The Standardization of Track Gauge on North
American Railways, 1830 - 1890

Early North American railways chase diff erent track gauges partly onthe basis of
differing engineaing traditions and pertly for mutual compatibility. The resulting
dynamic processproduced nine distinct common-gauge regions by the 186Gs.
Growing cemand for interregional traffic and increasing cooperation among
railways yielded incentives to resolve this diversity, and the spedfic regional
pattern of gauges led to seledion d 4'8.5’ asthe cmntinental standard. The cae
offers suppat for aspeds of differing views ontherole of path dependencein

determining feaures of the eonamy.

Duringthefifty yeas after 1830,six different tradk gauges came into widespread use on
North American (U.S. and Canadian) rail ways, and severa others were used occasionally. At
the height of diversity during the 1860s, locd standard gauges predominated in nine diff erent
regions, bu “breds of gauge” were encourtered oninterregional routes. By late in the
century, nealy dl thisdiversity was resolved, and 4fee 81/2 inches (heredter 4'8.5’; 1435
mm.) becane the standard gauge of a substantially integrated continental railway network.

Tradk gaugeis smply the width between the inside faces of apair of rail s.
Standardization d gauge fadlit ates the exchange of rolli ng stock, enabling freight shipments
and pesenger traffic to passover the tradk of multiple companies. Under agrea variety of
historicd industry structures, locd railways have foundit profitable to perticipate in this
throughtraffic. Thus, the eanergence and persistence of diversity of gauge cdl for an
explanation, as does the timing d this diversity’s resolution.

The most complete explanation that has been gven for this processis that of George R.
Taylor and Irene Neu.' They nate that most of the ealiest North American rail ways were
built either to serve strictly locd transport neals or else to further the rival ambiti ons of
different commercial centersto cgpture the trade of the hinterland. As a mwnsequence ealy
raillway bulders saw littl e reason to adopt a awmmon gauge. Taylor and Neu explain the later
resolution d diversity in gauge & the result bath of an increase in demand for interregional

transport and o the takeover of railways by financial cgpitali sts who sought to maximizethe
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value of the railway companies rather than the commerce of particular cities.

Taylor and Neu' s explanation is esentially corred asfar asit goes, bu it leaves certain
fedures of the history unexplained: How did particular gauges come to daminate particular
regions—and why did some lines use idiosyncratic gauges? How did markets, other
institutions, and various orts of agents fadlit ate or hinder the resolution d diversity? Why,
ultimately, did 4 8.5’ rather than ancther gauge emerge a the @ntinental standard?

To addressthese questions, it is necessary to lookin micro-level detall at the dynamics of
the gauge-seledion process In dang so, it becomes evident that the processwas path
dependent, in that later outcomes depended onthe spedfic course of precaling events rather
than simply onsuch a priori fadors as techndogy, tastes, and fador endovments.

The cae of tradk gauge thus offers an oppatunity to test and add empiricd content to the
theoreticd arguments that are made regarding path dependence—both the favorable views of
Paul A. David and W. Brian Arthur and the severe qualifications to the relevance of path
dependence suggested in the joint work of S.J. Liebowitz and Stephen E. Margadlis.” The cae
offers suppat for aspeds of bath views and may paint the way to afruitful synthesis.

In view of these aguments, it isworth making clea at the outset that this paper does nat
focus on whether the historica processhas given us the “wrong’ standard gauge. In a narrow
sense it apparently did, in that most (but not all) railway enginea's today would find a broader
gauge technicdly and econamicaly superior, although oty to asmall extent.’ But this paper
does not assert that ealy choicesfor 4'8.5" were wrong gven the condtions of their time or
that markets, other institutions, or entrepreneurs “failed” in na converting since The leson
that some eonamists have drawn from the work of David and Arthur, and the view to which
Liebowitz and Margdlis respondmost vigorously, isthat path dependenceisfundamentally a
source of market fail ure throughlock-in to a subogimal technique. David and Arthur’s
definitions, however, emphasizethat path dependence hasto dofundamentally with the way
in which aprocessof allocaion evolves.” Andathough beh, espedaly Arthur, highlight
relative inefficiency as apatential consequence of path dependence, even thisinefficiency
does not necessarily involve market fail ure. We return to this point in the conclusion.

The emphasis here in this paper ison hawv all océion evolved—that is, on hav regional
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standard gauges and then a @ntinental standard emerged. The medhanism proves to combine
elements of amodel propased by Arthur with types of behavior proposed by Liebowitz and
Margadli s as an dternative to Arthur’ s model. The paper also gves attention to the extent to
which this medhanism was g/stematicaly optimizing as markets, other institutions, and
profit-seeking agents promoted o hindered cost-saving standardization.

To undcerstand a path-dependent process it is necessary to consider not only summary
statistics but also theindividual events that in turn aff eded subsequent events. The paper
begins with a high-level overview of the history of gaugein North America, introducing
fedures of the processto be explained. It then addresses in some detail the dynamics of

emerging dversity, followed bythe resolution o this diversity.

Overview of the Gauge Selection Process

Commercial railwaysin North Americabegan in 183032 as ®vera smultaneously bult
lines introduced four different gauges—4'8.5", 49” (1448mm.), 410" (1473mm.), and 50"
(1524mm.). During 183848, a secondwave of innovation introduced the substantially
broader gauges of 5'4” (1626mm.), 56" (1676mm.), and 60" (1829mm.). Beginningin
1871,athird wave of experimentation krougtt further diversity in the form of narrow gauges,
primarily 36" (1067mm.) in Canada and 30" (914mm.) in the United States.

The gauge of 4'8.5" was aways adopted by more new railways than any ather, but from
the late 183Gs to the ealy 186Gs the propation d new mileage built to that gauge steadily
dropped from 87 percent to 44 gercent (figure 1). This dedine was due bath to the
introduction d broad gauges and to the relatively faster growth o regional networks using
4'10"and 50”. Asaresult, the 4'8.5" gauge's share of mileage in servicededined ower the
same period from 80to 55 ercent (figure 2).°

[Figures 1, 2 here]

By the mid-1860s, the eatern half of North Americawas divided into nine major regions
defined by prevalent gauges—that is, by regional standards: (1) eastern Canada and part of
Maine, 56”; (2) New England and most of New York, 4'8.5’; (3) southern New York, parts

of neighbaing states, and aroute west to the Misgssppi, 6 0”; (4) the greaer part of New
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Jersey, 4107; (5) the mid-Atlantic region, from Pennsylvania south to North Carolina,
4'8.5; (6) the South, east of the Misgssppi, except for North Carolina and part of Virginia,
50"; (7) most of Ohio and perts of neighbaing states, 4 107; (8) the Midwest (west of Ohio),
4'8.5"; and (9) the trans-Misssdppi South, 56”.

The mid-186Gs represented the height of diversity nat only as measured by the overall
shares of gauges (figure 2), bu also as measured by an index of continental standardization:

Yea: 1850 1855 1860 1865 1870 1875 1880 1885 1890
Index: 24 17 18 18 42 55 65 68 90

Thisindex, esentially a Herfindahl-Hirschman concentration index normali zed to a scde of
100, gvesthe average percentage of the total continental railway route accesble from ead
originating pant withou crossng abreek of gauge.” Thus, from 1855to 1865,an average of
17 a 18 percent of the entire North American network could be readied ona common-gauge
route from ead pdant onthe network. The index is a measure of the degreeof network
integration, insofar as integration depends on cauge.’

Theresolution d gauge diversity began in the late 186G with the formation d links
amongthe threepreviously separate 4' 8.5’ -gauge regions. Primarily for this reason, the
continental standardizationindex more than doulbed to 42in 1870.Theredter, thisindex
continued to increase due bath to the renewed predominanceof 4'8.5’ in new construction
(figure 1) and to conversions of establi shed lines to that gauge.

