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SUMMARY 

The Federal  Ra i l road Adm i n i s trat i on (FRA) , in accordance w i t h  

t he Federal Ra i lroad Safety Ac t o f  1 97 0, i s  i nvest igat i ng problems 

o f  ra i l road cross i ng safety improvemen t .  I n  pursu i t  o f  the related 

s tud i e s , the FRA s ought the  s e r v ices  o f  the  Trans po rtat ion  Sys tems 

Center  (TSC) i n  s e l ec t i ng , evaluat i ng ,  and deve loping  hazard 

indexes , formu l as used t o  e s t imat�· from ava i l ab l e quan t i f i ed i n fo r

mat i on the h a z a rds , or  re l at ive  h azards , o f  t r a i n/veh i c l e  acc i dent s 

at  ra i l road c ross i ngs . The TSC , curren t l y  enga ged in  a Grade 

Cros s ing Fund ing Al l ocat i on Proj ect  wh i ch a l s o  requ i res s t a t e - o f 

th e - a rt hazard indexes o f  the h ighe s t  select i ve and pred i c t i ve 

capab i l i t i e s , compl i ed w i th t he FRA reques t .  Thus , i t  has prov i ded 

th i s  document repo rt on a s tudy of hazard indexes as eva luated and 

cons t ructed on the bas i s  o f  FRA data . The repo rt d i s t i ngu i s hes  

b e tween , develops , and eva luates the  fo l low i ng hazard i nd e xes: 

Re lat ive  h azard i ndexes , for rank i ng c ross ings  accord i ng 

to relat i ve hazard . 

• Absolute  hazard i ndexe s , for provid i ng an estimate equa l 

to , or  a t  leas t propor t ional t o , e xpec ted acc i dent fre

quency a t  the i n d i vi dual  cros s i ngs . 

Compa r i s ons o f  s everal  prev i ou s l y  developed haz ard i ndexes  are 

g i ven . O f  thes e ,  the Ne\y Hamp sh i re and Peabody - D imm i c k  are  w idely 

used . Se lec ted Co leman - St ewart formu l as for three spec i f i c  wa rn ing 

dev i ce c l a s s e s  (crossbuck s , f l ashing l ights , and automa t i c  gates ) 

have a l so been eva luated . 

New hazard i ndexes w i th improved p red i c t ion  capab i l i t y  have 

been deve l oped , and are reported on . The perfor�anc e o f  these new 

i ndexes i s  compared i n  det a i l  w i th the p rev i ous ly proposed formu l as. 

A numbe r  of techn i ques for construc t ing  ha zard indexes have been 

explored , and a part icularly  e ffec t i ve t echn i que empl oy i n g non 

l i near  lo g i s t i c  d i s cr i m i nant t echn i que s was s e l ec t ed fo r the  f i nal 

mode l s  repo rted on . Th i s  method i s  des c r i b ed in  de t a i l , and i s  

sugges t ed a s  the  tool t o  form the  bas i s  o f  further  analys i s  o r  

deve l opment .  

v 



The maj o r  resul t s  o f  the s tudy include : 

1 .  Techniques and methodol ogy for produc i ng ,  compar ing , a nd 

evaluat ing hazard indexes 

2 .  New h azard indexe s for th ree warn ing devi ce c l a s ses  (cross

bucks , f l as h in g  l i ghts , and gates )  

3 .  Det a i led  comp ar i s ons of the pe rformanc e  o f  hazard i nd exes . 

Out o f  these have come spec i fi c  resu l t s : 

a .  Volume factors ( average dai ly veh i c l e  vo lume and average 

dai l y  train volume) account fo r 9 0 - 9 5  pe rcent of  the p red i ct ive 

powe r ob t a inab le from the fac to rs s tud ied , exc lud ing acc ident 

h i s tory at  presen t . (See below . ) 

b .  Th e s impl e  New Hampsh i re formu l a  (relat ive hazard propor 

t ional t o  veh icular volume t imes t ra in volume ) i s  nearly a s  e f fec

t i ve as othe r volume - on l y  formul as for re l a t i ve ha zard . A pro 

cedure and formul a  are g iven for convert ing th i s  to  an absolute  

hazard i ndex ( proport i onal  to  expec ted acc ident f requency) .  The 

Ne,,, Hampsh i re formu l a  is usefu l  for i t s  comb i nat ion  o f  powe r and 

s imp 1 i c i  t Y • 

c .  For some uses , and i n  cer t a i n  respec t s  descr i bed in  the 

report , the TSC formu l a s  exh i bi ted greater select i v i ty of hazardous 

cross ings (performance as  a relative ha zard index) than other for

mulas tested . Th i s  i s  evi denced , for example , by compari ng the 

ten  percent mo s t  ha zardous cross i ngs selected by the TSC formul a  

with  t he t en percent most  ha zardous set  selec ted b y  the New Hamp

s hire formul a  (cros sbuck case) . The TSC t en p ercent set , as  

determined from t he FRA data bases , c on t ains  three percent more
.

of  

t he total  acc idents t ha n  the New Hampshire  ten percent set . Thi s  

i s  s ta t i st ica l ly s ignif icant . 

The TSC formulas  developed and reported on  here may be u sefu l  

when a n  absolute  hazard i ndex o r  expected frequency of  acc ident s 

i s  need ed , a s  i n  t he fund ing a l l ocat ion  wor k . For th i s  purpose , 

both comprehens ive and volume-on l y  formu l as are g iven . The 

performance of absolute hazard indexes is exh i b i t ed i n  speci a l  

plot s .  

vi 
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d .  Bec aus e  of the  l arge amount of  expe r i ment a t i on done and 

the re lat ively  sma l l  i mproveme n t s  i n  power factors  ( PF)  ob t a i nab l e , 

i t  wou ld appear that  the  u l t imately  a t t a i nab le  powe r factors a re 

not  far from those obta i ned i n  t h i s  s tudy. (The powe r factor a t 

X% mul t i pl i ed by X, g ives t he percen t of  acc idents  a t  the X� most 

h a za rdous cros s i ngs accord i ng to  t he g iven hazard i ndex . Thu s , i f  

the 5 %  powe r fac t or i s  4 ,  then  5 %  o f  t he cros s i ngs h ave 20 � of the 

acc ident s . ) The fo l low i ng powe r factors are quoted to i l lus t rate  

the  performance measures a t t a i nei i n  a few ins tances  taken  as  

examples . 

Cros sbucks Power Factors  

% PF PF  
C ros s i ngs N� HamEsh i re TSC 

1 6 . 80 7 . 86 

2 6 . 1 7 5 . 90 

6 4 . 7 6 4 . 9 2 

1 0  3 . 8 3 4 . 1 0 

20 2 . 8 8 3 . 0 1  

4 0  2 . 0 3 2 . 0 3 

Thus , th i s  tab l e  says that  accord i ng to  t he New Hampsh ire  fo rmu l a , 

the 1 0 1  mo s t  hazardous cros s ings  had about 3 8 %  of  the acc i den t s , 

wh i l e the 1 0' mos t  ha za rdous cros s ings  accord i ng t o  the TSC formu l a  

had about 4 1 %  ( the 3 %  d i f fe rence was a l luded t o  above ) o f  the 

acc iden t s , a l l  f i gured on the FRA data  bases  ( 1 9 7 5  acc i den t s ) . 

More comp l e t e  i n forma t i on and s im i l a r  i n fo rma t i on for other wa rll ing  

dev ice c l a s ses  i s  present ed in  the body o f  t h i s  report . 

Sugge s t ions  for fu rther  work are a l s o  g i ven . I n  part i cu l ar , 

i n  one o f  the append ixes  (Append i x  II) a p roposed means i s  deve l oped 

for i ncorpora t i ng acc i dent  h i s tory a t  an i n d i v i dua l cros s i ng a l ong 

w i t h  c ros s i ng cha rac ter i s t i c s i n t o  a ha zard i ndex , and some pre l im

i na ry re su l t s a re g i ven. The  t echn iques of  t h i s  append i x  a re 

current ly b e i ng used i n  the FY7 9  e f fo r t  at TSr. t o  p roduce acc ident  

h i s tory dependent h a zard i ndexes. 

v i i  



Addendum t o  Summary 

S ince t h i s  repor t  'vas wri t t en , some power fact ors  h av e  been 

run us ing t he s ame best  TSC and New Hampshire mode l s  d i s cu s s ed in  

th i s  report , but w i t h  the 1976  acc ident data  and  t he invent ory data  

of  �Iay  1 97 8  (about 9 mon ths later  t han the date  o f  the  invent ory 

data  us ed i n  t h i s  repor t ) . I n  orJcr not t o  de l ay pub l ic a t i on ,  

res u l t s  are presented only i n  t hi� summary for t h i s  repo r t . I n  

genera l , t h e  resu l t s  were q u i t e  comparable t o  t h e  resul t s  reported 

on in deta i l  fo r t he ear l i er date  presented in  t h i s  repor t , the 

comparabi l i t y hold ing for a l l t hree warn ing c l a s s e s . Part ial  resu l ts 

c orrespond ing t o  the t ab l e  g iven j us t  above arc g iven i n  t he fol -

10ldng t ab l e : 

% 

Crossbucks Power Factors 

( 1 9 76 acc ident s )  

P F  
Cross i ngs  New Hampshire 

1 7 . 11 

2 6.1 1 

6 4 . 4 3 

1 0  3 . 72 

20 2 . 7 8 

4 0  1 .  9 8  

P F  
TSC 

7 . 7 3 

6 . 5 7 

4 . 71 

3.92 

2 . 91 

2.0 3  

The observed resu l t s  confi rm t he s t ab i l ity of  r e l a t ive pe r formance 

for the TSC mode l s  when used on acc ident data for a d i f fe rent  year 

from that of  the data  used in  t he i r  cons truc t ion . The power 

factors for the o t he r  two warn ing  devi ce c lasses  s imi larly  con 

f i rmed t h i s  s tab i l i ty .  
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GLOSSARY 

ABSOLUTE HAZARD I NDEX - - A hazard i ndex wh i ch i s  a ls o  propor 

t iona l t o  expec t ed numbe r  o f  accidents p e r  year . (See HAZARD 

INDEX , PROBABI L ITY OF ACC I DENT , and EXPECTED FREQUENCY OF ACCI 

DENTS . )  ( See Sec t i ons 1 ,  2 . 3 , and 4 . 3 . )  

ACC I DENT - - "A pub l ic grade cros s ing acc ident/ incj dent i s  

any i mp ac t  between rai l road on- t ra�k equipment a n d  an automob i le , 

bus , t ruck , moto rcyc l e , b icyc l e , farm veh ic l e , or  pedes t r i an , 

rega rd l e s s  of  whe ther  i t  resu l ted in any casua l t ie s  or  Jamage . "  

(See Re ference 3 . ) The ratio  o f  fa tal i t ies to  accidents i n  the 

year 1 9 7 5  was approximat el y  0 . 1 0 5 .  (See Sec t i on 1 and Append ix F . ) 

COLEMAN - STEWART MODEL - - One of s evera l spec i fi c  hazard i n

dexes . (See Append ix B and Reference 2 . )  

EMPIR ICAL OPERATING CHARACTER I ST I CS ( EOC) - - A tab le g i ving 

power factors , cumu l at ive acc idents a t  vari ou� percentages o f  

hazardous c ros s i ngs , etc . 

versus percent c ro s s ings . 

2 and 4 and Appendix C . )  

A l s o  a g raph o f  percent acc idents  

(See a l s o  POWER FACTOR . )  (See Sec t i ons 

noc _ . .  See EMP I R I CAL OPERAT I NG CHARACTER I ST I C . 

EXPECTED FREQUENCY OF ACC I DENTS (or expec ted number  of 

acci dent s )  - - For a g i ve n  value of the hazard index , the expected 

number of  accidents to occur pt a g iven c ros s ing in  a g i ven yea r .  

Re l a t ed approx imat e l y  t o  p robab i l i ty o f  acc ident , p ,  by f = p/1 - p .  

(See PROBAB I LITY OF ACC I DENT . ) (See Sect i ons 2 . 3  and 4 .3.) 

HAZARD INDEX (or h a zard funct ion, hazard mode l ) . A 

fo rmu l a  rel a t ing r e l a t ive hazard o f  acc i dent to  quan t i f i ab l e  

c ross ing charac t e r i s t i c s . The h igher t h e  hazard index the highe r 

the probab i l i ty o f  acc idents ( i f  the hazard index holds  good ) . I f  

the ha zard i ndex is  a lso  proport iona l to  probab i l i ty o f  acc ident , 

then i t  i s  an abs olute  h a za rd index . (See also  ABSOLUTE HAZARD 

INIlEX . ) (See Sec t i on 1 . )  

ITERATED WE I GHTED LOG I ST I C  REGRESS ION - - Each o f  the component 

parts  of  t h i s  express ion has a common meaning in s ta t i s t i c a l  
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ana l�'s is . They a re comb i ned i n  th i s  proj ect  to  produce a techn i 

que e s pec i a l l y  adapted for produ c ing ha zard mode l s . ( See Sec t i on 

2 . 2  and Appendix  A . ) 

NEW HAMPSIHRE MODEL - - A ve ry s imp l e  hazard index (often g iven 

other  name s )  wh ich s t ates  that  for a g i ven warn i ng device c lass  

the (relat ive ) ha zard increases  K i t h  the  product of  t he average 

vehi cu lar  volume and the aver age ::'a in  vo l ume . This  g ives a good 

re l a t i ve hazard  inde x , but not a good absol ute  ha z ard index 

(except by mod i f i ca t i on ) . (See Sec t ion 4.1 and Append ix  B . ) 

NON- VOLUME VAR IABLES -- A l l  c ros s i ng charac teri s t i c s  not 

der ived on l y  from vo lume var i ab le s , e . g . , number of tracks , train 

speed , numbe r  of  n ight  trains , etc . (Sec a l so VOLUME VARIABLES . )  

( Sec Sec t i on s  1 and 3 . )  

PEABODY- DI MM I CK MODEJ. - - A ha z ard index deve l oped many years 

ago depend i ng on ly on veh i cu l ar vo lume and train  vo l ume for a 

c ros s i ng of  a g i ven warn i ng dev ice  c l a s s . (Sec Sec t ion 4.1, 
Append i x  B ,  and Rere rence 1 1.) 

POWER FACTOR - - The frac t i on o f  accidents  occurring a t  a g i ven 

frac t i on o f  the mos t  ha zardous cros s ings . I f  the 5 percent fac tor  

i s  4, then the 5 percent most  hazardous (accord ing to  a g i ven 

haza rd i ndex )  c ros s i ngs have 20 percent of the acc i den t s . (See 

Sect ion  2 and Append i x  C . ) 

POWER FACTOR FUNCTI ON - - An analyt i c  repre sentat ion o f  the EOC 

by means o f  a func t i on wh i ch fi ts  the observed func t i on a l  re l a -

t ion o f  power factor t o  frac t ion  o f  cros i s ngs . ( I t  i s  used for a 
g i ven warning dev ice  c l a s s  and ha z a rd index . )  I t  i s  usua l ly  o f  

the form l o g  p = a ( log A ) b , where p i s  the A x 1 0 0% powe r fac tor , 

and A i s  a g i ven frac t i on o f  the c ros s i ngs . ( Sec a l so POWER 

FACTOR . )  (See Sec t i ons  2 . 3  and 4. 1 and Append i x  C . ) 

PROBABI L ITY OF ACC I DENT - - For a g i ven value of a g iven hazard 

index the probab i l i ty ,  p ,  o f  a cros s i ng (with  t h i s  va lue for the 

ha zard inde x )  e xperi enc ing an a cc i dent  in  a g i ven year . (See 

EXPECTED F REQUENCY OF ACC I DENTS . )  
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TSC COMPREHENSIVE MODEL - - A hazard index , for each warn ing 

dev ice c l as s  constructed in th i s  proj ect , which  uses t he TSC vo lume 

model as a ba s e , and wh ich  includes  non - vo lume v a r iabl e s  a s  wel l . 

The best  comprehensive mod e l s  for each warn ing device c l a s s  are 

given in Appendi x  B. The best comprehens iv e  models are o f  log i s t ic 

const ruc t ion, and eas i l y  y i e l d  an absolut e hazard index . 

TSC VOLUME MODEL - - A h azarJ index for each warning device 
c lass , cons t ructed in  t hi s  pro j e�t. u s ing only volume variables. 
Bes t  volume model s  are o f  log i s t i c  cons t ruc t i on , and y ie ld abs o lute 
ha zard a s  wel l .  (See Sect ions 4 .1 and 4 . 4  and Append ix  B, e tc . )  

VOLUME REGRESSION - - Any hazard i ndex opt imi zed as  a func t i on 

o f  volume vari ables on l y , whet her cons t ructed by l i near regre s s i on , 

log i s t i c  discriminant analys is , etc . I t  has been obse rved that 

apparent l y  9 0 - 95 percent of the  predi ctive power of any hazard 

index is accounted for by i ts volume dependence . (See also VOLUME 

VAR IABLES.) ( See Sect i ons 2 and 3 . )  

VOLUME VAR IABLES - - Thos e  var iables and func t i ons , entering 

any hazard index , whi ch depend on ly on C ,  ' the average total  dai ly 

veh icu lar volume , and T ,  the average total  dai ly t rain  vo l ume. 

Only total traffic  of e i the r k i nd i s  included . By th i s  de fi n i t i on , 

any breakdown such as  day/n i gh t , t hrough/sw i t ch , c ar/t ruck invo lves 

non - vo l ume var i ab le s . (See also NON-VOLUME VARIABLES . )  

WARN I NG DEVI CE CLASS - - A c la s s  of cross ings de termined by the 

warning devices for h ighway veh i c les . The mos t e ffect ive dev i ce 

pre sent at  each cross ing i n  the class  g ives i ts name to  t he c las s . 

Thu s , e ach  cro s s i ng in  the warn ing device c l a s s  des i gnated "cros s 

bucks" has  n o  active warning  equipment ,  but has the  s t andard 

cros sbucks to  warn h ighway t raffi c. The s eparate and d i s j oint  

warn ing dev i ce classes  "crossbucks , "  "flas hing l ights , "  and 

"automat i c  gates" toget he r  e ncompas s  about 90  percent of a l l  pub l i c  

grade cross ings account ing for over 9 0  perc ent o f  a l l  grade 

cross ing  acc idents, and are the focus o f  th i s  r eport . Al l t he 

a�alyses  and const ruct ions in  t h i s  report are  d i saggrega ted by 
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wa1:ning device cla s s . The t erm "warn ing device c l a s s" refers to 

e s s ent ially the same clas ses  of c ro s s ings as does  the t erm "pro

t ect ion class" used in some previous l iteratur e. (See Tabl e F - 2, 

LOC 4 7 . ) 
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1. INTRODUCTION 

1 . 1  HAZARD I NDEXES 

There has been l ong and cont i nued inte re s t  in obj ec t ive 

fo rmulas  fo r compar ing i nd i v i dua l ra i l road grade c ros s i ngs w i th 

respect  to  ac c i dent h azard . Thes e  formu l a s  are  usua l ly relat ive l y  

s impl e  funct ions o f  eas i ly qua nt ifiab l e  character i s t i cs o f  the  

grade cross ing , and a re ca l l ed "):.1 :ard i ndexe s . II (See Re ferences 

1 ,  2, 5 ,  8 ,  and 1 2 .) 

An examp l e  o f  a ha zard i ndex i n  common use  i s  the so - c a l l ed 

New Hampsh i re formul a :  

H = K ·CT P 
where C i s  the average da i ly veh i cu l ar t ra f f i c  vo l ume a t  the  c ros s 

ing , and T i s  the average number o f  tra i ns per day . Kp i s  cons tant , 

d i ffe r i ng fo r each warn ing dev i c e  c las s . As w i l l  he  shown in  th i s  

report , t he New Hampsh i re formu l a  can  be o f  va l ue for comparing  

c ross ings o f  the s ame warni ng dev i ce class  w i th respect  t o  re l a t i ve 

h a z a rd . The means o f  compa r i ng formu l as i n  t heir ah i l i t y to p r e 

d i ct  ha z a rd w i l l b e  shown a nd t he s e  met hod s w i ll he  used w i t h  the 

comprehens ive  d a t a  ( a l l to be d e s c r i bed p re s en t l y )  to  make re l a 

t i ve a s sessme nts  o f  t he h a z a rd rank ing e f fic i ency  of var ious for 

mu l a s . (The Ne\v l Iamp s h i re formu l a  is not the bes t i n  t h i s reg ard , 

hu t i s  a good examp l e  becaus e i t  i s  surpr i s ing l y  eff i c i e nt , g i ven 

i t s s imp l ic i t y .  

A hazard i ndex , a s  referred t o  above , g ives  a re lative ind i 

cat i on o f  ha z a rd . An abso l ute  i nd i c a t i on of  hazard i s  a quant i t y  

which  i s  proport i ona l t o  e xpec t ed frequency o f  acc ident s per y ear  

( a t a cross ing w i t h the  character i s t ic s  represented i n  the  formu l a) .  

The Ne\v lIampsh i re formU l a , a s  s t a t ed above , i s  good a s  a r e l a t i v e 

h a z a rd index on l y . Other  formu l a s , wh i ch a re good as  abso l u t e  

h a z a rd index es , w i l l  be cove red , a s  w i l l  the  met hod o f  obta i n i ng 

an ab so lute  hazard i ndex from a r e l a tive haz ard index . 

Re l a t ive h a z ard indexes a rc used  for  rank i�& and compa ring 

grade cross ings a s  t o  the i r  h a z a rd l e ve l . One p rac t i c a l  use  wou l d  

be i n  pre l im i na ry s e l e c t ion o f  a g roup o f  c ros s i ng s  (out  of some 
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popu l a t i on)  fo r c loser  e xaminat i on in o rder to s el e c t  from this  

group a smal ler group for improvement , i . e . , upgrading o f  warning 

device c l a s s . 

For certa i n  more ana l y t i c  appl ic a t i ons , espec i a l ly t hose  

carried o ut on a l a rge  s c al e ,  it  may not be  enough to have  a rel a 

t ive haza r d  i ndex; rathe r , an absolute  h azard i ndex is  needed . 

For examp le, in c a l cu l a t ing bene fi t/cos t ratios on .a per  cros s ing  

bas is , the bene f i t s  may  b e  based  en  the  expec t ed (pred i c t ed) a cc i 

dent frequency a t  the  part icul a r  cross ing , and t h i s  i s  g i ven only 

by an absolut e  hazard index . 

Cons t ruct ion o f  a superior  relat ive hazard index i s  the mo re 

d i fficu l t  part . "Shaping" the ha zard funct ion to  an abs olute  

ha zard index i s  eas i e r  and more s traightforward . 

Mathema t i c a l ly , the term "relat ive hazard index" c an be  

defi ned in t;erms of  "absolute  h a zard index" ( even though the c a 1 cu 

lat ior may go the o ther  way) . An absolute  h azard index i s  any 

quant ity  d i rec t l y  proport ional to  expected frequency o f  accident . 

A re lat i ve haza rd index i s  any monoton i c  ( alw3ys increa s ing)  

funct i on of  a n  absolut e h az ard inde x .  From a lmos t  every intu i t ive , 

computat ional , and pra c t i c a l  point  of  v i ew ,  however ,  the concept  

o f  relat ive hazard index may  be thought o f  as  p r i o r . The rel ative 

ha zard index indicates  which  cross i ngs are  more h a zardous , but not 

by how much ; the ab solute  h azard index answers the  l at t e r  ques t ion . 

1 . 2  THE FRA DATA BASES 

The FRA has comp i l ed a c omp rehens i ve data base  con t a ining 

data on a l arge number of qua l i t a t ive and q uan t i t a t ive c harac ter

i s t ics  o f  a l l  pub l i c  roadway- ra i lway grade c ros s i ngs  a nd a l l  p r i 

vate grade cross ings i n  t h e  Uni ted  States . Th is  c ros s i ng inv en-

tory i s  b r i e fl y  descr ibed in Appendix  F ( s ee a ls o  Sec t i on 3) , and 

is  a lso  the s ub j ect  o f  an earl ier  report ( Reference 4 ) .  I t  con

tains , in quant i fi ed fixed- format records , in format i on on a great 

many fact ors , of which  total  average da i l y  veh i c l e  volume , total  

average d a i l y  t r a in volume , and maximum warning dev i ce class  are  j us t  

three (derived) quant i t i es .  There a r e  o t h e r  quant i t ies  related to  
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veh ic l e  vol ume , train  vo l ume , and cross ing warning equipmen t  

included , and many quan t i t i es n o t  re l a ted t o  thes e , s uch as  es t i 

mates o f  typ i c a l  t ra in speeds , func t i onal  c l as s  o f  road , type o f  

dev e l opment o f  the a rea , e tc . I n  the  work reported on here , o n l y  

t hose re cords whi ch re fer t o  pub l i c grade c ro s s ings a re used 

( 2 1 9 , 16 2  in  numbe r) . Th i s  data  base  i s  re ferred t o  as  " the 

cros s i ng inven tory . "  

I n  a dd i t i on ,  the FRA has bel'l: keep i ng a comp l e t e  f i  I e  on the 

grade cros s ing accidents wh ich  occur a t  these  cros s i ngs ; t h i s  dat a  

base  i s  des c r ibed b r i e f l y  i n  Append i x  F ( s ee a l s o  Sect ion 3 ) , and 

a l s o  reported on in Re ferenc e 3 .  For the yea r 1 9 7 5 ,  a total  o f  

8 , 0 2 8  acc idents  are  rep re sented . Th i s  data  base  ( 1 9 7 5  onl y )  wi l l  

he  cal led the "accident f i l e . "  The acc iden t f i l e  (s ince 197 5 

i nclus ive ) i s  keyed to  the cross ing inventory by a c ro s s ing ident i 

f i ca t i on number , unique ly  associa ted w i th each cros s ing . Th i s  

number i s  included in  the record a s s oc i a ted w i th that  cross ing 

in  the cros s ing i nventory , and i nc luded i n  th� record ( s )  for a l l  

acc i dents  wh i ch occur red a t  that  c ros s ing . (A certain  numbe r  of  

acc idents  are  not  l i nked to  cros s ings  because of  t echn i c a l  d i f fi 

cu l t i es . See Subsection 2 . 3 . 1 . )  

1 . 3  PROJECT OBJECT IVES 

The FRA a s ked TSC t o  i nves t iga t e  acc iden t  pred i c t i on us ing 

the data bases j us t  re ferred to i n  order to cons t ruct  an e f f i c i ent 

hazard index whose  ove ra l l  perfo rmanc e  on pub l i c c ross ings in the 

United  States  wou ld  be  as good as  pos s ible . 

The overa l l  goa l o f  t h i s  proj ec t was t o  cons t ruc t and t e s t  

haz ard indexes w i th the intent  o f  a t tain ing or  est i ma t i ng t h e  u l t i 

mate a t t a inab l e  p redict ion powe r .  I n  purs u i ng th i s  goal , it was 

endeavored to : 

a .  Rate  hazard indexes (prev i ous ly proposed o r  a r i s i ng i n  

thi s  p roj ect )  o n  t h e i r  ab i l i ty t o  p redict  rel at ive and 

absolute  h azard of  acc i dent s . 

b .  Con s t ruct ha zard i ndexes which are bet ter  in  performance 

than prev i ous l y  proposed or prev i ously  used hazard indexes. 
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c. At t empt to  de fine the l im i t s  o f  power ach i evab le  by acc i 

dent h a z ard predict ion funct i ons , i . e . , h a z ard i ndexe s . 

In a l l  three of t hese  endeavors , ava i l able  informat ion i s  

conf ined to  that  i n  our data bases . In pa r t i cu la r , the ha z ard 

indexes Nh i ch arc c ons t ruc t ed , compared , e tc . , arc a l l  based on 

the d a ta i tems wh ich pertain to e ach c ross ing in the cross ing 

inventory . Ha zard indexes Nhich  , : r c  based on data  i tems not  

i nc luded in  the  cross  ing  invent ol': ( for exampl e ,  "unobs t ructed 

s ight d is t ance")  cannot be compared , evaluated , or cons t ructed in  

th i s  manner . The data  bases  at  h and are about the  most  comprehen 

s ive o f  t h i s  type e\'e r gathered ; therefo re , the resul t s  r epo rted 

here should be r epres en tat ive o f  over a l l  U.S. exper i ence . 

The methodology , as descr ibed in  the  next s e c t ion , i s  based 

on the a s s essment o f  the hypothet ical  per fo rmance o f  c andidate 

ha z ard indexe s if  they h ad been used to  predict  the acc idents 

Nh i ch h ave been obs erved ( as reco rded in the accident  f i l e) .  

The key e l ement s  are : 

1 .  A good representat ion o f  perfo rmance qual i ty .  

2 .  A means o f  a s s es s i ng the s ample  va r i ab i l i ty and the 

c apac ity  for general i zat ion of our measure s . 

3.  A good means of set t ing up a family  of h azard func t ions 

wh i ch can eas i l y  be opt imi zed w i th respec t to an appro

priate  c r i terion . 

Although goa l c above , "define the l im i t s  of  power achievab l e , "  

i s  no t a feas i b l e  task  in s o  complex  a s i tuat ion , the results may 

s t i l l  be  quite  h elpful i n  this  regard . 

Note t h at the goa l s  and met hods a l l  pe rtain  t o  pred i c t i on .  

The re has  been no attempt t o  isola t e  factors wh i ch are c ausa l l y  

rel ated to  acc id en t s . There i s  a connect i on betNeen the two 

e ndeavor s ,  but s i nce the e f forts here are d irected solely  at 

predic t ive capabi l i ty , i . e . , ha zard est imat i on , the res u l t s  w i l l  

not necessar i ly b e  read i ly interpretab le  from a causal  point  of 

view . 
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In more expl i c i t  terms , t he hazard i ndexes are for the pur

poses  o f  ident i fy ing  hazardous c ros s i ngs , but  i f  th e form of  the 

ha z ard i ndex formula  s ugges ts the d i rec t i on and magn i tude o f  the 

i n fluence of a certa in  factor , this  a spec t is inc idental , and 

c ou ld be mis i n terpreted . Th i s  and related que st ion s  wi l l  be 

dea l t  w i t h  in Sect i on 4. 

Grade Cros s ing Fund ing AI:�c at i on Projec t  

An abso lute ha zard i ndex wi l l  be  used in  the Grade C ros s i ng  

Fund i ng Al loca t i on P roj ect  ( FRA- TSC - RR 8 3 3 )  curren t l y underway at  

TSC . I n  that project , s trategies  for a l locating  funds for warn i n g  

dev i ce c l as s  improvements  among g roups o f  cro s s in g s  are be ing  worked 

out and i ncorporated into compu ter p rograms . The marg inal  bene f i t /  

cost  ratios  for i ndiv idua l cro s s ings  wh i ch these s t ra teg i e s  a re 

based  on are proport i ona l to the expect ed frequency o f  acc idents  

at  the i nd i v i dua l c ros s i n g s ; hence , the need for an  absolute 

ha z a rd index . I t  i s  clear  that ab so lute , and not re l a tive , 

ha zard i ndexes are ne ces s ary for input to the fund ing a l loca t i on 

a lgor i t hms . One o f  the goa l s  of  th i s  proj ect  was to supp ly such 

ha zard  indexes for the fund ing  al loca t i on proj ect . 

1 . 4  NOTES ON STRUCTURE , CONTENT , AND CONVENT IONS 

1 . 4 . 1 Def i n i t ions and Te rms 

I n  th i s  report , several expre s s i ons wi l l  be used as synonyms 

fo r "ha zard i ndex" : "ha zard func ti o n , "  "hazard mode l , "  "hazard , "  

" d i s cr im inant funct ion , "  and "probab i l i ty fun c t i o n . "  The synonyms 

w i ll c l early  refer to hazard index , but may conno te i n tere�t i n  a 

spec i a l  aspect i n  certa in  contex ts . 

A l i st  of  s e l ec t ed t erms used i n  t h i s  r eport w i l l  be found in 

the front s ect ion t i t l ed "Gl os sary . "  Th is  i s  to prov ide  empha s i s  

and c l ar i f icat ion o f  key concepts , espec ial ly when they are  d i s 

cus sed i n  s everal s ec t ion s .  A br i e f defin i t i on i s  g iven i n  the 

g lossary , and sect ion re ferenc es are g i ven to  key pa s s ages  deal ing 
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with  the i tem . It i s , consequen t ly , s ugges ted that the g loss ary 

be read s t raigh t through by the interes ted reader , as i t  w i l l  a id 

in deve loping the des i red pers pec t ive .  

1 . 4 . 2  Append i xes 

The append i xes are an integral part of this  report . Nea rly 

al l the s ubstantive data are in  the append i xes . The appendi xes 

a l l ow res ul ts  to  be  found eas i ly f0r r e ference at  any t ime .  They 

als o  a l l ow l engthy parentheti cal comments w i thout interrupt ing the 

d i s cuss ion . 

1 . 4 . 3  Not es  on Sugges ted Order o f  Read i ng 

Sec t i on 3 ,  ent i t led "Course  o f  Experimentat i on , "  i s , from a 

s l i gh t l y  di fferent perspect ive ,  an overview of  the whol e  projec t . 

Some readers have found th i s  s ec t i on a he lpful introduc t i on as wel l  

a s  a general des c r iption o f  what was done . The s eparate p e rspec 

t ive p rovided by this  sec t i on i s  usefu l  fo r the purpose o f  help i ng 

to  communi cate a general review o f  a comp lex prol:ram . 

Sec t ion 2 (Methodology) c an be read over quickly at first . 

Howeve r ,  t he part regarding emp i r i cal operat ing ch aracteri s t i cs  

and power factors i s  a prerequ i s i te to understanding the result s .  

The rest o f  Sect ion 2 may be pr imar i l y  o f  interest to  someone 

interested in do ing furt her work in haz ard index con struc t ion . 

Sect ion 4 (Resu l t s )  conta ins the pr imary mater ial  on what was 

d i scovered about ha zard indexe s  and t heir  performance . 

I t  i s  suggested that for a f i r s t  r eadi ng of  this  report t he 

eas ies t sequence to fol low would b e : Summary ; Sect ion 1 ,  

Introduct ion ; Sec t i on 3 ,  Course  of  Exper imentat ion ; Sect i on s  2 . 1  

and 2 . 3 ; t hen Sect ion 4 (with  a l l  its  cross  references) . 

Appendi x  H treats t he problem o f  hazard i ndexes based on 

acc ident h i stroy . Th i s  i mportant subj ec t i s  p l aced in  an appendi x  

becaus e t he treatment here was a late development i n  t he projec t, 

with the emp ir ical  results  be ing prel iminary ; further devel opment 

i s  ant i c ipated . 
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2. METHODOLOGY 

Th i s  s ect ion out l i nes  and d i scusses , from a prac t ical  point  

of  v i ew, the methods used  to pursue the three goa l s  l i s ted  i n  

Sect i o n  1 . 3 . The l atter  s ec t i o n  a l s o  provid e s  the key clements 

i nvolved i n  the methods adopted . A pa ra l l e l  report on  the methods 

u s ed , including  mo re de t a i l s  a nd theo re t i c a l  cons i dera t ions , i s  

u nder prepa rat ion . Th i s  w i l l  b e  :"-;.> fe rred to  a s  "Comprehens ive 

Methodol ogy Repo rt" ( CMR) . * 

2 . 1  THE E�tP I RI CAL OPERAT I NG CHARACTER I ST ICS ( EOC ) 

The prima ry tool fo r the compar i son  o f  relat ive h a z a rd i ndexes 

used in t h i s  s tudy is  the emp i r i c a l  ope ra t i n g  charac te r i s t i c  ( EOC ) . 

Th i s  term refers to a set  o f  der ived data  to he  used fo r compa r i ng 

the perfo rmance o f  two or mo re hazard i ndexes on a g i ven data  ba sco 

The EOC i s  a set  o f  data der ived from an acc i dent and cross i ng 

d a t a  base  wh ich  has  been ord ered accord i n g  to some h a:ard i ndex . 

I n  verbal  d i s cu s s i ons  the power factors arc  o f ten referred to 

i n  contexts  wh ere reference would be  made to th� EOC in a mo re forma l 

d i s cu s s i on . The powe r factor is c l ose l y  re l ated to t he EOC , and 

i s  e a sy to mot ivate  and t o  defi ne; hence i t s  currency in v e rba l 

d i s cu s s ions w i thout access  to lengthy t ab les  or  graph i c a l  pre s e n 

t a t ions nec e s s a r y  t o  c ommun icate t h e  ent ire  EOC . The power factor  

is  de f i ned f i r st . 

* The pres e nt report i s  meant  to  s t a nd a l one regard ing  support fo r 
the conc lus ions . Howeve r ,  there are a numb er o f  innovat ive 
techn iques used  he re wh i ch are d i s cus sed  more fu l ly in the CMR . 
A c ompl ete d i scus s i on is  th erefo re not wa rranted  here . I n  add i 
t i on , the C�tR con t a i n s  many tech n i ques '''h ich  'oJoul d  b e  appl i c a b l e  
to this  ove ral l proj ect i f  t ime had  permi tted and  i s  h e i ng pre 
pared a �  a compa n ion repo rt to th i s  documen t .  The me thodology 
covered i s  appl i cab le  to analys i s  o f  acc ident  data  of var i ous 
type s and i n  general  situa t i ons whe re pred i c t i ve d i s c r im i nant  
analys is  i s  to  b e  used . The  Comp rehens i ve Methodol ogy Repo rt 
does  not con t a i n  i n forma t i on spec i f ic  to g rade c ros s i ng  ana lys i s , 
'''h ich  th i s  report contains . 
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2 . 1 . 1  The Power Fac to r  

The power fac to r  (PF) i s  defined a s  fo llows : The 1 0  percent  

power  fac to r ,  also  written P F ( l O % ), i s  the perc ent  of  acc idents 

wh ich occu r  at  the 10 pe rc ent mos t  ha zardous c ro s s ing s  ( as dete r 

mined by t h e  g iven h a zard i ndex) d ivided b y  1 0 % . T h e  s ame sort o f  

de f in i t ion h o l d s  fo r the 5 percent powe r  fac to r  P F ( 5 % ), e tc . Thus , 

i f  PF (5 % )  � 3 . 0 ,  then 5 perc ent o f  the c ro s s ing s  account fo r 1 5  

perc en t  ( 3xS%  � 1 St )  o f  the  acc ic� nts (when the 5 %  refe rred to i s  

the 5 perc ent mos t  hazardous acco rding to t h e  h azard index i n  

ques t ion) . 

The power fac to r can b e  s een as a d irec t  primary measure o f  

the effic acy o f  a haza rd index for rel a t ive ranking o f  c ros s i ng s . 

Thu s , s uppo s e  1 0  percent o f  a c ertain  g ro up o f  c ro s s i ngs  i s  to be 

selec t ed fo r improvement , and assume that one w ishes  to s e l ec t  the 

mos t  h a z a rdous c ross ing s  for th is  purpo s e . Then , if  a g iven ha zard 

index i s  used , the 1 0  pe rcent mos t  hazardous cross ings w i l l  b� 
s e l ec ted acco rding to that  hazard index . The number  o f  acc idents 

that may be e xpec t ed at  thes e s e l ec ted c ross i ng s  i n  any period o f  

t ime i s  propo rt iona l to the power factor  for the g iven hazard in

dex . The  g reater the proport i on o f  the  to tal  acc idents that would 

occur a t  the c ross ings  se l ec ted as mos t  ha zardous , the mo re e ffec 

t ive i s  the hazard index a s  evidenced by the power fac tor ; i n  fac t , 

fo r some" purpose s , the ttp ayo ff ,  tt o r  benefi t ,  w i l l  b e  propo rt ional 

to the numb e r  (o r propo rt i on) o f  acc idents tha t  would occur  at  the 

selec te d  c ro s s ings , as these acc idents may be part i a l ly or total ly 

p revented . Consequent ly , when the hazard index is  to be used for 

selec t i ng the 1 0  percent mos t  hazardous c ro s s ing s , the 10  percent 

power factor  s eems to be th e most d irec t  measure of  its  e ffec t ive 

ne s s . The s ame would hold  for t he 20  perc ent power fac tor  i f  2 0  

percent of  the c ro s s ing s  were to  b e  selec t ed ,  etc . The complete  

set  of power fac tors  computed at  e ach percent i l e  o f  hazard (w i t h  

perc ent i l e  of  ha zard d e f ined as  t h e  perc ent � hazardous , and 

hence , w i t h  sma l l  order percent i l es ind icat i ng h ig her ha z ard)  w i l l  

give t h e  same informat i on as the EOC . ( nOC i s , a s  has been impl ied , 

to be c ons idered a mo re comprehens ive term . ) 
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The Eoe con t a ins  the power fac tor  and o ther rel a ted infor

mat ion . The  power fac tors and  the EOe are  a lways computed on a 

spec i fied data base  conta in ing a certain  number  o f  acc ident cros s 

ings and a certain  number o f  inventory cross ings . The data base  

i n format ion on  wh ich the Eoe is  computed thus  ac tua l ly comp r i s e s  

two data  bases : the "acc i dent"  data bas e , wh i ch i s  a random 

s ampl i ng o f  accident c ros s ings (repeat ed as many t imes as acc i 

den t s  occu rred a t  the cross ing in 19 7 5 ) ; and the "non - accident" 

data base , \�h i ch is a random s amp l ing  o f  a l l  c ros s i ngs (each 

repea ted only once , wh ether or no t it  had an acc ident ) . Section 3 

and Append ix F prov i de further  desc r ip t ions  o f  the primary data 

bas es and s ubs amp led data bases . 

Append i x  F desc ri bes the  va r ious s amp led data bases  used i n  

t h i s  p roj ect . Subs amp les  o f  the tot a l  data  base we re used fo r two 

reasons : 

a .  The total  number  of  c ros s i ng s  compared w i th the number o f  

acc ident c ross i ngs w a s  s o  l a rge t h a t  n o  appre�lable i nc rease i n  

accuracy could b e  achi eved b y  us i ng a l l  non - ac c ident c ros s i ngs 

versus a frac t ional subs ample . 

b .  The total  number o f  accidents  was sma l l  compa red w i th the 

t o t a l  number of c ros s i ngs , and therefore a l l  acc idents  mus t be 

used for the purpos e s  of th i s  analys i s . Neverthe l es s , the number 

o f  accidents  was suffic ient to j us t i fy dividing  them i n to two 

groups such that  one could be used for hazard i ndex cons truc t ion , 

and the other  fo r va l id a t i on . A l l  subdata bases  were fu rther 

broken down by warn ing dev i ce c l a s s  for a l l  mode l deve lopment 

and t e s t in g . 

2 . 1 . 2  The Eoe Des c r ibed 

The Eoe re fers to a l arge der ived data s e t . A number of Eoes 
arc  g i ven in Append ix  C .  Ba s ed on Table C - l o f  Append i x  C ,  t he 

in format ion cont a i ned in  an  EOC is  descri bed . The f i rst  s i x co l umns 

g ive EOC info rmat i on pert a i n i ng to  a g i ven ha z a rd i ndex ( l abeled 

t here a s  t h e  TSC model , hut  nume rous TSC mod e l s  arc  represented in 

var ious  EOCs . )  Tab les C- 2 through C - 13 have the s ame forma t a s 
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that of  Table  C - l .  I n  t h i s  s ec t i on the format referr i ng to  Tab l e  

C- l i s  des c r ibed ; however ,  the mos t essen t i al i nformat i on in Tab l e  

C - 2  i s  presented g r ap h i c a l l y  in  F igure E - 9 .  Thus , t he hor i zontal  

axis  of  F igure E - 9  corresponds to  column 1 of  Tab l e  C - 2 , and t he 

vert i c a l  ax is  corresponds t o  column 4 of  Tabl e  C - 2 .  Fu rther 

inspec t i on of F igure E - 9  w i l l  enab l e  one to understand t he EOC . 

For examp l e , Figure E - 9  s hows that when 2 0  percent o f  the  cro s s i ng s  

are s e lected a s  mo s t  h a z ardous by the TSC mode l ,  over 5 0  percent  

o f  the acc idents occur at  them . The tables  s how the s ame infor

mat ion ( and other  informa t ion) more accura t e ly . 

Tab le  C - l w i l l  now be c ons idered . The table ' s  f i r s t  column re 

fers to  a g iven percentage  o f  the "non- ac c ident" cros s ing s . Th i s  was 
a s t ra ig ht samp l ing from the inventory , and included bo th acc i -

dents and non- acc i dent s . Consequent l y  the f irs t co lumn i s  l abeled 

Itt Cros s i ng s . "  The s i xth column ( l abeled "Ha z ard I ndex") g ives 

the va lue o f  a relat ive h a zard index for the leas t hazardous noo 

acc ident c ros s i ng i n  the group . Thus , column 1 g ives the perc en 

tag e  o f  the "non- acci d ent" cro s s ing s  \\'hos e ha zard i ndex equaled or 

exceeded th e va lue g iven in  column 6 .  S im i larly , column 4 g ives 

the percentag e  of  acc idents whose  (cro s s i ng )  ha zard ind ex equal s  

or exceeds t h e  s ame value . Column 5 g ives PF ( X % ) , where X percent 

is the value in  column 1 .  Thus , co lumn 5 i s  the r a t io of column 

4 to column 1 .  Column 3 g ives  the actual  number  o f  acc idents on 

wh i ch the percentag e  i n  co lumn 4 i s  based (co lumn 3 and 4 are 

proport ional )  and column 2 ind icates the increment s  i n  column 3 

( fi rs t  d i fferences ) .  The next f ive columns g ive the s ame EOC 

informa t ion on another h azard index - - the  New Hampsh ire formul a 

(based on the s ame data  base) . The res t o f  the  columns g ive i n 

forma t i on f o r  comparing t he two hazard fun c t i on s . Moving ahead t o  

t h e  1 5 th  column , enti t l ed "CUMMTCH" for cumulat ive match , one g e t s  a 

very important number . I t  t e l l s  how many o f  the acc idents count ed 

in columns 3 and 8 (both l abeled "CUfwIHACC" )  are i dent ical , i .  e .  , 

how many matches there are . Thus , the 1 2 8  for the second entry i n  

co l umn 1 5  means that  o f  t h e  1 4 4  a c c idents s el e c t ed by t h e  "TSC 

model "  and the 1 3 5  acc idents s el e cted by the N ew Hampsh i re mode l , 

1 28 we re ident ical , i . e. ,  inc l uded i n  both g roups . (Al l  t h i s  
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re fers to  c ross ings s e l ec ted w i t h  the  1 percent mos t hazardous 
" non- accident" cros s i ngs - - for each mode l in turn . )  The cumu -

l at ive match i s  important , as exp l a i ned in  the CMR , becaus e i t  can 

be us ed to  cons truct s t a t i s t ical  t e s t s  fo r the s i gn i f i cance o f  the 

obs e rved d i fference between the two models . 

The next - to - the - last  co lumn (co lumn 2 0 )  wi l l  now be cons idered .  

That number  i s  the d i fference between t h e  percent ac c idents  for the 

two mode l s , i . e . , the d i f fe rence ��tween co lumn 4 and column S .  The 

las t co lumn ( c o l umn 2 1 )  i s  for tes t i ng the s t at i s t ical  s i gn i f i cance 

of the given ob served d i fference . It  i s  cal l ed the I tt va lue , "  but 

is p rope rly re fer red to  a normal d i s t r i but ion . Thus , a t va l ue 

o f  about 2 means "s igni ficant a t  the 5%  l evel , "  and a t va lue  of 

3 means " s igni ficant a t  the  0 . 5  percent l eve l . "  (Of  cours e , a t 

value of  3 . 5 o r  4 woul d be  extreme ly  s i gn i f ic ant . )  

The key cons i de ra t i on here i s  that  the s i gn i f i c ance refers  

to  each  row in the table separa t e l y , and does  not  app ly if  the row 

\if th t he max imum va l ue i s  s e l ec t ed by search in g  for i t .  1 ! 00"eve r ,  

when the t va l ue exceeds  3 . 5 ,  i t  i s  a lways s ign i f i cant . The 

reason why TVAL = 3 . 5 i s  s ta t i s t ic a l ly s i gni ficant even i f  it i s  

the l a rgest  TVAL a t  any o f  the 1 0 0  ha l f- percentiles  i s  that the 

probab i l i ty of getting  a s t anda rd norma l dev iate  grea ter  than 3 . 5  

i s  0 . 0 0 0 3 3 , wh ich  i s  l e s s  than 0 . 0 5 even when mu l t i plied h y  1 0 0  

( a  very conserva t ive requ i r ement ) .  

The formu l a  for the quant i ty "TVAL" i s  

where C i denotes the va l ue i n  the i th column ( s ee the C�IR for 

d e r ivat ion) . 

The fo rmu l a  fo r TVAL i s  der ived i n fo rma l ly as  fol l ows: C 3 
(column 3 )  g ives the number  of  acc idents s e lec ted by the f i rst 

formu l a  eTSC) , wh i le Cs g ives the number of acci dents  s e l ec ted by 

the s econd formu l a  (New Hamps h i re ) . Now C I S  g ives the ove rlap . 
, 

Thus , C 3 = C 3 - Cl S  g ives the acciden�s s e lected by TSC over and 

above the common acc ident s , whi le
,

CS = CS - C I 5  g ives t�e s ame fo r 

New Hamps h i re .  Th e variance i n  C 3 i s  approx imatel y  C 3 , and that 
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, , 
in  Cs i s  appro x imately Cs ( as Po i s son  vari ables ) .  The vari ance i n  

the i r  d i f ference i s  t h e  variance o f  the d ifferenc e  o f  independent 

rando m  var i ab les  ( s ince the o verlap has been s ub tracted out) , and 
, , 

so the vari anc e o f  C3 - C 8 = C 3 - CS c an be appro ximated by C 3+CS- 2C 1 5 . 

Thus , the te s t  o f  s ig n i f icanc e  fo r the comparison  o f  C 3 and C 8 i s  

based on C 3 - Cs/ IC
3 +C

S- 2C 1 5  . 

The o ther co lumns ( 1 2 �  1 3 ,  l � ,  1 6 ,  1 7 ,  IS , and 1 9) are de

scr ibed a s  fo l lows : 

Co lumn 12 : 

Co lumn 1 3 :  

Co lumn 1 4 : 

Co lumn 1 6 : 

Co lumn 1 7 :  

Co l umn 1 8 } _ 
Co lumn 19 -

s ame a s  co lumn 

s ame as co lumn 

to 0 

2 0  

2 1  TVAL , exc ep t  that CI S  i s  

firs t di fferenc es o f  co lumn 1 5  

co lumn 3 minus co lumn 1 5  

co lumn 1 6  expressed a s  a perc en tag e  o f  a l l  

dents i n  the data  bas e ( fo r  the  particul ar 

device c lass ) 

s imilar  to co lumns 1 6  and 1 7 ,  but fo r New 

Hamps hire  ins tead o f  for TSC . 

s et 

acc i -

warning 

No t e : Co lumns 1 2 ,  1 3 ,  1 4 , 1 6 , 1 7 , IS , and 1 9  w i l l  no t be 

referred to further in  t h i s  repo rt .  

Once aga i n  atten t io n  s hould be cal led to the fact t ha t  Tab l e  C - 1  

( l ike the o ther  EOe t ab l e s )  was computed on  a spec i fic s amp led 

data base ( "Test  Data Base - - Cro s sbucks"  o f  Tab l e  F - 5) . Certain 

co lumns ( th e  key co lumns ) ,  however ,  are re fe rabl e  to the ent ire  

data base of  all  acc idents and al l c ro s s ing s  (c ro s s buc ks )  fo r 

1 9 7 5 .  The universal  co lumns ( e s t imates fo r any s ampl ed data 

base) are 1 ,  4 ,  5 ,  6 ,  9 ,  1 0 , and 1 1 .  Thus , from  co lumns 1 and 9 
we see that the 1 5 %  power fac to r  fo r the New Hampsh i re fo rmula  i s  

3 . 3 2  i n  the c ro s sbucks  case . Th i s  means that i f  one choo s e s  the 

15 perc ent mo s t  h a zardous pub l ic c rossbuck s  c ro s s ing s  ( acco rdi ng 

to the New Hampsh ire formula)  throughout the Uni ted States , one 

may expec t  that in  a g iven period o f  t ime 4 9 . 8  perc ent o f  the 

(c ros sbucks )  acc idents wi l l  occur at thes e c ro s s i ng s . I n  par t icular , 
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the power factors and the bas i c  EOC i n format i on - - percent acc i 

dent s  versus  perc ent cros s ings  as well  as t he re l evant ha z a rd 

index values are referabl 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  Regres s ion  Approach 

With  the goal o f  cons t ruct in� an "opt i ma l "  h a z a rd index , th i s  

s tudy i s , i n  many ways , s im i l ar t o  a regres s ion prob lem o f  f i t t i ng 

an equa t i on i n  s ever a l  " i ndependent" var i ab l e s  to ob s e rved pas t 

concom i t ant values o f  the "dependent"  variab l e , and th en us ing the 

r e s ult ant equat ion to  p redict  future va lues o f  the dependent var i 

ab l e  when only the indepe ndent var iab l e s  are  known . Such a t ech

n ique i s  used , for  examp l e , i n  realty  tax a s s e s sment to e s t imate  

what  a hous e would s e l l  fo r i f  i t  were on the ma r ket , based on  the 

co s t  of s im i l a r  houses wh i ch h ave been sold  recently . (Such 

s y s t ems h ave been used and are be i ng adopt ed hy commun i t ie s  i n  

various s t ates  fo r determ i n ing  tax valuat i on based o n  " f a i r  marke t"  

value) . 

As u s ed here , t he dependent var i ab l e , a s  ohserved in  the pa s t , 

i s  the occurrence (or  numbe r  o f  occurrenc e s )  of  an acc ident i n  a 

g iven t ime period . The pred i c t ion i s  on the relat ive l ik e l i hood 

o f  occurrence of  an  acc i dent i n  a future t ime per i od . One o f  the 

mathemat i c a l  techniques us ed i s  i dent ical  i n  some respects  to that  

used  i n  the tax a s s e s sment prob l em .  However , a l though the  tech

n ique is  i n  part  iden t i c a l  to o rd ina ry l inear regre s s ion , and  the re 

fore perm i t s  the use  o f  a s t andard l inear regres s i on package , the 

dependent var i ab l e  i s  related to a "yes - no" s i tuat i on ,  i . e . , i s  i t  

o r  i s  i t  not a n  acc i dent ? I t  i s  not s o  wi dely  known that  s uch a 

technique y i e lds an indicator  o f  the p robab i l i ty o f  an acc ident 

fo r the g iven va lues of i ndependent va r i ables . The theoret i c a l  

cons i derat i ons w i l l  n o t  be covered h e r e  ( see  the CMR) , b u t  i t  i s  

worth ment i on i ng tha t the particular  way t h e  ordi nary regres s i on 

approach was used i s  equivalent  to the F i s her  l inear d is c r iminant 

t echni que . Spec i fical ly , c l as s ical  l inear d i s c r i m inant funct i ons  
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were generated , and t he regres s ion package was used  for convenienc e . 

The preci s e  form that the regres s ion p rob l em t akes i s : 

,.. K 
Y .  = E X i , k bk 1 k = l  

minimi z ing 

N ,.. 2 E (Y  . - Y . )  
i = l  1 1 

whe re X .  k rep res ents  the nume r ic a l  value o f  the kth var iable  1 ,  
eval uated for the i th c ro s s ing . K i s  the number o f  variables  

cons i de red , and N the  number o f  c ros s i ngs in the  s ample . Y takes 

the value o f  0 if there was no acc ident ( i n  the t ime cons i dered) 

at the i th c ros s ing , and it  takes the va lue 1 if there was an ac ci 

dent . The pu rpos e  i s  to de term ine the bks [ f�r the i nterval ( k  = 
1 , K) } ,  whi ch s pec i fy the ha zard function Y .  Y i s  an es t imate of  

,.. 

the acc i dent probab i l i ty at the i th cros s ing . S i nce Y can be l es s  

than z e ro and g reater than one , and i s  not a very good est imate o f  

the p robab i l i ty ( i t  may b e  trans formed i nto a much better  e s t imate 

of the p robab i l i ty) , we cons i der it a relat ive hazard funct ion , 

indicat ing on l y  relat ive p robab i l i t ies . As s ta ted prev ious ly , i t  

i s  a c l as s ica l d i s c r iminant func t i o n .  

2 . 2 . 2 I terated We ighted Logi s ti c  D i s c r iminants  

Bes ides  the o rd i nary regres s ion approach t o  h azard index 

cons t ruc t i on (wh ich , as  noted above , i s  a lso  the F i sher d i scrimi 

nant funct i on approach ) , other  approaches were us ed . The mos t  

important o f  t he s e  techniques , which  were used t o  con st ruc t the mos t  

val id and use fu l  mode l s , was a part i cu l a r  i terat ive we i gh ted re 

gres s i on approach . S i nce i t  f i t  a log i s t i c funct ion to  the prob 

ab i l i ty o f  acc ident , i t  was cal led  the "log i s t i c  d i s c r iminant 

approach . "  I terat i ve we i gh ted regres s i on has become the s ubj ect  

of  much interest  in  recent years , but , for the connect i on to  l og is 

t i c  d i sc r iminants (as  used i n  th i s  s tudy) , the reader i s  referred 

to the CMR , as one cannot do j us t i ce to  t he s ubj ect  here . Log i s t i c  

d i s c r iminants h ave been avai lab le  for many years . The c la s s i ca l  
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approach w i l l  b e  found i n  Cox ( Reference 6 ) . However , the approach 

used  here is better  des c r ibed by  r e ference to robus t and i tera t i ve 

we i gh t ed regress ion  technique s ;  these  con s i derat i ons are wel l 

des c r i bed i n  Mos t e l l er and Tukey ( Re ference 7 ) . The part icular  

approach us ed  here and  its  j us t i f i c a t i on can , as far  a s  c an be  

determined , be  found only in  the CMR . The s a l ient  fea tures wh ich 

d i s t i ngu i s h  it  from ord inary l og i s t ic d i s c riminant analys i s  become , 

i n  t h i s  context: 

a .  The ab i l i ty to put the ma j o r  emphaS i s  on correc t ly ident i 

fy ing the h igh h azard  cros s i ngs . 

b .  " Robus tnes s "  and "res i s tance" - - techni ca l  terms for 

i mport ant qua l i t i e s  in regre s s i ons . I n  t h i s  cas e ,  the bene f i t  i s  

that  the log i s t ic mode l doesn ' t  have t o  hold  exact ly  for the e st i 

mates o f  the h a zard  func t i on t o  b e  val i d , and a l s o  errant data 

po ints , i . e . , tho s e  in s t rong d i sagreement w i th the o thers on the 

mode l parame t e rs , h ave sma l l  e ffec t .  (These  po i n t s  are  dea l t  w i th 

more c ompletely  i n  the CMR . )  The vers i on o f  l o g i s t ic d i s cr i mi nant 

analYS i s  used here  i s  espec i a l l y  s u i ted to  th i s  prob l em .  

What then i s  log i s t ic d i s c r im i nant ana ly s i s ?  I t  has been 

noted i n  the s tat i s t ical  l i tera ture that the l og i s t ic funct ion i s  

a good model  for t h e  p robab i l i ty o f  a n  event when expre s s ed a s  a 

funct i on o f  a numbe r  o f  v a r i ab l es i n  a fa i r l y  wide  var iety o f  

c as es . Such a n  a rgument i s  o ften pre ferred by some s ta t i s t ic i ans , 

even when i t  i s  very unl i ke l y  tha t the "wide  vari ety o f  cas e s "  

covers t h e  case  a t  h and . Th e s imp l e  f a c t  r ema ins that t h e  log i s t ic 
• 

funct i on , or l o g i t  func t i on , has  s ome useful  p rope r t i e s . Log i s t i c  

d i s c r iminant func t i on s  a r e  d i sc riminant funct i ons , i . e . , haza rd 

i ndexe s , wh i ch are l og i s t i c  funct i ons o f  l inear comb inat ions o f  

the i ndependent var i ab l es . The l og i s t ic funct ion i s  s imp ly: 

I I 1 H (h )  = 2 + 2 tanh (h)  = 
- 2h 1 + e 

Log i s t ic d i s c r im i nat ion is  the s e ek in g  o f  coe f f i c i ents  bk such 

that : 
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h .  ; E bt, X .  1, 1 k I\. 1 , 1\. 

where X .  k i s , as  i n  ordinary regres s ion , the k th c haracter i s t i c  
1 ,  

o f  the i th c ross ing . The coeff i c i ents  are to b e  chosen s uch that 

H (h )  is  a good absolute hazard index , i . e . , H (hi ) accura t e ly es t i 

mates  the p robab i l i ty o f  acciden:  for the i th cros s ing . I f  the 

probab i l i ty of acc i dent is cons i d e rab l y  less than 1 ,  the p rob 

a b i l i ty o f  acc ident i s  equal to the expect ed numb er o f  acc i dents 

during  the same t ime period . 

S i nce H (h )  i s  a good abso lute ha zard funct i on and H i s  a 

s tr i c t l y  i ncreas ing  func t i on ,  th i s  means that  h i s  a good re l at i ve 

h a zard funct i on . The s t at emen t  "h i s  a good relat ive h a zard func

t i on" ("ha zard func t ion" i s  synonymous w i th "hazard index" )  means 

that i f  hi > hj ' then cross i ng i has g reater acc ident ha zard than 

c ro s s ing j ,  or  the expected numbe r  of acc i dents is h i gher  at  

cross ing i than at  c ross i ng j ,  o r  the probab i l i ty of  an acc i dent 

is h ig he r  a t  cross i ng i than a t  c ross ing  j .  

I t  i s  important t o  note that to get a good re l a t i ve ha zard 

index i t  i s  neces sary to cons t ruct a good abs olute  hazard index , 

i . e . , p redicted acc i dent frequency .  Th i s  fact l e ads  to the use  o f  

the log i s t i c  d i s c r iminant analys i s , s ince t h e  l og i s t ic funct ion 
·has properties  wh ich make i t  a s ui tab l e  founda t i on for an abs olute 

hazard func t i on .  The c h i e f  prope r t i e s  wh ich  make it  a reasonab l e  

func t ion to  "s hape" a l i near hazard i ndex into a func t ion wh ich 

g ives probab i l i ty o f  acc i dent are : 

a .  I t  i s  s tr i ct l y  i ncreas ing . 

b .  I t  does not go b e lo\y z ero o r  above one . 

c .  I n  the " t a i l S , "  1 .  e .  , for very l arge o r  very sma l l  values 

o f  the ha zard index , i t  approaches i ts l im i t  ( e i th er 0 

o r  1 )  exponent i a l ly . 

The actual cons truct ion  o f  a l og i s t ic d i s c r iminant type 

ha zard funct ion or  ha zard i ndex is desc r ibed in Appendi x  A .  

2 - 1 0  

... 



2 . 2 . 3  

The bas i c  princ iples  used i n  ha zard func t ion development and 

var i ab le se lection are  about the s ame , whe ther the deve l opment i s  

based on an ordinary l i near regre s s i on or  on the i tera t i ve we i ghted 

vers ion descr ibed in s ubsect ion 2 . 2 . 2 and Append ix  A .  Th e p roce

dure for  the  ord i na ry l inear regress ion case  i s  cons i dered f i rs t . 

F i gure 2 - 1 w i l l  as s is t  the reade ; in  fol l owing the d i scus s i on 

below ;  however ,  it mus t  be kept i n  m i nd that t he f i gure de s c r i bes  

the  process  us ing the  l og i s t i c  appro ach and not  s tra i ght  l i near 

regres s i on , wh i ch w i l l  be  des c r ibed f i rs t .  The fu l l  proces s ,  i n 

c l ud i ng the l og i s t i c  appro ach , w i l l  be ou t l ined immed i ate l y  a fter 

that . 

2 . 2 . 3 . 1  L i near Case - - The fundamental un i t  o f  s earch or  res ea rch 

is  a s tepw i s e  regress ion fo l l owed by an emp i r ic a l  ope rat ing charac 

t er i s t i c (or  power fac tor)  ca lculat ion . A "va r i ab l e  poo l "  o f  from 

2 to about 3S raw and der i ved var i ab le s  is supp l i ed to the  s t ep 

w i s e  regres s ion . Th i s  i s  a s et o f  characte r i s t i cs or  var i ab l e s  as 

quanti fied i n  the cro s s ing inventory and perhaps t ran s formed by  

s ome func t i on .  For examp l e , log  C and l og T have been p rev i ous l y  

men t i oned a s  pos s ible  va r i ables . ( Rec a l l C ; AADT = average d a i l y  

veh i c l e  volume , and T = average da i l y  train  vo l ume . )  " I s the 

h i ghl ... ay p aved ? "  y ie lds  a vari ab l e  wh ich i s  ° for unpaved , 1 for 

paved . " Popu l at ion" is another variab le ( sec Append ixes  B and D 

for de fin i t i on ) , as  i s  " funct i ona l c l a s s  of  road , "  and "number of  

h i ghway l ines , "  "number o f  main t racks , "  "number o f  swi tch  t ra ins , "  

etc . Der ived var i a b l e s  inc lu
'
de l o g  C ,  log T ,  l og C x log T ,  "high 

way paved" ( 0 , 1 ) t i mes  "nearby intersecting h ighway" (0 , 1 ) . The 
l a s t  variab l e  is determi ned by the product of a variable  wh ich i s  

o o r  1 depend i ng o n  whether the h i ghway i s  paved , t i me s  another 

var i able  whi ch is 0 or 1 depend ing on whet her there is a nearby 

in tersect ing h ighway . I f  1 repre s en t s  "yes"  i n  both cases , the 

resul t  w i l l  be 0 in a l l  cas e s  except the one in which  both the h i g h 

way i s  paved and the re i s  a nearby inter s e c t i ng h ighl ... ay . C l e a r ly , 

an infinite  number o f  de rived variables  can be generated . The 
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va r i ab l e s  wh ich c an be generated from fun c ti ons  o f  C (average 

dai l y  veh i cu l ar traffic)  and T (average da i ly t ra i n  t raffic)  are 

wha t  a re c a l led vo lume var i ab l es . Thus , C ,  T ,  log C ,  log T ,  and 

log C • log  T ,  etc . , are a l l  volume variab l es . As i s  noted below , 

volume 
'
vari ab les we re found to  be the chief  determinan t s  o f  hazard 

func t i ons . Thus , i t  migh t  be  hoped that  s imp le  func t i ons o f  the 

other var i ables  would be s uf fi c i e n t  when comb i ned w i th op t ima l 

volume func t ions . Bas ical ly , i f  � non - vo l ume var i ab l e  were needed 

in t he ha z ard index , the raw form s hould s u ffice when an op t imal  

vo lume funct i on was a l ready con tained in the regres s i on . Thus , 

the s tepw i s e  regre s s i on s  were pr imar i l y  o f  two types . 

1 .  A regres s ion contain ing d i fferent vo lume funct ions in 

o rder to  find an opt imum volume func t ion . 

2 .  A regres s i on in  wh ich a "pre - opt imi zed" (vo lume only ) 

func t i on was i nc l uded in the variab l e  pool as we l l  as  

non- volume var i ables  (vo lume var i ab l es  we re also  in

c luded to  test  the opt ima l i ty o f  the volume only  func 

t i on ) . 

A s t epwi se regre s s ion s e l e c t s  the var i ables  one a t  a t ime 

from the variable  pool accord i ng t o  how much each var i able  adds to 

the "goodnes s  of f i t "  o f  the regre s s ion to th u t  point . There fore , 

the s tepw i s e  regress ion  was  run for s everal s teps , add ing more and 

more variab l e s  into the regres s ion . Late r , the resu l t s  were e x 

amined to  s e e  a t  wh i ch s teps t h e  variab le s entering the regres 

s ion made a " s ign i f icant " cont ribut ion according to their  I tt  

values . "  The t values , as pr inted out by the regre s s ion pac kage , 

are  not d irect l y  int erpre table  in t erms o f  pred ict ion capab i l i t y .  

There fore , an emp i r ical  operat ing charac t er i s t ic (EOC) had t o  b e  

cal cul ated for sel ec t ed s t eps  o f  t he st epw i s e  regres s i on . For 

examp l e , a ft er running 1 5  s t eps  o f  a s t epwi se  regre s s ion ( a ft er 

wh ich 1 5  var iables  had been i nc luded into t he regre s s ion) , an foe 
might be run for each of s t ep s  8 ,  9 ,  1 0 , 1 1 , and 1 2 ,  s ince a ft er 

s t ep 1 2  t he t values  ind icated that t he regress ion was no t be ing 

cont ri but ed to  s ignif icant l y . 
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I f  the t va lue ind icates  no s i gn i f i c ant cont ribut i on to the 

regres s i on , for example  t < 3 ,  then i t  may s a fely  be a s s umed that 

t he furthe r va r i ables  wi l l  add nothing to  the acc ident pred i c t i on 

capab i l i ty ,  s i n ce the t values are b as ed on the regre s s ion c r i t er i 

on ( i . e  . •  least  s qua res ) .  I f  the t values are smal l, the regres 

s ion i s n ' t  he i ng helped ( i n  t e rms o f  min imi z ing the s quare error) 

and s ince the regre s s ion c r iteri on i sn ' t  be ing helped , its use in 

another connect ion (accident  p red i : t ion)  won ' t  be he lped e i ther . 

