 3 . 1 6 2 94 8  1 . 8 1  0 . 8  1 2  9 5 8  1 1 3  �. 70 77 3 . 88 1 . 8 1 2 . 6  
1 7 . 0 0 20 1 09 1  5 4 . 9 9  3 . 2 3  -9055 19 1 0 511 5 3 . 1 3  3. 13 2800 1 . 86 0 . 8  2 1  979 1 1 2  5 . 6 5  75 3 . 78 1 . 86 2 . 7  
1 7 . 50 1 6  1 1 07 5 5 . 8 0 3 . 19 -9 1 511 2 1  1 075 5 4 . 1 8  3 . 10 2600 1 . 6 1  0 . 7  1 7  996 1 1 1  5 . 59 79 3 . 9 8  1 . 6 1  2 . 3  
1 8 . 0 0 16 1 123 5 6 . 60 3 . 1 11 -9256 1 5  1090 54 . 911 3 . 05 2500 1 . 6 6  0 . 7  1 11  1 0 1 0 1 1 3  5 . 70 80 11 . 03 1 . 66 2 . 1t  

1 8 . 5 0  2 3  l l 1t6 5 7 . 7 6  3 . 1 2 -93115 2 3  1 1 1 3 5 6 . 10 3.03 21100 1 . 6 6 0 . 7  16 1026 1 20 6 . 05 87 11 . 39 1 . 66 2 . 3  
1 9 . 0 0 7 1 1 53 5 8. 1 1  3 . 06 -91153 o 1 1 1 3 5 6 . 1 0  2 . 95 21100 2. 02 0 . 8  4 1 030 1 2 3  6 . 20 83 11. 18 2 . 0 2  2 . 8  
19. 50 23 1 1 76 59. 27 3 . 04 -95/l8 1 7  1 1 30 5 6 . 96 2 . 9 2  2240 2 . 3 2  1 . 0  2 6  1056 1 20 6 . 05 71t 3 . 73 2 . 32 3 . 3  
20 . 00 20 1 1 96 60. 28 3 . 0 1  -9650 12 1 1 42 5 7 . 5 6  2 .88 2 1 30 2 . 7 2  1 . 1  1 3  1069 1 27 6 . 110 73 3 . 6 8  2 . 72 3 . 8  
20. 50 13 1 209 6 0 . 94 2 . 97 -9735 4 5  1 1 87 5 9 . 83 2 . 9 2  2000 1 . 1 1  0 . 11  3 3  1 10 2  1 0 7  5 . 39 85 11 . 28 1 . 1 1  1 . 6  

2 1 . 0 0  1 3  1 222 6 1 . 5 9  2 . 93 -9 8 17 o 1 1 87 5 9 . 83 2 . 85 2000 1 . 76 0 . 7  7 1 109 l t l  5. 70 78 3. 93 1 . 76 2 . 5  
21 . 50 1 1 1 2 33 6 2 . 1 5  2 . 89 -9 9 16 o 1 1 87 5 9 . 83 2 . 78 2000 2 . 3 2  0 . 9  9 1 1 1 8  1 1 5  5 . 80 69 3. 48 2. 3 1  3.  � 

22 . 0 0 8 1 211 1  62. 55 2 . 8 11  - 100 2 1  8 1 1 9 5  60 . 23 2 . 711 1 900 2 . 3 2  0 . 9  7 " 2 5 " � 5 . 95 70 ) . 53 2. �z ) , .: 
22. 50 1 8  1 2 59 63 . ' "  2 . 8 2  - 1 0 1 20 22 1 2 1 7  6 1 . 311 2 . 73 1 800 2. 1 2  0 . 8  1 8  1 1 /l 3  1 1 6  S . 85 711 3 . 73 ;to 1 ;:  J .  :. 
2 3 . 0 0  1 3  1 27 2  6 4 . 1 1  2 . 79 - 10 2 112 1 1  1 228 6 1 . 90 2 . 69 1 7 50 2 . 2 2  0 . 9  1 5  1 1 58 1 1 11  5. 7� 70 3 . 53 2. 1 :  j ' .  
2 3 . 5 0  19 1 29 1  6 5. 07 2 . 77 - 103SO 1 4  1 24 2  6 2 . 60 2 . 66 1 620 2. 11 7  1 . 0  1 9  1 1 77 1 1 4  5. 75 6S 3. 211 2 , " 1  J . t  
2 11 . 00 6 1 29 7  6 5 . 37 2 . 7 2  - 1011 43 18 1 2 6 0  6 3 . 5 1  2 .6 5  1 600 1 . 86 0 . 7  1 1  1 1 8 8  1 0 9  5 . 11 9  7 2  3 . 6 3  1 . 86 2 . 8  
2 /l . 50 1 5  1 3 1 2  66. 1 3  2 . 70 - 10 5 38 10 1 2 7 0  6 11 . 0 1  2 . 6 1 1 52 0  2. 1 2  0 . 8  1 2  1 200 1 1 2  5 . 65 70 3. 5) 2. 1 2  3 . 1  
2 5 . 0 0  1 9  1 33 1  6 7 . 0 9  2 . 68 - 10 6 11 1  2 5  1 295 6 5 . 27 2 . 6 1 1 500 1 . 8 1  0 . 7  2 1  1 2 2 1  1 1 0 5 . 511 711 3 . 7 J  1 . 8 1 2 . 7  

* See LEGEND , S e c tion  C . 3 . 



% 
X i n g 
2 5 . 50 
2 6 . 00 
2 .. .  5 0  
2 7 . (1 0  
2 7 .  SO 
2 13 . (1 0  
2 8 . 5 0 
29 . 0 0 
29 . 50 
30 . 0 0 
30. 5 0  
3 1 . 00 
3 1 . 5 0  
32 . 0 0  
32. 50 
3 3 . 0 0  
33 . 50 
311 . 0 0 n 3 11 . 5 0  

00 2 ') . 0 0  
3 5 . 5 0  
3 6 . 0 0  
30 . 5 0 
3 7 . 0 0  
37 . 50 
3 11 . 0 0  
38 . 5 0  
3 9 .  C O  . 
39 . 50 
11 0 . 0 0  
11 0 . 5 0 
II 1 . 0 0  
11 1 . 5 0 
112 . 0 0  
11 2 . 50 
II J . C O  
113.  S O  
4 .. . u O  
11 11 . 5 1)  
11 5 . 0 0 
11 5 . 5 0  
116 . 00 
116 . 5 0 
11 7 . 00 
117 . 50 
11 8 . 0 0  
11 8 . 5 0  
11 9 . 0 0  
"9. 5 0  
50 . 0 0  

1: See 

I NC CU lt 
TSC aODU * 

1'OIIER H AZUD 
Ace . ACC S ICC PACTa IIi DEX 

1 1  1 3 42 6 7 . 6 4  2 . 6 5 - ' 07 32 
7 1 3 4 9  6 7 . 9 9  2 . 6 2  - 10 8 28 
8 1 357 6 8 . 4 0  2 . 58 - 1 0 9 27 

1(1 1 36 7  6 8 . 9 0  2 . 55 - 1 1 0 111 
1 1  1 37 8  6 9 . 4 6  2 . 53 - 1 1 1 1 5 
1 2  1 390 1 0 . 0 6 2 . 50 - 1 1 209 
13 ' 1103 7 0 . 7 2  2 . 4 8 - 1 1 298 

7 1 4 1 0  7 1 . 0 7 2 . 11 5 - 1 1 3111 
14 ' 11211 7 1 . 1 7  2 . 11 3 - 1 1 11 8 1  
' 0  1 113" 12. 2 8  2 . 11 1  - 1 1 5511 
2 1  1 45 5  7 3 . 3 4  2 . 11 0 - 1 1 6 53 

b 1 46 1  13 . 6 4  2 . 3 8  - 1 1 7 36 
7 1 11615 13 . 9 9 2 . 3 5 - 1 1 8 1 4 

1 6  l 11 S4 74 . 8 0  2 . 3 11  - 1 1 908 
9 ' '''' 3  75. 2 5  2 . 32 - 1 1 9 86 
6 1 499 1 5 . 5 5  2 . 29 - 1 2 0 70 
9 1 50 8  7 6 . 0 1  2 . 21 - 1 2 1 110 

1 11  1 52 2 16. 7 1  2 . 26 - 1 2 2 11 1  
1 1 52 9  7 1 . 0 1  2 . 2 3 - 1 2 300 
8 ' 5 3 7  7 7 . 4 7  2 . 2 ,  - 1 2 3 98 

' 2  1 511 9  78. 07 2 . 20 - ' 2 11 16 
1 11  1 5 63 7 8 . 7 8  2 . 1 9  - 1 2 5 65 

6 1 5 69 7 9 . 0 8  2 . 1 7  - 1 2 6 32 
3 1 512 7 9 . 2 3  2 . ' "  - ' 270'  
II 1 5 76 7 'i . 1I 1I  2 . 1 2  - '2762 
9 1 5 a5 1 9 . 8 9 2 . 10 - 1 28 50 
II 1 58 9  8 0 . 0 9  2 . 08 - 1 2 9 28 
8 1 59 7  8 0 . 1i 9  2 . 06 - 13 003 
6 1 6 03 8 0 . 80 2 . 0 5 - 1 3 0 811 
7 1 6 1 0  8 1 . 1 5  2. 03 - 1 3 1 50 

l '  1 62 1  8 ' . 7 0  2 . 0 2  - 1 3 2 17 
5 1 6 26 8 ' . 9 6 2 . 00 - 13 2 97 
9 1 6 3 5  8 2 . 11 1 1 . 99 - 1 3390 
3 1 6 l cl  82 . 56 1 . 97 - 13 4 1 1  
5 1 6 113 82 . 8 1  1 . 95 - 1 351111 
5 1 611 8  8 3 . 0 6  1 . 93 - 136 17 
9 1 65 7  8 3 . 5 2  1 . 9 2 ;- 13 6 93 
S 1 666  03 . 97 1 . 9 '  - 13706 
9 1 615 8 11 ./63 1 . 90 - 1 3 8 73 
7 1 6 82 811 . 7 8  1 . 8 8  - 1 39 26 
5 1 6 87 8 5 . 0 3  1 . 8 7 - 1 3 9 82 
5 ' 69 2  85 . 2 8  1 . 8 5 - 1 11056 

10 1702 115. 1 9  1 . 8 11  - 1 11 1 113 
3 1 1 05 8 5 . 9 11  1 . 83 - 111 2 211 
2 1 70 7  8 6 . 0 11  1 . 8 1 - ' 11 2 911 
7 1 7 1 11  11 6 . 3 9  1 . 80 - 1 11 3 5 8  
6 1 72 0  86 . 6 9  1 . 79 - '4 11 17 

1 3  1 73 3  87. 3 5  ' . 78 - 1 11 11 96 
5 1 73 8  8 7 . 6 0  1 . 7 7  - 1 11 5 63 
1 1 73 9  81 . 6 5  1 . 75 - 111 6 ,,3 

TAB L E  C - 2 .  

IIBII RAIIPS H I II E  C T  
lIIC C Ull POVEB HlZ la D  
ICC . I CC S I C C  P ICTa 11 DEI 

1 1 2 96 6 5 . 3 2  2 . 56 1 116 0  
1 5  1 3 1 1  6 6 . 08 2 . 511 1 1100 

6 1 3 1 7 6 6 . ] 8  2 . 50 1 3 50 
9 1 3 26 6 6 . 83 2 . 118 1 2 80 
8 1 3 111 6 7 . 2 11  2 . 11 5  1 2 20 

30 1 3 64 6 8 . 7 5 2 . 46 1 200 
o ' 3 611 6 8 . 15 2 . 11  1 1 200 

1 3  1 3 1 7 6 9 . 11 1 2 . 3 9  1 1 2 0  
1 3  1 390 1 0 . 06 2 . 31 1 080 
" ' 11 0 1  70. 6 1  2 . 35 1 020 
31 111 38 7 2 . 118 2 . 3 8  1 000 

o 1 11 3 8  7 2 . 11 8  2 . 3 4  1 000 
o 1 11 3 8  72 . 11 8  2 . 3 0  1 00 0  

1 9  11157 7 3 . 11 11  2 . 2 9 9 2 5  
' 9  ' 117 6  7 11 . 11 0  2 . 2 9  900 

1 1471 7 11 . 11 5  2 . 2 6  890 
1 2  1 11 89 7 5 . 05 2 . 21i 8 11 0  
2 7  1 5 1 6  1 6 . 11 '  2 . 2 5  8 0 0  

o 1 5 1 6  7 6 . 11 1  2 . 2 1  800 
3 1 5 1 9  1 6 . 56 2 . 1 9  116 
9 1 5 28 7 1 . 0 2 2 . 1 7  750 

17 1 511 5  7 7 . 87 2 . 1 6  7 2 0  
7 ' 5 52 7 8 . 2 l  2 . 1 11  100 
5 ' 557 7 8 . 48 2 . 1 2  660 
7 15611 7 8 . 83 2 . 1 0  6110 

37 1 6 0 '  8 0 . 7 0 2 . ' 2  600 
o 1 6 0 1  8 0 .70 2 . 1 0  600 
o 1 6 0 1  8 0 . 7 0 2 . 01 600 
o 1601 8 0 . 70 2 . 04 594 

1 1  1 6 ' 2 8 1 . 2 5  2 . 0 3  550 
6 1 6 1 8  8 1 . 55 2 . 0 1  522 

2 3  ' 6 11 1  8 2 . 7 1  2 . 0 2  SOD 
o 16 4 1  8 2 . 7 1  1 . 99 SOD 
o 1 6 /6 1  8 2 . 7 1  1 . 97 SOD 
o 1 6 11 1  8 2 . 7 1  1 . 95 SOD 
7 1 6 11 8  8 3 . 0 6  1 . 9 3  11 80 
II 1 6 5 2  8 3 . 27 1 . 9 1  11 6 0  
9 1 6 6 1  ti 3 . 12 1 . 90 450 
7 1 6 6 8  811 . 01 1 . 8 9  11 2 0  

2 3  1 6 9 1  8 5 . 2 3  1 . 8 9  1100 
o 1691 8 5 . 2 3  1 . 87 liDO 
o 1 6 9 1  8 5 . 23 1 . 85 11 0 0  
o 1 6 9 1  8 5 . 2 3  1 . 83 1100 
, 1 6 92 8 5 . 28 1 . 8 1  376 
7 1 6 99 8 5 . 611 ' . 80 3 60 
o 1 6 99 8 5 . 611 1 . 7 8  3 50 
5 1 1 0" 85 . 89 1 . 71 3 2 6  
5 1 1 0 9  8 6 . 1 4  1 . 76 3 20 

1 11  1 12 3  86 . 84 1 . 7 5  300 
o 1 12 3  86 . 84 1 . 1" 300 

L EG END , S e c t ion C . 3 . 

.. 

( cont . )  

TSC 1ft Z Z Z Z Z  DAT 
IIlTH !lITCH I IIC CU ll L ES S  IIllCR L ESS II ATCR LESS Il toTCR 
SDIPP TYlL IlTeR IITCR 'ICC S ICC 'ACC S lee IDIPP nlL 

2. 3 2  0 . 9  6 1 227 1 1 5  5 . 80 6 9  3 . 11 8  2. 32 3 . 11  
1 . 9 2 0 . 7  8 ' 23 5  1 1 11 5. 75 76 3. 8 ]  1 . 92 2. 8 
2. 0 2  0 . 8  7 1 2 11 2  1 1 5  5 . 8 0  75 3 . 7 8  2 . 0 2  2 . 9  
2 . 0 7  0 . 8  9 1 25 1  1 1 6  5 . 8 5  75 3 . 7 8  2 . 07 3 . 0  
2. 2 2  0 . 8  9 1 260 1 1 8  5 . 9 5  7 11  3 . 7 ] 2 . 22 3 . 2  
1 . 3 '  0 . 5  2 7  1 287 1 0 3  5. 1 9  71 3 . 88 1 . 3 1  1 . 9  
1 . 97 0 . 1  7 1 2 9 11  109 5 . 11 9  10 3 . 5 3 ' . 91 2 . 9  
1 . 6 6  0 . 6  9 1 3 0 3  1 0 7  5 . 3 9  111 3 . 7 3  1 . 66 2 . 5  
1 . 1 1 0 . 6  1 3  1 3 1 6  1 0 8  5 . ' "  711 3 . 7 3  ' . 1 '  2. 5 
1 . 66 0 . 6  1 11  1 330 1 0 11  5. 2 11  7 1  3. 58 ' . 6 6 2. 5 
0. 8 6  0 . 3  2 8  1 3 5 8  97 11 . 89 80 11 . 03 0 . 86 ' . 3  
1 . 1 6  0 . 11  1 1 3" 1 0 0  5 . 0 11 77 3 . 88 1 . 16 1 . 7  
1 . 5 1  0 . 6  3 1 3611 1011 5. 2 11  111 3 . 73 ' . 5 '  2 . 2  
1 . 3 6  0 . 5  2 5  1389 95 11 . 7 9 6 8  3. 11 3  1 . 3 6 2 . 1 
0. 8 6  0 . 3  15 ' 11011 89 11 . 11 9  72 3 . 6 3  0 . 86 ' . 3 
1 . 1 1  0 . 11  II 1 110 8  9 '  11 . 59 6 9  3 . 11 8  1 . 1 1  1 . 7  
0 . 9 6  0 . 3 9 1 11 1 7 9 1  11 . 59 72 3. 6 3  0 . 96 1 . 5  
0. 3 0  0 . 1 17 l U ll  B 8  4 . 1111 82 11 . 1 3  0 . 30 0 . 5  
0 . 6 6  0 . 2  II l 11 l 8  9 1  4 . 59 78 3 . 9 3  0 . 66 ' . 0  
0. 9 '  0 . 3 6 1 4 11 11  9 3  11 . 6 9  75 3 . 7 8  0 . 9 1  ' . 4  
' . 06 0 . 1i  1 3  1 115 7  9 2  Ii .  611 7 '  3 . 58 ' . 06 ' . 6 
0. 9 '  0 . 3  2 1  1 117 8  8 5  11 . 28 6 7  3 . 3 8  0 . 9 1  1 . 5  
0 . 86 0 . 3 1 1 11 8 5  8 11  11 . 2 3 67 3 . 3 8  0 . 86 1 . 11  
0. 7 6  0 . 3  6 ' 119 '  8 1  11 . 08 66 3. 3 3  0. 76 1 . 2  
0. 6 0  0. 2 9 1 500 7 6  3 . 8 3  611 3 . 23 0 . 6 0  1 . 0 

-0 . 8 1  -0 . 3  2 5  1 52 5  6 0  3 . 0 2  76 3. 83 -0. 8 '  - 1 . 11  
-0. 6 0  - 0 . 2  2 1 527 6 2  3. 1 3  711 3 . 73 - 0 . 6 0  - 1 .0 
- 0. 2 0 -0. 1 " 1 5 3 1  6 6  3 . 3 l  70 3 . 53 - 0 . 2 0  - 0 . 3  

0 . 1 0  0 . 0  3 1 53 11  6 9  3 . " 8  6 7  3 . 3 8  0. 1 0  0 . 2  
- 0 . 1 0  - 0 . 0  5 1 5 3 9  7 1  3 . 5 8 73 3 . 6 8  -0 . 1 0 - 0 . 2  

0 . ' 5  0 . 1 15 1 5511 6 7  . 3 . 3 8 611 3 . 2 3  0. 15 0 . 3  
-0 . 7 6 -0. 3 8 1 5 6 2  6 1i  3 . 2 3  7 9  3 . 9 8  - 0. 76 - 1 . 3  
-0. 3 0  -0. 1 6 ' 56 8  6 7  3 . 3 8 73 3 . 6 8  -0 . 30 - 0 . 5  
- 0 . 1 5  - 0 . ' 1 1 5 7 1  6 7  3 . 38 7 0  3. 53 - 0. 15 -0. 3 

0 . 1 0  0 . 0  II 1 57 5  6 8  3 . 11 3  66 3. 3 3  0 . 1 0  0 . 2  
0 . 0 0  0 . 0  8 1 583 6 5  3 . 28 65 3 . 2 8  . 0 . 00 0 . 0  
0. 2 5  0 . 1 7 1 59 0  6 7  3 . 38 62 3. 1 3  0 . 2 5  0 . 11  
D. �S D. I 1 1  'bO ' liS 3. �8 bO l.02 0. 25 0 . ..  
0. 3 5  0 . 1 9 1 6 1 0  6 5  3. 28 58 2. 9 2  0 . 3 5  0 . 6  

- 0 . 1i 5  - 0 . 2  1 8  1 6 2 8  5 11  2 . 7 2  63 3 . 1 8  - 0 . 11 5  - 0 . 8  
- 0 . 2 0  -0. 1 . 5 1 6 3 3  5 11  2 . 7 2  5 8  2 . 9 2  -0. 2 0  - 0 . 11  

0 . 0 5  0 . 0  5 1638 5 11  2 . 7 2  53 2. 6 7  O. OS 0. 1 
0 . 55 0 . 2  6 1 6l 1li  5 8  2 . 9 2  Q7 2 . 37 0 . 55 1 . 1  
0. 6 6  0 . 2  2 16116 59 2 . 9 7 11 6  2. 32 0 . 66 1 . 3  
0 . 11 0  0 . 1 5 165 1 5 6  2 . 82 11 8  2 . 11 2  0 . 11 0  0 . 8  
0 . 7 6  0 . 3  3 1 65 11  6 0  3 . 0 2  li S  2 . 2 7  0 . 76 1 . 5 
0. 8 1  0 . 3 5 1659 6 1  3 . 07 "5 2 . 27 0 . 8 1  1 . 6  
1 . 2 1  0 . 11  1 3  1 672 6 1  3 . 0 7  3 7  1 . 86 1 . 2 1  2 . 11  

0 . 7 6  0 . 3  9 1 6 8 1  5 7  2 . 87 112 2. 1 2  0 . 76 1 . 5  
0 . 8 1  0 . 3  1 1 6 8 2  5 1  2 . 87 III 2 . 0 7  0 . 8 1  1 . 6  



% 
X i n g 

0. 50 
1 . 00 
1 .  SO 
2 . 00 
2 . 5(, 
3 . 0 0 
3. 511 
11 . 00 
11. 50 
5 . 00 
5.511 
6 . 00 
6. SO 
7 . 0 0  
7. 50 
8 . 00 
8. 50 

9 . 00 
9 . 50 

1 0 . 00 
10. SO 
1 1 . 00 
1 1 .  SO 
1 2 . 00 
12. 50 
13. 00 
13. 50 
1 11 . 00 
111. SO 
15. 00 
I S .  SO 
16 . 00 
16. 50 
17 . 00 
1 7 . 50 
18. 00 
18. SO 
1 9 . 00 
19 . 50 
20. 00 
20. 50 
21 . 00 
2 1 . 50 
22. 00 
22. 50 
23. 0(1 

23. !l0 
2i1. 00 
24. 50 
25. 00 

:If See 

pp COli 1 

9 . 68 3 . 97 
7 . 86 3 . 73 
6 . 52 3 . 3 9 
5 . 90 3 . 2 5  
5 . 7 1  3 . 3 0  
5 . 93 3. 62 
5 . 67 3 . 6 0  
5 . 118 3 . 6 1  
5 . 39 3 . 69 
5 . 2 1 3 . 6 8  
5 . 0 5  3 . 67 
11 . 92 3 . 6 8  
11 . 83 3 . 72 
11 . 67 3 . 6 7  
11 . 66 3 . 79 
iI . 56 3 . 8 0  
11. 114 3 . 7 6  
4 . 311 3 . 76 
11 . 23 3. 7 3  
4 . 10 3 . 611 
lI . ell 3 . 60 
3 . 90 3 . 56 
3 . 83 3 . 54 
l . 75 3 . 5 1  
3 . 67 3 . 11 8  
3 . 6 1  3 . 11 7  
3 . 56 3. 117 
3 . 50 3 . 4 6  
3 . 116 3 . 4 8  
3 . 4 2  3 . 11 9  
3 . 38 3 . 50 
3 . 33 3 . 4 9  
3 . 27 3 . 4 6  
3 . 23 3 . 4 8  
3 . 19 3 . 11 6  
3 . 1 11 3. 11 5  
3 . 1 2  3. 50 
3 . 06 3. 4 2  
3 . 011 3 . 4 8  
3 . 0 1 3 . 5 1  
2 . 9 7  3 . 4 9  
2 . 93 3 . 4 7  
2 . 89 3. U 
2 . 8 11 l . 3 7  
2. 82 3. 40 
2 . 79 3 . 3 9  
2 . 77 3 . 11 3  
2 . 72 3 . 3 6  
2 . 70 3 . 3 8  
2 . 68 3 . 4 3  

TABLE C - 2 *(cont . )  
(TSC) 

% 
COli � COM 3 COli II X i n g 

1 . 8 3  0. 99 0 . 6 5  25. SO 
1 . 7 1  0 . 96 0 . 66 26 . 1)0 

1 . 55 0 . 9 1  0 . 611 2b. 50 

1 . 5 1  0 . 90 0 . 6 11 27 . 0 0  

1 . 5 5  0 . 9 1  0 . 6 5  27. 5 0  

1 . 6 9  0 . 95 0 . b 9  28 . 00 
1 . 6 9  0 . 95 0 . 7 0  28 . 50 
1 . 70 0 . 95 0 . 7 1  29. 00 
1 . 7 11  0. 96 0 . 7 2  29 . 50 
1 . 7 11  0 . 95 0 . 7 3  30 . 00 

1 . 711 0 . 95 0 . 7 3  30. SO 
1 . 75 0. 95 0 . 7 3  3 1 . 00 

1 . 77 0 . 95 0 . 7 11 31 . 50 

1 . 76 0. 95 0 . 7 4  32 . 0 0 
1 . 80 0 . 96 0 . 7 5 32 . 51) 
1 .8 1  0. 95 0 . 7 6 33 . 00 
1 . 80 0 . 95 0 . 76 33. 51) 

1 .8 0  0 . 95 0. 7 6  34. 00 

1 . 80 0 . 911 0 . 76 34 . 50 

1 . 7 8  0. 93 0 . 7 5 35 . 0 0 
1 . 77 0 . 92 0 . 7 5 35. 50 
1 . 77 0 . 92 0 . 75 36. 00 

1 . 77 0 . 9 1  0 . 7 5  3 6 . 5 0  

1 .7 7  0 . 9 1  0 . 75 37 . 00 

1 . 77 0 . 90 0 . 7 5  37. 50 

1 . 77 0. 90 0 . 75 38. 00 
1 . 7 8  0 . 90 0 . 7 5 38. 50 
1 . 7 8  0. 89 0 . 76 39. 0 0 
1 . 7 9  0 . 89 0 . 76 39. 50 
1 . 8 0  0. 89 0 . 76 110 . 0 0  

' 1 . 8 1  0 . 89 0 . 7 6 110. 50 

1 . 8 2  0. 89 0 . 76 11 1 . 0 0 

1 . 8 2  0 . 88 0 . 7 6 4 1 . 5 0 

1 . 8 3  0. 88 0 . 76 112 . 0 0 

1 . 8 3  0 . 88 0 . 76 42 . 50 

1 . 8 3  0 . 87 0 . 7 6  Ill. 0 0  
1 . 8 5  0 . 88 0 . 7 7  41. 50 

1 . 8 4  0. 87 0 . 76 411 . 0 0 

1 . 8 6  0 . 87 0 . 7 7  1111. 50 

1 .8 7  0 . 87 0 . 7 7  115. 00 

1 . 88 0. 87 0 . 7 7  115. 50 

1 . 88 0 . 86 0 . 7 7  116. 00 

1 . 88 0 . 86 0 . 77 116. 50 

1 . 88 0. 85 0 . 7 7  117.00 

1 .11 9  0 . 85 0 . 77 117. Sf) 
1 . 90 0 . 85 0 . 7 7  118. 0 0 

1 . 9 1  0. 85 0 . 7 7 lIa. so 
1 . 9 1  0. 811 0 . 7 7  119. 00 

1 . 9 2  0 . 84 0 . 7 7 119. 5 0  

1 . 9 4  0. 811 0 . 77 50. 00 

pp 

2 . 65 
2 . 62 
2 . 58 
2. 55 
2. 53 

2 . 50 
2 . 118 
2 . 115 
2 . 113 
2 . 11 1  

2 . 1I1l 
2 . 38 
2 . 35 
2 . 311 
2 . 32 
2 . 29 
2 . 27 

2 . 26 
2 . 23 
2 . 2 1  
2 . 20 
2. 19 
2 . 17 
2 . 111 • 

2 . 1 2  

2. 1 0  
2 . 08 
2 . 06 
2 . 05 
2 . 03 
2 . 02 
2 . 00 
1 . 99 
1 . 97 
1 . 95 

1 . 93 
1 . 92 
1 . 9 1  
1 . 96 
1 . 88 
1 . 87 
1 . 85 
1 . 114 
1 . 8l 
1 . 8 1  
1 . 80 
1 . 79 
1 . 78 
1 . 77 
1 . 75 

Sub s e c t i on 4 . 1 . 2 fo r discus s ion 

C - g 

COli 1 COli 2 COli 3 COl II 

3. 11 1  1 . 9 11  0. 83 0 . 7 7  
3 . 36 1 . 911 0 . 83 0 . 7 7  
3 . 3 2  1 . 911 0. 82 0 . 7 7  
3 . 2 9  1 . 9 5  0 . 82 0 . 7 7  
3 . 2 8  1 . 9 6  0 . 82 0 . 76 
3 . 2 8  1 . 97 0 . 8 1  0 . 7 7  
3. 2 9  1 . 98 0 . 81 0 . 7 7  
3. 25 t . 9 8  0. 81 0 . 7 6  
3 . 2 7  1 . 99 0 . 80 0 . 77 
3. 2 6  2 . 0 0  0 . 80 0 . 7 7  
3 . 36 2. 0 2  0 . 8 1  0 . 7 7  
3. 3 1  2 . 03 0. 80 0 . 7 7  
3 . 2 8  ;:.03 0 . 79 0 . 77 
3 . 33 2 . 05 0 . 80 0 . 7 7  
3 . l 2  2 . 06 0 . 79 0 . 7 7  
3. 28 2 . 07 0 . 79 0 . 7 7  
3 . 27 2 . 07 0 . 78 0 . 7 7 
3 . 3 1  2 . 09 0 . 78 0 . 7 7  
3. 28 2. 1 0  0 . 78 0 . 7 7  
3 . 27 2 . 1 1  0. 78 0 . 7 7  
3 . 3 0  2 . 1 2  0 . 77 0 . 7 7  
3 . 3 5  2 . 1 11  0 . 77 0 . 7 7  
J. 32 2. 1 5  0. 7 7  0 . 7 7 
3. 25 2. 1 5  0 . 76 0 . 7 6  
3 . 20 2. 1 6  0 . 76 0 . 7 6  
3 . 2 0  2. 1 7  0 . 76 0 . 7 6  
3. 1 5  2 . 1 8  0. 75 0 . 7 6 
3. 1 4  2. 1 9  0 . 75 0 . 7 6  
3 . 1 2  2 . 2 0  0. 74 0 . 7 6  
3. 1 0  2 . 2 1  0. 74 0 . 7 6 
3 . 1 4  2 . 2 3  O .  '" 0 . 7 6  
3 . 1 0  2 . 2 11  0. 73 0 . 7 5 
3. 1 2  2 . 2 6  0 . 73 0 . 76 
3 . 06 2 . 2 7  0. 73 0 . 75 
3 . 0 3  2 . 2 8  0 . 72 0 . 75 
2 . 9 9  2 . 29 0 . 72 0 . 7 5  
3 . 0 1  2 . 3 1  0 . 7 t 0 . 7 5 
3. 011 2 . 3 2  0 . 7 1  0 . 7 5  
3 . 0 6  2 . 3 4  0 . 7 1 0 . 7 5  
3 . 06 2 . 3 6  0 . 7 1  0 . 7 5  
3 . 0 11 2 . 3 7  0 . 70 0 . 7 5  
3. 0 1  2 . 3 9  0 . 70 0 . 7 5  
3 . 0 6  2 . 11 1  0 . 70 0 . 75 
3. 0 1  2 . 4 2  0. 69 0 . 75 
2 . 9 i1 2 . 4 3  0 . 69 0 . 7 4  
2. 95 2 . 4 5  0 . 6 9  0 . 711 
2. 511 2 . 4 7  0 . 68 0 . 74 
3 . 05 2 . 5 0  0 . 68 0 . 7 11  
3 . 0 3  2 . 5 2  0 . 68 0 . 74 
2 . 9 5  2 . 5 3  0 . 67 0 . 74 

o f  CON 1 - CON 4 .  



% 
X i ng 

0. 5 0  

1 .  C O  
1 .  SO 

2 . 0n. 
2. SO 
3 . 00 

l .  SO 
4 . 00 
11 . 5 0  
5 .  C O  

5 . 50 
6. I)() 
6 . 5 0  
7 . 00 
1 . 50 
9 . 00 
8. 5 0  
9 . 00 
9 . 50 

10. 00 
10. 5 0  
1 1 . 1) 0 
1 1 . 5 0 

1 2 .  (10 
1 2 . 50 
1 3 . 0 0  
1 3 . 50 
111. 00 
1 11. 50 

1 5 .  CO 
15. 50 

16. 0 0  
16 . 5 0 
1 7 . 0 0  
1 7 .  SO  
18. 0(1 
1 8 . 50 
1 � . O O  
1 9 .  s o  
20. 00 
20. 50 
2 1 . 00 
21 . 5 0 
2.2 . 00 

22 . 50 
23 . <.0 
23. 50 

211 . 0 0 
211. 50 
25. 00 

* See 

pp 
8 . l1 
6 . b') 
6 . l5 
11 . 17 
6 . 01 
5 . 7J 
5 . 110 
5 . 2 11 
5 . 16 
4 . 98 

11 . 8 ' 
11 . 76 
11 . 58 
II. III 
11 . 29 
11 . 19 
11 . 09 
3 . 99 
l . 90 
3 . 93 
3 . 79 
3 . 711 
3 . 6 9  

3 . 65 
3 . 59 

l . 59 
3 . 5 1 
3 . 115 
3 . 35 

3 . 3 2 
3 . 26 
3 . 26 
3 . 1 6  
3 .  \ 3  
3 . 10 
3 . 05 
3 . 03 
2 . 95 
2 . 92 
2 . 88 

2 . 9 2  

2 . 85 
2 . 78 
2 . 711 
2 . 73 
2 . 69 
2 . 66 

2 . 6 5 

2 . 6 1  

2 . 6 1 

TAD L E  C - 2 * ( cont . )  
( NI l )  

% 
CON , co� 2 CON 3 CON II X i n g p p  

3. 55 1 . 5 8  0. 92 0 . 6 1  25. 50 2 . 56 

3. 29 1 . 4 8  0. 89 0 . 6 1  26. 0 0 2 . 511 
3 . l 0  1 . 5 , 0. 90 0 . 6 l  26 . SO 2 . 50 

l . II O  1 . 5 8 0 . 92 0 . 6 5 21. 00 2 . 11 8  

l . 53 1 . 6 5  0. 911 0 . b 8  21. 50 2 . 11 5 

3 . 11 8  1 . 6 3 0 . 93 0 . 6 8  28 . 00 2. 116 

3 . 3 9  1 . 6 1  0 . 92 0 . 6 8  28. 50 2 . 4 1  

l . 4 1  1 . 6 3 11 . 92 0 . 69 29. 0 0  2 . 39 

3 . 11 9  , . 6 7  0 . 93 0. 7 0  29 . S O  2 . 37 
3 . 4 6  1 . 6 6  0 . 93 0 . 7 '  30. 00 2 . 35 

3 . 1Il 1 . 66 0 . 92 0 . 7 1  30 . 5 (,\ 2 . 38 

3. 5 '  1 . 6 9  0 . 93 0 . 72 l ' . OO 2 . 34 

3 . 11 11  1 . 6 8  0 . 92 0. 72 3 ' . 5(1 2 . l 0 

3. 3 9  1 . 6 7  0 . 9 1 0 . 7 1  32 . 00 2 . 29 

3. 32 1 . 66 0 . 90 0. 7 1  32. SO 2 . 29 

3 . 3 1  1 . 6 6  0 . 90 0 . 7 2 l l . O O  2 . 26 

3. 27 1 . 6 5  0 . 90 0 . 7 1 33. 50 2 . 211 

3 . 2 3 1 . 6 5  0. 99 0 . 7 1  3 11 . 00 2 . 25 

l. 23 1 . 66 0 . 89 0 . 7 2  34 . 50 2 . 2 1 

3. 22 1 . 66 0 . 89 0 . 7 2  35. 00 2 . 19 

3. 2 6  1 . 6 8  0 . 99 0 . 7 2  35. 50 2 . 1 7  

3 . 2 9  1 . 70 0 . 99 0 . 73 36 . 00 2 . 1 6  

l . 2 7  1 . 7 0 0 . 89 0 . 7 3  l 6 . 5 0  2 . 1 11  

3 . 33 1 . 72 0 . 89 0 . 711 37 . 00 2 . 1 2  

l. 32 1 . 71 0 . 89 0 . 7 4 37. 50 2 . 10 

3 . 4 3  1 . 76 0 . 90 0 . 75 3 8 . 00 2 . 1 2  
3. 37 1 . 7 5  0. 89 0 . 7 5 38 . 5 0 2 . 10 

3 . 34 1 . 75 0 . 88 0 . 7 5  39 . 00 2 .  07 

3 . 211 1 . 74 0 . 87 O. '" 39 . 50 2 . 011 

3 . 2 7  1 . 7 5  0 . 87 0 . 7 11 11 0 . 00 2 . 0l 

3. 2l 1 . 75 0. 87 0 . 711 40 . SO 2 . 0 1  

l . 32 1 . 7 9  0 . 97 0 . 7 5  4 1 . 0 0 2 . 02 

l . 1 9  1 . 75 0 . 86 0 . 7 11  4 1 . 50 1 . 99 

3 . 1 9  1 . 76 0 . 86 0 . 74 42 . 0 0 1 . 97 

3 . 2 1  1 . 7 8  0 . 86 0 . 7 5  42. so 1 . 95 

3 . 1 9  1 . 7 11 0 . 9S 0 . 74 Ill. 0 0  1 . 93 

3 . 24 1 . 8 0  0 . 95 0 . 7 5 43. 5 0  1 . 9 1 

3 . 1 1  1 . 7 8  0 . 94 0 . 74 44 . 00 1 . 9 0  

l . l 1  1 .7 9  0 . 94 0. 711 114. SO 1 . 89 

3 . 0 8  1 . 7 9  0 . 83 0 . 74 115. 00 1 . 89 

3. 3 0  1 . 811 0 . 95 0. 76 115. 50 1 . 87 

3 . 1 8  1 . 8 3  0 . 911 0 . 75 116. 0 0  1 . 85 

3 . 06 1 . 8 1  0. 93 0 . 7 4 11 6 . 50 1 . 93 

3. 0 1  l . d l  0. 82 0 . 74 117. 00 1 . 8 '  

3 . 06 1 . 8 3  0 . 82 0 . 711 117. 51) 1 . 90 

3 . 0 l  1 . 8 l  0 . 82 0 . 711 118. 0 0  1 . 7 9 

3 . 0 l  1 . 8 1i  0 . 8 1  0 . 7 11  118. 50. 1 . 7 7 

3 . 0 6  1 . 8 5  0 . 8 '  0 . 75 119. 0 0  1 . 76 

3 . 0l 1 . 86 O. Bl 0 . ' "  119 . 50 ' . 75 

3. 1 2  , . 8 8  0 . 82 0 . 7 5  50 . 0 0  1 . 711 

Sub s e c t i on 4 . 1 . 2  for d i s cus s i on 

C - I O  

call I call 2 CON 3 CON II 

3 . 0 2 1 . 81 0 . 80 0 . 1 11  
3. 03 1 . 8 9  0 . 80 0 . 7 5  
2 . 98 , . 8 9  0 . 80 0 . 7 11 
2 . 9 5 1 .8 9  C . 79 0 . 711 
2 . 9  , , . 8 9  0 . 79 0 . 7 11 

. 3 . O S  ' . 9 3  C . 80 0 . 7 5  
2. 95 ' . 92 0 . 79 0 . 7 4 
2 . 96 1 . 93 0 . 78 0 . 7 4  
2 . 97 1 . 9 5 0 . 78 0 . 74 
2 . 9 6  ' . 96 0 . 78 0 . 711 
3 .  ' 9  2 . 00 0 . 79 0 . 76 
3 . 09 2 . 00 0 . 78 0 . 75 
2 . 99 ' . 9 9  0 . 78 0 . 75 
3 . 07 2 . 0 1  0 . 7 8  0 . 75 
3 . 1 5  2 . 0 11  0 . 78 0 . 76 
3 . 06 2 . 03 0 . 77 0 . 7 5 
3 . 01 2 . 0 5  Co .  7 7  0 . 7 5  

l . 2 5  2 . 09 0 . 78 0 . 76 
3 . 1 5  2 . 09 0 . 77 0 . 76 
3 . 09 2 . 0 8  0 . 76 0 . 7 5 
3 . 0 7  2 . 0 9  0 . 76 0 . 7 5  
3 . 1 5  2 . 1 2  0 . 76 0 . 7 6  
3. 1 3  2. 1 3  0 . 76 0 . 76 
3 . 09 2. 1 3  0. 75 0 . 76 
3 . 06 2 . 1 4  0 . 75 0 . 7 5  

3 . 11 0  2 . 1 9  0 . 77 0 . 77 
3 . 2 9  2 . 2 0  0 . 76 0 . 7 7  
3 . 1 9  2 . 2 0  0 . 75 0 . 7 6  
3 . 09 2 . 2 0  0 . 711 0 . 76 
3 . 1 3  2 . 2 2  0 . 74 0 . 76 
3 . 1 0  2 . 2 l  0 . 74 0 . 76 

3 . l 0  2 . 2 6  0. 711 0 . 7 6 
3. 20 2 . 2 7  0 . 74 0 . 76 
3. 1 0  2 . 2 7  0 . 73 0 . 75 

3. 0 0  2 . 2 7  0 . 72 0 . 75 
2 . 9 9 2 . 2 9  0 . 72 0 . 7 5  
2. 95 2 . 30 0 . 7 1  0 . 7 5  
2 . 97 2 . 3 2  0 . 7 1  0 . 7 5  

2 . 97 2 . 3 3  0 . 7 1  0 . 7 5  
3 . 1 9  2 . 3 7  0 . 7 1  0 . 7 6 
3 . 09 2 . 3 9  0 . 7 1  0 . 7 5  
l . O O  2 . 3 9  0 . 70 0 . 7 5 
2 . 90 2 . 3 9  0 . 69 0 . 7 11  
2 . 83 2 . 4 0  0 . 69 0 . 711 
2 . 9 3  2 . 11 2  0 . 6 9 0 . 7 11  

2 . 7 4 2 . 4 3 0 . 6 8  0 . 7 3  
2. 7 2  2 . 11 5  0. 67 0 . 7 3  

2 . 7 0  2 . 11 6  0. 67 0 . 7 3 
2 . 90 2 . 11 9  0 . 67 0 . 73 

2 . 7 1  2 . 5 1  0 . 66 0 . 7 3  

o f  CON 1 - CON 4 .  



TABLE C - 3 . TSC (VOLUME ONLY) VERSUS NEW HAMPSH I RE FLASHING L I GHTS 

CT F P FO I  OAT 
% 'lSC BODEL 8D SAlPSaUI 'lSC · 18 

X i n g I K C  COl POVEa BAZUD * lJIC cus POvla BAZlaD ens IATca ISC COB LESS SAfca LESS BAfCH LESS Barca 
acc ' ICC I ICC FACTa Dl DBI ICC lice I ace FaCTa IIIDI% . IDlFF TYAt area area Ilee I lee .ace I ace IDIPF rYAL 

0 . 50 5 6  56 4 . 2 3  8 . 46 -23 10 55 55 4 . 1 5 8 . 3 1  U7800 0. 08 0. 1 55 55 1 0 . 08 0 0 . 00 0 . 08 1 .0 

1 . 00 40 96 7 . 25 7. 25 -3472 34 89 6 . 72 6. 72 337790 0.53 0 . 5  34 89 7 0 . 53 0 0 . 00 0 . 53 2 . 6  

1 . 50 19 1 1 5 8 . 6 9  5 . 79 -40 5 1  2 6  1 1 5 8 . 6 9  5 . 79 268380 0 . 0 0  0 . 0  22 1 1 1  4 0 . 3 0  4 .  0.30 0 . 00 0.0 

2. 00 2 7  1 11 2  1 0 . 73 5. 36 -4 521 29 " .4 1 0. 88 5 . 4 1i  234000 -0. 1 5  -0 . 1  27 138 4 0 . 3 0  6 0. li5 -0. 1 5  -0.6 

2 . 5 0 24 166 1 2. 54 5 . 02 -4847 2 5  1 6 9  1 2. 7 6 5 . 1 1  2 10000 -0. 23 -0 . 2  26 164 2 0 . 1 5  5 0.38 -0.23 - 1 . 1  

3 . 00 2 7  1 93 1 4 . 5 8  Ii . 86 -5 2 1 8 2 9  198 1 4 . 95 4 . 98 1 83820 -0.38 -0 . 3  2 7  1 9 1  2 0 . 1 5  7 0 . 53 -0. 38 - 1 . 7  

3. 50 20 2 1 3 1 6 . 0 9  4 . 60 -5469 1 9  2 17 1 6.39 Ii . 68 169400 -0. 3 0  -0. 2 20 2 1 1  2 0. 1 5  6 0. li5 -0.30 - 1 . 4 

4 . 00 1 7  230 17 . 37 1l . 3 4  -5780 1 4  2 3 1  1 7. 45 4 . 36 1 53088 -0. 08 -0 . 0  15 226 .. 0 . 30 5 0.38 -0 . 08 -0 .3 

4 . 50 1 7  247 1 8 . 6 6  Ii . 1 5  -60 75 1 9  2 50 1 8 . 88 Ii . 2 0  1 39000 - 0. 2 3  -0. 1  19 2li5 2 0 . 1 5  5 0. 38 -0 . 23 - 1 . 1  

5 . 00 19 266 20. 09 4 . 02 -6273 23 273 20.62 4 . 1 2  1 28000 -0. 5 3  - 0 . 3  1 8  263 3 0. 23 10 0. 76 - 0 . 53 - 1 . 9  

5 . 5 0  2 2  2 8 8  2 1 . 7 5 3 . 95 -61168 23 2 96 2 2. 36 0 . 06 1 20800 -0.60 -0 . 3  20 283 5 0 . 38 13 0.98 -0. 60 - 1 .9 

6 . 00 2 8  3 1 6 2 3 . 8 7  3 . 98 -6633 26 3 2 2  2 1i . 3 2  4 . 05 1 12720 - 0. 1l 5  -0 . 2  23 306 1 0  0. 76 16 1 . 2 1  -0 . 4 5  - 1 . 2 

6 . 5 0  2 1  337 25. 11 5  3 . 92 -6832 18 3 11 0  25.68 3 . 95 1 06 981 - 0. 2 3  -0. 1 24 330 7 0 . 53 1 0  0.76 -0.23 -0.7 

7 . 0 0  1 9  3 5 6  2 6 . 89 3 . 8" -7003 211 3 64 2 7 .49 3 . 93 100000 -0.60 -0 . 3  2 1 35 1 5 0 . 38 1 3  0.98 - 0 . 6 0  - 1 . 9 

7 . 50 20 376 2 8 . 11 0  3 . 79 -7 1 60 1 5  3 79 28.63 3 . 82 94560 -0.23 -0 . 1  20 371 5 0 . 3 8  8 0. 60 -0. 23 -0.8 

8.00 1 5  3 9 1  29 . 53 3 . 69 -7309 1 8  3 97 2 9 . 98 3 . 75 90000 -0. 11 5  -0 . 2  14 385 6 0. " 5  12 0. 9 1  -0.05 - 1 . 11  

8. 50 8 399 30. 1" 3 . 55 -7423 1 0  4 07 30 .7Il 3 . 62 85liOO -0. 60 -0 . 3  9 394 5 0 . 38 13 . 0. 9 8  -0.60 - 1 . '  

9 . 00 1 6  4 1 5  3 1 .311 3 . 48 -7 535 1 5  4 2 2  3 1 . 87 3 . 51l 81 700 -0. 53 -0 . 2  13 407 8 0 . 60 1 5  1. 1 3  -0 . 53 - 1 . 5 

n 9 . 5 0  1 2  " 2 7  32. 25 3 . 39 -7689 6 428 3 2 . 33 3.40 78880 -0. 08 -0.0 1 1  4 1 8  9 0 . 6 8  1 0  0. 76: -0.08 -0.2 
I 1 0 . 00 1 0  li37 33.0 1 3 . 30 -7788 1 2  1lIi 0  3 3. 23 3. 32 75600 - 0. 2 3  -0. 1 10 428 9 0.68 12 0. 9 1  - 0 . 23 -0.7 

..... 10. 50 1 0 4'" 33. 76 3 . 22 -7900 III li 54 34.29 3 . 27 72000 -0.53 -0 . 2  10 1il 8  9 0 . 68 1 6  1. 2 1  -0.53 - 1 . 0 
..... 1 1 . 0 0  2 1  1168 35.35 3 . 2 1  -8027 1 8  472 3 5. 65 3 . 21i 69225 -0. 30 -0. 1 14 452 15 1 . 2 1  20 1 . 5 1  -0 .30 -0.7 

1 1 . 50 1 9  li87 36.78 3 . 20 -8 III 0 20 " '2 37. 1 6  3. 23 66000 -0.38 - 0 . 2  20 · 472 1 5  1 . 1 3 20 1 . 5 1  - 0 . 3 8  - 0 .8 

1 2 . 0 0  1 8  505 38. 1 4  3 . 1 8  -8257 1 2  SO li  3 8 . 07 3 . 1 7  M ODO 0 . 08 0 . 0  1 8  "'0 1 5  1 . 13 iii 1 . 06 0 . 08 0 . 2  

12. 50 1 2  5 1 7  3 9 . 0 5  3 . 1 2  -8366 1 1  5 1 5  3 8. 90 3 . 1 1  61 088 0. 1 5  0 . 1 1 2  502 1 5  1 . 13 13 0. 98 0. 1 5  0.' 

U . O O  1 1  528 3 9 . 8 8  3 . 0 7  -8473 8 523 3 9. 50 3.0li 59800 0.38 0 . 2  1 1  5 1 3  1 5  1 . 1 3  1 0  0. 75 0 .3 8  1 . 0  

1 3 . 50 9 537 li O . 5 6  3 . 00 -8573 8 5 3 1  li O . l 1  2 . 97 56UO 0.1tS 0 . 2  10 523 1 4  1 . 06 8 0.60 0.li5 1 . 3  

' '' . 0 0  10 5117 4 1 . 3 1  2 . 9 5  -8670 16 547 1iI .3 1  2 . 95 511000 0.00 0. 0 10 533 14 1 . 06 1 11  ' 0 06 0 . 00 0.0 

1 11 . 50 1 1  558 li2. 1 5  2 . 9 1  -8766 1 5  5 62 1l2.li5 2 . 93 5 1 500 -0.30 -0 . 1  .8 . 5'1I 17 1 . 28 21 1 .. 59 -0. 30 -0.6 

1 5 . 0 0  6 5'" 4 2 . 6 0  2 . 84 -8878 9 5 7 1  43. 13 2.88 49"'0 -0.53 - 0 . 2  5 546 1 8  1 . 36 25 1 . 89 -0 . 53 - 1 . 1  

1 5. 5 0  1 4  5 7 8  li3. 66 2 . 82 -9 0 15 1 2  5 8 3  41i . 03 2 . 81l li8000 -0. 38 -0. 1 13 559 19 1. "4 21S 1 . 8 1  -0.38 -0.8 

1 6 . 00 1 4  592 4 1i . 7 1  2 . 79 -9091 5 588 &14 . 4 1  2 . 78 46551l 0.30 0 . 1 1 1  570 2 2  1 . 66 18 1. 36 0.30 0.6 

1 6 . 50 1 4  606 115. 77 2 . 77 ..,9 1 92 22 6 10 46. 07 2. 79 45000 -0.30 -0. 1 1 2  582 21i 1 . 8 1  28 2. 1 1  -0.30 -0.6 

17.00 1 1  6 1 7  4 6 . 6 0  2. 7Ii -9262 6 6 16 0 6 . 53 2. ?Ii 43260 0. 08 0 . 0  1 1  593 24 1 . 8 1  23 1.74 0008 0 . 1  

17. 50 1 6  633 4 7 . 8 1  2 . 73 -9361 7 6 23 4 7. 0 5  2.69 Il U90 0. 76 0 . 3  1 3  606 2 7  2 . 011 1 7  1 . 28 0 . 76 1 . 5  

18.00 14 647 48 . 87 2 . 71 -9450 17 UO 118.31i 2.69 110390 0.53 0 . 2  1 5  6 2 1  26 1 . 9 6  1 9  1. Iili 0 . 53 1 . 0' 

1 8. 50 1 0  657 4 9 . 62 2 . 68 -9521i 8 648 li8.94 2.65 liOOOO 0. 6 8  0 . 2  to 63 1  
. 

26 1 . 96 17 1 . 28 0 . 6 8  1 .4 

1 9 . 0 0  " 661 11 9. 92 2 . 63 -96 1 3  8 656 4 9 . 55 2 . 6 1  38800 0.38 0 . 1  a 639 2 2  1 . 66 17 1.28 0.38 0.8 

19. 50 7 668 5 0 . 11 5  2 . 59 -97 14 1 3  6 69 50.53 2. 59 37500 -0. 08 -0 . 0  10 6n 1 9  1 . 01.) 20 1 . 5 1  -0.08 - 0 . 2  

20 . 0 0  1 6  6 8 11  5 1 .66 2 . 58 -97 8 1  1 7  6 86 5 1 . 8 1  2 . 59 36000 -0. 1 5  -0 . 1  17 666 1 8  1 . 36 20 1 . 51 -0 . 1 5 -0.3 

20 . 50 7 6 9 1  5 2 . 1 9  2 . 55 -9845 6 692 5 2 . 27 2 . 5 5  35000 -0. 08 -0. 0  6 672 1 9  1 . 41l 20 ' 0 5 1  - 0 . 08 -0.2 

2 1 . 00 5 696 52. 57 2 . 50 -99 111 8 700 52. 87 2 . 52 311000 -0. 3 0  -0 . 1  8 680 16 1. 2 1  20 1 . 5 1  -0. 30 -0.7 

2 1 . 5 0  1 0  706 53. 3 2  2 . 48 - 10007 9 709 53. 55 2.119 33000 - 0 . 2 3  -0. 1 8 688 1 8  1 . 36 2 1  1 . 59 - 0 . 2 3  -0.5 

22.00 1 4  720 51i. 3 8  2 . 1l?  - 10089 6 7 1 5  5 4 . 00 2 . 4 5  32000 0. 3 8  0 . 1 9 697 23 1 . 7" 1 8  1.36 0 . 38 0. 8 

22. 50 7 727 511 . 9 1  2 . 44 - 10 1 57 7 722 54. 53 2 . 11 2  309liO 0.3 8  0 . 1  8 705 2 2  1 . 66 17 1 . 28 0.38 0.8 

23. 0 0  6 733 55. 3 6  2 . ' "  - 10 2 29 9 73 1 55. 21 2.1l0 30000 0. 1 5  0. 1 6 7 1 1  2 2  1 . 66 20 1 . 5 1  O .  IS 0 . 3  

23 . 50 6 739 55. 82 2 . 38 - 10305 " 735 5 5 . 5 1  2 . 3 6  29700 0. 3 0  0 . 1 6 7 17 2 2  1 . 66 18 1 . 3 6  0 . 30 0 . 6  

2" . 0 0 10 '49 5 6 . 57 2 . 36 - 10369 9 741l 5 6 . 1 9 2.34 28800 0. 3 8  0. 1 1 1  728 2 1  1 . 59 16 1 . 2 1  0 . 3 8  0 . 8  

24. 50 4 753 56. 87 2 . 32 - 10 4 43 9 753 5 6 . 87 2 . 3 2  2 8000 0 . 00 0 . 0  5 733 2 0  1 . 5 1  20 1 . 5 1  0 . 00 0. 0 

25.00 9 762 57 .55 2.30 - 105 19 9 762 57. 55 2 . 30 27000 0 . 0 0  0 . 0  9 742 2 0  1 . 5 1  20 1 . 5 1  0 . 00 0.0 

* See L EGEND , Section C o 3 o  



% 
X i n g 
25. 50 
2 6 . 0 0  
26. 50 
2 7 . 0 0  
27. 50 
2 8 . 0 0  
2 8 .  SO 
2 9 . 0 0 
29 . 50 
30.00 
30 . 50 
3 1 .00 
31 . 50 
32 . 0 0  
3 2 . 5 0  
33. 00 
33 . 50 
3 11 . 00 
3 11 . 5 0  

("") 3 5 . 0n 
I 3 5 . 5 0  

..... 36 . 0 0  
N 36. 5 0  

3 7 . 0 0  
3 7 . 5 0  
38. 00 
3 8 . 5 0  
3 9 . 0 0  
3 9 . 5 0  
4 0 . 0 0  
40 . 50 
4 1 . 0 0 
" ' . 50 

112. 00 
/12 . 5 0  
43. 00 
43. 50 
44.00 

"".50 
45. 00 
115. 50 
4 6 . 0 0  
4 6 . 50 
47.00 
47 . 5 0  

48.00 
48.50 

119 . 00 
49 . 50 
50 . 0 0  

* See 

TABLE C- 3 .  

TSC 1I00EL IIBII HAIIPSIIJ:BB CT  
I NC CUll POIBR BAZABO * %IIC CUll POIlER BAZAaD 
Aec . Ace I ICC PACTa ZHDEX 

5 767 5 7 . 9 3  2 . 27 - 10608 
9 776 5 8. 6 1  2 . 2 5  - 10 6 57 
9 785 5 9 . 29 2 . 2" - 1 07 ' "  

1 1  796 6 0. 1 2  2 . 23 - 10789 
6 802 6 0 . 57 2 . 20 - 10861 
8 8 1 0 6 1 . 1 8  2. 18 - 109 1 7  

1 0  820 6 1 . 93 2 . 1 7  - 1 0988 
3 823 6 2 . 16 2. 14 - 1 1060 

' 0  833 6 2 . 9 2  2 . 13 - 1 1 1 2 1 
8 84 1 63 . 5 2  2 . 12 - ' , , 8" 
5 846 6 3 . 9 0  2 . 09 - 1 1 2 3" 

10 856 64 . 6 5 2 . 09 - 1 1 325 
1 0  866 6 5 . '" 2 . 08 -:1 1387 

6 872 6 5 . 8 6  2 . 06 - 1 1 4 38 
II 876 66. 16 2 . 011 - 1 1 " 07 
7 883 66 . 6 9  2 . 0 2  - 1 1 545 
2 885 6 6 . 8 0  2 . 00 - 1 1 5 89 
II 889 6 7 . 1 5  1 . 97 - 1 1 6 45 
4 893 6 7 . 4 5  1 . 95 - 1 1704 

8 90 1 6 8 . 0 5  1 . 94 - 1 1 7 62 
9 9 1 0 6 8 . 73 1 . 94 - 1 1 8 23 
8 9 1 8  6 9 . 3 4  1 . 93 - 1 1 8 97 
6 92" 6 9 . 7 9  1 . 9 1  - 1 1 9 45 
8 932 70. 3 9  1 . 90 - 1 2003 
9 9 ' "  71. 0 7  1 . 90 - 12073 
II 9 11 5  7 1 . 37 1 . 88 -� 2 1 40 
4 9 4 9  7 1 . 6 8  1 . 86 - 12220 
8 957 7 2 . 2 8  1 . 85 - 12284 
0 957 72.28 1 . 83 - 12323 
3 960 7 2 . 5 1  1 . 8 1  - 12380 
4 9611 72 . 8 1  1 . 80 - 12445 
6 970 73. 26 1 . 79 - 12495 
5 975 73 . 64 1 . 17 - 12576 
3 978 73 . 87 1 . 76 - 12630 
8 986 74 . /1 7  1 . 75 - 1 26 83 

1 0  9 9 6  7 5 . 2 3  1 . 75 - 12750 
9 1 00 5 75. 9 1  1 . 74 - 1 2814 
8 1 0 13 16. 5 1  1 . 74 - 1 2885 
8 1 02 1  77. 1 1  1 . 73 - 1 2939 
4 1 0 25 77.42 1 . 72 - 12996 
4 1 02 9  7 7 . 7 2  1 . 1 1  - 130117 
5 1 034 78. 1 0  1 . 70 - 13 0 87 
3 1 037 7 8 . 32 1 . 68 - 13 1 40 
6 l OU 1 8 . 7 8  1 . 68 - 13 1 98 
" 1 04 7  7 9 . 0 8  1 . 66 - 13269 
6 1 0 53 7 9 . 53 1 . 66 -.13322 
5 1 058 19 . 9 1  1 . 65 - 13 378 
II 1 06 2  80. 2 1  1 . 6/1 - 1 340" 
5 1 06 7  80.59 1 . 6 3  - 13472 
6 1 013 8 1 . 0 11  1 . 62 - 13535 

Ace ' A CC I ACC PAC'lR 

7 
1 3  

7 
6 

5 
5 

1 3  
7 
8 
4 

4 
5 
1 
8 
5 

1 2  

6 
8 
6 

1 1  
4 
II 
0 
8 
3 
5 
8 

1 1  
7 
5 
6 

1 9  
0 
1 
4 
1 
4 

769 5 8 . 08 
782 59.06 
789 5 9 . 59 
795 60. 05' 
800 6 0 . "2 
805 60.80 
8 1 8  6 1 .78 
825 6 2 . 3 1  
833 6 2 . 92 
837 63.22 
041 63 . 52 
846 6 3 . 90 
847 63 . 97 
855 6 4 . 58 
860 6 4 . 95 
872 65.86 
878 6 6 . 3 1  
886 6 6 . 9 2  
8 9 2  6 7 . 37 
903 6 8 . 20 
9 07 6 8 . 50 
9 1 1  68 . 8 1  

9 1 1  6 8 . 8 1  
9 1 9 69. 11 1  
9 22 6 9 . 611 
921 7 0 . 02 
935 70.62 
946 7 1 . 45 
9 53 7 1 . 98 
958 12.36 
9611 1 2 . 8 1  
9 8 3  74 . 24 
983 7 4 . 24 

9 8" 74.32 
9 88 74.62 
9 89 74 . 70 
9 93 15.00 

8 1 00 1  15. 6 0  

8 1 009 76. 2 1  
1 0  1 0 1 9  76. 96 

1 1 0 20 77.011 
3 1 023 71.27 
2 1025 7 7. 42 
6 1 0 3 1  17 . 87 

1 3  1 044 78.85 
" 1 0 118 7 9 . 1 5  
6 1 0 54 1 9 . 6 1  

8 1 0 62 80 . 2 1  
') 1 0 7 1  8 0 . 89 
o 1071 80.89 

2. 28 

2 . 27 
2 . 2 5  
2 . 2 2  
2 . 20 
2 . 17 
2. 17 
2 . 1 5  
2. 1 3  
2. 1 1  
2 . 0 8  

2 . 0 6  
2 . 03 
2 . 0 2  
2 . 00 
2 . 0 0  

1 . 9 8 
1 . 9 7  
1 . 9 5  
1 . 95 
1 . 93 
1 . 9 1  
1 . 8 9  
1 . 88 
1 . 86 
1 . 84 

1 . 83 
1 . 8 3  
1 . 82 
1 . 8 1  
1 . 80 
1 . 8 1  
1 . 19 
1 . 71 
1 . 76 
1 . 74 

1 . 72 
1 . 72 
1 . 7 1  
1 . 1 1  
1 . 69 
1 . 6 8  
1 . 6 6  
1 . 66 
1 . 66 

1 . 65 
1 . 64 
1 . 6" 
1 . 6 3  
1 . 62 

L EGEND , Section C . 3 . 