The pattern of gauge anversion also changed markedly in the late 186Gs. From 1830
through 1864 scattered lines totaling abou 300 miles of tradk were wnverted. During 1865
1869aone, well over 1,000miles converted. Theredter entire regions converted, amourting
to over 10,000miles of tradk during the 1870 and 20,000miles during the 188Gs.

The first common-gauge regions converted were thase using 56", 4107, and 6 0”. At the
same time, total 5'0”-gauge route adually more than doulbed between 1865and 1885, da
both to new constructionin the South and to conversion o nealy 1,000miles of rail ways that
had used 48.5", 410", and 56”. Nevertheless more than 1,000miles in the South converted
to 48.5" in 1881and 1882 foll owed bythe remaining 15,000milesin 1885and 1886.

Even asthislongstanding dversity in gauge was being resolved, a “narrow gauge fever”
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from 1871to 1883 lbough a new wave of diversity (figures 1, 2). New narrow-gauge

construction dopped dramaticdly after 1883,and mileage in service more slowly.

The Dynamics of Emerging Diversity

The emergence of diversity of gauge was condtioned by two sorts of incentives for eat
locd railway line: preferences for spedfic gauges and an interest in adoptinga common
gaugein arder to exchange traffic. What sort of aggregate gauge-seledion pocess ioud we
exped to result from this combination? Arthur considers a similar problem in anon-spatia
context.’ In his model, agents vary in their preferences for spedfic techniques, bu their
interest in usinga common technique overrides their spedfic preferences oncethe difference
in numbers of adoptions passes a aiticd value. Asaresult, the dlocaion processbegins
evolving randamly, depending onthe spedfic preferences of ealy adopers, bu it eventually
“locksin” to ore or ancther technigue.

Railways differ from the agentsin Arthur’s model in that spatial relationships matter:
they have an incentive to use the same gauge & neighbainglines, na necessarily the
majority gauge of the system asawhale. To consider how all ocation evolvesin such a
context, | developed a spatial analogto Arthur’s model, modeling railway lines as the cdl's of
alattice docsing gauges onthe basis both of their spedfic preferences and d the prior (or
expeded) choices of neighbasand d these neighbas commongauge networks. Asthe
mode isanalyticdly intradable, | “solved” it numericdly using computer smulation. The
processtypicdly resultsin ahigh degreeof regional standardization together with dversity at
the level of the whole “continent.” Moreover, the spedfic outcome of the processproves
quite sensitive to spedfic eventsthat can be tharaderized as randam: the gauge preferences
of particular ealy lines and the spedfic sequence of construction.

There is no spacehere for adetail ed explicaion d the model, bu its essential logicis
straightforward.” The first rail way line built i n aregion chocsesits gauge smply onthe basis
of its preference Subsequent lines son gve more weight to the value of common-gauge
conredions. Thus a mmmorntgauge region expands aroundthe first line built. Eventually this

region comes into contad with ather common-gauge regions, merging with thase that happen
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to have chosen the same gauge and “competing” for further expansion with regions of
different gauges. The eventual distribution o gauges tendsto be quite asymmetricd and to
vary substantially from the initial distribution d gauge preferences.

Liebowitz end Margadlis point out that the results of Arthur’s model depend onagents not
exercising foresight and nd coordinating their choices.”” The sameis true for my modd!. If
new railway linesforeseethe expansion d distant commongauge networks and if they
influence eab athers' choices, theresult is greaer initial standardizaion. Aswe shall seg in
historicd fad foresight and coordination were limited, particularly in the ealier yeas. But as
these fadors grew over time, they substantiall y aff eded the gauge seledion process

We mnsider, next, the origins of engineaing traditi ons favoring various gauges and, then,
how the two sorts of incentives affeded the processof diffusion d these gauges. We then
examine how the medhanism refleded in my model, as well asforesight and coordination, led

to the emergenceof regiona standard gauges.

Sources of Variation: The Engineering Traditions

The threewaves of introduction d new gauges refleded developmentsin engineaing
pradicethat originated in Britain and then spread to North America The first wave refleded
the uncriticd transfer of pradicefrom primitive mining rail ways to the ealiest commercial

railways. Subsequent waves were dtempts to improve on grior pradice

The Early Gauges

A variety of gauges were used for the primitive rail ways that developed in the mining
districts of Britain duing the late eghteenth century, with 48’ (1422mm.) prevalent in the
region rea Newcastle where enginea George Stephenson performed ealy experiments with
steam locomotion and bult the aal-carrying Stockton and Darlington Railway. Stephenson
was chasen to buld the Liverpod and Manchester (L& M) Railway between 1826and 1830.
Asthefirst railway designed exclusively for steam locomotion and the first substantial
raillway to rely exclusively oncommercial and passenger rather than mining traffic, the L& M
emboded significant advances in railway techndogy. Nevertheless Stephenson wsed the

same gauge & before, except for adding helf an inch (13 mm.) between the rail sto all ow for



Sandardization of Track Gauge on North American Railways 7

more spacebetween rails and whed flanges." By contrast, Stephenson’s main rivals for the
contrad to buld the L& M planned to use an unprecalentedly broad gauge, 56", asa
refledion d what they regarded as a new engineaing problem.*

Many North American engineeasvisited the L& M and aher ealy British railways,
regardingthe L&M in particular as representing the best pradiceof its day. These engineeas
and their protégés were resporsible for alarge majority of the U.S. route mileage onstructed
duringthe 1830s. As aresult, they “transferred virtually an entire techndogicd ‘padkage’ to
the United States,” including the gauge.” Three egineas from North America s first
commercia rallway, the Batimore and Ohio (B& O) Railroad, visited Englandin 1829and
increased their planned gauge from 4'6” to 4 8.5’ in order to “admit cars of the dimensions
used uponthe Liverpod and Manchester rail way,” to improve stability and equali ze “the
beaing onthe wheds,” andto provide more spacefor the locomotive gparatus.™

Unfortunately for later network integration, some U.S. engineas drew from the L&M a
lesson orly abou the gpproximate gauge technicdly suitable for arailway. Thus, an 1832
report of New York state' s rail road commissoners—citing the B& O’ s example—said that
“the distance between the two trads, for the wheds, shoud be @ou five fed.”* As aresult
of thisway of thinking, four gauges arose within arange of 3.5’, al introduced by engineas
who hed visited England. The 5’0" gauge was chasen in part becaise it was aroundmeasure.
Given the wide engineaing tolerances of ealy rallways, the 4 9” gauge was pradicaly
interchangeable with 4 8.5, but exchange of traffic with 4 10" was difficult, if barely

possble. Exchange between the narrower gauges and 50" was impaosshble.

Broad Gauges

Beginning in the mid-1830s, some Briti sh locomotive buil ders foundtheir ability to
develop paverful, easily maintained engines constrained bythe 4'8.5" gauge, while cetain
civil engineas expeded a broader gauge to promote improved stability, smoothnessof ride,
spedd, and cgpadty. Asaresult, Britain's extensive Grea Western Rail way system adopted a
gaugeof fully 70" (2134mm.), and afew short linesadopted 50" and 56”.

North American engineasleaned of British developments through bah personal visits



Sandardization of Track Gauge on North American Railways 8

and the trade press and their own experience dso encouraged experimentation with broad
gauges. The 6’0" gauge of the New York and Erie (heredter, Erie) Railroad, whose route
traversed the southern tier of courtiesin New York state from the Hudson River to Lake Erie,
was proposed in 1836 bysurveying enginea Edwin F. Johnson as a measure that “would

1n 16

permit the gredest speed and acoommodation, at the least cost.”™ In 1838, mw chief enginea
H.C. Seymour endarsed the gauge in deferenceto the expertise of English broad-gauge
advocaes,”’ andthe first sedion o tradk opened at that gaugein 1841.