However ,  the converse i s  not , i n  genera l , t rue : a var i able  can 

cont r ibute s i gni ficant ly to  the regre s s ion , i . e . , to lowe r the sum 

o f  the s quares o f  the res i dua l s , w i thout contributi ng to  the pre

d ict ive power o f  the resul t ing hazard i ndex . For a measu re o f  

the latter  feature the EOC i s  needed . Thus , from the EOCs at  a 

number o f  s teps , the bes t s tep i s  selec ted , and the res ult  i s  a 

hazard funct ion for furthe r analys i s , compar i son , or even for use  

in fu rther cons t ruc t ions . Thus , for  e i ther vo lume or  non - volume 

(comp rehens ive)  regres s i ons , the regres s ion ml l " t  be fol lowed by 

onl' or mo re EOCs (powe r  factor table or  p l o t ) . 

I n  us ing EOCs for model developmen t , the EOCs for s e l ec ted 

s t ep s  in a regres s ion or  for the b e s t  s teps from a numb er of 

regre s s ions are compared . The c r i terion is the number  of acc i 

dents  inc l uded i n  the h i ghest  hazard groups , wh ich inc lude 5 per 

cent  to  2 S  percent o f  the non- acc ident c ro ss ings . I n  other wo rd s , 

the  S % , 5 . 5 1 ,  6 %  . . . 2 4 % , 24 . 5 % ,  2 5 %  power factors a re compared 

(PH or PF2 ) . I f two haz ard function s  from two d i fferent s teps o f  

one regres s i on or  from two d i fferent regress i ons  intertwine the i r  

EOCs , i . e . , i f  they a l ternate s everal t imes in wh i ch one has the 

h ighe r powe r fac tor  ove r t h i s  whole  range of 5 %  to 2 5 % , then they 

may b e  cons i dered rough ly  equival ent . But if one has h i gher power 

fa ctors for mos t or  a l l  t h i s  r ange ( and s ubs tant ially  h i gher at  

some point s ) , then  that  one  is  t o  be  cons ide red tentat ive ly  ident i 

fied as  a super i o r  ha zard func t i on .  Not i ce tha t  in  genera l the 

re gres s i on  s tat i s t ic s  are not su ffic ient to  make this  d i s t inct ion . 

I n  o t h e r  words , the t values , mul t ip l e  corre l at i on coeffic ients , 

and F va lues do not point  to  the better  hazard funct ion excep t in  

a general way . I n  a gros s manner  they do - - o therwi s e , regres s i on , 
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and especia l l y  s t epwi s e  regres s ion , would  be u s e l e s s  - - but  the 

regres s ion s tat i s t ic s  do not  rel i ab l y  t e l l  the  who l e  comp ar i s on 

s to ry . I f ,  o f  two regres s i ons , one h as a much better  mul t ip l e  

correl a t i on coeff i c i en t  than anoth e r , then t h e  one w i th t h e  h i gher  

correl ation coe ffic ient wi l l  probab ly h ave the  b e t ter  ha zard func 

t i on , but only the EOCs can enab le  one to make the final  d ec i s i on . 

The result  o f  t h i s  i s  that  � a ny regre s s i ons  mus t  be run and 

the ir  EOCs checked at  a numbe r  c �  3 t eps . S i nce the EOCs are more 

t ime - consuming and costly  to  produc e than regres s i ons , th is l e ad s 

t o  a mo re cos t ly and t ime - consuming proc e s s  than  i f  a l l  i n forma t i on 

were conta ined in  the regres s ion s t a t i s t ic s . 

Of the various way s  of  ensur i ng external  va l i d i ty of the 

model s  (hazard func t i ons ) p roduced , one of  the s imp l e s t  has been 

chosen . Two separate data bases  have been deve loped d i s j o i nt 

and c reated under s tat i s t ic a l ly ident ica l cond i t i ons . Th i s  \�as  

done by  d i v i d i ng the acc ident c ros s i ng s e t  into  two equa l parts  

and  adj oin i n g  a separa te frac t ional s amp l e  0 1" the non - accident  

c ros s i ngs * to  each . The d e t a i l s  are desc r ibed i n  Append i x  F .  

A l t hough th i s  was done in d i fferent ways at  d i f feren t s tages o f  

s tudy , the discuss ion i s  s imp l i f i ed by re fe rring  t o  the two sepa 

rat e  data  bases  as data  base  A and data base  B wh i ch were s epara t e , 

d i s j o int , independent , but ident ical ly c reated from a s t a t i s t i c a l  

point  of  v i ew .  The idea i s  to  c reate  hazard fun ct ions o n  one data  

base , and  test  or v a l i date  t hem on the  o th e r . The o r i g inal  p l an 

was to  do both  regres s ion and ini t ia l  s e l ec t i on on one dat a  base  

and  final  s e l ec t i on on  the  o ther . But  s ince the  EOCs are cos t ly 

t o  r un , i t  became apparent that  the tes t i ng h ad t o  be speeded  up ; 

the e ventual p rocedure , t he n , was t o  r un a l l  regre s s ions o n  one 

data base (for e xamp le ,  dat a  base  A) and a l l  EOCs on the other  

dat a  base  (data base  B) . Thus , every power factor i s ,  i n  e ffec t , 

a "va l i da t i on . "  Thi s  weakens the u l t i mate  val i dat i on of  the models  

used  here , becaus e s ome o r  the  s e l e c t i on p roce s s  was  carr ied  out 

* A random cros s i ng from the  cros s i ng dat a  base  i s  consi s tent l y  
referred to  a s  a "non- acc i dent c ros s ing . "  Whether or  not  i t  
e xperienced a n  acc ident i s  n o t  determined . See a l s o  Sec t i on 3 .  
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on the "val i d at ion da t a  base . "  The amount o f  weaken ing i s , how

ever , far les s t ha n  i f  the regres s i ons  were a l s o  done on that d ata 

bas e . S i nce the data  bases  are quite  l arge , the  weakeni ng s hou l d  

b e  s l i gh t .  I f  t i me p ermi t s , the cruc ial  s t eps o f  final  regress i on 

and tes t i n g  s hould  be repeated , revers ing the roles  o f  the two 

d ata bases . 

2 . 2 . 3 . 2 Log i s t ic Cas e - - The p r : : ( dures o f  s t epwi s e  regres s ion 

al ternated  w i t h  BOCs (power fact o r  tab l es or  p l o t s )  when ordinary 

l i near regres s i on is used  has heen uescr ibed above . When i t erated 

we i ghted regre s s i on ,  i . e . , l og i s t ic d i s c r i m i nant function cons t ruc 

t i on ,  i s  used , the proc edure i s  very s im ilar  e xc ep t  the s tepwise  

regress i on s  mus t  be iterated several time s . With  r e ference a ga i n  

to F i gure 2 - 1 ,  t h e  whol e  process  is  d i scussed w i t h  the l og i s t ic , 

i terative regre s s i ons us ed .  F igure 2 - 1  r epres ents s omething of  a 

s i mp l i fica t i on , bec aus e t he process  i s  not quite s o  formal as  

dep i c t ed the r e .  Th e s t eps  there were carr i ed out many t imes , and 

much e ffort was s pent in t ry i ng to  finu better  funct i ons and 

comb inat i ons . Th i s  i s  ind i cated  to a degree hy the dot t ed flow 

a rrows . As this  process  i s  now d i scussed , F igure 2 - 1  s hould be 

referred to frequent ly . 

Typ i c a l l y , a cert a i n  sma l l  group o f  vol ume var i ab l es - - e . g . , 

1 0g (T+ I ) , 1 0g (C+ l ) , 1 0 g (C+ I ) X 1 0 g (T+ l ) , [ 10g (C+ l ) ] 2 , [ 10g (T+ l ) ] 2 , 

see  Sec t ion 3 for det a i l s  - - i s  run through a comp lete  i terated 

regre s s i on .  Any terms w i th sma l l  t value s  are dropped , and the 

i t erat i on cont i nued unt i l  conve rgence is  ach i eved . Th e resul tant 

haza rd funct i on h as an BOC run on i t , and i t s  performance as com

pared to the New Hamp s h i re formu l a  is  t e s ted . (One warning devi ce 

c l a s s  i s  worked on at  a t ime , i . e . , the who l e  procedure , as de 

scrib e d  in  th i s  sect ion , i s  done s epara t e ly on each warning dev ice 

c l a s s  and repeated three t imes for three warning dev i ce clas s e s . )  

At that point , i t  i s  det ermined whether any o f  the  o ther 

s imp l e  volume t e rms used w i l l  enter a s tepw i s e  weigh ted regres s i on 

w i th s i gn i ficant  value s . I t  i s  importan t  to  not e several key 

point s : 
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a .  The ha zard func t i on a t  this  point  cou l d  b e  cal led  9 0 -
9 5  percent c omp lete  i n  t e rms o f  i t s  performance . 

b .  Because  o f  point  ( a ) , the t val ue s  fo r sma l l  groups ( 1 , 2 , 

etc . )  of  var i ables  wh ich were then entered into the 

"se lect ion" regre s s ion (with the p r imary vo lume hazard  

function a s  one  var i ab le )  were  ind icat i ons  o f  the  true 

t values of thes e variab l es . 

The us e o f  t v alues to guide the choice o f  new variables  for the 

regres s ion  (wh i ch is  how s tepwise  regress ion works ) is prob lema t i c  

i n  ordina ry l inear regres s ion , and even more s o  i n  the i t e ra t ive 

we i ghted  ( non- l inear)  cas e , s ince the t val ue s  are not even cor

rect es t imates o f  the unce r t a inty i n  the coe fficients  any mo re . 

However , as  j us t  noted , they are s omewhat  indicat ive o f  the  pre 

c i s ion and s t a t i s t ica l s i gn i f i cance o f  the correspond ing coe f f i 

c i en t s  bk . They wi l l , in  genera l , be overest imates o f  the t rue t 

value s , i . e . , the t values as output by the l i near regres s i on 

rout ine w i l l  i n  gene ral overe s t imate the t rue t value wh i ch woul d  

b e  ob tained i f  the es t imated coeffic ient were d ivided by a good 

e s t imate o f  i ts s ta ndard erro r . U s i n g  more s oph i s t ica ted methods 

(e f "j ackn i fing , "  Re ferenc e 7) , one can calcul a te an e s t imate o f  

t h e  t rue cova r i ance mat r i x , and thus , the t rue s tandard errors o f  

the bks (regress ion coe f f i c i en t s )  c a n  be calcul ated in  t h e  i t erated  

case . Th i s  s tep has been bypas sed i n  o rder  to focus the  ava i l ab l e  

t i me and resource s o n  a wide exp lorat i on o f  regre s s ion equa t i ons 

and t e s t s  of these equation s . The a s s ump t ion i s  that t he " l inear"  

t va lues can s erve as a c rude guide , lett ing the EOC be the f i nal  

arbiter  o f  whi c h  var iab les add  t o  the  pred i c t ive power o f  the hazard  

func t i on .  

I n  cont r ad i s ti nc t i on t o  the above les s - than -wished - for s tate 

of  a ffai r s , i t  should be noted that what a re ca l l ed " s e l ec t i on 

regres s i on s "  a re run w i th a near l y  opt imal  hazard index de t e rmining 

the we i ght s . Furthe rmore , they are run on ly once , and are t hus 

" s em i - l inear i zed . "  I t  i s  pos s ible  to r u n  s tich a regre s s i on that  

the regre s s ion s t a t i s t ics  (t  va lue s , e tc . )  are essent i a l l y  t rue con

d i t i onal  ( intermediate)  values . Since  th e s e l e c t ion regres s ion 

i s  used to s e l ect  var i abl e s , it can be run in the s tepw i s e  mode , 
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and the  nea r val i d i t y  o f  t values and other regr e s s ion s t at i s t ic s  

i s  espec i a l ly fortunate .  The po i n t  i s  that  the  t values i n  the  

s e lect ion regres s ions h ave very clos e  t o  t rue val i d i ty ( con

d i t ioned on the vo lume hazard i ndex) , and th i s  is  j u s t  the  sort 

of th ing des i red for the s e l e c t ion  regres s i on .  

As has  been not e d , a "best vol ume funct ion" i s  found f i r s t  

us ing t h e  i te ra t i ve p ro cedure des c r i be d  above . An addi t i onal  i t e r 

a t i on can be run us ing t h e  res ul t i �� h i n  a po l ynomial . Thi s  s tep 

w i l l  be descr ibed in Sect i on 3. Whe n the vo l ume funct i on has been 

i mproved , a new we i ghted  s tepwi se  regre s s i on i s  run i n  wh ich non 

vol ume t erms are a l l owed t o  enter  ( se le c t i on regres s i on ) . Some 

volume t e rms arc included i n  the  vari ab l e  poo l , s o  that  i f  the 

volume func t i on i s  not  completely  opt imi z ed ,  they wi l l  b e  p icked 

up earl y .  They may be pi cked up a t  l a te r  s t eps  t o  compensate  or  

adj ust  fo r the e ffec t s  of  no n - vo l ume var i ables  whi ch have a l ready 

entered . Each of  the non - volume variab les  used is based  on a 

s i ngle  vari ab le i n  the c ros s ing invento ry . S i nce the vo lume part 

of the funct ion is  s o  importan t ,  it  was fe l t  that  non- vo lume t e rms , 

wh ich add l i t t l e  to  the  funct ion , could be expec ted t o  make the i r  

contribut i on a s  s i ngle  variab l e s , i . e . , no cross  produc t s . 

Sect ion s  3 and 4 s how the  j u s t i f i c at ion  for th i s . 

The s tepw i s e  regres s ion s e lects  non - volume var i ables  from a 

l arge va r i ab l e  poo l . They are s e lected , o f  c ou rs e ,  by the t 

va l ues . The s e  t values may be expected t o  be rough to  good i nd i 

ca t i ons  o f  Wll ich  var i ab l e s  to s e l ec t  a s  indicated above . l� e key 

to the procedure is that the s tepw i s e  procedure is cut off at a 

very h igh t va lue , and  the  va r i ab l e s  s e lected at  that s tep arc  

then t o  b e  used  i n  a final  i t erat ive regres s i on .  The  s tepwis e  

regres s ion j us t  described i s  o f  the we igh ted type w i th U (h )  a nd 

V (h)  ( s ee Append i x  A) determined by the  h for the bes t volume 

regres s ion cal led V (e , T) . From t h i s  point , the  f i nal  i t erat ions 

use  the volume funct ion  V (e ,T )  a s  one of the var i ab l es  a long with  

the  non- vo l ume va r i ab l e s  (and any  addi t ional volume var i ab l e s )  

s e lected i n  t h e  s tepw i s e  s e lect ion  regres s ion j us t  run . 
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Several s e t s  o f  variab l es , as  chos en a t  d i fferent s t eps  o f  

t h e  s e l ec t ion regres s ion , a re run through the i terated regres s i on . 

Each i s  run through s evera l s teps unt i l  convergence o f  a compre 

hens ive (volume and non - vo l ume ) haz ard i ndex i s  achi e ved . EOCs 

a re run on e ach , and the bes t i s  s e lec t ed a s  the final  haz ard 

index for t he g i ven warn ing device c l a s s . 

2 . 3  EXPECTED ACC I DENT FREQUENCY .\ hSOLUTE HAZARD INDEXES) 

2 . 3 . 1  from Log i s t ic D i s c rimina n t s  

A s  noted ear l i e r ,  the  p r imary i n t eres t i n  comparing hazard 

indexes i s  t o  determine the i r  r e l a t i v e ab i l i t y  t o  s e l e c t  h a z a rdou5 

c ros s i ngs - - that  is , to c ompa re them as re l a t ive h a z a rd i ndexes . 

Once a good re l a t ive ha zard index i s  d e t e rmined , i t  c a n  he  con 

verted to  an absolute  ha zard i nde x .  Prese n t l y  i t  wi l l  be shown how 

t o  g e t  an absolute  ha zard i ndex from the an a ly t i c  exp ress i on for 

t h e  p ower fac t or c urve . I n  add i t i on ,  the l ogi s t ic d i s c r i minant  

p rocedure produc�s hazard i ndexes which a re immed i a t e ly i n t e r 

pretab le a s  absolute ha zard i ndexe s . Th i s  i s  because H (h )  = 
1 / 1+e - 2h gives t he p robab i l i ty of  t h e  c ros s i n g  being  an a c c i d en t  

cros s ing . (One needs to  rec a l l t h a t  h i s  any of  t h e  H I s o f  para 

graph B . S o f  Appendi x B .  I t  i s  a re l a t i ve  h a z a rd i nd e x . The v a l ue 
I O , O O O h  i s  the  va l ue i nd i c a t ed hy  t h e  numhe rs i n co l umll 6 o f  

Tab l e s  C l - C6 , t he I IAZARD I NDEX col umn for the TSC mode l . )  Bec au se  

t h e  "non - ac c i de n t  data"  base  was  rea l ly a s t ra i gh t  samp l e  o f  the  

i nventory , and s i nce the " ac c i dent  c ross ings"  f i l e  had  each  c ros s ing  

repeated for  each acc i dent occur r i ng a t  t he c ros s ing (p roporti ona l 

rep re s enta t i on )  th i s  results  i n  t h e  e s t imate  of  the f r equency o f  

a cc i dent s p e r  year a t  a cros s ing a s : 

C lH 2h 
C I - H  o r  Ie 

The quant ity  h x 1 0 4 i s  the  quant i ty t abul ated under "TSC r.IODEL 

HAZARD INDEX" i n  Tab l e  C - l ,  e t c . The cons tant  C ]  i s  dependent 

on how many acci dent  c ros s i ngs  (acc iden t s )  and how man y c ros s i ngs  
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we re s e l e c t ed for the sub data  base  versus  the s ame r a t i o  in  the  

total  data hase . I f ,  fo r the g i ven warning device c la s s , there 

were M total  accidents  ( in t he 1 9 7 5  acc ident f i l e )  and N t o t a l  

c ro s s ings wh i l e  i n  t he s ub d a t a  base  u s ed fo r c reat ing the  hazard 

index , there \\'ere  m total  "acc ident c ro s s ings l l  and n total  s amp l e  

from t h e  inven tory 1 .  c . , "non - acc ident c ro s s ings , "  t hen : 

C = � !! r 1 N m • 

The quant i ty r i s  a s c a l e  factor wh i ch takes into account 

that no t a l l  accident s occurring a t  publ ic grade c ros s ings in 1 9 7 5  

we re rep resented i n  the  a cc i dent data base  used here . The reas on 

for t h i s  lack  of  tot al  representat i on i s  t ha t  s ome of  the  acc i dent 

records could not be l i nked to  the  cross ing rec ords b ecause o f  

m i s s ing o r  i nval i d  c ross i ng i . d .  i n forma t i on . Wi th 8 , 0 2 8  acc i dents 

represented in  the da ta b ase , and w i th a t ota l of  1 1 , 3 5 0  acc i dents  

at all  pub l i c  grade c ross ings in  1 9 7 5 ,  one can  s c a l e  C 1  hy the factor 

r = 1 1 , 3 5 0 / 8 , 0 2 8 t o  arrive a t  a f ina l scale  fa � tor for conve rt i ng 

e 2hTSC into  expected acc i dent frequency i n  1 9 7 5 .  Tab le  2 - 1 g ives  

the va lues o f  M ,  N ,  m ,  n ,  and C1 for  each  warn ing dev ice  c las s 

cons idered . 

TABLE 2 - 1 .  FACTORS FOR ABSOLUTE EXPECTED ACC I DENT FREQUENCY 

Warn ing Dev ice  
Cl a s s  M N m n r C l 

C ros s bucks 3 , 9 69 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 gh t s  2 , 6 5 0  3 3 , 96 9  1 , 3 2 6  1 3 , 2 50 1 . 4 1 4  1 . 1 0  

Aut omat i c  
Gates 7 0 7  1 1  , 9 8 3  3 5 4  3 , 5 3 5  1 . 4 1 4  0 . 83 3  

Thus , hazard index h gives r i se to  the absolute  ha zard 

index c 1 e 2h as  an e s t imate of the expected yearly acc ident fre 

quency at  the c ros s ing . The s ta t i s t ica l  measures  o f  goodnes s  o f  

a \Jrobab i 1 ity  e s t imate  a re not a lways enl i gh t ening , and so  one seeks  

to  con s t ruct  a d i rect  ( i f  c rude)  e s t imat e o f  this  probab i l i ty 

2 - 20 

, 



func t i on against  which to  chec k  the ha zard i nde x .  One s uch e s t i 

mat e  i s  t o  b a s e  i t  on  the rela t ive numbers  of  increment a l  acc i dents 

in e ach I -percent i n t e rva l . Figures E - 2 ,  e tc . , s how plots  of  

frequency o f  acci de n t , f (h )  = Cl e 2h • vers us the  above c rude emp i r i 

c a l  e s t i mate  for the TSC c omp rehens i ve models  for c ros sbuck s , 

flash ing l ight s , and gates . The s ca t te r  o f  the emp i rical  e s t imates  

is  to  be expec ted , and does  not re f l ec t  a f l uctuat ion of  the  t rue 

value . The t rue value should  cu. :nrough t h e  cente r  of the s c a t 

te r ,  and s o  a rather good f i t  i s  obs erved . Sec t ion 4 . 3  w i l l  

d i s cuss  the s e  p l o t s  i n  det a i l . 

2 . 3 . 2  Abso l ut e  Hazard I ndexes  Based on Power Fac tor I n format ion 

I t  has b een noted that t he EOC and power fac tor info rma t ion 

i s  u s e fu l  fo r comp ar i ng h a za rd indexes on a relat ive b a s i s , i . e . , 
to a s s e s s  the i r  effic iency in rank ing cross ings for re l at ive 

h a z ard . Eve ry abso lute  h a zard index is a relat i ve ha zard i nde x , 

and so abs o lute and re l a t i ve h a za rd i ndexes can  be  comp ared w i t h  

e ach other , a l l  on  a r e l a t i ve b as i s . I n  thi s secti on the new 

ha zard inde x  cons t ruc tion  techn iques emp l o yed have been  

discussed , and the ul tima t e  techniques res u l t  i n  abs o l ute hazard 

i ndexe s (the TSC mode l s  y ie l d  an e s t i mate o f  e xpected acc ident 

frequency per  year ) at e ach cros s i ng .  Sec t i on 4 . 3  exh ib i t s  the 

res u l t s  of  s uc h  e s t imates , and gives  an i nd i c a t i on of how accu

rate they are . 

I t  i s  a proper ty o f  mos t hazard i ndexes prev i ous l y  g i ven i n  

t h e  l i te rature t h a t  they a re poor e s t imators  o f  absolute h a z a rd , 

a l though they may not  be  poor e s t imators o f  r e l a t ive h a zard . 

(Some of  the Col eman - S t ewar t  models  are  pos s i b ly excep t i ons . See 

Sec t i on 4 . 3 . ) Therefore , a technique for de riving abs o l ute h a z ard 

i ndexes from re l a t i ve ones has been deve loped . As not ed above , 

t he new haz ard i ndex cons t ruc t i on technique used in  this  p roj ect  

y ie l ds direc t ly an abs o l ut e  h a z ard i nde x . Cons equent l y , the 

method given in t h i s  s ubsecti on is p r i ma r i ly t o  conve rt other 

re l a t i ve h a zard i ndexes  i nt o  abs o l ut e  hazard i ndexe s . 

I f  the power factor as  a func t ion o f  percentage of  c ross i ngs 

i s  denoted by p e A ) , where A is exp re s s ed as a fract ion rather than 
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as a percent , i . e . , A � percent cross ings more h a za rdous / l O O � , 

and p e A )  is  the  powe r factor a t  that  percent (or  fract i on) , then 

an analyt i c  expres s ion may s ome t i mes be found wh i ch approx imates 

this re l at i on .  Thus ( s e e  Sect ion 4 ) , t o  some degree o f  approx i 

mat ion , l og p =  a ( log A ) a (where a and B arc cons tants )  c an be us ed 

to repres ent the powe r factor funct i on . The key fact i s  that i f  

a n  ana lyt ic representa t i on fo r p c » � c a n  be  found , then , whatever 

the form , an  expre s s ion for the  � xrected acc ident frequency , f ,  

can be found . One needs to remember that  the  exp ected accident 

frequency (numb e r  per  yea r )  f is what is ca l l ed an  abs olute  

hazard inde x . I f  p e A )  i s  the powe r fac t or as  a func t i on of  pro

port ion o f  mos t ha zardous cross ings , t hen : 

C 2 
M 

= N r 
where , 

M = total  

N total  

r = s ca l e  

numb e r  o f  accidents  

number o f  cro s s i ngs  

factor  ( s ec Sect i on 

i n  data  b a s e  wh i ch p repre s en t s  

in  t h e  data base  

2 . 3 . 1  and Tab l e  2 - 1 ) . 

Th i s  expres s i on i s  exact and w i ll give an exact abso lute hazard 

index f unl e s s  the  e xpress ion p e A )  does not adequately  expres s the 

re l at ion of power  factor  to p e rcent ( p roport ion) o f  c ros s ings . I f  

log p � a ( log  A ) B , then d log log p/d  log  log A � a ,  and s o  

f � C 2 p [ l  + ( l o g  p / l og A )  a ) .  
Sec t ion 4 shows that  an expres s ion o f  t h i s  form (wi th a cons tant )  

for f g ives s a t i s factory e s t imates  of  accident frequency (absolute  

hazard  index) in  cases  o f  interes t .  

The express ion � log log p/� log l og A c an be eva luated over 

short ranges in the EOC t able , so  tha t , in  e ffec t , a is not a 

cons t ant . This  pos s ib i l i ty i s  ment ioned for l a t er ana ly s i s , s ince , 

a l t hough the behavior of  � l og log  p/�  log  log A for l / 2 - percent 

interva l s  for one data base is e xh ib i te d  (see Tab l e  C - 7 ) , the form 

( * * ) w i th a con s t an t  i s  a dequate for the present  purposes . 
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(Note : Up to this  point  the me thodology h a s  been e xp l a i ned ; for 

the resul ts , refer  to  Sec t i on 4 . ) 

The us e of  the expre s s ion ( * * ) t o  determine f requi re s  an  

EOC table  in  wh ich f c an b e  c a l culated  as a func t i on o f  raw 

(rel a t ive ) ha zard index . As ha s been noted , fo r each 1 / 2  percent 

i nc rement in cros s ings the ha : ard index (New Hamp s h i r e )  h has been 

tabu l a ted  (in Tab l e  C - l  and oth� r : J b l e s  o f  that forma t )  in c o l umn 

1 1 ;  in  column 10 the powe r fac t or . ) ;  and i n  column 1 the (cumula 

t ive ) perc entage o f  more ha za rdous c ros s i ngs , A X 1 0 0 . Thus , for 

a g i v e n  v a l ue of h ( Ne\� l Iamp s h i re ) , h i s  f i r s t  l o c a t e d  in co l umn 

1 1 ,  t h e n  t he co r r e s p o n d i ng v a l u e  o r  p has to be found f r ol11 c o l umn 

1 0  and A f rom c o l umn I ( d i v i d i n g t h e  l a t t e r  by 1 0 0 ) , a nd th i s  

sub s t i tuted i n  expre s s ion * *  t o  determine f (h ) . ( See Table  2 - 2 . )  

Th i s  p r ocedure need n o t  he  c tl r r i e d o u t  i f  one o f  the new 
h a z a r d  i n d e x e s  ( p rodu ced i n  t h i s  r e po r t )  i s  u s e d , as  t h e y  d i re c t l y  

y i e l d  a v a l u e fo r f .  1 I00�e ve r ,  t he t e c h n i q ue i s  v a l i d fo r co n 

vert i ng re l a t i v e h a z a rd i nd e x e s  o f  a n y  s o r t  t o abs o l ute h a z ard 

i nd exe s . 
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TABLE 2 - 2 .  EMP I R I CAL POWER FACTOR FORMULA FOR 
THE NEl1 HAMPSHI RE MODEL  

p � a ( log  A ) B +� f � � r ( 1 + l o g  P B) _ P N log  A 

for the New Hampshire formu l a : 

Cross bucks 

F l ashing Lights  

Gates  

B 

. 7  ± . 1  

. 7 5 ± . 1  

. 6  ± . 1  

MIN 

. 0 2 8  

. 0 7 8  

. 0 5 9  

Thu s , for � = . 00 5  ( . 5 % )  to  A = . 5  ( . 50 % )  

B = fj, l o g  l og p 
fj, log  l og A a = log  P 

( l og A ) B 

l og = n atura l logari thm ( log  2 . 7 1 8 2 8  = 1 ) . 

a 

. 7 6  

. 6 5 

. 6 2  

r = 1 .  4 1  

I nfo rmat i on for ca l cu l at i ng best  a .and B va 1 ue �  for a l l  cases  

in  EOC Tab les  C- l to C- 7 .  ( Se e  Sec t ions 4 . 1 . 1 ,  4 . 1 . 2  and  4 . 1 . 3 . )  

Note : The s econd term [ ( log  p I l og A ) - S ] with in parentheses  i n  

the above equat i on for f i s  t o  b e  cons i de red negat ive . 
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3 .  COURSE OF EXPER I MENTATI ON 

Over the years , s everal  model s  have been deve l oped w i th the 

purpos e  o f  creat i ng a re l at i ve ranking of acci dent poten t i a l  

(hazard index) a t t r ibuted to  ra i l road cros s ings . Many o f  the 

mode l s  were cons t ructed  us i ng local ( and i n  s ome cas e s  spec i a l i zed)  

da t a , and  were  not repre s entat ive of  other  areas  of  the coun t ry . 

Moreover , the s ma l l  amoun t s  o f  da: J used  to  cons t ruc t the mode l s  

cha l l enges the accuracy o f  the resul t s . 

The creat ion o f  the i nven tory data  base  mean t that , fo r the 

f irst  t ime , l arge amounts  of s t andard i zed inventory data  were 

avai l ab l e  fo r the cons t ruction of an acci dent pred i ct ion mode l . 

Tab l e  F- 1 o f  Append i x  F descr ibes the fo rmat o f  the i nvento ry data  

h as e .  

The data  ava i l ab l e  for t h i s  s tudy we re mo l de d  into two forms : 

1 .  The inventory characteris  t i c s  o f  a l l  pub l i c ra i l  road 

c ross ings ( 2 1 9 , 1 6 2  c ros s ings ) . 

2 .  The inventory charac teris t i cs o f  pub l i c  ra i l road cross ings 

which had an acc i dent in 1 9 7 5  ( 8 , 0 2 8 c ross i ngs , w ith  9 4 3  

dup l i cat ions for mul t ip l e  acc idents ) .  

The s e  two s e t s  o f  data  became known as the "non- acc ident" data  

base  ( i nven tory character i s t i c s  o f  rai lroad c ros s i ngs ) and the  

"acc ident" data  bas e ( i nventory character i s t i cs of  ra i l road c ros s 

ings which h ad an accident i n  1 9 7 5) . 

The "non - accident"  data  base contained each c ros s i ng whe t her 

or  no t i t  had an accident and each c ros s ing occurred in  the "acc i 

dent" data base  as many t imes as i t  had acc i dent s . As a res ul t , 

there was a certain  amount o f  ove r l ap (redundancy)  be tween the  two 

data  bases  as we l l  as within  the acc i dent data  b as e . Since the 

acc ident base cons i s ts o f  the i nventory characte ris t i c s  of the 

pub l ic cros s ings wh i ch had acc idents  in 1 9 7 5 , and the non - acc ident 

data base cons i s t s  of the inventory charac teri s t ics  of a l l  pub l i c 

c ros s ings as  o f  1 9 7 5 , by definit ion the charac t e r i s t ics  o f  a l l  

cros s ings w i t h  acc i dents  are cont a ined i n  both data  bases . Th is  
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precipi tates  an ove r l ap o f  3 . 66 p ercen t . Furthermore , on inves t i 

gat ion o f  the cros s i ng i den t i fication numbers for the acc i dent  

data  bas e ,  9 43  cros s ings out  o f  8 , 0 2 8  were  found t o  have mul t i 

acci dents .  Tab l e  F- 4 o f  Appendi x  F con t ains a breakdown o f  t hes e 

mul t i - acc i dent cros s ings . 

I t  should b e  pointed out here that  the non - ac c i dent and acc i 

dent dat a  bases  were the comp l e t e  s e t s  o f  data a va i l ab l e . Vari 

abl e  sub s e t s  o f  data were e x t ract ed from both data bases  to 

prov i de input for the part i cul ar mathema t ical  tool be i ng imp l e 

mented . Subsets  were used because o f  the e conomi cs o f  t ime and 

money wh i ch could be s aved ins tead of us ing the comp l e t e  s e t s  o f  

data .  

In  mos t cases , the s e  s ub s e t s  cons i s t e d  o f  two p a i rs o f  acc i 

dent/non- acc ident data  bases ; one p a i r  was used for devel op ing a 

model , and the o ther pa i r  for val i da t i ng the mode l developed . 

These  pairs were , fo r the mos t  part , s ta t i s t ic a l ly and numer ical l y  

i dent ical  wh i l e , at  t h e  same t ime , d i s j oint . Tab le  F- S prov ides 

the breakdown of the non - ac c ident and accident data  bases  by 

warning device c l a s s .  (Table  F - 5  refers t o  t he dat a bases used 

for the non l inear log i s t i c  case  onl y . Al l resu l t s  reported on 

in  Sec t i on 4 are for t h i s  case . )  

As a s tarting point  for the cons t ruc t ion o f  an acc i dent 

predi c t ion mode l , both data bases  were reduced . These  data  

origina l ly contained 84 f i elds o f  i n forma ti on , but  for  the purpos e  

o f  t h i s  s tudy , o n l y  5 1  f i e l d s  were extracted ( see  Tab l e  F - 2 ) . 

Some f i e lds were e l iminated because they were des c r i p t i ve in  

nature and h ard to  quant i fy .  

The 5 1  f i el ds desc r ib i ng r a ilroad cross in g  inventory charac 

teri s t ic s  were examined.  One particu l ar report  (Reference 8 )  was 

very useful  in providing areas of concentrated and i s o l ated inven 

tory characte r i s t ics . 

After fam i l ia r i z a t i on w i t h  the data  avai lable  and extrac t ing 

only  t he fie lds  of int erest , s everal  ex i st in g  model s which provide 

a ha zard index were examined . The purpo se of  t h i s  exam inat i on was 

two - fo l d  in nature . F i r s t , by exam i n ing inven tory character i s t i c s  
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used in previ ous  mod e l s ,  in s ight  wa s ga ined in find i ng those  charac 

ter i s t i c s  wh ich  seemed to  be more predictab l e . Second ly , i t  wa s 

intended to u se these prev i ous mode l s  a s  benchma rks  to wh i ch t he 

new l y  construc ted model s m i ght be compa red . 

Of  thes e mode l s  examined , only  three were found to be app l i 

cab l e  t o  the data bases : the New Hamps h i re formu l a , the Peabody 

Dimmick  formul a ,  and several  fo rmu l as ca l cul ated by Col eman and 

Stewart . These equat i ons  appear in Append i x  B .  The rema i n i ng 

mode l s  we re deemed unusab l e , because the i r  formu l a  ca l l ed for var i 

ab l e s  not included i n  the operat i ng data bases . Some o f  the  va r i 

ab l e s  were acc i dent expe r i ence ( o r  acc i dent probab i l i ty )  and a 

s i ght d i s tance rat i ng . (Note that acc i dent h i s tory may and shou l d  

b e  used i n  fu rther s tud i es w i th the FRA data bases . )  

By us e of  a l inear regre s s i on techn i que ( the f i r s t  t echn ique 

tha t was t ried) , variab l e s  ( i nventory cha racteri s t i c s )  were examined 

further to  determine the ir rel a t i ve rank of predictab i l i ty for 

acci dent s . Severa l obs ervat i ons  were noted at t h i s  point . They 

w i l l  be d i s cus s ed later . 

From prev i ous  s tudies  i t  was dec ided that the best  app roach 

to cons t ruc t ing an acc i dent pred i c t i on mode l  h i nged upon the 

segreg a t i on o f  the data by warn ing dev i ce c l a s s  (see  Tab l e  F - 3 ) . 

Because they cont a i ned the l argest  amoun ts o f  da t a , crossbucks  

we re examined f i rs t .  Th i s  part i c u l a r  theme of  exam i n i ng on l y  
those cro s s ings w i th c ross bucks was carr i ed throughout t he 

mode l bu i ld ing unt i l  an adequate crossbucks  mode l was obtained . 

At  t ha t  point  the other warn ing dev i ce c l as se s  were examined 

separate l y . 

From the tota l res erves o f  data , 1 5 , 6 5 4  "non - ac c i den t" 

c ros s i ngs (actual l y  w i thout regard to whe ther o r  not acc i dent 

occurred , and wh i ch were s e l e c t ed randomly)  and 1 , 2 4 6  acc i dent 

c ro s s ings , a l l  of  wh ich had c ro ssbucks , were ex t rac t ed for test ing  

purpo s es . A l inear regre s s ion wa s to be used . Later i t  wa s shown 

t hat  a non l inear regr e s s ion wo r ked bet t e r . 

F i rs t  t o  be  des c r i bed here i s  s ome exten s i ve expe r i ment at i on 

wi th l i near regre s s i on because o f  s ome bas i c  pr i n c i p les  b rough t out 
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in  the course of  that work . Howeve r .  the  ch i e f  results  reported 

in  Sect i on 4 came from t he non l i near regre s s i ons  which  are a l s o  

rep orted o n  i n  t h i s s e c t i on .  

The l i near regres s ion was cons t ructed a s  fol l ows . There were 

27 independent variab l es and one dependent va r i ab l e . The de 

pende nt variab l e  was e i ther  a z e ro ( 0 )  for the c ro s s ings  from the  

non - acc ident s ubs e t , o r  a one  ( 1 )  for those  c ross ings from the  

acc i dent subs e t . Theore t i ca l l y . each dependent variab l e  approxi 

mated the p robab i l i ty for an acc ident a t  each c ros s ing . Thus , 

the c ros s i ngs tha t had an accident were given a probab i l i ty o f  1 ,  

wh i l e those c ross i ngs that d i d  not have an acc ident were g i ven a 

probab i l i ty o f  o .  The va lues for the i ndependent variables  were 

the i nventory cha rac t er i s t ic s  th emse lves as they appeared i n  the 

subset s . No d i s t inc t ion betwecn acc i dent and non - acc i dent data  

was made fo r the independe n t  variables . Thc  resu l t s  of  t h i s  

regres s i on appear i n  Table  D - I o f  Appendi x  D .  

The concl us ion d rawn from this  i n i t i al examinat i on was 

s impl i s t ic : vol ume variab l e s  ( t rain  and ve11 i c l e  movements )  con

t ributed more to  the p redi c t ab i l i ty o f  t h e  regres s ion than d i d  

t he non- vo l ume var i ab l e s . Th i s  conc lus i on i s  drawn from two 

pi eces o f  evidence . F i rs t , the correl a t ion matrix  ind icates  tha t 

the vo lume va ri ab les  cons i s tently  have h i gher  coe ffic ients  (when  

c ro s s ed w i th the dependent var i ab l e )  than the  non - vo l ume var i 

ab l e s . Second , three o f  the f i rs t four terms s e l ected by the 

regres s ion were volume terms . 

I t  was dec ided that the bes t approach to unde rs tanding the  

vol ume va r i ables  was  to  cons t ruc t and  run regres s ions  which con

t a i ned only  vo lume terms . I n order to  meet t h i s  end . many 

re �ress ions were run wh ich contained many var i ed func t i onal forms 

o f  a l l  vo lume var iables  p lus comb inat ions o f  vo lume var i ab l e s . 

Those  va riab l e s  and funct iona l forms wh i ch s howed promise  were 

s i fted out fo r further examinat ion and op t imi zat ion .  

One o f  the probl ems  fac e d  was  the  determinat i on of which  

regre s s ion model  was  the better  pred i c tor . Not only  were  the re 

nume rous regre s s ions to  choo s e  from , but each regres s ion had many 
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s teps ( a  s tepw i s e  regres s ion mode l was u t i l i zed)  i n  w h i c h  a mode l 
cou l d  be cons t ruc ted . The re w e re wel l  over 1 0 0  pos s ib l e  mode l s  
f rom wh i ch t o  choos e .  

Powe r factors and "emp i r i c a l  ope rat i ng c h a r a c t e r i s t i c "  C EOC ) 

curves * were ut i l i zed to det e rmine t h e  b e s t mode ls . After  each 
regre s s i on was run , powe r factors were compu ted for s evera l d i f 
ferent s teps o f  t h a t  regres s io n .  The s e  power fac t o rs cou l d  then 
be exami ned t o  d e t e rm i ne the "bes t s tep" fo r t h a t  regres s i on .  
Each "be s t  s t ep" for a regres s i on c ou l d  then be comp a red w i t h  
o t h e r  "be s t  s t eps" from o t h e r  regres s i ons to f ind the op t imal 
mode l . 

Dur ing t h e s e  p ro ce�d i ngs , s e v e r a l  t rends were obse rved . 
F i rs t , in  any g iven regre ss ion , co l i nea ri ty u s ua l l y  d e s t royed t h e  
power fac tors when 10  o r  mo re  va r i ab l e s  composed the mode l . Th i s  
man i fe s t e d  i t s e l f  i n  the regre s s i on th rough low t and F values , 
and in  many c a s es , t h e  s i gns o f  the r e g res s i on c o e f fi c i en t s  were 
revers ed . Second , the LOGI O fUnc t ional  form was a b e t te r  pred i c 
t o r  than  o t h e r  fUll c t iona l forms . 

W i t h  t h e s e  d i scover i e s in  m i nd , a f i n a l  reg r e s s i on was con 
s t ructed  t o  ob t a i n  an "opt imum vo l ume model"  The i ndependent  
var i ab l es for  thb reg res s i on  are shown i n  Tab l e  0 - 2 of  Append i x  
D .  A s  usual , t h e  dependent var i ab l e  was 0 o r  1 .  Sever a l  s t eps o f  
t h i s  regres s i on were compa red aga ins t each o th e r  us i n g  powe r 
fac t ors . The "opt imum vol ume mode l "  was d e r i ved from s t ep S . 

T h i s  formu l a  appea rs i n  Append i x  B . 4 . 1 .  

H av i ng obt a i ned the b e s t  vo l ume mode l , the n e x t  l o g ic a l  s tep 
was t o  p i ggyb a ck non - vo l ume var i ab le s  onto the  vo l ume mode l .  To 
ob t a i n  t h i s  e ffec t , t h e  volume mode l was made an  i ndependent var i 
ab l e  and fed i n to the poo l o f  independen t var i ab l es a l ong w i th 
non - vo l ume va r i ab l es and comb ina t i ons  o f  non - vo l ume var i ab l e s and 
volume var i ab l es . 

* The terms "powe r fac tor" and EOC a r e  de f ined i n  t h e  Glos s a ry and 
I ndex o f  S e l ec ted Terms and Expre s s i ons  and a l s o  in  Sec t i on 2 . 1 . 
The p owe r fac t o r s  and EOCs are  the  p r imary measures o f  p r ed i c t i ve 
power  used throughou t the s t udy . They were c a l c u l ated on separa t e  
dat a  b a s e s  from t h o s e  o n  wh i c h  t h e  regres s ions were run . 
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The purpose o f  i n s e r t i ng add i t ional volume var i ab l e s  as 
pos s i b l e  s e l ect ions fo r a comp rehens i ve regres s ion  is two fo l d .  
F i rs t ,  i t  se rves a s  a check on  t h e  volume equat ion t o  i n sure t h a t  
var ious vo l ume da ta a r c  bes t represen ted , and s econdly , comb in in g  
t hem w i th non - vo l ume v a r iab l e s  enab l es the po s s i b i l i t y  o f  s evera l 
c ros s - p roduct var i ab l es b e i n g  s e l ec ted which woul d  no t have b een 
chosen by thems e l ves . 

Seve ra l regres s i ons we re p roces s ed us ing t h i s  approac h . Two 
e xamp l es o f  t h e s e  c omprehens ive l inea r  regres s ions a r e  shown i n  
Tab l es D - 3 and D- 4 o f  Appen d i x  D .  Aga i n , s evera l s teps from each 
regres s ion were c ompa red ; powe r fac tors  were used t o  d e t e rm i ne the  
"bes t s t ep" for each reg res s i on ,  and "bes t s teps"  f rom a l l  the 
regres s ions 've re compared to d e t e rmine  t h e  "be s t  mode l . "  From the , 
many s teps and regres s i on s  e xami ned , two model s were s el e c t ed a s  
t h e  "be s t  mode l s . "  The se appear i n  p a ragraphs B . 4 . 2  and B . 4 . 3  

o f  Append i x  B .  (They are r e fe rred t o  a s  "be s t  l inear  model s . "  
The be s t  non l i ne a r  mode l s ,  t o  be d i s cussed shor t ly , were  b e t t e r . )  

The power fac t o rs and EOCs s hO\ved these  "bes t "  l inear  model � 
to be super i o r  to the  New Hampsh i re and C o l eman - S t ew a r t  mode l s . 
Howeve r ,  the  data  base fo r t e s t ing the  model s  was inadverten t l y  
n o t  d i s j o i nt f r o m  the da t a  b a s e  for cons t ruc t in g  them . When t h i s  
was d i s co vered , s ome p r e l i m i n a ry tes t i ng ind i ca t ed t h a t  the 
i mp rovemen t  was not s ta t i s t i c a l ly s igni f i c an t . Much l a t e r , a 
spec i a l  exper iment  was run to c ompa re the  bes t l in e a r  mode l s  w i t h  
the bes t  non l i ne a r  ( l o g i s t i c )  models  deve l oped i n  th i s  p roj ec t .  
Th i s  experiment i s  repor t ed i n  Appendi x  G .  

The cons t ruc t ion o f  a c omprehens i ve "bes t model "  ( l inear)  
c onc l uded the wo rk i n  wh i ch a l i near regres s i on  t ec h ni q ue was used . 
The obs e rva t i ons  from t h i s  s egme n t  a r e  s ummari zed b e l ow .  

1 .  Vo lume v a r i a b l e s  ( t r a i n  and v eh i c le movement s )  account 
for approxima t e ly 90 percent of the  p red ic t ive powers o f  
the regre s s ion . 

2 .  Regre s s i ons  w i t h  more t ha n  e ight v a r i ab l es f requent l y  
produced poor power f a c t o rs due t o  co l in ea r i ty . The s igns 
of c o l i nea r i ty i nc luded l ow t va l ue s , l ow F values , 
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m i s d i rected s i gns  o f  var i ab les , and h igh c ros s - corre 

lat ion  coe ffic ients  as  seen in  the correla t i on matri x . 

3 .  The New I lampsh i re fo rmula  and the Col eman - S tewa rt formula  

( for  urban/ rural crossbucks ) were s imi lar  to each o ther 

in  that they produced  al mos t equ ival ent power factors . 

Furthe rmore , the rank ing  capab i l i t i e s  o f  bot !l these  

mode l s  were good . I n  contras t ,  the Peabody - I } imm i c k  

fo rmu l a  was i n fe r i o r  t o  both the New ! Iampsh i re and 

Co l eman - S tewa rt formulas . 

4 .  The best  TSC mode l was at  l e a s t  as good a s  both the New 

Hamps h i re and Co l eman- Stewa rt formulas . 

5 .  The best  TSC mode l  appeared to  b e  not qu i t e  stat i s 

t ical ly s ign i f icant l y  bet t e r  t han the New Hampsh ire  

and Co l ema n - S t ewart model s .  

6 .  L inear  regre s s i on techniques  migh t  not be p rovi ding  an 

adequa te tool for p roduc i ng opt ima l  o r  near op t i ma l mode l s . 

Many re g res s i ons con ta i n i ng hundreds o f  di f fr rent combina 

t i ons  and  func t i ona l forms were tes t ed ,  eva luated , and 

va l i date d ,  yet none appeared to s i gn i fi cant l y  i mprove 

the rank ing  capab i l i t i e s  ove r e i ther  the New Jlamps hi re 

formu la or the Colemen- Stewart formu l a . 

Because o f  the l es s  than sat i s fac tory resul t s  u� ing l i near 

regres s ions t echn i ques , other  approaches were t r i ed . The next 

approach requi red the c a l c u l a t i on of c ros s - tabul a t i on tab l e s for 

both the non - acc i dent and acc ident data bases . 

Hav i ng obt a i ned the c ros s - tabs  ra t i os ( rat ios  o f  the number 

of acc idents  in a part icular  c e l l to the number of non - acc idents  

in the correspond ing ce l l ) , thes e rat i os were used in  conj unc t i on 

w i th a s tepw i s e  l i near  regre s s i on to con s t ruc t an ac c i dent pre 

d ic t ion  model . Several regre s s i ons were run us i ng va r i ous 

funct ional forms o f  thes e c ros s - tabs ra t i os . I t  s oon became 

apparent that many regre s s ions  wh ich  cou l d  i nt roduce var ious 

func t ional forms and comb i na t ions we re nece s s a ry to  obta in  a s i g 

n i f i cant mode l .  S i nce th e approach was t i me - consuming compa red to 
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other approaches , i t  was abandoned b e fore  any conc lus i ve resu l t s  

could b e  found . 

At t h i s  point  a d i f ferent approach was t r i ed . The fol l ow ing 

s e rves as a s imp l i s t ic exp lana t i on of the p rob l em to be  s o l ved 

and t he new d i rect ions ava i l ab le .  

I f  one were to  represent the acc ident and non - acc i dent data  

as p robab i l i t i es . the po int  and l ine curve woul d  look  l ike  the  

s ke t ch below .  

P (ACC)  = 1 ______ �)(----____ ----__ �)�. �,�-��--!-- ACC I DENTS 

Hypothet ical  
p robab i l ity 
curve"}

.-
.. 

P (ACC)  = 0 .... �.-;:::::::;:; . ...... --.,.:,<_. ----.,.; ..... --------...:.-- NON -ACCI OENTS 

I f  the data are from an acc i dent cros s i ng , i t s  probab i l i ty for an 

acc i dent is 1 ;  thus , the po ints  a long P (ACC) = I .  I f  the dat a are 

from a non- acc ident c ros s i ng , i t s  probab i l ity  fo r an acc i dent is 0 ;  

thus , the  po ints  along P (ACC ) = O .  

I f  one were to f i t  thes e points us ing  a l inear reg res s ion  

mode l , the app rox imat i on wou l d  be  a s t ra i gh t  l i ne as s hown be l ow . 

Note that t h i s  approx imat ion i s  ,,,eak where P (ACC) = 0 and P (ACC ) = 

1 ,  the p l aces  wh e re good f i t s  are neces s a ry . 

-...-
P (ACC) = 1 -------------.,;,>'i-:_ .... 6�' �'K_::i�!I(r- ACC I DENTS 

I , inear / �  . 
approx ima t i on -\. 

,,; ;, . .  \ Hypothet i ca l  

J ...... ,
-- probab i l i ty 

__ -: : ." \-- curve 
... ..:,... .. 

P (ACC) = 0 -')�: -'-� . ... "i" ...... "=".A,Ap-. . --�>":-: -----_ .. ------ NON -ACCI DENTS 
--/ 

Not only is the l inear approximat i on a c rude f i t , but i t  a l so 

produces an overshoot where p eACC ) = 1 ,  and an undershoot where 

P (ACC) = O .  Th i s  appears to  be a s a t i s factory expl anat ion o f  

the l inear regre s s i on not be ing ab le  t o  produce a s i gn i ficant 

acc i dent p red i c t i on mode l . 
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Another approach to  the prob lem cons idered the use  o f  p i ec e 

w i se l inear f i t s . The theory b eh ind t h i s  approach i s  t o  approx i 

ma te the hypothet ical  probab i l i ty curve by s everal l i near curves . 

Th eoret i c a l l y , th i s  approach i s  shown below .  

P (ACC) = I 

P (ACC) = .Q 

P i ecel# 3 
----------------------------�--� .. ACC I DENTS ---

P iece#  2 - :.. 
"" 

. .. �" '" 

..... --:":. _ . . .  _ -- -

� Hypot he t ic a l  
' . .  -probab i l i  t y  curve 

--- � ... -;;:" ::.:;"" 
t:: Piece# 1 
�-=�=-�------------------------ NON -ACC I DENTS 

Howeve r th i s  approach d i d  not y i e l d  any conc lus i ve r es u l t s . In  

fac t , the  problem o f  overshoo t  s t i l l ex i s t ed .  I t  i s  po ss i b l e  

that this  approach woul d produc e  s i gn i fi cant resu l t s  i f  more t ime 

were a l l o t ted for tes t i ng . 

l Iowever , i t  \"as  hopeful  that a th i rd approach , wh i c h  con 

s idered t he non l inear shape o f  the hypo thetical  p robab i l i ty cu rve , 

wou l d  render a quicker so lut ion . The shape o f  the hypothet i c a l  

probab i l i t y c urve resemh l es  t h e  hype rbo l i c  tangent curve . Whereas 

the hypothet i cal  probabi l i ty cu rve takes on val ues be tween 0 and 

+ 1 , the hype rbol i c  tangent curve ranged from - 1  to + 1 . I t  was 

dec i d ed t o  incorpora t e  the hyperbo l i c tangent curve into the l i nea r 

regress i on package to  p roduce a nonl i nea r regress i on .  The mechan i c s 

o f  th is  method a re des c r i bed i n  Sec t i on 2 and Append i x  A .  

The execut i on procedure for th i s  nonl inear  regress ion 

becomes i t erat ive in nature . Th at i s , the regres s i on c oe f f i c ients  

that res u l t  from the f i rs t  regres s i on are used as parame t e rs i n  

the s econd regres s i on ; the coeffic i ents from the s econd reg r es s ion 

are used as  parameters fo r the th i rd reg res s i on , etc . 

The independ ent  var i ab l e s were the same var i ab l e s  used for 

the l i near regre s s  ion techn ique . 1 !00\'eve r ,  the dependent va r i ab l e  

took on a va l ue o f  e i ther  - l or  + 1  ( fo r  non - ac c i dent and acc i dent 

c ross ings , respe c t i ve ly) whereas the l inear regress ion had a 

va lue o f  e i ther 0 o r  1 .  The change in the dependent va r i ab l e  on l y  

requi red a s i mple  t rans forma t i on t o  p roduce the p robab i l i t y o f  an  

acc ident . 
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S ince the i tera t i ve proces s i s  innovat ive , s evera l behavi oral 

observa t i ons should be noted at  t h i s  point . The number  of i n 

dependent  var i ab l es s hould b e  l im i ted to  about s ix ,  s ince a greater  

number  cou l d  i n troduce no i se i nto the  reg res s i on .  As  a s tart ing  

po int , the  i n i t i a l  va lues for the  reg ress ion coe ffic i ents  for each 

i ndependent va r i ab l e  may be set to  o .  Th i s  al l ows each va riable  

to  reflect  its  o r i g i na l  va lue . During each i terat ion , the values 

of the coe f f i c i ents w i l l  change . Some coe f f i c i ents wi l l  m i grate  

and  converge toward the i r  f i na l value s , wh i l e others wi l l  migrate  

i n  an  unsystema t i c  fash i on and no t converge . Those var i ab l es 

wh ich do not conve rge on a f inal  va lue ( s t eady s tate )  a rc uns table , 

and should be d ropped from the pool o f  i ndependent variables . 

When the c oe ff i c ients  approach the i r  final values , a tol erance can 

be  imposed fo r j udg ing when the i terat ive proces s  is  complete . 

The tolerance used  in  th i s  s t udy was based on the � tandard e r ro r  

o f  est i ma te for C' (lch coe f f i c i e nt .  ''lhen the change i n  coe ff i c i ent 

( from one i te rat i on to  the ne xt )  for al l var iab l e s  was less than 

l / l O th o f  th e i r  respec t ive s tandard error of e s t i mates , the coe f 

f ic ients  were  s a i J  t o  b e  converged t o  the i r  s teady s tate  and the 

i t e rat ive process  complete . One final wo rd o f  caut i on : the 

t values and r va lues o f  the reg ress i on become mean ingless  due to  

the non l i near i t y of  the regrC's s ion . There fore , the accept ance of  

a var i ab l e  i nto the  equat i on i s  based  on  the  sys tema t i c  mi gra t i on 

and conve rgence o f  i t s  coeff i c i ent  to  a final  v a l ue . Mos t  o f  the  

coe ffic ients m i grate at a fa i r ly cons i s tent rate  of  change . 

The data base  subs e t s  used for the nonl i near reg res s i on were 

con s t ruc ted qu i t e  d i f ferent l y  than the subsets  for the l i near 

regress i ons . F i rs t , i t  was dec i ded to cons t ruct two s ubsets  o f  

acc i dent / non - acc ident data ; one p a i r  o f  accident/non- ac c ident data 

fo r expe r imental  purposes , and the o the r pai r  for val idat ion pur

poses . ThC'se  data  bases  were named the "TEST" data base  and the 

"VAL I DAT I ON" data  base , but s inc e they were cons truc ted to be 

s t a t i s t i c a l ly  and nume r i c a l l y  ident i ca l , they c ou l d  be i n terchanged 

for t�s t i ng and va l idat ion  purposes . A table  o f  the breakdown o f  

these subs ets  appears i n  Tab l e  F - S (Append i x  F ) . 
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I t  was dec ided to cons t ruct  a n  acc ident predi c t i on model for 

e ac h  warning  devi ce c lass . I t  was also  dec i ded  t o  cons t ru ct each 

mode l  i n  three phases . The f i r s t  phase was t o  cons i der onl y  

vo l ume var i ables  and produce a "b e s t  vo lume" mode l . Th e s econd 

phas e was int ended to re fine  the "be s t  vo lume" mode l , s hap i ng i t  

into a polynomial  o f  up t o  the  th i rd degre e .  The th i rd phase 

i ncorporates non - volume va r i abl es into an equation  w i th the r e 

fined volume model  (a  po lynom i a l )  to p roduce the acc ident p r e 

d i c t i on model  or  a "comp rehens ive" model . These  phases may be 

expressed i n  genera l terms as  shown below . 

Phas e  I ( Be s t  Volume Mode l )  

H = aO + a l LOGI O (T + 1 )  + a 2 LOG1 0 (C  + 1 )  + a 3 [ LOG I O (T + 1 ) ] 2 

whe re 

Phas e 2 (Re f i ned Vo lume Mode l )  

Phase  3 (Ac c ident Pred i c t ion Model)  

b .  and  c .  are regres s i on coeffi c i ents  1 1 

X i are non - volume var i ables  

T i s  t ra i n  movements 

C is v eh i c l e  movements 

H I  is the resul tant h a zard index . ( Referred t o  as  "h"  i n  

Sec t i ons 2 and 4 . )  
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Cro s sbucks were the f i r s t  warni n g  dev i ce c l a s s  to  be mode led . 

The s e r i e s  o f  regres s ion pr i ntouts i n  Tab le  D - S o f  Append ix D 

i l lus trates  how the regress i on coeffic i e nts migrate . Th i s  s e r i e s  

o f  i t e rat ions i s  from the "refined volume" model des c r i bed i n  

phase 2 .  The iterat ion was term i nated , s ince the changes in  the 

coe f fi c i ents  are a l l  less  than l / l O th of the i r  respec t i ve standard 

error o f  est imates . I t  shoul d  be noted that the bes t volume model  

conta i ned  on ly  four t e rms : the  i nterc ept , LOGl O (T+ l ) . LOGl O (C+ l ) , 

and [ LOGl O (T+ I ) ] 2 . The other two terms , [ LOGl O (C+ l ) ] 2 and LOGl O  
(T+ l )  * LOGI O (C+ I ) , were dropped becaus e  the i r  coef f i c i ents d id no t 

sys tema t i c a l l y  migrate . Thus , for the c ros sbucks "be s t  vo lume" mode l , 

a4 and a s wer e  zero ( from the general  equa t i on i n  pha s e  2 ) . The 

equa t ions for the cros sbu cks "bes t volume" model and "refined volume" 

mode l are shown in Append ix B . S . l .  The power fac tors appear in Table  

C - l of  Appendi x  C .  

Once the volume model  for c rossbucks was found , the next s tep 

(phase 3) ca l l ed for the incorporat ion  o f  non - vo l ume variabl es . 

A " s e l ec t ion" regres s ion was developed and ut i l i zed to  introduce 

the mos t  e ffect ive non - vo lume var i ab l e s . The methodo logy behi nd 

the " se l ect i on" regres s i on i s  d i s cus s ed i n  Sec t i on 2 .  The 

" s elect i on" regres s i on is  a techn ique that was devel oped to ind i 

cate wh ich  non - vo l ume var i ab l e s  would  b e  mos t  e f fect ive a t  d i rec t l y  

pred i c t i ng acc i dents  i n  the non l inear envi ronment . I n  con tras t to 

the i te rat ive non l inear regress ions , the t values prov ided by 

the " s e l ec t ion" regress i on are t rue measurements . The s e l ec t i on 

regre s s i ons for crossbucks i s  shown i n  Tab l e  D - 6 o f  Append ix D .  

Vo lume variables  appear w i th non - volume var iables i n  the " s e l ec t i on 

regres s ion" pool i n  order to prov ide d i fferent comb inat ions for the 

compr ehens i ve mode l as wel l  as to  s tr engthen the volume mode l i f  

neces s ary . 

After choos ing the non - vo lume terms to comb ine w i th the 

volume mode l , the regress ion was i terated unt i l  a s teady- s tate  

solut i on for the regres s ion coe ffic i ents  was found . Th i s  equat i on , 

the comp rehens ive acc ident pred i c t ion  model , i s  shown i n  Append ix 

B . S . 1 . 3 . 

Power factors were c a l cul ated from this  comp rehens ive mode l 

to provide an indicat ion o f  s uccess  when mea sured aga i n s t  the 
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benchmark models  ( New Hampsh i re and Coleman - Stewart ) . The power 

factors for the crossbucks mode l are shown in Tab l e s  C - Z and C - 8 

o f  Append i x  C .  I n  order to  better  i l l u s t rate  the s uccess  (or 

fa i l ure ) of the acc i dent pred i c t i on model  for c ros sbucks , a p lot  

of  the  power fac tors der ived from the  equ a t i on was c ontras ted 

aga inst  the New Hampsh i re and the C o l eman- S tewart formu l a . Th i s  

p l o t  appea rs i n  F i gures E - 9 , E - I O , a nd E - I l  o f  Append ix  E .  

Bes i de s  prov i d ing a h a z a rd index , one o f  the features o f  the 

acc ident p red ict ion model  is its abi l i ty to  supp l y  the p robab i l i t y 

of  acc i den ts . Thus , the ha zard index may be trans formed into a 

frequency of  acc ident curve . A p l o t  o f  th i s  t rans format ion for 

c rossbucks is shown in Fi gures E - l through E - 8 o f  Append i x  E .  The 

TSC mode l is cont ras ted  a ga i ns t  the Colemen - Stewart mode l fo r cros s 

bucks . The s o l i d  curve represents  the performance o f  the mode l , 

wh i le the point s , denoted by x ' s ,  represent the emp i r i c a l  da t a .  

After the crossbucks mode l was comp l e ted , the t hree proces s 

ing phases  were repeated for cros s i ngs w i th f l as hing l i gh t s , and 

aga i n  for c ro s s i ngs w i th gates . 

I n  both the mod e l s  for f l as h i ng l i gh t s  and gates , phase 2 
(where the re f ined vo lume mod e l  is  cons t ruc ted in  the form o f  a 

po lynom i a l )  i s  not used . They are cons t ruc t ed t h i s  way becaus e 

the coe f f i c i ents  for the po l ynom i a l  i n  phas e Z wou l d  no t m i grate 

i n  a sys t emat ic manne r and converge to a s teady s tate . Th erefore , 

i t  was deemed that  the  pol ynom i a l  was uns tab l e  and caus ed by 

col inea r i t y . Thus , fo r both th e f lash i ng l i gh t s  model  and the 

gates mode l , b
O

' b Z ' b 3 in the gene ra l equat i on for phase Z were 

equal to  z e ro , wh i l e  b l was equa l to  one . 

After the v o l ume mode l s  for both f l ash i n g  l i gh t s  and gates 

were obt a i ned , " s e l e c t ion" regre s s i ons were run for each warning 

dev i ce c l as s  to  dete rmine wh i ch non - vo l ume var i ab les  shou ld  be 

incorpo rated into the comprehens ive equat i on .  The s e l ec t i on 

regress ions for f l ash ing l i gh t s  and gates a re dep icted respe c t i ve ly 

in  Tab l e s  0 - 7 and 0 - 8 o f  Append i x  D .  After  the comprehen s i ve 

mode l was i t e rated , power facto�s were c a l cu l ated as wel l  as fre 

quency o f  acc ident cu rves and Eoe curves . 
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The power factors for f l as h i ng l i gh ts  appear i n  Tab les C - 3 ,  

C - 4 ,  and C - 9  o f  Append i x  C .  Thos e  for gates are in  Tab les  C - 5 ,  

C - 6 ,  and C - 1 0 . The noc p lo t  fo r flash ing l ights  appears in  

F igure c - l O  of Appendi x  E and the  EOC plot  for gates appears i n  

F igu re E - I l .  frequenc y o f  acc i dent plots  for flash ing l i gh t s  

appear  i n  F i gures E - 4 , E- 6 ,  E - 7 , and E - 8 and for gates i n  F i gure 

E - 5 .  

The last  four i t e ra t i ons  o f  the  Hbe s t  volume" model  for 

f l a s h i ng l i gh ts are depic ted in Tab l e  D - 9  of Append i x  D .  Th e l as t  

fou r i terat ions  o f  t h e  comprehens ive model  (phas e 3 )  are shown i n  

Table 0 - 1 0 .  These  examples i l lus trate  ho� t h e  coeff i c i ents  o f  

the variab l e s  migra te toward a s t eady s t ate . Also  shown are the 

last four i t e rat ions of phase 1 and phase 3 for gates . Thes e  

appear  i n  Tah l es D - l 1  and D- 1 2 ,  respect ivel y .  

The "best  vo lume" equat ion and the comp rehen s ive equat i on fo r 

flas h i ng l i ghts  are g i ven  i n  Append i x  B . 5 . 2 .  Those  for gates are  

s hown in  Append i x  B . 5 . 3 .  

As a feature o f  th i s  s tudy , a l l  three c l as s ical  mode ls  were 

exami ned . Tables C - 8 and C - I I  o f  Append ix C indicate  the powe r 

fac tors o f  the Coleman - St e\"art  formu l a  versus the  New J lamps h i re 

formula  and the Peabody - D immi c k  formula versus the New Hampshire  

formu l a  for  cros sbuck s . Co l eman - St ewart versus  New Hampsh i re and 

Peabody - D immi c k  versus New Hampsh i re for flash i ng l i ghts  a re s hown 

in Tab l e  C - 9  and C - 1 2 .  Tab les  C - 1 0  and C - 1 3  show both compa risons 

for gates . 
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4 .  RESULTS 

As not ed in  Sec t i on 1 ,  the  c h i e f  obj ec t i ve o f  th i s  st udy was 

to p roduce a better  ha zard i nde x .  Accord ing to  the  rather r i gorous 

c r i ter i a  used , t h i s  obj e c t i ve was ach ieved . The magn i tude of the 

improvement may be j udged by the rea de r  as  to i ts importance . 

Some rather c omprehens i ve d i s p lay s  and compa r i s ons of  TSC ' s  

new mode ls  and previous mode l s  have also  been produced . The t h i rd 

obj ect ive , wh ich was to e s t imate the l im i t s a ch i evah l e  in pred ic 

t ion mode l s  (hazard i ndexes ) for r a i l road grade cros s i ngs , i s , of 

c ourse , a lmos t a p h i losop h ical  con t ra di c t i on . There is no way to 

s ay that a formula  cannot be found whi c h  w i l l  re l i a b l y  p re d i c t  

acc i dents w i th  any arb i t ra ry prec i s i on . Neverthele s s , t h e  exper 

i ence and resu lts  o f  th is  s t udy s t ron g l y  s ugges i fai rly sharp 

l imits  on the power fac tors  achi evable  w i th any ha zard i ndex . The 

reason for t h i s  i s  that s imi lar  results  have been obtai ned w i th 

numerous a ttemp t s  to f i nd the bes t h a z ard i ndex . 

