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In the early morning hours of Monday, May 31, 1886, railroads across the U.S. South simultaneously
stopped running their trains, and over the next 36 hours teams of workers manually narrowed 13,000
miles of railroad track from a 5'0" to 4'9" gauge (track width) to be compatible with the standard
being used throughout most of the rest of the country. Today, the gauge change is celebrated as a
remarkable feat of engineering and coordination and is referenced in research and popular press as
an example of standardization (e.g., Shapiro and Varian 1999). However, when the story is told, a

typically forgotten detail is that these railroads were also running a cartel.

Collusion has been illegal in the U.S. since the Sherman Act of 1890, out of concern for consumer
welfare and market efficiency — and railroads were one of its original targets. But often overlooked
is the possibility that in some settings, collusion may also contribute to the creation of unexpected
new sources of value, such as standardization. This value creation might in principle even change
predictions for the effects of market power on total surplus. In this paper, I bring these issues into
focus by way of this historical example: the gauge change instantly integrated the South into the
national transportation network, making it possible for goods and passengers to move effortlessly

into and out of the region without costs and delays of interchange.

Using historical data from the Southern railroad and steamship cartel, this paper first chronicles
the gauge change and shows that it triggered a redistribution of freight traffic into the South from
steamships to railroads but did not affect total shipments on sampled routes through 1890. Over
the same period, records show that the cartel maintained its prices, implying that railroads did not
pass through any of the cost savings achieved by the conversion. Guided by this evidence, I then
develop a simplified model of the market for North-South freight shipment and show that the cartel
may have both facilitated the conversion to standard gauge, by providing a venue for coordination
and a means of recouping the investment, and concurrently softened its effects on prices and total
shipments, by limiting pass-through of carriers’ resultant cost savings. Complementing the evidence
from cartel data, evidence from railroads’ stock returns around the time of the event indicates that
investors perceived large financial returns to standardization. The effects of the gauge change were

thus large, yet potentially defined by the industry’s collusive conduct.

The earliest U.S. railroads were constructed as local and regional enterprises to serve local needs.
At the time, opinion over the optimal gauge varied, and without the vision of a national network,
distinct gauges were adopted around the country. As the national network began to emerge, these
incompatibilities became increasingly costly, and railroads gradually converged on a common gauge
via conversion and new construction, such that by the 1880s, nearly all U.S. railroads were on a

4'8.5" “standard” gauge — except for those in the South. Data from the Poor’s Manual of Railroads



confirm that whereas other regions had 95% or more of their track in standard gauge, 75% of that
in the South was on an incompatible, 5' 0" “Southern” gauge (even more if excluding Virginia and
North Carolina), and accounts indicate that the available adapter technologies were a substantial
and costly second-best to a fully integrated network. In early 1886, members of the Southern
Railway & Steamship Association (SRSA) cartel, which together comprised a majority of mileage
in the South, agreed to convert all track to a standard-compatible 4'9'" gauge en masse over the
two days of May 31 and June 1, 1886, with traffic halting on May 30 and resuming by the evening
of June 1, effortlessly traversing the former breaks in gauge. The conversion was carefully planned,

seamlessly executed, and well-documented by contemporaries.

The cartel’s primary purpose was to support noncompetitive pricing by Southern carriers through
the creation and administration of a traffic pool. To implement the pooling arrangement, the SRSA
compiled monthly records of freight traffic borne by individual carriers to and from Southern cities
where two or more members operated, which were later reported to cartel members for key routes.
I use these data to estimate the effects of the gauge change on merchandise shipments from the
North into the South. In a variant on a triple-differences design, I compare within-route traffic
borne by rail versus steamship, before and after the gauge change, allowing the effects to vary with
route length: because breaks in gauge imposed a fixed cost of interchange on through shipments,
the unit costs on each route will vary with distance. Steamships are a natural comparison group for
all-rail traffic, as seaborne freight circumvented the breaks in gauge and was therefore operationally

unaffected by the conversion to a standard-compatible gauge.