I.HDBI 

26270 
25600 
25000 
24290 
24000 
23200 
22500 
22000 
2 1 4 4 0  
20900 
20"00 
20000 
19680 
19200 
18792 
1 8 040 
1 8 000 
17325 
16848 
1 6 380 
16000 
15600 

\5230 
1 5000 
14560 
14220' 

14000 
13600 
13200 
1 2 800 
1 2 500 
1 2000 
1 2 000 

.1 1792 
1 1 388 
1 1 025 
10800 
1 0 500 
1 0200 
10000 

9840 
9600 
9324 
9 180 

9000 
8800 
8500 
8 250 
8000 
8000 

( c ont . )  
F P FO I OAT 

tsc IS 
VI'lR aUCR I Je CUll LISS altcR LISS alrca LlSS 11& rCB 
IDIPP nIL B'tCH arCB .lCC I ICC .lCC I ICC IDIPP 'tUL 

-0. 1 5  -0. 1 7 709 1 8  1 . 36 20 1 . 51 -0. 15 -0.3 
-0. " 5  -0 . 2  1 2  76 1 1 5  1 . 1 3 21 1 . 59 -0.1l5 - 1 . 0  
- 0. 3 0  -0. 1 5 766 1 9  1 . 44 23 1 . 711 -0.30 -0.6 

0. 08 0 . 0  9 775 2 1  1 . 59 20 1.51 0 . 08 0 . 2  
0 . 1 5  0 . 0  6 78 1 2 1  1 . 59 1 9  1 . 011 0. 15 0.3 
0 . 3 8  0 . 1 6 787 2 3  1 . 7" 1 8  1 . 3 6  0 . 38 0 . 8  
0. 1 5  0 . 0  1 2  799 2 1  1 . 59 19 1 . ... 0. 1 5  0 . 3  

-0. 1 5  -0 . 0  4 803 20 1 . 5 1  22 1 . 66 -0. 15 -0.3 
0.00 0.0 7 8 1 0  2 3  1 . n  2 3  1 . 7" 0 . 00 0.0 
0.30 0 . 1 9 8 1 9  2 2  1 . 66 18 . 1.36 0.30 0.6 
0 . 3 8  0. 1 4 823 23 1 . 711 '8 1. 36 0 . 38 0 . 8  
0. 16 0 . 2  8 8 3 1  2 5  1 . 89 1 5  1 . 1 3  0 . 76 1 . 6 
1 . 4 4  0 . 5  5 836 30 2 . 27 1 1  0. 83 1 . 1l4 3 . 0  
1 . 28 0 . ..  7 8U 29 2. 19 12 0. 91 1 . 28 2.7 
1 . 2 1  0 . "  5 8118 28 2 . 1 1  12 0 • .  9 1  1 . 2 1  2. 5 
0. 8 3  0 . 3  7 855 28 2 . 1 1  1 7  1 . 28 0 . 83 1 . 6  
0. 5 3  0 . 2  2 857 28 2. 1 1  21 1 . 59 0.53 1 . 0  
0.23 0 . 1  6 863 26 1 . 96 2 3  1. 7" 0.23 0 .11 
0. 08 0 . 0  5 868 2 5  1 . 89 24 1 . 81 0 . 08 0. 1 

- 0. 1 5  - 0 . 0  8 876 2 5  1 . 89 27 2.011 -0. 15 -0. 3 
0 . 2 3  0 . 1  9 885 25 1 . 89 22 1. 66 0. 23 0.11 
0 . 53 0 . 2  5 . 890 28 2. 1 1  21 1 . 59 0 . 53 1 . 0  
0.98 0 . 3  5 895 29 2. 1 9  16 1. 21 0 . 98 1 . 9  
0.98 0 . 3  9 9011 28 2. 1 1  15 1 . 1 3 0. 98 2.0 
1 . 4 4 0 . 11  7 91 1 30 2 . 27 1 1  0 . 83 1 . 1111 3 . 0  
1 . 3 6  0 . 4  6 9 1 7  2 8  2 . 1 1  1 0  0.16 1 . 36 2 . 9  
1 . 06 0 . 3  3 920 29 2 . 19 15 1 . 13 1 . 06 2. 1 
0.83 0 . 3  8 928 29 2 . 1 9  18 1 . 36 0.83 1 . 6 
0.30 0 . 1 3 9 3 1  2 6  1 . 96 22 1 . 6 6  0.30 0 . 6  
0. 1 5  0 . 0  2 933 27 2.04 25 1 . 89 0. 15 0.3 
0.00 0.0 6 939 25 1 . 89 25 1 . 89 0 . 00 0.0 

-0.98 -0 . 3  8 947 2 3  1 . 74 36 2.72 -0.98 - 1 .7 
- 0. 6 0  -0.2 3 950 25 1 . 89 33 2.09 -0.60 - 1 . 1  
-0. 4 5  -0 . 1  3 953 2 5  1 . 89 3 1  2. 3 11  - 0 . 4 5  - 0 . 8  
-0. 1 5 - 0 . 0  5 958 28 2. 1 1  30 2 . 27 -0. 1 5  -0.3 

0. 53 0 . 2  6 964 3 2  2. 42 25 1 . 89 0 . 53 0.9 
0. 9 1  0 . 3  1 1  915 30 2. 27 18 1. 36 0 . 9 1  1 . 7 
0. 9 1  0 . 3  . 6  98 1 3 2  2. /12 20 1 . 5 1  0.91 1 . 7 
0. 9 1  0 . 3  1 1  992 29 2 . 1 9  17 1 . 28 0 . 9 1  1 . 8  
0." 0 . 1 " 996 29 2. 1 9  2 3 · 1 . 74 0.45 0 . 8  
0 . 6 8  0 . 2  2 998 3 1  2 . 34 22 1 . 66 0.68 1 . 2  
0. 83 0. 2 5 1003 31 2 . 34 20 1 . 5 1  0.83 1 . 5  
0. 9 1  0 . 3  3 1006 3 1  2 . 311 1 9  1 . 1111 0 . 9 1  1 . 7  
0. 9 1  0 . 3  5 10 1 1  3 2  2 . 11 2  20 1 . 5 1  0 . 9 1  1 . 1  
0.23 0 . 1  1 1  1022 2 5  1 . 89 22 1. 66 0.23 0 . 11  
0 . 3 8  0 . 1  4 1026 27 2 . 04 22 1 . 66 0 .38 0 .7 
0. 30 0. 1 9 1035 2 3  1 .  '" 1 9  1 . 4/1 0. 30 0.6 
0 . 0 0  0 . 0  7 1042 20 1 . 5 1  20 1 . 5 1  0 . 00 0.0 

-0. 3 0  -0 . 1  3 1045 22 1 . 66 26 1 . 96 -0.30 -0.6 
0. 1 5  0.0 2 1 0117 26 1 . 9 6  2 4  1 . 8 1  0 . 1 5 0.3 

�, 



. '  

TABLE C - 4 .  TSC (COMPREHENS IVE)  VERSUS NEW HAMPSHI RE FLASHING LI GHTS 

F L C N l  OAT 
% 'fSC IIODBL III BlIPS BIBI C T  UC IS 

I IIC COli POVEI BlZlID * IIC coa pOlla 81ZlBD BUB I1fCB IIIC COB I.ISS 8l'fCB LBSS UfCl LESS BnCB X i n g  lee l Ace I Ace PACTa UDIX ICC 'lCC " lce 'lC'fS UDU IDIP' un &'fCB B'fca OACC " lCC Olce I lce IDI" 'fYlL 

0 . 5 0  6 3  63 4 . 76 9 . 5 2  -1 801 55 55 4 . 1 5  8. 3 1  1187800 0.60 0 . 7  U OJ 20 1 . 5 1 1 2  0. 9 1  0 . 6 0  1 . 4  
1 . 00 3 7  100 7 . 55 7 . 55 -2932 34 89 6 . 72 6 . 72 337790 0. 8 3  0 . 8  27 70 30 2. 27 1 9  1 . .. 0 . 83 1 . 6  
1 . 50 27 1 27 9 . 59 6 . 39 -3649 2 6  1 1 5 8.69 5 . 79 268380 0. 9 1  0 . 8  22 9 2  3 5  2 . 611 23 1 . "  0 . 9 1  1 . 6  

2 . 0 0 2 5  152 1 1 . 48 5 . ' " -4050 29 1 44 1 0 . 88 5 . 4 4  234000 0.60 0.5 3 2  124 28 2. 1 1  20 1 . 51 0 . 60 1 . 2  
2 . 50 1 8  1 7 0  1 2 . 8 4  5 . 1 4  -4537 2 5  1 6 9  1 2. 76 5 . 1 1  21 0000 0. 08 0 . 1 22 146 24 1 . 8 1 23 1. 74 0. 08 0. 1 
3 . 0 0  22 192 1 4 .50 4 . 8 3  -4 888 29 1 9 8  1 4 . 95 4 . 98 183820 - 0. 4 5  -0.3 19 1 6 5  2 7  2 . 04 33 2 . 4 9  -0.45 -0. 8 
3 . 50 30 222 1 6 . 77 4 . 79 -52 12 1 9  2 1 7  1 6 .39 " . 6 8  1 69"00 0. 3 8  0 . 2  30 1 9 5  27 2 . 0 4  22 1 . 66 0 . 3 8  0.7 
" . 0 0 1 9  24 1  18. 2 0  4 . 55 -54 "  1 4  2 3 1  1 7. "5 4 . 3 6  1 53088 0.76 0 . 5  1 1  . 206 35 2 . 64 25 1 . 89 0 . 76 1 . 3  
" . 5 0  25 266 20.09 4 . "6 -57 5 1  1 9  2 50 1 8.88 4 . 20 139000 1 . 2 1  0 . 7  22 228 3 8  2 . 87 22 1 . 66 1 . 21 2. 1 
5 . 00 22 288 2 1 . 7 5  " . 3 5  -5972 23 273 20.62 4. 1 2  1 28000 1 . 1 3  0 . 6  1 9  2117 '" 3 . 10 26 1 . 96 1. 1 3  1 . 8  
5 . 5 0  1 8  306 23. 1 1  " . 20 -6 2 19 23 296 22.36 " . 06 1 20800 0. 76 0 . "  1 8  265 " , 3. 10 3 1  2.34 0 . 76 1 . 2  
6 . 00 24 330 211.92 4. 1 5  -6 392 26 322 24. 32 " . 05 1 12720 0. 6 0  0 . 3  26 29 1 1 9  2 . 95 3 1  2. 3G 0.60 1 .0 
6 . 50 1 8  3118 26. 2 8  " . 0" -6580 1 8  3 40 2 5 . 68 3 . 95 106981 0.60 0 . 3  111 305 4 3  3. 25 35 2. 6" 0.60 0.9 
7 . 00 19 367 27. 72 3 . 9 6  -6756 2" 3611 27.49 3 . 93 1 00000 0.23 0 . 1 22 327 110 3 . 02 37 2.79 0 . 23 0.3 
7 . 5 0  1 8  385 29.08 3 . 88 -69 15 1 5  3 7 9  28.63 3 . 82 911 560 0.45 0.2 13 3110 " 5  3 . 4 0  39 2. 95 0 . 4 5  0.7 
8 . 0 0 1 3  398 30.06 3 . 7 6 -7025 1 8  3 97 29.98 3 . 75 90000 0. 08 0 . 0  1 5  3 5 5  U 3. 2 5  4 2  3. 1 7  0 . 08 0 . 1  
8. 50 1 2  4 1 0  3 0 . 97 3 . 64 -7 1 67 1 0  4 07 30 . 74 3.62 85"00 0.23 0 . 1  13 368 "2 3. 17 39 2. 95 0 . 23 0.3 
9.00 20 1130 32. 4 8  3 . 6 1  -73 12 1 5  "22 3 1 . 87 3 . 5" 8 1 7 00 0. 60 0 . 3  1 3  38 1 4 9  3 . 70 4 1  3. 1 0  0 . 60 0 . 8  

n 9 . 50 1 7 447 33. 76 3. 55 -7"58 6 428 3 2. 33 3 . 4 0  78880 1. "" 0.6 1 1  392 55 " . 1 5  36 2.72 1 . 4" 2 . 0  I 1 0 . 0 0  1 4  46 1 3 4 . 8 2  3 . " 8  -7598 1 2  440 33.23 3 . 32 75600 1 . 59 0 . 7  17 409 52 3 . 93 31 2. 3 4  1 . 59 2.3 I-' 1 0 . 50 1 4  4 75 3 5 . 8 8  3 . 4 2  -77 75 1 4  4 54 3 " . 2 9  3 . 27 12000 . 1 . 59 0 . 7  17 "26 49 3 . 70 28 2. 1 1  1 . 59 2.4 � 1 1 . 00 1 3  488 3 6 . 8 6  3 . 35 -7872 1 8  4 72 3 5 .65 3 . 24 6 9225 1 . 2 1  0 . 5  1 9  "115 OJ 3. 25 27 2 . 0t 1 . 2 1  1 . 9  
1 1 . 50 1 1  4" 3 7 . 6 9  3 . 28 -7998 20 492 3 7 . 1 "  3 . 23 66000 0 . 53 0 . 2  12 1157 112 3. 17 35 2.6' 0 . 53 0.8 
12. 00 19 5 1 8  39. 1 2  3 . 26 - 8 1 16 1 2  504 3 8 . 07 3 . 1 7  "000 1 . 0 6  0 . 4  1 6  1173 4 5  3 . 40 3 1  2. 3" 1 . 06 1 . 6  
1 2 . 50 1 5  533 " 0 . 2 6  3 . 22 -82 1,. 1 1  5 1 5  3 8. 90 3. 1 1  6 1 08 8  1 . 3 6  0 . 6  1 3  1.186 4 7  3 . 55 29 2. 1 9  1 . 36 2. 1 
13.00 1 2  545 " ' . 1 6  3 . 1 7  -Sl 19 8 523 39. 50 3 . 04 59800 1 . 66 0 . 7  7 493 52 3 . 93 30 2. 27 1 . 66 2 . "  
1 3 . 50 1 0  55 5  4 1 . 9 2 3 . 1 1  -84,,7 8 5 3 1  40. 1 1  2 . 97 56480 1 . 8 1  0 . 7  9 502 53 " . 00 29 2 . 1 9  1 . 8 1  2 .7 
1 11 . 0 0  1 6  5 7 1  43 . 1 3 3 . 0 8  -8553 1 6  5 117  " ' .3 1  2 . 95 54000 1 . 8 1  0 . 7  1 4  5 1 6  5 5  11 . 1 5  3 1  2. n 1 . 8 1  2.6 
1 4 . 5 0 8 579 4 3 . 73 3 . 0 2  -8654 1 5  562 42.45 2 . 93 5 1 500 1 . 2 8  0 . 5  . 1 6 532 47 3 . 55 30 2 . 2 7  1 . 2 8  1 . 9  
1 5 . 00 1 1  590 4 4 . 56 2 . 97 -87"6 9 5 7 1  1i3. 1 3  2 . 88 4"40 1 . 44 0 . 6 9 54 1 49 3. 70 30 2. 27 1 . 4" 2. 1 
1 5 . 50 1 2  602 " 5 . 11 7  2 . 93 -8880 1 2  583 4 4 . 03 2 . 84 "8000 1 . 4 11  0. 6 1 4  555 '" 3 . 55 28 2. 1 1  1 . 4" 2.2 
16.00 1 3  61 5 46.45 2 . 90 -8995 5 588 4 4 . 4 1  2 . 7 8  46554 2. 04 0 . 8  7 562 53 4 . 00 26 1 . 96 2 . 04 3.0 
16. 50 1 1  626 47. 28 2 . 87 -9095 22 6 10 06.07 2 . 79 115000 1 . 2 1  0 . 5  20 582 4 4  3. 32 28 2. 1 1  1 . 2 1  1 . 9  
17 . 00 1 0  636 11 8 . 04 2 . 83 -91 88 6 6 1 6 46.53 2 . 74 43260 1 . 5 1  0.6 8 590 4 6  3. 117 26 1 . 96 1 . 51 2.11 
1 7 . 50 1 4  650 4 9 . 0 9  2 . 8 1  -9294 7 6 23 47.05 2.69 4 1 990 2. 04 0 . 8  1 3  603 4 7  3 . 55 20 1 . 5 1  2 . 011 3.3 
1 8 .00 8 658 " 9 . 70 2 . 76 -9387 17 640 48.34 2 . 6 9  110390 1 . 3 6  0 . 5  1 3 . 6 1 6  11 2  3. 1 7  24 1 . 8 1  1 . 36 2.2 
1 8 . 50 1 0  668 50.45 2 . 73 -91165 8 6 11 8 4 8 . 9" 2 .65 40000 1 . 5 1  0 . 6  8 624 4 11  3 . 32 24 1 . 8 1  1 . 5 1  2 . 4  
1 9 . 00 1 0  · 678 5 1 . 2 1  2 . 70 -9580 8 656 4 9 . 55 2 . 6 1  38800 1 . 6 6  0.6 10 6]4 11 4  3. 32 22 1 . 66 1 . 66 2.7 
19 . 50 5 683 5 1 . 59 2 . 65 -9656 1 3  6 6 9  5 0 . 53 2 . 5 9  37500 1 . 06 0.4 1 Q  6118 3 5  2 . 6 4  2 1  1 . 59 1 . 06 1 . 9  
20 .00 1 1  "" 5 2 . 4 2  2 . 62 -9749 1 7  686 5 1 . 8 1  2 . 59 36000 0.60 0 . 2  1 3  661 3 3  2 . 4 9  2 5  1 . 89 0 . 6 0  1 . 1  
20. 50 5 699 52 . 79 2 . 58 -9836 6 692 5 2 . 27 2 . 5 5  35000 0.53 0 . 2  7 668 3 1  2. 34 24 1 . 81 0 . 53 0.9 
2 1 .00 5 70 11 53. 1 7  2 . 53 -9938 8 700 5 2 . 87 2 . 5 2  311000 0.30 0 . 1 6 614 30 2 . 27 26 1 . 96 0.30 0.5 
21 . 50 6 7 1 0  53.63 2 . 49 - 10 0 1 1  9 709 53.55 2.49 33000 0 . 08 0 . 0  11 . 67 8  3 2  2. 42 3 1  2. 311 0 . 08 0. 1 
22 . 00 1 3  723 54 . 6 1 2 . 4 8  - 10090 6 7 1 5  5 " . 00 2 . "5 32000 0. 60 0 . 2  10 688 3 5  2 . 6' 27 2.01.1 0.60 1 . 0 
22 . 50 7 730 55 . 14 2 . 45 - 1 0 1 "  7 722 511 . 53 2 . 4 2  309110 0. 60 0. 2 . 6  69' 36 2 . 7 2  28 2. 1 1  0.60 1 . 0  
23. 00 1 0  740 5 5 . 89 2 . 43 - 10 2 50 9 7 3 1  55. 2 1  2 . 40 30000 0. 6 8  0 . 2 9 703 37 2 . 7 9  28 2. 1 1  0.68 1. 1 
23.50 7 747 5 6 . 4 2  2 . 40 - 10327 1.1 735 55. 5 1  2 . 3 6  29700 0. 9 1  0 . 3  6 709 3 8  2 . 87 26 1 . 96 0 . 9 1  1 . 5  
211. 00 1 0  757 57. 1 8  2 . 38 - 1011 18 9 7114 56 . 1 9 2 . n  28800 0. 98 0 . 3  9 7 18 39 2 . 95 26 1 . 96 0 . 9 8  1 . 6  
211 . 50 9 766 57. 85 2 . 36 - 10 5 1 6  9 753 56. 87 2 . 3 2  28000 0. 98 0 . 3  3 7 2 1  . 5  3 . 4 0  3 2  2. 42 0 . 98 1 . 5  
25.00 3 769 58.08 2 . 32 - 1 0595 9 762 57.55 2 . 30 27000 0.53 0 . 2  8 129 li D  3 . 02 33 2. '9 lI . 53 0.8 

* See LEGEND , Section C . 3 .  



TABLE C - 4  ( cont . )  
F L C N l OAT 

% rsc IIOOEL IBII RIIIPSR�IB C T  rsc III 
I NC CUll POUB HAZlIO* IIe CUll POUBI RAZAIO If ITH SlrCR I&IC cua LESS IIlrca L ISS IIlrca LlSS urca X i n g Ice O lee S Ice PICTR UOII Ace OICC I ACC PIeri lIOII loU'r 'flU IIrcs arca 'ICC S ICC 'ICC S ICC SDUP TfAL 

25.50 3 772 S8. 3 1  2 . 29 - 10675 7 769 58.08 2. 28 26270 0.23 0 . 1 6 735 3 7  2 . 79 n 2. 57 0.23 0.11 
2 6 . 0 0  5 777 5 8 . 6 9  2 . 26 - 10759 13 7 82 59.06 2. 27 25600 -0. 38 -0. 1 10 711 5 32 2. 42 37 2 . 79 -0.38 -0.6 
26. 50 9 786 59 . 37 2 . 24 - 10832 7 789 59.59 2 . 25 25000 -0.23 -0 . 1  10 755 31 2. 311 311 2 . 57 -0 . 23 -0.11 
27. 00 8 7911 59.97 2 . 22 - 10900 6 795 6 0 . 0 5  2. 22 211290 -0. 08 -0 . 0  8 763 3 1  2 . 34 32 2 . 112 -0.08 -0. 1 
27.50 5 799 6 0 . 3 5  2. 19 - 10971 5 800 6 0 . 112 2 . 20 2 .. 000 -0. 08 -0. 0  6 769 30 2. 27 3 1 2.311 - 0 . 08 -0. 1 
28. 00 3 802 60.57 2 . 16 - 1 1 037 5 805 60.80 2. 17 23200 -0.23 -0 . 1  5 7711 28 2 . 1 1  3 1  2.311 - 0 . 23 -0. 11 
28. 50 8 8 1 0  6 1 . 1 8 2. 15 - 1 1 099 13 818 6 1 . 78 2. 17 22500 -0. 60 -0 . 2  8 782 28 2. 1 1 36 2.72 -0. 6 0  - 1 .0 
29 . 0 0 7 8 1 7  6 1 . 7 1  2. 13 - 1 1 1 62 7 8 25 6 2 . 3 1  2. 15 22000 -0. 6 0  -0. 2 8 790 27 2 . 04 35 2. 611 -0 . 6 0  - 1 . 0  
2 9 . 50 6 823 62. 1 6  2 . 1 1  - 1 1 238 8 833 6 2.92 2. 13 al 11110 -0. 76 - 0 . 2  5 795 28 2 . 1 1  38 2 . 87 -0.76 - 1 . 2  
30 .00 7 830 62 . 6 9  2 . 09 - 1 1 3 10 4 8�7 6 3 . 22 2. 1 1 20900 -0.53 -0. 2  6 80 1 29 2 . 1 9  3 6  2. 72 -0 . 53 -0.9 
3 0 . 5 0  7 837 6 3 . 22 2 . 07 - 1 1 379 II 8111 6 3 . 52 2 . 08 201100 -0.30 -0. 1 II 805 32 2. '2 36 2. 72 · 0 . 30 - 0 . 5  
3 1 . CO 1 3  850 6 4 . 2 0  2 . 07 - 1 1 11 45 5 846 6 3 . 90 2 . 06 20000 0.30 0. 1 9 8 1 11  3 6  2.72 32 2 . 112 0 . 30 0.5 
3 1 . 50 8 858 6 4 . 80 2.06 - 1 1 5 18 1 847 6 3 . 97 2 . 03 1 9680 0.83 0.3 3 8 1 7  11 1  3. 10 30 2. 27 0. 83 1 . 3  
32 . 00 4 862 6 5 . 1 1  2 . 0 3 - 1 1 585 8 855 6 11 . 58 2 . 02 19200 0.53 0 . 2  5 822 110 3 . 0 2  33 2 . 119 0 . 53 0 . 8  
32.50 8 870 6 5 . 7 1 2 . 02 - 1 1 6117 5 860 6'. 95 2 . 00 18792 0. 76 0 . 2  7 829 11 1  3. 1 0  3 1 2.311 0.76 1 . 2  
33. 00 9 879 6 6 . 3 9 2. 0 1 - 1 1 720 1 2  872 65 . 86  2 .00 1 8040 0. 53 0 . 2  1 1  8110 39 2. 95 32 2. 42 0 . 53 0.8 
33. 50 1 0  889 67 . 15 2 . 00 - 1 1 7 84 6 878 6 6 . 3 1  1 . 98 18000 0. 83 0 . 3  7 8117 11 2  3. 1 7  3 1  2.311 0 . 83 1 . 3  
311 . 0 0 5 8911 67.52 1 .99 - 1 1852 8 886 6 6 . 92 1 . 9 7  17325 0. 6 0  0 . 2  7 85C1 ClO 3 . 0 2  32 2. 112 0 . 60 0.9 
3 11 . 50 7 90 1 6 8 . 0 5  1 . 97 - 1 1 9 15 6 8 92 67. 37 1 . 95 1 68"8 0. 68 0 . 2  II 858 Cl3 3. 25 311 2 . 57 0.68 1 . 0  

(") 35.00 5 9 00 6 8 . 113  1 . 96 - 1 1982 1 1  903 6 8 . 20 1 . 95 16380 0 . 2 3  0 . 1 9 867 39 2 . 9 5  3 6  2. 72 0. 23 0.3 
I 35. 50 6 9 1 2  68.88 1 .94 - 1 20 118 II 907 6 8 . 50 1 . 93 · ,6000 0. 38 0 . 1  7 8711 38 2. 87 33 2.09 0 . 38 0 . 6  

...... 36. 0 0  9 921 69. 56 1 . 93 - 1 2 1 14 II 9 1 1  68. 8 1  - 1 . 9 1  1 5 600 0.76 0 . 2  6 880 lit 3. 1 0 3 1  2. 311 0.76 1 . 2  � 36.50 2 923 69. 7 1  1 . 9 1  - 12 1 85 0 9 1 1  6 8 . 8 1  1 . 89 1 5230 0. 9 1  0 . 3  1 88 1 4 2  3. 1 7  30 2. 27 0 . 9 1  1 . 4  
37. 0 0 6 929 70. 17 1 . 90 - 1 22 511 8 9 19 69 . 4 1  1 . 88 15000 0 . 76 0 . 2  6 887 Cl2 3. 1 7 32 2 . 42 0 . 76 1 .2 
37.50 8 937 70.77 1 .89 - 12335 3 922 6 9 . 6' 1 . 86 1 4 560 1 . 1 3  0 . 3  7 8911 113 3 . 25 28 2. 1 1 1 . 1 3  1 . 8  
38.00 1 0 947 7 1 . 53 1 . 88 - 12 4 10 5 9 27 70. 02 1 . 8C1 14220 1 . 5 1  0 . 5  7 90 1 46 l . Cl 7  2 6  1. 96 1 . 5 1  2 . 11  
3 8 . 50 7 9511 7 2 . 0 5  1 . 87 - 121170 8 9 3 5  70.62 1 . 83 111000 1 . 4 4  0 . 11  6 90'1 117 3 . 55 28 2. 1 1  1 . 1111 2 . 2  
39 . 00 8 962 72. 6 6  1 . 86 - 1 2537 1 1  9116 7 1 .115 1 . 83 \l600 1 . 2 1  0.11 1 1  9 18 44 3 . 32 28 2. 1 1  1 . 21 1 . 9  
39 . 50 5 967 73. 011 1 . 85 - 12598 7 9 53 7 1 . 98 1 . 82 13200 1 . 06 0 . 3  II 922 11 5  3. 40 3 1  2.34 1 .06 1 . 6  
11 0 . 0 0  II 971 73 .311 1 . 83 - 12 6 52 5 958 72.36 1 . 81 12800 0.98 0.3 6 928 III 3 . 25 30 2. 27 0 . 98 1 . 5  
40 . 50 7 978 73. 87 1 . 82 - 127 1 1  6 9 611 12. 8 1  1 . 80 12500 1 . 0 6  0 . 3  7 U S  4 3  3 . 25 29 2 . 1 9  1 . 06 1 . 6  
11 1 . 00 9 987 711 .55 1 . 8 2  - 12772 1 9  983 7 11 . 24 1 . 8 1  12000 0. 3 0  0. 1 1 4  949 38 2 . 87 34 2 . 57 0.30 0. 5 
11 1 . 50 3 990 711 .17 1 . 80 - 12832 0 983 711.211 1 .79 12000 0. 53 0 . 2  1 950 11 0  3 . 02 33 2. 49 0 . 53 0.8 
1l2 . 00 3 993 75. 0 0  1 . 79 - 12896 1 9 81l 7 11 . 32 1 . 77 1 1 792 0. 6 8  0 . 2  2 952 111 3 . 10 32 2.42 0 . 6 8  1 . 1  
1l2. 50 8 1 00 1  75. 6 0  1 . 78 - 12981 4 988 7 11 . 6 2  1 . 76 1 1 388 0. 98 0 . 3  II 956 11 5  3.40 32 2. 42 0 . 98 1 . 5  
0 . 0 0 5 1 006 75.98 1 . 77 - 1JOll l  1 989 74. 70 1 . 711 1 1 025 1. 28 0 . 11  4 960 CI6 3 . 11 7  29 2. 19 1 . 28 2 . 0  
113 . 50 II 1 0 10 76.28 1 . 75 - 13085 II 993 75 .00 1 .72 10800 1 . 2 8  0 . 4  4 964 46 3 . 4 7  29 2. 1 9  1 . 28 2 . 0  
Il II . OO 5 1 0 1 5  76.66 1 . 74 - 13 1 116 8 1 00 1  75. 6 0  1 .72 10500 1 . 06 0. 3 8 972 113 3 . 2 5  2 9  2. 1 9 1 . 06 1 .6 
114 . 50 II 1 0 1 9  76. 96 1 . 73 - 13203 8 1 009 76. 2 1  1 . 7 1  1 0200 0. 76 0 . 2  8 980 39 2 . 95 29 2. 19 0 . 76 1 . 2  
45.00 6 1 0 25 7 7 . 112  1 . 72 - 13270 10 1 0 19 76.96 1 . 7 1  10000 0 . 4 5  0 . 1  9 989 36 2.72 30 2. 27 0 . 11 5  0.7 
4 5 . 50 5 1 03 0  77.79 1 . 7 1  - 13345 1 1 0 20 77.0. 1 . 6 9  98110 0 . 76 0 . 2  1 990 4 0  3. 02 30 2.27 0 .76 1 . 2  
II b . OO 8 1 038 1 8 . 11 0 1 .70 - Uli l l  3 1 023 71.27 1 .6 8  9600 1. 1 3  0 . 3  8 998 110 3. 02 25 1 . 89 1 . 13 1 . 9  
116. 50 6 1 0 11 11  78.85 1 . 70 - 13477 2 1025 17. 42 1 . 66 93211 1 . 11 11  0 . 11  4 10;)2 112 3. 17 23 1 . 711 1 . 1111 2 . CI  
47. 00 5 1 0119 79. 23 1 . 69 - 13520 6 1031 17. 87 1 .66 9 180 1 . 3 6  0 . 11  7 1009 110 3.02 22 1 . 66 1 .3 6  2 . 3  
117 . 50 5 1 0511 79.6 1 1.68 - 13566 13 1 0114 78.85 1 .66 9000 0.76 0. 2 1 1  1 020 3" 2 . 57 211 1 . 8 1  0 . 76 1 . 3  
118.00 5 1 059 79.98 1 . 67 - 136 116 4 l O llS  79. 1 5  1 . 65 8800 0.83 0.2 4 10211 3 5  2 . 64 211 1 . 81 0 . 83 1 .4 
118. 50 5 1 0611 80 .36 1 . 66 - 137011 6 1054 7 9 . 6 1  1 . 64 8500 0 . 76 0 . 2  5 1029 35 2.611 25 1 . 89 0 . 76 1 . 3 
119.00 7 1 071 80.89 1 . 65 - 13777 8 1 062 8 0 . 2 1  1 . 611 8250 0.68 0 . 2  1 1  1 0110 3 1  2 . 311 22 1 . 66 0 .6 8  1 . 2  
49 . 50 1 1 0 72 80. 97 1 . 64 - 13832 9 1 0 7 1  8 0 . 89 1 . 6 3  8000 0. 08 0 . 0  1 1011 1 3 1  2 . 311 30 2.27 0 . 08 0 . 1  
50 . 0 0  7 1 079 8 1 . 50 1 . 63 - 13899 o 1071 8 0 . 89 1 . 62 8000 0.60 0. 2 5 10116 33 2. 49 25 1 . 89 0 . 60 1 . 1. 

Ie See LEGEND , Section C o  3 0 
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TABLE C - S .  TSC ( VOLUME ONLY) VERSUS NEW HAMPSHI RE AUTOMATI C  GATES 

I G P FO I  OAT 
% �sc 1I0DEL BE8 RllPS HIIZ 

C T  
tsc IS 

IIIC CUll POWES B lUSO * lIC CUll POIfEB HUARD IIrI IlTCR lie CUD tlSS BlrCR L ISS IlrCl LlSS IlfCII X i n g Aec ' Ace I ACC PACTR IIiDEX lce 'lCC I ACC Plcrs IIiDEX IDIPP rvnL H'fCH arcs 'lCC • lCC 'lCC � lCC IDIFP nlL 

0 . 50 7 7 1 . 98 3 . 95 -11844 7 7 1 . 98 3 . 95 1 272000 0. 00 0 . 0  If 4 3 0 . 85 3 0 . 85 0 . 00 0 . 0  
1 . CO 8 1 5  11 . 2 11  11 . 211 -51177 7 1 4  3 . 95 3 . 95 9391120 0 . 2 8  0 . 2  7 1 1  , 1 . 1 3 3 0. 85 0 . 28 0 . 4  
1 . 50 1 1  26 7 . 311 4 . 9 0  -5925 5 1 9  5 . 37 3 . 58 81 9360 1 . 98 1 . 0  " 1 5  1 1  3 . 1 1 /I 1 . 1 3  1 . 98 1 . 8  
2 . (' 0  7 3 3  9. 3 2  4 . 6 6  -6 1 70 5 24 6 . 78 3 . 39 7/18000 2 . 54 1 . 2  " 1 9  1 ,.  3 . 95 5 1 . 4 1  2 . 51f 2 . 1 
2 . 50 3 3 6  1 0 . 1 7  4 .07 -64 1 8  3 27 7 . 63 3 . 05 677660 2 . 5" 1 . 1  3 22 1 ,.  3 . 9 5  5 1 . 4 1  2. 5/1 2. 1 
3 . 00 2 38 1 0. 73 3 . 58 -67 10 8 3 5  9 . 89 3 . 30 593/100 0. 85 0 . /1  7 29 9 2 . 5/1 6 1 . 69 0 . 85 0 .8 
3 . 5 0  1 0  4 8  1 3. 5 6  3 . 87 -6968 9 II,. 1 2 . 113 3 . 55 5/10000 1 . 1 3  0 . /1  1 0  1 9 9 2. 5/1 5 1 . 11 1  1 . 1 3 1 . 1  
4 . 00 2 SO 1 Il. 1 2  3 . 53 -7208 2 46 1 2 .99 3 . 2 5  488400 1 . 1 3 0 . /1  1 110 1 0  2 . 82 6 1 . 69 1 . 13 1 . 0  
11 . 5 0  4 54 1 5. 2 5  3 . 39 -73 53 3 Q9 1 3 . 8 /1  3 . 0 8  458080 1 . '  1 0 . 5  1 11 1  1 3  3 . 67 8 2. 26 1 . U  1 . 1  
5. 00 6 60 1 6 . 95 3 . 39 -7507 0 49 1 3. 8/1 2 . 77 /125000 3 . 1 1  1 . 1  0 111 1 9  5 . 3 7  8 2. 25 3 . 1 1  2. 1 
S. 5C II 64 1 8. � 8  3. 29 -77 19 5 54 1 5. 25 2 . 7 7  1100320 2. 82 0 . 9  3 1.14 20 5. 6 5  1 0  2 . 82 2 . 82 1 .8 
6 . 0 0 0 64 1 8 . 08 3 . 0 1  -7902 1 1 65 1 8 .36 3 . 06 373800 -0. 28 -0 . 1  6 SO 111 3 . 95 1 5  4 . 24 - 0 . 2 8  -0.2 
6 . 5 0  5 69 1 9 . 4 9  3 . 00 -8036 7 72 20 . 3/1 3. 1 3  350000 - 0 . B 5  -0. 3  7 57 1 2  3. 39 1 5  /1.24 - 0 .  B5 -0.6 
7 . �0 4 73 20. 6 2  2 . 95 - B 1 68 5 77 2 1 . 7 5  3 . 1 1  33""00 - 1 . 1 3 - 0 . 3  2 5 9  111 3 . 95 l B  5 . 0 B  - 1 . 1 3 - 0 . 7  
7 . 5 0 5 78 2 2 . 0 3  2 . 94 -8255 2 79 22 . 32 2 . 98 321 600 -0.28 -0 . 1  6 65 1 3  3 . 67 14 l. 9 5  -0. 2B - 0 . 2  
8 . 0 0 5 83 2 3 . 4 5  2. 93 -8370 4 83 2 3 . 4 5  2 . 93 308 1 00 0 . 0 0  0 . 0  3 6 8  1 5  4 . 24 1 5  1'1.2/1 0 . 00 0 . '  
8 . 50 4 87 2 4 . 5 8  2 . 89 -8443 6 89 25. 14 2 . 96 297600 -0.56 - 0 . 2  " 72 15 If. 2/1 17 /1 . 80 -0.56 -0.' 9 . �n 1 88 2 4 . 86 2 . 76 -8532 1 90 25. 112 2. 8 2  28520D -0.56 -0. 1 1 7 l  1 5  /1 . 2 4  17 /1 . 80 - 0 . 5 6  - 0 . /1  n 9 . 5 0  4 9 2 2 5. 9 9 2 . 74 -8603 /I 9/1 26. 55 2 . 80 270 100 -0. 5 6  -0 . 1  5 7 8  1 0  3. 95 1 6  /1 . 52 -0.56 -0.11 I 1 0 . 00 3 95 2 6 . 8/1 2 . 68 -8680 2 96 27. 1 2  2 . 7 1  26 1 000 -0. 28 - 0 . 1  1 7 9  1 6  1'1. 52 17 1'1. 80 -0. 28 - 0 . 2  ..... 

1 0 . 50 2 97 2 7 . '<0 2 . 6 1 -8781 0 96 27. 1 2 2 . 5 8  25/11'100 0.28 0 . 1 1 80 1 7  /1 . 80 1 6  /1 . 5 2  0 . 28 0.2 VI 
1 1 . �O 6 1 0 3  2 9 . 1 0  2 . 6 5 -8858 0 96 27 . 12 2 . 1'17 2/1"'00 1 . 9 8  0 . 5  0 80 2 3  6 . 50 1 6  1'1 . 52 1 . 98 1 . 1  
1 1 . 50 1 104 2 9. 3 8  2 . 55 -8921 4 1 00 28. 2 5 2 . 4 6  237000 1 . 1 3 0 . 3  3 8 l  2 1  5 . 93 1 7  1'1 . 80 1 . 1 3  0 . 6  
1 2 . (\0 1 1 0 5  2 9 . 6 6  2 . 47 -9005 4 1 0 4  29.38 2 . 4 5  228600 0 . 2 8  0 . 1 2 85 20 5 . 6 5  1 9  5 . 3 7  0 . 28 0 . 2  1 2 . 50 1 ltl6 2 9 . 9 4  2 . 40 -9038 7 1 1 1  3 1 . 36 2 . 5 1  220000 - 1 . ' "  -0 . 3  5 90 1 6  1'1 . 52 2 1  5 . 9 3  - 1 . 11 1  - 0 . 8  
1 3 . 00 4 1 1 0 3 1 . 07 2 . 39 -9098 2 1 1 3 3 1 . 92 2 . '" 2 1 0000 - 0 . 8 5  -0 . 2  2 92 1 8  5 . 0 8  2 1  5 . 93 - 0 . 85 - 0 . 5  
1 3 . 50 4 1 1 4 3 2 . 20 2 . 3 9  -9 1 77 0 1 1 3 3 1 . 92 2 . 3 6  202800 0.28 0 . 1 1 U 2 1  5 . 93 20 5 . 6 5  0 . 28 0 . 2  
n . cn 5 1 1 9 3 3 . 62 2 . 40 -9234 2 1 1 5 32. 11 9  2 . 3 2  1 9 7 1 4 5  1 . 1 3  0 . 3  3 96 2 3  6. 50 19 5.37 1 . 1 3 0.6 
1 4 . 50 4 1 2 )  3 4. 7 5  2 . 40 -93 17 2 1 1 7 3 3 . 0 5  2 . 28 1 90400 1 . 6 9  0 . '  3 9 9  2 /1  6 . 7 8  1 8  5. 0 8  1 . 6 9  0 . 9  
1 5 . 0 0 3 1 26 3 5 . 5 9  2 . 37 -93 80 5 1 22 3 4 . lf6 2 . 30 183720 1 . 1 3  0 . 3  2 10 1  2 5  7. 06 2 1  5. 93 1 . 1 3  0 . 6  
1 5 . 5('1 4 1 3(\ 3 6 . 72 2 . 37 -94 14 ) 1 25 3 5. 3 1  2 . 28 173 600 1 . '  1 0 . 3  6 107 2 3  6 . 50 1 8  5. 08 1 . 11 1  0 . 8  
1 6 . C O  3 1 3) 3 7 . 57 2 . 3 5 -9488 2 1 27 3 5 . 8 8  2 . 211 170000 ' . 6 9 0 . 11  3 1 1 0  2 3  6.50 1 7 4 . 80 1 . 69 0.9 
1 6 . 50 1 0  ' 4 )  4 0 . 4 0  2 . 4 5 -9572 2 1 29 3 6 . 4/1 2 . 2 1  168000 3 . 9 5  0. 8  0 1 1 4  29 8. 19 15 1'1. 2/1 3 . 95 2 . 1  
1 7 . 00 4 1 4 7  4 1 . 53 2 . 44 -9642 3 1 32 37. 29 2. 1 9  1 6 1 500 /1 . 2 1'1 0 . 9  2 1 1 6  3 1  8 . 76 1 6  1'1. 5 2  11 . 21'1 2 . 2  
1 7 . 50 0 1 47 4 1 . 53 2 . 37 -9687 II 1 36 3 8 . 112 2 . 20 1 55800 3. 1 1  0 . 7  1 1 1 7  30 8. 07 1 9  5 . 37 3. 1 1  1 . 6  
1 8 . 00 4 1 5 1  4 2 . 6 6  2 . 37 -976 1 3 1 39 39 . 27 2 . 1 8  150000 3. 39 0 . 7  2 1 19 3 2  9 . 0 4  20 5 . 6 5  3 . 39 1 . 7 
1 8 . 50 2 1 5) 4 3 . 22 2 .34 -98 04 2 1 11 1  39. 83 2 . 1 5  1 1'171100 3 . 3 9  0 . 7  2 1 2 1  3 2  9 . 011 20 5 . 6 5  3 . 3 9  1 . 7  
1 9 .IIC 1 1 511 113 . 50 2 . 29 -9842 0 1 11 1 39 . 83 2 . 1 0  1 11110011 3 . 6 7  0 . 8 1 122 3 2  9 . 011 19 5 . 37 3 . 6 7  1 .8 
1 9 . 5 0  1 1 55 43. 7 9  2 . 25 -99 1 1  6 1 1'1 7  Ill . 53 2 . 1 3  1 39 950 2 . 2 6  0 . 5  II 1 26 29 8 . 19 2' 5. 93 2 . 2 6  1 . 1  
20. 00 4 , 59 411 . 9 2  2 . 25 -9962 4 1 5 1 11 2 . 66 2. 1 3  1 3 5000 2 . 2 6  0 . 5  , 1 30 2 9  8 . 19 2 1  5. 93 2 . 2 6  1 . 1  
20 . 50 4 ' 63 4 6 . 05 2 . 25 - 100 17 1 1 52 /1 2 . 94 2 . 09 1 3 1 8 ' 0  3. 1 1  0 . 6  3 13l 30 8 . 47 19 5 . 3 7  l . 1 1  1 . 6  
2 1 . nG 1 1 611 11 6 . 3 3  2 . 2 1  - 10 0 4 1  2 1 5/1 43 . 50 2 . 07 1 27 500 2 . 82 0 . 6 2 1 3 5  29 8 . 1 9  1 9 5 . 3 7  2 . 82 1 . 11 
2 1 . 50 3 1 67 47. 1 8  2 . 1 9  - 1 0091 II 1 58 /1 4 . 63 2 . 08 1 23760 2. 5/1 0 . 5  6 1 4 1  2 6  7 . 34 17 1'1 . 80 2 . 51f 1 . 11 
2 2 . 110 2 1 69 47. 74 2 . 1 7  - 1 0 1 47 1 1 59 411 . 92 2 . 01'1 1 20 000 2. 82 0.6 2 1 113 26 7 . 3 11  1 6  1'1 . 52 2 . 82 1 . 5  
22. 50 3 172 11 8 . 5 9  2 . 1 6  - 10 1 93 1 1 60 4 5 . 20 2 . 0 1  1 1 8 5011 3 . 39 0 . 7  2 1 Q 5  27 7 . 63 1 5  '. 2/1 3 . 3 9 1 . 9 
2 3 . 00 4 1 76 4 9 . 7 2  2 . 1 6  - 10 24 1  5 1 65 116. 6 1  2 . 0 3  1 1 4 50 11  3. 1 1 0 . 6  6 15 1 2 5  7 . 06 1 4  3. 95 3 . 1 1  1 . B  
23. 50 2 1 78 50. 2 8  2. 111 - 1 02 94 2 1 67 117 . 1 8 2 . 0 1  1 1 1 650 3 . 1 1  0 . 6  , 1 5 5  2 3  6. 5 0  1 2  3 . 3 9  3 . 1 1  1 . 9  
24 . 00 2 1 80 5 0 . 8 5  2 . 1 2  - 10335 2 1 69 4 7 . 711 1 . 99 10B 1 20 3. 1 1  0 . 6  1 156 2/1 6 . 78 1 3  3. 67 l . 1 1  1 . 8  
2 /1 . 5 0  1 18 1 5 1 .  1 3  2 . 09 - 10373 3 1 72 08. 59 1 . 98 1 05000 2. 511 0 . 5  0 156 2 5  7 . 0 6  16 11. 5 2  2 . 5' 1 . '  
2 5 . 0 0  3 1 8 4  5 1 . 9 8  2 . 08 - 10408 0 1 72 118 . 5 9  1 . 911 1 02 00 0  3 . 39 0 . 6  2 1 5 8  26 7. 311 1Q 3.95 3. 39 1 . 9  

* See L EG END , S e c t i on £ . 3 .  



% 
X i n g 
2 5 . 50 
26 . 00 
20. 50 
27 . 0 0  
2 7 . 5 0  
2 8 . 0 0  
2 3 . 50 
2 9 . 0 0 
29 . 50 
3 0 . 0 0  
3 ?  S O  
3 1 . 0 0 
3 1 . 50 
32 . 1' 0  
3 2 . 50 
3l . uO 
33 . 50 
3:j . CO 

C"l 3 4 . 5 0  
I 3 5 . n o  

.... 3 5 . 5 0  0\ 3 6 . 0 0  
3 0 . 5 0  
3 7 . n o  
3 7 . 5 0  
3 8 . 0 0 
3 8 . 50 
39 . 0 0 
39 . 5 0  
11 0 . 0 (1  
40 . 5(1 
Ii l . 00 
4 1 . 50 
42 . (\0 
11 2 . 50 
4l . 00 
4 3 . 50 
411 . '.'0 
4 " . 5 0  
"5. 00 
45. 5 0  
" 6 . 0 0  
4 6. 50 
47.00 
117 . 5 0  
4 8 . 0 0  
118 . 50 
4 9 . 0 0  
119 . 5 0  
50 . 0 0  

* See  

TABLE C- S 

TSC IIODEL nv HAlPS8IB!! C T  
lIIC COli POiEB H AZARD * :uJC CUll POV ER HUIRD 
ACC . ICC S ACC FACTB IIi DEl lCC li ce S lCC PACTI IIIDBI 

1 
3 
2 
2 
0 
5 
1 

0 
3 

3 
1 
1 
1 

0 

1 
5 
6 
1 

3 
5 
1 
2 
1 

3 
5 
3 
2 
6 
1 
1 
II 
2 
1 
1 
1 
0 
2 
0 
3 
2 
2 
0 
2 
2 
3 
1 
2 
4 
0 
0 

1 85 52. 2 6  
1 88 53 . 1 1 
1 9 0  5 3 . 67 
1 9 2  5 11 . 211 
1 9 2  5 4 . 2 11  
1 97 5 5 . 6 5  
1 9 8  5 5 . 93 
1 98 5 5 . 93 
2 0 1  5 6 . 7 8  
20 4 5 7 . 6 3  
2 0 5  57. 9 1  
206 5 8 . 1 9  
2 0 7  5 8. 11 7  
2 07 5 8 . 11 7  

2 0 8  58. 76 
2 1 3  6 0 . 1 7  
2 1 9 6 1 . 86 
220 62. 1 5  
223 6 2 . 9 9  
2 2 8  6 11 . 11 1  
229 6 11 . 6 9  
2 3 1  65. 25 
232 6 5. 5 11 
2 3 5  6 6 . 3 8  
2 110 6 7. 80 
21i3 6 8 . 6 11 
2 11 5  6 9. 2 1  
2 5 1  70 . 9 0  
2 5 2  7 1 . 1 9  
253 7 1 . 11 7  
257 72 . 6 0  
2 59 73 . 1 6 
260 7 3 . 11 5  
2 6 1  7 3 . 73 
262 711. 0 1  
262 74. 0 1  
2 64 74. 58 
264 7 11 . 58 
267 7 5 . 11 2  
2 6 9  75. 9 9  
2 7 1  7 6 . 5 5  
2 7 1  7 6 . 55 
273 7 7 . 1 2  
2 75 77.68 
2 7 8  78. 5 3  
2 7 9  7 8 . 8 1 
2 8 1  7 9 . 3 8  
2 8 5 " 8 0 . 5 1  
2 8 5  8 0 . 5 1  
2 8 5  8 0. 5 1  

2 . 05 - 10l1li8 
2 . 04 - 1 01187 
2 . 03 - 10 5 1 9 
2 . 0 1  - 10 5 5 5  
1 . 97 - 1 0597 
1 . 99 - 1 0650 
1 . 96 - 10 69 5  
1 . 93 - 10 7 4 1  
1 . 92 - 10786 
1 . 92 - 10832 
f . 90 - 10 8 56 
1 . 88 - 10886 
1 .86 - 10932 
1 . 83 - 10 9 67 

1 . 8 1 - 10 9 82 
1 .82 - 1 1 0 17 
1 . 85 - 1 1 0 52 
1 . 83 - 1 1 1 03 
1 . 83 - 1 1 1 37 
1 . 811 - 1 1 1 93 
1 . 82 - 1 1 2 18 
1 . 8 1  - 1 1 2 53 
1 . 80 - 1 1 3 03 
1 . 79 - 1 1 3 58 
1 . 8 1  - 1 1 397 
1 . 8 1  - 1 1 l1li 3 
1 . 80 - 1 1 11 77 
1 . 82 - 1 1 532 
1 . 80 - 1 1 5 56 
1 .79 - 1 15 87 
1 . 79 - 1 1 6 33 
1 . 78 - 1 1 676 
1 . 77 - 1 1 706 
1 . 76 - 1 1 7 55 
1 . 711 - 1 1779 
1 . 72 - 1 1 836 
1 . 7 1  - 1 1 877 
1 . 69 - 1 1 8 98 
1 . 69 - 1 1 9115 
1 .69 - 1 1 992 
1 . 68 - 120 30 
1 . 66 - 1 20118 
1 . 66 - 12 0 87 
1 . 65 - 12 1 10 
1 . 6 5 - 1 2 1 58 
1 . 611 - 1 2 1 88 
1 . 64 - 1 22011 
1 . 611 - 1 22110 
1 . 63 - 12276 
1 . 6 1  - 123 1 2  

LEGEND , S e c tion C . 3 . 

.. 

3 175 11 9 . 1111 1 . 911 1 00000 
II 1 79 50 . 56 1 .911 980611 
0 1 79 50. 56 1 . 9 1  96000 
0 1 79 5 0 . 56 1 . 87 93500 
6 185 52 . 2 6 1 . 9 0  90000 
3 1 88 5 3 . 1 1  1 . 90 87696 
1 1 89 53. 39 1 . 87 86350 
5 1 9 11  54 . 80 1 .89 84000 
0 1 9 11 511 . 80 1 .86 82080 
4 198 55. 93 1 . 86 80000 
0 1 9 8 55. 93 1 . 83 79200 
2 200 5 6 . 5 0  1 . 8 2  78200 
0 200 56. 50 1 . 79 751100 
II 204 5 7 . 63 1 . 80 72100 
1 2 1 1  59.60 1 . 83 71 000 
2 2 1 3  6 0 . 1 7  1 . 82 70000 
2 2 1 5  6 0 . 73 1 . 8 1  68000 
0 2 1 5 6 0 . 73 1 . 7 9  66000 
1 2 16 6 1 . 02 1 . 77 64 880 
2 2 1 8  6 1 . 58 t.76 63250 
3 22 1 6 2 . /Il 1 . 76 62020 
1 222 6 2 . 7 1  1 . 711 60600 
0 2 22 62. 7 1  1 . 72 60000 
1 223 62 . 9 9  1 . 70 58 104 
6 229 611 . 6 9  1 . 73 562110 
3 232 65. 511 1 . 72 55000 
II 2 36 6 6 . 67 1 . 7 3  511000 
0 236 6 6 . 67 1 . 7 1  525110 
0 236 66.67 1 .69 5 1 3Z0 
2 238 67 . 23 " 1 . 68 500110 
1 239 67 . 5 1  1 . 67 49000 
1 2110 67 . 80 1 .6 5  118000 
1 2 11 1  68 . 08 1 .611 117100 
0 2111 6 8 . 0 8 1 . 62 46000 
3 21111 6 8 . 93 1 . 62 45000 
0 2411 6 8 . 93 1.60 1111000 
1 245 6 9 . 2 1  1 . 59 42650 
2 2117 6 9 .77 1 .59 '1 1 280 
2 2119 7 0 . 311 1 . 58 110000 
0 2119 70.311 1 . 56 40000 
2 251 70. 90 1 . 56 39060 
4 255 72. 03 1 . 57 37800 
1 256 72. 32 1 .56 37200 
II 260 7 3 . 11 5  1 . 5 6  36 1 6 0  
1 2 6 1  7 3 . 73 1 . 55 36000 
1 262 711 . 0 1 1 . 5 11  3111150 
2 264 711. 58 1 . 511 33600 
0 2 611 74 . 58 1 . 52 32500 
0 2 611 711.58 1 . 51 32000 
1 2 65 711 . 86 1 . 50 30800 

.. to 

( cont . )  

G P FO l  OAT 
uc 18 

MUS SAfCH IIC CUI LISS BarCH LISS BlfCH LlSS BUCS 
IDIFP nIL IrCH BreB Il:C I" ACC IICC l ac: IOIFP nIL 

2.82 0 . 5  0 158 27 7 . 63 1 7 11 . 80 2 . 82 1 . 5  
2. 511 0 . 5  1 159 29 8. 19 20 5.65 2 . 511 1 . 3  
3 . 1 1  0 . 6  1 160 30 8.117 19 5 . 37 3 . 1 1  1 . 6  
3 . 6 7 0 . 7  1 1 6 1 3 1  8. 76 18 5.08 3.67 1 . 9  
1 . 98 0 . 4  6 167 2 5  7 . 06 1 8  5.08 1 . 98 1 . 1  
2. 511 0.5 3 170 27 7 .63 18 5. 09 2. 5" 1 . 3  
2. 54 0 . 5  1 1 7 1  27 7 . 63 1 8  5. 08 2. 511 1 . 3  
1 . 1 3 0 . 2  3 1711 211 6 . 78 20 5.65 1 . 1 3 0 . 6  
1 . 98 0 . 4  2 176 25 7 . 0 6  1 8  5 . 08 1 . 98 1 . 1 
1 . 69 0 . 3  3 179 25 7. 06 1 9  5 . 3 1  1 . 69 0 . 9  
1 . 98 0 . 3  I) 119 26 7. 311 1 9  5 . 37 1 . 98 1 . 0  
1 . 6 9  0 . 3  1 180 26 7 . 34 20 5 . 65 1 . 6 9  0 . 9  
1 . 98 0.3 0 180 27 1.63 20 5 . 6 5  1 . 98 1 . 0  
0.85 0 . 1  2 182 2 5  7 . 06 22 6 . 2 1  0 . 85 0.11 

-0. 85 -0 . 1  II 186 22 6 . 2 1  2 5  7. 06 - 0 . 85 -0.11 
0.00 0.0 3 189 211 6 . 78 211 6.78 0 . 00 0 . 0  
1 . 1 3  0 . 2  2 19 1 2 8  7 . 9 1  211 6 . 78 1 . 1 3  0 . 6  
1 . 11 1  0 . 2  1 192 2 8  7 . 9 1  23 6. 50 1 . 11 1  0 . 7  
1 . 98 0 . 3  3 1 9 5  2 8  7 . 9 1  2 1  5. 93 1 . 98 1 . 0  
2.82 0 . 5  1 196 32 9 . 011 22 6 . 2 1  2 . 82 1 . 11  
2 . 2 6  0 . 11  3 199 30 8 . 117 22 6 . 2 1  2. 26 1 . 1  
2. 511 0 . 11  1 200 3 1  8 . 76 22 6. 2 1  2 . 511 1 . 2  
2 . 8 2  0.5 1 20 1 3 1  8 . 76 2 1  5.93 2 . 12 1 . 11 
3.39 0.6 2 2)3 3 2  9 . 011 2 0  5 . 65 3 . 39 1 .7 
3 . 1 1  0 . 5  9 2 1 2  2 8  7 . 9 1  1 7  11 . 80 3 . 1 1  1 . 6  
3. 1 1  0 . 5  3 2 1 5  2 8  7 . 9 1  17 4. 8 0  3. 1 1  1 . 6  
2 . 54 0 . 11  2 2 1 7  2 8  7 . 9 1  1 9  5 . 37 2 . 5' 1 . 3  
11 . 211 0 . 7  2 2 1 9  32 9 . 0 11 1 7  ' . 80 II . ZII 2. 1 
11.52 0 . 7  0 2 1 9  3 3  9 . 32 1 7  11 . 80 11 . 52 2.3 
4 . 2 11  0 . 7  1 220 33 9 . 3 2 1 8  5 . 08 11 . 211 2 . 1 
5 . 08 0 . 8 2 222 3 5  9 . 89 17 11 . 80 5.08 2. 5 
5 . 3 7  0 . 9  t 223 36 10. 17 1 7  4 . 80 5.37 2 . 6  
5 . 3 7  0 . 8  1 2211 36 100 1 7  1 7  4 . 80 5.37 2 . 6  
5. 6 5  0 . 9  :I .  221) 37 1 0 . 11 5  1 7  11 . 80 5 . 65 2.7 
5 . 08 0 . 8  2 226 3 6  1 0 . 1 7  18 5 . 08 5 . 0 8  2 . 11  
5 . 08 0.8 0 226 36 10. 17 18 5. 08 5 . 0 8  2 . 11  
5. 3 7  0 . 8  3 229 35 9. 89 1 6  4 . 52 5 . 37 2 .7 
11 . 80 0 . 8  1 230 ]II 9 . 6 0  1 7  4. 80 11 . 80 2 . 11  
5 . 08 0 . 8  2 232 3 5  9 . 89 1 7  4 . 80 5 . 08 2 . 5  
5 . 6 5  0 . 9  0 232 37 1 0 . 11 5  1 7  11 . 80 5.65 2 . 7  
5 . 6 5  0 . 9  2 2311 37 1 0 . 45 1 7  11 . 80 5 . 6 5  2 . 7  
11. 52 0 . 7  4 238 33 9 . 32 1 7  11 . 80 4 . 52 2 . 3  
11 . 80 0 . 7  3 2 11 1  l Z  9 . 011 1 5  11 . 211 11 . 80 2 . 5  
11 . 2 11  0 . 6  " 2115 30 8. 47 15 11. 211 11 . 24 2 . 2  
4 . 80 0 . 7  1 2 11 6  3 2  9 . 011 1 5  11 . 211 11 . 80 2 . 5  
11 . 8 0  0 . 7  1 2n 32 9. 01) 15 11 . 211 11. 80 2 . 5  
11 . 80 0 . 7  3 250 3 1  8 . 76 111 3. 95 11 . 80 2 . 5  
5 . 93 0 . 9  2 252 33 9 . 32 1 2  3 . 3 9  5. 93 3 . 1  
5. 93 0 . 9  0 252 33 9. 32 1 2  3 . 39 5 . 93 3. 1 
5 . 6 5  0 . 9  0 252 33 9.32 13 3 . 67 5 . 65 2 . 9  

.. It 
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TABLE C - 6 .  TSC ( COMPREHENS IVE ) VERSUS NEW HAMPSHI RE AUTOMATI C  GATES 

G P F I O OAT 
% '1'SC IIODEL Ii!ll BlIPSBIBB CT  '1'SC 18 

X i n g uc CUll POllE! HAZARD * lJiC CDI POVIB 1I1UID Ilrl BArCI IIC CDI tass BlrCI tBSS BlrCI LISS luel ICC .ICC S ACC FAC'1'! IIi DEI ICC flee I ICC PlCTI 18DBI IDIPP rnt 8'1'CII alC8 'I:C I ICC 'ICC " ICC IDIPr 'l'flL 

0 . 5 0  1 0  1 0  2. 82 5 . 65 -396' 7 7 1 . 98 3 . 95 1 272000 ' 0 . 8 5  0 . 7  6 6 " 1 . U 1 0 . 2 8  0 . 85 1 . 3  
1 . 00 5 1 5  ' . 2 '  4 . 24 -4745 7 1 4  3 . 95 3 . 95 939420 0.28 0.2 3 9 6 1 . 6 9  5 1 . 4 1  0 . 2 8  0.3 
1. SO 3 1 8  5 . 0 8  3 . 39 -5 1 73 5 19 5.37 3 . 58 8 19360 -0. 28 -0 . 2  2 1 1  7 1 . 98 8 2. 26 -0.28 ·0. 3 

2 . 00 1 0  2 8  7. 9 1  3 . 9 5  -5728 5 2 4  6 . 78 3 . 3 9  7Cl8000 1 . 1 3  0 . 6  2 U 1 5  4 . 2 '  1 1  3 . 1 1  1 . U 0 . 8  
2 . 5 0  1 4  4 2  1 1 . 8 6  4 . 75 -6079 3 27 7 . 6 3  3 . 05 677660 4. 24 1 . 8  Q 1 7  2 5  7.06 10 2 . 8 2  0. 2' 2 . 5  
3 . 00 2 44 1 2.43 4 . 1 4  -632' 8 35 9. 89 3 . 30 593400 2. 54 1 . 0  6 2 3  2 1  5 . 93 12 3 . 39 2 . 5' 1 . 6  
3. 51) 3 47 1 3 . 28 3 . 79 -6551 9 44 1 2 . 43 3. 55 540000 0 . 8 5  0 . 3  6 2 9  1 8  5 . 08 1 5  11. 2' 0 . 85 0.5 
11 . 0 0 3 50 1 4. 1 2  3 . 53 -6780 2 46 1 2 .99 3 . 2 5  1188400 1 . 1 3  0 . 11  0 29 2 1  5 . 9 3  1 7  0 . 80 1 . 1 3  0 . 6  
4 . 5 0 5 55 1 5. 54 3 . 45 -6982 3 1<19 1 3 . 8 4  3 . 08 45808 0  1 . 69 0 . 6  2 3 1  2 "  6 . 7 8  1 8  5 . 0 8  1 . 6 9  0.9 
5 . 1.)0 II 59 1 6 . 6 7  3 . 33 -7 1 81 0 49 1 3 . 84 2 . 77 425000 2. 82 1 . 0  3 3. 2 5  7.06 15 ". 24 2 . 8 2  1 . 6  
5 . 5 0  5 64 1 8. 08 3 . 29 -73 14 5 SO 1 5. 25 2 . 77 400320 2. 8 2  0 . 9  IS 40 20 6. 78 10 3. 95 2 . 82 1 . 6  
6 . 0 0 2 66 1 8 . 6 4  3. 1 1  -74 1 1  1 1  6 5  1 8 . 36 3 . 06 373800 0. 28 0 . 1  6 " 20 5.65 19 5 . 37 0 . 28 0.2 
6 . 5 0 2 68 1 9. 2 1  2 . 96 -7594 7 72 20. 3l1 3 . 1 3  350000 - 1 . 1 3  -0. 3  2 48 20 5. 6 5  28 6 . 78 - 1 . 1 3  -0.6 
7 . 0 0  4 72 20. 3 4  2 . 9 1  -7731 5 77 2 1 . 7 5  3. 1 1  3311400 - 1 . lI l  -0 . '  II 52 20 5. 65 25 7. 06 -1 . 0 1  -0.7 
7 . 5 0  7 79 22. 32 2 . 98 -7868 2 79 22. 3 2  2. 98 321 600 0. 00 0 . 0  Q 56 2 3  6. 5 0  2 3  6. 50 0 . 00 0.0 
8 . 00 II 83 23. 4 5  2 . 93 -8009 II 83 23. 4 5  2 . 93 308 1 00 0.00 0 . 0  2 5 8  2 5  7. 06 25 7. 06 0 . 00 O.D 
8 . 5 0  3 86 2 /i . 2 9  2 . 86 -81 38 6 89 2 5 . 111 2 . 96 2 97600 -0. 8 5  -0 . 2  II 6 2  2 '  6 . 78 27 7. 63 -0.85 -0.11 
9. 00 3 89 25. 1 4  2. 79 -8280 1 90 25 . 112 2 . 82 285200 -0.28 -0. 1 0 " 2 3  6 . 50 211 6. 7 8  -0 .28 -0. 1 
9 . 5 0 5 94 26. 5 5  2 . 80 -838 1  4 911 26.55 2 . 80 270 100 0.00 0 . 0  5 7 1  2 3  6 . 50 2 3  6. 50 0 . 00 0.0 n 1 0 . 00 1 95 26. 8 4  2 . 68 -8506 2 96 27. 1 2  2. 7 1  261 000 -0. 2 8  -0. 1  1 7 2  2 3  6. 50 211 6 . 7 8  -0 . 28 -0. 1 I 

10. 50 1 96 27. 1 2  2 . 58 -86 01 0 96 27 . 12 2. 58 2541100 0.00 0 . 0  0 7 2  2 4  6 . 78 2 • 6 . 7 8  0 . 00 0.0 .... 
1 1 . 0 0 2 98 27.68 2 . 52 -8676 0 96 27 . 1 2 2 . 117 2"'400 0.56 0 . 1 1 73 2 5  7 . 06 23 6.50 0 . 56 0.3 -....J 
1 1 . 50 6 104 29. 3 8  2 . 55 -8778 .. 1 00 28. 25 2 . 46 237000 1 . 1 3  0 . 3  6 79 2 5  7 . 06 2 1  5. 93 1 . 1 3 0.' 
1 2 . 0 0 2 106 29. 9 4  2 . 50 -8860 0 1 0 11  29.38 2.115 228600 0.56 0. 1 2 8 1  25 7 . 06 23 6. 50 0 . 56 0.3 
1 2 . 50 3 1 0 9 30.79 2 . 46 -89112 7 1 1 1  3 1 .36 2.51 220000 -0. 5 6  -0. 1 1 82 27 7.63 2 9  8. 1 !iI  ·0. 56 -0.3 
1 3 . 0 0  3 1 1 2  3 1 . 6 4 2 . 43 -8998 2 1 13 3 1 . 92 2 . 86 210000 -0. 28 -0. 1 , 86 26 7. 30 27 7 . 63 -0.28 -0 . 1  
1 3 . 50 2 1 1 8  3 2 . 20 2. 39 -9076 0 1 1 3  3 1 . 92 2 . 36 202800 0. 2 8  0 . 1  2 8 8  26 7. 3 4  25 7.06 0 . 2 8  0 . 1  
1 4 . 00 5 1 1 9 33.62 2 . 4 0  -9 1 20 2 1 15 3 2 . f19 2 . 3 2  1 971 85 1 . 1 3 0 . 3  3 9 1  2 8  7 . 9 1  28 6 . 7 8  1 . 1 3  0.6 
l /i . 50 2 1 2 1 34. 1 8  2 . 3 6  -9228 2 1 17 33.05 2 . 28 1 901100 1 . 1 3  0 . 3  2 91 2 8  7 . 9 1  20 6.78 1 . 13 0.6 
' 5. 1) 0  7 1 28 36. 1 6  2 . 11 1  -93 18 5 1 22 3 11 . 86 2 . 30 1 83720 1 . 6 9  0 . 4  Ii 99 29 8. 1 9  23 6. 50 1 . 69 0. 8 
1 5. 50 1 129 36. 44 2 . 3 5  -9 3 79 3 1 25 35. 3 1  2 . 28 173600 1 . 1 3  0 . 3  3 102 27 7 . 63 23 6. 50 1 . 1 3 0 . 6  
16.00 1 1 3 0  36.72 2 . 30 -9426 2 1 21 3 5. 8 8  2. 211 1 70000 0. 85 0 . 2  0 102 28 7 . 9 1  2 5  7. 06 0 . 85 o.t 
1 6 . 50 3 1 33 3 7 . 57 2 . 28 -9471 2 '29 3 6 . 8,. 2 . 2 1  1 68000 1 . 1 3  0 . 2  1 103 30 8 . 111 26 1. n 1 . 1 3  0.5 
1 7 . 00 3 136 38. 11 2  2. 26 -9556 3 1 32 3 7 . 2 9  2 . 19 1 6 1 500 1. 1 3  0 . 2  2 1 0 5  3 1  8.76 27 7. 6l 1 . 1 3 0.5 
17. 50 6 142 4 0. 1 1  2 . 29 -96 ' 0  4 1 3 6  3 8 . 4 2  2 . 20 1 55800 1 . 69 0 . 4  5 1 1 0  3 2  9. 0t 26 1. 311 1 . 69 0. 1 
18 .00 3 1 4 5  40.96 2 . 28 -9690 3 139 39. 27 2 . 1 8  1 50000 1 . 6 9  0 . 4  5 1 15 3 0  8 . 117 21,1 6. 7 8  1 . 69 0 . 8  
18 . 50 6 1 5 1  42. 6 6  2 . 3 1  -9763 2 1 0 1  3 9 . 83 2 . 1 5  ' '''lIOO 2.82 0 . 6  5 1 20 3 1  8. 76 2 1  5. 9 3  2 . 82 1 .t 
1 9 . 00 5 156 4/1.07 2.32 -9865 0 1 4 1  3 9 . 83 2. 1 0  1 1111000 CI.211 0 . 9  2 122 3 4  9 . 60 1 9  5 . 3 7  ' . 2' 2. 1 
1 9 . 50 0 156 1,111. 07 2 . 26 -9926 6 ' ''' lI l . 53 2. 13 139950 2. 5l1 0 . 5  . 1 1 2 3  3 3  9 . 32 24 6 .78 2 . 54 1 .2 
2/).1)0 5 16 1 /i5. 4 8  2 . 2 7 -9982 II 1 51 42 . 66 2. 13 1 35000 2 . 82 0 . 6  5 1 28 33 9 . 32 23 6. 50 2. 82 1 . 3  
20 . 50 2 1 6 3  46.05 2 . 25 - ' 003,. 1 1 52 /i2 . 911 2 . 09 1 3 1 8 1 0  3. 1 1  0 . 6  3 1 3 1  3 2  9 . 0 4  2 1  5. 93 3 . 1 1  1 . 5  
2 1 . 0 0 2 1 6 5  1,1 6 . 6 1  2 . 22 - 1 0080 2 1 511 fIl . 50 2 . 0 7  1 21 500 3. 1 1  0 . 6  1 1 3 2  3 l  9 . 32 22 6 . 2 1  3 . 1 1  1 . 5  
21 . 50 7 1 72 4 8 . 5 9  2 . 26 - 10 1 29 1,1 1 5 8  8/i . 63 2 . 08 1 23760 3 . 9 5  0 . 8  6 138 311 9 . 6 0 20 5. 65 3 . 95 1 . 9  
22 . 0 0  3 1 7 5  /i9. "" 2 . 25 - 10 1 61 1 1 59 811 . 92 2 .0ll 1 20000 4 . 5 2  0 . 9  2 1110 3 5  9 . 89 1 9  5.37 4 .52 2.2 
22. 50 2 1 77 5 0 . 0 0  2 . 22 - 102 11 1 1 60 lI 5 . 20 2 . 0 1  1 18 500 ' . 80 0.9 3 lU 3 4  9 . 6 0 17 4 . 80 '. 10 2.' 
23.00 4 1 8 1  5 1 . 1 3  2 . 22 - 10 283 5 1 65 fI6 . 6 1  2 . 0 3  1 14 501,1 11 . 5 2  0 . 9  5 " ' 8  3 l  9. 32 1 7  t . 80 t . 52 2.3 
23. 50 3 1 811 5 1 . 9 8  2 . 2 1  - 10321 2 1 67 117 . 18 2 . 0 1 1 1 1 650 ' . 80 0 . 9  3 1 5 1  3 3  9. 32 1 6  ' . 52 1,1 . 80 2 . 11  
2 /i . 0 0  1 1 8 5  52. 26 2 . 1 8  - 1 0395 2 ' '' '''. 7fI  1 .99 1 08 1 20 '. 52 0 . 9  2 153- 32 9.0ll '6 11. 52 t . 52 2.3 
211. 50 5 190 5 3 . 6 7  2 . 1 9  - 10U9 3 1 72 11 8 . 5 9  1 .98 105000 5. 08 0 . 9  2 1 5 5  3 5  9 . 89 17 11.80 5 . 08 2 . 5  
25. 00 1 1 9 '  53 . 95 2 . 1 6  - 10"'5 0 1 12 111. 5 9  1 . 94 1021100 5.37 1 . 0 0 1 5 5  3 6  10. 17 17 0 . 80 5.37 2.6 

'* See  L EGEND , Section C . 3 . 



