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S.eaxing 10 you yesterday I descrived in .ceneral terms rnow
potor venicle production and the imerovement of roads have each
passed in alueost identical vcericds through two stages of the
normal "srowtn process', wnicno we called the "formative years!" and

he "growing rears', and arc now entering together the third stage
of trne pgrocess, wuich we called tie “years of maturity." The three
stages were descrived as caorresponding to tne three distinctive
sections of a familiar S-shaged curve, which ty2ifies all growtn
processes; the "formative years"™ peing represented oy the lower
section of slight agpward sloove, the Yeorowing yeacs"™ by toe steedly
risins middle section, and tue "m@%ure years" by the upver sesction
wanish is azain only sli.otly inelined uoward.
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I spokes of tne staze at wnick tnese developments have now

re

arrived as the besinning of a near ac.roach to limits, and there-

fore & somevnat ceritical stage, at wnizh it is desirable to proceed

I

with greater cars ia nifcray adsinistration tuan was necessary when
the srowtrn was more ragid.

rave previously employed the zetaohor of a sculvtor carving
a status from a olock or sranite to illustrate the characher of ths

enange in m=tneds of progedure tzat is desiracle. Knowing the
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apuroximate depth within the tlock at which lie the imagined planes
of the statue the sculptor can safelr hack away at the granite witn
stone-mason blows ani as.arent rscllessness as long as there is
still & consideravle excess of stone to Le removed, 3But as ne
aporoaches the planes of the figure, ne will cut with increasing
care and freguent measurement to ce sure that he reacnes thne exact
depth at every point that is necessary to form the surface of the
finished fisure. To overcut is fatal; to undercut is to leave the
figure undeveloped.

In tne administration of uiznways we nave reached tne point
wihere a similar cnance of metnods is desirable; and it i1s this fact
that explains trne undsrtaving of the nlchway planning surveys. Tne
surveys 2onstitute an elaborate efiort to establish a pase of
reference to wnick we can trace cast trends Uy such indications as
the nistory of the development afrcrds and from wiics we can more
carefully follow future trends to sarze and be rorewarned of the
aporoacrn to excectsd limits,

Zencefertic 1t will te ricnly essential that w2 Zeep & current
log of tnese fuature trends oy continuwance of the olanning survey
effort suitavly moiified. 2t simcly to know eacn year what furtier
Procress has been made will not ce safiicient for the purposes of
future planning. We snall also need to make toe pest cossivle fore-

casts of the orosress that will, or can, or skould te made.



Juch forecasts will not ve tne Tirst to oe attempted by
pishway adninistration, Iut taere is now a orovability that they
can bLs more acourate thnan tne forecasts that nave peen attempted
in tne past, simpl;” ovecause we aave reachled a stage of the "growth
process™ at wanlch the fuature course is more clearly perceotible,

Winen the curve of motor venicle registration for example
was in tne middle of 1t%s steeonest climo, tiie attenpt to predict
woen it would tegin to turn toward the lesser inzlination of its
"mature® seztion could ve little petter toan a zanole, But, now,
when for nearly a decade 1t a3 snown unmistakatle evidences of
havin: passed intc the "mature! section, toe very slowness of its
provacle further clizmo reduaces the cnance of error in estimates of
the heignt weich it will roucn at any relatively near future oceriod.

3ince roads are 3.A1t teo facilitate the movement of vehicles,
and since motor veulsles ares now, and in tihe futuare will be the only
kinds of rcal-usins vehizles tunut need pe ziven much consideration,
toe numeoers and movements of motor venicles in the future are the
princical forecasts of iaterest to the nisnvay administration. Wumoers
of venizles Jer se are of interest oecause the venicle unit is one
taze of tue taxation to wiich we look for revenuss esseatial for the
support of future rcad improvenent and nmanazement, The extent and
places of tne movenmsats of toe veaicles we neel to #now; first,

vecause, throuzn tne -zsoline tax, tae extent of the movements must
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enter into estimates of otaer important future revenues; and, second,
because poth the extent and places of the movements must be foreseen
in order to supply road capacity adeguate to serve them,

Sorecasts of thes futurs registration or numoers of motor
venicles have often teen attempted in the past py various persons and
agencies with varyings success. In nearly every State efforts have
been made for one reason or anotiher to predict the future rezistration
of vehicles within tne State. In all of the early traffic surveys
made by the Tureau of Putlic Zoads in cooveration with several State
highway departments, l/ such forecusts were attempted; and besides
thnese State forecasts a namoer of estimates have been attempted for
the entire United States, Tne most important of such estimates are
those made ty Jharles ¥, Ketterins of tune General 4otors Jorooration

in 1337, oy tne american Petroleum Institute in 19335, oy John w., 3coville

1/ Surviys were made in the States of Jonnecticut in 1923 and 1334,
Pennsylvania in 192&, daine in 1624, Cnlo in 13925, Teramont in 1926,
Wew Fampshire in 1¢2¢ and 1431, ¥ichigan in 1930 and 1931, New
Jersey in 1932 and 1333, Raode Island in 1634, Florida in 193k,
arkaunsas in 1934 and 1935, and in tue eleven western States of
arizona, Jalifornia, Jolorado, Idano, Hetrasxa, Wew Mexico, HJevada,
Cregon, Utan, wasalinegton, and Wyemings in 1530,
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of The Cnrysler Corporation ia 19%%, and oy the U, 5. Bureau of
Fuulic Aocads (now Puolic Zoads administration) in 1938, g/