The cartel records yield a balanced panel of 52 routes with inbound merchandise shipments data
pre- and post-standardization. Within this sample, I find that the gauge change caused a sharp
increase in all-rail traffic relative to steamship traffic, with the effect strongest on shorter routes
and dissipating after roughly 700 to 750 miles. When split across the two all-rail pathways into the
South, I find relatively larger increases for the less-trafficked routing. The results are robust to a

variety of fixed effects, as well as within assorted subsamples.

Market share models return similar results, indicating a redistribution of traffic from steamships
to railroads, with effects dissipating at similar distances. However, I find no differential growth in
total shipments on shorter versus longer routes through 1890: the effects are limited to substitution
across modes. One possible explanation is that adjustment on the aggregate margin took several
years, and the panel is too short for these effects to appear in the data; another is that the choice
of mode was more sensitive to breaks in gauge than shipment overall. However, the presence of the

cartel is a distinctive feature of the setting, and its potential importance is accentuated by evidence



that cartel prices did not decline following the gauge change.

To evaluate the cartel’s role in facilitating the gauge change and whether collusive pricing might
have constrained total shipments, I turn to theory. I develop a simplified model of the market for
freight transport on a North-South route, first using it to show how the existence of the cartel
may have facilitated standardization by providing incentives for undertaking the costly investment
and a venue for coordinating the regional shift to a different common-gauge equilibrium, and then
demonstrating how collusion could have shaped the effects on prices, quantities, and market shares.
Although traffic will shift from steamships to all-rail in any market structure, collusion reduces the
pass-through of railroads’ cost savings to prices and in turn the growth in total shipments, relative
to a counterfactual in which railroads and steamships set prices competitively — and if cartel price
adjustments are even moderately costly (e.g., due to internal re-negotiation costs), prices and total
shipments may not change at all. As it were, stock returns to U.S. railroads at the time of the
conversion indicate that investors believed it would generate a windfall for Southern railroads,

particularly those where the gauge breaks were once located.

This episode offers an example of an unconventional dividend from collusion: the standardization
of Southern railway gauge.! The enabling role of the cartel was to make it possible for firms to
internalize the externalities of their technology choices, and to provide an opportunity to coordinate
on decentralized changes such as the conversion of 13,000 miles of railroad track and recover the fixed
cost of conversion. This paper thus contributes to the literature on compatibility in interconnecting
networks by pointing out the ways in which collusion supported standardization, whereas previous
research has largely focused on how market competition shapes compatibility choices and compared
markets to standards-setting committees.? The results also suggest a regulatory tension in settings
with large strategic complementarities (such as from technological compatibility), as collusion (or

consolidation) can enable value creation but also harm consumers.

The historical example is also striking because it reverses the direction of the conventional relation-
ship between standards and collusion. Standards-setting organizations (SSOs) have long attracted

regulatory scrutiny, especially regarding the market power conveyed to owners of standards-essential

'History offers other such examples. For example, in the 1920s, seven major international light bulb manufacturers
colluded to divide national markets and limit the working life of light bulbs, increasing both sales and margins at
the expense of consumers. But the so-called “Phoebus cartel” also served as a venue for manufacturers to exchange
technical know-how and implement standards. One by-product of the cartel, for example, was the standardization
of screw-in light bulbs and sockets, which persists to this day (IEEE 2014).

