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Transportation 1s a measure of the relations between
areas and 1s therefore an essential aspect of geography. The
economlce relations and connections between areas are reflected
in the character of transportation facilities and in the flow
of traffic., Transportation is a major part of the "geography of
circulation," as the latter term is used by the French geographers.
In fact, this term, althcugh not widely used in English, seems to
be the most desirable and all-inclusive label for the subject,
Geography 1s concerned with all spatial connections and interactions,
including communication and transportation, The study of trans-
portation or clrculation thus cuts across all fields of human
geography. It sheds light on such dlverse problems as the dif-
fusion of cultural trailts or the reslstance offered by political
boundaries., The fileld »f transportation geography in tihie United
States 1s undergolig a new developmsnt, although 1t is still in
the stageof seekling the most effective procedures for making
measurements, for carrying out geographic analyses, and for arriving
at useful concepts of wlde application,

A number of geographers, both in Europe and Amerlcsa,
are coming to recognize that the study of the connections between
areas and of spatlal interchange can provlide a new and deeper
insight into the meaning of areal differentlatioan., They see
trangportation as providing & key for measuring the significance
of llkensesesesg and differences among places on the earth. For
those geographers who view the core of gsography as primarily
the analysis of spatial interaction, the study of transportation
and, in the broader sense, of circulation as a whole is of cruclal
Importance | Y.+ P. R. Crowe insists that geographers are more
concerned with currents of men and things moving than with static
transport forms, as such 2! . Transportation faclilitles are
examined primarlly as indlcators of the degree of connection and
as patterns of spatlial interchange.

NATURE OF TRANSPCRTATION GEOGRAPHY

Students of transportation geography have been primarily
concernad with 1ts economic aspects. Transportation stands as
cne of the four traditional components of seconomlc geography:
primary production, manufacturing, marketing, and transportation,
The ease or diffioculty of moving things over the earth, the volume
of traffic, and the distances involved have profound effects on
the nature and arrangement of economic activities of all kinds.

Changes 1n the technolongy of transportation during the
past two centuries have resulted in a great reduction of the cost
per unit of moving goods from one place to another, This, in
turn, has made possible the economic specialization of arcas, the
suhstitution of interdependence for self-sufficlency, and has
produced the notable areal differentiation in forms of production
and land use that characterizes the modern worid, Transportation
overland used to be slow and costly. Bulk movements of raw
materials at all comparable to the shipments which come daily to
a modern steel plant were unknown. Tach area of concentrated
settlement, therefore, had t~ produce most of its own fuel, food,
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and other necessitiss, and trade was restricted largely to luzxury
items that could stand the high cost of shipmsnt. To be sure,
the relantive cheapness of transportation by water permitted a
certain amount of crop specialization even in sailing-ship days:
as witness the dependence of Athens on the wheat lands of what

is now the Ukraine, and tho dependence of Rome on grain shipped
by sea from Egypt and other parts of North Africa. The partial
dependence of Great Britain or speclalized producing areas over-
scas began before the development of modern forms of transporta-
tiosn. But the rallroad for the flrst time in history provided
cheap bulk transportation overland and set the stage for the
appearance of speciallized agricultural reglons in areas remote
from navigable water, For the first time on a world~wide scale
1t became possible to take advantage of locally favorable condl-
tions of land, labor, and capital for the speclallzed low-cost
production of goods destined for distant markets. Improvement

of transportation thus radically altered the scale of geography
by substituting larger and more distant regions of production

for smaller ones nearby. This contrasts wlth von Thunen's famous

model of concentric producing reglons around a city in the Isolierte
Staat of 1827,

Transportation consumes an important part of the world's
energy. In a modern industrial country like the Uaited States,
an cstimated 20 percent of the labor force is directliy or in-
directly employed in the operation, servlicing, manufacturing, and
selling of transportation and comnmunication. In a primitive
scclety, equipped with 1little or no machinery, the daily output
of energy 1s great, as each pcrson laboriously noves things from
place to place within a small area; but the volume and distanco
of movement are small; the scale and range of spatial relations
are likewise small, Among peoples of simllar cultural status,
the amount of energy glven to circulation varies from place to
place with the natural endowment and with differences in economy.
Iowa, for example, ships a smaller tonnage of agricultural products
than that shipped by either of 1ts neighbors, Nebraska or Kansas,
mainly because Iowa farmers fecd their corn to cattle and hogs
on the farm. The result 1s a product of lighter weight but greater
value, and a consequently smaller demand for transportatlon. Tu
certaln places, transportation is the major industrial employer:
for exampie, in a railroad town such as Altoona, Pennsvlvania,
In a country like Norway, which provides shipping service for the

whole world, thwy proportion of the total population employed in
tranaportation is also qulte high.,

The actual physical facilities ror transportation may
te examined and mapped for geographical, as well as englneering,
purposes, In many cases, Where data on the flow of {traffiec are
inadequate, the facllitles provide the best indicator of the
volume and route of movement, The tran:cportation geographer needs
some famlliarity with the technical or englneering aspects of
such facllitles 1f he is to determine the significance of, for
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example, the type and depth of railroad ballast, the welght of
ralls, or the types of railroad signals, or if he 1s to evaluate
the capaclty of railroad yards or of & port. Similarly the
Interpretation of the significance of a net of highways requires
technical knowledge both of highway engineering and also of the
geographlc method.