In some of the earlier forecasts future registration was
estimated by a simgle grapnical extension of the curve of actual
registration, as it aad developed to date, As tne actusl curves
were in some instances not yet suificiently de;eloped to indicate
taeir future course, sucn estimates were liatle to Zross error if

extended very far into tie future.

g/ Letterinz, Jharles F,, Lotor Vehicles and Higaways of the TPuture,
address delivered vefore the amecrican Society of 3Jivil Zngineers.
Detrocit, Julyr 21, 1v37.

american Petroleum Institute, american Petroleum Industry - A Survey
of the Present Position of the Petroleum Industry and Its Outlook
Toward the Fature; 1335,

Scoville, Jozn ¥., &Senavior of the automobile Industry in Degression,
address delivered sefore the Econometric Society, Few York,
Zecemper 30, 1635,

Bureaua of Public Roads, motor Vehicle Production and Use in the
United States, 1595-1360; 1532,
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Later estimates employed the relation vetween pouvulation
and motor vehicle registration, and arrived at an estimate of
future registration oy 4dividing tne oredicted pooulation of the

" future period vy the estimated number of persons per vehicle
picked from a sraphical extenzion of the past trend of the curve
of per:zons per venicle., Though this procedure was more reliaple
than the simple extension of the registration curve 1t also was
subjeat to considerable error when employed tefore the curve of
persons per venicle had reazned a definite inflection.

Snortly vefore 1330, tne curve of versons per vehicle for
the entire United 3tates snoved a definite tendency to flatten out
at between 5 and U persons Jer venicle, and most of the estimates
that have recently opeen made for tune entire country nave been based
ucon an apvlicaticn to gredicted future population of a ratio
appsroximating the lower fi.~are,

Trere is evidence otaer than the recent graphical form of the
persons—per—~venicle gurve to support tne conclusion that the assump-
tions of recent forccasts are ap-roximately correct, scome of whicn is
presented in graghical form in Fiure 1.

Cne of tre corves snovn in toids figare (Jurve G) resresents
the past trend of persons per motor venicle operating up to the

year 1Y32. 1t will be seen that the value of this ratio first passed
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below 5 vetween 1927 and 192% and reacihied in 1929 a low point of
aporoximately h.5 from whica it retreated durinz the depression to
a 1ittle over 5. 1In 1933 tune downwurd trend was resuned and by
1937 and 14938 nad reacied a new low at about 4,25. The form of
the curve alone indicates the grovapility that its future extension
will drop little if at all velow tne valus of Y4; and in some of the
otlier curves shown there is strong support for suca an assumption,

Particularly convincing evilence of this prooability is
supplied by two oalrs of curves, one of wnicnh compares tne ratios
of Persons per Lotor Velilcle Jonsumned and Persons per Motor Vehnicle
9014 in tne Domestic Warket, and the other of which compares ratios
of Income per iotor "eulcle Zonsumed and Income per Notor Vehicle
30ld in the Tomestic iarket., & venicle consumed, as tne term is here
used, is a vehisle trat has reacied the end of its life and passes
completely cut of use, possibly after successive possession by
several owners. The income referred %o is the total accountaple
realized incoze of the United States, as estimated Ly the Hational
Industrial Jonference Zeard. Cther terms used in the description
of tre curves will be sufTriciently clear witnout definition,

If we refer first to tre rcair of curves comparing persons per
vebicle consumed and sold, it will ve seen that the ratio of vehicles

sold, was at all times well celow the ratio of vekicles consumed from



the late S0's of the last century until 1930. This means that
tnroughout that entire jeriod of more than 30 years vehicles were
being so0ld at a faster rate than otner vehicles were passing out
of use, and consequently the number of vehicles in operation, i.e.,
tne registration was steadily increasing, all the while filling the
reservoir of demand with an agsrezate of new and used vehicles, 1In
19%1, for the first time the curve of wvehicles sold passed above
the curve of wvehicles consumed, and remained above it until 193“,
when revival oi demand again caused it to recross and remain below
the consumction curve until 1532 when it crossed back again. This
course of the two curves during the 30's is strong irdicaticn of the
approach to a condition of the market in whick it will be necessary
to force an cld vekicle out of use before it will be possible to
sell a new venicle, and tals is the condition typical of a saturated
market, Henceforth it may ce exoected tnat the cyclical crossing
and recrossing of tne two curves will continue and their general
trends will be identical; and if this proves to be the case there
will be future iascrease in resistration of motor venicles only as
inerease of the povulation provides new poetential buyers,