2Seminal contributions include Farrell and Saloner (1985, 1986, 1988, 1992); Katz and Shapiro (1985, 1986); Matutes
and Regibeau (1988, 1992); and Economides (1989). See David and Greenstein (1990), Katz and Shapiro (1994),
and Besen and Farrell (1994) for early reviews. Subsequent research has studied interconnection and compatibility
in a wide range of settings, including electric power supply (David and Bunn 1988), U.S. telephone service (e.g.,
Mueller 1997), ATM networks (e.g., Knittel and Stango 2008), and more.



patents and the countervailing collective bargaining efforts by the SSO to negotiate licensing terms
(e.g., U.S. Department of Justice and Federal Trade Commission 2007). But researchers and poli-
cymakers have also voiced concern that SSOs may be a breeding ground for price-fixing, as it offers
a venue for firms to coordinate their product market decisions with a lower risk of detection, under
the cover of standards setting (U.S. DOJ and FTC 2007). In the setting of this paper, however, it

was instead collusion that facilitated standards adoption.

Finally, the results bring new evidence to bear on the question of how compatibility affects market
outcomes. Despite a rich theoretical literature, empirical progress has historically been challenged
by the difficulty of linking compatibility to observable outcomes and a lack of standards-adoption
events large enough to have measurable effects. This paper contributes to the growing body of
work studying the impacts of compatibility and compatibility-dependent technologies directly (e.g.,
Knittel and Stango 2008, Li 2019, Basker and Simcoe 2019), showing that compatibility can have
large effects on market shares of newly-integrated firms in settings where traffic is exchanged across

connected networks, such as in communications or transportation.

The paper proceeds as follows. Section 1 reviews U.S. railroad history and the natural experiment at
the heart of the paper. Section 2 introduces the data and the empirical strategy. Section 3 estimates
the effects of the gauge change on route-level shipments and market shares, identifies the empirical
puzzle, and discusses potential explanations, emphasizing the role of the cartel. Section 4 provides
the theoretical argument for how the cartel may have both enabled the gauge change to take place
but also tempered its effects on prices and shipments, with a view towards rationalizing the patterns
in the data. Section 5 then shows what happened to stock prices following the gauge change. Section
6 discusses the key lessons, particularly as related to (i) the benefits of interoperability and (ii) the

interaction with product market competition, and concludes.

1 History of U.S. Railroads and Gauge Standards

Diversity in gauge characterized U.S. railroads for most of the 19th century. The first railroads were
built with a local or at most regional scope, and “there was little expectation that [they] would one
day form an independent, interconnected” network (Puffert 2009), obviating any perceived benefits
of coordinating on a common gauge. Gauges were instead chosen by each railroad’s chief engineer,
and without clear evidence of an optimal gauge standard, diversity proliferated. As Puffert (2009)
recounts, the first wave of construction in the 1830s used four distinct gauges (4'8.5'", 4'9", 4'10",

and 5'0"), a second wave in the 1840s added three broader gauges to the mix (5'4", 5'6'", 6'0"),



and a “third wave of experimentation” in the second half of the century introduced several narrow
gauges, the most common of which were 3'0'" and 3'6'". Amongst this set, only 4'8.5" and 4'9"

were mutually compatible and allowed for a seamless exchange of traffic.®

The industry nevertheless recognized the advantages of interoperability, as subsequent construction
typically adopted the gauge of neighboring railroads. By the 1860s, a national network had begun
to emerge, but it was plagued by breaks in gauge as well as minor gaps in the physical network —
such that there were nine distinct “gauge regions” in the U.S. during the Civil War, and a tenth in
Canada, each predominantly using a different gauge than neighboring regions. Panel (A) of Figure
1 shows the state of U.S. railroads east of the Mississippi River at this time, identifying lines with
4'8.5" (“standard” gauge), 5'0" (“Southern” gauge), and other track widths.

