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Pref e 

Thi paper is a.ttemp to app oach t utomoblle 

cident problem from ne gle . ~fforts at the prevention 

of these ci ents h ve very gener 11 been directed t m. t 

h ve eeme to b the inmediate causes of he acv·dents 

speeding, d other forms of reckless drivi , mechanical 

impe factions in automobile -nd road s , etc . 

_s bet en the d1ffe ent cities of the united 

St tes , however, there are such gr at differences in the hazard 

invol ed in drivi an utomobile that it seems inq:,ossible to 

ac oun for the on the basi of ~ny oft e surface o. ors in 

accident pro4 tion. _e hazard of utomobile oper tion sees 

to go back to some mo_e fundamental nd less obvious thing. 

TO .. O\V t this thi is , and to point out so conclusion 

based on kno ledge o~ it , is the purpose of this study. 
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om the d e en he tomobi e de 

ppea ce on the tr ets of his count , i h been u.bj cted 

re triotion, in the teres of the safety of the public. 

the ve e days the p in pal hazc..rd in automobile u e ay 

n is frighte ing horses, nd the firs et iotions h d this 

possibili in mind. t s the horse beaame accustoned to e 

ne\ nven i on d ost his fear of it ~ these er re triction 

re gr dual 

rep ce them. 

llowed to d others of · f erent n ture 

For with ra id i raas n a tomobi use , e 

n er o tr~ffic accidents and ft~ ·tie oon roe to level 

e it began o a tract ttention. 

th s rising hazard re then e ct d. 

estrictions de ig ed to curb 

ing some ear , the growth 

of thes s i' c 1 and r ai r . ere 

ittl interchange of ide on the subject b tween different 

mmunities . ach oca.lity fe t it own problem, Q,nd indi dua ly 

out to so ve it , out o her he p . i continued to be 

th ase ter the orld i r and the period of busines 

d pre sion n· fo lo d it in 192 • 

'.bou 92.2 very decided change began to mru · tself 

fel n h . s sit tion. The number of automob "les in th United 

Sta e ioh '/a le s th fie million · 19 7, had incre sed b 

922. to ine milli n . 1th this increase , he number of de th 

cause by u omobiles had r i sen fro abo t eight thousa:n.d 
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in 1917 to about twelve thousand in 1921. ut mobiles ere fast 

becoming the l e ng factor causing ccidental de ths in thi 

co try, and the proble of automobile ha.zar s was comi to 

be recogni.ze as a national one . 

very energetic response met this reco ition. P ior 

to this time , except for local police dep me sand state moto 

vehicle departments already establish d by Conne ticut, ~ryland , 

{a sa.chusetts and e 1 ;Jersey h fairly · de powers of regu tion , 

there was no agenc very actively interested i the prevention of 

traffic accidents . 

B 1928 this situation h d chang din many ways . The 

numbe of states exe cising a superv sion over automobile operation 

by licensing all residen drivers had increased to sixteen. In mot 

of these states , licenses were granted only after examination of 

applicants s to driving abili y and knowledge of motor' ehicle 

las , and the licenses were made revocable by th.a state authority for 

tit ·ght consider fair cause . Police chiefs f om all over the 

country had met in conferences to discuss what they felt ob 

pr ril their problem. Realizing that the problem was oo bro~ , 

ho ever , to be solved by the police authorities alone , the Secretary 

of Co erce of the United States had called tio tional Conferences 

on Street and Highway Safety. Committees of these conferences 

had met ove perio s of months and had drafted exhaustive reports 

hich ecei ved wide irculation throughout the countr • The 

tional Safety Council , which d been oing eff c ive wok in 



the fi ld of ind.ustria accident preventio for e years 

prior to 1921 d enl rged its scope 

public safety and as or ng thro 

include the fiel of 

local safety councils in 

almCB t every l city. Th automobile club d become 

intere ted i the matter , am wer ma.king effor s to in rea. 

ca in driving o part of their members, and to s ure th 
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pas age of legislation curbing reckless moto ists . The ssoeiation 

of automobile ufac rs was devoting consi rable e fort to a 

accident prevention. Safety features su h as f'our-whe 1 brake ha 

been built into the automobiles themselves . The companies rit-

ing utomobi e acci t insu.ra.n e ha.d flood d th ir polic -hold r 

wi h pleas arxl ir otion for sa e driving. The public schools 

ha oonsid red the new zard as it affected their pupils , an 

re king efforts in citie to counteract i through 

' various program of ttsafety e ucation • The railroads of 

count had made a determine effor to reduce grade crossing 

accidents . Cities had installed a wide variety of chanieal devices 

or reo-ulating and safeguarding traffic . Highw commissions 

h d wi ened roads, flatten curv s , reduced rown and eliminat 

rade crossings . Practically ev ry ne spa.per in co try h 

r pe tedly publi h d editorial about the accident proble . 

e id t of t:00 United States had call d sole tention to 

e fo safer highw . raffic . Efforts had been e t ke 

first" a. national slog • 

One ould naturally expect that this t emendou.s amount of 

ffort shoul hav had a correspondingly et effect in educing 



automobile deaths . 

Sine this effort beg , the rat of increase in 
:u.tomobile fat li ties has been eater than 

during en.y other equ.a.l p riod of time since t 
automobile was invented. 
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The number of person killed annual l y by automobiles 

in the United States has doubled sine 1921. If present trends 

continue it will not be many years before it will have doubled 

again , and our utomobiles will then be killing as many 

Americans ea.eh year as ere killed in all the battles of the 

'lorld ar. 

The growths in automobile registration and in 

automobile fatalities during recent years are shown in Fig. l, 

a and b . Fig. 1, c , correlates these growths and makes clear the 

most disquieting fact in all this situation: that within the last 

year we seem to have reached a conditi on where for the f rst 

time in two decades , automobile fatalities are increasing as fast 

or faster than automobile registrations . 
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:u.tomobile acci ents form one of the newest of 

civilizat ion's problems . Our present effort to olve it 

failing to meet rl th great uccess it mey- be possible to 
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secure a clue to the reason for this by considering the processes 

through which earlier problems, now solved , have passe in their 

solution 

Yellow fever may be taken as typical of many of these 

proble • Thia disease scourged certain area for centuries, 

despite all man's efforts to control it . Then in the space of 

half a dozen ye ars it was radicated from the regions it had 

cursed. 

Until these last few years , no rational attempt a 

ma.de to discover how the recurrent epidemics of yellow fever 

spread over the land. In earlier times , little or no thought was 
r 

ven to the cause; all effort r1a devoted to a blind groping 

for a cure . In the next stage, the mcessity of a cause-effect 

elationship was seen, but the cause , instead of being sear he 

for was assumed . People thought they knew the ca.us - were certain 

t it lay in filth and "swamp miasmastt . They based their efforts 

at prev ntion on this assumption. And the assumption being wron , 

their efforts met with no more success th ours to reduce 

automobile fatalities have met wi h . It was only after many 

failures to attack their problem in a rational way that thy 

ealized the neces ity of actually determining , not guessing at , 

the au.se of epidemics . ith activity at last directed into the 
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proper channel the cause as found , corrected , and the epidemics 

ceased. 

Up to the present time , our traffic administrators and 

accident preventionists are still very largely in the' s a.mp 

miasma." stage . Their efforts re all directed towards a "cure" 

for automobile accidents . Remedies are rhat they are interested 

in - not causes . The causes are sim le everyone knows the . 

The cure is the thing. It ha.snt t been found yet , but it is 

being found. Why quibble e,bout the caua ? 

And o we have the situ.a.ti on where not one of the 

great traffic conferences which has been held to consider 

automobile accidents has undertaken to learn what fixes the level 

of accident hazard where it stand in any city. It is even 

extremely doubtful if more than a negligible proportion of 

those attending the conferences have been aware of the act that 

it is twice as hazardous to drive an automobile in New York 

cit sin Jersey City, just across the river , and fifty per cent 

more ha.zardou in Jersey ity tba.n in Nemrk, in the adjoining 

county. They probabl :ve not mown that the average car goes 

three times as long without sn accident in Chicago as in ew 

York , and twice as long in Indianapolis as in Chicago. 

If these facts had been realize , it seems impossible 

that the reason underlying them hould not have been sought. 

And if the reason re sought, it clearly not to be found in 

th thin usually thought of as contro ing driving hazard• 
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or he ri io s ich exis, as be ween our cities, 

in the azard of drivi g n automobile oannot be counted for on 

the ba i o 

determ ng h 

o th hing u u thought o be 

rd evel • e·ther difference in cl 

ortant in 

e nor 

topogr ehicul r conge ion nor ehicle speeds , methods of 

tr ffic reg~lati n nor ttit des of i izen to rds a , 

for 1 e exoonts in op la ion nor act vi ie of s fet organiz tion 

none o thee t ings nor ny combin tions o hem, would make 

be the variations in driving haza d hich re o be found. 

So ong s :e continue to attempt the prevent · on of 

cciden s itho t bei able to acco t for hese difference , 

e are in Imlch the same case as were those ho ttempted the 

e di tion o yell fever 1ithout kn ng he dium t rough 

whi it infection sprea . 

e fi rst logicals ep in the preventio of automobi e 

aao dent is the disaovery of governs tr ffic h ~rds . 

en e can definite nd surely my 1 is mu.ah more d gerou 

to op rte an automobi e in Pr videnoe than in Chi ago, or in 

o ton th n in 

hether or no 

nd then on can kno 

e steps being t en for he pr ventia of 

omobile ccidents are logic o find the factors which 

un er ·e 

obl m 

d control thee v 1 tions in haz rd i the f rst 

· h confronts us in this fiel . 

Before thi problem c n be t eked i h. any good 

prospect of 1 t o ution, it mu.st be somev.ha narro d down. 

ut mob · le ccident occur in ci y streets and on country roads , 
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and the ciroumstan~es a ttending accidents of the two classes 

are so different that it is wise to treat each class separately. 

Accidents occurring in city streets account for the greater part 

* of automobile injuries and deaths. This discussion will relate 

only- to them and this fact must be carefully kept in mind. 

Fllrthermore the harm from automobile accidents is of 

two kinds. I t may be damage to property, or it may be injury to 

person. Some accidents cause one , some a.nother, and some cause 

both simultaneou.sly. The number of ac 1dents- which cause damage 

to property runs very far in excess of those which ~ause personal 

injuries . In New· Haven, Connecticut , in 1926,. for instance , 

1835 accidents caused property damage in excess of ten dollars 

each and only 855 caused personal injuries. 

But investi gation has shown that each personal injury 

was at least six times as serious , in dollars and cents.,,,..as was 

each damage to property, or in other words , three- fourths of the 

total loss from automobile accidents was in the form of personal 

injuries. 

The problem of hazard variation is mu.ch simplified by 

considering these two types of ha.rm separately, because the 

variation from city to city in the risk of doing property 

damage is not the same as the variation in the risk of causing 

personal injury. Thus ,. from a personal inju.ry standpoint , 

*For instance, in Massachusetts where automobile accident 
statistics are unusually complete , approximately SO per cent 
of the fatal automobile accidents and 75 per cent of all those 
causing personal injuries in 1926 are found to have occurred in cities. 



it is three times as dangerous to drive a. car in New York 

as in Chica.go , but from a property damage standpoint , it is 

only twice as dangerous . And whereas the hazard from a 

personal injury standpoint of driving an automobile i n Los 

Angeles is only one fifth as great as in New York, from a 

property damage standpoint the hazard is a.bout one third as 

great . Quite evidently , there is some di fference in the 

factors which determine the property damage hazard from 

those which determine the personal injury hazard . Since 
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this is so , the two hazards can best be treated separately. 

