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IQREWORD
pedestrian research may be on its way to coming of age. A session devoted exclusively

to the subject was presented for the first time at the 51st Annual Meeting of the Highway

Research Board.
In this RECORD we have papers on the pedestrian and crosswalk effectiveness, walk-

ing trip length, accident cauËei and possible cures, rights to urban space' and vehicle-
free zones.

Ma¡ked crosswalks have been assumed to prevent accidents to their users. Herms,

using data covering a 5-year period for the simple situation-of aceidents at marked and

,rrr-ã"ked crosswalks, fóund ltre unmarked superior. He believes thai this may be due

to the pedestrian's attitude and lack of caution when using the marked crosswalks'
ttow far do people walk? Maring satisfied hiscuriosityonthe zubjectby conducting

a sgrvey of wait<eis in a targely hijh socioeconomic level apartment dwelling section of

Washington, D. C. A tendenãy waslound for people to take walking trips of about one-

third of a mile.
It is a truism that anything that can cause an accident will. In practice, hor/l'ever,

we need to concentrate ðn thõse factors that most frequently cause accidents. Snyder,

after studying many pedestrian accidents, found that half of them could be classified
into five frequent typls. Based on a logical analysis, he has suggested possible so-

lutions.
Fruin has highlighted the tendency for machine transportation to isolate the pedes-

trian on an "ever-narrowing sidewalk enclave." He believes there is a need to give the

pedestrian a greater right to urban space.^ The meritã of physiðal separation of motor vehicles and pedestrians are discussed

by Orski. Besides äafety there can be benefits from the standpoint of a purer en-

vironment.
Att in all, these papers take up the cause of the "second-class citizen"-the pedes-

trian-and 
"ättte" 

oU¡ectivety prot'ide data and/or schemes for giving him a better deal

in the walker-motor vehicle system.

-Robert B. Sleight

IV



PEDESTRIAN CROSSWALK STUDY:

ACCIDENTS IN PAIÑTED AND UNPAINTED CROSSWALKS

Bruce F. Herms, Traffic Engineering Section, City of San Diego

This is a report of a study of pedestrian accident experience at unsig-
nalized intersections and whether it is less in marked or unmarked cross-
walks. Accident experience covering a 5-year period was studied at 400
intersections, each having one marked and one unmarked crosswalk crossing
the main thoroughfare. In addition, pedestrian and vehicle traffic charac-
teristics were sh¡died to determine the pedestrian's relative use of marked
andunmarkedcrosswalks and his exposure to vehicular traffic. The results
showthatduring the 5-year period 177 pedestrians were hit in the 400 marked
crosswalks compared with 31 pedestrians hit in the 400 corresponding un-
marked crosswalks. This included 18 fatalities in the marked crosswalks
versus 3 fatalities in the unmarked crosswalks. In general, the study
showed that, in terms of the number of pedestrians using the crosswalks,
approximately twice as many pedestrian accidents occur in marked cross-
walks as in unmarked crosswalks. Evidence indicates that the poor acci-
dentrecord of marked crosswalks is not due to the crosswalkbeing marked
as muchas it is a reflection on the pedestrian's attitude and lack of caution
when using the marked crosswalk. Recommendations include a pedeshian
education program and timiting crosswalks to only those locations where
warranted.

.PAINTED or marked pedestrian crosswalks (the terms "painted" and "marked" are
used interchangeably in this report when referring to crosswalks) are one of the most
commonly used pedestrian traJfic control devices. Yet, Iittle research has been con-
ducted to evaluate their effectiveness as a "safety" device. An obvious approach
toward checking this effectiveness would be to compare the accident experience of a
marked crosswalk with that of an unmarked crosswalk.

One of the difficulties encountered when conducting a comparison study is the prob-
lem of maintaining equivalent conditions. II one intersection is compared with another,
it is likely that a multitude of unrelated variables will enter the picture: differences in
volume, turning movements, orientation, and environment, to name a few. If the same
intersection is compared with itself on a before-and-after basis, it is possible that
other undetectable variables may occur with respect to time: shifting traffic patterns,
unrelated weather conditions, and seasonal differences.

PHASE I

Phase I of this study attempted to keep the variables to a minimum by adopting the
following criteria:

1. Use of a single time period;
2. Use of only those intersections that have one painted crosswalk and one unpainted

crosswalk, both crossing the same main thoroughfare (Figs. 1-4)-this means that, for
all practical purposes, the vehicular traffic crossing each painted crosswalk would be

nearly the same as the traffic crossing the corresponding unpainted crosswalk;
3. Use of only those crosswalks crossing the major flow of traffic-crosswalks on

minor legs were not considered;
4. Use of only unsignalized intersections;

i,ilì,\,ihìr;¿lt:riì',.*.,.':, i ----.\ìù
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Figure 1. Aerial view of First
Avenue at Juniper Street, a typical
zt-leg perpendictrlar intersection
having one marked and one

unmarkd qosswalk acrocs the
main thoroughfaæ. Minor streets

are controlled by ctop signs and

stop bars. ADT on the main street

b approximately 5,800 vehicles Per

day; total pedestrian volume
crosing the main stre€t ¡3 about
1,1ü) persons per day.

Figure 2. Motorist's view of marked

crosswalk at First Avenue and
Juniper Street from about 100 ft
avvay.

Figure 3. Pedesfian's view of
marked crosswalk at F¡rst Avenue
and Juniper Street; approx¡mãtely
780 pedestrians use th¡s crossltralk
each day. Crosswalk is delineated
by næans of plastic mate¡ial.

Figure 4. Pedestr¡an's view of
unmarked crosswalk at First Avenuo
and Juniper Street; approximæely
320 pedest¡ian¡ use th¡s crossrvalk
each day.
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5. Exclusion of school crosswalks because the nighttime visibility characteristics
of the yetlow paint might affect tlre study results;

6. Exclusion of midblock crosswalks; and
7. Exclusion of any intersection having unusual flow patterns, sight distance prob-,

lems, or unusual geometrics that could affect the results (Tee intersections and offset
intersections were included).

To further minimize the effect of chance variables, it was decided to obtain as large
a sample as possible and extend the observations over as long a period as practical.
Therefore, a 5-year observation period was established, and a total of 400 inbersec-
tions were found that met the necessary criteria (fig. S).

In tallying the pedestrian accidents during the study period, several other guidelines
were adopted to ensure consistency.

1. In the painted crosswalk, only those pedeshian accidents occurring within rne
confines of the crosswalk were counted.

2. In the unpainted crosswalk, where it might be difficult for the reporting officer
to determine the crosswalk limits, it was decided to count ail pedestrian accidents
within an arbitrary 20-ft zone to make cert¿in that no borderline pedestrian accident
was overlooked. (ttris in effect amounted to overcounting the pedestrian accidents at
the unpainted crosswalk. )

3. No bicycle accidents were counted as pedestrian accidents.
4. Only valid pedestrian accidents were counted. If, for example, a person lüere

struck while directing traffic, it would not be counted as a typical pedestrian accident.
5. In those accidents involving more than one pedestrian, the age of ttre eldest

pedestrian was used for age tally purposes.

. PH.ASE tr

It is recognized that an accident study of painted and unpainted crosswalks at the
same intersection would be of questionable value unless it could be related to the
amount of pedestrian use. In other words, if no pedestrians use a certain route, one

would hardly expect any pedestrian accidents to occur there.
To clarify this matter, it obviously would be desirable to have pedestrian counts at

each crosswalk to correspond with the accident history. Comprehensive. pedestrian
volume counts are difficult and expensive to obtain. In the initial study (Phase I), a

compromise procedure was adopted whereby 4-hour manual counts were obtained at
4O oi ttre 400ìntersections. Thóse counts covered the period from 2 to 6 p.m. (O.

Because these counts covered such a short period of the day, it was felt that the
data were not necessarily indicative of the overall daily pedestrian traffic. Fortu-
nately, under provisions of the Federal Highway Safety Act of 1966 and with the as-
sistance of the Caiifornia State Office of Traffic Safety, the City received a grant to
make it possible to gather additional pedestrian volume data based on 24-hour counts
(phase II).

Several possibilities for conducting this study were explored, including the possible
use of time-lapse 16-mm cameras. But in view of the amount of data to be tabulated
and analyzed, it was decided that conventional manual counting techniques performed
by part-time student engineers would be the most efficient and economical method'' 

Èxcluding periods when schools are not in regular session, there are approximately
1?5 weekdays per year that qualify for making counts, assuming satisfactory weather
and counting conditions. In terms of available time and personnel, it would take over
2 years to count all 400 intersections. Therefore, it was decided to provide a 10 per-
cent sample by counting 40 intersections, each for 24 hours. This involved about 2

months oi counting time. These counts were made during the fall of 1969 (Oct. fO

through Dec. 18, excluding weekends and holidays).
Briefly, the counts were obtained by using a team of men counting from midnight to

midnight in eight 3-hour shifts. Supplementary help was provided whenever it appeared
advisable. The count personnel were screened and indoctrinated in the office. Train-
ing was accomplished in the field by having the new count personnel make duplicate field

t¿lt;i,ixii i?(liLli,i!'.
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Figure 5. Location map of croswalks under study.
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counts along '¡¡ith experienced cre!,vmen until they learned the procedure and 
"oof¿ 

**il-
tain consistently accurate counts. Close liaison was maintained with the field crew at
all times during the counting operations to ensure continuity and quality of data.

In order to obtain compatible data, manual counts were limited to nonholiday week-
days. In the event of inclement weather, accidents, construction, or other conflicting
conditions, supplementary eounts were made to ensure representative data. To ensure
further compatibility of data, counts were made only at 4-1eg perpendicular intersec-
tions atwhich the main thoroughfare carries two-way traffic.

Standard intersection manual counting procedures were employed using an intersec-
tion tally board that counted (a) the vehicular traffic entering the intersection on each
leg by individuat traffic movements-right turns, straight-through, and left turns-and
þItfre nondirectional pedestrian traffic crossing each leg of the intersection (fig. 0).

In view of the mass of fietd data to be tabulated and analyzed during and after the
field study, it was decided to utilize the City of San Diego's IBM 360 computer. To'
facilitate this, ttre field sheets were designed as source documents (fig. Z). This per-
mitted direct keypunching and subsequent computation and summarization by electronic
data processing.

A special computer program was prepared that summarized and printed the count
data, exposure ratios, and crosswalk use ratios for rach intersection and then com-
bined each data element to provide a composite intersection count representing all of
the intersections counted (Table 3).

To aid in the evaluation of the volume data at the 40 intersections, a supplementary
5-year accident analysis was made for the 40 intersections only. In past years, the

City of San Diego maintained only 3 years plus the cu¡rent year of accumulated traffic
accident records in its files. This policy was changed in 1968 to permit the accumula-
tion of 5 years of accident records. Unfortunately, the 1963 accident records were no
longer available for the purpose of making a 4O-intersection composite collision diagram
analysis (fig. fZ). Consequently, the latest 5-year period was used, covering January
1, 1965, through December 31, 1969.

FTNDINGS

Table 1 gives the number of pedestrian accidents occurring in marked and unmarked
crosswalks by month and year. The total number of fatal pedestrian accidents occur-
ring in the 400 intersections during the 5-year period was 18 in the marked crosswalks
and 3 in the unmarked erosswalks. This represents an accident ratio of 6:1. During
this same period, the total pedestrian accidents (fatal and nonfatal) occurring was 17?

in marked and 31in unmarked crosswalks, representing a ratio of 5.?:1.0. The month
showing the highest 5-year accumulation of acci.dents is December, with 24 accidents
occurring in marked crosswalks and ? accidents in unmarked crosswalks. July was

the month during which the least number (7) of pedestrian accidents occurred in marked
crosswalks. September showed a surprising record of no pedestrian accidents occur-
ring in the unmarked crosswalks for the 5-year period.

In Table 2 the number of pedestrian accidents in marked and unmarked crosswalks
is arranged by day of week and time of day. In the marked crosswalks the highest in-
cidence of accidents occurred on Saturday, with 38 accidents; the lowest incidence was
on Tuesday, with 13. In the unmarked crosswalks, the highest incidence of accidents
was on both T\resday and Friday with 7 accidents each; the lowest incidence was on

Wednesday, with 1 accident.
Figure I shows pedestrian accidents in marked and unmarked crosswalks compared

by pedestrian age groups. As might be expected, the highest incidence of pedestrian
accldents involves the very young and the very otd in both the marked and unmarked
crosswalks. For example, the highest incidence of accidents for both the marked and

unmarked crosswalks involved those persons ?0 years or older, with 35 accidenis in
marked and ? accidents in unmarked crosswalks. This was followed closely by the 5-
to 9-year age group, with 29 accidents in marked and 6 accidents in unmarked cross-
walks. There were, however, some surprising paradoxes found in the remaining age
group data. For example, the 65- to 69-year age group was involved in 13 accidents

ii;¿i{;(i${i?Il?ì({\>ji.,: i:, :-.',.:.ìti
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Figure 6. St¡dent engineer making
rnanual count at intersection.
Pocket natdr is used for timing the
count; supplementaÌy t¡mer on
dashboard is uæd to wam penonnel
in ¡dvance of the count-recording
¡nterval each half hour.

Figure 7. Student engineer
recording count data on special
field form adapteil for subsequent
keypunchíng and electronic data
procesing.

Table 1. Pedestrian accidents in marked and unmarked crosswalks by monfü and year.

Frtel úd Iaiury .tccldent! by Yeù
Fdd

^ccld€ût¡
1965 1966 t96?

MUMUMU

¡iluüy
Febnúy
Mùch
Aprtl
M¡y
Jue
July
AuSud
Sept€ñber
October
Noveúbe¡
D€ceEbêr

lotåI E{ked
Tot¡l un6ùked

04
o2
l3r3
l,l
02
02
13
0,1
l3
o2
02

3{
5

5
6

12

10
30
30
2L
{1
t0
l0
31
20
30
t271

34
ð

{1
61
20
20
20
{0
2l
00
10
l0
51
6!

35
I

0
3

3

6
2

3

32

18
l6
1?
t2
15
11

7

11
11 0

*
3

t1 2
18{
2t1

111
31

8¿d on 5 y.ñ of dat¡ .t ¡100 inffiidr
M. ru*d crñålk¡. U. unm*d sñlk¡.



Table 2. Pedestrian accidents in marked and unmarked crosswalks by time and day

of uæek.

Thur.

Dry

l2-l a.8.
t-2
2-3
3-{
{-5
5-6
0-?
?-8
8-9
0-10
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12-l p. ú.
1-2
2-3
3-{
{-5
5-8
6-?
?-8
8-9
8-10

r0-11
11-12

Tot¡l Esked

M U M U M=U MI'MU MUMUMU

t7
Toa¡l t¡8ùIed 3

8.aad m 5 Ë ol d.t¡ ¡t 4{x) ¡nffii@
l,. rrkd ffilkl U. ünru.ktd €ñlk¡.