[Figure 1 about here]

In the 1850s, each break in gauge imposed a full-day delay on through shipments and necessitated
significant labor and capital for transshipment, which at the time was performed manually, aided by
cranes (Poor 1851, Taylor and Neu 1956). Diversity also required railroads to preserve a large fleet
of idle rolling stock at each break for transferring freight. By the 1870s, several adapter technologies
had developed to reduce these costs, the most common of which was bogie exchange, whereby each
rail car was raised by a steam-powered hoist, and its chassis (“bogie” or “truck”) replaced with one
of a different gauge. Bogie exchange required not only steam hoists and extra labor for switching
trucks, but also rail yards full of empty trucks of both gauges, side tracks, extra buildings, and
extra clerical workers, and although changing a single rail car took only a few minutes, a full train
could take much longer and might have to wait for exchange facilities to become available. Bogie
exchange also yielded a mismatched car and bogie, which damaged tracks, had to run at reduced
speeds, and were at risk of tipping on curves. The true cost of incompatibility was thus considerably

higher than the physical act of interchange alone (McHenry 1875).

After the Civil War (1861-1865), several pressures coincided to induce private efforts towards stan-
dardization, including growing demand for interregional shipment, growing trade in time-sensitive
perishable goods, competition (within routes), and consolidation (across routes). Despite known
technical shortcomings (Puffert 2009), 4'8.5" became the standard to which railroads conformed:

not only did standard gauge comprise a majority of U.S. mileage in every decade since the first

3See Puffert (2009) for a comprehensive discussion of the origins of U.S. railroad gauge. To this day, experts’ opinion
over the optimal gauge varies, though the choice is (i) understood to vary with operating conditions, and (ii) involves
tradeoffs, such that there is no dominating standard. Even so, experts tend to agree that wider gauge is preferable
to the modern standard (4'8.5") for its speed, stability, and carrying capacity (Puffert 2009).



railroads were built, but it was also the principal gauge in the Northeast and Midwest, the loci of
trade in manufactured and agricultural goods. By the early 1880s, the common-gauge regions using
4'10", 5'6", and 6'0" had all converted to standard gauge, effectively leaving only two gauges in
widespread use: 5'0" in the South, and 4'8.5" in the rest of the country.*

1.1 The Southern Railway & Steamship Association

Concurrent with (but independent of) these trends, Southern freight carriers had organized into
the SRSA cartel in 1875, following a series of price wars. The cartel’s express purpose was price
maintenance: the cartel agreement states an intention of achieving “a proper correlation of rates,”
to protect its members and consumers from “irregular and fluctuating” prices (SRSA 1875). Mem-
bership was open to all railroads and steamships operating south of the Potomac and Ohio Rivers
and east of the Mississippi and included nearly all major carriers in the region. Despite a rocky
start, and no clear model to follow, by the 1880s the SRSA was sophisticated, successful, and “one
of the most powerful and disciplined” traffic pools in the country (White 1993) — one documented
several times over (e.g., Hudson 1890, Joubert 1949, Argue 1990).°

The cartel had its own full-time administration, which had the responsibility of carrying out the
terms of the cartel agreement, making new rules as necessary, and settling internal disputes. The
mechanism used to ensure that members adhered to the prices set by the cartel’s rate committee
was apportionment: carriers serving a competed route were allotted a fixed proportion of traffic,
determined by “the average amount of freight hauled in past years” (Joubert 1949). In the cartel’s
early years, carriers who exceeded their allotment were required to submit the excess revenue for
redistribution to other members, less a one-cent (later half-cent) per ton-mile allowance for the cost
of carriage. This plan quickly unraveled when members reneged ex-post, and the agreement was
amended to require members to deposit 20% of revenue with the cartel at the time of shipment,
out of which these transfers would be made. To enforce the agreement, the cartel installed agents
at stations to record carriers’ daily traffic and revenue, appointed inspectors to ensure that freight

was being properly weighed and classified, and regularly audited members’ accounting records. For

4Qver this same period, physical gaps in the network were also being closed by cross-town connections between depots
(e.g., Richmond in 1867) and bridges over the major rivers (e.g., the Ohio River at Louisville in 1868 and Cincinnati
in 1877), such that differences in gauge were the primary obstacle to a physically integrated network.