In the relative courses of the vair of curves representing
ratios of realized national income to vehicles consumed and sold
there are exactly similar indications; and here we Jernags reach

the root cause of tune agparent aprgroach to an sgqualization of the



rates of veshicles sold and consumed. as it is moneyr that makes

tne mare go, sc it is also the same necessary purchasing medium
that makes the motor venicle go, and tiere are definite indications
that thne expenditure for ownership and operation of mobtor vehicles
is approaching a level, expressed in perceantage of the total
realized income of tue country, aocove which i1t is not likely to
rise, Indication tnat this is %rue will be found in figure 2, but
pefore discussing that Tigure it is desirable to direct attention
briefly to tine remaining curves of figure 1, all of which bear out
the curves previously discussed in their indications of a present
near aporoach to definite limits uwpon the future growth of motor
venicle registration and use, Particular reference is made to the
carve of motor fuel coansumotieon ser vehicle, which in 1538 stood

at apcroximately ©5C zallens per vehicle. The american Petroleum
Institute, estimating from 14635, forecast an increase to 730 gallons
in 13h0, partly due to tne increase in trucks; after waicn, pecause
of the trends toward ligater cars and changes in engine design, it
expested a continuing reduction to tring tne reguirement down to &0
gallons in 15G2C. wuetiher the exgjected decline is resalized or not it
is procaile tnat no important inorease will occur after 194C and no
increase at all, except as it may be occasioned vy the greater

relative operation of motor trucks and busses.
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Turning now to rizure 2, we can see in the curves there
presented the fundamental reason pack of tone asvarent approach to
limits of motor véhicle registration and use taast is indicated in
all the other curves disczussed., Ordinates of the two curves in
this figure represent the total expense of ownership and cperation
of motor venicles and the expense of operation onlv exoressed as
percentages of the national income by years from 1890 to 193g.
Similarly eXgoressed, the portions of annual ordinates intercepted
between the two curves represent the expense of cwnerstiip exclusive
of operation of the vehicles.

In Wassing, it is of interest to nots, with particular
reference to its efrect on hignway traffic, the fact that the ups
and downs of veasicle operating expenliture are oy nc neans as marked
as those of the total exocenditure, implying that enforced reductions
in total expznditure are atsorved in red.uction of the expenditure
for cwnerstip (i.e., avoidance of the purcsase of new vehicles)
without zreatly alffecting tne expenditure for operation of vehicles,
which is expressive of the amount of travel, This indication, most
marked in the early years of the desression, asreos with ocoservations
of trie remarkable persistence of motor vanicle usage in the face of
hard times which was a matter of common notice at the time,

In trie zeneral trend of these fluctuating curves there is
definite indication trat the time is not far distant when the

percentase of the national income trat will be expendsd for the
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ownership and operation of motor vehicles will havz reacned a
maximum level. In 1537 the total expenditure reacaed an all-time
higk of 11 percent of the total national income, dropping in the
following year to little more tnan 8 percent. The several horizontal
lines drawn through the curves represent the average percentages for
ll-year plateau periods; and it will be noted that the average total
~expenditure for the 11 years from 1528 to 1538, inclusive was nearly
9 percent of the total national income. Similar horizontal lines
shown for the plateau period 1¢39 to 14949 indicate our velief that
in that period total motor vehicle expenditure will reach a maxirum
averaging 10 percent of the national income for the period, with
slight decline in the following pericd, exteading from 1950 to 19€0,
inclusive, It will be noted that, while we expect a slizht decline
in total expenditure we aanticicate a slignt increase in the expense
of vehicle operation and conszquent road usage.

In the liznt of all the available evidence we have considered
it rsasonacle to assume that future zrowth of motor vehicle rezistra-
tion over the 20 rears between 1540 and 1500 will approximately
parallel the increase of oopulation, with a ratio of apgroximately
L Persons for eacn motor vehicle, including all classes of vchicles,

On the basis of this assumption we can estimate the future
registration o vehicles if we can decide upon a reasonable prediction

of population growti. The rate of future population growth depends
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upon & number of factors, none of whicn can be certainly evaluated,
and for tnis reason estimates of fTuture pooulation vary rather
widely. In the exzcellent work on Povnulation Trends in the United
States, vy Warren 5. inonvson and P, K. whelpton, published under
the direction of the President's Research Committee on Scocial
Trends, in 1233, the authors present a numbzr of estimates varying
according to certain assumed trends of net immigration, specific
birth rates and expectation of life. These estimates by H-year
periods from 1930 to 150l are presented in the attached table.