TABLE C - 6  ( cont . )  
G P F IO OAT 

% rsc IIODEL IBIf BlIIPSSIaE 
C T  

tsc II 

X i n g I llc ClIlS POlfER B U l an « IBC COli POVER SAURD II UR IltCS IlIC COl LESS KllCI L ISS Illes LlSS luea 

lce . lCC � lec Plcra IBDEX lec ' l CC I Ace PlctR 11 OBI IDIPP TYlI. Ir:::s Brca .l:::C I lCC 'lCC I IC::: IDIP' nIL 

25. 50 3 1 911 5 11 . 8 0  2. 1 5  - 1 05111 3 1 75 11 9 . 1111 1 . 911 100000 5. 37 1 . 0 0 1 5 5  J 9  1 1 . 02 20 5 . 65 5 . 37 2 . 5  

26.1'0 J 1 9 7 55.65 2. 111 -10 5711 II 179 50 . 56 1 . 911 980n 5. 08 0 . 9  3 1 5 8  J9 1 1 . 02 2 1  5. 93 5 . 08 2 . 3  

26. 50 0 1 97 5 5 . 6 5  2 . 1 0  - 10 6113 0 1 79 50 . 56 1 . 9 1  96000 5 . 08 0 . 9  0 1 5 8  1 9  1 1 . 02 2 1  5. 93 5 . 08 2.3 

27 . 00 2 1 99 5 6. 2 1  2 . 08 - 1 06 87 0 1 79 50.56 1 . 87 93500 5 . 6 5  1 . 0 0 158 '" 1 1 . 58 2 1  5. 93 5 . 65 2 . 5  

27. 5 0  2 20 1 56.78 2 . 06 - 1 0738 6 1 8 5  5 2 . 2 6  1 . 90 90000 11 . 5 2  0 . 8  5 163 38 10 . 73 22 6 . 2 1  0 .5 2  2. 1 

28. 0 0  1 202 57. 06 2.011 - 10786 3 1 88 53. 1 1  1 .90 87696 3 . 95 0 . 7  2 ' 6 5  3 7 - 1 0 . 05 23 6 . 50 3.95 1 . 8  

2 8 . 5 0  3 205 5 7 . 9 1  2 . 03 - 109115 1 1 89 53 . 3 9  ' . 87 86350 0. 52 0 . 8  2 167 3 8  10 . 73 22 6. 2' 11 . 5 2  2 .  , 
29 . 0 0  1 206 58. 1 9  2 . 0 1  - 10877 5 1 94 511 . 80 1 .89 811000 3 . 3 9  0 . 6  If 1 7 1  3 5  9 . 89 23 6 . 50 3 . n  1 .6 

29 . 50 J 20 9  59 . 0 11  2 . 00 - 1 0898 0 1 94 511 . 80 1 . 86 82080 4 . 2 11  0 . 7  1 172 37 10.05 22 6 . 2 1  0 . 21f 2 . 0  

30. 0 0  6 2 1 5  60 . 73 2 . 02 - 1 0 9 411 II 1 98 5 5 . 93 1 . 86 80000 11. 80 0.8 · 0  '72 113 12. 1 5  2 6  7. 315 •• 80 2 . 0  

3 0 . 5 0  0 2 1 5  6 0 . 73 1 .99 - 1 0986 0 1 98 5 5 . 93 1 . 83 79200 4 . 80 0.8 0 172 III 1 2 . 1 5  26 7 . n  If.80 2.0 

3 1 . 00 6 22 1 62. 113 2 . 0 1  - 1 1 0 118 2 200 56. 5 0  1 . 82 78200 5 . 93 1 . 0  3 1 7 5  116 1 2 . 9 9  25 7 . 06 5 . 93 2 . 5  

3 1 . 50 2 223 62. 9 9  2 . 00 - 1 1 0 87 0 200 56. 50 1 . 79 751100 6 . 5 0  1 . 1 1 176 . ,  13.28 21f 6 . 78 6. 50 2 . 7  

32. 00 1 2211 6 3 . 2 8  1 . 98 - 1 1 1 311 4 2011 5 7. 63 1 . 80 72100 5 . 6 5  1 . 0  , 177 117 13. 28 27 7.63 5.65 2 . 3  

32 . 50 2 226 6 3 . 811 1 . 96 - 1 1 1 811 7 2 1 1  5 9 . 6 0  1 . 83 7 1 000 ". 2 11  0 . 7  8 185 " ,  1 1 . 58 26 7.3" 1S . 20 1 . 8  

3 3 . 0 0  2 228 6 11 . 11 1  1 . 95 - 1 1 2 110 2 2 1 3  60. 1 7  1 . 82 70000 11 . 2 0  0 . 7  2 187 111 1 1 . 58 26 7 . 3' 11 . 20 1 . 8  

33 . 5 0  4 232 6 5 . 511 1 . 96 - 11 296 2 2 1 5  60. 73 1 . 8 1  68000 11 . 80 0 . 8  0 187 liS 1 2 . 7 1  2 8  7. 9 1  It.  80 2 . 0  

3 11 . 0 0  1 233 65. 8 2  1 . 911 - 1 13 23 0 2 1 5  6 0 . 73 1 . 79 66 000 5 . 08 0 . 9  0 187 " 1 2 . 99 28 7. 9 1  5 . 0 8  2 . 1  

3;. 50 2 235 66.38 1 . 92 - 1 1 3 67 1 2 1 6  6 1 . 02 1 . 77 611880 5.37 0.9 3 190 liS 1 2 . 7 1  26 7. n 5.37 2.3 

(') 35. 0 0  3 238 6 7 . 23 1 . 92 - 1 1 " 23 2 2 1 8  6 1 . 58 1 . 76 63250 5 . 6 5  0 . 9  2 192 "6 1 2 . 99 26 7.30 5.65 2 . 0  

35. 5 0  2 240 6 7 . 8 0  1 . 9 1  - 1 ' '' 60 3 2 2 1  6 2 . 113 1 . 76 62020 5 . 3 7  0 . 9  , 1 9 6  "" 1 2. "3 25 7. 06 5. 37 2 . 3  I 
36 . 0 0  0 2 110 6 7 . 8 0  1 . 88 - 1 1 " 99 1 222 62. 7 1  1 . 7" 60600 5. 08 0. 8 0 1 96 "" 12. "3 26 7. n 5 . 08 2 . 2  ...... 

00 36 . 50 1 2'" 6 8 . 0 8  1 . 87 - 1 1 553 0 222 62. 71 1 . 72 60000 5 . 3 7  0 . 9  1 1 9 7  I" 12. U 25 7.06 5.37 2 . 3  

37. 0 0  1 2112 68.36 1 . 85 - 1 1 5 96 1 223 62 . 9 9  1 .7 0  581011 5.37 0.9 0 197 os 12. 7 1  26 7.30 5 . 37 2 . 3  

37. 5 0  1 2 113 68. 64 1 . 83 - l 1 ti1l 7  6 229 6" . 6 9  1 .73 562110 3. 95 0 . 6  7 204 39 1 1 . 02 25 7. 06 3 . 9 5  ' . 8  

3 9 . 0 0  1 2 44 6 8 . 9 3  1 . 8 1  - 1 1 672 3 232 6 5 . 511 1 . 72 55000 3.39 0.6 2 206 l8 10.73 26 7.n 3. 39 1 . 5  

3 9 . 5 0  0 2411 6 8 . 9 3  1 . 79 - 1 1 6 87 II 2 36 66.67 1 . 73 54000 2 . 2 6  D . ' 2 20 8 36 10 . 1 7 28 7 . 9 1  2 . 26 1 . 0  

39 . 0 0 I 2115 6 9 . 2 1  1 . 77 - 1 1 725 0 236 66.67 1 . 7 1  52 500 2.5' D . '  0 208 37 1 0 . ' 5  2 8  7. 9 1  2 . 50 1 . 1  

3 9 . 5 0  3 24 8 70.06 1 . 77 - 1 1771 0 236 66.67 1 . 69 5 1 320 3 . 3 9  0 . 5  1 209 39 1 1 . 02 27 7 . 63 3.lt 1 . 5  

40.00 0 2118 70 . 06 1 . 75 - 1 1 7 93 2 2 3 8  67.23 1 . 6 8  50040 2. 82 0 . 5  1 2 "0 38 10 . 73 2 8  7. 91 2 . 82 1 . 2  

"0.50 1 249 70.34 1 . 711 - 1 1 8 23 1 239 6 7. 5 1  1 . 6 7  "9000 2. 8 2  0 . 5  .2 2 1 2  3 7  1 0 . "5 27 7.63 2 . 82 1 . 3  

4 1 . 1!0 I 250 70.62 1 . 72 · 1 1 863 1 240 6 7 . 8 0  1 . 6 5  118000 2. 82 0.5 1 2 1 3  37 10.05 27 7 . 6 3  2 . 82 1 . 3  

11 1 . 50 0 250 70. 6 2  1 . 70 - 1 1 908 1 2'" 68.08 1 . 60 117 100 2. 5" D . "  1 2 1 11  3 6  10. 1 7  2 7  7 . 6 3  2 . 50 1 . 1  

112.00 0 2 5 0  70.62 1 . 68 - 1 1 93 9  0 211 1 68. 08 1 . 62 "6000 2. 5 "  0 . "  0 2 1 "  3 6  10. 17 27 7.63 2 . 54 1 . 1  

42. 5 0  1 25 1 70 . 9 0  1 . 67 - 1 1 969 3 211" 6 8 . 93 ' . 62 "5000 1 . 9 8  0 . 3  1 2 1 5  1 6  10. 1 7  2 9  8 . 1 9  1 . 98 0 . 9  

11 3 . 0 0  1 2 52 7 1 . 1 9  1 . 66 - 12GOO 0 2 " "  6 8 . 93 1 . 60 l1li000 2 . 2 6  0. 11 :» 2 1 5  3 7  1 0 . 11 5  2 9  8. 19 2. 26 1 . 0  

43. 5 0  1 253 7 1 . 11 7  1 .611 - 120116 1 2 11 5  6 9. 2 1  1 . 59 "2650 2 . 2 6  0 . 11  1 2 1 6  3 7  10.115 29 8. 19 2 . 26 1 . 0  

114. 00 1 254 7 1 . 7 5  1 . 63 - 1 2077 2 247 6 9 . 77 1 . 59 4 1 280 1 . 9 8  0 . 3  2 2 1 8  3 6  10. 1 7  2 9  8 . 1 9  1 . 9 8  0. 9 

1111. 50 0 25" 7 1 . 75 1 . 6 1  - 1 2 1 20 2 249 7 0 . 311 1 . 58 "0000 1 .  1ft 0 . 2  0 2 1 8  - 36 1 0 . 17 3 1  8.76 1 . 0 1  0.6 

" 5 . 00 0 25" 7 1 . 7 5 1 . 59 - 12 1 112 0 2119 70 . 3 4 1 . 56 110000 I . "  1 0 . 2  0 2 1 8  3 6  1 0 . 1 7  3 1  8. 76 1 . " 0 .6 

"5. 5 0  0 254 7 1 . 75 1 . 58 - 12 1 8 1 2 25 1 70.90 1 . 56 39060 0.85 0 . 1 1 2 1 9  3 5  9 . 89 32 9 . 011 0 . 85 0 . '  

46.0/) 1 2 5 5  72 . 03 1 . 57 - 12 2 20 4 2 55 7 2 . 03 1 . 57 37800 0.00 0. 0 2 22 1 JII 9.60 34 9 . 6 0  0 . 00 0.0 

" 6 . 50 5 260 7 3 . 4 5  1 . 58 - 1 2261 1 256 7 2 . 32 1 . 56 37200 1 . 1 3  0 . 2  0 225 35 9 . 89 3 1  8 . 76 1 . 1 3  0 . 5  

"7. 00 2 262 711 . 0 1  1 . 57 - 12306 II 260 73."5 1 . 5 6  36 1 6 0  0.56 0. 1 3 228 3 "  9 . 60 32 9. 0" 0.56 0 . 2  

4 7 . 5 0  1 263 711 . 2 9 1 . 56 - '2339 1 2 6 1  7 3 . 73 1 . 5 5  36000 0 . 5 6  0. 1 1 229 34 9 . 60 32 9 . 011 0.56 0.2 

48.00 I 264 74 . 5 8  1 . 55 - 1 2 3 8" 1 262 7" . 0 1  1 . 5 0  3""50 0.56 0 . 1  1 210 34 9 . 60 32 9 . 0 11  0. 56 0. 2 

48.50 I 2 65 711 . 86 1 . 54 - 1 2 4 17 2 2 611 711 . 58 1 . 511 33600 0 . 2 8  0 . 0  2 232 33 9 . l2 32 9. 011 0 . 2 8  0 . 1  

49 . 0 0 1 266 75. 1 4  1 . 53 - 124 68 0 2611 74 . 58 1 . 52 32 5 0 0  0 . 5 6  0 . 1 1 233 13 9. l2 3 1  8. 76 0 . 56 0.3 

49. 50 2 268 7 5 . 7 1  1 . 53 - 12502 0 2611 711 . 58 1 . 5 1  32000 ' . 1 3  0 . 2  2 235 33 9. 32 29 8 . 1 9  1 . 1 3  0 . 5  

50. 00 2 270 76. 27 1 . 53 - 12 5 "8 1 2 6 5  711 . 86 1 . 50 30800 1 . 0 1  0 . 2  2 237 33 9 . 32 2 8  7 . 9 1  1 . "  0 . 6  

* See LEGEND , Section C . 3 .  
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TABLE C - 7 � S PEC I AL EOC AND POWER FACTORS FOR NEW HAMPSHI RE - -
F LASH ING L I GHTS CASE FULL DATA BASE 

% C T  L N L N  OAT 
X i n g IACC S Ace HU IND pp --. 65 .-. 70 --. 75 --.80 LOGLOC L02J.OCJ DIJ.J.II bEJ.U DIJ.Ta 7-1f! 

0 . 5 0  1 20 4 . 53 4 64000 9 . 06 0. 75 0. 69 0 . 63 0 . 5 8  0.790 1 . 667 0. 000 0. 000 0 . 000 0 . 000 
1 . 04) l t1 3  6 . 9 1  332"00 6 . 9 1 0. 72 0. 6 6  0 . 6 1  0 . 51 0 . 659 1. 527 0. 1 3 1  0 . 1 40 0. 937 0. 000 
1 . 50 233 8 . 7 9  267820 5 . 86 0 . 70 0 . 65 0 . 60 0 . 56 0 . 570 1. 035 0. 089 0 . 092 0 . 962 0 . 3 0 0  
2 . 00 292 1 1 . 02 230400 5 . 5 1  0 . 70 0 . 6 6  0 . 6 1  0 .57 0 . 530 1. 364 0. 036 0 . 07 1 0 . 503 0.000 
2. 51) 3 4 7  1 3 . (; 9  2 05200 5 . 20 0. 7 1 0.66 0 . 62 0 . 58 0 . 5011 1 . 3 05 0 . 030 0 . 059 0 . 5 12 0 . 71111 
3 . 01) 3 � 2  1 4 . 7 9  1 8 1 30 0  11 . 9 3 0 . 7 1  0. 66 0 . 62 0 . 5 8 0 . 11 6 7  1 . 255 0. 037 0 . 05 1  0 . 733 0 . 7 1 5  
3 . 50 4 3 8  ·16 . 5 3  1 6 5600 11. 7 2 0. 7 1 0.67 0 .63 0 . 5 9  0. 1100 1. 2 10 0 . 027 0 . 0115 0. 6 10 0 . 663 
11 . 00 4 7 2  1 7 . 8 1  1 526 8 8  4 . 45 0. 70 0 . 6 6  0 . 62 0. 5 9  0 .110 1  1. 1 69 0. 039 o . OU 0 . 950 0. 1i07 
4. 50 5 1 0 1 9 . 2 5  1 (0 11 81) 11 . 28 0 . 70 0. 66 0 . 62 0 . 5 9  0. 370 1 . 1 32 l . D27 0 . 037 0. 735 0. 609 
5 . 00 5 5 0  20 . 7 5  1 29540 4 . 1 5  0 . 70 0.66 0 . 63 0 . 5 9  0 . 353 1 . 097 0. 021 0 . 035 0.601 0 .591 
5 . 50 602 22. 72 1 2 1 20 0  4 . 1 3 0. 7 1 0. 6 7  0 . 64  0 . 6 1  0.350 1 . 065 0 . 003 0. 032 0. 1 08 0 . 589 
6. 0C 6112 24 . 2 3  1 1 '1520 4 . 0 11  0 . 7 1 0. 6 8  0.64 0 . 6 1  0 . 333 1 . 030 0 . 0 16 0. 030 0 . 529 0. 502 
6 . 54) 6 7 9 25. 62 1 08000 3 . 9 4  0 . 7 1  0 . 6 8  0 . 65 0 . 6 1  0 . 3 1 6  1 . 006 ) . 0 1 7  0 . 029 0 . 60 1  0 . 5 1 7  
7 . 00 7 1 5  2 6 . 98 1 0 1 50 0  3 . 8 5  0. 7 1  0 . 6 8  0 . 65 0 . 62 0. 300 0. 978 0 . 0 16 0. 027 0. 600 0 . 5" 
7. 51) 757 28. 5 7  96000 3 . 8 1  0 . 7 2  0. 69 0 .�5 0 . 6 2  0 . 29 1  0. 952 0 . 009 0. 026 0. 337 0 . 64' 
8. 00 785 29 . 62 9 1 040 3 . 7 0  0 . 72 0 . 6 8  0 .65 0 . 62 0 . 269 0. 927 0 . 021 0. 0 25 0. 845 0.687 
8. 51) 8 1 3  3 0 . 6 8  86560 3 . 6 1 0 . 71 0 . 6 8  0 . 6 5  0 . 62 0. 250 0. 902 0. 020 0 . 02/1 0 . 8 12 0 . 7 16 

n 9 . 0 0 84 1 3 1 . 7 4  82500 3. 53 0. 71 0 . 6 8  0.65 0 . 6 2  0.231 0. 879 0 . 0 18 0 . 023 0 . 78 1  0 . 760 
9 . 50 867 32 . 7 2  792 0 0  3. 4 4  0. 7 1 0 . 6 8  0 . 65 0.62 0 . 2 1 2  0. 856 0 . 0 19 0 . 02l 0 . 833 0 .8 1 3 • 

10. eo 8S3 3 3 . 7 0  75400 3 . 3 7 0 . 7 1  0. 6 8  0 . 65 0 . 62 0 . 195 O. UII 3 . 01 8  0 . 022 0 . 805 0 . 73' ..... 
1 0. SO 9 1 6  3 4 . 57 72000 3 . 29 0. 70 0 . 67 0 . 65 0 . 62 0 . 1 75 0. 8 13 0 . 0 19 0 . 021 0 . 907 0."5 U) 
1 1 . 0 0 943 3 5 . 5 8  6974 9 3 . 2 3  0. 70 0. 67 0 . 65 0 . 62 0. 160 0. 792 0 . 0 1 5  0. 02 1  0. 708 0 . 70' 
1 1 .  SO 979 3 6 . 94 66/150 3 . 2 1  0 . 7 1 0 . 6 8  0 . 65 0 . 63 0 . 1 5 0  0 . 77 1 l . 006 0. 020 0 . 29l 0.751 
1 2 . 00 1 00 1  37 .7 7 611000 3 . 1 5  0 . 70 0 . 68 0 .�5 0 . 6l 0. 137 0. 752 ) . 0 1 8  0 . 020 0 . 885 0 . 711 7  
12. 50 1 02 5 3 �. 6 8  6 1 1 8 0  3 . 09 0.70 0.68 0 . 65 0 . 63 0 . 1 22 0. 732 0 . 0 1 5  0 . 0 1 9  0.770 0.726 
13. 00 1 0 4 6  3 9 . 4 7  60000 3 . 0 4  0 . 70 0. 67 0 . 65 0 . 63 0 . 1 05 0 . 7 1 3  0 . 0 1 7  0 . 0 1 9  0. 888 0.7 1 0  
13. 50 l e 6 9  40 . 3 0 5696 8 2 . 99 0 . 70 0 . 67 0 . 65 0 . 63 0 . 090 0. 694 ' . 0 1 5  0. 0 1 9  0 . 777 0 .785 
1 4 . 00 1 0 9 2  4 1 . 2 1 5 4 8 8 0  2 . 90 0. 70 0 . 67 0.65 0 . 63 0. 077 0. 676 0 . 0 1 11  0 . 0 1 8  0 . 757 0.731 
1 4 .  SO 1 1 1 8 /12. 1 9  52800 2. 9 1 0. 70 0.67 0 .65 0 . 6 3  0. 066 0.658 0 . 0 1 1  0. 0 1 8  0 . 598 0.773 
15. 0(1 1 1 39 42 . 9 8  506 56 2 . 87 0 . 69 0 . 67 0 .65 0 . 6 3  0 . 0 5 1  0. 6110 0 . 0 1 11  0 . 0 1 8  0. 8 10 0 .797 
1 5 . 50 1 1 6 6 114 . 0 0 49200 2. 8 4  0. 70 0 . 67 0 . 65 0 . 6 3 0. 042 0. 623 0. 009 0 . 0 17 0 . 5 1 2  0 . 695 
16. 00 1 1 8 1 /14 . 5 7  48000 2 . 7 9  0 . 6 9  0.67 0 . 65 0 . 6 3  0 . 020 0. 606 0 . 0 1 8  0 . 0 1 7  1 . 068 0.629 
1 6 . 50 1 1 !o 6  11 5 . 1 3  /16(100 2 . 74 0 . 69 0.67 0 .65 0 . 63 0.006 ' . 589 ' . 0 1 8  0 . 0 17 1 . 056 0. 703 
17. 00 1 2 3 1 /16 . 11 5  40800 2 . 7 3  0 . 69 0.67 0 . 65 0 . 611 0 . 005 0. 572 0 . 00 1  0 . 0 1 7  0. 060 0 .611' 
17. 5 0  1 2 " 8  4 7 . 09 4 3050 2. 6 9  0.69 0.67 0 .65 0 . 6 3  0. 0 1 0  0. 556 0 . 005 0 . 0 1 6  0 . 2 96 0.7011 
1 8 . UO 1 2 6 1  47. 5 8  4 1 720 2 . 611 0 . 68 0. 67 0 . 65 0 . 6 3  0. 028 0. 5 39 0 . 0 1 8  0. 0 1 6  1 . 1 111 0.6811 
li1. 50 1 2 88 4 8 . 6 0  40 1 70 2 . 6 3  0 . 69 0.67 0 . 65 0 . 6/1 0.035 0. 523 0 . 006 0 . 0 1 6  0. 398 0 .627 
1 9 . 00 1 3 0/1 " 9 . 2 1  39520 2 . 59 0. 6 8  0 . 67 0.65 0 . 6 3  0 . 050 0. 507 0. 0 15 0 . 0 16 0. 938 0 . 695 
19. 51) 1 3 20 4 9. 8 1  3 811 0 0 2.5 5  0.68 0.66 0 . 65 0 . 6 3  0. 06/1 0. /1" 0 . 0 1 5  0. 0 1 6  0 . 925 0.787 
20. 00 1 3 4 1  5 0 . 6 0  3 7 1 2 5  2. 53 0 . 68 0.67 0 . 65 o . n  0 . 074 0. 1176 0 . 0 1 0  0 . 0 1 6  0. 655 0 . 7 1 5  
20. 50 1 3 6 4  5 1 . 4 7  36000 2 . 5 1 0. &8 0 . 6 7  0 .65 0 . 6 0  0 . 083 0. 060 0 . 008 0 . 0 1 5  0 . 538 0 . 722 
2 1 .  C O  1 3 7 9  52 . 04 35000 2 . 0 8  0.68 0 . 66 0 .65 0 .6 4  0 . 097 0. 1105 0 . 0 1 0  0 . 0 1 5  0 . 940 0 . 7 1 7  
2 1 . 50 1 4 0 0  52 . 83 311000 2 . 46 0 . 68 0.67 0.65 3 . 611 0. 1 06 0. 030 ' . 009 0 . 0 1 5  0 . 6 13 0 . 728 
22. 0 0  1 4 2 4  5 3 . 7 11  33000 2 . 44 0 . 68 0.67 0 . 65 0 . 611 0 . 1 13 0. 0 1 5  0. 007 0 . 0 1 5  0. II4� 0 .669 
22. 5 0  1 4 3 9  5 4 . 3 0  32000 2. 11 1  0. 68 0. 67 0 . 65 0 . 64 0. 1 27 0. 400 0 . 0 1 11  0. 0 1 5  0. 90' 0.770 
23. G O  1 4 5 2  5 /1 . 7 9  3 100 0 2 . 38 0 . 68 0 . 66 0 .65 0 . 64 0. 1 11 1  0. 385 0 . 0 1 5  0 . 0 1 5  1 . 000 0 .7113 
23. 5 0 1 4 7 9  5 5. 8 1  30000 2 . 3 7  0 . 68 0.67 0 . 66 0 . 611 0. 105 0 . 3 70 0 . 000 0 . 0 1 5  0. 241 0 . 769 
211. 00 1 4 8 7  5 6 . 1 1  296 1 0  2.30 0. 67 0.66 0.65 0.64 0. 163 0. l56 0 . 01 8  0. 0 1 5  1 . 207 0. 802 
24. 50 1 50 4  56 . 75 28740 2 . 32 0. 67 0 . 66 0.65 0 . 6 0  0. 1 70 0. 34 1 0. 0 1 1  0. O t 5  0 . 753 0.800 
25. 0 0  1 520 57 . 3 6  28000 2.29 0 . 67 0 . 66 0 .65 0 . 611 0 . 1 86 0 . 327 0 . 0 1 2  0 . 0 1 0  0. 796 0 . 726 

* See Sub s e c t ion  4 . 1 . 5 .  



% C T  
X i n g nee I lee BIZ IBD pp 

25. 50 1 5 3 tl  58.04 27000 2.28 
26. 0 0  1 5 5 2  5 8 . 5 7  2625 0 2 . 2 5  
26 . 50 1 5 7 3  59 . 3 6  25500 2 . 2 11  
27. 01) ' 5 87 5 9 . 8 9  211800 2 . 2 2  
V . 50 ' 6 0 11  60. 53 24000 2. 2 0  
28. 00 1 6 04 60. 53 23800 2 . 1 6  
28. S O  ' 6 2 2  6 ' . 2 '  23000 2. ' 5  
29. 00 1 63 1 6 1 . 5 5 22400 2 . ' 2  
29 . 5 0 1 6 4 6  6 2 . 1 1  2 1 800 2 . 1 1  
3:1. 00 ' 6 6 3  62 .75 2 1 1 6 8  2 . 09 
30. SO ' 6 7 4  63 . 1 7  20800 2 . 0 7  
3 1 . 00 1 68 5 63 . 58 2 0070 2 . 05 
3 1 . 50 1 6 94 6 3. 9 2 20000 2 . 03 
32. 00 1 7 0 4  64.3 0 1 9 500 2 . 0 1  
32 . 5 0 1 7 1 6 6 4 . 75 1 89 8 6  1 . 9 9  
33. 00 1 73 6  6 5. 5 1  1 84 0 0  1 . 99 
33. 50 1 7 53 66. 1 5  1 80eo 1 . 97 
311. 00 1 75 7  6 6 . 30 1 77 9 0  1 . 9 5  
34. 50 1 77 0  6 6 . 7 9  . 1 7 200 1 . 911 
35. 00 1 7 8 5  67 . 3 6 16800 1 . 9 2  
35. 51} 1 797 67 . 8 1  1 63 1 6  1 . 9 1  

n 3 6 . 00 1 8 1 2  68. 38 1 6000 1 . 9 0  
t 36. 5(, 1 8 2 3  68.79 1 5600 1 . 88 

N 3 7 . 0 0  1 83 0 69. 06 1 5200 1 . 87 0 37. 5 0  ' 8 4 4  6 9. 5 8  1 5000 1 . 86 
38 . 00 1 8 5 11  69.96 14484 1 .8 11  

,38. SO 1 8 65 70 . 3 8  1 11 1 0 8  1 . 8 3  
39.00 ' 88 2  7 1 . 0 2 1 3878 1 . 82 
39 . 5 0  1 8 98 7 1 . 6 2  1 3500 1 . 8 1  
IlO . O O  1 9 011 7 1 . 8 5 1 3 1 20 1 .80 
110 . 5 0 1 9 1 7  72. 311 1 2800 1 . 79 
11 1 . 0 0 1 92 7  7 2 . 7 2  1 24118 1 . 71 
111 . 5/\ , 96 5 7 11 .  ' 5  1 2000 1 . 7 9  
112 . 0(1 1 96 5  74 . 1 5 1 2000 1 . 77 . 
11 2 . 5 0  1 97 1 711 . 3 8  1 11 1 2  1 . 75 
113 . 00 1 9 7 9  7C1 .6 S 1 11100 1 .  '" 
113 . 5 0 1 9 89 7 5. 06 1 1000 1 .73 
II!I . OO 1 99 5  7 5. 2 8 107110 1 . 7 1  
11 11 . 5 0  20 1 1  7 5 . 8 9  1 01150 1 .7 1 
IIS. CO 202 7 76 . 11 9  1 0 1 6 4  1 .70 
115. 5 0 2045 77. 1 7  10000 1 . 70 
46. 00 2 0 4 6  77. 2 1  9852 1 . 68 
46.50 2 0 5 4  77. 5 1 9 600 1 . 67 
47. 00 2 0 64 77.89 9360 1 . 66 
47. 5 0  2079 78.115 9 1 20 1 . 6 5  
118. 00 20 9 7  79. 1 3  9000 1 . 6 5  
118. 50 2 ' 0 11  79. 1i0 8800 1 . 611 
119. 00 2 1 1 3  79.74 8520 1 .63 
49 . 50 2 1 2 6 80.23 8340 1 . 6 2  
50. 0 0  2 1 29 80 . 3 11  8050 1 . 6 1  

* See Sub s e ction 4 . 1 . 5 .  

* 
TABLE C - 7 ( con t . )  

**. 65 

0. 67 
0.67 
0 . 67 
0 . 67 
0.67 
0 . 66 
0 . 66 
0 . 66 
0 . 65 
0. 65 
0 . 65 
0 . 65 
0.611 
0 . 64 
0. 611 
0 . 64 
0 . 611 
0 . 6" 
0 . 63 
0 . 63 
0 . 63 
0. 63 
0 . 63 
0 . 63 
0. 63 
0. 62 
0 . 62 
0 . 62 
0 . 62 
0 . 62 
0 . 62 
0. 62 
0.63 
0 .62 
0. 62 
0 . 6 2  
0 . 6 1  
0 . 6 1  
0 . 6 1  
0 . 6 1  
0 . 62 
0 . 6 1  
0 . 6 1 
0 . 6 1 
0 . 6 1  
0. 6 1  
0 . 6 1  
0.6 1  
0. 6 1  
0 . 60 

" . 7 0  

0.66 
0 . 66 
0 . 66 
0 . 66 
0 . 66 

0.65 
0 . 65 
0 . 65 
0.65 
0.65 
0 . 65 
0.611 
0.611 
0.611 
0 . 611 
00611 
0 . 611 
0 . 63 
0.63 
0.63 
0 . 63 
0.63 
0. 63 
0 . 63 
0 . 63 
0 . 62 
0.62 
0 . 63 
0.63 
0.62 
0.62 
0.62 
0. 611 
0 . 63 
0 . 62 
0..62 
0.62 
0.62 
0.62 
0.62 
0.62 
0. 62 
0. 62 
0.61 
0 • .62 
0.62 
0.62 
0.62 
0.62 
0.61 

i.r '" 

**.75 **. 80 

0 . 65  0 . 611 
0.65 0 . 611 
0 . 65 0 . 611 
0 . 65 0 . 6 11  
0 . 65 0 . 611 
0 . 611 0.611 
0 . 64 0 . 611 
0 . 611 0 . 6 3 
0. 61f 0 . 6 3 
0 . 611 0 . 6 " 
0 . 1Ii4 0 . 63 
0.611 0 . 6 3  
0. 64 .  0 . 6 3 
O . ld  0 . 6 3 
0 . 63 0 . 63 
0 . 63 0 . 63 
0 . 611 0 . 63 
0 . 63 0 . 63 
0 . 63 0 . 63 
0 . 63 0 . 63 
0 . 63 0 . 63 
0 . 63 0 . 63 
0 . 63 0 . 6 3  
0 . 63 0 . 63 
0 . 63 0 . 63 
0 . 63 0 . 6 3  
0 .62 0.6 3 
0 . 63 0. 63 
0 . 63 0.63 
0.63 0.63 
0 . 63 0 . 6 3 
0.62 0.63 
0 . 611 0 . 611 
0 . 63 0. 611 
0 . 63 0 . 6 3  
0 . 63 0 . 6 3  
0 . 63 0 . 63 
0 . 62 0 . 63 
0.63 0 . 63 
0 . 63 0 . 611 
0 . 63  0 . 611 
0 . 63 0 . 63 
0.62 0 . 63 
0 . 62 0 . 63 
0.63 0.64 
0 .63 0.611 
0 . 63 0 . 60 
0.63 0 . 611 
0.63 0 . 611 
0 . 62 0.611 

&.OGLOG 

0. 196 
0. 208 
0 . 2 1 5  
0 . 227 
0 . 23 7  
0.260 
0 . 269 
0 . 2811 
0. 295 
0. 304 
0 . 3 1 7  
0 . 3 3 1  
0 . 3 116  
0 . 360 
0 . 372 
0.371 
0 . 38 5  
0 . "0" 
0 . 4 1 5  
0. 11211 
0 . 1135 
0.111111 
0.1156 
0 . 1172 
0 . Q 8 1  
0.11911 
0. 505 
0 . 5 1 2  
0 . 5 1 9  
0. 535 
0 . 545 
0 . 557 
0.51111 
0 . 565 
0 . 580 
0. 5911 
0 . 606 
0 . 6 2 2  
0.628 
0 . 6311 
0 . 63 8  
0 . 65 8  
0.67 1  
0. 683 
0.690 
0 . 693 
0 . 707 
0. 720 
0. 728 
0 . 746 

L N L N  OAT 
Lonoa Oat.L. DILLI DILIl 7-U8 

0. 3 1 2  0 . 0 1 0  0 . 0 1 11  0 . 675 0 . 1 1 6  
0. 298 0 . 0 1 3  0 . 0 1 11  0. 885 0.736 
0. 2811 0 . 007 0 . 0 1 11  0 . 11 87 0.863 
0. 270 0 . 0 1 2  0. 0 ' 11  0. 865 0. 836 
0. 255 0 . 0 1 0  0 . 0 1 11  0. 688 0.900 
0. 2 11 1  0 . 023 0 . 0 1 11 1 . 6 "  0.882 
0. 227 0. 009 o . o n  0. 608 0.903 
0. 2 13 0 . 0 ' 6  0 . 0 1 11  1 . 1 2 1  0 .920 
0. 1 99 0 . 0 1 1 0 . 0 1 11  0. 763 0 . 9 6 1  
0. 1 86 0 . 009 0 . 0 1 4  0. 6311i 0 . 8 8 1  
0. 1 72 0. 0 1 4  0 . 0 1 4  0 . 981 0 . 9 4 1  
0. 1 58 0 . 0 1 3  0 . 0 1 11  0 . 9711 0 . 908 
0. 1 11 11  0. 01 5  0. 0 111 1 . 088 0. 855 
0. 1 3 1  o . o n  0 . 0 1 11  1 . 022 0. 8115 
0. 1 1 7 0 . 0 1 2  o . o n  0 . 893 0. 900 
0 . 1 03 0 . 005 0 . 0 1 11 0 . 391 0.875 
0 . 089 0 . 008 0 . 0 1 4 0 . 567 0 . 8 14 
0 . 0 76 0 . 0 1 9  0 . 0 1 11  1 . 363 0 .789 
0 . 062 0 . 0 1 1 0 . 0 1 11 0.799 0. 7 5' 
0. 0119 0. 009 0. 0 1 11  0 . 665 0.826 
0 . 03 5  0 . 0 1 1  0 . 0 1 "  O. BtS 1.821 
0. 0 2 1  0. 009 0. 0 1 4  0 . U8 1 .7211 
0. 008 0 . 0 1 2  0. 0 1 11  0. 893 1 . 71111 
0.001li � . 016 0 . 002 7 . 533 1.773 
0. 0 19 0 . 009 0 . 0 ' "  0 . 6 87  1 . 7 1 9  
0 . 033 . 0 . 0 1 3  0 . 0 1 11  0. 938 1 .702 
0 . 0117 0 . 0 1 2  0 . 0 1 11  0. 867 1 . 7 11 1  
0 . 0 60 0. 006 o . on 0 . 1168 0 . 766 
0 . 0 711 0 . 001 0 . 0 1 11  0 . 525 0.796 
0 . 087 0 . 0 16 0 . 0 1 11  1 . 171 0.7911i 
0. 1 0 1  0 . 0 1 0  0 . 0 1 16  0 . 706 0.889 
0. 1 1 5 0. 0 1 2  0. 0 1 16  0 . 897 0.985 
0. 1 28 0 . 0 1 3  0 . 0 1 11  0. 938 1 . 0 52 
3. 1 02 ) . 0 2 1  0 . 0 1 4  1 . 52 1  1 .008 
0. 1 56 0 . 0 1 6  0 . 0 1 11  1 . 1 311 1 .068 
0. 170 0.0111 0 . 0 1 4  0. 999 1 . 0Oll 
0. 183 0 . 0 1 2  0 . 0 1 11  0. 862 0 . 932 
0. 1 97 0 . 0 1 6  0 . 0 1 4  1 . 1 2 5  0 . 75 8 
0 . 2 1 1  . 0. 006 0 . 0 1 11  0.U6 0.800 
0. 225 0. 006 0 . 0 1 4  0 . 1139 0.7911 
0. 239 0. 0011 O . O l l1  0 . 299 0 .788 
0. 253 0 . 020 0 . 0 111 1 . '28 0.6911 
0. 267 0 . 013 0 . 0 1 ' 0. 958 0.668 
0. 2 8 1  0 . 0 1 1  0 . 0 1 4  0. 8 17 0 . 711 7  
0. 295 0. 007 0 . 0 1 4  0 . 1170 0 . 827 
0 . 3 09 0. 004 0 . 0 1 4  0 . 26 1  0 . 705 
0. 3211 O. on 0 . 0 1 11  0 . 996 0 . 7118 
0. 338 0. 0 1 2  0 . 0 1 11  0. 856 0 . 000 
0 . 3 52 0.008 0 . 0 1 11  0. 578 0. 000 
0. 367 0 . 0 1 8  0 . 0 1 11  1 . 25' 0. 000 



TABLE C - S .  CO LEt-tAN - ST EW ART VERSUS NEW HA�lPSH I RE CROSSBUCKS 

COLEMAN-STEWART NEW HA'IPS H I A E CT PO ".H 
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7. 'i O  ' I  6lt2 12 . 1 6 10 . 3 1  -9 '" ?4 :' 3  b l !!  1 7. . 1 "  4 . � Q  'l')(\ ) a . lO 1. 1 2 '. 'it> 1 <> 1  4. ,1 r 1 1 3 . 1! 8 0 . 7 '"  1) . 1  
'1 . 01) 7 4 bbb 1 1 . 5 7  4 .  :to- l nl)t:> :.! "  ' 7  b c 'i  ' 3 . " �  4 . 1 0  7 4 " 4  O. ) 0;  1 . 1  )1 1  5e'. � 7  4 . '  3 :1 1  4. n e  O .  (1 0;  0. 1 
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.... 

1 1 . 00 2 2  79b 40. 1 2  1 . �5 - 1 07 1 /)A 2 7  B 1 7 4 1 . H  3 . 7 4 0; 00 :) - 1 . "I e  - 0 . ,>  '0 7 1 1  " , 10. I A 1 14 'i. 24 - 1 . ' f-,  - 1 . 5  
1 1 . 5 0 7 1)  e l !>  10 1 . n  1. 'i 8- 1 0 1' !! �:l 2 l  8 39 Io Z . 7 <,1  3 .b tl  IoQ01 - I . I " - "I . b  n n'i fl l  4 . 1) 1\  1 "14 'i . 2 4 - 1 . 1 6  - 1 . 7  
1 2 . 00 2 2  11) 8 102 . 24 3. 'i2 - li') 9 7 ? 1  31) 8 cq 4 3 . £ l  3 . b!> 440 ) - 1 . 0; "  - C . P  , ,, 7 " 0;  7 1  3 . t- " , 1)4 5 . 7 4  - 1  . ... (, - � . ,  
1 2 . '51') '5 8b 3 4 1 . 5/) 1 . � 8 - 1 1  I''l' n  2 2  S 9 1  44 . 9 1 3 . 5 9  10 2 1 1 - 1 . :' 1  - " . 7  7 1  7'1" 7 7 � . II P  I 'I!. 5 . Z 'l  - 1 . 4 1 - )1 . 1 
1 3 . 00 ' 4  89 7 44 . 7 1  1 . � 4 - l t 1 8 4'1 , ,. 9 2 7  4 t- . 7 l  3 . 59 4 (1 :) 0  - 2 . 0 2  - C. 9  3 J  I'l l "  7 1 :' . " 5  I I I  'j . 59 -2 . "' ?  - 1 . 0'  
1 3 . 50 1 0  'ill> 45. b 7  3 . 31'1 - 1 1 2 7 43 1 3 '14') 4 7 .  H 3 . 5 1  1 8 0 1)  -1 . 7 \  - o . S  ? l  R H  be) 1 . 4 1.' 1 ,») 'i. 1 '1  - 1 . 7 1  - 7. . to  
I It. no !1 91 4 4b. 0 7 1 . 7 9 - 1 1 ) 1 b8 1 1  � 5 7  4 8 . ' 4  � . 4 'j  1 100(1 - 2 . 1 7  - 1 . )  'l R lo b 1. '1 3 . 4 3  I I I  5 . ')9 - 7 . 1 7  - 3 . 2  
l lt . 5" 7 "1 914 107. 011 3. 7. 5 - 1 1  4HfI 8 0 10 5  4 11 . " 4  3 .3 5  ) 5 0 '  - 1 . 5 "  - '1 . 7  I II  Pb . 7 '1  3 . 5 3 1 1 1 'i. 09 - 1 . !) b - 7.. 4  
1 5 . 1')0 1 3  9. r 4 7 . n  3 .  l !J- l l  5102 1 1 3  9 88 4 9 . 11 1)  1 . 3 2  3 74 0 - 2 . 0 7  - 0. '1  l O  1! !l 4  t. � ) . 1  t! 1 14 OJ .  210 - Z . 1) 1  - 3  • .1 
1 5 . 50 1 4  9 6 1  4 8 . 44 3. l l- 1 1 M ' 4 1 5  1 0 0 1  5 0 .  'i5 :1 .7b 1 07 1 - 2 . 1 7.  - O . C)  1 3 !! ' P  t 4  � . 2 1 1 \1,. 5. J4 - 7. 1 2 - 3. 2  
1 6 . 0n 1 '\  974 4 9 . ') 9  3 . 1 7 - 1 1 10945 3 1  1 1 310 5 ' . 1 2  1 . 7 b 1 00., - 1 . 1' 7. - 1 . '  n '1 7 1'  'i4 2 . n  1 1 4 <; . 7 5 - 1 . 0 ?  - 4 . b  
lb. 0;0 1 3 98 7 49. 7 5 ) . 0 2 - 1 1 7 549 1 1 ') ) 0;  5 � . 1 7  3 . 1 l>  :)94 1) -2 .47 - 1 . 1  1 0  0 )') 5 7  ? 1I 7 1 )'i 5. ?9 - 2 . 4 2  - l . P  
1 7 . nO 1 9  1'):> 5 5,).b6 2 . 9 11 - 1 1 8 1 8 3  1 9  1 0 54 5 1 . 1 l  3 . 1 1  7 8 0'1 -2 . 4 7  - 1 . 1  1 6  9410 5 9 7 . 9 7  l 1)e 5 . 44 - 7. .  '. 7 - 3. d 
1 7 . 5 0 20 1 0Z 5  5 1 . 1,6 2 . 90;- 1 1 8949 2 1  l J 7 'i  54 . 1 1.1  3 . 1 0 2bOJ -Z . 5 Z  - 1 . 1  I I)  "' blo t> 1  3 . 0 7  1 1 1  �. t;n -'. . '> ' - 3 . �  
1 8 . 00 1 6  1 041 52 . 4 7 Z . 9 1 - 1 1 9'5 3 11  1 5  l J9'l 510 . 9 4  ) ."' 5 2'iOO -Z . 4 7  - 1 . 1  1 1  9 7'i  6 b  3 . 3 3  1 1 5  5 . 8l - Z . 4 7  - ) . 6  
1 8 . 50 1 '1  lObO 53 . 4 3  7. . 8 9- 1 2 044 7 2 3  1 1 1 3 5 b. t  I) 3 . 0 ) �4 0 l) -2 . 10 7  - 1 . 1  ? 5 I O�O (. 1) 1 . ') 7  1 1 ' 'i . 7n - 2 . t  7 - 4 . 1'1  
1 9 . 00 1 n 1 070 5 3 . 9 3 2 . 8 4 - 1 Z 1 0 8 2  o 1 1 1 3  5 b . l l)  2 . 9 5  2400 - Z . 1 7  - 0 . 9  9 1 009 H 3 . 0 1 l J4 '> . 74 - Z . 1 7  - 3 . 3  
1 9 . 50 1 7  1 0 8 7  54. 7 9  7.. 8 1 - 1 2 1 9 1 b  1 7  1 1 31) 5 b . 9b 7 .9 2 ' � 4 ,) - Z . 1 7  - 0 . 9  2 1  1 0 3' 5 7  Z . 8 7 10(1 'j. 04 - Z. 1 7 - 1. 10  
1 0. 00 1 Z 1 099 55. 19 2 . 7 7 - 1 7 2b 2 5  1 7  1 1 42 5 7 . 5 6  Z . 8 8  2 1 3 n - 7 . 1 7 - 0. 9  11) 1 0 40 S q  2 . '1 7 1 07 5 . 1 4 - 2 . 1 1  - 3 .4  
2 0 . 50 10 1 1 1 8  5b. 3 5  2 . 7 5- 1 2 3505 4 5  1 1 87 5 9 . 11 '3  2 . 9 l  �OO') - 3 . Io !l - 1 . 4  3 4  1 0 74 44 2 . 2 2 1 1 3 5. 7') - 3. 4 11 - 5. 5 
2 1 . 00 1 )  1 1 3 1  5 7 . 0 1  2 . 7 1 - 1 2 4 041 o 1 1 8 7 5 9 . 8 1  1 . 8 5 ' 000 - 2 . 11 7.  - 1 . 7  7 1 0 8 1  5 0 ? 'j ? 1 "6 5 . 310 - 2 . 6 7  - 4 . S  
2 1 . 50 7 1 1 3 8  5 7. 3 b 2 . 6 1 - 1 2 41090 o 1 1 8 7 5 9 . 8 'l  7. . 7 8 '.00') - 7 . 4 7  - 1 . 0 10 ln8 5 5 3  7 . (' 7  1 17. 5. 1 4 - 7 . 4 7  - 1. 9  
2 Z . 00 1 4  1 1 0; Z  5 8 . 0b 2 . 104- 1 2 53 1 0  8 1 1 95 M. 2 3  2 . 7 4 1 90 0  - 2 . 1 7  - C. 9  1 5  1 1 00 5 2  2 . "2 9') 4 . 79 - 2 . 1 7  - ) . 5  
22. 50 14 l lb b  5 8 . 7 7  2 . bl - 1 Z 6045 Z Z  1 2 1 1  6 1 . 3 4 2 . 7 3  1 8 00 - Z . 5 7  - 1 . 0 1 9 1 1 1 9 4 7  7. . 1 7  9P 4. ClIt - Z . 5 7  - 10 . 2  
2 3 . 00 1 7  1 18 3  5 9 . 6 3  2 . 59- 1 26892 1 1  1 2 2 8 6 1 . 9 "  Z . b 9  1 7 5 1'1  -2 . 2 7  - 0 . 9  1 3  1 1  '32 5 1  2 .!o 1  9b 4 . 81t - 2 . l 7  - 3 . 7  
2 3 . 50 1 B 1 20 1 60. 53 2 . 5 8 - 1 2 7554 14 l Z 42 10 2 . 6 ')  2 .b b  1 10 2') -Z . 0 7  - 0 . 8  l Z  1 1 44 Cj7 2 . 8 7 9P 4 . "4 - 2 . 1) 7  - 1 . 1  
2 1t . 0 0  1 5  1 2 1 6  b l . 29 7 . 5 5- 1 Z 84 2 1 1 8  l Z bO b 3 . 5 1  Z . 6 5 1 600 -2 . 2 2  - 0 . 9  l l)  1 1 64 5 Z  ·7 . 6 ?  96 4 . 84 - Z . 7 '  - 3. b 
2 1t . 50 1 ?  1 2 2 8  bl . 90 2 . 5 3 - 1 2 905 2 1 0  1 2 11) 64 .0 1 2 .6 1  1 5Z 0  - 2 . 1 2  - C. 8  1 3  1 1 7 7  5 1  2 . 5 7  93 10. MI - 2 . 1 2  - 3 . 0;  
2 5 . 00 7 3  1 75 1  b3. 0 5  2. 5 2- 1 29 599 25 l Z 95 " 5 . 27 Z . b l  1 500 -Z . 7. 2  - 1) . 9  . Z9 1 2 0& 4 5  7 . 7.7  !I e;  4. 49 � 2 . ? Z - 3. 8  



COLEMAN- STEWART 
I N C  CUM POWER HAZARD 

I X i ng ACC IACC I ACC FACTR I NDEX 

25 . 50 21 1272 64 . 11 2 . 51 -1 30258 
26 . 0 0 1 2  1 2 8 4  64 . 72 2 . U  -130984 
2 6 . 5 0 13 1297 65 . 37 2 . 47 -131601 
2 7 . 0 0  1 2  1309 6 5 . 9 3 2 . 44 -1 32317 
2 7 . 50 11 D20 6 6 . 53 2 . 4 2  -1 32847 
28 . 0 0 7 13�7 6 � . 89 2 . 3"1 -1 3 3 3.111 
2 8 . 50 1 3  1 3 4 0  6 7 . 54 2. 37 -1 3�216 
29 . 00 1 7  1357 6 8 . 40 2 . 36 -1 34843 
29 . 50 1 3  1 3 7 0  69 . 0 5  2 . 34 -135464 
3 0 . 00 9 1 379 69 . 51 2 . 32 -1 36307 
30 . 50 5 1 3 84 69 . 76 2 . 29 -1 36965 
31 . 00 IS 1 3 9 9  70 . 51 2 . 27 -137�25 
31 . 50 1 2  1 " 1 1  7 1 . 12 2 . 26 -138010 
32 . 00 3 1 4 14 7 1 . 27 2 . '- 3  -138162 
3 2 . 50 8 H?2 71 . 67 2 . 21 -138811 
33 . 00 1 2  H 3 4  72 . 2 R  2 . 1 9 -1 39459 
33 . 50 9 1 4 4 3  72 . 7 3  2 . 1 7 -139965 
34 . 00 1 0  1 4 5 3  7 3 . 24 2 . 1 5  -U0674 
34 . 50 1 3  1466 7 3 . 89 7. . 1 �  -1 41302 

n 3 5 . 00 1 1  1477 74 . 4 5  2 . 1 3  -1 4 11J1l7 

I 3 5 . 50 10 1 4 8 7  74 . 9 5  2 . 11 " 1 42337 

N 3 6 . 00 9 1496 75 . 40 2 . 09 -142820 
N 36 . 50 9 1 5 0 5  7 5 . 8 6 2 . 08 -143437 

37 . 00 1 6  1 5 2 1  76 . 66 2 . 07 -144 1 5 2  
37 . 50 1 3  1534 77 . 32 2 . 0 6 -1 44877 
38 . 00 9 1 5 4 3  77 . 77 2 . 05 -1 45 2 67 
38 . 50 1 2  1 5 5 5  7 8 . 38 2 . 0 4 -1 4 5768 
39 . 00 1 1  1566 7 R . 9 3  2 . 02 -146482 
39 . 50 7 1 5 73 79 . 28 2 . 01 -1 4 6 9 50 
4 0 . 00 1 4  1587 79 . 99 2 . 0 0 -1 4 7 772 
40 . 50 3 1590 80 . H  1 . 98 -1 4 8 3 5 1  
4 1 . 00 6 1596 80 . 4 4 1 . 9 6  -1 4 9 0 10 
4 1 . 50 5 1 6 0 1  80 . 70 1 . 94 -1492110 
4 2 . 00 2 1603 8 0 . 80 1 . 9 2  -149939 
4 2 . 50 8 1 6 1 1  81 . 20 1 . 9 1  -150520 
4 3 . 00 6 1617 8 1 . 50 1 .  90 -1 5 107.0 
4 3 . 50 14 1631 82 . 21 1 . 89 -151577 
4 4 . 00 5 1636 82 . 46 1 .  87 -152317 
4 4 . 50 1 0  1646 8 '- . 96 1 . 8 6  -153034 
4 5 . 0 0  9 1 65 5  8 3 . 4 2  1 . 85 -153402 
4 5 . 50 1 1  1666 83 . 97 1 .  85 -153928 
4 6 . 00 2 1668 84 . 0 7 1 . 8 3 -1 54 1711 
4 6 . 50 4 1672 84 . 2 7 1 . 8 1 -154 809 
4 7 . 00 1 3  1685 84 . 9 3 1 . 81 -155599 
4 7 . 50 2 1687 85 . 0 3 1 . 79 -156143 
4 !1 . 00 5 1692 85 . 2 8 1 . 7 8 -156751 
4 8 . 50 9 1700 85 . 69 1 .  77 - 1 56918 
4 9 . 00 4 1704 85 . 89 1 .  75 -1 57248 
49 . 50 7 1 7 1 1  8 6 . 24 1 . 74 -157359 
50 . 00 3 1714 86 . 39 1 .  73 -1579 1 5  

TABLE C - 8 .  (cont . ) 

N EW HAMPS H I R E  C T  
I NC CUM 
ACC 'ACC 

1 1296 
1 5  1 3 1 1  

6 1317 
9 1 326 
8 1334 

30 1 3 6 4  
o 1 364 

1 3  1377 
1 3  1 390 
11 1 4 0 1  
3 7  1 4 3 8  

o 1438 
o 1 4 38 

19 1457 
19 1476 

1 1477 
1 2  1489 
27 1 5 1 6  

o 1 5 1 6  
3 1 5 1 9  
9 1 5 2 8  

1 7  1 5 4 5  
7 1 5 5 2  
5 1 5 5 7  
7 .1.564 

37 1601 
o 1 6 0 1  
o 1 6 0 1  
o 1 6 0 1  

1 1  1 6 1 2  
6 1 6 1 8  

2 3  1 6 4 1  
o 1 6 4 1  
o 1 6 4 1  
o 1 6 4 1  
7 1 6 4 8  
4 1 6 5 2  
9 1 6 6 1  
7 1 6 6 8  

2 3  1 6 9 1  
o 1 6 9 1  
o 1 6 9 1  
o 1 6 9 1  
1 1 6 9 2  
7 1 6 9 9  
o 1 6 9 9  
5 1704 
5 1709 

1 4  1723 
o 1 7 2 3  

I ACC 

6 5 . 3 2  
66 . 08 
66 . 38 
6 6 . 83 
67 . 2 4 
68 . 75 
6 8 . 7 5  
6 9 . 4 1  
7 0 . 0 6  
7 0 . 6 1  
72 . 48 
72 . 4 8  
72 . 48 
7 3 . 44 
74 . 40 
74 . 4 5  
7 5 . 05 
7 6 . 4 1  
7 6 . 4 1 
7 6 . 56 
77 . 02 
77 . 87 
78 . 2 3  
78 . 4 0 
78 . 83 
8 0 . 70 
8 0 . 70 
8 0 . 7 0  
8 0 . 70 
8 1 . 2 5  
8 1 . 55 
82 . 7 1  
8 2 . 71 
82 . 71 
82 . 71 
8 3 . 06 
8 3 . 2 7 
8 3 . 7 2 
8 4 . 0 7  
8 5 . 2 3  
8 5 . 2 3  
8 5 . 2 3  
8 5 . 2 3  
8 5 . 2 8  
8 5 . 64 
8 5 . 64 
85 . 89 
8 6 . 1 4  
8 6 . 84 
8 6 . 84 

.. 

POW E R  HAZARD W I TH MATeH 
FACTR I ND E X  ID I F F  TVAL 

2 . 56 1 4 6 0  - 1 . 21 -0 . 5  
2 . 54 1 4 0 0  - 1 . 3 6 - 0 . 5  
2 . 50 1 3 5 0  - 1 . 0 1  -0 . 4  
2 . 48 1280 - 0 . 8 6  -0 . 3  
2 . 4 5 1 2 2 0  -0 . 7 1 -0 . 3  
2 . 46 1200 - 1 . 86 - 0 . 7  
2 . 41 1200 -1 . 2 1 -0 . 5  
2 . 39 1120 - 1 . 01 -0 . 4  
2 . 37 1080 - 1 . 01 -0 . 4  
2 . 3 5 1020 - 1 . 11 -0 . 4  
2 . 38 1000 - 2 . 72 - 1 . 0  
2 . 34 1 0 0 0  -1 . 97 -0 . 7  
2 . 30 1000 -1 . 36 -0 . 5  
2 . 29 9 2 5  - 2 . 17 -0 . 8  
2 . 29 900 - 2 . 72 - 1 . 0  
2 . 26 090 - 2 . 17 -0 . 0  
2 . 2 4 0 4 0  -2 . 32 - 0 . 9  
2 . 25 000 -3 . 1 0  - 1 . 2  
2 . 21 800 - 2 . 52 - 0 . 9  
2 . 19 776 - 2 . 1 2  -0 . 8  
2 . 17 750 - 2 . 0 7  -0 . 7  
2 . 16 720 -2 . 4 7 - 0 . 9  
2 . 1 4  700 - 2 . 37 -0 . 9  
2 . 12 660 - 1 . 8 1  - 0 . 6  
2 . 10 6 4 0  - 1 . 51 - 0 . 5  
2 . 12 GOO - 2 . 9 2  - 1 . 0  
2 . 10 GOO - 2 . 3 2  - O . IJ  
2 . 07 GOO - 1 . 7 6  - 0 . 6  
2 . 0 4  5 9 4  - 1 . 41 - 0 . 5  
2 . 03 550 - 1 . 26 - 0 . 4  
2 . 01 5 2 2  - 1 . 41 -0 . 5  
2 . 0 2 500 - 2 . 27 -0 . 3  
1 . 9 9  500 - 2 . 02 -0 . 7  
1 . 9 7 500 - 1 . 92 -0 . 7  

-1 . 9 5 500 - 1 . 51 -0 . 5  
1 . 9 3 480 - 1 . 56 -0 . 5  
1 . 9 1  4 6 0  -1 . 06 - 0 . 4  
1 . 9 0 4 5 0  - 1 . 26 - 0 . 4  
1 . 89 4 2 0  - 1 . 11 - 0 . 4  
1 . 8 9 400 -1 . 81 - 0 . 6  
1 . 8 7 400 - 1 . 26 - 0 . 4  
1 . 85 400 - 1 . 16 - 0 . 4  
1 . 8 3 4 0 0  - 0 . 9 6  - 0 . 3  
1 . 81 376 -0 . 35 -0 . 1  
1 . 80 360 - 0 . 6 0  -0 . 2  
1 . 7 0 350 -0 . 35 -0 . 1  
1 . 7 7  3 2 6  - 0 . 20 -0 . 1  
1 . 7 6 320 -0 . 25 -0 . 1  
1 . 7 5  300 -0 . 60 -0 . 2  
1 . 74 300 -0 . 45 -0 . 2  

PD NH 
I NC CUM LESS MATCH L ESS MATCH L E S S  MATCH 

MTCH MTCH IACC S Ace IACC S ACC SD I FF TVAl 

16 1222 50 2 . 52 74 3 . 73 - 1 . 21 - 2 . 2  
1 8  1 2 4 0  4 4  2 . 22 71 3 . 58 - 1 . 36 -2 . 5  
12 1 2 5 2  4 5  2 . 27 6 5  3 . 2 8  -1 . 01 -1 . 9  
1 1  1263 46 2 . 32 6 3  3 . 1 8  -0 . 86 -1 . 6  
10 1 2 7 3  4 7  2 . 37 61'  3 . 07 -0 . 7 1  -1 . 3  
16 1289 38 1 . 9 2  75 3 . 78 -1 . 86 -3 . 5  

6 1 2 9 5  4 5  2 . 27 69 3 . 4 8 -1 . 21 -2 . 2  
20 1 3 1 5  4 2  2 . 12 62 3 . 1 3  -1 . 01 -2 . 0  
1 1  1326 44 2 . 22 64 3 . 2 3  -1 . 0 1  -1 . 9  

7 1 3 33 4 6  2 . 32 68 3 . 4 3  -1 . 1 1  - 2 . 1  
1 7  1350 3 4  1 . 7 1  88 4 . 44 -2 . 7 2  -4 . 9  
1 0  1360 39 1 . 97 78 3 . 93 -1 . 97 -3 . 6  

9 1 36 9  4 2  2 . 1 2  6 9  3 . 4 8 -1 . 36 -2 . 6  
9 1 3;11 3 6  1 . 81 79 3 . 98 - 2 . 17 -4 . 0  

1 1  1389 3 3  1 . 66 87 4 . 39 -2 . 72 -4 . 9  
8 1 3 9 7  37 1 . 86 80 4 . 03 -2 . 17 -4 . 0  

1 3  1 4 1 0  3 3  1 . 66 79 3 . 9 8 -2 . 32 -4 . 3  
1 5  1 4 2 5  2 8  1 . 41 9 1  4 . 59 - 3 . 18 -5 . 8  

9 1 4 3 4  3 2  1 . 6 1  82 4 . 13 - 2 . 52 - 4 . 7  
9 1 4 4 3  34 1 . 71 76 3 . 8 3  - 2 . 12 - 4 . 0  

1 2  1 4 5 5  3 2  1 . 61 73 3 . 68 - 2 . 07 - 4 . 0  
1 2  1 4 6 7  2 9  1 . 46 78 3 . 9 3  -2 . 47 -4 . 7  

9 1476 2 9  1 . 46 76 3 . 8 3  - 2 . 37 -4 . 6  
1 4  1 4 9 0  3 1  1 . 56 67 3 . 38 - 1 . 81 - 3 . 6  
1 0  1500 34 1 . 71 64 3 . 23 -1 . 51 - 3 . 0  
1 6  1 5 1 6  27 1 . 36 85 4 . 28 - 2 . 9 2  - 5 . 5  
1 1  1 5 2 7  28 1 . 41 74 3 . 7 3  -2 . 32 -4 . 6  

9 1 5 3 6  30 1 . 51 6 5  3 . 28 - 1 . 76 -3 . 6  
7 1 5 4 3  30 1 . 51 58 2 . 92 - 1 . 41 -3 . 0  
9 1 5 5 2  3 5  1 . 76 60 3 . 02 - 1 . 26 -2 . 6  
7 1559 3 1  1 . 56 59 2 . 97 -1 . 41 - 3 . 0  
7 1566 30 1 . 51 75 3 . 78 - 2 . 27 -4 . 4  
3 1 5 6 9  3 2  1 . 61 72 3 . 6 3 -2 . 02 - 3 . 9  
2 1 57 1  3 2  1 . 61 70 3 . 5 3  - 1 . 92 - 3 . 8  
4 1 5 75 3 6  1 . 81 66 3 . 3 3  - 1 . 5 1  - 3 . 0  
9 1584 3 3  1 . 6 6  6 4  3 . 2 3  - 1 . 56 - 3 . 1  

1 1  1 5 9 5  3 6  1 . 01 57 2 . 87 - 1 . 06 -2 . 2  
5 1600 3 6  1 . 0 1  6 1  3 . 07 - 1 . 26 -2 . 5  
9 1609 37 1 . 86 5 9  2 . 97 - 1 . 11 -2 . 2  

17 1 62 6  29 1 . 4 6 6 5  3 . 2 8 -1 . 81 - 3 . 7  
1 1  1 6 3 7  2 9  1 . 46 54 2 . 72 - 1 . 26 - 2 . 7  

2 1 6 39 29 1 . 46 5 2  2 . 62 -1 . 16 -2 . 6  
4 1 6 4 3  2 9  1 . 4 6  4 8  2 . 4 2  - 0 . 9 6  - 2 . 2  

1 3  1 6 5 6  29 - 1 . 46 36 1 . 8 1  -0 . 35 -0 . 9  
4 1 6 6 0  2 7  1 . 36 39 1 . 97 - 0 . 60 -1 . 5  
3 1 6 6 3  2 9  1 . 4 6  3 6  1 . 8 1  -0 . 35 -0 . 9  
9 1 6 72 28 1 . 41 32 1 . 61 - 0 . 20 -0 . 5  
6 1678 26 1 . 31 31 1 . 5 6  -0 . 2 5  -0 . 7  
8 1 6 8 6  2 5  1 . 26 37 1 . 86 -0 . 60 - 1 . 5  
3 1689 2 5  1 . 26 34 1 . 7 1  -0 . 4 5  - 1 . 2  



I X i ng 

0 . 50 
1 . 00 
1 . 50 
2 . 00 
2 . 50 
3 . 00 
3 . 50 
4 . 00 
4 . 50 
5 . 00 
5 . 50 
6 . 00 
6 . 50 
7 . 00 
7 . 50 
8 . 00 
8 . 50 
9 . 00 

n 9 . 50 

I 1 0 . 00 
N 1 0 . 50 

fA 1 1 . 00 
1 1 . 50 
1 2 . 00 
1 2 . 50 
1 3 . 00 
1 3 . 50 
14 . 00 
14 . 50 
1 5 . 00 
15 . 50 
1 6 . 00 
1 6 . 50 
17 . 00 
17 . 50 
1 8 . 00 
1 8 . 50 
1 9 . 00 
19 . 50 
2 0 . 00 
20 . 50 
2 1 . 00 
21 . 50 
22 . 00 
22 . 50 
2 3 . 00 
2 3 . 50 
24 . 00 
24 . 50 
25. 00 

TABLE C- 9 .  COLEMAN- STEWART VERSUS NEW HAMPSHIRE FLASHING L I GHTS 

I NC CUM 
ACC fACC 

52 '52 
38 90 
23 113 
23 136 
19 155 
21 176 
29 205 
29 225 
13 238 
11 249 
26 275 
24 299 
11 310 
17 327 
14 341 
17 358 
29 387 

4 391 
16 407 
16 423 
20 4 4 3  
22 465 
15 480 
18 498 
19 517 
1 1  528 
13 541 
10 551 
13 564 
10 574 
12 586 
13 604 
13 617 
13 630 

6 636 
7 643 

14 657 
10 667 

4 671 
5 676 
7 633 
8 691 

14 705 
13 718 
12 730 

4 734 
5 739 
7 746 
7 753 

11 764 

POIIER HAZARD 
I ACC FACTR I NDEX 

3 . 23 
6 . 80 
8 . 53 

1 0 . 27 
1 1 . 71 
13 . 29 
1 5 . 4 8  
1 6 . 99 
17 . 98 
1 8 . 81 
20 . 77 
22 . 58 
23 . 4 1  
24 . 70 
2 5 . 7 6  
27 . 04 
2 9 . 23 
2 9 . 53 
30 . 74 
31 . 95 
33 . 4 6  
3 5 . 1 2  
36 . 25 
37 . 61 
39 . 05 
39 . 8 8  
4 0 . 8 6  
4 1 . 62 
42 . 60 
4 3 . 35 
4 4 . 26 
45 . 62 
4 6 . 60 
47 . 58 
48 . 04 
4 8 . 56 
4 9 . 62 
50 . 38 
50 . 68 
51 . 06 
5 1 . 59 
52 . 19 
53 . 25 
54 . 23 
55 . 14 
5 5 . 4 4  
55 . 82 
56 . 34 
56 . 87 
57 . 70 

7 . 85 -21164 
6 . 80 -27452 
5 . 69 -31437 
5 . 14 -34861 
4 . 68 -37924 
4 . 4 3  -40577 
4 . 42 -43019 
4 . 25 -45179 
3 . 99 -46882 
3 . 76 -48363 
3 . 78 -50160 
3 . 76 -51750 
3 . 60 -53080 
3 . 63 -54438 
3 . 43 -55929 
3 . 38 -57066 
3 . 4 4  -58218 
3 . 28 -59156 
3 . 24 -60026 
3 . 19 -61028 
3 . 19 -61864 
3 . 19 -62767 
3 . 15 -63470 
3 . 13 -64 4 27 
3 . 12 -65235 
3 . 07 -65870 
3 . 03 -66646 
2 . 97 -67289 
2 . 94 -67997 
2 . 8 9  -68676 
2 . 86 -69330 
2 . 85 -69962 
2 . 82 -70808 
2 . 80 -71431 
2 . 74 -72025 
2 . 70 -72697 
2 . 68 -73277 
2 . 65 -74080 
2 . 60 -74669 
2 . 55 -75417 
2 . 52 -75869 
2 . 49 -76477 
2 . 48 -77049 
2 . 46 -77739 
2 . 45 -78196 
2 . 4 1  -78721 
2 . 38 -79326 
2 . 3 5 -79808 
2 . 3 2 -80383 
2 . 3 1 -00954 

I NC CUM POIIER HAZARD 
ACC IACC S ACC FACTR I NDEX 

55 55 
34 89 
26 115 
29 144 
25 169 
29 198 
1 8  217 
1 4  231 
19 250 
23 273 
23 296 
26 322 
18 340 
24 364 
15 379 
18 397 
1 0  407 
15 422 

6 428 
1 2  440 
14 454 
18 472 
20 492 
12 504 
11 515 

8 523 
8 531 

16 54 7 
15 562 

9 571 
12 583 

5 588 
22 610 

6 616 
7 623 

17 640 
8 648 
8 656 

1 3  669 
17 686 

8 692 
8 700 
9 709 
6 715 
7 722 
9 731 
4 735 
9 744 
9 753 
9 762 

' 4 . 15 
6 . 72 
8 . 69 

1 0 . 83 
1 2 . 7 6  
14 . 95 
1 6 . 39 
1 7 . 4 5 
1 8 . 88 
20 . 62 
22 . 3 6  
24 . 32 
2 5 . 63 
27 . 4 9 
28 . 63 
29 . 98 
3 0 . 7 4  
31 . 8 7  
32 . 33 
33 . 23 
34 . 29 
3 5 . 65 
37 . 16 
38 . 07 
38 . 90 
39 . 50 
4 0 . 1 1  
4 1 . 31 
4 2 . 45 
4 3 . 13 
44 . 03 
44 . 4 1  
4 6 . 07 
46 . 53 
47 . 05 
48 . 34 
48 . 94 
4 9 . 55 
50 . 53 
51 . 8 1  
52 . 27 
52 . 87 
53 . 55 
54 . 00 
54 . 53 
55 . 21 
5 5 . 51 
56 . 19 
56 . 87 
57 . 55 

8 . 81 407800 
6 . 72 337790 
5 . 79 268380 
5 . 4 4  234000 
5 . 11 210000 
4 . 98 183820 
4 . 68 169400 
4 . 36 153088 
4 . 20 139000 
4 . 1 2  128000 
4 . 06 120800 
4 . 05 112720 
3 . 95 106981 
3 . 93 100000 
3 . 82 94 560 
3 . 75 90000 
3 . 62 85400 
3 . 54 81700 
3 . 4 0  78880 
3 . 32 7 5600 
3 . 27 72000 
3 . 24 69225 
3 . 23 66000 
3 . 17 64000 
3 . 11 61088 
3 . 04 59800 
2 . 97 56480 
2 . 95 54000 
2 . 93 51500 
2 . 88 49940 
2 . 84 4 8000 
2 . 7 8  46554 
2 . 7 9  45000 
2 . 74 4 3260 
2 . 69 4 1990 
2 . 69 40390 
2 . 65 40000 
2 . 61 38800 
2 . 59 37500 
2 . 59 36000 
2 . 55 35000 
2 . 52 34 000 
2 . 4 9  33000 
2 . 4 5  32000 
2 . 42 30940 
2 . 4 0 30000 
2 . 36 29700 
2 . 34 28800 
2 . 32 28000 
2 . 30 27000 

II I TH MATCH I NC C UM lESS MATCH L E S S  MATCH 
ID I F F  TYAl HTCH MTCH IACC SACC lAce I Ace 

-0 . 23 -0 . 3  40 40 12 0 . 91 15 1 . 13 
0 . 08 0 . 1  24 64 26 1 . 96 25 1 . 89 