Later broad-gauge proporents sippated more moderate gauges. Two veterans of the Erie
Railroad introduced the gauge of 5’6" both to Canada (with Maine) in 1848and Missouri in
1852.Inthefirst case, aroute nreding Canada’ s commercial center, Montred, with the
ice-freeport of Portland, Maine, chief enginee A.C. Morton prepared areport that summed
up the alvantages of a broader gauge & “an enlarged cgpaaty” for both passengers and
freight, leading to better service and reduced costs, and re reported that nealy all the U.S.

locomotive buil ders he had surveyed desired agauge of 50" to 56”." Canadian promoters of

the route acceted Morton's proposal as refleding current best pradicein Britain.

Narrow Gauges

During the 1840s and 185@, new locomotive designs reduced the technicd advantage of
broad gauges for power, and in the 186Gs it became pradicd to buld locomotives for gauges
substantially narrower than 48.5’. Asaresult, engineasin Norway, Australia, and India
experimented with a3'6” gauge. Narrow gauges have asometimes useful advantage in
fadlit ating sharper curvatures, enabling railway linesto follow the mntours of rugged
landscape and reducing the need for expensive auttings, tunrels, embankments, and lridges.
Around 1869some Briti sh engineea's began to argue, much more dukiously, that railway
construction and operating costs generaly are propartiona to gauge.

Railway promotersin Toronto adopted the British colonial gauge of 3'6” for two railways
in lightly popuated dstricts of Ontario. Narrow-gauge advocates in the United States were
influenced by Briti sh enginea's who suppated still narrower gauges. Enginee and promoter

Willi am J. Pamer becane @mnvinced that his Denver and Rio Grande Railway in Colorado
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could be built at a3 0" gauge for one third lessinitial cost than at 4' 8.5’ and have lower

operating costs aswell. Thefirst sedion d thisline, like the Canadian lines, opened in 1871.

Incentives Governing the Diffusion of Gauges

Tradk gauges in North Americawere dhosen bytheindividual private companies, with
government regulation affeding ony afew cases. Preferences for spedfic gauges affeded
choices primarily in regions withou previous railways, while an interest in gauge
compatibility dominated choices where neighbaing lines alrealy existed.” In later yeas,

expedations played an increasing role.

Preferences in New Regions

Promoters of linesin new regions generaly deferred in their choice of gauge to their chief
engineas, and the engineeas generaly held to the gauge they had used in previous
construction. Thus the engineas who bult the B& O went onto use 4'8.5’ for the first
railwaysin New England. Similarly, the ealy 4'8.5’ railways of Virginia, Louisiana,
Kentucky, and later Texas were built by enginee's known to have used the gauge before.”

The gauge of 4'8.5" was the one most often adopted in new regions, espedally during the
1830Cs (table 1). The 410" gauge of New Jersey was transplanted ealy to the states of Ohio
and Misgssppi, andthe 5’0" South Carolina gauge both to neaby Florida and, later, to the
first two railways on the west coast. The introduction d 4'10" to Ohio was the result of
buying aNew Jersey locomotive “off the shelf.” Promoters of Ohio’s Mad River and Lake
Erie Railroad were reportedly impressed with the novel whistle of alocomotive avail able & a
result of a cancdled order. They bough it and built their tradk to fit.*

[Table 1 here]

The Erie Railroad’ s 6’0" gauge was adopted in 1853 bythe first 32-mileline leading
westward ou of Chicago dieto arelocated enginea—the original proposer of the gauge,
Edwin F. Johnson? As already nded, two other veterans of the Erie dso introduced broad
gaugesto new regions, athoughthey used the variant measure of 5'6”.

Thediffusion d narrow-gauge pradiceinvolved lessthe influenceof itinerant engineas

than the rapid adoption by pomoters of a new engineaing “doctrine” based on umedistic
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expedations of cost savings. Opporents li kened this movement to a “fever.” The example of
Pamer's3'0” line and aher ealy routes played arole, as did alarge pamphlet literature.

Hundreds of lines arose in the enpty spaces between establi shed broader-gauge routes.”

The Interest in Gauge Compatibility

Railways' interest in compatibility of gauge was weekest at the very beginning o North
American raillways but grew over time. Diversity wasinitially nat percaved to be wstly,
because few expeded that the railways would link upin an interconneded, traffic-exchanging
network. The ealiest commercial railways srved only alocd, or at best regional, pupaose: to
conred cities with their hinterlands or the western waterways, or to link water routes over
territory that was unsuitable for canals.

Nevertheless even in the ealiest yeas new railways nealy always adopted the same
gauge & an established conreding a adjacent line, if one existed, a even aline that entered
the same daty or that lay aaossariver which could be bridged o ferried. Part of the reason
for this must often have been the common influence of a particular engineeing tradition, bu
the rarity of exceptions points also to an apparent desire to make exchange of traffic passble.

The few exceptions to this rule before 1870are noted in table 1. Two of these involve
lines that entered Grea Lake port citi es from diff erent diredions than establi shed lines and
thus presumably expeded noexchange of traffic with them. Four other exceptionsinvolve
lines that had reason to exped future conredions with ather lines of their own chasen gauge.

Thisleaves two exceptional cases in which the promoters of new railway li nes beli eved
that the normal presumption favoring the use of a @mmon gauge did na apply to them. They
were buil ding, so they though, self-contained railway systems. The New York City
promoters of the Erie Railroad sough to monopdizethe railway traffic of southern New
Y ork state. Erie promoters had seaured a state charter in 1832that “expresdy prohibited,
under penalty of its forfeiture, connedion with any railroad leading into New Jersey,
Pennsylvania, or Ohio, onthe dnildish theory that thustraffic could na be diverted from the
Erie,” but when their enginee's proposed the adoption d avariant gauge, they saw gauge

diversity as a better assurance ajainst this diversion” The promoters beli eved initially that
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their western terminal on Lake Erie would sufficeto compete for traffic from the Midwest.

Similarly, the Montred interests who promoted aroute to Portland were interested
primarily in an ice-freeport for trade with Britain, and they souglt to keg» Canadian
commerceindependent of Boston a other leading U.S. commercial centers. Thus they had
littl e positi ve interest in common-gauge @wnredions with them. The Portland promoters of
the route had a stronginterest against such conredions. Eager to prevent diversion d
Canadian traffic to Boston, they had seaured a state dharter prohibiting future cnredions on
the western side of the line, and they welcomed the proposal of avariant gauge.” Taylor and
Neu goso far asto argue that enginea Morton's claims of technicd superiority for the broad
gauge “were very largely window dressng’ for adedsionto crede deli berate bregs of
gauge between Montred and Boston” Taylor and Neu appea unaware of the extent to which
engineastruly suppated broad gauges. While Portland promoters of the route showed an
interest in these bre&ks of gauge a such, the Montred promoters did na.

Aninterest in gauge cmpatibility is en afew yeaslater in the cae of Canada's Grea
Western Railway (GWR), aroute acoss ®uthwestern Ontario from the New York border at
Niagarato the Michigan bader at Windsor-Detroit. Alli ed with—and partly financed by—
U.S. interests see&kinga common-gauge link between the northeastern and midwestern states,
the GWR planned to adopt 4'8.5’. However, Canadian legislators had learned from eventsin
Britain the importance of a standard gauge, and they treaed the GWR as part of the future
Canadian network that would expand from Montred, na as part of aU.S. network. They
imposed 56" asastandard in 1851 ,and the GWR opened at that gauge in 1854.

The gauge of thefirst U.S. transcontinental rail road was also fixed bylaw in away that
refleded cooperationto produce gauge cwmpatibility. Congresshad ariginaly left choice of
gauge to President Lincoln, who ceaded on 50" onthe alviceof an enginee with broad-
gauge experience” Midwestern railways and their Eastern alli es then successully lobhied
Congessto spedfy 4 8.5 asthe system’s gauge.”