Figure 8. Pedestrian accidents in marked and unmarked crosswalks by aç group (based on 5 yearr of data at 400
intersections).
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in marked crosswalks but showed no involvement during the same period in unmarked
crosswalks. Similarly, the 25- to 44-year age group showed an involvement of 25 ac-
cidents in marked crosswalks, but during this same period they showed no accident in-
volvement in unmarked crosswalks.

Figure 9 is a graph of pedestrian accidents occurring in marked and unmarked
c¡osswalks plotted as a function of the time of day. The time intervals showing the
highest incidence of accidents during the 5-year period are 5 to 6 p. m., with 26 acci-
dents, and 6 to ? p. m., with 23 accidents. These accidents occurred in marked cross-
walks. Interestingly, the unmarked crosswalks showed no accidents during the same
time intervals. This represents an accident ratio of 49:0. The unmarked crosswalks
showpeakaccidents occurring at 6 to ? a.m., with 5 accidents, and I to g p.m., also
with 5 accidents. The accident ratio is 5.7:1.0 in marked versus unmarked crosswalks.

Table 3 is the manual count summary for the composite 40 intersections (Phase II).
This is based on the 24-hour pedestrian and vehicle volume counts made at 40 of the
400 unsignalized intersections having marked and unmarked crosswalks. The exposure
ratio indicates the ratio of vehicles to pedestrians crossing the major street at the
marked (leg f ) and unmarke¿ (leg 3) crosswalks. The crosswalk use ratio indicates
the ratio of pedestrians using the marked crosswalk versus the number of pedestrians
using the unmarked crosswalk. This is shown as 2.86 pedestrians using the marked
crosswalk to 1.00 pedestrian using the unmarked crosswalk.

Figure 10 is a gfaph of pedestrian volumes in marked and unmarked crosswalks
ptotted as a tunction of the time of day. The volume ratio (crosswalk use ratio) is 2.9
persons crossing in the marked crosswalks to 1.0 person crossing in the unmarked
crosswalks.

Figure 11 is an intersection traffic flow diagram showing the composite volumes for
the 40 sample intersections.

Figure 12 is a collision diagram showing the pedestrian accidents in the marked and
unmarked crosswalks at the composite 40 sample intersections. Pedestrian accidents
are based on the most recent 5-year period (1965-1969). From this diagram it can be
seen that 56 pedestrian accidents occurred in the marked crosswalk versus 12 in the
unmarked crosswalk. This includes 7 fatal pedestrian accidents in the marked cross-
walk versus 3 in the unmarked crosswalk.

A further analysis can be made that relates the accidents to the relative position of
the pedestrian and vehicle. Of importance here is (a) whether the vehicle is approach-
ing the crosswalk from the nearside or far side of the intersection and (b) whether the
pedestrian is just starting to cross the street or just finishing crossing the street.
Note that "finishing" in thls analysis means that the pedestrian is over halfway across
the street. Of special interest in this group of accidents is the fact that the greatest
number of pedestrian accidents (24, including 5 fatal) occurred at the "far-sidefinish"
position. In other words, the vehicle struck the pedestrian on the far side of the inter-
section while the pedestrian was finishing crossing the street. This is contrary to the
popular expectation that the majority of pedestrian accidents tend to occur at the "near-
side starting" position. In fact, the nearside starting position showed up somewhat
favorably in this analysis, with only 6 pedestrian accidents, none fatal. These 6 acci-
dents represent only 8.8 percent of the total 68 pedestrian accidents occurring in the
40 sample intersections. Also of interest is the fact that only 2 of the 68 pedestrian ac-
cidents (on the major street) involved vehicles making turning movements from the
minor street. Both of the turning accidents involved left turns. There were no pedes-
trian accidents involving right-turning vehicles in this sample of 40 unsignalized inter-
sections.

Of special concern is the high proportion of nighttime accidents involving pedestrians
being hit after they were over halfway across the street. One explanation is that the
approaching vehicle's head lamps are not illuminating_ the pedestrian sufficiently and in
time to permit the motorist to stop. lA¡other study (10) shows that under certain con-
ditions the pedestrian may be some distance from the þoint of impact at the moment the
motorist must perceive the danger and come to a safe stop. I Pedestrians should be
made aware of this potential danger so that they avoid walking into the path of an on-
coming vehicle at night, thinking that the vehicle will stop in time.



Figure 9. Pedætrian accidents in marked and unmarked crosswalks as a function

of time of day (based on 5 years of data at 400 ¡ntersections)'
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Figure 10. Pedestrian volume in
nurked and unmarked croswalks æ a

funct¡on of time of day (bæed on

24hour manual counts at 4{)

intersectionsl.

Figure 11. lntersect¡on traffic flow
diagram showing composite volumes
of ¡10 intersections (based on 2¡l-hour
manual count daü¡ at 40 intersectionsl'
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Figure 12. lntersection collision diagram showing composite collisions involving pedestrians in marked versus

unmarked crosswalks at ¿10 ¡ntersections (based on 5 years of datal.

c0LLr$l0ll DlAtRAt
CIÍY Of SAN DIEGO, CATIfORNIA
PUSTIC WORKS OEPARIMENI
IRAFfIC ENGINEERING SECIION

'o'^"oëorrorr* oF 4o lurges,cTtot.s

/-/-65 n /2-3t-69
NO. ACCIOENIS BY TYPE

nrl-

-------+ vEa. rovrxc AH€ao

((S vÊx.8^crlxc uP

---- ù P€O€STR|li

: rRÁtx

D p^RxEo vEHcLE

t] Fr¡Eo orJÊcl

O ffioP€tf Y oauc€ frLY

@ rrürfrY accrcÉffi

a F^T^L 
^ccroExl

TEGEND
--ùO<- H€^o.oi
*-"= x€^o-il sro€sfiP€

+æ R€AR ExO

--=õÈ otcnf^xrre sþ€swrPc

-_I.o âtHf 
^ictE+qL 

^Pno^cH 
Í'fr

+o- WEffiAKIXG TIJf,X
--tt
\il.t o{rr s cdrno{-

-óõ- v€Hrcl€ ruRiÉD ovEn

corsT corasrRcl¡oß zot€
oPo oRtvEt HYstc^L oEFEcf
OV DFEfrIW WHICLE

ES €XCESS SP€EO

Ffc FoLLOrrrc foo cLos€
H80 X^0 IEEX ORttXttlG
H-R HII AXO íUfl
ILC IHPNæ€I LAX€ CXAXGE

IP flPROPÊi PASSIXG

t1 [PioP€t fuRi
NAIT fiATtEÍ1rm
t/c toftotcYclE
nss naÈ 51@ srcx oR srcx^L
SFP STæP€O Ofi SLffiIIG Ffr PÉO€SÍRIAN

v0 vrsrBrLrño€sTRUcTEo
vRw vrour€o RrGHl 0f w^Y

ws wRffG sroE oF SÎñE€l

.t..:-,-,.,Ñ



'i¡ì{rtLlìrìÍlùli'

I

I

I

I

,,,,,,,,,trrUU.r.r,ral

I

L2

It should be noted that27 of these "finishing" accidents, including 5 fatat accidents,
involved pedestrians crossing in marked crosswalks. Therefore it would appear de-
sirable, whenever marked crosswalks are installed, that special consideration be given
to nighttime visibility and illumination.

3 CONCLUSIONS

The results of this study show that pedestrian accident ratios and crosswalk use
ratios tend to cover a range of values depending on the type of intersection where the
crosswalk is located. But, in general, more pedestrian accidents occur in marked
crosswalks than in unmarked crosswalks by a ratio of approximately 6 to 1. Further
comparison of the volume of pedestrians using the marked and unmarked crosswalks
shows that the crosswalk use ratio is approximately 3 to 1. This would indicate, in
terms of use, that approximately twice as many pedestrian accidents occur in marked
crosswalks as in unmarked crosswalks.

Evidence suggests that this poor accident record is not due to the crosswalk being
marked as much as it is a reflection on the pedestrians' attitude and behavior when
using the marked crosswalk.

In general, marked crosswalks have the following advântages.

1. They may help pedestrians orient themselves and find their way across complex
intersections.

2. They may help show pedestrians the shortest route across traffic.
3. They may help show pedestrians the route with the least exposure to vehicular

traffic and traffic conflicts.
4. They may help position pedestrians where they can be seen best by oncoming

traffic.
5. They may help utilize the presence of luminaires to improve pedestrian night-

time safety.
6. They may help channelize and limit pedestrian traffic to specific locations,
1. They may aid in enforcing pedestrian crossing regulations.
8. They may act, in a limited manner, as a warning device and reminder to motor-

ists that this is a location where pedestrian conflicts can be expected.

Marked crosswalks also exhibit some disadvantages.

1. They may cause pedestrians to have a false sense of security and to place them-
selves in a hazardous position with respect to vehicular traffic.

2. They may cause the pedestrian to think that the motorist can and will stop in all
cases, even when it is impossible to do so.

3. They may cause a greater number of rear-end and associated collisions due to
pedestrians not waiting for gaps in traffic.

4. They may cause an increase in fatal and serious-injury accidents.
5. They may cause an increase in community-wide accident insurance rates.
6. They may cause a disrespect for all pedestrian regulations and traffic controls.

Unjustified and poorly located marked crosswalks may cause an increased expense
to the taxpayers for installation and maintenance costs that may not be justified in terms
of improved public safety. Indeed, such crosswalks may tend to increase the hazard to
pedestrians and motorists alike. Therefore, the following recommendations are pre-
sented for further consideration and implementation.

RECOMMENDATIONS

1. Existing crosswalk warrants should be reviewed and updated. Special consider-
ation should be given to pedestrian channelization needs, nighttime illumination, vehicle
approach speed, and motorist inability to see pedestrians or the crosswalk at the criti-
cal safe stopping distance.

2. No new crosswalks should be installed unless they meet the conditions establishec
by the warrânts.

3. Existing crosswalks should be reevaluated to see whether they meet the revised
warrants.
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4. Efforts should be made to reeducate pedestrians regarding the limitations of the

marked crosswalks and to alert them to some of the special hazards that they may en-
counter while crossing streets.

5, Attention should be given to the long-range needs of the pedestrian when planning
new communities and developing existing communities in order to reduce the conflict
between pedestrian and vehicle.

6. Research should be continued on a national scale to gain a better understanding
of the pedestrian safety problem and to seek workable solutions and alternatives to the
problem.

In conclusion, it is appropriate to restate that marked crosswalks will continue to
be a useful traffic control device. But it is important that the general public recognize
what marked crosswalks can and cannot do. It is also important that public officials
not install them unless the anticipated benefits clearly outweigh the risks discussed in
this report.
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PEDESTRIAN TRAVEL CHARACTERISTICS

Gary E. Maring, Office of Highway Plaruring, Federal Highway Administration

A survey of pedestrian trips was conducted in Washington, D.C., and
supplemented by data f¡om the Nationwide Personal Transportation Study
conducted by the Bureau of the Census for the Federal Highway Admini-
stration. The major purpose of the Washington survey was to analyze data
on walking trip lengths as a function of age, sex, trip purpose, and day of
week for use in transportation and community planning. The Nationwide
Personal Transportation Study provided supplemental data on walking to
work. Results of the Washington suryey show that 90 percent of the walk-
ing trips were less tåa¡ 1 mile. This should be considered a maximum
distance for any signilicalt walking to community services. The median
walking trip length was 1,600 ft. This seems to be a desirable distance in
which to provide frequently visited services such as convenience shopping
or recreation facillties. Men generally made longer walking trips than
'women. there were differences in trip tength distributions by age group,
but the trend was not clear. Trip lengths were the longest for the trip to
work. The Nationwide Pe¡sonal Tralsportation Study showed shorte¡
trip lengths than the Washington survey for the work trip, with almost 71
percent less than t/2 mid.e. Nationwide, 5 percent of the working popula-
tion reported walking as the usual metåod of getting from home to work.
There r/as a higherproportionof persons with incomes under $4,000 walk-
ing to work than inthose income groups over $10,000. The youngest and
oldest working age groups reported higher-than-âverage walking to work.

.IT IS recognized that more effort in transportation plarming should be directed toward
reducing vehicular trip demands. Much of our recent residential land use development
has forced the necessity for vehicular trips. Segregation of land uses has kept most
commercial activity away from residential areas, and thus a car is usually required
for convenience shgpping. Even for walking enthusiasts, the lack of sidewalks is cer-
tainly a discouraging factor.

Consideration of satisfying certain trip demands by walking would seem to be a
reasonable goal in transportation studies. As Mumford (!) emphatically puts it,"Every
urban transportation plan should put the pedestrian at the center of all proposals. The
pedestrian must be treated with respect as we now treat the auto."

The United Nations symposium on plaruring of metropolitan areas and new towns @)
stated that residential districts should Ínclude 'rthose institutions, services, and amen-
ities that are visited by the public frequently.. . such as cinemas, clubs, health clinics,
shopping centers, etc. The facilities should be sited within easy walking distance of all
dwellings they serve." This is an especially important consideration in apartment and
townhouse developments.

A great deal of effort has been devoted to the transportation plaruring process. A
sigrrtficant portion of resources has been used for origin-destination data collection.
These studies have identified the travel patterns of motorists. However, very little
effort has been devoted to studies of pedestrians.

To gather some base data for community pedestrian consideration, a survey ol resi-
dentially based walking trips was conducted. The survey was made in the southwest
section of Washington, D. C. The residential areas surveyed consist of large apart-
ment buildings and clusters of townhouses. With this dense residential development
and tåe location of shopping, recreation, and employment facilities in the area, the

L4
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possibility for a significant number of walking trips exists. Alalyses of the pedestrian
data are included in this report.

The survey in Southwest Washington is supplemented by data from the Nationwide
Personal Transportation Study conducted by the Bureau of the Census for the Federal
Highway Administration. Data on those walking to work cross-classified by household
characteristics were availa.ble.

SOUTHWEST WASHINGTON PEDESTRIAN TRAVEL SURVEY

The major objective of the pedestrian survey v¡as to determine distributions of walk-
ing trip distances by day, purpose, age, and sex. Attitudes toward walking and bicycling
were also investigated. These data should be important for planning community services
for various age groups.

Procedures

The survey was condueted in two residential developments in the southwest area of
Washington, D. C. One development was River Park Mutual Homes, a cooperative con-
sistingof two high-rise apartment buitdings with 384units and a groupof 134 townhouses.
The residents are primarily professionals. The other development, Channel Square, is
adjacent to River Park and is a subsidized moderate-income rental complex consisting
of a high-rise apartment of 128 units and ?5 townhouses.

A sample of one in three households was selected for i¡terviewing in the Rlver Park
development. Because of lower response rates in lower income households, it was de-
cided to i¡crease tlle sample rate in Channel Square to one in two households.

Data were collected for four days, Saturday through Tuesday, to show weekend and
weekday characteristics. A pre-sample showed that tltls was feasible.

Several factors affecting trip length were included ln tåe questionnalre. Trip dis-
tances for males and females would be expected to be different because of physical
capacity and because of safety conéiderations. Age was also considered to be an im-
portant factor. In order not to force a person to give his specific age, he was asked to
indicate his age group. The trip purpose was asked to determine differences in trlp
length by purpose. The estimated number of blocks for each trip was asked and also
the location so the distance could be checked if it was not given. Household data sueh
as number of adults, number of children, and number of automobiles rÃrere asked for
comparison with trip-making. Factors were indicated that might affect the decision
to walk. Attitudes toward bicycling were also asked.