-0 . 15 -0 . 1  20 84 29 2 . 1 9 31 2 . 34 
-0 . 6 0  -0 . 5  19 103 33 2 . 4 9 4 1  3 . 10 
-1 . 06 -0 . 8  18 121 34 2 . 57 4 8  3.63 
-1 . 66 -0 . 1  13 134 42 3 . 17 64 4 . 83 
-0 . 91 -0 . 6  15 149 56 4 . 23 6 8  5 . 14 
-0 . 45 -0 . 3  7 156 6 9  5 . 21 75 5 . 66 
-0 . 91 -0 . 5  15 171 67 5 . 06 79 5 . 97 
-1 . 81 -1 . 1  12 183 66 4 . 98 90 6 . 80 
- 1 . 59 -0 . 9  18 201 74 5 . 59 95 7 . 1 8  
- 1 . 74 -0 . 9  22 223 76 5 . 74 99 7 . 4 8 
- 2 . 2 7  - 1 . 2  9 232 78 5 . 89 108 8 . 16 
-2 . 79 -1 . 4  19 251 76 5 . 74 113 8 . 53 
-2 . 8 7  -1 . 4  14 265 76 5 . 74 114 8 . 6 1 
-2. 95 -1 . 4  12 277 81 6 . 12 120 9 . 06 
-1 . 51 -0 . 7  18 295 92 6 . 95 112 8 . 46 
-2 . 34 - 1 . 1  8 303 88 6 . 65 119 8 . 99 
-1 . 59 -0 . 7  12 315 92 6 . 95 1 1 3  8 . 53 
-1 . 28 -0 . 6  18 333 90 6 . 80 107 8 . 08 
-0 . 83 -0 . 4  24 357 86 6 . 50 97 7 . 33 
-0 . 53 -0 . 2  22 379 86 6 . 50 93 7 . 02 
-0 . 91 -0 . 4  1 7  396 84 6 . 34 96 7 . 25 
-0 . 45 -0 . 2  15 4 1 1  8 7  6 . 57 93 7 . 02 

0 . 15 0 . 1  16 4 2 7  90 6 . 80 88 6 . 6 5  
0 . 38 0 . 2  8 435 93 7 . 02 88 6 . 6 5  
0 . 76 0 . 3  10 445 96 7 . 25 86 6 . 50 
0 . 30 0 . 1  11 456 95 7 . 18 91 6 . 87 ' 
0 . 15 0 . 1  16 472 92 6 . 95 90 6 . 80 
0 . 23 0 . 1  10 482 92 6 . 95 8 9  6 . 72 
0 . 23 0 . 1  13 495 91 6 . 8 7  8 8  6 . 65 
1 . 2 1 0 . 5  13 508 96 7 . 25 80 6 . 04 
0 . 53 0 . 2  22 530 87 6 . 57 80 6 . 04 
1 . 06 0 . 4  11 541 89 6 . 72 75 5 . 66 
0 . 98 0 . 4  9 550 86 6 . 50 7 3  5 . 51 
0 . 23 0 . 1  14 564 79 5 . 97 76 5 . 74 
0 . 68 0 . 2  14 578 79 5 . 97 70 5 . 29 
0 . 8 3 0 . 3  7 585 82 6 . 1 9 71 5 . 36 
0 . 15 0 . 1  12 597 74 5 . 59 72 5 . 44 

-0 . 76 -0 . 3  8 60S 71 5 . 36 81 6 . 12 
- 0 . 6 8  -0 . 2  8 6 1 3  70 5 . 29 79 5 . 97 
-0 . 68 -0 . 2  8 621 70 5 . 29 79 5 . 97 
-0 . 30 -0 . 1  13 634 71 5 . 36 75 5 . 66 

0 . 23 0 . 1  7 6 4 1  7 7  5 . 82 74 5 . 59 
0 . 60 0 . 2  9 6 50 80 6 . 04 72 5 . 44 
0 . 23 0 . 1  6 656 78 5 . 89 75 5 . 66 
0 . 30 0 . 1  7 663 76 5 . 74 72 5 . 44 
0 . 15 0 . 1  8 671 75 5 . 66 73 5 . 51 
0 . 00 0 . 0  7 678 75 5 . 66 75 5 . 66 
0 . 15 0 . 1  12 690 74 5 : 59 72 5 . 44 

lESS MATCH 
IO I FF TYAl 

-0 . 2 3  -0 . 6  
0 . 08 0 . 1  

-0 . 1 5  -0 . 3  
- 0 . 6 0  -0 . 9 ' 
-1 . 06 -1 . 5  
- 1 . 66 -2 . 1  
-0 . 91 -1 . 1  
-0 . 4 5  -0 . 5  
-0 . 91 -1 . 0  
-1 . 81 -1 . 9  
- 1 . 5 9  -1 . 6  
-1 . 74 -1 . 7  
-2 . 27 -2 . 2  
-2 . 79 -2 . 7  
-2 . 87 -2 . 8  
-2 . 95 -2 . 8  
-1 . 51 -1 . 4  
-2 . 34 -2 . 2  
- 1 . 59 -1 . 5  
-1 . 28 -1 . 2  
- 0 . 8 3  -0 . 8  
-0 . 53 -0 . 5  
-0 . 91 -0 . 9  
-0 . 45 -0 . 4  

0 . 15 0 . 1  
0 . 38 0 . 4  
0 . 76 0 . 7  
0 . 30 0 . 3  
0 . 15 0 . 1  
0 . 23 0 . 2  
0 . 23 0 . 2  
1 . 21 1 . 2  
0 . 53 0 . 5  
1 . 06 1 . 1  
0 . 98 1 . 0  
0 . 23 0 . 2  
0 . 68 0 . 7  
0 . 83 0 . 9  
0 . 15 0 . 2  

- 0 . 76 -0 . 8  
-0.68 -0 . 7  
-0 . 68 -0 . 7  
-0 . 30 -0 . 3  

0 . 23 0 . 2  
0 . 60 0 . 6  
0 . 23 0 . 2  
0 . 30 0 . 3  
0 . 15 0 . 2  
0 . 00 0 . 0  
0 . 1 5 0 . 2  



TABLE C - 9 .  (cont . ) 

COLEMAN-STEWART NEW HAMPS H I R E  DT PD NH 
. I NC C UM POWER HAZARD I N C  CUM POWER HAZARD WITH MATCH I N C  CUM LESS MATCH LESS MATCH LESS HATCH 

S X i ng ACC 'ACe S Ace FACTOR I NDEX ACC IACC S ACC FACTR INDEX SD I FF TVAL nTCH MTCH IACC I ACC IACC I ACC S D I F F  TVAL 

2 !; . !;0 1 0  7 7 4  !;8 . 4 6 2 . 2 9 -816!;2 7 769 !; 8 . 03 2 . 28 26270 0 . 38 0 . 1  8 698 76 5 . 7 4 71 5 . 36 0 . 3 8 0 . 4  
2 6 . 0 0  9 783 5 9 . 14 2 . 27 - 8 2 3 4 6  1 3  782 59 . 06 2 . 2 7 25600 0 . 08 0 . 0  7 705 78 5 . 8 9 77 5 . 82 0 . 0 8 0 . 1  
26 . 50 4 787 59 . 4 4  2 . 2 4 - 8 2 976 7 7 8 9  5 9 . 59 2 . 2 5 25000 -0 . 1 5 - 0 . 1  8 7 1 3  7 4  5 . 59 76 !; . 74 -0 . 1 5 -0 . 2  
2 7 . 0 0  9 796 60 . 12 2 . 23 -83525 6 7 9 5  60 . 05 2 . 2 2 24290 0 . 08 0 . 0  8 721 75 5 . 6 6 74 5 . 59 0 . 08 0 . 1  
27 . 50 7 803 60 . 65 2 . 21 -84017 5 800 60 . 4 2 2 . 20 24000 0 . 2 3  0 . 1  8 729 74 5 . 59 71 5 . 36 0 . 2 3  0 . 2  
28 . 00 1 1  814 61 . 4 8 2 . 2 0 -84 541 5 805 60 . 80 2 . 17 2 3 200 0 . 68 0 . 2  6 7J!; 79 5 . 9 7 70 5 . 29 0 . 68 0 . 7  
28 . 50 8 822 62 . 08 2 . 1 8 -85238 1 3  818 6 1 . 7 8 2 . 17 22500 0 . 3 0 0 . 1 11 7 4 6  7 6  5 . 7 4 72 5 . 4 4 0 . 30 0 . 3  
29 . 00 5 827 62 . 46 2 . 1 5 -85771 7 825 6 2 .  J l  2 . 15 22000 0 . 15 0 . 0  7 753 74 5 . 59 72 5 . 44 0 . 15 0 . 2  
29 . 50 7 8 3 4  62 . 9 9  2 . 14 -86202 8 8 3 3  6 2 . 92 2 . 13 2 1 4 4 0  0 . 0 8  0 . 0 9 762 72 5 . 44 71 5 . 36 0 . 08 0 . 1  
30 . 0 0  5 8 3 9  63 . 37 2 . 1 1 -86722 4 8 3 7  6 3 . 2 2 2 . 1 1  2 0 9 0 0  0 . 15 0 . 0  7 769 70 5 . 29 68 !; . 14 0 . 15 0 . 2  
30 . 50 6 845 63 . 82 2 . 0 9  -87207 4 841 6 3 . 52 2 . 08 20400 0 . 30 0 . 1  5 774 71 5 . 36 67 5 . 06 0 . 30 0 . 3  
31 . 0 0  9 854 64 . 50 2 . 08 -87692 5 8 4 6  6 3 . 9 0  2 . 0 6  20000 0 . 60 0 . 2  8 782 72 5 . 4 4 64 4 . 8 3 0 . 6 0 0 . 7  
31 . 50 10 864 65 . 26 2 . 0 7  -88196 1 3 4 7  6 3 . 97 2 . 0 3 19680 1 . 28 0 . 4  3 785 79 5 . 9 7 62 4 . 68 1 . 28 1 . 4 
3 2 . 0 0  5 869 6 5 . 63 2 . 0 5  - 8 8771 8 855 64 . 58 2 . 0 2  1 9 2 00 1 . 06 0 . 3  7 792 77 5 . 8 2 6 3  4 . 76 1 . 0 6 1 . 2  
32 . 50 5 874 6 6 . 01 2 . 0 3  -89307 5 860 64 . 9 5  2 . 00 18792 1 . 06 0 . 3  5 797 77 5 . 8 2 6 3  4 . 76 1 . 0 6 1 . 2  
3 3 . 00 3 877 66 . 24 2 . 01 -89926 12 872 6 5 . 8 6  2 . 0 0  18040 0 . 3 8 0 . 1  7 804 73 5 . 51 68 5 . 14 0 . 38 0 . 4  
3 3 . 50 7 884 66 . 77 1 . 9 9  -904 3 3  6 3 7 8  66 . 31 1 . 98 18000 0 . 4 5  0 . 1  9 8 1 3  7 1  5 . 36 65 4 . 9 1  0 . 4 5 0 . 5  
34 . 0 0  6 890 67 . 22 1 . 98 -90941 8 886 6 6 . 92 1 . 97 17325 0 . 30 0 . 1  6 819 7 1  5 . 36 67 5 . 06 0 . 30 0 . 3  
3 4 . 50 2 892 67 . 37 1 . 9 5  - 9 1417 6 892 67 . 37 1 . 9 5  16348 0 . 0 0  0 . 0  4 823 69 5 . 21 69 5 . 21 0 . 00 0 . 0  

n 3 5 . 0 0  !; 897 67 . 75 1 . 94 -91818 11 903 68 . 20 1 . 9 5  16380 - 0 . 45 -0 . 1  6 82'3 68 5 . 1 4 74 5 . 59 -0 . 4 5 - 0 . 5  
I 3 5 . 50 5 902 68 . 13 1 . 9 2  -92346 4 907 68 . 50 1 . 9 3  1 6000 -0 . 38 -0 . 1  3 832 70 5 . 2 9 75 5 . 66 - 0 . 3 8 -0 . 4  N 3 6 . 00 8 9 1 0  68 . 73 1 . 9 1  -92970 4 9 1 1  68 . 8 1  1 . 9 1  1 5600 - 0 . 08 -0 . 0  5 8 3 7  7 3  5 . 51 74 5 . 59 -0 . 08 -0 . 1  � 3 6 . 50 6 916 69 . 18 1 . 90 - 9 3 5 2 3  0 9 1 1  6 8 . 8 1  1 . 8 9  15230 0 . 38 0 . 1  3 840 76 5 . 7 4 7 1  5 . 36 0 . 38 0 . 4  

37 . 00 9 9 2 5  69 . 86 1 . 89 -93979 8 9 1 9  69 . 4 1 1 . 88 15000 0 . 4 5 0 . 1  9 849 76 5 . 7 4 70 5 . 29 0 . 4 5 0 . 5  
37 . 50 6 9 3 1  70 . 32 1 . 88 -94519 3 9 2 2  6 9 . 6 4  1 . 86 1 4 560 0 . 68 0 . 2  5 8 5 4  77 5 . 82 68 5 . 14 0 . 68 0 . 7  
38 . 00 8 9 3 9  70 . 9 2  1 . 87 -95073 5 9 2 7  7 0 . 0 2  1 . 84 14220 0 . 9 1  0 . 3 6 860 79 5 . 9 7 67 5 . 06 0 . 9 1 1 . 0  
3 8 . 50 7 9 4 6  7 1 . 4 5 1 . 86 - 9 5782 8 9 3 5  7 0 . 62 1 . 8 3  14000 0 . 8 3 0 . 3  8 868 7 8  5 . 89 67 5 . 06 0 . 83 0 . 9  
39 . 0 0  . 0  9 4 6  7 1 . 4 5 1 . 83 -96253 1 1  9 4 6  7 1 . 4 5 1 . 83 1 36 0 0  0 . 00 0 . 0  6 874 72 5 . 4 4 72 5 . 44 0 . 00 0 . 0  
39 . 50 9 9 5 5  72 . 1 3  1 . 83 -97065 7 9 5 3  7 1 . 98 1 . 82 1 32 0 0  0 . 1 5  0 . 0 6 880 75 5 . 6 6 7 3  5 . 51 0 . 15 0 . 2 
40 . 00 5 960 72 . 51 1 . 8 1  -97462 5 9 58 7 2 . 36 1 . 81 12800 0 . 15 0 . 0  8 888 72 5 . 4 4 70 5 . 29 0 . 1 5 0 . 2  
4 0 . 50 15 975 7 3 . 64 1 . 82 -97963 6 9 6 4  72 . 8 1  1 . 8 0  1 2500 0 . 83 0 . 2  1 0  898 77 5 . 8 2 66 4 . 98 0 . 8 3  0 . 9  
4 1 . 0 0  6 9 8 1  74 . 09 1 . 8 1  -98527 1 9  9 8 3  74 . 2 4  1 . 8 1  1 2 0 00 - 0 . 15 -0 . 0  1 5  9 1 3  6 8  5 . 1 4 70 5 . 29 - 0 . 15 -0 . 2  
4 1 . 50 4 985 7 4 . 4 0  1 . 7 9  -98875 0 9 8 3  7 4 . 24 1 . 79 1 20 0 0  0 . 1 5  0 . 0  2 9 1 5  7 0  5 . 29 68 5 . 14 0 . 1 5 0 . 2  
4 2 . 0 0  9 994 7 5 . 08 1 . 79 -99292 1 9 8 4  74 . 3 2 1 . 77 1 1 7 9 2  0 . 7 6  0 . 2  5 920 74 5 . 59 64 4 . 83 0 . 7 6 0 . 9  
4 2 . 50 5 9 99 75 . 4 5  1 . 78 -99807 4 988 74 . 62 1 . 7 6  1 1 3 8 8  0 . 83 0 . 2  4 9 2 4  75 5 . 6 6 64 4 . 8 3 .0 . 8 3  0 . 9  
4 3 . 0 0  6 1005 75 . 91 1 . 77-100340 1 9 8 9  74 . 70 1 . 7 4 11025 1 . 2 1  0 . 4  6 9 30 75 5 . 6 6 59 4 . 46 1 . 21 1 . 4  
4 3 . 50 3 1008 76 . 1 3  1 . 75-100771 4 9 9 3  75 . 0 0  1 . 72 10800 1 . 1 3 0 . 3  4 9 3 4  7 4  5 . 59 59 4 . 46 1 . 13 1 . 3  
4 4 . 00 4 1012 76 . 44 1 . 74-101320 8 1001 7 5 . 60 1 . 72 1 0500 0 . 8 3 0 . 2  6 9 4 0  72 5 . 4 4 61 4 . 61 0 . 83 1 . 0  
4 4 . 50 8 1020 77 . 04 1 . 73-101800 8 1009 76 . 2 1  1 . 71 10200 0 . 8 3 0 . 2  1 2  9 5 2  6 8  5 . 14 57 4 . 31 0 . 8 3 1 . 0  
4 5 . 00 4 1024 77 . 34 1 . 72-102352 1 0  1 0 1 9  7 6 . 9 6  1 . 7 1  1 0 0 0 0  0 . 3 8  0 . 1  6 958 6 6  4 . 9 8 61 4 . 6 1  0 . 38 0 . 4  
4 5 . 50 1 1025 77 . 4 2 1 . 70-102695 1 1020 7 7 . 04 1 . 69 9840 0 . 38 0 . 1  0 958 67 5 . 06 6 2  4 . 68 0 . 30 0 . 4  
4 6 . 00 7 1032 77 . 95 1 . 69- 1 0 3 4 1 0  3 1 0 2 3  77 . 2 7  1 . 68 9 6 0 0  0 . 68 0 . 2  6 9 64 68 5 . 1 4 59 4 . 46 0 . 68 0 . 8  
4 6 . 50 7 1 0 3 9  7 8 . 4 7  1 . 69-103881 2 1025 77 . 4 2 1 . 66 9 32 4  1 . 0 6  0 . 3  6 970 69 5 . 2 1 5 5  4 . 15 1 . 06 1 . 3  
4 7 . 0 0  2 1 0 4 1  78 . 63 1 . 67-104575 6 1031 77 . 8 7 ·  1 . 66 9180 0 . 76 0 . 2  5 975 66 4 . 98 56 4 . 23 0 . 76 0 . 9  
47 . 50 5 1046 79 . 00 1 . 66-1 05012 1 3  1044 7 8 . 8 5  1 . 66 9000 0 . 15 0 . 0  8 9 8 3  6 3  4 . 76 61 4 . 61 0 . 15 0 . 2  
48 . 0 0  2 1 04 8  79 . 15 1 . 65-1 05596 4 1 0 4 8  79 . 1 5 1 . 6 5  8 8 0 0  0 . 0 0  0 . 0  2 9 8 5  6 3  4 . 76 6 3  4 . 76 0 . 00 0 . 0  
48 . 50 10 1 058 79 . 91 1 . 65-106001 6 1054 79 . 6 1  1 . 64 8500 0 . 30 0 . 1  9 9 9 4  64 5 . 8 3  60 4 . 53 0 . 30 0 . 4  
4 9 . 0 0  4 1 062 8 0 . 21 1 . 64 - 1 06497 8 1062 80 . 21 1 . 64 8250 0 . 00 0 . 0  7 1001 61 4 . 6 1 61 4 . 61 0 . 00 0 . 0  
4 9 . 50 4 1066 8 0 . 51 1 .  63-106996 9 1071 80 . 89 1 . 63 8000 - 0 . 38 -0 . 1  1 1  1012 54 4 . 0 8 59 4 . 46 -0 . 30 -0 . 5  
50 . 0 0  3 1 0 69 80 . 7 4  1 .  61-107579 o 1071 80 . 89 1 . 6 2  8 0 0 0  -0 . 15 -0 . 0  3 1 0 1 5  54 4 . 08 5 6  4 . 23 -0 . 1 5 -0 . 2  

.. 



S X i ng 

0 . 50 
1 . 00 
1 . 50 
2 . 00 
2 . 50 
3 . 00 
3 . 50 
4 . 00 
4 . 50 
5 . 00 
5 . 50 
6 . 00 
6 . 50 
7 . 00 
7 . 50 
8 . 00 
8 . 50 
9 . 00 
9 . 50 

10 . 00 
10 . 50 

n 1 1 . 0 0  
I 11 . 50 N 1 2 . 00 f.I1 12 . 50 

1 3 . 00 
1 3 . 50 
1 4 . 00 
14 . 50 
1 5 . 0 0  
15. 50 
16. 00 
16 . 50 
1 7 . 00 
17 . 50 
18 . 00 
18 . 50 
19 . 00 
19 . 50 
2 0 . 0 0  
20 . 50 
2 1 . 00 
21 . 50 
2 2 . 00 
22 . 50 
23 . 00 
2 3 . 50 
24 . 00 
2 4 . 50 
2 5 . 0 0  

TABLE C - IO . COLEMAN- STEWART VERSUS NEW HAMPSHIRE AUTOMATIC GATES 

I NC 
ACC 

3 
6 
5 
5 
2 
1 
5 
8 
3 
1 
1 
5 
8 
2 
2 
7 
3 
5 
4 
3 
6 
5 
3 
8 
1 
0 
5 
4 
0 
3 
8 
3 
3 
4 
2 
3 
6 
1 
5 
2 
2 
1 
7 
2 
0 
3 
0 
2 
3 
1 

COLEMAN - STEWART 
CUM POWER HAZARD 

'ACC S ACC FACTR I NDEX 

3 0 . 85 1 . 69 -57183 
9 2 . 54 2 . 54 -58823 

14 3 . 95 2 . 64 -60710 
19 5 . 37 2 . 68 -61713 
2 1  5 . 93 2 . 37 -63057 
22 6 . 21 2 . 07 -63638 
27 7 . 63 2 . 18 -6"625 
35 9 . 89 2 . 4 7  -65379 
38 10 . 73 2 . 39 -6564 5 
39 11 . 02 2 . 20 -65893 
40 11 . 30 2 , 05 -66238 
45 12. 71 2 . 12 -66745 
53 14 . 97 2 , 30 -67398 
55 15 . 54 2 . 22 -67802 
57 16 . 10 2 . 15 -68281 
64 1 8 . 08 2 . 26 -68757 
67 18 . 93 2 . 23 -69215 
72 20 . 34 2 •. 26 -69783 
76 2 1 . 4 7  2 . 26 -70394 
79 2 2 . 3 2  2 . 23 -70881 
85 24 . 01 2 . 29 -71307 
90 25 . 42 2 . 31 -71684 
9 3  26 . 27 2 . 28 -72049 

101 28 . 53 2 , 38 -72339 
102 2 '1 . 81 2 . ll -72568 
102 20 . 81 2 . 22 -72887 
107 30 . 23 2 . 24 -73416 
111 ll . 36 2 . 24 - 7 3913 
I I I  31 . 36 2 . 16 -7437 8  
114 3'-. 26 2 . 15 -75021 
122 34 . 46 2 . 22 -75630 
125 35. 31 2 . 21 -75958 
1'-8 36 . 16 2 . 19 -76207 
132 37 . 29 2 . 1 9  -76668 
134 37 . 8 5  2 . 1 6  -77111 
1 37 38 . 70 2 . 15 -77389 
143 4 0 . 4 0  2 . 18 -77639 
1 4 4  4 0 . 6 8  2 . 14 -77987 
149 4 2 . 0 9  2 . 16 -784101 
151 42 . 66 2 . 1 3 -78724 
153 4 3 . 22 2 . 11 -79109 
154 4 3 . 50 2 . 07 -79402 
161 4 5 . 4 8  2 . 12 -79720 
163 4 6 . 0 5  2 . 09 - 80215 
163 46 . 05 2 . 05 -80704 
166 4 6 . 89 2 . 04 -81071 
166 46 . 89 2 . 00 -81516 
168 47 . "6 1 . 9 8  - 81758 
171 4 8 . 31 1 . 97 - 82133 
172 4 8 . 59 1 . 94 -82508 

NEW HAMPSH I R E  C T  
I N C  CUM POWER HAZARD 
ACC 'ACC S ACC FACTR 

7 7 
7 14 
5 19 
5 24 
3 27 
8 35 
9 44 
2 46 
3 49 
0 49 
5 54 

11 65 
7 72 
5 77 
2 79 
4 83 
6 39 
1 90 
4 94 
2 96 
0 96 
0 96 
4 100 
4 104 
7 I I I  
2 113 
0 113 
2 115 
2 117 
5 122 
3 125 
2 127 
2 129 
3 1 32 
4 136 
3 139 
2 141 
0 1-11 
6 147 
4 151 
1 152 
2 154 
4 158 
1 159 
1 160 
5 165 
2 167 
2 169 
3 172 
0 172 

1 . 9 3  3 . 95 
3 . 95 3 . 9 5  
5 . 37 3 . 58 
6 . 7 8  3 . 39 
7 . 6 3  3 . 05 
9 . 89 3 . 30 

1 2 . 4 3  3 . 55 
12 . 99 3 . 25 
1 3 . 84 3 . 0 8  
1 3 . 8 4 :  2 . 77 
1 5 . 25, 2 . 77 
18 . 36 3 . 06 
20 . 34 3 . 13 
21 . 75 3 . 11 
2 2 . 32 2 . 90 
23 . 45 2 . 93 
25 . 14 2 . 96 
2 5 . 42 2 . 82 
26 . 55 2 . 8 0  
27 . 12 2 . 71 
27 . 12 2 . 58 
27 . 1'- 2 . 47 
28 . 25 2 . 46 
29 . 311 2 . 4 5  
ll . 36 2 . 51 
ll . 92 2 . 46 
31 . 92 1 2 . 36 
32 . 49 ;2 . 32 
3 3 . 05 2 . 28 
34 • .46 2 . 30 
35 . 31 2 . 28 
35 . 88 2 . 24 
36 . 44 2 . 21 
37 . 29 2 . 19 
38 . 42 2 . 20 
39 . :>7 2 . 1 8  
39 . 83 2 . 15 
39 . 8 3  2 . 10 
4 1 . 53 2 . 1 3  
4 2 . 66 2 . 13 
42 . 94 2 . 09 
4 3 . 50 2 . 07 
4 4 . 63 2 . 08 
4 4 . 92 2 . 04 
4 5 . 20 2 . 01 
4 6 . 61 2 . 03 
47 . 18 2 . 01 
4 7 . 74 1 . 99 
4 8 . 59 1 . 98 
4 8 . 59 1 . 94 

I ND EX 

1272000 
9 39420 
819360 
748000 
577660 
593400 
540000 
4 88400 
458080 
4 25000 
4 00320 
373800 
350000 
3 34400 
321600 
308100 
297600 
285200 
270100 
261000 
254400 
2 4 6400 
237000 
229600 
220000 
210000 
202800 
197145 
190400 
183720 
173600 
170000 
168000 
161500 
155800 
150000 
147400 
144000 
139950 
1 35000 
131810 
127500 
123760 
120000 
118500 
114504 
111650 
100120 
10 5000 
102400 

PD NH 
N I TH MATCH I NC CUM ' L ES S  MATCH LESS HATCH LESS MATCH 
SD I F F  TVAL MTCH ttTCH IACC S ACC .ACC S ACC SD I F F  TVAL 

-:J. . 1, 3  -1 . 3  0 0 3 0 . 85 7 " 1 . 98 -1 .13 -1 . 3  
-1 . 4 1  -1 . 0  3 3 6 1 . 69 11 3 . 11 -1 . 41 -1 . 2  
-1 . 41 - 0 . 9  2 5 9 2 . 54 14 3 . 95 -1 . 4 1 -1 . 0  
- 1 . 41 -O . B  4 9 10 2 . 82 15 4 . 24 -1 . 41 -1 . 0  
-1 . 69 -0 . 9  2 11 10 2 . 82 16 4 . 52 -1 . 69 -1.2 
-3 . 67 -1 . 7  1 12 10 2 . 8 2  23 6 . 50 - 3 . 67 -2 . 3  
-4 . 80 -2 . 0  4 16 11 3 . 11 28 7 . 91 -4 . 80 -2 . 7  
-3 . 11 -1 . 2 3 19 16 4 . 52 27 7 . 6 3 -3 . 11 -1 . 7  
-3 . 11 -1 . 2  2 21 17 4 . 80 28 7 . 91 - 3 . 11 -1 . 6  
-2 . 92 -1 . 1  0 21 18 5 . 08 28 7 . 91 -2. 8'- -1 . 5  
- 3 . 95 -1 . 4  2 2 3  1 7  4 . 80 31 8 . 76 -3.95 - 2 . 0  
-5 . 65 -1 . 9  5 28 17 4 . 80 37 10 . 4 5 -5 . 6 5  -2 . 7  
-5 . 37 -1 . 7  4 32 21 5 . 9 3  40 11 . 30 -5 . 37 -2 . 4  
-6 . 2 1  -1 . 9  4 36 19 5 . 37 41 11 . 58 -6 . 21 -2 . 8  
-6 . 21 -1 . 9  2 38 19 5 . 37 41 1 1 . 58 -6 . 21 -2 . 9  
-5 . 37 -1 . 6  3 41 23 6 . 50 42 1 1 . 8 6  -5 . 37 -2 . 4  
-6 . 21 -1 . 8  7 4 8  19 5 . 37 41 11 . 58 - � . 21 -2 . 8  
-5 . 0 8  -1 . 4  5 53 19 5 . 37 37 10 . 45 - 5 . 08 -2 . 4  
- 5 . 08 -1 . 4  4 5 7  19 5 . 37 37 10 . 45 -5.08 -2 . 4  
-4 . 80 -1 . 3  2 59 20 5 . 65 37 10 . 45 -4 . 80 -2 . 3  
- 3 . 11 -0 . 1i  3 62 23 6 . 50 34 9 . 60 - 3 . 11 -1 . 5  
-1 .69 -0 . 4  0 62 2 8  7 . 91 34 9 . 60 -1 .69 -0 . 8  
- 1 . 9 8  -0 . 5  2 64 29 8 . 19 36 1 0 . 17 -1 . 9 8  -0 . 9  
-0 . 8 5  -0 . 2  8 72 29 8 . 19 32 9 . 04 -0 . 8 5  -0 .4 
-2 . 54 -0 . 6  7 79 23 6 . 50 32 9 . 04 -2. 54 -1 . 2  
-3 . 11 -0 . 8  2 81 21 5 . 93 32 9 . 04 -3 . 11 -1 . 5  
-1 . 69 -0 . 4  2 83 24 6 . 78 30 8 . 47 -1 . 69 -0 . 8  
-1 . 1 3  -0 . 3  3 86 25 7 . 0 6  29 8 . 19 - 1 . 13 -0 . 5  
-1 . 69 -0 . 4  2 88 2 3  6 . 50 29 8 . 19 -1 . 69 -0 . 8  
-2 . 26 -0 . 5  3 91 2 3  6 . 50 31 8 . 76 -2 . 26 -1 . 1  
-0 . 85 -0 . 2  3 94 28 7 . 91 II 8 . 76 -0 . 85 -0 . 4  
-0 . 56 -0 . 1  3 97 2 9  7 . 9 1  30 8 . 47 -0 . 56 -0 . 3  
- 0 . 2 8  -0 . 1  3 100 28 7 . 91 29 8 . 19 -0 . 28 -0 . 1  

0 . 00 0 . 0  1 101 31 8 . 76 31 8 . 76 O . QO 0 . 0  
-0 . 56 -0 . 1  3 104 30 8 . 47 32 9 . 04 -0 . 56 -0 . 3  
-0 . 56 -0 . 1  3 107 30 8 . 47 32 9 . 04 -0 . 56 -0 . 3  

0 . 56 0 . 0  4 I I I  32 9 . 04 30 8 . 47 0 . 56 0 . 3  
0 . 85 0 . 2  0 111 33 9 . 32 30 8 . 47 0 . 85 0 . 4  
0 . 56 0 . 1  5 116 33 9 . 32 31 8 . 76 0 . 56 0 . 3  
0 . 00 0 . 0  · 3  119 32 9 . 04 32 9 . 0 4  0 . 00 0 . 0  
0 . 28 0 .1 1 120 33 9 . 32 32 9 . 04 0 . 28 0 . 1 
0 . 00 0 . 0  1 121 33 9 . 32 33 9 . 32 0 . 00 0 . 0  
0 . 85 0 . 2  5 126 35 9 . 89 32 9 . 04 0 . 05 0 . 4  
1 . 13 0 . 2  2 128 35 9 . 89 31 8 . 76 1 . 13 0 . 5  
0 . 85 0 . 2  1 129 34 9 . 60 31 8 . 76 0 . 85 0 . 4  
0 . 28 0 . 1 5 1 34 32 9 . 06 31 8 . 76 0 . 28 0 . 1  

-0 . 28 -0 . 1  0 1 34 32 9 . 04 33 9 . 32 -0 . 28 -0 .1 
-0 . 28 - 0 . 1  4 138 30 8 . 47 II 8 . 76 -0 . 2 8  -0 . 1  
-0 . 28 -0 . 1  3 141 30 8 . 4 7  31 8 . 76 -0 . 28 -0 . 1  

0 . 00 0 . 0  0 141 31 8 . 7 6  31 8 . 76 0 . 00 0 . 0 



TABLE C- 10 . 

COL EMAN-STEWART NEW HAMPSH I R E  CT 

I N C  CUM POtiE R  HAZARD I N C  C UM POWER HAZARD HAZARD 
S l i n g  ACC IACC S ACC FACTR I NO E X  A C C  SACC FACTR I ND E X  I ND E X  

2 5 . 50 3 175 4 9 . U 1 . 94 -22747 3 175 4 9 . 4 4 1 . 9 4 100000 
26 . 00 3 178 50 . 28 1 . 9 3 -83102 4 179 5 0 . 56 1 . 94 98064 
26 . 50 5 183 5 1 . 6 9  1 . 9 5 -8 3566 0 179 50 . 5 5 1. 91 96000 
27 . 00 3 186 52 . 54 1 . 9 5  -84045 0 1 7 9  50 . 56 1 . 8 7 93500 
27 . 50 1 187 5 2 . 82 1 . 82 -84336 6 185 5 2 . 2 6 1 . 90 90000 
28 . 00 4 191 5 3 . 95 1 . 93 -84675 3 188 5 3 . 1 1 1 . 90 87696 
2 8 . 50 1 192 54 . 2 4  1 . 90 -85087 1 1 8 9  53 . 3 9 1 . 8 7  8 6 3 5 0  
2 9 . 00 2 194 54 . 80 1 . 8 9 -85541 5 1 94 54 . 80 1 . 89 84000 
2 9 . 50 2 196 55. 3 7  1 . 88 -85982 0 194 54 . 80 1 . 86 82080 
30 . 00 6 202 5 7 . 0 6  1 . 90 -86372 4 198 55 . 98 1 . 86 80000 
30 . 50 2 204 51 . 6 3  1 . 8 9 .,.86582 0 198 5 5 . 9 3  1 . 8 3 79200 
3 1 . 0 0  1 205 57. 91 1 . 8 7 -86844 2 2 0 0  56 . 5 0  1 . 82 78200 
3 1 . 50 1 206 58 . 1 9 1 . 85 -87155 0 200 56 . 50 1 . 79 75400 
32 . 00 5 211 5 9 . 60 1 . 86 -87488 4 204 5 7 . 6 3  1 . 80 72100 
32 . 50 1 212 5 9 . 89 1 . 84 -87944 7 211 5 9 . 60 1 . 8 3 71000 
3 3 . 00 3 215 6 0 . 73 1 . 84 -88312 2 2 1 3  6 0 . 17 1 . 82 70000 
3 3 . 50 0 215 60 . 7 3 1 . 8 1  -88734 2 2 1 5  60 . 73 1 . 8 1 68000 
3 4 . 00 2 2 1 7  61 . 30 1 . 80 -89145 a 2 1 5  6 0 . 73 1 . 79 66000 
34 . 50 2 219 6 1 . 86 1 . 79 -89488 1 216 6 1 . 0 2 1 . 77 64880 
3 5 . 0 0  1 220 6 2 . 1 5 1 . 78 -89723 2 218 6 1 . 5 8  1 . 76 6 3250 

n 35 . 50 2 222 6 2 . 71 1 . 77 -90071 3 221 6 2 . 4 3  1 . 76 62020 
I 36 . 00 2 224 6 3 . 28 1 . 76 -90341 1 222 6 2 . 7 1 1 . 74 60600 N 36 . 50 2 226 6 3 . 84 1 . 75 -90791 0 2 2 2  6 2 . 7 1 1 . 72 60000 0\ 3 7 . 00 1 227 64 . 1 2 1 . 73 -91142 1 2 2 3  6 2 . 9 9 1 . 70 58104 

3 7 . 50 5 232 6 5 . 54 1 . 75 -91402 6 2 2 9  6 4 . 6 9  1 . 73 56240 
38 . 00 1 2 3 3  6 5 . 82 1 . 73 -91 582 3 232 6 5 . 54 1 . 72 55000 
38 . 50 4 2 3 7  66 . 95 1 . 74 -92007 4 236 66 . 6 7  1 . 7 3 54000 
3 9 . 00 2 2 3 9  6 7 . 51 1 . 7 3  -92187 0 2 36 6 6 . 6 7 1 . 7 1 52500 
3 9 . 50 1 240 6 7 . 80 1 . 72 -92402 0 2 36 6 6 . 6 7  1 . 6 9  5 1 320 
40 . 00 a 240 6 7 . 80 1 . 6 9  -92783 2 238 6 7 . 2 3 1 . 68 50040 
4 0 . 50 2 242 68 . 36 1 . 6 9  -93046 1 2 3 9  6 7 . 5 1 1 . 6 7  4 9000 
4 1 . 00 1 243 6 8 . 6 4  1 . 6 7  -93275 1 2 4 0  6 7 . 8 0 1 . 6 5  4 8000 
4 1 . 50 2 245 6 9 . 2 1 1 . 6 7  -93539 1 2 4 1  6 8 . 0 8 1 . 6 4  4 7 100 
4 2 . 00 0 245 6 9 . 2 1 1 . 6 5  -93834 0 2 4 1  6 8 . 08 1 . 6 2  46000 
4 2 . 50 0 245 6 9 . 2 1 1 . 6 3  -94143 3 2 4 4  6 8 . 9 3  1 . 6 2  45000 
4 3 . 00 2 247 6 9 . 77 1 . 6 2  -94518 0 2 4 4  68 . 93 1 . 6 0  4 4 000 
4 3 . 50 1 2 4 8  70 . 06 1 . 6 1  -94752 1 2 4 5  6 9 . 2 1  1 . 59 4 2650 
4 4 . 0 0 1 2 4 9  70 . 34 1 . 60 -94983 2 2 4 7  6 9 . 77 1 . 59 4 1 280 
4 4 . 50 1 250 70 . 62 1 . 5 9 -94261 2 2 4 9  70 . 34 1 . 58 4 0000 
4 5 . 00 1 251 70 . 90 1 . 58 -95404 0 2 4 9  70 . 34 1 . 56 4 0000 
4 5 . 50 5 256 72 . 3 2 1 . 59 -95616 2 251 70 . 90 1 . 56 39060 
4 6 . 00 3 2 5 9  7 3 . 16 1 . 5 9 -95923 4 2 5 5  7 3 . 03 1 . 57 37800 
46 . 5 0  9 268 75 . 71 1 . 6 3  -96230 1 256 7 2 . 32 1 . 5 6  3 72 0 0  
4 7 . 00 1 2 6 9  75 . 99 1 . 6 2  -96429 4 260 7 3 . 4 5  1 . 5 6  36160 
4 7 . 50 0 269 75 . 9 9  1 . 60 - 96 6 2 9  1 261 7 3 . 73 1 . 55 36000 
4 8 . 0 0  1 270 76 . 27 1 . 59 -96887 1 2 6 2  74 . 0 1 1 . 54 3 4 4 5 0  
4 8 . 50 2 272 76 . 84 1 .5 8  -97197 2 2 6 4  74 . 5 8  1 . 54 33600 
4 9 . 00 4 276 77 . 97 1 . 59 -97514 0 264 74 . 58 1 . 5 2  3 2 5 0 0  
4 9 . 50 0 276 7 7 . 9 7  1 . 58 -97713 0 264 74 . 58 1 . 51 32000 
50 . 00 2 278 78 . 53 1 . 57 -97907 1 2 6 5  74 . 86 1 . 50 30800 

c. 

(cont . )  

PO 

W I TH MATCH I NC CUM L E S S  
S D I F F  TVAL MTCH MTCH IACC 

0 . 00 0 . 0  2 1 4 3  32 
- 0 . 28 0 . 1  3 146 32 

1 . 1 3  0 . 2  4 150 3 3  
1 . 9 8 0 . 4  1 151 3 5  
0 . 56 0 . 1  6 157 30 
0 . 8 5 0 . 2  5 162 29 
0 . 85 0 . 2  1 1 6 3  2 9  
0 . 00 0 . 0  4 167 27 
0 . 5 6 0 . 1  1 168 28 
1 . 1 3 0 . 2  3 171 3 1  
1 . 69 0 . 3  1 1 7 2  32 
1 . 4 1 0 . 2  2 174 3 1  
1 . 69 0 . 3  1 175 3 1  
1 . 98 0 . 3  5 180 3 1  
0 . 2 8 0 . 0  4 184 28 
0 . 56 0 . 1  0 184 31 
0 . 00 0 . 0  2 1 8 6  2 9  
0 . 56 0 . 1  1 187 30 
0 . 85 0 . 1  1 188 3 1  
0 . 56 0 . 1  1 189 31 
0 . 28 0 . 0  4 1 9 3  29 
0 . 56 0 . 1  1 194 3 0  
1 . 1 3  0 . 2  1 195 31 
1 . 1 3 0 . 2  2 197 30 
0 . 85 0 . 1  0 197 35 
0 . 2 8 0 . 0  2 199 34 
0 . 28 0 . 0  6 205 32 
0 . 8 5 0 . 1  2 207 32 
1 . 1 3  0 . 2  0 207 33 
0 . 5 6 0 . 1  2 209 31 
0 . 8 5 0 . 1  2 2 1 1  3 1  
0 . 8 5 0 . 1  1 212 3 1  
1 . 1 3  0 . 2  1 2 1 3  3 2  
1 . 1 3 0 . 2  0 2 1 3  3 2  
0 . 28 0 . 0  3 216 2 9  
0 . 85 0 . 1  2 218 2 9  
0 . 85 0 . 1  1 219 29 
0 . 56 0 . 1  3 222 27 
0 . 28 0 . 0  1 2 2 3  2 7  
0 . 5 6  0 . 1  1 2 2 4  27 
1 . 4 1  0 . 2  6 230 26 
1 . 13 0 . 2  .5 2 3 5  24 
3 . 39 0 . 5  9 2 4 4  24 
2 . 54 0 . 4  3 247 22 
2 . 2 6 0 . 3  1 248 21 
2 . 26 0 . 3  2 250 20 
2 . 26 0 . 3  3 253 19 
3 . 39 0 . 5  1 2 5 4  2 2  
3 . 39 0 . 5  0 254 2 2  
3 . 67 0 . 6  a 254 24 

MATCH 
S ACC 

9 . 0 4 
9 . 0 4 
9 . 3 2  
9 . 8 9 
8 . 4 7  
8 . 1 9 
8 . 19 
7 . 63 
7 . 91 
8 . 76 
9 . 04 
8 . 7 6 
8 . 76 
8 . 76 
7 . 9 1  
8 . 7 6 
8 . 1 9 
8 . 4 7 
8 . 7 6 
8 . 7 6 
8 . 1 9 
8 . 4 7 
8 . 7 6 
8 . 4 7 
9 . 8 9 
9 . 6 0 
9 . 04 
9 . 04 
9 . 32 
8 . 76 
8 . 76 
8 . 76 
9 . 04 
9 . 04 
8 . 19 
8 . 19 
8 . 1 9 
7 . 6 3  
7 . 6 3  
7 . 63 
7 . 301 
6 . 7:1 
6 . 78 
6 . 21 
5 . 9 3  
5 . 65 
5 . 37 
6 . 21 
6 . 21 
6 . 78 

NH 
L ESS MATCH 
'ACC S ACC 

32 9 . 04 
3 3  9 . 3 2 
29 8 . 19 
28 7 . 9 1 
28 7 . 91 
26 7 . 3 4 
26 7 . 34 
27 7 . 63 
26 7 . 34 
27 7 . 6 3  
26 7 . 34 
2 6  7 . 34 
25 7 . 06 

. 2 4 6 . 7 8 
27 7 . 63 
29 8 . 19 
2 9  8 . 19 
28 7 . 91 
28 7 . 91 
2 9  8 . 19 
28 7 . 91 
28 7 . 9 1 
27 7 . 6 3  
2 6  7 . 34 
32 9 . 04 
3 3  9 . 32 
J l  8 . 76 
29 8 . 19 
29 8 . 1 9 
29 8 . 19 
28 7 . 9 1  
28 7 . 9 1  
28 7 . 9 1  
28 7 . 9 1  
28 7 . 9 1 
26 7 . 34 
26 7 . 34 
2 5  7 . 0 6 
2 6  7 . 34 
2 5  7 . 06 
21 5 . 9 3  
20 5 . 65 
12 3 . 39 
1 3  3 . 67 
1 3  3 . 67 
1 2  3 . 39 
1 1  3 . 11 
1 0  2 . 82 
10 2 . 82 
11 3 . 1 1  

LESS MATCH 
�D I FF TVAL 

0 . 0 0 0 . 0  
-0 . 2 8 -0 . 1  

1 . 1 3 0 . 5  
1 . 98 0 . 9  
0 . 56 0 . 3  
0 . 8 5 0 . 4  
0 . 85 0 . 4  
0 . 00 0 . 0  
0 . 56 0 . 3  
1 . 13 0 . 5  
1 . 69 0 . 8  
1 . 4 1  0 . 7  
1 . 69 0 . 8  
1 . 98 0 . 9  
0 . 2 8 0 . 1  
0 . 5 6 0 . 3  
0 . 00 0 . 0  
0 . 5 6 0 . 3  
0 . 8 5 0 . 4  
0 . 56 0 . 3  
0 . 28 0 . 1  
0 . 56 0 . 3  
1 . 1 3 0 . 5  
1 . 1 3 0 . 5  
0 . 85 0 . 4  
0 . 28 0 . 1  
0 . 2 0 0 . 1  
0 . 8 5 0 . 4  
1 . 1 3 0 . 5  
0 . 56 0 . 3  
0 . 8 5 0 . 4  
0 . 8 5 0 . 4  
1 . 1 3 0 . 5  
1 . 1 3 0 . 5  
0 . 20 0 . 1  
0 . 85 0 . 4  
0 . 8 5 0 . 4  
0 . 56 0 . 3  
0 . 2 8 0 . 1  
0 . 56 0 . 3  
1 . 4 1  0 . 7  
1 . 1 3  0 . 6  
3 . 39 2 . 0  
2 . 54 1 . 5  
2 . 26 1 . 4  
2 . 26 1 . 4  
2 . 26 1 . 5  
3 . 39 2 . 1  
3 . 39 2 . 1  
3 . 6 7  2 . 2  



TABLE C - l 1 . 

PE A80DY-D I MM I C K  

, Xing I NC CUM POWER HA ZARD 

ACe IACC � ACC FACTR I ND E X  

0 . 5 0  7 7  7 7  3 . 88 7 . 16 63891 
1 . 00 60 1 3 7  6. 9 1  6.91 592 3 1  
1 . 50 �9 1 86 9 . 3 8  6 . 2 5  56761 
2 . 00 5 1  2 3 7  1 1 .95 5.97 54502 
2 . 50 5 0  287 1 1t . lt7 5 . 79 5 2 799 
3 . 00 38 32 5 16. 38 5.46 5 1 5 76 
3 . SO Itl 366 1 8 . 1t 5  5 . 2 7  5 0290 
4 . 00 3 2  398 20. 06 5. 0" 49278 
4 . 50 �5 443 22. 33 4 . 96 48283 
5. 00 40 48 3 24.34 4 . 8 7  4 7467 
5 . 50 36 5 1 9  26 . 16 4. 76 1t6836 
6 . 00 16 53 5 26. 97 It. 49 46262 
6 . 50 30 565 28.48 4. 3 8  't55 97 
7 . 00 3 0  595 29 .99 4 . 2 8  44936 
7 . 50 38 633 3 1 . 9 1  1t . 2 5 44296 
8. 00 33 666 3 3 . 5 7  4 . 2 0  4 3 7 16 
8 . 50 22 688 34. 6 8  4. 08 43238 
9. 00 2 1  109 35 . 74 3 . 9 1 't2726 
9 . 50 2 1  730 36. 79 3. 8T 4 2 2 83 

('") 1 0 . 00 26 156 38 . 1 0  3 . 81 4 1 8 1 2 
I 10 . 50 1 9  175 39. 06 3 . 72 4 14 2 5  N 1 1 . 00 23 798 40. 22 3 . 66 4 1006 

-...:J 1 1 . 50 35 833 4 1 . 99 3 . 65 4 06 1 1  
1 2 . 00 1 7  8 5 0  42 . 84 3 . 5 1  4 0259 
1 2 . 50 35 885 41t. 6 1  3. 5 7  39894 
1 3 . 00 1 1  896 45. 16 3.ltl 395 1 5  
1 3 . 50 31 92 7 46 .72 3 . 46 3 92 0 5  
1 4 .00 18 94 5 47. 63 3. 40 3 8 8 57 
1 4. 50 24 969 't8 . 84 3 . 37 3 8493 
1 5 .00 9 978 49. 2 9  3. 29 3 8 2 5 1  
1 5 . 50 1 6  994 SO . 10 3 . 2 3  3 7990 
1 6 . 00 20 1 0 1 4  5 1 . 1 1  3 . 19 3 7 6 5 7  
1 6 . 50 24 1 03 8  52 . 3 2  3 . 1 1  3 7 3 1 9  
1 7 . 00 1 5  1 053 53 . 07 3. 1 2  3 7093 
1 7 . 50 14 1 06 7  5 3 . 7 8  3 . 0 7  368't8 
1 8 . 00 19 1 086 54. 71t 3 . 04 36561 
18 . SO  1 5  1 10 1  55. 49 3 . 00 36282 
1 9 . 00 1 3  1 1 1 4  56. 1 5  2 . 96 36097 
19 . 50 1 5  1 12 9  56 . 9 1  2.92 3 5929 
2 0. 00 4 1 13 3  5 7 . 1 1  2 . 86 3 5616 
20 . 50 12 1 14 5  57. 7 1  2. 82 3 5lt 59 
2 1 .00 11 1 1 56 5 8 . 27 2 . 71 3 5229 
2 1 . 50  1 3  1 169 58 . 9 2  2. 7 4  3 4995 
22 . 00 14 1 18 3  59 . 63 2 . 7 1  3 48 30 
2 2 . 50 23 1206 60. 7 9  2 . 7 0  34563 
2 3 . 00 8 1 2 1 '0  6 1 . 19 2 . 66 34299 
23. 50 1 0  1224 6 1 . 6 9 2. 63 34 184 
24 .00 22 1246 62 . 8 0  2 . 62 33906 
2 4 . 50 1 5  126 1  6 3 . 56 2 . 59 3 3693 
25 .00 18 1279 61t. 4 7  2. 58 3 3508 

P EABODY - D IMM I CK VERSUS NEW HAMPSH I RE 

NE W HA MPSH I RE CT 
I N C  CU"I POweR H AZ AR D  

ACC I AC C  t ACC FACTR 

8 3  
52 
54 
56 
56 
itO 

34 
4 1  
4 5  
3 3  
3 1  
4 2  
24 
2 4  
2 3  
27 
2 3  
2 2  
26 
2 3  
3 1  
2 7  
2 2  
3 0  
22 
36 
1 3  
1 7  

8 
2 3  

8 3  4 . 1 8  
1 35 6. 80 
1 89 9 . 5 3  
2lt5 1 2 . 3 5  
3 0 1  1 5 . 1 7  
3 4 1  1 7. 1 9  
3 75 1 8 . 9 0  
1t 1 6  2 0.9 7 
46 1 2 3 . 2 4  
494 2 1t .90 
525 2 6 . 46 
567 2 8 . 5 8  
591 2 9. 79 
6 15 3 1 .00 
638 3

'
2. 1 6  

6 6 5  3 3 .5 2  
6 8 8  3 4 . 6 8  
7 1 0  3 5 . 79 
736 3 7 . 1 0  
759 3 8 . 2 6  
7 90 3 9 . 8 2  
8 1 1  4 1 . 1 8 
8 39 1t2 .29 
869 43. 8 0  
891 4 4 . 9 1  
921 46. 72 
9 40 4 7 . 38 
957 4 8 . 24 
965 48 .64 
988 4 9 . 8 0  

1 5  1 0 0 3  50. 5 5  
3 1  1 034 52 . 1 2 

1 1 0 35 5 2 . 1 7  
1 9  1 0 54 53 . 13 
2 1  1 0 15 54. 1 8  
1 5  1 090 5 4 .94 
2 3  1 1 1 3 56. 1 0  

o 1 1 1 3  5 6 . 1 0  
1 7  1 1 30 5 6 . 9 6  
1 2  1 1 42 5 1 . 5 6  
4 5  1 1 87 5 9 . 8 3  

o 1 1 87 59. 8 3  
o 1 1 87 59. 83 
8 1 1 9 5  60 . 2 3  

2 2  1 2 1 7  6 1 . 3 4  
1 1  1 2 2 8  6 1 . 90 
1 4  1 2 1t2 62 .60 
1 8  1260 6 3. 5 1  
1 0  1 2 70 64. 0 1  
2 5  1 295 65. 2 7  

8 .3 7  
6 . 8 0  
6 . 3 5  
6. 1 7  
6 .0 7 
5 .7 3  
5 . 4 0  
5 . 2 4  
5. 1 6  
4 .98 
4 . 8 1 
4 .76 
't . 5 8  
4 . 43 
4 . 2 9  
4 .1 9  
4 .08 
3 .9 8  
3 .90 
3 . 8 3  
3 . 79 
3 . 74 
3 .6 8  
3 . 6 5  
3 .5 9  
3 . 5 9  
3 .5 1  
3 . 4 5  
3 .3 5  
3 .3 2  
3 . 2 6  
3 .2 6  
3 . 1 6  
3 . 1 3  
3 . 1 0  
3 .0 5  
3 . 03 
2 .9 5  
2 . 92 
2 .88 
2 .92 
2 . 8 5  
2 . 78 
2 . 7" 
2 . 7 3  
2 .69 
2 .66 
2 .6 5  
2 . 6 1  
2 . 6 1  

I ND E X  

72000 
4 7300 
3 � 50 0  
2 7200 
22800 
1 9200 
1 6800 
11t800 
1 3000 
1 2000 
1 1000 
10000 

9 1 5 0  
8500 
8000 
7484 
6900 
6400 
6000 
5600 
5250 
5000 
4800 
4400 
4200 
4000 
3800 
3600 
3 500 
3240 
3070 
3000 
2948 
2800 
2600 
2 500 
2400 
2400 
2240 
2 1 30 
2000 
2 000 
2000 
1 900 
1 800 
1 7 50 
1620 
1 6 00 
1 520 
1 500 

II I TH HAlCH I NC CUH 
ZO lf f  T VAl HT CH MTCH 

-0.30 - 0 . 5  H 74 
0 . 1 0  0 . 1  5 �  1 28 

- 0 . 1 5  - 0. 2  5 0  1 78 
-0 .1t0 - 0 .1t 5 3  2 3 1  
- 0. 7 1  - C. 6  1t8 2 79 
-0 .8 1  -0 .6 42 3 2 1  
- 0 . 4 5  - ( . 3  3 9  360 
-0 .9 1  -0.6 30 390 
-0. 9 1  - C . 6  4 8  438 
- 0 . 5 5  - C . 4 3 6  474 
- 0. 3 0  - C . 2  3 0  504 
- 1 . 6 1  - 1 . 0 27 5 3 1  
- 1 . 3 1  - 0 . 8  2 8  559 
- 1 . 0 1  -0. 6 2 7  586 
-0 .25 -0 . 1  29 6 15 

0 . 0 5  0. 0 3 1  6't6 
0 .00 0 . 0  2 1  673 

- 0 . 05 -c.o 2 2  695 
-0 .30 - 0 . 2  2 0  7 1 5  
-0. 1 5  - 0. 1  2 7  142 
-0.16 - 0 . 4  2 0  762 
-0. 96 - C. 5  2 4  786 
-0 . 30 - 0 . 1  3 2  8 1 8  
-0 . 96 -0.5 1 8  8 36 
- 0 . 3 0  - C . 1  2 1  863 
-1 . 5 6  -0.1 26 889 
- 0 . 66 - C . 3  2 8  9 1 7  
-0 .60 - 0 . 3  1 8  9 3 5  

0 . 20 0. 1 1 5  950 
-0 . 5 0  -0.2 20 910 
-0.45 - (. 2  1 3  983 
- 1 . 0 1  - 0 . 4  2 3  1 006 

0. 1 5  0 . 1 12 1 0 1 8  
-0.05 - 0 . 0  2 1  1 0 39 
-0 .40 - C . 2  1 7  1 056 
-0 .20 - C . 1  1 8  1 0 74 
-0.60 -0.3 17 1 0 9 1  

0. 05 0.0 10 1 1 0 1  
- 0 . 0 5  -0.0 1 2  1 1 1 3 
-0.45 - c. 2 10 1 1 2 3  
-2 . 1 2  - C . 9  20 1 1 4 3  
- 1 .56 - C. 6  9 1 15 2  
-0 .9 1  -0.4 9 1 16 1  
- 0 . 6 0  - 0 . 2  1 3  1 1 74 
-0 . 5 5  - C . 2  2 1  1 19 5  
-0 . 71 - C. 3  9 1 2 04 
- 0 . 9 1  - C .4 1 3  1 2 1 7  
-0 . 7 1  -0. 3 22 1 2 3 9  
-0.45 - C. 2  14 1 2 53 
-0.8 1 -0.3 2 2  1 2 75 

CROSSBUCKS 

PO NIt 
lES S MATCH l ESS HATCH l ES S  MATCH 
OAee � Ace IIIACC , Ace 8DlfF T VAl 

3 0. 1 5  9 0. 45 -0. 3 0  - 1 . 7  
9 0 .1t5 7 0. 3 5  0. 1 0  0. 5  
8 0 . 4 0  1 1  0 . 5 5  -G. 1 5  - 0 . 7  
6 0 . 30 lit 0 . 7 1  - 0 . 1t0 - 1. 8  
8 0 . 1t 0  22 1 . 1 1  -O . H  -2 .6 
4 0 . 2 0  20 1 . 0 1  - 0. 8 1  - 3 . 3  
6 0 . 3 0  1 5  0 . 76 - 0 .45 - 2 .� 
8 0 . 4 0  26 1 . 3 1  - 0. 9 1  - 3. 1  
5 0 . 2 5  2 3  1 . 1 6  - 0 . 9 1  - 3 . 4  
9 0. 1t5 20 1 . 01 -0. 5 5  -2.0 

1 5  0 . 76 21 1 . 06 -0. 3 0  - 1 .0 
It 0. 2 0  36 1 . 81 - 1 . 6 1  -5. 1 
6 0 . 3 0  32 1 . 6 1  - 1. 3 1 -1t. 2 
9 0 . 4 5  29 1. 46 - 1 . 0 1  -3.2 

1 8  0 . 9 1  2 3  1 0 16 - 0 . 2 5  - 0 . 8  
2 0  1 . 0 1  1 9  0 . 96 0 . 05 0 .2 
1 5  0 . 76 1 5  0. 76 0. 00 0. 0 
1 4  0 . 7 1  1 5  0 . 76 - 0 . 05 -0.2 
1 5  0 . 76 2 1  1. 06 - 0. 30 - 1. 0  
lit 0 . 7 1  1 7  0 . 86 - 0 . 1 5  - 0 . 5  
1 3  0 . 6 6  2 8  1 . 41 - 0 . 7 6  - 2. 3  
1 2  0 .6 0  3 1  1 . 56 - 0 .96 - 2 .9 
1 5  0. 76 2 1  1 . 06 -0. 3 0  - 1 . 0  
lit 0 . 7 1  33 1 . 66 -0. 96 - 2 . 8  
2 2  1 . 1 1  28 1 . 'n - 0. 3 0  -0.8 

7 0 . :3 5 38 1 . 92 - 1 . 56 -4. 6 
1 0  0. 5 0  2 3  1 . 16 -0 .6 6  -2.3 
1 0  0 . 50 22 1. 1 1  - 0 . 6 0  - 2 . 1  
1 9  0.96 15 0.76 0 . 2 0  0 . 1  

8 o.�o 1 8  0. 9 1  - 0. 50 -2. 0 
1 1  0 .5 5  20 1 . 0 1  - 0 . 4 5  - 1 .6 

8 0 . 40 28 1 . 4 1  - 1 . 0 1  -3. 3 
2 0  1 . 0 1  1 7  0 . 86 0 . 1 5  0.5 
1 4  0. 7 1  1 5  0. 76 - 0 . 05 -0.2 
1 1  0 . 5 5  1 9  0 . 96 - 0 . 40 - 1. 5  
1 2  0.60 1 6  0. 81 -0.20 -0.8 
1 0  0 . 5 0  22 1 . 1 1  - 0 . 60 - 2. 1  
1 3  0 . 6 6  1 2  0 . 60 0 . 05 0 . 2  
1 6  0 . 8 1  1 7  0. 86 - 0 . 0 5  - 0. 2  
1 0  0 . 5 0  1 9  0 .96 -0. 4 5  - 1 .7 

2 0 . 1 0  44 2. 22 - 2. 1 2  -6. 2 
4 0 . 2 0  35 1 . 76 - 1 . 56 - 5.0 
8 0 . 4 0  26 1. 31 -0. 9 1  - 3. 1  
9 0 . 4 5  2 1  1 . 06 -0 . 6 0  - 2 . 2  

1 1  0. 5 5  22 1 . 1 1  - 0 . 5 5  - 1 . 9  
1 0  0 . 50 2 4  1 . 2 1  -0. 7 1  - 2. 4  

7 0. 3 5  2 5  1 . 26 -0 . 9 1  -3.2 
7 0 . 3 5  2 1  1 . 06 - 0. 7 1  - 2. 6  
8 0.4 0  1 7  0. 86 - 0. 4 5  - 1 .8 
4 0 . 20 20 1 . 0 1  - 0. 8 1  - 3. 3  



TABLE C - l 1 . 

P E A80DY-O 114M II: K N E W  HAHPS H I RE CT 

, Xing I NI: CUH POWER HAZARO I NC CU"I PO"ER HAZARD 

ACC lAce Z ACC fACTR I NDE X ACC IACC Z ACC F ACT R I NDEX 

2 5 . 50 9 1288 61t. 92 2 . 55 3 33 1 3  1 1296 6 5 . 3 2  2 . 56 1460 
2 6 . 00 1 5  1 30 3  65.68 2 . 53 3 3095 15 1 3 1 1  66. 08 2 . 510 1 1000 
2 6. 5 0  12 1 31 5  66. 2 8  2 . 50 3 2887 6 1 3 1 7 66.38 2 .50 1 3 50 
2 7 . 00  8 1 3 2 3  66. 6 8  2 . 107 3262 8  9 1 326 66. 83 2 . 10 8  1 2 8 0  
27. 50 1 3  1 33 6  67. 3 4  2 .1t5 32510 8 1 331t 6 7 .24 2 .10 5  1 220 
28 .00 16 1 352 68. 15 2. 1t3 3 2 3 59 30 1 3610 68.75 2 .106 1200 
28 . 50 12 1 360\ 68. 75 2 . lt l  3 2 1 35 o 1 364 6 8 . 7 5  2 . lt l  1 200 
2 9 . 00 19 1 383 69. 7 1  2. 4 0  3 1935 1 3  1 37 7  69.10 1 2 .39 1 1 2 0  
29 . 50 15 1 398 70.1t6 2 . 39 3 1 838 1 3  1 390 70. 06 2 . 3 7  1 08 0  
30. 00 10 Ilt02 70. 67 2 . 36 3 1 5" 1 1  HO I 70 .6 1 2 . 3 5  1 020 
30. 50 13 l iti S  7 1. 32 2 . 34 3 1 5 18 37 1 10 3 8  72 .48 2 . 38 1000 
:5 1 . 00 9 1 420\ 11. 7 7  2 . 32 3 13 84 o 1 438 7 2 . 48 2 .3 10  1000 
3 1 . 50 15 1 439 72. 5 3  2 . 3 0  3 1 1 54 o 1 4 3 8  72. 48 2 . 3 0  1 000 
3 2 . 00 13 10\52 73. 1 9  2 . 29 3097it 19 H57 7 3 .410 2 . 29 925 
32 . 50 10 1 106 2  73.69 2 . 2 7 30747 1 9  I 1t 76 74. 4 0  2 . 2 9  900 
33. 00 7 I1t69 74.01t 2 . 24 30653 1 1 47 7  7 4 . 1t5 2 . 26 890 
3 3 . 50 18 1 108 7  74. 95 2. 24 301t33 1 2  H 89 75.05 2 . H  8 40 
3". 00 12 1 499 75. 55 2 . 22 3 03104 27 1 5 1 6  7 6 . 4 1  2 .2 5  800 
3 4 . 50 7 1506 75. 9 1  2. 2 0  3 0 1 78 o 1 5 1 6  76 . lt l  2 .2 1  800 
35 .• 0 0  5 1 5 1 1  76. 1 6  2 . 1 8  3 0057 3 1 5 1 9  76. 56 2 . 1 9  776 

n 3 5 . 5 0  I "  1525 76. 86 2. 17 29906 9 1 52 8  7 7. 02 2 . 1 7  750 
, 36 . 00 9 1534 77 . 3 2  2 . 1 5 2 9680 1 7  1 545 77. 87 2 . 1 6  720 N 36. 50 13 1547 77. 9 7  2 . 1 4  2 9495 7 1 5 52 7 8 . 2 3  2 . 1 1t  700 (X) 3 7 . 00 16 1563 78.78 2. 11 29279 5 1 55 7  78. 1t8 2 . 1 2  660 

3 1 . 50 2 1 565 78. 8 8  2 . 10 292 1 5  7 1 564 7 8 . 8 3  2 . 1 0  640 
3 8 . 0 0  10 1575 79. 3 9  2 . 09 29001 3 7  1 6 C l  80. 70 2 . 1 2  600 
3 8 . 5 0  1 1  1 586 79. 90\ 2 . 0 8  28896 o 1 6 0 1  80.70 2 . 1 0  600 
3 9 . 0 0  6 1 592 80. 2 "  2 . 0 6  2 8691 o 16 0 1  8 0 . 70 2 . 0 7  600 
39. 5 0  8 1 600 80. 6 5  2 . 01t 2 8575 o 1601 8 0 . 7 0  2 .0 4  594 
"0 . 00 17 1617 8 1 . 50 2. 01t 2 8386 1 1  1 6 1 2 81 .2 5  2 .0 3  550 
ItO. 50 o 1617 8 1 . 50 2 .0 1  28386 6 1 6 1 8  8 1 . 5 5  2 . 0 1  522 
" 1 .00 o 1617 8 1. 50 1 . 99 2 83 86 2 3  16ltl 8 2 . 7 1  2 .02 500 
itl . 50 7 162" 8 1 . 85 1 . 9 7  2 8 189 o 1 6 lt l  82. 7 1  1 . 99 500 
"2. 00 10 163" 82. 3 6  1 . 9 6  2 7986 o 1 64 1  8 2 . 7 1  1 .9 7  500 
"2 . 50 10 1644 82. 86 1 . 9 5  2 78 1 7  o 1 6 4 1  8 2 . 7 1  1 .9 5  500 
43. 00 8 1652 83. 2 7  1 . 94 2 7607 7 1 648 83 .06 1 .9 3  480 
0 . 5 0  2 1651t 8 3 . 37 1 . 92 2 71t59 4 1 6 52 83. 2 7  1 . 91 "60 
"4. 00 9 1 663 83 . 8 2  1 . 9 1  27329 9 1 6 6 1  83 . 7 2  1 .90 450 
4" . 50 o 1663 83 . 82 1 . 88 2 7329 7 1 668 8". 07 1 . 8 9  420 
" 5 . 00 5 1668 84. 0 7  1 . 8 7  2 7096 23 1 69 1  8 5 . 2 3  1 .89 400 
45 . 50 H 1682 84. 78 1 . 86 26971 o 1 69 1  85.23 1 .8 7  400 
0\6. 0 0  o 1682 84 . 78 1 . 81t 2 6971 o 1691 85.23 1 . 8 5 400 
" . 5 0  8 1690 85. 1 8  1 . 83' 26716 o 1691 85.23 1 .8 3  400 
"7.00 3 1693 85. 3 3  1 . 82 26618 1 1 692 85. 2 8  1 . 8 1  3 76 
41. 50 5 1 698 85. 5 8  1 .8 0  26392 7 1 699 8 5 .61t 1 .8 0  360 
4 8 . 00 o 1698 85 . 5 8  1 . 78 26287 o 1699 85.61t 1 .7 8  3 5 0  
48. 50 2 1 700 85. 6 9  1 . 77 26087 5 HOlt 85 .89 1 .7 7  326 
"9 .00 4 11M 85 . 89 1 . 7 5  26025 5 1 709 86. 1 '"  1 . 76 320 
"'9. 5 0  3 1107 86.04 1 . 74 25875 14 1 72 )  86 .84 1 . 7 5  300 
5 0 . 0 0  8 1 7 1 5  86 . ...... 1 . 73 2 �684 o 1 72 3  86. 81t 1 . 74 300 

.. 