This discussion will relate only to the more important of them, 

the personal injury hazard of driving. 

With the field of investigation narrowed down in 

this way, the next step is to get clearly in mind what will 

be meant when either of the expressions , "automobile 'iiaZ' rd" 

or "hazard of driving an automobile" is used. 

The accidents which result from the use of automobiles 

may be related in either one of two denominators . One of these 

is the general public vm.ich suffers the acci dents . The accident 

rate may be expressed as so many "per hundred thousand population" 

for instance . On the other hand , the same accidents may go to 

make up a rate of so many accidents "per thousand. cars in we" . 

These are two 4uite different aspects of these.me accidents . 

In discussions of the seriousness of the automobile 

problem, the automobile death ra. te in te nns of popu.la. tion i s 

nerall y used. This is correct because this seriousness bear s 
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a relationship to the proportion of the population killed 

r a ther than to the number of automobiles which did the killing. 

In discussing why the death rate is what it is , however , the 

ratio of automobiles to population cannot be neglected. Los 

Angele a , with one car to each two or three persons , would be 

expected to have more automobile fatalities in proportion to 

population than New York with one car to each twelve persons . 

What is not necessarily expected is that New York , instead of 

having one-fifth as many fatalities in proportion to population 

as Los Angeles , has one half as many ; in other words , that 

the death rate per automobile is three times as great in New 

York as in Los Angeles . 

This is the significant fact in the problem1because 

so far as can now be foreseen , the use of automobiles will 

increase for many years to come . It is quite possible at no 

one now living will see the day when there will be fewer 

automobiles than there now a re . Since this is so , a reduction 

in the annual number of automobile accidents can come a.bout in 

only one we:y - by reducing the hazard involved in the operation 

of the average car . 

The hazard with which this discussion will deal , then , 

is the hazard per car . It will not be the risk of being injured 

to which the public is subjected by the automobiles in use on 

the streets of cities . It will be the ri sk of injuring someone 

to which the driver of an automobile is subjected by the act of 



driving. Th.is also should be carefully kept in mind as this 

discussion proceeds. 

The question may we 1 be raised at this point why, 

if the problem under consideration is to be limited by 

excluding property damage , it should not be further limited 

to fatal accidents only. These are the accidents vvhich 
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individually are by far the most serious . Moreover, just as property 

damage hazard is found to follow a different law of variation from 

that of personal injury hazard, so also the variat ion in the 

fatality hazard of driving an automobile is found to be different 

from either of the two other hazards. 

Th.ere are sound reasons for not making this further 

limitation. I t would be interesting to know why automobile 

fatalities vary as they do . t is much more important , hovrever, 

that re should find a means of control ing personal injuris s , (whioh 

include f talities at their upper limit ). I t was noted previously that 

both ind.ividua ly and collectively personal injuries from 

automobile accidents are more serious than property damage , and 

therefore more entitled to study. BUt fatal accidents, 

while individually they are nru.ch the most severe, comprise 

such a small percentage of the whole number of accidents which 

cause personal injury, th.at the total loss due to them is 

far from being the major pa.rt of the personal injury acc ident 

toll . n citie s , about ninety-seven per cent of the personal 



injuries caused by automobiles are not fatal . When it is 

considered that many of these injuries require months for 

recovery , and that soma are permanent , it is easy to realize 
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the possibility that the million non-fatal injuries which miw 

be expected to occur during this year may well give rise to a 

greater amount of human suffering and loss than will the twenty

five thousand fatalities which may be expected. 

A second reason of a practical nature makes it advisable , 

if not necessary , to discuss primarily the personal injury and not 

the fatality hazard . The procedure v.b.ich will be followed in 

this study will be first to set forth the problem; namely , 

to find the cause of the great variation in the hazard of driving 

an automobile in different cities . Secondly , this problem will 

be attacked from a theoretical standpoint . An expression will 
,~ 

be found for the determinants of hazard in a city in vm.!bh , 

for purposes of mathematical treatment , certain unreal assumptions 

are made . Third , it will be shown to what extent the determinants 

found to control hazard in the hypothetical city also control 

the hazards which actually exist in cities of the United States o 

This third step will be carried out by setting up the variation , 

from one city to another, in driving hazard as called for by 

the theoretical expression , and. likewise the variation in hazard 

which actually exists, and comparing the two variations . 

This procedure makes it necessary that the actual 

variation in the hazard of driving an automobile in different 

c i ties should. be kn own. 
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At first glance, this requirement would seem 

automatically to limit the discussion to fatal accidents, since 

the Census Bureau is the only official agency collecting 

automobile accident statistics for the entire Uni~ed States 

on a comparable basis, and its statistics include fatal 

accidents only. When, however, it is attempted -to use the 

Census figures for this purpose, it is v:ery quickly found that 

they do not lend themselves to it . The Census Bureau is interested 

primarily in the location of each death. Reports come to it 

from the medical examiners of the various cities, townships and 

counties , and cover all deaths which occur in those political 

uivisions, irrespective of whether or not the accident which 

caused the death occurred within that same division, or outside 

of it. It has been shown that in the case of some cities with 

good hospi t al facilities, more than half of the automob . e deaths 

credited to those cities by the Census Bureau were the result 

of accidents which occurred in adjacent suburban or rural 

districts. This situation has caused a g r eat dea l of dissatisfaction 

on the part of such cities, and in response to this, tbe Census 

Bureau for the last -year or two has been making an effort to 

record also the place of occurrence of the accident, and to 

tabulate separately the automobile deaths in a city from accidents 

which also occurred within that sane city. But these tabulations 

all c t · on a.in a warning that t his effort has met with doubtful 

success . 

tfureover , if the Census fi gures for fat alities were to 
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be used , they would have to be correlated wl th t he registrations 

of automobile s in the different cities, to express the fatality 

rate per .autanobile, or per hundred automobiles in use . Probably 

in a majority of cases,. it is impossible to secure accurate 

figures for the registration of automobiles in cities, since the 

registration of automobiles is a state rather than a city function. 

Cons:equently, there is no means of expressing with any 

degree of certainty the variation from city to city in the 

fatality hazard of driving an automobi le . 

There is, however , the means of expressing quite 

satisfactorily the variation in the personal injury hazard of 

automobile operation. Besides the Census Bureau, th&re is one 

statistical organization interested in automobile accidents 

the activities of ,mich cover the entire United States . This 

is the National Bureau of Casualty and Surety Underwr!te,l's, an 

organization created and maintained by the larger automobile 

insurance companies for the purpose of studying their pooled 

loss experience and promulgating the insurance rates which they 

a.11 use. The thirty or more companies supporting this Bureau 

write the very great majority of al l the automo9ile accident 

insurance written in this country. Loss reports sent to -the 

Bureau cover all the large cities of the country on an entirely 

• comparable basis . The automobi le public liability insurance 

• Public liability insurance protects the owner of an insured car 
from legal liability for any personal injuries to others than 
occupants or his car which operation of that car may cause . 
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rates based on them afford a veey good reflection of the personal 

injury hazard of driving an automobile in any of those cities. 

Consequently , the variation in rates affords a very good measure 

of the variation in hazard , and provides the yardstick which .. 
this discussion needs . 

This variation in rates will almost certainly not be 

a perfect measure of the variation in hazard. It is the result of 

human effort , which i a.pt to be in error. But it is also the 

result of a very carefully worked out procedure, planned to 

express as truly as it can be clone the actual variation in liability 

hazard, which is mu.ch the same as the variation in personal injury 

hazard . In isolated cases , the rates may be too l ow or they may 

be too high , but if it is realized that they are being used in 

this discussion as an approximate guide , there is no reason why 

sn.y positive indications they give cannot be accepted'; •tit is 

altogether probable that the variation in the personal injury hazard 

of driving an automobile in different cities is very close to the 

•• The writer bases the above statement on his personal knowledge 
as a former employee of the National Bureau of Casualty and Surety 
Underwriters , familiar with the rate-ma.king process . This process , 
the fundamental of which is simply the comparison of the actual 
l osses sustaim cl in a given cozmnunity with the premiums pa.id in, 
carries many refinements to eliminate the effects of cha.nee , etc., 
so that a discussion of it requires considerable space . Such a 
discussion, together with a discussion of the criticisms which 
might be made against the use of these rates as a measure of hazard 
variation , is given in Appendix Ao 
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variation in the rates charged for public liability insurance . 

The variation in these rates for the larger cities of 

the United States is shown in Fig. 2 
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The preceding pages have summarized the automobile 

accident problem in the United States and have gone to tiresome 

but nevertheless necessary lengths in the formu.lation and 

definition of the first logical step in attacking it ; namely , to 

discover why the hazard of causing personal injuries through tba 

operation of an automobile varies from city to city in the way 

that Fig. 2 shows it to vary. The next step in this discussion 

will be to derive a theoretical formula to express the determinants 

of driving hazard. 
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Part II, Theocy of the H"azard Involved in Automobile Operation 

For purposes of analysis , imagine a city in which 

traffic , both vehicula r and pedestrian, is distributed uniformly over 

the entire street mileage , all paved; in which no automobile accidents 

occur except collisions of automobiles with other automobiles and 

with pedestrians; in which all automobiles are of the same type , 

and are the only vehicles in use ; and in which the percentage 

of automobi les in use at a:ny given time is the same as the percentage 

of the population using the streets as pedestrians at that same 

time . 

Let H = the hazard that results from the annual use in this 
city of the average automobile (average in respect to 
total annual mileage , maintenance, and driving skill) . 

h = the hazard that results frau operation of this 
automobile through a unit distance . 

ha, andhp=the components of this hazard that relate~ tB'" ·collisions 
with other automobiles and with pedestrians, respectively. 

Then , 

h=ha, -t hp 

Let M = the street mileage of the oi ty. 

P = the population of the city. 

R = the number of automobiles registered in the city. 

a == the average number of occupants of each automobile in use . 

P and r == the number of pedestrians and of automobiles , r e spec ti ve ly, 
that the average automobile passes from any direction 
in traveling a unit distance. 
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As pedestrians and automobiles are uniformly distributed 

over the stree t s of the city, p P - a R ac - ------
and r a: R • 

M 

As every time an automobile passes a pedestrian or 

another automobile , there i s danger of a collision, obviously, 

hp «. p and ha <S.. r . 

Then, 

_P_--=a_R __ , or hp = kl P - a R 
M M 

and , 

k1 and k2 being constants . 

And , 

Let , 

then , 

or, 

or, 

Also , 

P - aR 
M 

P - a R 
h = k1 --.,M~--

h oc P - aR + wR 
:M 

h oc P t (w - a.) R 
}.{ 

H QC h ; 

• 



then , 

P - { w-a ) R 
M 
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Traffic counts taken in various cities of the United 

States show that the average number of occupants in each automobile 

is very close to 2. This value will therefore be assumed for a 

in the assumed city. 

The symbol , w, represents the ratio , k2 , these constants 

being used in the equation , 

As , 

am, 

R 
T 

h - k P - aR 
p - 1 M 

ha kz R 
= 

hp k 1 p t 

in which, p t = P - a R. 