A cover letter and questionnaire were left at each sampled household on Tuesday
evening, November 3, 19?0, asking for walking trips for the previous four days, Satur-
day through T\resday.

With one follow-up letter, the response rate was 35 percent overall. As expected,
the response rate from Cha¡nel Square was lower than in River Park-25 percent com-
pared to 43 percent.

Results

In all, 2${ y¡¡lking trips were reported from the survey. Figure 1 shows the cumu-
lative trip length distribution of all trips; 89 percent of the trips a¡e less than 1 mile,
and 50 percent are less than 1,600 ft.

tyalki¡¡g trip lengths by age group are given in Table 1. A chi-square test of signifi-
cance vr'af¡ used to check lor differences in trip lengtlt by age group. The hypothesis
tested is that the distributions of trip length are the same for all age groups. Table 2
shows tìe contingency table for the chi-square analysis. The value of chi square as
calculatedby the formula X'= (O - E)"/n is 20.39. The chi-square vafue atthe 0.05
Ievel of significance with 10 degrees of freedom is 18.3. Therefore, the hypothesis
can be rejected. By rejectiag the hypothesis, there are only 5 cha¡ces in 100 of being
wrong. Although the trip length distributions by age are significantly different, the
three curves cross over in Figure 2, which i¡rdicates no clear relationship between
trip length and age.

i{ii{i¿a:.iir¡1,
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Tabte 3 gives the relationship between sex and trip length. As anticipated, male
trip lengths r¡ere longer than female trip lengths (fig. 3). A chi-square analysis was
used to test the hypothesis that the two distributions were the same. The value of chi
square was calculated to be 28.L2. Entering the chi-square table with I degrees of
freedom, it was determined that the hypothesis could be rejected at tlre 0.005 level
oß sigrrificance. The difference between distributions of trip length made by males
and females is somewhat influenced by the relatively long work trips made by men.

Table 4 gives the trip length by purpose. Although there is quite a bit of scatter in
the figr.r.res, relative trip lengths by purpose ca¡ be determined. It must be emphasized
that trip lengths by purpose are affected by the location of services in the Southwest
area. The shortest trip lengths were to board a mode of transportation outside the de-
velopment (bus, car, taxi). The longest trlps were to work.

Figure 4 shows the trip purpose distribution for all days combined. Shopping repre-
sents about half of a-ll trips. The second most frequent trip purpose was outdoor
recreation.

Trip purpose by day of week as given in Table 5 shows some interesting results.
Three-fourths of all trips on Saturday were for shopping, primarily grocery shopping.
Shopping trips on Sunday, Mondai, and Tuesday were just over a third of all trips on
those days. On both Saturday and Sunday outdoor recreation trips were the second
most frequent trips. From the completed questionnaires it was noted that several
of these were trips to walk dogs. Work trips were the second most frequent purpose
for walking on Monday and TuesdaY.

Tables 6 and 7 show trip purpose distribuflons by age and by sex. The significant
difference by age group, as expected, is that those 60 years of age or over had a
smaller proportion of work trips. The older age group had a higher proportion of
shopping trips than the other age groups. The 18 to 39 age group had the highest pro-
portion of outdoor recreation trips. The trip purpose distribution by sex shows tåat
females made more shopping and personal business trips and that men made more
work trips.

Trip production varied tittle by housing type. For all adults making trips, tåe
average number of trips for the four survey days was 3.1 trips per adult. For house-
holds with walking trips, the average number of trips for the four survey days was 4.1
trips per household, but 21 percent of tlte households had no walking trips. For all
households, the average number of trÍps per household was 3.3 trips.

Vehicle trip productions are often related to family size. To test if there was a
difference in walking trip production by family size a chi-square analysis was done.
The hypothesis rpas tìat number of trips per household was independent of family size.
The value of chi square was 3.32. The hypothesis could not be rejected at the 0.10 con-
fidence level. Therefore, it is probable that the number of walking trips is independent
of family size.

Respondents, whether or not they walked, were asked to ra¡k those factors tha.t

discourage them from walking. The following were listed on the questionnaire: un-
favor-able weather, crime, lack of adequate sidewalks, heavy automobile traÍfic, smog
or pollution, and other (please specify). According to Table 8, the greatest number of
respondents ra¡¡ked crime as the most sigrrifica¡t factor discouraging walking. Written
comments indicated that crime was an especially significant factor at night. Mary
people indicated that they did not walk at all at night because of crime. IJnfavorable
weather was listed as t}re most important factor by 24 people as compated to 37 indi-
cating crime; 16 indicated other factors as most sigaificant. These included factors
such as distance or time, laziness, lighting, health, and heavy shopping bundles.
Three indicated heavy automobile traÍfic as the most significant.

Bicycling

With the increasing popularity of bicycling among adults, it was decided to assess
bicycle use and attitudes toward bicycling for short trips. OnIy five persons indicated
use of a bicycle in the previous week. Interestingly, these persons all lived in River
Park. This may indicate that income and occupation have some influence on bicycling.



Figure 1. Pedestrian trip length'frequency distribution.

Table 2. Continçncy table for chi-square analysis of trip length

by aç group.

Number in Age G¡oup

Pedestrian
Trip Length
(ft )

40-49 60 or Older

Table 1, Pedestrian trip length by age group.

Pedestrian
TIip Length
(rt t

Age Group, Percentâge

18-39 40-59 60 or Older

I -ã00
501-1,000
1,001- r,500
1,501-2,000
2,001-2,500
2,501-3,000
3,001-4,000
4,001 - 5,280
5,281 -?,000
?,001- 8,500
8, ô0r- 10,000
10,00r-12,500

Totel

18.0 15.9 6.4
18.1 15.3 10.6
10.1 13.0 21.3
18.0 28.4 27.7
ã.6 6.5 6.{

19.2 3.6 19.1
1.1 0.? 0.0
2.2 5.8 0.0
5.5 2.9
0.0 2.9
0.0 t,4
2.2 3.6

100.0 100.0

0.0
2.1
0.0
6.4

100.0

O-obæryed,E=expæted.

Table 3. Pedestr¡an trip length by sex.

Ss, Percentage

Figure 2. Pedestr¡an trip length by aç group.

Figure 3.. Pedestrian tr¡p length by sex.
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Fígure 4. Trip purpose distribution.

Pedestrlan
Trip Length
(ft)

Se:ç Percentâge

Male Femå¡e

4,001-5,280 4.6 2.5
5,281-?,000 8.4 3.1
?,001-8,ô00 2.3 t.2
8,501-10,000 1.5 0.0
10,001-12,500 ?.6 0.0

Total 100.0 100.0

18-39
Total
oooo

1-50
501-1,000
1,001-1,500
1,501 -2,000
2,001 -3,000
Over 3,000

Totel

+t
42
3?
68
48
38

274

3
5

10
l3
12

4

47

22
21
18
39
14
24

138

16
16
I

16
22
10

89

1 3.3
13.6
12.0
22.1
15.6
t2.3

20.?
2t.2
18.6
34.2
24.2
19.3

?.0
7.2
6,{

ll. ?
8.2
6.4

Pedestriâ¡
Trip Leryth
(ft) Male Female

1-500 10.?
501-1,000 14.5
1,001-1,õ00 14.5
1,501-2,ooo 22.1
¿,001-2,500 6.9
2,501-3,000 6.1
3,001-4,000 0.8

1.8.4
15.3
rz.9
26.4

4.9
14.7
0.6

Table 4. Pedestrian trip length by trip purpose.

Trip Frrpos€, Percentâge
s
0

H,o

æ

t0

Pedestrian
Trip LeDgth
(ft ) Work

Pêrsonal
Busir¡ess Shop Social

q¡tdoor
Rec¡egtion

Chå¡ge
Gher Mode

1-r,000 12.1
1,001-2,000 0.0
2,001-3,000 6.1
3,001-ã,280 18.2
5,281-8,500 48.4
8,501-12,500 15.2

Total 100.0

32.1 41,4
54.0 36.8
13.9 5.3
0.0 0.0
0.0 10.5
0.0 0.0

100.0 100.0

7,7 ?3,9
11.5 26.1
61.6 0.0
11.5 0.0
0,0 0.0
7.7 0.0

100.0 100.0

20.0
40.0
26.7
0.0
0.0

r3.3

100.0

24.4
41.4
t2.2
?,3
?.3
7.3

100.0

i i{,it{ji,iii?;¿{il..i,i¡
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The distribution of attitudes toward bicycling for short trips is as follows: 35 people

were very favorable; 22, lavotable; 12, unfavorable; and 9, very unfavorable. This
indicates a generally favorable attitude toward bicycling. However, several people

indicated that they were reluctant to ride in the traffic stream. They indicated a need

for separate bikewaYs.

Written Comments on Questionnair

tt** -"* **y *aeresting comments provided by respondents that carurot be sum-
marized neatly in a table but deserve some consideration. Several of the responses
follow:

'?Potential crimina.l acts discourage free and open walking."
"Favor bicycling, but there must be safe and convenient bicycle racks at all stores.

There must be bicycle paths to stores separated from automobile traJfic. You can't
cope with packages, a bicycle, traffic, going up and down curbs all at once."

nI can't remember when I've walked last. I have walked to ihe park but not recently."
'Would like to see walkway developed to the Hill, using the pedestrian underpass-

diagonaling up through the Southwest development, with a sidewalk cafe or two. I feel
city and construction firms have been very amiss not to prepare walhrays through or
along construction tåat btocks 4th street (shopping center construction). A year or so
s1 ï¡olki¡g in the parking lot and across the mud, dust, and dirt of the Methodist Church
lawn is most d.isheartening, hard on shoes, dangerous in parking lot, etc. Many people
must feel this.'t

"I believe strongly with Jane Jacobs that residential areas should not be solely resi-
dential. I would tike littte bookstores, art galleries, fruiterers, bakers, florists, etc.,
interspersed among townhouse areaÍ¡, possible marginal operations in people's houses-
much more fun that ìpay, more interesting walking, pleasant small expeditions getiing
people out of tìeir boxes often and easily, leading to sociability."

"Enjoy walking to park but no other place to walk."
"My husbaad used to walk to work on Capitol Hill, but the lack of adequate side-

walks, deserted fields, dismal atmosphere, and pollution... have stopped it."
'\Malking and bicycling are good for health and for relieving tension, but you need

an inspiring view and a place to move freely."
"I am unfavorable to bicycling witi present traffic hazards, but I would be favora.ble

to bicycling if bikeways were provided."
"My bictcle was stolen the last time I used it for transportation, and the problem

of potential theft prevents my using my neìrr one for anything except riding around."
lrye Ao not walk any distance except to the car-then drive to work or shop."

"At present my health precludes any extensive walking."

WALKING CHARACTERISTICS FROM
NATIONW'IDE PERSONAL TRANSPORTATION STUDY

Data from the Nationwide Personal Transportation Study conducted by the Bureau
of the Census under contract to the Federal Highway Administrafion were used to sup-
plement the Southwest Washington survey. The sample consisted of two palels of ap-
proximatety 3,000 addresses, each distributed throughout the United States. Data
irom the two panels were combined to provide a broader base for statistical analysis.
On the travel-to-work portion of the questionnaire, information was obtained on mode,
including walking. Information gathered at the household aLlows comparÌson of mode,
in this case walking only, with household characteristics such as income and occupa-
tion. In addition, the trip length data can provide some comparisons with tlte data from
the Soutàwest Washington survey. The income and occupation distribution from the
Nationwide Personal Transportation Study includes persons working at home or no fixed
place. Trip length data exclude these persons'

In the nationwide survey, 5.0 percent of the employed persono 16 years of age and

older reported walking as the usual mode of transportation to work. The reported trip
tength iÀ given in taile 9. Almost ?1 percent reported walking less tha:r tl mite to



Table 5. Pedestrian trip
purpose by day of week.

Table 6. Pedestrian trip
Êrrpose by aç group.

Table 7. Pedestrian trip
prrpose by sex.

Table 8. Rank of factors
that d¡scourage walking.

Dey of Wee¡q Percertåge

Purpose Saturdây Surd¿y
All Four

Monday T\resday Dayg

Work
Personal bueiness
Shop
Soctel
Outdoor recreetion
Ghe¡
Che¡!€ mode

Total

23,5 11.5
7,4 {.9

32.4 46.1
4.4 6.6

r0.3 r{.6
8.8 9.0

13.2 ?.3

100.0 100.0

2.3
3.5

73.2
?.0

11.6
1.2
1.2

100.0

0.0
0.0

35.2
I r.8
29.4
21.8
2.0

r00.0

18.1
1.2

36.3
,1.8

12.0
9.6

r2.0

100.0

Age Group, Pereentage

Trip Purpose 18-39 60 or Ove¡

Work
Personal boslness
Shop
Socia¡
Ortdoor ¡ec¡eation
Cther
Change mode

Tota¡

s.2 {.3
{.9 4.3

43.6 63.2
t.2 8,?

12.0 13.0
10.6 6.5
15.5 0.0

100.0 100.0

12.4
5,6

46.1
7.9

20,2
6.?
1.1

100.0

Table 9. Percentag€ of persons who walk
to work by distanc¿.

CriEe

Lack of Eeavy
Adequate At¡to Súog or
Sidewcllß Tralfle Pollutlon

Table 10. Percentage of persons in each income group who
walk to work.

Rank
Unfavore¡le
Weather

3 0 16
646

1l 72
462
260
2t0

3?0
l?l
26
34
27
23

l26
224
3ã,l 3
51
60

Reported Mi¡es
to Work Percent

C\¡mulalive
Percênt

Houeehold
Income
($)

Under 3,000
3,000-3,999
4,æ0-4,999
5,000-ã,999
6,000-?,499

Percent
Who WaIk
to Work

Hot¡sehold
Income
($)

Percent
Who Walk
to Worktf or less

1
t
3 or more

Totâl

?0.8
24.0
4.5
0.?

100.0

70.8
94.8
99.3

100-0

r1.9
12.7
?.0
5.5
ä.3

?,500-9,999 4.5
10,000-14,999 2.9
15,000 and over 3.3

å.ll lncome g¡cd¡ps ã.0

Souræ: Nalimw¡d€ Pemml lnnsportat¡on Study.

Table 1 1. Percentaç of peñ¡ons classified by
occupation who walk to work.

Occupation Group

Percent
Who WeIk
to Work

Table 12. Percentaç of persons who walk to
work by age gfoup.