Note that i n  the  sub s ec t i ons o f  th i s  s ec t i on , frequent refer 

ence i s  made to  the  append ixes . I n  part i cu l ar , the J e f i n i t i ons o f  

the  va r i ous ha zard index formulas d i s cussed appear i n  Append ix B .  

As each o f  these  formul as i s  f irst  re ferred t o  in  th i s  s ec t ion , 

the  number o f  the  p rec ise  formu l a  (or  pa ragraph) in  Append ix B i s  

g iven , e . g . , Append ix B . 5 . 1 . 3 . Also , EOC tab l es and cu rves and 

acc ident frequency curves wi l l  be re fe rred to in a s i mi l a r  manner 

in Append i xe s  C and E .  The reader is urged to  turn to each s uch 

re ference as it occurs , for th e f i rs t  t i me at leas t . Append ixes 

B ,  C ,  and E p rovi de the pr ima ry emp i r ical  res u l t  in forma t ion , and 

migh t  we l l  be marked hy index t abs fo r ready reference . 

4 . 1  EOCs AND POWER FACTORS 

4 . 1 . 1  Int roductory Commen t  

A s  noted nume rous t imes in  Sec t i ons 2 a n d  3 ,  t h e  bulk o f  th i s  

p roj ect  was exp l o ratory i n  nature : an  at t empt t o  fi nd wha t  wo rked 

and wh at techn i ques y i e lded the best  hazard funct i ons . Th ere fore , 
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mos t o f  the work was concentrated on a s ingle warning  devi ce c l a s s . 

C ros s bucks were chosen becaus e of the large number  of  cros s i ng s  i n 

volve d .  Flashing l ights might have been pro f i t ably chosen , s ince 

t hat  warning devi c e  c lass  i nvolved only about one - th i rd fewer acc i 

dents and would , there fore , have y i e l ded nearly  a s  prec i s e  es t i mates . 

Neverthe les s , the obj ec t i ve of t h i s  s tudy was t o  do the who le  

s t udy for  all  warni ng device c l asses . Prefe rred methods have been 

app l i ed , deve l oped from extens i ve tes t ing on the cros sbucks  case  

t o  the  other two warning device  c lass es , flashing  l i ghts  and aut o 

mat i c  gates . The res ul t s  are s hown i n  t h e  power fact ors  i n  Tab les  

C - 3 t o  C - 7 of  Append i x  C .  

4 . 1 . 2  The Cros sbucks Case 

Tab l e  C - 2 ( s ee also F i gure E - 9  o f  Append i x  E)  gives  the EOC 

for the be s t  TSC crossbuc ks model (comprehens i ve )  compared t o  the 

Ne,,, Hampshi re (crossbucks ) mode l . (The best  TSC mode ls  w i l l  be 

discussed below i n  Sect i on 4 . 2 .  They are de f ined i n  Appendi x  

B . 5 . l . 3) .  Remember that the bes t mode ls  are a l l  o f  l og i s t i c  con

s truc t i on . The power fac tors for each pe rcent leve l may be s een . 

Thus , i f  2 pe rcent of  the cross ings  a re chos en , a power factor  o f  

about 6 i s  obt a i ned (PF ( . 02 )  � 5 . 9 ) .  I f  6 p e rcent o f  the cros s ings  

are chosen , the power fac t o r  becomes about 5 ( PF ( . 06 )  = 4 . 92 ,  and 

6 percent of  the cross ings  have 29 . 5  percent of the acc i dents ) .  I f  

1 0 . 5  perc ent o f  the c ross ings nre chosen , the powe r fac tor  i s  about 

4 ( PP ( . l O S ) = 4 . 0 ) . At 2 0  perc ent of  the cros s ings , the power 

factor becomes about 3 ,  wh i le a t  4 1  pe rcent i t  become s about 2 .  

To get s ome idea of  how c l o s e  thes e  are t o  the be s t  achieva 

b le ,  they may be compared to  the New Hampshire p ower fac tors . 

Denot ing  the p ower fact ors  for the TSC mode l by PFTSC and the New 

Hampshi re power fac tors  by PFNH , one notes  the data of Tab le 4 - 1 :  



; 
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TABLE 4 - 1 .  EST I ��TES OF  POWER FACTORS AND 
"ACHI EVABLE" POWER FACTORS (CROSSBUCKS) 

PF  P F  P F  
Cross ing TSC Nil "X" ± a' 

1 7 . 86 6 . 80 8 . 8  1 0 % 
2 5 . 9 0  6 . 1 7  6 . 4  7 %  

6 4 . 9 2 4 . 76 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 . S t 

The t va l ues  (Tab l e  C - 2 )  s how that the TSC mod e l  i s  s igni f i cant l y  

better  at certain  percentage l e ve l s , most notab l y  the 9 percent 

l e ve l ,  whe re the t va l ue is 4 . 4 .  The reader wi l l  rec al l that , as 

indicated  in Sect i on 2 . 1 ,  a t va l ue of 3 . S  is to  be cons idered more 

than s i gni f i cant ( s t at i s t i ca l ly )  at the 0 . 0 5 l eve l (even though , as  

i n  thi s case , t he l a rge s t  o f  1 0 0  t va l ues has  been s e lected ) . Neve r 

theles s ,  t h e  i mp rovement i s  smal l .  The improvement i s  bes t measure d  

b y  t he percent o f  the total  acc i dent s t he TSC mod e l  s e l ects  ove r that 

wh ich  the New Hamp s h i re mod e l  docs . I t  i s  seen that  t h i s  i s  a 

maximum i n  the 8 - 1 0  percent range , wh e re i t  i s  3 pe rcent o f  the 

acciden ts (out of  about 4 0 % , wh ich  are pi cked up by bo th mode l s ) . 

There fore , a t  the po int  o f  mos t  favorab l e  compar i son , the TSC 

mode l i s  rel at i ve l y  about 7 - 8  percent be t ter . 

I t  may be expected that any other mod el  wou l d  be better  than 

the TSC model by no more than the TSC mode l  is better  than the New 

Hampsh i re mod e l . Thi s  statement canno t be proven , and i s  on l y  

app roxima t e . I t  may overest imate o r  underes t ima te t h e  max imum 

ach i evab l e . The column l ab e l e d  PFX wou l d  represent th i s  c rude ly 

est imated b ound on the u l t imate l y  atta inab l e  power fac tors . The 

reasons for surmi s ing that  PFX may represent  the be s t  atta inab l e  

are : 

a .  The l arge amount o f  expe r imentat ion and t es t in g  done 

le ads one t o  s uspec t that  the TSC model i s  near the bes t . 
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b .  The imp rovement ach ieved ove r the s imp lest  good model 

(New Hampshire)  is r e l at ive ly s ma l l , and , there fore , would  

be expected to es timate in  orde r  of  magn i t ude an upper  

bound on  ''lhat i s  l e ft for i mp rovement .  

I n  p rac t i c a l  terms the imp rovement achi eved - - about 3 percent 

more of the accidents i denti fied (out of 40  percent total  for both 

mode l s )  for 10 percent total  c ross ings chosen may or may not be 

consi dered pratical ly s i gni ficant . I f  the haz ard index were be ing  

used  on l y  at thi�  level , then upwards o f  3 p ercent o f  a l l  acc i dents 

(at c ross bucks ) could  be an t i cipa ted (by the new mode l ove r and 

above the New Hampshire mode l )  and thus avo i ded by upgrading the 

warn i ng equi pment at the c ros s i ng . Thi s  could amount t o  many ac 

cident s over many yea rs . Howeve r ,  i n  gene ra l , other i nformation 

may be ava i lable than i s  used by these formulas , and , in  this  case , 

they may be expected to be used mos t ly for p rel iminary screening , 

s o  that acc uracy woul d  not be s uch a large factor . I nc i denta l ly , 

as noted i n  the co lumn ! ( i . e . , absolute percentage errors i n  

a n  e s t i mated power factor )  i n  Table  4 - 1  above , the power factors 

as e s t i mated here are about as uncertain  in the absol ute magni tude * 

as  is  the difference be tween what is  e s t imated to  be the power 

factor of the be s t  mode l and the power fac tor of the be st  attainable 

mode l .  

I n  cases wh ere the ha zard model s  are to be used fo r final 

selec t i on of c ros s i ngs fo r improvement expend i tures  for what ever ' 

n:�as ons ( s uch as obj ec t i ve formu l a  requi red by law) , then the 

rough ly 3 percent mo re acc idents wh ich may be "pre - ident i f ied , "  

i . e . , ant i c ipated o r  pred icted by the TSC model over and above the 

New Hampshire mode l , could be of c ons i derable  i nteres t .  As 

further aids  in  interpret ing and unders tanding the powe r factor 

informat ion in  the BOC , Append i x  B conta ins p lots  of BOC c urves 

(which g i ve percent acc i dents vs . percent c ros s i ngs } for various 

mode ls  a nd warn ing device classes  as i ndicated . The relatively sma l l  

it 
Th i s  �uan t i ty , wh ich appears in the column headed "+ " ,  i s  I I  
ICUMAcc expre s s ed as  a percent . CU�IACC is  i n  column 3 of  the C 
tables . Thus, ± = l l icol 3 x 1 0 0 � . Th i s  number has been rounded up 
for Tab le 4 - 1  to be  consc l vat ive . 
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but not ic eab l e  improvement o f  the best  TSC model s  over the p rev i 

ous model s can b e  observed . 

Ana lyt ic  Power Factor Curves 

Tab les  C - l to  C - 6  a l s o  p resent data on s i ng l e  parameter  

representat ions of  ent i re power factor  curves . S i nce power fac t o r  

curves are emp i r ical ly  determ ined , they are inheren t l y  no i s y  ( s ee 

F i gures E - 9  to B - l l ) . An anal y t i c  e xpress ion can remove th i s  

no i s iness  t o  fac i l i t a t e  power fac tor es t imates and c ompa r i s ons . 

Such expre s s ions can be used to e s t imate powe r fac t o rs w i thout 

having the ent i re t ab lcs at hand , and a l so to interpo l a t e  and 

ext rapo l a t e .  They a re a l s o  used to ob tain  acc ident frequency 

e s t imates b e l ow .  

The numbe rs l ab e l ed CON I , CON 2 , e t c . , in Tab l es C - I th rough 

C - 6  arc "cons t an t s "  approp r i a t e  fo r four emp i r ical  formulas  fo r 

power factors . Let 1 b e  the pe rcent  level  expressed a s  a frac t ion , 

and p the powe r factor a t  the l eve l . Thus , p ( . l ) ::; 2 . 1  means 

"the 1 0 %  power fact o r  is 2 . 1 . " The four func t i ons of p , l are : 

A) p ::; C l  log 1 

B )  1 + 1 = 1 
log p log 1 C2 

C )  l og p = C 3  
( log  1 ) · 5 

D) l og p ::; C4 
( log  1 ) · 75 

Thc5e fun c t i ons  are chosen on a rat ionale  that l og p and log 1 are 

s imply re l ated . Th i s  res u l t  can be der ived theoret i c a l l y  under 

certain a s s umpt ions . Since  p is  a func t i on of 1 ,  then CI , C 2 , C3  

and C4 are al s o  funct ions o f  1 .  They are tabulated i n  Tab l es C - l ,  

etc . a s  "CON I , etc . "  Insofa r  a s  any o f  the funct i ons  are approxi 

ma t e l y  constan t ,  then the approp r i a t e  func t i on g ives p as an imp l i 

c i t  funct ion o f  1 .  Thus , i f  C4 i s  obs erved to hold  rather constant 
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( in a g iven EOC) for a who l e  range o f  �, then l o g  p = C4 ( 10g �) . 7 S 
represents  the EOC or  power factor  curve . Not ic e  that for each 

"cons tant" Cl , C 2 , C 3 ,  C4 , a p / Cl C l  > 0 ,  a p/ aC 2  > 0 ,  etc . , so  that 

the l arge r the value the "b et terl l  t he power factor curve . Thus , 

i f  two h azard i ndexes can be given the s ame represent a t i on w i th 

d i fferent values o f  C l , C2 , C 3 , etc . , then the ha zard index w i th 

the l arger value (o f C l , etc . )  i s  better . I t  c an be s een that the 

forms log  p = a ( log � ) B g ive the bes t fi t s . Later i t  w i l l  be  shown 

what values o f  a and S t o  use , and further uses  for the power 

factor fo rmu l a . (See Subs ect ion 2 . 3 . 2 . )  

4 . 1 . 3  Flash i ng Lights  Case  

Table C- 3 s hows a compari s on o f  t he power factors for volume 

only ha zard i ndex for the flash ing l ight warning device  c la s s  

versus the New Hamp s h i re ha zard index . (See Appendix 8 . 5 . 2 . 2  for 

the defin i t i on of the TSC flashing l i gh t s  volume - only model . )  

I t  shou l d  be remembered tha t  a l l  best  TSC mode ls  reported i n  Sec t i on 

4 are of  logi s t i c  con st ruc t i on . 

The volume model i s  roughly no better and no worse in rankj ng 

c ros s ings  than the New Hampsh i re formul a .  I n  fac t , they come qu ite  

c lose  to  g i v i ng the  s ame rank ing . The practical  d i s t inct ion be

tween the two formul as is  that the TSC ha zard i ndex h y i el ds the 

absolut e  h azard index c le 2h , as noted above . Th i s  makes  the TSC 

volume model s u i tab l e  for add ing on non - vo lume terms . (Th i s  sur 

pris ing as s er t i on i s  d i s cus sed in  Sec t i on 2 and  in the CMR . ) 

Even w i th the non - volume terms added i n , the TSC model i s  

only s l i gh t ly better than the New Hamp s h i re model , a s  can be  s een 

in Table C - 4  (a maxi mum o f  2% absolute  o r , i n  other words , " 2  per

centage point s "  d i fference at the  1 6 %  to 1 8 %  l evel ) . 

The conc lus ion here , as w i th c ros s bucks , i s  that a s l i ght  

improvement over the  New Hampsh i re formul a  is  pos s ib l e ; a two 

percent reduc t ion  i n  acc i dent s  could certainly be well  worth 

cons idering . However , thes e formulas  are very l ikely not as e f f i 

c i ent a s  profes s i onal j ud gement w i th an on- s i t e  inspect ion b y  

l ocal  autho r i t ies . Thus , a sma l l  d i fference i n  e ff i c i ency ( a s  
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measured by the power fac tor ) , a l though impo rtant absolutely  on a 

nat ional  bas i s , could be ins i gn i f i cant in the us e o f  the formu l a  

fo r a pre - sc reening proces s .  

The scantine s s  of  the imp rovement again g i ve s  evidenc e  that 

the TSC mode l is near the u l t i mat e . Tab le  4 - 2  l is ts the power 

factors ( they s hould be cons idered i n  the P F I  s ense  for the 1 9 7 5  

acci dents ) for the TSC mode l ,  the New Hamp s h i re mode l , and , a s  a 

gues s  at  an uppe r  ground , for the u l t imate  attainab le : 

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

% PF  P F  PFX 
Cros s ings TSC NH U l t imat e  (gues s) 

U 7 . 5 5 6 . 7 2 8 . 5 

2 %  5 . 74 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 . 59 2 . 7  

3 0 %  2 . 0 9 2 . 1 1  2 . 2 

Aga i n ,  what the "ult imat e power fac tor" mi ght be is an "educated 

gues s . "  At the s ame t ime ,  the e xper ience of many fru i t ful  ( and 

fruit l es s ) attempt s  woul d  have one be l ieve in the s t ab i l i ty of  

p e rformance of  good reasonab le mode l s  on  these  data ; it  would  be 

remiss  not t o  impart a sense of  the know l edge wh ich was gained 

from this exper i ence . 

A compari son o f  Tab l e  C - 4  w i th Tab l e  C - 2 shows that power 

factors for flash ing l i gh ts  a re sma l l e r  than thos e  for c ros sbucks . 

Th is  say s  that the dependence o f  rel at i ve p robab i l ity of  acc i dent 

on the factors in the cross ing inventory is s tronger for c ros s 

bucks than fo r f las h i n g  l ights . Rough ly  speak ing , h i gh car and 

t ra i n vo lumes have a la rger relat ive effec t (mu l t ipl icat ive)  on 

the probab i l i ty of acc ident at  cros sbucks  than at flash ing l i ghts . 

The absolute p robab i l ity o f  accidents  i s  cons iderab l y  sma l l e r  at 

c ros sbuck than at  flash i ng l i ghts (wi th s i mi l ar vo l umes ) ,  but the  

vo l ume dependence is  more p ronounced for c ro s s bucks . 
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4 . 1 . 4  Automat i c  Gates Case 

The last warning device c lass  for which  results  a re g iven i n  

this  report i s  automat i c  gates . Here the samp l e  s i ze i s  s o  sma l l  

that the resul ts  mus t b e  t reated caut i ous ly . There were only 

s l i gh t ly  ove r 700 acci dents at gates , g i v ing about 350 for both 

dat a  bases . The p ower fac tors comp a r i ng the TSC vol ume mode l w i th 

the New Hampshire  mode l are s hown i n  Tab le C - 5 .  The fact that at 

s ome p l aces  the TSC mode l gets up to  6 percent more of the total  

acc i dents (at  50  percent  of the  cros s ings , TSC ge ts 80 . S  percent 

of  the accident s , wh i l e  the New Hampsh i re mode l gets 7 4 . 9  percent 

o f  the acc idents ) s hou ld  be t reated caut i ous ly . The s tat i s t i c a l  

s i gn i f i cance i s  no t  a s  h i gh a s  m i ght  b e  des i red . The evidence for 

this  i s  that New I lampsh i re ca tches up t o  TSC at 3 2 . 5  pe rcent , a nd 

e v e n  g o e s  ahead hy n c a r l y ;I fu l l  percent age p o i n t a f te r  d ropp i ll J!  o v e r  

4 pc rcent  o f  t he t o t a l  acc i d e n t s  heh i nd a t  17  percent  o f  the c ros s 

ings . l Ioh'c \'e l" , there i s  ev i dence that the TSC fo rmu l a  p e r fo rms b e t t e r ,  

Add ing i n  the non - vo lume va r iab l e s  makes the case  s t ronger 

at the l ower percentages (be l ow 3 5% of the c ross ings ) , where the 

formu l a  i s  expec ted to  be of more use ; this  imp rovement  is at the 

expense of poorer performance above 35 pe rcent . (Compared to TSC 

volume only , i t  rema ins  better than New Hampsh i re . )  Tab l e  C - 6  

g ives powe r fac t ors  for the TSC c omprehens i ve models  for gates . 

Although i t  g ives up to 6 . 5 pe rcent improvement o ver New Hampsh i re 

at  s ome l eve l s , the va r i ab i l i ty o f  qua l ity  o f  per formance makes i t  

appear that t he amount o f  imp rovement i n  qual i ty i s  very hard to 

est imat e . Th e TSC model is  ev ident ly  about equal  to the New 

Hampsh i re model  in  the reg i on of 6% to  1 5 % , a conceivab l y  very 

important reg ion in  appl i cat i on . I t  i s  not certa in that  s ta t i s 

t i c a l l y  s i gni fi cant improvement s have been obta i ned ; i n  o ther  

words , the  6 - percent imp rovemen t over New Hampsh i re i n  the  gate  

category i s  much less  s ign i f i cant than the  3 - percent imp rovement 

' in the c ros sbuck ca tegory . 

I n  s p i te o f  a l l  the var i ab i l i ty and imp rec i S ion o f  the gates 

power factors (because o f  the sma l l number of  acc i de nt s ) , Tab le 

4 - 3  l i s ts the fol lowing e s t imated power fac tors . 
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TABLE 4 - 3 .  ESTIMATED POWER FACTORS ( GATES) 

% TSC NH U l t imate Powe r Power C ros s ings Factor Factor P FX 

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  

20  2 . 2  2 . 1  2 . 5  

30  1 . 9  1 . 9  2 . 0  

4 . 1 . 5  An noc over the Fu l l  F l ash ing L igh ts  Data Base 

A l l  the power factor tab l es (nOC s )  p re s ented in  Append i x  C 

were c a l cu l ated on random subsamp l e s o f  the data base  ( c ros s i ng 

i nventory + acc ident f i l e ) . One noc wa s c a l c u l ated  on the bas i s  

o f  al l re l evant data . Th i s  was p r ima r i l y  t o  exh i b i t  the cons i s 

tency of  the sampl ed data nocs . Tab l e  C - 7 shows an noc for t h e  
New Hampsh i re model  fo r f l ash ing l i gh t s . I t  i s  cal cul ated on the 

bas i s  of  a l l  pub l ic f lash ing l i ght c ros s i ngs and a l l  1 9 7 5  pub l i c  

f l ash i ng l i ght c ros s i ng acc idents . Tab l e  C - 3 g ives  the s ame i n 

forma t i on for a s amp l ed data  base  conta i n i ng 5 0  pe rcent o f  the 

acc i dents and a s amp l ing of the c ros s i ngs . The agreement is qu i t e 

sat i s factory . S i nc e  Tab l e  C - 7 i s  based on 2 , 6 5 0  acc idents and 

Tab l e  C - 3 on 1 , 3 24  acc i d ents , one can s ee that Tab le  C - 7 shou l d  have 

approx i mat e l y  tw i c e  as many ( p l us maybe I or  2 )  acc id ents at �ach 

leve l , as has  Tab l e  C - 3 .  Tab l e  C - 3  has 1 9 8  acc i dents ( for New 

I lampsh i re)  at the 3 - perc ent l eve l , wh i l e  Tab l e  C - 7 has 39 2 acc i 

dents ( 2  x 1 9 8  = 396 ) . The d i ffe rence o f  4 acc i d ents  out o f  3 9 2  

i s  qu i t e  sma l l .  

At the 1 0 - perc ent l eve l , 8 9 3  acc i dents i n  Tab l e  C - 7 compa res 

w i th 2 x 4 4 0  = 880 acc i dent s in  Tab l e  C - 3 .  Th e d i fference of 1 3  

i s  sma l l  compa red to 89 3 .  I n  gene ra l , the d i fference b etween t h e  

acc idents i n  Tab l e  C - 7  and tw ice  tho se  i n  Tab l e  C - 3  cou l d  reach 

as  h i gh a s  60 w i thout there b e i n g  a s i gn i f i cant d i f ference . The 

d i ffe rence doesn ' t  reach th i s  s i z e ,  and i n  g enera l there i s  no 

evidence fo r any s tat i s t i c a l  d i fferenc e b etween the two . 
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I n  Tab l e  C - 7 ,  extra data are g iven for i nt erpret ing equat ion 

Values  of Il '" log P for the  values of S :  
( log ;\) B 

B = . 6 5 ,  . 70 ,  . 7 5 and . 8 0 are g iven in the c o l umns headed 

* * . 6 5 ,  * *  . 70 ,  etc . 

The nex t - to- l a s t  column is  � log l o g  p/6 l og log � figured 

over 1 / 2  percent interva l s  in  � ,  wh i l e  the l as t  column g ives 

ave rages over groups of s even of the l atter quant ity . I t  can be 

s een that for the New Hampshire flashing l ight s  cas e , B ranges 

from a s tabl e  0 . 7 to a s t ab l e  0 . 8 . There fore , us ing S = 0 . 7  (as 

in F i gure E - 7) can be expected to underes timate f for va lues o f  

� x 1 0 0 %  > 2 5 % , but s hou l d  otherwise  d o  rather wel l .  ( See 

Tab le  2 - 2 . )  

4 . 1 . 6  Eval uat ion o f  Other Previou s l y  Proposed Hazard Indexes 

Con t inui ng with the compar i s on of  relat i ve hazard indexe s , 

the c las s ical  Peabody - Dimmick formula and the Coleman- Stewart for 

mul as w i l l  be considered . As w i t h  the compari s on o f  the TSC for 

mulas  wi th the New Hampshire mode l in  Subsecti ons  4 . 1 . 2 - 4 . 1 . 4 ,  the 

comparis ons in  this s e c t i ons  w i l l  a l l  be  of  the EOC type ; thus , 

the mode l s  w i l l  be compared as re l a t i ve hazard indexe s , i . e . , with 

respect to  the ir  ab i l i ty to  rank cross ings according t o  haz ard . 

Tab l es C - 8 to C - 1 3  present compar isons between Coleman - Stewart 

mode l s  and the New Hamps h i re formula , and between the Peabody 

Dimmi c k  formul a  and the New Hampshire  formul a  for the th ree 

warn ing dev ice c l a s s e s  cons idered . Compari sons with t he TSC mode l s  

are omi tted , a s  the TSC comprehen s ive mode l s  outperform the 

Col eman - Stewart mode l s  t e sted here ( those from Reference 2 for the 

three warning device c l a s s e s )  and the Peabody - Dimmick  formul a as 

we l l  3S the New Hamp s h i re formul a  for a l l  three warn ing device 

c l asse s . Further , the New Hampsh ire fo rmul a  i s , fo r the mo s t  part , 

somewhat better  t han the other t wo model s as measured on these  

data  and exh i b i t ed in Tab l e s  C - 8  to C - 1 3 . 
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The reason why the New Hamps h i re model  i s  s upe r ior  to the 

Peabody - D immick  is p robab ly that the train vo l ume appears  to a 

l owe r power than ca r  vo l lime i n  the Peabody - D immick  formu l a , wh i l e  

the ev idence ind icates that the t ra i n  vo l ume s hou l d  appear  to a 

h i gher  powe r .  

The s uper ior i ty o f  the New Hamps h i re formula  over the Coleman 

Stewart model s  i s  di f f i cu l t  to  exp l a i n .  I t  may be r e l ated to 

Coleman- Stewa rt ' s  use o f  four d i s t inc t formu l as to p roduce one 

re l a t i ve ha zard i ndex . Thus , i f  the norma l i zat ion , i . e . , s c a l i n g  

factor , i s  s l i ghtly  o ff for one formu l a re l a t i ve to another ,  the 

performance as a r e l at i ve ha zard index is th rown o f f .  To put it 

d i fferent l y , s ince a d i fferent formu l a  i s  used fo r each s tate  of 

the urban/ rura l and s i ng l e/mu l t i p l e  track var i ab l e , there i s  a 

need for the formu l a s  to perform accu rately  a s  absolute  ha zard 

indexe s in order that they may perfo rm e f fect ive l y  in  concert as 

a relat i ve ha z ard i ndex . Accuracy of an  abso l ute  h a z a rd index  i s  

d i fficult  t o  achi eve ( s ec Sec t ion 4 . 3 ) ,  and s o  the e f fect i veness  

as  a rel at ive ha zard index i s  imp a i red . 

Earl i e r  in  the proj ec t ,  when s ome mode l s  were tested which  were 

cons t ruc ted by Co l eman - Stewart and wh i c h con t a i ned the u rban/ rura l 

and S i ng l e/mu l t i p l e  track va r i ab l es d i rec t ly i n  th e formu l a , the 

ha zard indexes appeared to perform s omewhat better  than the New 

Hamp s h i re mode l ,  a lthough s omewhat poorer than the TSC mode l s . 

Such resu l ts cannot be reproduced and inc l uded here because 

of  t ime cons trai nt s . The mode l s  we re , a s  has  been indicated , no 

better than the TSC mode l s , and the i r  form aided i n  s ugge s 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  ind icate  that the New 

Hampsh i re formu l a  p rovides a relat ive hazard i ndex 

that o f  the other two fami l i es of p rev i ous mode l s . 

then , tha t the TSC mode l s , s i nce they have a l ready 

superior  to 

I t  fo l l OWS , 

been descr ibed 

a s  s uperior  i n  accuracy to the New I lampsh i re mode l , are l i kewi s e  

super ior  to the other two mode l s . 

F i gu re s  E- 9 th rough E - l l  o f  Append ix E s how graph ic a l l y  the 

e ffect iveness  of the TSC , Coleman- S tewart , and New Hamp sh i re 
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models  in  terms of  rel a t i ve ha zard indexes , which , i n  t urn , are 

man i fes ted as respect ive EOCs i n  the f i gures . 

The fol low i ng points  a re pert inent to the defini t i on o f  the 

formu l as : 

1 .  The Peabody - D immick  formula , as i t  occurs i n  the  orig ina l 
. 1 f . f c ·

1 7 T · 1 5  b t art l c l e ,  amount s  to a comp ex unc t l on 0 • ; u 

s ince th i s  comp l ex func t i on i s  s t r i ct ly increas ing  

(monoton i c ) , C · 1 7 . T · 1 S  is  equivalent to the c omplete  

Peabody - D immick  formula for use as  a rel a t i ve ha zard 

index ( s uch as the c omparison in  th i s  sub s e c t ion re l a t es 

to) . 

2 .  The �ew Hamp s h i re formula has  a warning device  c l a s s  facto r ,  

but th i s  can be  ignored here , as the compar i s on s  are 

l imited to s ingle warni ng device c la s s e s . 

3 .  The Col eman - St ewart formu las are , s t rictly  speak ing , 

undefined i f  e i ther C or  T i s  zero . Th i s  i s  reso l ved 

here by taking  C = 1 / 2  and T = 1 / 2  respec t ively in the 

zero cases . (Actually , T = 0 represents  the cas e when 

the inventory fo rm had a zero for each o f  i t ems 24 , 26 , 

2 8 , and 30  of  Tab le  F- 2 . )  

4 . 2  D I SCUSS I ON OF TSC CUMPlUml,;NS IVE MODELS AND VOLUHE aUUELS 

4 . 2 . 1  Cros sbucks 

The vo lume mode l requ i res l i t t l e  d i scus s i on ( s e e  Append ix 
B . S . l . I  for defin i t i on ) . I t  prov ides a ranking  of  the cross ings 
wh ich d i ffers l i t t l e  from the New Hampshire  mode l , and in the 
effec t i vene s s  or pred i ct ive va lue of the rank ings , d i ffers by s t i l l  
l es s . Th e ch i e f  purpose  o f  the complexity  o f  the volume model  i s  
t o  ensure that the hazard index becomes an abs olute  hazard index . 
I t  i s  no ted in Sec t ion 2 that th i s  i s  a neces sary property for 
d i sc r imi nants to ensure the i r  opt ima l  cons truc t ion . In other 
words , unless  a good e s t i mate of  the act ual  p robab i l i ty can be 
N o r kcd o u t , i t  is  not po s s i b l e  to cons truct  t h e  h e s t  d i s c r i m i nant 
( ha z ard i nde x )  ev e n f rom t h e re l a t i ve po i n t  o f  v I e w .  
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Since  some of  the terms in  the ha zard i ndex have negat ive 

coe ffic i ents , it is good to check that the ha zard i ndex is an 

i nc rea s ing func t ion of the car  and t rain  vol ume over a s uffic ient ly  

w ide  rang e .  I n  t h i s  connec t i on , 3hvl 3c < O , for a l l  values o f  c ,  

but 3hvl 3T > 0 only wh en 1 . 1 5 8  - 2 .  * . 2 2 1 2  1 0gI 0 (T+ l )  < 0 ,  or  
T > 4 1 4 .  So , if  t he re are more than 414  tra ins  per  day , the h a z ard 
index s tarts  to  decrease w i th i ncreas ing t ra i n  vo l ume , but no t 
before . The dec rea s e  i s  very smal l ;  fo r examp le , doub l ing the 
number of  tra i ns ( t o  8 2 8 )  dec reases the probab i l i ty ( frequency) 
est imates  by less  than 1 percent of i t s value , i . c . , the relat ive 
dec reas e is  1 % .  O f  cours e , the es t imates a re no t va l id at the se  
very h igh t ra i n  volumes . A s eparate analys i s  wou l d  be requ i red to  

e s t imate the dependence o f  h a zard on very  h i gh t ra i n  volume s . The 

point of this  d i scuss ion is to ve r i fy that the ne�at ive coeffi 

c ient of  [ 1 0gl O (T+ l ) ] 2 does not result  in a decrea s e  in est imated 

hazard at  o rd inary tra i n  volumes . The non - vo i lime t erms that were 

se lected by the s e l ec t ion reg res s ion (and not dropped l ater  due to 

shr ink ing contr ibut ion) are more not ab l e . 

Bes i des the vo l ume term there are (see  B . 5 . l . 3 ) :  

1 .  The logari thm of  the numb er o f  day through - t rains ( p lus 

1 ) : (pos i t iv e  coeffic ient ) . 

2 .  The numb er o f  mai n  t racks : (pos i t ive coe f f i c i en t ) . 

3 .  I s  the h i ghway paved ? (pos i t ive coeffic i en t ) . 

4 .  Popu l at ion ( s e e  Append ixes  B and D for defi n i t ion o f  the 

variabl e) : (pos i t ive coe fficient ) . 

S .  Func t ion c l as s o f  the road ( s ee Append i x  F for defin i t ion 

of this  var i ab l e ) : (negat i ve coeff i c i ent ) . 

A s  s tated in Sec t i on 1 ,  t he goal o f  the  s tudy wa s pred ict ive 

ef fec t ivene s s  and not ident i f icat i on of t he causes  of acc ident s . 

Therefore , caut ion mus t  be exerc i s ed i n  interpret i ng these t erms 

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

intui t ively  reasonabl e  a s  contr ibutors to acc ident p robab i l i ty 

( t a k ing into  account the s ign o f  the  coe ffic i ent) . 
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Th e pos i t ive connect ion o f  accident s to day through - trains i s  

perhaps the mos t  obvious . S ince "volume" v a r i ab l es a r e  based on  

total  average veh icular t ra f fi c  and  total  average train  t raffi c , 

i t  does not take into account ext ra exposure o f  day tra i ns t o  

h i gher  day tra ffi c ; the refore , a n  extra term for day trains  i s  to 

be expec ted . 

The pos i t ive term for number  o f  ma i n  t racks i s , l ikew is e ,  

evident , especially  s ince many acc i dent s occur invo l ving  s low o r  

s t a l led vell i c les , and some invo l ve veh i c l e s  not s ee ing t ra ins 

mas ked by other t ra ins . 

The pos i tive corre l at ion w i t h  the h i ghway being paved would  

seem h arde r to exp lain . Perhaps thi s  ends up b e i ng a p roxy var i 

ab le  for veh i c l e  s peed . Because o f  the volume opt imi zat ion and 

p re s ence o f  t rack  and lane var i ables  in the var i ab l e  pool , i t  

should h e  no more than a part ial  proxy fo r them ( the same holds 

for func tiona l c l a s s ) . 1I01�eve r ,  a road that i s  not paved would 

very l i kely ca rry cogni zant local t raffic  a t  lowe r s peeds than 

woul d  a paved road w i t h the same veh icul ar  volume . 

The popu l a t ion va riable  i s  a l so tricky - - the h i gher  the popu 

l at ion , the h i gher the r i s k .  Th i s  i s  l ikely  t i ed up w i th the 

corre l at ion of s i gh t d i s tance w i t h  populat ion . One finds that 

populat ion is  a better  p red ictor  than u rban/ rural , so  popu l at ion 

is  probab ly a proxy for urban/ rural , even t hough u rban/ rural  was 

part of the va r i ab l e  pool ava i lab l e  to the s tepw i s e  regres s ion . 

Popul at ion i s  p robab ly a l s o  a proxy for pe rcen t fami l i ar drivers . 

The demograph i c  impl i cat ions o f  t h i s  var iable could  provi de end 

less  specul a t i on .  Func t i onal c l a s s  i s  perhaps a proxy fo r l anes , 

vehi c l e  s peed , percent fami l ia r  d rivers , etc . 

4 . 2 . 2  Fl ashing L ights 

The flash ing l i gh t s  comp rehens ive model  i s  given in  B . S . 2 . 2 . 

I t  invo lves exac t l y  the s ame non- volume variables  a s  c ros sbucks 

and \'l i th the s ame s i gns for the coe ffic ient s , except fo r the added 

term "number o f  h i ghway � anes" repl acing the "hi ghway paved" 

va riabl e .  Th i s  is very reasonab l e  on two count s : 
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a .  The more l anes , the mo re l i ke l y  the d r ive r  i s  no t to 
not i ce the f l as h i n g  l i gh t s . 

h .  I n  the case o f  flashing l i gh t s , the va r i able  "highway 

paved" is not very useful , s ince it almo s t  a lways has 

the s ame value . Numb e r  of  hi ghway l anes  then becomes a 

reasonab l e  proxy for the s ame s e t  o f  cond i t ions . 

4 . 2 . 3  Automat ic Ga tes  

The automa t ic gates  comp rehens i ve model i s  conta ined in  

B . 5 . 3 . 2 .  I n  t h i s  case  the smal l er s amp le  s i ze support s the i n 

co rpo rat ion  o f  fewer var i ables  into the mode l .  The s e l ec t i on 

regre s s ion used to s e lect  the var i ables  fo r the automa t i c  gate  

model  is  g i v�n in Append i x  D ,  Tab l e  D- 1 3 .  I t  i s  interes t i ng to  

exam i ne the regress i on a t  s t ep 4 ,  s t ep 6 ,  and again at s t ep 1 0 .  

At s tep 4 i t  can be seen that the f i r s t  var iable  chosen ( a t  s t ep 

1 )  was "p res ence of ra i l road advanced warn i ng s i gns . "  Th i s  enters 

with a negat i ve s i gn . I n  other words , i f  t he advance warning s i gns 

arc p re s en t , the cros s i ng is  more dangerous . Thi s  c l a s s  of  phenomenon 

may be c a l led t he warning devi ce level paradox (or perhap s the Co le 

man- St ewar t p aradox) . 

Th i s  pa radox ical  phenomenon i s  fa i r ly widespread  i n  s a fety 

ana lys i s  o f  this  type , and bears some d i scus s i on .  The charac 

t e r i s t i c  o f  intere s t  ( in t h i s  i ns tance and in certain  others ) is  
tha t the "h igher warni ng device  leve l "  c ro s s ing i s  more ha z a rdous 

than t he " l owe r wa rn ing dev i ce leve l "  c ros s ing , even account ing fo r 

other fact ors . The warn ing dev ice  leve l  var iable ha s become a 

proxy fo r " l ocal j udgment . "  I n  ot her words , i f  the h igher warn ing 

dev ice leve l is pre sent , t h i s  refle c t s  a j udgmen t on the part o f  

someone t hat the  cros s ing warra n t s  t he warn ing equ ipment , perhaps 

based on factors  not in  the data hase used here , inc luding pas t 

acc i dent h i s t ory . The othe r c lement  neces s ary to  produce the para 

doxical  s i t ua t i on i s  that , on the ave rage , the e f fec t i vene s s  of 

the extra warning device doe s  not offset  the i nc reased ha zard  

imp l ied  by i t s  presence . I n  the case  of  the "RR advance warn ing 

s ign , "  th i s  i s  e spec i al l y  l i ke l y  to be t rue , s ince it presumab l y  

is o f  l ow e ffec t i vene s s  b u t  i s  a l so re l at i ve ly inexpens ive . 
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Coleman - Stewart noted the paradox ( i f  not this  exp l anat ion) in  

connect ion with f l ash ing l ights  and gates under c ertain  cond i t ions 

and a s i mi lar  anoma ly was noted i n  t he Cal i forn i a  report  ( Re fe rence 

1 ) . The var i ab le "RR advance warning s i gns p resent"  is not i nc luded 

here mos t ly because of the odd nature of i t s  p romised  contribut ion . 

I f  more t i me had permi t t ed , i t wou ld have been inc luded i n  a fina l  

mode l ,  s ince i t  doe s a dd to  predi c t i ve power , and that i s  what i s  

des i re d . I n  genera l , a pa radoxical  va riable  i s  usual ly a p roxy 

for some other variab le , so that  i nc luding it wi l l  imp rove p re 

d ictabi l i ty ; however , i t  can a l s o  ei ther improve o r  reduce one ' s  

ab i l i ty t o  g i ve a caus a l  interpretation of  the model . 

Step 6 o f  Tab le D- 1 3  s hows that  a number  o f  var i ab l e s  have 

entered the regre s s ion . "Number o f  lane s "  and "number o f  ma i n  

t racks"  were c hosen because of  the i r  re lat i vely  l a rge t va lue s . 

The var i ab le [ 10g (C+ I ) ] 2 could have been included , b ut s i nce i t  i s  

a vol ume variable and , the re fore , only adj us t i ng for the add i t i on 

o f  the other variables (not a l l  of  wh ich  would  be kept ) , and 

s ince t he s ample  s i ze is  sma l l  ( s uppor t i ng few variables ) ,  i t  was , 

dec ided t o  keep only the t racks and lanes var iables and the "va r i 

ab le" 1 ,  i . e . , a cons tant . Th e cons tant  has al ready been chosen 

by the vo lume regress ion , hut w i th only two o ther non - volume 

variab l es , the i nc l us ion o f  a cons tant term i s  surely adv i s ab l e .  

(Many "b l i nd al leys"  and abandoned at temp t s  have s hown t h e  a dvan

tages and d i s advantages o f  including the cons tant term . ) I t  i s  

prob ab ly always advi sab ie t o  include i t  o n  theore t ical  g rounds , 

and i t  wa s left  out o f  the model s only when t he power fac tor showed 

it d id no t help . Looking at s t ep 1 0 ,  one sees  that t he cons tant " 1 " 

ente red only on the 8th s t ep . Some o f  the t values o f  s tep 1 0  are 

so sma l l  that i nt e rpretat ion is prob l ema t ical . 

The po� i t ive dependence on night  trains need not be inter

preted , even though i t  is  con trary to  the  pos i t ive dependence  on 

day trains for c rossbucks and flashing l i ghts . All  variables  wh ich 

ent e re d  those models had much l arger t values i n  the select ion 

regres s ion . 

Next to  be cons ide re d  i s  wha t  did  not show up in the mode l s . 

The ga te selection regre s s i on var i ab l e  pool (Tab le D- 1 3 1  s hows the 
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mos t  important ones . Cons iderab l e  exp e r i ence had l ed to the drop 

p i ng of  other  variab l e s  previous l y  a s  espec i a l l y  unpromi s ing . 

"Cros s ing ang l e" i s  a notab l e  one . Nearly every s e l ec t ion r e 

gres s ion contained that variab l e  to  n o  ava i l .  The va r i ab l e  was 

j us t  not pert i nent to any of them . Howeve r ,  it should have been 

included in  the var iab l e  pool for gates in s p i te o f  i t s lack o f  
usefu l nes s for cross bucks . But th i s  overs igh t  i s  unl i kely to be 

of  any s i gni ficance . 

Of the var iab les  sho'''n in Tab l e  0 - 1 3 ,  "maximum t ra in  speed" 

(variab l e  10)  was an examjl l e  of  a va r i ab l e  that wa s carr ied in 

vi rtua l l y  every s e l ec t ion reg res s i on to  prac t i ca l ly no ava i l . I t  

never entered the gate s e l e c t i on regres s i on shown i n  the tab l e  

except a t  a very late s tep w i th comp l e tely  ins i gni ficant t value . 

I t  entered select i on regres s i ons for flash i ng l i gh ts  and cros s 

bucks , but at  la te s teps , w ith  too sma l l  t values to j u st i fy 

ke�p ing the var iab le  fo r pred i c t ion purpos es , but probab ly la rge 

enough to  prove i t s  s ig n i f icanc e .  I t  entered with  a pos i t ive 

coe f f i c i ent . Apparen t l y , "max speed , "  wh i ch i s  better  than the 

othe r two var iab les  rep res ent ing t ra in speed , is of amb i guous 

value for determ i ning acc ident hazard . On the one hand , the 

fas t e r  the t rain , the more l i ke ly fo r the tra i n  to s t r i ke the car  

because o f  l ack  o f  warn ing  (of  more importance fo r c rossbucks and 

flashing l i ght s ) . On the other  hand , the s l owe r the t rain , the 

more l i kely  the car  i s  to s t r i k e  the t ra i n .  (No t i c e  a l so tha t the 

t rain  s pe ed i s  a p roxy for number o f  c a rs in the tra i n . )  The two 

ef fec t s  ev idently  cancel  in the case  o f  gates  and pa r t i a l l y  canc el  

in the  case  o f  lower warn i ng device  c l as s es , w i th s l ight t ipp ing of  

the ba l ance t o  h igher haz a rd for h igher speed . I f  acc ident sev e r 

i t y  or  j us t  fat al acc ident s had been con s idered instead o f  a l l  acc i 
dent s , the find ing m i gh t  have been comp l e t e ly cont ra ry . 

I t  s hould be noted that the va r i ab l e  "urban/ rura l "  was forc ed 

out of the regres s ion i n  Tab l e  0- 1 3 .  Th i s  va r i ab l e  was a l ways 

passed  up in favor of "popul a t ion" in the c a s e  o f  s e l ec t i on re 

gres s i ons fo r c ros sbuc ks and gates . Va r i ous ind i ca t i ons l ed to  

s uppres s i ng i t  from this  regres s ion  s i nce i t  had ente red another  

gate  s e lec t ion regres s i on ( s ee  Sec t i on 3 ) , and s i nce the other  
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variables s eemed to perform bet ter in  i t s  abs ence . Thi s  kind of 

j udgment somet imes led  to choices th at  were not dicta ted by the 

s e l ec t ion regre s s ion , but as  far as pos s ible  the Eoe was , as  not ed 

in  Sec t ion 2 ,  the final arbi ter . 

4 . 3  EXPECTED ACC I DENT FREQUENCY PLOTS 

I t  has  been noted that there i s  need i n  s ome contexts for an 
abs olute as we l l  as  a relat i ve ha zard i ndex . An absolute ha zard 
index i s  one which  i s  proport i ona l to  the expec ted frequency o f  
acc i dents each year a t  t he g i ven cros s ing . I t  has been indicated 

that t he expec ted acci dent frequency can be e s t i mated in a number 

of way s . I n  Appendi x E p lots  are p re sented which s how a comparison 

of  the e xpected acc i dent frequency as  computed four way s : 

a .  f 1 = T � P (1 + ��� � B) 
The second term w i thin  the parentheses  i s  cons idered negat i ve . 

(See Table  2- 2 and Sec t ion 2 . 3 . )  

b .  M A % Acc iden t s  f2 = N A , Cros sings  

where A % acc idents is  the  percentage of  a l l  accident s  occurring 

in a I - percent interva l o f  cros s ings : 

A , Cross ings = 1 %  

where hTSC i s  any one o f  the TSC h a zard indexe s . The formula 

for f3 i s  given in Sec t ion 2 . 3 . 1 .  The value for hTSC can be 

ob tained from any of  the fol l ow in g  formulas , depend ing on warn ing 

dev ice c l a s s  and on whe t her t he non - volume variables are to be 

us ed : 

B . 5 . 1 . 2  

B . S . 1 . 3  

B . S . 2 . 1  

B . S . 2 . 2  
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The cons t ant C l i s  determined by  normal i za t ion , so  that the cumu

lat ive numbe r  o f  (predicted)  acc idents  over the S O  percent mos t  

haza rdous c ros s i ngs ag rees w i t h  observat ion . Alternat i vely , the 

values of c l g iven in Sec t ion 2 . 3 . 1  can be used . 

h 
d .  f4 = k e c s  

where h i s  t he appropriate  Coleman - Stewart mode l ( s ee Append ix B )  
c s  

and k is  determi ned a s  i n  c .  above b y  normal i za t ion . 

lbe quant ity f 2 (see  h .  above ) i s  the ob served emp i r ic a l  

frequency o f  acc idents  in  a g i ven i n terval ( o f  ran ked cross i ngs ) . 

Cons equently , the other formUlas are espec i a l l y  to be  comp ared t o  

t h i s  one . When the est ima t e  prov ided by f 2 j umps around a l o t , 

the ot her frequency es t ima t es , wh i ch arc  s t r i c t ly dec reas ing , are 

accurate i f  the  "emp i ri ca l "  est imates  average around the  " theo 

ret ica l" es t imates . (By emp ir ical  f 2 i s  meant , and by t heore t ical  

f l , f 3 , and  f4 are re ferred t o . )  A l so , when any two o f  the es t i 

ma t e s  tend t o  agree , th i s  i s  con f i rma t ion for both est imates , s ince 

they are der i ved and calcu l a t ed by qu i t e  d i f ferent method s . 

For examp l e , F igure E - l  o f  Append i x  n compares t h e  frequency 

est imates for the TSC comprehens ive c rossbucks model , as g i ven by 

formulas  fl and f3 . The sol i d  l ine rep res ents  f 3 and the X I S  
represent fl ' I t  i s  no t rea l ly pos s ib l e  to  say wh ich g i ves the 

be t t e r  e s t i mate  ( i ndicated below wi l l  be how th i s  can be resolved 

w i t h  a l i t t le more analys i s ) . I t  appears tha t  the  agreement i s  

rather goo� , espec i a l ly i n  the 5 percent t o  3 0  percent regi on . 

F igure E - 2 i s  for t he same ha z ard index (TSC comprehens ive 

c ro s s - buck s ) . The fo rmulas  repre sented are : £
3 

by the sol id  l i ne 

and f2 by the X I S .  Of course , f2 e s t imates the " t rue" values in t he 

sense  of  unb iased but i t  i s  qu i t e  no isy . * G iven that  f2 i s  un 

b iased , i t  seems that f3 is  not unde re s t imat ing out  near S O  pe r 

cent a n d  i s  as good as  the  eye c a n  d i s t ingu ish  for l ow percentage 

* 
"No isy"  = "has l arge random componen t . "  Th i s  qual i t y  i s  ev i -
dent i n  the figu re . 
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(hi gh ha z ard ) cross i ngs . I t  may be assumed t ha t  f 3 g ives rather 

good p robab i l i ty e s t imates . 

F i gure E - 4  p rovides the s ame comparis on for the TSC compre

hens ive flashing l i gh ts  model . The agreement is  as good as the 

eye can suggest  for a s t rictly  decreas ing smooth functIon ( exc ept 

poss ibly below 5 % ) . 

Fi gure E - S p rovide$ the s ame compar ison ( f2 vs f 3) for the 

TSC comp rehens i ve automa t i c  gates model . The l arge scatter i s  

cons is tent with  the findings o f  l arge variab i l i ty o f  es t imates  in  

the automatic  gates  case . The agreement is  di f fi cul t to  asses s . 

F i gure E- 7 i s  the fl , f2 comp a r i s on for the New Hampshi re 

mode l i n  the  f l ashing l ights case . I n  ear l ie r  work it  was s hown 

that the New Hampshire formul a  H=CT does not  p rovide an abs olute 

hazard i ndex direc t ly ,  so  s ome thing l ike an f l e s timate  is  nece s 

s ary . In  F igure E - 7 ,  £ 1  and f2 are represented by the s o l i d  l i ne 

and X ' s  r espec t i ve ly . The agreement i s  abou t  as  good as  the eye 

can s ugges t  (6 was taken to  be 0 . 7 ) . 

F i gure E - 8 i s  a l s o  for the flashing l i gh t  case , but c ompares 

fl and f2 app l i ed to the TSC model . ( I n fl ' B was s e t  to  0 . 7  

again . )  The agreement i s  as good as the eye c an te l l . Re fer 

r ing t o  Figure E- 4 ,  i t  can b e  seen that f 3 perhaps'  overestimates  

for  low percentages . F igure £- 8 s hows tha t fl e s ti mates  s ma l l e r  

values i n  t h e  s am� region . I n  t h i s  cas e , fl may be a better  

frequency es t imator than f3 . 

F igure E - 3 i s  for the Co leman- Stewart c ros sbucks model , and 

Figure E - 6 represents the Col eman- Stewart fl ash ing l i ghts  model . 

Note tha t  i n  the c ro s sbucks model the Co leman - St ewart formul a ,  

norma l i zed t o  this  data b as e , f its  the emp i r i c a l  frequency points  

rel at ively  we l l . 

I t  migh t  appear that  the Co l eman- Stewart c rossbucks formul a  

i s  a s  good a n  abs olute ha zard index a s  the TSC (comprehens ive)  

c ro ssbuck formu l a . However , the c l os enes s \111 th which the curve 

matches the emp i r ical  frequen c i es is  not the only tes t .  The 

o ther  con s i deratj )n is how much of a d i fferen t i a l  spread in 
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frequenci es the formu l a  creates . Thus , a formula  that  s imp ly 

ass i gned the s ame average acc ident frequency to  a l l  cros s i ngs 

wou ld  match the emp i r ical  va lue almo s t  exac t l y , but ,�oul d be 

useless  as an absolute h azard index , s ince it conta ins a lmos t 

zero informa t i on .  The TSC c rossbucks  formul a  results  i n  more o f  

a s pread , as  evi denced b y  a more sharply r i s i ng curve (comp are 

F i gure E - 2 w i t h  F igure B - 3) , and thus  i s  apparent l y  more u s e fu l  

a s  an absolute  ha zard index . The sharper frequency curve i s  

reflec ted d i rec t l y  i n  the fac t tha t the TSC formula  has h i gher 

power fac t o rs . 

The Col eman - Stewa r t  flash ing l igh ts  model  ( F i gure E - 6 )  has a 

h igh spread o f  emp i r i c a l  frequenc ies about the formula  curve . 

Th i s  i s  p robab ly part i a l l y  due t o  a mi smatched comb inat ion o f  the  

four formu l as wh ich make up  the Co leman - S t ewa r t  model  for  th i s  

wa rn ing dev ice  c l as s · , and t hus  g i ves add ed ev idence t hat  separa t e  

fo rmu l as may b e  g i v ing t roub le  when used t o  compare cross ings . 

The use o f  separa t e  (TSC ) formul as for separate  warn ing device  

c l asses  i s  a l l  r ight under  e i t he r  o f  two c i rcums t ances :  

1 .  No cross  c ompa r i son bet ween warn ing device c la s s e s  i s  made . 

2 .  The c ro s s i ngs are compared over the  who l e  popul a t ion on 

wh ich the ha zard i ndexes are cons t ruc ted and cal ibra t ed 

( the ent i re United States ) . 

I n  o ther  cas es , a s ingle  comb i ned formula  for a l l  warning 
device c las ses  m igh t  be  cons i dered (with  warn ing dev i c e  c l a ss  as  

a var i ab le ) .  Such a formula has  not yet been cons t ruc ted  (us i ng 

our technique ) . 

The Co l eman - S t ewart  flash ing l ights  formu l a  a l s o  resu l t s  i n  a 

less  sharply  i ncreas ing curve t han t he TSC f l as h ing l igh t s  fo rmul a .  

I n  genera l , 

fa i rl y  accurate . 

fo r the  flash ing 

the frequency est ima t i ng formulas fl and f
3 

a re 

Fo rmula  f3 is  probably good w i t h in � 1 0  percent 

l ights  a nd cros sbuck cases . I t  i s  d i f f icu l t  to  

evaluate these  f 'equency e s t imates . A carefu l  ana ly s i s  u s ing t he 

*The fou r formul I S  involved for each warn ing device clas s a re shown 
in Append ix B ,  ;ect ion B . 1 .  The fact  tha t d i s t inct formu l as are 
used to compare d i s t inc t cross ings is the i s sue i n  poin t . 
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exact formul a  

M ( f = N P 1 + � d log l og e) 
lo� d log log A 

( s ee Subsect ion 2 . 3 . 2 ) -could be unde rtaken wi th the data ava i l able . 
The assumpt ion above has been that 

a ;z d log log  p 
d log log X 

is  a constan t .  The othe r de finit i on o f  B i s  the val ue that makes 

l og e 
( log A )  B .. IX 

s tay cons tant . I n  genera l , B w i l l  not b e  constant , but a func t ion 

o f � .  a may be determined by best  fit  loca l l y  o f  A l og log p .. 
8 A log log A or , accord ing t o  an a l ternat ive hypothe s i s , 

A l og log p .. r A log log A + S A log A fo r wh ich a = r + s log A .  
a or  r and s can be f i t  loca l l y  over several perc ent ( t o  smooth 

out the noi s e ) . Al though there was not time to do this  analys i s  

for t h i s  report , i t  c an neverthe less  b e  s urmi sed that the e s t imated 

acc i dent frequenc ies a l ready reported w i l l  be use fu l  even i f  esti 

mated to within about 1 0  percent . 

I t  seems a l mos t unreasonab le to predic t  these rare events 

more accura tely . Furthermore , i t  might be s ugge s ted  that mos t 

se lect ion p roces ses , whe ther they be rea l or hypothet ical  for 

ana lys i s  purposes , can be based on power fac tors rather than on 

probabi l i t i es ( frequenc i es ) . I t  should be remembered that when 

power factor p is a s soc iated with a haz ard i ndex va lue h ( as s uming 

A i s  known as well , i . e . , h se lects A x 100 % of the crossings ) ,  

then one ha s the answer to the que s t i on of the number of  acc i dents 

that are t o  be expected in the next year at the � x N cros s ings  

w i th this  or  greater ha zard index ( in  the g i ven  warning dev ice 

cl ass ) . On the other hand , i f  " f , "  i s  known one has the answer to 

the q ue s t i on of the number of accidents that c an be expected at a 

cro s s ing  w i th this  val ue of "h" in one year . I t  i s  d i fficul t  to 

know what the compar i s on i s  of the e rrors  in p w i th those in  f ;  

the error i n  p may have been overest imated o r  underest imated i n  f .  
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I n  genera l ,  f est i mates  the  der i va t ive of  a r andom funct i on and , 

therefore , cannot be known a s  wel l as  p ,  whi c h  i s  b ased  on cumu 

lative quanti t ies  only . 

4 .  4 SU�lMARY OF RESULTS 

With  a data base o f  unus ual ly  l a rge s i ze and deg ree of com

pletenes s ,  and with  the s ta t i s t i ca l  too l s  for cons t ruct ing , tes t 

ing , eva l ua t ing , and exh i b i t i ng p rop e rt ies  o f  hazard i ndexes , a 

number o f  th i ngs have been quanti tat ively demons t rated about hazard 

i ndexes for rai l road cros s ing acc ident s that could not be done 

under other c i rcums tances . 

Extens ive exper imenta t ion  has been done , on the bas i s  o f  which  

t hree comprehens ive mode l s  are offered ; these mode l s  are a l so 

tested and compared in  performance t o  o ther hazard i ndexes on t he 

overa l l  Uni t ed States  acc ident exper ience for 1 9 7 5 .  Extens ive 

t e s t s  and analyses  have been performed to  prov ide c l ear and 

spec i fic  i nforma t ion  on what these hazard i ndexes  i nd icat e ;  i n  

t h i s  r egard , some s imi lar analyses  were performed on  ear l ier 

s impler  ha zard i ndexes . 

I t  has been shown by extens i ve e xper iment at i on and t e s t s  tha t  

s imp l e  vo l ume - dependent fo rmu las  appea r to  h ave 9 0 - 9 5  percent o f  

t h e  p red i ct ive power o f  mo re comp l ex formu l as . Of  vo l ume - only  

formu l as , the New Hampsh i re hazard index for  a g iven warn i ng dev i c e  

c l a s s  g i ves nea rly  as good a rank ing as  an op t imi zed formu l a .  

1 I0wever , the s t ra i ght  formula  H = k CT shou l d  no t be used to 

e s t imate acc ident frequency . I n  th i s  regard , Tab l e  2 - 2  and the 

d i scus s ion  in  Subsect ion 2 . 3 . 2 show how to convert a va l ue of  C1' 

(ave rage da i ly veh i cu l ar vol ume t imes average da i l y  tra i n  vo l ume ) 

i n to a power fac tor  and a l s o  an expec ted acc ident f requency . 

The new formulas that are derived are , in certain respects as 

described above , more selective than t he New Hampshire formula , 

even t hough t he difference , while statistical ly significant , may 

not be considered large enough in certain applications to forgo 

t he simplicity of t he New Hampshire formu la . If t he TSC compre 

hensive formulas are used , t hey too may be converted into expect ed 

frequency of accident by simply forming cl
e2h • The value of  
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h x 1 0 , 000 is  l isted under the column HAZARD INDEX, TSC in the 
BOCs (Appendix C) ; the New Hampshire hazard index value given is  
simply CT . 

Finally , it has been shown expl icitly how the power factor 

and expected frequency of acc idents change and what values they 
take ( for the three warning device classes - - crossbucks , flashing 

l ights , and gates) when a g iven percentage of the most hazardous 

cross ings is chosen . This information is in the BOC tables  and in 
the fitted formulas relat ing f and p to A .  

The techn iques used have been e xcep t i ona l ly e f fec t i ve i n  

i l l umina t i ng the quant i tat ive a spect s  o f  ha zard as  p red icted by 

s impl e  quanti tat i ve charac ter i s t ic s . 1I0wever , there has  not been 

t ime to real ize  a l l  of the intended appl icat i ons  of these  con

s t ruct i ons and t e s t s . I ndeed , a very maj or  p roduc t o f  this  proj ec t 

cons i s ts o f  the too l s  and techn i ques and p rocedures wh ich were found 

use fu l . Furthe r use  o f  the s e  too l s  and s im i l a r  techn iques w i l l  no 

doub t sharpen the p i c t ure that  has been p roduced .  

I n  the nea r  future ha zard inde xe s that use acc i dent h i s t ory 

of the i nd i v i dua l c ros s i ng to  he lp de t e rmine ha zard are expected 

to be deve loped .  (See Append i x  H for de tai ls . )  Pre l iminary re 

sults  i nd i c ate that acc i dent h i s tory can  be of  great predi c t i ve 

va lue when comb ined w i th the othe r  factors cons i de red i n  t h i s  

report . 

Finally . the reader or the user of information in this report 
must be cautioned that the work presented here is more of the nature 
of "experimentation" than of "production . "  A great deal of care 

has gone into ensuring the accuracy of the results shown, but all 
the data and formulas should be cons idered subj ect to refinement 

as more experience and data are gained . 
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5 .  SOME PRACTICAL CONS IDERATIONS 

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

a .  Which hazard index t o  use?  

b .  How is  it  t o  be  used?  

5 . 1  SELECTI NG A HAZARD I NDEX 

The i n formal recommend a t i ons g i ven i n  th i s  sect ion w i l l  not 

subs t i tute fo r a mo re thorough app ra i sa l  based on a read i ng of 

the who l e  report , hut may help ge t the worker s ta rted on the tas k .  

For choos i ng a ha zard index , one needs t o  a s k  the fo l l owing 

quest ions : 

1 .  Wha t  informa t i on i s  ava i lab le for the cons truc t i on o f  the 

hazard index? 

2 .  How much comp lex i ty in the formula is fe asible?  

3 .  How importan t  i s  accuracy? 

4 .  I s  an absolute hazard index ( frequency of  acc i dents per 

yea r )  neces sary , or  i s  a relative ha zard index su f f i 

cient  ( for ranking cros s ings  by relat i ve h a z ard) ? 

Now one needs to  focus on a part i cu l a r  warn i ng device  c l ass  

(cros sbucks , f l ash i n g  l i ght s , o r  gates ) .  Suppose that  on l y  vo l ume 

i n format ion  i s  known , i . e . , average da i ly number o f  veh i c l e s over 

the road and ave rag� da i l y number o f  t ra i n  movemen ts . The s i mp l e  

New Hamp s h i re formu l a  i s  ava i l ab le for re l a t i ve ranki ng within  a 

warning device c l a s s , but i f  an absolute h a z ard i ndex i s  needed , 

£! i f  the mode ra t e  c omp l e x i ty o f  the TSC vol ume formul as i s  not 

a suffi c i ent drawhack , then a TSC volume formu l a  is t o  be used . 

So , wi t h  vo lume - only i n format i on ,  i f  (a ) an abso lute hazard i ndex 

is i nd i spens ab l e , s uch as for an abso lute compa r i s on o f  hazard 

be tween warning device c las ses or for use in  a cos t /bene f i t  ra t i o , 

� (b ) the complexi ty of  the TSC formulas i s  not cons ide red a 

s e r i ous drawback , i . e . , the ca lculat i ons can be done w i t h  ease , 

t hen i t  i s  necess ary to  usc  one o f  the  TSC best  vol ume formu l as 

as fol l ows : for c ros sbucks  one uses B . s . l . l  (Append i x  B ) ; fo r 
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flashing  l i ghts  one uses B . 5 . 2 . l ;  and for automa t i c  gates one uses  

B . 5 . 3 . l .  I f ,  on the o ther  h and , a simp le formul a  i s  des i red , and 

accuracy di fferences wi thin a sma l l  percentage range are tolerab le ,  

and an abso l ute hazard i ndex i s  i n  no way necess ary , then one uses 

the s imp le New Hamp s h i re formula . 

Now , suppose  o ther i n fo rmat ion i s  avai l a b l e  bes ides veh icular 

volume and t rain  volume . I n  th i s  cas e , one has to  check the re l e 

vant TSC be s t  comprehensive formulas : for c rossbucks , B . 5 . l . 3 ;  

for f l as h ing l i ght s , B . 5 . 2 . 2 ; and for automa t i c  gates , B . 5 . 3 . 2 .  

One sees i f  a l l  the informa t i on requi re d  for these formulas i s  

avai l ab le : for e xamp le ,  i f  the warning device c l a ss i s  gates , then 

the number of  h i ghway l anes mus t be k nown for each cros s i ng . Thi s 

informa t i on res i des in  the FRA dat a  base  (see Sec t i on s  l and 3 and 

Appendix F ) , and w i l l be avai lab le  from that s ource if from no othe r .  

I f  a l l  t he info rmat i on requ i red by these formu l as i s  ava i l ab le , then 

use of  these foumulas  is s uggested . I f  no t ,  then one needs t o  de 

c i de whether a vol ume - on ly formula  i s  sati s factory : for this  dec i 

s ion , the d i s cuss ion i n  Sect ion 4 concerning the EOe t ab l e s  of  

Append ix  e may be hel p fu l . In  general ,  use of  the comprehens ive 

formul a s  when one or more data items are miss ing for each cro s s ing , 

or  for mos t  c ross ings , i s  not t o  be r ecommended . At the same t ime , 

t here i s  no evidence that  a reasonabl e  attempt a l ong these  l ines 

is sure t o  be unsucce s s fu l . 

I f  there are s ome data items (quant i f ied cross ing features)  

ava i l ab l e  on  the c ro s s ings to wh i ch the  hazard index i s  to be  

appl ied but  not  represented in  the  FRA data bas e , e . g . , " c l ear  

s i gh t  d i st ance down trac k , "  t hen the  que s t i on as to  how  these  items 

s hould  be t re ated  has , of course , not been d i rect ly answere d .  But 

a fter readi ng thi s report , the user may be re l uc tant to ass i gn a 

l arge e ffect  to  any addi t i onal non - vo l ume variab les (except acc i 

dent h i s t ory , c ons i dered bel ow) . I t  should be remembere d  a l s o  

that any addi t iona l variable w i l l , in  genera l ,  a lready have been 

part i a l ly accounted for by other var i ab l e s  acting  as p roxy . 

Thi s  report  has  s t ressed  that  accident h i s t ory at  particular  

c ro s s ings i s  p robab ly  of  great  impor t ance if  ava i l ab l e . We are 
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not y e t  ready to  rep ort  on ha z ard indexes i nvo lving acc i dent 

h i s t ory , but  Appendix H shows  h ow they c an be  cons t ructed by 

use of  the s ame data b as e  of acc i dents  and c ros s ings . 

5 . 2 USE OF THE HAZARD I NDEX 

Next to be c on s i dered  i s  the p ra c t i c a l  use of t he hazard  i nde x . 

I t  scems t h at this  a l ways involves carry ing out s ome form o f  the 

fo l low i ng bas i c  procedure : 

1 .  Rank a l l  the cros s i ngs  undcr  cons ide ra t ion accord ing to 

the va lue of the ha zard index . (Th i s  rank ing  is p robab ly  

mos t  re l i ab l e  if  a l l  the  cross ings o f  only  one warn ing 

device  c l a s s  are cons ide red at one t ime . I f  cross ing s 

of  two or  more warn ing dev ice  c l as s es  are to  be rankcd 

togeth er , i . e . , interspersed , then it is e s s en t i a l  tha t 

an abs o lute  hazard index proport i onal to expec ted acc i 
dent  frequency be used . ) 

2 .  Select  from this  o rdered l i s t  o f  cross ings under cons ider 

a t ion a spec i f i c  number  o r  a spec i fic  percentage (propo rt i on) 

for s ome act ion , e . g . , improvement of c ross ing warn ing 

equ ipment . 

Rel at ive or  Absolute  Hazard I ndex 

Now , to convert  a r e l a t i ve h a z a rd index to  an expec t ed fre

quency of  cross ing (or an absolute  hazard i ndex) , it  i s  neces �ary 

to emp loy some trans forma t i o n , and th i s  is  s i mp l e s t  and probah ly 

mos t  accura t e  when one o f  the TSC hazard indexes i s  used . I n  th i s  

case , one s imp ly forms c1 e 2 h , where h = I I I , t hc ' ha zard i ndex g iven 

by the des ired formul a  chos en from the fo l l ow ing group in Appen

dix B :  

1 .  Crossbucks - comprehens ive : B . 5 . 1 . 3 . 