Ancther strongindicaion d agrowing interest in compatibility was the dhoiceof 56" by
widely separated linesin Missouri, Texas, Louisiana, and Arkansas (table 1). The Paafic

Railroad of Missouri seleded itsgaugein 1851 noonly onthe basis of technicd
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considerations but also die to the expedation that the lower Misssspp and Misouri Rivers
were unkridgeable, so that compatibility with establi shed eastern rail ways was lessrelevant.”
Adogion d the same gauge in the other states suggests a self-fulfilli ng expedation d the
emergence of a separate regional standard.* The 5'6” system taking shape in Missouri was
the most substantial network that the new lines might exped to conred to, and St. Louiswas
certainly the most prized destination. After two linesin Texas adopted the gauge, three
railways in western Louisiana buil ding toward Texas did the same. A few yeas later,
Arkansas pioneq railway followed the lead of these linesin neighbaing states.

In the building o narrow-gauge railways after 1870, leeks of gauge with establi shed
li nes becane more the rule than the exception. Willi am Pamer, the narrow-gauge pionea in
Colorado, souglt to develop an integrated regiond railway system with few points of contadt
with broader-gauge lines. Edward Hulbert, a prominent southern railway exeautive,
vigorously advocaed narrow-gauge branch lines as ameans of econamic devel opment for
areas where standard-gauge lines were uneamnamicd. Both thus accepted transshipment costs
asapriceto be paid for expeded greder savingsin transport costs. Some narrow gauge
advocates, however, went so far asto pusue an entire dternative nationwide system of trunk
lines that would elimi nate the need to conred with broader-gauge rail ways.™

Whether or not individual promoters expeded the development of a national network,
they at least had leaned the value of reducing dversity amongconredions that do develop.
Thus, ore result of the first National [U.S.] Narrow-Gauge Railway Convention, cdled in
1872 byHulbert, was aresolution to adopt 3'0” as the standard narrow gauge.” More than 95

percent of U.S. narrow-gauge linesin fad then used that gauge.®

The Emergence of Common-Gauge Regions
The overal prevalenceof 4'8.5’ that emerged even prior to large-scde mnwversionis not
surprising gven the number of loca origins of that gauge, bu the energence of substantial

regions of other gauges can be explained orly by looking at the spedfic path of events.

The 4'8.5” Networks and 4'10” in New Jersey

Eadh o the threemajor 4’ 8.5"-gauge regions had multiple locd originsin smaller
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networks that eventually merged into ore ancther. The mid-Atlantic region began with the
Baltimore and Ohio Rail road and aso with railways in eastern Pennsylvania, southern
Virginia, and eastern North Carolina. In the northeast, 4 8.5’ networks greal ou from
Albany, from Boston, and from New York City. The Midwestern region kegan with routes at
the border of Ohio with Michigan andin southern Indiana. The 4' 10" network in New Jersey
expanded from thefirst line built at that gauge, the Camden and Amboy.

5’0" and other Gauges in the South

The 4'8.5" gauge wasintroduced by a substantial magjority of the locd pioneainglinesin
the South (table 1), and Misssgppi’sfirst raillway adopted 4 10". Nevertheless it was the
5'0"-gauge Charleston and Hamburg (C& H) Railroad that set the standard for the South as a
whale. The reason for this was that nore of the narrower li nes expanded into substantial
networks, whil e the merchants of Charleston used a series of regional railroad conventions to
promote aroute from Charlestonto the Misgssppi.

The separately managed lines in thisroute adopted the 5’0" gauge & they bult westward
throughAtlanta and Chattanoogp, reading the Misgssppi at Memphisin 1857.The route
becane the badkbonre of a Southern network, as railway promoters eking long-distance
conredions tapped into it with routes of the same gauge from Savannah duing the 184Gs;
from southern Virginiaduring the ealy 185Gs; and subsequently from Mobile, New Orleans,
Nashvill e, and Louisvill e. As aresult, the 50" -gauge network was built ontop o the ealier
4'8.5' network of southern Virginia andthe ealier individual 4'8.5" and 410" lines
elsawhere in the South. Asthe 5’0" gauge spread, construction at other gauges ceased.
Railway buldersin North Carolinawere prohibited bylaw from using 50", as the state
sought to use gauge diff erences to channel the state’s commerceto its own coastal ports.

Taylor and Neu foundit “logicdly incomprehensible” that Southern lines outside the
border states adopted gauges other than 50”.** A simple knowledge of the order of events and

dynamics of the process however, makesit very comprehensible indeed.

4'10” and Other Gauges in Ohio
Althoughthefirst two railways in Ohio adopted 4 8.5" and 54", alarge majority of the
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state’' s antebell um rail ways adopted the 4’ 10” gauge of the third line built, the Mad River and
Lake Erie (MR&LE) Railroad. Asin the case of the South, the explanation for this rests on
the order of subsequent construction ™ Even before the MR& LE was completed in 1848,a
conreding line was built to the Ohio River at Cincinnati. Accessto Cincinneti stimulated
extension d the network eastward to Columbus in 1850and to the northeastern commercial
center of Clevelandin 1851.Further conredinglines gread the 4' 10" -gauge region through
most of the rest of Ohio and part of eastern Indiana during the eally 185G and aongL ake
Erieto Buffalo, New York by 1854% Pittsburgh and Chicago were readed by 1858jn the
latter case by means of lines built aaossamostly 4’ 8.5’ -gauge region.

Ohio’'s outhern rim east of Cincinnati was unreaded bythe 4 10" network, and here the
Marietta and Cincinnati (M& C) Railroad adopted 4 8.5’ because of a partnership with the
Baltimore and Ohio Rail road, which opened a new western branch to the Ohio River oppaite

the M&C' s eastern terminus. Both lines opened in 1857.

The Broad-Gauge Networks

Branches of the New Y ork and Erie Rail road soonextended throughmuch of southern
New York state and the mal fields of northeastern Pennsylvania. By 1853,the Erie’s
managers reagnzed that the company aso needed dred rail conredions, and nd merely a
Lake Erie terminus, to compete dfedively for the mmmerceof the Midwest. The Erie
therefore pursued alli ances with several propased rail ways that together formed two routes to
the Misssdppi, ore ending oppaite St. Louis and the other passng throughChicago.” The
lines expeded to benefit not only from the technicd advantages of the 6’0" gauge but also
from being able to dffer the only common-gauge routes from the seaboard to the Midwest.

However, all of these dli es reneged onthe arangement except the Ohio and Missssppi
Railroad, opened from Cincinnati to East St. Louis, lllinoisin 1857 Asaresult, the Erie itself
organized (and partly owned) a conreding route which opened in 1864.This route comprised
both a new line to Dayton, Ohio and running rights from there to Cincinnati over a4’ 10"
rallway, newly stradded by lroad-gauge rails. The Erie system was the strongest example in

itstime of explicit cooperation amongrailway companies to pusue a ©@mmon-gauge route.
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Meawhile, the Montred railway promoters extended their 5’6" -gauge system, renamed
the Grand Trunk Railway, westward throughToronto to the Michigan state border south of
Lake Huron by 1858 Numerous branch linesfill ed ou an extensive network.

The 5 6”-gauge lines in the southwest never came together in asingle network.

Narrow-Gauge Networks

The Denver and Rio Grande Railway and alli ed lines branched ou into much of central
and southwestern Colorado, nathern New Mexico, and eastern Utah, reading Salt Lake City
by 1883.The network included 2,783route miles at its peek in the mid-1880s.* Elsewhere,
the largest narrow-gauge networks of the 1870 and 1883 emerged in the ail fields of
northwestern Pennsylvania, in central Florida, and onCanada s Prince Edward Island. L ater,
a3 6” network in Newfoundand readed a pe&k length of 969 milesin the 1910s.

The financia failurein 1883 & two companies attempting to form a “Grand Narrow
Gauge Trunk’ from Ohio to Texas was interpreted as demonstrating the infeasibility of
competing with broader-gauge routes. This, combined with growing dsill usionment over the
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suppased cost savings of the gauge, brough abou a ll apse of the “narrow-gauge fever.