Distribution Dist¡ih¡tion
of those of Working

Age WaÌking Orily Populat¡on

Profegslonâl and semiprofessionâl
Managere (farm)
Other proprietors
Store and office clerks
CråItsmen of ekilled labor
Semiskilled
Protective aervices
Personål aervlces

All occ{pations

2.8
0.0
3.3
5.8
3.5
5.5
6.4
9.1

5.0

16-19
20-24
26-29
30-34
35-39
40-49
50-59
60 and over

Total

12.4
10.5

?.0
6.9
8.1

20.6
18.9
15.6

100.0

6.5
12.0
1 1.4
9.4
9.7

22.7
18.2
10.1

100.0

Sou@: Nat¡mw¡d. Pcæml Tr!rÉDortrtion Studv

Souræ: Nåtidwide Peñnal Trampotul¡on Study. Souræ: Natiqwide Pe@ml f ransponation StudY
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work. This percentage is higher than that reported for the Southwest Washington survey

for work trips. This may be related to the distinct separation of residences and em-
ployment in-southwest and to possible instability of data from the Southwest survey when

analyzing trip length for a single purpose.
T;ble; 10 and 11 give walking trip distributions by income and occupation respec-

tively. There was a significantly higher proportio^n of persons with incomes under

$+,0óO walking than in those income groups over $10,000.. qy occupation group' pro-
tessionals or õemiprofessionals reported walking to work the least, witl those in
personal services reporting the highest rate of walking to work'

The distribution oi persons walking to work by age group in Table 12 shows higher-
than-average walking fbr the youngest and oldest age groups. Those i.n the 20-49 age

groups reporteO less than average walldng. (Note: If all age groups had the same

wafdng trips per person, the distribution of walking trips would be the same as t}te

distribution of the working population.)

SUMMARY AND CONCLUSIONS

Athough based on a small sample, the survey of walking trips in Southwest Wash-

ington "rñ¡" used as an indicator in providingtransportation and other community
facilities.
¡ Ninety percent of walking trips were less than one mile. This should probably be

r iconsiderid a manimum distance for the provision of facilities to which any walking is
i j anticipated. The med.ian walking trip length was 1,600 ft. -This would seem to be a

I' desiráble distance within which io piovide those services that are visited frequently.
' M"n made longer walking trip lengths than women; however, this was influenced by

¡¡re long walking trips to work by some male respondents. If these work trips are ex-

cluded, trip lengths would be similar for men and women.
Trip length dlstributions by age group were different by a chi-square analysis, but

the relationihip was not clear. ifrJtrip length distributions for each age qloup (fiB. Z)

crossed each other several times. Thii seems to i¡dicate no special consideration for
different trip distances by age group.

For all so".tey days combined, shopping represented the most frequent trip purpose-

about 50 percent. Tire second most frequent trip purpose was for outdoor recreation'
Shopping was most frequently for groceries. Outdoor recreation trips were most fre-
qn"nitylo the waterfront area along the Potomac River. Because trips are frequent

fbr convenience shopping and recreation, these facitities should be provided within
walking distance of residences when possible.

Nurñber of trips per householO varied littie by development or by housing type. The

number of trips per household did not appear to be related to family size.
Unfavora.blè weather and crime were ihe most significant factors discouraging walk-

ing trips. The attitude toward bicycling for short trips was generally favorable, but

many people indicated the desire for separate bikeways.
ttre Nátionwide Personal Transportation Study showed that 5.0 percent of employed

persons walk to work. Almost ?1 percent walk less thanLfz mile to work' There was

ä ttigter proportion of walking trips among,those in the under_$4,000 income gro_ups

than in those income gl.oups eàrning over $10,000 per year. The youngest and oldest

working age groups reporlea higher-than-average walking to work. In developments

with hi[h ñum¡e"ó of low-income residents or high numbers of the youngest and oldest

workin[ age groups, special consideration should be made for walking'
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TRAFFIC ENGINEEßING FOR PEDESTRIAN SAFETY:

SOME NEW DATA AND SOLUTIONS

Monroe B. Snyder, National Highway Traffic Safety Administration,
U. S. Department of Transportation

This paper describes involvement patterns for a number of specific types
of pedestrial accidents. It a-lso describes traffic engineering actions de-
signed to change the behavior of pedestrians a¡d drivers to make them
more likely to avoid these specific types of accidents. The patterns and
solutions are drawn from a study of over 2,100 individual pedestrian acci-
dent cases.

.A GROV¡ING awareness of the nature and extent of the pedestrian salety problem is
Iikely to lead to greater requirements for action by traffic engineers and others to re-
duce pedestrian casualties. A few facts illustrate the magnitude and trend of the pedes-
trian problem: Each year there are about 400,000 pedestrian victims, and more than
10,000 of them die. Although the number of fatalities had been slowly decreasing until
the late 1950's, the trend has reversed itself and has increased 36 percent since 1958.
It has been estimated that there will be about 13,000 pedestrian fatalities in 1980. With
improvements in vehicle occupant protection taking place, pedestrians could account
for one-third to one-half of highway fatalities by 1980.

TRAFFIC ENGINEERING AND SOLUTION APPROACHES

There are three main approaches to reducing pedestrian casualties. First, we can
physically separate the participants and reduce the opportunity for collisions. However,
all conflicts cannot be avoided. The second approach is to develop safer behavior so
that drivers and pedestrians can avoid accidents. Because this is not likely to be 100
percent effective in the near future, the third approach calls for modifying the impact
dynamics, primarily through vehicle design, to reduce the severity of the injury.

This paper is concerned with the second approach. The underlying contention is that
tra-tfic engineering ca¡ contribute to the development of safe behavior by (a) restricting
participants' action possibilities; (b) enhancing their capability to act safely; and (c)
enhancing their predisposition or tendency to act safeLy.

A second underlying contention is that traffic engineering can be most effective when
it is part of a comprehensive local pedestrian safety program. The particular focus of
this paper is on some specific solutions supported by new data on pedestrian accidents.

METHODOLOGY AND DATA BASE

The methodology and data on which this work is based are reported in detail else-
where (1). They are only summarized briefly as background for the conclusions.

Datalrere collected on over 2,100 cases ofpedestrian accidents as they occumed
during a 10-month period in 13 major cities in the United States. Data were secured
by meaas of interviews with participants and witnesses, on-scene observations, and
police records. The focus was on the sequence of events and behavior leading to the
accident as well as on selected situational factors that might influence those events.
Causal conclusions were drawn for each case individually, and cases !ilere grouped into
types primarily on the basis of similarity of causation. Other data were then ta.bulated
for the cases in each type.
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GENERAL CONCLUSIONS

Three general conclusions from the overall study are especially relevant. First,
there are à number of distinct types of pedestrian accidents that need individual atten-
tion. These types may be differentiated on the basis of (a) tt¡e sequence of events and

fulhavior leading to the collision; (b) the important factors that predispose that sequence

tã occur; and (c) the characteristics of the people, vehicles, and locations typically
involved. Second, different accident types occur more frequently in different areas of
the city. Third, pedestrian search a¡rd detection failures are frequent causal factors.

These three points will be clarified as selected specific accident types and solutions
are summa¡izeã. The percentage given for each type indicates the percent of urban ac-
cidents studied that were definitely assigned to this category. One can multiply that
percentage by 360,000 to get a rough idea of the estimated number of accidents in that
category each year.

DART-OUT, ¡'IRST HALF (24 PERCENT)

A pedestrian, not in an intersection crosswalk, appears suddenly from the roadside.
Uis qùick appearance a¡rd short exposure to the driver are the critical factors. The
pedeåtrian oiten may be running, and parked cars often obstruct vision, but neither need

Èe present if the basic condition of zudden appearance to the driver's view is met. The
prime example of the dart-out isaschool-agedchitd running out from between parked
ãa¡" oo his ówn block in a residential area in the center city in the afternoon a.fter

school. He hea.ds straight across the relatively narrow street, looking where he is
going, and is struck less than halfway across. The driver, traveling at a normal rate
ót speea, does not have enough time to stop after detecting the child.

lit*oit g0 percent of thesé da¡t-out pedestrians were under 14. About half of the

incidents happined between 3:00 p. m. an¿ 6:00 p. m., ?8 percent were between 2:00 p. m.

and 9:00 p. m., and 80 percent were in the daytime. The cr,ashes took place in re+ -
dentiaf """"r iZZ percõnt) and did not involve high speeds (85 percent were below 30

mptr). Most of tnè time the pedestrian v¿as struck wittrin 2 blocks of his home (65 per-
cent) wnile crossing a street less than 40 ft wide (74 percent). Figrrre 1 shows the

typical type 1 dart-òut. The analysis of the problem has shown that the main items to
Ue attaAiea and overcome are (a) a risky pedestrian course-exposing him to view
briefty; (¡) taiture of the pedestrian to search and detect; and (c) parked cars that in-
terfere with driver and pedestrian vision. An innovative potential countermeasure that
is directed at this problem is parking redeployment. Two steps would be taken in se-
lected residential lbcations. Èirst, parking woutd be removed from one side of the

street, probably the left. Second, head-in diagonal parking would replace parallel
part<ing-on ttre rigtrt (fig. Z). In appropriate locations this would accomplish the fol-
iowingl Visuat obstructions would be removed from the left side of the road giving the

drivei an increased view and more time to detect and react. The diagonal parking

would provide a physical control that would tend to slow down the pedestrian as he ran
a""o"J the streel but, even more important, would angle him into traffic and direct his
field of vision more in the direction of the threatening vehicles. Also, he would be able

to execute evasive action more readily than when crossi¡g directly across the street.
Approaching on an angle would let him change course to avoid being struck, rathe¡ than

håøng to stãp. Finally, it appears that the average driver maintains a greater clear-
atr"e i"o* cars parked at an angle 9I anA this improves his view of pedestrians enter-
ing from the parking side.

Because this is an innovative countermeasture, it offers greater potential as a solu-
tion to a stubborn problem but at the same time will evoke some resistance because it
disturbs commonly accepted ways of handling on-street parking. Some legitimate ques-

tions can be raiseâ that should be answered relative to traJfic flow, parking accidents'
and public acceptance. Preyious reports abor¡t accidents a¡rd diagonal parJ<ing have dealt
wittiits use in business areas rathei ttran the kind of application suggested here. The

data were gathered 20 to 35 years ago. (Changes in vehicle design and driving habits
couid change present-day reiults.) Although they showed a reduction in parking acci-
dents when-parallel parking replaced diagonal, most studies had no controls or insuf-
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ficient baseline data for drawing firm conclusions about the cause. The effect of park-
ing redeployment on parking accidents can and should be determined. However, even

if this countermeasure rüere to increase auto-with-auto accidents, it still might be worth
it. (A trade of personal-injury accidents for property-damage accidents appears to be

generally acceptable. )

With 
"""pu"i 

to traJfic {Jow, Johnston (2) has reported that for angle parking it takes

the average driver 12 seconds to back outif a stall and proceed forward in the traJfic
lane; for paraflel parking the average driver takes 32 seconds to back into a stall and

ctear tne lraffic la¡e. Fãr the 85th percentile, maneuver time was 17.4 seconds for
angle and 53.5 for parallel parking.

-Another innovative potenlial countermeasure also deals with the problem of the child
dart-out who runs into the street looking straight ahead and fails to detect the threaten-
ing vehicie. The measure requires the cooperative efforts of educators and engineers.
It -consists of special training and curb marking in high-incidence areas to condition
children to looÈ toward traJflc as they approach the curb. This is different from educa-

tion in the traditional sense, since the special training is aimed at conditioning an auto-
matic physical response or habit-turning the head-rather than trying to get the child
to think of what to do as he is running out into the street.

The special curbside markings would provide the trigger to set off this automatic

"u"ponse 
and help to maintain the habit. Alternating colored diagonal stripes facin-g at

a 4b-degree anglã toward the traffic is a possible marking. The heavy incidence of

child dart-outs in high-density center-city residential areas helps to localize this ap-
plication. It is hopeã that future research will permit an accurate pinpointing of the

high-risk streets.
Other countermeasures that would be helpfut for this type of accident are (a) prohibi-

tion of street parking, (b) off-street parking and play areas' and (c) sidewalk parks with
fences.

DART-OUT, SECOND HALF (9 PERCENT)

The second-half dart-out is the sa¡ne as the dart-out described for the first half ex-
cept that the pedestrian covers half of a normal crossing before being struck. A third
of these cases occurred in commercial areas. The basic characteristics of the situa-
tÍon were very similar to the first-half dart-out but not quite as extreme. For example,

?? percent ofihe pedestria¡s were under 14 (versus 8? percent); 69 percent,of the cases

had speeds below 25 mph (versus 85 percent); 52 percent were in residential a¡eas
(versus ?2 percent); ?4percent were mid-block (versus 8? percent); and ?2 percent

were in the daytime (versus 80 percent). Differences were greater with respect to
sfecific locatiôn: 34 percent ofthe streets were under 40 ft across (versus ?4 percent

fôr first-half dart-outs), andl?percent of the pedestrians were 10 or more blocks from
home (versus 5 percent for the first-half dart-outs). Thus the second-hal.f dart-out is
generally similar to the first-half dart-out, but his running and d¡iver-detection failures
ãs a 

"""ú1t 
of traJfic come into play more often, and the accidents happen on wider non-

residential streets as well as on the narrower residential streets. The pedestrian may

be watching traffic, although he still does not detect danger in time. In commercia-l
areas with on-street parking meters, small fences or railing extending out a ferp feet

from either side of thì meter post could combine with parked cars to form a barrier to
prevent dart-outs.

INTERSECTION DASH (9 PERCENT)

The intersection dash category covers cases similar to dart-outs with regard to
pedestrian exposure to view, but-the incident occurs in or near a marked or unmarked
-crosswalk 

at a¡r intersection. One of the predisposing factors identified for the inter-
section dash was the inducement to pedestrian risk-taking coming from the traJfic signal.
The pedestrian is wrong to cross against the light. He should wait until he has the proper
slgna,t, but it is apparent that some will become impatient when they must wait. In some

loõatións, longer:than-usual waiting periods are involved in order to move heavy traffic
volumes. However, it must now be ricognized that this may induce pedestrians to take

:it,i,irlrl,-:!.,; ;.. : '- 'ìÌ¡



Figure 2, Redeployment of parking to counter
dartout accidents.
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Figure 1. Typical first-half dartout type of accident.

Figure 3. Examples of vehicle turn with attent¡on conflict
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risks because they are impatient. Standard time periods cannot be recommended on

the basis of this sludy, The best specific treatment will depend on the individual nature

of the intersection and its vehicle and pedestrian volumes. It is recommended that local

traffic engineers review intersections with the Longer pedestrian waiting periods, espe-

"i"tty 
i" ðommercial and multifamily dwelling areas surrounding the central business

district, and consider the following possibilities.

1. Reset cycles to bring pedestrian waiting time in line with the norm, or lower if
other considerations Permit.

Z. If rush hour volumes do not permit complete retiming, reduce pedestrian waiting
periods during nonpeak hours (two-ìhirds of i¡tersection dashes occurred before or aJter

[tr" ¿:OO p. m. to 6:00 p. m. rush period).
3. piovide a signal indicating the waiting time remaining to green. This could- be a

numeric countdown signal givinglhe seconds remaining, but need not be; color codes or
1g-second intervals cóut¿ ¡e use¿. Such a signal could be integrated with the wait-walk
type pedestrian signals.