2 .  C rossbucks - volume - only : B . 5 . 1 . 2 . 

3 .  Flashing l i gh t s - comp rehens i ve : B . 5 . 2 . 2 .  

4 .  Flash ing l ight s - volume - only : B . S . 2 . 1 .  

5 .  Automat ic gates - c omprehens ive : B . 5 . 3 . 2 .  

5 - 3  



6 .  Aut omat i c  gates - vo l ume- only : B . 5 . 2 . 1 .  

I f  an abs o l ut e  ha zard func t ion invo l v i ng the New Hampsh i re fo rmu l a  

i s  des i red , the t rans fo rma t i on i s  d i s cussed i n  Subsect ion 2 . 3 . 2 ,  

but , as  a l ready noted , wh en an ab solute  h a zard func t ion i s  to be 

used , a TSC form i s  probab ly bes t . 

Onc e a po r t i on o f  the  c ros s i ngs has been chosen a s  the mos t 

hazardou s , s ome measure o f  the expected e ffec t i veness  o f  the pro

cedure may be des i red . As no ted throughout th i s  report  ( s ee 

espec i a l ly Sec t ion 2 . 1 ) , the EOC and the power factor a re the 

recommended meas ures of  per fo rmance . Thus , i f  I S  percent of the 

c ro s s ings have been chosen us ing the TSC comprehens ive cros sbucks  

formula , t han , a s  has  been seen , on  a nati onal bas i s  (see  Tab le 

C - 2 )  5 1 . 3 percent of the acc i dents w i l l  occur a t  these c ros s i ngs , 

g i vi ng a power factor  o f  3 . 4 2 .  

Now , i f  the fo rmula  i s  used in  a c erta in loca l ity , s ay a 

certain  s t ate , i t  i s  to  be expec ted that  va r i ous re lat i onsh ips that 

a rc obs e rved nat i ona l l y  may , to  s ome extent , not hold true . 

Log i c a l ly , one would expect that  the mos t i nvar i ant qua l i ty o f  a 

ha zard index would  b e  i t s  gene ra l goodnes s  as  a re l a t iv� ha zard 

index - - not neces sar i l y  the s pec i fic  measures o f  th i s  qua l i ty of  

per formance , but the  fac t  that  it  i s  a good rel a t ive hazard index 

when compared w i th the performance of other h azard indexes . Next 

in  va r i ab i l i ty wou l d  be i t s qua l i ty as an  absolute  h azard index , 

wh ich might be a l i t t l e  mo re variab l e .  Fo l l ow i ng i n  va r i abi l ity  

the plain  abs o lute hazard i ndex , which i s , by  d e f ini t i on , only  

proport i onal  to  expected acc i dent frequency , would  be the expec ted 

acc i dent frequency i t s e l f ,  wh ich m i gh t  requ i re furthe r  s c a l ing . 

Las t , and mos t var i able , wou l d  b e  the EDC curve i tsel f - - the 

power fact ors , etc . Th i s  would be more v ar i able , becaus e it wou ld  

re flec t local  va r i ab i l ity  in  the c ros s ing charac teri s t ics  them- . 

s e lves , not j us t  the re l a t i on o f  these cha rac teri s t ics  to  acc ident 

frequency . Thus , if  1 5  percent of  a l oc a l  popu l a t ion o f  cross ings 

is chos en accord ing to  the TSC comprehens ive c ro s sbucks  mode l , it 

can be expec ted that a s t a t i s t i c a l  deviat ion from the nat ional aver

age , 5 1 . 3  percent of  t he acc ident s in  that local  popu l a t i on ,  w i l l  

occur a t  tho s e  c ro s s i ngs . 
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I f  one refers  t o  Tabl e e - 2 ,  one sees  that the v a l ue o f  I I I  fo r 

the 1 5  percent mos t  ha zardous c ros s i ngs  nat iona l l y  i s  grea ter t han , 

or equa l t o ,  - 0 . 8 5 8 5 ,  wh ich repre sents  the I I I  o f  the l east  haz ardous 

c ross ings of the I S - percent chosen as the mos t  h a zardous . The 

l ea s t  h azardous c ro s s i ng of the 1 5  percent of the c ross ings chosen 

loca l ly could be greater  than , or  less  than , th i s  va l ue . I t  i s  

s ugge s te d  here  tha t the na t i on a l l y  de t e rmined powe r factor for the 

actua l  hazard  i nde x of  the leas t h a zardous c ross ing i n  the set 

chos en  should be used fo r re ference to  the Eoe tables rathe r than 

the pe rcentage of  the l oc a l  populat i on se lected  for the haz ardous 

c ros s ings group . 

By way o f  i l l us t ra t i on , i t  i s  assumed that  1 5  percent of  t he 

c ros sbuck c ros s ings have been s e l ec ted  us ing the TSC c Tos sbucks 

comp rehens i ve fo rmul a ,  and tha t the ha zard index of the leas t 

ha zar dous c ros s ing in  the I S - percent g roup i s  H I  = - 0 7 9  ( [ rom 

equat i on B . 5 . 1 . 3 ) .  Thi s HI i s  then re ferred to Tab l e  e - 2  ( f i r s t  

mul t iplying  b y  1 0 , 0 0 0  a s  noted i n  paragraph e . 3  o f  Appendi x  C ) , 

and i t  i s  seen that - 7 9 0 0  corre sp onds to the  na t i on a l  1 2 . 5  pe rcent 

poi nt , that i s , to  a powe r fac t or of  3 . 6 7 rathe r than t o  the 1 5 -

percent power fac tor o f  3 . 4 .  Thi s  sma l l  d i ffe rence i n  powe r fact o r  

i s  n o t  very s i gn i ficant , and s t at i s t i c a l  f l uc t uat i on w i l l  p rob ably 

be l ar ge r _  When the local  e s t i mate  is c lose  t o  the  nat i ona l ave rage , 

con f i dence i n  calculat i on bas ed  on nat io�a l s t at i s t ic s  may h ave 

been i nc reased . 

The prac t i c a l  s i gn i f i cance o f  a powe r fac tor o f  3 . 6  for 1 5  

percent o f  the c ross ings s e l ec ted can  be exp l a ined a s  fOl l ows . 

I f  a l l  a c c i dents  a t  t hose se lected  c ros sbuc k c ross i ngs cou l d  be 

p revent ed ,  i n  th i s  hypothe t i c a l  case  1 5  percent o f  a l l  l oc a l  c ros s 

buc k  c ross ings , 54  pe rcent o f  a l l  l oc a l  c rossbuc k  c ros s i ng acc i 

dents  could  be prevented .  

\�en the fo rmu l a s  and t ab l es o f  th i s  repo rt are used on a 

na t iona l  b as is ,  they are mos t rel i ab l e . I t  i s  i n  j us t  such c i r cum 

s t ances that  expec ted acc i dent frequency based on obj e c tive  cros s 

i ng ch aracter i s t ic s  may b e  mos t  useful i n  l arge - scale  cos t/bene f i t 

analyse s . 
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APPENDIX A 

THE LOGISTIC DISCRIMINANT APPROACH TO HAZARD INDEX CONSTRUCTION 

F i rs t , an ord i nary l i near regre s s ion i s  run , ident i c a l  t o  the 
one descr i bed in Sec t i on 2 . 2 except for the t r i v i a l  d i fference that  
an a c c i de n t  i s  represented by + 1  wh i l e a non - ac c i de n t  cro s s i ng i s  
represented b y  - 1 .  ( I n  Sect i on 2 t h e  non - ac c i dent  c ros s i ng wa s 
repre sented by 0 . )  The e f fe c t  on t he h a z a rd i ndex g enerated i s  to 
mul t i p l y  the prev ious l i near regre s s ion h a z a �d i ndex by 2 and sub 
t ract  1 .  That  i s , the present p rocedure produces t he s ame h a z a rd 
func t ion except  for t h i s  mu l t ip l i ca t i on and subtrac t i o n . Th i s  
d i fference i s  imma t e r i a l , a s  t h e  h a z ard index s o  g enera t ed a t  t h i s  
po i n t  i s  good a s  a r� l a t ive ha z ard index on l y .  An i n t erat ive pro 
cedure i s  t hen used to f i nd t h e  b k ' s  a s  fo l l ows : 

One s ho u l d  rec a l l  t h a t  X i k i s  the  k t h  c harac t er i s t i c  for the , 
i th c ros s i ng .  Thus , l e t t i ng C = AADT o r  ave r age da i ly veh i c l e  
t ra f fi c , X i , k = log  (Ci

) wou l d  b e  a p os s i b i l i ty .  Equa ti on X i , k = 
log Ti , whe re Ti i s  the average numb e r  o f  t ra i ns a t  c ro s s i ng i ,  
would be a no t h e r  pos s i b i l i ty .  

Seve ra l  var i a b l e s  o f  t h i s  t y p e  are  c a r ii e d  i n  the regres s i on .  
The i t era t i o n  i s  o f  t he so c a l led " f i xed p o i n t "  o r  " imp l i c i t  
equa t i on" type , w i t h each s t ep i n  t he i t era t ion be i ng t h e  equ i v a 
l ent  o f  an  ord inary regres s i on . A t  each st ep , s ,  o f  t he i te ra t i o n , 
there i s  an e s t ima te  o f  h k ; k = 1 ,  K deno t ed by hk

( S ) From 
hk

( S ) . h i
e s ) i s  de fined a s : 

h . ( S) = I: b ( s )  X . .  1 k k l , k 

The v a r i a b l e s  X i , k and Y i  unde rgo a non l i near t rans fo rma t ion b e fore  
t h e  nex t reg r e s s ion is  pe r formed : 
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x e S )  = 
.. , i ,  k X �U (h . ) ( S) i , k 1 

Y i 
( 5) '" V i  �V (h i ) ( S) 

whe re : 

U ( h) = s ech ( h) - -
2 ( tanhh (h) ) 

V (h)  CI sech 2 ( h) ( h ) tanh (h) 
The regre s s i on s eeks an o rdi nary least  squares solut i on to : 

y .  ( 5) '" 
1 t 

k=l  
b ( 5+ 1 )  x e s ) 

k i ,  k 

The l e a s t  squares so lut i on b ( k+ l )  i s  the one wh i ch m i n im i zes  

� (Y . ( S) _ y . ( s » 2 . The  regre s s i on is  carr i ed out  by  an  ord i nary 1 1 1 

l i near l east  squares package ( t he I BM SSP st epw i se reg re s s i on 

package was used on a DnC PDP - l O) wh ich has been mod i f i ed s l ight ly 

(one or  two s t atement s )  so t hat  i t  does not automa t i c a l l y  correct 

fo r the mean . Th i s  is  because for t h i s  type o f  i terated non 

l i near procedure the cons tant term mus t b e  hand l ed s epara tely  and 

exp l i c i t l y ;  thus , X .  I - 1 i s  a lways used . One of t he bas ic va r i -1 , 
ab I es mus t  be a cons tant 1 (uni ty) w i t h  no l o s s  o f  genera l i ty . 

(See  CMR for further de tai l s . )  

I n  thi s manner . bk
( S) l e ads  to bk

( S+ l ) ; as  noted a l ready , 

bk
( l )  i �  obtai ned from s t ra ight  regre s s i on ( no weight s )  wh ich  i s ,  

i n  ef fect , the �ame a s  t aking bi
r o ) = o . This  wi l l  result  in  

hi
( O ) 

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

( O) ] = I fo r a l l  i and the r e fore , 

as stated an o rd ina ry untrans formed , unwe ighted l inear reg re s s i o n .  

C l a s s ical  l og i s t i c  d i scriminant analys i s  ( Reference 6 )  can 

be shown ( see CMR) to be equ ival ent t o  t h i s  procedure w i th U ( h)  

and V ( h )  repl aced by 
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U ( h) = h/ t anh ( h) 

and 

V ( h) � tanh ( h) / h .  

The funct ions [ sech ( h ) ] 2 . h/ t anh (h ) , [ s ech ( h) ] 2 . tan (h ) / h , 

h/ tanh ( h l , and t anh (h ) /h are a l l  p l o t t ed in  F igures A- I and A- 2 

wi  th 

H ( h 1 1 1 = -2 + -2 t anh (h )  = -----::;,:-2 1 + e - L n 

super imposed for reference . The c l a s s ical  procedure may be seen 

to  g i ve except i ona l l y heavy we ight ( by the fa ctor h/t anh ( h) to 

accident cros s i ngs  for which a very l ow acc i dent probab i l i t y i s  

e s t i mated (h�m) . I n  this  case  a l l  low p robab i l i ty cros s ings  are  

we i ghed l ow [ by the factor  ; ech 2 ( h ) ] and only tho se c ross i ngs [or wh i ch 

H (T)  takes i nt ermediate  val ue s  are we i ghed h i gh .  (The intermediate  

values are , re l a t i vley speaking , the  h i gh ha zard va lues . ) 

I t  i s  a rranged that  a l l  acc i dent  probab i l i t i es  fa l l  be low 1 / 2 . 

Th i s  i s  not required o f  a l l  cro s s i ng s , but o f  a l l  but the 1 / 2  per 

cent mos t  hazardous . This  i s  ach i eved by  bal anc ing the samp l e  

w i t h  the correct numb er  o f  acc i dent s and non - acc ident s , and by the 

use  o f  a s eparate  con s t ant weighing fac tor for ac c iden t s  in some 

wa rn ing dev ice  c la s ses . The reason fo r hav ing a l l  acc ident prob 

ab i l i t ies  fal l below 1 / 2  ( they are later  s c a l ed to  the i r  rea l value s )  

i s  that t h e  we i ght ing fact or sech 2 ( h) w i l l  t hen a lways be 

sma l l e r  fo r sma l le r  H ( h ) , i . e . , smal ler acc ident probab i l ity . 

Th i s  i s  becaus e  H ( h )  = 1 / 2  and sech 2 ( h )  takes i t s max imum when 

h = 0 ,  wh i l e H ( h)  is l e s s  than 1 / 2  fo r negat ive value s o f  h .  

Later , when the  Eoe curve s for spec i fi c  hazard func t i ons are pre 

s ented , the  e ffect o f  the factor  sech2 (h ) w i l l  be shown ; th i s  

d i s t inguishes  the TSe t echn ique from c l ass i c a l  log i s t i c  d i s c r im i n an t  

ana lys i s .  A s  j us t  not ed , t h e  effect i s  t o  emphas i z e  the 
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performance of t he hazard index for h igh  hazard cros s ing s ;  j us t  

how much \d. l l  b e  shown when the res ults are pre s ented . 
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APPEND I X  B 

HAZARD I NDEX FORMULAS-DEF I N IT I ONS FOR REFERENCE 

B .  I C()LE�IAN - S1' E1�ART �IO D E L  

whe re 

A = numhe r  o f  acc i dent � ( p ro port i ona l t o  f) 
C ave rage da i l y ve h i cu l a r  movemen t s . ( I f  C = O , usc  

1 / 2 i n s t ead fOT  t h i s  mode l on lr . ) 

T = average da i l y t ra i n  movement s .  ( I f  1' = 0 ,  use  1 / 2  i n s t ead 

for t h i s  mode l only . )  

Ca t£�!l 

S i ng l e - t rack urhan 

Au toma t i c  g a t e s  

F l ash ing l i gh t s  

Crossbuck s 

S i ngl e - t rack rura l 

Au t oma t i c  gat e s  

F l a s h ing l i gh t s  

Cros s hucks 

Mu 1 t i p l e - t rack . �!�.<!!'.. 
Au t oma t i c  g a t e s  

F l a s h i ng l i ght s 

Cro s s hucks 

�fu l t ipl e - t rack _rural  

Aut oma t i c  g a t e s  

F l a s h i ng l i ght s 

Cros s hucks 

- 2 .  1 7 

- 2 . 8 5 

- 2 . 3 8 

- 1 .  4 2  

- 3 . 5 6 

- 2 . 7 7 

- 2 . 58 

- 2 . 5 0 

- 2 . 4 9 

- 1 .  6 3  

- 2 . 7 5 

- 2 . 39 

B - 1 

0 . 1 6 

0 . 3 '/ 

0 . 26 

0 . 96 

1 . 1 6  

0 . 7 8 

0 . 0 8 - 0 . 1 5  

0 . 6 2 0 . 9 2 

0 . 4 0 0 . 89 

0 . 2 3 

(1 . 36 

0 . 3 2 

0 . 2 2 

0 . 3 8 

0 . 4 6 

1 .  3 0  

0 . 68 

0 . 6 3 

- O .  1 7  

1 .  0 2  

- 0 . 5 0 

- 0 . 3 5 

- 0 . 4 2  

- O .  1 8  

- 0 . 2 5  
- 0 . 3 8 

- 0 . 29 

- 0 . 4 2  

- 0 . 0 9 

- 0 . 0 2 

0 . 0 5 

- 0 . 36 

0 . 5 3 



B .  2 .�EW HAMPSHI RE MODELte 

B . 3  

H I  .., �. x C for Cro s sbuck s , 

F lash ing Light s , 

Gates  

Where : T = t ra i n  movement s 

C = vehic l e  movements  

HI  = hazard i ndex 

PEABODY - DIMMI CK MODEL* 

H I  � C · 1 7 0 . T · 1 5 1  for Crossbucks . 

Where :  T = t rain  movement s 

Flashing L igh t s , 

Gat e s  

C = veh i c l e movemen t s  

H I  = ha zard i ndex 

B . 4  TSC L I N EAR MODELS ( CROSSBUCKS ONLY) 

B . 4 . l  Car - Tr a i n  Equat ion ( Linear) 

H I  = - 0 . 0 20 2 2 

+ 0 . 0 1 5 0 9  LOGl O  ( C+ l )  LOGl O  ( T+ l )  

+ 0 . 0 1 39 1  [ LOGl O  ( C + l ) ] 2 

+ 0 . 06330 LOGl O  ( C + l )  LOGI O  ( DT+l )  

- 0 . 1 1 039 LOGl O  ( DT+ l )  

+ 0 . 0 3 9 0 7  LOGl O  ( N I TE+ l )  

Where : T = t r ain  novement s 

C = vehic l e  movement s 

DT = day t hru t rains  

N ITE = n ight t rains  

H I  ; hazard index 
- - --- ._-_._---

*No te : Ori ginal ver s i ons o f  these  models  had addi t i ve and/ o r  
mul t i p l i c a t i ve terms , dependi ng o n  warn i ng device c lass . 
Since these  formu las are used  on ly as  r e l a t ive haz a rd 
i ndexes and on only one warn i ng device c l a s s  at a t i me , the  
e x t ra fac tors  and terms are i r relevan t . A l s o , the Peabody 
Dimmick formula  a s  o r i g ina l ly given was a comp l e x  funct ion 
o f  the  formu l a  g i ven here , but i f  i t  i s  t o  b e  eva l uated  
(or t o  be  us ed)  a s  a re lat i ve ha zard i ndex , the  func t i onal 
t rans forma t i on become s  i rrel evant ( see Subse c t i on 4 . 1 . 5 ) .  
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B . 4 . 2  Mode l 8C 

I I  I : 0 . 1 10 7 4  

+ 1 . 4 34 3 2  (VOL) 

- 0 . 4 8 84 8 (VOL x N RBY  X I NG BWY) 

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

+ 0 . 0 1 996  (MA I N  T RACKS) 

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

- 0 . 0 1 34 9  ( FC )  

- 0 . 0 1 2 8 3  ( N RBY X I NG I II�Y )  

- 0 . 0 1 2 32  LOG
I O  

( AADT+ 1 )  

Whe re : 

VOL = Vo.l ume equat i on l I l T  ( rom R . 4 . 1 ) 

NRBY X l  N(� I IWY = n e arhy c ro s s i ng h i g hway ? 

POP popu l a t i o n ; t h e t en s  d i g i t  o f  fun c t i ona l 

c l a s � i f i c a t i on o f  road ove r c ro s s i ng 

MA I N  TRACKS numbe r o f  main t racks 

AADT = ve h i c l e  movemen t s  

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

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

o f  road o ve r  c ros s i ng 

H I  = h a z a rd i ndex 

B . 4 . 3  Mode l 80 

H I  = 3 . 6 7 8 2 1  

+ 0 . 7 5 9 5 2  ( VOL/N RHY X I NG I IWY)  

+ 0 . 066 7 8  ( VOL x POP) 

- 0 . 0 0 1 9 4  ( AADT
2

/ LAN ES)  

- 0 . 0 1 3 2 7  ( Fe )  

+6 . 8034 2 LOG1 0  ( VOL 
2) 

- 6 . 6 39 8 5  ( VOL)
Z 

- 0 . 0 1 2 8 2  ( N RBY X I N G I IWY)  

- 0 . 1 1 6 2 9  ( VOL x NRBY X I NG HWY) 
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NRBY 

\'lhe re : 

VOL 

X ING HWY 

POP 

MDT 

LANES 

FC 

= 
= 

= 

= 

= 

= 

vo l ume equat ion ( HI from B . 4 . 1 ) 

nearby cro s s ing h ighway ? 

popUla t ion ;  the  t ens  d i g i t  o f  fun ct i onal  

c l a s s i fi cat i on o f  road ove r c ro s s i ng 

vehi c l e  movement s  

numbe r  of t raffic  l ane s 

the  un i t s  d i g i t  o f  funct i onal  clas s i fi cat ion 

of  road over c ros s i ng 

HI � haz a rd index 

B . 5 TSC BEST NONLI NEAR ( LOGI ST IC )  

B . S . l  Cro s sbucks 

B . S . 1 . 1  Be s t  Volume Mode l - Cros sbucks  

h = - 3 . 0 2 6 4  

+ 1 . 1 5 8 0  LOG1 0  (T+l )  

+ 0 . 4 8 6 5 4  LOGl O  (�+ l )  

- 0 . 2 2 1 2 2  [ LOG 1 0 (T+ I ) 1 2 

T = t ra in movement s ( Sum o f  inven tory i tems 2 4 - 30 , 

Tab l e  F - 2)  

C = vehic le movemen t s  ( Invent o ry i t em 8 1 , Table  F - 2 )  

B . 5 . l . 2  Re f i ned Volume Model - Cros sbucks 

H I  = - 0 . 1 37 1 1  

+ 0 . 3806 9 h 

- 0 . 66800  h 2 

- 0 . 1 9 1 7 1  h3 

Where : 

h = best  volume model for c rossbucks  g iven in  B . 5 ; 1 . 1  

H I  = hazard i ndex 
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B . 5 . 1 . 3  Comprehens ive Mode 1 - Cros s buck s 

H I  = 0 . 7 4 9 8 2  HVOL 
+ 0 . 1 94 7 4  LOG 1 0  ( DT+ I )  
+ 0 . 1 74 9 1  �1A I N  TRACKS 
+0 . 1 7 7 80 HWY PAVED 
+ 0 . 0 4 5 4 0 5  POP 
- 0 . 1 31 39 FC 

Where : 

f.tA I N  
HWY 

HVOL 

DT 
TRACKS 

PAVED 

POP 

FC 

= 

= 

= 

t h� re fined vo l ume equat i on for c roKsbuck s g i ven 

in B . 5 . 1 . 2  
numb e r  o f  day t hru t ra i n s  

numbe r o f  m a i n  t racks 

is  h i g hway paved ?  ( No = 0 ,  Yes  = I .  Not e  

d i f fe rence i n  cod i ng f rom i t em 6 7 ,  Tah l e  F - 2  
popu l at i on ; t he t ens d i g i t  o f  funct i on a l  c l a s s i 

f i c a t i on o f  road ov e r  c ro s s i ng 

t he un i t s  di g i t  o f  fun c t i ona l c l as s i f i c a t ion  o f  

road ove r c ro s s i ng 
H I  = haz a r d  i nde x  - - t h i s  i s  " h "  i n  Sec t i ons  2 and 4 .  

cl e 2 h  i s  a n  abso l u t e  ha z a r d  i ndex , s ee Subsec t i on 

2 . 3 . 1 .  I n  t he t a b l e s  o f  Append i x  C ,  H I  i s  

mul t i p l ied b y  1 04 . 

B .  5 .  2 F l a s h ing L ig.ht s  

B .  5 . 2 . 1  B e s t  Vol ume Mod � l - F l a s h i. ng L i gh t �  

HI  = - 2 . 8 3 95 
+ 0 . 7 5 4 7 7  LOG I O (T+ I ) 
+ 0 . 0 8 3 29 2 [ LOG 1 0 ( C+ l ) ] 2 

Where : 
T = t ra i n movemen t s  
C = veh i c l e  movemen t s  
H I  = hazard index 
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B . 5 . 2 . 2  Cc�p : ehensive  Model - F l a s h i ng L ig h t s  

HI  = 1 .  0 4 2 2  HVOL 
+ 0 . 1 3 7 3 7  �l>\ I N  TRACKS 
- 0 . 0 9 7 5 8 4  [ LOGI O (T+ I ) ]

2 

+ 0 . 0 1 8 064 LANES 
- 0 . 0 3 6 2 59 FC 
+ 0 . 1 2 1 3 7  LOGI O ( DT + l )  
+ 0 . 0 1 8 944  POP 

Where : 
HVOL � t he be s t  volume equat i on for f l a s h i ng l i g h t s  a s  

given i n  8 . 5 . 2 . 1  
MAI N  T RACKS = number o f  ma i n  t racks  

T = t ra i n  movement s  
LANES = numb e r  o f  t ra f f i c  l an e s  

F C  = t he un i t s  d i g i t  o f  func t ional c l as s i f i c a t i on o f  
road over c ro s s ing 

DT = numbe r  o f  day t h ru t ra in s  
POP = popul a t i on ; the t ens d i g i t  of funct iona l c l as s i 

f i c a t i on o f  road ove r cros s ing 
H I  = h a z a r d  i ndex - - " h" ( see 8 . 5 . 1 . 3) 

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

8 . 5 . 3 . 1  Bes t  Volume Mode l - Ga t e s  

H I  = - 1 . 96 7 4  
+ 0 . 1 86 2 1  LOGI O (T+ l )  LOG1 0  ( C+ l )  

Whe re :  
T � t rain moveme n t s  
C = vehi cle movement s 

H I  = hazard i ndex 
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B.5.3.2 Comprehens ive Mode l - Gates 

HI = -0.8 3 6 5 6  

where 

+ 0 . 7 4 8 4 9  HVOL 

+ 0 . 1 9 1 39 TRACKS 

+ 0. 0 9 3 8 2 9  LANES 

HVOL g bes t  volume model for gates as given in B.5.3.l 

TRACKS g number o f  main tracks 

LANES g number of traffic lanes 

HI Q haz ard index - - "h" ( see B .  5.1. 3) 

B.6 TSC GRADE C ROS S I N G  HAZARD MODELS ( Consolidated for Ea sy 
Reference) 

The formulas in this section are es sent ial ly those in B.5 

repeated. They are presented in a form more convenient to use . 

I n  addition , the overal l  factor for each formula has been changed 

s l ig ht ly , reflecting t he normalization appropriate for using the 

formulas for a l l  warning device clas ses. (This overal l  factor 

was referred to as C
l 

in B . 5 and Section 2.3.1 , and is now changed 

to the values indicated below in the expres s ion for H ,  i.e . , 

0.38 9 ,  1 . 0 8 4 , and 0.8 2 0. Note that the hazard indexes here are of 

t he form H= ce
Zh, where h is an HI from B.S.) 

The model s  to be used for Warning Device Clas ses 1 , 2 , 3  and 4 ,  are : 
2X 

Comprehensive Model : Hg O.3 8 9  EXP 1 

where 

Volume Model : Hg O . 38 9  EXP 
2HVOLl 

XI = 0.7 4 9 8 2HVOL
l

+0.1 9 4 7 4  LOGI O ( DT+ l) + 0 .1 7 4 9 1  MAIN TRACKS 

+ 0.1 7 7 8 0  HWY PAVED +0. 0 4 54 0 5  POP - 0 .1 3 1 3 9  FC 

HVOLI = - 0.1 3 7 l l + 0.3 8 0 6 9h
l

- 0. 6 6 8 0 0 hI
2 

- 0.1 9 1 7 l h
1

3 

h
l

= - 3. 0 2 6 4  + 1 . 1 5 8 0  LOGI O (T+ l) + 0 .4 8 6 5 4  LOGl O ( C+ I) - 0. 2 2 1 2 2  

2 
[ LOG

l O (T+l) ] • 
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The tllodels to be used for Warning Device Classes 5 ,  6 and 7 are : 

where 

Compr ahens ive Model : H=1 . 0 8 4  EXp
2
Xz 

2HVOLZ Volume Model : H=1.08 4  EIP 

X
Z

= l . 04 2 ZHVOLZ + 0.1 3 7 3 7  MAIN TRACKS - O n 97 58 4  I LOG1 0
(T+ 1 1

Z 

+0 . 0 1 8064 LANES - 0 . 0 3 6 2 5 9  FC + 0 . lZ 1 3 7  LOG1 0 (DT+l ) 

+ 0. 0 1 8 9 44, POP 

HVOLZ= - 2.8 3 9 5  + 0 . 7 54 1 7  LOGl O (T+ l) +0 . 0 8 3 2 9 2  [ LOGl O (C+l ) 1 2 • 

The models to be used for 

Comprehensive Model : 

Volume Model : H=0 . 8 2 0  

where 

Warning Device Class 
2 X  

H=0 . 8 2 0  EXP 
3 

2HVOL3 
EXP 

8 are : 

X3= - 0 . 8 3 6 5 6  + 0 . 7 4 8 4 9  HVOL
3, +0 . 1 91 3 9  MAIN TRACKS 

+0.09 3 8 2 9  LANES 

HVOL3= - 1. 9 6 7 4  +0 . 1 8 6 2 1  LOGI O (T+l ) LOG1 0
(C+l ) . 

Bxplanation of symbols : 

H = Expected number of accidents per year 
T = Number of trains per day 
C = Number of cars per day 

DT = Number o f  day thru trains per day 
MAIN TRACKS = Number o f  main tracks 
HWY Paved = 1 if highway paved , 0 if not paved 

POP = Population . This is the tens digit o f  funct ional clas s ifi

cation of road over crossing . 

FC = The units digit of funct ional classification of road over 

cros sing 
LANES = Number of traffic lanes 
EXP = 2 . 7 1 8 2 8  • • • • 
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Warning Device Class 8 = Automatic Gates 
7 = Flashing LIght 

6 = Highway Signal s ,  Wigwags , or Bells 

5 = Special Protect ion 
4 = Cros sbucks 

3 = Stop Signs 

2 = (\t her Signs 

1 = None 
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APPENDIX C 

EOC AND POWER FACTOR TABLES 

C . l B R I EF EXPLANAT I ON OF EOC TABLES 

Mo s t  of the  t ab l es in t h i s  appendi x  are i n  t he fo rmat o f  
Tabl e C - l .  The i n f o rmat ion o n  t he f i r s t  page o f  t h e  t ab l e  i s  a l s o  
d e s c r ibed i n  Sect ion 2 . 1 .  The column s a r e  numbered a long t he 
bottom o f  t he f i r s t  page . Co l umn 1 i s  l abe l ed " t X i ng s " , and s hould 
be i n t erpreted as  a percentage o f  t he to t a l  c ro s s ing s s e l ec ted by 
the ha z a rd i ndex . Column 4 i s  labeled " %  ACC" , and & i ves the p e r 
cent o f  acc i den t s  accumul at ed w i t h  t h e  percent o f  c ro s s ing s  ( for  
the TSC mode l )  I \"hi l e co l Umn 3 l a bel ed "CU�f N ACC" , g ives t h e  a c t ua l  
number o f  acc ident s w i t h  haz a rd index a s  g r e a t  o r  g rea te r t han t he 
v a l u e  in  co lumn 6 ( "HAZARD I NDEX " )  in  t h o  d a ta b a s e  u s ed . Co l umn 
5 ,  " POWE R  FACTOR" , is t he r a t i o  of c o l umn 4 t o  co l Umn 1 ,  i . e . , t he 
r a t i o  o f  t he cumu l a t ive percent  o f  acc iden t s  to t he cumu l at ive 
percen t of c ros s i ng s . Thus , co lumns 1 ,  4 ,  5 ,  and 6 can be i nt e r 
p re t ed w i t hout re fe rence t o  a pa r t i c u l a r  d a t a  b a s e , and a l though 
t hey a re c a l cul a ted i n  a s pec i fi c  d a t a  bas e , they e s t ima t e  t he 
correspond i ng quan t i t ie s  w i t h  re fe renc e t o  a l l  ( c ros sbuc k ) c ro s s 
ings and a l l  ( cros sbuck) acc ide n t s  ( at pub l i c  c ro s s i ng s  i n  thE.' 
ent i re U . S . ) . Co lumn s 1 ,  9 ,  1 0 , and 1 1  g i ve t he same i n f o rm a t ion 
for t he New Hampsh i r e  formu l a , wh i le c o l umn 2 0  g i ve s  t he d i f fe r 
ence in  percent acc i dent s fo r t he two fo rmUla s .  Th e o t he r co l umns 
(descr ibed in  Sec t i on 2 . 1 ) re fer mos t l y  to t he part icu l a r  d a t a  
b a s e  u s ed , and c an b e  used fo r c a l cu la t ing t h e  accuracy and s ta t 
i s t i c a l  s ign i f i c a"nce o f  t he resul t s .  S i nce , for t he TSC mode l , 
1 0  percent o f  t he c ro s s ing s  co r re spond t o  769 acc i de n t s ,  t he 1 0  

percent power  fac t o r  has a relat i vc s t andard e rror o f  ..JZ.6 9. 7 6 9  
= . 0 36 o r  3 . 6  percent . T h i s  i s  r e f l ected b y  t he 4 pe rcent i n  
Tab l e  4 - 1  oppos i t e  1 0  percent o f  the cro s s i ng s . O ther accu r a c y  
a n d  s igni ficance i n fo rma t ion c a n  b e  der ived from t he s e  co l umns - 

espec i a l l y  from t he t va lue  i n  the  l as t  c o l umn ( se e  Sect i on 2 . 1 ) .  

C - l 



r. . 2 L IST ,--r:  TABLES I N  APPEN D I X  C ( EOC I S AND POWER FACTORS) 

Tab l e : 

C- 1 

C - 2 
C - 3 

C- 4 

C - 5 

C- 6 
C- 7 

C- 8 
C- 9 

C- l O 
C - 1 1  
C- 1 2  
C- 1 3  

Model s  Represen ted 

-I-SC (Vo l ume on l y )  vs . N ew IInmps h i  re ( NH) cros sbucks  
TSC ( Comp rehens i ve )  v s . NH  crossbucks 
TSC (Vol ume only) vs . NH f l a s h i ng l ig h t s  
TSC ( Comp rehens ive)  v s .  NH f l a s hi ng l ig h t s  
TSC (Vo lume) vs . Nfl automa t i c  g a t es 
TSC ( Comp rehens i ve )  vs . NH au tomat i c  gates  
Spec i a l  EOC and Powe r Factors  for New Hamp s h i re 
F l a s h ing L i g h t s  ca s e ,  Fu l l  d a t a  base 
Coleman - St ewart  v s . NH c ro s s bucks 
Co l eman - St ewart v s . NH f l a s h ing l ig h t s  
Co 1 eman - St e\�a r t  vs . NH g a t e s  
Peabody - Dimm i ck vs . NH c ro s s bucks 
Peabody- D immi ck vs . NH f l a s h i ng l ig h t s  
Peabody- D imm i ck vs . NH automat ic g a t e s  

C . 3 LEGEND 

T h i s  s ec t i on i den t i fi e s  fo rmu l a s  from Append i x  B used to p ro 
v ide d a t a  l i s ted under t h e  c o l umn head i ng HAZARD I NDEX , col umn 6 

o f  Tab l e s  C- l t h rough C-6 . I n  each tabl e ,  HAZARD I NDEX i s  d e t e r 
m ined by t he expre s s i on H I x l O , O O O ,  where H I  i s  g iven i n  t he 
des ignated subsect ions  o f  Append i x  B a s  l is ted b e l ow for the 
re spec t i ve t a b l es . 

Tab l e  TSC Subsect i on 

C - l  
C- 2 

C- 3 

C- 4 

c - s 
C- 6 

B . 5 . 1 . 1  

B . S . 1 . 3  

B . S . 2 . 1  

B . 5 . 2 . 2  

B . S . 3 . 1  

B . 5 . 3 . 2  

C - 2 
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TABLE C - 1 . T S C  (VOLUME ONLY ) VERSUS NEW HAMP S H I RE C ROSSBUCKS 

· X B KV L  OAT 

% T S C  IiODEL * IIBII HlIIPSHIRE C T  TSC li B  

I NC CO li POIIER a AZ UD IIlC COli POIlER HAZARD WITH IIATCH tllC COli LBS S IIATCa LESS BATCa LESS IInca X i n g ACC I ACC , ACC PACTa INDEX ACC 'h CC , ACC PACTH IN DEX ' DI P P  TVlL arCH IIrCR . ACC , ACC .ace , lce 'DIPF TVlL 

0 . 5 0  d6 86 4. 3 3 6 . 67 -2274 83 83 4 . 1 8  8 . 37 72000 0. 1 5  0 . 2  8 1  8 1  5 0 . 25 2 0. 1 11 0 . 1 5 1 . 1  
' . 0 0  5 8  1441 7 . 26 1 . 26 -2941 5 2  1 3 5  6 . 80 6 . 80 41300 0. 11 5  0. 5 4 1  1 2 8  1 6  0. 8 1  7 0. 3 5  0 . 1l5 1 . 9  

1 . 5 0 4 5  1 89 9 . 53 6. 35 -3404 54 1 89 9 . 53 6 . 35 3 4 500 0 . 00 0 . 0  4 6  1 7 Q  1 5  0 . 76 1 5  0. 76 0 . 00 0 .0 

2 . 0 0  65 254 1 2 . B O  6 . 40 -3864 56 245 1 2. 35 6 . 17 27200 0 . 11 5  0 . 11  4 8  222 3 2  1 . 6 1  2 3  1. 16 0 . 11 5  1 . 2  

2 . 5 0 4 1 3u l 1 5. 1 7  6 . 07 - 11 2 2 1 56 301 1 5. 17 6 . 01 22 800 0. 0 0  0 . 0  57 21 9 ' 2 2 1 . 1 1  22 1 . 1 1  0 . 00 0.0 

3 . 0 0  11 7  3 11 B  1 1 . 54 5 . 85 -456 1  40 3 4 1  1 7 . 1 9  5 . 73 1 9200 0 . 3 5  0 . 3  38 3 1 7  3 1  1 . 56 211 1. 2 1  0. 35 0.9 

3 . 5 0 5 0  398 20. 06 5 . 1 3 -4843 34 3 75 1 8 . 90 5 . 40 16800 1 . 1 6  0 . 8  31 354 114 2. 22 21 1. 06 1 . 1 6 2 . 9  

1i . 0 0  3 1 11 2 9  2 1 . 6 2  5. 11 1 -5096 11 1  11 1 6 2 0 . 9 1  5 . 2 11  1 11800 0 . 6 6  0 . 11  32 386 III 2. 1 7  30 1 . 5 1 0 . 66 1 . 5 

1i . 5 0 4 7  4 76 2 3 . 9 9  5 . 3 3  -5330 li S  46 1 23.211 5 . 1 6  1 3 000 0 . 7 6  O . S  11 5  43 1 li S  2. 21 30 1 . 5 1  0 . 16 1 .7 

5 . 0 0 3S 5 1 4  25 . 9 1  5 . 1 8  - 5546 33 4 94 24 . 90 4 . 98 1 2000 1 . 0 1  0 . 6  38 469 115 2 . 21 2 5  1 . 26 1 . 0 1  2 . 11  

5 . 50 43 557 2 8 . 0 7  5 . 1 0 -5167 3 1 5 2 5  26.46 1l . 8 1 1 1  000 1 . 6 1  1 . 0 3 1  500 5 7  2 . 81 2S 1. 26 1 . 6 1  3 . 5  

6 . C O  2 5  582 29 . 33 4 . 89 -5946 112 561 2 8 . 58 11. 1 6 10000 0.16 0 . 4  3 3  5 3 3  119 2 . 11 7  34 1 . 7 1  0 . 16 1 . 6  

6 . 5(; 3 1  6 1 3  3 0 . � 0 4 . 75 -6 1 35 2 4 5 91 2 9 . 1 9  4 . 5 8  9 1 50 1 . 1 1  0 . 6  35 568 li S  2 . 27 23 1 . 1 6  1 . 1 1  2 . 7  7 . 0 0 2 6  b 3 9  3 2 . 2 1  4 . 60 -6275 2 1i  6 1 5 3 1 . 00 4 . 43 85 00 1 . 2 1  0 . 7  27 595 QII 2. 2 2  20 1 . 0 1  1 . 2 1 3 . 0  

7 . 5 0 1 2  6 5 1  3 2 . 8 1  4 . 38 -611 36 23 6 3 8  32. 1 6  4 . 29 8000 0. 6 6  0 . 11  1 5  6 1 0  II I  2 . 07 28 1 . 4 1  0.65 1 . 6  

S . N )  2 1  672 33 . 87 4 . 23 -6603 27 665 3 3 . 52 4 . 1 9  7484 0. 3 5  0 . 2  2 1  63 1 4 1  2 . 0 7  3 11  1 . 1 1 0. 3 5  0 . 8  

8 . 5 0 2 1;  6 9 6  3 5 . 0 8  11 . 1 3  -6765 23 6 88 3 4 . 6 8  11 . 0 8  6 900 0. 4 0 0 . 2  16 641 119 2. ill 4 1  2 . 07 0 . 1l0 0 . 8  

9 . 0 0 3 6  732 36. 9 0  4 . 1 0  -6906 22 1 1 0  3 5 . 79 3 . 98 61100 1 . 1 1  0 . 6  28 675 57 2 . 81 3 5  1 .76 1 . 1 1 2 . 3  

9 . 50 20 752 3 7 . 90 3 . 99 -7067 .26 736 31 . 10 3. 90 6000 0. 8 1  0 . 11  1 9  6 9 1l  5 8  2 . 9 2  4 2  2. 1 2  0 . 8 1  1 . 6 

1 0 . 0 0  1 7 769 3 8 . 1 6  3 . 88 -7 1 98 2 3  7 59 3 8. 2 6  l . 83 5 600 0 . 50 0 . 3  22 1 1 6  5 3  2. 67 43 2 . 1 1  0 . 50 1 . 0 

n 1 0 . 50 2 7  196 4 0 . 1 2  3 . 8 2  -7368 3 1  790 3 9 . 82 l . 79 5250 0 . 3 0  0 . 2  2 6  7 4 2  5 4  2. 72 4 8  2. 42 0 . 30 0 . 6  

I 1 1 . 0 0  2 1  8 1 1 4 1 . 1 8 3 . 711 -7490 21 8 17 4 1 . 18 3. 711 5000 0 . 0 0  0 . 0  28 770 4 7  2 . 37 47 2 . 3 7  0 . 00 0 . 0  

(,;I 1 1 . 5 0 2 8  845 4 2 . 5 9  3 . 70 -7647 2 2  8 3 9  11 2 . 2 9  3 . 6 8 4 800 0. 30 0. 1 25 795 50 2. 52 44 2. 22 0 . 3 0  0 . 6  

1 2 . 00 2 8  673 11 14 . 0 0  3 . 67 -1764 30 8 69 43 . 80 J . 65 11400 0. 20 0 . 1 29 824 4 9  2 . 47 4 5  2 . 27 0 . 20 0 . 4  

1 2 . 50 2 5  8 9 8  11 5 . 26 3 . 6 2  -78 86 22 89 1 4 11 . 9 1  3 . 59 11200 0. 3 5  0 . 2  25 849 119 2 . 11 1  42 2. 1 2  0 . 3 5  0.7 

1 3 . 00 1 8  9 1 6  11 6 . 1 7 3 . 55 -80 0 1  3 6  9 2 7  4 6 . 12 3 . 59 11000 -0. 5 5  -0 . 3  2B 817 3 9  1 . 97 SO 2. 52 - 0. 55 - 1 . 2  

1 3 . 50 2 5  9 11 1  47. 4 3  3 . 51 -8 1 83 1 3  9110 4 7 . 38 3 . 5 1  3800 0 . 0 5  0 . 0  1 7  8911 47 2 . 37 Il6 2. 32 0 . 05 0 . 1  

1 4 . 0 0  6 91;7 4 7 . 7 3  3 . 4 1  -8 2 74 1 7  9 57 4 8 . 24 3 . 4 5  3 600 - 0. 5 0  -0. 2 9 903 114 2. 22 so 2 . 7 2  - 0 . 50 - 1 . 0  

1 4 . 50 2 2 9 69 148. 8 4  3 . 3 7  -83 95 8 965 4 8 . 64 3 . 35 3 500 0. 2 0  0. 1 19 922 11 7  2 . 31 43 2 . 17 0 . 2 0  0.4 

1 5 . 0 0  1 4  9 83 4 9 . 55 3 . 30 -81180 23 9 88 4 9 . 80 3 . 3 2  3240 -0. 2 5  -0 . 1  1 5  931 4 6  2. 32 5 1  2 . 57 -0 . 2 5  - 0 . 5  

1 5 . 5 0 21 1 004 5 0 . 6 0  3 . 26 -8628 15 1 003 50 . 55 3 . 26 3010 0.05 0 . 0  1 9  9 56 4 8  2 . 4 2  4 7  2 . 37 0 . 05 0 . 1  

1 6 . 0 0 1 5 1 0 1 9 5 1 . 3 6 3 . 2 1  -8 7 2 3  3 1  1 0 14 5 2. 1 2 3 . 26 3000 - 0. 76 - 0 . 3  2 9  985 3 4  1 . 7 1  49 2 . 111 -0. 76 - 1 . 6  

1 6 . 5 0 10 l G 29 5 1 . 86 3 . 1 11  -8758 1 1 0 3 5  52 . 11 3 . 1 6 29118 -0. 3 0  -0 . 1  1 9 8 6  43 2. 17 49 2 . 47 - 0 . 3 0  - 0 . 6  

1 7  . C O  2 4  1 0 53 5 3 . 0 7  3 . 1 2  -8906 1 9  1 0 54 53 . 13 3 . 1 3  2 80 0  - 0 . 0 5  -0 . 0  211 1 0 1 0  4 3  2 . 17 44 2 . 22 - 0 . 05 -0 . 1  

1 7  . 5 0  1 2  l ObS 53 . 6 8  3 . 07 -9000 21 1 0 75 54 . 1 8  ] . 10 2 6 0 0  - 0. 5 0  - 0 . 2  1 0  1020 11 5 2. 27 55 2. 77 -0. 50 - 1 . 0  

1 8 . C O 26 1 09 1  514 . 9 9  3 . 05 -9 1 0 1  15 1 0 90 5 11 . 94 3 . 05 2 500 0. 05 0 . 0  2 6  1 046 45 2. 27 114 2 . 22 0. 05 0 . 1 

1 8 . 50 24 1 1 1 5  5 b . 20 l . OIl -9250 2 3  1 1 1 3 5 6 . 1 0 3 . 0 3  21100 0. 1 0  0 . 0  2 0  1066 119 2 . 47 47 2.31 0 . 1 0  0 . 2  

1 9 .  or 1 9  1 1 3 4  5 7 . 16 3 . 0 1  -9329 o 1 1 13 56. 1 0  2 . 95 2 1100 . 1 . 06 0 . 11  1 1013 6 1  3 . 0 1  4 0  2. 02 1 . 06 2. 1 

1 9 . 50 1 2  l n6 5 7 . 7 6  2 . 9 6  -91132 1 7  1 1 30 56. 96 2 . 9 2  2 2 11 0  0. 8 1  0. 3 16 1 089 57 2 . 87 4 1  2 . 07 0 . 8 1  1 . 6  

20 . (10 1 8  1 1 6 11  5 8. 6 7  2 . 93 -95 1 1  1 2  1 1 112 57.56 2 . 88 2 130 1 . 1 1  0 . 5 1 1  1 1 00 611 3 . 23 112 2. 1 2  1 . 1 1  2. 1 

20 . 5 0  2 0  1 1 84 59 . 6 8  2 . 9 1  -9633 11 5  1 1 87 59 . 83 2 . 9 2  2000 - 0 . 1 5  -0. 1 40 1 1 110 4 4  2 . 22 47 2 . 3 7  -0 . 1 5 -0.3 

2 1 . 0 0 8 1 1 92 60 . 0 8  2 . 86 -9727 o 1 1 81 5 9 . 83 2 . 85 2000 0. 2 5  0. 1 5 1 1 11 5  4 7  2 . 3 7  4 2  2. 1 2  0 . 25 0 . 5  

2 1 . 50 1 1  1 2 0 3  6 0 . 6 4  2 . 82 -9865 o 1 1 87 59 . 83 2 . 78 2000 0 . 6 1 0 . 3  8 1 1 53 5 0  2 . 52 34 1 . 1 1  0 . 8 1  1 . 7 

2 2 . 0 0 1 3  1 2 1 6 6 1 . 2 9 2 . 7 9  -9939 8 1 1 9 5  60.23 2 . 74 1 900 1 . 06 0 . 4  7 1 1 60 56 2 . 82 3 5  1 . 76 1 . 0 6  2 . 2  

2� . 5 0  1 6  1 L3 2  6 2 . 1 0  2 .76 - 10 0 17 22 1 2 1 7  6 1 . 3 11  2 . 73 1 80 0  0 . 7 6  O . l  2 1  1 1 8 1  5 1  2 . 57 36 1. 8 1  0. 76 1 . 6  

2 3 . 0 0 7 1 2 39 6 2 . 4 5  2 . 72 - 10089 1 1  1 2 2 8  6 1 . 90 2 .69 1750 0. 5 5  0 . 2  1 6  1 1 9 7  11 2  2. 1 2  3 1  1 . 56 0 . 55 1 . 3  

23 . 50 1 1  1250 6 3 . (\ 0  2 . 68 - 10 2 3 7  1 11  1 242 62 . 60 2 . 66 1 620 0 . 4 0  0 . 2  1 8  1 2 1 5  3 5  1 . 76 27 1 . 36 0 . 1l0 1 . 0 

24 . 0 0  1 0  1 260 6 3 . S 1  2 . 65 - 1 03 27 18 1 2 60 6 3 . 5 1  2 . 6 5  1 600 0. 00 0 . 0  8 1 22 3  3 7  1 . 86 37 1 . 86 0 .00 0 . 0  

2 4 . 50 22 1 282 6 4 . 6 2  2 . 611 - 1 0 3 811 1 0  1 2 70 611 . 0 1  2. 6 1  1 52 0  0 . 6 0  0 . 2  7 1 230 5 2  2 . 62 40 2 . 02 0 . 6 0  1 . ] 

25 . 00 1 5  1 2 91 6 5 . 3 7  2 . 6 1  - 1 0503 25 1 2 9 5  6 5 . 27 2 . 6 1  1 500 0. 1 0  0 . 0  2 3  1253 411 2 . 22 42 2. 1 2  0. 1 0  0 . 2  

1 2 3 4 5 6 7 8 9 1 0  1 1  1 2  1 3  1 4  I S  1 0  1 7  1 8  1 9  2 0  2 1  C o l I . 
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. c c .lee S ACC PActH D DEI ACC .ACC I lce PACTH IIl DBl 

9 1 3 06 6 5 . 8 3  2 . 58 - 10607 1 1 2 96 6 5 . 32 2 . 56 11160 
2 1  1 32 7  66 . 8 9  2 . 57 - 10668 15 1 3 1 1  6 6 . 08 2 . 511 l C100 

9 1 336 67 . 3 4  2 . 54 - 10695 6 1 3 1 7  6 6 . 3 8  2 . 50 1 350 t o  1 3116 67.611· 2 . 5 1  - 1 08 19 9 1 3 26 6 6 . 83 2 . 11 8  1 280 
7 1 3 53 68. 20 2 . 118 - 1 0918 8 1 3311 6 7 . 211 2 . 11 5  1 220 

1 3  1 366 68 . 65 2. 116 - 10963 30 1 3 611 6 8 . 7 5  2 . 11 6 1 200 
10 1 3 76 6 9 . 3 5  2 . U  - 1 1 059 o 13611 6 8. 75 2 . 11 1  1 200 
1 e  1 386 69.86 2 . 11 1 - 1 1 1 73 1 3  1 3 77 6 9 . 11 1  2 . 39 1 1 20 
13 1 399 70 . 5 1  2 . 39 - 1 1 267 1 3  1 390 70.06 2 . 37 1 080 

9 n08 70.97 2 . 37 - 1 13 16 1 1  1110 1 70. 6 1  2 . 35 1 020 
7 1 11 1 5  7 1 . 32 2 . 311 -,1 1 3 90 37 1 11 3 8  7 2 . 11 8  2 . 3 8  1 000 

1 2  1 1;27 7 1 . 9 3  2. 32 - 1 1 536 o '"38 72 . 118 2 . 311 ' 000 
5 1 113 2  72. 1 8  2 . 29 - 1 1 6 15 o 'U8 72. CIS 2 . 30 1000 

1 6  nll8 72 . 9 8  2.28 - l 1 U9 1 9  , " 57 7 3 . "" 2 . 29 925 �'1 1 1167 73 .911 2 . 28 - 1 1 7 511 19 1 11 76 711 . ClO 2 . 29 900 C 1 1167 7 3 . 9 11  2 . 211 - 1 1 7511 1 1 4 77 711. 115 2 . 26 890 
9 t Il76 711 . 11  0 2 . 22 - 1 1851 1 2  1 1189 7 5 . 05 2 . 211 800 

1 1  1 48 7  711 . 95 2 . 20 - 1 1 9 64  27 1 5 1 6  7 6 . 11 1  2.25 800 
111 , 56 ,  75.66 2 . 19 - 12081 o 1 5 1 6  7 6 . 11 1  2 . 2 1  800 
111 ' 5 15 76.36 2 . ,8 - 12 1 58 3 1 5 1 9  7 6 . 56 2 . 19 776 
13 1 528 7 7 . 0 2  2 . 17 - 12268 9 1 5 28 7 7 . 0 2  2 . 1 7  750 
' 2  ' 5 110 7 7 . 6 2  2 . 16 - '2297 17 1 5115 77 . 87 2 . 1 6 720 
17 1 557 7 8 . 118  2. 1 5  - 12 369 7 1 5 52 7 8 . 23 2 . 111 700 

6 ' 563 7 8. 7 8  2. 1 3  - 1 211 88 5 1 5 57 7 8 .48 2. 1 2  660 
10 1 573 7 9 . 28 2 . 1 1  - 1 2587 7 ' 56Q 7 8 . 83 2. ,0 6110 

6 1 579 7 9 . 5 9  2 .09 - 12599 37 1601 80 . 70 2 . 1 2 600 
1 0  1 5 89 80 .09 2 . 0 8  - '2679 o 160 1 80.70 2 .  '0 600 

9 ' 598 80. 511 2 . 07 - 12763 o 1 6 0 1  8 0 . 70 2 . 07 600 
6 1 6 0 11  80 . 85 2 . 0 5  - 1287 1 o 1 6 0 1  8 0 . 70 2 . 011 5911 
6 1 6 1 0  8 1 . 1 5 2 . 03 - 129 1 1  1 1  1 6 1 2  8 '  . 25 2 . 03 550 
5 1 6 1 5  8 ' . 11 0  2 . 0 1  - 12986 6 ' 6 1 8  8 1 . 55 2. 0 1  522 II 1 6 1 9  8 1 .60 1 . 99 - 130118 23 164 1 8 2 . 7 1  2 . 02 500 
6 1 6 25 8 1 . 9 '  ' . 97 - 13 1 60 o 1 6 '"  8 2 . 7 1  1 . 99 spo 
9 1 6311 8 2 . 3 6  1 . 96 - 13 235 o 1 6 11 1  8 2 . 7 1  1 . 97 500 II 1 6 3 d  8 2 . 5 6  1 . 911 - 13 305 o 1 6 11 '  8 2 . 7 1  1 . 95 SOD o 1 6 38 82 . 5 6  1 . 9 2  - 133117 7 1 6 118 83 .06 1 . 93 480 
9 1 64 7  8 3. 0 '  1 . 9 '  - 13453 II 1652 8 3 . 2 7  1 . 9 1  1160 
5 16 52 83 . 2 7  1 . 89 - 1 3555 9 1 6 6 1  8 3 . 72 1 . 90 450 

" 1 663 S3 . 82 1 . 88 - tJ607 7 1668 8 C1 . 07 1 . 89 1120 
" 1 667 81f .0 2  1 . 87 - 13721 2 3  1691 85.23 1 . 89 liDO 
8 1 675 6 1f . 4 3 1 . 86 - 13792 o 1 6 9 '  8 5 . 23 , . 87 1100 
5 1 680 81f . 6 8  1 . 811 - 13861 o '691 8 5 . 23 1 . 85 1100 

17 1 697 85 . 53 1 . 84 - 13966 o 1 6 9 1  8 5. 23 1 . 83 "00 
o 1 6 97 8 5 . 53 1 . 8 2  - 13966 1 1692 85.28 , . 8 1  376 

13 1 7 1 0  86 . 1 9  ' . 8 1  - '40 "4 7 1 6 99 8 5 . 611 ' . 80 360 o 1 7 1 0  86 . 1 9  1 . 80 - '''01111 o 1699 85.611 1 . 78 350 
1 1 7 1 1  8 6 . 21f 1 . 78 - 111 t t 3  5 1 704 85.89 1 . 77 326 C) 1 7 1 9  86.64 1 . 77 - 1C1 2 1 6  5 1 709 86. 1 11  ' . 76 )20 
8 1 727 8 7 . 0 5  1 . 76 - '11250 iii 1 723 86 . 811 1 . 75 JOO 
3 1 730 87. 20 1 . 711 - 111 2 68 o 1 7 23 86. 811 1 . 711 300 
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-0. ' 5  -0. 1 
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0. 30 0. , 
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0.55 0.2 
0. 35 0. ' 
0 . 5 0  0 . 2  
0. 20 o. I 
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11 1 286 
' 0  1 296 

6 1 302 
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'11 1 366 til 1 380 
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1 2  1475 
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50 2. 52 liD 2 . 02 0. 50 1 . 1 
5 2  2 . 0 2  36 1 . 8 1  0 . 8 1  1 .7 
50 2 . 5 2  3 1  1 . 56 0 . 96 2 . 1  
50 2 . 5 2  30 1 . 5 '  t . 01 2 .2 
5 1  2 . 57 3 2  1 . 6 1  0 . 9 6  2 . 1 
38 1 .9 2  36 1 . 8 1  0 . 1 0  C.2 
U 2. 17 31 1 . 56 0 . 60 1 . CI  
11 7  2 . 37 J 8  .1 .92 0 . Cl 5  1 . 0 
47 2 . 37 3 8  1 . 9 2  � . II S  1 . 0  liZ 2. 1 2  3 5  1 . 76 0 . 35 0 . 8  
3 5  1 . 76 5 8  2.92 - , . " -2 . CI  
U 2 . 17 SII 2.72 - 0 . 55 - 1 . 1  
Cl 7  2 . 37 5 3  2 . 67 -0.30 -0.6 
53 2 . 67 6 2  3. 1 3  -0. 11 5  -0. 8 
11 5  2 . 27 511 2 . 72 - 0 . 11 5  - 0 . 9  
11 5  2 . 27 55 2 . 77 -0 . 50 - 1 .0 
11 6  2. 32 59 2 . 97 - 0 . 66 - 1 . 3  
39 ' . 97 6 8  3 . U  - ' . 116 - 2 . 8  117 2 . 37 62 3 . 1 3  -0 . 76 - 1 .11 
5 2  2 . 62 56 2 . 82 -0 . 20 -0.4 
53 2.67 53 2.67 0 . 00 0.0 
4 1  2 . 07 Cl6 2. 32 -0. 25 - 0 . 5  
40 2 . 0 2  3 5  1 . 76 0 . 25 0 . 6  
4 2  2 . 1 2  36 1 . 8 1  0 . 30 0 . 7  
4 9  2 . 117  4 0  2 . 02 0 . 4 5  1 .0 
36 1 . 8 1 5 8  2. 92 - , . " - 2 . 3  
3 8  1 . 9 2  50 2. 52 - 0 . 6 0  - 1 . 3  
39 1 . 97 U 2. 1 2  -0. 1 5  -0. 3  
Clil 2 . 22 Q 1  2.07 O. '5 0 . 3  
11 0  2 . 02 42 2 . 1 2  -0. ' 0  -0.2 
38 ' . 92 4 1  2. 07 - 0 . ' 5  - 0 . 3  
3 2  1 . 6 1  54 2.72 - 1 . 1 1  -2 . 11  
36 1 . 8 1  52 2. 62 -0. 8 1  - 1. 7  
ClO 2 . 0 2  47 2 . 37 - 0 . 35 - 0 . 8  
11 2  2. 1 2  4 5  2 . 27 -0. 1 5  -0.3 
38 1 . 92 48 2. 42 - 0 . 5 0  - 1 . 1  
39 1 . 97 411 2 . 22 . -0.25 -0 .5 
37 1 . 86 46 2. 32 -0 . 11 5 - 1 . 0  
34 1 . 7 1 3 9  1 . 97 -0. 25 -0.6 
33 1 . 66 57 2 . 87 - 1 . 2 ,  -2 . 5  
3 5  1 . 76 5 ,  2. 57 - 0 . 8 1  - 1 . 7  
3 8  1 . 92 119 2.47 -0. 55 - 1 . 2  
39 , . 97 33 1 . 66 0 . 30 0 . 7  
3 9  1 . 97 311 ' . 7 1  0 . 25 0.6 
J5 1 . 76 2' 1 . 2 ,  0 . 55 1 . 11  
35 1 . 76 211 1. 21 0 . 55 1 . 11  
33 1 . 66 26 1 . 3 1  0 . 3 5  0 . 9  
3 5  1 . 76 25 1 . 26 0 . 50 1 . 3  
33 1 . 66 2 9  1. 116 0 . 20 0. 5 
311 1 . 7 1  27 1 . 36 0 . 3 5  0 . 9  
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TABL E  C - l * ( cont . )  

( TS C )  

% % 
X i n g p p j  COli 1 CON 2 CON 3 CON " X i n g p p  COli 1 COil 2 COli 3 COli II 

0. 50 8 . 67 3. 6 5  1 .6 4 0 . 94 0 . 6 2  25. 50 2 . 58 3 . 1 0  1 . 8 9  0 . 8 1 0 . 7 5  

1 . 0 Ct 7 • .26 3 . 4 8  1 . 5 8  0. 92 0 . 6 3 26 . 0 0 2 . 57 3 . 1 6  1 . 9 1  0 . 8 1  0 . 7 6  

1 . 50 6 . 35 3 . 30 1 .5 1  0. 90 0 . 6 3  2 6 .  SO 2 . 5Q 3. 1 3  1 . 9 1  0 . 8 1 0 . 7 5  

2 . 00 6 . 40 3 . 53 1 . 6 4  0 . 94 0 . 6 7  27 . 0 0 2 . 5 1 3. 1 1  1 . 9 2  0 . 8 1 0 . 7 5  

2. 50 6. C7 3. 5 3  1 . 6 5 0. 94 0 . 6 8 27. 50 2 . 411 3 . 0 6  1 . 9 2  0 . 80 0 . 7 5  

l . O (l  5 . 65 3 . 5 6 1 . 6 7 0 . 94 0 . 6 9 H . O O 2 . 46 3 . 07 1 . 93 0 . 80 0 . 7 5  

3. 5(1 5 . 7 3 3 . 64 1 . 7 1  0 . 9 5 0 . 7 0 2 6 . SC 2 . 43 3 . 0 5  1 . 9 11  0 . 79 0 . 7 5  

4 . 00 5 . 4 1  3. 55 1 . 6 8  0 . 94 0 . 7 0  2 9 . 0 0  2 . 4 1  3 . 0 3  1 . 9 5 0. 79 0 . 7 5  
4 . 5 0  5. 33 l. Gil 1 . 7 2 0. 95 0 . 72 29 . 50 2 . 39 3 . 0 5  1 . 96 0 . 7 9 0 . 7 5 � 5. 0 0 5 . 1 8  3. 6 5 1 . 7 3  0 . 95 0 . 7 2  3 0 . 00 2 . 37 3 . 0 2  1 . 9 6  0 . 7 8 0 . 7 5 
5. 50 5 . 1 0 3. 7 2  1 . 7 6  0 . 96 0 . 7 3 30. SO 2 . 34 2 . 9 8  1 . 97 0 . 7 8 0 . 7 5  

6 . 00 11 . 89 3. 64 1 . 7 4 0. 95 0 . 7 3  3 1 .  at' 2 . 32 2 . 9 9  1 . 98 0 . 78 0 . 7 5 

6. 5 0  11 . 75 3 . 63 1 . 7 4 0 . 94 G . 7 3 3 1 . 50 2 . 29 2 . 94 1 . 9S 0 . 77 0 . 7 4 
7 . 00 11 . 60 3 . 5 8 1 . 73 0. 94 0 . 7 3  32 . 0 0 2 . 2 8 2. 9 8  2 . 00 0 . 77 0 . 7 5 
7 . 50 11 . 3 8 3 . 4 3  1 . 6 9 0 . 92 0 . 7 2  32 . 5 0 2 . 26 3 . 06 2 . 0 2 0. 70 0 . 7 5  
8 . 0 0 1i . 2 3 3 . 3 7 1 .6 8  0 . 9 1 0 . 7 2 33. 0 0  2 . 24 2 . 9b 2 . 0 2  0 . 77 0 . 7 5  il . �(1 4 . 1 3 3. 34 1 . 6 7 0 . 90 0 . 7 2  33. 50 2 . 2 2 2. 9 5  2. 03 0 . 76 0 . 7 5  
9 . 0 0 4 . 1 0  3 . 4 1 1 . 7 0  0 . 9 1  0 . 7 3  34 . 00 2 . 20 2 . 96 2 . 0 11 0 . 76 0 . 7 5 
9 . 5 0 3 . 99 3 . 3 6 1 . 6 9  0 . 90 0 . 7 3 34 . !) O  2 . 1 9  3 . 0 0  2 . 0 6  0 . 76 0 . 7 5  