The study of rates.add costs 1s an aspect of transporta-
tlon geography that touches on the fleld of economics. Just as
the effectlive study of transportatlon facilitles calls for some
familiarity with engineering, so also the study of rates and costs
calls for some understanding of the findlngs of economlc and busl-
nesgs research. The speclailst In transportatlon geography,
equipped with an adequate background in these related flelds, 1s
in a posltion to maks a unlque contributlon to the interpretation
of the factors in, and the nature.of, spatlal interchange.,

RESEARCH IN TRANSPORTATION GEOGRAPHY

In view of the obvious lmportance of transportatlcn to
geography, 1t {s surprising how 1little professlonal work concern-
ing it has been done by geographers, Transportation studlcs 1in
the United States have been made mostly by scholars in other
prcfessional fields, and from non-geographic vicewpoints., Geogra-
phers should not count on using these studles secondnand to
arrive at slgniflcant geographical objectlves, Although speclalists
in transportatlion geography are few, the lmportance of thelr
contribution has already been recognized by economlsts and others,

Sreciallsts in this fleld must attack their prchblems
with qulte inadequate statistlcal data especlally In the Unlted
States and Brltaln., Such data as are avallable are usually too
goeneral to lend themselves easlly to the kind of analysils re-
quired for geographlc purposcs., Thls situation results in part
from: 1) war-time restrictions on the publilcation of this kind
of information, 2) the competitive reiations between private
carriers, and, finally, 3) from a« general lack of interest in
localized or geographlc data iIn collection agencies in the past,
although thls may well be remedled in part in the future, as
will be shown later.,

In the two sections which follow some of the prevlous
studies In the transportatlion field in Europe and Amerlca are
noted, but without any attempt at systematlc coverage, Certaln
of the more important recent works are llsted In connection wilth
the dlscussion of the objectives of transportation geography.

European Studies

The turopeans have done more in the field of transporta-
tion geograrhy than have thelr colleagues 1n ths United States.
This may Ye a result, 1n part, of the fact that siatistical data
of the kind geographers nsed are more readily avallable. German
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writere have produced several works on Verkehrspgecgraphie, many
of whish are now out of date and have been criticized as belng
rierely encyclopedic and of 1little penstrating value. liotahle
orjginal studies on land transportation, however, have been made
by Erwin Scheu, Helmut Hauf'e, and others :3; 4]. In France, a
detailed and 1engthy wcrk by H, Lartilleux describes the Fronch
vallroads, not only those of continental France hut also >f the
outlying parts of the country and of its colonies Io Tnis
tour-volume work contains a vast amount of 1nformation on brack
layout, signal equipment, grades, and other physical characteris-
tics, Information of this sort that can be specifically located
on a map 13 not usually available for publicetion in the United
States, It was orliginally intended to extend this compendium
of information regarding the French rsilroads to other forms of
transportation and to other parts of the world. The difficulties
of obtalning the necessary data, however, make the completlon
of the work doubtful., The stimulating study by Robert Capot<Rey,
published in 1946, is less encyclopedic but 1s restricted to
certain aspects of land transportation as reisted to settlement
and environment anéd does not attempt to covor economic and traffic
features | 6], Thero are also several excellent French studies of
local transportatlon facilities and of the [low of traffic, such
as René Clozier's La Gare du Nord {7., and works on other aspects
of rail transport by Maurice Parde. In England iluportant trans-
portation studies have been made by S. H., Beaver, K. C. Edwards,
A. C. O0'Dell, and others, DNotable also are the works of 0, G,
Jonasson in Sweden and hage Aagesen in Denmark [8,

More attention has been devoted to ocean trade and to

ports in European studies than has been glven to other aspects

of transportation. A. J. Sargent'!s sarlier bcoks on seaways and
ports, as well as work by L. Mecking on Japan, particularly come
to mind {9; 10:, 1In 1952, F, W, llorgan publ*shed a brief, genecral
treatment of ports and harbors 1117, and 0, Holcke completed a
monumental study on the port of 3tockhoim's freight traffic ;12
W. E. Boerman in ths Netherlands has contributed merine studies
some of which are rioted, along wlth studies by other Buropean
geographers, in the reoort of the Commission on Industrial Ports
of the International Gﬁographical Union .13}{. Tho Norweglan geo-

graphers, Tore Curen and Axel Sgmme, published an important 114!
¢na1ysis of trends in trade and shipping between the two world
wars, and André Siegfried pictured the results of the opening of

the Suez and Panam. Canals on the patterns of world transporta-~
tiC‘n ils‘.