MULTIPLE THREAT (3 PERCENT)

The pedestrian is struck by car x after other cars blocking the vision of car x stopped

in other lanes going the same direction and avoided hitting the pedestrian. For example,

cars i¡ lanes one and two stop and permit the pedestrianto cross, but ca¡ x i¡lanethree
g;ittg itr the same direction trits ttre pedestrian as he steps out in front of the car in lane

iwo." This muttiple-threat type also occurs with cars starting from a signal. Most
pãaestrians were watching tiaftic but not the collision vehicle; 42 percent were running,

-¿ ¿Z percent were walking normally. More than 60 percent of the pedestrians-were

in a crõsswalk. More tha¡r half did not recogrrize the need for evasive action; 38 per-
cent did just prior to impact. Most driverslere looking ahead (?4percent) and proceed-

ing at suitained speed (58 percent) prior to the accident. Ho',vever, 19 percent were

stãwing down, 14 percent were stopped or proceeding from-a stop, and 11 percent were
ã""ét"í"tùrg.' Some 21 percent ¿iciirot recógnize the need fo¡ evasive action, and 63

pãrõ"nt did-just prior to impact. Pedestrian_age r¡¡ari spread out: 39 percent were under
iá, SZ percent were betweeit t¡ an¿ 35, and 20 percent we,re over 60. Most incidents
o"ão"""d in daytime (84 percent), in commercial areas (65 percent), and at intersec-
iio"" (gO pu""..tt). As tõ ttre locations, 53 percent had no traffic control, ? percent had

r 
"tãp' 

sigi, and 38 percent had a traffic signal. Speeds were not high (88 percent under

30 mph).
Stäp line modification is a countermeasure directed primarily at multiple-thr.eat ac-

cidents occurring at signalized intersections in commerciaf areas. To reduce the in-
cidents where cars stopped at the stop line obscure the view from the striking car, a

wiaã 
"top 

or limit line should be placãd a number of feet ahead of the crosswalk. Al-
though specific design would depend on a number of factors at the particular locationr

tne ðU¡eðtive is to stop the 
"a"s 

fa" enough back so that a pedestrian in the walk is likely
to be noticed by cars õtner ttran the oneslacing him. The recommendation given by the

Ma¡ualonUnifórmTralficControlDevicesfor ã stopline about4ft infrontof the nearest

crosswalk may not go far enough. This countermeasure might also be used at nonsig-

nalized intersèction!, but the Jpecific location of the stop line would have to take into
account the need for the driver to see cross traffic if it is not controlled.

VEHICLE TURN OR MERGE WITH ATTENTION CONFLICT (? PERCENT)

The driver is turning into or merging with traffic; the situation is such that he at-
tenJs to the tralfic in oñe direction ana t¡its the pedestrian who is in a different direc-
tion from his attention. A critical feature is that the aftention conflict is built into the

situation. Usually the driver'directs his attention in a given direction to determine an

acceptable gap into which he will enter. Figure 3 shows some of these situaJions'

Pedeìtrian age was strikingly different from the typical pedestrian pattern' as were

some other cha¡acteristics. 
- 
Only 5 percent of the pedestrians were under 15 years,

whereas more than ha-lf were 55 or over. Although 60 percent of the cases occurred
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between 1:00 p. m. a¡d 8:00 p. m., they were spread much more evenly than usual over
the normal waking hours; ?1 percent were during daylight hours, 73 percent were in
commercial areas, and practically all were at intersections. Of special interest is the
finding that 55 percent of the cases occurred at locations with red, green, and amber
signals, and a¡ additional 23 percent occurred at signalized locations where right turn
on red was permited. Pre-involvement speeds were quite low-83 percent were 15 mph
ofless.

Right-turnattention conJlict reduction is one countermeasure aimed at reducing the
numbers of this type of accident. It involves the Íeview of intersections in commercial
areas with the objective of removing the basic attention conflict situation for the driver
by selecting one of several possible actions. Some of these actions are

1. Removal of right turn on red;
2, Signalizalion of intersection;
3. Controlling cross traffic by stop sign;
4. Effecting one-way traffic on street to right, coming from the right;
5. Erecting pedestrian bamier if right turn on red is needed; and
6. Introducing pedestrian-only signal phase.

The first two possibilities could remove the need for the driver to look to his left to
identify an acceptable gap while turning right. The barrier in effect removes the cross-
ing conflict, andpedestrian-only phase gives the pedestrian an opportunity to cross be-
tween the cars turning on the green and on the red. Once again the specific action re-
quires location study.

The problems and actions for left-turn attention conflict reduction are the s4me as
for the right turn with one difference. The left-turn problem also includes the situation
in which a driver is proceeding on the green and must select a gap in oncomÍng traffic
in order to make his left turn. Additional actions to be considered are

1. Prohibition of left turns;
2. Use of left-turn-only arrow þrotected from oncoming traffic); and
3. Use of leading or lagging green with notice to driver.
There are two other general pedestrian accident countermeasures that apply to this

type as well as to other types that occur at signalized intersections; they are (a) pedes-
trian threat inJormation and (b) crossing simplification.

Pedestrian Threat Information Content

The use of pedestrian siglals is growing, andtheinformation provided by the common
"walk-don't walk" signal is minimal. The fact that 'fdonrt walk" does not mean that at
all is probably not serious because people can be expected to learn that it means "don't
leave the curb." However, the signals give advice rather than information, and many
people do not accept advice.

the red signal to a driver gives him advice and inJormation. It not only tells him
that he is legally advised not to go; it also tells him that someone else is being told to
proceed across his path. For the pedestrian, however, ilq¡alk?r is only advice. Vehicles
may or may not be told to cross his path at the same time. Of the 13 cities in our data
base, only in Denver was it noted that the removal of "dontt walk" (followed by no pedes-
trian signal) meant it was permissible tocross, butone was subject to some legal vehi-
cle threat. In Denver, ilwalk'means that no vehicles are permitted to cross the pedes-
trian path.

The pedestrian should be given better information about the threat he faces at a sig-
nal. He could be informed of the three basic conditions, (a) heavy, fast-movilg, or
direct traffic flow across the pedestrian path, (b) turning and/or lighter traffic across
the pedestrian path, or (c) no legally permitted traffic across the pedestrian path.

These conditions are somewhat comparable to red, green, and amber (nCe). Per-
haps the pedestrian shorld have a distinct RGA, obviously different enough not to be
confused with the vehicle signal (e. g., a sign that flashes "pedestrian, ir the appro-
priate color).
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Crossing Simplification

Many of the countermea$lres discussed have the effect of simplifying the crossing
situation. It would be expected that the fewer directions from which th¡eatening traffic
can arrive, the more likely it is the pedestrian will be able to handle the situation. The
positive effect of one-'üray streets in simplifying pedestrian crossings, reducing pedes-
irian accidents, and impioving traffic flow is documented elsewhere (!) ana is appar-
ently not disputed. The existence of many two-way streets, however, males it desir-
able to call attention to this measure once again.

Another approach to crossing simplification is the use of non-intersection pedestrian
crossings. This would reduce the threat from turning vehicles. Mid-btock signals and
corner pedestrian ba¡riers might be required. Difficulties with traffic flow might make
mid-block signalization difficult, but it may be feasible in some locations. A crossing
some feet in from the intersection would mean that a pedestrian only has traffic coming
from his side rather than from behind on his side and in front on his side. Again, this
approach is suggested for further analysis and testing rather than immediate implemen-
tation.

BUS-STOP RELATED (3 PERCENT)

Bus-stop-related accidents include cases in which the location or design of the stop
appears to be a major factor in the causation; e. g., the pedestrian crosses in front of
tt¡e ¡us standing at a stop on the corner, and the brrs blocks the view of cars. It does
not include those cases that may be considered as exiting from a vehicle, nor does it
include cases in which the stop is only an attraction or distraction. O¡r data support
those who have recommended "far side" bus stops. It is suggested that bus stops be
located at the far side of the intersection to minimize vizual interference. One city in
the study had no bus-stop-related accidents. Upon investigation it was determined that
over 90 percent of its bus stops had already been relocated to the fa¡ side.

CONCLUSION

Pedestrian accidents are a serious and growing problem. .{ study of the specific
circumstances arid events of pedestrian accidents has indicated some promising solu-
tions. Those involved in traffic engineering in our cities can reduce pedestrian deaths
and injuries by testing the application of these proposed solutions. Their efforts will
be easier, and most effective, if they work with police, educators, and other members
of a local team.
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PEDWAYS VERSUS HIGHWAYS:

THE PEDESTRIAN'S RIGHTS TO URBAN SPACE

John J. Fruin, The Port of New York Authority

TTRANSPORTATION has always been a determinant of urban structure. Many of the
cities of ttre past were characterized by their more human qualities because their design
was based on walklng as the primary means of internal transport. For example, the
buildings and monuments of the Acropolis, tìe upper city of ancient Athens, were said
to be placed in such a way that when approaching it on foot it could be viewed as a uni-
fied whole but with each buÍlding and monument still individually discernible and not
interfering with the other.

The ancient Romans and Hebrews recognized the disruption to scale caused by vehic-
ular intrusion. Julius Caesar decreed that heavy wagons be forbidden within the
central city after dusk. The Forum of Pompeü (fig. f) was an extensive pedestrian
precinct protected by large slab-like stone barriers placed at all entrance points to
prevent intrusion by vehicles. The Talmud, the Hebraic book of laws, decreed that
speciat areas be set aside along main thoroughfares for pedestrians to unload theÍr
burdens and rest. These areaÉ¡ r/ere to be clearly marked and separated from vehicular
intrusion by a perimeter of metal spikes or stone bollards.

Medieval city planners recognized the need for human communication and interaction
by providing a central pedestrian plaza. It was desigaed ¿rs an open space to serve and
visually complement the cathedral and other important buildings located around its
perimeter. The plaza was the marketplace, a place for public pronouncements, reli-
gious and festive occasions, and recreation. The size of the plaza was e function of
tlre number of people who might come together for these purposes.

The human comfort and convenience of pedestrians also were not overlooked by
medielral planners. Pedestrians were protected from the elements by gallerias, cano-
pies, colonnades, and porticos. The old city of Bologna (fig. Z) has a 2O-mile network
of sidewalks covered by porticos that provide a cool, dry, pedestrian way in the summer
and are free from snow in winter. This latter aspect is significant in a mountain town
that has its quota of snowstorms. Bolognars system of covered sidewalks has been
admired by many famous writers and philosophers for its pleasurable strolling and the
native sociability that it encourages. The covered, elevated sidewalk, a feature of
some recent pedestrian proposals, also makes an occasional appearence in medieval
architecture.

The great Leonardo da Vinci, master of all arts and sciences, recognized the value
of a grade-separated system for pedestrian and vehicular traJfic. He planned a city
v¡iih a double network of streets, one elevated for pedestrians, the other at ground
level to serve vehÍcles. Da Vinci the engineer recognized that the most efficient traffic
system for both pedestrians and vehicles required separate, continuous networks for
each. Da Vinci the artist recognized that tÏe requirements of visual aesthetÍcs could
best be satisfied by a distinctive human perspective set above the cityrs milieu.

There also appears to have been at least some recognition by medieval plarurers
that buiiding floor area should be a function of street width. Medieval cities limited
building heights to two times the width of the street. Da Vinci was of the opinion that
a ratio of one to one 'was more desirable. This contrasts with some modern cities
where pavement and sidewalk widths have remained constant for a century or more,
while building heights have been extended by hundreds of feet. In many of these in-
stances sidewalk space has actually been reduced during tllis time to facilitate ttte
movement of vehicles.
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THE PEDESTRIAN AND THE CITY OF TODAY

The advent of machine transportation has changed the perspectives of city plalning'

forcing man into an unbalancedìompetition for urban space (fig. S). The railroad
made [he first great incursions into the city, lacing them with ribbons of steel. But

the railroad is ionfined to its tracks, which can be hidden underground if necessary.

The ubiquity of the auto hasl.ntroduced much greater demands lor space, pervading

every part ôf ihe urban structure, literally confronting man at every turn, causing a

vast dichotomy in the goals of city planning and design.
Despite its advantages of personal mobility, the auto is responsible for a great many

negative changes in our society. It is a force that has imposed itself on every aspect

of îrban life,-destroylng manyof the elements that made cities cohesive units dedicated

to the social a¡d cultural adva¡cement of their inhabitants. The auto's fumes contam-
inate the air, and its noises and vibration disturb sleep, conversation, or contemplation.
It kills and maims pedestrian man, forcing him to remain consbantly alert and vigilant
lest their paths cross. It imposes its scale on urban design, requiring the allocation
of vast amounts of space for its movement and storage. It isolates pedestrian man in
a limited, ever-narrov¡ing sidewalk environment, reducing opportunities for human

social inieraction and visual enjoyment. It has produced a visual clutter of traffic
signals and signs. It is a source of frustration and humiliation to the pedestrian, who

is"not onty forced to wait in the rain and snow while the autoist in his climatized capsule

environmónt enjoys traffic priority, but who may even be honked at or splashed if he

does not react quicklY enough.
The street ana tuiiaing spaces of the urba¡ core of the typical central business dis-

trict magnify these problems because of their intensive concentration of pedestrians.

The central business district (CgO) is usually made up of variable la¡d uses: office
buildings, government centers, shopping and entertainment centers, resÞurantS,
historiãai s1tes, and, in some ceses, high-rise residential developments. The CBD is
the focal point of the regional transportation net'work and the center of confluence of
transit ani trigtrways. Walking, because of its infinite diversity, is the only means of

transportation ttrat can satisfy the many short, dispersed trip linkages required withln
the CÈD. Downtown origin and destination surveys show that, in most ciöes, about 90

percent of all internal trips within the CBD are walking trips.
The traditÍonal urban core is usually superimposed on an archaic street system

surviving from the land use and functional scale of the past. The street system of the

downtowi financial district of Manhattan, for example, is a survivor from colonial
times, when t}te tallest structure was of 2 or 3 stories. Now these same streets serve
¡uif¿iigs that rise 50 to 100 stories in the air, representing millions of square feet of

office Jpace. Thousands of workers and visitors enter and leave these buildings each

day, exõeeding the capacity of the sidewalk and spilling over into the roadway. In a
situation like this, maximum use of sidewalk area and flow capacity is a necessity.