7ci' 

Now the rels..tive importance , ha , of the h&zard of 
7ip 

collisions between two automobiles as compared with the hazard of 

collisions of an automobile with a pedestrian depends jointly on 

the relative severity and the relative frequency of these two types 

of collision. As regards severity , a somewhat larger proportion 

of collisions with pedestrians results f tally than is the case 

Wi th collisions between two automobiles . But when two automobiles 

collide Wi ih enough force to cause any personal injuries to the 
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occupants , almost always more than one person is hurt, the 

average being nearer three . Investi ation of about fifteen 

hundre.d accidents has shown about the sane indemnity resulting 

from a co llision with a pedestrian as fran a collision between 

two automobiles , and it appears that little error is introduced by 

considering that on the average a collision of e i ther type 

does very marly the same amount of personal injury. 

Hence the relative importance of these two classes 

of colli sions may be said to vary as thei r relative frequencies , 

or 

in which , fa and fp represent the two frequencies . Equating the 

two values of 

or , 

fa p t 
= - x - = w 

fp R 

The next step is to consider the r elative frequency , fa , 
fp 

of collisions between two automobi l es and collisions of an 

automobile with a pedestrian. For a city in which all travel was 

by automobile , obviously all accidents would be collisions between 

two automobiles (assuming only the two types of collis i ons hare 

dealt with) and the ratio , fa , would be infinity. In a city 
r;-
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with vecy few autanobiles in proportion to the population, 

practically all accidents would be colli sions with pedestrians , end 

the value of the ratio would approach zero . Hence , if the abscissas 

of a. set of co-ordinates represent values of p t and the ordinates 
R 

represent values of the ratio , fa, this r atio will be expressed 
fp 

by a graph tangent to the Y- axis at pl us infinity, and to the x

axis at plus infinity. Reliable data for the determination of 

intermediate points are lacking ,. as such data involve not only 
. ,, 

comple·te reports of both fatal and non-fatal personal injury 

accidents over a considera period to establish the ratio , fa , 
fp 

but also accurate figures for automobile registrations to establish 

the ratio , p t • It is difficult to ob t ain trustworthy figures 
R 

, . 
covering all these que.ntities in any one city. The writ' r has 

secured what appear to be fairly reliable figures fo r fa 
f 

p 

, 

however , for ratios of p t , which are probably about 3. 0 , 6. 2 , 
T 

and 14. 0 . These points are plotted on Fig. 2 . On Fi g. 2 is 

drawn also a hyperbolic curve such that any ordinate mul tiplied 

by it s corresponding absci ssa ( t hat is , fa P' , the product 
- x - -

fp R 

being the qua.n ti ty , w) , gives a val u.e of 2. This curve fits 

the three plotted points (both co-ordinates to which , it will 

be recalled , are of somewhat doubtful accuracy) with sufficient 

exactness to permit the acceptance of 2 as the appronmate 
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value of w. This is especially true as the quantity , R, in the 

expression , 

H 
P "t' (w - a) R 

M 

is so much smal ler than P for most cities that a considerable 

error in the value of the coefficient of R has a comparatively 

small effect on the value of H. Within the limits of exactness 

attempted in this paper , then , it may be assumed that w =2, 

and , hence , that a = w. The expre s sion , 

H c;J;. P + fw - a} R 
M 

thus reduces to H c:ie -1:_ . 
1.'I 

This gi ves the relation of automobile hazard t o phys ical 

surroundings, on the basis of the assumptions made in its 

derivation. 

Value 
f 

a 

fp 

2 .5 

2 . 0 

of 

1.5 

1.0 

0 . 5 

o.o 
0 

I 

\ 
~ 

2 4 

Val, e of , 

............_ 
~ 

6 

Value 

8 

of P' 
7r-

10 12 14 16 

Fig. 2 .- Values of fa 
fp 

and of 

(Relative Frequencies of Collisions 'between 
Automobiles and with Pedestrians) 

', for various ratios of pt /a 
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Part I I • A Check of Theory- Against Known Fact 

The expression H er: P is rational l y deduced and 
7r-

should express accuratel y the controlling determinant of hazard of 

automobile operation in the city for which it was derived . Of 

course it does not necessari l y follow that it appli es with equal 

accuracy or with any accuracy at a ll to existing cities of the 

United States . Its derivati on rested on many a.ssumptions which 

do not hold tru.e in those cities . 

The effect which one or another f alse assumption 

might have on applicability of the formula to existing cities 

can be argued at length , but t h at does not give promise of 

conclusions of any special worth. A better way of determining the 

practical value of the formula is actual l y t o try i t out and see 
' . 

if it fits known conditions . Assuming that the hazard o"'r ope rating 

an automobi le is proportional simply to the density of populati.on of 

the city in which it i s opera ted , the theoretical variation in 

hazard of automobile operation in different cities can easily be 

computed f r om their respect i ve r atios of P • Such a 
T 

variation can be termed the "calcul ated hazard variation. " 

Figure 2 shows how the hazard of automobi l e operation 

actually does vary from one city to another . The variation shown 

in Figure 2 can be termed the "actual hazard variation . " 

Attention has been call ed to the fact that this 

actual hazard vari at ion cannot at all be accounted for on the basi s 
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of the factors to which hazardous driving condi tions are usually 

attributed . I f this variation can be accounted for by variations 

in population density , as called for by the formu.la H,a: P 
M 

, 

then very strong evidence of the applicability of this formula to 

existing conditions wil l have been offered. 

Before t his comparison of calculated and actual hazard 

variations is made , ho~ver , consideration mu.st be given to one 

fact . The city for which the formula was derived wa a.ssumed to 

have no unpaved streets , so that the term "M" repre sents paved 

mi l eage only. In actual c i tie s , however , there is always a 

certain amount of unpaved mileage , the relative proportion of 

which varies wide ly from city to city. In applying the formula 

to such cities it is not fair whol ly to disregard this unpaved 

mi l eage, nor sh.ould it be included at its face value . For actual 
, . 

cities the mileage used in the formula should be what may be termed 

"equivalent paved mileage" - that is a figure ma.de up by ta.king the 

paved mileage at full value , and adding to it something less than 

the ful l mileage of unpaved streets . 

In a typical city in which t he unpaved mileage makes up 

25 or 30% of the total , the unpaved streets are l argel y on the 

outskirts of the city , where ~rhaps tlle majority of lo t s are 

vacant ani the streets do not carry the traffi c that would 

warrant thei r be ing paved. Hence, in including them wi th paved 

mileage , they should be weighted at mu.ch l ess than unity t o 

indicate their much lower mile- for-mile value in distr i but ing 
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traffic and population. 

Considering a. city, howev r , in which there are several 

miles of unpaved streets for each mile of paved streets , a large portion 

of unpaved streets will be in outlying, partly developed areas , but 

a part will also be in built- up districts and will carry a.lmost 

as mu.ch local traffic as they would carry if paved . These latter 

streets should be included with paved streets a,t not mu.ch l ess 

than their face value , or if both these classes of unpaved streets 

be lumped together (as mu.st be done, practically) a higher 

coefficient should be used to express their aver age weighted value t.han 

was used for the typical c i ty in which paved mileage exceeds the 

unpaved. This principle can be expressed as follows : 

In determining the value of M. in the expression , H~ - P , 
T 

paved street mileage should be counted at its full fa~e value , 
<t• . 

v.hereas unpaved street mileage should be multiplied by a coefficient 

less than one , this coefficient increasing, at a slowly decreasing 

rate , with the increase in the ratio of unpaved streets t o total 

street mi l eage ., 

The values to be assigned this coefficient are whol l y a. matter 

of judgment . I t seems impossible to express exactly the relAtive 

importance of the two classes of streets in all cities by a single 

graph , but as an approximation sufficiently close for present 

purposes , Figure 3 is suggested. . 
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0.10 __ ...__.L.,.__.L.,.__.L.,_.L.,_,L__,L___J 

0 0. 20 0 . 40 
Value of Ratio 

0 . 60 o.ao 
Unpaved ileage 

Total Mileage 
Fig. s. - Coefficients to be Used in eighting [ileages 

of Unpaved Streets. 

Table l shows mileages weighted n accordance with the 

foregoing principles for al cities i n the 1 ed Sta es of 200 000 

popu ation and more (except Newark a.nd Jersey City , N •• , which will 

be di scussed l ater ) for which. the writer has been able to secure the 

necessary data. These mileages will be 

• 
in the formula,, li cc _L • 

ed for the gµantity-, M, ,., ' 

* n applying he prinoip e of weighting unpaved mi eage at less than 
a normal value, grave and wate bound macadam streets present a 
problem. most cit es th should be o assified as unpaved s reets 
in that e surfacing is ten;porary , pending suf ic'ien deve opment o 
warrant improved p ving . I n few instances , however, he mileage of 
wate r ound macadam stree sis so great as to lead to a belief that i t 
is cont inued i n use on streets vm.ich have reached their full (usually 
resi ent a ' ) deve opment.. I n this paper, therefore , the tei,n. 
''Paved streets"' is restricted to include only- types of paving better 
than a er-bound macadam, except wher~ the mile ge of water- bound 
macadam exceeds tha of the better types . such ities {Providence , 
•• , Denver , Coo., 'orcester, ass ., and li.artford, onn., for 

example ) the excess of wa er-bound macadam over higher types of :paving 
is considered as ' aved." • 
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Table r. Street ll.leuges o Cities of 200, 000 Popu ation and over 

~ 

Paved b trnpave~ Ratio Unpaved Weighted Equivalent d.jus t ed 
mileage mileage unpaved mileage unpaved ; paved · equivalent 

City t otal coeff'i- mileage mileage .paved 
cient mileagea 

M 
(1) (2} ( 3) (4J (51 (6) (7} (8 } 

.Akron, Ollio • .•••••. 143 25? 0. 64 0. 44 113 256 256 
Baltimore, Md •• ••• • 657 173 0 . 21 0 . 2-1 47 704 694 

f 762 294 0. 28 0 . 31 91 853' 853 Boston, Mass • • •••• • 
BUffalo, N .. Y •••• •• • 456 189 0. 29 0. 32 60 516 516 
Chicago, Ill • ••••• • 2756 600 0. 1a 0. 25 150 2906 2834. 
Cincinnati, Ohio ••• 306 646 o. 68 0.,45 291c 597C- 537C 
Cleveland, Ohio •••• 657 293 0.31 0 . 33 97C 754° 678° 
Columbus, Ohio ••••• 340 110 0. 24 0. 29 32 372 359 
Denver, Colo ••••••• 241 659 o .. 73 0. 47 309 550 536 
Detroit, Mich •••••• 826. 600 0. 42 o. a7 222 1048 1048 
Indiana.polis,Ind ••• 558 135 0.19 0. 26. 35 593 593 
Los Angeles,Calif •• 557 1599 o. 74 0. 47 75!0 1308c 1163° 

d 99 0.29 o •. 32 32 2.,77. 273 Louisville, Ky • • ••• 245 
Milwaukee, Wis ........ 446 58 0.12. 0. 22 13 459 459 

8IIU.nneapolia and 
st . Paul, Minn •••• 334 1116 o. 7.7 o.,ro 536 870 870 

New Orleans., La • • •• 203 890 o •. 81 0. 50 445 648 618 
~ew York, N. Y ••••• 1829 1505 0. 45 o. 38 571 , .2400' 2400 

Onaha, Nebr •••••••• 290 380 0.56 0 . 42 159 4-l9 414 
!hiladel:phia, Pa ••• 1177 • • • . ... • ••• ••• • •• 1413 
Pittsburgh, Pa • ••• • 518 . . . , . . . •· •••• • •• ••• 622 

hPortland, Ore ••• • • • 441 418 0. 49 o-. 39 163 604 604 
Providenoe, R. I. • • • 224 152 0.40 0. 36 55 279 279 
Rochester, N. Y •• • • 309 191 0. 38 o. 35 67 376 353 
Seattle, Wash ••••• •• 510 2.71 0. 35 0 . 33 89 599 599 
St. Louis , Mo ••••••• 467 502, 0 . 52 0. 41 206 673 666 
Toledo, Ohio •• ••••• 255 2.39 0. 48 o.3a 91 346 346 
ashington, D. C •• ., 25"l 270 0. 51 0 . 40 108 365 357 

(For notes on this tablet see next page 
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notes, Table l. 

a - 'lhe writer requested mileage figu.re s as of J anuary I ,, 922., but , 

in some instances, they-were , furnished as of l a ter dates. 