1 0 . 0 0  3 . 86 3. 29 1 . 6 8  0 . 69 0 . 7 2  35. 0 0 2 . 1 6 3 . 0 11  2 . 0 8  0 . 76 0 . 7 5  1 0 . 50 3 . 6 2 3. 3 1  1 . 7 0  0 . 89 0 . 7 1  35. 5 0  2 . 1 7  3 . 0 7  2 . 09 0. 76 0 . 7 5  
1 1 . 0 0 3 . 7'1 3 . 2 6  1 . 70 0 . 89 0 . 7 1 36. 0 0 2 . 16 3. 1 0 2 . 1 1  0 . 76 0 . 7 6 
1 ' . Sf. 3 . 7(. 3 . 32 1 . 7 1  0 . 89 0 . 7 3  36 . 5 0 2 . 1 5 3. 1 8 2. 1 3  0 . 76 0 . 7 6 
1 2 . 00 3 . 67 3 . 3 6  1 . 7 3  0 . 89 0 . 7 4  37. 0 0  2 . 1 3 3 . 1 5  2 . 1 4  0 . 76 0 . 7 6 
1 2 . 50 3 . 62 3 . 3 8  1 . 7 11 0 . 89 0 . 7 11 37. 50 2 . 1 1  3. 1 6  2 . 1 6  0. 7& 0 . 7 6  
1 3 . 00 3 . 55 3 . 3 5 1 .  ?Ii 0 . 89 0 . 7 11  3tl . Ov 2 . 09 3. 1 3  2. 1 6 0 . 75 0 . 7 6  
1 3 . 50 3 . 5 1 3 . 3 7  1 . 7 5 0 . 89 0 . 7 5  3 8 . 50 2 . 06 3 . 1 5  2 . 1 6  0 . 75 0 . 7 6 
1 4 . 0 0  3 . 11 1  3 . 2 6  1 . 7 3 0 . 87 0 . 74 39 . 00 2 . 0 7 3 . 1 6  2 . 1 9 0 . 75 0 . 7 6 
1 11 . 50 3 . J 7 3. 2 7  1 . 74 0 . 137 0 . 711 39. SO 2 . 05 3. 1 3 2 . 2 0  0. 74 0 . 7 6  
1 5 . 00 l . 3 0 3 . 2 3  1 . 7 11  0 . 67 0 . 7 4  40 . 0 1) 2 . 03 3 . 1 0 2 . 2 1  0 . 74 0 . 7 & 
1 5 . 50 3 . 26 3 . 2 '1  1 . 7 5  0 . 87 0 . 74 40. S O  2 . 0 1  3 . 07 2 . 2 2  0 . 73 0 . 75 
1 6 . 0 0 3 . 2 1 3 . 2 1  1 . 75 0 . 86 0 . 7 4  4 1 . 0 0  1 . 99 3 . 0 2  2 . 2 3  0. 73 0 . 7 5 
16. 5r. 3. 111 3 . 1 4  1 . 7 4  0 . 85 C . 74 11 1 . 5 0 1 . 9 7 3 . 0 0  2 . 2 4  0. 7 2  0 . 7 5  
17 . 0 0 3 . 1 2  3 . 1 8  1 . 7 6 0. 86 0 . 7 4  112 . 00 1 . 96 3 . 0 1  2 . 2 6 0 . 72 0 . 75 
1 7 .  SO 3 . 07 3. 1 '1  1 . 7 6  0 . 85 0 . 7 4  42 . 5 0 1 . 9 11 2 . 96 2 . 2 7  0 . 72 0 . 75 
1 8 . 0 0  3 . 05 3 . 2 0  1 . 7 8  0 . 85 0 . 7 5  43. " 0  1 .  '12 2 . d7 2 . 2 7  0 . 7 1  0 . 7 11  
1 8 . 50 3 . 04 3 . 2 5  1 . 80 0 . 66 0 . 7 5  113 . 5 0 1 . 'i l  2 . 8 9 2 . 2 9  0 . 7 1  0 . 7 11  l!i . o n  3 . 0 1  3. 27 1 . 6 1 O .  B5 0 . 7 5  44 . 0 C'  1 . 89 2 . 86 2 . 3 1  0 . 70 0 . 7 11  
1 9 . 5 0  2 . 96 3 . 2 3  1 . 8 1  O .  as 0 . 7 5  44 . 5 0 1 . 88 2 . 9 0  2 . 3 3  0 . 70 0 . 7 11  
2('. 1'0 2 . 9 3 l . 2 5  1 . 82 0 . 85 0 . 7 5  115. 00 1 . 87 2 . d6 2 . 3 4 0 . 70 0 . 7 11 
20 . 5 0  2 .  �)l 3 . 2 6  1 . 8 4  0. 85 0 . 76 liS. 50 1 . 86 2 . 8 8  2 . 3 6 0 . 70 0 . 7 4  
2 1 .  CI) 2 . 86 3. 2 2 I . B l 0 . 81i 0 . 7 5 4 6 . 0 0  1 .  Il li  2 . 8 5  2 . 3 7  0 . 6 9  0 . 7 4 
21 . 5 0 2 . 82 3 . 1 9  I . B 3  0 . 811 0 . 7 5  116. 5 0  1 . 611 2 . 9 9  2 . 4 0  0 . 70 0 . 711 
2 2 .  '; /j 2 . 79 3 . 1 7  1 . 8 4  0 . 83 0 . 7 5  117 . 0 0 1 . 62 2 . 8 9 2 . 11 1  0 . 69 0 . 74 
22. 5 0  2 . 76 3 . 1 8  1 . 6 5  0 . 63 0 . 7 5  '17 . 5 0 1 . 8 1 2 . 9 8 2 . 11 11 0 . 69 0 . 7 11 
23. 0C 2 . 7 2 3. 1 2  1 . 8 5  0 . 82 0 . 7 5  11 8 . 0 0  1 . 6 0 2 . 8 9  2 . 4 5  0 . 6 8 0 . 7 11  
2 3 .  S O  2 . 6 6 3 . 0 9  1 . 8 5  0 . 62 0 . 7 5 IIB . 5 0 1 . 78 2 . 6 1  2 . 11 6  0 . 6 8 0 . 7 3  
24 . 0 0 2 . 65 3 . 0 6 1 . 8 5  0 . 8 1  0 . 7 5  119 . 0 0 1 . 77 2 . 8 11 2 . 11 8 0 . 6 7 0 . 7 3 
211. 5 0  2 . 611 3. 1 2  1 . 8 6  0 . 82 0 . 7 5  119 . 5 0  1 . 76 2 . ll 6  2 . 5 0 0 . 67 0 . 7 1i  
25. 00 2 . 6 1  3. 1 3  1 . 89 0 . 82 0 . 7 5 50. 0 0  1 . 7 4 2. 8 1 2 . 5 2  0 . 67 0 . 7J 

* See Sub s e c t ion 4 0 1 . 2  for di s cus s i on o f  CON I - CON 4 . 

c - s 



% 
X i n g [,p i 

0 . 5 0  d . 37 
1 . 00 6 . 80 
1 . 50 6 . 35 
2 . CO 6 . 1 7 

2 . 50 6 . e7 

3 . CO 5 . 7J 

3 . 5e 5. 40 

4 . 00 5 . 4:4 
11 . :>0 5 . 1 6  

5 . 00 11 . 98 

5 . 5(' 11 . 8 1  

6 . 0 () 1I . 7f-

6 . 5 C  11 . 58 7 . 110 4 . 43 
7 . 50 4 . 29 

a . oo 11 . 19 a . � o  1I . 0 1l  

9 . 0 0  J . 98 

9 . 50. 3 . 90 
10. 00 3 . 63 

1 0 . 5e 3 . 79 
1 1 . 0 0  3 . 74 
1 1 . 50 l . 68 

1 2 . 00 3 . 65 
1 2. 5(1 3 . 59 

1 3 . 00 3 . 5 9 
1 3 . 50 J . 5 1  
1 4 . '; 0  3 . 4 5 
1 11 . 50 3 . 35 

1 5 . 00 3 . 32 

1 5 . 50 3 . 26 
1 6 . 00 3 . 2 6 
1 6. 50 3 . 16 
1 7  . 00 3. 1 3  1 7  . 5 0 3 . 1 0 111 . (10 3 . 05 

1 8. 50 3 . 03 19 . Ce) 2 . 95 
1 9. 5 0  2 . 92 
20. 01: 2 . 88 
20 . 5 0 2 . 9 2 

2 1 . 0 0  2 . 85 

2 1 .  S O  2 . 78 

22.1)0 2 . 71i 
22. 50 2 . 73 
23 . 00 2 . 69 
2J. 50 2 . 66 

211. 0 0  2 . 65 
211. 5 0 2 . 6 1  
2 5 . 0 0  2 . 6 1  

TAB L E  C - I ( cant . )  

( NH )  

% 
cOli 1 COli 2 CO li  3 COli 4 X i n g p p  

3'. 55 1 . 5 6  0 . 92 0 . 6 1  25. 50 2 . 56 
3 . 2 9  1 . 4 8  0 . 89 0 . 6 1  26 . 00 2 . 54 
l. 30 1 . 5 1  0 . 90 0 . 6 3 26. 5C 2 . 51) 
3 . 4 0 1 . 5 8  0 . 92 0 . 6 5  27. 00 2 . 4 8  
3. 53 1 . 65 0 . 94 0 . 6 8  27. 50 2 . 4 5 
3 . 4 8  1 . 6 3  0 . 93 0 . 6 8  2a. 00 2 . 46 

3 . 3 9  1 . 6 1  0 . 92 0 . 6 8  28. 50 2 . 4 1  

3. 11 1  1 . 6 3  0 . 92 0. 69 29 . 00 2 . 39 
3 . 119 1 .6 7  0 . 93 0 . 70 2S. 50 2 . 37 3. 4 6  1 . 6 6  0. 93 0 . 7 1 3 0 . 00 2 . 35 
3. 113 1 . 66 0 . 92 0 . 7 1  30. 50 2 . 3 8  

3 . 5 1  1 . 6 9  0 . 93 0 . 72 31 . 0() 2 . 311 

3 . 11 4 1 . 6 8  0 . 92 0 . 72 3 1 . 51: 2 . 3C 

3 . 38 1 . 6 7  0 . 9 1  0. 7 1  32 . 00 2 . 29 

3. 32 1 . 66 0 . 90 0 . 7 1  32 . 5.:' 2 . 29 

3. 3 1  1 . 6 6  0 . 90 0 . 7 2  Jl . OO 2. 26 

3. 2 7 1 . 65 0 . 90 0 . 7 1  3J . 5(' 2 . 211 

3. 2 3  1 . 6 5  0 . 89 0 . 7 1  34. 00 2 . 25 

3. 2 3 1 . 66 0 . 89 0 . 7 2  311. 50 2 . 2 1  

J. 22 1 . 66 0 . 88 0 . 7 2  35 . 00 2 . 1 9  

3 . 2 6  1 . 6 8 0 . 89 0 . 7 2  35. 50 2 . 1 7  

3 . 2 8  1 . 7 0  0 . 89 0 . 73 36 . 00 2. 1 6  
3 . 27 1 . 70 0 . 89 0 . 7 3  36. 50 2 . 1 4  

3 . 33 1 . 7 2  0 . 89 0 . 74 37 . 00 2 . 1 2  

3 . 3 2  1 . 13 0 . 89 0 . 7 4 37 . 50 2 . 10 

3 . 4 3  1 . 76 0 . 90 0 . 75 38. 00 2 . 1 2  

3 . 3 7  1 . 75 0 . 89 0 . 7 5 38. 5(, 2 . 1 0  
3 . 3 4  1 . 75 0 . 88 0 . 7 5 39 . 00 2 . 07 
3 . 2 11  1 . 74 0 . 87 0 . 7'1 39 . 50 2 . (14 3. 27 1 . 75 0 . 87 0 . 74 40 . 0 0 2 . 03 

3 . 2 l  1 . 75 0. 87 0 . 711 110. 50 2 . v l  

3 . 3 2 1 . 7 8  0 . 87 0 . 7 5  11 1 . 00 2 . 02 3 . 1 9  1 . 75 0 . 86 0 . 74 11 1 . 5" 1 .  Y9 
3 . 1 9  1 . 76 0 . 86 0 . 711 42. 00 1 . 97 

3 . 2 1  1 . 7 8  0. 86 0 . 7 5  42 . 5 1) 1 . 95 

3 . 1 9  1 . 78 0 . 85 0 . 74 113 . 0 0 1 . 9 3 

3 . 2 4  1 . 8 0  0 . 85 0 . 7 5  1i3 . 5 0 1 . 9 1  

3 . 1 1  1 . 78 0 . 811 0 . 74 44 . 00 1 . 9 0 

3 . 1 1  1 . 7 9  0 . 84 0 . 7 4 44 . 5 1l 1 . 119 

3 . 0 8  1 . 79 0 . 83 0 . 74 115. 00 1 . 89 

l . 3 0  1 . 84 0 . 85 0 . 76 45. s e  1 . 87 

3 . 1 0  1 . 8 3  0 . 811 0 . 7 5  46. 00 1 . 85 

3 . 06 1 . 8 1  0 . 83 0 . 711 46. 50 1 . 83 
l. 0 1  1 . 8 1  0 . 82 0 . 74 47 . 0 0 1 . 8 1  

3 . 0 6  1 . 8 1  0 . 82 0 . 7 11  117. 50 1 .  ao 

3. 0 3  1 . 8 3  0 . 112 0 . 7 4  118. 00 1 . 7 8 

l . 0 3  1 . 811 0 . 8 1  0 . 7 11 4d . 5 0  1 . 77 

3 . 0 1. 1 . 8 5  0 . 8 1  0 . 7 5  119 . 00 1 . 76 

3 . 0 3  1 . 86 0 . 0 1  0 . 74 4 9 . 5 1)  1 . 75 

3 . 1 2  1 . 88 0 . 82 0 . 7 5  50. 0 0  1 . 74 

COli 1 COS 2 COli J COli 4 

3 . /\ 2 1 . 8 7  0 . 80 0 . 74 
3 . 0 3  1 . 8 9  0 . 80 0 . 75 
2 . 98 1 . 8 9  0 . 80 0 . 74 
2 . 9 5  1 . 8 9 0 . 7 9  0 . 74 
2. 9 1  1 . 8 9  0 . 79 0 . 7 4  
3 . 05 1 . 93 0. 80 0 . 7 5  
2 . 9 5  1 . 9 2  0 . 79 0 . 74 
2 . 9 6  1 . 93 0 . 78 0 . 7 4 
2 . 9 7 1 . 95 0 . 7 8 0 . 7 4 
2 . 9 0  1 . 9 6  0. 78 0 . 74 
3 . 1 9  2 . 00 0 . 79 0 . 76 
3 . 0 9 2 . 00 0 . 711 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 4  0 . 78 0 . 7 6 3 . 0 6 2 . 03 0 . 77 o.n 3. 0 7  2 . 0 5  0. 77 0 . 75 
3 . 2 5  2 . 0 8 0. 78 " . 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 . 7 6  
3. 1 3  2. 1 3  0 . 76 0 . 76 
3 . 0 8 2 . l l  0. 75 0 . 76 
3 . 0 6  2 . 1 4  0 . 75 0 . 75 3. 4 0 2 . 1 9  0 . 77 0.77 3 . 29 2 . 2 0  0 . 76 0 . 77 
3 . 1 9  2 . 2 0  0 . 75 0 . 7 6 
3 . 0 9 2 . 20 0 . 74 0 . 7 6  
3 . 1 3  2 . 2 2  0. 74 0 . 76 
3. 1 ()  2 . 2 3 0 . 74 0 . 76 
3 . 3 0  2.26  0 . 74 0 . 76 
3. 21) 2 . 2 7  0 . 74 0 . 76 3 . 1 0 2 . 2 7  0 . 73 0 . 7 5 
3 . 1)0 2 . 2 7  0 . 72 0 . 75 
2 . 9 9 2 . B 0 . 72 0 . 75 
2 . 9 5 2 . 3 0  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 . 75 3. 1 9  2 . l 7  0 . 7 1  0 . 7 6  
3 . 0 9  2 . 3 tl  0 . 7 1  0 . 7 5  
3 . 0 0  2 . 3 9  0 . 70 0 . 7 5  
2. 9 0  2 . 3 9  0 . 69 0 . 74 
2. 83 2 . 4 0  0 . 69 0 � 74 
2 . 8 3  2 . 4 2  0 . 68 0 . 711 
2 . 74 2 . 113 0 . 68 0 . 7J 
2 . 7 2  2 . 4 5 0. 67 0 . 73 
2 . 7 0 2 . 11 6  0 . 67 0 . 7 3 
2 . 8 0  2 . 4 9 0 . 67 0 . 73 
2 . 7 1  2 . 5 1  0 . 66 0 . 73 

* Sc c  Sub s e ct ion 4 . 1 . 2  for di s cus s ion o f  CON 1 - CON 4 . 
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TABLE C - 2 .  T S C  ( COMPR.EH ENS  I VE)  V E RSUS NEW HA�lPSH I RE CROS S BUCKS 

% TSC 1I0DE!. 11111 BAIlPSHIBI C T  TSC lIB Z Z Z Z Z ' OAT 
X i n g  IItC CUl! PUllER H AURD * tllC COli POIIBR BAUDO II UII IIATCH IIiC COB LESS BAtCH LESS IIATCR LESS BATCH 

ACC I ACC S ACC PA CTH 111 0£% ACC I A CC S ACC PACTB IUDEX IDIP' TVAL IItCR IITCII . ACC I ACC .ACC I Ace SDIPP T VAL 

0 . 5 0 96 96 4 . 811 9 . 6 8  - 1 0 95 83 83 11 . 1 8  8 . 37 72000 0.66 1.0 39 3 9  5 7  2 . 87 1111 2.22 0 . 66 1 . 3  
1 . 0 0 60 1 56 7 . 86 7 . 86 -2279 52 1 35 6 . 80 6 . 80 47300 1 . 06 1 . 2  38 77 79 3 . 98 58 ' 2.92 1 . 06 1 . 8  
1 . 50 3 8  1 911 9 . 7 8  6 . 52 - 2896 511 1 89 9 . 53 6 . 3 5  3/l500 0 . 2 5  0 . 3  37 1 1 11  80 11 . 03 75 3 . 78 0 . 25 0 . 4  
2 . 0 0  4 0  2 34 1 1 . 7 9  5 . 90 -3326 56 245 1 2. 35 6. 1 7  27200 - 0. 5 5  -0.5 35 1 4 9  8 5  /l . 28 96 /l . 84 - 0 . 55 - 0 . 8  
2 . 5 0 4 9  2 8 3  1 /l . 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 82 11 . 13 1 00 5. 04 - 0 . 9 1 - 1 . 3  
3 . 00 70 35l 1 7. 7 9  5 . 93 -4220 40 3 4 1  1 7 . 1 9  5 . 73 1 9200 0 . 6 0  0 . 5  4 6  2117 1 06 5 . 3 4  911 4 . 7 4  0. 6 0  0 . 8  
3 . 50 4 1  394 1 9 . 8 6  5 . 67 -11579 34 375 1 8 . 90 5 . 4 0  1 6 800 0 . 9 6  0 . 7  26 273 1 2 1  6 . 10 1 0 2  5. 1 4  0 . 96 1 . 3  
11 . 0 0 4 1  4 35 2 1 . 9 3 5 . 4 6 -4920 11 1  11 1 6 2 0 . 97 5.24 1 4 80 0  0. 96 0. 7 39 3 1 2  1 23 6 . 20 1 04 5. 24 0 . 96 1 . 3  
11 . 5 0 116 4 8 1  2 11 . 2 4  5 . 39 -5 2 1 2 4 5  116 1 2 3 . 2 11  5. 1 6  1 3000 1 . 0 1  0 . 7  4 1  353 1 2 8  6 . 11 5  1 08 5. 1111 1 . 0 1  1 . 3  
5 . 0 0  ·36 5 1 7  26. 0 6  5 . 2 1  -5468 3 3  4 9 11  2 4 .90 4 . 98 12000 1 . 1 6  0 . 7  3 2  3 8 5  1 32 6.65 1 09 5. 119 1 . 1 6 1 . 5  
5 . 5 0  J 4  55 1 2 7 . 7 7  5 . 05 -5700 3 1  5 2 5  26. 46 4 . 8 1  1 1 000 1 . 3 1  0 . 8  30 4 1 5  1 36 6 . 85 l I D 5. 5 11  1 . 3 1  1 . 7  
6 . 00 J 5  5 86 2 9 . 5 11 11 . 92 -5926 42 567 28. 58 4 . 76 1 0 000 0 . 9 6  0 . 6  110 455 1 3 1  6 . 6 0  1 1 2 5. 65 0 . 96 1 . 2  
6 . 5 0  37  6 2 3  3 1 . 4 0 11 . 83 -6 1 52 2 4  5 9 1  2 9 . 79 4 . 58 9 1 50 1 . 6 1  0 . 9  33 488 1 3 5  6. 80 1 0 3  5. 1 9  1 . 6 1  2 . 1  
7 . 0 0 26 64 9 3 2 . 7 1  11 . 67 -63 1 2  2 4 6 1 5 3 1 . 0 0  4 . 43 8500 1 . 7 1  1 . 0  33 52 1  1 2 8  6 . 45 94 4 . 74 1 . 7 1  2 . 3  
7 . 5 0  4 4  69 3 34. 9 3  1i . 6 6  -6500 23 6 l 8 3 2 . 1 6  4 . 29 8000 2 . 7 7  1 . 5  35 556 1 37 6 . 9 1  82 4. 1 3  2 . 77 3 . 7  
d . I.'O 3 1  724 36. 4 9  4 . 56 -6670 27 6 6 5  3 3 . 52 4 . 1 9 7 4 84 2 . 9 7 1 . 6  30 586 1 38 6 . 96 79 3 . 9 8 2 . 9 7  4 . 0  
8 . 50 2 4  74 8 3 7 . 7 0  4 . 44 -6840 23 6 8 8  3 4 . 6 8  4 . 08 6900 3 . 0 2  1 . 6  2 1  607 ' "  1 7 . 1 1  8 1  . 4 . 08 3 . 0 2  4 . 0  
9 . 00 2 7  775 3 9 . 0 6 Ii .  311 -6985 22 7 1 0  3 5 . 79 3 . 98 6 4 0 0  3 . 2 8  1 . 7  2 5  632 1 11 3  7. 2 1  7 8  3. 93 3 . 28 4 . 4  
9 . 50 2 3  7 9 8  (11). 22 4 . 23 -7 1 17 26 736 3 7 . 1 0 3 . 90 6000 3 . 1 3  1 . 6  2 7 - 659 1 3 9 7 . 0 1  7 7  3.88 3. 1 3  11 . 2  

n 1 0 . 0 0 1 5  8 1 3  4 0. 98 4 .  Hi -7258 2 3  7 5 9  3 8 . 26 3 . 83 5600 2. 7 2  1 . 4  23 682 1 3 1  6 . 60 77 l . 88 2 . 72 3 . 7  
1 0 . 5 0  2 0  833 II 1 .  9 9 4 . 00 -73 9 1  3 1  7 90 3 9 . 82 3 . 79 52 50 2 . 1 7  1 .  1 23 705 1 2 8  6 . 45 85 4. 28 2. 1 7  2 . 9  I 
1 1 . 0 0 1 9  852 1i2. 9 4  3 . 90 -7540 27 8 1 7 11 1 . 1 8 3 . 74 5000 1 . 76 0 . 9  1 9  724 1 28 6 . 4 5 93 11 . 69 1 . 76 2 . 4  -...J 
1 1 . 50 22 874 1i4 . 0 5  3 . 8 3 -7 681 2 2  839 4 2 . 2 9  3 . 68 11 800 1 . 76 0 . 8  2 1  7li 5  1 2 9 6. 50 911 4 . 74 1 . 76 2 . l  
1 2. 00 19 893 45. 0 1  3 . 75 -78 20 lO 8 69 4 3 . 80 3 . 65 4400 1 . 2 1  0 . 6  29 774 1 1 9 6. 00 95 4 . 79 1 . 2 1  1 . 6  
1 2 . 50 1 8  9 1 1  4 5 . 9 2  3 . 67 -7 956 2 2  891 4 4 . 9 1  3 . 59 11 200 1 . 0 1  0 . 5  23 797 1 1 4  5 . 75 911 4 . 74 1 . 0 1  I . " 

1 3 . 0 0  2 1  932 11 6. 9 8  3 . 6 1  -8068 36 927 11 6 .72 3 . 59 4000 0. 2 5  0 . 1 26 823 1 0 9  5 . 4 9 104 5. 24 0 . 25 0 . 3  
1 3 . 5 0  2 1  953 4 8 . 03 3 . 56 -82 09 1 3  9 4 0  4 7 . 38 3 . 5 1  3800 0.66 0 . 3  1 6  839 1 1 4  5 . 75 1 0 1 5. 09 0 . 66 0. 9 
1 4 . (\ 0  20 973 4 9 . " 4  3 . 50 -8339 17 9 57 4 8 . 24 3 . 4 5  3 600 0. 8 1  0 . 4  2 7  866 1 0 7  5 . 3 9  9 1  4. 59 0 . 8 1  1 . 1  
' '' . 50 23 996 50 . 20 3 . 4 6  -84 58 8 9 6 5  4 8. 6 4  3 . 35 3 50 0  1 . 56 0 . 7  1 2  878 1 1 8 5 . 9 5  87 4 . 3 9  1 . 56 2 . 2  
1 5 . 0 0  2 1  1 0 1 7 5 1 . 2 6 3 . 42 -8585 23 9 88 4 9 . 8 0  3 . 3 2  3 2 4 0  1 . " 6 0 . 6  28 906 1 1 1  5 . 59 82 4 . 1 3  1 . 46 2 . 1 
1 5 . 5 0  2 1  1 03 8  52. 3 2  3 . 3 8 -8724 1 5  1 0 03 5 0 . 55 3 . 26 3 07 0  1 . 76 0. 8 1 6  922 1 1 6  5. 85 8 1  4 . 0 8 1 . 76 2 . 5  
1 6 . 0 0  1 8  1 0 56 53. 23 3 . 33 -8827 .3 1 1034 5 2 . 1 2  3 . 26 3000 1 . 1 1  0 . 5  211 .946 1 1 0  5. 54 88 4. 44 1 . 1 1  1 . 6  
1 6 . 50 1 5  1 0 7 1  53 . 9 8  3 . 27 -89 31 1 1 0 3 5  52. 1 7  3 . 1 6 2 94 8  1 . 8 1  0 . 8  1 2  958 1 1 3 5 . 10 71 3 . 88 1 . 81 2 . 6  
17 . 0 0 20 1 09 1  5 11 . 9 9  3 . 23 -9055 19 1 0 54 5 3 . 1 3  3 . 1 3  2800 1 . 86 0 . 8  2 1  979 1 1 2  S. 6 5 75 3. 78 1 . 86 2 . 7  
1 7 . 5 0  1 6  1 1 0 7  5 5 . 8 0  3 . 1 9 -9 1 54 2 1  1 0 75 5 4 . 1 8  3 . 10 2600 1 . 6 1  0 . 7  1 7  996 1 1 1  5 . 59 7 9  3 . 9 8  1 . 6 1  2 . 3  
1 .. .  00 1 6  1 1 2 3  5 6 . 6 0  3 . 1 4 -9256 15 1 0 90 5 4 . 94 3 . 05 2500 1 . 6 6  0 . 7  1 4  1 0 1 0  1 1 3  5 . 70 80 4 . 0 3  1 . 66 2 . 4  
1 8 . 5 0 23 1 1 4 6  5 1 . 1 6  3 . 1 2  -9345 23 1 1 1 3 5 6. 1 0  3 . 03 2400 1 . 6 6 0 . 7  1 6  1 0 26 1 20 6 . 05 87 4 . 39 1 . 66 2 . 3  
1 'l . 0 0 7 1 1 53 5 8. 1 1  3 . 06 -9453 o 1 1 1 3 5 6 . 1 0  2 . 95 2 4 00 2. 0 2  0 . 8  II 1 030 1 2 3  6 . 20 83 4. 1 B  2 . 0 2  2 . 8  
19 . 50 23 1 1 76 59. 27 3 . 0 11  -9548 1 7  1 1 30 56. 96 2 . 9 2  2240 2. 3 2  1 . 0  2 6  1 056 1 2 0  6 . 05 74 3 . 73 2 . 3 2  3 . 3  
20 . 00 20 1 1 96 60. 28 3 . 0 1  -9650 12 1 1 42 5 7 . 56 2 . 88 2 1 30 2 . 7 2  1 . 1  1 3  1 069 1 2 7  6 . 40 73 3 . 68 2 . 7 2  3 . 8  
20. 50 1 3  1 2 09 6 0 . 911 2 . 97 -9735 45 1 1 87 59 . 83 2 . 9 2  2 0 00 1 . 1 1  0 . 4  3 l  1 10 2  1 0 7  5 . 39 85 4 . 28 1 . 1 1  1 . 6  
2 1 . 0 0  1 3  1222 6 1 . 5 9  2 . 93 -9 8 11 o 1 1 87 59 . 83 2 . 85 2 000 1 . 76 0 . 1  7 1 109 1 1 3  S. 70 78 3 . 9 3  1 . 76 2 . 5  
21 . 50 1 1 1 2 33 6 2 . 1 5  2 . S 9 - 9 9 1 f  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 . 4 8  2. 32 3 . 4  
2 2 . 0 0  8 1 211 1  62. 55 2 . 811 - 1 0 0 2 1  8 1 1 9 5  60 . 23 2 . 711 1 900 2. 3 2  0 . 9  7 1 1 2 5  1 1 6  5. 85 70 3 . 53 2 . 3 2 3 . 4  
22 . 5 0  1 8  1 2 59 6 3 .11 6  2 . 8 2  - 1 0 1 20 22 1 2 1 7  6 1 . 34 2 . 73 1 800 2 . 1 2  0 . 8  1 8  1 1 11 3  1 1 6  5 . 8 5  74 3 . 7 3 2 . 1 2  3 . 0  
2 3 . 0 0  1 3  1 27 2  6 'i . l 1  2 . 79 - 10242 1 1  1 2 28 6 1 . 90 2 . 69 1 1 50 2 . 2 2  0 . 9  15 1 1 58 1 1 11  5 . 15 70 3 . 53 2 . 22 3 . 2  
: U . 5 0  1 9  1 29 1 6 5. 0 1  2 . 7 7 - 10350 14 1 2 4 2  6 2 . 60 2 . 66 1 62 0  2 . 11 7  1 . 0  1 9  1 1 7 7  1 1 1l  5 . 75 65 3. 28 2 . 11 7  3 . 7 
2 4 . 0 0  6 1 29 7  6 5 . 3 1 2 . 7 2  - 104 "3 1 8  1 2 6 0  6 3 . 5 1  2 . 65 1 6 0 0  1 . 86 0 . 7  1 1  1 1 88 1 0 9 5 . 4 9  7 2  3. 63 1 . 8 6 2 . 8  
2 4 . 50 ' 5  1 3 1 2  66. 1 3  2 . 70 - 10 5 38 10 1 2 70 6 4 . 0 1  2 . 6 1 1 5 20 2 . 1 2  O . S  1 2  1 2 00 1 1 2  5. 65 1 0  3. 53 2 . 1 2  3 . 1  
25 . 0 0  19  1 33 1  6 7 . 0 9  2 . 68 - 10 5 11 1  2 5  1 2 95 6 5 . 27 2 . 6 1 1 500 1 . 8 1  0 . 7  2 1  1 2 � 1  1 1 0 5 . 54 711 3. 73 1 . 8 1  2 . 1  

* See L EG END , Section C . 3 . 



% 
X i n � 
2 !i . 50 
26.00 
26. 50 
27.(10 
27. 50 
2 8. 00 
28.50 
29.00 
29. 5() 
30.00 
30. 5 0  
3 1 .00 
3 1 . 5 0  
32.00 
32. 50 
33.00 
33. 50 
3 11 . 00 n 3 4 . 5 0  , 35.00 00 35.50 
36.00 
36. 5 0  
37. 00 
37 . 50 
3 11 . 0Q 
38. 5 0  
3 � . G O  
39 . 5 0 

4 0 . 00 
110. 50 
4 1 . 0 0 

4 1 . 5 0  
11 2 . 00 
112. 50 
4 J . 0 0  
il l  5 "  
� � . O O  ,. , sr  
� ·J . O f., � .) .  50 ' 1.. . 00 
4 6 . 5 0  

, T . OIi 
11 7 . 50 
� '1 . 0 ( " b . :'11 ·I e . r'l 
f. ·.· . � 1l  50 , 1\ 0 

* See 

l ,; C  IIODEL * POIIER H AZ A RD IIIC CO li 
lCC . lCC S ACC PlCTa lII DEr 

1 1  1 3112 6 7 . 6 11  
7 1 311 9  6 7 . 9 9  
8 1 357 6 8 . 11 0  

1 (1  1 367 68. 90 
1 1  1 378 6 9 . 4 6  
1 2  1 390 7 0 . 0 6  
1 3  1 403 70. 7 2  

7 1 4 1 0  7 1 . 07 
14 1 1124 7 1 . 77 
10 1 11311 72. 28 
2 1  1 1155 73 .34 

b 1 116 1  73 . 611 
7 1 1168 73. 9 9  

16 1 1194 74 . 8 0  
9 ' ,,!# 3  75. 2 5  
6 1 1199 7 5 . 5 5  
9 1 508 76. 0 1  

1 4  1 52 2  76. 7 1  
7 1 5 2 9  7 7 . 0 7  
8 1 537 77. n 

1 2  1 54 9  78. 07 
I II  i 563 78.78 

6 1 569 7 9 . 0 8  
3 1 572 7 9 . 23 
II 1 576 7 9 . 11 11  
9 1 5 a5 7 9 . 8 9  
II 1 589 8 0 . 0 9  
8 1 59 7  80.49 
6 1603 8 0 . 80 
7 1 6 1 0  8 1 . 1 5 

1 1  1 6 2 1  8 1 . 7 0  
5 1 626 8 1 . 96 Cj 1635 8 2 . 4 1 
3 1 6l a  8 2 . 56 
5 1 6 ra3 8 2 . 8 1  
5 1 64 8  8 3 . 0 6  
9 1 657 83 . 5 2  
9 1 666 8 3 . 97 
9 1 675 8 4 . 113  
7 1682 811 . 7 8  
5 1 687 8 S . D J  
5 1 692 8 5 . 2 8  

1 0  1 70 2  tl5. 7 9  
3 1 705 85. 911 
2 1 707 8 6 . 0 11  
7 1 7 1 11  11 6 . 3 9  
6 1 72 0  8 6 . 6 9  

1 3  1 733 87. 35 
5 1 73 8  8 7 . 6 0  
1 1 739 87 . 6 5  

2 . 65 - 1 07 32 
2 . 62 - 10828 
2 . 58 - 10927 
2 . 55 - 1 1 0 14 
2. 53 - 1 1 1 15 
2 . 50 - 1 1 209 
2 . 118 - 1 1 2 98 
2 . 45 - 1 13711 
2 . 113 - 1 1 1l 8 1  
2 . 11 1  - 1 1 5511 
2 . 110 - 1 1 6 53 
2 . 38 - 1 1 73 6  
2 . 35 - 1 1 8 14 
2.34 - 1 1 908 
2 . 32 - 1 1 986 
2 . 29 - 12070 
2 . 27 - 12UO 
2 . 26 - 122111 
2.23 - 12300 
2 . 2 1  - 12398 
2 . 20 - 12076 
2 . 1 9  - 12565 
2. 17 - 12632 
2 . 111 - 12701 
2 . 1 2  - 12762 
2 . 10 - 12850 
2 . 08 - 12 928 
2 . 06 - 13003 
2 . 05 - 1 3084 
2 . 03 - 1 3 1 50  
2 . 0 2  - 13 2 1 7  
2 . 00 - 13 2 97 
1 . 99 - 1 1390 
1 . 97 - 13 11 7 1  
1 . 95 - 1 351111 
1 . 93 - 1J6 1 7  
1 . 92 - 13693 
1 . 9 1  :' 13786 
1 . 90 - 13873 
1 . 88 - 13926 
1 . 87 - 13982 
1 . 85 - 111056 
1 . 811 - 111 1 113 
1 . 83 - 1112211 
1 . 8 1 - 1112911 
1 . 80 - ll1 l58 
1 .19 - 111 11 17 
1 . 78 - 1111196 
1 . 77 - 111 563 
1 . 75 - 1116113 

TAB LE C - 2 .  

nil BAIli'S H I I! E  C T  
IIlC C Oli POVER BUlBD 

lCC . acc S ICC paCTa IR DEI 

1 1 2 96 6 5 . 3 2  2 . 56 llt60 
15 1 3 1 1  66.08 2 . 511 1 1100 

6 1 3 1 7  6 6 . 38 2 . 50 1350 
9 1 3 26 6 6 . 83 2 . 118 1 280 
8 1 3311 6 7 . 211 2 . 05 1 220 

3D 1 3 611 6 8 . 75 2 . 116 1 200 
o lUIt 68.75 2 . 11 1  1 200 

13 1 3 77 6 9 . 4 1  2 . 39 1 1 20 
1 3  1 390 70.06 2 . 37 1 080 
1 1  1 11 0 1  70.6 1  2 . 35 1 020 
3 7  1 0 3 8  72.118 2 . 3 8  1 000 

o 1 1118 7 2 . 11 8  2 . 3 1i  1 000 
o llt38 72. 118 2 . 30 1000 

1 9  1 4 57 7 3 .1111 2 . 29 925 
19 1 11 76 7 11 . Il O  2 . 29 900 

1 11177 71l . 1l5 2 . 26 890 
1 2  lU9 7 5 . 05 2 . 211 8110 
2 7  1 5 1 6  7 6 . 11  1 2 . 25 800 

o 1 5 1 6  7 6 . 11 1 2 . 2 1  800 3 1 5 1 9  76. 56 2 . 1 9  776 
9 1 52 8  11.02 2 . 1 1  750 

1 7  1 5115 7 7 . 87 2 . 16 720 
7 1 552 7 8 . 2 3  2 . ' "  700 
5 1 551 7 8 . 11 8  2 . 1 2  66 0 
7 1 5611 78. 83 2 . 1 0 6110 

37 1 6 0 1  80.70 2 . 1 2  600 
o 1601 80 .70 2 . 1 0  600 
o 1 6 0 1  8 0 . 70 2 . 07 600 
o 1 6 0 1  80.70 2 .011 5911 

1 1  1 6 12 8 1 .25 2 . 03 550 
6 1 6 1 8  8 1 . 55 2 . 0 1  522 

2 3  lUl 8 2 . 1 1  2 . 0 2  500 
o 1 6 11 1 8 2 . 7 1  1 . 99 500 
o 1 6 11 1  8 2 . 1 1  1 . 97 500 
o 1 6 11 1  8 2. 1 1  1 . 95 500 
7 16ra8 83.06 1 . 93 1680 
II 1 6 52 8 3 . 27 1 . 9 1  1160 
9 1 66 1  8 3 . 72 1 . 90 1150 
7 1668 811 .07 1 .89 1120 

23 1691 85.23 1 . 89 1100 
o 1691 8 5 . 23 1 . 87 1100 
o 1691 8 5 . 23 1 . 85 "00 
o 1 6 9 1  85.23 1 . 83 1100 
1 1 6 92 8 5 . 28 1 . 8 1  376 
7 1 6 99 8 5 . 6Q 1 . 80 360 
o 1 699 85.611 1 . 18 350 
5 1 7011 8 5 . 89 1 . 77 326 
5 1 709 86. 1 11  1 . 76 320 

111 1 723 8 6 . 811 1 . 7 5  300 
o 1 723 86. 8/j 1 . 711 300 

L EG END , Section C . 3 . 

� " " 

( c ont . )  

TSC IR Z Z Z Z l- U A T  
W ITH IIATCH I IC crul LESS IIlrCR L BSS II ATCR LIISI alTCP 
IDIPr TilL ITCH IITCR 'ICC S lCC 'lce S acc llDlrr TVlL 

2 . 3 2  0. 9 6 1 227 1 1 5  5 . 80 6 9  ] . 11 8  2. ll 3. 11 
1 . 92 0 . 7  8 1 235 1 1 11 5 . 75 76 3. III 1 . 92 2 . 8  
2. 02 0 . 8  7 121t2 1 1 5  5 . 80 75 3. 78 2 . 0 2  2 . 9  
2 . 0 7  0 . 8  9 1 25 1  1 1 6  5 . 8 5  75 3 . 78 2 . 07 3 . 0  
2 . 2 2  0 . 8  9 1260 1 1 8  5.95 711 3 . 7 )  2 . 22 3 . 2  
1 . 3 1  0 . 5  27 1 287 1 0 3  5 . 19 77 3 . 88 I .  J '  1 .  � 
1 . 97 0 . 7  7 1 2 n  109 5 . 11 9  7 0  3 . 53 1 . 97 2 . 9  
1 . 6 6  0 . 6  9 13Dl 1 07 5 . 3 9  711 3.73 1 . 66 2 . !j  
1 . 7 1  0 . 6  1 3  1 3 1 6  1 0 8  S . O It  70 3 . 7 )  1 . 7 1  2 . 5  
1 . 66 0 . 6  111 1 330 1011 5�211 71  3. 58 1 . 66 2 . 5  
0 . 8 6  0 . 1  2 8  1 3 5 8  9 7  11 . 89 80 11 . 03 0 . 86 1 . l  
1 . 1 6  0 . 1i  1 1 36 1 100 5.00 77 3.88 1 . 16 1 . 7  
1 . 5 1  0 . 6  3 1 3611 1011 5 . 2 4  71t 3 . 73 1 . 5 1 2 . 2  
1 . 3 6  0 . 5  2 5  1389 95 0. 79 68 3. f13 1 . 36 2. 1 
0 . 8 6  0 . 3  15 1(101l 89 1l.1;,) 7 2  1. 6l 0.86 1 . 3  
1 . 1 1  0 . 1l  II 1(108 91  11 . 59 69 3 . 118 1 . 1 1  1 . 7  
0.96 0. 3 9 1 11 17 9 1  11 . 59 72 3. 63 0 . 96 1 . 5  
0. 3 0  0. 1 17 lU4 8 8  1I . 1l "  82 4. 1 3  0 . 3 0  0 . 5  
0 . 6 6  0 . 2  II 1 11 3 8  9 1  1l. 59 78 3 . 9 3  0 . 66 1 . 0  
0 . 9 1 0 . 3  6 1111111 9 3  11 . 69 75 3 . 7 8  0 . 9 1  1 . 11  
1. 06 0 . 11  13 11151 9 2  1l . 611 1 1  3 . 58 1 . 06 1 .6 
0. 9 1  0 . 3  2 1  11178 85 1l . 28 67 3 . 38 0 . 9 1  1 . 5  
0 . 8 6  0. 3 7 11185 811 11 . 2 3  67 3 . 38 0 . 86 1 . 11  
0.76 0.3 6 11191 8 1  11 . 08 66 3. 3 3  0. 76 1 . 2  
0. 6 0  0. 2 9 1500 76 3 . 83 611 3 . 23 0 . 6 0  1 .0 

-0. 8 1  -0 . 3  2 5  1 52 5  6 0  3.02 76 3 . 83 -0. 8 1  - 1 . 11  
-0. 60 -0.2 2 1 527 62 3. 1 3  711 3 . 73 - 0 . 6 0  - 1 .0 
-0. 2 0  -0. 1 4 1 5 3 1  6 6  3 . 33 70 3. 53 -0. 20 - 0 . 3  

0 . 1 0  0 . 0  3 1 5311 69 3 . 118 67 3. 38 0. 1 0  0 . 2  
-0. 1 0  - 0 . 0  5 1 5 3 9  7 1  3 . 58 73 3. 68 -0 . 10 - 0 . 2  

0. 1 5  0 . 1 15 1 5511 67 d . 38 611 3 . 2 3  0. 1 5  0 . 3  
-0. 76 -0. 3  8 1 562 611 3 . 23 79 3.98 - 0 . 76 - 1. 3  
-0. 30 -0. 1 6 1 568 67 3 . 38 13 3 . 6 8  -0 . 30 -0.5 
-0. 1 5  -0. 1 ] 151 1 67 1.38 10 3. 53 - 0. 1 5  - 0 . 3  

0. 1 0  0 . 0  II 1 575 6 8  3 . 113 66 3. 33 0 . 1 0  0 . 2  
0.00 0 . 0  8 1583 65 3 . 28 65 3.28 . 0 . 00  0.0 
0. 2 5  0 . 1 7 1590 67 3 . 38 62 3. 1 3  0 . 25 O . Q  
0. 2 5  0 . 1 1 1  160 1 65 1 . 28 60 1 . 02 0 . 25 0.11 
0. 3 5  0 . 1 9 1 6 1 0  65 3. 28 58 2. 92 0 . 3 5  0.6 

-0. 4 5  -0 . 2  1 8  1628 511 2 . 72 63 3. 1 8  -0.1l5 - 0 . 8  
-0. 2 0  -0. 1 . 5 1633 511 2 . 7 2  5 8  2. 92 -0. 20 -0.11 

0 . 05 0 . 0  5 1638 511 2 . 7 2  5 3  2 . 6 7  0 . 05 0. 1 
0 . 5 5  0 . 2  6 l U ll  5 8  2 . 9 2  11 7  2 . 37 0 . 55 1 . 1  
0. 6 6  0 . 2  2 16116 59 2 . 91 116 2. 32 0 . 66 1 . 3  
0. 110 0. 1 5 165 1 56 2 . 82 118 2 . 112 0. 11 0  0 . 8  
0.76 0 . 3  3 1 6511 60 3 . 02 liS 2 . 2 7  0 . 76 1 . 5 
0. 8 1  0 . 3  5 1659 6 1  3 .07 liS 2 . 27 0 . 8 1  1 . 6 
1. 2 1  0 . 0  13 1 672 6 1  3 . 07 37 1 . 86 1 . 2 1  2 . 11  
0 . 7 6  0 . 3  9 168 1 5 7  2 . 87 42 2. 1 2  0 . 76 1 . 5  
0. 8 1  0 . 3  1 1682 5 7  2 . 87 q l  2 . 07 0 . 9 1  1 .  (J 



% 
X i n g  

0 . 50 
1 . 00 

1 . 50 
2 . 0 0  
2 . 51i 
3 . 00 
3 . 50 
11 . 00 iI. so 

5 . 00 

5 . 5n 

6 . 00 

6 . 50 
7 . 00 
7 . 50 
8 . 00 
8. 50 

9 . 0 0 
9. 50 

1 0 . 00 
1 0 . 50 
1 1 . 00 

1 1 .  SO 

1 2 . 00 

1 2 .  so 
13. 00 
13. SO 
1 4 . 00 

14. 50 
1 5. 00 

1 5 . 50 
1 6 . 00 
16. 50 
1 7 . 00 
1 7 .  S O  

18. 00 
18. 50 

19. 00 

1 9 . 50 
20. 00 
20 . 50 

21 . 00 
2 1 . 50 
22. 0 0  

2 2 .  so 
23. 0<.' 

23 . �0 
211 . 00 
24. so 
25. 00 

* See 

PV COli 1 

9 . 68 3. 9 7  

7 . 86 3. 73 

6 . 52 3 . 3 9  

5 . 90 3. 2 5  
5. 7 1  3. 3 0  

5 . 9l 3. 62 
5 . 6 7  3 . 60 
5 . 4 8 3 . 6  , 

5 . 39 3 . 6 9 

5 . 2 1  3 . 6 8  
5 . 0 5  3 . 67 

11 . 92 3. 6 8  
4 . 83 3 . 7 2 
4 . 67 3. 6 7  
Q . 66 3 . 7.9 
4 . 56 3 . 80 Ii. 1111 3. 7 6  

4 . 311 3 . 76 

4 . 23 3. 73 
4 .  ' 0  3 . 6 11  
4 . cn 3. 60 
3 . 90 3 . 5 6  

3 . 83 3. 5 11  

3 . 75 3. 5 1  
3 . 67 3 . 11 8  
3 . 6 1  3 . 11 7  
3 . 56 3. 4 7 
3 . 50 3 . 4 6 

3 . 11 6 J. II a 
3 . 4 2  3. 11 9  

3 . 38 3. 50 
3 .  J3 3 . 4 '.1  
3 . 27 3 . 4 6  
3 . 23 3 . 4 8  
3 . 1 9  3. 4 6  

3 . 1 4  3. 4 5  
3 . 1 2  3. 50 
3 . 06 3 . 4 2  
3 . 04 3 . 4 8  
3 . 0 1 3. 5 1  
2 . 9 1 3 . 4 9  
2 . 93 3 . 4 7  
2 . 89 3 . 4 3  
2 . 84 l . 3 7  
2 . 8 2  3 . 4 0  
2 . 79 3 . 3 9  
2 . 17 3 . 4 3  
2 . 72 3 . 3 6  
2 . 70 3 . 3 8  
2 . 118 3 . ff 3  

TABLE C - 2 *( cont . ) 

CTSC) 

% 
CON 2 COP 3 COli It X i n g 

1 . 8 3  0 . 9 9  0 . 6 5  25 . 50 

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 . 00 

, .55 0 . 9 '  0 . 6 5 27. 5 0  

1 . 6 9  0 . 95 0 . 6 9  28. 00 

1 . 6 9  0 . 95 0 . 7 0  28. 50 

1 . 70 0. 95 0 . 7 1  29. 00 

' . 7 4 0 . 96 0 . 7 2  2 9 . 50 

1 . 7 Q  0 . 95 0 . 7 3  30. 00 

1 . 7 Q  0. 95 0 . 7 3  30 . 50 

1 . 75 0. 95 0 . 7 3 3 1 . 00 

1 . 77 0 . 95 0 . 74 31 . 50 

1 . 76 0. 9 5  0 . 7 Q  32. 00 

1 . 8 0  0 . 96 0 . 7 5  32 . 50 

1 . 8 1  0. 95 0 . 76 33 . 0 0 

1 . 80 0 . 95 0 . 76 3l . 51) 

1 . 8 0  0. 95 0 . 7 6  311 . 00 

1 . 8 0 0 . 94 0 . 7 6 311. so 

1 . 7 8  0. 93 0 . 7 5 35. 00 

1 . 77 0 . 92 0 . 75 35 . 50 

1 . 77 0. 92 0 . 7 5 3 6 . 00 

1 . 77 0 . 9 '  0 . 7 5  3 6 . 50 

1 . 7 7  0 . 9 1  0. 75 3 7 . 00 

1 . 77 0. 90 0 . 7 5  37 . 50 

1 . 77 0 . 90 0 . 7 5 3 13 . 0 0  

1 . 7 8  0 . 90 0 . 7 5  38. 50 

1 . 7 8 0. 89 0 . 76 39. 00 

1 . 7 9  0 . 89 0 . 76 39 . 5 0 

1 . 8 0  0 . 89 0 . 76 110 . 0 0 

1 . 8 1  0 . 89 0 . 76 4 0 . 5 0  

1 . 8 2  0 . 89 0 . 76 4 1 . 00 

1 . 82 0 . 88 0 . 7 6  4 1 . 5 0  

1 . 8 3  0 . 88 0 . 7 6  42. 00 

1 . 8 3  0 . 88 0 . 76 42 . 50 

1 . 8 3  0. 87 0 . 7 6  43. 0 0  

1 . 8 5  0 . 88 0 . 7 7 43. SO 

1 . 8 i1  0. 117 0 . 76 "" . 0 0 

1 . 8 6  0 . 87 0 . 7 1  411 . 50 

1 . 8 7  0 . 87 0 . 7 7  115. 0 0  

1 . 8 8  0 . 87 0 . 1 1  115. 50 

1 . 88 0 . 86 0 . 7 1  46. 00 

1 . 88 0 . 86 0 . 77 116. 50 

1 . 88 0 . 8 5 0 . 77 117 . 0 1l 

1 . 11 9  0 . 85 0 . 7 1  47 . 51) 

1 . 9 0  0 . 85 0 . 7 1  118 . 0 0 

1 . 9 1  0 . 85 0 . 7 1 4 !1 . S0 

1 . 9 1  0 . 84 0 . 7 7  4 9 . 0 0  

1 . 9 2  0 . 84 0 . 1 7 49. 5 0  

1 . 9 4  0 . 8C1 0 . 7 7 50. 0 0  

PV 

2 . 65 

2 . 6 2 
2 . 58 
2 . 55 
2 . 53 

2 . 50 
2 . 48 
2 . 115 
2. q3 
2 . 4 1  

2 . 40) 
2 . 38 

2 . 3 5 
2 . 34 
2 . 32 
2 . 29 
2 . 27 

2 . 26 

2 . 23 

2 . 2 1  
2 . 20 
2 . 1 9 

2 . 1 7 

2 . 1 4  . 
2 . 1 2  

2 . 1 0  

2 . 0 8 
2 . 06 
2 . 05 
2 . 03 

2 . 0 2 
2 . 00 
1 . 99 
1 . 97 

1 . 9 5  

1 . 93 
1 . 92 
1 . 9 1  
1 . 90 
1 . 88 
1 . 87 

1 . 85 

1 . 114 
1 . 83 

1 . 8 1  
1 . 80 
1 . 79 
1 . 78 
1 . 77 
1 . 75 

Sub s e ct i on 4 . 1 . 2 fo r d i s c us s ion 

C - 9  

COli 1 COli 2 COl 3 CO N q 

3. 11 1  1 . 9 11  0 . 83 0 . 7 7  

3 . 3 6  1 . 9 q 0 . 83 0 . 7 1  

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 . 7 6 

3 . 2 8  1 . 9 7 0 . 8 1  0 . 7 1  

3 . 2 9  1 . 9 8 0 . 8 1 0 . 7 7  

3. 25 1 . 9 8 0 . 8 '  0 . 7 6  

3. 27 ' . 9 9 0 . 80 0 . 7 7 

3. 26 2 . 00 0 . 80 0 . 7 7  

3 . 3 6  2. 0 2  0 . 8 1  0 . 7 7  

3. 3 1  2 . 03 0 . 80 0 . 7 7  

3. 2 8  2 . 0 3  0 . 79 0 . 7 7 

J. 33 2 . 0 5  0 . 80 0 . 7 7  

3. 32 2 . 0 6  0 . 7 9 0 . 7 7  
3. 28 2 . 0 7  0 . 7 9 0 . 7 7 

l . 2 7 2 . 07 0 . 78 0 . 7 7 

3. 3 '  2 . 0 9  0 . 78 0 . 7 7  

3. 2 8  2 . 1 0  0 . 78 0 . 7 7  

3 . 27 2 . 1 1  0 . 78 0 . 7 1  

3 . 3 0  2 . 1 2  0 . 77 0 . 7 7  
3. 3 5  2 . 1 4  0 . 77 0 . 7 7  

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

3. 25 2. 1 5  0 . 76 0 . 76 

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  

J . 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  0 . 74 0 . 7 6 
3 . 1 0  2 . 2 4  0 . 13 0 . 7 5 
3 . 1 2 2 . 2 6  0 . 73 0 . 7 6 
3 . 06 2 . 2 7  0 . 73 0 . 75 

3 . 0 3  2 . 2 8  0 . 72 0 . 7 5 

2 . 9 9 2 . 2 9  0 . 72 0 . 7 5  
3 . 0 1  2 . l 1  0 . 7 1 0 . 1 5  
3 . 0 11  2 . 3 2  0 . 1 1  0 . 1 5 
3. 0 6  2 . 3 4  0 . 7 1 0 . 7 5  

3 . 0 6  2 . 3 6  0 . 7 1  0 . 7 5  
3 . 04 2 . 3 1  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 . 7 5 
3. 0 1  2 . 4 2  0 . 69 0 . 75 

2 . 9 4  2 . 4 3  0 . 69 0 . 74 

2 . 9 5  2 . 4 5  0 . 6 9  0 . 711 

2 . � 4  2 . 4 7  0 . 68 0 . 74 
3 . 05 2 . 5 0 0 . 68 0 . 7 11  
3. (1 3 2 . 52 0 . 68 0 . 7ff 
2 . 9 5  2 . 53 0 . 67 0 . 711 

o f  CON 1 - CON 4 .  



% 
X i n g 

O. !) O  
1 . (,0 I . S0 
2 . 00 
2. � O  3 . 00 
3. 50 

II . CO 
11 . 50 
5 . C O  

5. 50 
6 . 00 
6 . 50 7 . 00 
7. �O 
8. 00 
8. �0 
9 . 00 

9 . 5 0  
10. 00 10. 5 0  
1 1 . 1)0 1 1. 50 
12. t)0 
12.  �O 
1l. 00 
13. 50 111. 00 
14. 50 

15 . C O  
15. 50 

16. 00 
16.  SO 
17. 00 

17. 50 
1 8 . 0tl 

18. 50 
l'i. OO 
19. �O 20. 00 
20. 50 

21 . 00 
2 1 .  �O 
22 . 0C 
2 2 .  S O  23. (,0 23. 50 
;' •• 00 211. �0  
25. 00 

." See 

p r  

8 . 37 6 . 60 
6 . j; 
& . 1 7 6 . 07 

5 . 7J 

5 . 110 

5 . 24 
� . 16 
11 . 98 

4 . 81 
11 . 76 
11 . 58 
11 . 113 

11 . 29 
11 . 19 
II . 08 1 . 9d 
l . 90 
3 . 83 

l . 79 
3 . 711 
3 . 68 

l . 65 
3 . 59 
) . 59 
) . 5 1  

3 . 45 
3 . 35 

3 . 3 2  
3 . 26 

3 . 26 
3 . 1 6 
3 . 13 ) . 10 
3 . 0� 
3 . 03 
2 . 95 
2 . 92 
2 . 88 
2 . 92 

2 . 85 
2 . 78 2 . 711 
2 . 73 
2 . 69 
2 . 66 

2 . 65 
2 . 6 1  
2 . 6 1  

TA B L E  C - 2 *  ( c o n t . )  

f NH )  

% 
COli 1 cou 2 COli 3 COli 4 X i n g P i>  

J. �� 1 .� 8  0 . 92 0 . 6 1  25. 50 2 . 56 
3 . 2 9  1 .4 8  0 . 89 0 . 6 1  26. 00 2. �4 
3 . 3 0  1 .� 1 0 . 90 0 . 63 26. �o 2 . 50 
3. 40 1 . 58 0 . 92 0 . 6 � 27. 00 2 . 4 8  
l. 53 1 . 65 0 . 911 0 . & 8  27. 50 2 . 45 
3 . 11 8  1 . 6 3  0 . 93 0 . 6 8  28. 00 2 . 46 
3 . 3 9  1 . 6 1  0 . 92 ' . 68 28. 50 2. 4 1  
3. 11 1  1 . 6 3 0 . 92 0 . 69 29 . 00 2 . 39 
l . 1I 9  1 .67 0 . 9 3  0 . 7 0  29 . 50 2 . 37 
3 . 46 1 . 66 0 . 93 0 . 7 1  30. 00 2 . 35 

3. 43 1 .66 0 . 92 0 . 7 1  JO. 5t) 2 . 3 8  

3. 5 1  1 . 69 0 . 93 0 . 72 3 1 . 00 2 . 34 
3 . 4 4  1 .6 8  0 . 92 0 . 72 l l . 5t1 2 . 30 
l . l 8  1 . 67 0 . 9 1  0 . 7 1  32. 00 2 . 29 

3. l2 1 . 66 0. 90 0 . 7 1 32. 50 2 . 29 

l. 3 1  1 . 66 0 . 90 0 . 72 3l. 00 2 . 26 

3. 27 1 .65 0 . 90 0 . 7 1 33. 50 2 . 24 
l . 2 3  1 . 65 0 . 89 0 . 7 1  311. 00 2 . 25 
l. 2l 1 . 66 0 . 89 0 . 7 2  llf . 50 2 . 2 1  
3. 22 1 . 66 0 . 88 0 . 72 35. 00 2 . 19 
l. 26 1 . 68 0 . 89 0 . 7 · 35. 50 2 . 1 7  
3. 28 1 . 70 0 . 89 0 . 7 3  36. 00 2 . 1 6  
l . 2 7  1 . 7 0  0 . 89 0 . 7 3  36. 50 2. 1 11  
3 . l3 1 . 72 0 . 89 0 . 74 37.00 2 . 1 2  

3. 3 2  1 . 13 0 . 89 0 . 7 4  37. 50 2. 10 

3 . 43 1 . 76 0 . 90 0 . 75 l8. 00 2. 1 2  
3 . 37 1 .7 5  0 . 89 0 . 7 5  38. 50 2. 10 
3 . l 4  1 . 75 0 . 88 0 . 75 39.00 2 . 07 
l . 2 4  1 . 7 4  0. 87 0 . 7 4  39. 50 2 . 011 

3. 27 1 . 75 0 . 87 0 . 74 110. 00 2 . 03 

3 . 2l 1 . 75 0. 87 0 . 7 4  110. 50 2 . 0 1  

l. 32 1 . 7 8  0 . 87 0 . 7 5  11 1 . 00 2 . 02 
� . 1 9  1 . 75 0 . 86 0 . 711 4 1 . 50 1 . 99 

3. 1 9  1 . 76 0. 86 0 . 7Ii 42. 00 1 . 97 

l. 2 1  1 . 7 8  0 . 86 0 . 7 5  112. 50 1 . 95 

3 . 1 9  1 . 78 0 . 85 0 . 74 Ill. 00 1 . 93 

l . 211 1 . 8 0  O. 8� 0 . 7 5  Ill. 5 0  1 . 9 1 
l . l 1  1 . 7 8  0 . 84 0 . 711 44. 00 1 . 90 

l . 1 1  1 . 7 9  0 . 84 0 . 74 411. 50 1 . 89 
3 . 0 e  1 . 79 0 . 8) 0 . 74 115. 00 1 . 89 

3 . 3 0  1 . 811 0 . 85 0 . 76 II�. SO 1 . 87 

3 . 1 8  1 . 83 0 . 811 0 . 75 116. 00 1 . 85 

3. 06 1 . 8 1  0. 83 0 . 7 4  46 . 50 1 . 83 

3. 0 1  l . tl l  0 . 82 0 . 7 4  117. 00 1 . 8 1  

3 . 06 1 .8 3  0 . 82 0 . 7 11  47. 51) 1 . 80 
) . 0 3  1 . 8) 0 . 82 0 . 711 48. 00 1 . 78 
3 . 03 1 . 811 0 . 8 1  0 . 7 11  48. 50 1 . 77 

l . 0 6  1 . 85 0 . 8 1  0 . 75 119. 00 1 . 76 

l . 03 1 . 86 0. 8 1  0 . 7 4  119 . 50 1 . 75 

3. 1 2  1 . 88 0. 82 0 . 7 5 50. 0 0  1 . 7" 

Sub s e c t i on 4 . 1 . 2  for dis cuss ion 

c - 1 0  

COli 1 COlt 2 COli 1 COli 4 

l . 02 1 .8 7  0 . 80 0 . 711 
3. 0l 1 .8 9  0 . 80 0 . 7 5  
2 . 98 1 . 8 9  0 . 80 0 .711 
2 . 9 5  1 . 8 9  0 . 79 0 . 7 11  
2 . 9 1  1 . 8 9  0 . 79 0 . 711 
l . 05 1 .9l 0 . 80 0 . 7 5  
2. 95 1 . 92 0 . 79 0 . 7 4  
2 . 96 1 . 93 0. 78 0 . 74 
2 . 97 1 . 95 0 . 78 0 . 7 11  
2 . 9 6  1 . 96 0 . 78 0 . 7 4  
3. 1 9  2 .00 0 . 79 0 . 76 
l . 09 2 . 00 0 . 78 0 . 7 5  
2 . 9 9  1 . 99 0 . 78 0 . 75 
l . 07 2 .0 1 0 . 78 0 . 7 5  
3 . 1 5  2 . 0 4  0 . 78 0. 76 
l . 06 2 . 03 0 . 77 0.75 
3.07 2 . 0 5  0. 77 0 . 7 5  
3 . 2 5  2 . 0 8  0. 78 0 . 7 6  
3 . 1 5  2 .06 0 . 77 0 . 76 
3 . 0 8  2 . 0 8  0. 76 0 . 75 
l . 0 7  2 .0 9  0 . 76 0 . 7 �  
3 . 1 5  2 . 1 2  0 . 76 0.76 
l . l l  2. 1 l  0 . 76 0 . 76 
3 . 08 2. l l  0. 75 0 . 7 6  
3 . 06 2 . 1 4  0 . 75 0 . 7 5  
) . 4 0  2 . 1 9  0 . 77 0 . 7 7  
3. 29 2 . 2 0  0 . 76 0 . 77 
3. 1 9  2 . 2 0  0 . 75 0 . 76 
l . 09 2 .20 0 . 711 0 . 76 
l . 1 3  2 . 2 2  0 . 711 0 . 76 
l. 1 0  2 . 2 3  0 . 74 0 . 76 
l . l O  2 . 2 6  0. 74 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 . 29 0 . 72 0 . 7 5  
2 . 9 �  2 . l0 0 . 7 1  0 . 75 
2 . 97 2.l2 0. 7 1  0 . 7 5  
2. 97 2 . l 3  0 . 7 1  0 . 7 5  
l. 1 9  2 . l 7  0 . 7 1  0 . 7 6  
l . 0 9  2 .3 8  0 . 7 1  0 . 7 5  
3 . 00 2 .39 0 . 70 0 . 7 5  
2 . 90 2 . 3 9  0 . 69 0 . 7 11  
2. 83 2 . 11 0 0 . 69 0 . 711 2 . 6 3  2. 112 0 . 68 0 . 7 11 
2. 74 2.11) 0. 68 0 . 73 
2 . 7 2  2 . 1I �  0. 67 0 . 73 
2 . 7 0  2 . 11 6 0 . 67 0 . 73 
2 . 80 2 . 11 9  0 . 67 0 . 73 
2 . 7 1  2. 5 1 0 . 66 0 . 1 3  

o f  CON 1 - CON 4 .  
� 

" 



TABLE C - 3 .  TS C ( VOLUME O N L Y )  VE RSUS NEW H AMPSH I RE F LASH I N G L I GHTS 

C T  
F P F O I  OAT 

% TSC ISODBL II EW  &AIIPSDII!! TSC " 118 
X i n g l li C  CU� POVEa H AZ A R D  * IIfC CUll POVBR HAZ&BD WITH IIATCD llIC COil L!!S S  IIltCH LESS IIltCH L2SS SUCH 

lCC . ACC I ACC fACTa IlI on lCC .lce I lCC fACTR 111 OBI IDIPP TVA L arCD StCH . lCC I lCC . l CC I lCC ID IPP tVlL 

0 . 50 5 6  5 6  4 . 2 3  8 . 4 6  -23 10 55 5 5  4 . 1 5 8 . 3 1  1187800 0 . 08 0 . 1 5 5  5 5  1 0 . 08 0 0 . 00 0 . 08 1 . 0 

1 . 0 0 11 0  96 7 . 25 7 . 2 5  - 3 1i 7 2  3 1i 8 9  6 . 7 2  6 . 72 337790 0. 53 0 . 5  34 89 7 0 . 51 0 0 . 00 0 . 51 2 . 6  

1 . 5 0  1 9  1 1 5 8 . 6 9  5 . 7 9  -4 0 5 1  26 1 1 5 8 . 6 9  5 . 79 2'8180 0 . 0 0  0 . 0  2 2  1 1 1  II 0 . 3 0  II O. l O  0 . 00 0 . 0  

2 .  (1(, 2 7  1 4 2  1 0 . 73 5 . 36 -4 5 2 1  2 9  1 1111 1 0 . 88 5 . l1li 2311000 -0. 1 5  -0 . 1  27 1 38 II 0 . 10 , 0. 115 - 0 . 1 5  - 0 . 6  

2 . 5 0 2 4  1 6 6  1 2 . 5 11 5 . 0 2  -4847 2 5 1 69 1 2 . 76 5 . 1 1  2 10000 -0. 2 1  -0 . 2  26 1 6 11  2 0 . 1 5  5 0. 18 - 0 . 2 1  - 1 . 1  

l . OO 2 7  1 93 1 4 . 5 8 4 . 86 -52 1 8  2 9  1 98 n . 95 11 . 98 1 81820 - 0. 38 -0 . 1  2 7  1 9 1  2 0 . 1 5  7 0 . 53 -0. 38 - 1 . 7  

3 . 50 2 0  2 1 3 1 6 . 1.' 9  4 . 60 -51i69 19 2 1 7 1 6 . 3 9  1i . 6 8  1 6 9 11 0 0  -0. 1 0  -0 . 2  20 2 1 1  2 0 . 1 5  6 0. 11 5  - 0 . 30 - 1 . 11 

11 . 00 1 7  230 1 7 . 3 7  1i .3 4  -5780 14 2 3 1  1 7 . 1i5 11 . 36 1 53 088 -0. 08 -0 . 0  1 5  226 II 0 . 30 5 0 . 3 8  -0 . 08 - 0 . 3  

�. 50 17 21i7 1 8 . 6 6  4 . 1 5  -6 0 75 1 9  2 50 1 8 . 88 4 . 2 0  1 39000 -0. 2 3  -0. 1 19 2 11 5  2 0 . 1 5  5 0 . 38 -0 . 23 - 1 . 1  

5 . 00 19 266 20. 0 9  4 . 0 2  -6 273 23 273 2 0 . 6 2  11 . 1 2 1 28 0 00 - 0. 5 3  - 0 . 3  1 8  263 3 0 . 23 1 0  0. 76 - 0 . 53 - 1 . 9  

5 . 50 2 2  288 2 1 . 7 5 3 . 95 -61168 23 2 9 6  2 2 . 36 4 . 06 1 20800 -0.60 -0 . 3  211 283 5 0 . 38 1 3  0 . 98 - 0 . 6 0  - 1 . 9  

6 . 0 0 2 8  3 1 6 2 3 . 8 7  3 . 98 -6633 26 3 22 2 11 . 3 2  11 . 0 5 1 1 2720 - 0. 11 5  -0 . 2  23 306 10 0 . 76 16 1 . 2 1  -0 . 11 5  - 1 . 2  

6 . 5 0  2 1  337 2 5 . 4 5  3 . 9 2  -6 8 3 2  1 8  HO 2 5 . 6 8  3 . 95 1 06 9 8 1  - 0. 2 3  - 0 . 1 211 330 7 0 . 53 1 0  0. 76 - 0 . 2 3  - 0 . 7  

7 . 0U 1 9 3 56 2 6 . d 9  3 . 811 -7003 24 3 611 2 7 . 11 9  3 . 93 1 00000 -0. 6 0  -0 . 3  2 1  3 5 1  5 0 . 38 1 3  0. 98 - 0 . 60 - 1 . 9 

7 . 50 20 376 2 8 . 4 0  3 . 79  -7 1 60 1 5  3 7 9  2 8 . 6 3  3 . 82 91i560 -0. 2 3  -0 . 1  20 3 7 1  5 0 . 3 8  8 0. 60 -0. 23 - 0 . 8  

8 . 0 0  1 5  3 9 1  29 . 53 3 . 69 -7309 1 8  3 9 7  2 9 . 98 3 . 7 5  90000 -0. 11 5  -0 . 2  14 385 6 0 . 11 5  1 2  0. 9 1  - 0 . 11 5  - 1 . 4  

8 . 50 8 399 3 0 . 1 1i 3 . 5 5  -7423 1 0  11 07 3 0 . 711 3 . 6 2  85400 -0. 6 0  -0 . 3  9 394 5 0 . 38 1 3  0 . 9 8  - 0 . 60 - 1 . 9  

9 . 00 16 il l S  3 1 . 3 1i  3 . 118 -7 5 35 1 5  1i 2 2  3 1 . 87 3 . 54 8 1 70 0  - 0. 53 -0 . 2  1 3  1107 8 0 . 60 1 5  1 . 1 3  -0. 53 - 1 . 5  

n 9 . 50 1 2  427 3 2 . 2 5  3 . 39 -7689 6 428 3 2 . 33 3 . 4 0  78880 -0. 08 -0 . 0  1 1  11 1 8  9 0 . 6 8  1 0  0 . 7 6 "  - 0 . 08 - 0 . 2  

1 0 . CO 1 1.'  1137 33 . 0 1  3 . 30 -77 88 1 2  11 4 0  3 3 . 23 3. 32 75 600 -O. l l  -0. 1 10 428 9 0 . 68 1 2  0. 9 1  -0. 2 3  - 0 . 7  � 10. 50 1 0  1I1i7 3 3 . 7 6  3 . 22 -7900 1 11  1i 51i 3 4 . 2 9  3 . 27 72000 -0.53 -0 . 2  10 1138 9 0 . 68 1 6  1 . 2 1  -0 . 53 - 1 . 4 � 1 1 . 00 2 1  468 3 5 . 3 5  3 . 2 1  -8027 1 8  472 3 5 . 6 5  3 . 211 69225 -O. lO -0. 1 1 4  452 16 1 . 2 1  20 1 . 5 1  - 0 . 30 - 0 . 7  

1 1 . 50 1 9  1187 3 6 . 7 8  3 . 20 -8 1 110 20 4 9 2  3 7 . 1 6  3. 23 66000 - 0 . 3 8  -0. 2 20 1172 1 5  1 . U  20 1 . 5 1  - 0 . 3 8  - 0 . 8  

1 2 . 0 0 1 8  505 3 8 . 1 11  3 . 1 8  -82 57 1 2  SOli 3 8 . 07 3 . 1 7  64 000 0 . 08 0 . 0  1 8  490 1 5  1 . 1 3 14 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. 9 0  3 . 1 1  61 088 0. 1 5  0 . 1 1 2  502 1 5  1 . 1 3  1 3  0. 9 8  0 . 1 5  0 . 4  

1 3. 00 1 1  528 3 9 . 8 8 3 . 0 7  -81173 8 523 3 9 . 50 3 . 011 59800 0. 1 8  0 . 2  1 1  5 1 3  1 5  1 . 1 3  1 0  0. 76 0 . 3 8  1 . 0  

1 3 . 50 9 537 4 0 . 5 6  3 . 00 -8573 8 5 3 1  4 0 . 1 1  2 . 9 7 564 8 0  0 . 4 5  0 . 2  1 0  5 2 3  1 4  1 . 06 8 0 . 60 0 . 4 5  1 . 3  

1 4 . 1.' 0  1 0  5 117  4 1 . 3 1  2 . 9 5 -8670 1 6  5 4 7  11 1 . 3 1  2 . 95 54 000 0 . 0 0  0 . 0  1 0  5 3 3  1 4  1 . 06 14 1 . 06 0 . 00 0 . 0  

l li . 50 1 1  558 4 2 . 1 5  2 . 9 1  -8766 1 5  5 62 4 2 . 11 5  2 . 93 5 1 50 0  -0 . 3 0  -0 . 1  8 54 1 17 1 . 28 2 1  1 . 59 -0. 30 - 0 . 6  

1 5 . 0 0  6 564 42 . 6 0  2 . 84 -8878 9 5 7 1  4 3 . U 2 . 8 8  499110 - 0 . 5 3  -0 . 2  5 5116 18 1 . 36 2 5  1 . 89 -0 . 53 - 1 . 1  

1 5 . 50 1 4  5 7 8  4 3 . 66 2 . 8 2  -9 0 1 5 1 2  583 lili . 03 2 . 811 118000 -0. 38 -0. 1 1 3  559 19 1 . 4 11 24 1 . 8 1 -0 . 1 8  - 0 . 8  

1 6 . 1.'0 1 4  592 11 1i . 7 1  2 . 7 9  -9 0 9 1  5 588 11 4 . 1it  2 . 78 1165511 0 . 3 0  0 . 1 1 1  570 2 2  1 . 66 1 8  1 . 36 0 . 3 0  0 . 6  

1 6 . �O  1 11  606 11 5 . 77 2 . 77 -9 1 9 2  22 6 1 0  11 6 . 0 7  2 . 7 9  115000 -0 . 3 0  -0 . 1  1 2  582 2 11  1 . 8 1 2 8  2. 1 1  -0 . 30 - 0 . 6  

1 7 .  ;) 0  1 1  6 1 7  11 6 . 6 0  2 . 7 4  -9262 6 6 1 6  4 6 . 53 2 . 711 113260 0. 08 0 . 0  1 1  593 24 1 _ 8 1  2 3  1 . 7 11 0 . 0 8  0 . 1  

1 7 . 50 1 6  633 4 7 . 8 1  2 . 73 -9 3 6 1  7 6 23 1i 7 . 0 5  2 . 69 4 1 990 0. 7 6  0 . 3  1 3  606 2 7  2 . 011 1 7  1 . 28 0 . 76 1 . 5  

1 8 . 0 0  1 11  647 4 8 . 87 2 . 7 1  - 9 4 50 1 7  6 11 0  4 8 . 311 2 . 6 9  110390 0 . 5 3  0 . 2  1 5  6 2 1  2 6  1 . 96 1 9  1 . 4 4 0 . 53 1 . 0" 

1 8 . 50 1 0  657 1i 9 . 6 2  2 . 68 - 9 5 24 8 6 11 8  11 8 . 91i 2 . 6 5  1i0000 0. 6 8  0 . 2  10 6 3 1  2 6  1 . 96 1 7  1 . 28 0 . 6 8  1 . 4 

1 9 . 0 0  II 66 1 4 9. 9 2 2 . 63 -96 1 3  8 656 11 9 . 55 2 . 6 1  38800 0 . 3 8  0 . 1 8 6 3 9  2 2  1 . 6 6 17 1 . 28 0 . 3 8  0 . 8  

19 . 50 7 6 6 8  50. 11 5  2 . 5 9 -97 111 1 3  669 5 0 . 53 2 . 5 9  37500 -0. 08 -0 . 0  1 0  6 11 9  1 9  1 . 11 11 20 1 . 5 1  - 0 . 0 8  - 0 . 2  

2 0 . 0 0  1 6  6 8 11  5 1 .66 2 . 58 -97 8 1  1 7  6 86 5 1 . 8 1  2 . 5 9  36000 -0. 1 5  -0 . 1  17 666 18 1 . 36 20 1 . 51 -0. 1 5  - 0 . 3  

20. 5 0  7 6 9 1 5 2 . 1 9  2 . 55 -98 115 6 6 9 2  5 2 . 27 2 . 5 5  3 5 000 - 0. 08 -0_ 0 6 672 1 9  1 . 1111 20 1 . 5 1  - 0 . 08 - 0 . 2  

2 1 . 0 0  5 696 5 2 . 57 2 .  SO -9 9 1 1i 8 700 52 . 87 2 . 52 lllOOO -0. 30 -0. 1 8 680 16 1. 2 1  20 1 . 5 1  -0. 30 - 0 . 7  2 1 .  SO 1 0  70 6 53. 3 2  2 . 4 8 - 10007 9 7(19 53. 55 2 . 4 9  33000 -0. 23 -0 . 1  8 688 18 1 . 36 2 1  1 . 5 9 - 0 . 2 3  -0 . 5  
2 2 . 0 0  1 11  720 51i. 3 8  2 . 4 7  - 1 0089 6 7 1 5  511 . 0 0 2 . "5 3 2 0 00 0. l 8  0. 1 9 697 23 1 . 74 1 8  1 . 36 0 . 38 0 . 8  

2 2 . 50 7 727 511 . 9 1  2 . 1I1j - 10 1 57 7 7 2 2  5 11 . 53 2 . " 2  30940 0 . 3 8  0 . 1 8 705 22 1 . 66 17 1 . 28 0 . 3 8  0 . 8  

2 ) . 0 0  6 7 3 3  5'> . 3 6 2 . 11 1  - 10 2 29 9 7 3 1  55. 2 1  2 . 4 0  30000 0 . 1 5  0 . 1 6 7 1 1  2 2  1 . 66 20 1 . 5 1  0 . 1 5  0 . 3  2 3 . 50 6 7 3 9  55 . 8 2 2 . 3d - 1 0 3 0 5  II 735 5 5 . 5 1  2 . 36 29700 0. 3 0  0 . 1 6 7 1 7 2 2  1 . 66 18 1 . 36 0 . 30 0 . 6  

211 . (- 0  1 0  7 4 9  5 6 . 5 7  2.36 - 10 3 69 9 7114 56 . 1 9 2 . 3 4 28800 0. 3 8  0 . 1 1 1  728 2 1  1 . 59 16 1 . 2 1  0 . 3 8 0 . 8  

24 . 50 I; 753 56 . 87 2 . 32 - 10 11 43 9 753 56 . 87 2 . 3 2 28000 0 . 0 0 0 . 0 5 733 2 0  1 . 5 1  20 1 . 5 1  0 . 00 0. 0 

25 . 0 0  9 762 57 . 5 5  2 . 3 0 - 1 0 5 19 9 7 6 2  57. 5 5  2 . 30 27000 0 . 0 0  0 . 0  9 7112 2 0  1 . 5 1  20 1 . 5 1  0 . 00 0 .0 

* See LEG END , Sec t i on C . 3 . 