Studles 1in the United States

The changes in the patterns of world trade that followed
the opening of the Panama Canal stimula ted some of the earliest
works in the field of ftransportation geography in the United States.
4 pilonesr work in this field was the book on ocean commerce by
J. Russsall Swith, published in 1905 L16,. Alttiough a nunber of
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general texts on ocean trade and transportation have appeared,
geographers 1in the Unlted States had not probed deeply into this
subject until they 4id s~ far the varlous governmant agencles
during Viorld Wars I and II,

On the other hand, there are a number of studies of individual
ports by American geographers, The relatively greater attention paid to
ports i3 in part a recognition that such places are significant focal points
in the pattern of world trade, and are sufficiently compact to permit field
investigation; but it is also in part a result of the greater availability
of statistical data useful for geograrhic purposes concerning the movement
of goods in and out of ports, Of the many papers published on ports in the
United States, four may be cited as representative }.7; 18; 19; 20, A few
geographers have participated officially as directors and staff members of
organizations that produced plans for port development 21 , Geographical
studies of ports are usually coicerned cither with the mevement of goods be=~
tween 2 hinterland and the other parts of the world reached by water routes,
or with the port facilities as an aspect of urban land use, During World
Viar i1, new tecliniques of vort description, new kinds of maps, and new ways
of estimating port capacities were worked out, and applied to ports around
the world that had never previously been examined in such detail. Unfortunatvely,
most of these war=time research monographs are unavailable,

A considerable number of geographers have also worked on variocus
aspects of railroad patterns and facilities. Mark Jefferson produced a
striking portrayal of the railroad patterns of the several continents 22 ,
in which he identified various degrees of railroad density by such terms as
railweb, railnet, rail tentacle, or riverlink, FEdward L. Ullman classified
railroads of the United States according to their importance based on the
rumber of tracks and the system of signalling :23., Of direct practical
importance are the studies of railroad terminals in relation both to the
ease of movement of gocds in and out of cities and to the functional patterns
of cities. Harold Mayer!s study of the railroad pattern of metropolitan
Chicago ‘2L  and of the passenger terminal problem of central Chicago 25
are among the geographical contributions to problems of this sort. Geogra=
rhers, whose point of view leads them to see the areal associations of
economic activities, iand uses, and transportation facilities, are beginning
to apply their methods to the practical problems of planning urban and metro-
politan development and of providing for the effective service of metropolitan
aress by transportation systems,

A few studies by geographers in the United States also deal with
various aspects of air transportation, Professional geographers have been
employed by the airlines and by regulatory agencies in the planning of new
routes and in estimating the traffic potential of arcas not previously
serveds The establishment of long=-distance, and especially trans~oceanic,
2irlines has modified the accessibility pattern of major porticns of the
earth, and these changes have stimulated some studles comparable to those
that appeared many decades earlier regarding the patterns of ocean trans-
portation ,26; 27 . Airports have been examined in terms c¢f the patterns of
connection with other areas and also as a land-uce category in the city - 28;
29; 30, Tuhe effect of airports on other urban uses of land has received
little attention,
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In the literature of American geography there are almost no studies
of the interrelations among the various forms of transportction, or of the
effects of transportation on other aspects of human geography. Two exceptions,
both relating to the problem of supporting cities, are a study of Salt Lake
City by Chauncy D, Harris and one of Mobile Ly Edward L. Ullman 313 20/,

OBJECTIVES OF TRaNSPORTATIOIN CEOGRaPHY

Studies in various aspocts of transportation gengraphy
are undertaken for a number of different objectives, In order
to establish the connections hstween areas and the nature ot
the gpatlal interchange, it 18 nacessary to find some way of
rieasuring and mapping the flow of traffic, inciludlng its volume
and speed of movement and 3ts origin and destination., Closely
related to the study of traffic flow are geographical analyses
of rates and ratc structures, studles ctf the effect of terrailn
and other environmental conditions on transportation, and con-
versely studies of the effect of the changling technology of
vtransportation on the significance of environmentsl circumstances
and on vhe process of economlic development of areas on the carth,
Transportation studies also are related closely to thne concepts
of geography as a whole, and such studies contribute to the formu-~
lation and evaluation of geographic theory. Transportation

studics also are pracitical and can be applied to specific current
problems,

Mcasurement and Mapplng

Transportation geography, due to the lack oI proper
data, 1s still in the stage of searching for better methods of
ileagurement and mapplng. Many old conclusions and concepts
are unreliable because they are based on insufficlent quantita-
tive data, such as the erroneous idea that the New York Central,
rather than the Perinsylvanlia, has the heaviest traffic between
sagt and west, In the absence of direct data, such as trarlffic
flcw on railrcads, other indlcators can be used tc construct
meaninpgful maps, For example Ullman's map of the railrcads cof
the United States classifies lines according to number of tracks
and type of signalling, the best guantitative indicators of .
flow and of relative importance avallable from records |32; 23,

Statistics that give the volume of traffic moved along
a specific route and that make possible the mapping of the
origin and destination cf flows are particularly difficult to
obtain In the United States. To be sure, some commercial re-
search organizations, such as H., H, Copeland and Son, produce
traffic-flow maps of individual railroad systemns, but the great
erxpense of such rnups and the fact that they are confidential
hes precluded their regular use In geographlic studies, except
those undertaken for specific rallroad companies. It is worth
noting, however, that Copeland and Son recently granted peruls-
slon ror the reproduction of a small-scale version of a traffic-
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flow map of the United States 1in a forthcoming publication by
Ullman, Some indlvidual rallroads hsave prepared their own
traffic-flow maps; information of thils sort for two Canadlian
railroads has been published in fuglitive government reports,

The voluminous statistics published in the United States by the
Interstate Commerce Commligsion, however, are not broken down

into sufficient detall to be useful for many geographic purposes.