It is practvically certain that tne povulatien of the future
will pe smaller taan the fizures given in Jolumns I or J of this
tacle, and gquite prosaocle that it will De larger than those in
Jolumns & or 3. We nave alcested the coneclusion of Thomuson and
Whelpton that tae course followed mway be more like that of Ceolumn E,
tinan any otner, These are thne fisures corresponding to the assum)-
tions of "“wediumY virth rates, expectation of life, and immigration;
and taey indicate, for 1340, 1970, and lyt0, total U. S. pooulations
of 13%,1, 142.9, ana 1LS.5 million persons resvectively, applying
to these figures tue ratio of L persons ser motor vezicle there
result estimates of motor vehicle registration in 15k0, 1950, and
1560 of 33.3, 35.7, and 37.4 million vehicles respectively. It is
oelieved that these estimates are as large as may be expected at

the several Jeriods and tley are eaployed in projecting the trend



Tuture Population of the United States According to Certaln Assumed Trends of Net Immigrationm,
Specific Birth Rates, and Expectation of Life
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FUTURE POPULATION (MILLIONS)
1930s000sss| 122.8 122,8 122.8 122.8 122,8 | 122.8 122,8 i 122.8 122.8 122,8
19354, 000.0] 127.8 127.3 127.8 127.8 127.8 | 127.8 127.6 |  128.0 128.% 128.4
1940.. ..., 13,9 130.9 132,2 132,5 133.0 | 132.9 132.5 ‘ 133.1 134.5 135.1
1945, ...... 135.0 133.7 135.9 136.8 138.0 | 137.7 137.1 | 138.3 1,5 k2.8
1950, 000 a0 137.1 135.6 138.8 1404 1423 { 141.8 1.1 } 1h2, 148.7 ] 150.8
19550scanes 138.0 136.% 14%0.9 13,2 145.8 | 145.0 1446 | 146.8 156.0 159.0
1960....... 137.9 | 136.0 141.9 145.0 48,4 | 147,14 147.7 i 149.8 163.3 167.3
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of past motor vehicle resistration, as Jurve a in figure 3, Tor
purpeses of comparison, tne trends estimated by Xettering, Scoville,
and tie american Petroleum Institute are also snown in the same
figure. It will te noted that Jurve a agrees with the 1850 forecast
by Scoville and is sligutly nigher thnan the estipates For 1900 by
Kettering and the american Petrcleun Institute.

From the curves presented in this figure it will be apparent
how far the process of motor wvehicle growta has orcceeded into the
state of maturity refsrred to in yesterday'!s lecture; and as I then
said there 1s indication thnat the turn toward this state was already
sebting in as far vack as 1929 or 1930,

Tue trends indicated in figures 1, 2, and 3%, are for the United
States as a whole. Ia tie correaponding trends for tne several States
we may eXpect a ratier wide rance of variation; arnd tke information
availaple does not usually permit decisioms to be made in the States
with as hizh a procacility oI accuracy as we may consider tc ezist
in the national trends. Ieverineless, it is desiracle in every State
to undertake tue determination of trends for the State similar to
toose with respgect t¢ motor venicle resistration and gascline consump-
tion trnat have been here discussed for the whole United States; and
this undertaking is now 2roceeding witkh gquite satisfactory results in
State after State, ewploying tne same methods that were used in

determining the national trends and tue best informaticn available in
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“each State, Tuls is an essential and higzanly important process of
the State-wide hichway plannin: surveys, for uwpon it depends in
large measure the aposlincation of otner observations of the surveys
to the development of tue future hishway program in virtually all
its phases., It is particularly important as & vasis for decisions
in resyvect to tne design and cagacity of the aizhways and their
structures for decisions in respect to reguired andi supportable
highway costs, and for othser decisions in respect to necessary and
equitanle rates of ni:rnvay taxation and taeir yields, Tor all of
these parposes the estimates of future verhicle ragistration need
to be classified to the extent cracticacle into numsers of passenger
cars, busses, and tracks, and the latter, in suaci detail as possitle,
into classes of variouws sizes of single venicles and trailer and
semitraller comoiaations, In tois conacebion it must te said that
the task of developin: uselul forecusts in most States is rendered
particularly 4ifficult oy reason ¢f the classirization inadequacy,
and lack of ratioaality and continuity of the registration records
of tne trucks and busses.

In addition to ticse reasons, associated with tue inadeguacy
of past records of trucks and casses, bne rforecastiaz of future
registration of tnese o2 asses of vepnicles is renlered more diffi-

calt than the Torecasting oT cassenger zar rogistratioas oy the
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fact that the growth in use of tuese wvehicles has not yet proceeded
as far toward its wltimate units as has the growth of gassenger
car use, This ciroumstanze and the fact that tne uasage of trucks
depends to such largze degree upon the future gsrowtn and distripation
of business and industry, makes the forecasting of truck rezistra-
tions particularly difficult. 4vcout all that we can te sure of is
that the rate of growth in both truck and bus resgistrations is cer-
tain to te for some years more ragid than the growth of oassenger
car registration.

In the curves for the United States, oresented in fisures 1,
2, and 3, the various trend lines represent changes in the regis—
tration and use of all motor vehicles together, Whlle these are
adequate as a pasis for general discussion, the studies made for
tae purpese of actual Torecasting in the several States are deal-
ing separately with the various classes of vehicles and attempting,
by such indications as arc availatle, tc Terecast separately the
future numbers and use of sach class of vehizles.