In many high-density central business districts, the sidewalk width has actually been

reduced tó tacititate vehicular traffic movement. This results in a reduction of pedes-

trian traffic capacity but does not always produce a commensurate increase in vehicular
capacity. The widei streets increase the probabilÍties of pedestrian-vehicle crosswafk

"on¡icti, 
which iimit the vehicular capacity of the intersection. The potential pedes-

trian capacity of the CBD sidewalks is reduced further by the intrusion of various side-
walk impedimenla. Refuse cans, fire hydrants, fire alarm boxes, parking meters,
traJfic sìgnals and poles, news stands, telephone booths, kiosks, mail boxes, planters,
sewer a¡¡á ventilatiõn gratings, a¡d similar devices detract from sidewalk capacity.
In addifion, building-sãrvice operations, such as the unloading or loadings of trucks'
inconvenience and sometimes endanger the pedestrian. In many instances, no control
has been exercised over the location of fixed sidewalk paraphernalia, and they often
appear in clusters at corner intersections, the most critical points in the pedestrian

circulation network (figs. + and 5). Space is needed at intersection corners for accumu-
lations of pedestrians waiting for traJfic signals and for the weaving of intersecting
sidewalk fiows. Because of its concentrations of traffic, the corner is ttre ideal loca-
tion for news stands, telephone booths, and mail boxes. It is also the most common

for bus stops a¡d rapid trànsit entrances. The pedestrian is further harassed at tlle
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corner by vehicles stopped in the crosswalk or turning into crossing pedestrians. rffhen

a rapid transit entrance is situated within a narrow sidewalk near an intersection, it is
an outstanding example of compounded insensitivity to the pedestrian. Because t}re
sidewalk itself is narrow, excessively narrow subway stairs are provided, causing
pedestrian queues both in the transit station below and on the surface above at the point
whc¡e pedestrian space is already critically deficient. All these factors add up to
inconvenience and delay for the pedestrian. But despite the fact that the total amount
of pedestrian delay time may far exceed driver delay time within the CBD, traffic
signalization is invariably designed to facilitate vehicular flow (Fig. 6).

The rectangular grid pattern of the typical CBD is not conducive to tlte characteris-
tically short pedestrian trips that occur there. In some instances, the grid pattern of
Manhattants streets requires a time- and energy-consuming 1,000-ft walk for a straight-
line trip distance of only 200 ft. Larger mid-block buildings with frontages on adjacent
streets are often used as tïrough-routes so that the pedestrian can shorten trip dis-
tances. This practice is more common in inclement weather. Depending on ciby
location, one day in four may be too windy, cold, or wet for the pedestrianfs comfort.
Protection of the pedestrian from the elements is an almost forgotten amenity in most
cities.

PEDESTRIAN SAFETY

Each year about 50,000 people a¡e killed by motor vehicles in the United States, and
about one-sixth of this total is pedestrians. An additional 150,000 pedestrians are
injured annually by motor vehicles. This loss of human life and the suffering caused
by these accidents are a serious national problem. The economlc cost in salary loss
and medical expenses probably exceeds a half-billion dollars annually.

The majority of adult pedestrian fatality victims ere persons who have not been
licensed üo drive. The pedestrian who has never drlven faces special hazards because
he is unfamlliar with the llmitaäons of the vehicle or driver. He is not aware of tl¡e
driverrs llmlted vision, particularly at night, nor is he capable of esEmating a carrs
minimum stopping distance at yarlous speeds. The child pedestrian is an especially
vulnerable accident victim because of gaps in language, perception, and visual and
auditory comprehension.

Many aspects of human perception, such as peripheral rasion, depth perception,
judgment of speed and direction, and sound recognition, are attained through experience,
which the child pedestria¡ has not yet acquired. This lack of experience causes not
only perceptuat difficulties but also uncertain reactions under the stress of frightening
or unusual confrontations with moving traJfic. In addition, children do not comprehend
road signs, or, if they do, they do not fully understand their responsibilities to obey
tlese signs.

Reduction of the pedestrian accident toll is a national problem that is being treated
at the local level with varying degrees of concern. Although some sta¡dardization of
pedestrian signs and signals has been recommended in the Manual on Uniform Traffic
Control Devices, tlte manual itself has two standards for pedestrian signals, one for
neon tube signs with a green rrwalkrr and the red "donrt walH' indication, and the other
for incandescent signals with white "'walH' and orange "donrt walk" indication.

Similar confusion edsts in pedestrian signing and traÍfic laws (F.ig. 7). Some states
have strong pedestrian right-of-way laws, whereas others do not. Motorists and pedes-
trians accustomed to signs, signals, a¡d rules in one part of tåe country may be con-
fronted by significant differences in another. The lack of a uniform n¿tional approach
to pedestrian safety causes confusion for both motorist and pedestrian and undoubtedly
results in unnecessary pedestrian casualties. Pedestrian safety is a problem that
crosses all state lines. This requires the establishment of a national system of traJfic
laws, traffic sigrralization, and signs implemented uniformly throughout the country,
with federal assistance if necessary

THE HANDICAPPED PEDESTRIAN

A¡ estimated 12 million persons in the United States have serÍous physical disabili-
ties that limit their mobility a¡d the activihies and work that they may do. The seriously



Figure 1. The Forum of Pompeii was an exclusive
p¿destrian preci nct protècted f rom vefr icr.¡ lar intrusion

by barrien at all enûanc€s.
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Figure 2. Covered sidewalks were common pedestrian

amenities in medieval cities; this æene is from Bologna,

Italy.

Figure 3. The automobile has forc¿d man into an

unbalanced compet¡t¡on for urban spaca.

Figure 5. This collection of sidewalk paraphernalia

literally blocks a pedætrian c¡osswalk.

Figure 4. The placement of pedestrian traff¡c f¡ow
impedimenta on the sidewalk is virtually uncontrolled
¡n most c¡t¡6.

Figure 6. Traffic signals are timed for vehicles

although total pedestrian delay time in the CBD may
exceed vdricr¡lar delay.
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handicapped include 250,000 in wheelchairs, 2 million orthopedically impaired children,
and 5 million cardiac cases. Each year, 100,000 children are born with birth defects
thai wilt force them to use crutches, braces, or wheelchairs for the rest of their lives.
In addition to these serious disabilities, many millions have minor sight deficiencies
or other physical impairments that limit their locomotive capabilities. Added to the

ran¡s of þermanently handicapped pedestrians are the aged whose moto¡' capabilities
have slowed down, persons temporarily disabled due to accidents, and persons encum-
bered with baby carriages, hearry baggage, or packages. The ranks of ihe physicaily
handieapped have been expanding much faster than tlre general population growth for a
variely of reasons:

1. Medical advances have decreased the number of accidental deaths, thus increas-
ing the number of disabled;'2. 

Longer average lÍfe'spans have increased the number of aged and infirm; and

3. More leisure time, greater personal mobility, and e:çanded opportunities for
recreation have increased accident exposure for all persons.

Because of thoughtless barriers, m¿ìny of these persons have been denied opportuni-
ties for education, employment, and recreation. Although they comprise a large seg-
ment of the public, they have been denied access to many I'public" buildings and transit
systems. This has relegated many of the aged and han{i-capped to the status of disen-
franehised citizens who áre denled access to courts, polling places, or public educa-

tional and cultural institutions. There are instances where handicapped citÍzens have

been unable to attend court to defend their own interests.
The common barriers to the aged and handicapped include (Figs' e and 9) steps or

curbs that are too high; long ftights of stairs; inaccessible elevators; steep and narrow
walks; gratings in wittrwayJ; doors that are too narrow, tåat revolve, or that are hard
to open; too-narrow aisleÀ in theaters, stadiums, and other public gathering places; and

lack of ãccommodatÍons for wheelchairs. In addition, little Íf any consideralion has been
given to improving the mobitity and salety of the blind and partially sighted by s-upple-

äantary auditoryór tactile means. Needless to say, every effort shouldbe made to
improvä the personal mobility and quality of life for these persons subjected to the daily
narasnips connected with their disabilities. Furthermore, improvements made for the

agea anã the handicapped are improvements that enhance the mobility of all.

NEW DEVELOPMENTS IN PLANNED PEDESTRIAN E}NTIRONMENTS

A number of cities have recogrized a need for a return to the human scale of the

cities of the past, an increased awareness of the need for human interaction and com-
munication, and realization of the importance of the human sense of belonging to, and

relating with, the design environment. AII this stems from the recognition that a space

shouldierve its users free of the incoherence and confusion of confLicting purposes.

The London Barbican is an example of one such development. During World \ilar II,
bombs devasted a large area adjacent to the downtown section of the city of London.
Because of its proximity to the downtown financial district, the area could have been

easity reconstructed with high-density office building developments. However, t}te

areais rich in historical importance, dating back to the days of the early Roman occu-
pation. The magnificent dome of St. Paul's Cathedral, designed and built by Christo-
pher ttrren aJter the great London fire of the late seventeenth century, is the dominating
landmark in the area.

Instead of more office buildings, the Corporation of London buitt the Barbican, a

combined cultural and residential complex designed to serve the needs of the business
district and to preserve the historical significance of the area. The Barbican contains
21113 flats, maisonettes, and terrace houses for up to 6,500 re_sidents; a 200-room
hotel for students and young cÍty workers; the new Guildhall School of Music and Drama;
a tleater; an art Salleiy; a concert halt; a cinema; a library; shops; restaurants; and

pubs. The developmeni is served by a segregated system of elevated pedestrian welk-
ways (fig. 10) wittr roads, truck seryice bays, and parking below, out of sight of tlte
pedestrian level.
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The network of elevated pedestrian ways connects directly with the financial district
so that it is possible to live, work, and enjoy all the arears cultural advantages with-
out vehicular conflicls. The elevated plazas have been attractively landscaped, and
particular care has been taken to maintain and enhance the vistas of historic St. Paults.
An ancient Roman wall, perhaps 1,500 years old, presents an unusual interest feature
at one location. The Barbian is an excellent example of human-scale design and the
preservation and enhancement of the sense of place or space image.

Both Montreal a¡rd Toronto, Canada, have embarked on programs to establish pedes-
trian networks beneath tïeir central business districts. The Montreal system began
in 1962 with the development of the Place Ville-Marie shopping mall and its associated
42-story office tower. Underground iinkages were built between the Place Ville-Marie
complex and the nearby Canadian Railway Station and Queen Elizabeth Hotel. The
initial small-scale network proved so popular tìat subsequent linkages were made to
other large developments in tl¡e area. In 19?1, the system totaled approximately 2

miles of connecting pedestrian passageways serving 40 acres of prime office, hotel,
and retail space, including 300 underground shops, 50 restaurants, and 2,500 hotel
rooms. !

The underground network is completely enclosed and climate-controlled in both I

summer and winter (tr,ig. f f ). This is most appreciated during the rigorous Canadian )
winter because it allows the pedestria¡ to avoid the cold a¡d slush above. A reduction
in downtown-district pedestrian accidents has also been noted since its inception, which
has been attributed to the reduction of pedestrian-vehicle co¡rfLicts. Montrealrs system
is largely unplanned, and there is no overall master plan. Eaeh developer initiates his
own plans, and the tot¿l nehpork is somewhat deficient because of it. There is also
lack of yisuaf relationship n¡ith surface elements, which affects the imageability of
tlre system. The city planning department has initiated studies and developed concepts
for a more coherent system for t}te future.

lorontors underground pedestrian circulation system ls less developed than Mon-
treal's, but a completed downtown network is envisioned by 1980. The Toronto con-
cept is similar to that of Montreal, linking major generators such as shopping centers
and hotels with transportation nodes. The Toronto system is also dependent on lndi-
vidual developers, but there has been active participation by city planners and partial
funding by the cÍty. The Toronto Transit Commission, which owns and operates the
Metro system, has also taken an active part in the development, promoting direct
linkages to subway stations and major traffic generators in the system. Toronto
planners are convinced that the total image of the city and its ability to attract new
investment is dependent in a large measure on the ease, freedom, and pleasure with
which pedestrians can move about. Profiting from Montreal's erperience, they have
attempted to increase the imageability of the underground network, opening it to the
street environment above. This has limited opportunities for climate control but has
contributed to an increased variety of visual experience. Plans for the proposed Metro
center, an air-rights development above tlle Union Station that would have 20,000 resi-
dents a¡d 40,000 daytime workers, include provision for visual relationship with the
underground pedestrian network. The visual orientation of the pedestrian has been
consÍdered in the design of the Centerrs approaches from the underground network.
Outdoor courtyards, entrances, and building shopping ways may all be encompassed
in a single gaze.

The cities of Cincinnati and Minneapolis have embarked on programs for aerial \
walkway networks in their downtown central business districts. Unlike Montreal and I

Toronto, the two cities have no underground subway system to integrate with, allowing I
the freedom to choose the less expensive skyway alternative. The overhead systems I

have the advantage that they ca¡ b-e built quiäkly-, without conflict with underground I

utilities or surfaie traffic. Also, the overtread iystems allow a clearer visual rela- I

tionship with the elements of the cityscape. However, the design of aesthetically attrac- \i.

tive bridge connections between buitdingi is a challenge to the architect and structural \
engineer. Elevated street bridges in Minneapolis have been constructed of prestressed I

concrete, with finished steel railings and tinted glass paneling enclosures. Maximum
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Figure 7. The lack of a uniform national system of

traffic laws, signs, and signals undoubtedly causes

unnecessary pedestrian casualt¡es.

Figure 8. High olrbs and sevner grat¡ngs cause

difficultie¡ for all pedestrians, particularly the

handicapped.

Figure 10. The London Barbican elevated pedestrian

ryitem enhances the hutnan sense of place image'

Figure 9. Long flights of stair¡ make soÛì€ buildinS

inãc¡¿ssible to úe handicaPPed.

l l':

Figure 11. Montreal's undøground pedway network

prãvides a functional and attract¡ve pedestrian system

protected from the elements.
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use has been made of glass and high levels of lighting for- sec-urity purposes'- Although

;i.ñ;;t; have not bäen climatelcontrolled, provision has been made for this even-

tuality.
TheCincinnatisysteminterconnectsl0square-Pto^*.in.theheartofthedowntown

district. An additionai rpo" serves Cincinnati's 56,000-seat riverfront sports stadium'

The Cincinnati slcywait< syste¡" is being developed with 1 combination of private, -*i"-
ipal, and federal fi.rt;i"!. Plans forle¿estrian circulation within tl¡e core recognize

the need to walk quicXi' ai¿ u*n"o-¡""ed by vehicular conflict befween major pedes-

trian traffic generabrå.-'ih" ,."orrd-level *"fk'Jr"y system co¡nects the city's retail

section and a showc"s" 
"on"ent"ation 

consisting otihe convention hall andhotels on the

west, the office buildi;t;;;;"t;a6on.on.the eäst, and the riverfront stadium on ttle

south. An added *oøn"* *¿X fi*"g" to the stadiúm has been considered because of

long walking ¿istances i?o* tt" CSó. ftre cìty's plans include.provisions for additiona-l

grade-level improvements for pedestrians, wiih aicading of building fronts, widening

of sidewalks, ana tne improvement of streät furniture design. A pedestrian mall con-

i"i.i"ã Ciìãi*ru's trisìãlìc Tyler Davidson Fountain is deÀigned as the central focal

point of the develoPment.
The elevated connection to the riverfront stadium has proved to be one of the most

valuable links of tt" "v"tl*- 
Originally intended to make downtown park1ng available

to dtãdium spectators"Uecause of iparking capacity deficiency at the stadÍum itself it
brings large numbe"" ãi tf,"". p"""õn" intá tne downtown area during sporting events'

This has signi{icantly it""""t.ä downtown restaurant and shopping business volumes on

these daYs.
Minneapolis has the distinction of being one of the most people-õriented cities ln the

United States. tts ¡ameà 8-btock-Iong Nióollet mall is an outstanding example of the

ä;i;r;;t& " 
p"i-" retail street Into a visuarly exciting pedestrian precinct where

private vehicles """î*ã4. 
Httrougtt ure lliãotrel matl development is signiflcant by

itself, the ambitious slvway plan of Minneapolis has- received much more attention' It

is expected t¡at, by fgti'5;-d+ p"de-strian-briiges will connect 54 blocks of the dovgntown

õeó: A" addidonat 13 biockswill be ioined by undergro.und concourses.