( cont . )  

w i TH "I A lCH 
'DIFF T VAL 

-0.100 - C .2 
-0 .100 - 0 . 2  
-0. 1 0  - 0 . 0  
-0. 1 5  -0 . 1  

0. 1 0  c . o  

-0.60 -0 . 2  
0 . 00 c . o  
0 . 3 0  0 . 1  
0.100 C . 2  
0 . 05 0 . 0  

- 1 . 1 6  - 0. 10  
- 0 . 7 1  - 0 . 3  

0 . 05 0 . 0  
- 0 . 2 5  - 0 . 1  
-0 . 7 1  - 0 . 3  
- 0 . 40 - C. l 
-0. 1 0  -0.0 
-0.86 - C . 3  
-i) .50 - 0 . 2  
- 0 . 1t 0  - C . l  
-0 . 1 5  -0 . 1  
-0. 5 5  - C. 2  
-0 .25 - 0 . 1 

0 . 30 0 . 1  
0 .0 5  c .o 

-1 . 3 1  -0.5 
- 0 . 76 - C. 3  
-0.1t5 - 0 . 2  
-0.05 - 0. 0  

0 .25 0 . 1  
- 0 . 05 - 0 . 0  
- 1 .2 1  -C. 4 
-0. 86 - C. 3  
-0 . 3 5  - 0 . 1 

0 . 1 5  0. 1 
0 .20 0 . 1  
0 . 1 0  0 . 0  
0 . 10 0.0 

-0.25 -0 . 1  
- 1 . 1 6 - 0. 10  
-i) ."5 -0 . 2  
-0 .1t5 - C.2 
-i) .0 5  -0.0 

0. 0 5  0. 0 
-0.05 -0.0 
-0.05 - c. o  

-0.20 - 0 . 1  
-0.25 -0 . 1  
-0.8 1 - C. 3 
-0 .,.0 -C. 1 

I NC C UI' 
,n CH HTCH 

1 1276 
1 7  1293 
1 1  1 3010 

5 1 309 
7 1 3 1 6  

2 1  1 3 3 7  
7 1 31010 

110 1 3 5 8  
2 0  1 3 78 

7 1 3 8 5  
2 5  1 4 1 0  

6 I 1t 1 6  
4 1 0\20 

1 8  I 1t3 8  
1 3  1 4 5 1  

8 1459 
2 1  Ilt80 
16 I lt96 

3 1499 
2 1 50 1  

1 7  1 5 1 8  
7 1 52 5  

1 0  1 535 
9 1 50\1t 
8 1 5 52 

22 1 5 71t 
6 1 5 80 
4 1 581t 
6 1 590 

1 1  160 1 
1 1602 

15 1 6 1 7  
6 1623 
7 1 630 
2 1 632 
8 161t0 
6 161t6 
7 1653 
3 1656 

1 2  1 66 8  
1 3  1 6 8 1  

o 168 1 
6 1687 
3 1 690 
5 1695 
o 1695 
0\ 1699 
1 1 7 00 
7 1 7 0 7  
5 1 7 1 2 

PO NH 
L E S S  HATCH LESS MATCH LESS MATCH 
lAce , Ac e fAce Z Ace ZO I F F  T VA L  

1 2  0 . 6 0  20 1 . 0 1  -0. 100 - 1 . 10  
1 0  0 . 50 1 8  0 . 9 1  - 0. 10 0  - 1. 5 
1 1  0 . 5 5  1 3  0 . 66 :-0. 1 0 -0.10 
1 4  0 . 7 1  1 7  0. 86 -0. 1 5  -0.5 
2 0  1 . 0 1  1 8  0. 9 1  0 . 1 0  0 .3 
1 5  0 . 76 27 1. 36 - 0. 60 - 1. 9  
2 0  1 . 0 1  2 0  1 . 0 1 0 . 00 0.0 
2 5  1 . 26 19 0. 96 0. 30 0. 9 
2 0  1 . 0 1  12 0.60 0.10 0 1.1t 
17 0. 86 1 6  0. 8 1  0.05 0.2 

5 0 . 2 5  28 1 . 0\ 1  - 1 . 16 - 10 . 0  
8 0. 40 22 1 . 1 1  -0. 7 1  -2.6 

1 9  0 .96 1 8  0 . 9 1  0. 05 0. 2 
H 0 . 7 1  19 0 . 96 -0. 2 5  -0.9 
1 1  0 . 5 5 25 1 . 26 -0. 7 1  - 2 . 3  
1 0  0. 5 0  1 8  0 . 9 1  -0 .100 - 1 .5 

7· 0 . 3 5  9 0. 45 - 0. 1 0  - 0 . 5  
3 0. 1 5  20 1 . 0 1  -0 .86 - l . 5  
7 0 . 35 1 7  0. 86 - 0. 50 - 2. 0 

1 0  0 . 50 18 0 . 9 1  - 0 . 1t0 - 1 . 5  
7 0 . 3 5  1 0  0. 50 -0. 1 5  -0 . 7  
9 0 . 4 5  2 0  1 . 0 1  - 0 . 5 5  -2 .0 

1 2  0. 60 1 7  0. 86 -0. 2 5  -0.9 
1 9  0 .96 1 3  0 . 66 0.30 1. 1 
1 3  0 . 6 6 1 2  0. 60 0 . 0 5  0.2 

1 0 .0 5  2 7  1 . 36 - 1 . l 1  - 10. 9  
6 O.lO 2 1  1 . 06 -0 . 7 6  -2.9 
8 0 . 40 1 7  0 . 86 -0.45 - 1 . 8  

1 0  0 . 5 0  1 1  0 . 55 -0 .05 -0 .2 
1 6  0 . 8 1  1 1  0. 55 0. 2 5  1 . 0  
1 5  0 . 76 16 0 . 8 1  - 0 . 0 5  - 0 . 2  

0 0 . 00 21t 1. 2 1  - 1 . 2 1  -1t. 9 
1 0 . 0 5  1 8  0 . 9 1  -0.86 - 3 .9 
It 0. 20 1 1  0. 55 -0. l 5  - 1 . 8  

1 2  0 .60 9 0. 1t5 0. 1 5  0. 7 
1 2  0.60 8 0. 4 0  0 . 2 0  0 . 9  

8 0 . 40 6 0 . 3 0  0. 1 0  0. 5 
1 0 0 . 5 0  8 0 . 1tO 0 . 1 0  0 . 5  

7 0 . 35 12 0 . 60 - 0 . 2 5  - 1. 1 
0 0 . 00 2 3  1 . 16 - 1 . 1 6 -4.8 
1 0 . 0 5  1 0  0. 50 -0 . ... 5 - 2. 7 
1 0 . 05 1 0  0. 50 -0.45 - 2 . 7  
3 0 . 1 5  ... 0. 20 -0. 05 -0. "  
3 0 . 1 5  2 0 . 10 0 .0 5  0 . 1t  
3 0. 1 5  4 0.20 -0. 05 -0 .... 
3 0 . 1 5  ,. 0 . 2 0  -0. 05 - 0  .... 
1 0 . 0 5  5 0. 2 5  -0. 2 0  - 1 .6 
... 0 .2 0  9 0. "5 - 0. 25 - 1 . 1t  
0 0 . 0 0  1 6  0 . 8 1 -0. 8 1  -4.0 
3 0 . 1 5  1 1  0 . 55 -0.40 - 2. 1  



("") 
• 

N 
� 

.- � .  -�- - �  

, Xing 

0 . 50 
1 .00 
1 . 50 
2 . 00 
2 . 50 
3 . 00 
3 . 50 
4 . 00 
4 . 50 
5 . 00 
5 . 50 
6 . 00 
6 . 50 
7 . 00 
7 . 50 
8 . 00 
8. 50 
9 . 00 
9 . 50 

1 0 .00 
1 0. 50 
1 1 .00 
1 1 . 50 
1 2 .00 
1 2 . 50 
1 3 .00 
1 3 . 50 
14. 00 
1 4 . 50 
1 5. 00 
1 5 . 50 
1 6 . 00 
1 6 . 50 

- 1 7.'00 --
1 7 . 50 
1 8 . 00 
1 8. 50 
1 9 . 00 
19. 50 
20.00 
20. 50 
2 1 . 00 
2 1 . 50 
2 2 .00 
22. 50 
23.00 
2 3 . 50 
2".00 
24 . 50 
2 5 . 00 

TABLE C - 1 2 . PEABODY- DIMMI CK VERSUS NEW HAMPSH I RE 

PE ABODY-D I M I C K  NEW HAMPS H I R E  CT 
I NC OJM POIIER HAZARD INC CUM POkeR H AZ AR D  !1 1 TH MA lCH I NC CUM 
ACC lACe � Aec fAeTR I NDEX Aec lAce I ACC fACT R INDEX IDlff T VAl MTCH MTCH 

54 54 4 . 0 8  8 . 1 6 '  86919 55 55 4. 1 5  8 . 3 1  4 8 1800 -0.08 - 0 . 1  53 53 
3 1  B5 6.42 6. 42 8 1 747 34 89 6.72 6.72 3 3 7790 -0.30 -:0.3 30 83 
39 124 9. 37 6 . 24 78485 26 1 1 5  8.69 5 . 79 268380 0.6B C.6 30 1 1 3 
2 3  147 1 l . 1 0  5 . 5 5  76919 29 1 44 1 0 .8 8  5 .44 2 34000 0 . 2 3  0 . 2  2 5  1 3 8  
2 6  1 7 3  13.07 5.23 75609 25 1 69 1 2 . 76 5 . 1 1  2 1 0000 0 . 30 0. 2 26 1 64 
22 195 1 4 . 7 3  4. 9 1  74343 2 9  198 1 4 .95 4 .9 8  1 8 3820 - 0 . 2 3  -0.2 27 1 9 1  
26 2 2 1  16.69 4. 77 730 10 19 2 1 7  1 6. 3 9 4 . 6 8  1 6 9400 0.30 0.2 24 2 1 5  
1 3  234 1 7 . 67 4.42 72058 1 4  2 3 1 1 7 .45 4.36 1 53088 0 . 2 3  0. 1 1 2  2 2 7  
2 1  2 5 5  1 9 . 2 6  4 . 28 7 1009 19 2 50 1 8. 8 8 4 . 2 0  1 39000 0 . 3 8  0 . 2  19 246 
20 27 5 20.17 4 . 1 5  7 01 94 23 273 2 0 .62 4 . 1 2  1 28000 0 . 1 5  C. 1 20 266 
22 297 22. 0 4. 08 6 9424 2 3  296 2 2 . 3 6  4 .06 1 20800 0 .0 8  0 . 0  2 0  2 8 6  
26 323 24.40 4. 07 68787 26 3 22 24. 3 2  4 .05 1 1 2720 0.08 C . O  29 3 1 5  
1 8  34. 1 25. 76 3 . 96 6 7983 1 8  3100 2 5. 6 8  3 .9 5  1 0698 1  0 . 0 8  0 . 0  1 5  3 3 0  
1 8  3 5 9  27. 1 1  3 . 87 6 74 1 8  2 4  364 2 7 . 49 3.93 1 00000 -0. 3 8  - 0 . 2  2 2  3 52 
1 7  376 2 8 . 4 0  . 3 . 79 66764 1 5  3 79 2 8.63 3.82 94560 -0 . 2 3  -0 . 1  1 5  367 
1 1  387 29. 2 3  3 . 65 6 62 5 1  1 8  3 9 7  2 9 . 9 8  3 . 7 5  90000 -0. 76 - C. 4  1 6  3 8 3  
2 0  407 30. 74 3 . 62 65644 1 0  It07 30.7" 3 .6 2  85400 0 .00 0.0 16 399 
14 102 1 3 1 . 80 3. 53 65208 15 It22 3 1 . 87 3 . 51t 8 1 700 -0.08 -0.0 15 41" 
1 1  -\3 2  3 2 . 6 3  3 . 43 610853 6 428 3 2 .33 3 .100 78880 0 .30 0 . 1  6 420 
18 450 33.99 3 .  itO 64355 1 2  440 33. 2 3  3.32 75600 0 . 76 0 . 3  1 4  "n 
1 0  460 34.74 3 . 3 1  63803 14 454 3 4 . 29 3 . 27 72000 0 . 4 5  C. 2 1 2  446 

8 46B 35. 3 5  3 . 2 1  6 3470 1 8  4 7 2  35 . 6 5  3.24 69225 -0 .30 - 0 . 1  1 4  460 
16 484 36.56 3 . 1B 63026 20 492 3 7 . 1 6  3 .2 3  66000 -0 . 60 - 0. 3  20 480 
1 5  499 37. 69 3. 1 4  62709 1 2  5 04  3 8 . 0 7  3 . 1 7  64000 -o .3 B  -0.2 12 49 2 

9 508 38.37 3 . 07 62254 1 1  5 1 5  3 B. 9 0  3. 1 1  6 1 0BB -0.53 - C . 2  8 500 
7 5 1 5  38.90 2. 99 6 1 9 1 2  B 523 3 9 . 5 0  3 .04 59800 -0 .60 - 0 . 2  1 0  5 1 0  

1 4  529 39.95 2 . 96 6 1372 8 5 3 1  40. l l  2 . 9 7  56480 -0. 1 5  - C. l  1 0  520 
1 3  542 40. 94 2 . 92 6 10 1 2  1 6  547 4 1 .3 1  2 .95 5ltOOO -0 .38 - 0 . 2  1 2  532 
20 562 42 .45 2. 93 60554 15 562 42 . 4 5  2 .93 5 1500 0 .0 0  C. O 1 9  5 5 1  
1 2  574 43. 3 5  2 . B9 6 02 3 1  9 5 7 1  4 3 . 1 3  2 .8 8  '+9940 0 . 2 3  0 . 1  1 4  565 
12 586 44. 26 2. 86 59859 12 583 44. 03 2 . 84 48000 0 . 2 3  0. 1 9 574 

8 594 44.86 2 . 80 59533 5 588 41004 1  2 .1 8  '+6554 0 . 4 5  C . 2  4 518 
1 1  60S 45.69 2 . 77 5 9 192 22 610 46. 0 7  2 . 79 45000 -0 .38 -0. 1 1 8  596 

6 '  - 6l't 46.15 -2.71- 5 8883 6 6 1 6  10 6 . 5 3  2 . 74 43260 - 0 . 3 8  - C. l  7 603 
12 623 47. 0 5  2. 69 58558 7 623 10 7. 05 2 .6 9  4 1990 0 .00 0 . 0  8 6 1 1  

9 632 107. 73 2 . 65 5 82 78 1 7  640 108 . 3 1t  2 .69 40390 -0.60 - C . 2  1 2  623 
7 639 48. 26 2. 61 58060 8 648 48.94 2 .6 5  40000 -0 . 68 -0 . 3  8 6 3 1  

1 7  656 49. 5 5  2 . 61 5 77 1 6  8 656 49. 5 5  2 . 6 1 38800 0. 00 0.0 9 640 
14 670 50.60 2 . 60 57400 1 3  669 50.53 2 .59 37500 0 .08 0.0 1 1  65 1 

8 678 5 1. 2 1  2 . 56 5 7073 1 7  686 5 1 . 8 1  2 . 59 36000 - 0. 6 0  -0. 2 1 '+  665 
8 686 5 1 . 8 1 2 . 53 5 68 1 1  6 692 5 2 . 2 7  2 .5 5  35000 -0.45 - 0. 2  9 67'+ 
5 69 1 5 2 . 19 2 . 49 56609 8 700 52. 8 7  2 . 52 34000 -0.68 -0.2 5 679 

1 1 702 53. 02 2 . 41 56326 9 709 5 3 . 5 5  2 .'+9 33000 -0.53 - C . 2  1 7  696 
6 108 53.47 2.43 56058 6 7 1 5  54. 00 2 . 4 5  32000 -0.5 3  - C . 2  6 702 
8 716 54 . 08 2 . 40 5 57 7 2  1 122 5 '+ . 5 3  2 .4 2  30940 . -0. itS - C. 2 8 7 1 0  

1 5  73 1 55. 2 1  2 ."0 5 5569 9 131 55 . 2 1  2 . 40 3 0000 0.00 0.0 1 2  722 
8 739 5 5 . 8 2  2.38 5 53 1 7  4 735 5 5 . 5 1  2 . 36 29700 0 . 3 0  0. 1 5 721 
6 745 56. 27 2. 3 4  55062 9 744 56. 1 9  2 . 34 28800 0 .08 0.0 8 735 
6 751 56. 1 2  2 .32 54770 9 7 5 3  56. 8 7  2 . 3 2  2 8000 - 0 . 1 5 - 0. 1  5 140 
5 756 5 7 . 10 2. 28 5"505 9 762 51 . 5 5  2 .30 2 7000 -0 .45 - C . 2  6 746 

FLASHI NG L I GHTS 

P O  NH 
lE S S  �ATCH lESS MATCH l ES S  MATCH 
lAce I ACC IACC � Ace 'D l f f  T VAl 

1 0 .0 8  2 0 . 1 5  - 0 . 0 8  -0.6 
2 0. 1 5  6 0. 45 -0. 30 - 1 .4 

1 1  0 . 8 3  2 0 . 1 5 0 . 68 2.5 
9 0 . 6 8  6 0. 45 0. 2 3  0.8 
9 0 . 6 8  5 0 . 38 0. 30 1 . 1 
4 0. 30 7 0. 53 -0. 2 3  -0.9 
6 0 . 45 2 0 . 1 5  0. 30 1.4 
7 0 . 53 4 0. 30 0 . 2 3  0.9 
9 0 . 6 8  4 0 . 3 0  0. 3 8  1.4 
9 0 . 6 8  7 0 . 53 0 . 1 5  0 .5 

1 1  0 . 8 3  10 0. 76 0. 08 0.2 
8 . 0.60 7 0 . 53 0 . 08 0 . 3  

1 1  0 . 8 3  10 0. 76 O. OB 0. 2 
7 0 . 5 3  1 2  0.91 -0.38 - 1 . 1  
9 0 . 6 8 1 2  0.91 -0 . 2 3  -0.7 
4 0. 3 0  14 1 . 0 6  - 0 . 76 - 2 .It 
8 0. 60 8 0. 60 0 . 00 0.0 
7 0 . 5 3  8 0. 60 - 0 . 08 - 0 . 3  

1 2  0 . 9 1  8 0. 60 0. 30 0.9 
1 6  1 . 2 1  6 0.45 0 . 7 6  2. 1 
1 4  1 . 06 8 0 . 60 0 . 45 1 . 3  

8 0.60 1 2  0. 9 1  - 0 . 3 0  -0.9 
4 0.30 1 2  0 . 9 1  -0 .60 -2.0 
7 0 . 5 3  1 2  0. 9 1  - 0. 3 8 - 1. 1  
8 0 . 60 1 5  1 . 13 - 0 . 5 3  - 1 . 5  
5 0 . 3 8  1 3  0. 98 -0. 60 - 1. 9  
9 0 . 6 8  1 1  0 . 83 -0 . 1 5  -0.4 

1 0  0 . 7 6  1 5  1 . 1 3  -0.3B - 1 .0 
1 1  0 . 8 3  1 1  0.83 0.00 0. 0 

9 0. 68 6 0. 105 0 . 2 3  0.8 
1 2  0 .9 1  9 0. 68 0. 2 3  0. 7 
16 1 0 2 1  1 0  0. 76 0 . 4 5 1 . 2 

9 0 . 6 8  1 4  1 . 06 -0 . 3 8  - 1. 0  
8 0.60 13 0.98 -0 . 38 - 1 . 1  

1 2  0 . 9 1 1 2  0. 91 0. 00 0. 0 
9 0.68 1 7  1 . 28 -0 .60 - 1 .6 
8 0 . 60 1 7  1. 28 - 0. 6 8  - 1 . 8  

1 6  1 .2 l  16 1 . 2 1  0.00 0 .0 
1 9  1 . '+'+ 18 1 . 36 0 . 08 0 . 2  
1 3  0 .98 2 1  1. 59 -0 .60 - 1 .4 
1 2  0. 9 1  1 8  1 . 36 -0.45 - 1 . 1  
1 2  0 . 9 1  2 1  1 . 59 - 0 . 6 8  - 1. 6  

6 0 . lt 5  1 3  0. 98 -0. 53 - 1 .6 
6 0 . 4 5 1 3  0. 98 -0. 5 3  - 1 . 6  
6 0.45 1 2  0 . 9 1  -0 . 4 5  - 1 . 4  
9 0 . 6 8  9 0. 68 0 . 00 0.0 

1 2  0.91 8 0 . 60 0 . 30 0.9 
10 0. 76 9 0. 68 0. 08 0. 2 
1 1  0 . 8 3 1 3  0. 98 - 0 . 1 5  - 0 . 4  
1 0  0 . 16 16 1. 2 1  -0 . 1t 5 - 1 . 2  



, Xing 

25 . 50 
2 6 . 00 
26 . 50 
27. 00 

27 . 50 
2 8 . 00 
2 8 . 50 
2 9 . 00 

29 . 50 
3 0. 00 

30 . 50 
3 1 . 00 

3 1 . 5 0  
) 2 . 00 

32 . 50 

33 . 00 
33. 50 

34 . 00 
3" . 5 C  

n 3 5 .00 
• 35. 50 e".a 3 6 . 0 0  0 36. 50 

3 7 . 00 

3 7 . 5 0  

38 . 00 
38 . 50 
39. 00 

39. 50 
40. 00 

"0 . 5 0  
41 . 0 0  

10 1 . 50 
"2. DC 

1t2 . 50 

103. 00 
1t 3 . 5 e  
44 . 0 0  

44. 50 
4 5 . 00 

105. 50 
46.00 
46. 5 C  

It7 . 00 
101. 50 

"8 . 00 

108. 50 

49 .00 
49 . 5 0  
50 . 00 

P E ABODY-D I MM I C K  

I NC CUM POWER HA lARD 
ACe lAce t ACC F AC T k  

4 
8 

1 0  

1 0  

6 
8 
3 
8 

5 
7 
4 
7 

4 

5 
9 
7 

1 1  
8 
5 

8 
6 

5 
4 

6 

10 
7 

5 

2 
7 

1 1  
4 
7 

12 
8 
6 

4 
1 

760 57.ltO 
768 58. 0 1  

778 5 8 . 7 6  
788 59. 52 

791t 59 . 9 7  

802 60. 57 
805 60. 80 
8 1 3  6 1 . 40 
8 1 8  6 1 . 78 

82 5 62. 3 1  

829 62. 6 1  
836 63 . 1 10 

840 63. 104 
BIoS 63.82 
854 610. 50 
86 1 65. 0 3  
872 65. 86 

880 66. 47 
885 6'6. 81t 
893 67.45 

899 67.90 
90 .. 68. 28 

908 68. 5 8  

9 1 4  69. 03 

921t 69. 79 

931 70. 32 
936 70.69 

938 70. 85 

945 71. 37 

956 72. 2 1  
960 12 . 5 1  

967 7 3 . 0 1t  

9 7 9  73.94 
987 74. 55 
993 75. 00 

997 75. 30 
998 75. 3 8  

6 100lt 15. 83 

6 1 0 1 0  76. 2 8  
o 1 0 10 16. 2 8  
7 101 7 16. 81 
7 102 .. 77. 34 

It 102 8 77.64 

3 103 1 7 7 . 8 7  
3 1 0310 18 . 1 0 
4 1038 78. "0 

5 1 043 78.78 

5 1048 79. 15 
3 1051 79. 38 
6 1051 79. 8 3  

2 . 25 
2. 2 3  

2 . 22 

2 . 20 
2 . 18 

2 . 16 
2. l l  

2 . 1 2  
2 . 09 
2 . 08 

2. 05 
2 . 04 

2 . 0 1  
1 .99 
1 . 98 
1 . 97 
1 . 97 

1 .95 
1 . 910 

1 . 9 3  

1 .91 
1 .90 
1 .88 

1 . 87 

1 . 86 

1 . 8 5  
1 . 84 

1 . 82 
1 . 8 1  

1 . 8 1  
1 . 79 
1 . 78 

1 . 78 
1 . 71 
1. 76 

1 . 75 
1 . 13 
1 . 12 

1 . 7 1  
1 . 70 
1 . 69 
1 . 68 
1 . 67 

1 . 66 
1 .64 

1 .63 

1 .62 
1. 62 

1 . 60 

1 . 60 

I NDEX 

5lt262 
5lt065 

53803 
53595 
5 33 b8 

5 3 1 54 

5 3003 
52799 
52625 
52448 

52221 
5 1 957 

5 1 716 
5 1 5 1 7  
5 1278 
5 1 1 05 
50869 

5 0648 
50lt7b 

502 50 
500 17 
49793 
49600 

.. 9391 

4 9183 

49003 
48752 
It85ltO 

108332 

10 8 1 14 
108008 

4 7788 
4 7585 
107360 
4 7236 

It 7082 
.. 6903 
46685 

46476 
46290 
46041 
45868 
45690' 

4 5506 
45390 

45169 
1t4947 
448lt5 

44659 

441057 

TABLE C - 1 2 .  

NEW HAMPS H I R E  CT 
I N C CUM POItE R HALARD 
ACC . AC C  t AC C FACT R 

7 

1 3  

7 

6 
5 
5 

1 3  
7 
8 

4 
4 
<; 
1 
8 
5 

1 2  
6 
8 
6 

1 1  
4 
4 

0 
8 

3 

5 
8 

1 1  
7 

5 
6 

19 

0 

1 
4 

1 
10 

769 58. 08 
7 82 59.0b 

789 59. 59 
795 6 0 .0 5  
800 6 0.lt2 
11 05 60.80 

818 6 1 . 78 
8 25 62 . 3 1  
8 3 3  62.92 
8 3 7  6 3 . 2 2  
8 4 1  6 3 . 52 
846 63.90 
847 6 3 . 9 7  

855 64. 58 
860 610.95 
8 72 65. 86 
878 66. 3 1  

886 66. 92 
892 6 7 . 3 7  

903 68. 20 
907 68 .50 

9 1 1  6 8 .8 1 
9 1 1  6 8 . 8 1  

9 1 9  69.4 1 

922 69. 64 

921 70.02 
935 70. 62 

9lt6, 7 1 .45 
953 7 1 . 98 
958 72 .36 

964 72. 8 1  
983 74.24 

983 lit. 2 4  
9 8 4  1 4 . 3 2  
9 8 8  74.62 
989 74. 7 0 
993 15 .00 

8 1001 75.60 
8 1009 76.2 1 

10 1 0 1 9  16. 96 

1 1 020 77.04 
3 1023 77. 2 1  

2 1025 7 1.42 

6 1 0 3 1  71. 8 7  
1 3  1044 78 .85 

It 1 04 8  79. 15 
6 1054 79.61 

8 1062 80 . 2 1  

9 1071 80. 89 

o 1011 80. 89 

2 . 2 8  
2 .2 7  

2 . 2 5  
2 .2 2  

2 .2 0  
2 . 1 7  

2. 1 7  

2 . 1 5  
2 . 1 3  

2 . 1 1  

2 .08 
2 .06 
2 .0 3  

2 . 0 2  
2 .00 
2.00 
1 .98 

1 . 9 7  
1 .9 5  

1 . 95 
1 .9 3  

1 .9 1  

1 .8 9  
1 .88 

1 . 86 

1 .8 10  
1 . 8 3  
1 .8 3  

1 . 8 2  

1 .8 1  
1 . 8 0  

1 . 8 1  
1 . 79 
1 .1 1  
1 .7 6  

1 .14 
1 .72 
1 . 7 2  

1 .7 1  
1 . 1 1  

1 .69 
1 .6 8  

1 .66 

1 .6 6  
1 .6 6  

1 . 6 5  

1 .6 10  
1 .6 4  
1 .6 3  

1 .62 

INDEX 

26270 
2 5boo 
2 5000 
2 .. 290 

24000 

23200 
22500 
22000 

2 1lt40 
20900 

20400 
2 0000 

1 9680 
1 9200 
1 8792 
1 80100 

18000 

1 732 5 
1 681t8 

1 63 80 
1 6000 

1 5600 

1 5230 

1 5000 
1 4560 

l It220 
l 'IOOO 
1 3600 
1 3200 

1 2800 
12500 
12000 
12000 

1 1792 
1 1388 

1 1025 
10800 
1 0500 

1 0200 
10000 

98 .. 0 
9600 

9324 

91 80 
9000 

8800 

8500 
8250 
8000 

8000 

( cont . )  

P O  NH 
W UH MA TCH I NC CU" LES S MATCH LESS MAT CH L ES S  MATCH 
'D I F F  T VAL MTCH NTCH UC C , ACC 'ACC , AC C  'D I F F  T VAL 

-0.68 - C.2 6 7 5 2  8 
. 

0 . 6 0  1 7  1 . 28 -0.68 - 1 .8 
- 1 .0b -0." 1 1  7b3 5 0 . 3 8  19 1. " - 1 . 06 - 2. 9  
-0. 8 3  -C. 3 7 710 8 0 .60 19 1 . .... -0. 83 -2. 1 
- 0 . 5 3  - C . 2  1 2  782 6 0. "0 5  I I  0. 98 -0. 53 - 1 .6 
-O .lt5 - (. 2  It 786 8 0.60 lit 1 . 06 -0.lt5 - 1. 3  
-0.23 - 0 . 1 5 791 1 1  0 . 8 3  lit 1 . Ot. -0. 23 -0.6 
-0.98 -0.3 9 800 5 0 .3 8  18 1. 36 -0. 98 - 2 . 7  
-0. 9 1  -0. 3  9 809 .. 0 .3 0  16 1 . 2 1  -0 . 9 1  - 2 . 7  
- 1 . 1 1  - 0 . 4  5 8 14 4 0 . 3C· 1 9  1 . 44 - 1 . l l  -3. 1 
-0.9 1 -0. 3 6 820 5 0 . 3 8  1 7  1 . 28 -0. 9 1  -2.6 
-0 .9 1 -0.3 5 825 .. 0 . 30 16 1. 2 1  -0. 9 1  -2. 7 
- 0 . 76 - C . 2  6 831 5 0 . 38 1 5  1 . 13 -0.76 -2.2 
-0 .5 3  -C.2 1 832 8 0 . 60 1 5  1. 1 3  - 0. 53 - 1 . 5  
-\). 76 - C. 2  10 836 9 0 .6 8  19 1 . "  -0.76 - 1.9 
-0 .45 - C. l  9 8lt5 9 0 . 68 1 5  1 . 1 1  -0."5 - 1. 2  
-0. 8 3  - C. 3  6 8 5 1  1 0  0.76 21 1. 59 -0. 83 - 2 .0 
-0 .45 - C. l  lit 865 7 0. 53 I I  0. 98 -0.45 - 1 . 3  
-0 .105 -C. 1 7 872 8 0.60 14 1.06 -0.45 - 1 . 3  
-0.53 - C .2 4 8 76 9 0 . 68 1 6  1. 2 1  -0.53 - 1 .4 
-0.76 -0.2 12 888 5 0 . 3 8  15 1 . 1 3  -0.76 -2.2 
- 0 . 60 - 0. 2  6 89 .. 5 0 . 3 8  1 3  0. 98 -0.60 -1.9 
-0 . 5 3  -0.2 2 896 8 0.60 15 1. 1 3  -0.53 - 1 . 5  
-0.23 - 0. 1  It 900 8 0.60 1 1  0. 83 -0.23 -0. 7  
-0 .38 -0. 1  7 907 1 0 . 5 3  1 2  0. 9 1  - 0. 38 - 1. 1  

0.1 5 0.0 .. 91 1 1 3  0.98 1 1  0 . 8 3  0 . 1 5  0.4 
0 .30 0. 1 5 9 1 6  I S  1 . l l  1 1  0. 8 3  0. 30 0. 8 
0 . 0 8  c. o 7 92 3 1 3  0 . 9 8  1 2  0.91 0.08 0.2 

-0.60 - 0 . 2  8 9 3 1  7 0 . 5 3  1 5  1 . 1 3  -0.60 - 1 . 7  
-0.60 - 0 . 2  6 937 8 0 .60 16 1 . 2 1  -0.60 - 1. 6  
-0 . 1 5  - 0 . 0  10 947 9 0.68 1 1  0. 83 -0. 1 5  -0." 
-0. 3 0  -0. 1 5 952 8 0.60 1 2  0.91 -0.30 - 0. 9  
- 1 . 2 1  - 0. 4  1 1  963 4 0 . 3 0  2 0  1 . 5 1  - 1 . 2 1  -3.3 
-0.30 -0.1 8 97 1 8 0 . 60 1 2  0. 9 1  -0.30 -0. 9  

0. 2 3  0. 1 5 976 1 1  0 . 8 3  8 0 . 60 0 . 23 0.7 
0 .3 8  0 . 1  6 982 1 1  0 . 8 3  6 0. 45 0. 3 8  1 . 2  
0.60 C.2 3 9 85 1 2  0.9 1  It 0 . 3 0  0.60 2.0 
0 .3 8  0 . 1 2 987 1 1  0 . 8 3  6 0. '" 0. 38 1 . 2  
0.2 3  0. 1 5 992 1 2  0 . 9 1  9 0.68 0 . 2 3  0 . 7  
0 .08 0 .0 6 998 1 2  0.91 1 1  0. 83 0. 08 0. 2  

-0. 6 8  - 0. 2  5 1 003 1 0 . 53 16 1. 2 1  -0.68 - 1 .9 
-0.23 - 0 . 1 3 1006 1 1  0. 8 3  1 .. 1. 06 -0. 23 -0.6 

0 . 08 0.0 5 10 1 1  1 3  0 . 9 8  1 2  0.91 0 . 0 8  0. 2 
0 .2 3  C . 1  4 1 01 5  1 3  0 . 9 8  1 0  0. 16 0.23 0.6 
0.00 0.0 5 1020 1 1  0 . 8 3  1 1  0. 83 0 . 00 0. 0 

-0. 76 - C  .. 2 5 1025 9 0.68 1 9  1 . 44  -0.16 - 1 .9 
-0.16 -0.2 1 1032 6 0 .45 16 1. 2 1  -0. 76 - 2. 1 
- 0 . 8 3  - 0. 2  5 l Oll 6 0 . " 5  1 7  1 . 28 -0.83 -2.3 
-1 .06 -0.3 .. 1041 7 0 . 5 3  2 1  1. 59 - 1 . 06 -2.6 
- 1 .51 - C.4 6 1 0'U .. 0 . 30 2 .. 1 . 8 1  - 1 . 5 1  -3.8 
-1 .06 -0. 3  5 1052 5 0 . 3 8  1 9  1. 44 - 1 . 06 -2.9 



, Xing 

0 . 50 
1 . 00 
1 .  SO 
2 . 00 
2 .  SO 
1 . 00 
1 . 5 0 · 
4 . 00 
4 . 5 0 

5 . 00 
5 . 5 0 

6 . 00 
b . � O  
1 . 00 
1 . 50 
11. 00 
8 . 5 0 
9 . 00 
9 . 5 0 

(") 1 0 . 00 

I 1 0 . 50 

t.N 1 1 . 00 
..... 1 1 . 50 

1 2 . 00 
1 2 . 50 
1 1 . 00 
1 3. SO 
1 4 . 0 0 
1 4 . 50 
1 5 . 00 
1 5 . 5 0 
I b . OO 
1 b. 50 
1 1 . 0 0 
1 7 . 5 0 
l B .OO 
1 8 . 50 
1 9 . 00 
1 9 . 5 0 
20. 00 
2 0 .  SO 
2 1 . 00 
2 1 . 50 
2 2 . 0 0  
2 2 . 50 
2 3 . 00 
2 3 . 50 
24. 00 
24 . 50 
2 5 . 00 

TABLE C - 1 3 .  PEABODY - D HtM I C K  VERSUS 

PE A 8"OY - il I M 't l eK 

INC cu't PDwE R H A Z A R U  

ACe l Ace 'C Aec FACT R I NDEX 

5 5 1 . 4 1  2. 8 2  1 0 0920 
8 1 3  3 . 6 1  3 . 6 1  95995 
3 1 6  4. 5 2  3 . 0 1  9 4 2 19 
1 2 3  b . 5 0  3 . 2 5  9 24b8 
10 2 7  1. 6 3  3 . 05 90tUSb 
� 32 9 . 04 3 . 0 1  8 9 3 3 3  
8 40 H . 3 0  3 . 2 3  88022 
5 45 1 2 . 1 1 3 . 1 8  86509 
b 5 1  1 4 . 10 1  3 . 2 0  8 5 5 0b 
, 5 3  14. 9 1  2 . 99 846 1 2  
7 or;5 1 5 . 5 4  2 . 82 8 H O l  
5 bO l b. 95 2. 82 82848 
b Itb 1 8 . 6 4  2 . 81 6 2 0b3 
5 1 1  20. 06 2. 8 7  8 1 5 1 7  
b 77 2 1 . 1 5 2 . 90 8098 1 
5 8 2  2 3. 1 b  2 . 90 8 0544 
8 90 25. 4 2  2 . 9 9  7 9908 
1 9 1 2 5 . 7 1  2 . S b 79445 
1 92 2 5 . 99 2 . 74 7 B910 l 
1 93 26 . 2 1 2 . 63 78667 
1 94 26. 55 2 . 5 3  7 8 1 19 
1 95 26 . 84 2 . 44 7 7664 
1 9b 27. 1 2  2 . 36 7 1 1 24 
9 1 0 5  2 9 . 6 6  2 . 4 7  16438 
4 109 30. 7'1 2 . 4 (, 76 061> 
4 1 1 3  1 1 . 9 2  2 . "b 75642 
3 1 1 6 32 . 7 7 2 . 4 1 1 5 1 0 3  
3 1 1 9  3 3 . 6 2 2 . 4 0  746 8 1  
Z 12 1 34. 1 8  2 . 3 6  7 4 053 
1 1 2 2  34 . 46 2 . 3 0  7 3721 
1 1 2 3  34. 75 2 . 24 7 3400 
2 1 2 5  3 5 . 3 1  2 . 2 1  7 2 9 1 4  
5 1 3 0  30 . 1 2  2 . 2 3  7 2 5 7b 
0 uo 3b. 12 2 . 1 0 7 2450 
3 1 3 3  H . 5 7  2 . 1 5  7 1 8 4 1  
0 1 3 3  3 7. 5 7  2. 09 1 1 550 
4 1 3 7  3 8 . 7 0  2 . 09 7 1 2 53 
1 1 1 8  3 8 . 98 ? . 0 5  1 0902 

6 144 40 . 6 8  2 . 09 70569 
2 146 4 1 . 24 2 . 06 7 0 3 5 8  
2 148 4 1 . 8 1  2 . 04 6 9977 
3 1 5 1  42 . 66 2 . 03 6 96 8 1  
2 1 5 3  4 3. 2 2  2 . 0 1  0 9 2 7 1  
1 1 54 43 . 5 0 1 . 9 8  69038 
1 1 5 7  "4. 3 5  1 . 9 7  6 8746 
4 1 6 1  45. 4 8  1 . 9d 6 84 3 2  
6 1 6 7  107. 1 8  2 . 0 1  6 8063 
5 1 7 2  Its. 59 2 . 02 0 77 30 
0 1 7 2  lo B .  59 1 . 9B o 7 3 Bb 
1 1 7 3  4 8 . 87 1 .9 5  6 7 1 3 7  

'l E w  HA'tPSH I R E  CT 
I N C  e u "  PD hER H A Z AR D  
A c e  .Aee � Ace F A C TP I ND E X 

1 
1 
5 
5 
3 
8 
9 

2 
3 

0 
5 

1 1  
1 
5 
2 

4 
b 
1 
4 
2 
0 
0 
4 
4 
7 
2 
0 
2 
2 
5 
3 
2 
2 
3 
.. 
3 
2 
0 
6 
4 
1 
2 
" 
1 
1 
5 
2 
2 
3 
0 

1 1 . 9 8  
1 4  3 . 9 5  
1 9  5 . 3 1  
2 4  6 . 7 d  
Z 1  1 . 6 3  
3 5  9. 8 9  
4 4  1 2 . 4 )  
4 6  1 2 . 9 9  
49 1 3 .8 10  

49 1 3 . 8 4 
54 1 5 . 2 5  

b 5  1 8. 3 b  
1 2  20. 3 10  
7 7  2 1 . 7 5  
1 9  2 2 . 3 2  
11 3  2 3 .4 5  
8 9  2 5 . 1 4  
90 2 5 . 4 2  
0;10 2 6. 5 5  
9 6  2 1 . 1 2  
96 2 7 . 1 2  
9 6  n . 1 2  

1 0 0 2 8 . 2 5  
1 04 2 9. l d  
I I I 3 1 . 3 b  
1 1 3 3 1 . 9 2 
1 1 3  3 1 . 9 2  
1 1  5 3 2 . 4 9  
1 1 1 3 3 .0 5  
1 2 2  34. 46 
1 2 5 3 5 . 3 1 
1 2 7  35. 8 B  
1 29 3b . 4 4  
1 32 3 1 . 29 
1 36 3 8 .42 
1 39 3 9 . 2 1  
1 4 1  39. 8 3  
1 4 1  3 9 . 8 3  
1 4 1  10 1 . 5 3 
1 5 1  4 2 . 6 6  
1 5 2  4 2 . 94 
1 54 4 3 . 5 0  
1 5 8 44. 6 3  
1 5 9  44 .92 
HO 4 5 . 20 
1 6 5 4 6 . 0 1 
1 67 4 7 . 1 8  
1 69 47. ?It 
1 72 4 8 . 5 9  
1 7 2 4 8 . 5 9  

3 .9 5 1 2 12000 
3 . 9 5  9 39102 0 
3 .5 8  8 1 9 36 0  
3 . 3 9 148000 
3 .0 5  6 7 1660 
3 . 3 0  5 93400 
3 . 5 5  5 10 0000 
1 . 2 �  10 8 8100 0  
3 . 0 11  4 5 8080 

2 . 7 1  4 2 5 00 0  
2 . 7 1  4 00320 
3 . 0b 3 1 3800 
3 . 1 3  3 50000 
3 . 1 1  3 3 1010 0 0  
2 . 9 8  3 2 1 60 0  
2 .9 3  3 0 8 1 0 0  
2 . 9b 2 9 7600 
2 .8 2  2 8 5200 
2 . 8 0  2 7 01 00 
2 . 1 1  2 6 1 000 
2 . 5 8  2 541000 
1 . 4 1  2 4 61000 
2 . 4 b  2 3 1000 
2 .10 5  2 2 8600 
2 . 5 1  2 2 0000 
2 . 4 6  2 1 0000 
2 . 36 2 0 2800 
2 . 3 2  1 9 7 1 10 5  
2 .2 11  1 90400 
2 . 3 0  1 8 3 7 2 0  
2 . 2 11  1 7 360 0 
2 . 24 1 70000 
2 .2 1  l b BOOO 
2 . 19 1 6 1 500 
2 . 20 1 5 5 80 0  
2 . 1 8  1 5 0000 
2 . 1 5  1 4 7400 
2 . 1 0  1 4 4000 
2 . 1 3  1 39950 
2 . 1 3 1 3 5000 
2 . 09 1 3 1 8 1 0  
2 .0 7  1 2 7 50 0  
2 . 0 8  1 2 3760 
2 .0 4  1 2 0000 
2 . 0 1  1 1 85 0 0  
2 .0 3 1 1 45010 
2 . 0 1  1 1 1 6 5 0  
1 .99 1 0 8 1 2 0  
1 .9 8  1 0 5000 
1 . 91t 1 0240 0  

N EW HAMPSH I RE AUTOf\1A T I C  GATES 

PO NH 
w I TH H A T CH I NC CUH l E S S  HATCH lESS MATCH l E S S  MATCH 
'ClU F F  HAL MTCH MTeH ' AC C  • Ace 'Ace � Ace �O I F F  TVAl 

-o . 5 b  - C .b 5 5 0 0 .0 0  2 0. 56 - 0. 5 6  - 1 . 4  
- 0 . 2 8 - 0 . 2  8 1 3  0 0 .0 0  1 0 . 28 -0.28 - 1 . 0  
-0 . 8 5  - 0 . 5  3 1 6  0 0 . 00 3 0. 85 -0 . 85 - 1 . 1  
- 0. 2 8  - C. 1  6 2 2  1 0 . 2 8  2 0. 56 - 0 . 2 8  - 0 . 6  

0 .0 0  0 .0 4 2 6  1 0 . 2 8  1 0. 2 8  0 . 0 0  0 . 0  
-0 . 8 5  - 0 .4 3 2 9  3 0 . 8 5  6 1 . 69 -0.85 - 1. 0  
- 1 . 1 3  - 0 . 4  1 0 3 9  1 0 . 2 8  5 1 . 4 1 - l . U  - 1 .6 
-0 . 2 8  - 0 . 1  5 44 1 0 . 2 6  2 0 . 56 - 0 . 2 8  - 0. 6  

0 . 5 6  C. 2 5 109 2 0 . 5 6  0 0 . 00 0 . 56 1 . 4 
1 . 1 3  0 . 4  0 4 9  4 1 . 1 3  0 0. 00 1 . 1 3  2 . 0  
0 . 2 8  0 . 1 10 5 3  2 0 . 5 b  1 0 . 28 0 . 2 8  O . b  

- 1 .4 1  - 0 . 4  1 60 0 0 . 00 5 1 . 4 1  - 1. 4 1 - 2. 2  
- 1 .69 - 0 . 5  6 66 0 0 .0 0  6 1 . 69 - 1 .69 - 2 . 4  
- 1 .69 -0 . 5  4 70 1 0 . 2 8  7 1 . 98 - 1 . 69 - 1 . 1 
-0. 5 6  - C. 2  6 7 6  1 0 . 2 8  3 0 . 85 - 0 . 5 6  - 1 .0 
-0 . 28 - 0 . 1 3 1 9  3 0. 8 5  4 1 . 1 3  - 0 . 2 8  -0 .4 

0 . 2 8  C. 1 8 8 7  3 0 . 8 5  2 0 . 5b 0. 28 0.4 
0 .2 8  C . l  2 89 2 0. 5 b  1 0. 2 8  0 . 2 8  0 . 6  

-0 . 5 6  - 0 . 1 3 92 0 0 .00 2 0 . 56 - 0. 5 6 - 1 . 4  
-0. 8 5  - 0 . 2 1 9 3  0 0 . 0 0  3 0 . 8 5  -0 . 85 - 1 . 7  
-0 . 5 6  - c .  1 1 94 0 0 . 0 0  2 0 . 56 - 0 . 5 6 - 1 . 4  
- 0 . 1 8 - C. l  0 910 1 0 . 2 8  2 0 . 56 -0 . 2 8

· 
-0.6 

- 1 . 1 3  -0 . 3  2 96 0 0 . 0 0  4 1. 1 3  - 1 . 1 3 - 2. 0  
0 . 2 8 C . l 7 1 0 3 2 0 . 56 1 0 . 28 0 . 1 8  0 . 6  

-0 .5 6  -0 . 1  4 1 0 7  2 0 . 5 6 10 1. 1 )  - 0. 56 -0. 8  
0. 0 0  0. 0 5 1 1 2  1 0 . 2 8  1 0 . 2 8  0 . 0 0 0 . 0  
0 . 8 5  0 . 2  1 1 1 3 3 0 . B 5  0 0. 00 0 . 8 5  1 . 1  
1 . 1 3  C. 3 2 1 1 5 4 1 . 1 3  0 0. 00 1 . U  2 .0 
1 . 1 3  0 . 3  2 1 1 7 4 1 . 1 3  0 0. 00 1 . 1 3 2 . 0  
0 . 00 0 . 0  4 1 2 1  1 0 . 2 8  1 0 . 2 8  0. 00 0. 0 

-0 . 5 b  - C . l  0 1 2 1 2 0 . 5b 4 1 . 1 3  - 0 . 56 -0.8 
- 0 . 5 b  - 0 . 1 1 1 22 3 0 . 8 5  5 1 . 4 1  - 0 . 5b - 0. 7 

0 . 2 8  C . l 4 1 2 6  4 1 . 1 3  3 0 . 8 5  0 . 2 8  0 . 4 
-0. 56 - C . l 1 1 2 7  3 0 . 8 5 5 1. 10 1  - 0 . 56 - 0 . 7  
-0 . 8 5  - C. 2  5 1 3 2  1 0 . 2 8  4 1 . 1 1 -0 . 85 - 1 . 3  
- 1 .69 - 0 . 4  1 1 3 3  0 0 . 00 6 1 . 69 - 1 . 69 - 2. It  
- 1 . 1 3 - C . 2  4 1 3 7 0 0 . 0 0  4 1 . 1 3  - 1 . 1 3  - 2 .0 
-D . 8 5  - 0 . 2  1 1 38 0 0 . 0 0  3 0. 8 5  - 0 . 8 5  - 1. 7  
-0. 85 - 0. 2 6 1 44 0 0 . 0 0  3 0 . 85 - 0 . 85 - 1 . 7  
- 1 .4 1  - 0 . 3  2 1 4 6  0 0 . 00 5 1 . 4 1  - 1 . 4 1  - 2 . 2  
- 1 . 1 3  - 0 . 2  1 1 47 1 0 . 2 8  5 1 . lt l  - 1 . 1 3  - 1 . 6  
-0 .8 5 - 0 . 2 3 1 50 1 0. 2 8  4 1 . 1 3  - 0 . 8 5  - 1 . 3  
-1 . 4 1  - C . 3 3 1 5 3  0 0 . 0 0  5 1 . 4 1  - 1 . 4 1  - 2. 2  
- 1 . 4 1  - C. 3  1 1 54 0 0 . 0 0  5 1 .  It l  - l . lt l  - 2 . 2  
-0.85 - 0 . 2  1 1 5 5  2 0 . 56 5 1 .  Itl - 0 . 85 - 1 . 1  
- 1 . 1 3  - o. 2 4 1 59 2 0 . 5 6  6 1 . 69 - 1 . 1 3  - l .It 

0 .0 0  0 . 0  10 1 6 3  4 1 . 1 3  It 1 . 1 3  0. 00 0. 0 
0 . 8 5  0 . 2  3 1 66 b 1 . 69 3 0. 8 5  0 . 8 5  1 .0 
0 .0 0  0 .0 3 1 69 3 0 . 8 5  3 0. 8 5  0. 00 0. 0 
0. 2 8  0 . 1 0 1 69 4 1 . 1 3  3 0 . 8 5  0 . 2 8  0 . 4  



TABL E  C - 1 3 .  ( cont . )  

P E  ABODY-D I"" I C II.  NEW HA14PSH I R E  CT PO NH 

, Xing I NC CU14 powE A H A lARD I NC CU M POWER H Al AR D  II I T H  H A TtH I Nt C U" LE S S  HA TC H l E S S HA TtH l E S S  HATCH 
ACC 'ACt , ACC FAC T R  I NO E X  ACt .ACC , ACC FAtTR I ND E X 'D l f F  T 'IA l  Hr tH HT CH . AC C  , ACt .ACC , ACe 'O I F F J VAl 

25 . 50 2 1 7 5  1,9 . 1010 1 . 94 66959 3 1 7 5  49.104 1 .94 1 00000 0 .0 0  0 .0 4 1 7 3 Z 0 . 5b Z 0. 5b 0. 00 0. 0 
2b . 00 Z 1 7 7  5 0 . 0 0  1 . 92 66697 10 1 19 50. 56 1 . 94 980b4 - 0 . 5 6  - C . 1  4 1 77 0 0 . 00 2 0 . 5b - 0 .56 - 1 . 4  
2 6 . 50 2 1 79 50. 56 1 . 9 1  6 blo29 0 1 79 5 0 . 5 6  1 .9 1  96000 0 .00 0 . 0  1 1 7 8 1 0 . 2 e  1 0. 2 8  0 . 00 O . u  
2 7 . 00 I 180 50 . 8 5  1 . 8 8  66 1 7 8 0 1 19 5 0 . 5 6  1 . 11  7 9 3 50 0  0. " 8  C. I 1 1 79 1 0 . 2 8 0 0 . 00 0 . 2 8  1 .0 
2 7 . 50 3 1 8 3  5 1 . 6 9 1 . 88 657 3 1  6 1 8 5  5 Z . Z 6  1 .9 0  90000 -0 .5b - C . l 2 1 8 1 2 O. S f>  4 1 . 1 3 -0. 56 - 0 . 8  
2 8 . 0 0  1 1 8 4  5 1 . 9 8  1 . 86 b 5H6 3 1 88 5 3 . 1 1  1 . 9 0  8 7696 -1 . 1 3  - 0 . 2  2 1 81 I 0 . 2 8  5 1 . 4 1  - 1 . 1 3  - 1 . 6  
2 8 . 50 1 1 8 5  5Z . 2 6  1 . 83 b 5 Z 4 1  1 1 11 9  5 3 . 3 9  1 .8 1  86350 - 1 . 1 3  - C . 2  1 1 84 1 0 . 2 8  5 1 . 4 1  - 1 . 1 3  - 1 . b 
29 . 0 0  4 189 53 . 39 1 . 8 4  b 5 099 5 1 94 54. 8 0  1 . 8 9  84000 - 1 .4 1  - 0 . 3  4 1 8 8 1 0 . Z 8  6 1 . 6 9 - 1 . 4 1  - 1 . 9  
2 9 . 5 C  2 I 'l l  5 3 . 9 5 1 . 8 3  61,804 0 1 94 5 4 . 8 0  1 .8 6  820110 - 0 . 8 5  - C . 2  I 1 89 2 0 . 5 f>  5 1 . 4 1  - 0 . 8 5  - 1 . 1  
30 . 00 2 1 9 3  54. 5 2  1 . 82 6 4565 4 1 98 5 5 . 9 3  1 .8 6  80000 - 1 .4 1  - C . 3  3 1 9 2 , 1 0 . 2 8 6 1. 69 - 1 . 4 1  - 1 . 9  
30. 50 2 1 9 5  5 5 . 0 8  1 . 8 1  643 88 0 1 9 8  5 5 .9 3  1 .8 3  792 00 - 0 . 8 5  - C. 2  2 1 9 4  1 0 . 2 8  4 l . l l -0 . 8 5  - 1 . 3  3 1 . 00 3 198 55. 9 3  1 . 80 6 4 1 4 9  2 2 00 5b . 5 0  1 . 8 Z  7 8Z00 -0 . 5 6  - C . l  4 1 98 0 0 . 0 0  2 0. 56 - 0. 56 - 1 . 4  
H . 5 0  2 ZOO 56. 5 0  1 . 79 6 3 8 27 0 200 56. 5 0  1 . 1 9  75400 0 . 00 C . O  0 1 9a 2 v . 56 2 0 . 56 0 . 00 0 . 0  
3 2 . 00 1 201 56. 7 8  1. 77 6 36 02 4 Z04 5 7 . 6 3  1 .8 0  1 2 1 0 0  -0 . 8 5  - 0 . 1  3 2 0 1 0 0 . 0 0  3 0. 8 5  - 0 . 95 - 1 . 7  
32 . 50 3 204 57 . b 3  1 . 7 7  6 3 3 70 7 Z I 1  59. 60 1 . 8 3  1 1000 - 1 . 9 9  - C . 3  2 2 0 3  1 0 . Z 8  8 2 . 2b - 1 . 9 8  - 2 . 1  
33. 0 0  4 209 59. 7b 1 . 7 11  b 3 1 5 3  2 2 1 3  b O . 1 7  1 .8 2  70000 - 1 .4 1  - 0 . 2  2 20 5 '3 0 . 8 5  6 2. 26 - 1 . 1tt - 1 . ;  
3 3 . 50 5 Z l l  60. 1 7  1 . 90 6 2959 2 2 1 5 -h 0 . 7 3  1 . 8 1  6 8 000 -0 . 5 6  - C. l  6 Z 1 1  2 0 . 5 6  4 l . l l  -0. 56 - 0. 8  
3 10 . 00 0 Z 1 3  60. 1 7  1 . 7 7 bZb60 0 Z 1 5 6 0 . 7 3  1 .1 9  b6000 -0 . 5 6 - C . 1  0 Z 1 1  Z 0. 56 4 1 . 1 ) -0. 5b - 0 . 8  
3 " . 50 1 Z 1 4  60. 4 5  1 . 75 6 2 349 1 Z 1 6  6 1 . 0Z 1 . 7 7  64880 -0.5b -C. l 1 Z I Z  2 0 . 5 b  4 1 . 1 3  - 0. 56 - 0. 8  (") 3 5 . 00 2 Z 1 6  6 1 . 02 1 . 14 b Z 199 Z 2 1 8  6 1 . 5 8  1 .1 6  6 3 Z 50 -0. 5b - C. l 3 2 1 5  1 0 . 2 8  3 0 . 8 5  -0 . 5b - 1 . 0 • 
3 5 . 50 2 2 1 8  6 1 . 5 8 1 . 7 3 6 1948 1 2 2 1  62. 4 3  1 . 1 b 6Z0Z 0  -0 . 8 5  - 0 . 1  1 2 1 6  2 0 . 56 5 1 . 4 1 - 0 . 85 - 1 . 1  tA 
3 6 . 00 3 2 2 1  62 . 4 3  1 . 7 3  6 1 663 1 Z2Z 6 Z . 7 1 1 .  Jt. 60600 - 0 . Z 8  - C. O  Z 2 1 8  3 0 . 8 5  4 1 . 1 1 -0 . l 8  - 0 . 4  t-.) 
36 . 50 Z Z Z 3  6Z. 99 1 . 13 6 1 4100 0 Z 2 2  62 . 7 1  1 .1 2 ('0000 0 . 2 8  0 . 0 Z ZZO 3 0. 8 5 2 0. 56 0. 2 8  0. 4 
3 7 . 00 a 2 Z 3  62 . 9 9  1 . 70 6 1 1 91 1 2 2 3  62 . 9 9  1 . 1 0  5 8 1 01, 0 . 0 0  c . O  1 2 Z 1  2 0 . 5 f>  ;: 0 . 5b 0 . 00 0.0 
3 7 . 5 0  4 2 2 7  6". I Z ' 1 . 11 b0998 b 2 Z 9  6 4 . 6 9  1 . 1 3  5 62 4 0  -0 . 5 6  - C . l  1 Z22 5 1 . 4 1  1 1. <; 8  - 0. 5 6 - 0. 6  
3 8 . 00 1 22 8 64 . 4 1 1 . 69 6 06 5 2  3 Z 3 Z  6 5 . 54 1 . 1 2 55000 - 1 . 1 3  - C . 2  3 Z Z 5  3 0 . 8 5  1 1 . 9t! - 1 . l l  - 1 . 3 
3 8 . 5 0  0 228 64 . 4 1  1 . 6 7 6 03 88 4 Z 3 6 66. 6 7  1 . 7 3  54000 -2 . Z 6  - 0 . 4  2 2 2 7  1 0. 2 8  9 2. 54 -Z . Z 6  - 2. 5  
39 . 00 1 Z29 64 . 6 9 1 . 66 6 0Z 3 1 0 2 3 6  6 6 . 6 7  1 .7 1  5 Z 500 - 1 . 9 8  - C . )  1 Z 2 8  1 0 . Z 8  8 Z. 2b - 1 . 98 - Z . 3  
39. 50 2 2 3 1  65. 2 5  1 . 65 5 9 970 0 Z 3 6  6 b . 6 7  l .b9 5 1 3 2 0  - 1 .4 1  - C . 2  2 2 30 1 0. 2 8  6 1. "9 - 1 . 4 1  - 1 . 9 
40 . 0 0  0 2 3 1  6 5 . 2 5  1 . 6 3 5 98 2 11  2 2 3 8  6 7. 2 3  1 . 6 8  5004 0 - 1 .98 - 0 . 3  1 2 3 1  0 0 . 0 0  7 1 . 9 8 - 1 . 9 8 - 2. b  
Io 0 . 5 e  1 2 3 2  65. 54 1 . 62 5 96 0 1  1 2 39 6 7 . 5 1  1 .6 7  49000 - 1 . 98 - 0 . 3  0 231 1 0. 28 8 2. 26 - 1 . 9 8 - Z . 3  lot .00 0 2 3 2  6 5 . 5 4 1 . 60 59465 1 2 40 6 7. 8 0  1 . 6 5  4 8 000 - Z . Z 6  - 0 .10 0 Z 3 l  1 O . Z & c; 2 . 54 - 2 . 2 6  - 2 . 5  
101 . 50 7 2 3 9  6 7 . 5 1  1 . 63 5 92 43 1 2 4 1  6 8 . 0 8  l .b 4 4 7 100 - 0 . 5 6  - C. l 7 2 3 8  1 0 . 2 8  3 0 . 8 5  -0 . 5 6  - 1 . 0 
"2 . 0 0  2 24 1 68. 08 1 . 62 59008 0 2 4 1  6 8 . 0 8  1 .6 2  46000 0 . 00 0 . 0  2 240 1 0 . 2 8  1 0. 2 8  0. 00 0 . 0  
102 . 50 0 2 4 1  68 . 08 1 . 6 0 5 8828 3 244 6 8 . 93 1 .6 2  45000 - 0 . 8 5  - c. 1 1 2 4 1  0 0 . 00 3 0. 8 5  - 0 . 8 5  - 1 . 7  
"3 . 00 2 243 68. 64 1 . 60 5 8528 0 244 6 8 . 9 3  1 .6 0  44000 -0 . 2 8  - C .O 2 243 0 0 . 0 0  1 0 . 2 8  - 0 . 2 8 - 1 . 0  
4 3 . 5 0  2 24 5 69. 2 1  1 . 59 5 8 165 1 245 6 9 . Z  1 1 . 59 42650 0 . 0 0  0. 0 0 2 4 3  2 0 . 5 e.  2 0 . 56 0 . 00 0 . 0  
410 . 00 2 2 4 7  69. 7 7  1 . 59 5 7 9 40 2 2 4 7  6 9 . 7 7  1 .5 9  4 1 2 80 0 .00 0 . 0  2 2 4 5  2 0 . 56 Z 0. 56 0 . 0 0  0 . 0 
"10 . 5 0 2 2109 70 . 34 1 . 58 5 76 19 2 2 4 9  70. 3 4  1 . 58 100000 0. 0 0  C . O 3 2108 1 0 . 2 8  1 0. 2 8  0 . 00 0.0 
4 5 . 00 0 2109 70. 3 4  1 . 56 5 73 89 0 2 49 70 . 3 4  1 .5 6  100000 0 .0 0  0 . 0  0 2 4 8  1 0. 2 8  1 0. 2 8  0. 00 0.0 
105 . 5 0  I) 249 70 . 3 10 1 . 55 5 7 1 9 7  2 2 5 1  70. 9 0  1 .5 6  3 9060 -0 .56 - C . l 1 2 49 0 0 . 00 2 0 . 56 - 0. 56 - 1 . 10  
106 . 0 0 1 250 70. 62 1 . 54 ' 5 6970 4 2 5 5  7 2 . 0 3  1 .5 7  3 7800 - 1 . 4 1  - C . 2  1 2 5 0  0 0 . 0 0  5 1 . 10 1 - 1 . 4 1  - 2 . 2  
10 6 . 5 0  1 2 5 1  70 . 9 0  1 . 52 56763 1 2 56 72. 32 1 . 5 6  3 7200 -1 .4 1 - C . 2  0 2 50 1 0 . 2 8 6 1 . 69 - 1 . 10 1  - 1 . 9  
10 7 . 00 3 2510 7 1 . 7 5 1 . 53 56403 10 2 60 7 3 . 4 5  1 .5 6  36 1 60 - 1 . 69 - C . 3  2 2 5 2  2 0 . 5 6 8 2 . 26 - 1 .69 - 1 .9 
107 . 50 2 256 72. 3 2  1 . 52 562 1 10  1 2 61 73 . 1 3  1 . 5 5  3 60 00 - 1 . 4 1  - C . 2  2 2510 2 0 . 56 7 1 . 9 8  - 1 . 4 1  - 1 . 7  
10 8 . 00 1 2 5 7  72. 6 0 1 . 51 5 596 1 1 2 62 710 . 0 1 1 . 5 4  34450 - 1 . 10 1  - 0 . 2  1 2 5 5  2 0 . 56 7 1 . 98 - 1 . 4 1  - 1 . 7  
108 . 50 ? 259 73. 1 6  1 . 5 1  5 5 760 2 2610 710. 5 8  1 . 5 4  3 3600 - 1 . 4 1  - C . 2  2 2 57 2 0 . 56 7 1 . 98 - 1 . 4 1  - 1 . 7  
10 9 . 0 0  3 262 74. 0 1  1 . 5 1  5 5629 0 264 14 . 5 8  1 . 52 32 500 - 0 . 5 6  - e . l  3 260 2 0 . 56 4 1 . 1 3 - 0 . 56 - 0 . 8  
10 9 . 5 0  0 262 74 . 0 1 1 . 50 5 5422 0 264 7 4 . 5 8  1 .5 1  32000 - 0 . ') 6  -C. l 0 260 2 0 . 5 6 4 1 . 13 -0. 56 - 0. 8  
5 0 . 0 0  4 266 75 . 110 1 . 50 5 52 80 1 2 6 5  7 4 . 8 6  1 . 5 0  3 0 800 0 . 2 8  C. O  5 265 1 0 . 2 8 0 0 . 00 0 . 2 8  1 .0 

" 



APPENDIX D 

REGRE S S I ON S  

The fo l l ow i ng symbo l �  are us ed a s  sho rthand iden t i f iers  in  
the regre s s ions . 

1 .  AADT - average d a i l y  traff ic . 
2 .  ACC - a cros s i ng from t he ac c ident data  base . 
3 .  C - same as 1 .  
4 .  DT . DTHRU , DAY THRU - numb er of  day t hru t r a i n s . 
5 DAY SW I TCH - number o f  day swi tch t r a i n s . 
6 .  FC , FC- ROAD - the un i t s  d i g i t  of the func t i on a l  c l a s s i f i c a ­

t i on of road ove r cro s s i ng . 
7 .  F LGV1 9 . DAT - t he f i l e name o f  t he reg re s s ion  wh i ch i s  the 

volume mode l fo r fl a s h i ng l i ghts . 
8 .  GATE 0 9  - t he f i l e  name o f  the regr e s s i on wh ich i s  the vo lume 

mod e l  for gat e s . 
9 .  f ! , H ( ofV I T I 6 )  - t h e  fi l e  name o f  t he regre s s ion wh ich i s  the 

volume mode l fo r cros sbuck s . 
1 0 .  HWY PAVED - i s  h i ghway paved ? 
1 1 .  LANES - the numb er o f  tra f fic l anes . 
1 2 . LOG , LOG I O  - refers t o  LOG I O ' 
1 3 .  LOG T* * 2  - refe rs to [ LOG 1 0 (T+ I ) ] 2 . 
1 4 . LOG C * * 2 - refers to [ LOG 1 0 ( C + I ) ] 2 . 
1 5 .  MA I N  TRACKS , MA I N  TRKS - the numb er of  m a i n  tr acks . 
1 6 . MAX , MAX SPEED - typ i c al max imum speed . 
1 7 .  M I N  - typ i cal m i n imum speed . 
1 8 .  N ,  N I TE - the numb er o f  n i g ht trains . 
1 9 .  N I TE SW I TCH - the numb er o f  n i ght switch  tra i ns . 
2 0 .  N I TE TH RU - t he numb er o f  n ig ht thru t r a i n s . 
2 1 . NOACC - a cro s s ing from the non - acc i dent  data bas e .  
2 2 . NRBY X I NG HWY - nearby i nt ersec t i ng h i g hway ? 
2 3 .  OPEN=l NOT OPEN= 2 - from type o f  devel opmen t :  open i s  open 

space ( 1 )  and not  open is ot herw i s e  ( 2 ,  3 ,  4 ,  5 ) . 

D - 1 



2 4 . POP , POPU LAT I ON - the tens  d i g i t  o f  the  funct ional c l a s s i ­
f i c at ion o f  road ove r c ro s s i ng . 

2 5 .  RES I D= 2  NON - RES I D= 1  - from type o f  deve l opment :  r e s i d  i s  
res iden t i a l  ( 2 ) , non- re s id i s  otherw i s e  ( 1 , 3 ,  4 ,  5 ) . 

2 6  RR ADV WARN - i s  r a i l road adva nc e wa r n i ng s ign p re s en t ? 
2 7 . SWI TCH - n umb e r  o f  switch  t ra i ns . 
2 8 . T ,  T RA I N  - numb e r  o f  total  t rn i n  movemen t s . 
2 9 . TRUCKS - e s t imated percent t rucks . 
3 0 .  TYP MAX S PEED - s ame as 1 6 . 
3 1 . TYP M I N  S PEED - typ i c a l  m i n imum speed . 
3 2 . U= l R= 2 ,  U = O  R= l - f rom highway sys tem U i s  urban and R 

i s  ru ra l . 
3 3 . X I NG ANGLES - smal l e s t  c ro s s i ng ang l e . 
34 . 1 - r e fe r s  to t he int ercept  o f  a non - l inear r e g re s s ion . 
3 5 . 1 0 K - 1 0 , 0 0 0 . 
36 . * - mu l t ipl icat i o n  s i gn . 
3 7 . * * - exponent s ig n . 