For the estimation of future revenue to oe derived from
the taxation of motor vekizles and motor fuel the estimates thus
made provide tie =necessary busis, They do not, howevar, supply a
sufficient pasis for thne estimation of traffic on particular rcads,
and cannot be directly used to raise the otserved <resent traffic

volume on any road to its probable future volume.
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It is not even certain that traffic as a sum total will
increase in groportion either to tne number of vekhicles registered
or to the gallonage of gasoline consumed, The larger numper of
vehicles excected in the future may te used more or less than the
vehicles in gresent use. The gascoline consumption of the future
may be used more sffieiently than the present consumpticn and so
groduce more miles ger gallon. also, as has been remarked, the
relatively greater increase in trucks and bussses, witn their
larger fuel consumgtions per mile, will tend to lower fhe average
ratio. cetween milease and zascline consumption,

as shown in figure 1, the past upward trend of motor fuel
consumption per vehicle per year, for the United States as a
whole, shows a tendency to flatten out at a consurption somewnat
agove J0O gallons. Tne vast increase nas colncided with a sub-
stantial increase in the annual mileage use of venicles, and a
cessation of tne increase in consumption might indicate a
similar nhalt in tie increase of vehicle-mileage, cut this would
not necessarily follow., 3By cnanges in the design of motor
venicles the further rise of annual fuel consumotion per vehicle
might pe halted or even turned intc a decline, as the american
Petroleum Iunstitute anticipated in 1935, witnout corresponding
effect woon the aanual mileage use of the vehicles,

In the approach to a limit upon the percentase of the
national income excended for ownership and operation of motor

vehicles, previously discussed, there is a derfinite incentive
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to manufacturers of vehicles, by design changes, to reduce fuel con-
sumption and otaner ozerating costs ¢f vehicles as much as possible
in order to make avallatle for the purchase of vehicles a larger
fart of the total expended for ownership and operation. But whether
such changes in the efficiency of operation would actually increase
the amount of velhicle use would depend upon possiole changes in the
unit price of fuel and the speed of wvehicles, Both of these factors
bave unouesticnably influenced the consideracle past increase in
the usage of venicles, It is today possiple to travel further at
thie same cost and also Turther in the same time than it formerly
was, and poth of taese incentives comoine to induce greater travel,
A similar comtinaticn of incentives, ty the farther reduiction of
the cost and time of ftravel, would doubtless contritute to the
gtill greater use of vehicles in the future, but if eitner the
time or cest advantage were lacking such greater use might ove pre-
vented by the inability of owners to spare either the greater cost
or the sreater time, as the case might vs, that would te reguired
for a more extensive ogeration.

It will be seen tnat tnese guestions are hi-nly speculative
and procably susce.title to no very certain answers, lcreover,
even 1f it were possiole to forecast with some certainty the effects
/
of preovable design caznges in vehicles of all or any classes, the
fact that fuel tax records, as they are now kept, 4o not permit a

clear determination of tne consumption of fuel by eacr class of
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vehicles, would put sericus obstacles in the vay of an estimate of
the vehicle-milease sguivalents of ciaunged total fuel consumpition,

Considerations such as tnese suggest that, at least in the
rresent state of availartle information, it is not feasidle materially
to imgrove the accuracy of future vehicle~mileaze estimates oy tne
fine spinning of toeories of tre effect of possitle venicle design
cnanges, Inis being true it follows that a computation of vekicle-
mileage from estimated future total fusl consumptions oy application
of the presently 4determined averagze miles per galloa cannot be
greatly imgroved witiin trne limits of zraaticality. Practically,
then, the estimate of future venicle-rileaze wouald vesult from
milticlication of the forecast fature venlicle registration by the
estimated annual fuel comsumption ter vehicle, and the maltiplication
of this produc® oy an averase value of venicle-miles per gallon,
based reasonabdly Loon tne letermined fresent value of the latier
rate. Finally, comparison of the Iuture ftotal vehilcle-mileage per
year, thus computed, wits the estimated gresent total tased upon
current traffic couats, will determine tne average rate of traffic
growth in the future reriod,

The rate of srowth tnus estaclisnsd, nowever, cunnot reason-
acly ve apglied to the observed cresent traffic on any rcad to Torm
an estimate of the pronatle fut ire traific on tne same road, because
traffic does not increase at a uniform rate on all voads., 1In

general it is apfarent tuat tie rate of traffic grovtn is greater
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on grimary roads than on seconduary roads. Conseguently a reasonable
estimate of the futire srowth of traffic on all sections of a
composite system of roads must deiend upon a determination of
growth factors ap.licable to the variocus order of roads in various
localities witnin the system, tnat will be both consistent with
opserved past treads on roads of the resgective orders in the
several localities and e wual in their weighted average to the deter-
nined average rate of traffic growti for the whole s, stem.

Figure % siows how traffic is cresently listrituted over the
entire rural road systems 0f the States of Iova, Texas, and
california as determined b tue rniiavay planning surveys of those
States, It will oe ouserved tinat in eash State a large part of
tne total venhiocle~wilease is conzentrated on o small part of the
mileage, and tiat tho concentration is greater in Jaliforaia than
in Texas, and greater 12 Texas than in Towa. There is reason to
believe that in each State the cresent distribution is a staze in
a develogment marzed by an incressiag concentration of traffic on
the more important primary hisgrways.