Minneapolis city o¡iiciats Uegan stuä¡ng eiävatea õaty1V systems as early.as 1958

but literally could not get the development"'off th" ground" because of merehants' con-

cern for potential toss*of business from street-tevãl stores' Finally, a few private

developers thought that such a system would be economically feasible and proved their

point when çre first;Lñ;y *"; ¡out in 1g62 as part of the Northstar center develop-

ment. property vafueä immediately soared in tñe vicinity of the Center, persuading a

number of businesses to remain downtown instead of moving to the suburbs. Five more

sþrways were privaiãrv rir-ãáà and buil.t, linking a total of 
.16 

downtown buildings.

Instead ot ¿ecreaãiíg;;iJ udo"", thä skywa-y and ar_cade system, increased the

rental receipts of tnã sãcond level of the connäcgíg building-so sÍgnificantly that the

second-level rates nã* app"o*imate the rates on the street floor, without lowering.

street-floorva]ues.Costsofskywayshavebeensurprisinglylow,averagingabout
g100,000, split betweenã*""" ón eâctr side of the street. Remodeling of second-

story arcades has proved to be more expensive than the sþways themselves,. but tlese

costs are substantially less when the arèade is included in original constructio¡' 
-.

The guidelines to" t¡u .ty*"y system development adapted bv the Minneapolis PIan-

ning and Development o"p."i*"nt inctu¿e prãã'"io"" tor âAequate walkway dimensions'

pedestrian comfort, "."u"ity, 
andimageatility. Minimum .clear wallnvay widths are

set at 12 ft, and preferably 20 ft, for connectiäns to major traffic generators' Mini-

mum headroom is set at I ft. unobtrusive design is recommended for all slq¡ways

with a use of er"r" ä¿ïù;-iietttitg levels for'ópenness" and security' Pedestrian

access and use of tfte syst"e* äre tõ be facilitated ly gooa 9ig-ning, and arcades. will
make use of multilevel courts and open spaces to visually link the street with the

second-level system. Every effort to introduce interest and variety along ttre route

ãiitrã 
"v"t"m 

is a¿vócated. 
-Standardized 

structural design and details are recom-

;";d"ã't" simplify skyway construetion and reduce costs'

These examptes in¿icaie what can be done with a dedication to improvement a1d

enhancement of the .igrti" of the pedestrian to urban space, vrith the concomitant bene-

fits of improvement oí tne human qualities of the urban environment'

{
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CAR.FREE ZONES AND TRAFFIC RESTRAINTS:

TOOLS OF ENVIRONIVITNTNI MANAGEMENT

C. Kenneth Orski, Division of Urban Affairs,
Organisation for Economic Cooperation and Development, Paris /

with the current emphasis on pure environment, there is likely to be a
growing public pressure for curbing traJfic in central urban areas. Avait-
afte expérience shows that traJfic bans are operationallyfeasible and com-
mercially zuccessful. The paper also relates the effect of vehicle-free
zones on air pollution levels.

.ALTHOUGH pedestrian streets have existed in cities for a nurnber of years, it was

only in the latã 1960's that the idea of creating traffic-free environments in central
.r"b* areas really gained momentum. \ryithin the last several years the number of

cities that have introduced motor vehicle bans (experimentally or on e permanent basis)
has grown impressively. In Germany alone 28 cities have created auto-free zones

si¡cã f SOZ (f )-. Large numbers of pedestrian areas have also sprung up in Dutch,

ãritish, anfrother European towns (2-5). Perhaps ther¡ost yidely publlcized efforts
trave Uóen those of Tokyã, Rome, anil Ñew York City. Each of these citles has excluded
traffic on a part-time'experimental basis from portions of busy central areas: Tokyo
from the Ginza, Shinjuku, Ikebukuro, and .{sakusa districts; Rome from a number of

its most fa¡nous pizzza.si a¡d New York City from midtown sections of Fifth and Madi-
son Avenues (6-1b). A completelisting of citieswith vehicle-free zones is given in the

Appendix of thJsT-aper.' ni"ittg prrblic õotr"""n about the declining quality of the urban environment has played

a maj or 
-"ót" n paving the way for these initiatives. To be sure, architects and urba¡t

planners have long arþed in iavor of r_edtcing the conftict between the pedestrian and

ihe motor vehicle. eã tar back as 1962 Victor Gruen, for enample, advanced a far-
reaching proposal to turn the central core of the city of Fort Worth, Texas, into a
vehicle---fiee-area. But zueh plans found little response at a time when the public was

freshly discovering the wide range of opportunities that come from owning an automo-
bile. Today, mouttting congestión and a¡ Íncreased perception of the autors undesirable
effects on tire environment have somewhat qualified people's enthusiasm for the car and

made the pubtic more receptive to automobile controls.
In the United States, in þarticular, concern about urban air pollution has given rise

lately to widespread public-sentiment in favor of curbing the use of the motorcar in the

city. This sentimettt has been echoed even at offÍcial levels: Both the Secretary of

Trânsportation a¡rd the head of the Environmental Protection Agency have recently
spoken in favor of auto restraints (11-13).

EFFECT ON AIR POLLUTION LEVELS

Such evidenee as is available indicates that traffic bans are indeed an effective means

of lowering the Ievels of air pollution-at least locally, at street level. In New York
City the clãsure of Madison Àvenue to traJfic in the spring. oI 19?1 resulted in the re-
duciion of CO concentration levels from 22 ppm to I ppm (14, 15). The recently intro-
duced ban on cars in the irurer city of ViennJhas lowèred c-arbõî monoxide levels by

54 percent and lead levels by 6? pereent (1, 16, 1?). In Tokyo auto exclusion produced

equally impressive results (Table 1).' furtnei evidence of the effectiveness of traffic restraints in reducing vehicular
pollution concentrations has recently become available from the city of Marseilles.

I
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During the period October 7-27, 197L, Marseilles conducted a series of large-scale
experiments in traJfic restrictions of unprecedented scope. A total ban on parking was
imposed in the central area of the city, covering some 24 hectares (about 0.25 km2),
and I km of exclusive bus lanes v/ere added to the existing bus lanes to improve public
transport service. AII public transport was made available free of charge during one
day to test ridership response to free service. During the first phase of the experi-
mõnt (October ?-16) all automobile traJfic with the exception of taxis was excluãed from
the central area. During the second phase (October 17-27) car traJfic was allowed, but
strict enforcement of the no-parking ban was maintained (18).

Air quality in the experimental area \¡/as monitored thrõEghout the experiment. The
results are given in Tables 2 a¡¡d 3. These results show convincingly the beneficial
effects of traffic reduction on air quality.

However, ca¡-free zones are not by themselves a complete anst*¡er to the vehicular
air-pollution problem. Air quality in the city is influenced by two separate phenomena
the street-Ievel pollution, high in concentration but localized in nature, and the less
concentrated but more widespread pollution consisting of a mixture of vehicular en-
hausts and pollutants from stationary sources that in certain circumstances build up as
a blanket over the city and, in the presence of sunlight, produce secondary photochemi-
cal products known as oxida¡rts (smog).

Exclusion of vehicles effectively reduces street-Ievel concentrations of pollutants,
particularly carbon monoxide, in the immediate area; it witl contribute little to im-
proving the overall urban air quality, which is a function of emissions from thousands
of vehicles spread throughout the metropotitan area (19).

In most cities, however, airborne pollutants are ÑËject to relatively rapid disper-
sion and mixing and do not tend to build up as an envelope over the urban area; the main
problem is how to ¡educe local pollutant concentrations in the street environment. In
such cities' strategies involving auto-free zones and other measures tending to reduce
vehicle activity in pollution-prone areas deserve careful attention as an alternative to
source control.

PRESERVING THE CITY CENTER

Rein-forcing the environmental concern has been the desire to preserve the historic
character of the city center and to maintain its economic preeminence within the metro-
politan area.

In Europe, in particular, the historic quality of the city is regarded increasingly as
being threatened by the invasion of the automobile. In Paris, for example, a partial
ban on traJfic in the historic Ile Saint-Louis was introduced primarily to preserve the
a¡cient cha¡acter and historic ambiance of that area. The move was endorsed by the
residents of the island but met with strong opposition from local restaurant omers.
Today the ban is only weatdy enJorced (20).

Steps to exclude cars from historic {uares and streets in a number of European
cities-Place de F\¡rstemberg and Rue Mouffeta¡d in Paris; PíazzaNavona, Piazza
Fontana dei Trevi, and Piazza Ma¡ia di Trastevere in Rome; Getreidegasse in Salzburg;
Rue du Gros-Horloge in Rouen; and the centers of Florence, Perrrgia, and Veronq for
example-were also motivated primarily by the desire to preserve the heritage and
beauty of the historic city center.

The predominant motivation for traffic bans, however, has been the wish to enhance
,.the commercial and aesthetic appeal of the inner city and to create a more livable en-
j'vironment for those who live or work there. It is widely believed that a traffic-free
environment makes walking more pleasant. An area from which the auto has been er<-
cluded, therefore, is likely to attract more shoppers and strollers, be able to resist
more efïectively the competition of outlying shopping centers, and contribute toward a
healthier, more viabl.e city core.

This has been the avowed rationale behind the creation of car-freé áohes in'the
centers of a number of cities and towns: Norwich, Coventry, Leeds, and Bolton i¡ the
United Kingdom; Bremen, Stuttgart, Cologne, Hanover, and Munich in Germany; The
Hague and Eindhoven i¡ the Netherlands; Columbus, Ohio, and Minneapolis in the
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Table 1. lmpact of auto exclusion on air pollution in Tokyo.

ppm of CO

Sampu¡tg Statlon Before AIter Remarks

Ginza
Okura h¡ilding
Victor Bulldlng¡
Gas Hell

ShinJu¡N
Kome Theatre
Yamatcht Sec. Bldg.'
Electro-boa¡d

lkehrkuro
Parco
Seibü Dept. Store
Sumttomo Ba¡k

Asa¡ilsa
Rokku

14.2
5,5
5.4

2.2
9.8

11.3

9.5
6.7
5.7

2.9 -
2.4
2.3

1.2
t¡

2.3

3.5
3.0
4.2

Average of 5 hourly readings (1 p. m.-6 p. m.)

Average of I hourly readings (11 a. m.-? p, m.)

Avêrage of ? hourly readings (12 noon-? p.m.)

1.7 1.9 Avera€e ot 9. hourly readlngs (10 ¡. m.-? p, m.)
Ward Olfic€ Brânch 3,2 2.2

Sou16¡ Traffic O¡v¡rion, Metropolitan Police oep3menr, Tokyo (æunËy of Sh¡ni¡ Ni¡h¡da, Ch¡ef, Traftic Regulatiom
S6t¡onl.

8efor.: July æ. 1970 fwind yelæity: 3.9 tr/sl.
4ft8: Augutt 2, 1970 lwind velæ¡ty: 3.3 fitl$l.
¡S{¡ryey by rutoßtic rmrdtr; ¡n rll othd lGt¡ont, hdrly smpl¡ng rnd m€lyt¡3 by ¡nfErsd mthod.

Table 2. Effects of traff¡c rætra¡nts on a¡r pollut¡on in Marseilles, by lmtion.

ppm ol CO'

sanptlng statton Before After (1) ¿fter (2) Remarkg

Banque ltrlteûne 19.3 3,9
Da¡qeg de Fra¡ce 19.{ 2.8
Mâgasin Génér¡l l?.5 3.8
Belle Jerdlnière 18.9 4.0

Mean v¡lue 18.8 3.6

Sourc.: Asiat¡e pour h prÉvent¡on dê 16 potlutim atmæpnåriqæ, Cw¡t¡ Maéillr+rdm€.
B€for!: sGpr. l3{qt.6, l97l; total ol 1,t38 splË takm .t 2+þu. intffl3.
Afts(ll: Ocr7.16(tot lb.nmpårk¡ng,plrt¡¡l banfivehi@lartralf¡cwithbsssdtai¡rllwldl;totrlol496.mpl6
lakm rt 2.hour ¡ntffil!.
Aftw(21: Os¿t7.27(totalbanonpårkiîg,rcbrnontraffic);rotal.olSû2emplËtakffrt2-hour¡nttrl¡.

Table 3. Effects of traffic restra¡nts on a¡i pollut¡on in Marseilles, by
time of day.

ppm of CO

Time Before Atter (l) AJter (2) Remarkg

t2.9
10.9
r0.{
12.1

1 1.6

Average of ? readlnga per day at e¡ch Ìocúlon
(8 a. m.-6 p. m.)

8 a. m. 20,2
10 a, m. 19.8
12 noon 14.7
2 p. m. 14.2
4 p. m. 19.8
ö p. m. 20.3
6 p.m. 22.3

5.5
3.3
3,6
2.7
3.3
2.9
4.1

18.9
1 6.?
9.7
9.4

12.8
7,4
?,0

Average of readinge at 4 locatlons

Sou.ce: As¡at¡m pour la prévmtion dc h pollutid tttrloaptÉrhs, Cmitã Måeillê+rñæ,
B€f ors: S€pt. 1 3-Oct. 6, 197 I ; totsl of 1, 138 smplã t¿ká rt 2.hfl r ¡ntlmla
Afttr(I): Oct.7-16(totalb€nmp.rkingrp.rti.lbn6vrh¡culTtrrffrcwithbus¡ndtaxi¡lllowGdl;
total ol 496 5mpl6 tåken at 2-hour ¡ntøhla
After (21: Oct. 17-27 (total bå¡ on Frklrìg; m bm m tnficl; lotal ol 5û2 ffipl6 tåkñ at z-lìour ¡n-

¡nlÐels.
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United States; Klagenfurt, Zurich, and many others. Thi-s also appears-to be the

rationale behind thi recently disclosed plans to close off Bond Street in London to traJfic

*A to convert Madison Aveíue i¡r New York City into a "pedestrian tran.sitway" q1-26).

Available evidence indicates that traffic bans do indeed have a positive effect on

retail sales. In Vienna shopowners reported a 25 percent to 50 percent increase in

ùr¡siness in the first week alter the traffic ban went into effect. In Norwich aII but two

"frãp" 
i" the exclusion area did more business, some experlencing an increase in sales

of lb percent or more. In Essen the increase in trade has been reported to be between

iS p"icu"t and 35 percent depending on the type of s-h-op; in Rouen, between 10 percent

*a fS percent. In Tokyo, oi SZ¿ shops surveyed, 21 percent showed an increase in
sales, 

-60 
percent no change, and 19 percent a decrease; ?4 percent of the merchants

interviewed pronounced thimselves in favor of the scheme. The popularity of vehicle

exclusion a*ong shopkeepers has been graphically demonstrated in the city of Florence:

"Some shopkeepers õn the first tralfic street on the south of the zone went on strike to
press demànds that the ca¡ ban be expanded to include their street" (Y).