D - 2 



TAB LE 
D- 1 
D- 2 
D- 3 

D - 4 
D- S 

D - 6 
D - 7 
D - S 
D - 9 

0 - 1 0  
0 - 1 1  
0 - 1 2  
0 - 1 3  

L I ST OF TABLES I N  APPEND I X  D 

T I TLE 
TYP I CAL L I NEAR REGRESS I ON EARLY EXPLORATORY STAGE . 
VARIAB LE S  USED FOR VOLUME L I NEAR REGRESS I ON MODE L .  
L I NEAR REGRESS I ONS COMB I N I NG NON - VOLUME VAR I ABLES 
WITH BEST L I NEAR VOLUME MODEL . 
S I MI LAR TO D - 3 - - D I FFE RENT VAR I ABLES . 
I LLUSTRAT I ON OF "MI GRAT I ON" AND CONVERGENCE 
SUCCESS I VE ITERAT I ONS . 
SELECT I ON REGRESS I ON - CROSSBUCKS . 
SELECT I ON REGRESS I ON - FLASH I NG L I GHTS . 
SELECT I ON REGRESS I ON - AUTOMAT I C  GATES .  
MI GRAT I ON - FLASH I NG L I GHTS - VOLUME . 
MI GRAT I ON - FLASH I NG L I GHTS - COMPREHENS I VE .  
MI GRAT I ON - GATES - VOLUME . 
M I GRAT I ON - GATES - COMPREHENS I VE . 
SELECT I ON REGRESS I ON - GATES 

0- 3 



TAB LE D - 1 . TYP I CAL LI NEAR REGRES S I ON EARLY EXPLORATORY STAGE 

STEP-WI SE MU LTIPLE REGRESSION . . . . .  B IGREG 

NUMBER OF OBSERVATIONS 1 6900 
NUMBER OF VARIABLES 28 
NUMBER OF SELECTIONS 1 

CONSTANT TO L IMIT  VAR IABLES 0 .00000 

VARIABL E MEAN STANDARD VARIABLE 
NO . DEV IATION 

1 1 . 82444 0 . 541 33 LANES 
2 762 . 951 60 2603 . 80753 AADT 
3 5 . 62556 0 . 78962 FC - ROAD 
4 0 .81 1 01 1 . 47345 POPULATION 
5 1 . 65527 0 .47530 U=1 R=2 
6 2 . 76639 0 . 50006 X I NG ANGLE 
7 1 . 50627 0 . 50021 OPEN=1 NOT OPEN=2 
8 1 . 23834 0 . 42636 RES ID=2 NON-RES ID=l 
9 1 . 581 66 0 . 57752 NRBY X I NGHWY Y=l N=2 

1 0  1 .4 1 385 0 . 49265 HWY PAVED Y=l N=2 
1 1  0 . 93822 0 . 40482 MAI N  TRACKS 
1 2  30 . 89574 1 7 . 7 1 684 TYP MAX SPEED 
1 3  1 4 . 1 7320 1 4 . 24937 TYP M I N  SPEED 
1 4  2 . 5267 5 3 . 90665 DAY THRU 
1 5  0 .87552 2 . 471 34 DAY SW ITCH 
1 6  2 . 1 5538 3 . 74809 NITE THRU 
1 7  0 . 4371 0 2 . 08203 NITE SWITCH 
18  0 . 47553 0 . 574 58 LOG1 0 �TRAIN  + . 3 )  
1 9  2 . 1 9967 0 . 75391 LOG10  AADT+ .3 ) 
20 3 5 . 7 2553 1 1 6 . 43390 FC * AADT 
21 3 1 4 .85872 1 072 . 77081 AADT/ { LANES+ . 3 )  
22 24 . 1 8595 4 2 . 33637 AADT*DTHRU ** . 541 2 
23 91 5 . 30181 2954 . 93851 AADT/ { POP+ . 3 )  
24 29 .3771 1 61 . 1 51 77 #22 * (4-X ING ANG ) 
25 3 . 721 69 1 6 .81 865 MAX*DTHRU*AADT/l 0K 
26 4 . 1 0377 20 . 42527 M I N*TRAI N*AADT/1 0K 
27 1 724 . 751 66 7361 . 60431 AADT*DTHRU/ ( POP+ . 3 )  
28 0 . 07373 0 . 261 34 ACC=l NOACC=O 

SELECTION . . . . . 1 

DEPENDENT VARIABLE . . . . . . . . . . . .  28 
NUMBER OF VARIABLES FORCED . . . .  0 
NUMBER OF VAR IABLES DELETED . . .  0 

D- 4 



TAB LE D - 1 . (cont . )  
STEP 1 

VARIABLE ENTERED . . . . • .  22 

SUM OF SQUARES REDUCED IN  THIS STEP . . . .  
PROPORTION REDUCED IN TH I S  STEP . • . • . . • .  

CUMULAT IVE SUM OF SQUARES REDUCED • . • . . .  

CUMULATIVE PROPORTION REDUCED . . • • . . • . • • 

FOR 1 VARIABLES ENTERED 
MULTI PLE CORRELATION COEFFI C I ENT . . •  

(ADJUSTED FOR D . F . )  • • . . • . . . . . .  

F-VALU E FOR ANALYS IS  OF VARIANCE • • .  

STANDARD ERROR OF ESTIMATE . . • . . . . . .  

(ADJUSTED FOR D . F . }  . . . . . . . . . . •  

0 . 258 
0 . 258 

1 202 . 757 
0 . 253 
0 . 253 

VARIABLE 
NUMBER 

22 
INTERCEPT 

REGRESSION 
COEFFICI ENT 

0 . 001 59 
0 . 03524 

STD . ERROR OF 
REG . COEFF . 

0 .00005 

STEP 2 

VAR IABLE ENTERED . . . • . .  1 0  

SUM OF SQUARES REDUCED IN  TH IS STEP • . . .  

PROPORTION REDUCED IN  TH IS  STEP . . • . . . . .  

CUMULATIVE SUM OF SQUARES REDUCED . . . . .  . 

CUMULAT IVE PROPORTION REDUCED . . . . . • . . . •  

FOR 2 VARIABLES ENTERED 
MULTIPLE tORRELATION COEFF ICI ENT . . . 

( ADJUSTED FOR D . F . } . . . . . • . • . . .  

F-VALU E FOR ANALYS IS OF VARIANCE • • .  

STANDARD ERROR OF ESTIMATE . . . • . • . • .  

( ADJUSTED FOR D . F . }  . . • • . . . . . . .  

0 . 275  
0 . 275  

690 .492 
0 . 251 
0 . 251 

VAR IABLE 
NUMB ER 

22 
1 0  

I NTERCEPT 

REGRESSION 
COEFFI C I ENT 
0 . 001 45 

-0 . 051 96 
0 . 1 1 200 

STD . ERROR OF 
REG . COEFF . 
0 . 00005 
0 . 00403 

D - 5 

76 . 690 
0 . 066 

76 . 690 
0 . 066 OF 

COMPUTED 
T-VALUE 
34 .681 

1 0 . 51 0  
0 . 009 

87 . 200 
0 . 076 OF 

COMPUTED 
T-VALUE 
31 . 047 

,:, 1 2 . 902 

1 1 54 . 1 35 

1 1 54 . 1 35 



TAB LE D - l , (cont . )  
STEP 3 

VARIABLE ENTERED . . . . . . 1 8  

SUM OF SQUARES REDUCED I N  TH IS  STEP . . . .  6 . 602 
PROPORTION REDUCED I N  TH I S  STEP . . . . . . . .  0 . 006 

CUMULATIVE SUM OF SQUARES REDUCED . . . . .  . 
CUMULATIVE PROPORTION REDUCED . . . . • . . . . .  

FOR 3 VARIABLES ENTERED 
MULTI PLE CORRELATION COEFF I C IENT . .  . 

(ADJUSTED FOR D . F . )  . . . . . . . . . .  . 
F-VALUE FOR ANALYSI S  OF VARIANCE . .  . 
STANDARD ERROR OF EST IMATE . . . . . . . .  . 

(ADJUSTED FOR D .  F . ) . . . . . . . . .  . . 

0 . 285 
0 . 285 

498 . 23 1  
0 . 251 
0 . 251 

VAR IABLE REGRESSI ON STD . ERROR OF 
NUMBER COEFF I C I ENT REG . COEFF . 

22 0 . 001 20- 0 . 00005 
1 0  -0. 0561 6 0 . 00404 
1 8  0 . 03893 0 . 00380 

INTERCEPT 0 . 1 0557 

STEP 4 

VAR IABLE ENTERED . . . . . .  1 9  

93 . 802 
0 . 001 OF 

COMPUTED 
T-VALUE 

22 . 120 
-1 3 . 91 6 

1 0 . 256 

SUM OF SQUARES REDUCED IN TH IS  STEP . . . .  4 . 739 
PROPORT ION REDUCED IN  TH I S  STEP . . . . . . . .  0 . 004 

CUMULAT IVE SUM OF SQUARES REDUCED . . . . .  . 
CUMULAT IVE PROPORT ION REDUCED . • . . . . . . . .  

FOR 4 VARIABLES ENTERED 
MULTI PLE CORRELATION COEFF I C IENT . .  . 

(ADJUSTED FOR D . F . ) . . . . . . . . . .  . 
F-VALU E FOR ANALYS IS OF VAR IANCE . .  . 
STANDARD ERROR OF ESTIMATE . . . . . . . .  . 

(ADJUSTED FOR D . F . )  . . . . . . . . .  . .  

0 . 292  
0 . 292 

394 . 290 
0 . 250 
0 . 250 

VAR IABLE REGRESS ION STD . ERROR OF 
NUMB ER COEFFICI ENT REG . COEFF . 

22 0 . 001 00 0 . 00006 
1 0  -0 . 03300 0 . 00483 
1 8  0 . 04687 0 . 00390 
1 9  0 . 03005 0 . 00345 

INTERCEPT 0 . 00790 

D - 6 

98 . 540 
0 . 085 OF 

COMPUTED 
T-VALUE 

1 7 . 252 
- 6 . 838 
1 2 . 032  
8 . 709 

1 1 54 . 1 35 

1 1 54 . 1 35 



TAB LE D - 1 .  (cont . )  
STEP 5 

\' 1\1\ 1 J\BLE ENTERED . . . . . . 4 

SUM OF SQUARES REDUCED IN  TH IS  STEP . . . .  2 . 1 20 
PROPORTION REDUCED IN TH I S  STEP . . . . . . . .  0 . 002 

CUMULAT IVE SUM OF SQUARES REDUCED . . . . . •  

CUMULATIVE PROPORTION REDUCED . . . . . . . . .  . 

FOR 5 VARIABLES ENTERED 
�iU I .TI PLE CORRELATION COEFF IC I ENT . .  . 0 . 295 

0 . 295  
322 . 849 

0 . 250 
0 . 250 

(ADJUSTED FOR D .  F .  ) . . . . . . . . . .  . 
I -VALUE FOR ANALYSIS OF VAR IANCE . .  . 
S rJ\NDARD ERROR OF ESTIMATE . . . . . . . .  . 

(ADJUSTED FOR D . F . )  . . . . . . . . . .  . 

VAR IABLE REGRESSION STD . ERROR OF 
NUMBER COEFF I C I ENT . REG . COEFF . 

22 o . 001al 0 . 00006 
1 0  -0 . 03081 0 . 00484 
1 8  0 . 04557 0 . 00390 
1 9  0 . 02224 0 . 00370 
4 0 . 00874 0 . 001 50 

I NTERCEPT 0 . 01 51 5  

STEP 6 

VAR IABLE ENTERED . . . . . . 3 

1 00 . 661 
0 . 087 OF 

COMPUTED 
T-VALUE 

17 .507 
-6 .371 
1 1  . 690 

6 . 01 5 
5 .831 

SUM OF SQUARES REDUCED I N  TH IS  STEP . . . .  1 . 379 
PROPORTION REDUCED IN TH I S  STEP . .  ! . . . . .  0 . 001 

CUMULATIVE SUM OF SQUARES REDUCED . . . . .  . 
CUMULAT IVE PROPORTION REDUCED . . . . . . . . .  . 

FOR 6 VARIABLES ENTERED 
MULTI PLE tORRELATION COEFFICI ENT . .  . 0 . 297 

0 . 297 
273 . 068 

0 . 250 
0 . 250 

(ADJUSTED FOR D . F . ) . . . . . . . . . .  . 
F-VALU E FOR ANALYS IS OF VARIANCE . .  . 
STANDARD ERROR OF ESTIMATE . . . . . . . .  . 

{ADJUSTED FOR D . F . )  . . . . . . . . . . . 

VARIABLE REGRESS ION STD . ERROR OF 
NUMB ER COEFFIC I  ENT REG . COEFF . 

22 0 .001 00 0 . 00006 
1 0  -0 . 03058 0 . 00483 
1 8  0 . 04747 0 . 00392 
1 9  0 . 01 549 0 . 00396 
4 0 . 00944 0 .001 51 
3 -0 . 01 309 0 . 00278 

I NTERCEPT 0 . 1 0208 

D - 7  

1 02 . 040 
0 . 088 OF 

COMPUTED 
T-VALUE 

1 7 .338 
-6 .328 
1 2 . 1 21 

3 . 908 
6 . 273 

-4 .706 

1 1 54 . 1 35 

1 1 54 . 1 35 



TAB L E  D - 1 .  (cont . )  
STEP 7 

VARIABLE ENTERED . . . . . .  1 1  

SUM OF SQUARES REDUCED IN  TH IS  STEP . . . .  1 . 399 
PROPORTION REDUCED IN TH IS STEP . . . . . . . .  0 . 001 

CUMULATIVE SUM OF SQUARES REDUCED . . . . .  . 
CUMULATIVE PROPORTION REDUCED . . . . . . . . .  . 

FOR 7 VARIABLES ENTERED 
MULTI PLE CORRELATION COEFFIC I ENT . .  . 0 . 299 

0 . 299 

237 . 570 

0 . 249 

0 . 249 

(ADJUSTED FOR D . F . )  . . . . . . . . . .  . 
F-VALUE FOR ANALYSIS OF VARIANCE . .  . 
STANDARD ERROR OF ESTIMATE . . . . . . . .  . 

( ADJUSTED FOR D . F . )  . . . . . . . . . .  . 

VARIABLE 
NUMBER 

22 

1 0  

1 8  
1 9  

4 

3 
1 1  

I NTERCEPT 
STEP 8 

REGRESSI ON 
COEFF IC I ENT 

0 . 00093 
-0 . 03041 

0 . 0434 2 

0 . 01 844 
0 . 01 094 

-0 . 01 343 

0 . 02591 

0 . 07 526 

VAR IABLE ENTERED . . . . . .  9 

STD . ERROR OF 
REG . COEFF . 
0 . 00006 

0 . 00483 

0 . 00401 

0 . 00401 

0 . 001 54 

0 . 00278 

0 . 00546 

1 03 .439 

0 . 090 OF 

COMPUTED 
T-VALUE 

1 5 . 702 

-6 . 295 

1 0 . 838 

4 . 599 
7 . 1 1 8 

-4 . 8 27 

4 . 743 

SUM OF SQUARES REDUCED IN  TH IS STEP . . . .  0 . 865 
PROPORTION REDUCED IN TH IS  STEP . . . . . . . .  0 . 001 

CUMULATIVE SUM OF SQUARES REDUCED . . . . .  . 
CUMULAT IVE PROPORT ION REDUCED . . . . . . . . .  . 

FOR 8 VARIABLES ENTERED 
MULTI PLE CORRELATION COEFF I C IENT . .  . 0 . 301 

0 . 300 

209 . 773 

0 . 249 

0 . 249 

( ADJUSTED FOR D .  F . )  . . . . . . . . .  . .  

F-VALU E FOR ANALYS IS  OF VARIANCE . .  . 
STANDARD ERROR OF ESTIMATE . . . . . . . .  . 

( ADJUSTED FOR D . F . ) . . . . . . . . . .  . 

VARIABLE REGRESS ION STD .  ERROR OF 
NUMBER COEFFI C I ENT REG . COEFF . 

2 2  0 . 00093 0 . 00006 

1 0  -0 . 0291 8 0 . 00484 

1 8  0 . 04254 0 . 00401 
1 9  0 . 01 800 0 . 00401 

4 0 . 01 079 0 . 001 54 

3 -0 . 01 3 63 0 . 00278 

1 1  0 . 0261 6 0 . 00546 

9 -0 . 01 253 0 .-00336 

I NTERCEPT 0 . 09 575 
D- 8  

1 04 . 305 

0 . 090 OF 

COMPUTED 
T-VALUE 

1 5 . 7 08 

-6 . 029 

1 0 . 603 

4 . 489 

7 . 020 

-4 . 901 
4 . 790 

-3 . 73 1  

1 1 54 . 1 35 

1 1 54 . 1 3 5 



TABLE D - 1 .  (cont . )  

STEP 9 

VARIABLE ENTERED . . • . . .  1 7  

SUM OF SQUARES REDUCED I N  THIS STEP . . . .  0 . 790 

PROPORTI ON REDUCED IN TH IS  STEP . . . . . . . .  0 . 001 

CUMULATIVE SUM OF SQUARES REDUCED . • • • • .  

CUMULATIVE PROPORTI ON REDUCED . • . . . . . • • .  

FOR 9 VARIABLES ENTERED 
MULTIPLE CORRELATION COEFF ICI ENT • . .  

(ADJUSTED FOR D . F . )  • • • • • • • . . . .  

0 . 302 

0 . 301 
1 88 . 008 

0 . 249 

0 . 249 

F-VALUE FOR ANALYSI S  OF  VARIANCE • • .  

STANDARD ERROR OF ESTIMATE . • • • . • • . •  

(ADJUSTED FOR D . F . )  • . . . • . . . • . .  

VARIABLE REGRESSI ON STD . ERROR OF 
NUMBER COEFFICI ENT REG . COEFF . 

22 0 . 00095 0 . 00006 
1 0  -0 . 02937 0 . 00484 
1 8  0 . 0389 1 0 . 0041 4  
1 9  0 . 01 71 6 0 . 00402 

4 0 . 01 008 0 . 001 5 5  
3 -0 . 01 363 0 . 00278 

1 1  0 . 027 1 5 0 . 00547 
9 -0 .01 2 54 0 . 00336 

1 7  0 . 00347 0 . 00097 
I NTERCEPT 0 . 09748 

\ 

D - 9  

1 05 . 095 

0,091 OF 
" 

COMPUTED 
T-VALUE 

1 5 . 883 

-6 . 070 

9 . 403 

4 . 27 2  

6 . 505 

-4 . 903 

4 . 967 

-3 . 73 5  

3 . 567 

1 1 54 . 1 35 



STEP 1 0  

VARIABLE ENTERED . . . . . .  1 

SUM OF SQUARES REDUCED I N  THIS STEP . . . .  0 . 732 
PROPORTI ON REDUCED IN  TH IS  STEP . . . . . . . .  0 . 00 1  

CUMULATIVE SUM OF SQUARES REDUCED • . • . • .  

CUMULAT IVE PROPORTION REDUCED . . . . . . . • • .  

FOR 1 0  VARIABLES ENTERED 
MULTIPLE CORRELATION COEFFICI ENT . • .  

( ADJUSTED FOR D . F . ) • . • . . . . • • • .  

F-VALUE FOR ANALYS I S  OF VAR IANCE . . .  
STANDARD ERROR OF ESTIMATE • • . . . . . . .  

(ADJUSTED FOR D . F . )  • . . . . . • . • • .  

1 05 . 827 
0 . 092 

0 . 303 
0 . 302 

1 70 . 496 
0 . 249 
0 . 249 

VARIABLE REGRESSION STD . ERROR OF 
NUNBER COEFFICI ENT REG . COEFF . 

22 0 . 00095 0 . 00006 
1 0  -0. 02703 0 . 00488 
1 8  0 . 03969 0 . 0041 4  
1 9  0 . 01 482 0 . 00407 

4 0 . 00968 0 . 001 55 
3 -0 . 01 267 0 . 00279 

1 1  0 . 02804 0 . 00547 
9 -0 . 01 237 0 . 00336 

1 7  0 . 00345 0 . 00097 
1 0 . 01 374 0 . 00400 

INTERCEPT 0 . 06761  

D- 1 0  

O F  1 1 54. 1 35 

COMPUTED 
T-VALUE 
1 5 . 945 
-5. 533 

9 . 55 1  
3 . 639 
6 . 232 

-4. 536 
5 . 1 25  

-3 . 686 
3. 549 
3. 435 



; 

TAB LE D - 1 .  (cont . )  
STEP 1 1  

VARIABLE ENTERED • . • • . .  25 

SUM OF SQUARES REDUCED IN THIS  STEP . . . .  0 . 635 
PROPORTI ON REDUCED IN THI S  STEP . . . . . . . .  0 . 001 

CUMULATIVE SUM OF SQUARES REDUCED . • • . . .  

CUMULATIVE PROPORTI ON REDUCED . . . . . . . . • .  

FOR 1 1  VARIABLES ENTERED 
MULTI PLE CORRELATION COEFFICI ENT • • .  

( ADJUSTED FOR D . F . ) • . . • . . . • . . .  

0 . 304 
0 . 303 

1 56 . 01 1 
0 . 249 
0 . 249 

F-VALUE FOR ANALYS I S  OF VAR IANCE . . .  
STANDARD ERROR OF ESTIMATE • . . . . . . . .  

(ADJUSTED FOR D . F . }  • . . • . . . . . • .  

VARIABLE REGRESSI ON STD. ERROR OF 
NU�lBER COEFFICI ENT REG . COEFF . 

22 0 .001 1 6  0 .00009 
1 0  -0 .02665 0 . 00488 
18  0 . 03724 0 . 00421 
1 9  0 . 01 301 0 . 0041 1 
4 0 . 00981 0 .001 55 
3 -0 . 01 270 0 . 00279 

1 1  0 . 02700 0 . 00548 
9 -0 . 01 225 0 . 00335 

1 7  0 . 00359 0 . 00097 
1 0 . 01 41 0  0 . 00400 

25 -0 .00058 0 . 0001 8 
INTERCEPT 0 . 06952 

D- 1 1  

1 06 . 462 
0 . 092 OF 

COMPUTED 
T-VALUE 
1 3 . 1 50 
- 5 . 456 
8 . 841 
3 . 1 64 
6 . 31 5  

-4 . 547 
4 . 928 

-3 . 652  
3 . 692 
3 . 525 

-3 . 1 99 

1 1 54 . 1 35 



TAB LE D - l .  (cont . )  
STEP 1 2  

VAR I ABLE ENTERED . . . . . .  21 

SUN OF SQUARES REDUCED IN THIS  STEP . . • •  

PROPORTI ON REDUCED IN  TH I S  STEP . . . . . . • .  

CUr�ULATI VE SUM OF SQUARES REDUCED . • • • . .  

CUMULATIVE PROPORTI ON REDUCED . . • . • . . • • •  

FOR 1 2  VARIABLES ENTERED 
MULTIPLE CORRELATION COEFFICI ENT . . .  

( ADJUSTED FOR D . F . )  • . . . . . . . • . .  

0 . 304 
0 . 303 

1 43 . 580 
0 . 249 
0 . 249 

F - VALUE FOR ANALYSI S  OF VARIANCE . . .  
:)-, ,�NDARD ERROR OF ESTIMATE . . • . • . . . .  

{ADJUSTED FOR D . F . )  • . . . . . . . . . .  

VARIABLE REGRESSI ON STD. ERROR OF 
NUMBER COEFFIC I ENT REG . COEFF . 

22 0 . 001 1 6  0 . 00009 
1 0  -0 .0251 0 0 . 00492 
1 8  0 . 03692 0 .00421 
1 9  0 . 01 638 0 . 00432 
4 0 . 01 01 1  0 . 001 56 
3 - 0 . 0 13 57 0 . 00281 

1 1  0 .02646 0 . 00548 
9 -0 . 01 246 0 . 00336 

1 7  0 . 00360 0 . 00097 
1 0 .01 354 0 . 00401 

25 -0 . 00057 0 . 0001 8 
21  -0 . 00001 0 . 00000 

INTERCEPT 0 . 06808 

D- 1 2  

0 . 390 
0 . 000 

1 06 . 853 
0 . 093 OF 

COMPUTED 
T-VALUE 
1 3 . 1 93 
- 5 . 099 
8 . 764 
3 . 788 
6 . 492 

-4 . 824 
4 .827 

-3 . 7 1 4  
3 . 705 
3 . 380 

-3 . 1 02 
-2 . 509 

1 1 54 . 1 35 



TABLE D - l . (cont . )  
STEP 1 3  

VARIABLE ENTERED • . . . . .  20 

SUM OF SQUARES REDUCED I N  TH IS STEP . . . .  0 . 939 
PROPORTION REDUCED IN TH I S  STEP . . . . . . . .  0 . 001 

CUMULAT IVE SUM OF SQUARES REDUCED . . . . . •  

CUMULAT IVE PROPORTI ON REDUCED . • . . . . . . . .  

FOR 1 3  VARIABLES ENTERED 
MULTIPLE CORRELATION COEFFICI ENT . . .  

( ADJUSTED FOR D . F . ) . • • . . . . . . . .  

0 . 306 
0 . 305 

1 33 . 81 2  
0 . 249 
0 . 249 

F-VALUE FOR ANALYS IS OF VAR IANCE . .  . 
STANDARD ERROR OF ESTIMATE . . . . . . . .  . 

(ADJUSTED FOR D . F . )  . . . . . . . . . .  . 

VARIABLE REGRESSION STD . ERROR OF 
NU�1BER COEFFICI ENT REG . COEFF . 

22 0 .00115 0 .00009 
1 0  -0 . 0261 5 0 . 00493 
1 8  0 . 03682 0 . 00421 
1 9  0 . 01 469 0 . 00434 
4 0 . 00996 0 . 001 56 
3 -0 . 01 679 0 . 00293 

1 1  0 . 02686 0 . 00548 
9 -0 . 01 248 0 . 0033 5 

1 7  0 . 00366 0 . 00097 
1 0 . 00809 0 . 00424 

25 -0 .00056 0 . 0001 8 
21 -0 . 00003 0 . 00001 
20 0 .�0020 0 . 00005 

INTERCEPT 0 . 1 0053 

D - 1 3  

1 07 . 792  
0 . 093 OF 

COMPUTED 
T-VALUE 

13 .078 
-5 . 307 
8 . 742 
3 .380 
6 . 392 

- 5 . 728 
4 . 901 

-3 . 723 
3 . 767 
1 . 906 

-3 . 047 
-4 . 549 
3 . 893 

1 1 54 . 1 35 



TAB LE D - l .  (cont . ) 
STEP 1 4  

VARIABLE ENTERED . . . . . .  2 

SUM OF SQUARES REDUCED I N  THIS STEP . . . .  0 . 428 
PROPORTI ON REDUCED IN TH I S  STEP . . . . . . . .  0 . 000 

CUMULATIVE SUM OF SQUARES REDUCED . . . . .  . 
CUMULATIVE PROPORTION REDUCED . • • • • • • . • •  

FOR 1 4  VARIABLES ENTERED 
MULTIPLE CORRELATION COEFFICI ENT . . .  

( ADJUSTED FOR D . F . ) . • • • • . • . . . .  

0 . 306 
0 . 305 

1 24 . 791 
0 . 249 
0 . 249 

F-VALUE FOR ANALYS IS  OF VAR IANCE . . .  
STANDARD ERROR OF ESTIMATE . • . . • . . • . 

(ADJUSTED FOR D .  F • ) . . . • . . . . . . .  

VARIABLE REGRESS ION STD . ERROR OF 
NUMBER COEFF ICI ENT REG . COEFF . 

22 0 . 001 1 3  0 . 00009 
1 0  -0 . 02476 0 . 00496 
1 8  0 . 03742 0 . 00422 
1 9  0 . 01 393 0 . 00435 
4 0 . 01 006 0 . 001 56 
3 -0 . 02026 0 . 00321 

1 1  0 . 02681 0 . 00548 
9 -0 . 01 244 0 . 00335 

1 7  0 . 00361 0 . 00097 
1 0 .01 1 1 8  0 . 00440 

25 -0 . 00052 0 . 0001 8  
21 -0 . 00002 0 . 00001 
20 0 . 00036 0 . 00008 

2 -0 . 00001 0 . 00000 
INTERCEPT 0 . 1 1 41 0  

D - 1 4 

1 08 . 220 
0 . 094 OF 

COMPUTED 
T-VALUE 

1 2 .803 
-4 . 996 
8' . 873 
3 . 200 
6 . 455 

-6 . 304 
4 . 892  

-3 . 709 
3 . 71 2 
2 . 539 

- 2 . 868 
-3 . 338 
4 . 525 

-2 . 630 

1 1 54 . 1 35 



.... 

TAB LE D - 1 .  (cont . )  
STEP 1 5  

VARIABLE ENTERED . . . . . . 1 2  

SUM OF SQUARES REDUCED I N  THIS STEP . . . .  0 . 31 1 
PROPORTI ON REDUCED IN TH IS  STEP . . . . . . . .  0 . 000 

CUMULATIVE SUM OF SQUARES REDUCED . . . . .  . 
CUMULATIVE PROPORTION REDUCED . . . . . . . . .  . 

FOR 1 5  VARIABLES ENTERED 
MULTIPLE CORRELATION COEFF ICI ENT . .  . 0 . 307 

0 . 305 
1 1 6 . 834 

0 . 249 
0 . 249 

( ADJUSTED FOR D . F . )  . . . . . . . . . .  . 
F-VALUE FOR ANALYSI S  OF VAR IANCE . .  . 
STANDARD ERROR OF ESTIMATE . . . . . . . .  . 

(ADJUSTED FOR D . F . ) . . . . . . . . . • .  

VARIABLE 
NU�lBER 

22 
1 0  
1 8  
1 9  
4 
3 

1 1  
9 

1 7  
1 

25 
21 
20 

2 
1 2  

INTERCEPT 

REGRESSION 
COEFF ICI ENT 

0 . 001 15 
-0 .02574 

0 .03148 
0 . 01 491 
0 . 01 090 

-0 . 01 998 
0 . 02430 

-0 .01 237 
0 . 00400 
0 . 01 1 42 

-0 .00059 
-0 .00002 
0 . 00036 

- 0 . 00001 
0 . 00035 
0 . 1 0450 

STD . ERROR OF 
REG . COEFF . 
0 . 00009 
0 . 00497 
0 . 00498 
0 . 00437 
0 . 001 60 
0 . 00322 
0 . 00559 
0 . 0033 5 
0 . 00099 
0 . 00440 
0 . 0001 8 
0 . 00001 
0 . 00008 
0 . 00000 
0 . 0001 6 

D- 1 5  

1 08 . 531  
0 . 094 OF 

COMPUTED 
T-VALUE 

1 2 .  971 
-5 . 1 75 

6 .321 
3 . 408 
6 . 801 

-6 . 21 6  
4 . 346 

-3 . 688 
4 . 051 
2 . 593 

-3 . 1 76 
-2 . 997 
4 . 535  

-2 . 659 
2 . 241 

1 1 54 . 1 35 



TABLE D - l . (cont . )  
STEP 1 6  

VARIABLE ENTERED • . . . • .  7 

SUM OF SQUARES REDUCED I N  THI S  STEP . . . .  0 . 379 
PROPORTION REDUCED IN  TH I S  STEP . . . . . . . .  0 . 000 

CUMULATIVE SUM OF SQUARES REDUCED . . . . .  . 
CUMULATIVE PROPORTI ON REDUCED . • . • . • • . • •  

FOR 1 6  VAR IABLES ENTERED 
MULTIPLE CORRELAT ION COEFF IC IENT • • .  

( ADJUSTED FOR D . F . ) • • • • • . . . . . .  

0 . 307 
0 . 306 

1 09 . 948 
0 . 249 
0 . 249 

F-VALUE FOR ANALYSI S  OF VAR IANCE . . . 
STANDARD ERROR OF ESTIMATE . . . . . • . . .  

(ADJUSTED FOR D .  F . ) . . . . . . . • • . .  

VAlUABLE 
Nur·mER 

--2-2 -
1 0  
1 8  
1 9  
4 
3 

1 1  
9 

1 7  
1 

25 
21 
20 

2 
1 2  

7 
I NTERCEPT 

REGRESSION 
COEFF ICI ENT 

0 . 001 1 5 
-0 .02332 
0 .03059 
0 . 01 302 
0 . 01 023 

-0 .02079 
0 . 02482 

-0 . 01 1 51 
0 . 00401 
0 . 01 1 34 

-0 . 00059 
-0 .00002 

0 . 00037 
-0 . 00001 
0 . 00040 
0 . 01 1 51 
0 . 09008 

STD . ERROR OF 
REG . COEFF . 
0 . 00009 
0 . 00507 
0 . 00499 
0 . 00444 
0 . 001 63 
0 . 00323 
0 . 00559 
0 . 00337 
0 .00099 
0 . 00440 
0 . 0001 8 
0 . 00001 
0 . 00008 
0 . 00000 
0 . 0001 6 
0 . 00465 

D - 1 6  

1 08 . 91 0 
0 . 094 OF 

COMPUTED 
T-VALUE 

1 2. 971 
-4 . 600 

6 . 1 28 
2 . 932 
6 . 293 

-6 .43 5  
4 . 435  

-3 . 41 5  
4 . 061 
2 . 376 

-3 . 1 67 
-3 . 028 
4 . 598 

-2 . 683 
2 . 547 
2 . 474 

1 1 54 . 1 35 



TAB LE 0 - 1 .  ( cont . )  

STEP 2 7  

VARIABLE ENTERED . • • . . .  5 
, . 

SUM OF SQUARES REDUCED I N  TH IS STEP . . . .  0 . 003 

PROPORTI ON REDUCED IN TH I S  STEP • • . . . . • .  0 . 000 
.-

CUMULATIVE SUM OF SQUARES REDUCED • . . . . •  1 1 0 . 339 

CUMULATIVE PROPORTION REDUCED . • • . . • • • . .  0 . 096 OF 1 1 54 . 1 35 

FOR 27 VARIABLES ENTERED 
MULTI PLE CORRELATION COEFF ICI ENT • • .  0 . 309 

( ADJUSTED FOR D . F . } . . . . . . . . . . .  0 . 307 

F-VALUE FOR ANALYS I S  OF VAR IANCE . . .  66 . 056 

STANDARD ERROR OF ESTIMATE • . . . • . . . .  0 . 249 

(ADJUSTED FOR D . F . }  • . . . . • . • • . •  0 . 249 

VARIABLE REGRESS ION STD . ERROR OF COMPUTED 
NU�tBER COEFFICI ENT REG . COEFF . T-VALUE 

2 2  0 . 001 33 0 . 0001 3 1 0 . 1 63 

1 0  -0 . 236 1  0 . 00508 - 4 . 649 

1 8  0 . 03 1 86 0 . 00590 5 . 39 7  

1 9  0 . 01 049 0 . 00454 2 . 3 1 0  

4 0 . 00981 0 . 00 1 9 7  4 . 976 

3 - 0 . 02038 0 . 00326 - 6 . 243 

1 1  0 . 02684 0 . 00580 4 . 629 

9 -0 . 1 1 1 7  0 . 00338 - 3 . 308 

1 7  0 . 00428 0 . 001 47 2 . 906 

1 0 . 01 030 0 . 00442 2 . 330 

25  - 0 . 00076 0 . 0002 5 - 3 . 044 

2 1  -0 . 00002 0 . 00001 - 3 . 1 1 4 

20 0 . 00036 0 . 00008 4 . 540 

2 -0 . 00001 0 . 00000 -2 . 69 6  

1 2  0 . 00031  0 . 0001 8 1 . 726 

7 0 . 02 1 57 0 . 00597 3 . 6 1 5  

8 -0 . 01 72 3  0 . 00568 - 3 . 031 

26 0 . 00026 0 . 0001 6 1 . 634 

24 -0 . 000 1 1 0 . 00008 - 1 . 41 5  

1 4  - 0 . 00280 0 . 001 20 - 2 . 341 

1 6  0 . 00252 0 . 001 1 9  2 . 1 1 0 

6 -0 . 00432 0 . 0042 5 - 1 . 0 1 6  

1 3  0 . 0001 7 0 . 0001 8 0 . 9 1 6  

1 5  - 0 . 001 00 0 . 001 33 - 0 . 754 

23 0 . 00000 0 . 00000 0 . 729 

27 - 0 . 00000 0 . 00000 -0 . 662 

5 -0 . 001 38 0 . 00602 - 0 . 229 

I NTERCEPT 0 . 1 1 459 

D - 1 7  



TAB LE D- 2 .  VARI ABLES USED FOR VOLUME L I NEAR 
REGRESSI ON MODEL 

STEP-W I SE MULTI PLE REGRESS ION . . . . .  VOLUME 

NUMB ER OF OBSERVATIONS 
NUMB ER OF VARIABLES 
NUMBER OF SEL ECTIONS 

221 73 
6 
1 

CONSTANT TO L IMIT  VARIABLES 0 . 00000 

VAR IABLE MEAN STANDARD 
NO . DEVIATION 

1 1 . 39356 1 . 08509 
2 5 . 4571 8 3 . 547 59 
3 0 .801 61 0 . 841 64 
4 0 . 37995 0 . 36622 
5 0 . 37084 0 . 381 05 
6 0 . 08952 0 . 28550 

CORRELATI ON MATRIX 

ROW 1 
1 . 00000 0 .36503 0 . 78005 0 . 64275 

ROW 2 
0 . 36503 1 . 00000 0 . 1 1 1 1 7  -0 . 1 5990 

ROW 3 
0 . 78005 0 . 1 1 1 1 7  1 . 00000 0 . 90861 

Ro\� 4 
0 . 64275 -0 . 1 5990 0 . 90861 1 . 00000 

ROW 5 
0 . 75581 -0 . 05322 0 . 66303 0 . 72059 

ROW 6 
0 . 26666 0 . 20574 0 . 21 91 4  0 . 1 3931 

D- 1 8  

VARIABLE 

LOG C * LOG T 
LOG C ** 2 
LOG C * LOG DT 
LOG DT 
LOG N 
ACC = 1 NOACC = 0 

0 . 75581 0 . 26666 

-0 . 05322 0 . 20574 

0 . 66303 0 . 21 91 4  

0 . 72059 0 . 1 3 931  

1 . 00000 0 . 1 6251 

0 . 1 6251 1 . 00000 

-.. 



-' 

TABLE D - 3 . LINEAR REGRESSIONS COMBINING NON-VOLUME 
VARIABLES WITH BEST LINEAR VOLUME MODEL 

VAR IABLE DESCRI PTION 

3 MAIN  TRACKS 

4 FC 

5 NRDY X I NG HWY 

7 AADT/ ( LANES + 1 }  

8 VOL 

9 VOL*POP 

1 0  VOL*NRBY X ING HWY 

20 LOG ( C  + 1 )  

where VOL i s  the vol ume equation descri bed i n  B .4 ,  Appendi x  B .  

STEP 1 

VAR IABLE ENTERED • . . . .  8 

SUM OF SQUARES REDUCED I N  TH I S  STEP . . • .  

PROPORTION REDUCED I N  TH I S  STEP . • • • . • • .  

CUMULATIVE SUM OF SQUARES REDUCED • • • • • •  

CUMULATIVE PROPORTION REDUCED . . • . . . . • • •  

FOR 1 VARIABLES ENTERED 
MULTI PLE CORRELATION COEFF ICIENT • • •  

( ADJUSTED FOR D . F . }  • • . • . • . . . • .  

F-VALU E FOR ANALYS I S  OF VARIANCE . . •  

STANDARD ERROR OF ESTIMATE . . • . . . • • •  

(ADJUSTED FOR D . F . } . . . . . . . . . • •  

0 . 299 
0 . 299 

1 667 . 365 
0 . 249 
0 . 249 

VARIABLE 
NUMBER 

8 
INTERCEPT 

REGRESSI ON 
COEFFICI ENT 

1 . 00033 
-0 .00004 

STD . ERROR OF 
REG . COEFF.  

0 .02450 

D- 19  

1 03 . 501 
0 . 090 

1 03 . 501 
0 . 090 OF 1 1 54 . 298 

COMPUTED 
T-VALUE 

40 .833 



TAB LE D- 3 .  (cont . )  
STEP 2 

VARIABLE ENTERED . • . . . .  1 0  

SUM OF SQUARES REDUCED I N  THIS STEP . • . .  

PROPORTION REDUCED IN TH IS  STEP . • • • • • • .  

CUMULATIVE SUM OF SQUARES REDUCED . • • • . .  

CUMULATIVE PROPORTION REDUCED . . . • . • • • . .  

FOR 2 VARIABLES ENTERED 
MULTIPLE CORRELATION COEFF ICI ENT • • .  

(ADJUSTED FOR D . F . )  . • • . . . . . . . .  

F-VALU E FOR ANALYSI S  OF VARIANCE . . . 
STANDARD ERROR OF ESTIMATE . • • . • • • • .  

(ADJUSTED FOR D . F . ) . . • . • • • . . . .  

0 . 309 
0 . 309 

894 . 025 
0 . 248 
0 . 248 

VARIABLE 
NUMBER 

8 
1 0  

I NTERCEPT 

REGRESSION 
COEFFIC I ENT 

1.58142 
-0 . 52980 

0 . 00429 

STD . ERROR OF 
REG . COEFF . 

0 . 06056 
0 . 05052 

STEP 3 

VAR IABLE ENTERED • . . . . .  9 

SUM OF SQUARES REDUCED I N  THIS  STEP . • • .  

PROPORTION REDUCED IN  TH I S  STEP . . . . . • • •  

CUMULATIVE SUM OF SQUARES REDUCED . • . . • .  

CUMULATIVE PROPORTION REDUCED • . . • . • . . . .  

FOR 3 VARIABLES ENTERED 
MULTI PLE "cORRELATION COEFFICI ENT • . .  

(ADJUSTED FOR D . F . ) . . • . . . • . . . .  

F-VALU E FOR ANALYSIS OF VARIANCE . . .  
STANDARD ERROR OF ESTIMATE . . . • . • . . .  

(ADJUSTED FOR D .  F . ) . . • . . . . . . • .  

0 . 31 2  
0 . 31 2 

608 . 204 
0 . 248 
0 . 248 

VARIABLE REGRESS ION STD . ERROR OF 
NUMBER COEFFICI ENT REG . COEFF . 

8 1 .40695 0 .06766 
1 0  -0 . 47305 0 . 051 43 
9 0 . 05947 0 . 01 033 

INTERCEPT 0 .00632 

D - 2 0  

6 . 782· 
0 . 006 

1 1 0 . 282 
0 . 096 OF 

COMPUTED 
T-VALUE 

26 . 1 14 
-1 0 .486 

2 . 042 
0 . 002 

1 1 2 . 324 
0 . 097 OF 

COMPUTED 
T -VALUE 

20. 794 
-9 . 1 98 

5 . 7 59 

1 1 54 . 298 

1 1 54 . 29 8  

". 



.. 

TAB LE D - 3 .  (cont . )  
STEP 4 

VARIABLE ENTERED • • . • • •  3 

SUM OF SQUARES REDUCED IN  TH IS  STEP . • . •  

PROPORTI ON REDUCED I N  TH I S  STEP • • . • • • . .  

CUMULATIVE SUM OF SQUARES REDUCED . • . • . •  

CUMULATIVE PROPORTION REDUCED • • . • • . . . . •  

FOR 4 VARIABLES ENTERED 
MULTI PLE CORRELATION COEFFICIENT • . •  0 .3 1 4  

{ADJUSTED FOR D . F . } . • • • • • . . • • •  0 . 31 4  
F-VALUE FOR ANALYSIS OF VARIANCE • • •  463 . 750 
STANDARD ERROR OF ESTIMATE • • • • • • • • •  0 . 248 

{ADJUSTED FOR D . F . }  • • . • . • • • • • •  0 . 248 

VARIABLE REGRESSION STD . ERROR OF 
NUMBER COEFFI C I ENT REG . COEFF . 

8 1 .39460 0 . 06765  
1 0  -0 . 49708 0 . 051 59 

9 0 . 06831 0 .01 045 
3 0 . 02557 0 . 00487 

I NTERCEPT -0 . 01 548 

STEP 5 

VARIABLE ENTERED • . . . . •  7 

SUM OF SQUARES REDUCED I N  THIS  STEP • • • •  

PROPORTION REDUCED I N  TH IS  STEP • • • • • • • •  

CUMULATIVE SUM OF SQUARES REDUCED • • . • • .  

CUMULAT IVE PROPORTION REDUCED • • • • • • • • • •  

FOR 5 VARIABLES ENTERED 
MULTI PLE CORRELATION COEFFICIENT . . •  

{ ADJUSTED FOR D . F . } • • • • • • • • • • •  

F-VALUE FOR ANALYSIS  OF VARIANCE • • .  

STANDARD ERROR OF ESTIMATE . • • . • • . • .  

( ADJUSTED FOR D . F . )  . . • . • • . • • • .  

0 . 31 5 
0 . 31 5  

374 . 081 
0 . 248 
0 . 248 

VARIABLE REGRESS ION STD . ERROR OF 
NUMBER COEFFIC I ENT REG . COEFF . 

8 1 . 42520 0 . 0681 2 
1 0  -0 . 50576 0 . 051 63 
9 0 . 07479 0 . 01 059 
3 0 . 02241 0 . 00494 
7 -0 . 00001 0 . 00000 

I NTERCEPT -0 .01 234 

D - 2 1  

1 . 692 
0 . 001 

1 1 4 . 01 6  
0 . 099 

COMPUTED 
T-VALUE 

20 . 61 5  
-9 . 635  

6 . 534 
5 . 247 

0 . 859 
0 . 001 

1 1 4 . 875 

OF 1 1 54 . 298 

0 . 1 00 OF 1 1 54 . 298 

COMPUTED 
T-VALUE 

20 . 923 
-9 .797 

7 . 060 
4 . 532 

-3 . 739 



TABLE D- 3 (cont . )  

STEP 6 

VARIABLE ENTERED . . • . • .  4 

SUM OF SQUARES REDUCED I N  THIS  STEP . . . .  1 . 01 0 
PROPORTI ON REDUCED I N  TH I S  STEP . . . . . . . .  0 . 001 

CUMULATIVE SUM OF SQUARES REDUCED . . . . . .  1 1 5 .885 
CUMULATIVE PROPORTION REDUCED . . . . . . . . . .  0 . 1 00 OF 

FOH 6 VARIABLES ENTERED 
t11 1 1  .. TlPLE CORRELATION COEFFICI ENT • • • 

( ADJUSTED FOR D . F . } . . • . • • • • • . .  

F-VALUE FOR ANALYSI S  OF VAR IANCE . • .  

STANDARD ERROR OF ESTIMATE • . • . . . . • •  

(ADJUSTED FOR D . F . }  . • • . • . . . . . .  

0 . 31 7  
0 . 3 1 6  

31 4 . 762 
0 . 248 
0 . 248 

1 1 54 . 29H 

VARIABLE REGRESS ION STD . ERROR OF COMPUTED 
NU�1BER COEFFICI ENT REG . COEFF .  T-VALUE 

8 1 . 37206 0 . 06934 1 9 . 789 
1 0  -0 . 48021 0 .051 98 -9 . 238 
9 0 . 07684 0 . 01 060 7 . 249 
3 0 . 02492 0 . 00498 5 . 004 
7 -0. 00001 0 . 00000 -4 . 566 
4 -0 . 01 063 0 . 00262 -4 . 057 

INTERCEPT . 0 . 0471 2  

D - 2 2  

... 
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TABLE D - 3 (cont . )  

STEP 7 

VARIABLE ENTERED • • . . • .  5 

SUM OF SQUARES REDUCED I N  THIS STEP • . . •  

PROPORTION REDUCED IN  THI S  STEP • . . . • . • .  

CUMULkT�E SUM OF SQUARES REDUCED . • . . • .  

CUMULATIVE PROPORTION REDUCED . • . • . • . . . •  

FOR 7 VARIABLES ENTERED 
MULTIPLE CORRELATION COEFFICI ENT • • .  

( ADJUSTED FOR D . F . )  • • . • • . . • • • .  

F-VALUE FOR ANALYSI S  OF VARIANCE • • .  

STANDARD ERROR OF ESTIMATE • • . . . . . • •  

(ADJUSTED FOR D . F . )  • . . • . • . • • • .  

0 . 31 8  
0 . 31 8  

272 . 055 
0 . 248 
0 . 248 

VARIABLE 
NUMBER 

REGRESSION 
COEFFICI ENT 

STD . ERROR OF 
REG . COEFF . 

o , � !:: ' ?Q 

0 . 878 
0 . 001 

1 1 6 . 763 
0 . 1 01 OF 

COMPUTED 
T-VALUE 

1 1 54 . 298 



TABLE D- 3 ( cont . )  

STEP 8 .  , .. . . : ,.. ·n . _ 

VAR�ABLE ENTERED • • . . • .  20 

SUM OF SQUARES REDUCED I N  THIS STEP . . • •  

PROPORTION REDUCED IN  TH IS  STEP • . • . • . • .  

CUMULATIVE SUM OF SQUARES REDUCED • • • • • •  

CUMULATIVE PROPORTI ON REDUCED . • • • • • • • • .  

FOR 8 VARIABLES ENTERED 
MULTIPLE CORRELATION COEFF ICI ENT • • •  

{ADJUSTED FOR D . F . }  • • • • • • • . • • •  

F-VALUE FOR ANALYSIS OF VARIANCE • . .  

STANDARD ERROR OF ESTIMATE • • • • • . . • .  

(ADJUSTED FOR D . F . }  • . . . . . . . • . •  

0 . 31 9  
0 . 318  

239 . 24R 
0 . 248 
0 . 248 

VARIABLE 
NU�IBER 

8 
1 0  
9 
3 
7 
4 
5 

20 
INTERCEPT 

, 

REGRESSI ON 
COEFF ICI ENT 

1 . 43432 
-0 . 48848 

0 . 07906 
0 . 01 996 

-0 . 00001 
-0 . 01 349 
-0 . 01 283 
-0 . 01 232 

0 . 1 1 074 

STD . ERROR OF 
REG . COEFF . 

0 . 07498 
0 . 05233 
0 . 0 1061 
0 . 00531 
0 . 00000 
0 . 00277 
0 . 00332 
0 . 0041 7 

0- 2 4  

0 . 535 
0 . 000 

1 1 7 . 298 
0 . 1 02 OF 1 1 54 . 298 

COMPUTED 
T-VALUE 
1 9 . 1 30 
-9 . 334 

7 . 448 
3 . 757 

- 3 . 697 
-4 . 877 
-3 . 86 1  
- 2 . 955 

• 



TABLE D- 4 .  L I NEAR REGRESS I ONS COMBI N I NG NON - VOLUME 
VARI ABLES W I TH BEST L I NEAR VOLUME MODEL 
(Di fferent Vari ab le s  from Tab l e  D- 3 )  

VARIABLE 
4 
5 
9 

1 0  
1 2  
1 8  
1 9  
22 

DESCRI PT ION 
FC 
NRBY X I NG HWY 
VOL*POP 
VOL*NRBY X ING HWY 
VOL/NRBY X ING HWY 
C**2/ ( LANES + 1 }  
VOL**2 
LOG( VOL**2 } 

Where VOL i s  the vol ume equati on descri bed i n  B . 4 ,  Appendi x  B .  

STEP 1 

VAR IABLE ENTERED . . . . . • . . . 1 2  

SUM OF SQUARES REDUCED IN THIS  STEP • . • . . . •  

PROPORTI ON REDUCED IN  THI S  STEP . . . . . . . . . .  . 

1 1 0 . 050 
0 . 095 

1 1 0 .050 CUMULATIVE SUM OF SQUARES REDUCED • . • . . • . • . 

CUMULATIVE PROPORTION REDUCED . . . . . . . • . . . • . 0 . 095 OF 1 1 54 . 298 

FOR 1 VARIABLES ENTERED 
MULTI PLE  CORRELATION COEFFI C IENT • . • .  

(ADJUSTED FOR D . F . } . . . . . . . • . . . .  

F-VALUE FOR ANALYSIS  OF VARIANCE . . . .  
STANDARD ERROR OF ESTIMATE • . • . . • . • • •  

(ADJUSTED FOR D . F . } . . . . • • . . . • • •  

0 . 309 
0 . 309 

' 1 783 . 992 
0 . 248 
0 . 248 

VARIABLE 
NUMBER 

REGRESSION 
COEFFICI ENT 

STD . ERROR OF 
REG . COEFF . 

1 2  
INTERCEPT 

1 . 36694 
0 . 0031 8 

0 . 03236 

D- 2 5  

COMPUTED 
T-VALUE 
42 . 237 



TABLE D- 4 (cont . )  

STEP 2 

VARIABLE ENTERED . . . . • .  9 

SUM OF SQUARES REDUCED I N  TH IS  STEP • . . .  

PROPORTION REDUCED IN  TH I S  STEP • . • • • • • •  

2 . 083 
0 . 002 

1 1 2 . 1 34 CUMULATIVE SUM OF SQUARES REDUCED . . • • . .  

CUMULATIVE PROPORTION REDUCED . . • . • . . . . .  0 . 097 OF 1 1 54 . 298 

FOR 2 VARIABLES ENTERED 
MULTIPLE CORRELATION COEFF I C IENT . . •  

(ADJUSTED FOR D . F . }  • • . • • . . . • • • 

F-VALUE FOR ANALYSI S  OF VARIANCE • • •  

STANDARD ERROR OF ESTIMATE • • • . . • . • .  

(ADJUSTED FOR D . F . )  • . • . . • • • . . .  

0 . 31 2  
0 . 31 2  

9 10 . 645 
0 . 248 
0 . 248 

VARIABLE 
NUMBER 

REGRESSI ON 
COEFFI C I ENT 

STD . ERROR OF 
REG . COEFF .  

1 2  
9 

INTERCEPT 

STEP 3 

1 .  21 243 
0 . 06006 
0 . 00531 

VARIABLE ENTERED . . . • . .  1 8  

0 . 041 8�· 
0 . 01032 

COMPUTED 
T-VALUE 

28 . 976 
5 . 81 7  

SUM OF SQUARES REDUCED I N  TH IS  STEP . . . .  1 . 840 
PROPORTION REDUCED I N  TH I S  STEP . . . . . . . . 0 . 002 

CUMULATIVE SUM OF SQUARES REDUCED • . . . . . 

CUMULAT IVE PROPORTION REDUCED • • . • . • • • . •  

1 1 3 . 973 
0 . 099 OF 

FOR 3 VARIABLES ENTERED 
MULT I PLE CORRELATION COEFFI C I ENT • • .  

(ADJUSTED FOR D . F . } • • • . . . . . . . .  

0 . 31 4  
0 . 31 4  

6 1 8 . 1 1 2  
0 . 248 
0 . 248 

F-VALUE FOR ANALYS IS  OF VARIANCE . .  . 

STANDARD ERROR OF ESTIMATE . . . . . . . .  . 
(ADJUSTED FOR D . F . )  . • • . . . • . . . .  

VAR IABLE 
NUMBER 

1 2  
9 

1 8  
INTERCEPT 

REGRESSI ON 
COEFFI C l ENT 

1 . 29576 
0 . 07423 

-0 . 001 51 
0 . 01 248 

STD .  ERROR OF 
REG . COEFF . 

0 . 04450 
0 . 01 064 
0 . 00028 

D- 2 6  

COMPUTED 
T-VALUE 

29 . 1 21 
6 . 979 

- 5 . 471 

1 1 54 . 298 



TABLE D - 4 (cont . )  

STEP 4 

VARIABLE ENTERED • . . • . •  4 

SUM OF SQUARES REDUCED I N  THI S  STEP • • . .  

PROPORTION REDUCED I N  TH I S  STEP • • • • • • • .  

CUMULATIVE SUM OF SQUARES REDUCED . • . . . •  

CUMULATIVE PROPORTION REDUCED • . • • • • • . • .  

FOR 4 VARIABLES ENTERED 
MULTI PLE CORRELATION COEFFI C IENT . . •  

( ADJUSTED FOR D . F . }  . • • . • • • • • • •  

F-VALUE FOR ANALYSIS  OF VARIANCE • . .  

STANDARD ERROR OF ESTIMATE • • • • . . • • •  

( ADJUSTED FOR D . F . }  . . . . . . . • • . .  

0 . 31 6  
0 . 31 6  

469 . 71 4 
0 . 248 
0 . 248 

VARIABLE REGRESSI ON STD . ERROR OF 
NUMBER COEFFICI ENT REG . COEFF . 

1 2  1 . 28031 0 . 04459 
9 0 . 0781 4 0 . 01 066 

1 8  -0 .00203 0 . 00030 
4 -0 . 01 273 0 . 00270 

I NTERCEPT 0 . 08897 

STEP 5 

VAR IABLE ENTERED . . . . . .  22 

1 . 663 
0 . 001 

1 1 5 . 336 
0 . 1 00 OF 

COMPUTED 
T-VALUE 
28 . 7 1 4  
7 . 329 

-6 . 835 
-4 . 71 1  

SUM OF SQUARES REDUCED I N  THI S  STEP . . . .  0 . 91 3 
PROPORTION REDUCED IN  TH IS  STEP . . . . . . . .  0 . 001 

CUMULATIVE SUM OF SQUARES REDUCED . • • • • .  

CUMULATIVE PROPORTION REDUCED • . • • • • • . • •  

1 1 6 . 249 
0 . 1 01 OF 

FOR 5 VARIABLES ENTERED 
MULTI PLE CORRELATION COEFFICIENT • . •  

( ADJUSTED FOR D . F . }  • . . . . . • . . . •  

F-VALUE FOR ANALYS I S  OF VARIANCE . • .  

0 . 31 7  
0 . 31 7  

379 .056 
0 . 248 
0 . 248 

STANDARD ERROR OF ESTIMATE . . . . . . . .  . 
( ADJUSTED FOR D . F . }  . . • • . . . . . • •  

VARIABLE REGRESS ION STD . ERROR OF 
NUMBER COEFFICI ENT REG . COEFF . 

1 2  1 . 001 1 3  0 . 08499 
9 0 . 06582 0 . 01 1 1 2  

1 8  -0 .001 97 0 . 00030 
4 -0 . 01 325 0 . 00271 

22 0 . 73310  0 . 1 9002 
I NTERCEPT 0 . 47890 

D - 2 7  

COMPUTED 
T-VALUE 

1 1 . 780 
5 . 91 7 

- 6 . 6 1 6  
-4 . 900 

3 . 858 

1 ' 54 . 298 

1 1 54 . 298 



TABLE D- 4 ( cont . )  

STEP 6 

VARIABLE ENTERED • . • • . .  1 9  

SUM OF SQUARES REDUCED I N  THIS STEP . . . .  0 . 968 
PROPORTI ON REDUCED IN TH I S  STEP . . . . . . . .  0 . 001 

CUMULATIVE SUM OF SQUARES REDUCED • • • . • .  

CUMULATIVE PROPORTION REDUCED . . . . . • • • . •  

1 1 7 . 21 7  
0 . 102  OF 

FOR 6 VARIABLES ENTERED 
MULTIPLE CORRELATION COEFF ICI ENT • . •  

(ADJUSTED FOR D . F . )  . • . • • . • . . . .  

0 . 31 9  
0 . 31 8  

31 8 . 789 
0 . 248 
0 . 248 

F-VALUE FOR ANALYS I S  OF VARIANCE . • .  

STANDARD ERROR OF ESTIMATE . . • • • • . • •  

(ADJUSTED FOR D . F . )  . . • • . • • . . . .  

VARIABLE REGRESS ION STD . ERROR OF 
NUNBER COEFFICI ENT REG . COEFF . 

1 2  0 . 75094 0 . 1 0573 
9 0 . 06989 0 . 01 1 1 7  

1 8  -0 .001 95 0 . 00030 
4 -0 . 01 364 0 . 00271 

22 5 . 57820 1 . 23380 
1 9  -5 . 48395 1 . 37983 

INTERCEPT, 3 . 0 1 490 

D- 2 8  

COMPUTED 
T-VALUE 

7 . 102  
6 . 259 

-6 . 562 
- 5 . 040 
4 . 521 

-3 . 974 

1 1 54 . 298 



TABLE D- 4 (cen t . )  

STEP 7 

VARIABLE ENTERED . . . . . .  5 

SUM OF SQUARES REDUCED I N  THIS  STEP . • . .  

PROPORTI ON REDUCED I N  THIS  STEP • . • • • . • •  

CUMULATIVE SUM OF SQUARES REDUCED • . . • • • 

CUMULATIVE PROPORTION REDUCED . . • . • . • • • •  

FOR 7 VARIABLES ENTERED 
MULTIPLE CORRELATION COEFFICI ENT • • .  

( ADJUSTED FOR D . F . ) . • • • . • • . • . .  

0 . 320 
0 . 31 9  

275 . 665 
0 . 247 
0 . 247 

F-VALUE FOR ANALYSI S  OF VARIANCE . • .  

STANDARD ERROR OF ESTIMATE • . • • • . • • •  

(ADJUSTED FOR D . F . }  . . • . • . • • • . .  

VARIABLE REGRESSION STD . ERROR OF 
NU�1BER COEFFICI ENT REG . COEFF . 

1 2  0 . 72686 0 . 1 0587 
9 0 . 06971 0 . 01 1 1 6 

1 8  -0 . 00 1 99 0 . 00030 
4 -0 .01 39 1  0 . 00271 

22 5 . 60566 1 . 23330 
1 9  -5 . 48273 1 . 37925 
5 -0 .01 299 0 . 00332 

INTERCEPT ' 3 . 05248 

D- 2 9  

0 . 937 
0 . 001 

1 1 8 . 1 54 
0 . 1 02 OF 

COMPUTED 
T-VALUE 

6 , 866 
6 . 245 

-6 . 692 
-5 . 1 41 

4 . 545 
-3 . 975 
-3 . 9 1 2  

1 1 54 . 298 



TAB LE D- 4 (con t . )  

STEP 5 

VARI ABLE ENTERED . . . . . .  1 0  

SUM OF SQUARES REDUCED I N  THIS STEP . . . .  0 . 599 
PROPORTI ON REDUCED IN TH I S  STEP . . . . . . . . 0 . 001  

CUMULATIVE SUM OF SQUARES REDUCED . • . . . .  

CUMULATIVE PROPORTI ON REDUCED . • . . . . . . . .  

1 1 8 . 753 
0 . 1 03 OF 

FOR 8 VARIABLES ENTERED 
MULTIPLE CORRELATION COEFFICI ENT . • .  

( ADJUSTED FOR D . F . ) . . • . • . . • • . .  

0 . 321 
0 . 320 

242 . 555 
0 . 247 
0 . 247 

F-VALUE FOR ANALYS IS  OF VAR IANCE . . .  
STANDARD ERROR OF ESTIMATE • . . . . • . . .  

(ADJUSTED FOR D . F . )  . . . . • • • . . . .  

VARIABLE REGRESSION STD . ERROR OF 
NU�1BER COEFFICI ENT REG . COEFF . 

1 2  0 . 75952 0 . 1 0635 
9 0 . 06678 0 . 01 1 20 

1 8  -0 . 00194 0 . 00030 
4 -0 . 0 1 327 0 . 00271 

22 6 . 80342 1 . 29 1 07 
1 9  -6 . 63985 1 . 42765 

5 -0 .01 282 0 . 00332 
1 0  -0 . 1 1 629 0 . 0371 8 

I NTERCEPT 3 . 67821 

D- 3 0  

COMPUTED 
T-VALUE 

7 . 1 4 1 
5 . 963 

-6 . 525 
- 4 . 892 

5 . 270 
-4 . 651  
-3 . 861 
-3 . 1 28 

1 1 54 . 298 



TABLE D- S .  I LLUSTRAT ION OF "MI GRAT I ON" AND 
CONVERGENCE - SUCCESS I VE I TERAT I ONS 

STEP 4 

VAR IABLE ENTERED . . . . . .  4 

SUr1 OF SQUARES REDUCED IN  TH IS STEP . . . .  
PRu l l iPT lON REDUCED IN TH IS  STEP • . . . • . . .  

2 . 94402 
0 . 00032 

5204 . 70984 CUMULATIVE SUM OF SQUARES REDUCED . . . . .  . 
CU�tULATIVE PROPORTION REDUCED . . . . • . • . . .  0 . 57455 OF 9058 . 696 

FOR 4 VARIABLES ENTERED 
MU I T I PLE CORRELATION COEFFI C IENT . . •  

(ADJUSTED FOR D . F . }  . . . • • . . . . . •  

F-VALUE FOR ANALYSIS  OF VARIANCE • . .  

STANDARD ERROR OF ESTIMATE . • • . • • • . .  

{ADJUSTED FOR D . F . }  . . . • . . . . • . .  

0 . 75799 
0 . 75796 

7484 . 328 
0 . 41 7  
0 . 4 1 699 

VAR IABLE REGRESSION STD . ERROR OF 
NUMBER COEFFICI ENT REG . COEFF . 

2 0 . 53804E+00 0 . 09 1 36 
3 -0 . 46455E+00 0 . 09847 
1 -0 . 1 1 535E+00 0 . 02647 
4 -0 . 1 2980E+00 0 . 031 54 

I NTERCEPT -0 . 00008 
TOLERANCE = . 29440E+01 

STEP 4 

VAR IABLE ENTERED . . . . . .  1 

COMPUTED 
T-VALUE 

5 . 890 
-4 . 7 1 8  

· -4 . 358 
-4 . 1 1 5  

SUM OF SQUARES REDUCED I N  THIS STEP . . . •  

PROPORTION REDUCED IN TH IS STEP . . • . . . . •  

4 . 28890 
0 . 00047 

CUMULAT IVE SUM OF SQUARES REDUCED . . . . .  . 
CUMULAT IVE PROPORTION REDUCED • . . • • • • . . •  

51 65 . 23438 
0 . 571 47 OF 

FOR 4 VARIABLES ENTERED 
MULTIPLE "cORRELATION COEFFICI ENT • . .  0 . 75596 

0 . 75592 
7390 . 61 4  

0 . 41 8 
0 . 4 1803 

( ADJUSTED FOR D . F . } . . . . . . . . . .  . 

F-VALUE FOR ANALYS IS OF VARIANCE • . .  

STANDARD ERROR OF ESTIMATE . . . • . • . • .  

(ADJUSTED FOR D . F . }  . . . . . . . . .  . .  

VAR IABLE 
NUMBER 

2 
3 
4 
1 

INTERCEPT 

REGRESS ION 
COEFFICI ENT 

0 . 441 27E+00 
-0 . 58231 E+00 
-0 . 1 6530E+00 
-0. 1 3027E+00 

0 . 00005 

TOLERANCE = . 42889E+01 

STD . ERROR OF 
REG . COEFF . 

0 . 08906 
0 . 09457 
0 . 02983 
0 . 02629 

D - 3 1  

COMPUTED 
T-VALUE 

4 . 955 
-6 . 1 58 
-5 . 541 
-4 . 954 

H { OF VIT1 6 }  
H**2 
1 
H**3 

9038 . 489 

H (OF V ITl 6 )  
H**2 
H**3 
1 



TAB LE D- S ( cont . )  

STEP 4 

VARIABLE ENTERED . . . . . .  1 

SUM OF SQUARES REDUCED I N  TH IS  STEP . . • .  

PROPORTION REDUCED IN TH I S  STEP . . . • • . . .  

4 . 551 72 

0 . 00051 

CUMULATIVE SUM OF SQUARES REDUCED • . . . . •  

CUMULATIVE PROPORTION REDUCED . . . . . . . • . •  

5 1 2 5 . 97827 

FOR 4 VARIABLES ENTERED 
MULTI PLE CORRELATION COEFF I C I ENT . . .  

(ADJUSTED FOR D . F . }  . . . . • . . . . • .  

F-VALU E FOR ANALYSI S  OF VARIANCE . . •  

STANDARD ERROR OF ESTIMATE . . . • . • . . •  

(ADJUSTED FOR D . F . }  • . . . . . . . . . .  

0 . 75475 

0 . 75471 

7335 . 867 

0 . 4 1 8  

0 . 41 799 

VARIABLE REGRESSION STD . ERROR OF 
NUMBER COEFF I C I ENT REG . COEFF . 

2 0 . 40780E+00 0 . 08861 

3 - 0 . 6281 9E+00 0 . 09356 

4 -0 . 1 7961 E+00 0 . 02933 

1 -0 . 1 341 7E+00 0 . 02629 

I NTERCEPT 0 . 00005 

TOLERANCE = . 4551 7E+01 

STEP 4 

VAR IABLE ENTERED . . . • . .  1 

SUM OF SQUARES REDUCED I N  THIS  STEP • . . .  

PROPORTION REDUCED I N  THI S  STEP • . . . . . . •  

0 . 56965 OF 8998 . 481 93 

COMPUTED 
T-VALUE 

4 . 602 

- 6 . 7 1 4  

-6 . 1 23 

- 5 . 1 05 

4 . 64733 

0 . 00052 

H ( OF V IT 1 6 )  
H**2 

H**3 

1 

CUMULATIVE SUM OF SQUARES REDUCED . . . . .  . 5097 . 06598 

CUMULAT IVE PROPORTION REDUCED . . . . . . . . .  . 

FOR 4 VARIABLES ENTERED 
MULTI PLE tORRELATION COEFFIC I ENT . . • 

(ADJUSTED FOR D . F . } • . • . • . . . . . .  

0 . 75405 

0 . 75401 

7304 . 1 96 

0 . 41 8  

0 . 41 771 

F-VALU E FOR ANALYS IS  OF VARIANCE • . .  

STANDARD ERROR OF ESTIMATE . . . . . • • . .  

{ADJUSTED FOR D . F . }  . • . . . . . . • . .  

VARIABLE REGRESS ION STD . ERROR OF 
NUMBER COEFFI C I ENT REG . COEFF . 

2 0 . 39386E+00 0 . 08838 

3 -0 . 64890E+00 0 . 0931 3  

4 -0 . 1 8607E +00 0 . 029 1 2  

1 -0 . 1 3555E+00 0 . 02626 .. 

I NTERC EPT 0 . 00004 

TOLERANCE = . 46473E+01 

D- 3 2  

0 . 56859 OF 8964 . 42395 

COMPUTED 
T-VALUE 

4 . 457 H ( OF V IT1 6 )  
-6 . 968 H**2 

-6 . 389 H**3 

-5 . 1 6 1  1 



TABLE D- S . (c ont . )  

STEP 4 

VARIABLE ENTERED . . . . . . 1 

SUM OF SQUARES REDUCED I N  TH IS STEP . . • •  

PROPORTION REDUCED IN  TH I S  STEP • • • • • • • •  

4 . 72331 
0 . 00053 

5076 . 95288 CUMULATIVE SUM OF SQUARES REDUCED . • • • • •  

CUMULATIVE PROPORTION REDUCED . . . . • • • • . •  0 . 56792 OF 8939 . 52539 

FOR 4 VARIABLES ENTERED 
MULTI PLE CORRELATION COEFFICI ENT . . •  

( ADJUSTED FOR D . F . )  • • . • • • • • • • •  

F-VALUE FOR ANALYSI S  OF VARIANCE • • . 

STANDARD ERROR OF ESTIMATE . . • • • • • • •  

( ADJUSTED FOR D . F . )  • • • • • . • . • • •  

0 . 75361 
0 . 75357 

7284 . 387 
0 . 41 7  
0 . 41 745 

VARIABLE REGRESSION STD . ERROR OF 
NU�1BER COEFFICI ENT REG . COEFF . 

2 0 . 3851 0E+00 0 . 08829 
3 -0 . 661 43E+00 0 . 09299 
4 -0 .  1 8983E+00 0 . 02906 
1 -0 . 1 3666E+00 0 . 02625 

INTERCEPT 0 . 00004 

TOLERANCE· = . 47233E+01 

D- 3 3 

COMPUTED 
T-VALUE 

4 . 362 H ( OF VIT1 6 )  
-7 . 1 1 3  H**2 
-6 . 533 H**3 
-5 . 207 1 



TABLE D- 5 ( cont . )  

STEP 4 

VARIABLE ENTERED . . . . . .  1 

SUM OF SQUARES REDUCED I N  THIS STEP . • . .  

PROPORTION REDUCED IN  TH IS  STEP . • • . • . • .  

CUMULATIVE SUM OF SQUARES REDUCED • . . . . .  

CUMULATIVE PROPORTION REDUCED . • . . . . • • . .  