The Resolution of Gauge Diversity

In the 20 yeas from 1866to 1886 the various regiona standard gauges gave way to a
nealy continent-wide standard, 48.5’. Why dd standardizaion happen at thistime?Did this
gauge “win” because it was the tested and proven superior gauge?Or was its €ledionthe
continued ouworking d the history of gauge dhoices?

Enginees of the time discussed the relative merits of 4' 8.5’ and the broader gauges only
rarely. Some favored 4 8.5’, some abroad gauge, others foundessentially no dfference, but
nore suggested that the discusson mattered for the question d which gauge shoud become
the continental standard.”

Standardization was gimulated by an increese in traffic demand, and the pattern o this
increase favored the gauge of 4'8.5’. During the 18505, much o the relatively high-valued
traffic from the industrial East to the ayricultural Midwest shifted from water routes to rail

but the low-valued buk grain traffic from west to east still used rail only for pek loads or in
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winter. By 1870,abou half this voluminous and gowing traffic went by rail . Bre&ks of
gauge thus becaneincreasingly costly, and retwork integration more valuable.

Most points of origin and most destinations for these shipments used the gauge of 4'8.5'.
In between, havever, shipments crossed either the 4’ 10" -gauge region centered onOhio o
the 5’6" region d southwestern Ontario. Thus those regions had the highest payoffsto
conversion. When they did conwvert, the resulting common-gauge region held a substantial
majority of North American railway mileage andtraffic, making it the wre of adeveloping
continental network.

Growing demand for interregional traffic dso spurred the development both of
interregional systems under common management and o cooperation amongrailway lines.*
These systems and cooperating goups fadlit ated standardization, becaise they internalized
the externaliti es of the gauge choices of individual locd li nes. Such mechanisms as sde
payments, appropriation, and simple @ordination thus led to gauge onwversions that would
have been delayed if eath locd line had aded smply onthe basis of its own incentives. As
Liebowitz end Margadiswould predict, these medianisms thus reduced the inefficiency
resulting from ealier ladk of foresight.

The wsts of conversion, it shoud be noted, were not highin relation to the value of
raillways. Most of the st of original constructionwent into the preparation d the roadbed,
andthisdid na need to be dterred except in the widening and upgading d lightly bult
narrow-gauge trad. In cases where rail s were spiked dredly to wooden crossties,
conversion d tradk was often arelatively simple matter of pulling upspikes, shoving orerail
to anew pasition, and setting new spikes. Some parts of switch assemblies and crossngs
required replacement, andin some locéions it was necessary to move both rail s. Some broad-
gauge lines moved bah railsin order to keegp weight centered onthe roadbed.

In ore of the best documented cases, it cost an estimated $1,066 pr mile to reducethe
tradk of the 6'0”-gauge Ohio and Misgsdppi Railroad to 48.5" in 1871, pus an additional
$5,060 [er locomotive and from $518to $1,380apiecefor other rolli ng stock.” At the low
end d costs, conversion d therelatively lightly bult southern railwaysin 1885and 1886cost

an estimated $150 jer mile for bath tradk and equipment.” Conversion d one narrow-gauge
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line “with minimal improvements” cost $7,500 jgr mile.”

Railways also reduced the st of diversity by using adapter or “gateway” tedhniques—
pradices that permitted a degreeof network integration even when gauges differed.” Mixed-
gauge (three or four-rail) track was used for gauges differing byat least several inches, while
“compromise gauge” wheds or track were used in the narrow range between 48.5" and
4'10". Numerous rail ways exchanged the boges (whed sets) of rolli ng stock using either

hoists or spedally designed pits, and ore major line experimented with adjustable wheds.

Intra-Regional Standardization

Theresolution d gauge diversity began onasmall scdein the decales before the U.S.
Civil War with the mnversions of 13 locd linestotaling 320miles. In ead case, the line had
unexpededly gained the oppatunity to exchange traffic with a substantial network of a
different gauge. The paceof remedying intra-regional diversity picked up duingthe late
186Gs with the conversion d several variant-gauge Southern linesto 507, foll owed bythe

conversion d threelongroutesin North Carolinain 1879.

The 56" Network of Canada

Of greaer importancewas the resolution d diversity amongthe maor common-gauge
regions. Asthefirst step in this process Canada s Grea Western Railway laid a4'8.5’ third
rail during 1865and 1866 onts route between New York and Michigan, dferingthe first
conredion amongthe separated regions using that gauge. The New York Central and
Michigan Central Railroads made aside payment for a substantial share of the aost.”

The GWR’s adion pu the Grand Trunk Railway at a disadvantage in competing for
traffic onits own routes between the northeastern and midwestern United States. In resporse,
the Grand Trunk experimented, beginningin 1869,with adjustable-gauge wheds for cars
used in international traffic. However, the casdid na functionwell, and it becane dea that
this substitute for standardization would na be alasting solution to the diversity of gauge.

In 1872,Grand Trunk management concluded that the broad gauge had yielded nore of
its expeded technica advantages, bu rather additional expense dueto breeks of gauge.”

Because new Canadian railway companies were propasingto use 4' 8.5’ for routes both to the
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Padfic coast and to the maritime provinces, the Grand Trunk ceaded to convert. The
company’ s dired route between New Y ork and Michigan was changed in November 1872,
the line eat to Toronto, Montred, and Portland abou ayea later. Several hunded additional

miles of other companies’ lines converted gradually by 1885,and orefina short linein 1911.

The 410" Networks of Ohio and New Jersey

Asthefirst step in integrating the 4' 10" -gauge network of Ohio with the 4’ 8.5’-gauge
networks both east and west, Ohio rail ways began all owing passage of narrower-gauge
rolling stock during the late 185Gs. This pradice proved workable using wheds with broader
than namal treads, bu oscill ation d the cas damaged the tradk. As cross-gauge traffic grew
during the late 1860s, the Ohio lines began insisting that the cas use adlightly wider
compromise gauge. This, however, increased friction and costs on 48.5'-gauge trac.”

In 1869 the Pennsylvania Rail road (PRR) took long-term leases of three4' 10" lines
offering routes aaossOhio to Chicago and aher western destinations. In order to integrate
these routes into a system, the PRR increased the gauge of its original route eat of Pittsburgh
by half aninch to 49" and reduced the gauge of the western routesto 49.5’. Thisreduced a
problematic 1.5" gauge diff erential to a series of manageable half-inch dfferences.

Ancther externality-internalizing system formed in 1869 the Lake Shore and Michigan
Southern (LS&MYS) Railroad, converted bah its 4’ 10° route from Buffalo to Cleveland and
its 4'8.5’-gauge route from Cleveland to Toledoto 4 9.5. The independent Ohio rail ways
followed the lead of the emerging systems, adogting 49.5" or other intermediate gauges
duringthe ealy 187@. The dange was encouraged by limits that the trunk-li ne systems
impased onthe whed gauges of rolli ng stock accepted for throughshipments. Between 1877
and 1879the aossOhio trunk routes reduced their gauges again to either 4'9” (PRR) or
4'8.5 (LS&MS), and by 1880 oly two short linesretained 4 10°.

The expanding Pennsylvania Rail road system a so took the lead in narrowing the gaugein
New Jersey. In 1871the PRR took a 999-yea lease of several routes conneding
Pennsylvaniawith the New York City area Conversionto 4 9” followed quickly. Most of the
independent 4’ 10"-gauge linesin the region converted to either 4'8.5’ or 4'9” by the end o
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1874.

Interestingly, asthe PRR system becamne probably the most important set of trunk routes
in the continent during the 1870s and 188G, its variant 4'9” gauge was adopted by dher
railways far beyondthe system’s own boundries. The American Railway Association
discussed the resulting dversity in 1896and 1897and, by norbinding resolution, affirmed
4'8.5’ asthe standard gauge. Most wider track was adjusted in the foll owing several yeas.”