On the other hand, statistics of geographical value
Go appear from time to time. The Interstate Commerce Commission
in 1947 started the issus in mimeographed form of an annual
ong-percent sample of rall wayhills that makes i1t possible to
chart rall commodlty movements by States of origin and destination,
Ullnman nas mappod and briofly interpreted some of these data in
two papars soon to be published., A sample of the maps 1s offered
in Figures 1l and 2, showing the shipments of animals and products
to and from the State of Iowa, with the wldth of the lines pro-
portionai to the volume of traffic., Briefly, these two repre-
gentative nps show for the first time graphically and gquantita-
tively: 1) the generally greater volume of shipments to nearby
points than to more distant points, a reflection of the friction
of distance; 2) the greater volume of outbound over jinbound traffic,
reflecting Iowal's role as the leading animal producer, chilefly
hogs &nd hog products, in the United States; 3) the heavy move-
rient to the markets of the industrial northeast, which 1s suf-
ficient to counteract the friction of distance (note especially
the shipments to ths deficit meat areas of Naw York and New England);
4) the small but distinctive flow to the rising California market,
8 new feature of American economic geography; and 5) the general
west-to-cast movement in the United States, a fundamental feature
of American economlc geoaraphy, reflecting heavy raw materials
moving to eastern induvstrial areas, genserally outwelghing the
backflow of lighter-weight industrial products.

For studies of port traffic, useful data are frequently
avallable, Yot the student 1s often presented with data that
are not exactly what sre needed. For example, statistics on
the value of shipments or the tonnage of vessels calling at a
port are less significant for many purposss than figures of
pctual weight loaded and unloaded. In other cases only forelgn
exports and imports are shown, as though a shipment from New
York to Cuba were of greater geographic significance than one
from liew York to California by water. Admittedly, no one total
measure 1s perfect. For example, comblning tons of liquid bulk
(prineipally petroleum), dry bulk (coal, wheat, ore, etc.) and
gensral cargo, combines unlike items. Liquid bulk can be pumpad
and requires little in the way of port faclilitles; dry bulk is
generally handled by machinery 1in large qrantities, and a given
tocnnage of dry bulk is usually of less significance to a port
than the same tonnage of general cargo.
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Iowa by rail, 1948. Source of data for Figures 1 and 2 is Interstate
Commerce Commission's 1 per cent sample of rail traffic reported in
Carload Waybill Analyses, 1948, Washington, D.C. (statements: L4638,
October, 1948; 492, January, 1949; 498, March, 1949; 4920. June, 1949).
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Fig. 3. Ocean Trade of Mobile, 1936.
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More difficult to obtain are data on the rcutes of
movement. Examples of new mapping are vresented in Figures &,
%, and 6 which show in preliminary form the foreign trade of
tne United States by coastal areas for dry bulk, ligquid bulk,
and total tonnage tor 1938; and in Figure 3, which shows the com-
plete flow to and from Mobile, Alabama, for both foreign and
domestic trade. Such maps provide at a glance a much clearer
characterization of the actual oceanic connections than could be
gained from pages of words or statistical tables. 4As yet direct
data are too fragmentary to permit the preparation of similar
raps for worid traffic fiow. However, other kinds of information
could be used to »rovide something meore or lesc equivalent. The
British Chamber of Shipoing, for example, in 1936 and 1937
published maps showing the position of all British ships at sea
at a given time. Trade routes, and the volume of movement along
them, stand out fairly well on these maps 133'. Some adaptaticn
cf this method might be used to provide world maps of the flow
of vcean traffic.

At the time of writing, the Maritime Administratiocn,
the Corps of Engineers, and the Bureau of the Census are planning
to publish tonnage statistics ty routes on a coastal-area to
coagtal-area, or a nort-to-port, basis, arranged by major
commodities for all the ocean trade of the United States. Geo-
graphical analyses of the pattern and meaning of such trade will
then be encrnously facilitated. Unfortunately, the disclosure
rule will prevent some of these dats from being made public, as,
for example, on the Seattle-to-Alaska route where one steamship
line is dominant. Already the Corvs of Engineers, and to some
extent the Maritime Administration, publish figures by commodities
of all ocean trade from ports of the United States, but the
routes, origins, and dsstinations of these flows are not shown.
Facilities aveilable in ports of the United States are descriled
in detail, but not interpreted geographically, in the PORT 3.RIES,
published joiutly every few years vy the Corps of Engineers ana
the Maritime Administration.

Inadequacy of cdata also makes the mapping of traffic
flow on inland waterways difficult. However, it 1s possibvle to
make rather general flow maps from figures available in msnu-~
seript from the Corps of Engineers, as Donald Patton has done
for the United States as a whole. Great lakes flow maps for mejor
commodities are contained in reports of the Corps of Engineers,
and at least two gecgraphers have mapred and analyzed aspects of
the grain trade [34; 35i. Recent inland-waterway studies inc}ude,
among other things, en analysis of the commerce of the Ohio River
and the Illinois Waterway. !36].