FOR 4 VARIABLES ENTERED 
MULTI PLE CORRELATION COEFF ICI ENT . . .  

( ADJUSTED FOR D . F . )  . • . • • • • . • . •  

F-VALUE FOR ANALYSI S  OF VARIANCE . . .  
STANDARD ERROR OF ESTIMATE . . • • . • . • .  

(ADJUSTED FOR D . F . )  • . . • • . . . . . .  

0 . 75330 
0 . 75326 

7270 . 675 
0 . 41 7 
0 . 41 727 

VARIABLE REGRESSI ON 
COEFFICI ENT 

STD . ERROR OF 
NU�1BER 

2 
3 
4 
1 

I NTERCEPT 

0 . 38069E+00 
�0 . 66800E+00 
-0 . 1 91 71 E+00 
-0 . 1 37 1 1 E+00 

0 . 00004 

TOLERANCE = . 47534E+01 

REG . COEFF . 
0 . 08826 
0 . 09295 
0 . 02904 
0 . 02624 

D - 34  

4 . 7 5342 
0 . 00053 

5063 . 00427 
0 . 56746 OF 89 ( 2 . 2288 

COMPUTED 
T-VALUE 

4 . 31 3  H (OF V IT1 6 )  
-7 . 1 87 H**2 
- 6 . 602 H**3 
- 5 . 225 1 



TABLE D - 6 .  SELECTION REGRESS ION - - CROSSBUCKS 

STEP-WI SE MULTI PLE REGRESSION . . . . •  XBKSEL 

NUMBER OF OBSERVATIONS 221 73 
NUMBER OF VARIABLES 1 9  
NUMBER OF SELECTIONS 1 

CONSTANT TO LIMIT VARIABLES 0 . 00000 

VARIABLE MEAN STANDARD VARIABLE 
NO . DEVIATION 

1 0 . 33273 0 . 33367 LOG T 
2 1 . 0561 5 0 . 82668 LOG C 
3 0 . 33657 0 . 48075 LOG T **2 
4 2 .85857 3 . 07002 LOG C **2 
5 0 . 69996 4 . 06768 T*C/ 5000 
6 0 . 22695 0 . 271 64 LOG N ITE 
7 0 . 1 9928 0 . 25083 LOG DAY THRU 
8 0 . 1 21 58 0 . 22585 LOG SWITCH 
9 0 . 241 49 0 . 23395 U=O R=l 

1 0  1 3 . 71 944 1 2 . 01 1 91 MAX SPEED 
1 1  0 . 29779 0 . 30094 HWY PAVED 
1 2  0 . 471 1 2  0 . 94952 POP 
1 3  2 . 34700 1 . 2021 7 FC 
1 4  0 . 18081 0 . 31 276 NRBY X ING HWY 
1 5  0 . 1 7040 0 . 26085 RR ADV WARN 
1 6  0 . 60526 0 . 55643 LANES 
1 7  0 .41 1 30 0 . 331 22 MAI N  TRKS 
1 8  0 . 42599 0 . 22083 1 
1 9  -0 . 00028 0 .41 708 ACC=l NOACC=-l  

D - 3 5  



TAB LE D- 6 .  (cont . )  

STEP 1 

VARIABLE ENTERED . . . . . .  1 7  

SUM OF SQUARES REDUCED I N  THI S  STEP • . . .  

PROPORTION REDUCED IN  TH I S  STEP . • . • . . • •  

CUMULATIVE SUM OF SQUARES REDUCED • . • . . •  

CUMULATIVE PROPORTION REDUCED • . • . • . . • . .  

FOR VARIABLES ENTERED 
MULTI PLE CORRELATION COEFFIC I ENT . . •  

(ADJUSTED FOR D . F . )  . . . . . . . . . .  . 
F-VALU E FOR ANALYSI S  OF VARIANCE . .  . 
STANDARD ERROR OF ESTIMATE • • • . • • . . .  

(ADJUSTED FOR D . F . )  . . . . . . . . . .  . 

0 . 03397 
0 . 03397 

25 . 61 5 
0 . 417  
0 .41 685 

VAR IABLE 
NUMBER 

17 
INTERCEPT 

REGRESSI ON 
COEFF I C I ENT 

O .  26930E-01 
-0 .01 1 31 

STD . ERROR OF 
REG . COEFF . 
0.00530 

TOLERANCE = . 4451 0E+01 

STEP 2 

VAR IABLE ENTERED . . . . . .  1 3  

SUM OF SQUARES REDUCED I N  THI S  STEP . . . •  

PROPORTION REDUCED IN  TH I S  STEP . . . . . . .  . 

CUMULATIVE SUM OF SQUARES .REDUCED . . . . .  . 
CUMULAT IVE PROPORTION REDUCED • • . • . . . . . .  

FOR VARIABLES ENTERED 
MULT I PLE CORRELATION COEFFI C I ENT • . • 0 . 09837 

0 . 0981 4 
1 08 . 3 1 6  

0 . 41 5  
0 .41 509 

(ADJUSTED FOR D . F . ) . . . . . . . . . .  . 
F-VALUE FOR ANALYS IS  OF VARIANCE . .  . 
STANDARD ERROR OF ESTIMATE . • . . . . . • .  

( ADJUSTED FOR D . F . )  . . • • . • . • . . .  

VAR IABLE 
NUMBER 

1 7  
1 3  

I NTERCEPT 

REGRESS ION 
COEFFI C I ENT 

o . 1 7329E+00 
-0 . 32763E-01 
0 . 00535 

TOLERANCE = . 32872E+02 

STD . ERROR OF 
REG . COEFF . 
0 .01 1 84 
0 .00237 

D- 3 6  

4 . 45096 
0 . 001 1 5  

4 . 45096 
0 . 001 1 5  OF 

COMPUTED 
T-VALUE 

3856 . 9758 

5.061 MAI N  TRKS 

32 .87232 
0 . 00852 

37 . 32328 
0 . 00968 OF 

COMPUTED 
T-VALUE 

3856 . 9758 

1 4 . 631 MAI N  TRKS 
- 1 3 .813  FC  

" 

. 



TAB LE 0- 6 (con t . )  
STEP :3 

VARIABLE ENTERED • • . . . .  1 1  

SUM OF SQUARES REDUCED I N  THIS  STEP • • • .  

PROPORTION REDUCED IN TH IS  STEP . • • • • • • .  

1 1 ! 00600 
0 . 00285 

48. 3301 8 CUMULATIVE SUM OF SQUARES REDUCED • • • • • •  

CUMULATIVE PROPORTION REDUCED • . . • • • • • • •  0 . 01 253 OF 3856 . 9758 

FOR 3 VARIABLES ENTERED 
MULTI PLE CORRELATION COEFFIC IENT . . •  

( ADJUSTED FOR D . F . ) • • • . • • • • • . •  

F-VALUE FOR ANALYSIS  OF VARIANCE • • • 

STANDARD ERROR OF ESTIMATE • • • • . • • • .  

(ADJUSTED FOR D . F . )  . . . • • • • • . . .  

0 . 1 1 1 94 
0 . 1 1 1 54 

93 . 7222 
0 . 41 4  
0 . 41 451 

VARIABLE REGRESSION STD . ERROR OF 
NUMBER COEFFIC I ENT REG . COEFF . 

1 7  O .  1 7078E+00 0 . 01 183 
1 3  -0.  45982E-01 0 . 00289 
1 1  0 . 10009E+00 0 . 01 250 

INTERCEPT 0 . 00759 
TOLERANCE = . 1 1007E+02 

STEP 4 

VAR IABLE ENTERED . . . • . .  8 

COMPUTED 
T-VALUE 
1 4 . 435 

- 1 5 . 925 
8 . 004 

SUM OF SQUARES REDUCED I N  THI S  STEP • . • .  

PROPORTION REDUCED IN  THI S  STEP • . . • • • . .  

3. 40733 
0 . 00088 

51 . 73750 

MAIN  TRKS 
FC 
HWY PAVED 

CUMULATIVE SUM OF SQUARES REDUCED . . • • . •  

CUMULAT IVE PROPORTION REDUCED . . . • . • • . . •  0 . 01 341 of 3856 . 9758 

FOR 4 VARIABLES ENTERED 
MULTIPLE CORRELATION COEFF IC IENT . • . 

(ADJUSTED FOR D . F . ) . . . • . . . • • . •  

F-VALU E FOR ANALYS I S  OF VARIANCE • • .  

STANDARD ERROR OF ESTIMATE . . . . • . . . .  

0 . 1 1 528 
0 . 1 1 524 

75 . 351 
0 . 4 1 4  
0 . 41 434 ( ADJUSTED FOR D . F . )  . . . . . . . . . .  . 

VAR IABLE REGRESS ION STD . ERROR OF 
NUMBER COEFFICI ENT REG . COEFF . 

1 7  0 . 1 6764E+00 0 . 01 1 85 
1 3  -0.  42964E-01 0 . 00296 
1 1  0 . 1 1 275E+00 0 . 01 282 
8 -0 . 65676E-01 0 . 01 474 

I NTERCEPT 0 . 00602 

TOLERANCE = . 34073E+01 

0- 37  

COMPUTED 
T-VALUE 
1 4 . 1 50 MAI N  TRKS 

- 1 4 . 492 FC 
8 . 796 HWY PAVED 

-4 . 455 LOG SWITCH 



TAB LE 0 - 6  (cont . )  
STEP 5 

VARIABLE ENTERED • • . . • . 1 2  

SUM OF SQUARES REDUCED I N  THIS STEP . . • .  

PROPORTION REDUCED I N  TH I S  STEP . • . . • . . .  

6 . 1 7361 
0 . 001 60 

57 . 91 1 1 2 CUMULATIVE SUM OF SQUARES REDUCED . . . . .  . 

cur·1ULATIVE PROPORTION REDUCED . . . . . . . . . . 0 . 01 501 OF 3856 . 9758 

FOR 5 VARIABLES ENTERED 
MULTIPLE CORRELATION COEFF ICI ENT • . •  

( ADJUSTED FOR D . F . ) . • . . . . . • . . .  

0 . 1 2253 
0 . 1 21 81 

47 . 581 
0 . 41 4  
0 . 41 402 

F-VALUE FOR ANALYSI S  OF VAR IANCE . . .  
STANDARD ERROR OF ESTIMATE . • • . . . . • .  

(ADJUSTED FOR D . F . )  . . . . . . . . . .  . 

VARIABLE REGRESSION STD . ERROR OF 
NU�lBER COEFFICI ENT REG . COEFF . 

; 7  0 . 1 7908E+00 0 . 01 1 99 
1 3  -0 . 45240E-01 0 . 00299 
1 1  0 . 89396E-01 0 . 01 339 
8 -0. 96059E-01 0 . 01 557 

1 2 0 . 22343E-01 0 . 00372 
INTERCEPT 0 . 00678 

TOLERANC'E = . 61 736E+01 

0 - 38  

COMPUTED 
T-VALUE 

1 4 . 935 MAIN  TRKS 
-1 5 . 1 48 FC 

6 . 678 HWY PAVED 
-6 . 1 68 LOG S\�ITCH 

6 . 002 POP 



TAB LE D - 6  ( cont . )  
STEP 6 

VARIABLE ENTERED . . . . . .  4 

SUM OF SQUARES REDUCED IN  TH IS STEP • • • •  

PROPORTION REDUCED IN THI S  STEP . . . • • • • •  

4 . 30935 
0 . 001 1 2  

62 . 22067 CUMULATIVE SUM OF SQUARES REDUCED • • • • • •  

CUMULATIVE PROPORTION REDUCED • • • • . • . • • .  0 . 01 61 3  OF 3856 . 9758 

FOR 6 VARIABLES ENTERED 
MULTI PLE CORRELATION COEFF ICI ENT • • •  

(ADJUSTED FOR D . F . }  . • . • • • • • • • .  

0 . 1 2701 
0 . 1 261 4 

60 . 574 
0 . 41 4  
0 . 41 381 

F-VALUE FOR ANALYSI S OF VARIANCE • • •  

STANDARD ERROR OF ESTIMATE • . • . • • • • •  

(ADJUSTED FOR D . F . }  . • • • . • • • . . •  

VARIABLE REGRESS ION STD . ERROR OF 
NU�1BER COEFFICI ENT REG . COEFF . 

1 7  o . 1 7969E+00 0 . 01 1 98 
1 3  -0 . 41 808E-01 0 . 00306 
1 1  0 . 1 2989E+00 0 . 01 562 

8 -0.  87759E-01 0 . 0 1 565 
1 2  0 . 31880E-01 0 . 0041 1 
4 -0 . 87416E-02 0 . 001 74 

INTERCEPT 0 . 00628 

TOLERANCE = . 43096E+01 

D - 3 9  

COMPUTED 
T-VALUE 
1 4 . 993 r4AIN  TRKS 

- 1 3 . 653 FC 
8 . 31 3  HWY PAVED 

-5 . 606 LOG SWITCH 
7 . 566 POP 

-5 . 01 7 LOG C **2 



TABLE D- 6 ( cont . )  
STEP 7 

VARIABLE ENTERED . . . . . .  2 

SUM OF SQUARES REDUCED I N  TH IS  STEP • . • .  

PROPORTION REDUCED I N  TH I S  STEP • . • . • . . .  

CUMULATIVE SUM OF SQUARES REDUCED . . • . . .  

CUMULATIVE PROPORTI ON REDUCED • • • . . . • . • .  

FOR 7 VARIABLES ENTERED 
MULTI PLE CORRELATION COEFFI CI ENT . . .  

( ADJUSTED FOR D . F . ) • • • • • • . • • • •  

F-VALUE FOR ANALYS I S  OF VARIANCE • • •  

STANDARD ERROR OF ESTIMATE . • • . • • . . .  

(ADJUSTED FOR D . F . )  • . . . . . • • . • .  

0 . 1 3458 
0 . 1 3359 

58 . 409 
0 . 41 3 
0 . 41 341 

VARIABLE REGRESSI ON STD . ERROR OF 
NUMBER COEFFICI ENT REG . COEFF . 

1 7  0 . 1 5879E+00 0 . 01 237 
1 3  -0 . 79423E-01 0 . 00640 
1 1  0 . 94676E-01 0 . 0 1 647 

8 -0 . 8971 5E-01 0 . 01 564 
1 2  0 . 3501 5E-01 0 . 0041 5 
4 -0 . 57484E-01 0 . 00750 
2 . 0 . 23373E+00 0 . 03496 

I NTERCEPT 0 . 00451 

TOL ERANCE = . 76377E+01 

D- 4 0  

7 . 63773 
0 . 001 98 

69 . 85840 
0 . 01 81 1  OF 3856 . 9758 

COMPUTED 
T-VALUE 

1 2 . 832 MAI N  TRKS 
- 1 2 . 402 FC 

5 . 747 HWY PAVED 
- 5 . 736 LOG SWITCH 

8 . 445 POP 
-7 . 669 LOG C **2 

6 . 686 LOG C 



TABLE D - 6 (cont . )  
STEP 8 

VARIABLE ENTERED . . . . . . 1 6  

SUM OF SQUARES REDUCED I N  THIS STEP • • • •  

PROPORTION REDUCED IN  THI S  STEP • • • • • • • •  

3 . 50487 
0 . 00091 

CUMULATIVE SUM OF SQUARES REDUCED • • • • • •  

CUMULATIVE PROPORTION REDUCED . • • • • • • • • •  

73. 36326 

FOR 8 VARIABLES ENTERED 
MULTIPLE CORRELATION COEFFICI ENT • • •  

(ADJUSTED FOR D . F . )  • • • • • • • • • • •  

F-VALUE FOR ANALYSIS  OF VARIANCE • • . 

STANDARD ERROR OF ESTIMATE • • • • • • • • •  

(ADJUSTED FOR D . F . )  . . • • • • • • • • •  

0 . 1 3792 
0 . 1 3679 

53 . 71 9  
0 . 41 3 
0 . 41 324 

VARIABLE REGRESSION STD . ERROR OF 
NUMBER COEFFICIENT REG . COEFF . 
1 7  0 . 1 6021 E+00 0 . 01 237 
1 3  -0 . 81 553E-01 0 . 00642 
1 1  0 . 891 55E-01 0 . 01 651  
8 -0. 98097E-01 0 . 01 563 

1 2  0 . 34436E-01 0 . 0041 5  
4 -0 . 53764E-01 0 . 00754 
2 0 . 1 9454E+00 0 . 03600 

1 6  0 . 47427E-01 0 . 01047 
INTERCEPT 0 . 00330 

TOLERANCE = . 35049E+01 

D - 4 1 

0 . 01 902 OF 3856 . 9758 

COMPUTED 
T-VALUE 
1 2 . 949 MAIN  TRKS 

- 1 2 . 706 FC 
5 . 400 HWY PAVED 

-5. 763 LOG SWITCH 
8. 306 POP 

-7 . 1 34 LOG C **2 
5 . 404 LOG C 
4 . 531 LANES 



TABLE D - 6 ( cont . )  

STEP 9 

VARIABLE ENTERED . . . . . .  9 

SUM OF SQUARES REDUCED I N  TH IS  STEP . • • .  

PROPORTI ON REDUCED IN  THI S  STEP • . • . . . . .  

1 . 1 7 2 6 5  
0 . 0 0 0 3 0  

7 4 . 5 3 5 9 1  CUMULATIVE SUM OF SQUARES REDUCED . • . . . •  

CUMULAT IVE PROPORTI ON REDUCED . . . . • . . . . .  0 . 0 1 9 3 2  O F  3 8 5 6 . 9 7 5 8  

FOR 9 VARIABLES ENTERED 
MULTI PLE CORRELATION COEFF IC I ENT . • •  

(ADJUSTED FOR D . F . )  . • • . • . • • . . .  

F-VALUE FOR ANALYS I S  OF VAR IANCE . . .  
STANDARD ERROR OF ESTIMATE • . . . . . . . .  

(ADJUSTED FOR D . F . }  . . . . • . . • . . •  

0 . 1 3 9 0 1  
0 . 1 3 7 7 4  
4 8 . 5 2 7  
0 . 4 1 3  
0 . 4 1 3 1 9  

VARIABLE REGRESSION STD . ERROR OF 
NUMBER COEFFIC I ENT REG . COEFF . 

1 7  0 . 1 6 2 7 5 E +00  0 . 0 1 2 4 1  
1 3  - 0 . 8 1 1 4 3 E - 0 1  0 . 0 0 6 4 2  
1 1  0 . 84 5 1 3 E - 0 1  0 . 0 1 6 6 0  

8 - 0 . 9 4 7 8 6 E - 0 1  0 . 0 1 5 7 3  
1 2  0 . 2 8 0 0 6 E - 0 1  0 . 0 0 4 8 2  

4 - 0 . 5 8 4 7 1 E - 0 1  0 . 0 0 7 7 5  
2 0 . 2 1 7 4 8 E + 0 0  0 . 0 3 7 04 

1 6  0 . 4 9 4 6 9 E - 0 1  0 . 0 1 04 9  
9 - 0 . 4 8 7 5 1 E - 0 1  0 . 0 1 5 5 5  

I N T E RC E P T  0 . 0 0 3 7 0  

T O L E RA N C E  = . 1 1 7 2 6 E + 0 1  

D - 4 2  

COMPUTED 
T-VALUE 

1 3 . 1 1 5  MA I N  T R K S  
- 1 2 . 64 0  F C  

5 . 0 9 0  H W Y  PAV E D  
- 6 . 0 2 4  L O G  S W I TC H  

5 . 8 1 4  P O P  
- 7 . 5 4 8  L O G  C * * 2  

5 . 8 7 1 L OG C 
4 . 7 1 4  LA N E S  

- 2 . 6 2 1  U = O  R = l  



TABLE D - 6 (cont . )  

STEP 1 6  

VARIABLE ENTERED . . . . . .  1 0  

SUM OF SQUARES REDUCED I N  THIS STEP • . • •  

PROPORTION REDUCED I N  THIS  STEP • • . • • • • .  

1 . 3 7 0 2 8  
0 . 0 0 0 3 6  

7 5 . 9 0 6 1 9  CUMULATIVE SUM OF SQUARES REDUCED • • • • • •  

CUMULATIVE PROPORTION REDUCED • . • • . • • • • .  0 . 0 1 9 6 8  O F  3 85 6 . 9 7 58 

FOR 1 0  VARIABLES ENTERED 
MULTIPLE CORRELATION COEFFICI ENT . . .  

( ADJUSTED FOR D . F . )  • . • . • . • • • • •  

F-VALUE FOR ANALYSI S  OF VARIANCE • • .  

STANDARD ERROR OF ESTIMATE . . • . . • • • •  

(ADJUSTED FOR D . F . )  . . • . . • . • . . •  

0 . 1 40 2 9  
0 . 1 38 8 6  

4 4 . 4 9 1  
0 . 4 1 3  
0 . 4 1 3 1 3  

VARIABLE REGRESSION STD . ERROR OF 
NUMBER COEFFICI ENT REG . COEFF . 

1 7  0 . 1 4 7 3 5 E +00  0 . 0 1 3 54 
1 3  - 0 . 8 3 2 1 9 E - 0 1  0 . 0 0 6 4 6  
1 1  0 . 8 9 2 3 9 E - O l  0 . 0 1 6 6 9  

8 - 0 . 9 0 9 1 1 E - 0 1  0 . 0 1 5 7 9  
1 2  0 . 2 9 1 6 3 E - 0 1  0 . 0 0 4 8 3  

4 - 0 . 5 5 2 2 2 E - O l  0 . 0 0 7 8 2  
2 0 . 2 0 5 2 8 E+00  0 . 0 3 7 2 8  

1 6  0 . 4 8 7 8 6 E - 0 1  0 . 0 1 0 5 0  
9 - 0 . 4 880 7 E - 0 1  0 . 0 1 5 8 0  

1 0  0 . 1 2 7 8 6 E - 0 1  0 . 0 0 0 3 8  
I NT E R C E P T  0 . 0 04 6 1  

TOL E RA N C E  = . 1 3 7 0 3 E+Ol  

D - 4 3  

COMPUTED 
T-VALUE 

1 0 . 87 9  MA I N  T R KS 
- 1 2 . 88 2  F C  

5 . 3 4 8  H W Y  PAV E D ' 
- 5 . 7 5 7  LOG  S W I T C H  

6 . 03 7  ,POP  
-7  . 1 04 LOG C * * 2  

5 . 5 0 6  L O G  C 
4 . 648  LAN E S  

- 3 . 08 3  U = O  R - l 
2 . 8 3 4  M A X  S P E E D  



TABLE D- 7 .  SELECTION REGRESSION - - FLASHING LI GHTS 

STEP-WISE MULTI PLE REGRESSION . . . . . . . . .  FLGSEL 

NUMBER OF OBSERVATIONS 1 4576 
NUMBER OF VARIABLES 20 
NUMBER OF SELECTIONS 1 

CONSTANT TO L IMIT  VAR IABLES 0 . 00000 

VARIABLE STANDARD I 
NUMBER MEAN DEV IATION VARIABLE 

1 0 . 431 89 0 . 351 1 2  LOG T 
2 1 . 49 1 70 0 . 87041 ' LOG C 
3 0 . 50061 0 . 58055 LOG T **2 
4 5 . 21 477 3 . 79962 LOG C **2 
5 5 . 62443 1 7 . 84223 T*C/5000 
6 0 . 2931 0 0 . 29438 LOG NITE 
7 0 . 25977 0 . 26758 LOG DAY THRU 
8 0 . 1 9 1 91 0 . 27771 LOG SWITCH 
9 0 . 1 4859 0 . 1 9996 U=O R=l 

10  1 3 . 93295 1 0 . 88430 MAX SPEED 
1 1  0 . 43079 0 . 20659 HWY PAVED 
1 2  0 . 9 1 970 1 . 0861 2  POP 
1 3  1 . 97984 0 . 96749 FC 
1 4  0 . 22522 0 . 31 598 NRBY X I NG HWY 
1 5  0 . 26576 0 . 25872 RR ADV WARN 
1 6  3 . 691 70 3 . 46088 TRUCKS 
1 7  1 . 06265 0 . 77095 LANES 
1 8  0 . 48267 0 . 36660 MAI N TRKS 
1 9  0 . 44061 0 . 1 9437 1 
20 0 . 00022 0 . 41 248 ACC=l NOACC=- l  

D- 4 4  

... 

� 



TABLE D- 7 (cont . )  

STEP 1 

VARIABLE ENTERED • • . . • •  1 8  

SUM OF SQUARES REDUCED I N  THIS STEP • • • •  

PROPORTION REDUCED IN TH I S  STEP • • • • • • • •  

CUMULATIVE SUM OF SQUARES REDUCED • • • • • •  

CUMULATIVE PROPORTION REDUCED • • • • • • • . • •  

FOR 1 VARIABLES ENTERED 
MULTI PLE CORRELATION COEFFICI ENT • • •  

(ADJUSTED FOR D . F . ) • • . • • • • . • • •  

F-VALUE FOR ANALYSIS OF VARIANCE • • .  

STANDARD ERROR OF ESTIMATE • • • • • • • • •  

(ADJUSTED FOR D . F . )  • • • . • • • . • • .  

0 . 02399 
0 . 02399 
8 . 392 
0 . 41 2  
0 . 41 238 

VARIABLE 
NU�lBER 

REGRESSION 
COEFFICI ENT 

STD . ERROR OF 
REG . COEFF . 

1 8  
INTERCEPT 

0 . 1 6325E-Ol 
-0 . 00766 

TOLERANCE = . 1 4271 E+Ol 

STEP 2 

VARIABLE ENTERED . • • . . . • . • 1 3  

0 . 00564 

1 . 42707 
0 . 00058 

1 . 42707 
0 . 00058 OF 2479 . 802 

COMPUTED 
T-VALUE 

2 . 897 MAIN  TRKS 

SUM OF SQUARES REDUCED I N  THIS STEP • . . . •  

PROPORTION REDUCED IN TH I S  STEP • . . . • • • • •  
7 . 1 7642 
0 . 00289 

CUMULATIVE SUM OF SQUARES REDUCED • . . • • • •  
CUMULATIVE PROPORTION REDUCED • . . . . • . . . . •  

8 . 60349 
0 . 00347 OF 2479 . 802 

FOR 2 VARIABLES ENTERED 
MULTIPLE CORRELATION COEFFICI ENT • • •  

(ADJUSTED FOR D . F . ) • • . • • . . . • • . •  

F-VALUE FOR ANALYSIS OF VARIANCE • • .  

STANDARD ERROR OF ESTIMATE . . . . • • . . •  

0 . 05890 
0 . 05832 

25 . 368 
0 . 41 2  
0 . 41 1 81 (ADJUSTED FOR D . F . ) . . . . . . . . . . .  . 

VARI ABLE 
NUMBER 

1 8  
1 3  

I NTERCEPT 

REGRESSI ON 
COEFFICI ENT 
0 .89588E-Ol 

-0 . 22527E-Ol 
0 . 001 58 

TOLERANCE = . 71 764E+Ol 

STD . ERROR OF 
REG . COEFF. 

0 .01 259 
0 . 00346 

D- 4 S  

COMPUTED 
T-VALUE 

7 . 1 1 6  MAIN  TRKS 
-6 . 505 FC 



TABLE D- 7 (cont . )  
STEP 

VARIABLE ENTERED . . . . . .  3 

SUM OF SQUARES REDUCED I N  THI S  STEP • • • .  

PROPORTION REDUCED IN  TH I S  STEP • . • . • . • .  

CUMULAT IVE SUM OF SQUARES REDUCED • • • • • •  

CUMULATIVE PROPORTION REDUCED . . . • . • • • . •  

FOR 3 VARIABLES ENTERED 

2 . 0981 0 
0 . 00085 

1 0 . 701 59 
0 . 00432 OF 

MULTI PLE CORRELATION COEFF I C I ENT . . •  

( ADJUSTED FOR D . F . )  . • • • . . . . . • •  

F-VALU E FOR ANALYSI S  OF VARIANCE . • •  

STANDARD ERROR OF ESTIMATE . • . • . • • • .  

(ADJUSTED FOR D . F . )  . . . • . • . • . . •  

0 . 06569 
0 . 06464 

2 1 . 053 
0 . 41 2 
0 . 41 1 66 

VARIABLE REGRESSION STD . ERROR OF 
NUMBER COEFF ICI ENT REG . COEFF . 

1 8  0 . 1 1 1 92E+00 0 . 01 409 
1 3  -0 . 1 841 9E-01 0 . 00365 

3 -0 . 32696E-01 0 . 00929 
I NTERCEPT -0 . 00096 

TOLERANCE = . 20981 E+01 

STEP 4 

VARIABLE ENTERED . . . . . . 1 2  

SUM OF SQUARES REDUCED I N  THI S  STEP • . . .  

PROPORTION REDUCED IN  TH I S  STEP . . • . . . . .  

COMPUTED 
T-VALUE 

1 .941 
- 5 . 042 
- 3 . 51 9  

1 . 84598 
0 . 00074 

CUMULATIVE SUM OF SQUARES REDUCED . . . . .  . 
CUMULAT IVE PROPORT ION REDUCED . . . • . • . . . •  

1 2 . 54757 
0 . 00506 OF 

FOR 4 VARIABLES ENTERED 
MULTI PLE tOR�ELATION COEFFI C I ENT • • .  0 . 071 1 3  

0 . 06968 
1 8 . 526 
0 . 41 1  
0 . 41 1 54 

(ADJUSTED FOR D . F . ) . . . . . . . . . .  . 

F-VALU E FOR ANALYS IS OF VARIANCE . .  . 

STANDARD ERROR OF ESTIMATE . . . . . . . .  . 

( ADJUSTED FOR D .  F . )  . . . . . . . . . .  . 

VARIABLE 
NUMBER 

1 8  
1 3  
3 

1 2  
I NTERCEPT 

REGRESS ION 
COEFFICI ENT 

0 . 1 0825E+00 
-0 . 2301 1 E-01 
-0 . 35850E-01 

0 . 1 2776E-01 
-0 . 00027 

TOLERANCE = . 1 8460E+Ol 

STD . ERROR OF 
REG . COEFF . 

0 . 01 41 3  
0 . 00391 
0 . 00934 
0 . 00387 

D- 4 6  

COMPUTED 
T-VALUE 

7 . 660 
-5 . 889 
- 3 . 838 

3 . 302 

2479 .802 

MAI N  TRKS 
FC 
LOG T 

2479 . 802 

MAI N TRKS 
FC 

**2 

LOG T **2 
POP 



TABLE D- 7 ( cont . )  
STEP 5 

VARIABLE ENTERED . . . . . .  4 

SUM OF SQUARES REDUCED I N  THIS STEP • . • • 

PROPORTION REDUCED IN TH IS STEP • • • . • • • •  

2 . 1 271 5 
0 . 00086 

CUMULATIVE SUM OF SQUARES REDUCED • • • • • •  

CUMULATIVE PROPORTI ON REDUCED • • . • • • • • • . 

1 4 . 67472 

FOR 5 VARIABLES ENTERED 
MULTIPLE CORRELATION COEFFICI ENT . • •  

(ADJUSTED FOR D . F . ) • • • • • . • • • • •  

F-VALUE FOR ANALYSIS OF VARIANCE • • .  

STANDARD ERROR OF ESTIMATE • • . . • • • • •  

(ADJUSTED FOR D . F . )  . • • • . . • • . • •  

0 . 07693 
0 . 0751 3 

1 7  . 347 
0 . 41 1  
0 . 41 1 39 

VARIABLE REGRESSION STD . ERROR OF 
NUMBER COEFFICI ENT REG . COEFF . 

1 8  0 . 1 1 973E+00 0 . 01 449 
1 3  -0 . 1 661 1 E-01 0 . 00430 

3 -0 . 3721 2E-01 0 . 00934 
1 2  0 . 21 1 1 7E-01 0 . 00453 
4 -0. 49930E-02 0 . 001 41 

INTERCEPT 0 . 00056 
. 

TOLERANCE = . 21 271 E+01 

D- 4 7  

0 . 00592 OF 2479 . 802 

COMPUTED 
T-VALUE 

8 . 26 1  MAI N TRKS 
-3 .860 FC 
-3 . 983 LOG T **2 

4 . 665 POP 
-3 . 546 LOG C **2 



TAB LE D - 7 (cont . )  

STEP 6 

VARIABLE ENTERED . . . . . .  1 7  

SUM OF SQUARES REDUCED I N  THIS STEP • • • •  

PROPORTI ON REDUCED I N  TH I S  STEP . • • • • • • •  

CUMULATIVE SUM OF SQUARES REDUCED • • • • • .  

CUMULATIVE PROPORTION REDUCED . . . • . • • • • •  

FOR 6 VARIABLES ENTERED 
MULTIPLE CORRELATION COEFF ICI ENT . • .  

( ADJUSTED FOR D . F . ) . • . • • • • . . . •  

F-VALUE FOR ANALYS IS  OF VAR IANCE . . .  
STANDARD ERROR OF ESTIMATE • • . • . . . • •  

( ADJUSTED FOR D . F . )  . • . • • • • • • • •  

0 . 08920 
0 . 08727 

1 9 . 476  
0 . 41 1  
0 . 41 099 

VARIABLE REGRESSION STD . ERROR OF 
NUMBER COEFFICI  ENT REG . COEFF . 

1 8  0 . 1 21 61 E+00 0 . 0 1448 
1 3  -0 . 1 9399E-01 0 . 00433 

3 -0 . 37895E-01 0 . 00933 
1 2  0 . 1 9636E-01 0 . 00453 

4 -0 . 1 2266E-01 0 . 001 94 
1 7  0 . 43298E-01 0 . 00791 

I NTERCEPT, -0 . 001 20 

TOLERANCE = . 50568E+01 

D- 48 

5 . 05679 
0 . 00204 

1 9 . 731 51 
0 . 00796 OF 2419 . 802 

COMPUTED 
T-VALUE 
8:391 MAIN TRKS 
-4 . 482 FC 
-4 . 060 LOG T **2 

4 . 334 POP 
-6 . 338 LOG C **2 

5 . 472  LANES 

• 

.. 



TABLE D- 7 (c ont . )  
STEP 7 

VARIABLE ENTERED . . . . . .  7 

SUM OF SQUARES REDUCED I N  THIS STEP • • • • 

PROPORTION REDUCED IN THI S  STEP • . • • • • • .  

CUMULATIVE SUM OF SQUARES REDUCED • . • • • •  

CUMULATIVE PROPORTI ON REDUCED . • . • . • . • . .  

FOR 7 VARIABLES ENTERED 
MULTIPLE CORRELATION COEFFICI ENT . • •  

( ADJUSTED FOR D . F . } . • . . • • • • . . .  

F-VALUE FOR ANALYSIS OF VAR IANCE . • •  

STANDARD ERROR OF ESTIMATE . • • . • • . . •  

(ADJUSTED FOR D . F . )  • . • • • . . . . . •  

0 . 09334 
0 . 091 1 3  

1 8 . 292 
0 . 41 1  
0 . 41 086 

VARIABLE 
NUMBER 

REGRESSION 
COEFFICI ENT 

STD . ERROR OF 

1 8  
1 3  

3 
1 2  
4 

1 7  
7 . 

INTERCEPT 

O .  1 0540E+00 
-0 . 22089E-01 
-0 . 621 1 8E-Ol 
0 . 22907E-Ol 

-0 . 1 2454E-01 
0 . 44678E-Ol 
0 . 83675E-Ol 

-0 . 001 1 6  

TOLERANCE = . 1 845E+01 

REG . COEFF . 
0 . 01 527 
0 . 00440 
0 . 01 1 83 
0 . 00463 
0 . 00194 
0 . 00792 
0 . 0251 1  

D - 4 9  

1 . 87448 
0 . 00076 

21 . 60598 
0 . 00871 OF 2479 . 802 

COMPUTED 
T-VALUE 

6 . 901 
-5 .01 8 
-5 . 252 

4 . 943 
-6 . 435 

5 . 641 
3 . 333 

MAIN  TRKS 
FC 
LOG T **2 
POP 
LOG C **2 
LANES 
LOG DAY THRU 



TABLE D- S . SELECTION REGRESSI ON - - AUTOMATI C  GATES 

� 

S T E P  - W I S E  MU L T I P L E  R E G R E S S I O N . . . . . . GATS E L  

NUMB E R  O F  O B S E R V AT I O N S  3 8 8 8  
N U M B E R  O F  VA R I AB L E S 2 0  
N U MB E R  O F  S E L E C T I O N S  1 

C O N S TANT  TO L I M I T  VA R I AB L E S  0 . 0 0 0 0 0  

V A R I AB L E  M E A N  S TA N D A R D  V A R I A B L E  
N O . D E V I AT I O N 

1 0 . 6 2 5 8 9  0 . 3 5 0 2 4  L O G  T 
2 1 . 5 9 5 6 5  0 . 69 2 3 9  l O G  C 
3 0 . 98 1 0 0 0 . 7 1 7 8 2  L O G  T * * 2  
4 5 . 6 1 6 5 7  3 . 20 1 5 6  L O G  C * * 2  
5 1 4 . 8 0 1 7 9  3 5 . 3 1 5 8 5  T* C / 5 00 
6 0 . 4 6 9 1 3 0 . 2 9 4 3 0  L O G  N I TE 
7 0 . 4 4 7 7 9. 0 . 3 1 5 0 9  L O G  DAY T H RU  
8 0 . 2 4 5 0 1  0 . 2 7 8 1 5 L O G  S W I T C H  
9 0 . 1 1 6 2 1  0 . 1 9 1 08 U = O  R = l  

1 0  2 0 . 6 1 5 0 5  1 2 . 6 1 7 8 9  MA X S P E E D  
1 1  0 . 4 6 2 4 2  0 . 1 5 7 88 H W Y  PAV E D  
1 2  1 . 2 2 5 2 2  1 . 0 1 1 1 0 P O P  
1 3  2 .  1 6 8 6 0  0 . 8 0 0 5 8  F C  " 

1 4  0 . 2 8 5 1 9 0 . 3 2 0 9 4  N RB Y  X I N G HWY  
1 5  0 . 2 9 4 7 9  0 . 2 5 2 2 7  R R  A D V  WARN  
1 6  4 . 3 1 5 6 1  3 . 6 0 5 3 3  T RU C KS 
1 7  1 . 1 7 9 8 2  0 . 6 7 3 0 8  LAN E S  
1 8  0 . 7 3 9 8 9  0 . 4 7 1 98 MA I N  T R KS 
1 9  0 . 4 6 9 3 0 0 . 1 4 1 3 3 1 
2 0  - 0 . 0 0 1 1 8  0 . 4 1 0 1 4  A C C= l N O AC C = - l  

D - SO 



.. 

TABLE D - 8 ( cant . )  

STEP 1 

VARIABLE ENTERED . . . . . .  9 

SUM OF SQUARES REDUCED IN  TH IS STEP • • • •  

PROPORTION REDUCED IN TH IS  STEP . • . . . . • .  

CUMULATIVE SUM OF SQUARES REDUCED • . • • • •  

CUMULATIVE PROPORTION REDUCED . . • • . . • • • •  

FOR 1 VARIABLES ENTERED 
MULTI PLE CORRELATION COEFFICI ENT • • . 

( ADJUSTED FOR D . F . )  . . • . • . • . • • •  

F-VALUE FOR ANALYSIS  OF VARIANCE • . •  

STANDARD ERROR OF ESTIMATE • • . . • • . . •  

{ADJUSTED FOR D . F . )  . . . . . . . . • . •  

1 . 2 1 4 2 6  
0 . 0 0 1 8 6  

1 . 2 1 4 2 6  
0 . 0 0 1 8 6  O F  

0 . 04 3 0 9  
0 . 04 3 0 9  
7 . 2 3 0  
0 . 4 1 0  
0 . 4 0 9 8 2  

VARIABLE 
NUMBER 

REGRESSION 
COEFFICI ENT 

STD . ERROR OF 
REG . COEFF . 

COMPUTED 
T-VALUE 

9 . - 0 . 7 9 0 2 9 E - 0 1  
0 . 0 0 0 0 0  

I N T E R C E P T  

T O L E RA N C E  = . 1 2 1 4 3 E + 0 1  

STEP 2 

VAR IABLE ENTERED . . . . . .  1 8  

0 . 0 2 9 3 9  - 2 . 6 8 9  

SUM OF SQUARES REDUCED IN  TH IS STEP • . • •  

PROPORTION REDUCED IN  THIS  STEP • • • . • • . •  

1 . 3 5 9 9 1  
0 . 0 0 2 08 

CUMULATIVE SUM OF SQUARES REDUCED • . • . • . 

CUMULAT IVE PROPORTION REDUCED . . . . • • . . • •  

2 . 5 7 4 1 7 
0 . 00 3 9 4  O F  

FOR 2 VARIABLES ENTERED 
MULTI PLE CORRELATION COEFFICIENT . • • 

{ADJUSTED FOR D . F . ) . • . . . . . . • . .  

F-VALUE FOR ANALYS IS OF VARIANCE • . •  

STANDARD ERROR OF ESTIMATE . . . . . • • • .  

{ADJUSTED FOR D . F . )  . • • • . • . • • . .  

0 . 0 6 2 7 4  
0 . 0 6 0 6 7  
7 . 67 7  
0 . 40 9  
0 . 4 0 9 5 0  

VAR IABLE REGRESS ION STD . ERROR OF 
NUMBER COEFFI C I ENT REG . COEFF . 

9 - 0 . 1 l 3 2 8 E+ 0 0  0 . 0 3 1 7 3  
1 8  0 . 2 3 0 2 0 E - 0 1  0 . 0 0 8 0 9  

I N T E R C E P T  - 0 . 0 0 5 06 

TO L E RA N C E  = . 1 3 5 9 9 E + 0 1  

D - Sl 

COMPUTED 
T-VALUE 

- 3 . 57 0  
2 . 848 

6 5 3 . 8 7 1 2 9  

U = O  R - 1  

6 5 3 . 87 1 2 9 

U = O  R = 1  
MA I N  T R KS 



STEP 3 

VARIABLE ENTERED . . . . . .  1 3  

TABLE D- 8 ( cont . )  

SUM OF SQUARES REDUCED I N  TH IS  STEP . • • .  

PROPORTION REDUCED I N  TH I S  STEP . • . • . • . .  

2 . 7 6 4 0 6  
0 . 0 0 4 2 3  

5 . 3 3 8 2 3  CUMULATIVE SUM OF SQUARES REDUCED . . . . • .  

CUMULATIVE PROPORTION REDUCED • . • . • . • . . .  0 . 00 8 1 6 O F  6 5 3 . 8 7 1 2 9  

FOR 3 VARIABLES ENTERED 
MULTI PLE CORRELATION COEFFI C IENT • . •  

(ADJUSTED FOR D . F . )  . . • . • . • . • • .  

F-VALUE FOR ANALYS I S  OF VARIANCE • • •  

STANDARD ERROR OF ESTIMATE . • • • • • • • .  

(ADJUSTED FOR D . F . )  . • . . . • . . . . .  

0 . 0 9 0 3 6  
0 . 0 8 7 4 8  

1 0 . 6 5 7  
0 . 4 0 9  
0 . 4 0 8 7 3 

VARIABLE 
NUMBER 

REGRESSION 
COEFFICI ENT 

STD . ERROR OF 

9 
1 8  

. - 0 . 8 1 6 48 E - 0 1 
0 . 8 6 8 2 6 E - 0 1  

- 0 . 2 8 4 2 1 E - 0 1  
0 . 0 0 4 8 3  

1 3  
I N T E RC E P T  

TO L E RA N C E  = . 2 7 6 4 1 + 0 1  

STEP 4 

VAR IABLE ENTERED . . . . .  . 5 

REG . COEFF . 

0 . 0 3 2 6 1  
0 . 0 1 7 6 3  
0 . 0 0 6 8 9  

COMPUTED 
T-VALUE 

- 2 . 50 4  
4 . 9 2 4  

- 4 . 0 6 9  

SUM OF SQUARES REDUCED I N  THIS  STEP . • . .  

PROPORTION REDUCED I N  TH IS  STEP . . . . . • . •  

1 . 1 97 5 5  
0 . 00 1 8 3  

CUMULAT IVE SUM OF SQUARES REDUCED . . . . .  . 
CUMULAT IVE PROPORTION REDUCED . . . . . . . . • .  

6 . 5 3 5 7 8  
0 . 0 1 00 0  O F  

FOR 4 VARIABLES ENTERED 
MULTI PLE CORRELATION COEFFICIENT . • .  

(ADJUSTED FOR D . F . } . • • • . • . • . . .  

F-VALU E FOR ANALYS IS OF VARIANCE • . . 

STANDARD ERROR OF ESTIMATE . . . . . • . . •  

(ADJUSTED FOR D . F . }  . . . . . . . . . .  . 

0 . 0 9 9 9 8  
0 . 0 9 6 08 
9 . 80 1  
0 . 4 08 
0 . 4 0 8 4 6  

VAR IABLE REGRESS ION STD . ERROR OF 
NUMBER COEFFICI ENT REG . COEFF . 

9 - 0 . 9 8 5 1 4 E - 0 1  0 . 0 3 3 1 9 
1 8  0 . 1 0 6 6 7 E + 0 0  0 . 0 1 9 1 1  
1 3  - 0 . 2 9 5 5 0 E - O l  0 . 0 06 9 1  

5 - 0 . 5 7 7 0 6 E - 0 3  0 . 0 0 0 2 2 
I NT E R C E P T  0 . 0 0 3 9 7  

T O L E R AN C E  = . 1 1 9 7 5 E + 0 1  

D- 52  

COMPUTED 
T-VALUE 

- 2 . 9 6 9  
5 . 58 1  

- 4 . 2 8 0  
- 2 . 68 0  

U = O  R= l 
MA I N  T R KS 
F C  

6 5 3 . 8 7 1 2 9 

U = O  R = l  
MA I N  T R KS 
F C  
T * C / 5 00 0  

: 



TABLB D- S .  (cont . )  

STEP 5 

VARIABLE ENTERED • • • • • •  1 7  

SUM OF SQUARES REDUCED I N  THIS STEP . • • •  
PROPORTION REDUCED IN THIS  STEP • • • • •  , . •  

CUMULATIVE SUM OF SQUARES REDUCED • • • • • •  
CUMULATIVE PROPORTI ON REDUCED • • • • • • • . • •  

FOR VARIABLES ENTERED 
MULTIPLE CORRELAT ION COEFFICI ENT • • •  0 . 1 1 1 57 

(ADJUSTED FOR D . F . ) • • • • • • • • . • •  0 . 1 0692 
F-VALUE FOR ANALYSIS OF VARIANCE . . .  9 . 787 
STANDARD ERROR OF ESTIMATE • • • . • . • • •  0 .406 

(ADJUSTED FOR D . F . ) . . . . . . . . . . .  0 .40806 

VARIABLE 
NUMBER 

9 
1 8  
1 3  

5 
1 7  

INTERCEPT 

REGRESSION 
COEFFICI ENT 

;..0.99573E-0I 
0 . 97624E-01 

-0 .41 71 8E-01 
-0.85345E-03 

0 .34314E-01 
0 . 00077 

TOLERANCE = . 1 6040E+01 

STD. ' ERROR OF 
REG . COEFF . 

0 .03315 
0 . 01 931 
0 . 00793 
0 . 00023 
0 . 01 1 05 

D - S 3  

1 .60401 
0 . 00245 

8 . 1 �979 
0 . 01 245 OF 653 .871 �9 

COMPUTED 
T�VALUE : 
-3 .004 UFO R�l 

5 . 055 MAIN TRKS 
-5 . 269 FC 
-3 . 667 T*C/5000 

3 . 1 05 LANES 



TABLE D - S . (cont . )  
STEP 6 

VARIABLE ENTERED • . • . • •  4 

SUM OF SQUARES REDUCED I N  TH IS STEP • . • .  

PROPORTI ON REDUCED IN  THI S  STEP • • • • • • • .  

CUMULATIVE SUM OF SQUARES REDUCED • • • • • •  

CUMULATIVE PROPORTI ON REDUCED • • • . • • • • • •  
' 

FOR 6 VARIABLES ENTERED 
MULTI PLE CORRELATION COEFFICI ENT • • •  

( ADJUSTED FOR D . F . ) • • • . • • • • • • •  

F-VALUE FOR ANALYSIS OF VAR IANCE . • •  

STANDARD ERROR OF ESTIMATE • . . . • • • • •  

(ADJUSTED FOR D . F . )  . • • • • • . • • • •  

0 . 1 2478 
0 . 1 1 959 

1 0 . 231  
0 . 407 
0 . 40752 

VARIABLE 
NUMBER 

9 
1 8  
1 3  

5 
1 7  

4 
INTERCEPT 

. 

REGRESSION 
COEFFICI ENT 
-0 .10398E+00 

0 . 1 0995E+00 
- 0 . 3 2974E-01 
-0 . 51 495E-03 
0 . 681 84E-01 

-0 . 1 31 99E-01 
0 . 00237 

TOLERANCE = . 2041 1 E+01 

STD . ERROR OF 
REG . COEFF . 
0 .03313 
0 . 01 960 
0 . 00830 
0 . 00025 
0 . 01 466 
0 . 00376 

D- S 4  

2 . 041 09 
0 . 0031 2 

1 0 . 1 8088 
0 . 01 557 OF 653 .871 29 

COMPUTED 
T-VALUE 
-3 • .139 

5 . 609 
-3 . 971 
-2 . 046 
4 . 650 

-3 . 508 

u=O R=l 
MAIN  TRKS 
FC 
T*C/ 5000 
LANES 
LOG' C **2 



TAB LE D - 8 . (c ont . )  

STEP 7 

VARIABLE ENTERED . • • • • •  1 5  

SUM OF SQUARES REDUCED I N  THIS STEP . • • .  

PROPORTION REDUCED IN TH IS  STEP • • • • • • . .  

CUMULAT�VE SUM OF SQUARES REDUCED • • . . . •  

CUMULArIVE PROPORTI ON REDUCED . • . • • • • • • .  

FOR VARIABLES ENTERED 
MULTIPLE CORRELATION COEFFICI ENT • • •  

( ADJUSTED FOR D .F . )  • . • • • • . • . • •  

F-VALUE FOR ANALYSIS  OF VARIANCE . • •  

STANDARD ERROR OF ESTIMATE . . • . . • • . •  

(ADJUSTED FOR D . F . } • • • • . • . • . • .  

0 . 1 2802 
0 . 1 21 94 
9 . 23 6  
0 .407 
0 .40745 

VARIABLE REGRESSION STD. ERROR OF 
NUMBER COEFFICI ENT REG . COEFF . 

9 -0.85840E-01 0.03462 
1 8  0 . 1 061 5E+00 0 . 01 971 
1 3  -0 .32027E-01 0 . 00832 

5 -0 . 531 03E-03 0 . 00025 
1 7  0 . 71 871 E-01 0 . 01 480 

4 -0 . 1 1 528E-01 0 . 00387 
1 5  .,0 . 51 453 E-01 0 . 02862 

INTERCEPT 0 . 00270 

TOLERANCE = . 53573E+00 

D - S S  

0 . 53573 
0 . 00082 

1 0 . 71 661 
0 . 01 639 OF 653 .871 29 

COMPUTED 
T-VALUE 
-2.480 U=O R=l 

5 .386 MAI N  TRKS 
-3 . 850 FC 
- 2 . 1 1 3  T*C/5000 
4 . 856 LANES 

- 2 . 97 5  LOG C **2 
-1 . 798 RR ADV WARN 



TABLE D - 8 ( cont . )  

STEP 8 

VARIABLE ENTERED . . . . . .  1 9  

SUM OF SQUARES REDUCED I N  TH IS  STEP • . • •  

PROPORTION REDUCED I N  TH I S  STEP . . • • • • • .  

0. 55937 
0 . 00086 

CUMULATIVE SUM OF SQUARES REDUCED • • • • • •  

CUMULATIVE PROPORTI ON REDUCED • • • . . . • • • •  

1 1 . 27598 . 
0 . 01 724 OF 653. 871 29 

FOR 8 VARIABLES ENTERED 
MULTI PLE CORRELATION COEFFI C I ENT • • •  

( ADJUSTED FOR D . F . } • • . . • • • • • . •  

F-VALUE FOR ANALYSI S  OF VARIANCE • • •  

STANDARD ERROR OF ESTIMATE . • . • • • • • •  

( ADJUSTED FOR D . F . )  • • • • • • • • • • •  

O .  1 31 32 
0 . 1 2439 
8 . 508 
0 . 407 
0 . 40738 

VARIABLE REGRESSI ON STD . ERROR OF 
NUMBER COEFFICI ENT REG . COEFF . 

9 -0 . 1 1 291 E+00 0 . 03761 
1 8  0 . 93084E-01 0 . 02095 
1 3  -0 . 5 1 266E-01 0 . 01 337 
5 -0 . 39595E-03 0 . 00026 

1 7  0 . 64794E-01 . 0 . 01 529 
4 -0 . 1 789 3E-01 0 . 00520 

1 5  -0 . 61 931 E-01 0 . 029 1 7 
1 9  0 . 2 1 69 1 E+00 0 . 1 1 804 

I NTERCEPT 0 . 00061 

TOLERANCE = . 55937E+00 

D- 56  

COMPUTED 
T-VALUE 
-3 . 002 U=O R=1 

4 . 444 MAI N  TRKS 
-3 . 834 FC 
- 1 . 509 T*C/5000 

4 . 238 LANES 
-3 . 444 LOG C **2 
-2 . 1 23 RR ADV WARN 

1 . 838 1 

: 



TABLE D- 9 .  M I GRAT I ON - - F LASH I NG L I GHTS - - VOLU�1E 
STEP 3 

VARIABLE ENTERED . . . . . .  1 

SUM OF SQUARES REDUCED I N  TH IS STEP . . .  . 
PROPORTI ON REDUCED IN  TH IS  STEP . . . . . . .  . 

305 . 00261 
0 . 04983 

3632 . 59 1 43 CUMULATIVE SUM OF SQUARES REDUCED • . • • . .  

CUMULAT IVE PROPORTI ON REDUCED . . . . . . . . • .  0 . 59347 OF 6 1 20 . 92 609 

FOR 3 VARIABLES ENTERED 
MULTIPLE CORRELAT ION COEFF ICI ENT . . .  

( ADJUSTED FOR D . F . ) . • . • • • . . • . .  

F-VALUE FOR ANALYS I S  OF VAR IANCE . .  . 
STANDARD ERROR OF ESTIMATE . . . . . . . .  . 

{ADJUSTED FOR D . F . )  . . . . . . . . . .  . 

0 . 77037 
0 . 77033 

7090 . 970 
0 . 41 3  
0 . 41 326 

VARIABLE REGRESSION 
COEFFICI ENT 

STD . ERROR OF 
NU�1BER 

3 
2 
1 

INTERCEPT 

-0 . 28280E+01 
0 . 82839E-01 
0 . 751 30E+00 

0 . 00043 

TOLERANCE = . 30500E+03 

REG . COEFF . 
0 . 03395 
0 . 001 90 
0 . 01 778 

D- S 7  

COMPUTED 
T-VALUE 
-83 . 293 

43 . 51 7  
42 . 263 

1 
LOG C **2 
LOG T 



TABLE D - 9 (cont . )  

STEP 3 

VARIABLE ENTERED . . . . . .  1 

SUM OF SQUARES REDUCED I N  THIS STEP . • • •  

PROPORTI ON REDUCED I N  TH IS  STEP • • . • • • . .  

305 . 09638 
0 . 04998 

CUMULATIVE SUM OF SQUARES REDUCED . • • • . •  

CUMULATIVE PROPORTION REDUCED . • • . • . • • • •  

3620 . 20273 
0 . 59301 OF 6 1 04 . 8037 ' 

FOR 3 VARIABLES ENTERED 
MULTI PLE CORRELATION COEFFICIENT . . .  0 . 77007 

(ADJUSTED FOR D . F . ) . . . . . . . . . . .  0 . 77003 
F-VALUE FOR ANALYSIS OF VAR IANCE . . .  7077 . 407 
STANDARD ERROR OF ESTIMATE . . . . . . . . .  0 . 41 3 

(ADJUSTED FOR D . F . ) . . . . . . . . . . .  0 . 41 295 

VARIABLE REGRESSION STD . ERROR OF 
NU�lBER COEFFICI ENT REG . COEFF . 

3 -0 . 28336E+01 0 . 0340·3 
2 0 . 83061 E-Ol 0 . 00191  
1 0 . 75300E+00 0 . 01 780 

INTERCEPT 0 . 00040 

TOLERANCE = . 3051 0E+03 

D - 5 8  

COMPUTED 
T-VALUE 
-83 . 269 1 

43 . 566 LOG C **2 
42 . 301 LOG T 

:: 



TABLE D- 9 ( con t . )  

STEP 3 

VARIABLE ENTERED • . . . • .  1 

SUM OF SQUARES REDUCED IN  THIS  STEP . . . •  

PROPORTI ON REDUCED IN  THIS  STEP • . • • • • • •  

305 . 1 6557 
0 . 05007 

361 2 . 50900 CUMULATIVE SUM OF SQUARES REDUCED • • • • • •  

CUMUUATIVE PROPORTION REDUCED • • • • • • • • • •  0 . 59271 OF 6094. 8584 

FOR 3 VARIABLES ENTERED 
MULTI PLE CORRELATION COEFFICI ENT . • . 

( ADJUSTED FOR D . F . ) • • • • • • • • • • •  

F-VALUE FOR ANALYSIS OF VAR IANCE • • •  

STANDARD ERROR OF ESTIMATE • • • • . • . • •  

(ADJUSTED FOR D . F . )  • • • • • • • • • • •  

0 . 76988 
0 . 76984 

7068 . 771  
0 . 41 3 
0 . 41 276 

VARIABLE REGRESSION STD. ERROR OF 
NUMBER COEFFICI ENT REG . COEFF . 
3 -0 . 28372E+01 0 . 03408 
2 0 . 83201 E-01 0 . 001 91 
1 0 . 75407E+00 0 . 01 782 

I NTERCEPT 0 . 00039 

TOLERANCE = . 3051 7£+03 

D- 5 9  

COMPUTED 
T-VALUE 
-83 . 253 1 

43 . 597 LOG C **2 
42 . 325  LOG T 



TABLE D - 9 (cont . )  

STEP 3 

VARIABLE ENTERED . . . • • .  

SUM OF SQUARES REDUCED IN  TH IS STEP • • . •  

PROPORTION REDUCED IN  THI S  STEP . • . • • • • •  

305 . 1 8782 
0 . 0501 3  

3607 . 35922 CUMULAT IVE SUM OF SQUARES REDUCED • • . . . •  

CUMULATIVE PROPORTI ON REDUCED • . . . . • • . • •  0 . 59253 OF 6088 . 0764 

FOR 3 VARIABLES ENTERED 
MULTIPLE CORRELATION COEFF ICI ENT • . .  

(ADJUSTED FOR D . F . ) . • • . . • • . . . .  

0 . 76976 
0 . 76972 

7063 . 339 
0 . 41 3 
0 . 41 263 

F-VALUE FOR ANALYSI S  OF VARIANCE . • .  

STANDARD ERROR OF EST IMATE . • . . . • . • •  

(ADJUSTED FOR D . F . )  . . . • . • . • . . •  

VARIABLE REGRESSION STD . ERROR OF 
NUNBER COEFFICI ENT REG . COEFF . 

3 -0 . 28395E+01 0 . 0341 1 
2 0 . 83292E-01 0 . 001 91 
1 0 . 75477E+OO 0 . 01 783 

I NTERCEPT 0 . 00038 

TOL ERANCE = . 3051 9E+03 

D - 6 0  

COMPUTED 
T-VALUE 
-83 . 245 1 

43 . 61 6  LOG C **2 
4 2 . 340 LOG T 



TABLE D- I O . MI GRATI ON - - FLASHI NG L I GHTS - - COMPREHENS IVE 

STEP 7 

VARIABLE ENTERED . . • . . .  4 

SUM OF SQUARES REDUCED IN  THIS  STEP • • • •  

PROPORTION REDUCED IN  THIS  STEP • • . • • • • •  

2 . 77453 
0 . 00045 

CUMULATIVE SUM OF SQUARES REDUCED • • • • • •  

CUMULATIVE PROPORTION REDUCED . • • • • • • • • •  

3628 . 91 696 

FOR 7 VARIABLES ENTERED 
MULTIPLE CORRELATION COEFFICIENT • • •  

( ADJUSTED FOR D . F . ) • • • • • • • • • • •  

F-VALUE FOR ANALYS IS  OF VARIANCE • • •  

STANDARD ERROR OF ESTIMATE • • • • • • . • •  

(ADJUSTED FOR D . F . )  • • . • • • • • • • •  

0 . 76831 
0 . 76820 

2998 . 453 
0 . 4 16  
0 . 41 589 

VARIABLE REGRESSION STD. ERROR OF 
NUMBER COEFFICI ENT REG . COEFF . 
1 O . 1 01 97E+01 0 . 02098 
2 0 . 1 3305E+00 0 . 01 520 
5 -0 . 94634E-01 0 . 01 469 
6 o . 1 6536E-01 0 . 00589 
3 -0 . 36433E-01 0 . 00675 
7 0 . 1 1 623E+00 0 . 0261 4 
4 0 . 1 8265E-01 0 . 00456 

INTERCEPT 0 . 00061 

TOLERANCE = . 27745E+01 

D - 61  

0 . 59029 OF  6 147 . 647 

COMPUTED 
T-VALUE 

48 . 603 FLGV1 9 . DAT 
8 . 756 MAI N  TRKS 

-6 . 444 LOG T**2 
2 . 806 LANES 

- 5 . 394 FC 
4 . 446 LOG DT 
4 . 006 POP 



TABLE D- I O  ( cont . )  

STEP 7 

VARIABLE ENTERED . . • . . .  4 

SUM OF SQUARES REDUCED I N  THIS  STEP • . • .  

PROPORTI ON REDUCED I N  TH I S  STEP • • . • • • • .  

2 . 80684 
0 . 00046 

CUMULATI VE SUM OF SQUARES REDUCED . . • • • .  

CUMULATIVE PROPORTI ON REDUCED . . . • • • . • • •  

3566 . 24307 

FOR 7 VARIABLES ENTERED 
MULTI PLE CORRELATION COEFFICIENT • • •  

( ADJUSTED FOR D . F . )  . • • . • • . • • . •  

F-VALUE FOR ANALYS IS  OF VARIANCE • • •  

STANDARD ERROR OF ESTIMATE . • • • • • . • •  

(ADJUSTED FOR D . F . )  . . • • • • . • • • •  

0 . 76687 
0 . 76676 

2971 . 351 
0 . 414  
0 . 41 41 6  

VARIABLE REGRESSION STD . ERROR OF 
NUMBER COEFFICI ENT REG . COEFF . 

r. O .  10305E+01 0 . 021 .1 2 '  
2 0 . 1 3531 E+00 0 . 01 523 
5 -0 . 96009E-Ol 0 . 01 472 
6 0 . 1 731 3E-01 0 . 00590 
3 -0 . 36450E-01 0. 00679 
7 0 . 1 1 870E+00 0 . 02622 
4 0 . 1 8552E-01 0 . 00459 

I NTERCEPT' 0 . 00053 

TOLERANCE = . 28068E+01 

D- 6 2 

0 . 58810 OF 6064 . 050 

COMPUTED 
T-VALUE 
48 . 782' FLGV19 �DAr 

8 .887 MAI N  TRKS 
-6 . 524 LOG T**2 

2 . 934 LANES 
- 5 . 370 FC 

4 . 528 LOG DT 
4 . 046 POP 



• 

, TABLE D- I O  (con t . )  

STEP 7 

VARIABLE ENTERED • . . . • • 4 

SUM OF SQUARES REDUCED I N  THIS STEP . • • .  

PROPORTI ON REDUCED IN  THIS  STEP • •  ' • • . . • .  

CUMULATIVE SUM OF SQUARES REDUCED • • • • • •  

CUMULATIVE PROPORTION REDUCED • • • • • • • • • .  

FOR 7 VARI ABLES ENTERED 
MULTIPLE CORRELATION COEFFICIENT • • .  

(ADJUSTED FOR D . F . )  . • • • • • • • • . •  

F-VALUE FOR ANALYSIS OF VARIANCE • • •  

STANDARD ERROR OF ESTIMATE • • . • • • • • •  

(ADJUSTED FOR D . F . )  • . • . • • • • • • •  

0 . 76593 
0 . 76582 

2953 . 634 
0 . 41 3 
0 . 41 308 

VARIABLE REGRESSION STD . ERROR OF 
NUMBER COEFFICI ENT REG . COEFF . 
1 0 . 1 0376E+Ol 0 . 021 22 
2 0 . 1 3661 E+OO 0 . 01 524 
5 -0 . 96960E-Ol 0 . 01 473 
6 0 . 1 7777E-Ol 0 .00590 
3 -0 . 36364E-Ol 0 . 00681 
7 0 . 1 2034E+00 0 . 02626 
4 0 . 18788E-01 0 . 00460 

INTERCEPT 0 . 00046 

TOLERANCE = . 28434E+Ol 

D- 6 3  

2 . 84340 
0 . 00047 

3526 . 48691 
0 . 58665 OF 601 1 . 264 

COMPUTED 
T-VALUE 
48 . 901 FLGV1 9 . DAT 

8 . 961 MAIN TRKS 
-6 . 580 LOG T**2 

3 . 01 1  LANES 
- 5 . 341 FC 

4 . 583 LOG DT 
4 . 083 POP 



TAB LE D- I O  (cont . )  

STEP 7 

VARIABLE ENTERED . . • . . .  4 

SUM OF SQUARES REDUCED IN  TH IS STEP . . • • 

PROPORTION REDUCED IN  THIS  STEP • • • • . • • •  

CUMULAT IVE SUM OF SQUARES REDUCED • . • • • • 

CUMULATIVE PROPORTION REDUCED • • . . . • . . . .  

FOR 7 VARIABLES ENTERED 
MULTI PLE CORRELATION COEFFICI ENT • • •  

(ADJUSTED FOR D . F . }  • • • . • • • • • • .  

0 . 76531 
0 . 76520 

2942 . 1 85 
0 . 41 2  
0 . 41 241 

F-VALUE FOR ANALYS IS  OF VAR IANCE • • .  

STANDARD ERROR OF ESTIMATE • . . • • • . • .  

(ADJUSTED FOR D . F . )  • • . . • . • . • • .  

VARIABLE REGRESSION STD . ERROR OF 
NU�1BER COEFFICI ENT REG . COEFF . 

1 . O .  1 0422E+01 0 . 021 28 
2 0 . 1 3737E+00 0 . 01 526 
5 -0 . 97584E-01 0 . 01 475 
6 0 . 1 8064E-01 0 . 00591 
3 -0 . 36259E-01 0 . 00682 
7 0 . 1 21 37E+00 0 . 02629 
4 0 . 1 8944E-01 0 . 00461 

INTERCEPT 0 . 00042 

TOLERANCE = . 28685E+01 

D - 6 4  

2 . 86852 
0 . 00048 

3501 . 38068 
0 . 58570 OF 5978 . 068 

COMPUTED 
T-VALUE 
48 . 979 FLGV1 9 . DAT 

9 . 004 MAI N  TRKS 
-6 . 61 8  LOG T**2 

3 . 058 LANES 
-5 . 31 5  FC 

4 . 61 7  LOG DT 
4 . 1 08 POP 



TABLE D - l l . MI GRAT ION - - GATES - - VOLUME 

STEP 2 

VARIABLE ENTERED . . . . . •  1 

SUM OF SQUARES REDUCED I N  THIS  STEP • • • •  

PROPORTION REDUCED IN  THIS  STEP • • . • • • • •  

I 

CUMULATIVE SUM OF SQUARES REDUCED • • • • • •  

CUMULATIVE PROPORTION REDUCED . • • . • . . . . •  

FOR 2 VARIABLES ENTERED 
MULTI PLE CORRELATION COEFFI C IENT • • .  

( ADJUSTED FOR D . F . )  . • . • • • • . • • • 

F-VALUE FOR ANALYSI S  OF VARIANCE • • •  

STANDARD ERROR OF ESTIMATE • • • • • • • • •  

(ADJUSTED FOR D . F . )  • . • • • • • • . . .  

0 . 791 73 
0 . 791 67 

3262 . 982 
0 . 41 3 
0 . 41 263 

VARIABLE 
NUMBER 

REGRESSION 
COEFFICI ENT 

STD . ERROR OF 
REG . COEFF . 

2 
1 

INTERCEPT 

-0 .  1 9453E+01 
0 . 1 8296E+00 

-0 . 00072 

0 . 0451 8 
0 . 00873 

TOLERANCE = . 74793E+02 

STEP 2 

VARIABLE ENTERED . . . . . .  1 

SUM OF SQUARES REDUCED I N  THIS  STEP . • • .  

PROPORTION REDUCED IN  THIS  STEP • • • • • • . •  

CUMULATIVE SUM OF SQUARES REDUCED • . • . • •  

CUMULATIVE PROPORTION REDUCED • • • . • • • • • •  

FOR 2 VARIABLES ENTERED 
MULTIPLE CORRELATION COEFFICIENT . . •  

(ADJUSTED FOR D . F . ) • . • • • • • . . . •  

F-VALUE FOR ANALYS IS OF VARIANCE • • •  

STANDARD ERROR OF ESTIMATE • • . . • • • . •  

( ADJUSTED FOR D . F . )  . . • . • • • • • . •  

0 . 791 1 1  
0 . 79105  

3249 . 31 3 
0 . 41 1  
0 . 41 1 53 

VARIABLE 
NUMBER 

REGRESSION 
COEFFICI ENT 

STD . ERROR OF 
REG . COEFF . 

2 
1 

INTERCEPT 

-0. 1 9567E+01 
0 . 1 8464E+00 

-0 . 00077 

TOLERANCE = . 751 43E+02 

0 . 04548 
0 . 00876 

D - 6 5  

74 . 79257 
0 . 04221 

1 1 1 0 .82744 
0 . 62684 OF 1 772 . 1 1 8 7  

COMPUTED 
T-VALUE 

-43 . 056 1 
20 . 962 LOG T * LOG C 

75 . 1 4251 
0 . 04274 

1 1 00 . 281 78 
0 . 62585 OF 1 758 .0507 

COMPUTED 
T-VALUE 

-43 . 023 1 
21 .067 LOG T * LOG C 



TABLE D- 1 1  (cont . )  

STEP 2 

VARIABLE ENTERED . . . . . .  1 

SUM OF SQUARES REDUCED IN  TH IS STEP . • • •  

PROPORTION REDUCED IN TH IS  STEP . • . • . . • •  

CUMULAT IVE SUM OF SQUARES REDUCED • . • • • •  

CUMULATIVE PROPORTION REDUCED . • • • • • • • • .  