The 5’6" Network of the Southwest

Conwversion d the 5'6”-gauge linesin Missouri and statesto its uth foll owed the ending
of theregion's physicd isolation, as the Missouri River was bridged at Kansas City in 1869
and abridge acossthe Misdssppi at St. Louis was then well underway. The Padfic Railroad
of Misouri, which joined those two citi es, converted its 318&mileroute to 48.5’ in July
1869.At abou the sametime, bath the St. Louis and Iron Mourtain Railroad in Missouri and
the Memphis and Little Rock Railroad in Arkansas establi shed car-ferry service acossthe
Misgsdpp with the Southern-gauge network. As these lines ladked dred conredions with
lines of other gauges, they converted to 50”. However, bah lines converted again in the late
187CGsto 4 8.5’ after neighbaing lines west of the Misgssppi were built at that gauge.
Similarly, the broad-gauge linesin Texas converted to 4 8.5" in 1876and 187 Awhen the

expanding retwork of that gauge readied the state.

The 6’0" Network

Conwersion d the 6'0"-gauge system of the Erie Rail road and its branches began onthe
periphery before proceading to the core. In 1866and 1871two 4 8.5’-gauge systemsin
northern Pennsylvania expanded into New York state by aaquiring 6 0”-gauge branch lines,
converting the gauge of one and laying athird rail onthe other. These adions establi shed the
first dired links between the mid-Atlantic and natheastern regions of the 4'8.5” gauge.

In 1871the Ohio and Misgssppi Railroad, linking Cincinnati to East St. Louis, converted
to 48.5'. The broad-gauge route from New York to the Misgsspp had never functioned in
an integrated fashion, and the O& M had come to exchange much traffic with the Baltimore
and Ohio Railroad, byway of the Cincinnati and Marietta. When the B& O bridged the Ohio
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River in 1871,and with the bridge acossthe Misgsdppi into St. Louis under construction,
the O& M’s oppatunity to gain long-distance4' 8.5’ connedions was dedsive.

In 1873 the Erie Railroad’ s management concluded that the line culd nd compete
effedively for throughtraffic without using 48.5’, and the company began laying a third rail
alongthe entiretrunkroute in New York state. As a shortage of funds during the recesson o
the mid-187Cs delayed completion d this projed until 1878,the Erie made extensive use of
hoisting machines to exchange boges in the meantime. When completed, the Erie trunk's
third rail enabled its branch lines—comprising ower 20 companies and 1,500miles—to
convert to 4 8.5’ at their own pace By maintaining some broad-gauge serviceurtil the ealy
18805, numerous unconvertible locomotives and aher equipment could continue in service

until the end o their useful life, reducing the ultimate st of conversion.

The 50" Southern Network

Althoughthe South’ sinternal network integration improved gredly after the Civil War, it
was left out of an increasingly integrated, common-gauge network spanning the rest of North
America Rall traffic with ather regions grew substantialy duringthe 187G and 188@. The
cost of bre&ks of gauge grew in propartion.

The South’s conversion egan as a “bandwagon’ process in which lines that valued
conversion more highly switched first, thereby increasing the value of conversionfor other
lines and inducing them to foll ow.” On the northern edge of the South, the Kentucky Central
(KC) Railroad converted in July 1881when completion d the 4'8.5" Chesapedke and Ohio
(C&0) Railroad made the KC alink in carrying Midwestern grain to the Virginia seeboard.
That same mornth, the interregional 1lli nois Central system improved its internal integration
by converting its 548-mile southern route from the Ohio River to New Orleans. Thisadion
induced the conversionin 1882 & the 392-mile Chesape&ke, Ohio, and Southwestern
Railroad, which linked the C& O with the Illinois Central and also met the 4'9” gauge &
Louisville. In 1885,the 493-mile Mobile and Ohio Railroad, alongime partner in traffic with
thelllinois Central, converted as well .

These mnversions creaed numerous bregs of gauge within the western South and pu
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competing interregional routes at a disadvantage in bidding for traffic. Meanwhil e, the long-
standing lre&s of gauge between 48.5" and 50” linesin Virginia and North Carolina
impeded the growing vdume of traffic dongthe seaboard.

It becane gparent in 1885that severa additional Southern railways were @mnsidering
conversion. In resporse, managers of all the major Southern lines held informal discussons
and dedded to convert smultaneously, thus maintaining their intraregional integration while
improving links beyondthe region. A formal conferencein February 1886made mncrete
plans, choasing the Pennsylvania Railroad’ s 4'9” gauge and setting May 31and June 1 asthe
main dates for tradk work. Over 13,000miles of tradk were onverted onthose dates, and
over 1,500miles of branch lines and sidings within afew days before and after. The rolli ng

stock was converted over aperiod d several months before and after the track work.™

Narrow-Gauge Networks

After U.S. narrow-gauge mileage reatied apedk of 11,669in 1885, oer 2,300miles
changed gauge during 1887and 1888alone, bu further conversions and abandormments came
slowly. On the extensive Denver and Rio Grande system, competiti ve threas from new
4' 8.5’ -gauge railways induced conversion d the entire trunk line from Denver to Salt Lake
City between 1888and 1890.An extensive network of narrow-gauge D& RG routes and
independent lines, centered in southwestern Colorado, lasted well i nto the twentieth century.
By 1969,al but 46 mileswent out of service At present, lessthan 100miles of U.S. narrow-
gauge rallways remain in service, all astourist lines. Newfoundand s 3'6”-gauge system

remainsin use for general traffic.

Discussion

Four fed 8.5inches became the North Americastandard gauge because its multiple ealy
adoptions by lines in the northeastern, mid-Atlantic, and midwestern United States made it
the standard gauge of those regions. When demand gew for throughroutes between the
seeboard and the Midwest, the gauge displaced the original gauges in the intervening regions
of Ohio and southwestern Ontario. The now unified 4 8.5’-gauge region formed the re of

an expanding, integrated continental network, and the remaining common-gauge regions
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converted in arder to participate in the advantages of network integration.

Ultimately, 4 8.5’ becane the standard gauge becaise most of the ealiest rail way
buil ders accepted Briti sh example & embodying best pradicein railway engineging.
Subsequently, a desire to maintain compatibilit y with the gauge’ s large install ed base
continued to make it the most common choice of new lines.

Evenin the ealiest yeas, chance preferences for the slightly varying gauges of 5'0” and
4'10" by linesin South Carolina and Ohio led to the adoption d those gauges over
substantial regions. In eadt case, it happened to be that line, rather than ancother using 48.5°,
that becane the nucleus of an expanding regional network. If either line had adopted 4 8.5
from the start, North American railways would have had much lessdiversity to resolve. On
the other hand, if afew key ealy 4'8.5’ lines had chosen a diff erent gauge insteal, then there
could have been much more diversity—and concavably a different continental standard.

In later yeas, gauge variation becane adeliberate strategy, as railway buldersintroduced
suppasedly superior gauges, bah broad and rerrow, for suppcsedly self-contained regions.
These strategies fail ed, bah because the gauges proved to be lessadvantageous than
suppased and because larger-scde network integration proved more important than expeded.

Asdemandfor interregional transport grew, market incentives led private-sedor agentsto
resolve ealy diversity into a mntinental standard. Private ownership fadlit ated this through
side payments and formation o externality-internali zing interregional systems.” Considering
that the acual diversity was resolved at arelatively ealy paint both in the growth of traffic
demand andin the building d systems, ore may reasonably believe that even amuch greaer
diversity—had it developed—could have been resolved bythe later, stronger incentives.

Thisfad suggests two passble reasons why diversity has gill not been resolved in ather
parts of the world.” First, interregional traffic demand may be low relative to the (in some
cases immense) patential cost of conversion. Second,institutional fadors may prevent the
internalization d externaliti es, perhaps due to ownership o railways by dff erent states.

Thereisnoreasonto see4 8.5 astedhnicdly or econamicadly optimal for railways,
whether given the operating condtions of 1830, 1890, 02000.The gauge was littl e tested

beforeitsinitial adoption, and its continued use has been the result of its prior use. Still
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aternative gauges did nd prove grealy superior historicdly. And athoughmany enginees
today regard broader gauges as better, they do nd seepatential gains as large.