THE PIÎFALLS OF SMALL-SCALE PROIECTS

The scale of past efforts to create auto-free environments has been admittedly mod-

est. In most cases vehicle ba¡rs have not gone beyond the closure of one street, usually
the main shopping street, in the downtown area- Such has been the case i¡ Copenhagen

i¡ì;;c"ti,-ÁÅit"ia"* (Kalverstraat, and more recently Leidesestraat), 
"ttd 

Helsinki
(Àt"X-"*i""trkatu). Sometimes traffic barrs go as far qg to include several shopping

àt"ã"i" (e. g., The Hague, Cologne, Esserq Dässeldorf ). In.some cities efforts have

been ma.de to turn suclh sireets iotó tan¿scãped malls+. g., in Minneapolis.(Nico[et
Ár"r"i;-r"esno, Burbmlq Pomona, and diverside in Calilornia; Ottawa (Sparks-

Street)lor to have them "face-lifted", as in the case of Rouen's Rue du Gros-Horloge
or Northumberland Street in Newcastle upon Tyne (28, 29)'

Numerous small pedestria¡r a¡eas ea¡ralso be foun-d in new communities and large-
scale redevelopmentì, where they often form an integral part of the maste.r plan'.

Sma¡-scale attemlts at pedesirianization are not withóut their_crltics.(!$ !!). It
has been arg¡ed that'an isofated pedestrian street or mall will fail to achieve a signif-
icant improlement in the environment of an entire city core and that, in any case' in
order to be truty effective, trajfic bans must be combined with a practical progra¡n to

solve proble-" of t"an"portation, parking, traJfic access' and circulation:

lntroducing one pedestrian mall into a city core area without taking the necess¡try steps to im'

prove circulation and to provide automobile storage space only serves to multiply the troubles in-

stead of eliminating them. lf a point of attraction is created for the sake of the crowds who for a

few days willflockihere, and improved accesibility to this new attraction area is not offered simul-

taneously, those who have been attracted by the mere novelty will be thoroughly disenchanted

and will probably never return. Thus, in the wake of an abandoned mall experiment comes an

avoidance of the downtown area as a whole. usually greater than beforetheexperimentstarted (30).

Closing streets to traffic on a large scale, however' soon begins to pose a host of

transportätion-relatedproblems: fringe parking, improv-ed access, goods delivery,

r traffic rerouting, and internal circulation. It is probably no accident that existing
i pe¿estrian precìncts seldom exceed 400 to 500 m in length: This may be the distance
j it is felt an-average shopper is willing to negotiate on foot. Beyond that some mech-
j anized cireulation system may be necessary.

AREA.WDE TRAF¡"IC BANS

Nevertheless, large-scale projects involving total or partial traJfic exclusion have

been attempted. The-city of Eisen, for etample, has recently extended 1ts network

of pedestri-an streets and malls to create a cer-free zone nearly 1 km in length aad

300 m in width. The Hagt¡e a¡rd Dässeldorf both possess traffic-free zones that span a

total of 2.4 km and 3.4 kä of streets, respectiveiy. Copenhagen's Strfget, a hig^lly

successful venture in traffic exclusion, iJ 1,080 m long; a further extension in 1968
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has added 300 m of adjoining streets to the pedestrian area. Munich has recently
created a large traffic-free zone âs part of its vast redevelopment of the city center.
Florence has probably gone further than any other city by banning automobiles from a
40-block area in the historic center. By far the most ambitious schemes a¡e those
planned by the cities of Vienna and New York. The former is contemplating the crea-
tion of a large traJfic-free "environmental oasis" with a diameter of about 1.2 km
comprising alt of ttte old hist=oric center of the city. Inasmuch as the area would be
too large to be served exclusively by movements on foot, non-polluting tæ<is and mini-
buses running on liquid gas world be allowed to circulate within the exelusion area. An
experimental traJfic ban involving a small portion of the inner city þarts of Graben,
Kärtnerstrasse, and Stephan Platz) went into effect in late November 1971 (32).

New York is seriously contemplating the conversion of a 15-btock stretch-of Madison
Avenue between 42nd ancl 5?th Streets into a permanent pedestrian mall as an initial
step in its ambitious long-range program to improve the quality of the midtown environ-
ment. The proposed Madison Mall would be closed to all traffic except regular buses,
smaller public transit vehicles, emergency vehicles, and delivery vehicles during
Iimited hours. Extending for a distance of 3 km and including extensive tree plantings,
Madison Mall would become the longest pedestrian street and the boldest project of its
kind in the world (14, 33-35).

Banning private cars completely from even more extended central areas, however,
would require vastly improved public transport service and perhaps also the willingness
to accept a reduced standard of accessibility. Certainly, no combi¡ation of bus and
subway service as we know them today is capable of satisfying all of the transport needs
of a large inner city area at the level of accessibility we have been accoustomed to.
Perhaps some of the new systems of the'þeople mover" or 'þersonal transit" variety
may someday offer this promise. However, real-world implementation of such sys-
tems is at best some time away.

It has also been argued that large-scale bans on cars might be undesirable because
of their possible long-term adverse effects on the city:

The solution to the auto-transit problem involves the delicate balance between technology and

humanity that creates a living city. lf New York goes too far in preventing use of automobiles
and banning them from the city, it ¡s feared that the c¡ty w¡ll die as those who live there will move

out-except for the rich and the poor (a trend already well establishedl. ln effect. . . the city
would be reestabl¡shing medieval walls, erasing the mobility of modern urban civilisation . . . .

One thinks of the empty caverns of Wall Street on Sunday afternoon to ¡llustrate the potential fu-
ture of a city without people 06).

lVhile it is probably true that some long-run readjustment in land use patterns is
bound to occur as a result of large-scale vehicle exclusion, it does not necessarily
foltow that such shiJts would be undesirable. Most a.ffected by the traJfic ban would be
large-scale business aid commercial activities, whose relocation to more outlying
places in the metropolitan area could be beneficial in any event. The inner city would
gradually resume its original role of futfilling the needs of people i¡ search of amuse-
ment, entertainment, and rela:<ation and of providing a place where visitors and resi-
dents alike can shop, visit museums, or simply sit at a sidewalk café watching the
world go by. Viewed in this light, automobile bans cease to have the negative connota-
tion that some would ascribe to them and become a positive instrument for desirable
urban change.

At least one city has embraced this point of view. The master plan of Rome envis-
ages shiJting major business, administrative, and commercial activity from its present
location i¡ the old cÍty to a new center, leaving the classical center to services, hotels,
boutiques, tourism, etc. Future traffic restraints in the old city are viewed as a mears
of discouraging the location of further business activity in the historic center of the
city Q!).

PARTIAL TRAFF"IC RESTRAINTS

Nevertheless, banning vehicles completely from a large central area may simply
prove to be politically infeasible. For this reason less drastic schemes-whose ob-

ì:,..;:+-..iì*l
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iective is not to exclude vehicles but to limit their use-are receiving increasing atten-

ii*. 
-tt* 

"iies 
of Göteborg and Bremen have pioneered in the use of this approach.

äv-aiøairrthe city center iäto quadrants and by erecting-physical barriers between the

;rird"*ú; il**gt t""ttic within the center has been made impossible' Each quadrant

has in effect become a self-contained precinct with only local circulation allowed' AIl

;fr'"; täìi; *""t """ . circumferential road, leaving an{ gni.e¡ins each quadrant at

ã;;ig#¡ locations. 
- 

Ctite¡org's experience has shown that this traffic management

õ;ãh can reduce internat circulation by as much as So.percent' Althoughthe scheme

has been in operation;i;r-"i"¿tAugust 19ï0, it has alr^eady had a number of beneficial

ãr*i"orr*errtal effects: Tirere has been a reduction of 10 percent in accidents; mean

"ãn"e.rt"ations 
of CO in the central business östrict have been lowered from 30 ppm to

less than 5 ppm; noi"" iáuãfÀ have gone down from ?5 dBA to ?2 dBÁ Qg)'

LONG-RANGE EFFECTS OF TRAFFIC RESTRAINTS

The city of Bremen is of particular interest becar¡se a similar traffic restraint

scheme has been in e>ristencã there for over 10 y-ea¡s' Tn- 1960.the historic central

""ãi "pp"*imatelyì 
km in tengttt a¡d 600mwiãe, was divided into four 'cells", and

traffic between trrem was uannea] part of each precinct was turned into a pedestrian

a¡ea and the remaining streets were made one-way'
- fn a¿ãptittg the schl"me-n"e.en's planning officlak gave early recognition to Colin

Buchanant s cãncept of environmental management:

The concept, in effect, is to convert the old city into four "rooms" each with its "doors" from a

new external corridoisystem, instead of each room being in direct communication with the next

through a multitude of ãoors. lf this seems a startling concept we can only observe that a policy

somewhat on ttr.u" t¡n.., *ith the discipline it will involve for motor traffic, seems to be the only

way of saving the old cii from a descent into such chaos that qrentually an irresistible demand

will arise for it to be $ /ept away (€).

Eluchanan,s precept seems to have successfully pasqed the test of time' A full de-

cade after the introdiction of the scheme, ttre centrat district remains the city's prin-

"ip*r """i"" 
of activil!.--eoìitt""" and cómmerce not only have not declined' they have

;;;*" ;d p"o"p"""ii'-rwo maior department stores that originally intended to move

out of the city center to zuuurua¡r locations decided to remain in their original location

ú"!*"tót improved conditions in the center (1q). 'Whether this has happened because

;i; i" spite of ttte iraffiã measures is hard tõ-assess. The fact remains, however,

that severe vehiele rãlrictions have failed over a long run to affect adversely the

center city's develop*"ni o" to promote its decentratization' Whether this is due to

the peculiar cira"r"tLîãiih; ;l;-"" whether the experien'e of Bremen has a degree of

univirsal validity remains to be seen as other cities introduce similar meas¡ures'

CONCLUSIONS

with the current emphasis on a purer environment and the "quality of urban life",

we are likely to see grôwing public preszure for curbing tralfic in central urban a¡eas'

Available er.peri"iàã'"f,õ* that iraffic bans are operatio-nally feasible and com-,

mercially 
"."""""tot.--tn"-Jeg"e" 

to which they can be implemented will vary widely

in diJferent cities delending oî such critical faðtors as the geography and c-limate of

the city; the size, "ñ""""tä, 
and function of the central area; the availability of public

transport; the snapä of itt" "i'¡- 
road network; the urgency of the local air pollution

p"ã¡rã-;'*á-"ot'tieiãas¡-people's pr.opensiiy.to *{I. it witt also depend on the

local attitudes and til; ã;ã; tãà Ëiue" äity ttop"ð to achieve:. A citv that activelv seeks

to preserve a rre¿ttrv, """ã"o*i"ily viabie cênter is likely t9 adopt a diffe¡ent strategy

from one that tolerates or wishes to encourage the disper;al of activities to the suburbs'

Total vehicr" 
"*"r"ãiãn 

ts ì*ery to find thã widest scope for application in the central

districts of small and meaium-sized towns, especially ones of historic character, with

streets largely devoted to retail commerce. However, even in larger and newer' more

automobile-oriente¿ cïies whose central districts contain a mix of business, commer-
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cial, and service activities, there may be considerable room for trade-offs between

accessibility and environmental quality.
perhaps ihe most striking merit of the traffic ban is its effectiveness in improving

air quality and lowering noise at street level. In countries where the number of cities
with-serióus atmospheric inversion conditions a¡d area-wide pollution problems js too

small to justify a slringent national automotive emission control progra¡n, vehicle ex-
clusion anO partiat traffic restraints may offer an inexpensive a¡d effective way for
coping with high pollutant concentrations in the micro-environment of the inner city.
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APPENDIX

CITIES WITH VEHICLE-FREE ZONES OR PEDESTRIAN PRECINCTS
---[p"rm-ent 

el,ãrosion of atl vehicular traffic except where noted)

Austria
Klagenfurt
Salzburg
St. Pölten
Vierna

Belgium

Brusselsr
Lrege

Denmark

Helsinki

Aalborg
Ballerup
Copenhagen
Federicia
Helsingdr
Holstebro
Horsenst
Hdrsholm
Kolding
Naestved
Nyvdbing
Odense
Ra¡ders
Svendborg
Viborg

Finland

k2Amlens'
Aix-en-Provencet' 

t

Avicnonr
Borãeauxtt'
Cherbourgr
Diepper
Grenoble
Liller
Marseillesrt 2

Metzrt z

Mulhouser'2
Parisr

IPoltters
Rouen
St. Etienne¡
Thionvillel

Germany

Augsburg
Baden
Berlin
Bielefeld
Bochold
Bochum
Bonn
Brurnschweig
Bremen
Castrop Rarxel
Dortmund

Drisburg
Düsseldorf
Essen
Esslinger
Fra¡kfurt
Gelsenkirchen
Ilamburg
Ilameln
Ila¡over
Heilbronn
Hildesheim
Itzehoc
Karlsruhe
Kassel
Kiel
Krefeld
Cologrte
Lilbeck
Lüneburg
Mainz
Munich
Milnster
Neuss
Nuremberg
Oldenburg
Osnabrück
Regensburg
Salzgitter
Solingen
Stuttgart
Ulm

France

e jì(lrt(íü.ldì*'

tselective traffic ban (during certain hours of the day or exempting certain categor¡es of vehicles)'

2Temporary ban.



Wiesbaden
Wolfsburg
Wuppertal
'trürzburg
Wilhelmshaven

Italy
Florence
Perugia
Rome
Venice
Verona

Ireland

Hilvervn
Maastricht
Meppel
Roosendaal
Rotterdam
Utrecht
Zwolle

Norway

OsIor
Trondheim

Portugal

Lisbonl'2

Sweden

Göteborgr
Stockholm

Switzerland

Bernl
Geneva
Lausanner
Lucerner
St. Gailr
\trinterthur
Zurich

United Kingdom

Antrim (N. Irelan¿)
Bolton
Chichester
Leeds

Liverpool
London
Norwich
Portsmouth
Reading
Southend
Southampton
Watford

United States

Cork

Japan

Tokyol

Netherlands

Arnhem
Amsterdam
Apeldoorn
Breda
Deventer
Dokkum
Eindhoven
Enschede
Grovingen
Haarlem
The Hague
Heusden
ts-Hertogenbosch

Atchinson, Kan.
Cincinnati, Ohio
Williamsburg, Pa.
Columbus, Ohio
Dennison, Texas
Denver, Colo.r
Fresno, Calif.
Grand Junction, Colo.
Kalamazoo, Mich.
Knoxvllle, Tenn.
Miami, Fla.
Mia^mi, Okla.
Mimeapolis, Minn.
Montevideo. Mi¡n.
New York, Ñ. Y.t' '
Paterson, N. J.r' 2

Pomona, Calif.
Providence, R.I.
Riverside, Callf.
Sacra.¡nento, Calif.
Stamford, Conn.
Tulsa, Okla.
Urbanq lll.
Washington, D. C.r'2

i{J{iitlQì{lìrìi'iii:t:,. -i:,\-a\\ìt

lselective traffic ban (during certain hours of the day or exempting certain categor¡es of vehiclesl.
2Temporary ban.
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