Adjustment to January l ~ 1922 is as follows ~ Make deduct ions 

from. the weighted mileage at the rate of 6% of the paved or 

unpaved mile ge per annum, whichever figure is the smal l er. 

b - Mileages as of the following dates : M 7, 1924:,, New Orleans; 

J anua:ry 1,. 9R4,, Chicago , Rochester, Columbu nd Omaha; 

J anuary 1,, 1923, Baltimore and Denver; September 1, 1922, 

Louisvi l e ; July l , 1922 ,, Los Ange les and vashington; April 

IR,. 1922., st . Louis; J anuary l , 1922,, in al l other cases. 

c - Includes a IO~ reduction to allow for alleys. 

d - eludes 5 miles of macadam streets~ estimate by A. A. 

Kri eger,, M., Am. Sac . C , ., indicated hat they ere ent i tled 

to such classifica ion. 

e - Includes the Cities of Brookline , C bridge , Chel se·a ,•,. verett, 

den, and Somerville v.hich are included i n oston insurance 

territory .. 

f - Minneapolis and st . Paul form one i nsurance territory. 

g - eludes Staten I sland, which is not. included in New York City 

insur ce territoey-. 

h - eludes the ity of awtucket , R. I., which i s i ncluded in 

.Providence insurance territory. 
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Table 2 shows in numeric 1 form the actual variation 

n driving hazard shown graphically in Fi re 2 (for all the c ties for 

vm.ich mileage data could be secured ) and also the variation ·n hazard 

as calculated from the expression H o:. ..L • In this table both 

the actua and calculated hazards of all cities are expressed a s 

percentages of their values in Chicago .* 

Figure 4 is a graphic representation of the comparison 

of actual and calculated hazard variations which is given numeric all in 

** able 2 . 

* rn Figure 2 New York was taken as the ba se city, so that the 
hazards of other cities v,ould all be expressed in percentages le s 
than 100. FrCHn a traffic standpoint , however , New York is far from 
bei a typica city. I t has seemd better, therefore , to select 
some o1her city as the base for able 2, and Chicago "!1,as been se acted. 

,,., 
** 'fuese tables and figures are al based on conditions in 922. That 
year is selected bec2use a later year would introduce greater errors in the 
value of P ( since between censuses , the Census Bur eau merely estimates 
city populations ) v.nile for earlier years there would be greater 
inaccru.racies in the actual hazard variation, due t o the f ac t that the 
insurance rate-making procedure was· not fully developed for earlier 
years. 
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Table 2. Calculated and Actual Hazard vari ations for Cities of 

200 , 000 Popul ation and Over 

Population, 
(P), in 
thousands 

Weighted 
street 

mileage 
(MJ 

Calculated A'Otual 
var1at1ona variationa 

· City 

(1) 

b.Akron and Toledo 
Ollio • •••••••••••• 

Baltimore, Md • ••• •• 
Q· t Bos on,, Mass •• • ••••. 

Buffalo , N. Y •••••• 
Chicago , Ill • •••••• 
Cincinnati, Ohi o ••• 
Cleveland, Ohio •••• 
Columbus, Ohio ••••• 
Denver, Colo ••••••• 
Detroit, Mioh •••••• 
Indianapolis, Ind •• 
Los .Angeles, Calif •• 
Louisville, Ky ••••• 
Milwaukee, ~is • •• •.• 

dMinnaapolis and st. 

8 

Paul , Minn ••••••• 
New Orleans , La •••• 
New York, N.Y ...... . 
Omaha, Nebr •••••••• 
Ihiladelphia, Pa ••• 
Pittsburgh, Pa ••••• 
Portland, ore •••••• 

f:erovideno.e, R. I •••• 
Roohest er, N. Y. •·•·• 
Seattle, r/ash •••••• 
St . Louis •••••••••• 
Washingt on , D. c ••• 

(.2} 

469 
762. 

1150 
528 

2833 
405 
855 
255 
2.68 
994 
335 
635 
257 
47'Z 
641 

400 
5715 

201 
1895 

608 
2.69 
309 
312. 
316 
795 
438 

(3) 

602' 
694 
853 
516 

2834 
537 
67.8 
359 
535 

1048 
593 

1163 
273 
459 
870 

618 
2400 
414 

1413 
622 
604 
2'l9 
353 
599 
666 
357 

a - As peroentages of the va]ue for Chioago . 

(4)' 

779 
1098 
1350 
1024 
1000 
753 

1262 
710 
500 
948 
566 
547 
942. 

1039 
737 

647 
2381 
486 

1341 
978 
446 

1108 
884 
528 

1190 
122.7 

( 5 ) 

78 
110 
135 
102 
100 

75 
126 
.71 
50 
95 
57 
55 
94 

104 
74 

65 ~ -
49 

134 
98 
45 

111 
88 
53 

119 
123 

(6) 

78 
80 

125 
142. 
100 

75 
125 
64g 
54 
75 
54g 
59 
808 
64 
80 

59 
273 

54g 
137 
100 

59 
109 

92 
59g 

109 
59 

b - Loss experience for these two cities is combined to get an indioati ve 
exposure for determination of their insurance r ate (the calculated 
hazard for Akron a2one would be 81 and for Toledo alone would be 75} . 

o - Includes the Cities of Brookline, Cambridge, Chelsea, Everett, Malden 
and Somerville. 

d - Minneapolis and St . Paul form one insurance territory. 
e - Exclusive of Staten Island, which is not included in New York City 

insurance territory. 
f - Includes the City of Pawtucket . 
g - Determined from local loss experience combined with similar exper

ienoe i n smaller cities near-by, (il\\'ling to insufficient volume of 
looal loss experience . 
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The cities included in Figure 4 have been divided into 

two groups depending on whether they do or do not show a 

reasonable agreement between their calculated and actual 

hazards. In Group 1 there are twenty--two cities in 20 rate

making units - this being about four-fifths of the total number 

of cities investigated. For these cities the average discrepancy 

between actual and calculated hazards is only 6%. Since the 

expression It cc:. .L accounts so closely for the variation in 
M 

hazard for 80$ of the cities investigated it seems safe to say 

that this relationship governs the hazard of automobile operation, 

not only in the theoret.ical ai ty for which it was derived, but in 

the average city of the United states·. 
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Part rr. :pplications of the Formula H« -f- d of the Principles 

Uhderlying its Derivat ion 

The main facts . of the automobi l e aooident situation in 

the Uhi t ed states have been outlined in this paper, as v.ell 

as sone of the efforts t accident prevention which the 

situation has called forth. It has been pointed out that these 

efforts do not appear to have met with all the success t hat could 

be hoped for. I.t has been suggested by an analogy that valuable 

aid in reducing traffic hazards might be secured from a knowledge of 

what basic factor it is that determines the degree of these ha~ards. 

A theoretical fornru.la has been derived to express t his fact or , and 

by comparison of ha~ard levels in different cities it has been 

shown that this theoretical formula applie s to actual conditions 

to a surprisingly satisfact ory extent . The practical point now 

is how to make use of the knowledge that the density of popu t ion 

governs automobile acc ident hazards. 

At an earlier point in this paper, attention was called 

to the faat that yellow f ever w s who ly eradicated in a short 

time after the medium of its spread was discovered. We cannot 

hope that the same results will follow discovery of the 

determinant of automobile hazard. The t,,vo problems are not 

entire l y analogous . rt was cheaper to eradicate yel l ow fever than 

to tolerate it and it wa not a problem to be met by cortq)romise . 

To be successful , eradication of the disease had to be absolute . 

With the disease eradicated for even a short pe riod of time , 

the germs which caused it di ed and the danger of i ts return 

beo-ame remote. 
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Automobile accidents present a different situation 

from this . I t is cheaper to tolerate a certain proportion of 

automobile accidents than to eli minate them all. The complete 

elimination of them would then mean a complete stoppage of 

automobile use , since obviously the traffic hazard determinant 

cannot be r educed to zero . Also even though a complete stoppage 

of automobile use were enforced for a brief time , there is here no 

germ to die out . Resumption of automobile traffic would mean an 

i mmediate recurrence of accident s . 

This is a situation, then, which wi ll have to be met 

by compromises and part i al measures , mere a material reduction 

of the hazard below present levels, rather than its el i mination, 

must be the goal . 

The principle that. driving hazard is chiefly 

determined by density of population will be found to '"be 'tof 

material ass istance to efforts to r each this goal . such efforts 

fall into two main divisions : first , kinds now being widely made , 

and secondly, efforts of types which have not so far been much 

used. A knowledge of the hazard determinant will pr omote the 

success of both of these classes of efforts . 

In the surface the fact that in the average city the 

hazard of automobile operation depends on the density of the city' s 

population is a depressing one . It would seem to follow that the 

only possi ble means of' reducing the hazard in any city would be 
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by diffusing its population. This is something which c:annot 

be artif'ioally done . A belief has beoome wi dely established in 

recent years that the increase of urban congestion i s an 

undesirable thing f or many reasons, and the zoning principle 

has been widely used to check it. But this merel y holds things 

static . I t does not diffuse populations, and so at best it 

could only prevent a further increase in driving hazard. What 

is needed is some means whereby this hazard can actually be 

reduced. 

The direct statement of t he hazard f ormul a is that. 

the r isk in driving an automobile would be decreased by reducing 

the density of population. This faot cannot be practically 

utilized. Therefore , if the principle set forth is to have 

any val ue in hazard reduction, it l'lnlst be i n other ways than thi s . 

Before entering on a discussion of these ,</aysr at tention 

should be cal l ed to the fact t hat thi s pri ncipl e does not express 

the cause of accidents . No acc i den t is caused by t he density 

of popul ation. Autom:>bile acc idents are caused only by some 

improper act, intentional or unintentional, on the part of one 

or more street users , at l east one of vihom is driving an automobile. 

Thi s improper act may occur anywhere , but usually it does occur 

v.here , and at the moment when, the paths of two street users cross. 

The hazard level is determined by population density no t 

through any direct effect of the l atter on the causes of 

accidents , but through its effect .Q!1 the frequency .2! accident 

OPportunitie s . The fewer people there are per mile of street in 



a city~ the fewer the chances of collision for an automobile 

travelling that mile. 

The prevention of automobile accidents, t hen, may 

evidently be based on either 

(a) Decreasing the improper acts of street 

users at points v..nere their paths cross. 

(b ) Decreasing the number of such crossings . 

38 

up to the present time , only the first of these 

line s of attack has been extensive ly recognized and used in 

c ities . Acoident prevention efforts comprise three ma.in 

classes, l egal , educational and engineering . Practically all 

attempts to educe accidents through l egal constraint have 

dealt with the control of vehicles at path i nte rsections, rather 

than with the guidance of vehic l e s i nto such routes that a 

minimum number of intersections will occur. Likewi se, efforts 

to educate the motoring and pedestri an public i n safe traffic 

practises have been a l most molly directed t owards greater care 
' 

at path crossings, rather than the avo i dance of unnecessary 

crossings. And finally, such attempts as have been made t o 

reduce street accidents t hrough engineering measures, have 

almost entirely neglected the safe r routing of traffict and 

have aimed at enabling it to go through int ersections with 

greater safety. 