TABLE C - 3 .  ( c ant . )  
F P F O I  OAT 

% ':SC 1I00EL IIBII HAISPS RIBB C T  TSC 18 
X i n g I IIC cu� POUR H A Z A R O  * IIiC cun rOVEB RAUDO IIlTH "ATCH I IIC COli LESS BlTCR LESS IlTCR LESS III�CH 

ACC . Ace � ACC FACTR IN DEX ACC ' A CC I lCC PACTB III OEr SOIPP TUL IITCH nrCH tlce I Ace tlCC S Ace IOIFr TUL 

25. ;.1) 5 767 57.93 2 . 27 - 10608 7 769 58.08 2. 28 26 270 -0. 1 5  -0. 1 7 71 U 18 1 . 36 20 1 . 5 1  -0. 15 -0.3 26. ( 0  9 776 58. 6 1 2. 25 - 10657 1 3  7 82 59 .06 2 . 27 25600 -0.4S -0 . 2  1 2  7 6 1  1 5  1 . 13 21  t . 59 -0.li5 - 1 . 0  2 5 . 5 0  9 7115 59.29  2 . 24 - 1 07 1 4  7 7 89 5 9 . 59 2.25  25000 -0. 1 0  -0. 1 5 766 19 1 . 1111 2 3  1 . 716 - 0 . 30 -0.6 
27 . 00 1 1  796 6 0. 1 2  2. 23 - 10789 6 795 60. 05· 2.22  216290 0. 08 0 . 0  9 775 2 1  1 . 59 20 1 . 5 1  0 . 08 0 . 2  27. 50 6 802 60 . 57 2. 20 - 10861 5 800 6 0 . 112 2. 20 211000 0 . 1 5  0 . 0  6 781  21  1 . 59 19 1. QII 0. 15 0 . 3  
28.00 8 8 1 0  6 1 . 1 8  2. 18 - 10') 17 5 80S 60.80 2 . 1 7  21200 0 . 3 8  0 . 1 6 787 2 3  1 . 711 18 1 . 36 0 .38 0.8 2a. so  1 0  820 6 1 . 9 3  2. 1 7  - 10988 1 3  8 1 8  6 1 .78 2. 17 22 500 0. 1 5  0 . 0  1 2  799 2 1  1 . 59 19 1 . 1111 0. 15 0.1 
29 . 0 0 3 823 6 2 . 16 2. Iii - 1 1060 7 825 6 2. 3 1  2. 1 5  22000 -0. 1 5  -0 . 0  II 801 20 1 . 51 22 1 . 66 -0. 15 - 0 . 1  2 � . 50 1 0  833 62.92 2. 13 - 1 1 1 2 1  8 811 6 2. 92 2. 1 3  2l1ill 0 0. 00 0 . 0  7 8 1 0  21 1 . 71i 2 3  1 . 71i 0 . 00 0.0 30. 00  8 811 1 63 . 5 2  2 . 12 - 1 1 1 811 II 837 63.22 2. 1 1  20900 0.30 0. 1 9 8 1 9  2 2  1 . 66 18 1 . 36 0.30  0 . ..  
30. 50 5 8116 63.90 2 . 09 - 1 1 2 34 'I 84 1 6 3 . 52 2 . 08 20400 0 . 3 8  O .  1 II 823 23 1 . 71i 18 1 . 16 0 . 18 0 . 8  
3 1 . 00 1 0  tl 56 6 4 . 6 5  2 . 09 - 1 1 3 25 5 846 63 . 90 2.06 20000 0. 76 0. 2 8 83 1 2 5  1 . 89 1 5  1 . 1 3  0 . 76 1 . 6 
31 . SO 1 0  866 6 5 . '1 1  2 . 08 - 1 1 387 1 8'17 63 . 97 2 . 03 19680 1 . .. ..  0 . 5  5 836 30 2 . 27 1 1  0. 83 1 . 1111 3 . 0  
32 . (10 6 872 65 . 86 2 .C6 - 1 1 11 38 8 8 55 6 4 . 58 2 . 0 2  19200 1 . 2 8  0 . 11  7 8U 29 2 . 1 9  12  0. 9 1  1 . 28 2 . 7  
32. 50 II 876 66 . 1 6 2 . 011 - 1 1 11 87 5 860 611 . 95 2 . 00 18792 1 . 2 1 0 . 11  5 848 28 2 . 1 1  1 2  0 • .  9 1  1 . 2 1  2 . 5  
33. 00 7 883 66 . 6 9  2 . 02 - 1 1 5115 1 2  872 65.86 2.00 1 80110 0. 83 0 . 3  7 855 28 2. 1 1  1 7  1 . 28 0 . 83 1 . 6 
33 . 50 2 885 66 . 8 1i  2 . 00 - 1 1 589 6 878 6 6. 3 1  1 . 98 1 8000 0.53  0 . 2  2 857 28 2. 1 1  2 1  1 . 59 0 . 53 1 . 0 
3!i. OO II 889 67. 1 5  1 . 97 - 1 1 6115 8 8 86 66 . 92 1 . 97 17325 0.23 0 . 1 6 863 26 1 . 96 2 3  1. 711 0 . 23 0 . 1i  34. 5 0  II 893 67.115 1 . 95 - 1 17011 6 8 92 67. 37 1 .9 5  168118 0. 08 0 . 0  5 868 2 5  1 . 89 2 .. 1 . 81 0 . 08 0 . 1 n 35.01' 8 90 1 6 8 . 05 1 . 911 - 1 17 62 1 1  901 68.20 1 . 95 16380 - 0. 1 5 -0 . 0  8 876 2 5  1 . 89 27 2.011 -0. 15 -0.3 I 35. 50 9 S I D 6 8.73 1 . 911 - 1 1 821 II 907 6 8 . 50 1 . 91 16000 0 . 2 3  0. 1 9 885 25 1 . 89 22 1. 66 0. 23 0 . 11  P-' 36 . 00 8 9 1 8  6 9 . JIi  1 . 93 - 1 1 897 II 9 1 1  68.81  1 . 9 1  1 5600 0 . 5 3  0 . 2  5 890 28 2. 1 1  21  1 . 59 0 . 53 1 . 0 N 36. 5 0  6 924 69 . 7 9  1 . 9 1  - 1 1 9 .. 5 0 9 1 1  68.81  1 .89 15230 0.98 0.3 5 895 29 2. 19 16 1. 21  0.98 1 . 9  
37.(\0 8 932 70. 3 9  1 .90 - 12003 8 9 19 69 . 4 1  1 . 88 1 5000 0.98 0 . 3  9 90" 28 2. 1 1  1 5  1 . 1 3 0 . 98 2 . 0  
37. 5 0  9 9 11 1  71. 07 1 . 90  - 120 73 3 9 22 69 . 611 1 . 86 111560 1 . ....  0 . 4  7 9 1 1 30 2. 27 1 1  0.8] 1 . 1111 3 . 0  
38. 00 II 945 7 1 . 37 1 .88 -42 1 110 5 927 70.02 1 . 811 111220 1 . 36 0.4  6 917  28 2. 1 1  10 0.76 1 . 3 6  2 . 9  
38. 50 4 9 .. 9 7 1 .68  1 . 86 - 12220 8 935 70.62 1 . 83 111000 1 . 06 0 . 3  3 920 29 2. 1 9  1 5  1 . 1 3  1 . 06 2. 1 
39. 00 8 957 72.28 1 . 85 - 12284 1 1  9116 7 1 .45  1 . 83 13600 0 . 8 3  0 . 1  8 928 29 2 . 19 1 8  1 . 36 0 . 83 1 . 6  
39. 50 0 957 72 .28 1.83 - 12J23 7 9 53 7 1 . 98 1 . 82 13200 0.30 0 . 1 3 93 1 26 1 . 96 22 1. 66 0 . 30 0 . 6  110 . 0 0 3 960 72. 5 1  1 . 8 1  - 12380 5 958 72.36 1 . 8 1  12800 0. 1 5  0 . 0  2 933 27 2.011 25 1 . 89 0. 15 0.3 :':!'J . �:  " 964 72 . 8 1  1 . 80 - 1211115 6 964 72.81  1 . 80 1 2 500 0 . 00 0 . 0  6 939 2 5  1 . 89 25 1 . 89 0 . 00 0 . 0  IIl . O J  6 970 73. 2 6  1 . 79 - 12495 19 9 83 711 . 24 1 . 8 1  1 2000 -0.98 -0 . 3  8 94 7 2 3  1 . 711 36 2 .72 - 0 . 98 - 1 .7 
4 1 .  S J  5 97S 73.64 1 . 77 - 12576 0 9 83 711 . 24 1 . 79 12000 -0. 6 0  -0. 2 3 950 25 1 . 89 33 2. U -0.60 - 1 . 1  .. :!. t)c 3 978 7l .87  1 . 76 - 12630 1 9 811 711. J2 1 . 77 1 1792 -0. 4 5  -0 . 1  3 953 25 1 . 89 3 1  2. 311 -0.115 -0.8 
112 . 50 8 986 711.11 7  1 .75 - 12683 4 988 711 .62 1 . 76 1 1 388 -0. 1 5  -0.0 5 958 28 2. 1 1  30 2.27 -0. 15 -0.3  IIJ. OO  10  996 7 5 . 23 1 . 75 - 127 50 1 9 89 711 . 70 1 . 711 1 1 025 0. 53 0 . 2  6 964 3 2  2. 42 25 1 . 89 0 . 53 0.9 4 1 . 50 9 1 00 5  7 5 . 9 1  1 . 74 - '2 8 1 4  4 9 93 75.00 1 . 72 10800 0 . 9 1  0 . 3  1 1  975 30 2 . 27 18 1. 36 0 . 9 1  1 . 7 � 1j . )0 tI 1 0 1 3  7 6. 5 1  1 . 711 - 1 2885 8 1 0 0 1  75. 6 0  1 . 72 10500 0. 9 1  0 . 3  6 98 1 3 2  2. 42 20 1.51  0.91  1 .7 
4 11 . 50 8 1 02 1  77. 1 1  1 . 73 - 12939 8 1009 76. 21  1 . 7 1 1 0200 0. 9 1  0 . 1  1 1  992 29 2. 1 9  17 1 . 28 0 . 9 1  1 . 8  
� 5 .  0(1 " 1 0 25 77.42  1 . 7 2 - 12996 10 1 0 1 9  76. 96 1 . 7 1  10000 0.45 0. 1 4 996 29 2. 1 9  2 3  1 . 711 0.45 0.8 
115. 50 4 tr, 2 9  77.72 1 . 7 1  - 13047 1 1020 77.04 1 . 6 9  9811 0 0.68 0 . 2  2 998 3 1  2 . 34 22 1 . 66 0 . 6 8  1 . 2  
116.00  5 1 034 78. 1 0  1 . 70 - 13087 3 1 023 77.27 1 .6 8  9600 0.83 0. 2 5 1003 3 1  2 . 311 20 1 . 5 1  0.83 1 . 5  
1,6.50 3 1 037 78.32 1 . 68 - 13 1 40 2 1025 7 7. 42 1 . 66 93211 0. 9 1  O . :i  3 1 006 3 1  2 . 311 1 9  1 .44 0 . 9 1  1 . 7  
4 7. 00 6 1 0113 78.78 1 . 68 - 13 1 98 6 1031  77 . 87 1 . 66 9 1 80 0. 9 1  0 . 3  5 10 1 1  3 2  2 . 4 2  20 1 . 51 0.91  1 . 7  
� 7 .  < 0 .. 10117 79 . 08 1 . 66 - 13269 1 3  1 0411 78.85 1 . 6 6  9000 0. 2 3  0. 1 1 1  1022 25 1 . 89 22 1 . 66 0 . 23 0 . 1l 
11 8 . (, 0  6 1 0 53 79.53 1 . 66 - 13322 4 10118 79. 15 1 . 65 8800 0. 3 8  0. 1 II 1026 27 2 . 01i 22 1 . 66 0 . 1 8  0 . 7  1 .8. r, O 5 1 0 58 7 9 . 9 1 1 . 65 - 13 378 6 1 0 54 79.61  1 . 64 8500 0. 30 0. 1 9 1035 23 1 . 711 1 9  1 . 114 0. 30 0.6 4 ', . 0,) 4 1 062 80 . 2 1  1 . 64 - 134011 8 1062 80 . 2 1  1 . 64 8250 0. 00 0 . 0 7 10112 20 1 . 5 1 20 1 . 51 0 . 00 0.0  119 . 5e 5 1 067 80.59 1.63 - 13472 9 1071  80.89 1 . 63 8000 -0.30 -0. 1 3 10.s 22 1 . 66 26 1 . 96 -0.30 -0.6 5:1 . 0() 6 1 073 8 1 . 0 1i  1 . 62 - 13535 o 1071 80.89 1 . 62 8000 0. 1 5  0 . 0  2 1 0117 26 1 . 96 24 1 . 8 1  0. 15 0.3  

* See LEGEND , Section C . 3 .  
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TAB LE C - 4 .  TSC ( COMPREHENS I VE )  VERSUS NEW HAMPSH I RE 

TSC 1I0DEL lEV HlII PS n B B  C T  
I liC co:. PO V ER B lZ l BO * IHC COil POIIBB SUUO 

lCC . lCC " lCC FA exB IIIDn lce OAee S lCC FlCTS 1II0EI 

6 3  
3 7 

2 7  
2 5  

1 8 

2 2  
10 

1 9  
2 5  

2 2  
1 8  

24 
1 6  
1 9  

1 8  

1 3 

1 2 

2 0 

1 7 
I ii  
1 4  

1 3  
1 1 

1 9  

1 5  

1 2  
1 0  

1 6  

8 
1 1  

1 2  
1 3  

1 1 

1 0 
1 4  8 
1 0 

1 0 

5 
1 1  

5 

5 

6 

1 3  
7 

1 0  

7 

1 0  9 J 

63 11 . 7 6 
1 00 7 . 5 5  

1 27 9 . 5 9 
1 5 2  1 1 . 4 8 

1 7 0  1 2 . 811 

192 1 4 . 5 0  
2 2 2  1 6 . 7 7  

211 1 1 8 . 2 0  
266 2 0 . 0 9  

28IJ 2 1 . 7 5  

J06 23 . 1 1  

330 2 11 . 9 2  
310 8  26. 2 8  
3 6 7  27. 7 2  

385 2 9 . 0 8  

3 9 8  3 0 . 0 6  

11 1 0  3 0 . 9 7  

li 30 32 . 11 6  

lI ij 7  l3. 7 6  

46 1 3 11 . 8 2 

II 75 3 5 . 8 8  

li 8 8  3 6 . 8 6  
1199 3 7 . 6 9  

5 1 8 39. 1 2  
5 3 3  11 0 . 26 

511 5 4 1 . 1 6 

555 11 1 . 9 2 
5 7 1  4 3 . 1 3  

579 If l . 7 3 

590 10 11 . 5 6 
602 11 5 . 11  7 
6 1 5  11 6 . 4 5  
626 4 7 . 28 

636 4 8 . 011 
6S0 jj 9 . 0 9  

658 10 9 . 7 0  

6 6 8  5 0 . 4 5  

67d 5 1 . 2 1 

6 83 5 1 . 59 
6911 5 2 . 11 2  

6 9 9  5 2 . 7 9  
70 11 5 3 . 1 7  

7 1 0 5 l . 6 3 
7H SJJ . 6 1 
7 3 0 5S . 1 4 

7 .. 0 5 c· . 89 
7 li 7  56 . 11 2  

7 5 7  57 . 1 8 
766 57. 85 
769 5 8 . 0 8  

9 . 52 - 1 801 55 
7 . 55 -2932 311 
6 . 39 -36119 26 
5 . 74 -110 50 2 9  

5 . 1 11  -11537 2 5  
4 . 83 -11888 29 
11 . 79 -52 1 2  1 9  
11 . 55 -511 79 111 
4 . 46 -57 5 1  1 9 

11 . 35 -5972 23 
11 . 20 -6 2 19 2 3  

11 . 1 5  -63 9 2  26 
11 . 04 -6580 1 8  
3 . 9 6  -6756 2 11  
3 . 88 -6 9 1 5  1 5  

3 . 76 -7025 1 8 

3 . 611 - 7 1 67 1 0  
3 . 6 1  -73 1 2  1 5  

3 . 55 - 7 11 58 6 
3 . 4 8 -7598 1 2  

3 . 11 2  -77 75 1 11  

3 . 3 5  -7872 1 8  
3 . 28 -7998 2 0  

3 . 2 6 - 8 1 16 1 2  
3 . 2 2  -8 2 111 1 1  

3 . 1 7  -83 1 9  8 
3 . 1 1  -81147 8 
3 . 0 8  -8553 1 6  
3 . 0 2  -86 54 1 5  

2 . 97 -87116 9 

2 . 93 -8880 1 2  
2 . 90 -8995 5 
2 . 87 -9095 22 

2 . 83 -9 1 88 6 
2 . 8 1  -92911 7 

2 . 7 6 - 9 3 87 1 7  

2 . 73 -9 11 65 8 

2 . 70 -9580 8 

2 . 6 5  -96 56  1 3 
2 . 62 -9749 1 7  

2 . 58 -9836 6 
2 . 53 -9938 8 2 . 119 - 1 00 1 1  9 

2 . 11 8 - 1 00 90 6 
2 . 1; 5  - 1 0 1 66 7 

2 . 113 - 11) 2 50 9 
2 . 111) - 10 3 2 7  4 
2 . 3 � - 1 04 1 0  9 
2 . 36 - 10 5 1 6  9 
2 . 32 - 1 0 5 95 9 

LEGEND , S e c t i on C . 3 . 

55 4 . 1 5 8. 3 1  11 87 80 0  
89 6 . 72 6 . 7 2  337790 

1 1 5 8 . 69 5 . 79 268380 
1 114 1 0 . 88 5 . 11 4  2311000 

1 69 1 2 . 76 5 . 1 1  2 1 0000 

1 98 1 4 . 95 11 . 98 1 81820 
2 1 7  1 6 . 3 9  11 . 68 1 69400 
2 3 1  1 7 . 115 11 . 3 6  1 51 088 
2 50 1 8. 88 4 . 20 1 39000 

273 2 0 . 6 2  4 . 1 2  1 28000 

296 2 2 . 3 6 11 . 06 1 20800 

322 2 11 . 32 4 .  OS 1 1 2720 
3 11 0  2 5 .68 3 . 95 106981 
3 6 11  2 7 . 11 9  3 . 93 1 00000 

3 79 2 8 . 6 3  3 . 82 911560 

3 97 29 . 98 3 . 75 90000 

4 07 3 0 . 7" 3 . 6 2  851100 
11 2 2  3 1 . 87 3 . 511 8 1 7 00 

4 28 3 2 . 33 3 . 4 0  78880 

/1 110 3 3 . 23 3 . 3 2 75600 

11 54 3 4 . 2 9  3 . 27 72000 • 

11 72 3 5 .6 5  3 . 211 6 92 2 5  
li92 3 7 .  lEi 3 . 2 3  66000 
5011 3 8 . 07 3. 17 611000 
5 1 5  3 8 . 90 3 . 1 1  6 1 08 8  

5 2 3  3 9 . 50 3 . 011 59800 

5 3 1  " 0 . 1 1  2 . 97 56480 

5117 11 1 .3 1  2 . 95 511000 

5 62 11 2 . 11 5  2 . 93 5 1 500 

5 7 1  11 3 . 13 2 . 88 1199110 
583 11 11 . 03 2 . 8" 118000 
588 11 11 . 11 1  2 . 78 1165511 
6 1 0 11 6 . 07 2 . 79 115000 

6 1 6 116 . 5 3  2 . 711 43 26 0 

6 23 11 7 . 05 2 . 69 11 1 9 90 

6110 11 8 . 3 11  2 . 6 9  110390 

6 11 8  118 . 911 2 . 6 5  40000 

6 56 " 9 . 55 2 . 6 1  38800 

669 5 0 . 53 2. 59 37500 
6 86 5 1 . 8 1  2 . 59 36000 
6 9 2  5 2 . 27 2 . 5 5 35000 
700 5 2 . 87 2 . 5 2  3 11 000 

7 09 5 3 . 55 2 . 11 9 3 1 00 0  
7 1 5  5 11 . 00 2 . 11 5  32000 
722 5 11 . 53 2 . 11 2  3 0 9110 
7 3 1  5 5 . 2 1  2 . 110 3 0 0 0 0  
1 35 5 5 . 5 1 2 . 3 6 29700 
7411 5 6 . 19 2 . 3 11 2 8 800 
753 56 . 87 2 . 3 2  28000 
762 5 7 . 5 5  2 . 30 2 7 000 

UTB urca IIIC COli 

SDIPp rvAL IITCB IItCS 

0 . 6 0  0 . 7  III OJ 
0. 83 0 . 8  2 7  7 0  

0. 9 1  0 . 8  22 9 2  
0 . 6 0  0 . 5  3 2  1 24 

0. 08 0 . 1 2 2  1 116 

- 0. 4 5  - 0 . 3 19 1 6 5  
0. 3 8  0 . 2  30 1 9 5  
0. 76 0 . 5  1 1  206 
1 . 2 1  0 . 7  2 2  228 

1 . 1 3  0 . 6  19 2 1f7  
0 . 7 6  0 . 11 18 265 

0.6 0 0 . 3  26 29 1 
0 . & 0 0 . 3  1 11  30 5 
0. 2 3 0 . 1 2 2  32 7 

0 . 11 5  0 . 2  1 3  .3110 

0. 08 0 . 0  1 5  355 

0 . 2 3  0 . 1 13 368 
0 . 6 0  0 . 3  13 38 1 
1 . 11 11 0 . 6  1 1  392 

1 . 59 0. 7 17 1109 
1 . 59 0 . 7  1 7  1126 

1 . 2 1  0 . 5  1 9  11115 

0 . 5 3 0 . 2  1 2  1157 
1 . 06 0 . 11  1 6  1173 
1 . 3 6 0 . 6  1 3  1186 

1 . 66 0 . 7  7 119l 

1 . 8 1  0 . 7  9 50 2 
1 . 8 1  0 . 7  1 11  5 1 6  
1 . 2 8 0 . 5  1 6  532 

1 . 11 11  0 . 6  9 511 1 

1 . 11 11  0 . 6  111 555 
2. 011 0 . 8  7 562 
1 . 2 1  0 . 5  20 582 

1 . 5 1  0 . 6  8 590 
2 . 011 0 . 8  1 3  603 

1 . 3 6 0 . 5  1 3 . 6 1 6  

1 . 5 1  0 . 6  8 624 

1 . 6 6  0 . 6  1 0  6311 

1 . 06 0 . 11 1 11  6118 

0 . 6 0 0 . 2  1 3  66 1 

0 . 5 3  0 . 2  7 668 

0 . 3 0  0 . 1 6 6711 

0 . 08 0 . 0  " 67 8 
0. 6 0 0 . 2 1 0  688 

0 . 6 0  0 . 2  6 6911 

0. 6 8 0 . 2  9 703 

0 . 9 1 0 . 3  6 709 

0. 98 0 . 3  9 7 1 8 
0. 98 0 . 3  3 7 2 1  
0. 5 3 0 . 2  8 729 

F LASH I NG L I GHTS 

F L C N I  OAT 
rsc I S  

L IS S  urCB L ESS urcs LESS IIlTeB 

nce S lCC ncc S lCC SDIFF rilL 

2 0  1 . 5 1  1 2  0. 9 1  0 . 6 0  1 . 4  
3 0  2 . 2 7  1 9  1 . 4 11  0 . 83 1 . 6  
1 5  2 . 611 2 3  1 . 711 0 . 9 1  1 . 6  
28 2 . 1 1  2 0  1 . 5 1  0 . 6 0  1 . 2  
2 11  1 . 8 1 2 3  1 . 711 0. 08 0 . 1  

2 7  2 . 04 33 2 . 11 9  - 0 . 11 5  - 0 . 8  
2 7  2 . 04 2 2  1 . 66 0 . 3 8  0 . 7  
3 5  2 . 611 25 1 . 89 0 . 76 1 . 3  
3 8  2 . 87 22 1 . 66 1 . 2 1  2 . 1  
11 1  3. 10 26 1 . 96 1. 1 3  1 . 8  
11 1  3 . 1 0  3 1  2. 3 11  0 . 76 1 . 2  

3 9  2 . 95 3 1 2 . 311 0. 6 0 1 . 0 
11 3  3 . 25 35 2. 611 0 . 6 0  0 . 9  
11 0  3 . 0 2  3 7  2 . 7 9  0 . 23 0 . 3  
11 5  3 . 11 0 39 2 . 9 5 0 . 11 5  0 . 7  

11 3 3 . 2 5  11 2  3. 1 7  0 . 08 0 . 1 
11 2  3 . 1 7  3 9  2 . 95 0 . 2 3 0 . 3  
11 9  3 . 70 '" 3. 1 0  0 . 6 0  0 . 8  
5 5  11 . 1 5  36 2 . 7 2  1 . 1111 2 . 0  
5 2  3 . 93 3 1  2. 3 11  1 . 59 2 . 3  
11 9  3 . 70 2 8  2 . 1 1  1 . 59 2 . 11 

"3 3 . 25 27 2 . 011 1 . 2 1  1 . 9  
11 2  3 . 1 7  3 5  2 . 611 0 . 53 0. 8 

11 5  3 . 110 3 1  2 . 311 1 . 06 1 . 6  
4 7  3 . 55 29 2 . 1 9  1 . 36 2 . 1 

5 2  3 . 9 3  3 0  2 . 27 1 . 66 2 . 11  

5 3  11 . 00 29 2. 1 9  1 . 8 1 2 . 7  
5 5  11 . 1 5  3 1  2 . 3 11  1 . 8 1  2 . 6  

11 7  3 . 55 30 2 . 2 7  1 . 2 8  1 . 9  
11 9 3 . 70 30 2 . 27 1 . 1111 2 . 1 
11 7  3 . 55 28 2 . 1 1  1 . l1li 2 . 2  

5 3  11 . 00 26 1 . 96 2 . 011 3 . 0  
11 11  3. 3 2  2 8  2 . 1 1  1 . 2 1  1 . 9  

11 6  3. 117 26 1 . 96 1 . 5 1  2 . 11  
11 7  3 . 55 2 0 1 . 5 1  2 . 011 3 . 3  

11 2  3. 1 7  211 1 . 8 1  1 . 36 2 . 2  
" " 3 . 32 211 1 . 8 1  1 . 5 1  2 . 4  
11 11  3 . 3 2  2 2  1 . 66 1 . 66 2 . 7  

3 5  2 . 611 2 1  1 . 59 1 . 06 1 . 9  

3 3  2 . 11 9  2 5  1 . 89 0 . 6 0  1 . 1  
3 1  2 . 311 211 1 . 81 0 . 5 3 0 . 9  

3 0  2 . 27 2 6  1 . 96 0 . 3 0 0 . 5  

3 2  2. 11 2  3 1 2. 311 0 . 08 0 . 1 
3 5  2 . 6" 27 2 . 04 0 . 6 0  1 . 0 

36 2 . 7 2  28 2. 1 1  0 . 6 0 1 . 0  

3 1  2 . 7 9  28 2. 1 1  0 . 6 8  1 . 1 

3 8  2 . 87 26 1 . 96 0 . 9 1  1 . 5  

3 9 2 . 9 5  26 1 . 96 0 . 98 1 . 6  
11 5  3 . 11 0 32 2 . 4 2  0 . 98 1 . 5  

11 0 3. 02 33 2. 169 J . 53 0. 8 



% 
X l n g 
2 ) . 5 0  
2 1» . 0 0  

2 6 . 5 0  

21. 00 

2 7 . 5 0  
2 11. 00 
2 8 . 5 0  

29. ()O 

2 9 . 5 0  
3Q . O O 

30. 5 0  

3 1 . CO 
3 1 . 50 
32 . 00 

32. 50 

33 . 1\ ·, 
3 3 . S u  

311. 00 
311 . 5C n 3 5 . 0 0  
35. 50 .... l6. 00 A 3 6. 50 

37 . 00 
l7 . 5 0  

38 . 00 
3 i1 . 50 
39 . 0 0 

39 . 50 
(1 1) . 0 0 
11 0 . 50 

11 1 . 00 
11 1 .  sn 

112 . 0 0 
11 2. 50 

11 1 . 0 0 
11 ) . 50 
� " . O O 

11'4 . 50 

.' 5 . C O 

11 5 . 5 0 
10 6 . 0 0 

116 . 50 
l il . O O  n . S O 11t1 . 0U 
" B . !: O  
11 9 . 0 0  t � . 50 
!.iO . O O  

_. S e e  

rsc 1l0DeL 

I IiC ell II POII EII II AZ l BD* 

lCC . ACC � ACC PlCTB lB DEl 

3 7 7 2  S8.3 1 2 . 29 - Ions 
5 777 5 8 . 6 9  2 . 26 - 10 1 59 
9 7 8 6  59 . 37 2 . 211 - 10 8 l2 

8 7911 59. 97 2 . 22 - 10900 

5 799 6 0 . 3 5  2 . 1 9  - 10971 

3 802 6 0 . 5 7  2 . 1 6 - 1 1 037 
8 8 1 0  6 1 . 1 8  2 .  I S  - 1 1 0 99 

7 8 1 7  6 1 . 7 1  2. 13 - 1 1 1 62 
6 823 62. 1 6  2 .  I I  - 1 1 238 
7 830 62 . 6 9 2 .09 - 1 1 3 10 

7 837 6 3 . 22 2 . 07 - 1 1 379 

1 3 850 6 11 . 2 0  2 . 07 - 1 1 4 115 
8 858 6 11 . 80 2 . 06 - 1 1 5 18 
II 862 6 5 . 1 1  2 . 0 3  - 1 1 585 

8 870 6 5 . 7 1  2 . 0 2  - 1 1 647 
9 879 6 6 . 3 9  2 . 0 1  - 1 1 7 20 

1 0  889 67 . I S  2 . 0e - 1 1 1 811 

5 8911 6 7 . 5 2  1 . 99 - 1 1 8 52 

7 90 1 6 8 . 0 5  1 . 97 - 1 1 9 1 5 
5 9 00 6 8 . 43 1 . 96 - 1 1 982 
6 9 1 2  6 8 . 8 8  1 .94 - 1 20 118 
9 9 2 1  69 . 56 1 . 93 - 1 2 1 111 

2 9 2 3  69 . 7 1  1 . 9 1  - 1 2 1 85 

6 929 70. 1 7  1 . 90 - 1 22 54 

8 917 70.77 1 . 89 - 1 2l35 

1 0  9111 7 1 . 53 1 . 88 - 1 24 10 
7 9 5 11  7 2 . 0 5  1 . 87 - 1 2470 & 9b2 72_66 1 . 86 - 1 25 37 
5 967 73 . 011 1 . 85 - 1 2598 
II 97 1 73 . 3 1i 1 . 83 - 12b 52 
7 97 8 7 3 . 87 1 . 11 2  - 1 27 1 1  
9 9 8 1  7 4 . 5 5  1 . 8 2  - 12772 
3 990 711 . 7 7  1 . 80 - 1 28 32 

3 9 9 3  75. 0 0  1 . 79 - 12896 

8 1 0 0 1  7 5. 6 0  1 . 78 - 1 29 81 

5 1 0 06 7 5 . 9 8  1 . 77 - 13 0 11 1  
II 1 0 1 0  7 6 . 2 8  1 . 75 - 1 3085 
5 1 0 1 5  7 b. 6 6  1 . 74 - 1 3 1 116 

It 1 0 1 9  76. 96 1 . 73 - 13 2 03 

6 1 0 2 5 7 7. 11 2  1 . 72 - 1 32 70 

5 1 03 0  7 7 . 7 9  1 . 7 1  - 13 3 11 5  
8 1 0 38 78 . 11 0  1 . 70 - 13 11  I I  

6 1 0 11 11  7 8 . 8 5  1 . 70 - 131177 
5 1 0 119 79. 23 1 . 69 - 1 3520 
5 1 0511 7 9 . 6 1 1 . 68 - 13566 
5 1 059 79.98 1 . 67 - 13 6 116 
5 1 06 4  80 . 3 6  1 . 66 - 1 37011 
7 1 071 8 0 . 8 9  1 .65 - 1 3777 
1 1072 80. 97 1 . 64 - 13 8 32 
7 1 07 9  8 1 . 50 1 . 63 - 13 899 

TABLE C - 4 ( c ont . )  

SEV HAliPSHl&B C T  
IRC CUll pallER HIZARD 
lCC .lCC � lCC P ACTB 

7 

1 3 
7 

6 

5 
5 

1 3  

7 
8 
4 

II 

5 
1 
8 

5 
1 2  

6 

8 
6 

1 1  II 
4 

0 

8 1 
5 

8 
1 1  

7 

5 
6 

1 9  
0 

1 II 
1 
II 

769 5 8 . 08 

7 82 5 9 . 0 6  
7 8 9  5 9 . 59 

795 6 0 . 05 

800 6 0 . 11 2  
8 0 5  6 0 . 80 
8 1 8  6 1 . 78 

8 25 6 2 . 3 1  

813 6 2 . 9 2  
11 3 7  6 3 . 22 

84 1 6 3 . 52 

8116 6 3 . 90 
811 7 6 3 . 97 
855 6 4 . 5 8 

860 64 . 95 

872 65 . 86 

878 66 . 3 1  

886 6 6 . 9 2  
8 9 2  6 7 . 37 
903 6 8 . 20 

907 6 8 . 50 
9 1 1  6 8 . 8 1  

9 1 1  6 8 . 8 1  

9 1 9 6 9 . 11 1  
9 2 2  6 9 . 64 

9 27 70. 0 2  

9 3 5  70.62 
9116 7 1 . 45 
9 53 7 1 . 98 

958 7 2 . 36 
9 611 7 2 . 8 1  

983 7 11 . 211 
983 74.24 

9 84 7 4 . 32 

988 7 4 . 6 2  
9 89 7 4 . 7 0  
993 75 . 00 

8 I DO l  75. 60 

8 1 009 76. 2 1  

1 0  1 0 1 9 7 6 . 96 

1 1 0 20 77.04 1 1 023 7 7 . 27 

2 1 0 2 5  77. 112 
6 l O l l  77 . 87 

1 3  1 0411 78.85 
II 1 0 4 8 79. 1 5  

6 1 0 54 7 9 . 6 1  

8 1 062 8 0 . 2 1  
9 1 0 7 1  B O . 89 
o l O l l  8 0 . 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 . 08 

2 . 06 
2 . 03 
2 . 0 2  

2 . 00 
2 .00 
1 . 9 8  
1 . 9 7  
1 . 9 5  
1 . 9 5  
1 . 93 
1 . 9 1  

1 . 8 9 
1 . 88 
1 . 86 

1 . 84 

1 . 83 
I . B 3  

1 . 8 2  

1 . 8 1  
1 . 80 

1 . 8 1  
1 . 79 

1 . 77 
1 . 76 

1 . 7/1 
1 . 72 
1 . 72 

1 . 7 1 

1 . 7 1  

1 . 6 9  
1 . 6 8  

1 . 66 
1 . 66 
1 . 66 

1 . 65 

1 . 611 
1 . 611 
1 . 6 3  
1 . 62 

Zli DEX 

26 210 

25600 

25000 

211290 

211000 
23200 
22500 
22000 
2 1 C1 110 

20900 

201100 

200DO 
1 9680 
19200 

1 8792 
180110 

1 8000 
17325 

1 6 81i 8 
1 6 3 80 
1 6000 
15600 

1 5230 
15000 
1 4 56 0  

111220 

1 4000 
\l600 
1 3 200 

1 2800 
1 2 500 

1 2000 
1 2000 
1 1 792 

1 1 38 8  
1 1 02 5  
1 0 800 
1 0 500 

1 0200 

10000 

9 811 0  

9 6 0 0  
9 32 11  
9 1 80 
9000 
8800 

8500 

8250 
800il 
8000 

II ITH 8lTCH 
IDIFr TilL 

0. 2 3 0 . 1 

-0. l 8  -0 . 1  
-0. 2 3  -0. 1 

-0. 08 - 0 . 0  
-0. 08 -0 . 0  -0 . 2 3 -0 . 1 

- 0 . 6 0 -0 . 2  
- 0 . 6 0  - 0 . 2  
-0. 76 -0. 2 
-0. 5 3  -0 . 2  
-O. l O  -0. I 

0.30 0. 1 
0 . 8 3 0 . 3 
0 . 5 3  0 . 2  

0. 7 6  0 . 2  
0. 5 3  0 . 2  

0 . 8 3  0 . 3  

0. 6 0  0. 2 
0. 6 8  0 . 2  
0 . 2 l  0 . 1 
0 . 3 8  0 . 1 
0 . 7 6  0. 2 

0. 9 1  0 . 3 

0 . 7 6  0. 2 
1 . 1 3  0 . 3  
1 . 5 1  0 . 5  
1 .  " "  0 . 11  
1 . 2 1  0 . 11 
1 . 06 0 . 3  

0 . 9 8  0. 3 
1 . 0 6  0 . 3  

0. 3 0 0. 1 
0. 53 0. 2 
0 . 6 8  0 . 2  
0 . 9 8  0 . 3  
1 . 28 O . C!  
1 . 2 8  0 . 4  
1 . 06 O . l  

0 . 76 0 . 2  

0 . 11 5  0 . 1  

0. 76 0. 2 
1 . 1 3 0 . 3  
1 . 11 11  0 . 11  
1 . 36 0 . 4  
0. 76 0. 2 
0. 83 0 . 2  

0. 76 0 . 2  
0 . 6 8  0. 2  
0. 08 0. 0  
0 . 6 0 0 . 2  

L EG END , Section C . 3 . 

" , .  

F L C IH OAT 
rsc III 

IIC CUll LESS lIarCH LESS IIlTCH I.BSS IIAfCI! IItCS IIfCB 'lCC I lCC .lce � ACC �DI PP T VA _  

6 73 5 3 7 2 . 79 311 2. 51 0 . 2 3  0 . 11  
1 0  7Q5 32 2. 112 37 2.79 - 0 . 3 8  - 0 . 6  
1 0  755 I I  2 . 311 311 2. 51 -0 . 2 3 - 0 . 11  

8 763 3 1  2 . 3 4  3 2  2 . 42 - 0 . 0 3  -0. 1 
6 769 30 2 . 2 7  3 1  2 . 3 4  - 0 . 08 - 0 . 1  
5 774 28 2 . 1 1  3 1  2 . 3 11  - 0 . 23 - 0 . 4 
8 7 8 2  2 8  2. 1 1 36 2. 72 - 0 . 6 0  - 1 . 11 

8 790 2 7  2 . 011 35 2 . 6 11  - 0 . 6 0 - 1 . n 5 795 28 2. 1 1  38 2 . 87 - 0 . 76 - 1 . 2  
6 80 1 29 2 . 1 9  3 6  2 . 72 -0 . 53 - 0 . 9  4 805 32 2. 4 2  l6 2. 72 - 0 . 30 - 0 . 5  

9 8 1 4  3 6 2 . 72 32 2 . 42 0 . 3 0  0 . 5  
3 8 1 7  II I  3 . 1 0  30 2. 27 0. 83 1 . 3  
5 822 li D  3 . 0 2  33 2 . 49 0 . 53 0 . 8  
7 829 4 1  3. 1 0 3 1 2 . 3 11  0. 16 1 . 2  

1 1  84 0 39 2. 95 32 2. 4 2  0 . 53 O . lI  
7 8117 11 2  3 . 1 7  3 1  2 . 3 11  0 . 83 1 . 3  
7 854 li D  3 . 0 2  3 2  2 . 11 2  0 . 60 0 . 9  4 858 4 3 l . 25 n 2 . 51 0 . 6 8  1 . 0  
9 867 3 9  2 . 9 5  3 6  2. 1 2  0. 23 0 . 3  
7 8711 3 8  2. 87 3l 2 . 49 0 . 3 8  0 . 6  
6 880 4 1  l . 1 0  3 1  2. 34 0 . 76 1 . 2  
1 88 1 4 2  3. 1 7  30 2 . 27 0 . 9 1  1 . 4  6 887 11 2  3. 1 7  3 2  2 . 42 0 . 76 1 . 2  
7 8911 11 3  3. 25 28 2. 1 1 1 . 1 3 1 . 8  
7 90 1 4 6  l . 4 7  26 1 . 96 1 . 5 1  2 . 4  
6 907 4 7  3 . 55 28 2. 1 1  1 . 11 4  2 . 2  

1 1  9 1 8 11 11 3 . 32 2 8  2. 1 1  1 . 2 1  1 . 9  II 922 li S  3 . 11 0  3 1 2. 3 11  1 . 06 1 . 6  
6 928 III l . 25 30 2. 27 0 . 98 1 . 5  
7 9 35 4 3 3 . 25 29 2 . 1 9  1 . 0 6 1 . 6  1 4  9119 38 2 . 87 311 2. 57 0 . 30 0. 5 
I 950 li D  l . 02 33 2. 119 0 . 53 0 . 8  

2 952 4 1  3 . 1 0  3 2  2 . 112 0 . 6 8  1 . 1  
4 956 4 5  3 . 4 0  32 2. 112 0 . 98 1 . 5  
4 960 46 l. 4 7  29 2 . 1 9  1 . 28 2 . 0  C! 9611 46 3 . CIl  2 9  2 . 1 9  1 . 28 2 . 0  
8 97 2 III 3. 2 5  2 9  2 . 1 9  1 . 0 6 1 . 6 

8 980 39 2 . 95 29 2. 1 9  0 . 76 1 . 2  , 989 36 2 . 7 2  l O  2. 27 0 . 4 5  0 . 7  
1 990 liD 3 . 0 2  3 0  2 . 2 7  0 . 76 1 . 2  
8 998 li D  3 . 02 25 1 . 89 1 . 1 3 1 . 9 

4 10� 2 4 2  3 . 1 7 23 1 . 711 1 .  "" 2 . 11  
7 1009 40 l . 0 2  2 2  1 . 66 l . l 6  2 . 3  

1 1  1 020 l 4  2 . 57 24 1 . 8 1  0 . 76 1 . 3  

4 1024 l 5  2 . 611 2 4  1 . 8 1  0 . 8l 1 . 11  

5 1029 l5 2 . 6 11  2 5  1 . 89 0 . 16 1 . 3  
1 1  10110 3 1  2 . 34 22 1 . 66 0 . 6 8  1 . 2  

1 1011 1 I I  2 . 311 3 0  2 . 27 0 . 08 0 . 1  
5 1006 3 3  2. 49 25 1 . 89 0 . 6 0  1 . 1  
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TAB L E  C - S .  TSC ( VOLUME ON LY ) V E RSUS 

C T  
':sc II O DEL B EV BlIIPS H I B E  t il e  co:! PO i t R  B AZ A R D  * IIIC CUB POIIBR BAU B O  

A e c  . ACC $ A c e  FACTR IN DEX 

7 7 1 . 9 8 3 . 95 -4 8 1lQ & 1 5  4 . 2 4 1i . 24 -51177 

1 1 2 6  7. 3 4 1l . 9 0 -59 25 
7 3 3  9. 3 2 1i . 6 6 -6 1 70 

3 36 1 0 . 1 7  li . n7 -6 1l 1 8 

2 3 t1  1 0. 7 3 3 . S8 -67 1 0 
1 0  4 8 1 3 . 5 6 3 . 87 -6 9 68 

2 50 1 1l . 1 2  l . 53 -72 08 
II 51l 1 5 . 2 5  3 . 39 -7 3 53 

6 60 1 6 . 9 5 3 . 39 -7507 

II 61i 1 8 . (- 8  3 . 29 -77 19 
0 611 1 8 . 0 8  3 . 0 1 -7S02 
5 6 ')  1 9 . 11 9  3 . 00 -8036 
II 7 3  2 0 . 6 2  2 . 9 5 - 8 1 6 8  

5 7d 2 2 . 0 3  2 . 911 -82 55 5 83 2 3 . 4 5  2 . 9 3 -8370 
.. 87 2 .. . 5 8  2 . 89 -SQ Il3 

od 2 :. . 8 6 2 . 76 -8 532 
Ii 'l Z  2 5. 9 9  2 . 7 4 - 86 03 
3 �5 2 t. . 8 1l  2 . 6 S -86 80 

2 97 2 7 . 1.0 2 . 6 1 -87 8 1  

6 1 0 ]  2 9 . 1 0  2 . 6 5  - S8 58 
1 1 0 :j  2 9 . 3 8  2 . 5 5 -89 2 1  1 lC. 5  2 '1 . 6 6  2 . 4 7 -90 05 
1 1 (' 6  2 '1 . 9 4  2 . IIC -90 3 8 
.. 1 1 0 .1 1 . 0 7 2 . 39 -9 098 

II 1 1 4 3 2 . 2 0  2 . 3 9 -9 1 77 
5 1 1 9  3 3 . 6 2  2 . 40 -92 311 
Ii 1 2 3  3 4 . 7 5  2 .  4� -93 17 
3 1 2" 3 5 . 5 9  2 . 3 7  -93 80 

" 1 3 (1  3 6 . 7 2 2 . 3 7 -'i4 III 
3 1 33 3 7 . 5 7 2 . 3 5 -94 88 1 0  1 4 3  11 0 . 11 0  2 . 4 5 -95 12 
II 1 117 " ' . 5 3 2 . 41; - 96 :12 0 1 4 7  1l 1 . 5 3  2 . 37 -9687 II 1 5 1  .. 2 . 6 6  2 . 37 -97 6 1 

2 1 53 1l 3 . 2 2  2 . 3 4  -9804 
1 1 5 4 11 3 . 50 2 . 29 -98 112 
1 I S S  4 3. 7 9  2 . 25 -9 9 1 1 

;j 1 5 9  41l . 9 2  2 . 2 5 -99 62 
II 1 6 3 4 6 . 0 5  2 . 25 - 1 00 17 
1 1 6 4 4 6 . 3 3 2 . 2 1  - 1 (l O Q I  
3 1 6 7 0:. 7 . 1 11  2 . 1 9  - 1 009 1 
2 1 6 9  ' H .  74 2 . 1 7 - 1 0 1 117 1 72 4 il.  5 9  2 . 1 6  - 1 0 1 93 
II 1 76 4 9 . 7 2  2 . 1 6  - 10 24 1  J 1 78 5 0. 2 8  2 .  I II  - 1 02 94 
2 1 80 5 0 . 8 5  2 . 1 2 - 1(' 3 35 I i 8 1 5 1 . 1 3  2 . 0 9 - 1 0 3 7 3  3 1 8 4  5 1 . 9 8 2 . 0 8 - 1 0 11 06 

Ace . A CC I ACC 'ACTR I R D U  

7 
7 

5 

5 

3 

8 
9 

2 

3 

° 
5 

1 1 

7 
5 

2 
Q 

6 

1 

4 
2 

0 
0 
II 
4 

7 
2 

0 

2 

2 
5 

3 

2 

2 
3 

4 

3 

2 

0 

10 

4 

1 

2 
4 

I 1 
5 
2 

2 
3 

0 

7 1 . 98 
l Q  3 . 95 

1 9  5 . 37 

21l 6 . 78 

27 7 . 6 3  
3 5  9 . 89 
114 1 2 . 43 

46 1 2 . 9 9  

11 9  1 3 . 8 11  

11 9  1 3 . 811 

511 1 5. 25 
65 1 8 . 3 6 
72 ZO. 311 

7 7  2 1 . 7 5  

7 9  2 2 . 3 2  
d 3  2 3 . Q 5  

89 25. 1 11  

90 2 5 . 112 
911 2 6 . 55 
96 2 7 . 1 2  

9 6  21 . 1 2 

96 2 1 . 1 2  

1 0 0 28 . 2 5 

1 011 29 . 3 8 
1 1 1  3 1 . 36 
1 1 3 3 1 . 92 

1 1 3 3 1 . 92 

1 1 5 3 2 . 11 9  
1 1 7 J l . 05 
1 22 3 11 . 11 6 

1 25 3 5 . 3 1  
1 2 7  3 5 . 8 8 

1 29 3 6 . l1li 
1 32 3 7 . 2 9  

1 36 3 8 . 11 2  

1 39 3 9 . 21 III 1 3 9 . 83 

1 11 ' 3 9 . 83 
1 111 11 1 .53 

1 5 1 4 2 . 66 

1 52 11 2 . 911 

1 5  .. 11 3 . 50 

' 58 11 11 . 6 3 
1 59 1l 1l . 9 2  

1 60 11 5 . 20 

US 11 6 . 6 1  

1 67 4 7 . 18 
1 109 11 7 . 711 

1 72 11 8 . 5 9  

1 72 11 8 . 5 9  

3 . 95 1 272 000 

3 . 9 5 9391120 

3 . 58 8 1 9 3 6 0  

3 . 39 7UOOO 

3 . 05 677660 
3 . l0 593400 
3 . 55 5110000 
3 . 2 5 11 881100 

3 . 0 8  11 58080 

2. 77 1125 000 

2 . 7 7  1100320 

3 . 06 373 800 

3 . 1 3  350000 

l . l l  3 3 11 11 00 

2 . 98 321 6�0 
2 . 93 308 1 0 1)  

2 . 96 2 97600 

2 . 82 28521)0 

2 . 80 270 1 0 0 
2 . 7 1  26 1 0 00 

2 . 5 8 25l 1li 00 

2 . 117 21161100 
2 . 4 6  2 3 7 000 

2 . 4 5  228600 
2 . 5 1  220000 
2 . 116 2 1 0000 

2 . 36 2 02 8 00 

2 . 3 2  1 9 7 1 11 5  
2 . 28 1 901100 
2 . 30 1 8 3720 

2 . 28 1 7 3 600 

2 . 211 1 7 C1 000 

2 . 2 1 1 6 8 000 

2. 1 9  1 6 1 500 

2 . 2 0  1 558110 
2 . 1 8 1 50000 

2 . 1 5  1 11 7 11 0 0  

2 . 1 0 1 1111003 
2 . 1 3  139 950 

2. 1 3  1 3 5000 

2 . 09 1 3 1 8 1 0 

2 . 07 1 2 7 500 
2 . 0 8 1 2 3 7 60 
2 . 011 1 2 0000 

2 . 0 1  1 1 8 500 

2 . 0 3  1 1 11 50 11  

Z . O I 1 1 1 6 50 
1 . 99 108 1 20 

1 . 9 8 1 05000 

1 . 911 1 02 11 0 0  

LEG END , Section £ . 3 . 

NEW HAMPSH I RE AUTOMAT I C  GAT ES 

I G P F O I  DAT 
rsc 118 

I IrB "UCB IRC CUll LES S  ".fCR L ESS BAfca LESS Barca 

IDIPr r,u IIT::B IITCR ' Ac e  I Ace 'Ace I ACC 1 0I P r  nn 
0 . 0 0  0 . 0  II II 3 0 . 85 3 0 . 85 0 . 00 0 . 0  

0 . 2 8  0 . 2  7 1 1  II 1 .  t l  3 0 . 85 0 . 28 0 . 11  

1 . 9 8 1 . 0  II 1 5  1 1  3 . 1 1  II 1 . 1 3  1 . 98 1 . 8  

2 . 511 1 . 2  II 1 9  1 11  3 . 95 5 1 . 11  1 2 . 511 2 . 1  

2 . 5 11  1 . 1  3 2 2  l Q  3 . 9 5 5 1 . 4 1  2 . 511 2 . 1 

0. 85 0 . 11  7 2 9  9 2 . 54 6 1 . 69 0 . 85 0 . 8  

1 . 1 3  0 . 11  10 39 9 2 . 511 5 1 .  II I  1 . 1 3 1 . 1 

1 . 1 3  0 . 11  1 li D  1 0  2. 8 2  6 1 . 69 1 . 1 3 1 . 0  

1 . 11 1  0 . 5  1 11 1  1 3  3 . 6 7 8 2. 2 6  1 . 11 1  1 . 1  

3 . 1 1  1 . 1  0 11 1  1 9  5 . 3 7  8 2. 2S 3 . 1 1  2 . 1 

2 . 8 2  0. 9 3 11 11  2 0  5 . 6 5  1 0  2 . 82 2 . 82 1 . 8 

-0. 2 8  -0 . 1  6 50 1 11  3. 95 1 5  0 . 2 Q - 0 . Z 8  - 0 . 2  

- 0 . 8 5  -0. 3 7 57 1 2  3. 39 15 11 . 2 11  - 0 . 85 - 0 . 6 

- 1 . 1 3  - O . l 2 59 1 11 3 . 95 1 8 5 . 08 - 1 . 1 3  - 0 . 7  

-0 . 2 8  -(1 . 1 6 65 1 3  3 . 67 111 3 . 9 5  - D . 28 - 0 . 2  

0 . 0 0  0 . 0  3 6 8  1 5  11 . 2 11  1 5  11 . 211 0 . 00 0 . '  

- 0 . 5 6  - 0 . 2  Q 7 2  1 5  11 . 211 1 7  11 . 8 0 - 0 . 56 -0. 11 

- 0 . 56 -0. 1 1 7 3  1 5  11 . 211 1 7  11 . 80 - 0 . 56 - 0 . 11  

-0. 5 6  -/) . 1  5 7 8  1 Q  3 . 9 5  1 6  11 . 52 - 0 . 5 6 - 0 . 11  

-0. 2 8  -0 . 1  1 1 9  1 6  '. 52 17 11 . 80 - 0 . 28 - 0 . 2  

0 . 2 8  0 . 1 1 80 17 11 . 80 1 6  11 . 52 0 . 2 8 0 . 2  

1 . 9 8 0 . 5  0 80 2 3  6 . 50 1 6  11 . 52 1 . 98 1 . 1 

1 . 1 3  0 . 3 3 8 3  2 1 5 . 9 3  1 7  ' . 80 1 . 1 3  0 . 6  

0 . 2 8  0 . 1 2 85 2 0  5. 65 19 5. 3 7  0 . 2 8 0 . 2  

- 1 . 11 1  -0 . 3  5 90 1 6  CI . 52 2 1  5 . 9 3  - l . Cl l  - 0 . 8  

- 0 . 8 5  -0 . 2  2 9 2  1 8  5 . 0 8  2 1  5. 93 - 0 . 85 - 0 . 5  

0 . 2 8  0 . 1 1 9 l  2 1  5 . 93 2 0  5 . 6 5  0 . 2 8  0 . 2  

1 . 1 3  0 . 3  3 96 2 3  6. 50 19 5 . 3 7  1 . 1 3 0 . 6  

1 . 6 9 0 . 11  3 9 9  2 11  6 . 7 8  1 8  5. 0 8  1 . 6 9  0 . 9  

1 . 1 3  0 . 3  2 10 1 25 7. 06 2 1  5. 93 1 . 1 3  0 . 6  

1 . 11 1  0 . 3  6 1 0 7  2 3  6 . 50 1 8  5. 08 1 . 111 0 . 8  

1 . 6 9 0 . 11  3 1 1 0  2 3  6 . 5 0 1 7  11 . 80 1 . 6 9  0 . 9  

3 . 9 5 0 . 8  II 1 1 11  2 9  8. 1 9  1 5  11. 211 3 . 95 2 . 1  

11 . 2 11  0 . 9  2 1 1 6  3 1  8 . 76 1 6  11. 52 CI . 211 2 . 2  

3 . 1 1  0 . 7  1 1 1 7  30 8. 11 7  1 9  5 . 3 7  3 . 1 1  1 . 6 

3 . 3 9  0 . 7  2 1 1 9 3 2  9 . 0 11  2 0  5 . 65 3 . 39 1 . 7 

3 . 3 9  0 . 7  2 1 2 1  3 2  9 . 011 20 5. 65 3 . 3 9 1 .7 

3 . 6 7  0 . 8  1 1 2 2  32 9 . 011 19 5 . 37 3 . 6 7 1 . 8 

2 . 2 6  0 . 5 II 1 2 6  2 9  8 . 1 9  2 1  5. 93 2 . 26 1 . 1  

2 . 2 6  0 . 5  Q 1 ) 0 2 9  8 . 1 9  2 1  5. 9 3  2 . 2 6  1 .  1 

3 . 1 1  0 . 6  3 1 ) 3  30 8 . 11 7  1 9  5 . 37 3 . 1 1 1 . 6  

2 . 8 2 0 . 6 2 U 5  29 8 . 1 9  1 9  5 . 3 7  2 . 82 1 . 11  

2. 5 11 0 . 5  6 1 11 1  2 6  7 . 3 11 1 7  11 . 80 2 . 511 1 . '  

2 . 8 2  0 . 6  2 1113 26 7 . 1 11 1 6  11 . 5 2  2 . 82 1 . 5 

3 . 3 9 0 . 1  2 1 11 5  2 7  7 . 6 3  1 5  CI. 211 3 . 3 9 1 . 9 

3 . 1 1 0 . 6 6 15 1 2 5  7 . 06 I II  3 . 95 3 . 1 1  1 . 8 

3 . 1 1  0 . 6  " 1 55 2 3  6 . 5 0 1 2  3. l9 3 . 1 1  1 . 9  

3. 1 1  0 . 6 1 156 211 b . 78 13 3. 61 3. 1 1  1 . 8 

2. 5 '  0 . 5  D 1 5 6  2 5  7 . 06 1 6  1i . 5 2  2 . 511 1 .  II 
3 . 3 9  0 . 6  2 1 58 26 7. 311 1 11  3 . 9 5  3. 3 9  1 . 9  



.: ,\1 
" i n !;  
2 5 . 50 26. 0 0  
2 " . 5 0  
27 . !'0 
2 7 . 5 0  
2 3 . 00 2 3 .  SO 
2'1. 0 0 
29 . 50 
3 , . o r 

3') . 50 

3 1 .  C O  

3 1 .  SO Jl . r o  
32 . 5 0 
3 3 .  V O  3 3 . 5 11  
3 ;J . C O n 34 . 5 0  I H . no I--' 35 . 5 0 a- 3 6 . 00 
3 <1 . 5 0 
1 7 . 11 0 
3 7 . 5 0  33 . 0 0 3 tl . 50 
39 . 0 0 
3 9 . S 0  IIC . N, 
4 � . 5 r, 
4 1 . 0 C  4 1 . S :l 
� :: .  , .... c 
1. 2 . 50 4 .) . 0 0 11 3 . 5C 
I;� . ('0 
4 4 . 5 0  
q 5 . rC 

11 5 . 50 
1< 6 . 00 40 . 5 0 u 7 . C(I 
' 7 . 5 0  
/o t' .  � o  
" e .  ': c 49 . 00 1 < . 3 0  
5 � . ClO 

*See 

TSC IIODEL 

I N C  Clllt PO Il ER RAURD * 
Ace . Aee i Ace FACTR III DEX 

1 185 52. 2 6  2 . 05 - 10448 
3 1 88 5 3 . 1 1  2 . 04 - 10 4 87 
2 1 9 0  5 3 . 6 1  2 . 03 - 10 5 1 9  
2 1 9 2  5 4 . 24 2 . 0 1  - 10 5 5 5  
0 1 9 2  5 4 . 24 1 . 9 7  - 10597 
5 1 97 5 5 . 65 1 . 99 - 1 0650 
1 1 9 6  5 5. 93 1 . 96 - 10695 
0 1 98 5 5 . 9 3  1 . 93 - 10741 
3 2 0 1  56 . 7 8  1 . 9 2  - 10786 
3 20 4 5 7 . 6 3  1 . 92 - 10'832 
1 205 57. 9 1  t . 90 - 10856 
1 206 58. 1 9  1 . 88 - 10B86 
1 2 0 7  5 8. 4 7  1 . 86 - 10932 
0 2C7 5 8 . 4 7  1 . 83 - 10967 
1 208 58. 1 6  1 . 8 1  - 10 9 82 
5 2 1 3 6 0 . 1 7  1 .82 - 1 1 0 11 
6 2 19 6 1 . 6 6  1 . 85 - 1 10 52 
1 220 6 2 . 1 5  1 . 83 - 1 1 1 03 
3 223 62. 9 9  1 .83 - 1 1 1 37 
5 228 6 /1. 4 1  1 . 84 - 1 1 1 93 
1 229 64. 6 9  1 . 82 - 1 1 2 1B 
2 231 6 5. 2 5  1 . 8 1  - 1 1 2 53 
1 232 6 5. 5 4  1 . 80 - 1 1 3 03 
3 235 6 6 . 3 8  1 . 79 - 1 1 3 58 
5 2 40 6 7. 80 1 . 8 1 - 1 1 397 
3 243 6 8 . 6 11  1 . 8 1  - 1 1 1143 
2 2 45 6 9. 2 1  1 . 80 - 1 11177 
6 2 5 1  70. 9 0  1 . 82 - 11 532 
1 252 7 1 . 1 9  1 . 80 - 1 1 556 
1 253 7 1 . 4 1  1 .79 - 1 1 5 87 
4 257 72 . 6 0  1 . 79 - 1 1 633 
2 2 59 73 . 1 6 1 . 18 - 1 1 6 76 
1 260 7 3 . 4 5  1 . 77 - 1 1 706 
1 261 73 . 73 1 . 76 - 1 1 755 
1 2 62 7 4 . 0 1  1 . 711 - 1 1779 
0 2 6 2  7 4 . 0 1  1 . 72 - 1 1 836 2 2 64 711 . 5 8  1 . 7 1  - 1 1 877 " 264 74 . 5 8  1 . 69 - 1 1 898 J 2 6 7  7 5 . 11 2  1 . 69 - 1 1 9 45 
2 269 75. 9 9  1 .69 - 1 1 992 
2 27 1 1 6 . 5 5  1 . 68 - 1 20 30 
0 2 7 1  7 6 . 55 1 . 66 - 1 2048 
2 2 73 7 7 . 1 2  1 . 66 - 12081 
2 2 75 77. 68 1 . 6 5  - 12 1 10 
3 278 78. 5 3  1 . 65 - 12 1 5B I 279 78 . 8 1  1 . 64 - 1 2 1  BB 
2 2 8 1  7 9 . 3 8  1 . 64 - 12204 
" 285 ' 8 0 . 51 1 . 61i - 12240 
0 285 8 0. 5 1  1 . 63 - 12276 
0 285 8 0. 5 1  1 . 6 1  - 123 12 

TAB L E  C - S 

IIEV HlflPS RIBE C T  
IIIC COfl POVER BA U R D  

Ace .lce � lee PACTR III DEI 

3 1 7 5  4 9 . 4 4  
4 1 79 5 0 . 56 
0 179 5 0 . 56 
0 1 19 50. 56 
6 lB5 52.26 
3 1 88 53 . 1 1 
1 1 89 53. 39 
5 1 94 511 . 80 
0 1 9Q 511 . 80 
4 198 5 5 . 93 
0 1 9B 55� 93 
2 200 56.50 
0 2 0 0  56. 50 
4 204 57. 63 
7 2 1 1  59.60 
2 2 1 3  60. 17 
2 2 15 6 0 . 73 
0 2 15 . 60. 73 
1 2 1 6  6 1 . 02 
2 2 1 8  6 1 . 58 
3 2 2 1  6 2 . 113 
1 2 22 62. 71 
0 222 62. 7 1  
1 223 62 . 99 
6 229 611 . 6 9  
3 232 6 5 . 511 
II 2 36 66.67 
0 2 36 66.67 
0 236 66.67 
2 238 67. 23 
1 2 39 6 7 . 5 1  
1 2110 67. 80 
1 2111 6 8 . 08 
0 241 68.0B 
3 2114 6 B . 93 
0 244 6 B . 93 
1 245 6 9 . 2 1  
2 2117 69.77 
2 2119 7 0 . 34 
0 249 7 0 . 311 
2 251 70. 90 
II 2 55 72.03 
1 2 56 7 2 . 32 
0 260 73 . 115 
1 2 6 1  73 . 73 
1 262 711 . 0 1  
2 264 711. 5B 
0 2 61i 711. 58 
0 2 64 n . 58 
1 2 65 711. B6 

1 . 94 1 00000 
1 . 94 
1 . 9 1  
1 . 87 
1 . 90 
1 . 90 
1 . B7 
1 . 89 
1 . 86 
1 . 86 
1 . B3 
1 . 82 
1 . 79 
1 . 80 
1 . 83 
1 . 82 
1 .  B l  
1 . 7 9  
1 . 7 7  
1-.76 
' . 76 
1 . 711 
1 . 72 
1 .70 
1 . 73 
1 .72 
1 . 73 
1 . 7 1  
1 .69 
1 . 68 
1 .67 
1 . 6 5  
1 . 611 
1 . 62 
1 . 6 2  
1 . 60 
1 . 59 
1 . 59 
1 . 58 
1 . 56 
1 . 56 
1 . 57 
1 . 56 
1 . 56 
1 . 55 
1 . 54 
1 . 54 
1 . 52 
1 . 5 1  
1 . �O 

980611 
96000 
93500 
90000 
81696 
B6350 
811000 
82080 
BOOOO 
79200 
78200 
75400 
12 100 
71 000 
70000 
68000 
66000 
64 880 
63250 
62020 
60600 
60000 
58 104 
562110 
55000 
54 000 
525110 
5 1 320 
500110 
119000 
118000 
4 7 1 00 
116000 
115000 
114000 
42650 
4 1 280 
40000 
11 0000 
39060 
37800 
37 200 
36 1 60 
36000 
341150 
33600 
32 500 
320�1) 
30 BOO 

LEGEND , Section C . 3 . 