In spite of the availability of statistics on highway
traffic in the United States, zeographical studies of highways
arc few. Yet some 85 pe-cent of the total volume of intercity
passenger traffic moves by nighway. There are masses of statis-
ticc on highway traffic flow, and, within the last few years,
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data have been gatiercd on origins and destinations for most metro-
politan areas. Nearly every State and county and most municinal
highway authorities produce tabulations and maps of highway and
street traffic flow. Since World War II, under the leadership

=1 the United States Bureau of Public Roads, scores of cities and
p.sropolitan areas have conducted origin-destination surveys,

which include all trips made to, from, and within the respective
survey areas, classified by origin and destination in terms »of
zones of varying size, with wmaps and tabulations by time of

day, purpose of trip, elapsed time, type of conveyance, and, in
some instances, by age, sex, and occupation of the person involved.
Surveys of this sort should prove very useful for geographers

in the study of the functional and dynamic organization within
urban areas, although inadequate for analyses of liarger areas
(chapter six). Most such surveys are carried on primarily for
highway-planning purposes; consequently, the tabular and carte-
graphic forms in which the data are presented are not always tliose
of meximum utility for geogravohic reseavrch. Geogranhers can do
much to secure the kind of information they would find most useful
by participating in the planning of such surveys.

A number of other aspects of transportetion and ccmmuni-
cation are also likely to engage the geographer's atuvention in
the future. Statistical data, for example, are quite good for
eviation: flow maps of the numher of flights can rsadily be
plotted from timetables. The Civil Aeronautics Administration
has already published highly informative studies on American air
traffic. For vipe~lines, which carry an increasing amount of
American oil and gas and which already stretch from coast tc coast,
covering more route-miles than do raililroads, statistics and maps
on pipe diameter have been published by the Federal Power Commis-
gion; from these and other data it might be possible to construct
e flow map, although help from individual private companies
would also be required to get information regarding the percentage
of cepacity used, and for precise data on origins and destinations.
In the communications fiecléd. long-distance televhone message
data can often be obtained from regional telephone company files.
Such information, plotted on a map, furnishes a very useful
measure or the connections betwsen areas, btoth urban and rural.

To conclude, the problem of securing adequate data rz-
meins to be solved, but the many sperific new sources Jjust noted
indicate that prospects for improvement appear rairly bright.
Also many fugitive data that have always been available could be
discovered with persistent, hard work especially if one knew
what to look for. The first proposed frederal census of transpor-
tation should also provide more data if and when it is made. One
flaw in the picture is the apparent tightening up of vcssible
leaks in the disclosure of data when three or fewer operators are
involved; federal agencies are becoming more efricisnt in enforce
ing the disclosure rule and holding wack Jdata at the sacme time
that their efficiency enatles them % obtain more. The pnor
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geograrhic scholar thus scarcely knows where he stands. The rule
particularly affects geography since geography is especially
concerned with localized data. The rule, likewise, adverseiy
affects many other legitimate interests, while not eftording much,
if any, real protection to individual companies. Furthermore,

as the law now stands it generally protects areal monopolies--
which certainly was not the intent of Congress in framing it.

On the world scene, the United Nations is steadlly in-
creasing the detail of its comparative transportation statistics,
as are also sone specialized agencies, such as the International
Railway Union. The period is rapidly coming tc an end when lack
of data could be used as an excuse for neglecting this field;
yet transportation geograrhers should take steps to see that their
n2eds are understood in the hope that the collecting agencies can
provide more of the kind of information, specifically localized,
that are needed for geographical purposes.

Iransportation Rateg

One of the determining factors in spatial interchange
obviously is the cost of, and the rate charged for, moving things
from one place to another. Only in general terms are freight rates
directly proportional to distance. Rate structures are so complex
that to generalize them into sigrificant geographic patterns 1s
extracrdinerily difficult. Frelght rates in the United Stntesg,
and in most parts of the world, vary with each individual commodlty
shipped between every two points. So-called "class-rates'" probably
apply to less than 10 percent of the trafflic moved.

A basic practice in making comuocdity rates is to offer
a low rate when a sufficient volume betweern a producing point and
a consuming area i3 avsilable., Becuuse of this practice, small
shippers often claim that they have no opportunity tc develop
volure unless they are favored initially by rates low enough to
generate business. An examination of American freight rates
indicetes that large-volume movements generally have lower rates
than small-volure movements, whether it be rates on corn from the
casi-grain area of central Illinois and cattle from the cattle-
producing areas of western Illinois to major markets i57J’ or the
low treinload rates on the movement of alumina from Baton Rouge
and Mobile to aluminum-~refining centers in the Pacifie Northwest.
Practices such as tihese do not, therefore, apopear necessarily to
work against specialization based on natural advantages, rut rather
seem to accentuate and tend to perpetuate such areal differences.
Ferhaps this is the most significant general statement that can
be made about *“he geogranhical aspects of freight rates 2t the
moment and 1s advanced as a new hypothesis worthy of further testing.

Another well-established practice is to charge lower
than total-cost rates {sufficiently high to cover out-or-pockeb
cr variable cos* ' © "ow-value commodities whlsh sannot afford te
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pay high costs, and to recoup the difference on higher-value
commodities able to stand the charges. Such a practice would
tend to result in low-value bulk commodities moving longer
distances than they might otherwise do and higher-value commod-
ities moving shorter distances. This topic and other coansidera-
tions in itransport gecgraphy in rela%ion to monopolistic and
econumic theory have been thoughtfully discussed hy E. F,
Penrose 38 .

How much the monopolistioc-rate vpractices cited by
Penrose actually affect major flows in the United States is
aifficult to determine. The largest-volume haul of one commodity
in the United States, for example, is coal from West Virginia
and Virginia to the Midwest and the eastern seaboard. The
three principal carriers originating this movement (Norfolk
and Viestern, Chesapeake and Ohio, and Virgirian) obtain the
overwhelming bulk of their revenue from this one commcdity, sc
it is unlikely that their rates do not cover total costs: in
fact their coal rates in the past undcubtedly covered more than
coal's allocated share of tctal costs and resulted in these
ghree roads being the most profitable railroads in the United

tates.