The forrula for hazard vari ations makes its greatest 

contribution in calling at tention to the importance of 
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reducing to a minimum the number of crrossings of travel units . • 

This contribution will be discussed at some length later on, 

but before that is done , consideration will be g iven to the 

value of the formul in connection with traffic accident prevention 

work a.long the lines now generally follomd •. 

In any kind of work, i t is an advantage to have some 

standard against which the results of effort may be checked. This 

is particularly important in a pioneer field mere new-methods, 

some good and some of little value , are continually being developed. 

Ill automobile accident prevention work, so far as the writer knows, 

there is no reliable standard against which to measure success 

except the hazard formula proposed here. 

This formula has several distin t use s as a standard of this 

sort . ts first use is in selecting cities in which methods of 

traffic control have met with results better than the average. 

s was said at the beginning of this paper,·~ have 

reached a time when there is mu.ch discussion among traffic 

administrators concerning e best methods of handling their 

problems. The more progressive police departments and public 

safety bureaus are anxi ous to learn of sound accident prevention 

methods used in other localities . The question mu.st inevitably 
~ 

come up,, then, how to select the localities which will best repSiY' 

study. 

• Note that this is not the number of crossing points or intersections, 
but the actual number of times the path of one unit crosses the path of 
another unit . The t endency to dangerous actions in making crossings may 
also be somewhat controlled by the regulation of the number of crossing 
places; e . g. , by the elimination of "jay-walking• . This is another 
ma t er, although the two are related in ways that will be ~rought out . 
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The first thought might be that the cities. with the 

be st traffic control would be those cities mere aacident rates, in 

relation to automobiles in use , were--lowest . This conclusion would 

generally be wrong . Low ma:ident rates a.re only rarely the result 

of good t raffia control, and the citie s mere driving hazard is 

greatest are likely to be t he very cities mere traffi~ regulation 

is most advanced. This is e aily seen t o be logical . Qwing to 

human inertia, m do not worry about a problem or set to work to: 

reme~ it,, until i t has become pretty had. Consequently, good 

traffic regulation is the outgrowth of high hazard rather than 

the cause of low hazard., 

Rut there ara exceptions t o a ll rules, and there are cities 

where hazard is not only h i gh but where it i s much higher than it 

has any business: to be ., The sim_ple rule that high-haz-a.rd citie 

should be studied, then, is apt t o l e d one into error., ,,.. 

While methods: of tra.f"fia a:ontrol do not enter into 

the formula. H cc L ,- this does not mean that traffic control 
M 

is uni mportant . rt simply means that , if the efficiency of trafficr 

control is the same in all cities, it does not affect the vari ation 

in hazard from one to another. In 192.a, the year against which 

the accuracy of the formula was checked, the indication is that there 

was not a wide degree of difference in efficiency of control 

* methods, although even at that. date, there was some. Det roit,, 

Milwaukee, Baltimore and Washington had muoh lower hazards than a 

stutt,- of their popul at ion densities would have led one to expea-t .. 

*The pr obability is that differ ences a re grea t e r a t the pr e sent time. 
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Portland and .Bltffa.lo had I?Dlah higher hazards., 

This permits formulation of the rule that the cities 

to be studied are those in which actual hazards , whether high 

or low, are lower than those which the expression R ~ ..1:... oalls 
M 

for. 

rt is important not only that wa should know where 

to turn for cities whose example may be followed in street 

traffic matters, but it is important a lso that ea.oh oity should 

have some means of checking up on the success of its own efforts 

at accident prevent ion . If a city is in a stage- of rapid growth> 

an increase in driving hazard rrey mean that the control of 
. 

traffic is becoming worse, or it may mean that the population 

density of the city is becoming greater. Increase in insurance 

rates will show any increase in hazard; a study of P9pulation 
'~ 

density will show vm.ere the responsibility for the increase should 

lie . such increases in hazard are a very important matter. In 

the past two years automobile insurance rates in liew H:aven, conn., 

for example , have been increased by an a.mount which without al!ey' 

return talces out of the city a sum of money almost equal to the 

city' s annual appropriation. for street paving. By means of the 

hazard variation forl'Inlla. , it can be shown that the hazard is 

not due to any normal inorease in the danger of driving - there 

has been no increase in t he density of the city' s population. 

~1th this definite indication that some lesa defensible t hing is to 

blame , investigation has been shaped along lines which show conclusive

ly that laxity of police oontrol in the past few years has led, 
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not to a growth in the number of accidents , but to an increase in 

the number of Yer:, serious accidents . A few wilfully reckless 

drivers , realizing a l esseni ng of egal restraint , and full 

covered, perhaps , by liability and collision insurance , have 

driven in uay that has penalized many of the law-abiding 

drivers of the community. 

rt is evidently of considerable impor ance hat a 

city should have some means of checking up on such a situation as 

this. So far as the wri ter , the xpression for hazard 

variation affords the only reliable means of doing this . Herein lies 

ts econd va ue . 

e hazard f ormula used a a standard serves a hird 

purpose in ma.king possible a determinution of the effects of some one 

type of traffic control which is in use in severa ocalities. 

Study of the cities of Figure 4 Vihich had act l traffic 

hazards much below the calcul ted level , in some cases led iithout 

much difficulty to an understanding of the reasons for the deviation. 

Thus Detroit was found to owe its favorable traffic hazard condition 

to an efficient and energetic police department which had shown. 

great progressiveness in i t s methods, to a ~raffia court judge 

v.ho e stablished a wide reputation for severity in dealing with 

wilful t raffic of·fenders , a.nd to a system of safety education 

in its schools which had kept traffic accidents among children 

down to a relatively low l eve • vashington , the only one of our 

l arge cities vtiich. has grown in accordance i th a definite 

plan, ~peared quite clearly to be peying dividends on that plan 
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in 1he fonn of reduced traffic hazards . 

Baltimore , however, seemed to show no good reason for 

an actual hazard 307& below its calculated normal level. Neither 

police regulation nor city planning gave it any marked traffic 

advantages. rts low hazard was quite baffling until consideration 

was given to the fao·t that in Baltimore , control of traffic by the 

police was supplemented by a state license law, under whioh no 

Maryland citizen could legally operate a motor vehic l e i n t hat state 

without having been licensed to do so ; the license , moreover,. 

being given only after examination of his driving ability and 

knowledge of law, and being revocabl e for cause. 

~is system of stute licenses , whioh has spread 

considerably since 1922, was at that time so little used that of the 

cities in Figure 4, only Baltimore and Boston were affected by it. 

Both these cities show actual hazards well below the -~toulated, 

though Boston does not deviate nearl y so far as Baltimore , apparently 

because Boston, with i t s. old, narrow and crooked streets, is rather the 

antithesis of 7ashington in respect to the factor vm.ich makes 

Washington so comparatively safe, and beoause Boston, rather than 

being a separate city to itself, is more t he center of a cluster of 

cities.. 

The four states v.hioh in 1922 had t he above described 

licensing laws are Conneo-ticut , Maryland, :Mannachusetts and New 

Jersey. In these states , in 1922, there were only two cities besides 

Baltimore and Boston which had populations as l arge as 200 , 000. , 

These were Jersey City and Newark, N.J. 
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Both of these latter cities lie so near New York city 

that they should be thought of , om a traffic standpoint , ~s 

parts of the New York metropolitan area, rather than as individual 

urban centers . For this reason they were omitted from Table 2 and 

Figure 4 . 

Besides these four large cities, there were eight smaller 

cities in Massachusetts and three in Connect cut which were grouped 

respectively into two insurance territories . That is , t e average 

actual hazard was estab l ished collectively for these smaller cities 

of each state . The calculated hazards for these grouped cities can 

ba set up by dividing the total population of each group by the total 

• equivalent paved mileage for the group . 

Figure 5 shows for these cities the same comparison of actual 

and calculated hazard va riations as Figure 4 showed for its cities . 

Jersey City 

Boston 

Newark 

Baltimore 

Massachusetts • Group 
Connecticut 

** Group I 

Key: 
Actual Hazard Black 
Calculated Hazard Red 

• Fall River , Haverhill , Lawrence , Lowell , 
Lynn , New Bedford , Springfield , Worcester • 

•• Bridgeport , Hartford , New Haven . 

' Fig. 5, - Actual and Calcul ated Hazard a r i ations for Cities in 
Conne cticut , Maryland , Massachusetts and New Jersey . 

*Complete da a on these cities is gi van in Appendi x B. 
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From inspection of Figure 5, it is apparent that 

as between themselves , the aotual hazard variation is similar 

to the cal culated hazard variation but that the actual hazards 

of these cities {except Boston ru.n uniformly about 30% lower 

th.an their population density would lead one to expect. I n other 

words, the factor common to these cities is the state licensing of 

their motorists , and this appears to be respons ible for a reduction 

in their hazards to a point much below what consideration of other 

cities in the United states would have indicated to be the "natura '' 

l eve ., 

connection with existing efforts t o prevent accidents, 

the hazurd formula has , then, three funct i ons aa out lined: f i rst , 

to serve as a guide to these ection of cities whose'tra"i'fic 

records are above the average , and whose t raffic cont rol methods 

will therefore probably repay study; secondl , to provide 

the means through wh i ch a city can appraise from t i me to 

time , the success of its own measures for t raffic control ad 

regul at ion; and finally , to e termine the V i.s ue of general 

methods of traffic control enployed in more than one city -

as an il ustration of which use , n investigation of e 

e feat of state licensing l aws on automobile accidents has just 

been outlined. 
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Consideration may next be given to the principle 

shown by the hazard ariation formula in connection with the second 

line of attack on accidents: lhat accident preventi on may take the 

form of reduction of the number of path crossings of travel 

units. 

The injuries which will be prevented by this l atter 

means are primar ily t hose resulting from the collision of an 

automo ile with a p destr an. he imp oper actions which 

giver se to automob le a ciden s all go back to a few basic 

factors: wilful eckl essness, intoxication, carelessness, 

confusion, inexperience, and in a f ew rare ases to sudden 

breakages, blowouts and such unforeseeable things as bee-stings . 

These factors all ause accidents . In cities, howeve , r-

sonal injury from collisions between two automobiles very, very generally 

goes s t raight back tow lful re klessness in the form of speed. 

If speeds are such as are reasonable and proper i n almost all 

sections of the average city, a collision bet ween two automobiles 

(except in the minority of cases where he vy trucks are involved) 

will not result in personal i~j ries of great moment. ersons 

may be cut by flying glass - this hazard will have disappeared in a few 
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year , with e substitution, nowunderv,ey, of non- shattering 

g asa - and in rare cases when two automobiles collide even at 

slo"l speeds, one of them m~ be overturned, or one mey be thrown 

out of control, and as a resu t st.rike and injure a pedestrian. 

But ninet per cent of the serious injuries which result from the 

coll ision of tv,o vehicles in cities would not be suffered but 

for the use of speeds which are exces ive for conditions at the 

time and place of the accident • .Prevent i on of personal injuri es 

from co lisions between automobiles is primarily a function, then, 

of traffi c control . ities mich are not yet aroused b their 

accident situations to he point of enforcing ordi nances which 

wi 1 curb recklessness on the part of automobile users need 

hardly considers ep to reduce extensively the number of crossings, 

since these steps are in general more difficult to carcy- out than 

is traf ic control. I f the have f allen down on the·~o ro of traffic, 

they wi 1 be fa.ir.cy- certain not to make a success of atten;,ts at its 

regulat i on. 