5The SRSA both preceded and was the model for future railroad cartels, including the Joint Executive Committee,
which governed railroads running between the Midwest and East Coast and has been widely studied in the economics
literature (e.g., Ulen 1979, Porter 1983, Ellison 1994, and others). Though the SRSA has received less attention,
contemporaries claimed that it “came nearer to fulfilling the purposes for which it was intended than any other
association ever formed for the regulation of competition in this country” (Haines 1905).



a select set of routes, the cartel also compiled these data into monthly traffic reports, which it then

circulated to cartel members and which have since been preserved.

The amended mechanism proved so effective that in 1887, the cartel reported that “since 1878, all
balances have been paid and rates thoroughly maintained,” excepting one month in 1878 (Hudson
1890) — a sharp contrast to frequent pre-cartel rate wars. There are several reasons why the cartel
was successful, beginning with the mechanism itself, which muted carriers’ incentives to cut prices
to capture a greater share of traffic. Railroads that refused to join the cartel were denied through
traffic, which effectively amounted to a boycott. The SRSA also demonstrated early on that when
competing carriers (members or not) deviated from cartel prices, it would act quickly and decisively

by setting destructively low rates until cartel pricing was restored.

The passage of the Interstate Commerce Act (ICA) in February 1887 presented a new threat to the
cartel. The ICA prohibited traffic pooling, making the cartel’s apportionment mechanism illegal,
but the act “by no means put an end to the power of the Association” (Hudson 1890).6 The SRSA
responded by transitioning to a system of fines for price deviations, with mileage-based deposits,
and it continued collecting and disseminating members’ traffic and revenue. The SRSA continued
to operate in this way until 1890, when the Sherman Act delivered the lethal blow by prohibiting
combinations in restraint of trade. At this point, the cartel stopped circulating traffic data. Though
it took several years for the courts to resolve initial ambiguities over whether the SRSA met the

statute’s definition, by 1897 the cartel had dissolved.

1.2 The Gauge Change

As trade between the South and other regions accelerated after the Civil War, incompatibilities
became increasingly costly: by the 1880s, “not a prominent point could be found on the border [of
the South] without its hoist and acres of extra trucks” (Hudson 1887), and the total cost of delays
were growing one-for-one with volume. The first cracks in the 5' 0" network developed in 1881 and
1885, when two major lines linking the Midwest to the South (the Illinois Central and the Mobile &
Ohio) converted their tracks to standard gauge, increasing pressure on their Southern competitors

and connections to follow suit, and providing a template for execution.

At the cartel’s annual convention in July 1885, representatives of member railroads discussed the

severity of the compatibility problem and concluded they would convert to standard gauge in the

5The act had little impact in its early years, and if anything may have empowered carriers and helped stabilized
prices (Prager 1989, Blonigen and Cristea 2013), consistent with the revisionist interpretation of Kolko (1965), who
notes that railroads welcomed the regulation. Other sources suggest that the content of the ICA, and the Interstate
Commerce Commission it created, were subject to near-total regulatory capture.



following year, and at a follow-on meeting on February 2-3, 1886, these railroads committed to and
began preparing a mass conversion to a 4'9'" standard-compatible gauge on May 31 and June 1 of
that year.” The gauge change was carefully planned and seamlessly executed: in the weeks leading
up to the event, railroads removed the ties on their tracks and took a subset of their rolling stock
(rail cars, locomotives) out of service to adjust its gauge; then, on the evening of May 30, all traffic
halted, and teams of hired labor worked up and down each line, removing remaining ties, shifting
one rail 3" inwards, resetting ties, and moving to the next segment. By midday on June 1, 13,000
miles of track had been converted to 4'9'", and traffic had resumed, with freight now moving freely

across Southern borders in a physically integrated railroad network.®

To verify the scale of the conversion, I collect individual railroads’ gauges and mileage from Poor’s
Manual of Railroads (1882-1890), an annual publication listing the universe of railroads in North
America. Table 1 shows the fraction of railroad track in standard-compatible gauge by region and
year throughout the 1880s. Whereas other regions generally had 95% of their track in standard or
standard-compatible gauge by 1881, nearly 70% of Southern railroad mileage began the decade in
5'0" gauge. The discrepancy remained until the year of the gauge change: between 1885 and 1887,
the total in 5' 0" gauge declined by 13,006 miles, and the fraction of Southern railroad in standard
or standard-compatible gauge discretely jumped from 29% to 92%. Panels (B) and (C) of Figure 1
show the updated gauge of the 1861 railroad network as of 1881 and 1891, respectively (omitting

new construction), illustrating the geographic scope of the conversion.