Changes in technology likewise have prcbably differ-
entlally affected the relative costs of moving bulky, as
cpposed to high-vaslue, commodities. Iiow have the intrcduction
of pipelines, coal and ore unloaders, and other labor-saving
devices, especially in a period of rising labor costs, affected
Tulk movements in comparison to package freight, or general
cargo,; which is not susceptible of mechanization? Both rates
end technological practice in rail and water shipping also sppesar
to combine to promote volume moves and the concentraticn of
flows; but the introduction of trucking relatively favors
dispersion end higher-value goods.,

In spite of all these difficulties, it would be worth
while to attempt some geographic generalization of rate patterns,
Cekviously, for example, deep-water shipping in large volume is
cheaper than overland movements, and thus cost distances over
the oceans are not so great &s over land. Slower specd on
water, and insurance costs on expensive good3 may, however,
change this general picture. In any case, rate structures can
te studied from a geographic point of view :37.. In the meantime,
aralysis of actual flows shows that rate structures do not produce
as mary freck or unnatural volume movements as some might surpose
flou the complex rate structures existing. The friction of dis-
tance is still very real, and the production advantages of certaln
areas greab, althcugh the actual distance may be distorted in
various ways.




Relation of Routes to Environmental Conditions

Many of the gzeogravohic contributions of two or three de-
cades ago emphasized unduly the "influence" of environrent upon
the lccaticn of transportation routes. Pzrhaps the major in-
fluence of environment wight be conceived as the effect of contras-
ting environments, as we have noted, in creating a notential de~
mand for interchange. Thus in the United States the major flows
are strikingly across the grain of the country, pariicularly
across the north-central Appalachians, 1In larger terms, regional
traffic potentisl appears a more important determinant of trans-—
portation than actual restrictions to movement encountered along
a route.

Nevertheless, the physical environment plays an impor-
tant role in man's shoice of routes for his transportation ser-
vices. Climate affects the choices; but probably more important
as an engineering factor is the role of gredes and consequently
of terrain, as expressed in the relative costs of overcoming
terrain friction. This terrain friction, alone with distance,
is a principal element in the cost of transportation and hence
in the effectiveness with which commurication and interchange
within and among regions can take place, Isnlating the affect
of the environment, however, is difficult. Volune and tyvs of
traffic, or berminal facilities, or various ovsanizational condi-

tions, may each add more to the cost of operation than so-called
matural conditions.

The various medis of transportation differ widely in
their ability to overcome terrain friction. This ability is
measured in terms of both capital c¢ost and of energy input. Of
all the forms of land transportation, if canals be excluded,
ralilroads are the most sensitive to grades; hence the choice
among alternative routes is more restricted for a railrocad line
than it 1s for a hlghway., Arcal and route studies of relative
terrain friction offer an opportunity for the transportaticn geo~
grapher tc contribute to a problem usually investigated by engie-
neers and economists. What, for example, is the precise effect
of terrain friction on the cost of transgportation and the stage
cf evonomic development in two contrasted countries, such as the
Netherlands and Switzerland? We do not know, but procedures might
be developed to make it possibdle to measure environmental effects.-

Effects of the Changing Technology of Transportetion

The indus*trial revolution might be called the transporta-
tion revoliution. Thus water transport was preeminently the cheap
way of moving goods prior to 100 ye~rs ago, and cities, industries
and commcrcial activities tended to cluster nesar the oceans or
navigable waterways. The application of the stcam engine to
transportation revolutionized land transport and produced fundg-
mental changes in the accessibility of cne place to arother. At
the ssme time the steamship made the oceans and the world almost




one as far as transport costs alone were concerned. Most of the
technological changes in transportation have tended to favor long
hauls and larger volumes, and have thus created larger facilities
and route ways. The automobile and truck in the 20th century,
however, brought a great advance to local, dispersed movements of

passengers and freight, just as the teleohone has done in communi-
cation

Vawass

In the process of the transportatioa revolution, the
actual fTlow of goods has increased incalculably. What freementary
tigures we have seem to indicate that movements along the great
trade routes of the past were mere trickies compared to modern
transport flows. The role of different features of the natural
environment has also changed in the process. Thus a mountain
range is a differ<nt phenomenun to horses, yaks, canal boats, steam
locomotives, diesel engines, automobiles, trucks, jeeps, airplanes,
pipelines, electric wires, or radio.

All of this provides a fertile field for study of the
past and for projections of, at least, near-future changes, many
of which are on us almost before we recognize them. Asseséing
the role of thege new inventions and developments on regional
differentiation and growth, or on centralizing or decentraliizing
sreal tendenclies, is a difficult but pressing task. Geogravhers
should address thenselves to it. ‘

Geographic Theory ahd Sogial Physies

Transportation geography is inextricably related to other
espscts of geography. The approach of the transportation geogra--
pher underlines the need for seeing areal differentiation on the
earth not only as a geometric design of overlapping pstterns but
also a3 a design of things in motion. This design, in many cases,
tends to be the reverse of that for static regions, inasmuch as
movement mey be greatest across the borders of contrasting regicns
whose very differences promote interchange. Thus transportation
or c¢irculation is obviously an essential element in the formation
of a ncdal region, as defined in chapter two (sometimes known as
an organizational or functional region).