I. '. '" 

( co n t . )  

II ITB finCH 

IDIPP tfAL 

2 . 8 2  0 . 5  
2. 511 0 . 5  
3. 1 1  0 . 6  
3 . 6 7  0 . 7  
1 . 9 8  0 . 4  
2 . 54 0 . 5  
2. 54 0. 5 
1 . U 0 . 2  
1 . 98 0 . 4  
1 . 69 0 . 3 
1 . 98 0 . 3  
1 . 6 9  0 . 3  
1 . 98 0 . 3  
0.85 0 . 1  

-0. B5 -0. 1  
0 . 0 0  0 . 0  
1 . 1 3  0 . 2  
1 .  II 1 0 . 2  
1 . 9B 0 . 3  
2.82 0 . 5  
2 . 26 0 . 11  
2. 54 0 . 11  
2.82 0.5 
3 . 3 9  0 . 6  
3 . 1 1  0 . 5  
3. 1 1  0 . 5  2. 54 0.11 
11 . 2 11  0 . 7  
4 . 5 2  0 . 7  
4 . 2 Q  0. 7 
5. 08 0 . 8  
5 . 3 7  0 . 9  
5. 37 0.8 
5 . 6 5  0 . 9  
5 . 08 0 . 8  
5. 08 0 . 8  
5.3 7  O . B  
11. 80 O . B  
5. 08 0 . 8  
5. 65 0 . 9  
5 . 65 0 . 9  
11. 52 0 . 7  
4. 80 0 . 7  
4 . 2 4  0 . 6  
11. 80 0 . 7  
11 . 8 0  0 . 7  
11 . 80 0 . 7  
5 . �1J 0 . 9  
5. 93 0 . 9  
5.65 0 . 9  

G P F O I  DAT 
tsc IS 

I lfC COlI LESS flltCR L ESS aarCH L eSS ancs 
lITea IU'ca 'A:C �. lCC Clee � AC: IDr ry nAL 

0 158 21 1 . 63 1 7  4 . 80 2 . 11 2  1 . 5  
1 159 2 9  8. 1 9  20 5. 65 2 . 511 1 . 3  
1 160 30 8. 117 19 5. 31 3 . 1 1  1 . U  
1 16 1 3 1  8. 16 18 5. 08 3.67 1 . 9  
6 167 2 5  7 . 06 1 8  5 . 0 8  1 . 98 1 . 1  
3 170 21 1 . 63 18 5. 09 2. 511 1 . 3  
1 17 1 21 1 . 63 1 8  5. 08 2 . 511 1 . l  
3 1111 2Q 6 . 78 20 5. 65 1 . 1 3 0 . 6  
2 176 25 1 . 0 6  l B  5. 08 1 . 98 1. 1 
3 179 2 5  7 . 06 19 5 . 37 1 .6 9  0.9  I) 179 26 7 . 311 t9 5 . 37 1 . 98 1 . 0  
1 180 26 7 . 3 Q  2 0  5 . 6 5  1 .6 9  0 . 9  
0 180 2 7  7 . 63 20 5. 65 1 . 98 1 . 0  
2 182 25 7 . 06 22 6. 21 0 . 85 0.4 II 186 22 6 . 2 1  25 7 . 06 -0 . 85 -0.11 
3 189 2 11  6 . 78 24 6. 78 0 . 00 0 . 0  
2 1 9 1  2 8  7 . 9 1  24 6.78 1 . 1 3 0 . 6  
1 192 28 7 . 9 1  23 6. 50 1 . 11 1  0 . 7  3 1 9 5  2 8  7 . 9 1  2 1  5. 93 1 . 98 1 . 0  I 1 96 32 9 . 04 22 6 . 2 1  2 . 82 1 . 4  
3 199 30 8 . 117 22 6. 2 1  2. 26 1 . t  
1 200 3 1  8.76 22 6. 2 1  2 . 511 1 . 2  
1 20 1 3 1  8 . 76 2 1  5. 91 2 . 82 1 . 4 
2 23 3 3 2  9 . 00 20 5.65 3 . 39 1 .7 
9 2 1 2  2 8  7 . 9 1  17 11 . 80 3 . 1 1  1 . 6  
3 2 1 5  2 8  7. 9 1  17 11. 80 3. 1 1  1 . 6  
2 2 17 28 ' 7. 9 1  19 5. 37 2 . 511 1 . 3  
2 2 1 9  32 9 . 011 1 7  11 . 80 11 . 211 2 . 1 
0 2 1 9  33 9 . 32 1 7  11 . 80 11 . 52 2 . 3  I 220 33 9 . 3 2  1 8  5 . 08 11 . 211 2 . 1 
2 222 35 9 . 89 17 11 . 80 5 . 08 2. 5 
1 223 3 6  10. 1 7  1 7  11 . 80 5 . 3 7  2 . 6  
1 224 36 10. 17 17 0 . 80 5.37 2 . 6  
3 2211 37 1 0.115 17 11 . 80 5 . 65 2 . 7  
2 226 3 6  1 0 . 1 7  1 8 5.08 5 . 08 2 . 11  ° 226 36 10. 17 18 5. 08 5.08 2 . 0  
3 229 35 9 . 89 16 11 . 52 5.37 2 .7 
1 23O 30 9 . 60 1 7  4 . 80 0 . 80 2 . 0  
2 232 35 9 . 89 1 7  II . BO 5 .08 2 . 5  ° 232 37 1 0 . 0 5  1 7  11 . 80 5.65 2 . 7  
2 2311 37 10 . 115 1 7  11 . 80 5. 65 2 . 7  II 238 33 9 . 32 1 7  11 . 80 4 . 52 2 . 3  
3 211 1 3 2  9 . 011 1 5  0.211 0 . 80 2 . 5  4 2115 30 8. 117 IS 0. 211 4 . 24 2 . 2  
1 2116 32 9 . 00 IS 4 . 24 4 . 80 2 . 5  
1 2 ' 1  32 9. 011 15 4 . 211 4. 80 2 . 5  
3 250 3 1  8 . 76 '" 3 . 95 11 . 80 2 . :'  
2 252 33 9 . 32 1 2  3 . 3 9  5 . 93 3. 1 ° 252 II 9 . 32 12 3. 39 5 . 93 3 . 1 
0 252 I I  9 . 3 2  1 3 3 . 67 5 . 6 5  2 . 9  



% 
X i n g 

0. 5 0 
1 . 0 0  
1 .  SO 

2 . 00 
2 . 50 3 . 0e 3 . 50 
4 . 0 0 4 . 50 
5 . � 0  
5 . 5 0  
b . O C  b . 5 0  
7 . il O 7 . 5 0  s . tlO 
8 . 50 9 . 00 

n 9 . 5 0  
1 /) . 00 I 
1 0 . 50 !-' 

......:J 1 1 . 0 0  
" . 50 
1 2 . 0 0  
1 2 . 50 1 3 . C O  
1 3 . 50 
1 4 . 00 1 4 . 50 
1 5 . " 0  
1 5 . 50 
1 6 . 00 
1 6 . 5e 1 7 . 00 
1 7 . 50 1 c, . 00 18 . 50 
1 9 . 00 
1 9 . 50 2/1./)0  
20 . 5 0  2 1 . 00 2 1 . 50 
22 . 00 22 . 50 
2 3 . 0 0 23. 50 
2 4 . 0 0  
211. 50 
25. 00 

* See 

\) , 

TAB LE C - 6 .  TSC ( COMP REHENS IVE) VERSUS N EW HAMPSH I RE 

TSC nODEL 

I IIC ca lt POUlI HAZARD * 
ICC . ACC � ACC PACTH IN DEI 

1 0  
5 
3 

1 0  
1 4  

2 
3 
3 
5 
II 
5 

2 
2 
4 

7 4 
3 
3 
5 1 
1 
2 
6 
2 
3 
3 
2 
5 
2 
7 
1 
1 
3 3 
6 3 6 
5 0 
5 2 
2 7 
3 
2 
" 
3 
1 

5 

1 

1 0  2. 82 
15 4 . 24 
1 8  5 . 0 8  
2 8  7. 9 1  
4 2  1 1 . 8 6  
4 4  1 2 . 4 3  
47 1 3 . 28 SO 1 4 . 1 2  
55 1 5 . 511 
59 1 6 . 6 7  
64 1 8 . 08 
66 1 8 . 6 4 
68 1 9. 2 1 
72 20. 3 11  
79 2 2 . 3 2  
83 2 3. 4 5  
86 2 4 . 29 
89 2 5 . 1 4  
9 4  26. 5 5  
9 5  2 6 . 8 4  
9 6  27. 1 2  
9 8  2 7 . 6 8  

1 0 4  29 . 3 8  
106 2 9. 9 1&  
1 09 3 0 . 7 9  
1 1 2  3 1 . 6 4 
1 1 4 3 2 . 20 
1 1 9 3 3 . 6 2  
1 2 1 34. 1 8  
1 2 8 3 6 . 1 6  
1 2 9  36.44 
1 3 0  3 6 . 7 2  
1 33 3 7 . 57 136 l a. 4 2 
142 4 0. 1 1  
1 4 5  4 0 . 96 
1 5 1  4 2 . 6 6  1 5 6  44 . 0 7  
1 5 6  44. 0 7  
16 1 11 5 . 11 8  
1 63 46 . 0S 
1 6 5  46 . 6 1  1 7 2  11 8 . 5 9  1 7 5  4'i. 4 4  
1 77 5 0. 0 0  
1 8 1  5 1 . 1 3 
1 84 5 1 . 9 8  
1 8 5  5 2 . 2 6  
1 90 5 3 . 67 
1 9 1  53. 95 

5 . 65 -39611 
4 . 24 -4745 
3 . 39 - 5 1 73 
3 . 9 5  -5728 
4 . 75 -6079 
4 . 1 4  -6 3 24 
3. 79 -6551 
3 . 5 3 -6780 
3. 4 5  -6982 
3 . 33 -7 1 81 
3. 29 -7 3 '1& 
3 . 1 1  -74 1 1  
2 . 96 -7594 
2 . 9 1  -7731 
2 . 98 -7868 
2 . 93 -8009 
2 . 86 - 8 1 3 8  
2 . 79 -8280 
2 . 80 - 8 3 8 1  
2 . 68 -8506 
2 . 58 -86 0 1  
2. 52 - 8 6 76 
2 . 55 -8778 
2 . 50 -8860 
2 . 116 -8942 
2 . 4 3  - 8994 
2 . 39 -9076 
2 . 1& 0  -9 1 20 
2 . 3 6  -9228 
2 . 4 1  -93 18 
2 . 3 5 -9 3 79 
2 . 3 0  -91&26 
2 . 28 -94 71 
2 . 2 6  - 9 5 56 
2 . 29 -96 1 0  
2 . 28 -9690 
2 . 3 1  -9763 
2 . 3 2  -9865 
2 . 2 6  -9926 
2 . 27 -9982 
2 . 25 - 1 00 31& 
2 . 2 2  - 1 0 080 2 . 26 - 10 1 29 
2 . 25 - 1 0 1 6 1  
2 . 22 - 1 0 2 1 7  
2 . 22 - 10 283 
2 . 2 1  - 10 3 2 1  
2 . 1 8  - 1 0395 
2 . 1 9  - 10 4 11 9  
2 . 1 6 - 10 11 95 

NEV HAaPSHIRB CT  
INC con POURH NAZlBD 

ICC 'ICC I ace PACTH IIi DEl 

7 7 1 . 98 3 . 95 1 272000 
7 1 11  3 . 95 3 . 95 9391& 2 0  
5 1 9  5 . 37 3 . 58 8 1 9360 
5 2 11  6 . 78 3 . 39 7118000 
3 27 7 . 6 3  3 . 05 677660 
8 35 9 . 89 3 . 3 0  593 4 0 0  
9 1111 1 2. '3 3 . 55 5110000 
2 1&6 1 2 . 9 9  3 . 2 5  11881100 
3 49 1 3 . 8 4  3 . 08 1158 08 0  
0 1&9 1 3 . 8" 2 . 77 ,.25000 
5 511 ' 5. 2 5  2 . 7 7  1100320 

1 1  65 1 8. 36 3 . 06 373 800 
7 72 2 0 . 3" 3 . 1 3  3 50000 
5 77 2 1 . 7 5  3 . 1 1  3311400 
2 79 2 2 . 3 2  2 . 98 3 2 1 600 
4 83 23. " 5  2 . 93 3 0 8 1 00 
6 89 2 5 . 111 2 . 96 2 97600 
1 90 25 . 1&2 2 . 8 2  285200 
4 94 26 . 55 2.80 27 0 1 00 
2 96 2 7 . 1 2  2 . 7 1  261 000 
0 96 2 7 . 1 2  2 . 58 2 5QQOO 
0 96 27. 1 2  2 . 117 2116400 
.. 1 00 28. 2 5  2 . 116 237000 
4 104 2 9 . 38 2 . 4 5  228600 
7 1 1 1  3 1 . 3 6  2 . 5 1  220000 
2 1 1 3 3 1 . 92 2 . 46 2 1 0 000 
0 1 1 3  3 1 . 92 2 . 36 202800 
2 1 1 5 3 2 . " 9  2 . 3 2  1 97 1 45 
2 1 1 7 3 3 . 05 2 . 28 1901100 
5 1 22 3 4 . 116 2 . 30 1 83720 
3 1 25 3 5. 3 1  2 . 28 173600 
2 1 27 3 5 . 8 8  2 . 211 1 70000 
2 1 29 3 6 . 11 "  2 . 2 1  1 6800:) 
3 1 32 3 7 . 2 9  2 . 19 1 6 1 50 0  II 1 36 3 8 . 1& 2  2 . 20 1 55800 
3 1 39 3 9 . 27 2 . 1 8 1 50000 
2 1 4 1  3 9 . 83 2 . 1 5  1 47400 
0 1 4 1  3 9 . 83 2 . 1 0  1 44 00 0  
6 1 117 4 1 . 53 2. 1 3  13995 0  
II 1 5 1 4 2 . 66 2 . 1 3  1 35000 
1 1 52 4 2 . 94 2 . 09 1 3 1 8 1 0  
2 1 51& 4 3 . 50 2 . 0 7  1 27 500 " 1 5 8  4 4 . 63 2 . 08 12376:) 
1 1 59 1& " . 92 2 . 011 1 20 000 
1 1 6 0 4 5 . 20 2 . 0 1  1 1 8500 
5 1 6 5  4 6 . 6 1  2 . 0 3  1 1 4 50 4  
2 1 67 " 7 . 1 8 2 . 0 1 1 1 1 650 
2 1 69 4 7 . 711 1 . 99 1 08 1 20 
3 1 72 4 8 . 5 9  1 .98 1 05000 
0 1 72 4 8 . 5 9  1 . 911 1021100 

LEG END , Sect i o n  C . 3 .  

IUS IIAtCS I H C  COl 

IOIPP TYiL ItCB arCR 
· 0. 85 0 . 7  6 6 
0. 28 0 . 2  3 9 

-0. 2 8  -0 . 2  2 1 1  
1 . 1 3  0 . 6  2 1 3  
11 . 2 1&  1 . 8  II 1 7  
2. 54 1 . 0  6 2 3  
0 . 8 5 0 . 3  6 29 
1 . 1 3  0 . 4  0 29 
1 . 69 0 . 6 2 3 1  

2 . 82 1 . 0 3 3 0  
2 . 8 2  0 . 9  6 110 
0.28 0 . 1 6 It6 

- 1 . 1 3  -0. 3  2 " 8  
- 1 . 4 1 -0 . 11  II 52 

0. 00 0 . 0  4 56 
0 . 0 0  0 . 0  2 58 

-0.85 -0 . 2  , 6 2  
-0. 2 8  -0 . 1  II 56 

0 . 00 0 . 0 5 7 1  
-0. 2 8  -0 . 1  1 72 

0 . 00 0 . 0  0 7 2  
0. 56 0 . 1 1 7 3  
1 . 1 3  0 . 3  6 79 
0. 56 0. 1 2 8 1  

-0. 56 -0. 1 1 B Z  
-0. 2 8  -0. 1 , 86 

0 . 2 8  0 . 1 2 8 8  
1 . 1 3  0 . 3  3 9 1  
1 . l l  0 . 3  2 9 3  
1 . 69 0 . 11  , 9 9  
1 . 1 3  0 . 3  3 1 0 2  
0.85 0 . 2  0 1 0 2  
1 . 1 3  0 . 2  1 10 3  
1 . 1 3  0 . 2  2 lOS 
1 . 69 0 . 11  5 1 1 0  
1 . 6 9  0. 4 5 1 1 5 
2 . 8 2  0 . 6  5 1 20 
11. 2 11  0 . 9  2 1 2 2  
2. 5" 0 . 5  1 1 23 
2 . 8 2  0 . 6  5 1 28 
3. 1 1  0 . 6  3 1 3 1  

3. 1 1  0 . 6  1 1 3 2  
3 . 9 5  0 . 8  6 138 
1&. 52 0 . 9  2 1110 
11 . 8 0  0. 9 3 1 11 3  

11 . 5 2  0 . 9  5 1 11 8  
" . 8 0 0 . 9  3 1 5 1 
11 . 5 2  0 . 9  2 1 5 3" 

5 . 08 0 . 9  2 1 5 5  
5 . 3 7  1 . 0 0 1 5 5 

AUTOf\lAT I C  GATES 

G P F I O  OAT 
TSC liB 

tESS larca LESS aarCB LISS lIuca 

Ol:C I lCC .ACC I ICC IDIPr Tnt 
If 1 . 1 3  1 0. 28 0 . 85 1 . 3  
6 1 . 69 5 1 . 4 1  0. 2 8  0.3 
7 1 . 9 8 8 2. 26 -0. 28 · 0 . 3  

1 5  ' . 2 4  1 1  3. 1 1  1 . 1 3  0 . 8  
2 5  7 . 06 10 2.82 '. 2' 2 . 5  
2 1  5 . 9 3  1 2  3 . 3 9  2 . 5' 1 .6 
1 8  5 . 0 8  1 5  11. 2' 0 . 85 0 .5 
2 1  5 . 93 1 7  11 . 80 1 . 1 3  0 . 6  
2 ,.  6 . 7 8  1 8  5.08 1 . 6 9  0 . 9  
2 5  7 . 0 6  1 5  11. 211 2 . 82 1 . 6  
2 11 6 . 78 111 3. 95 2 . 82 1 . 6 

20 5 . 6 5  1 9  5.37 0 . 28 0 . 2  
20 5.65 24 6.78 - 1 . 1 3 -0.6 

20 5 . 6 5  25 7 . 06 - 1 . "  -0. 7 
23 6 . 50 23 6. 50 0 . 00 0 . 0  
2 5  7. 06 25 7. 06 0 . 00 0 . 0  
2 '  6 . 7 8  27 7. 63 -0. 85 - 0 . '  

2 3  6 . 50 211 6. 78 - 0 . 2 8  - 0 . 1 
23 6 . 5 0  2 3  6. 5 0  0 . 00 0 . 0  
23 6. 50 2" 6 . 7 8  -0. 28 -0. 1 
2 11  6 . 78 2 '  6. 78 0 . 00 0 . 0  
2 5  7 . 06 2 3  6. 5 0  0 . 56 0.3 
2 5  7 . 06 2 1  5 . 9 3  1 . U  0 . 6  
25 7 . 06 23 6. 50 0 . 56 0 . 3  
2 7  7 . 6 3  29 8. 1 9  · 0 . 56 - 0 . 3  
26 7. 311 27 7 . 63 - 0 . 28 -0. 1 
26 7. 3 0  2 5  7 . 06 0 . 2 8  0 . 1  
2 8  7 . 9 1  211 6. 78 1 . 13 0 . 6  
2 8  7 . 9 1  211 6 . 7 8  1 . 13 0. 6 

29 8 . 1 9  23 6. 50 1 . 69 0. 8 
2 7  7 . 63 23 6. 50 1 . 1 3 0 . 6  

2 8  7 . 9 1  25 7. 06 0 . 85 0 . 4  

l O  8 . 117 26 7. 311 1 . 1 3  0 . 5  

3 1  8. 7 6  27 7 . 6 3  1 . U  0 . 5  

3 2  9 . 0 '  26 7. n 1 . 69 0. 8 
3 0  8 . 4 7  211 6. 78 1 . 69 0 . 8  
3 1  8. 76 2 1  5. 9 3  2 . 82 1 . 0 

3 4  9 . 60 19 5 . 3 7  11 . 2' 2 . 1 
3 3  9 . 32 24 6 . 78 2 . 5' 1 .2 
3 3  9 . 32 2 3  6 . 5 0  2 . 82 1 . 3  

:J2 9 . 04 2 1  5. 93 3 . 1 1  1 . 5  

J l  9 . 3 2  2 2  6 . 2 1  3 . 1 1  1 . 5  

3 4  9 . 6 0  2 0  5. 65 l . 95 1 . 9  
3 5  9 . 89 1 9  5 . 3 7  ' . 5 2  2 . 2  
)1& 9 . 6 0  1 7  11 . 80 11 . 80 2 . '  

3 l  9 . 3 2 1 7  11 . 8 0 4 . 5 2 2 . 3  
3 3  9 . 32 1 6  ' . 52 11 . 80 2 . '  

32 9 . 0 11  1 6  ' . 5 2  11 . 52 2 . 3  

3 5  9 . 89 17 4 . 8 0  5 . 08 2 . 5  

3 6  10. 1 7  17 1l . 80 5. 37 2.6 

- ---



TABLE C - 6  

% 1 S C  nODE!. IIIl I1 HUPSHUR 
C T  

X i n �  IlIC. CU� POII ER BAURD * IIlC COli POVER HAZ ARD 
ACe . Ace 1 acc PACTR IN DEX acc . a ec I acc faCTR 111 021 

2S. � � 3 1 ? "  5 4 . 8 0  2 . 1 5 - 1 05 4 1  3 1 75 11 9 . 44 1 . 94 100000 

; :; . �o 3 ' 9 7 5 5 . 6 5  2 . 1 11 - 1 0 5711 II 179 50 . 56 1 . 94 98064 

2 & . 50 0 , 97 S5. 6 5  2 . 10 - 10643 0 1 79 50. 56 1 . 9 1  96000 
2 7 . 0 0  2 1 9 9  56 . 2 1  2 . 08 - 1 06 87 0 1 79 5 0 . 56 1 . 87 93 500 

2 7 . 5C 2 2e l 56 . 7 8  2 . 06 - 10738 6 1 8 5  5 2 . 2 6  1 . 90 90000 

21) . IiC 1 ;!02 57. 06 2 . 04 - 10786 3 1 88 53. 1 1  1 . 90 87696 

2 il . 5 0  3 205 57 . 9 1  2 . 03 - 1011 45 1 1 89 53 . ] 9  1 . 87 86350 
29 . 0 0  1 206 58. 1 9  2 . 0 1  - 10877 5 1 911 511 . 8 0 1 . 89 811000 

29 . 5 :) 3 209 59 . 0 11  2 . 00 - 1 0898 0 1 911 511 . 80 1 . 8 6  82080 

30. 0 0 6 2 1 5  60. 7 3  2 . 0 2  - 1 0 9 411 II 1 98 55. 93 1 . 86 80000 
30 . S 0  0 2 1 5  6 0 . 73 1 . 99 - 10986 0 1 98 55. 93 1 . 8] 79200 

3 1 . C O  6 2 2 1  62. U 2 . 0 1  - 1 1 0 48 2 200 56. 5 0  1 . 82 78200 
J l .  SO 2 223 6 2 . 9 9  2 . 00 - 1 1 0 87 0 2 00 5 6 . 50 1 . 79 751100 
3 2 . 0 0  1 2 2 4  63 . 2 8  1 . 98 - 1 1 1 311 4 2011 5 7 . 63 1 . 80 7 2 1 00 

32 . SI) 2 226 6 3 . 811 1 . 96 - 1 1 1 811 7 2 1 1  59. 6 0  1 . 83 7 1 000 

H . Ol) 2 2 2 S  6 4 . 4  I 1 . 95 - 1 1 2 110 2 2 1 3  60. 17 1 . 82 70000 
J) . 5 C 4 2 J 2  6 5 . 54 1 . 96 - 1 1 2 96 2 2 1 5  6 0 . 73 1 . 8 1  68000 

311. C. ')  1 2 33 6 5 . 8 2  1 . 94 - 1 1 3 23 0 2 1 5 60. 73 1 . 79 66000 3 :0 . 5 0  2 235 6 6 . 3 8  1 . 92 - 1 1 3 67 I 2 1 6  6 1 . 02 1 . 77 611 880 

35. 0 0  3 2 3 8  6 7 . 2 3  1 . 9 2  - 1 1 11 23 2 2 1 8  6 1 . 58 1 . 76 63250 n 3 S . 5 0  2 2 4 0  6 7 . 8 0  1 . 9 1  - 1 1 11 60 3 2 2 1  6 2 . 113 1 . 76 6 2 02 0  
36 . n o  0 2110 6 7 . 80 1 . 88 - 1 14'19 1 2 2 2  62. 7 t  1 . 7CI 60600 0-' 
3 6 . 5 0  1 2 4 1  6 8 . 0 8  1 . 87 - 1 1 553 0 2 22 62. 7 1  1 . 72 60000 00 
37. 0 0  1 242 68. 36 1 . 85 - 1 1 5 '16 1 2 23 62 . 9 9  1 . 70 58 t Oll 

37 . 5 0  1 2 113 6 8. 6 11  1 . 83 - 1 1 6167 6 229 6 11 . 6 9  1 . 7 3  562110 
3 S . 00 1 2 11 11  6 8 . 9 3  1 . 8 1  - 1 1 672 3 2 32 65. 54 1 . 72 55000 

lil. 5 0  0 2 11 4  6 8 . 9 3  1 . 79 - 1 1 6 87 II 2 36 66.67 1 . 1 3  54000 
39 . 0 0 1 245 6 '1. 2 1  1 . 77 - 1 1 7 25 0 236 66.67 1 . 7 1  52500 
3 9 . 5 0  3 2 11 11  7 0 . 06 1 . 77 - 1 1 7 1 1  0 2 3 6  66.67 1 . 69 5 1 320 
4 0 . 0 0  0 248 70 . 0 6 1 . 7 5 - 1 1 7 '13 2 2 3 8 67 . 23 1 . 6 8  50040 4 0. 50 1 2 49 7 0 . 3 4  1 .711 - 1 1 8 2l 1 2 39 67. 5 1  1 . 6 7  49 000 
II I . C O 1 250 70 . 6 2  1 . 7 2 - 1 1 8 63 I 2 11 0  6 7 . 8 0  1 . 6 5  48000 li l .  SO 0 250 7 0 . 6 2  1 . 70 - 1 1 908 I 2 4 1  6 8 . 0 8  1 . 611 117 1 0 0  
4 2 . 00 0 250 7 0 . 6 2  1 . 68 - 1 1 9 39 0 211 1 68. 08 1 . 6 2  46000 11 2 . 50 1 25 1 70 . 9 0  1 . 67 - 1 1 969 3 2 11 11  68.93 1 . 6 2 45000 

4 3 . 0 ':  1 2 5 2  7 1 . 1 9  1 . 66 - 1 2000 0 2 4 11  6 8 . 93 1 . 60 '"000 4 1 . 5 0  1 2 53 7 1 . 4 7  1 .611 - 1 2046 I 2 4 5  69. 2 1  1 . 59 42650 
/i1i . C O 1 2511 7 1 . 75 1 . 63 - 1 2077 2 2 4 7  6 9 . 77 1 .5 9  11 1 280 
', • •  5<- 0 254 7 1 . 75 1 . 6 1  - 1 2 ' 20 2 2119 7 0 . 34 1 . 58 40000 
� S . OO 0 2 5 4  7 1 . 7 5  1 . 59 - ,  2 I '12 0 2119 7 0 . 3 4 1 . 5 6  110000 
, " . S C  0 2511  7 ' . 7 5 1 . 58 - 1 2 1 8 1  2 2 5 1  70.90 1 . 56 39060 116 . 0 1)  1 255 7 2 . 03 1 . 57 - 12 2 20 II 2 55 7 2 . 03 1 . 5 7 37800 /' ( . • 5C 5 260 7 J . 1I 5  1 . 58 - 12261 I 256 7 2 . 32 1 . 5 6  37200 
117 . 0 0 2 262 711 . 0 1  1 . 57 - 12 3 06 II 260 73 . 11 5  1 . 56 36 1 6 0  1, 7 . 50 1 2 6 J  7 11 . 29 1 . 56 - 1 2339 I 26 1 7 3 . 73 1 . 5 5  36000 
" S . Cr, 1 2 611 74. 5 8  1 . 55 - 12 3 811 1 2 62 711 . 0 1  1 . 5C1 3l1li50 
� 8 . SC 1 265 7" . 86 1 . 511 - 1 24 " 2 2 611 7 4 . 58 1 . 5' 33600 
1 ':l . C " 1 266 7 5 . 1 11  1 . 53 - 12468 0 2" 7 11 . 5 8  1 . 5 2 32500 
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5. 3 7  1 . 0 0 1 5 5  
5. 08 0 . 9  3 1 5 8  
5 . 0 8  0 . 9  0 1 5 8  
5 . 6 5  1 . 0 0 158 
11 . 5 2  0 . 8  5 163 
3 . 95 0 . 7 2 1 6 5  
Il. 5 2  0 . 8  2 167 
3 . 3 9  0 . 6  II 1 7 1  
11 . 2 11  0 . 7  1 1 7 2  
4. 80 0 . 8  . 0  172 
11 . 80 0 . 8  0 172 
5 . 93 1 . 0 3 175 
6 . 5 0  1 . 1 I 176 
5 . 6 5  1 . 0  1 177 
11 . 2 11  0 . 7  8 185 
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37 1 0 . 11 5  
11 3  12. 1 5  
Q ]  1 2 .  I S  
" 1 2 . 99 
11 7  1 3 . 28 117 13. 28 
11 1  1 1 . 58 
11 1  1 1 . 58 
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2 . 511 1 . 1  2 . 5Il  1 . 1  
1 . 98 0 . 9  
2. 26 1 . 0  
2 . 26 1 . 0  
1 . 9 8  0 . 9  , . " 0 . 6  
1 . 4 1  0 . 6  
0 . 85 0 . 11  
0 . 00 0 . 0  
1 . 1 3  0 . 5  
0 . 56 0 . 2  
0 . 56 0 . 2  
0. 5 6  0 . 2 
0 . 28 0 . 1 
0 . 56 0 . 3  
1 . 1 3 0 . 5  
1 . 11 1  0 . 6  



0/ p 
X i n g 

0. 5 0 
1 .  tl) I . St: 
2 . � O  2 .  :;f\ 
3 . C� 3 . 50 

II. ;:0 4. 50  S. CO  
5. S O  
6 . 0C 
6 . 51) 
7 . 0J 

7. 51'1 
a. I).) a. so:: 

n 9 . 0 a 

• 9 . 5 0:: 

.... 1 0 .  ro 
to '0. 5C 

1 1 . 0 0 
1 ' . 5n 

1 2. 00 
l ol .  SO 
13. on 
13. SO 

1 " . 0 0  

' .. .  5(' 
1 5 .  or, 

15 . 5 0 16. � O  1 6 . S!l 
1 - . 0 ;)  i � .  5 J  ' '' . Ii �  �d.  5.' 
1 9 . 0 C;  

1 9 . 51) 
2Q. 00 

20 . 50 � l .  � :,.  
2 1 . 5 "  

22. () C  
22 . 5 0 23 . C(' 23. S0 
24. 00 24. Sf; 
25. 0 0  

* See 

\, " 

TAB L E  C - ; * I • S P EC I AL EOC AND POWER FACTORS FOR N EW 

f- LASH I NG L I GHTS CASE F U L L  DATA BASE 

I ACC I Ace 

1 20 4 . 53 1 .:;3  6 .  c; 1 2 � 3  8 . 7 9 

292 1 1 . 0 2 3 :0 7  1 3 . C 9  

3 .. 2 1 4 . 7 9  4 3 8  ' 1 6 . 5 3  
4 7 2  1 7 . 8 1  
5 1 �  1 9 . ;: 5 s s o  20 . 7 5  
6 0 2 2 2 . 72 

6 4 2  2 Q . 2 3  
6 79 2 5. 6 2 
7 1 5  2 6. 98 
7 5 7  28 . 5 7 785 29. 62 2 1 3  3 0 . 6 8  

8 4 1 3 1 . 7 4  

86 7 3 2 . 7 2  8S3 3 3 . 70 S 1 6  3 4 . 57 
9 4 3  3 5 . 5 3  
97 9 36 . 9 11  , C.) 1 37 . 7 7 

1 02 5  H . 6 9  
1 " :; 6  3 <;  . ..  7 l C 6 C;  40 . 3 11  
1 0 9 2  4 1 . 2 1  

1 1 1 8 11 2 . 1 S  

� D 9 1; 2 . 9 8  1 1 £.6 4 4 . 0 0  
1 1 5 1  ":0 . 5 7  
1 i S 6  4 5 . 1 3  
1 2 3 1 46 . .. 5 1 2  .. 8 4 7 . 09 

1 2 0 1  11 7 . S a  

1 2 66 4 8 . 0 0  
1 3 0  .. 4 9 . 2 1 

1 3 20 4 9. 6 '  
1 3 4 1 5 0 . 6 0  

l J !> 4  5 1 . 4 7  � 3 7 <;  52 . 0 1; j . C O  5 2 . H3 1 � 2 1;  5 3. 7 4 i li � <;  5 .. .  3 0  ' � S 2  5r.. . 7 9  1 4 7 S 5 5. 9 1 
1 � i> 7  5 6 . 1 1 .. 5':' .. 56 . 75 
1 5 2 0 57 . 3 6  
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11 6 4 0 0 0  332r.OO 
2 0 7 8 2 0  

2 3 0  .. 0 0  
2 J5200 
1 13 1 3 0 0  

1 .. 5600 
1 520 d 8  

1 40 4 8 1)  
1 2 9 540 
1 2 1 2 0 0 

1 1 4 5 2 0  
1 0 8 � 0 0  
1 0 1 50 0  

96000 
9 1 0 4 0  
8 65 60 

82500 

7 9 2 0 0  
75400 

72000 
6 9 7 11 9  

664 50 
64000 

6 1 1 8 0  
60eoo 
5696 8  
5 1;88 0 
5 2 9 0 0  

506 56 

11 9 20 0  
4 80 0 0  

4 6('1 0 0  
l1li 8 0 0  
4 3 0 50 

0; 1 7 2 0  
lI t' no 39 5 2 0 

3 811 00 
3 7 1 2 5 

3 6 00 0  
3 5 0 ,;) 0  
3 " 0 0 0  3 JCOO .'1 20 0 0 3 1000 301'1 0 0 2<;. " 0 
2 a , 1I 0  

28000 
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9 . 0 6  
6 . 9 1 
5 . 86 
5 . 5 1 
5 . 211 
11 . 9 3 
11 . 7 2 
4 . 4 5  
11 . 2 8 
4 . 1 5  
4 . 1 3 

4 . 0 4 3. 9 4 
3 . 8 5 
3 . 8 1 
3 . 7 0 
3 . 6 1  

3 . 5 3  3. 1111 
3 . 3 7 3. 2 9 
3 . 23 
3 . 2 1 
3 . 1 5  

3 . 09 

3 . 0 4 

2 . 9 9 
2. 9 1J 2. 9 1 2 . 8 7 

2. 8 4  
2. 7 9 

2 . 7 11 

2 . 7 3 
2 . 6 9  

2 . 61J 
2 . 6 3  
2 . 5 9 

2 . 5 5  
2. 53 

2 . 5 1 
2 . 4 8  

2 . 4 6  

2 . 4 4  2 . 11  1 
2 . 3 8 

2. 37 

2 . l 4  

2 . 32 

2 . 2 9 

Subs ection 4 . 1 . 5 . 

··. 6 5  .0. 70 0 • • 7 5  0· . 80 LOG LOG LO�LOG 
0. 75 0 . 6 9 0 . 63 0 . 5 8  0 . 7 9 0  1 . 667 
0 . 72 0 . 6 6  0 . 6 1 0 . 5 7 0 . 65 9  1 . 527 
0 . 70 0 . 65 0 . 60 0 . 5 6 0 . 57 0  1 . I U 5  
0 . 7 0  0 . 66 0 . 6 1  0 . 5 7  0 . 53 11  1 . 3611 
0. 7 1  0 . 6 6  0 . 62 0 . 58 0 . 5011 1 . 105 
0 . 7 1  0 . 66 0 . 62 3 . 5 8  0 . "6 7  1 . 255 
0. 7 1  0 . 6 7  0 . 6 3  3 . 5 9  0 . 11 11 0  1 . 2 1 0 
0 . 7 0  0 . 6 6  0 . 62 0 . 5 9  0 . 4 0 1  1 . 1 69 
0 . 70 0 . 66 0 . 62 0 . 5 9 0 . 37 4  1 . 1 3 2 
0 . 70 0 . 66 0 . 63 0 . 5 9  0 . 353 1 . 097 
0. 7 1  0 . 6 7  0 . 64 0 . 6 1  0 . 350 1 . 065 

0 . 7 1  0 . 6 8  0 . 6 11  0 . 6 1  0 . 333 1 . 0311 
0 . 7 1 0 . 6 8  0 . 65 0 . 6 1  0 . 3 1 6 1 . 006 
0. 7 1  0 . 6 8  0 . 65 0 . 6 2 0 . 3 0 0  0. 978 
0. 72 0 . 6 9  0 . 65 0 . 6 2  0 . 2 9 1  0. 952 
0 . 72 0 . 6 8 0 . 6 5  0 . 6 2  0. 269 0. 9 27 
0 . 7 1 0 . 6 8  0 . 65 0 . 6 2 0 . 2 5 0  0. 902 
0 . 7 1  0 . 6 8  0 . 65 0 . 6 2  0. 2 3 1  0. 879 

0 . 7 1  0. 6 8 0 . 6 5  0 . 6 2  0 . 2 1 2  0. 856 
0 . 7 1  0 . 6 8 0 . 6 5 0 . 6 2  0 . 1 95 0 . 8 34 
0. 70 0 . 6 7  0 . 65 0 . 62 0 . 1 7 5  0. 8 1 3  
0. 7 0  0 . 6 7  0 . 65 0 . 6 2  0. 1 6 0  0. 792 
0 . 7 1  0 . 6 8  0 . 65 0 . 6 3 0 . 1 5 11  0 . 7 7 1  
0 . 70 0 . 6 8  0 . 65 0 . 63 0. 1 3 7  0. 752 
0 . 70 0 . 6 8  0 . 65 0 . 6 3  0 . 1 2 2 0. 732 
0 . 70 0 . 6 7  0 . 65 0 . 6 3  0 . 1 0 5  0. 7 1 3 

0 . 70 0 . 6 7 0 . 65 0 . 63 0 . 09 0  0. 6911 
0 . 70 0 . 6 7  0 . 6 5  0 . 6 3 0 . 07 7  0 . 6 76 
0. 70 0 . 6 7  0 . 65 0 . 6 3  0 . 066 0 . 6 5 8  

0 . 69 0 . 6 7  0 . 65 0 . 6 3 0 . 0 5 1  0. 6"0 
0 . 70 0 . 6 7  0 . 65 0 . 6 3  0 . 01J2 0 . 6 23 
0 . 69 0 . 6 7  0 . 6 5  0 . 6 3  0 . 0 2 0  0. 606 
0 . 69 0 . 6 7  0 . 65 0 . 6 3 0 . 006 ) . 589 
0 . 69 0 . 6 7 0 . 65 0 . 6 "  0 . 00 5  0 . 5 7 2  

0 . 69 0. 6 7 0 . 65 0 . 6 3  0. 0 1 0  0. 556 

0 . 68 0. 6 7  0 . 65 0 . 6 3  0 . 0 2 8  0. 5 3 9  
0 . 69 0 . 6 7  0 . 65 0 . 611 0 . 0 3 5  0. 523 
0 . 6 8 0 . 6 7  0 . 65 0 . 6 3 0 . 05 0  0 . 507 
0 . 6 8 0 . 66 0 . 65 0 . 6 3  0 . 06 11  0 . 11 9 1 
0 . 68 0 . 6 7  0 . 65 0 . 6 3 0 . 07" 0. 4 76 

0. &8 0 . 67 0 . 65 0 . 6IJ  0 . 08 3  0. 1160 
0 . 6 &  0 . 66 0 . 65 0 . 6 " 0 . 097 O. U5 
0 . 6 8 0 . 67 0 . 65 l . 6 4 0 . 1 0 6  0. 1Il0 

0 . 68 0 . 6 7  0 . 6 5  0 . 6" 0 . 1 1 3 0. 11 1 5  
0 . 6 8 0 . 6 7  0 . 65 0 . 6IJ  0. 1 2 7  0. 11 00 

0 . 6 8 0 . 66 0 . 65 :1 . 64 0 . 1 11 1  0. 385 
0 . 68 0 . 6 7 0 . 66 0 . 6 4 0 . 1 " 5  0 . 3 70 

0. 67 0 . 66 0 . 65 0 . 64 0 . 1 6 3  0. 3 56 

0 . 67 0 . 66 0 . 65 0 . 6 11  0 . 1711 O. III 1 

0 . 6 7 0 . 66 0 . 65 0 . 6 11 0 . 1 86 3 . l2 7  

HAMPSH I RE - -

L N L H  DAT 
D!LLII DELLI DlLTl 7-US 

0. 000 0. 000 0 . 000 0 . 000 
0. 1 3 1  0. 1 110 0 . 937 0 . 000 
0 . 089 0 . 092 0 . 962 0 . 300 

0 . 036 0 . 07 1  0 . 503 0 . 000 

0 . 030 0 . 05 9  D . 5 1 2  0 . 7"" 

0 . 0 ] 7  0 . 0 5 1  0 . 7J3 0 . 7 1 5  

0 . 027 0 . 0" 5  0. 6 10 0 . 663 

0. 039 0 . 04 1  0. 950 0 . 6 07 

) . 027 0 . 037 0. 735 0. 609 
0 . 0 2 1  0 . 0 3 5  0 . 60 1  0 . 5 9 1  

0 . 003 0. 032 0. 1 08 0 . 589 

0 . 0 16 0. 030 0 . 529 0 . 502 

) . 0 1 7  0 . 02 9  0 . 6 0 1  0 . 5 1 7  

0 . 0 1 6 0 . 0 2 7  0 . 600 0 . 5 11 8  

0 . 009 0 . 026 0. 337 0 . 6Q Q  
0 . 0 2 1  0 . 025 0 . 845 0 . 6 87 
0 . 0 2 0  0 . 02 4  0 . 8 1 2  0 . 7 1 6  

0 . 0 1 8  0 . 023 0 . 7 8 1  0 . 760 

0 . 0 1 9  0 . 023 0 . 833 0 . 8 1 3  
0 . 0 1 8  0 . 0 2 2  0 . 805 0 . 7 3 ", 
0 . 0 1 9  0 . 0 2 1  0 . 907 0 . 7 " 5  

0 . 0 1 5  0 . 0 2 1  0 . 708 0 . 7U 

) . 0 06 0 . 020 0 . 2 93 0 . 751 

3 . 0 1 8  0 . 020 0 . 885 0 . 7 Q 1  

0 . 0 1 5  0 . 0 1 9  0 . 771J 0 . 7 26 
0 . 0 1 7  0 . 0 1 9  0 . 888 0 . 7 1 0  

) . 0 1 5  0 . 0 1 9  0 . 777 0. 7 85 

o . o n  0 . 0 1 8  0 . 757 0 . 7 3 1  

0 . 0 1 1  0 . 0 1 8  0 . 598 0 . 773 

o . o n  0 . 0 1 8  0 . 8 111 0 . 7 9 7  

0 . 009 0 . 0 1 7  0 . 5 1 2 0 . 695 

0 . 0 1 8  0 . 0 1 7  1 . 068 0 . 62 9  

' . 0 18 0 . 0 1 7  1 . 0 56 0 . 703 

0 . 00 1 0 . 0 1 7  0 . 060 O . U" 
0 . 005 0 . 0 1 6  0 . 2 96 0 . 7 0 1J 

0 . 0 1 8  0 . 0 1 6  1 . 1 1 0 0 . 6 8Q 

0 . 006 0 . 0 1 6  0 . 3 98 0 . 6 2 7  
0. 0 1 5 0 . 0 1 6 0 . 938 0 . 695 

0 . 0 1 5  0 . 0 1 6  0 . 925 0 . 7 87 

0 . 0 1 0  0 . 0 1 6  0 . 655 0 . 7 1 5  
0 . 008 0 . 0 1 5  0 . 538 0 . 722 
0 . 0 1 4 0 . 0 1 5  0 . 9 "0 0 . 7 1 7  
) . 009 0 . 0 1 5  0. 6 1 3  0 . 7 2 8  

0 . 007 0 . 0 1 5  0 . 11 114 0 . 6 6 9  
0 . 0 1 11  0 . 01 5  O .  9 0� 0 . 77 0  

0 . 0 1 5  0 . 0 1 5  1 . 000 0 . 703 
0 . 0011 0 . 0 1 5  0 . 2 '" 0 . 769 
0 . 0 1 8  0. 0 1 5 1 . 247 0 . 8 0 2  

0 . 0 1 1  0 . 0 1 5  0 . 753 0 . 8 0 0  
0 . 0 1 2  0 . 0 1 11  0 . 796 0 . 72 6  
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X i n u I ACC :t ACC HU IND pp ··. 65 ··.70 · · . 75 • • •  80 I.OGLOO LOGLO:; DILLI! DELLI! D1WU 7-1 ' 3  

2� .. �" 1 5 3 11 5 a . 0 4  27000 2 . 2 8  0 . 67 0 . 6 6  0 . 65 0 . 64 0 . 196 0. 3 1 2  0 . 0 1 0  0 . 0 1 11  0 . 6 70; 0 . 8 1 5  2& . (I :)  1 5 5 2  5 8 . 5 7  26 2 50 2. 2 5  0.67 0 . 66 0 . 65 0 . 6 4  0. 208 0. 298 0 . 0 1 3 0 . 0 1 11  O .  as:; 0 . 136 2 0 . 51) 1 5 7 3  5'i . 3 6  2 5500 2. 2 4 0 . 67 0. 66 0 . 65 0 . 6 4  0 . 2 1 5  0 . 284 0 . 007 0 . 0 1 4  0 . /1 87 0 . 863 27 . 0'; 1 5 d7 5 9 . 89 24800 2 . 22 0 . 6 7 0 . 66 0 . 65 0 . 6 11  0 . 227 0 . 2 70 0 . 0 1 2  0. 0 1 11  0. 665 O . B  c t  27 . S O  1 6 0 4  6 0 . 53 24000 2. 2 0 0 . 67 0 . 66 0 . 65 0 . 64 0 . 2 37 0. 255 O. O I U  0 . 0 1 4  0 . 688 0 . 900 2:i . 00 1 6 0 4  6 0 . 5 3  2 38 0 0  2 . 1 6 0 . 66 0 . 6 5  0 . 64 0 . 6 4  0. 260 0. 2 4 1  0 . 023 0 . 0 1 11 1 . 6 4 11 0 . 0 6 :  23. 5::1 1 6 2 2  6 1 . 2 1  23l'00 2 . 1 5 0 . 66 0 . 65 0 . 64 0 . 6 4  0 . 269 0 . 2 27 0. 009 0 . 0 1 11  0 . 6 08 0 . 9 U 3  29. 0 0  � 6 3  1 6 1 . 5 5 221100 2 . 1 2  0 . 66 0 . 65 0 . 64 0 . 63 0 . 284 0. 2 13 0 . 0 1 6  0 . 0 1 11  1 . 1 2 1  0 . 9 :0 :!� . 5 :l 1 6 11 6 6 2 .  " 2 1 8 0 0  2 . 1 1 0 . 65 0 . 65 0 . 64 0 . 6 3  0. 295 0. 1 99 0 . 0 1 1  0 . 0 1 11 0 . 763 1l . ' H  1 "O. CO 1 (. 6 3  62 . 7 5 2 1 1 6 6  2 . 0 9 0 . 6S 0 . 65 0 . 64 0 . 64 0. 304 0. 1 86 0 . 009 0 . 0 1 4  0 . 636 0 . 88 1 3.1 . 51) 16 7 4 63 . 1 7 20 60 0 2 . 07 0 . 65 0 . 6 5  0 . 6/1 0 . 63 0 . 3 1 7 0. 1 72 0. 0 1 4  0 . 0 1 4  0 . 9 81 0 . 9 1; l  
3 1 . 00 1 6 8 5  63 . 5 8 2 0070 2 . 0 5 0. 65 0 . 64 0 . 6/1 0 . 6 3  0 . 3 3 1 0. 1 58 o . o n  0 . 0 1 4  0 . 9711 0 . 908 
3 1 . 51) 1 6 9 4  6 3 . 9 2  20000 2. 03 0 . 611 0. 64 0 . 64 0 . 6 3  0 . 346 0. 1 44 0 . 0 1 5  0. 0 14 1 . 088 0. 85 5 
32. C!I 1 7 0 4  6 4 . 3 (,  1 9 51) 0  2 . 0 1  0 . 64 0 . 64 O . �  0 . 6 3 0 . 3 6 0  0 . 1 3 1  0 . 0 1 11  0 . 0 111 , . 0 22 0 . 8 45 
3 � . 5:l 1 7 1 6  6 4 . 75 1 89 11 6  1 . 9 9  0. 611 0 . 6 1i 0 . 63 0 . 6 3  0 . 37 2  0 . 1 1 7 0 . 0 1 2  0 . 0 1 4  0 . 893 0 . 900 
3l. C �  1 7 3 6 6 5 . 5 1 1 84 0 0  1 . 99 0 . 64 0.64 0 . 63 0 . 63 0 . 3 7 7  0 . 1 03 0 . 005 0 . 0 1 11  0 . 3 9 1 0 . 8 75 3 ... % 1 7 5 3  6 6 . 1 5  1 80 e o  1 . 9 7 0 . 64 0 . 61& 0 . 61& 0 . 6 3 0 . 385 0. 089 0 . 008 0 . 0 1 4 0 . 567 0 . 8 1 4  
34. 0: 1 7 5 7  6 6 . 3 0 1 7790 1 . 9 5  0 . 64 0 . 63 0 . 63 0 . 63 0 . /10 4  0. 076 0. 0 1 9  0 . 0 1 4  1 . 363 0 . 189 3". SO 1 77 0  66 . 7 9  1 7 2 0 0  1 . 94 0 . 63 0 . 6 3  0 . 63 0 . 63 0 . 4 1 5 0 . 062 0 . 0 1 1  0 . 0 1 4 0 . 799 0 . 7 50 
3 5 . 0 C 1 7 8 5  67 .3 6  1 660 0 1 . 9 2  0 . 63 0. 63 0 . 63 0 . 6 3 0. 4 211 0. 049 0 . 009 0 . 0 1 4  0 . 665 0 . 8 2 6  
35. SI) 1 7 �7 67 . 8 1  1 63 1 6  1 . 9 1  0 . 63 0 . 63 O . �  0 . 63 0 . 435 0 . 035 0. 0 1 1  0 . 0 1 4  0 . 8115 1 . 8 2 1  

n 3 6 . 00 1 3 1 2  68. 3 8 1 6000 1 . 9 0 0 . 63 0.63 0 . 63 0 . 63 0 . 114 1&  0. 0 2 1  0. 009 0 . 0 1 4  0 . 648 1 .724 
I 36. 5'" l d 2 3  68 . 79 1 560 0  1 . 8 8  0. 63 0 . 63 0 . 63 0 . 6 3  0. 1156 0. 008 0 . 0 1 2  0 . 0 1 4  0 . 893 1 . 740 N 3 7 . 0:': B 3 0 69. 0 6 1 52 0 0 1 . 87 0 . 63 0 . 63 0 . 63 0 . 63 0. 1& 7 2  0 . 0 0 6  :t . 0 1 6  0 . 0 0 2  7 . 533 1 . 773 0 37 . 5 0 1 8 01 4  6 9 . 5 8  1 5000 1 . 86 0. 63 0 . 63 0 . 63 0 . 6 3  0 . 48 1 0. 0 19 0 . 009 0 . 0 1 4  0 . 6 87  1 . 7 1 9  

38. C C  1 9 5 4 6 9 . �6 1 41&8 4  1 . 8 1f  0. 62 0 . 62 0 . 63 0 . 6 3  0. 11'" 0 . 033 . O . Otl 0 . 0 ' "  0 . 9 38 1 . 702 
3 B . 5C 1 8 & 5  70 . 3 8  1 4 1 0 8 1 . 8 3 0 . 62 0 . 6 2  0 . 6 2  3 . 6 3 0 . 505 0. 047 0 . 0 1 2  0 . 0 1 4  0 . 867 1 . 7 1& 1  
39 . C O 1 8 il 2  7 1 . 0 2  1 387 S 1 . 8 2 0 . 62 0 . 63 0 . 63 0 . 63 0 . 5 1 2  0 . 0 60 0 . 00 6  0 . 0 1 4  0 . 468 0 . 766 
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19 . 50 15 1 1 2 9  54 . 9 1 2 . 9 2  3 592 9 1 7  1 1 30 5 6 . 9 6  2 . 9 2  22100 -0.05 - 0 . 0  1 2  1 1 1 3  l 6  0 . 8 1 1 7  0. 86 - 0. 0 5 - 0. 2  

2 0. 00 10 1 1 3 3  5 7 . 1 1  2 . 86 3 56 76 1 2  1 1 102 5 7 .56 2 .8 8  2 1 30 - 0 . � 5  - c. 2 10 1 1 2 3  1 0 0. 5 0  19 0.96 -0.45 - 1 . 1 

20 . 50 1 '"  1 1 4 5  57. 7 1  1. 8 2  3 54 59 loS 1 1 87 5 9 . 8 3  2 .92 2000 -2 . 1 2  - C .9 20 1 1 10 3  2 0 . 10 It� 2. 22 -2. 1 2  -6. 2 

2 1 . 00 I I  1 1 56 5 8 . 27 2 . 7 1 3 52 29 o 1 1 13 1 5 9 . 8 3  2 . 8 5  2 000 - 1 . 5 6  - C . 6 9 1 1 5 2  10 0 . 2 0  3 5  1 . 16 - 1 . 56 - 5 . 0  

l l . 50  1 3  1 16 9  58 . 9 2  ". 1 4  3 4 995 o 1 1 87 59. 8 3  2 . 1 8 2000 -0 .9 1 -0. 10 9 1 1 6 1  8 0.1t0 Z6 1. 31 - 0. 9 1 - 3. 1  

2 1 . 00 14 1 1 8 3  5 9 . 6 3  2 . 7 1  3 48 30 8 1 1 9 5  60. 2 3  2 . 1 4  1 900 - 0. 6 0  - 0 . 2  1 3  1 1 710 9 0 .�5 2 1  1 . 06 -0.60 - 2 . 2  

2 2 . 50 23 1206 60. 7 9  2 . 7 0  3 45 4 3  l 2  1 2 1 1 6 1 . 3 4  2 . 7 3  1 800 -0 . 5 5  - C .2 2 1  1 1 9 5  1 1  0. 5 5 22 1 . 1 1  -0.55 - 1 . 9  

? l . 00 8 1 2 1 4  6 1 . 1 9 2 . 66 310299 1 1  1 22 8  6 1 . 90 2 .6 9  1 1 50 -0 . 7 1 - C . 3  9 1 2 04 1 0  0 . 50 2 10  1 . 2 1  - 0 . 7 1  - 2. 1t  

2 3 . 50 1 0  lUI, 6 1 . 6 9 2. oJ 3 4 1 810 l'o 1 2 102 62 .60 2 .66 1620 -0.9 1 - C .Io 1 3  1 2 1 7  7 0. 3 5  25 1 . 24 -0. 91 -3.2 

210 .00 2�  1 24 6  6 2 . 8 0 2 . 62 3 3906 1 8  1 2 &0 6 3. 5 1  2 . 6 5  1 6 00 -0 . 7 1  -0. 3 22 1 2 3 9 7 0 . 3 5  2 1  1 . 06 - 0. 7 1  - 2. 6  

2 4 . 50 1 <;  . l6 1  6 3 . 5 6 2. 59 3 36 9 3  1 0  1 2 70 6 10 . 0 1  2 .6 1  1 52 0  - 0 . 4 5  - C. 2  1 10  1 2 5 3 8 0 . /0 0  1 7  0 . 86 - 0 . /0 5  - 1 . 8  

2 5 .00 I II  1219 64 . 4 7  2. 58 3 3508 25 1 ,z 95 t>'i. Z 7  2 . 6 1  1 5 00 -0.8 1 - O . l  22 1 2 7 5  " 0 . 20 20 1 . 0 1  - 0. 8 1  - 3. 3 
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0 . 5 0 
1 .00 
1 . 50 
2 . 00 
2 . 50 
3 . 00 
3 . 50 
4 . 00 
4 . 50 
5. 00 
5 . 50 
6 . 0 0 
6 . 5 0  
7 . 00 
7 . 50 
8 . 00 
0. 50 
9 . 00 
9 . 50 

n 1 0 .00 

I 1 0. 50 

N 1 1 . 00 

\0 1 1 . 50 
1 2 . 0 0  
1 2 . 50 
1 3 . 00 
1 3 . 50 
1 4. 00 
1 4 . 50 
1 5. 00 

1 5 . 50 
1 6 . 0 0  
1 6 . 50 
1 7. 00 
1 7 . 50 l e . OO 
1 8 . 50 
19 . 00 
1 9 . 50 
2 0 .00 
2 0 . 50 
2 1 . 00 
2 1 . 50 
22 .00 
22. 50 
2 3 . 00 
23 . 50 
24. 00 
210 . 5 0  
2 5 . 00 

\, 

TAB L E  C - 1 2 .  P EABODY - D HIM I CK VERSUS 

PE A80DY-D I HH I C K  

I Pit OJM POW E R  HAlARD 
ACC .Ate � ACt FACTR I NDEX 

510 
3 1  
39 
2 3  
26 
22 
26 
1 3  
2 1  
2 0  
22 

26 

1 8 
18 
1 1  
1 1  
2 0  
14 
11 
18 
1 0  

8 
16 
1 5  

9 
7 

1 4  
1 3  
2 0  
1 2  
1 2  

8 
1 1  

6 
12 

9 
7 

1 7  

1 4  
8 
8 
5 

1 1  
6 
8 

l 5  
8 
6 
t-0; 

54 1t . 08 
85 6 . 4 2  

1 2 4  9 . 3 7  
1 10 7  1 1 . 1 0  
113 1 3 . 0 7  
1 9 5  110 . 7 3  
2 2 1  16.69 
234 1 7. 6 7  
2 5 5  1 9 . 2 6  
27 5 2 0 . 1 7  
29 7  22. 43 
32 3 24. 40 
341 25. 76 
359 27. 1 1  
376 2 8 . 4 0  
3 8 7  29 . 2 3  
1t07 30. 74 
42 1 3 1 . 80 
432 3 2 . 6 3  
4 5 0  33 . 99 
1t60 3 4 . 14 
1t68 35. 35 
484 36. 56 
499 37. 69 
508 38. 3 7  
5 1 5  38 . 90 
529 39.95 
542 40. 910 
562 42 . 4 5  
5 7 4  103. 3 5  
586 1t4 . 26 
5910 44. 86 
60 5  45.69 
6 1 1  46. 1 5  
62 3  1t7. 0 5  
6 3 2  It 7 . 7 3  
639 1t8. 26 
656 49. 5 5  
67 0 50. 60 
678 5 1 . 2 1  
686 5 1 . 8 1  
69 1 52. 19 
702 53. 02 
708 5 3 . 4 7  

71 6 54 . 0 8 
73 1 oj ',. 2 l  

73 9  55 . 82 
745 56. 27 

7 5 t  56. 72 
756 5 1 . 1 0  

8 . 1 6 '  869 19 
6. 42 8 1 7107 
6 . 210 7 8 10 85 
5 . 5 5  769 19 
5 . 2 3  75609 
10. 9 1  71tH 3 
4. 77 730 10 
10.42 7 2058 
4 . 28 7 1009 
10 . 1 5  7 01 94 
4. 08 69424 
4 . 0 7  68787 
3 . 96 6 7983 
3 . 8 7 6 74 1 8  
3 . 79 66764 
3 . 65 6 62 5 1  
3 . 62 6 56104 
3 . 53 6 5 208 
3. 103 648 5 3  
3 . 40 64355 
3 . 3 1  6 3803 
3 . 2 1  6 34 70 
3 . 1 8 6 3026 
3. 1 4  62 709 
3 . 07 6 2254 
2. 99 6 1 9 1 2  
2 .96 6 1312 
2 . 92 6 10 1 2  
2. 93 6 0554 
2 . 89 6 02 3 1  
2 . 86 5 9859 
2 . 8 0  59533 
2 . 77 5 9 192 
2 . 7 1  5 8883 
2. 69 5 11558 
2 . 65 5 82 7 8  
2. 61 5 8060 
2 . 6 1  5 77 1 6  
2 . 60 5 7,.00 
2 . 56 5 7013 

2. 53 5 68 1 1 
2 . ,.9 56609 
2. 47 56326 
2 . t,]  56058 
2 . 40 5 5 7 1 2  2 . 40 5 5'ib9 
� . 3 8  5 51 1 7  
2 . 3 4  55062 
2 .3 2  547 10 
2. 28 5,.505 

NEW HAMPS H I R E  CT 
INC CUM PO IIE R H AZ AR D  

ACt ' ACC � ACe FACT � INDEX 

5 5  55 4. 1 5  8 . 3 1  4 8 7800 
34 89 6 . 1 2  6 . 72 3 3 7790 
26 1 1 5 8 . 69 5. 79 268380 
29 11010 1 0 . 8 8  5 .410 2 310000 
2 5 1 69 1 2 . 76 5 . 1 1  2 1 0000 
29 198 1 10 .95 4 .9 8  1 8 3820 
19 2 1 7  1 6. 3 9 4 . 6 8  1 6 91000 
14 231 1 7  .lt5 It . 3 6  1 53088 
19 2 50 1 8. 8 8 4 . 2 0  1 39000 
23 2 7 3  2 0 .62 4 . 1 2  1 28000 
23 296 2 2 . 3 6  4 . 06 1 20800 
26 3 22 24. 3 2  4 .0 5  1 1 2720 
1 8  3 40 2 5 . 6 8  3 .9 5  1 0698 1  
24 364 2 7 . 49 3 . 9 3  1 00000 
1 5  379 2 8 . 6 3  3 . 82 910560 
18 397 2 9 . 9 8  3 . 7 5  90000 
1 0  4 0 7  3 0 . 1 4  3 .62 85400 
1 5  422 3 1 . 8 7  3 . 54 81 100 

6 4 28 32 . 3 3  3 .4 0  78880 
1 2  10 4 0  3 3 . 2 3  3 . 3 2  75600 
1 4 454 34.29 3 . 2 7  12000 
1 8  4 1 Z  35 .6 5 3 . 2 4  6 922 5 
2 0  4 9 2  3 7 . 1 6  3 .2 3  66000 
1 2  504 3 8 . 0 1  3 . 1 7  64000 
1 1  5 1 5  3 8. 9 0  3 . 1 1  6 1 0 8 8  

8 523 3 9 . 5 0  3 .04 59800 
8 5 3 1  40. 1 1  2 . 9 1  561080 

1 6  5 H  4 1 . 3 1  2 .95 54000 
1 5  562 42 . 4 5  2 . 93 5 15 0 0  

9 5 7 1  4 3 . 1 3  2 .8 8  49940 
1 2  5 8 3  44. 0 3  2 . 810 108000 

5 588 "'10 .<11 1 2 .18 <1165510 
22 6 1 0  106. 0 1  2 . 79 4 5000 

6 6 1 6  1t 6 . 5 3  2 . 14 103260 
1 62 3 1t 7 . 05 2 . 6 9  It 1990 

1 7  640 Its. 31t 2 .6 9  40390 8 648 48 . 9" 2 .6 5  40000 
8 656 49. 5 5  2 . 6 1  38800 

1 3  669 5 0 . 5 3  2 .59 3 7500 
1 7  686 5 1 . 8 1  2 . 59 3 6000 

6 692 5 2 . 2 7 2 . 5 5  35000 
8 700 52 . 8 7 2 . 5 2 3,.000 
9 709 5 3 . 5 5  2 .49 33000 
6 1 1 5  54. 00 2 . 4 5  32000 7 722 5 4 . 5 3  2 . 4 2  30940 9 1 3 1  5 5 . 2 1  2 . 40 3 0000 
'" 7 35 5 5 . 5 1  2 . 3 6  29700 9 144 5 6 . 1 9  2 . 3It 28800 9 1 5 3  56. 8 1  2 . 3 2  2 2000 
9 762 5 7 . 5 5  2 .3 0  2 7000 

NEW HAMPSH I RE FLASH ING L I GHTS 

PO NH 

II I TH MA ICH I PIC C UM LE S S  �AfeH L ES S  HATCH L ES S  MATCH 
1 D I F F  T VAL MftH HTCH .Ace 1 AtC ,Ace � ACt 'D I F F  T VAL 

-0.08 - 0 . 1  53 53 1 0 .0 8  2 0 . 1 5  - 0 .0 8  - 0 . 6  
-0 .30 -: 0 . 3  3 0  8 3  2 0 . 1 5  6 0. 45 -0. 30 - 1 . 1t  

0 . 6 8  C . 6  30 1 1 3  1 1  0 . 8 3  2 0 . 1 5  0 . 68 2 . 5 
0 . 2 3  0 . 2  2 5 1 38 9 0 . 6 8  6 O. itS 0 . 2 3  0 . 8  
0 . 30 0. 2 2 6  1 M  9 0 .6 8  5 0 . 38 0. 3 0  1 . 1 

- 0 . 2 3  - 0 . 2  27 1 9 1  4 0. 3 0  7 0. 53 -0. 2 3  - 0 . 9  
0 . 3 0  0 . 2  2<11 2 1 5  6 0 .lt 5  2 0. 1 5  0. 30 1 . ... 
0. 2 3  0. 1 1 2  2 2 7  7 0 . 53 It 0. 30 0 . 2 3  0.9 
0 . 38 0 . 2  1 9  2 46 9 0 . 6 8  4 0 . 30 0. 3 8  1 . 4  
0. 1 5  C. 1 2 0  266 9 0 . 6 8 7 0 . 53 0 . 1 5  0 .5 
0 .0 8  0 . 0  2 0  2 8 6  1 1 0 . 8 3  10 0. 76 0. 0 8  0. 2 
0 . 08 C.O 29 3 1 5  8 ' 0 . 6 0  7 0 . 53 0 . 08 0 . 3  
0 .08 0 . 0  1 5  3 30 1 1  0 . 8 3  10 0. 76 0. 0 8  0. 2 

-0. 3 8  - 0 . 2 2 2  3 5 2  7 0 . 5 3  1 2  0 . 9 1  - 0 . 3 8  - 1 . 1  
-0 . 2 3  - 0 . 1 1 5 3 6 7  9 0 . 6 8  1 2  0 . 9 1  -0 . 2 3  - 0 . 7  
- 0 . 1 6  - C . 4  1 6  3 8 3  4 0 . 3 0  14 1 . 06 - 0 . 76 - 2  .... 