FOR 2 VARIABLES ENTERED 
MULTI PLE CORRELATION COEFFIC IENT . . •  

(ADJUSTED FOR D . F . ) . . . . . • . • . • .  

F-VALU E FOR ANALYSIS  OF VARIANCE • . • 

STANDARD ERROR OF ESTIMATE • • • • • • • • .  

(ADJUSTED FOR D . F . )  • . . . . • • • . . .  

0 . 79074 
0 . 79068 

3241 . 1 98 
0 . 41 1  
0 . 4 1090 

VARIABLE REGRESSI ON STD . ERROR OF 
NUMBER COEFF ICI ENT REG . COEFF . 
2 -0 .  1 9634E+01 0 . 04566 
1 0 . 1 8563E+00 0 . 00879 

I NTERCEPT -0 . 00080 

TOLERANCE = . 75358E+02 

STEP 2 

VAR IABLE ENTERED . . . . . .  1 

SUM OF SQUARES REDUCED IN  THIS STEP • . • .  

PROPORTION REDUCED IN TH IS STEP . . • . • . • .  

CUMULATIVE SUM OF SQUARES REDUCED . . • . • .  

CUMULAT IVE PROPORTION REDUCED • • • • • • • • • •  

FOR 2 VARIABLES ENTERED 
MULTI PLE CORRELATION COEFFICI ENT • • . 

(ADJUSTED FOR D . F . )  . . . . • • • • . • •  

F-VALUE FOR ANALYS IS OF VARIANCE • • •  

STANDARD ERROR OF ESTIMATE • . . . . . . • .  

( ADJUSTED FOR D . F . )  • . • • . • • • . . .  

0 . 79052 
0 . 79046 

3236 . 407 
0 . 41 0 
0 . 41 053 

VARIABLE 
NUMBER 

2 
1 

INTERCEPT 

REGRESSION 
COEFFICI ENT 
-0.  1 9674E+01 

0 . 1 8621 E+00 
-0 . 00081 

STD . ERROR OF 
REG . COEFF . 
0 . 04576 
0 . 00880 

TOLERANCE = . 75483E+02 

D - 6 6  

75 . 3581 2 
0 . 04306 

1 094 . 1 881 1 
0 . 62527 OF 1 749 . 951 9 

COMPUTED 
T-VALUE 

-43 . 002 
21 . 1 29 

75 . 48342 
0 . 04325 

1 090 . 63530 

1 
LOG T * LOG C 

0 . 62492 OF 1 745 . 2375 

COMPUTED 
T-VALUE 
-42 . 990 1 

21 . 1 66 LOG T * LOG C 



i 

TAB LE D - 1 2 . M I GRAT I ON - - GATES - - COMPREHENS I VE 
STEP 4 

VARIABLE ENTERED . . . . . .  2 

SUM OF SQUARES REDUCED I N  TH IS STEP . • • .  

PROPORTI ON REDUCED IN  THIS  STEP • • . . • • • •  

9 . 3061 5  
0 . 00535 

1 081 . 47261 CUMULATIVE SUM OF SQUARES REDUCED • • • • • •  

CUMULATIVE PROPORTION REDUCED • • • • • • • • • •  . 0 . 621 49 OF 1 740 . 1 2949 

FOR 4 VARIABLES ENTERED 
MULTIPLE CORRELATION COEFFICI ENT • • •  

(ADJUSTED FOR D . F . )  • . • • • • • • • • .  

0 . 78835 
0 . 7881 6 . 

1 593. 91 0  
0 . 41 2 
0 . 41 202 

F-VALUE FOR ANALYSI S  OF VARIANCE • • •  

STANDARD ERROR OF ESTIMATE . • • • • • • • •  

(ADJUSTED FOR D . F . )  • • • • • • • • • • •  

VARIABLE 
NUMBER 

1 
3 
4 
2 

INTERCEPT 

REGRESSION 
COEFFIC I ENT 
0 . 73828E+00 
0 . 1 8987E+00 

-0 . 83597E+00 
0 . 92437E-01 

-0 . 00044 

TOLERANC� = . 93061 E+01  

STD. ERROR OF 
REG . COEFF . 

0 . 05205 
0 . 01 958 
0 . 091 37 
0 . 0 1 248 

D - 6 7  

COMPUTED 
T-VALUE 
1 4 . 1 84 
9 . 698 

-9 . 1 50 
7 . 407 

GATE09 
TRACKS 
1 
LANES 



TABLE D - 1 2  (cont . )  

STEP 4 

VARIABLE ENTERED • . • . • .  2 

SUM OF SQUARES REDUCED IN  TH IS STEP . • . .  

PROPORTI ON REDUCED IN  THIS  STEP • • . . • . • • 

CUMULATIVE SUM OF SQUARES REDUCED . . . . . •  

CUMULATIVE PROPORTION REDUCED • • . • • • • . • •  

FOR 4 VARIABLES ENTERED 
MULTIPLE CORRELATION COEFF ICI ENT • . •  

( ADJUSTED FOR D . F . )  . . . . • . • • . • •  

F-VALUE FOR ANALYSIS  OF VAR IANCE . • •  

STANDARD ERROR OF ESTIMATE • . • • • . • • •  

(ADJUSTED FOR D . F . )  • • • • • . . • • • •  

0 . 78784 
0 . 78765 

1 588 . 51 8  
0 . 41 1 
0 . 41 1 1 6  

VARIABLE REGRESSION STD. ERROR OF 
NUMBER COEFFICI ENT REG . COEFF . 

1 0 . 74646E+00 0 . 0521 9 
3 0 . 1 9067E+00 0 . 01 960 
4 -0 . 83634E+00 0 . 091 51 
2 O . 93149E":01 0 . 0 1 249 

INTERCEPT -0 . 00048 

TOLERANCE = . 93955E+01 

D - 6 8 

9 . 39554 
0 . 00543 

1 073 . 34786 
0 . 62069 OF 1 729 . 2753 

COMPUTED 
T-VALUE 

1 4 . 244 GATE09 
9 . 728 TRACKS 

.. 9 . 1 39 1 
7 . 458 LANES 

.. 



i 

TABLE D - 1 2  (cont . )  

STEP 4 

VARIABLE ENTERED • . • • . .  2 

SUM OF SQUARES REDUCED IN  THIS  STEP • • • • 

PROPORTI ON REDUCED IN THIS STEP • • • • • • • •  

CUMULATIVE SUM OF SQUARES REDUCED • • • • • •  

CUMULATIVE PROPORTION REDUCED • • • . • • • . • • 

FOR 4 VARIABLES ENTERED 
MULTIPLE CORRELATION COEFFICIENT . • •  

( ADJUSTED FOR D . F . } • • • • • • • • • • •  

F-VALUE FOR ANALYSIS OF VARIANCE • • •  

STANDARD ERROR OF ESTIMATE • . • • • • • • •  

(ADJUSTED FOR D . F . } • • • • • • • • • • •  

0 . 78754 
0 . 78735 

1 585 . 287 
0 . 41 0  
0 . 4 1065 

VARIABLE REGRESSION STD. ERROR OF 
NUMBER COEFFICI ENT REG . COEFF . 

1 0 . 74660E+00 0 . 05228 
3 0 . 1 91 1 3E+00 0 . 01 961 
4 -0 . 83649E+00 0 . 091 60 
2 0 . 93574E-01 0 . 01 250 

INTERCEPT -0 . 00050 

TOLERA�CE = . 94491 E+01 

D-69 

9 .44909 
0 . 00548 

1 068 . 51 498 
0 . 62021 OF 1 722 . 81 9 69 

COMPUTED 
T-VALUE 
1 4 . 28 1  GATE09 

9 . 745 TRACKS 
-9 . 1 32 1 

7 . 488 LANES 



TAB LE D - 1 2 . (cont . )  
STEP 4 

VARIABLE ENTERED . • • • . .  2 

SUM OF SQUARES REDUCED I N  THIS STEP . . • .  

PROPORTI ON REDUCED IN THI S  STEP • . • . • • . .  

9 . 481 20 
0 . 00552 

CUMULATIVE SUM OF SQUARES REDUCED • • • • • .  

CUMULATIVE PROPORTION REDUCED . • • • . • . • • •  

1 06 5 . 62402 

FOR 4 VARIABLES ENTERED 
MULTIPLE CORRELATION COEFFICIENT . • .  

( ADJUSTED FOR D . F . ) • . • . • • • • . • •  

F-VALUE FOR ANALYS I S  OF VARIANCE . . •  

STANDARD ERROR OF ESTIMATE • . . • . . • • .  

(ADJUSTED FOR D . F . )  • • . • . • • . • . .  

0 .78735 

0 . 7871 7 

1 583 . 367 

0 . 41 0  

0 . 41 034 

VARIABLE REGRESSION STD . ERROR OF 
NUMBER COEFFICI ENT REG . COEFF . 

1 0 . 74949 E+00 0 . 05233 

3 O .  1 9 1  39E+00 0 . 0 1 962 

4 -0 . 83656E+00 , 0 . 09 1 65 

2 0 . 93829E+0 1 0 . 01 250 

I NTERCEPT -0 . 00051 

TOLERANCE = . 9481 2 E+01 

D - 7 0  

0 . 1 6993 OF 1 71 8 . 9497 

COMPUTED 
T-�8LUE 
1 4 . 303 GATE09 

9 . 755 TRACKS 
-9 . 1 23 1 

7 . 507 LANES 

�. 



TAB LE D- 13 . SELECTI ON REGRESSI ON - - GATES 

STEP-WI SE MULTI PLE REGRESS ION . . . • .  GAT098 

NUMBER OF OBSERVATIONS 3888 
NUMBER OF VARIABLES 20 
NUMBER OF SELECTIONS 1 

CONSTANT TO L IMIT VARIABLES 0 . 00000 

VARIABLE 
NO . 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
1 1  
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
1 8  
1 9  
20 

MEAN 

0 . 62589 
1 . 59555 
0 . 901 00 
5 . 61 657 

1 4 .801 79 
0 .4691 6 
0 . 44779 
0 . 24501 
0 . 1 1 621 

20 . 61 505 
0 . 46042 
1 . 20522 
2 . 1 6860 
0 . 2851 9 
0 . 29478 
4 .31 561 
1 . 1 7982 
0 . 73989 
0 . 46930 

-0 . 001 1 8  

STANDARD 
DEV IATION 

0 .3 5024 
0 . 69239 
0 . 71 782 
3 . 201 56 

35 .3 1 585 
0 . 29430 
0 .31 509 
0 . 2781 5 
0 . 1 91 08 

1 2 . 61 789 
0 . 1 5788 
1 .01 1 1 0 
0 . 80058 
0 .32094 
0 . 25227 
3 . 60533 
0 . 67300 
0 .471 98 
0 . 1 4 1 33 
0 .41 014 

D - 7 1  

VAR IABLE 

LOG T 
LOG C 
LOG T **2 
LOG C **2 
T*C/5000 
LOG N IlE 
LOG DAY THRU 
LOG SWITCH 
U=O R=l Forced out 
MAX SPEED 
HWY PAVED 
·POP 
FC 
NRBY X I NG HWY 
RR ADV WARN 
TRUCKS 
LANES 
TRACKS 
1 
ACC=l NOACC=-l 



TABBE D - 1 3  ( cont . )  

STEP 4 

VARIABLE ENTERED . . . . . .  1 8  

SUM OF SQUARES REDUCED IN  TH IS STEP • • • •  

PROPORTION REDUCED IN  THI S  STEP • • • • • • . •  

CUMULATIVE SUM OF SQUARES REDUCED • • • • . •  

CUMULATIVE PROPORTION REDUCED • • • • • • • • • •  

FOR 4 VARIABLES ENTERED 
MULTIPLE CORRELATION COEFFICIENT • • .  

(ADJUSTED FOR D . F . ) • • • . • • • • • • •  

F-VALUE FOR ANALYS I S  OF VARIANCE • • •  

STANDARD ERROR OF ESTIMATE • • . • • • . • •  

(ADJUSTED FOR D . F . )  . • • • • . • • • • .  

0 . 1 0062 
0 . 09674 
9 . 928 
0 . 408 
0 . 40843 

VARIABLE 
NUMBER 

REGRESSION 
COEFFICI ENT 

STD. ERROR OF 

1 5  
1 7  
4 

1 8  
I NTERCEPT 

-0 . 84977E-01 
0 . 63007E-01 

-0 . 1 51 91 E-Ol 
0 . 53622E-01 

-0. 00482 

TOLERA�CE = . 1 8704E+Ol 

REG . COEFF . 
0 . 02703 
0 .0 1 467 
0 . 00351  
0 . 01 601 

D- 7 2  

1 . 87037 
0 . 00286 

6 . 61 961 
0 . 01 01 2  OF 653 . 871 29 

COMPUTED 
T-VALUE 
-3 . 1 44 RR ADV WARN 

4 . 295 LANES 
-4 . 332 LOG C **2 

3 . 350 TRACKS 

'. 



.. -

TABLE D- 1 3  (cont . )  

STEP 6 

VARIABLE ENTERED . . . • • •  1 2  

SUM OF SQUARES REDUCED I N  THIS STEP • • • •  

PROPORTION REDUCED IN THIS STEP • • • • • • • •  

CUMULATIVE SUM OF SQUARES REDUCED • • • • • •  

CUMULATIVE PROPORTION REDUCED • • • • • • • • • • 

FOR 6 VARIABLES ENTERED 
MULTIPLE CORRELATION COEFFICI ENT • • •  

(ADJUSTED FOR D . F . ) • . • • • • • • • • •  

F-VALUE FOR ANALYSIS OF VARIANCE • • •  

STANDARD ERROR OF ESTIMATE • • • • • • • • •  

(ADJUSTED FOR D . F . ) • • • • • • • • • • •  

0 . 1 2549 
0 . 1 2033 

1 0 . 349 
0 . 407 
0 . 40748 

VARIABLE REGRESSION STD. ERROR OF 
NUMBER . COEFFICI ENT REG . COEFF . 

1 5  - 0 .  54843E-01 0 . 02777 
1 7  0 . 67561 E-01 0 . 01 488 
4 -0 . 1 691 7E-01 0 . 00379 

18  0 . 91 51 8E-1 0 . 01 940 
1 3  -0 .  32339E-01 0 . 00770 
1 2  0 . 24023E-01 0 . 0091 8 

INTERCEPT . 0 . 00376 

TOLERANCE = . 1 1 353E+01 

D- 7 3  

1 . 1 3532 
0 . 001 74 

1 0 . 29687 
0 . 01 575 OF 653 . 871 29 

COMPUTED 
T-VALUE 

-1 . 975 RR ADV WARN 
4 . 539 LANES 

-4 . 461 LOG C **2 
4 . 71 8  TRACKS 

-4 . 201 FC 
2 . 61 7  POP 



TAB LE D - 1 3 . (cont . )  

STEP 8 

VARIABLE ENTERED • • . • • •  1 9  

SUM OF SQUARES REDUCED I N  THIS STEP • • • •  

PROPORTI ON REDUCED IN THIS  STEP • . • • • • • •  

CUMULATIVE SUM OF SQUARES REDUCED • • • • • •  

CUMULATIVE PROPORTION REDUCED • • • • • • . • • •  

FOR 8 VARIABLES ENTERED 
MULTI PLE CORRELATION COEFFICIENT • • •  0 . 1 3061 

( ADJUSTED FOR D . F . ) • • • • • • • • • • •  0 . 1 2363 
F-VALUE FOR ANALYSI S  OF VARIANCE • • •  8 .41 5 
STANDARD ERROR OF ESTIMATE • • • • • • . • .  0 . 407 

(ADJUSTED FOR D . F . )  . • • • • • • • • • •  0 .40742 

VARIABLE 
NUMBER 

1 5  
1 7  
4 

1 8  
1 3  
1 2  

5 
1 9  

INTERCEPT 

REGRESSION 
COEFFICI ENT 
-0 . 67447E-0l 

0 . 63681 E-01 
-0 . 1 7725E-01 

0 . 90256E-01 
-0 . 5021 1 E-01 
0 . 26743 E-01 

-0 .40299E-03 
0 . 1 2433E+00 
0 . 00061 

TOLERANCE = . 21 245E+00 

STD. ERROR OF 
REG . COEFF . 
0 .02891 
0 . 01 535 
0 . 00520 
0 . 021 05 
0 . 01 33 2  
0 . 00930 
0 . 00026 
0 . 1 0980 

D- 7 4  

0 . 21 245 
0 .00032 

1 1 . 1 5425 
0 . 01 706 OF 653 . 871 29 

COMPUTED 
T-VALUE 
-2 .333 
4 . 1 50 

-3 . 407 
4 . 287 

-3 . 769 
2 .877 

-1 . 536 
1 . 1 32 

RR ADV WARN 
LANES 
LOG C **2 
TRACKS 
FC 
POP 
T*C/5000 
1 

.. 



TABLE D- 1 3  (cont . )  

STEP 1 0  

VARIABLE ENTERED . . . . . . 6 

SUM OF SQUARES REDUCED IN  TH IS STEP • • • •  

PROPORTI ON REDUCED IN THIS  STEP • • • • • • . •  

0 . 94393 
0 . 001 44 

CUMULATIVE SUM OF SQUARES REDUCED . . . . . .  1 2 . 33853 
CUMULATIVE PROPORTION REDUCED . . . . . . . . . .  0 . 01 887 OF 653 . 871 29 

FOR 1 0  VARIABLES ENTERED 
MULTIPLE CORRELATION COEFFICIENT . . .  0 . 1 3737 

( ADJUSTED FOR D . F . ) • • • • . • . • . • •  0 . 1 2881 
F-VALUE FOR ANALYSIS OF VARIANCE . . .  7 . 457 
STANDARD ERROR OF ESTIMATE . • . . • • • . •  0 . 407 

(ADJUSTED FOR D . F . )  . • . . • . . . • • .  0 . 40725 

VARIABLE 
NUMBER 

1 5  
1 7  
4 

18  
1 3  
1 2  
5 

1 9  
3 
6 

INTERCEPT 

REGRESSION 
COEFFICI ENT 
-0 .  68688E-01 

0 . 61 075E-01 
-0. 20093E-01 

O .  1 0328E+00 
-0 . 48599E-01 

0 . 3071 1 E-01 
-0 . 87022E-04 

0 . 851 67E-01 
-0 . 96446E-01 

0 . 21 333E+00 
-0. 00004 

TOLERANCE = . 94303E+00 

STD . ERROR OF 
REG . COEFF . 

0 . 02892 
0 . 01 541 
0 . 00547 
0 . 02290 
0 . 01 333 
0 . 00950 
0 . 00032 
0 . 1 2062 
0 . 03625 
0 . 08932 

D - 7 5/D- 7 6  

COMPUTED 
T-VALUE 

-2 . 375 RR ADV WARN 
3 . 964 LANES 

-3 . 673 LOG C **2 
4 . 51 0  TRACKS 

-3 . 646 FC 
3 . 234 POP 

-0 . 270 T*C/5000 
0 . 706 1 

-2 . 661 LOG T **2 
2 . 388 LOG NITE 
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APPEND I X  E 

EXP ECTED ACC I DENT FREQUENCY P LOTS AND EOC P LOTS 

F igure s E - l  through E - 8  g ive expe c t ed acc i dent frequency p e r  
year versus p ercent o f  al l cros s ing s  which a r e  more haz ardous ( for 
a g iven h a z ard index and warn ing dev i ce c l as s ) . (See Se c t ion 4 . 3 . ) 

F igures E - 9 t hrough E - l l  give the  p ercent o f  a l l acci dent s  versus 
percent o f  a l l  cro s s ings ( for a g iven h a z ard index and warning d e ­
v i c e  c l as s ) . The resu l t ing p l o t s  o f  F i gures E - 9 t hrough E - l l  are 
EOC curves .  ( Se e  Se c t i on 4 . 1 . )  

E - l 
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APPEND IX F 

DATA BASES 

The inventory data used in  th i s  s tudy were der ived from two 
source s :  a t ape cont a i n ing the  inventory character i s t i c s  o f . a l l  
pub l i c ra i l road cro s s ing s  in  t he U . S . , and a t ape con tain ing t h e  
inventory charact e r i s t ic s  o f  ra i l road c ro s s ings  wh ich  had an 
ac c i dent in  1 9 7 5 . * Those  cro s s ing s wh i ch had mu l t ip l e  acc iden t s  
are repeated fo r every acc ident t hey had . Thus , i f  a cro s s ing had 
t h ree acc i dents  in  1 9 7 5 , the t ape would cont a in three account s of 
i t s  i nventory characteri s t i c s . 

There were 2 1 9 , 1 6 2  pub l i c  rai l road cro s s ings  i n  ex i s tence in 
1 9 7 5 .  I nc luded i n  the  ac c i dent t ap e  we re 8 , 0 2 8  cro s s i ng s , o f  
wh ich  9 4 3  '''e re repe t i  t ive . T a b l e  F - l dep i ct s  t h e  format for t h e s e  
two t apes . Many of t h e  fields  in t h i s  tab l e  were descript ive i n  
nature and hard t o  quant i fy .  The s e  f i e ld s  were ex tracted from t he 
data  base . T he resul t ant da ta  base  i s  shown in  Tab l e  F - 2 ,  wh i l e  
Table F - 3 dep i c t s  t he ac c i d ent data  base  and the non - ac c i dent data  
base broken down into warn ing device  c l a s s . Tab l e  F - 4 s hows the 
rep et it ive nature o f  the acc ident dat a base , wh i l e  Tab l e  F - 5 
dep i c t s  the data s e t s  used in  the i terative non l inear regre s s i on . 

* Some o f  the 1 9 7 5  acc i den t s  d i d  not appear in  the dat a base  of t h e  
second t ape because t hey could n o t  b e  l inked to  cros s i ng s . See 
Sub s e c t ion 2 . 3 . 1 .  
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LOC 
1 
8 

1 4  
2 0  

2 1  
2 3  
2 4  
2 7  
2 9  
3 3  

34  
3 8  
5 2  
6 6  
7 3  
9 0  

1 0 0 
1 0 6 
1 2 1  
1 2 7  
1 3 7 

1 3 8 

1 3 9  

1 4 0  

1 4 1  
1 56 

1 5 7  

LEN 
7 
6 
6 
1 

2 
1 
3 
2 
4 
1 

4 
1 4  
1 4  

7 
1 7  
1 0  

6 
1 5  

6 
1 0  

1 

1 

1 

1 

1 5  
1 

6 

TYPE 
CH 
CH 
CH 
CH 

Z D  
CH 
Z D  
ZD  
ZD  
CH 

CH 
CH 
CH 
CH 
CH 
CH 
Z D  
CH 
Z D  
CH 
CH 

CH 

CH 

CH 

CH 
CH 

ZD 

TAB L E  F - 1 .  I NV ENTORY DATA BAS E 

DESCRI PT I ON 
C ro s s ing number ( 6  dig i t s  & check d i g i t) 
Beg i n  dat e (YYMMnD format ) 
End date  ( YYMMDD fo rma t or 9 9 9 9 9 9 )  
C ro s s ing s t atus ( I - change d , 2 - new , 3 - closed , 
4 - chang e in  p l a c e )  
S t a t e  code 
' C '  
Coun ty code 
S t a t e  code 
C i ty code 
I s  c i ty code fo r c i ty or n e ares t c i ty ?  
( I - nearest  c i ty ,  O - c i ty) 
Ra i l road code 
Ra i l road d i v i s i on or reg i on 
Ra i l road subd i v i s ion or reg ion 
H i g hway numb e r  
S t re e t  or road name 
Ra i l road I D  numb er 
T ime t a b l e  s ta t i on 
Branch or l ine name 
Mi lepo s t  ( p i c  9 9 9 9V 9 9 )  
Coun ty map re fe rence numb e r  
Cro s s ing type ( I - pede s t r i an , 2 - pr ivat e , 
3 - pub l i c )  
Cro s s ing pos i t i on ( I - at g rade , 2 - RR under , 
3 - r r over)  
P r i vate cros s i ng lo cat i on ( I - farm , 2 - res i dent i a l  
3 - recreat i ona l , 4 - indus t r i a l )  
Pr ivate s igns  o r  s i gna l s  ( b l ank - no t  a p r ivate 
c r o s s ing I - s i gns , 2 - s i gnal s , 3 - no s igns  or 
s ignal s ,  4 - both s i gns  and s ignal s )  
Pr ivat e s ig n  o r  s i gnal d e s c r ip t ion 
Form in i t ia t o r  ( I - ra i l road , 2 - s ta t e , 3 - DOT , 
4 - f i le  c r ea t i on )  
B a t c h  numb er 

F - 2 



LOC 
1 6 3  
1 6 4  
1 6 6  

LEN 
1 
2 
5 

TABLE F - l .  I NVENTORY DATA BASE ( cont . )  

TYPE 
CH 
CH 
Z D  

U s e r  code 
Da te  updated 
L i nk F i e l d  

DESCR I PT I ON 

Rema inde r o f  f i elds  wi l l  be bl ank unl e s s  cro s s ing i s  pub l i c  at  
g rade . 
1 7 1 
1 7 3  
1 7 5  
1 7 7  
1 7 9 
1 8 0  
1 8 3  
1 86 
1 8 9  
1 9 0  
1 9 2  
2 0 2  

2 0 3  

2 1 9  

2 2 0  

2 36 

2 3 7  
2 3 8 
2 3 9 
2 4 0  
2 4 1  
2 4 2  

2 
2 
2 
2 
1 
3 
3 
3 
1 
2 

1 0  
1 

1 6  

1 

1 6  

1 

1 
1 
1 
1 
1 

1 0  

Z D  
Z D  
Z D  
ZD 
Z D  
Z D  
Z D  
Z D  
Z D  
Z D  
CH 
ZD  

CH 

ZD  

CH 

Z D  

Z D  
Z D  
Z D  
Z D  
Z D  
CH 

Numbe r of d ayl i g ht thru t r ains  
Numbe r  o f  dayl ight swi tch t ra i n s  
Numb er o f  n i ght thru t r a i n s  
Numb e r  o f  n ight switching t r ains 
L e s s  than one t r a i n  pe r day?  ( O - no ,  I - y e s )  
Max imum t ime tab le  speed 
Typ i cal  m i n imum s pe ed 
Typ ical  max imum s peed 
Numbe r  of main  t racks 
Numbe r o f  other t racks 
Desc r ipt i on of ot her t r acks 
Doe s  another ra i l road ope rate a s epara t e  
t r a c k  at cro s s ing ?  ( I - ye s , 2 - no)  
L i s t  o f  other  r a i l roads w i th s epa rate  track 
( four characters  e ach) 
Doe s ano ther ra i l road operate over your t rack 
at cross i ng ( I - ye s , 2 - no)  
L i s t  o f  other  ra i l road s on s ame t rack ( 4  
characters  each) 
Highe s t  warning dev i ce c l a s s  at cros s ing 8 - gates , 
7 - f l as h ing l i ghts , 6 - hi ghway s i gnal s , w i gwags , o r  
be l l s , 5 - spec i a l  warn ing , l - cro s s buck s , 3 - s top 
s i gns , 2 - other s ignal or s i gnal s , I - none of the 
above ) 
Numb e r  o f  r e fl ec t o r i zed cros sbuck s  
Numb e r  of non - re f lecto r i z e d  cro s sbucks 
Numb e r  of s tandard h i ghway s top s i gns 
Numbe r  of o t he r  s t op s igns  
Numb e r  o f  other  s igns ( 1 )  
Des c r ipt ion o f  othe r s i gns  ( 1 )  
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LOC 
2 5 2  
2 5 3 
2 6 3  
2 6 4  
2 6 5 

2 6 6  

2 6 7  
2 6 8  
2 6 9  
2 7 8 
2 7 9 
2 8 0  
2 8 1  

3 0 1  

3 0 2  
3 0 3  

3 0 4  

3 0 5  

3 0 6 

3 0 7  
3 0 8  

3 0 9  
3 1 0  
3 1 1 

3 1 2  

LEN 
I 

1 0  
I 
1 
I 

I 

1 
1 
9 
I 
1 
I 

2 0  

1 

I 
I 

I 

I 

I 

I 
I 

I 
1 
1 

I 

TAB LE  F - l .  I NVENTORY DATA BAS E ( cont . )  

TYPE DESC R I PT I ON 
Z D  Numb e r  o f  other  s igns  ( 2) 
CH 
Z D  
Z D  
Z D  

Z D  

Z D  
Z D  
CH 
Z D  
ZD  
Z D  
CH 

Z D  

Z D  
Z D  

Z D  

Z D  

Z D  

Z D  
Z D  

Z D  
Z D  
Z D  

Z D  

De s c r ipt ion of  other  s ig n s  ( 2 )  
Numb er o f  red and wh i t e  r e f l e c t o r i zed  g a t e s  
Numb e r  o f  o t he r  c o l ored g a t e s  
Numb e r  o f  cant i l eve red f l a s hi ng l ig h t s  over 
t r a f f i c  l a ne s 
Numbe r  o f  c ant i l evered fl ashing l i ght s not over 
t r a f f i c  l anes  
Number of  ma s t  moun ted f l a s h ing l ig h t s  
Numbe r  of  other f l ash i ng l i ghts  
Descr ipt i on of  other  f l a shing l ig h t s  
Numb er o f  highway t r a f f ic  s i gna l s  
Number o f  wi gway s 
Numb e r  o f  bel l s  
De s cr ip t i on o f  spe c i a l  warn ing no t train  
a c t ivated 
Is  track equ ipped w i t h any s i gns or s igna l s  
( I - no ,  O - y e s )  
I s  comme rc i a l  powe r ava i l ab l e ?  ( 2 -no , I - ye s )  
Me thod o f  s i gn al l ing for t r a i n  operat i on : 
I s  track equ i pped w i t h  s i gnal s ?  ( 2 - no , I - y e s )  
Doe s  c r o s s ing  prov i de speed s el e c t ion ( I - y e s , 
2 - no , 3 - N/A)  
Type of  deve l opment ( I - open space , 2 - r e s i dent i a l , 
3 - commerc i a l , 4 - i ndus t r i a l , S - ins t i tut ion a l )  
I s  h ighway pave d ?  ( 2 - no , I - ye s )  (No t e  
d i f fe rent coding i n  B . 5 . 1 . 3 ) 
Doe s  track run down a s t reet  ( 2 - no ,  I - ye s )  
Pavement markings ( l - s t op l ine , 2 - RR X ing 
symbo l ,  3 - none , 4 - both s top l i nes  and RR X ing 
symbo l s )  
Nearby i n t e r s e c t i ng highway ? ( 2 - no , I - yes)  
RR  advance warn i ng s i gns  pres ent ( 2 - no , I - ye s )  
Sma l l e s t  c ro s s i ng ang l e  ( 1 - 0  to  2 9  degree s , 
2 - 30 to 5 9  degree s , 3 - 6 0  to 9 0  deg r e e s )  
C ro s s ing surfa c e  

F - 4  
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LOC LEN 
3 1 3 1 
3 1 4  1 

3 1 5  

3 1 6  
31 8 

3 2 0  
3 2 6  

1 

2 
2 

6 
2 

TABLE F - I . I NVENTORY DATA BASE ( cont . )  

TYPE 
ZD  
ZD  

ZD  

ZD  
ZD  

Z D  
Z D  

DESCRI PT I ON 
Number o f  traff i c  l anes 
Are t ruck pul l out l anes  p re s ent?  ( 2 - no ,  
I - ye s )  
I s  c ro s s i ng o n  s t a t e  highway system 
( 2 - no ,  I - ye s )  
Highway sys tem 
Fun c t ional c l a s s i fi ca t i on o f  road over 
cross ing (The tens d i g i t  codes popu l a ti on . )  
E s t imated  MDT 
E s t imated percent t rucks 
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LOC 
1 
8 

1 0  
1 3  
1 7  
2 4  
26  
2 8  
3 0  
32  
3 3  
36 
39 
4 2  
4 3  
4 5  

4 6  

4 7  

4 8  
4 9  
5 0  
S I  
5 2  
5 3  
5 4  
S 5  
S 6  

S 7  

LEN 
7 
2 
3 
4 
7 
2 
2 
2 
2 
1 
3 
3 
3 
1 
2 
1 

1 

1 

1 
1 
1 
1 
1 
1 
I 
1 
1 

1 

TABLE F - 2 .  EXT RACTED I NVENTORY DATA BASE 

C ro s s ing numb e r  
State  code 
C oun ty Code 
Ra i l road Code 
H ig hway nubmer 

DESCRI PT I ON 

Numb e r  o f  d ayl i g h t  t ru t ra in s  
Numb e r  o f  d ay l ight swi tch trains  
Numb e r  o f  night  th ru t r a ins 
Number of n i ght swi tch t r a i n s  
L e s s  than one t ra i n  per day ? ( O - no , I - ye s )  
Max imum t ime tab l e  speed 
Typ i cal m i nimum speed 
Typ ical  maximum speed 
Numb er of  ma in t racks 
Numb e r  of ot her t r acks 
Do e s  ano t he r  ra i l road operate on a separate 
t rack at cros s i ng ? ( I - ye s , 2 - no )  
Does ano ther  ra i l road operate ove r your t rack 
at cros s ing ( I - ye s , 2 - no)  
Highest

.
warn �ng d ev i ce . c l as s  a� cros s ing  ( 8 - g at e s , 

7 - f l ash lng
.

l l ghts , 6 - h I ghway s Ignal s , w i gwag s , or 
b e l l s , 5 - s I gnal  warn ing , 4 - crossbu cks , 3 - s t op 
s i gns , 2 - othe r  s i gns or s i gnals , I - none ) 
Numbe r  o f  re f l e c t o r i zed c ros sbuc k s  
Numb e r  o f  non - reflecto r i z e d  cro s s buck s 
Numbe r  o f  s t andard highway s t op s igns  
Numb e r  o f  other s t op s i gns  
Numb er of  other s i gns ( 1 ) 
Number o f  other  s i gns ( 2 )  
Numbe r  o f  red and w h i t e  refl ecto r i zed gat e s  
Numb e r  o f  other c o l o red g at e s  
Numbe r  o f  c ant i l eve red fl ashi ng l i ghts  ove r 
t ra ff i c  l anes  
Numb e r  of  cant i l eve red f l a s hing l ig h t s  no t ove r 
t ra f f i c  l anes  
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LOC 
5 8  
5 9  
6 0  
6 1  
6 2  
6 3  

64  

6 5  

6 6  

6 7  
6 8  
6 9  

7 0  
7 1  

7 2  

7 3  
7 4  
7 5  
7 6  

7 7  
7 9  
8 1  
8 7  

T A B L E  F - 2 .  EXTRACTED I N VENTORY DATA BASE ( cont . )  

LEN 
I 
I 
I 
I 
1 
I 

1 

1 

1 

1 
1 
1 

1 

I 
1 

1 
1 
1 
I 

2 
2 
6 
2 

DES CRI PT I ON 
Numbe r  o f  most  mounted f l a s h i ng l ight s 
Numb e r  o f  other f l ashing l i ghts  
Number o f  highway traffic  s i gnal s 
Numbe r  o f  wigwag s 
Numb e r  o f  b e l l s  
I s  track equipp ed w i th any s igns o r  s ignal 
( 1 - no ,  O - y e s )  
Me thod o f  s i gn a l l i ng f o r  t rain  ope rat i on : I s  
t rack equipped w i t h s igna l s ?  ( 2 - no ,  I - ye s )  
Does c ro s s ing prov i de speed s e l e c t ion ( I - ye s  
2 - no 3 - N/A) 
Type o f  deve l opment ( I - op en spos e ,  2 - res i dent i a l  
3 - comme rc i a l , 4 - indust r i a l , 5 - ins t i tut ional )  
I s  hi ghway paved? ( 2 - no ,  I - y e s )  
Doe s track run down a s t reet ( 2 - no ,  I - ye s )  
Pavement mark ings ( l - s topl ine , 2 - RR c ro s s i ng 
symbo l  3 - none , 4 - both s topl ines and RR X i ng 
symbol ) 
Nearby inter sect i ng highway ? ( 2 - no ,  I - yes)  
RR advance warn ing s i gns p re s ent ( 2 - no .  I - y e s )  
Sma l l e s t  cro s s i ng ang l e  ( 1 - 0  t o  2 9  degree s , 
2 - 3 0 to 5 9  degrees , 3 - 6 0  to  9 0  deg r ee s )  
Cross ing Sur face 
Numb e r  of t r a f f i c  l anes 
Are t ruck pul lout l ane s p resent  ( 2 - no , I - ye s )  
I s  cro s s ing on s ta te highway sy s t em ( 2 - no ,  
I - ye s )  
H i g hway Sys tem 
Funct ional  c l a s s i ficat i on o f  road over cro s s i ng * 
Est imated AADT 
E s t imat e d  pe rcent t rucks 

*T he t ens  d i g i t  of LOC 7 9  codes popu l a t ion . See Refer enc e 4 .  
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TABLE  F - 3 .  BREAKDOWN BY WARN I NG DEV I CE CLASS 

Warn ing Devi ce C l a s s  Non - Ac c i dent Acc i dent 
G a t e s  1 1 , 9 8 3  7 0 7  
F l a s h i ng L ig h t s  3 3 , 9 6 9 2 , 6 5 0  
H i ghway s i gna l s ,  wig'oJag s ,  b e l l s  3 , 3 9 5  1 6 9  
Spec i a l  warning 8 , 4 1 8  2 1 6 
Cros s buck s 1 4 1 , 4 7 7  3 , 9 6 9  
S t andard h ig hway s top s igns 3 , 5 2 5  1 0 9  
Other s i gns 1 , 0 7 9  1 5 
None 1 5 , 3 1 6  1 9 3  

2 1 9 , 1 6 2  8 , 0 2 8  

TAB LE F - 4 . B REAKDOWN BY MULT I - ACC I DENTS 
ff Acc iden t s  H Cros s i nss # ReEet i t ions 

1 6 , 34 4  ° 
2 6 0 9  6 0 9  
3 96  1 9 2  
4 2 1  6 3  
5 9 36  
6 0 0 
7 2 1 2  
8 2 1 4  
9 1 8 

1 0  1 9 
7 , 0 85  9 4 3  

To t a l  s amp le  s i ze = 8 , 0 2 8  
T o t a l  numb e r  o f  repe t i t i ons = 9 4 3  
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TAB L E  F - 5 .  COMPOS I T I ON O F  D I SJO I NT DATA BAS ES USED FOR �IDDE L CONSTRUCT I ON AND TEST I \G 

TEST DATA BASE ( SUBDATA BASE B OF F I GURE 2 - 1 )  
F l as h ing Wig \vags Cros s - Stop Other  

G a t e s  L i�h t s  Be l l s  SEe c i a l  bucks S ign S ign None To t a l  
Ac c i den t 3 5 4  1 , 3 2 4  8 5  1 0 8  1 , 9 84 5 5  8 9 6  4 , 0 1 4  
Non - ac c i dent  3 , 5 3 5 1 3 , 2 5 0  4 8 5  1 , 1 7 7  2 0 , 1 8 8  4 9 3  1 4 7  2 , 2 0 3  4 1 , 4 7 8  
To t a l  3 , 8 8 9 1 4 , 5 7 4  5 7 0 1 , 2 8 5 2 2 , 1 7 2  5 4 8  1 5 5 2 , 2 9 9  4 5 , 4 9 2  

VAL I DAT I ON DATA BASE ( SUBDATA BASE A O F  F I GURE 2 - 1 )  
Acc i dent 3 5 3  1 , 3 2 6  8 4  1 0 8 1 , 9 8 5  5 4  7 9 7  4 , 0 1 4  
Non - ac c i dent 3 , 5 3 5  1 3 , 2 50 4 8 7 1 , 1 7 8 2 0 , 1 8 8 4 9 3  1 4 7  2 , 2 04 4 1 , 4 8 2  
T o t a l  3 , 8 8 8  1 4 , 5 7 6 5 7 1  1 , 2 86 2 2 , 1 7 3 5 4 7 1 5 4 2 , 3 0 1  4 5 , 4 9 6  
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APPENDI X  G 

NONLI NEAR ( LOG I ST IC) VERSUS L I NEAR CONSTRUCT I ON 

AN EXPERIMENT TO COMPARE THE L I NEAR MODELS W I TH THE LOG I ST I C  
MODELS 
Cons i de rab l e  t ime had e l ap s e d  ( an d  corre spond ing exp eri ence 

g a i ned) b e twee n  the deve l opment of the  b e s t c omprehen s ive  l in e ar 
mode l s  8 - C  and 8 - D  and t he corre sponding comprehens i ve l og i s t i c  
mode l s  which a r e  reported a s  the b e s t  TSC mod e l s  in  t h i s  report . 
Con s equen t ly , i t  s eemed des i rab le  to  obt a i n  s ome compari son o f  the 
e ar l ier l i ne ar mode l s  w i t h  the l at e r  l og i s t i c  mode l s . The e ar l i e r  
mode l s  had been  thought t o  b e  good , and had even outperformed the 
N ew Hamp s h i re and Co l eman - St ewart mode l s .  The t roub l e  was that 
the data base  on whi ch they were t e s t ed was not di s j o int  w i th the 
data base  on whi ch they were cons truc t ed ( th i s  was i nadv e r tent ) .  
I t  was e xp e ct e d  that the l at e r  l o gi s t i c  mode l s  woul d  p e rform 
b e t t e r  than t he earl i er l inear mode l s . Thi s was i ndeed the cas e . 
The surp r i s ing feature was how poorly t he earl i er l inear mode l s  
d i d  per fo rm .  Thi s  i s  exp l a in ed l a t e r  i n  the Appendix , but f i r s t , 
a de s cr ip t i on i s  g iven  o f  the experiment for comparing t he mode l s . 

S ince t he data  b a s e s  were recon s tructed after  i t  was d i scov er ed 
that they were no t d i s j o in t , the new data b a s e s  (wh ich are pur e l y  
d i s j o int  i n  themse l ve s )  part i a l l y  ove r l ap t h e  o l d  data  bas e s . 
Thus , to  t e s t  l inear mod e l  8 - C i t  wa s nec e s s ary t o  r etune i t  on one 
data bas e and run its EOC s  - - power factors on the d i sj o in t  data bas e .  
Thi s was done , with the var i ab l e s  i n  the v o l ume part o f  8 - C  b e i ng 
run through a new l inear volume regre s s i on s o  that the s ame 
var i ab l e s  appeared but the coe f f i c i en t s  we re re tuned . The ful l 
regre s s i on was a l s o  comp l eted  i n  the s ame manner . Thus , a mode l 
i den t i ca l  w i th 8 - C  (cros sbucks)  i n  i ts var i ab l e s  but w i t h  i t s  
coe f f i c i en t s  tuned to  the l at e s t  cons t ruct ion dat a base  was con ­
s t ructed . The EOC was run aga ins t t he TSC comprehens i ve model ; 
the resu l t s  are shown in  Tab l e  G - l .  ( See Appendix C and Sect ton 
2 for i n format i on on how to  read EOCs . )  
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The te s t  r e s u l t  indicated that the l inear mode l s  we re unsat i s ­
factory . They were not s ign i fi can t ly wor s e  t han the N ew Hampshire 
mode l , but no b e t te r . I t  s eems that l inear regre s s ion t echn i que 
is inadequate  to produce haz ard func t ions , whi ch are e s sent i a l ly 
non - l i ne a r  - - probab l y  an approximate funct i on of  a product  o f  
c a r  and t ra i n  v ar i ab l e s .  Any funct i on c an b e  bui l t  up out o f  
l ine ar t e rms . However , the s tra ight l inear approach was eviden t l y  
not powerful enough for th i s  purpose . A s  a re sul t , the new mode l s  
dev e l oped ·of  pr imary intere s t  are those o f  nonl inear cons truction 
wh ich are report e d  on in  Se c t i on 4 .  
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APPEND I X  H 

HAZARD I NDEXES BASED ON ACC I DENT H I STORY 

H . l BAS I C  METHOD 
The haz ard indexe s ,  who s e  development and t e s t ing i s  reported 

o n  i n  t h i s  report , are d e f i c i ent in  one no t ab l e  respec t : t hey do 
not b a s e  the h a z ar d  on  acc i dent h i st o ry .  T hus , although acc i dent 
h i s tory i s  used in the development and t e s t i ng of h a zard indexes 
bas ed on o t her charact e r i s t i c s , the ha z ard funct ion i t s e l f  doe s  
not  have acc i dent h i s t ory as a component . A l though there i s  not  
suff i c i en t  t ime t o  deve lop such ha z ard indexes  for  this  report� 
a method has b e e n  deve lo�e d  to do s o ,  and the  nece s s a ry c a l culat i on s  
w i l l  b e  presented in  t h i s  appendix . The t e chniques here are being  
used  in  a current effort  to  develop ac c id en t  h i st ory dependent 
h az ard indexe s . 

The bas 1 c  idea i s  s imp l e : one of  the var i ab l e s  det e rm ining 
h a z ard w i l l  be  the  numbe r  of  acc idents actual ly observed at the 
c r o s s ing dur ing the data  per iod (the year 1 97 5  in  this ca s e ) . A 
funct io n  f (h) has  already been developed whi c h  g ives  expected ac c i ­
dent frequency i n  t erms of  a h a z ard index h ( f= c e 2 h , for examp l e ) . 
I t  i s  now ne ce s s a ry to deve l op a func t i on fc (h , y )  whi ch g ives the 
e xpected  numb e r  of acc i dent s in a fut ure y e ar , g iven t hat the 
h az ard i ndex is h and that y acc i dents  h ave been obs e rved in a 

, spec i fi e d  p r i o r  period (of a spec i fi e d  length i n  years ) . 

F i rs t , the  prob l em i s  s imp l i fied  as fo l l ows : l e t  Fc (h , y )  b e  the  
e xp e c t e d  n umb e r  o f  acc i dents  at  a c ro s s in g  h av i ng h a z ard i n de x  h 
and having had y or more acc i den t s  i n  the  year 1 9 7 5 . I n  part icu l ar , 
F (h) = Fc ( h , l ) i s  the expect ed numb er o f  acc i den t s  at  a cro s s ing 
whos e h a z ard i ndex i s  h and which had at  l e a s t  one a c c i dent i n  the 
data ye ar ( 1 9 7 5 ) . I t  s hould be  remembered that h is  a fun c t i on 
o f  cros s in g  characte r i s t i c s other t h an actual acc i dent h i s t ory . 

The computat i on o f  F (h )  wi l l  be  b as ed on the  following lemma : 
( Y  = number o f  acciden t s  in a year) 

Fc C h , y) = E (Y I Y>y+ l , h ) Pr CY�y+ l l h ) / Pr CY�y l h ) . 

H- l 



( se e  end o f  t h i s  Appendix fo r d er iva t i o n  and defin i t ions)  and i n  
part i cu l ar : 

F ( h) = E (Y I Y�2 , h) Pr (Y�2 I h) / Pr ( Y�1 I h) .  

T he quant i ty E (Y I Y�2 , h) Pr (Y�2 I h) / Pr ( Y�1 I h) can a l s o  b e  wri t t en : 

(H. l) F (h)  = E ( Y I Y�2 , h) Pr (Y�2 I Y�1 , h) . 

The l at t e r  quan t i ty can be e s t ima t ed on every s amp l e  which contains 
cro s s ing s for whi ch Y � 1 ( i . e . , h ad an accident ) . Thu s , i t  m ay 
b e  evaluated for every cro s s i ng whi c h  had an acc ident . 
L e t  n l.· = 0 i f  y .  = I '  n ·  = y .  i f  Y .  > 2 ,' and n ·  be undefined i f  1. ' 1. 1. 1. - 1. 
Y .  = 0 1. • 

Then F ( hi ) i s  e s t imated by n i at  s amp l e  i .  Suppose  that : 

(H � 2 )  

Then £ 1 and £ 2 c an be de t e rm i n�d by . s impl e  l ine ar regre s s ion : 

(H. 3 )  

£ 1 and £ 2 a r e  d e t erm ined by m i n im i z i ng � ( n ._� . ) 2 . 
• 1. 1. 

The sum over i i s  carr i e d  only over cro S s ings  whi c h  had at  l ea s t  
o n e  acc i dent , i . e . , over t he cro s s ings  i n  the acc i dent d a t a  bas e .  
F C h) = £ 1 + £ 2 f+ £ 3 f 2 could b e  s im i l ar ly op t im i z e d .  

The quant i ty F i s  cal culated  h e re a s  though t h e  data  base  had 
no m i s s i ng acci dent s .  To correct for t he m i s s ing acc i dent s  i t  i s  
not suff i c i en t  t o  mul t iply  by r ,  a s  was done for f ( Sub s ect ion 
2 . 3 . 1 ) .  However , in  the next sub s e c t i on we u s e  F t o  make s ome 
more c a l cu l at ions  internal to t he ( in comp l e t e) data ba s e , and t he n , 
a t  the end , i t  i s  shown h ow t o  corr e c t  the results  for the mis s ing  
acci dent s . I n  the  fo l l owing mat e r i a l  not a t ion i s  swi t ch e d  f rom 
F to F* for a reminder that i t  is c a l cu l a t e d  on a dat a b a s e  w i th 
m i s s ing acc i dent s ,  and that correc t i on for the m i s s ing  acc i dents 
h as not been made . One s houl d rememb e r  that  f (Sub s e c t i on 2 . 3 . 1 ) 
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has been calcu lated  on the data b a s e  w i th m i s s ing acc i dent s ,  b ut 
h as been  corre cted f.or the m i s s ing accid ent s .  The des i gnat ion f* 

, 
! i s  now introduced t o  denot e f uncorrec·t ed fo r t he m i s s ing accident s ; 
i f ·  then f *  i =  - (by de f i n i t ion) . r 

� I t  i s  us eful to  ment i on some part i al resu l t s  wh ich w i l l  i l lu s -

.. 

.. 

trat e t he m agn i tude s invo lved . The numb ers g iven her e  for 1 1 
a nd 1 2 are to b e  taken a s  .t en t at ive , s ince the l im i t s  o f  accuracy 
have not been adequate ly a s s e s s ed . A prel im inary reg r e s s ion of 
the  form 

(H . 4 )  F *  = 1 + 1 f* 1 2 

was run for cros sbuck s , f l a s hing l ight s , and automat ic gate s . 
Thi s  amount s  t o  a s trong l im i t at i on on t he form o f  F* , a s  i t  i s  

. . 

forced t o  b e  a l inear fun c t i on o f  f a 1 on e- ( an d  not d i re c t ly o f  C ,  
T ,  number o f  t rack s , e t c . ) .  The re sul t s  are s hown in Tab l e  H - 1 .  

Tabl e  H - 1 
F* ::::s 1 1 + 1 2 f* 

Warning Devi c e  C l a s s  
Cro s s bucks 
F l a s h i ng l ig h t s  
Automat i c  g a t e s  

( Resul t s  are pre 1 im inary � 
subj e c t  to l arge r  errors 

1 1 
0 . 0 4 4  
0 . 0 8 5  

. 0 . 1 3 

1 2 
1 . 7 8 
1 .  6 8  
1 .  5 2  

Automat i c  g a t e s  c a s e  i s  
t han the o ther two cas e s . )  

That F* i s  val i d  i nternal to  t he data base  and has no t been 
corre cted  for m i s s i ng (un l i nk ed)  a cc i dent s . S im i l a rly , 

f f* = r' 
. 

I n  Tab l e  H - 1  the result s  for cros sbucks and flash ing l ig h t s  
a r e  more rel i ab l e  than t ho s e  f o r  aut omat i c  g a t e s , wh ich w e r e  cal ­
cul a t ed for 6 1 4  points  only ( total  numb er o f  g a t e  cro s s ing s w i t h  
re�eat acc i dent s ) . Not e  t hat bne equat i on covers both  flashing 
l ig h t s  and cro s sbucks in  a very approx imate mann e r : 
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F* � fe . 2 5 ) + 1 . 7 f *  

where fe . 2 5 )  represen t s  t he 2 5 t h  percen t i l e  from t he t op o f  f *  for 
the part i cu l ar warning  devi ce c l as s , i . e . , for that warning device  
c la s s  one - fourth o f  the cross ings have f*  greater  than  f* ( . 2 5 ) . 

H . 2 ACC I DENT H I STORY DEPENDENT HAZARD I NDEX 
The  approach j us t  d i s cu s s e d  us es equat ion H . l ( Sect ion H . I )  

wh ich i s  based on ly on  the  a s sump t ion that inherent ha z ard do e s  
n o t  change ove r t ime . I t  i s  ne c e s sary to  make such an as sump t ion 
in any app l i cat i on of accident h i s tory . 

A pro cedur e  i s  now out l ined (us ing  the one j us t  deve loped) 
wh ich prov i de s  a much more comp l e t e  m eans of incorpo rat ing acci ­
dent h i s to ry into the c a l culat ion o f  ha z ard indexe s ( expect ed 
frequency o f  acc ident dur i ng a future t ime interval - - t hus , 
absolute  indexes ) . For  a futur e year t he expected numb er of acc i ­
den t s  a t  a part icular cro s s ing wi l l  b e  calcu l at ed hav ing g iven 
inventory charact e r i s t i c s  and a past  h i s tory of  a g iven number of  
acc i den t s  in  a spec i f i ed t ime pe r i o d .  The goal  o f  this  calcula­
t ion can be  s t at ed even more conc i s e ly : Given a cro s s ing with  
spe c i f i ed character i s t i cs , and g iven t h e  fact  t hat n acci den t s  
occurred i n  T years , f i nd the  expe c t e d  numb er of  acc i den t s  for 
t hat  cro s s ing for next year . 

For  t h i s  ana lys i s  the above as sump t ion o f  cons tancy o f  i nheren t  
haz ard ,-.ri t h  t ime 
One draws on t he 
ences  9 and 1 0 . 

and s ome other as s ump t ions as we l l ,  are necess ary . 
t echn iques of emp i r ic a l  Bay s e ian ana ly s i s , Refer ­
(See Reference 9 for a n  app l icat i on to  d e t erm ine 

i nsurance prem ium pena l t ies  fo r dr iver s based on their  acc ident 
r ecords as we l l  as on  o t her character i s t ic s . )  

I n  de s cr ib i ng acc i dent  pronene s s , one cus tomar i ly as sumes 
t hat  t he spec i f i c  haz a rd per  un i t  t im e , � ,  i s  not the s ame fo r a l l  
i nd i v i dua l s  ( in this  c a s e  cro s s i ng s ) ,  but i ns tead , has a g amma 
d i s t r ibut i on with  parame ters a and b as indicated in H . S :  
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(H . S ) 

<Po 

Pr ( $< $o) = :�a)l A a - 1  e- Ab d A 

o 
(The g amma d i s t r ibut ion w i t h  i t s  two parameters  i s  a "natura l 

conj ug at e prior" d'i s tr ibu t ion �o  the Po i ss on d i s t r ib u t ion wh i ch 
:, i s introduced pre s en t ly , and i s  required o n  theoret ical  grounds . 
g iven the  t ime homogen e i ty a s sump t i o n . See  Reference 1 0 . )  I n  the 
p re sent t re atmen t , a and b are to  be func t ions  of t he cro s s i ng 
charac t er i s t i c s , a s  recorded i n  t he c ro s s i ng i nventory , or a l t e r ­
native l y , a s  r e f l e c t ed i n  f*  and F * , so t ha t  a and b a r e  func t ions 
o f  f*  and F * . 

Based on the · t ime homog ene i ty a s sump t i on , the probab i l i ty 
o f  r acc idents  i n  T ye ars at  a cros s ing w i t h  a spec i f i c  ha z ard , 
<p ,  has t he Po i s s on d i s t r ibut i on o f  Equa t ion H . 6 :  

( H . 6 )  Pr ( r =n )  = (<PT) ne - <pT 
n !  

Thi s , toge t he r  w i th e qua t i on H . S ,  y ie l d s  a p robab i l i ty d i s tr ibu­
t i on for  the numb er o f  acc i de n t s  i n  a ye ar a t  a c ro s s i ng ,  w i t h  <p 
unknown but a and b k nown . The d i s t ribut i on i s  a negat ive b inom ­
i a l  d i s tr ibut i on w i th p arame ters  a and b :  

(H . 7) P en) = [a +n - l.] 
a - 1  

b a 
(1+0) 1 n 

[I+l)] 
( Re ference 9 no t e s  the cus t om o f  u s i ng t he negat ive b inom i al to  
de s cr i be " acci dent  p ronene s s " , and note s other referenc e s  on  this  
top i c .  Note  t ha t  it  i s  character i s t i c o f  t he emp i r i c al Bayes  pro ­
cedure that a spe c i fi c  h a z ard , <p ,  i s  po s tu l a t e d  but not  known , and 
not  even d irec t ly e s t imated . )  

The neg�t ive b inom i a l  d i s t r ibut i on resul t s  i n  a mean number 
o f  acc iden t�: : o f  �, which , in turn , is  the uncon d i t ional expected 
frequency o f  acc i dent s ,  f*  ( for the data  b a s e  a t  hand) : 

(H . 8 ) a f*  = o 

H - S 



S im i l arly , from the expre s s ion for F ,  which i s  he re to be inter ­
preted as F*  in  Equa t i on (H . l ) , one der ives . 

f* - P ( l) F *  = l - P ( O) 
{ ( p e l )  = probab i l i t y  o f  one acci dent 
t ( P ( O) = prob ab i l ity of  z ero a cc i dents 

or , us ing Equat ion (H . 7 ) , 

(H . g )  
. b . a a 

F *  = f *  - (1+0] (1+0) 
1 - tl�bJ a 

I n  the above equat ions f* and F* are used ins t ead o f  f and F as a 
reminder that these quant i t i e s  a re not corre cted fo r t he m i s s ing 
acc idents , but are calcu l ated for t he data base  at hand . Thus , 
f* = �, as no ted in Sec t i on H . l  ( s ee a l s o  Sub s ec t i on 2 . 3 . 1 ) . I f  
one i s  g iven f* and F* for each cros s ing , one can det ermine 
a ( f * , F * ) and b ( f * , F * )  by s o l ving equat i ons (H . B ) and (H . 9 ) . 

I t  then fo l lows , f rom Bayes i an analys i s , that i f  n acc idents 
are ob s e rved in  T years wi th a cro s s i ng whos e  character i s t i c s  
y i e l d  the value s f *  and F * , t hen the expected numbe r  o f  acc ident s 
in  any future year i s  g iven by �* ( f* , F * , n , T) : 

(H . l O ) 
- a n <1> * = D+T + D+T 

No te that from equat ion (H . l O ) ,  w i t h  T= O and n= O , one g e t s  the value 
f*  which is  the exp ected ac c i dent frequency cond i t ioned on no 
acc ident h i s tory . Wi th T= l and n � l , and w i t h  some a lgebrai c  ope ra­
t ions , one  can a l s o  der ive equat i on (H . l ) from equat ion (H . l O ) . 
This  i s  a re a s su r i ng check . [Equa t i on (H .  1 )  i s , a s  noted , ba sed 
on fewer a s sump t i ons than is equat ion (H . l O ). ] As f* and F* have 
been c alculated on a data base  w i th a frac t ion 1 - ! of t he acc i -. r 
dent s m i s s i ng (unl inked) , then t h i s  i s  co rrec t ed for s imp ly 
by d iv i d ing b in  equat i on (H . l O ) by r ( from Sub s ect ion 2 . 3 . 1 ,  
r= 1 .  4 1 )  : 
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(H . l Oa) � = a 
b+T r 

+ n 
b+T r 

Equat ion (H . l O a) now solve s the problem o f  finding a haz ard 
index with ful l  dependence on acc ident his tory ( fo r  any period of 
t ime) . I t  can even be u s ed to  r ank tog e the r cro s s ing s for which 
t he accident h i s tory is known for di fferent numb ers o f  years 
( s ince � is an ab solute haz ard i ndex and provides an expect ed 
frequency o f  acc ident s ) . However ,  i t  could b e  expected to  wor k  
b e s t  i f  a l l  cro s s ing s  had a n  accident his tory over t he s ame t ime 
period . 

Now the procedure for c a lculat ing a and b a s  fun c t ions o f  f* 
and F* w i l l  b e  recap itulated a nd expanded on . To s o lve equat ions 
(H . S ) and (H . 9 ) , they are transformed as fo l lows : 

(H . I I )  

(H . l 2 )  

a = b f *  

b 2 = log ( l  + (l+blj ( F * - f*) ) 

f* I Og ( I +� ) 
I 

f*  

I f  a rea so nab le  approx imat i on fo r b is  sub s t ituted for b l on t he 
r ight - hand s ide o f  equation (H . 1 2 ) , then this  equat i o n  y i elds a 
better  approximat ion as b 2 . Th i s  new approx imat ion c an b e  put 
b ack in  e quation (H . 1 2 )  as  bl , result ing in a s t i l l  better  approx ­
imat ion a s  b 2 • This proces s c an be  iterated s everal t ime s . I t  
happens , however ,  that when f * � l , a fairly g ood initial  approxima ­
t ion for b i s  avai lable [ equat ion (H . 1 3 ) ] : 

(H . 1 3)  b � 
I 

( F* - f*) ( l +�*) 

This i s  s urp r i s ingly accurate when F *  and f* are not too l arge , a s  
can  b e  s een by sub s t i tuting in  equat i o n  H . 1 2 . For  examp l e , i f  
f * = 0 . 3 3 and F* = 0 . 6 9 ,  the error i n  e quat i on (H . 1 3 )  i s  l e s s  than 
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4 percent . I n  general , equat i on (H . 1 3 )  wi l l  provide an in i t ial  
e s t imat e t o  h e  used as h I in  equat ion (H . 1 2 ) . The  r e su l t ing b Z ' 
i f  changed but s l ightly , i s  to b e  u s e d  for b l or e l s e  b Z i s  sub ­
s t i tuted for b l to  i terat e the  proce s s . 

I t  has  now been shown how to c a l cu l a t e  a and b (ana l y t i c a l ly)  
a s  func t i ons of F* and f* . Ther e  are  no t emp ir ic a l  data  invo lved in  
such  a c a l cu l a t i on , s ince a and  b are  de t e rm i ne d  a s  imp l i c i t  func ­
t i ons o f  F*  and f* by equat i on s  (H . 8 ) and (H . 9) , or by equat i ons 
(H . I I ) and (H . 1 2 ) . 

I t  has  al re ady been  shown how F *  could b e  found a s  a s imp l e  
funct i on o f  f *  [ e . g . , equat i ons  (H . 3) and (H . 4 ) ] .  F *  cou l d  b e  
found as a func t ion o f  o t he r  cro s s ing characteris t i cs  as we l l  
( e . g . , a s  i t s  Olt/n funct ion o f  vo lume variab le s ,  e t c . ) . HOlt/ever , 
for s imp l i c ity , i f  F *  i s  found on l y  a s  a func t ion o f  f * , t hen a 
and b become funct ions of f* alone . Thus , when t h i s  analys i s  i s  
carried out in fu l l , a t ab l e  w i l l  prob ab ly b e  g iven in t h e  fo l l ow­
i ng fo rm : 

% Cr o s s i ng s  

0 . 5  
1 . 0  
1 . 5  
Z . O  

4 9 . 0  
4 9 . 5 
5 0 . 0  

f*  F ( f *) a ( f*)  b ( f * )  

S ome prel iminary resu l t s  o n  F *  a s  a l inear funct ion o f  f* have 
been g iven in t h i s  Appendix [ equat i on (H . 4 ) and Tab l e  H - l ] . Much 
more pre c i s e  s t atemen t s  can be  m ade about t he funct i onal  dependenc e  
o f  F *  o n  f* . The roug h g u i de i s  j us t  an i nd i c a t i on ; furt her 
regres s i ons  s houl d  y i e ld fa i r l y  accurate funct i onal  re l at i onship s . 
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Hav i ng a and b as funct i ons  o f  f* , equat ion (H . 1 0 )  now y i e l d s  
� a s  a fun c t i o n  o f  f* , T ,  and n ,  thu s  comp l et i ng the s o lu t ion for 
the hazard i ndex which depends on accident h i s tory . 

When the det ai le d  compu t at ions and the resu l t s  for a and b 
as func t i ons  o f  f are g iven , an evaluat i o n  in  t he m anner o f  the 
EOCs g iven for the ordinary haz ard i ndexes  shou l d  be i nc l uded . 
( I t  w i l l  be i nformat ive t o  s e e  how much a c c ident h i s t ory m ay 
enhance a haz ard i ndex . )  

I t  i s  ins truct ive t o  i l lus t rate  t he vari ous formu l a s  o f  t h i s  
s e c t ion by a s impl e  example . Suppose  , one i s  g iven a cro s sbuck 
cro s s i ng for whi ch acc i dent h i s tory has been co l l e c t ed for five 
years , dur i ng which two acc i den t s  occurred (T= 5 , n = 2 ) . Suppose , 
a l so , t ha t  hTSC = - 0 . 1 8 6  (from formu l a  B . 5 . 1 . 3 ) .  Then , from t he 
formu l a  in  Sub s e c t ion 2 . 3 . 1 ,  f= 0 . 2 30 , and 

f 0 . 2 3 0 f *  = - = = 0 . 1 6 3  r 1. 41  

From equat i on (H . 4 ) , 

F* = 0 . 0 4 4  + ( 1 . 7 8) ( 0 . 1 6 3) = 0 . 3 3 4  

The n ,  from equat ion (H . 1 3) , b � 5 . 0 1 .  Subst i tu t ing b 1 = 5 . 0 1 i n  
equat ion ( H . 1 2 ) , o n e  g e t s  b 2 = 4 . 9 6 .  O n e  now h a s  ava ilable  the 
fo l l owing value s for the p ar ame ters appearing i n  equat i on (H . 1 0a) : 
a = ( 0 . 1 6 3 ) ( 4 . 9 6 )  = 0 . 8 0 8 5  
b = 4 . 96 
n = 2 
r = 1 .  4 1  
T = 5 
Sub s t i tut ing i n  equa t i on (H . 1 0 a) , one obta ins 

0 . 8 0 8 5  
f = 4 . 96+ 5 L 4 l 

+ 
2 

4 . 96+ 5  = 0 . 3 3 
r.4T 

Thu s , t he expe c t ed acc i dent frequency per year , g iven two acc iden t s  
i n  f ive years ( o f  ob servat i on ) , i s  0 . 3 3 .  Thi s  value l ie s  between 
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the uncond i t i onal  frequency , 0 . 2 3 ,  and t he ob s e rved frequency , 0 . 4 ,  

. 2 . t t 1 . e . , 5 '  as 1 mus . 

Ano ther look at equat i o n  (H . l O a) provides  an  add i t iona l 
- . T b 

approach i n  a s s e s s i ng t he s ig n i f i cance o f � .  L e t t 1 ng 0 = r '  
a n d  recal l i ng t he re l at i o n  f = rf* = r . & , o n e  app l i es s imp l e  algebra t o  

arr ive at t he fo l l ow ing t r an s format i on o f  equat i o n  (H . l O a) . 

iii = a + 
E.+T 

n 
E.+T r r 

r a  [ l!r 1 + D (%") 
= 

= 
To f · T+T + 

0 

T 
iii 0 = f . r+r 0 

(H  . 1 4 )  

n 
£+T r 

n 
T+T 0 

T n + r T+T 0 

". 
! 

Equat i on (H . 1 4 )  s hows that iii i s  a we i ghted ave rage o f  f ( the � 

uncond i t i onal expected acc i dent frequency) and f ( t h e  observed 
acc i dent frequency ) .  When T = To ' the two t erms have equal weigh t : 

T 
T+T

o = T!T = i ·  One can e s t imate  To from the  formulas  of  t h i s  
sub� ect ion . ° I n  t h e  examp l e  g iven above , To = i : �� = 3 . 5 years . 
Gene ra l orders o f  magni tude may be  noted : for cro s s ing s more haz ­
ardous t han the l e a s t  haz ardous 7 0  percent and l e s s  ha zardous than 
the  mos t ha z ardous 5 percent , i . e . , betwe en the  5 t h  and 3 0 th per­
cent i l e s  from t he t op ,  one  ha s : 

C ros sbucks 
F l as h i ng l ig h t s : 

5 . 4 <T < 1 0 . 4  years o 
2 . 4 <T < 4 . 5  years o 

I n  both cases , 0 . 4  �fTo� 0 . 8  i n  
f g e t s  larg e r , To g e t s  sma l l e r .  
fT g e t s  l a rge r .  o 

t h i s  l im i ted r ang e . I n  g eneral , as  
Apparent l y , a s  f g e t s  l arger , 
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H . 3 DEFINITIONS : 

E (Y l h) is  " the expected value of the number of  accidents Y ,  
g iven that the haz ard index has the value h" . E (Y I Y�y , h) i s  " the 
expected number of acc ident s in a year , Y ,  g iven the haz ard index 

and that  Y is greater than or equal to  y . "  Pr (Y�y+ l l h , y>y) means 
" the probabil ity that the number of accident s in a year equals or 

exceeds y+l , given that it equals or exceeds y and given h . "  

H . 4 DERIVATION OF LEMMA 

But , 

Let E be a very small  fract ion ( E « l ) . 
YE = number of acc idents  in E of  a year ; 
YI - E = numb er of acc idents in remaining I - E  of t hat year ; 
YI = number of accidents in a certain year ; 
Y2 = numb er of accidents  in another year 
Y = Y + YI (Al l at cross ing with haz ard index value h) E - E  
Then : 

Pr ey E 
Pr (YE = I , YI - E� y l h) 

=I I YI _ E >y , h) = 
Pr (YI - E� y l h) 

Pr (YE = I , YI _ E =x - I I Y -x) Pr (Y -x l h) 00 E = 
x=y+l 

00 

� E E X Pr (Y=x l h) /Pr (Y�y l h) .  
x=y+l 

Therefore , lett ing E � 0 
E (Y2 I YI � y , h) = E (Y I Y  �y + l , h) Pr eY � y+l l h) / Pr (Y � y l h) 

= E (Y I Y�y = l , h) Pr eY � y+I I Y  � y , h) 

This formula  i s  exact , and based only on very weak as sumptions 

of homogene ity in t ime . 
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