Pedestrian accidents , hovrever , cannot be effectively 

handled by t r affic control alone . Su.ch. accidents are not by 

any means the product of high speeds . A car running over 

elderly person or a little child at a speed of fifteen mi e s an 

hour wi ll do rill.lch the same damage as a car moving t wice that f ast . 

These accidents are caused not on by wilful recklessness, 

but b _ unintentional carelessne ss, by inexperience of drivers, 
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by the uncontrollable act s of irresponsible ittle children, 

by the sudden confusion of pedestri ans . These causes are much 

less subject to legal control than is reckl essness . D1 fact 

even recklessness is almost i mpossible t .o control men i t comes 

to pedestrians except perhaps by a slow process of education. 

Consequently the prevent i on of persona injury aO'oidents 

resu ting from collisions with pedes ri s must est on other 

means than does the prevention of the personal i nj uries which 

resu l t from collisi ons between two automobiles. 

oreover, while the usual visualization of an 

automobile acci dent is a crash between two cars , f rom a personal 

injury standpoint collisions with pedestrians are anyv.here from 

two up to four or five tiIIX:J s a s important as collisions between 

automobiles . The great bulk of the personal injury acci dent 

problem, then, is to prevent conflict between cars and pedestrians .• 

The two facts , taken simultaneously, that injurie s from 

collisions with pedestrians are the mos difficult to control , 

and that they f orm the bulk of the traffic accident problem, 

show clearly v.hy efforts at accident prevention must be vndened 

out . They must include the eliminat ion of the unnecessary 

path-crossings of pedestrians and automobiles , if they are t o 

achi eve vecy much more success than they have achieved so f ar . 

The expression H cc ~ was derived on the assumption 
M 

t.~at both vehicular and pedestri an t raffic was uni f ormly distributed 

over the streets of a city. ~nis is never the ca se . ~ne f ormula 



apparently-holds good despite this because in most cities 

the deviation from this assumed condition is to· about the 

same extent .. 
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Evidently, if pedestrian travel could be rest r icted 

to certain streets of a c ity , and automobi le travel to 

other parallel streets , no collisions with pedestrians 

would take place, and personal injuries f rom automobile 

acc i dents would drop to a comparatively small percentage of 

their present numbers . This condition is obviously one that can 

never be r ealized in any city. 

unf ortunately , homver, the usual deviation :f'ran a 

uniform distri bution of t raffic is in the opposite di rection from 

this . 'lhen a street begins to carry a heavy volume of traffic , 

it is usually dooned so far as its use for high grade 

res i dential purposes i s concerned. People do not like ?olive on 

such a street . Property values gradually decline , and as they do 

large single family houses become occupied by several familie s , 

or are torn down and replaced with apartments or t eRements. The 

population density of that street is gradually gr eatly increased. 

Consequently the normal tandency is for greatest traffic flows 

to be found in streets of greatest population density, and hence 

of great est pedestri an use and greatest pe~sonal i njury hazard. 

I nstead of there being a safer dist ribut i on of t raffic than a 

uniform distribution over all t he streets of the city would be , 

there is a nru.ch less safe distribution. 
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the central business districts of cities this is not 

so apt to be the case . ere a more or ess uniform distribution of 

raff ic necessarily exists 

As these districts are approached the converging traffic 

often fill every street to its full capacity, or not very far short 

of it . SUch s t r eets have their character pretty well established. 

inesses have already sprung up on them, street car tracks 

are 1 id. Population density and traffic use of the streets are 

both well fixed. Aside from seeing that tra.f'fia o ontrol on such 

s reets is as good as can be provided, there i litt le that can be 

done , except none WG'Q' . U-sually the ttwnber of vehicles entering the 

central district o the city ca e reduced. 

In every large o i ty, and to an even grea. te r extent in some 

smaller ones , there is a large amount of traffio from othe 

l ocalities on the streets t all times. Some of this traffic is 

intentionally ~n the city because it wants to be there . Probably 

in most c es , however, a larger proportion of it is there simply 

bee use the city or t own l i e s on the road connecting its starting 

point with the place it wants to reach. I t goes through the city, 

not because it wants to, but because it cannot conveniently avoid 

doing so. 

I n cities located on import ant through routes , the number 

of accidents c aused by this tourist traffic is ofien very high. 

In New aven, which lie s on the Post Road connecting Boston with 

New York City, and which has a heavy t hrough traffic in consequence 

of this , more than one third of t he accidents during the late 

sunrner and . early fa involve cars from points 



51 

outside of the c i ty nd its adjacent townships . In thew nter 

months about one f ifth of the accidents involve such oars . During 

the entire ye r , the proportion i s abo tone fo th. 

'11here i s no gai n w.hat ever in having the bulk of this traffio 

pass hrough New Haven. p rt of it , probabl a r ather small 

part , is i n the city on business or pleasure . Most of it 

there simply because New Haven has no by-pas routes. 

The remedy for a situation like thi s is a highway 

turning aside at the out skirt s of a city and formi ng a belt line 

around it . suoh a b - pas should be so marked that it is olear 

mat it is , i n order thet e o casional tourist wanting to enter 

th to for business reasons , will do so and wil l not ta.lee the 

by-pass • .By the provision of suoh a belt line , the situation is 

made much better for everyone oonoerned. The tourist goes a little 

further, but i s able to make sufficient ly better t ime't ·compensate him. 

'11he merchant has a chance at a ll the th ough traff ic that actually 

wants to do any purchasing, and in addition , his l ocal customers are 

less interfered with in reachi ng his store . Final in this 

list , but perhaps most important of all , the streets of the city , 

and often its most congested streets , are relieved of vihat often 

amounts t o a vecy considerable traffic and the acc ident hazard is 

reduced aocordingl . 

Large cities should have both an outer and an inner 

by-pas. The outer shou d completely avoid the built up distr icts 

of the city . The inner should by- pass merely the cent ral 

conge sted area, so 1hat tourists wishing to ent er the cit 

to make purchases , usually of groceri es , drugs , aut omob ile 



52 

aocressories, and the like , can make their purchases at outlying 

stores and st ill avoid the center of the cit y . Smaller cities need 

only one by-pass, skirting t he built up section. As the city 

grows, i t vlill flow out beyond this by-pass , so that eventually 

this one will become the i nner by- pass and another farther out will 

be provide.d., 

As ha been said, this is about the only- thing that can 

be done {in addition to providing the best possible traffic control }, 

to reduce driving hazard i n the cent ral areas of cities.. I t is an 

important thing t o do, and even though the cost may be great , it will 

almost al weys be mu.ch l ess than the cost of allowing accidents to 

continue . New H:aven,. for instance , could probably by- pass 

enough traffic to save: around 50 ,,000 a J'ear in acc ident costs,, 

and this would capitalize a t a sufficiently great amount to 

more than pay the cost of the by-pass. 

Away from t he central districts of cities , however~ 

the pri nc i ple expressed by H« -1:.. can be applied very 
M 

effectively to reduce traffic hazards . Ill a ll but the central 

business district and a few main traffic arteries radiating from 

it , most c i ties have an exces of street space,, in the sense that 

the roadway of most streets is rarely fil l ed. to its full capac:ity. 

Frequently not more than five or ten per cent of t he vehicular 

traffic that could u se a street , actually does use it . 

such districts as these . and they co~rise large parts 

of the area of most cities, do oft en have a t raffic distribution 
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th.at is more or le s uniform - thin streams of traf£io: t riakling 

through. ma?lY p lel streets, with a very la.rge number o:t 

intersection points. SU.ppose that these t hin streams of 

par lel traffic were all gathered into one dense stream 

freeing the adjoining streets of al1 but absolutely looal 

traffic· h Ying it origin or destination on or near them. Then 

so far as those stre&ts re_ concerned,. there would almost be the 
.. 

compl ete segregation of vehicular f r om pedestrian traffic 

mi<lh. haa been spoken of earlier in this paper as the ideal 

condition from a safety standpoint. 

More than this , on the street i n mioh the dense 

stream of traf'fic was concentrated, hazard would be decreased, 

rather than increased. ;;. word of explanation will make this 

clear. 
.,. 

'Ihe most dangerous traffic: i s an intermittent high 

speed traffic through a residential area. k dense traff ic 

dvertises its presence. Pedestrians are aware of it, and 

are not so apt to step heedlessly int.o a street through vhiah 

it i s flowing. Children will naturally not play ball in such a 

street, if just around the corner there is a s:treet empty of 

traff1cr in vm.ioh they can pl~. Vehicle& approaching on cross 

streets see the stream of traffic as they approach and slow 

down acoordingly. A dense traffic , f inally, because o:f its 

dens11zy, cannot move at very high speeds. 
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JJ.. thin vehicular traffic , on the other hand, aan, 

and usually does move at high s.peeds even: through. areas of dense 

population and high haza.rQ. It does not advertise its presence . 

It constitutes something more or less unexpected. 

I£' , then, the trai"fic mich tends to spreaQ out 

through. residential eas is led in some to ca,llect into 

dense streams as it passes through. those areas, a safer condition 

for all street users results. This is segregation of traffic~ 

reserving some streets f or pedestrian use as much as possible,, 

restricting o1her streets to vehicle use as much as possible . 

Carrying out this procedure will have the same effect on 

driving hazard that reducing the population density of t he city 

would have :: it automatically r educes, the number of crossings of 

the paths of vehicles and pedestrians. 

'lhe oit;v of New Haven offers. an interesting 111.u tration 

of the carrying out of this principle , and an interesting 

illustration of disregard of it . 

Three times each fall there are football games in the 

Yale Bowl, on the outskirts of t he city, 'Which bring into New 

Haven from outside points a number of out-of- town cars larger 

than the number of cars t o be found on the streets of the city 

at arry nonna.l time . These cars, plus local oars, plus many 

thousands of pedestrians a ,l converge in the afternoon towards one 

small area. of the city, so that the density of population is very 
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great there , temporarily-, and also the density of vehicles . Take 

into consi deration the excitement attendant an the game in 

addition to this , and the natural conclusion woul d be that those 

days ,rould see a gr eat accident i ncrease. 

They would, but f or one thing. oved not so much by 

a desire t o add to the safety of the crowd as t o reduce the time 

required f or it to collect and disperse , the police depart.?D9nt 

has worked out a system whereby separate streets are assigned 

to each type of traffic unit . The s t reet on mich street oars ru.n to 

the Bowl is reserved especially for them; the next parallel street, 

whioh offers the shortest route to the Bowl , is restricted 

absolutely to pedestrians*, and police are stationed at all 

intersections throughout the area t o see that no automobiles 

attempt to enter or cross that street . Aut omobi es are routed 

from the center of town to the Bowl by roundabout stree ·s mi.ch 

take them to the far side of the Bowl, me-re the parking areas 

a.re located. In this way, the crossing of paths of traffic uni ts 

on the wey to the Bowl is reduced to a very- small amount . By this 

segregation of t raffic , the same effect f rom a safety standpoint 

is achi eved as if the value of --L were much. reduced. Accidents 
M 

are reduced accordi ngly-. Despite the hundred per cent increase i n 

cars on the s t reets , and the congestion of population in one quarter of 

• Except for persons living on that street . who must secure special 
permits to pass the cordon of police thrown around the area before 
they are allowed t o drive within it . 
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the ci t y accidents on game days run only twenty or twenty-five 

per cent higher than on other dey-s during the fal l , and these 

accidents occur at other places and other times t han in the 

vi c i nity of the Bowl just befor e and after the game. 