HZow this process may nave .roceeded in the cast and now it
may continue ia tie fature in one of tiesc States 1s indicated in
ficure 5. In tne cegianing tue traffic on all roads was prooavly
Within narrow limits cqual. Tnis was subsitantially tane condition

tnat existed before the introduction of the motor vehicle., A4ll
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roads were then, Ty modern standards, local roads; alli served a
traffic gzenerated alamost exclusively in their immediate localities
and varied in the amount of tneir usage only as the density of
settlement along them varied. Under these conditions a curve
defining the relation between cumulative mileage within the system
and the correspoading cumulative vehicle-mileage would aporoximate
the stralgnt dasned liane, marked Initial Uniform Distribution., From
this initial state tie observed listrioution of 1335 must have
developed by a process passing throusn successive states such as

are indicated by the carves marked with the dates 1420 and 1425,

and if this nas been tne manner of the _ast zrowtn, it is grocable
that the same orocess will continue in the future and produce in
1960 some sucno distribation as is indicated by tne curve marked

with trat date, While this is a speculative conclusion trat can-
not be proved pecause ¢of the luck of records of traffic distribution
over the whole nigiway system antedating the planning surveys, it

is a conclusion tnat scers consistent with a general historical
knowledge of the development of roads and with intimate ouservation
of present traffic trends. If it is sound (and tiere is little
doubt that it is approximately correct) it implies, as a general
rule that at any siven time after the srocess of concentration has
begun the rate of traffic srowth is grsatest on the roads of greatest
developed traffic and decreases acyroximately with the volums of

developed trafficz,
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Zxpressed in gracghical form this theory of traffic growth is
presented in fizure €. The various curves in tnis ficure have no
gertain factual basis. They represent the diagramming o7 an idea
and not a plotting of relationships of either particular or general
application, Toey are protably, however, guite similar in form to
curves that might be precared wherever or whenever essential data
with regard to past traffic srowths are availatle; and if such data
are not now availacle tney should ve accumulated by continuing
studies of traffic crowthn of such staracter as will supzly them.

The significance of the tueory may be illustrated by comgar-
ing the past and future trafiic development on rouads of two widely
different volume classcs as represented in the tieoretical diazran
of figire 6., According to tnis djagrama road, whics inm 1620 served
an averaze dally traffic orf approximately 10C vehicles nad prooably
developed ty 1936 a traffic of WO venicles cer day, and thnis volume
will procably be incrcased oy little more tnan 15 percent by 1360,
§C that its traffic at tanat time will still ote less than ROC vehicles
wer day. Comgared witn such a road, one wanish in 14920 served an
average daily traffic volume of 1,200 vehicles nad prooably developed
by 193% a traffic of 12,000 vehicles daily and by 12c0 will be carry-
ing 80 percent more, or around 21,600 vehicles daily.

It is emphasized that tiae curves of figure © and the examples
cited are intended for illustrative purscses only and are not based,

except by general inZerence upon any sgecific data; tut there is
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every probability that they represent typically the normal laws of
traffia growth, and they illustrate the importance of ottalning the
data necessary for estatlishment of sueh trends in sach State, Only
when this has been done will it be possiocle with confidence to pro-
ject estimates of fature traffic growth on the various parts of tne
nighway svstem; and the necessity of projecting such reliable esti-
mates is becoming steadlly more urgent as we appreoach the limits
within which we shoild eventually establish a consistent state of
improvenent,

The determination of factors of traffic zrowth applicable %o
particular sections of road, in one respect, more important than it
formerly was, bvecause the traffic on some roads is now approacialng
the volume at which it is desirable to increase the numter of lanes
from two to four. a consideruable mileage in most States has already
reac.aed this point, and the further growth of traffic will cring
additional sections to this eritical coint of development. It is
dssirable to anticipate this change as much as possiole ia order
that preparations, such as the azquisition of additional rignts of
way, nar De made on the sections involved well in advance of tne
need, It is desirable to foresee 1ts coming as far anead as possiole,
also, bocauss of the largely increased costs trnat it involves and
the necessity of providing adequately to meet such costs as schedules

of tax rates are from time to time revised,
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The makin-s of suca forezasts implies an ability to do two

tiings: First, ¢

t5 estimate witrn some accuracy ifoe fuature volume of
trafiic on particular road sections, and, sccond, to decide at what
stare of volume increa.c 1n the carticular scctions the widening will
oe reguired.