0 .0 0  0 . 0  16 399 8 0. 60 8 0. 60 0 . 00 0 . 0  
-0 . 08 -0.0 1 5  'o l io  7 0 . 5 3  8 0 . 6 0  - 0 . 0 8  - 0 . 3 

0 .30 0 . 1  6 420 1 2  0 . 9 1  8 0. 60 0 . 30 0.9 
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APPENDIX D 

REGRESS I ONS 

T h e  fo l l ow i ng � ymh o l �  a r e  u s �d a s  � h o r t hand i d e n t i f i c r � i n  

t h e  r e g re s s i on � . 

1 .  AADT - av e r ag e d a i l y traff i c .  

2 .  ACC - a c ros s i ng f rom t h e acc i d e n t  d a t a h a s e . 

3 .  C - s ame a s  1 .  
4 .  DT . DTH RU . DAY Tl lRlJ - numb e r  o f  day t h ru t r a i n � . 
5 DAY SW I TCH - number o f  day s w i t c h  t r a i n s . 

6 .  FC , F C - ROAD - t h e u n i t s  d i g i t  o f  t h e func t i o na l c l a s s i f i c a 

t i on o f  ro ad ove r c ro � s i ng .  

7 .  F LGVI 9 . DAT - t he f i l e  name o f  t he reg re s s i o n wh i c h i s  t h e  

8 .  

9 .  

1 0 .  

1 1 .  

1 2 .  

1 3 .  

1 4 .  
I S .  
1 6 . 

1 7 .  

1 8 .  

1 9 .  

2 0 . 

2 l . 

2 2 . 

2 3 .  

v o l ume mode l fo r f l a s h i ng l i g h t s . 
GAT E 0 9  - t he f i l e  name o f  t h e reg r � s s i on w h i c h i s  t h e vo l um �  

mode l f o r  gate s . 

H .  H ( o fV I T 1 6 )  - t h e  f i l e  n ame o f  t h e  r eg r e s s i on wh i c h  i s  t h e 

vo l um e  mode l fo r c ro s shuck s . 
HWY PAVED - i s  h i g hway paved?  

LAN ES - t h e numb e r  of  t r a f f i c  l a ne s .  

LOG , LOG I O  - refe r s  t o  LOG
1 0

' 

LOG T * * 2  - r e fe r s  t o  [ LOG I O
(T+ I ) ]

2 
. 

LOG C * * 2  - r e fe r s  to [ LOG
1 0

( C + I ) ]
2

. 

MA I N  TRACKS , �IA I N  TRKS - t he numb e r  o f  ma i n t ra c k s . 

MAX , MAX S P E ED - ty p ica l  max i mum speed . 

M I N  - t y p i c a l  m i n i mum s pe ed . 

N ,  N I T E  - t h e  n um b e r  o f  n i ght  t ra i ns .  

N I TE SWITCH - t he numb e r  o f  n ig h t  swi tch  t ra i n s . 
N I TE THRU - t he num b e r  o f  n i g h t t h ru t r a i n s . 
NOACC - a c r o s s i ng f rom t h e  no n - ac c i de n t  d a t a  base . 

NRBY X I NG HWY - n c a r b y  i n t e r s � c t i ng h i g h wa y ?  

OPEN= l NOT OPEN = 2  - f rom t ype o f  de v e l opme n t : o p e n  i s  open 

s p ace ( 1 )  and n o t  o p e n  i s  o t h e rw i s e  ( 2 ,  3 ,  4 ,  5 ) . 

0- 1 



2 4 . POP , f'0P!J LAT I ON - t he tens d i g i t  o f  the funct iona l c l as s i 

lZ i c "! t  :: n c f  road over cro s s ing . 

2 5 .  kES T D "· : �� :;N - Rr S I D = l - from type of  deve l opment :  re s i d i s  

,'c s i der. t t a l  ( 2 ) , non - re s id i s  otherwi s e  ( 1 , 3 , 4 , 5 ) . 

2 h  R R  1\ lh' WARN .. i s  ra i l road advance warn ing s ign presen t ?  

2 7 . S I� I ' I C I l  - number of  swi t c h  t rains . 

2 8 .  T ,  T RA I N  - numb er o f  t o t a l  t rain  movement s .  

2 9 .  TRUC KS - e s t imated percent t rucks . 

3 0 .  TYP MAX S P E E D  - s ame as  1 6 . 

3 1 . TY P M I N  S PEED - typica l m i n imum spee d .  

3 2 . U= l R= 2 , U = O  R= l - from hi ghway system U i s  urban and R 

i s  ru ra l . 

33 . X I N G  ANGLES - sma l l e s t  c ro s s i ng ang l e .  

34 . 1 - refers  t o  the i nt ercept o f  a non - l i near reg re s s ion . 

3 5 . 1 0 K - 1 0 , 0 0 0 .  
36 . * - mul t i pl icat ion s i gn . 

3 7 . * *  - exponent s ign . 

D - 2 
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VARIAB LES USED FOR VOLUME L I NEAR REGRESS I ON MODEL .  
L I NEAR REGRESS I ONS COMB I N I NG NON -VOLUME VARIABLES 
W I TH BEST L INEAR VOLUME MODEL .  
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I LLUSTRAT ION OF "MI GRATI ON" AND CONVERGENCE 
SUCCESS I VE I TERATI ONS . 
SELECT ION REGRESS I ON - CROSSBUCKS . 

D- 7 SELECT I ON REGRESS ION - FLASH I NG L IGHTS . 
D - 8 SELECT I ON REGRESS I ON - AUTOMAT I C  GATES . 
0 - 9 MI GRATI ON - FLASH I NG L I GHTS - VOLUME . 
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0- 1 2  MIGRAT I ON GATES - COMPREHENS IVE . 
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TABLE D- 3 .  LINEAR REGRESS IONS COMB INING NON- VOLUME 
VARIABLES WITH BEST LINEAR VOLUME MODEL 
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where VOL i s  the volume equation described in B . 4 ,  Appendix B .  
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TABLE D- 4 .  LINEAR REGRESSIONS COMB INING NON- VOLUME 
VARIABLES WITH BEST LINEAR VOLUME MODEL 

(Different Var iab l e s  from Tab l e  D - 3) 

VARIABLE . DESCRIPTION 

4 FC 

5 NRBY XING HWY 

9 VOL*POP 

10 VOL*NRBY XING HWY 

12 VOL/NRBY XING HWY 

18 C * * 2/ (LANES + 1 )  

1 9  VOL * * 2  

22 LOG (VOL* * 2 )  

where VOL i s  the volume equation described in B . 4 ,  Appendix B .  
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APPENDIX E 

EXPECTED ACCIDENT FREQUENCY PLOTS AND EOC PLOTS 

F igures E - 1  t hrough E - 8  g ive expe c t ed acc ident frequency per 

year versus p ercent of a l l  cro s s ings which are more hazardous ( for 
a g iven h az ard index and warning  devi ce c l as s ) . (See Secti on 4 . 3 . )  

F igures E - 9 t hrough E - 1 l  g ive the percent o f  a l l  acc ident s  versus 

percent of a l l  cro s s ings ( for a g iven hazard  index and warning de 

vice c las s ) . The resul t ing plots  of  F i gures E - 9  t hrough E - 1 1  are 

EOC curves . (See Sect i on 4 . 1 . )  
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APPENDI X  F 

DATA BASE S  

T h e  i nven t o r y d a t a  u s e d i n  t h i s  s t udy w e r e  d e r i ved from two 

s o u r ce s : a t a pe c o n t a i n i ng t h e  i nven t o r y  c h a ra c t e r i s t i c s  o f  a l l  

pub l i c  r a i l road c ro s s i n g s  i n  t h e  U . S . , and a t ape c on t a i n i n g t he 

i nv e n t o r y  c h a r a c t e r i s t i c s  o f  r a i l road c ro s s i ng s  K h i c h  had a n  

ac c i de n t  i n  1 9 7 5 . *  T h o s e  c ro s s i n g s  wh i ch h a d  mu l t i p l e  ac c i d en t s  

a re r e p e a t ed fo r eve ry acc i d e n t  t he y  had . T h u s , i f  � c ro s s i ng had 

t h ree acc i de n t s i n  1 9 7 5 , t he t a pe wou l d  con t a i n  t h ree accoun t s  o f  

i t s  i nven t o r y  c h a ra c t e r i s t i c s .  

T h e re were 2 1 9 , 1 6 2 puh l i c  ra i l road c r o s s i ng s  i n  e x i s t e n c e  i n  

1 9 7 5 .  I n c l u d ed i n  t h e  a c c i d e n t  t a p e  we re 8 , 0 2 8  c r o s s i ng s , o f  

wh i c h  94 3 we re repe t i t i ve . Ta b l e  F - l de p i c t s  t h �  fo rm a t  f o r  t he s e  

t wo t a pes . Many o f  t h e f i e l d s  i n  t h i s  t a h l e  were d e s c r i p t i v e  i n  

n a t u re and h a rd t o  q u a n t i fy .  The s e  f i e l d s  w e re ex t ra c t e d  f r om t he 

d a t a  ba s e .  T he resu l t a n t  d a t a  b a s e  i s  s hown i n  Tab l e  F - 2 ,  wh i l e  

Tab l e  F - 3 d e p i c t s  t he a c c i d e n t  d a t a  b a s e  a n d  t h e  n o n - ac c i d e n t  d a t a  

ba s e  b roken down i n t o  w a r n i ng dev i c e  c l a s s . Tab l e  F - 4  s hows t h e  

repe t i t i v e  n a t u r e  o f  t h e a c c i d en t  J a t a  h o s e ,  wh i l e  Tah l e  F - 5  

dep i c ts t h e  d a t a  s e t s  u s e d  i n  t h e  i t e r a t i ve n o n l i n e a r r e g r e s s i o n . 

------ --- - - - ' 

*Some o f  t h e 1 9 7 5  a c c i den t s  d i d  n o t  app c a r  i n  t he da t a  ha s c  o f  t he 
s e c o n d  t a pe h e c a u s e  t hey c ou l d  n o t  b e  l i n k e d  t o  c r o s s i ng s . See 
S u h s e c t i o n 2 . 3 . 1 .  
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1 

8 

1 4  

2 0  

2 1  

23  

24 

27 

29 

33  

34  

38  

52  

66  

73  

90  

1 0 0 

1 0 6 

1 2 1  

1 2 7  

1 3 7 

1 3 8 

1 39 

1 4 0 

1 4 1 

1 56  

1 5 7 

LEN 

7 

6 

6 

1 

2 

3 

2 

4 

1 

4 

1 4  

1 4  

7 

1 7  

1 0  

6 

I S  

6 

1 0  

I 

1 

1 

I 

I S  

1 

6 

TY PE 

CH 

CH 

Cl I 
CI I 

Z D  

CH 

Z D  

Z D  

Z D  

CH 

Ci l 

Cll 

CH 

CH 

Ci l  

C I I  

Z D  

Cil 

Z D  

Cil  

CII 

CI I 

CI I 

el l 

CI I 
Cif 

Z D  

TABLE F - 1 .  I NVENTORY DATA BASE 

DESCRI PT I ON 

Cros s i ng number ( 6  d i g i t s  & check d i g i t ) 

Beg i n  d u t e  ( YYMMDD forma t )  

End d a t e  ( YYMMDD forma t o r  9 99999 )  

Cros s i ng s t a t u s  ( I - c hanged , 2 - new , 3 - c losed , 
4 - change i n  p l a c e )  

S t a t e  code 

' C ' 

Coun t y  code 

S t a t e  c od e  

C i t y code 

I s  c i t y  c ode fo r c i t y or  n e a r e s t  c i t y ?  
( I - n eare s t  c i t y ,  O - c i t y )  

Ra i l road c ode 

Ra i 1 1' t l ad d i v i s i o n  o r  reg i on 

Ra i l road subd i v i s ion or  reg i on 

l I i ghway numhe r  

S t re e t  or road name 

Ra i 1  rond I D number 

T i met a h l e  s t a t i on 

B ranch or l i ne name 

M i l e po s t  ( p i c  9 9 9 9V99)  

Coun t y  m a p  re fe rence number 

C ro s s i ng t y p e  ( I - p ede s t r i an ,  2 - p r i va t e ,  
3 - puh l i c )  

C r o s s i ng pos i t i o n ( I - at g rade , 2 - RR u nd e r , 
3 - 1' r  ov('r)  

P r i va t e  c ro s s i ng l ocat i on ( I - farm ,  2 - r (' s i den t i a l  
3 - rec r c a t i on a l , 4 - indu s t r i a l ) 

P r i va t ('  s i g n s  o r  s i gna l s  ( b l a n k - n o t  a p r i va t e  
c ro s s i ng I - s i g n s , 2 - s i g na l s ,  3 - no s i g n s  or  
s i g na l s ,  4 - ho t h  s i g n s  a n d  s i g n a l s ) 

P r i v lI t e  s i g n  o r  s i gna l desc r i p t i on 

Form i n i t i a t o r  ( I - ra i l road , 2 - s t a t e ,  3 - DOT , 
4 - f i l e  crea t i on)  

R� t c h  nUlll h c r  

F- 2 

= 

.. 
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LOC 

1 6 3  

1 6 4 

1 66 

LEN 

1 

2 

5 

TABLE F - l .  I NVENTORY DATA BASE (cont . )  

TYPE 

ell 
C I I  

ZD  

I J s er  code 

na t e  upda t ed 

L i nk F i e l d  

DESCRI PTION 

Rema i nder o f  f i e l J �  w i l l  be  bl ank unl ess  cros s i ng i s  puh l i c  a t  
g rade . 

1 7 1 2 Z D  �umber o f  day l i gh t  t h ru t ra i ns 

1 7 3  2 Z D  �umber  o f  d ay l i g h t  swi t c h  t ra i n s  

1 7 5  2 z n  Number o f  n i gh t  t h ru t ra i ns 

1 7 7 2 z n  Number o f  n i g h t  !H d t ch i ng t ra i n s 

1 7 9 1 z n  L e s s  t han one t ra i n  pe r day ? ( O - no ,  I - ye s )  

1 8 0 3 z n  Max imum t imet a b l e  s peed 

1 8 3 3 zn Typ ical  m i n imum s pe ed 

1 86 

1 8 9 

1 90 

1 9 2 

2 02  

2 0 3  

2 1 9  

2 2 0  

2 3 6 

237  

2 3 8  

2 3 9  

2 4 0  

24 1 

2 4 2  

3 

1 

2 

1 0  

1 

1 6  

1 

1 6  

1 

1 

1 

1 

1 

1 

1 0  

ZD  

ZD  

z n  
Cli 

z n  

CI I 

ZD  

Cli 

z n  

z n  
z n  
z n  
Z I) 

z n  
CII 

Typ i ca l  ma ximum s peed 

Numbe r o f  main  t racks  

Numbe r  o f  o t h er t racks 

Descr i p t i on o f  ot her t racks  

noe s  a no t h e r  ra i l road ope rat e  a separa t e  
t rack a t  c ro s s i ng ?  ( I - ye s , 2 - no )  

L i s t  of  o t he r  ra i l road s wi t h  s epa ra t e  t r ack  
( four charact ers  each)  

noe s  anot her ra i l road operat e ove r you r t rack 
at  cros s i ng ( I - ye s , 2 - no )  

L i s t  o f  o t her ra i l road s o n  s ame t rack ( 4  
chara c t ers  eac h )  
lI i ghest  warni n g  dev ice  c la s s  a t  cros s i ng 8 - ga t e s , 
7 - f las h i ng l i gh t s , 6 - h i ghway s i gn al s , w i gwags , or 
be l l s ,  5 - spec i a l  warn ing , l - crossbucks , 3 - s top 
s i gns , 2 - other  s i gn a l  or  s i gn al s , I - none of t he 
above ) 

Numb e r  o f  refl e c t o r i zed c ro ssbucks  

Number  of  non - rc f l ec t o r i zed  c ro s sbuc ks  

Numbe r of  s t andard h i g hway s t op s i g n s  

Numh� r o f  o t her  s t op s i gns  

Numbe r o f  ot he r s i gns  ( 1 )  

Des c r i p t i on o f  o t h e r  s i gns  ( 1 )  

F - 3  



LOC 

2 5 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 06 

3 0 7  

3 0 8  

3 0 9  

3 1 0  

3 1 1  

3 1 2  

TABLE F - l .  I NVENTORY DATA BASE ( con t . )  

LEN TYPE 

1 Z D  

1 0  CII  

I Z D  

1 Z D  

1 Z D  

1 Z D  

1 Z D  

I Z D  

9 el l 
, 1  Z D  

I Z D  

I Z D  

2 0  CI I 

I Z D  

1 Z D  

I 

I 

1 

1 

Z D  

Z D  

Z D  

Z D  

Z D  

Z D  

Z D  

Z D  

Z D  

Z D  

DES C R I PT I ON 

Numb e r  o f  o t h e r  s i g n s  ( 2 ) 

De sc r i p t i o n  o f  o t h e r  s i g n s  ( 2 )  

Numh e r  o f  red a nd Kh i te r e f l cc t o r i zed gate s 

Numb e r  o f  o t he r  c o l o r ed g a t e s 

Numbe r o f  c a n t i l e v e r e d  f l a s h i ng l i g ht s over 
t ra f f i c  l a n e �  

Numb e r  o f  c a n t i l e v � red f l a s h i ng l ig ht �  n o t  ove r 
t ra f f i c  l a n � s  

Num b� r  o f  ma s t  moun ted f l a s h i ng l i g h t s 

N umb e r  o f  o t h e r  f l a s h i ng l i g h t s 

Des c r i p t i o n  o f  ot h e r  f l a s h i ng l i g h t s  

N umh (' r  o f  h i  g ll \\a)' t ra f f i c  s i g n a  I s 

Numh (' r  o f  K i g w a y �  

Numbe I' 0 f h('  1 1  s 

De s c r i p t i on o f  spe c i a l  wa r n i n g  n o t  t r a i n  
a c t i va ted 

I s  t l" lck  ('qu i pped ,d t h  a n y  s i g n :- or s i gn:t 1 5 
( I - n o ,  0 - ), (' 5 )  

I s  c omm(' rc i a l  pow� r ava i l a b l � ? ( 2 - n o , I - y e s )  

Method o f  s i g n a l l i ng f o r  t ra i n  ope ra t i on :  
I s  t rack  ('qu i pped w i t h � i gn a l � ?  ( 2 - no ,  I - y e s ) 

Doe �  c ro s s i n g prov i d e �peed � e l e c t i o n  ( I - re s , 
2 - n o , 3 - N / A )  

T y p e  o f  deve l opmen t  ( I - op e n  s pace , 2 - r e � i d e n t i a I , 
3 - c omme r c i a l , 4 - i nd u s t r i a l , 5 - i n s t i t u t i ona l )  

I s  h i g ll\v a y  pav�d ? ( 2 - n o ,  I - ye s )  ( N o t e  
d i f f(' re nt c od i ng i n  B . 5 . 1 . 3 ) 

Doc s  t ra c k  run down a s t re � t  ( 2 - n o ,  I - yes ) 

Pavemen t  ma r k i n g s  ( l - s t op l i n e ,  2 - RR X i ng 
s ymbo l , 3 - n o ne , 4 - bo t h  s t o p l i ne s  a n d  RR X i ng 
s ymbo l s ) 

Nea rhy i n t � r s ec t i ng h i ghwa y ?  ( 2 - n o , l - y(' s )  

RR adva nc e wa rn i ng s i g n s  p r e s ent ( 2 - n o ,  I - ye s )  

Sma l l e s t  c ro � s i ng a ng l e  ( 1 - 0  t o  2 9  degre e s , 
2 - 3 0 t o  S 9  d e g re e s . 3 - 6 0 t o  9 0  d � g r (' e s ) 

Cro s s i ng s u r face 

1= - 4 

., 



TABLE F - l .  I NVENTORY DATA BASE ( cant . )  

LOC LEN TYP E  DESCRI PTION --- -------
3 1 3  1 Z I) Numb� r  o f  traff i c l anes  

3 1 4  1 Z I) Are t ruck pu l l out I tl nes  p re s e n t ?  ( 2 - 110 , 
I - ye s )  

3 1 5  1 Z D  I s  c ro s s ing on s t a t e  h ig lwJuy sys t em 
( 2 - no , I - ye s )  

3 1 6  2 ZD  H ig ll\\'ay sys t em 

3 1 8  2 Z D  Funct ional c l a s s i fi ca t i on o f  road over 
'. cro s s ing (The tens d i g i t  codes popu l a t i on . )  

3 2 0  6 Z D  H s t im a t ed AADT 

326  2 Z D  E s t i ma t e d  percent t rucks 

II 
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LOC 

1 

8 

1 0  
1 3  

1 7  

24  

26 

28 

30  

32  

33  

36  

39 

4 2  

4 3  

4 5  

46  

4 7  

4 8  

4 9  

5 0  

5 1  

S 2  

5 3  

5 4  

S S  

S 6  

S 7  

LEN 

7 

2 

3 

4 

7 

2 

2 

2 

2 

1 

3 

3 

3 

I 
2 

1 

1 

1 

I 
1 
1 
1 

1 

1 

1 
1 
1 

I 

TABLE F - 2 .  EXTRACTED I NVENTORY DATA BASE 

C ro s s i ng numb(' r  

State code 

Coun t}' Code 

Ra i l road Code 

1 1  i g 11\\'a }' nuhme r 

DESCRI PT I ON 

Numbe r  o f  day l ight  t ru t ra i n s  

Numbe r  o f  da y l i g ht sw i t c h  t ra i n s 

Numbe r  o f  n i g ht t h ru t ra i ns 

�umbe r  of n i ght sw i tc h  t ra i n s  

I . e s s  t han one t ra in pe r day ? ( O - no , I - yes )  

Max i mum t imetable  s pe('d 

Typ i ca l m i n i mum speed 

Typ i c a l  max i mum s peed 

Numb e r  of ma i n  t racks  

Numb e r  of  other  t rack s 

Docs ano t h e r  ra i l road operate  on a separate 
t rack a t  c ros s i ng ?  ( I - ye s . 2 - no )  

Docs  anot he r ra i l road ope rate  ove r you r t rack 
u t  cross i ng ( I - ye s . 2 - no)  

Highe s t  warn i ng dev i ce c la s s  a t  c ross i ng ( 8 - gates , 
7 - f lashing  � i gh t s , 6 - h i ghway s igna l s , wigwags , o r  
be l ls ,  5 - S I gn a l  warn ing , 4 - cros sbuck s , 3 - s top 
s i gns , 2 - other  s igns or s ignal s ,  I - none ) 

Numhe r o f  re f l e c t o r i zed c ro s sbuc k s  

Numbe r o f  non - re f l ec t o r i zed  c rossbuc k s  

Numbe r  o f  s t anda rd h i ghway s t op s i gns  

Numb e r  of  o t h e r  stop  s i gns  

Numbe r  o f  o t h e r  s igns  ( 1 ) 
Numbe r  o f  o t he r  s i gns  ( 2 l  

Numbe r o f  red and wh i t e re f l ec t o r i zed gates  

Numbe r  of  othe r co l o red gat e s  

Numbe r o f  c ant i l eve red f l a s h i ng l i g h t s  over  
t ra f f i c  l anes  

Numbe r o f  cant i l eve red f l as h i ng l i g h t s  not ove r 
t ra [ f i c  lanes  

1= - 6  

:: 

.. 
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LOC 

S 8  

S 9  

6 0  

6 1  

6 2  

6 3  

6 S  

6 6  

6 7  

6 8  

6 9  

7 0  

7 I 

7 2  

7 3  

74  

7 S  

76  

7 7  

79  

8 1 

8 7  

TABLE F - 2 .  EXTRACTED I NVENTORY DATA BASE ( con t . )  

LEN 

I 

I 

I 

I 

I 

I 

I 

I 

1 

1 

I 

1 

I 
I 

I 

I 
1 
I 

2 

2 

6 

2 

DESCRI PT I ON 

Numb er o f  most moun ted f l a s h i ng l ig h t s  

Numbe r o f  o t h e r  f l a s h i ng l i g h t s 

Number  o f  h i g hway t ra f f i c  s i gna l s 

Number  o f  w i gwags  

Numbe r 0 f be l l  s 

I s  t rack equi pped w i t h any s i gns  or s i g na l 
( l - no , O - ye s )  

Me t hod o f  s i gn a l l i ng fo r t ra i n  opera t i on :  I s  
t rack  equ i pped w i t h  s i gn a l s ?  ( 2 - no ,  I - ye s )  

Doe s  c ros s i ng prov i de speed s e l e c t i on ( I - ye s  
2 - no 3 - N / A )  

Type of  dev e l opmen t ( I - open spose , 2 - res i de n t i a l  
3 - comme rc i a l , 4 - i ndu s t r i a l , 5 - i n s t i t u t i ona l )  

I s  h i g hwa y paved? ( 2 - no ,  I - y es )  

Doc s  t ra c k  run down :.t s t r e'et  ( 2 - no ,  I - ye s )  

Pavemen t m a r k i ng s  ( I - s top l i n c , 2 - RR c ro s s i ng 
s ymbo l 3 - none , 4 - bo t h  s top l i n ('s  and RR X i ng 
s ymbo l ) 
Nearby i n t e rs ec t i ng h i g hwa y ?  ( 2 - no , I - y e s )  

RR advance wa rn i ng s i g n s p rr s e n t  ( 2 - n o .  I - y e s ) 

Sma l l e s t  c ro s s i ng a ng l e  ( 1 - 0  t o  2 9  d e g r e e s , 
2 - 3 0 to S 9  deg re e s . 3 - 6 0 t o  9 0  degree s )  

Cro s s i ng Surface 

Numbe r o f  t ra f f i c  l ane s 

Are truck pu l l ou t  l an e s  p r e s e n t  ( 2 - no ,  I - yes )  

I s  c ro s s i ng o n  s t a t e  h i ghway s y s t em ( 2 - no , 
1 - ye s )  

l I i g hway Sys tem 

Funct iona l c l a s s i f i ca t i on o f  road over cro s s i ng * 

E s t i ma t ed AADT 

E s t imated  pe rcent  t ruc k s  

*Thet
"CTl s  d i g i t  o f  LOC 7 9  c o d e s  popu l a t i on .  Sec  Re fer enc e 4 .  

F - 7 



TABLE F - 3 .  BREAKDOWN BY WARNING DEVI CE CLASS 

Warning Device C l a s s  Non - Ac c i dent Acc i dent 

Gate s 1 1 , 983  7 0 7  

Flashing L ights  3 3 , 96 9  2 , 65 0  

Highway s igna l s , \V' ig\V'ag s ,  bel l s  3 , 39 5  1 6 9  

Special  warning 8 , 4 1 8  2 1 6  

Cro ssbucks 1 4 1 , 4 7 7  3 , 96 9  

StandaTd highway s top s i gns  3 , 5 2 5  1 0 9  

Other s igns 1 , 0 79 1 5  

None -.!�� 3l� ___ 
1 9 3 1 -----

£ 
2 1 9 , 1 6 2  8 , 0 2 8  

TAB LE F - 4 . BREAKDOWN BY MULTI - ACCI DENTS 

1# Acc i dcnt s 1# Cros s i nB.� 1# Repet i t ions 
-

1 6 , 34 4  0 

2 6 0 9  6 0 9  
3 96  1 9 2 
4 2 1  6 3  
5 9 36 
6 () 0 
7 2 

;: 
1 2  

8 2 1 4  .. 
9 1 8 

1 0  1 9 
---_ .. . _-----

7 , 0 8 5  94 3 

Tot a l  s ample s i ze = 8 , 0 2 8  

Tot a l  numbeT o f  Tcpe t i t i on s  = 9 4 3  

.. 
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TABLE F - 5 .  COMPOS ITION OF D I SJOINT DATA BASES USED FOR MODEL CONSTRUCTI ON AND TEST ING 

TEST DATA BASE ( SUBDATA BASE B OF F I GURE 2 - 1 )  

F l as h ing lHg,.,rags  Cros s - Stop Other 
Gates L ight s Be 1 1 s  Spec i a l  bucks S isn S isn None Tot a l  

Acc i dent 3 5 4  1 , 32 4  8 5  1 0 8  1 , 9 84 5 5  8 96 4 , 01 4  

Non - accident 3 , 5 3 5  1 3 , 2 5 0  4 8 5  1 , 1 7 7  20 , 1 8 8  4 9 3  1 4 7  2 , 2 03  4 1 , 4 7 8  

To tal 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 , 29 9  4 5 , 4 9 2  

VAL I DATION DATA BASE ( SUBDATA BASE A O F  F I GURE 2 - 1 )  

Acc i dent 3 5 3  1 , 326  84 1 08 1 , 9 85  54  7 9 7  4 , 0 1 4  'Tl 
1 , 1 7 8 I Non- acc i de nt 3 , 5 35 1 3 . 2 50 4 8 7  2 0 , 1 8 8  4 9 3  1 4 7  2 , 2 0 4  4 1 , 48 2  !.O 

....... 
Tot a l  3 , 8 8 8  1 4 . 5 76  5 7 1  1 . 286  2 2 , 1 7 3  5 4 7  1 54 2 , 30 1  4 5 , 4 96 .. I 

.... 
0 
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.. 
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APPEND I X  G 

NONL I NEAR ( LOG I ST I C) VERSUS L I NEAR CONSTRUCT I ON 

AN E X P E R I M E NT TO CO�I PARE Ti l E  L I N E A R  MO DE LS \\' 1 '1'1 1  Ti l E  LOG I ST I C  
MODE L S  

Co n s i de ra h l e  t i me h a d  e l a p � e d  ( a n d  c o r re s p o n d i n g e x p e r i e n c e  

g a i n e d )  b e t w e e n  t he d e v e l o pm e n t o f  t h e b e s t  c om p re h e n s i v e l i n e a r  

m o d e l s  8 - C  a n d  8 - D  : t n d  t h e c o rr e s p o n d i n g c om p re h e n s i v e l o g i s t i c  

m o d e l s  Idl i c h  a r c l"l' p o r t c d a s  t h e IH' s t  T S C  m od e l s  i ll t h i s  r e p o r t  . 

Co n s e q u e n t l y ,  i t  s e l' m e d  d e s i r a h l e  t o  o h t a i n  s ome c o m p a r i s o n  o f  t h e 

e a r l i e r  l i n e a r  mode l s  Id t h  t h e l a t e r  l og i s t i c m o de l � .  The e a r l i e r  

mode l s  h a d  h e e n  t hou g h t  t o  h e  g oo d , a n d  h a d  e v e n  ou t p e r f o rm e d  t h e 

N e l\' H am p s h i r e a n d  C o l em a n - S t e l\'a r t  m o d e l s .  T h e  t ro u h l e  I\'a s t h a t  

t h e  d a t a  h a s e  0 11 wh i c h t h e y I\'e r e  t e s t ed wa s n o t  d i s j o i n t w i t h t h e 

d a t a  b a s e  on \\' h i c h  t h e y  I\'c r e  c o n s t r u c t c d ( t h i s  \\' a s  i n a d v e rt e n t ) .  

I t  w a s  e xp e c t e d  t h a t  t h e  l a t e r  l o g i s t i c mode l s  w o u l d  p e r fo r m  

h e t t e r  t h a n  t h e e a r l i e r l i n c a r m o d e l s .  Th i s  w a s  i nd c e d  t h e c a s e . 

T h e  s u r p r i s i n g f e a t u re "' a s  how po o r l y  t il<' e a r l i t' !' l i n e a r  m o d e l s  

d i d pe r f o rm . T h i s  i s e x p l a i n ed l a t l' !' i n  t h e A p p e n d i x , hu t f i r s t . 

a d e s c r i p t i o n i s  g i vc n  o f  t h e e x p e r i me n t fo r c om p a r i n g t h e m o d c l s , 

S i n c e  t h e d a t a  h a s e s  I\'c re re c o n � t ru c t ed a C t e r  i t  wa s d i s c o v e r ed 

t h a t  t h e y  w e r c  n o t  d i s j o i n t , t h e  n e l\' d a t a  b a s c s  ( w h i c h a r e  p u r e l y 

d i s j o i n t i n  t h e m s e l ve s )  pa r t i a l l y o v e r l a p t h e o l d  d a t a  h a s c s . 

T h u s , t o  t e s t  l i n e a r mo d e l 8 - C i t  wa s n e c e s s a r y t o  r e t ll n e  i t  o n  o n e  

d a t a  ba s e  a n d  r u n  i t s EOC s - - p ow e r  f a c t o r s  o n  t h e d i s j o i n t  d a t a  ha s e .  

T h i s  w a s  d o n e , w i t h  t h e  v a r i a h l e s  i n  t hc v o l um c  pa r t  o f  8 - C  h c i n g 

r u n  t h ro u g h  a n ew 1 i n e a r  v o l ume r e g re s s i o n s o  t h a t  t he s am e 
\ a r i a b l e s  a p p e a red h u t  t he c o c f f i c i e n t s  w e r e  r e t u n e d , The f u l l  

re g r e s s i on wa s a l s o c om p l e t cd i n  t he s amc m a n n e r . T h u s , a m o d e l 

i d c n t i c a l  Id t h  8 - C  ( c r o s s hu c k s )  i n  i t s v a r i a b l e s  h u t  w i t h i t s 

c oe f f i c i c n t s  t u n e d  t o  t he l a t c s t  c o n s t r u c t i o n d a t a  h a s c  wa s c o n 

s t ru c t ed .  T h e  EOC w a s  ru n a g a i n s t  t h e TSC c o m p r e h e n s i vc mod e l ; 

t h e  r e s u l t s  a re s h own i n  Ta b l e G - l .  ( S cc Appe n d i x  C a n d  S e c t i o n 

2 fo r i n  fo rnw t i on on how t o  r c a d  EOC s . )  

G - I  



The t e s t  re sul t ind i cated  t ha t  the l inear model s  we re unsat i s 

factory . They we re not s ign i f ic an t l y  worse than the New Hamp s h i re 

mode l , but no bet t e r . I t  seems that l in ea r  regre s s ion t echn ique 

is inadequa te to produce ha z a rd funct ions , wh ich  are e s s ent i al ly 

non - l i near - - p rob:lhl y an a pp roximate fun ct i on of  a product o f  

car  and t ra i n  v a r i a b l e s .  Any funct i on c an be  bu i l t up out o f  

l i near t e rms . Howcve r ,  t llC s t ra i ght  l inear app roach wa s eviden t l y  

n o t  power fu l  enough f o r  th i s  purpose . As a resu l t , the new mode l s  

devel oped 'of  p r ima ry intere s t  are those  o f  nonl inear cons t ruc t i on 

wh i ch a rc reported on in Sec t i on 4 .  

G - 2  
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TABL E  G - l , E O C  B E S T  L I NEAR Vl; RSU S B E S T  NON - L I NEAR MODE L ( C ROS S B U C K S )  

% ----�ON;; I; I N"R- HODE:L L lli EAR HOD£L HeNoL INEAR I. I NUII · - - -- - -
• INC CUM POWER WtiARD I N, C UM POW�R Htl6RD WITH HAT," I NC ,UH 1.,55 HATCH �ESS "A'e" L[SS HATCH X i n g  ACe , ACC I icC fAC!A JiOtlC ACe uC"Ci""ACc r.CYI1 WbU 1$01'" fYlL RTCM MTCM uce II ACe uce 1$ IcC iDI" 'VIL 

---Q;u--vg--a--4"8r-t ;68- - . 1"" -- 8,-a s - · -."1l3 - ' , &16 -- 3 3 47 " - 11 , 81 ' 1-" - -- - "14 ' . 11,, ---'4 2 ' 2 , 12 - - 26- ' 1 '. 31 -· ' -r.U-· -l,'  
4 . eo 6&1 15 6 '''06 1 , 8 6  - 2 2 ' 9  '3 133 6 � 7e 6 . 7S 294 2 1 . 1 6 1! 4 3 0  98 66 3 . 33 43 a . l' , , 16 I , a  

---t; !" ---n-nr-r.;a"lI'2�'9 6 �'-U3 -· V11l7 6 ; 09 - U"" - 1 , '1 I i '  - --31 -U" ' - " 67 3 . 38 '- U· - Z" ' - - Ij"'t-- l i l ---
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APPEND I X  H 

HAZARD I NDEXES BASED ON ACC I DENT H I STORY 

I I . 1 BAS I C �IETI IOD 
The h a z a rd i ndexes , whos� deve l opmen t and t e s t ing i s  repo r t ed 

on i n  t h i s  repo r t , arc  de f i c i ent  i n  one not ab l e  respec t : t hey do 

not  base  t he h a z ard on acc i den t h i s t o ry .  Thus , a l t hough acc ident  

h i s to ry is  u s ed i n  t h e  dev�l opme nt and  t e s t i ng of  h a z a rd i ndex e s  

ha s ed on o t h e r  charact e r i s t i c s . t he ha z a rd func t i on i t s e l f does 

not have a cc i dent  h i s t o ry as  a compone n t . Al t hough t he r e  i s  not  

su f f i c i e n t  t i me to deve lop  such ha z ard index e s  fo r t h i s  repo r t , 

a met h od ha s heen deve loped t o  do s o ,  and  the  necess a ry c a lcu l a t i on s  

wi l l  b e  presented i n  t h i s  append i x . The t e chn iques here a re be i ng 

used i n  a current  e f fort t o  deve lop acc ident h i st ory  dependen t 

ha zard indexe s . 

The has i c  i dea  i s  s i m p l e : one o f  the variah l e s  det e rm i n i ng 

haz a rd w i l l  he  the  numb e r  o f  acc iden t s  actua l l y ohserved a t  t h e  

cro s s i ng dur ing t he data  per iod ( the  year 1 9 7 5  i n  t h i s  c a s e ) . A 

func t ion f (h )  has a lr eady been developed wh ich  g ives expected acc i 

dent frequency in t erms o f  a ha zard index h ( f=ce
2 h , for  examp l e )  . 

I t  i s  now nece s s a ry t o  deve l op a func t i on f (h , y )  whi ch g i ve s  the c 
e xpec t e d  numbe r o f  acc i den t s  i n  a fut ure year , g i ven t h a t  the  

h a z a rd i ndex is  h and  t hat  y acc ident s  have been  obse rved i n  a 

�pec i f i c d  p r i o r  pe r i od ( o f  a s pec i fi ed length i n  years ) . 

F i rs t , the  p rob l em i s  s i mp l i fied  a s  fo l l ows : l e t  F ( h , y )  be the  
c 

e xpec ted numbe r o f  acc i dents  a t  a cross ing h avi ng hazard  i ndex h 

and h av i ng had y o r  more acc i den t s  i n  t he yea r  1 9 7 5 .  I n  part i cu l a r ,  

F (h )  � Fc C h , l )  i s  t he expe c t ed numb er  o f  acc i dent � a t  a c ro s s i ng 

whos e  haz ard i ndex i s  h and wh i ch had a t  l ea s t  one  acc i dent  i n  the  
_. _ 0 - _ _  _ 

da t a  yea r  ( 1 9 7 5 ) . I t  should  be remembe red that  h i s  a func t i on 

o f  cros s ing charac t e r i s t i c s  o ther  t han actual  acc i de nt h i s t ory . 

The c omput a t i on of F (h )  w i l l  be  based  on the  fol l owing  l emma : 

(Y  = numhe r o f  accident s i n  a yea r)  

F
c ( h , y ) = E (Y I Y�y+ l , h ) Pr ( Y�y+ l l h ) / Pr (Y�Y l h ) .  
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( see  end of  t h i s  Append i x  fo r der ivat ion and d e f i n i t i on s )  and i n  
p.l rt i cul a r :  

F ( h) = E ( Y I Y�2 , h)  P r ( Y�2 I h ) / P r (Y�1 I h) . 

The ' E I quant I t y  (Y Y�2 , h )  P r ( Y .> 2 I h ) / Pr (Y� 1 I h ) can a l so h e  w r i t t ('n : 

(H . l ) F (h )  = E ( Y I Y �.2 , h ) P r ( Y �2 I Y � l , h) . 

The l a tter  quant i t y can he e s t ima t ed on eve ry samp le  wh i ch con t a i n s  

c ros s i ng s  fo r wh i ch Y � 1 ( i . e . , had a n  acc ident ) .  Thu� , i t  may 

be eva luated fo r eve ry c ro s s i ng wh i c h  had an acc i dent . 

Let  " I' = 0 i f  y .  = I ;  " , = Y I' i f  Y ,  > 2 :  and " ,  be und e f ined  i f  1 1 I - 1 
Y i = n .  
Then F ( h i ) i s  e s t ima t ed hy " i at sample  i .  Suppose that : 

(U . 2 ) 

Then £ 1 and 1 2 can  be determ i ned by  s imple  l i near  regre s s i on :  

(H. 3 )  

£ 1 and 1 2 a re determ i ned h y  m i n im i z i ng L ( TJ ,_� , ) 2 . , I I 
The sum ove r i i s  c ;l rr ied  on l y  over c roi s i ng s  wh i c h  had at l ea s t  

o n e  acc i dent , i . e . , ove r t he c ro s s ing s i n  the acc i dent d a t a  ba s e . 

F ( h )  :; 2. l + £ 2 f+ £ 3 £ 2 cou l d  he s im i l ar l y  opt im i z ed . 

The quant i t y I: i s  c a l cu l a t ed here as  though the d a t a  ba se  had 

no m i s s ing acc iden t s .  To co rrect  for the m i s s i ng acc i dent s  i t  i s  

not su f f i c i ent to  mu l t i p l y  by r .  a s  wa s done fo r f ( Subsect i on 

2 . 3 . 1 ) .  1 I01iever , i n  the nex t sub sect i on we use  F to make some 

mo re c a l culat ions  i n t e rna l to t he ( incomplete )  data base , and t hen , 

a t  the end , i t  i s  s hown how t o  correct the re sul t s  for the mi s s i ng 

acc i dent s . I n  the fol l owing  ma t e r i a l  nota t i on i s sw i tched from 

F to F* for a remi nder that i t  i s  c a l culated on a data base w i th 

m i s s i ng acc i dent s , and that  co rrect i on for the  m i s s i ng a c c i dents  

has not been made . One shou l d  remembe r that f (Subs ect i on 2 . 3 . 1 ) 
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has been  calculated o n  the da ta base  w i t h  mi s s ing  acc i de nt s , but 

has  been cor rected fo r the m i s s i ng a c c i d ent s .  The des igna t i on [* 

i s  now i nt roduced to  denot e f unc orrected for the mi s s i n g  acc ident s ; 

then [* = £ (by  de f i n i t ion ) . 
r 

I t  i s  useful  to  ment i on some pa rt ial  resu l t s  wh ich  w i l l  i l l us 

t rate  t he magn i tude s i nvol ved . The numbers g iven here  for 9. 1  

and 2. 2 are  t o  b e  taken a s  t en t at ive , s i nce  the l im i t s  o f  accuracy 

have not been adequat e l y  a s s e s s ed . A pre l i m i nary reg r e s s i on o f  

the fo rm 

( 1 1 . 4 ) F * = 2. + 2.  f * 1 2 

wa s run fo r cro � � huck s , f l a sh i ng l ig ht s . and au t oma t i c  gate s . 

Th i s  amoun t s  to a s t rong l i m i t a t i on on the  form o f  F * , a s  i t  i s  

forced io he a l i near  funct ion o f  f a l one ( and not d i rect l y  o f  C ,  

T ,  number o f  t racks , e t c . ) .  The re sul t s  a re shown i n  Tab l e  H - I .  

Ta ble  J I - l  

F* ::=  1 1 + 9. 2 [*  

Warning Dev i c e  C l a s s  

Cros s bucks  
Fl  a s h i ng l ig h t s  
Au tomat i c  gates  

1 1  
0 . 0 4 4  
0 . 0 8 5  
0 . 1 3  

1 2  
1 .  7 8  
1 .  6 8  
1 .  5 2  

( Resul ts  a r e  pre l iminary . 
subj ect to l a rg e r  errors  

Au t oma t i c  g a t e s  case  i s  
than t he o t he r  t wo c a s e s . )  

Tha t  F* i s  val i d  i n ternal  to  the data  base  and has not been 

co rre c t ed for m i s s i ng (unl i nked)  acc i dent s .  S i m i l a rl y ,  

f *  '" f 
r 

I n  Tab l e  1 1 - 1 the resul  t s  fo r c r o s s buck s  and  f l a s h i ng l i g h t s  

a re more re l i able  than t h o s e  fo r automat i c  g a t e s , wh ich  w e r e  c a l 

cu l a t ed fo r 6 1 4  po i nt s  on l y  ( t ota l number o f  gate  cros s i ng s  w i t h  

repea t  acc i dent s ) . Note t hat one equa t i on cov e r s  bot h f l a s h i ng 

l ig h t s  and c rossbuc k s  i n  a vt' ry approx i ma t e  mannt' r :  

1 1 - 3  



F* � f( . 2 5 ) + 1 . 7 f* 

where f( . 2 5 )  represen t s  the 2 5 t h  percen t i l e  from t he top of  f* for 
the part i cular  warn ing device  c l as s ,  i . e . , for that warning dev i ce 
c lass  one - fourth o f  the cros s ings  have f* greater than f *  ( . 2 5 ) ' 

H . 2 ACC I DENT I I I STORY DE PENDENT HAZARD I NDEX 

The app roach j us t  d i scussed  uses equa t i on 1 1 . 1 ( Sect i on 1 1 . 1 )  
\\'h ich i s  based on l y on t he a s sumpt i on t ha t  i n he rent ha z a rd doc s 

not change ove r  t i me . I t  i s  nec e s s a ry to mak e  such an assumpt ion 

in any app l i cat i on o f  acc i dent  h i s t ory . 
A procedu r e  i s  now ou t l i ned (us ing the  one j us t  deve loped ) 

wh ich prov hles  a much mo re comp l e t e  means o f  i n corporat i ng acc i 

dent h i s t o r)' i nt o  the ca l cu l a t i on o f  ha z a rd inde xe s  ( ex pected 

f requenc)' o f  acc i de n t  du r i ng a future t ime i n t � rva 1 - - t hus , 

ahso l u te i nd exes ) .  F o r  a future y ea r  t he expec t ed number o f  acc i 

dents a t  a pa rt i cu l a r  c ro s s ing wi l l  be  c a l cu l a t ed hav i ng g iven 

inven tory cha ract e r i s t i c s  and a p a s t  h i s tory o f  a g i ven numbe r o f  

acc i den t s  i n  a spec i f i ed t ime pe r i od . The goa l o f  t h i s  calcu l a 

t i on can h e  s t u t ed even more conc i sely : Given a cros s i ng \\' i t h 

spec i f i ed cha ract e r i s t i c s , and g i ven the  fact that  n a c c i dents  

occu r red i n  T years , f i nd t he ex pec ted  numbe r o f  a c c iden t s  fo r 

t hat c ros s i ng fo r next yea r .  

For t h i s  a na lys i s  the ahove a s sump t ion o f  con s t a ncy o f  i nherent 
ha zard w i th  t i me lind some o t h e r  a s sumpt i ons  a s  we l l ,  a rc nece s s a ry . 

One d raws on t he t echn iques o f  emp i r ic a l  Bar s e i an ana ly s i s , Refe r 

ences 9 a nd 1 0 .  (Sec Re ference 9 fo r a n  app l i c a t ion t o  d e t erm i ne 

i nsuranc e p rem ium pena l t i es  for  d r ivers  ba sed on t heir  acc ident 

record s as we l l  as  on o t he r  cha r a c t e r i s t i c s . )  

I n  descr i b i ng acc ident  p ronene s s , one customa r i l y  a s sumes 

t ha t t he spec i f i c  haza rd per un i t  t i me , . ,  i s  not the  s ame fo r a l l  

i nd i v i dua l s ( in t h i s  ca s e  c ro s s i ng s ) , but i ns tead , ha s a gamma 

d i s t r i hut i on \d t h  parmn c t c rs a and h a s  i nd i c a t ed i n  1 1 . 5 :  

H - 4  
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(n . 5 ) 

cjlo 
= b :i  -fA a - 1 Pr ( cjl< cjlo ) r(a:,-

o 
(The gamma d i s t r i but i on w i t h i t s  two parame ters  i s  a " natura l  

conj ugate p r i o r" d i s t r i hu t i on to  the Po i s son d i s t r ihut ion wh i c h  

i s  introduced presen t l y , a nd i s  req u i r ed on  theore t i ca l ground s , 

g i ven the t ime homogen e i ty as sumpt i on .  See  Refe rence 1 0 . ) I n  the 

p re sent t reatment . a and h are to be  func t i on s  of t he cros s i ng 

cha rac t e r i s t i c s , a s  recorded  i n  the c ro s s ing i nventory , or  a l t e r 

nat i ve l y , as  re flected  i n  f *  and F* , s o  tha t  a and b a re funct i on s  

o f  f*  a nd F* . 

Based on the t ime homog ene i t y  a s sumpt ion . the probah i l i t y  

o f  r acc idents  in  T years a t  a c ro s s i ng w i t h  a spec i f i c  ha z ard , 

• •  has the Po i s son d i s t r ibut i on o f  Equat ion H . 6 :  

( H . 6 ) 

Th i s , toge ther ,d th equat i on H . 5 ,  y ie l ds  a p robab i l i ty d i s t r i hu 

t ion fo r the numb er o f  ac c i dent s i n  a year a t  a c ro s s ing , w i t ll cjl 

unkno'�n but a and b known . The d i s t r ibut i on i s  a negat ive b i nom 

i a l  d i s tribut i on w i th pa rame t e r s  a and b :  

(H . 7 ) P e n )  = 
[a + n - l] 

a - I  
b a 

(m] 

( Re fe rence 9 no tes  the cus tom o f  u s i ng t he negat ive b i nom i a l  to  

de s c r i be "ac c i dent pronene s s" , and not e s  other  refe rence s on t h i s  

top i c .  Note t ha t  i t  i s  charact er i s t i c  o f  t h e  emp i r i ca l  Bayes pro 

c edure that a s pec i f i c  haz ard , cjl ,  i s  postulated but not  known , and 

not even d i rect ly  e s t ima ted . )  

The negat ive b i nom i a l  d i s t r ibut i on resu l t s  i n  a mean number  

o f  acc i den t s  o f  �,  which , in  turn , i s  the  uncond i t i onal  expec ted 

frequency of  acc i dent s , f* ( for  the  data  base  at  hand ) : 

( I I . 8 )  f*  :: a 
o 
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S im i l arly , from t he expre s s ion  for F ,  whi c h  i s  he re to  be inter

p reted a s  F* i n  Equat i on (H . l ) , one  derives . 

f� F* 
::: I-=1'TO} 

or , u s i ng Equat i on ( H . 7 ) , 

f ( p ( l )  ::: probab i l i t y  o f  one acc ident t ( P ( O) = probab i lity of zero acci dents 

. b a 

F* = f* 
- (I+D) (r.o) (H . 9 ) 

1 . b a 

- [m] 

I n  the above equat ions f* and Fir are used i n s t ead o f  f and F as  a 

remi nder that these  quant i t i e s  are not correct ed fo r t he miss ing 

acc idents , but are calcu l ated for t he data bas e  at  hand . Thu s , 

f* = �, a s
. 

noted i n  Sec t i on H . l  ( s ee a l so Sub s ec t i on 2 . 3 . 1 ) . I f  

one i s  g i ven f *  and F *  for each cros s i ng , one can determ ine 

a ( f* , F* ) and b ( f* , F* ) by solving equat ions ( H . 8 ) and ( H . 9) . 

I t  t hen fo l l ows , f rom Bayes ian  analy s i s , t ha t  i f  n acc i dent s  

are observed i n  T yea rs  w i t h a c ro s s i ng whose  c haract er i st i c s  

y ie l d  t h e  va lues f *  and F * , t hen the expected number o f  acc ident s 

i n  any future year i s  g i ven by i* ( f* , F* , n ,T) : 

( H . l O )  
n 

+ D+T 

Note t hat from equat i on ( H . I O ) . w i th T= O and ncO , one gets  the va l ue 

f* wh ich  i s  the expected ac c i dent frequency cond i t i oned on no 

acc i dent h i s tory . W i th T = l  and n � l ,  and w i th some a lgebra ic  ope ra 

t ions , one can  a l so der i ve equat i on ( H . l ) from equat ion  (H . l O ) . 

Th i s  i s  a reas sur i ng check . [ Equat i on (ll. l )  i s , a s  noted , bas ed 

on fewer a s sump t i ons  than i s  equat ion (H . l O ). ] As f* and F*  have 

been calculated on a data  ba s e  w i th a f rac t ion 1 - � of  the acc i 

dent s m i s s ing (unl i nked) , then th i s  i s  correc t ed for s imply 

by d i v i d i ng b i n  equat ion (H . 1 0 )  by r ( from Subsect i on 2 . 3 . 1 ,  
r= 1 .  4 1 )  : 
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(H . l Oa )  a 

£+T r 

+ n 

�+T r 

Equat ion  (H . I Da )  now solves  the prob l em o f  f i nd i ng a hazard 

index w i th ful l  dependence on acc i dent h i s tory ( fo r  any per iod of  

t ime) . I t  can  even be u s ed to  rank  tog ethe r c ro s s i ng s  for wh i ch 

t he acc i dent h i s to ry i s  known for d i f ferent numbers o f  years  

( s i nce i i s  an absolute  haz a rd i ndex and prov ides  an exp ected 

frequency o f  acc i den t s ) . However , i t  cou l d  h e  expec ted to wo rk 

hest  i f  a l l  cross ing s  had an acc i dent h i s t o ry over the s ame t ime 

per i od .  

Now the  procedure for calculat i ng a a nd b a s  func t i on s  o f  f*  

and F* w i l l  be recap i tu lated and expanded on . To so lve equat ions 

(H . B ) and (H . 9 ) , they are tran sformed as  fo l lows : 

(H . 1 1 ) a = bf*  

( 1 1 . 1 2 ) 
f *  

b Z = log ( l  + (I+6}J-t=F�*-�f=*�) 
f*log ( l +i ) 

1 

I f  a reasonab l e  approx imat i on fo r b i s  subs t i tuted for bl on t he 

r ight - hand s ide  o f  equa t i on (H . l Z ) , then t h i s  equat i on y i e l d s  a 

hetter  approx imat i on a s  b Z� Th i s  new approx i m � t i on c an be put 

back i n  equa t i on (H . 1 2 )  a s  bl , resul t i ng in a s t i l l  bette r approx 

imat i on a s  bZ ' Th i s  proc e s s  can be i te ra ted s eve ral  t i me s .  I t  

happens , howeve r ,  that when f * � l , a fa i r ly  good i n i t i a l  approx ima 

t i on for b i s  ava i l a b l e  [ equa t ion (H . 1 3) ] :  

(H . 1 3 )  b ::= 1 
f.i'I ( F * - f * ) ( l +! ) 

Th i s  i s  surp r i s in ! l y accurate when F *  and f*  a re not too la rge . a s  

can be s een h y  su ) s t i tut ing i n equat i on H . 1 2 .  For examp l e ,  i f  

f * = 0 . 3 3 and F * = 0 . 69 ,  the erro r i n  equa t 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  prov ide an i n i t i a l  

e s t ima te t o  b e  used as  bl i n  equat i on ( H . 1 2 ) . The resu l t i ng b2 , 

i f  changed but s l ight ly , i s  to  be used for bl o r  e l s e bl i s  sub

s t i tuted for b l to  i terate  the proce s s . 

I t  has now been shown how to calcu l a t e  a and b ( ana l y t i ca l ly )  

as  func t i ons o f  F *  and f* . There are no t emp ir ica l data i nvo lved in 

such a ca l culat ion , s ince a and b are det ermined as  imp l i c i t  func 

t ions o f  F* and f* by equat ions  ( H . 8 )  and (H . 9 ) , or by equat i ons 

(H . l l )  and (H . 1 2 ) . 

I t  has al ready been shown how p* cou l d  be found as  a s impl e  

funct i on o f  f *  [ e . g . , equat ions ( 1 1 . 3 ) and (H . 4 ) } .  p *  cou l d  be 

found as a funct i on of o t he r  cross ing charac t e r i s t i c s  as  we l l  

( e . g . , a s  i t s  own funct ion o f  volume variabl e s , et c . ) . Howeve r ,  

for s impl i c i t y ,  i f  F *  i s  found on ly a s  a func t i on o f  f* , t hen a 

and b become funct ions  o f  f* a lone . Thus , when t h i s  analys i s  i s  

carried out i n  fu l l ,  a table  w i l l  probab ly b e  g iven in  t he fo l l ow

i ng fo rm : 

% Cros s i ng s  

0 . 5 

1 . 0  

1 . 5  

2 . 0  

4 9 . 0  

4 9 . 5 

5 0 . 0  

[ I\:  F ( fl\: )  a ( fl\: )  b ( fl\: )  

Some pre l iminary re su l t s  on F I\:  as  a l inear  funct ion 0 1  f l\:  have 

been g i ven in t h i s  Appendix [ equat i on ( H . 4 ) and Tab le  1 1 - 1 1 . Much 

more prec i s e  st atements  can be made about the funct ional  dependence 

of FI\: on fl\: . The rough gu i de i s  j u s t  an i nd i cat i on ;  further 

regres s i on s should y i e l d  fa i r ly  accurate funct i onal r� lat ions h i p s . 
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Hav i ng a and b as  funct i ons of  f* , equat i on (H . 1 0 )  now y ie l d s 

$ a s  a funct ion  of f* , T ,  and n ,  t hus  complet ing the solut ion for 

the hazard index which depends on acc ident h i s tory .  

When the det a i led computat ions and the  resu l t s  fo r a and b 

as  func t ions  o f  f a re gi ven , an eva l uat i on i n  t he manner o f  the 

EOCs g i ven for the o rd i nary haz ard index es shou l d  be i ncl uded . 

( I t  w i l l  be i n fo rma t i ve t o  see  how much acc ident h i s t ory may 

enhance a haza rd i ndex . )  

I t  i s  ins truct ive to i l l us t rate  the var i ou s  f o rmu l a s  of  th i s  

sect ion by a s imp le  examp l e . Suppose  one i s  g iven a crossbuck 

c ro s s ing for which acc i dent h i s to ry has  been col lected for f i ve 

ye ars , during which  two acc idents  occurred (T= 5 , n = 2 ) . Suppose , 

a l so , t ha t  hTSC = - 0 . 1 8 6  ( from formul a  B . 5 . l . 3 ) .  Then , from the  

fo rmu la in  Subsect ion 2 . 3 . 1 ,  f=0 . 2 3 0 , and 

f* f -
r 

0 . 2 30 
1 .  4 1  

From equat ion ( H . 4 ) , 

0 . 1 6 3  

F *  :: 0 . 04 4  + ( 1 . 7 8) ( 0 . 1 6 3 )  :: 0 . 334  

The n ,  from equat ion (H . 1 3) , b � 5 . 0 1 .  Subst i tut ing b l = 5 . 0 1 i n  

One now has  ava ilable  t he 

appea r ing in  equat ion ( H . l Oa ) : 

equat i on ( H . 1 2 ) , one ge t s  b 2 = 4 . 9 6 .  

fo l l ow i ng values for the parame ters  

a :: ( 0 . 1 6 3 ) ( 4 . 9 6)  = 0 . 8 0 8 5 

b = 4 . 96 

n = 2 

r = 1 . 4 1 

T = 5 

Subst i tut ing in  equa t i on ( I I . l Oa )  , one obt a in s  

0 . 80 8 5 
$ = 4 . 96 + .-

1 . 4 1  ;l 
+ 

2 
4 . 96 + 5  = 0 . 3 3 
1 .  4 1  

Thu s , the expect ed acc i dent frequency per year , g iven two acc iden t s  

in  five years  ( o f  observa t ion) , i s  0 . 3 3 .  Th i s  value l i e s  between 
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the uncondi t i ona l  frequency ,  0 . 2 3 .  and t he obse rved f requency , 0 . 4 .  
. 2 "  1 . e . , S ' a s  I t  mus t .  

Anot he r  l ook a t  equat i on ( H . l Oa )  prov i d e s  a n  add i t iona l 
approach i n  a s s e s s i ng t he s i gn i f i cance o f  i.  Lett i ng To c % .  
and rec a l l i ng t he re l at i on f c r f *  .. r ' 6 ' one a pp l i es s impl e  a lgebra t o  
a r r ive a t  t he fo l l ow i ng t ran s fo rmat i on o f  equ a t ion (H . 1 0 a ) . 

i = a + n 
�+T !�+T r r 

ra [� 
] 

.. n b 1> + !i+T r 

T n 
= f . t�T + T+T

· 
0 0 

( lL 1 4 )  ;p :: 
To n T f ' 1'+1- + l' 'F+-r -0 0 

Equa t i on ( 1 1 . 1 4 ) s how� t hat i i s  a we i g ht ed ave rage o f  f ( t h e  
uncond i t i o n a l  expec t ed acc i dent  f requency) and ; ( th e  ohs e rved 
ac� ident  frequent" y ) . When T = T. "  t he t,,,o t e rms have equa l ,""e i g h t : 

T o T 1 0 " T  f h f I f t h ' T+T c T+T - = 2 '  n o  c a n  e s t Ima t e  o r om t e ormu a s  0 1 5  
sub�ec t i on . ° I n  the  e x amp l e  g i ven above , To = 1J� = 3 . 5 yea rs . 
Gene ra l o rders  o f  mag n i tud e  may be noted : fo r c ro s s i n g s  mor e  ha z 
a rdous than t he l ea s t  h a z ll rdou s 7 0  p e rcen t and l e s s  h a z a rdous t han 
the mos t  ha z a rdous 5 pe rce n t , i . e . , between the 5 t h  and 3 0 t h  p e r 
c ent i l es from t he t op ,  o n e  ha s :  

C ro s s bucks 
F l a sh i n g  l ight s : 

5 . 4 < TO< 1 0 . 4  years  
2 . 4 <To< 4 . 5 years 

In  both c a s e s , 0 . 4  �fTo� 0 . 8 i n  
f g e t s l a rg e r , To ge 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 ange . I n  genera l , as  
App a r en t l y , a s  f gets  l a rger , 

1 1 - 1 0  

.l 

.�.:! 

-. . .. 



1 1 . 3  DEFINITIONS : 

E (Y l h) i s  "the  expec ted va l ue o f  the numbe r  o f  accidents  Y ,  

g i ven t hat t he haz <l rd i ndex has the value hIt . E ( Y I Y?y , h) i s  " the 

expec t ed numb er o f  acc ident s in a year , Y ,  g i ven the haz ard i ndex 

and that  Y i s  grea t er than o r  equal  t o  y . "  P I' ( Y?y+ l l h , y�y) means 

" the probab i l i ty that the number o f  acc i dents in a yea r  equa l s  or 

exceeds y + l , g i ven that it equal s or  exceeds y and g i ven h . "  

I I .  4 

But , 

DER IVAT I ON OF  LEMr.1A 

Let £ be a ve ry sma l l  frac t i on ( £ « 1 ) . 

Y £ = number o f  acc iden t s  i n  £ o f  a year : 

Y I = number o f  acc i dents  in  rema in i ng i - , o f  tha t  year ; - £  
Y I = numher o f  acc i dent s in  a certa i n  year ; 

Y Z = number o f  acc i den t s  in  another year  

Y = Y £ + Y I - £  ( Al l  at  cro s s i ng w i t h  haz ard i ndex value h )  

Then : 

CD 
'" E 

x=y+l  

ClO 

Pr ( Y  £ = 1 ,  Y 1 - £? y I ) 

Pr ( Y l _ £? y l h) 

Pr (Y £ = I , Yl _ £ =x - l I Y - x ) Pr ( Y - x l h) 

--..,.-'------- ---- .-----
P r ( Y  I _ £ �y I h) 

� 1: £ X Pr ( Y =x l h) /Pr (Y?y l h) . 
x=y+l  

Therefore , l e tt ing £ � 0 

E (Y z I Y1 ?. y , h) = c (Y I Y  ?.y + l , h)  Pr e Y  > y+l l h ) / Pr (Y  ? y l h ) 

= E (Y I Y?y = l , h) Pr eY > y+l l v  ? y , h) 

Th i s  formu l a  i s  exact , and based on l y  on very weak a s sumpt ions  

o f  homogene i ty in  t ime . 

H - l l / I I - I Z 
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