The illustration of failure to observe t his pri nciple 

of reducing the number of path-crossings in the interest of 

traffic safe ty oocurs on the opposite si de of the city f r om the 

Yale Bowl , and exists throughout the year, so that i t does a good 

deal more harm than the segregation of traffi c on game days does 

good. 

A l arge part of the traffic entering New Haven :from 

Hartford, comes in by wa:y of a street which as the center of town 

is approached, becomes a very busy and congested business s reet . 

Consequently, out - of- to"Wll traffi c is routed from this street to 

a :para le l one five blocks di stant , when it is about, ·1e 

from the center of the city. This is a ry wise move. t 

suf f ering from the delus ion v.h oh many traffic administrators 

seem to have , that vehicular traffic mu.st at all costs be kept 

diffused, this traffic is not crossed from one to another of the 

parallel streets in one dense stream. A proper arrangement of 

conspicuous direction markers , pointing down the entering street 

unt l the sel ected cross ver street was r eached, and then 

directing it to cross , would accomplish thi s end without arw difficulty . 

nstead of such system, however , there are small, drab , inconspicuous 

markers at each one of three successive streets , directing traffic 

to cross at each one . K more effect ve system for the di ffusion 
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Of traffic over the three streets could hardy be better worked out • 

• number of drivers miss seeing the first marker entirely; a proportion 

of' these miss the second also ; a few may even miss the third. The 

effect is that instead of one dense stremn crossing over, there 

are three thin streams. Th,~t this does not cause large numbers of 

pedestrian accidents , is due on y to the fact that the district is one 

of fairly low population density. I t does cause many collis ons betvreen 

au omobiles. 

For the unfortunate part of this situation is that midway 

between the street on which raf.,ic enters the city, nnd the parallel 

street to v.ihich it is crossed over, there is a broad, smooth 

street, that does not go anyv.ihere in par icular, ut that carries 

a high speed, intermittsnt traffic from the center of own to this 

residential quarter of the city. e out - town traffic , in 

approaching this street in its three th n treams , pas es . -
't' 

thr~ a very quiet residential district . I t crosses a couple 

of short streets on which there is no trnff ·c to be seen. 

l t approaches a street mich , as it is approached, looks 

just like nothe quiet street , empt of traf ic. By this 

time the out-of- town traffic is c nvinced that there are no 

traffic dangers to be encountered, and has re~ched high rate of 

speed • .nd thi s third street it crosses , is the bro d smooth 

street , with its high s!)Eled intermittent traffic . t the points 

\'.here these two streams meet , there nre some of the worst accident 

corners in the entire city , although there are man other corners 

which are passed y ten times as much traffic in the course of a 

year . A:nd a mo st without exception, each of these accidents 

involves a car from out of the city - driven by someone unfamiliar 
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"th his surroundings and deceived by the quiet appearance of the 

neighborhood. 

'.!he mere collection of this traffic into one street , 

and crossing it to the other street with control of some sort 

at the intervening dangerous intersection, would mean a saving of 

some thousands of dollars of accident losses each ye r , but it 

is not done . And the a:r.msing thing about the situation, if 

there is one , is that there is alreacy a traffic light protecting 

the intersection on one cross street, and that no special effort 

is made to route the traffic over this street . It is a safe 

statement that the average police chief is entirel;w ignorant 

of the fact that safety of traffic is increased by- collecting it 

into dense streams as it traverses residential districts , and 

proceeds on exu.ctly the opposite theory-. Ire knows that in the 

very conge ted district traffic flows better if vehicl:es re as 

evenly diffused as possible , and he simply applies the same rule 

to the outlying di stricts , mere hazard conditions are entirely 

different . 

The specific applications of this principle that has been 

discussed are more or less individual to each city. multiplication 

of illustrat ions here will not be of value . The discussion of the 

principl P, together with the two illustrations which have been given, 

should make clear wiat the principl e is . If that is clearly-

grasped, appl i cations suitable to each locality can be found. 

In most cities toa.ey- , such applications form the basis of' most of' 

mat hope there is for reducing the number of' collisions of 
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automobile with pedestrians. Their use should often bring about 

important changes; disregard of them will l eave little pro peat 

that afforts t accident reduction w 11 h :ve much more success in 

the future than they have gener al had during the pa.st fe years. 

I t is always easier and more satisfaat.ory to do a job 

r gh th.a. fir t time,, howeve r , than to try to improve it after it 

has been done wrong. 

Tha ole l~out of our cities is f'Undamentally 

wrong for modern conditio • Streets a:re so la~d out that if 

tra ffic is to be collectacl into certain p ths , it has to be 

art1fioally influence to do s o. ~ere is too mach t raffic 

capaa'i.ty on some streets and in ome areas, and not 8l!Lough. in others:. 

~i 1 not the fault of anyone . The cities n in istence 

we.re built largely in an age 'Which could not f~resee the automobile, 

or it great growth. I£ they a.re not suited to our needs , that is 

simply- our misfortune. 

If, however, the citie s and part s of cities v.nioh will 

develop in the year ahead: are allowed to develop along the 

present antiquated and unsatisfactory lines:, that will be our 

f ault and vecy much our fault . Ul> to the prese-nt time , with few 

exceptions , th t s exactly the type of development they are 

stil undergoing and i f this cont inues. t o be the case they will 

have traffic. problems. a few years. hence much more aggravated t han 

those· of the present. 
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!]here i no reason vhy the pre ent type of deve lopment, 

th. its excess of roadway s:paoe on residential streets, and 

its inadequacy of arterial routes for traffio v.nich wishes to go 

from one neighborhood to another, should continue . 

Residential street ould neither have wide paved 

roadways nor be continuous over great lengths . ~ese two 

characteri tics simply tend to attract traffio to them. decreasing 

the desirability of the streets for residential purposes. A wide 

street , with a ralati vely narrow. paved roadway of say twenty- four 

feet , and wide grass plot or plantations, 1 b th JIIlloh more 

att ra.o.tive e.nd more economical than a street with a. wide roadway, 

and 1s equally suited to 'the needs of the loo traffic i t should 

ca.rr,y-. Moreover-, if such streets. instead of be i ng made open to 

through. traffic , are made discont i nuous, they have the dvantage 

that they can never be ~11 dapted to business uses t and they e 

given that degree of stability v.nich city planners are so anxiou to 

sae neighborhoods have , and which is so uneconomically la0king in 

mo s t of our c i ties. Su.ch residential st r eets have the f'U.rther 

advantage that while traffi~ vm.ichhas actual businesa on them can 
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easily enter to transact its business, they will never encourage through. 

traffio and so will never be subject to the hazards hich that causes. 

Some of the most attract ive and noted residential districts in the 

Uhited states , such as Roland Park in Baltimore, have been la.id out 

very' mu.oh on this plan of having the area intersected by a 

few main thoroughfares , with most of the streets adapted to 

nothing but the local traffic vihich has definite business in them .. 

2he areas ,mien have had this treatment have been for the 

most part areas of high class homes, but every reason for laying 

out suah area s in this way applies with equal or greater force to 

the li:wout of more modest neighborhoods . Instead of trying to 

provide as man st r eets as possible 11 al ike in their traffic capacities, 

and none so designed as to carry traffic very efficiently, it is 

much more desirable that a net work of arteries, designed to carey 

tra..ft'ic with the minimum of" c:ross: interference ,, and h~ndli to carry 

it both efficiently and safely,, should be laid down,, and. that the 

interstices of this network should be filled in with streets 

designed for their proper use - to serve the local needs of 

those localities. From a tra:f'f"i~ afety standpoint , the 

natural ,segrcgat on of traffic which vmuld follow such street 

1 ou is entirely equivalent to a great reduction in population 

density. 

Note that the first step in this process is provi sion of the 

proper network of traffic arteries . If these are laid out - and 
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in a proper manner , so that conneotion of cross streets with them 

cannot be made at too frequent intervals - the proper filling in 

of the residential streets wil follow to a considerable extent 

as a natural process. 

Detroit - mere t ra fie hazards have been so much 

more successfully restrained than in the average city- - has 

had the vision to see this, and to plan accordingly. Anticipat i ng 

· the dSU when the city will have spread over a much l arger area 

than. it now occupies ,. and thoughtful of the traffic needs of such 

a city, a program is now being carri ed out t here i n accordance 

wi th ,wiich great express boulevards a.re being laid out and 

constructed to connect the center of the city with its suburbs •. 

These boulevards pass through consi derable areas of what is now 

comparatively undeveloped land, vm.ich oan be acqui red by the city 

at a small fract i on of what i ts value will be a few yea thence . 

Through these areas the roads are laid out with widths vhich 

wi l l aocomnodate an express electric car servi ce 1n the center, 

and automobile t raffic on the outer edges •. The interesting thing 

about the r outes is that they cannot at at\V point be c.rossed. by 

traffic either pedestrian or vehicular. They are through routes . 

:Pedestrians pass under the automobile ~s to reach the loading 

platforms between them. utomobiles can ge t on or off' the 

roadv,eys at fairly frequent intervals, but cannot cross them 

a.nyv.bere. At interyal of a mile or more , under-passes are 

provided for cross traffic. Tra£fic wishing to turn left across 

the highwey, leaves it as one of t he underpasses is approached, 
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ge ts i nt o t he system of loo streets which connects with the 

underpass , and so crosses beneath the traffic stream. 

en the foreseen time arrives, and the city has 

extended out along these routes , filling the areas between them, 

there will be already provided the means of segregat ing all 

through vehicular t raffic from the pedestrian t raffic of ea.oh 

locality, and safety wi ll have been gr eatly fostered , as will also 

the effic i ency of travel. 

Cities which have not had this foresight in the past 

ar e p~ing sch heavy pena ties in traffic accidents and del s , 

that some of them are making enormous expenditures to bring about 

co nditions which will be no better than those which could have 

been brought about a few years 880 at a fracti on of the cost . A 

good illustration of this is the raised highway which is being 

constructed to l ead south from the Hol and Vehicular·TUp.nel 

which connects ew York City- with northern New Jersey. Thi 
(), 

tunnel produce s ~great increase i n traffic through an area of 

dense population,, mere street systems have a ready- devel oped 

and l and uses have become more or l ess fixed. Not only does this 

create a serious accident problem, but it leads to a degree of 

conges tion vihich cuts own the usefullness of the tunnel . To 

~et this s i tuat ion the very- expensive ovemead high.wey- is 

being constructed at cost of ~30 , 000, 000 extending through 

~ersey City and Newark , with oocasiona access to the street l eve • 

d with no oro ings at grade . It 111 be a safe mean of 
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aareying a tremendous tra.:f:flo , but few localities can aff ord such 

expenditures as this . The only- a lternat ive is- a ve-ry- far

sighted view of future t raffic needs. 

;;._ change in our habits. of oit --building to more 

satisfactory types . is not & legislative but is more an educ.atianal 

mat t er. r t starts. with the city p l an commission. As a result 

of the mistakes. of the past , moat plan canmis sions have their 

hands pretty fUll with pressing problems in the existing parts. of 

cities. Oonsequently they are apt to devote little thought to 

the provisio · of outlying f aailit i es designed to be adequate at 

period ten or twenty year ~ . I t is often more important 

that they should do that , however, than that they should devote 

all their effort to patching u.p what can never be ma.de a very 

sati sfactory situ tifiln i n t he older part s of the city. Over a 
, . .,.. 

period of t renty year ,. the city will have benefit!ect more from 

superior planning of the part of it which has come into existence 

during that peri od, t han it would have benefitted. from anything 

that could have been done to minimize he mistakes alrea~ made. 