Unfortunately toe volume of traffic justifying widening is
20t a fixed quantity, ocut ratuher a variacle deocending acon the align-.
nent and srades of ftne road and troe soeed of traffic., Tiis is clearly
indicated oy trne studies of passing practice and ninway cacacity
made Ty tne Public ZHoads administration during the last two or three
¥ears. Tnese studies maks it guite clear taat there is no sudden
change 1in the freedom of traffiz flow vith inzreasing desity, to
irdicate a coint at wiich the road must be widened, They snow rather
that tae opwortanity for .assing and the individual cnoilce of speed
is gradually reduced antil, in the extreme condition, sach driver
mast govern nis speed o tne speed of the vehlele anead., Tals ualti-
mute condition and the various degrees of restricticon leading up to
it are reached on 2-lane roads of bvad alignment and short signt dis-
tance at lower trafilc volumes thwn on roads of zood ali-nment,
oecause the restriction of sight distance adds its effect to the

volame of traffic as a preventive ol free passineg,

o

Studies made on tansent sections of ni-way in several parts
o1 tne country indicate that vien the traffic volume rises to LOO

vericles per hour [(&J in sacu direction) more thaa 50 percent of
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thie traffic is affected to some desgree in its acility to operate

freely at desired sceeds. Wwith a traffic of BCQ vehicles ver aour

(LOO in each dirsction) the percentasze affected rises to 70; and
witn a total traffic of 2,000 per nour (1,00 in each direction)
more than ©C perceat of the traffic is affected and a condition of
virtually absolute congestion prevails. Just what perceatage of

tie total traffic znay ve affected without intoleracle congestion

has not been determired and is orovaocly only relatively determinable.
Trhus, & State possessed oy liberal revenues misht decide tanat the
time for widenins nad arrived waen only nalf of the drivers on a
road over consideracle pgeriods of time are made avare of tne effects
of congestion. anotner 3tate, with less adesuate funds, misght of
necessity set tne criterion percentage hizner,

The studies thus far zade iladicate tihat tuere is cossibility
of undesiratle czongesition on some roads at averwze daily volumes of
traffic much lower than tie fig.res tnat have previo.sly veen assumed
a3 criterion for widenins, They suow that taere 18 possicility of
such undesiracls 2onsestion at any time after tine average volume
reaches 2,000 vehicles daily; and ewvcept wiere alisnment lies on
continuous tangent for long distances, tne stuadies indicate tnat
it would te desiraole to investigate the particular conditions on
all roads when they rz=ach tne traffic level of 2,000 a day in
order to determine the degree of gonzestion exlistin., For the

purpose of sucn investigations the admninistration kbas now developed
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~hat acpear to pte entirely oracticasle iastruments and a satisfactory
teconique., I oy troess mwans tihie degree of congestion presently
existing is measured, the agolication of factors representative of
probable futare increase of velume will permit wn estimate to we made
of the apcroximate fut. re date at which thne effects of congestion vill
increase to a roint at vhich widening will become desirable.

0f the varioas conditions that nave contribated to increase
the rate of obsolescence of hisinays previonsly constructed, none has
been more infiiential than the inszrease of vehicle soeed. Higaways
on which the curvature and siznt distances were adeguate for the
speeds prevailing in tihe early twentles are tcday in many instances
inadequate or gositively dungerous,

It is a matter of comioa kmowledge thnabt the speed of traffic
on tke roads nas siustentially increased in the last decade.
Unfortunately, 1t is =not possivle to forg a very satisfactory idea
of tre extent of the lncrease, tecaise of tue paucity of deovendable
observations of roal sveed in tie earlier years, We can form sonme
imoression from a revicw of the trend of legul speed limits, opuat
it will be & very incxact sne Dacalse, as everyone kuows, such speed
limits Lave always ceer honored more in trme oreach tian in the
opservance.,

an index that nay ve regarded as a measuare of the rmaxinan
limits of wvenicle design at every period is afforded by the records

of the Indianagolis Lemorial Dar races, Tnese records nave been
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established each year sinmce 1911, with tre excection of the war
years 1417 and 141&. As shown in figure 7, ther trace a steadily
risinz curve that shows no indization of flattening even in 1932,
Tonese records may De assumed to represent tne sveed capacity of
automobiles especially designed for speed when operated under condi-
tions especially advantageous for speed, altnough they are of ceourse
very miach ctelow tiie mile record speeds established under the ideal
conditions availlable at tihe Zreat Salt Lake and similar locations.
HEowever, a caetter indication of the speed caacity of auto-
motiles such as are ooerated on the public hishways is furnished
by the oificial amerizun stock scar records estaolished under the
supervision of tihe american automooile associuticn. Thnese records
have peen estarlisped irregularly oy stoek cars of variouas makes
since the later twenti-s, Tuey have been estaplished for both
open and closed zars, ror 4 2lusses of horsepower as indicated by
piston displacement, and for various lengths of rua by venicles of
tie two vody tyoes and several pgiston displacement classes,