The concepts of transportation geography are, likewise,
involved in the distinction, proposed by Richard Hartshorne,
between "kinetic" barriers, such as a mountain range whick promotes
terrain friction, and "static" barriers, such as an empty or sparse=-
1y populated area [39;4¢!. In this connection S. Dagrett and
J. P, Carter reasonably make the following observation: " . . .
the transcontinental rate structure distorts geogravhical and
tcpographicel relationshins in the Far West in weys which geogra-
phers seldom stop to appreciate" ,41,. They mean by this that
sharp increases in rates occur toth in the western mountaius

"kinetic" “-.rriers) and also out on the level Great Plaina
"e' tic" bLarriers). Such practices, however, fit logicslly the



concepts of the barriers .. %tcd above and should survrise no

geographer, altpough the practlices wight be presumed to contradiet
the views sometimes imputed to geographers ty others.

Some geographers and other social scientists have be-
come interested in recent years in "social physics.'" As related
po geography thiz involves the search for general laws expressable
in the form or mathemstical eqguations concerning areal relation-
ships and spatial interchange. Insofar as areal relationships
can be quantitatively expressed in statistics concerning rlows of
traffic and communications, flow phenomena taking place cver
circulation routes may prove to be excellent indiecators of the
nature of these relaticnships. The measurement and arzlysis of
traffic flow, therefore, shovld constitute an important geographic
contribution to "socisl physics".

The mathematical formula used to describe the volume
of spatial interchange between two areas is analcgous to the
formula used to present the law of gravity, as foullows: goods
move between regions in direct proportion to the size (measured
by vpopulation or probably better by some index of production and
consumption volume) of the two regions and in inverse proportion
to their distance apart (with distance probauly having an ex-
ponent not far from 1 or 2); the formula is often written —Eigé—
or population of place 1 (P;) times population of place 2 (Pp)
divided by distance (d) (chapter six, p. 149).

Does this general law in fact illuminate the problems
of spatial interchange with which geogravhers must deal? Consider,
for exzample, an analysis of the traffic flow by railroad between
thirteen States of the United States and the other States. 1n
all cases traffic within a State, and between a State and its
neignbors, is heavy, as would be expscted from some sort of
gravity formula. In addition, the industrial belt of Northeastern
United States draws traffic from the whole country, as indicated
on the maps of Iowa (Figs. 9 and 10), and certain other areas of
specialized production or consumption show up as generating sur-
prisingly long hauls. Calitornie, thus, is both a specialized
producer and a market with ties across the country; Florida is
a specialized off-season fruit and -2getable producer with ties
to thse Northeast and Midwest; Washington exhibits similar ties
for its shipments of forest products.

All of these movements within the United States are
only superficially described by the previously-mentioned formula.
Localized, specialty commodities so dominate the trade of certain
States that the total traffic flow of these States is distorted
in relation to any gravity norm. For evample, virtually no flow
of forest products, the dominant commodity exvort of the Pacifio



Northwest, occurs between that region and the South, because, of
course, both produce forest products. The formula might provide
a measure of the breaking point in the Midwest between southern
and Pacific-Northwest suppliers or more generally an index of
variation; but the variations in many cases appear more important

than the generalization, and the variations may well be more clearly
presented on maps of origin and destination,
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From this one example it should not be concluded that
such mathematical formulae are useless to geography. For movement
of passengers, long distance telenhone calls, bank checks, rumors,
and other phenomena, they have apparently been found valid be-
tween certain points by such scholars in other fields as G. K.
2ipf, J. Q. Stewart and S. C. Dodd /42: 471-473; 43: 375-415],
and in the 19th century E. G. Ravenstein applied the formula
in producing his clussic "law" of migration.

A3 in other branches of geography, the development
of basic concepts leads, directly or indirectly, toward the
epolication of these concepts to the study of vractical problems
of man on the earth. Transportation geographers, although few
in number, have made important apvlications of their point of view
and their procedures to practical questions. Indeed, it was the
practical problem of forecasting votential traffic and changes
in trade routes resulting from a proposed trans-Isthmian Canal
thut led to soms of the earliest transnortation studies in the
United States. It is curious that more geogranhers have not
fcllowed along the lines suggested by this pioneer contribution
of J. Russell Smith. Perhaps the study of traffic potential and
route changes was gliven more emphasis in the period of railrocad
building and pioneer settlement in this country. One of the
founders of the American Geographical Society, H. V. Poor,
produced famous railroad studies, some parts of which were gecgra-
phical in concept and execution l44: 25-27,.

Transportation geography was applied to many problems
of logistics and trensport-planning both in World Wars I and II
and continues to this cday on a permanent basis. Numerous studies
of this sort in the civilian and military agencies of the govern-
ment have remained as "classified" and so are not available for
professional scrutiny. It remains difficult, therefore, fully
to assess the contribution these studies actually made to trans-
portation geography as a field of theoretical and practical know-
ledge.