What, then, are the lessons of the case of North American tradk gauge for the theory of
path dependence?First, the case of tradk gauge ill ustrates one way in which an allocaion
processmay be path dependent—not a predictable convergenceto auniquely optimal
tedhnique but rather a historicaly contingent seledion amonga range of possbiliti es. Agents
aded puposefully, optimizing onthe basis of their limited understanding o the relative
merits of different gauges and their at first limited foresight into the value of standardization
and retwork integration. “Historicd acadent” operated as well, particularly insofar as the
initial choices of gauge in new regions, and the growth of common-gauge networks outward
from one ealy line rather than ancther, were based onidiosyncratic persons and events. In
line with Arthur’s models, ealy events generated pasiti ve feedbads that aff eced later
events. In linewith Liebowitz’ and Margdis analysis, these ealy events depended in part on
ladk of foresight, and later purposeful, profit-seeking adions substantially altered theinitial
outcome. Still, today’s dandard gauge is the result not only of rational purpose, bu also of
nonpuposeful events, of the unforeseen consequences of purposeful adion, and d the
underlying dyramic structure of the dlocaion process

On theiswue of efficiency, the cae of tradk gauge ill ustrates Arthur’s contention that a
path-dependent process in contrast to standard neoclasscd processes, does not necessarily
seled, or converge to, the theoreticdly most efficient outcome. The gauge seledion process
was “path inefficient,” in that aternative potential paths of all ocaionwould have generated
higher payoffs—that is, lower costs of enduring and resolving dversity. The cae of gauge
also adds aface to Arthur’s concept of inefficiency. In Arthur’s non-spatial models, relative
inefficiency arises when the seleded technique has lower payoffs than cther avail able
tedhnigues would have yielded. Here, in a spatial process inefficiency arose primarily
becaise standardizationtook daceinitialy at only alocd rather than continental level.

The cae of gauge dso dfers suppat for Liebowitz and Margadlis' propasition that, as
inefficiency isreveded, it can generate profit oppatuniti es that draw forth behavior to

remedy it. Liebowitz and Margadli s point particularly to coordination and appropriation,



Sandardization of Track Gauge on North American Railways 24

medanisms that contributed historicaly to the resolution d gauge diversity. The case of
gauge dso adds aface to Liebowitz’ and Margdis' discusson d appropriation, in that here
it was agents themselves that were gopropriated, nd the cmmpeting techniques.

Thereisno contradiction between these views of Arthur and d Liebowitz and Margadlis
onefficiency. Arthur measures the results of an alocaion processagainst atheoreticd ided,
Liebowitz’ and Margalis standard iswhat can be atieved by pupaoseful behavior. Perhaps
the most important unresolved issueis how grea the inefficiency of a path-dependent process
can be. Theinefficiency in North American tradk gauge was by some standards rather small,
both because the dficiency of railways was nat highly sensitive to gauge and because
conwversion costs were small .* For other techndogies, the choice of a spedfic technique may
be much more aucia and switching costs greder.

Another unresolved—and dsputed—isaue is whether path-dependent processes can be a
source of market failure.” The inefficiency in tradk gauge seledionwas not primarily a
matter of market fail ure—it was not driven chiefly by a difference between private and social
costs and kenefits.” Rather, it was driven byimperfed foresight into bah the future value of
interregional gauge standardizaion and the relative performance of diff erent gauges.

Were the aosts of gauge diversity then simply leaning costs? No. Leaning costs are
properly the fixed, sunk costs of discovering the relative advantages of diff erent techniques.
The wsts of enduring and resolving gauge diversity—of having started ona subogimal path
of all ocaion—continued even after the leaning had taken place These asts were much
more the aosts of initial ignarancethan of subsequent leaning. This paint is perhaps cleaer
in courtries and continents where stly diversity never was resolved. Rail ways in these
cases learned the benefits of standardizaion, bu not in away that they have been able to use.

In closing, the cae of North American tradk gauge dso showsthat foresight itself isa
fador that varies amongagents. One journaist in 1832showed unwsual foresight bath into
the ansequences of introducing avariety of gauges for different locd projeds and aso into
the medhanism that would drive the dynamics of future gauge seledion. According to an
unsigned commentary in the American Rail -road Journal, “when we @nsider that most of the

principal Rail-ways now in progress... must soonintersed ead cther, either by the extension



Sandardization of Track Gauge on North American Railways 25

of present lines or the formation d new ones, we ae forced to conclude that this discrepancy
in the width of tradks, will ultimately produce an infinitude of vexations, transfers and delays
which might easily have been avoided,” as ead company could have aloped “the mean
width of the whole withou any possble detriment.” The author argued that “the

establi shment of a particular width, by statute, in two or threeof the principal States’ or asa
convention byafew major railways “would probably have influence sufficient to producethe
desired uriformity in most cases throughou the United States.”*” Unfortunately, neither the

raillways nor their potential regulators possessed this author’ s foresight.
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'American Rail road Network, pp. 3-7.

’David, “Clio,” “ Path-dependence” Arthur, “ Competing Techndogies,” Increasing Returns; Liebowitz and

Margadlis, “Fable,” “ Network Externality,” and “Path Dependence.”
*Source interviews with engineas at the Association o American Rail roads and the American Rail road

Engineeing Asxciation. Hilton (American Narrow Gauge, p. 37) cites recant puldished views both that the

optimal gaugeiswider but “not far from” the aurrent standard and that the optimal gaugeis at least six fed.

“ For example, acarding to David (“Clio”), “A path-dependent sequence of econamic changes is one of which
important influences uponthe eventual outcome can be exerted by temporaly remote events, including
happenings dominated by chance éements rather than systematic forces.”

*These and subsequent data ae compil ed from awide variety of sources. The most important of these ae the
1880U.S. transportation census (Shuman, “ Statisticd Report”), with gaugesin that yea and an annual

construction seriesfor 1,174railroad companies, Baa, Canals and Rail roads, with construction mil eages,

origina gauges, and gauge @nversions for the Mid-Atlantic states through 186Qthe annual Poor’s Manuals,
and simil ar yeabooks, which (like Ba&) nat only offer information on guge but also enable the tradng o

spedfic routes throughcompany mergers and reorganizaions; Canada Y eabook(1906), for annual

construction in that courtry; and Hilton, American Narrow-Gauge Railroads and Lavall ée Narrow-Gauge

Railways for data on U.S. and Canadian narrow-gauge railways, respedively. Construction datesin the U.S.
census report, which sometimes refled reorganizaions or final completion d longroutes, are mrreded to the
extent passgble onthe basis of other sources.

*Theindex value is the sum of squared shares of the mil eages of the individual common-gauge regions. At ead
location, the propartion d continental route accesble withou crosing a bre& of gauge is $mply the share of
that common-gauge region in continental mileage. Summation ower al originating pantsis smply a matter of
squaring and adding these propartions. Before 1850the index canna be meaningfully defined, as railways were
too sparse to define larger common-gauge regions.

‘Infad, network integration is a matter of the atual exchange of traffic, which a dmmon gauge fadlit ates but
doesnot asaure. As Taylor and Neu discussthroughou their work, network integration was hindered urtil the
ealy post-Civil-War yeas by unhridged (and urferried) rivers, ladk of crosstown links between railways, and

often an urwilli ngressto let rolli ng stock of one cmpany passover the tradk of another.
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’Arthur, “Competing Tecdhndogies.”

*Interested readers may corntad me for aworking paper.

“Liebowitz and Margadlis, “Path Dependence Arthur explicitly assumes condtionsin his model under which
foresight and some forms of coordination do nd apply.

“Stephenson’s ©n Robert later told a parliamentary commisson that his father did na “propase” the gauge but
rather smply “adopted” what was arealy in usein hishome region (Grea Britain, Report). Stephenson’sfriend
and ealy biographer Samuel Smiles wrote that the gauge “was not fixed after any scientific theory, but adopted
simply because its use had aready been established” (Smiles, Life).