The average real estate subdivider and builder of suburb n 

homes. can hardly be expected to be an authority- an c i ty- planning,, 

or t o depart ve:r:r radically f rom recedent se him by- hi& 

predecessors, unless he ha encouragement to do so,. and unless he 

i s shown that it i s t o his a.dvant l3€e to do o. Since quite evidently 

the present type of subdivision is not suited to our conditions, a well 

info d and intelligent city plan c ommission ought t o be able to 
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exert a great influence in guiding suburban deve l opment a l ong 

better lines. There is no greater contri bution to the v~lfare of 

its city that su.ah ciommiss1on could make . 

the most comprehensive step in this direction yet taken in 

thi s country, great importance and interest attach to t he building 

of adburn., a suburban city in the New York metropolitan area. of 

northern N:ew Jersey. The Cl ty !rousing C'orporat ion,, a limited 

divi dend company in which a number of able and public-spiri ted 

persons are stockholders and directors,. has announced. within the past 

few months the purchase of a square mile and a half of' c ou.ntry 

land on which there is t o be bui t a largely self-contained 

little city- (a s contrasted with. a commuting center} or about 

t wenty-five thousand inhabitant s . 'lhe proposed street layout of 

the c·ity is so simple and so i nte lligent ,, and at the same t ime such. 

a radical departure from prevailing pra.c:tices that it 'ma be worth 

while t o discuss it in a little detail . 

Essent ially, it will be an application of the principles 

whiah have been discussed in this paper. In all its planning, the 

aim kept in vi ew has been to collect traf'fic as much as possible in 

some stree and t o free others of it as complete! as can be done . 

A suffici ency of traffic thoroughfares will be provided to care 

for the city' s through traffic needs. Other t hrough t raffi rill 

be passed around the city-. The main traffic arteries through. 

the oi will not be the streets on which the city"s homes will 

front. ~nese wil be l ocated on s i de streets, which will not afford 

through communication,. but will be used only for acc.es s to homes 

fronting on them. 
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~e most radical departure this city will make om ose 

now in existence . however, will be that in addition to a street 

stem f or vehicles , there ,vill be a complete separate sy tem of 

pedestrian parkweya, which will make possible o a very a:rge 

extent the segreg tion of pedestrian from vehicular travel. The 

vehicle street is to adjoin one ide of each l ot , and the parkway 

the other. Schools , comnunity centers, churche s, etc ., are to be 

so located that they can be reached by way of the parkways a s well 

as the streets, with a minimum of r oadwey crossings. 

I t i questionable if this particular plan, in all its 

details , could be carried out in aey other way than by some such 

organization as t he one responsible f or it. BU.t many parts of the 

pl an are widely applicable, and the venture mey have an impor tant. 

bearing on the methods used by subdividers in the adjoining ar eas, 
. 

and thence on the traffic hazards in those ar eas a few years from 

now. 

It is grea tly to be hoped that this wi 11 be he ca se , that the · 

city will be so intelligently planned, and the pl an so we l l . adhered 

to in its ulfillment, that it wi l l set a new standa for this 

country, and will meet ~i th much imi t at ion. The present efforts 

to prevent traffic accidents are for the mos t par t worth while, 

and must be cont inued . But it w· 11 be little short of criminal -

because it will lead o t he deaths of tens of housands - i f we 

continue to ignore the principl e whi h make for safet y in ity 

pl anning, as w are ignoring them at t he pr esent ime. TWenty 
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years hence both the milea of ity streets in the nited states 

and he number of automobiles and pedes t ians using them, will 

probably have doubled. ~ th far- sight d, intelligent thought 

in city planning, the number o automobile deaths each year may 

be kept from doubling, may even onceivably be held not very 

a above the present le el. But there is no hope o his unless 

it come through coopera ion o those who ontrol the stream of 

traffic, and t hose who plan and reate the facilities for it 

low, - unless our ci ies in their growth , shake off th ir 

inherit d, a haic orms and a r f · tted to modern uses and needs. 

raffic control measures, unless suppo d by mo e advanced 

city planning wi ll be found to bet a ical l y inadequate. 
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Appendix A ~ The Making of Automobile .Pu.blic Liability Insurance 

Rate 

Automobile public liability insurance rates are 

e tablish.ed annually in accordance with the f ollo · ng procedure . 

The ited Sta es is fir t divided into about two 

hundred and fifty territories, (each consisting of a large city 

and its c l osest suburb J or territorial groups {each consisting 

of several small cities or several counties in a state}. For 

each of these erritories of groups , separate loss experience 

is secured and tabulated. In some cases the volume of exposure 

of a territory- or group is not sufficriently large to be fairly 

indicative, and further combination is necessitated. However, 

for each community that develops a sufficient e.x:posµre (and this 

includes most of the cities of 200, 000 population or more } rates 

a.re calculated from that cammmity' individual data, and are in 

consequence a renection of that comrmmity•s traffic hazard. 

The t abulated data for these c ities sho the 

number of automobiles insured during e h of the three preceding 

years , and also the losses incurred in each of these years as 

indemnities for accidents attributable to the insured cars. 

Dividing the losses for each year by the number of cars 

insured, and averaging th three resulting quotients , gives the 

average l oss per car or ''pure premiumn. This average ''Pure 

premium" i s weighted by a fixed percentage to cover the administrative 
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cos t of the business and the average rate is thus determined 

for each community or group. For purposes of business administration 

these groups a.re then combined into a much smaller number . of "rate 

territories 0 , in each of which the rate is the average of the rates 

of the groups included in that 0 rate t erritoryu. The units comprising 

any given territory-may be widely scattered over the country, but 

the aver age rate assessed against all loc lities wi.ich are paced i n 

any one rate terr itory is within a very tew per cent of the rate 

determined individually for each group placed in that territory. 

About twenty· average pu.blio iability rates f or private paa enger 

oars are thus established, some one of vm.ioh will awly to any 

loaality in the unit ed. States. Finally, by another set of 

calculations differentials are obtained vm.ioh are applied to the 

average rte to give the actual listed rate for different makes o~ 

oars., 

The procedure just outlined is that for private passenger 

cars , which make up the largest number of automobil es insured. ~ere 

are a few differences in detail in ma.king the rates for oommerc i al 

and public passenger vehicles, but no difference in principle. The 

variation in rat es from city to city for these latter types of 

vehicle is much the sa.ire as for private passenger oars. 

Hence this private passenger oar rate may be taken as an 

accurate reflection of the public liability hazard of operation of 

insured _oars , and variation in rates may be taken as the variation 

from one city t o another in the hazard of their operation •. 

rrse of this r te variation for the wider purpose of 
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measuring the personal injury hazard variat ion of all automobile 

operation in those cities is open to three objections. n the first 

place , it is not necessari l y- tru.e that the hazard of operating 

• 

the average uninsured car varies from city' t o city- in j ust the s.ame 

way as the hazard of operating the average insured car does . Secondly-, 

it is conceivable t hat two acc idents of exac tly the same severity 

and involving exact y the same liability might result in different 

indemnities i n different locali ties. Third, it is to be observed 

tha.t these ra e s a.re based on the l egal iability- for causing 

injuries, and not directly on the injuries themsel ves. 

These are weaknesses v.frl.ich it seems impossible to e scape 

and the exaot effect of which i t is impossible to mon trate . 

careful thought about f them, however, has led t o the 

conclu ion that no one of them exerts a materially disturbing 

influence. 

A compl ete discussion of the making of automobile 

liability rates is given in tA:utomobile Rate- aking 1~by • P. 

Ste lwagen , Proceedings , Casualty ctuarial society, Vol . XI , Pa.rt a. 
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Appendix B - Calculate Vari at ions f or Cities 

The hazar sin t ese cities are base on 1922 

conditions , as in the case of e cities included in Table 2 an 

Figu.re 4 , an for the same reason . In the tab l e f ollowing , the 

st eet mileages sown are pave an unpave mileages weighted and 

combine into an "equival ent t otal mileage" in accor ance with 

principles set forth previous The i gures or the larger 

cities are from loc al sources , usually engineer departments; 

those for the smal l er cities are usually fr om loca l sources , 

but are supplemented in some instances by ata from The Asphal t 

ssociation , wit esti tes of the mi l eage of unsurface streets . 

The error in t e mi eage f i gures shou in al cases be less than 

0 per cent . Hoboken , in Jersey City territory , an IF i ton 

an Bloomfiel , in ewark territor , are omitte from Table 4 

because of the l ac of mi l eage Qata . The population fi 

from 1922 Census estimates . 

es are 
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l?opulation,, 
{Pl in 
thousands, 

Weighted 
street 

mileage 
C I 

calculated Actua.: 
variat iona variat101 

Citie 

Connec.tiout . .. 
Bridgeport • • • • • • 
H:artford • • • • • • 4 52 420 1 075 108 78 
New Haven • • • • • • 

Massachusetts .. 
bBoston . • • • • • • • l 150 853, 1 350 135 12 5 

Fall. River • • • • • • 
Ifa.verhill. •• • • • • 0 

Lawrence • • • • • • 0 

Lowe l • • • • • • • • 945 818 l 154 115 78 

n • • • • • • • • • 
New dford. . • . . • • 
Springfield. . • . • • 
Worcester. . • • . ~ . • 

[a.ryland:: 
Baltimore . • . . • . • 762 594: l 098 110 80 

New erseyt 
0 Jersey C1ty- . . . ,, . • . 463 2.55 l 818 82 125 
dNewark • •• • • • . . 580 476 1 220 122 80 . ~ 

a.As percentages of the value for Chicago., 
b Includes Cit i es of Brookline, Cambridge , Chelsea, Everett , Malden1 

and some.rv 1 le • 

a. I nc ludes BS¥onne , eat !foboken, and r-es Yor ,. whiah are i na luded in 
J"ersey c•ity Insurance territ ory. 

d I ncludes Mantel ir, East orange , Orange , Wes Orange , and summit , 
which are. inalu.ded in Ne ark Insurance territory-. 
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From the table it is seen that a ll of the se cities 

have calculate hazards cons i erabl hi er tan the actua 

hazar s a e . In Boston , the discrepancy amounts to o l y 7~ 

of the calculate hazar , but i n the other cities , the cal culate 

hazar is about one- third hi er than the actual . 

The fact as been mentione that Newark and Je rsey 

City f or m a part of the New York metropoli tan area . The effect of thi s 

on thei r riving hazards is hard t o determi ne . There doubt l ess is 

such an effect . In the average city , there i s a larger da - t i me 

than night- time population , due tote i nf lux of peopl e f rom 

the suburbs and the surrounding country in the morni ng , an its 

outflow at ni t . In the t ro cities just ent i one , t his condition 

is mod i f i ed by te fact that a cons i e rable porti on of the i r 

i n...Qab i tants cornnru.te t o New York c i t , and add t o i ts da -time 
.. 

popul ation , w.i le subtracting from the da - time popul ati o~ oft eir 

own cit i es . As the reat bulk of traffic acciQents occur in the 

day- t i me , t i s mus t cause some lessening of the haza • 

On the other han , increase in hazard i nt ese two 

ci t i es , results from the fact tat a part o~ t e vehicular traffi c 

conve rgi . g on New York , passes through them. 

There seems t o be no way of apprai sing the net effect 

of these untypical cond i t ions . It can ar ly be nearl y g reat enough , 

however , t o account for the thirty- f our an thirty- one per cent 

ifferences i n cal cu ated and actual hazards ich the ci t i es show. 

I t is pr obab l e that the greate part of these differences is due t o 

the mot or vehic l e l aw of the state . 
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