Perhaps more important in the long run are the contri-
butions being made in increasing number by transportation geogra-
phers as staff members and consultants for transvortation companies,
and for federal, State, or local planning or regulatory agencies.
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Airline route-extension planning, port develooment, pipeline ex-
tension, highway and street vlanning, and numerous other aspects
of transportation development are in need of the services of
persons trained in the geographical concepts and procedures. But
the nature and extent of these contributions will inevitably be
related to the validity of the general concepts that are formu-~
lated and to the success achieved in securing the kind of basic
statistical information that is required.



REFERENCES

1. Ullpan, E, L. "Human Geography and Area Research," Annals
of the Associution of Arerican Geogravnhers, 43 (1953): 54-66.

2. Crowe, P, R. "On Progress in Geogravhy," Scottish Csecgraphical
Magazine, 54 (1938): 1-19.

3. Scheu, E. Deutschland's wirtschaftsgeographische Harmonie,
Breslau, 1924,

4. Haufe, H. Die geographisches Struktur des deutschen Eisen-
bahnverkehrs, Berlin-Leipzig, 1931.

5. Lartilleux, H. Géographie des chenins de fers frangais, Tome
I of Géographie universelle des transports, Paris, 1947.

6. Capot-Rey, R. Géogruphie de la ciroulation sur les continents,
Paris, 1946; Fromont, P. "Les chemins de fers ot l'agriculture,"
L'Année Ferrovieire, (1948): 63-98, contains extensive
bibliograpny of french studies.

7. Clozier, R. la Guare du Nord, Paris, 1940.

8. Aagesen, A. Geografiske Studier Over Jernbanerne: I Danmark
(Geogranhical Studies of the Rail mys of Denmark), Conenhagen,
1949.

9. Sargent, A, J. Seaways of the Empire, 2nd ed. London, 1930;
jdem. Segrorts and Hinterlands, London, 1938.

17. Mecking, L. Japan's Hifen, Hamburg, 1931.

11. Morgan, F. W. Ports and Harbours, lLondon, 1952.

12. H8lcke, 0. Yarutrafiken over Stockholms Hamn (Freight Traffiec
Through the Port of Stockholm), Stockholm Business Research
Institute, Stockholm, 1952.

13. ZEreliminary Report of the Commissjon on Industrial Ports,
International Geographical Union, New York, 1952.

14. Ouren, T. and Sgmme, A. Trends ip Inter-War Trade and Shipping,
Publication no. 5, Geographnical Series, Norwegian University
School of Business, Bergen, 1949.

15. Siegfried, A, Syez and Panama, New York, 1940.

16. Smith, J. R. The Organization of Ocean Commerce, Philadelphia,
19C5.




l7l

1.8.

19.

29 .

2l.

27.

28.

29.

30.

~18-

Walker, F. "The Port of Buffalo," Economic Geography, 15
(1939): 109-124.

Ballert, A. G. "The Major Ports of Michigan," Pape g§ the
Mi%niggg.éggggmx.gi Seclence, Arts and Letters, 35 (1949):
137-167.

Tavener, L. E. "The Port of Southampton,” Xconomig Geography,
26 (1950): 260-273.

Ullman, E. L. Mobile: Industrial Seaport and Trade Center,
University cf Chicage, Chicage, 1943.

Mayer, H. M. "Development Probiems of the Port of the Dela-
ware," Annals of the Association of American Geographers,
38 (1948): 99-100; WheTre Two Ureet Waterways Meet, FIirst
Biennial Report cof The Chicags Regional rort DIstrict Board,
Chicage, 19E3.

Jefferson, M. "The Civilizing Rails," Economic Geography, 4
(1928): 217-231.

Ullman, E. L. "The Railroad Pattern of the United States,"
Geographical Review, 32 (1949): 242-256.

Mayer, H, M. "Locialization of Railway Facilities in Metro-
politan Centers as Typified by Chicago," Journal of Land and
Public Utility Economics, (1944): 299-325.

"The Railway Terminal Problem of Central Chicago,"
Economic Geography, 21 (1945): 62-76.

Ven Zandt, J. P. The Geography of World Air Transport, Brook-
ings Institution, Washington, 1944.

Whittlesey, D., Williams, R. L., and Dawson, M. D, "Aviation
in Africa," Air Affairs, I (1947): 439-451,

Platt, R. S. "Problems of Our Time," Annals of the Association
of American Geographers, 36 (1946): 1-43.

Taaffe, E. J. The Air Passenger Hinterland of Chicago, Univer-
sity of Chicago, Chicago, 1952.

Pearcy, G. E. and Alexander, L. M. "Pattern of Commercial
Air Service Availability in the Western Hemisphere,"

Econonic Geography, 27 (1951): 316-32C; idem. "Pattern of
Air Service 4vailability in the BEastern Hemisphere," Ecoromio
Geography, 2 (1953): 74~78.




=0

31, Harris, C. D. Sglt lake Oity: A Regional Capital, University
of Chicago, Chicago, 1940.

22, Ullman, E. L. United States Railroads Classified According

to Capacity and Relative Importance (map), New York, 1951,
88+ . "Mapping the World's Ocean Trade: A Resesrch
Proposal,” The Professional Geozrapher, I (1949): 40-41.




	0003
	0004
	0005
	0006
	0007
	0008
	0009
	0010
	0011
	0012
	0013
	0014
	0015
	0016
	0017
	0018
	0019
	0020
	0021
	0022
	0023
	0024
	0025
	0026
	0027
	0028
	0029