Ivd

In figure & are shown the records as they nave ceen estao-

o

lisied for the H-nmile distance by 2losed cars of piston displacement
classes ®, 2, and 5, Tor Tlass a —- the class of largest piston
displace ent -- trers is only one record at the H-nile distance,

and that a recori estanlisied by a Harmon 1C in thne early tairties,
which is not shown on tne diagram. Unlike tne Indianapoliis records,

it will be noted that trese records form, for ea-h class of cars,

4 curve that shows a derinite tendeney to level off in recent years.
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In these lutter curves tiaere 1s some indization that a 1limit
may be placed upon furtber increase of vellcle speed by voluntary
action of the mamufactarsrs. If a 1limit is not so placed it is
provatle that it nas to de fixed by law, and fixed more positively
than it can ve oy ordinar, road speed limits, 7Tnis, it seems to
we, will be necessar; for two reasons: First, because the rate of
hisgnoway obsolescence, unavoidatly nich in tne pioneer fericd through
wiich we nave passed, will have to ve reduced by all possible means
in tne mature perind into which we have now advanced; and this will
not ce possivtle 1f s, eeds are Jermitted continuously to overleup the
limits of saf:tr for roads as they are desizned and oailt., Such
a limitation will also be necessary because there is a tendency for
toe difTerence cetw=:n marimim and minimum speeds of venlcles on
the road to widen almost to the full exbteat of the increasc 1n the
maXimm sceed, l.¢., Minic.m sgeeds 40 not materially inosrease,

Tnis differcatial o7 s.eeds is one of the most fruitful sources of
accident hazard and cannct be cermitted greatl, to izncrease without
Serious consegasaces.

It certainly would not have peea desivadle to 1mfose definite
restrintions apon tie sveed capracity of motor vehizles in the early
years of thelir develogment. I welisve, aowever, taabt the otjestion
to suen restriction no longer exists and that it will ve necessary
in tne near futare to impose such definite limits upon the design

of vehicles, If this is done the Torecasting of speed will no
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longer present a probler, and iastead of that orovlem there will be
gsubstituted tie necessity of deciding, in harmeay with a public
gspirited motor verizle industry, ucon such maximum limits as will
be safe in view of the practical limitations of economical nigaway
design,

In respect to the dimensions and weizhts of veaicles a some-
weat similar situation exists., It is oossicle to design roads
consistently witn any fixed limits of these venicle caaracteristics.
It is not zossiole to design them, witn assurance o reasonatle
economic life, ualess suca veazicle characteristics are kept within
some defined limits.

already there is sucvstantial agreement wpon rataer definite
limits of venicle width and nei-snt, and upcon maximuws: axle loads,

watly nonored in

agreecrpent embodied in tie laws and rataecr renar u
operation. The princisal remaining uncertainties are those wnich
exist in resgect to t.e lensths and gross leads of venicles and
combinations, In ©otn respects there is 8%ill wide variation in

tne laws of the several States; and in respect to gross weight tnere
is not only tihe wide leswl differenne, cut also a marked discrepancy
between law and ojeratine practice. The latter is particularly
noticea.le in the case of the trailer and semitraller comtinations,
and, in resoect to these combinations, tue most serious problem is

presented by tue tendency to overload beyond the power capacity of

tae towing unit, While this does not often result in the
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overloading of road Lavements, bpecaase of the rathsr compléte con—
formity to axle loadl limits, it does impose excessive locads on
many existing Dridges, and 1t does often so reduce the speed of
such combinations on thne steeper grades as %o cuuse an intolerable
obstrucstion of faster traffic.

It will provacly ve necessary in the impediate future to
impose effective limits Loon these vehlele caoaractaristics also,
limits wnlch will be applied in the manufactare of the vehicles
and so0 zertified vy trne ranufactarer; anld the racent sroposal of
the Sociecty of automctive ZEngineers favoring a scale of taxation
based upon the ratio of ross weight to engine hors.power is
8isnificant in this coasuaection,

If the maximam speed, limensions, and weirnis of wenicles
con be thus definitely ¥Fixed oy law at least for periocds consistent
with the necessities of an orilerly and economical roud program, the
necessity of aprroiinnting saen coriteria of rowzd aesign ty fore-
castinr methods, will oe avoided, and tie provlems to whicn suca
methods will nave to ve apglisd will reduce substantially to those
concerned with the nustesrs of venicles registered and in oieration,
tue future fuel consum- tion of venicles, aad the incrzase of traffic
on particular road scctions. The apility te deal satistuctoril- with
tness groblems will wnacle ws to :ope Wwith most »f *he reguirements
of a rational letormination of financial and adnini truative volicies
and a rational 4dsgica of tae road strueture. I feel taut satisfactory
techiaicues for sasn forecasting srocesses 111 rasult szortly from
the study of the larse vody of traffic focts noi fast vecoming avail-

adle throush the hicsvay clannins survers.
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MOTOR VEHICLE EXPENSE
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CUMULATIVE PERCENT OF RURAL HIGHWAY MILEAGE
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HOW HIGHWAY TRAFFIC GROWS
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PERCENT OF 1936 AVERAGE TRAFFIC VOLUME

220

200

180

160

[40

120

100

80

60

40

20

0

RATES OF HIGHWAY TRAFFIC INCREASE

IN TRAFFIC VOLUME GROUPS
i - LT
N T
I
"1 50 —
/) i 92— |
/
et
/ -~ 1940
P - I
T
1936
= 1930
\-\
T T—— 1925
1920
0 200 400 600 800 1000 1200 1400 1600 1,800 2000 2200 2400

AVERAGE TRAFFIC VOLUME IN 1936 TRAFFIC VOLUME GROUPS
FIGURE 6