“Carlson, Liverpod and Manchester.

“Stapleton, “Origin.”

“Baltimore and Ohio Railroad Co., Annual Report. The B& O experimented briefly during construction with a
gauge of somewhat over 4’9", all owing additional spacebetween the rails and whed flanges.

*Quoted in Haney, “ Congressonal History,” p. 198

**Johrson, Transcontinental Railways.

“Mott, Between the Ocean and the L akes, p. 44.

**Morton, Report. Kirkwood, Report, made simil ar arguments for his choice of broad gauge in Missuri.
“Econamies of scdein production d rolli ng stock were exhausted at low enoughlevelsthat they did na affed
choices amongthe more popuar gauges. Indeed, variations amongrolli ng stock designs were greaer within the
4'8.5" gauge than between that gauge and any of the broader gauges, and stock for diff erent gauges often varied
only in the whed trucks.

“In the other cases | have not been able to document the experienceof the lines' chief enginees.

“Taylor and Neu, American Rail road Network, p. 35.

“Until at least 1871, Johnson (Transcontinental Railways) tried without successto establish the gauge & the

standard in yet unbuilt western regions. Johrsonis notable for the obstinacy with which he stuck with his
preferred gauge, but his ealier caree represents an exception to the rule that engineeas dayed within asingle
engineeing tradition. He asgsted in bulding several 4’ 8.5"-gauge railways before propasing the 6’0" gauge.

“For extensive acourts, seeHilton, American Narrow-Gauge Rail roads for the United States and Lavallee

Narrow-Gauge Rail ways for Canada.

“Mott, Between the Ocean and the L akes, p. 45.
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*Taylor and Neu, American Rail road Network, pp. 18-19.

“Ibid., p. 19.
#Seymour, Review, pp. 23-24. The choicewas apparently influenced by the gauge' s use onashort linein
Cdlifornia. It isasplendid irony that the gauge of the secessonist southern states was thus favored.

*Taylor and Neu, American Rail road Network, pp. 55-56.

*Kirkwood, Report, also nated that eastern rail ways used several diff erent gauges in any case.

*Reasons for this adoption are not well documented. Taylor and Neu, American Railroad Network, p. 44.

*'Hilton, American Narrow-Gauge Rail roads, p. 83.

*National Narrow-Gauge Rail way Convention, Proceadings, p. 20.

*Hilton, American Narrow-Gauge Railroads, p. 91. Manufadurers standardizaion o locomotive models,

much more advanced than at the time of introduction o broader gauges, may also have helped to limit diversity
among rarrow gauges. Nevertheless manufadurers could and dd build to order, sometimes at a price premium.

*American Railroad Network, p. 44.

*From 1848to 1852a state law established 4 10" asthe locd standard gauge (ibid., p. 35). Thislaw refleded
the situation rather than creaed it, for railways that wished were ale to adopt other gauges.

*Investments in the latter route by New York railways using bdah 48.5” and 60" led to adoption o 410" asa
“neutral” gauge.

“Amongthese dli eswas E.F. Johrson's previously built 11li nois and Wisconsin Rail road.

*Hilton, American Narrow-Gauge Rail roads, p. 99.

*Hilton, American Narrow-Gauge Railroads, pp. 101-11.

“For some quatations seibid., pp. 35, 65. Econametric tests would na shed much light on variations among
gaugesin cost and performance both becaise data ae sparse and norcomparable and die to systematic

differences for the broad gaugesin traffic and operating conditions, including transfer costs at bregks of gauge.

“Taylor and Neu (American Rail road Network) discusscooperation extensively.

“Hilton, American Narrow-Gauge Rail roads, pp. 37-8.

“Taylor and Neu, American Rail road Network, p. 80; Mobile and Ohio Railroad Co., Annual Report.

“Hilton, American Narrow-Gauge Rail roads, p. 277.

“David, “Some New Standards,” discusses gateway techniques and adaptersin ather contexts. Taylor and Neu,

American Railroad Network, provide detail ontheir use on North American rail roads.
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“The final amourt paid is unclea. Currie, Grand Trunk Railway, pp. 187-88.

“Lovett, Canada, p. 90.
“Pennsylvania Rail road Co., Annual Report.

“Taylor and Neu (American Rail road Network, pp. 81-82) note the wide use of 4'9” but have no acmurt of the

variant gauge' s origin in the resolution o a greaer gauge difference
*Farrell and Saloner, “ Standardizaion.”

*Taylor and Neu, American Rail road Network, pp. 79-81.

It isfar from clea what effed the curterfadual aternative of government ownership would have had.
Different U.S. states might well have alopted diff erent gauges, as did the diff erent Australian colonies, and
might have foundit more difficult to form interregional systems and arrange side payments to resolve diversity.
“Examplesinclude Australia and Argentina, ead with threediff erent regional gauges; Spain and Portugal, with
adifferent gauge than the rest of Europe; and courtries of the former Russan and Soviet empires, with a
different gauge than all other neighbars.

*An interesting task for future reseach would beto develop bah upper- and lower-boundestimates of this
inefficiency, althoughthe well-known dfficulties of counterfadual analysis make this an urcertain uncertaking.
*David (“Clio”) does not emphasizethe isaue, but he does gate that decentrali zation o agents may prevent
efficiency-improving conversion d technique. Other econamists cited by Liebowitz and Margalis (“Fable”)
take market fail ure, however, asthe main pant of David's paper. Liebowitz and Margadlis (“Path Dependence”)
argue that private profit oppatunities will | ead to conversion whenever it is ocialy efficient. | regard the
present paper as arefutatation d their additional claim that the only sort of path dependencethat challengesthe
“model of relentlesdy rational behavior leading to efficient, and therefore predictable, outcomes’ is the self-
contradictory and thus non-existent sort in which an oucome isinefficient, remediable through pofit-oriented
behavior, but somehow not remedied.

*There ae groundsto presume that market fail ure played a small rolein the process at least in the paceof
conversion, but afull empiricd test may require more data on costs and cemand than are avail able, and such a
test isin any case beyondthe scope of this article. The private and social consegquences of an individual railway
line's choice of gauge differed: a choicefor a compatible gauge would benefit neighbaing lines as well as
itself. Presumably, then, railway linestook “toolittl e” ac®urt of the dfeds of their chaices on retwork

integration. Side payments, appropriation, and cooperation internali zed these externaliti es sufficiently to
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producesocially optimal behavior for some railway lines, but not necessarily for all, and nd necessarily as oon
asoptimal.

*“Uniformity in Rail-way Trads,” January 21, 1832 p. 51.
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TABLE 1

INTRODUCTIONS OF GAUGES TO NEW REGIONS, 1830-18691

Period? Gauge

Reqgion (number of separate locaions, if more than ore)

18301839 4'8.5

410
50
54
18401849 4'8.5
56"
6’0
18501859 4'8.5
50
56"
6’0
18601869 507
56"

Maryland, New York (4), Louisiana (3), Delaware, Pennsylvania (3),
Virginia, Massaadhusetts, Alabama, Kentucky, Quebeg Maine,
Ohio-Michigan, North Carolina, Indiana, Illinois

New Jersey, Ohio3, Misdssppi

South Carolina, Florida

Ohio

Alabama (additi onal)

Maine-Quebec3

New York3

Ohio34 (additional), Texas

Cdlifornia

Ontario34, Misuri, Texas34, Louisiana?

1l nois3, Ohio-Indiana-1lli nois34

Washington territory

Arkansas?, Louisiana? (2 additi onal)

1Railway lines with no pior or smultaneously built neighba's of the same gauge. Unless

otherwise spedfied, these lines had no reighbass of any gauge.

2Date of opening d first sedion d track.

3Railway line with prior neighba(s) of different gauge(s).

4Rail way line with apparent reason to anticipate alater common-gauge mnredion.

Sources. Seetext, nae 5.