[Table 1 about here]

The historical record suggests that network externalities were important in propelling the gauge
change and were recognized by contemporaries. The returns to adopting a compatible gauge were
low for railroads on the periphery if interior neighbors did not follow — the effect would be to
shift the break from the top to the bottom of the line, with no benefits to through traffic — and

negative for interior railroads acting alone. But the gains were higher in a coordinated, regional

"The 4'9" gauge was chosen to match that of the Pennsylvania Railroad, an important connection in the Mid-Atlantic,
and because it was thought that the smaller adjustment would reduce the cost of converting rolling stock (Puffert
2009), but it was understood to be compatible with the 4'8.5" standard (Puffert 2009); as Taylor and Neu (1956)
write, “such a deviation was not considered a serious obstacle to through shipment.”

8The execution of the gauge change is covered in greater depth by several other sources (e.g., Hudson 1887, Taylor
and Neu 1956, and Puffert 2009). Extrapolating from the costs of converting the Louisville & Nashville (detailed
in its 1886 annual report) to all 5'0'" mileage, the total cost of the gauge change was likely at least $1.2 million
in 1886, equivalent to $31 million today — but another, smaller Southern railroad (the Cincinnati, New Orleans, &
Texas Pacific) spent nearly twice as much per mile. To put the cost in perspective, the L&N’s expenditure on the
gauge change was 30% of its construction expense in 1886 and 37% of net income, and the CNO&TP’s expenditure
was roughly 1.6 times the previous annual direct cost of its breaks in gauge.



conversion. The cartel thus appears to have supported the gauge change in several ways. First, it
provided an institutional venue for coordinating on a common gauge and organizing the conversion
event itself. But equally importantly, collusion internalized the externalities of compatibility, and
non-competitive pricing ensured that railroads could recoup the cost of the conversion. Without
either collusion or consolidation, it is possible the gauge change itself might not have occurred at

this time or scale — a question which I explore further in Section 4.

2 Data and Empirical Design

I use SRSA records of freight traffic into and out of the South by railroad and steamship to
study the effects of the gauge change.” I restrict attention to annual merchandise shipments from
Northern port cities to cities in the interior South, as merchandise comprised the largest fraction of
tonnage in the South at this time and an even greater fraction of value (U.S. Department of Interior
1883).19 The sample throughout the paper is a balanced panel of 52 North-South routes (4 origins
x 13 destinations) with merchandise shipments apportioned, monitored, and reported by the cartel
before and after the gauge change, observed over the 1883-84 to 1889-90 fiscal years. Appendix
Figure A.2 maps the origins and destinations in this sample. The gauge change coincides precisely

with the end of the SRSA’s 1885-86 fiscal year on May 31.

Due to the diffuse ownership of the network, shipments to the interior South necessarily traversed
multiple railroads, or a steamship and a railroad, to reach their destination. The SRSA tables
report traffic and revenue by routing (see Appendix A), which I aggregate up to mode: all-rail
versus steamship. I include separate observations for the two all-rail paths into the South, the
Atlantic Coast Line (ACL) and the Piedmont Air Line (PAL), each of whose constituent railroads
shared a common owner, and which are explicitly denoted in the SRSA tables. The primary sample

thus has 1,092 (= 52-3-7) observations at the route-mode-year level.!!

The analysis begins with a simple comparison of all-rail and steamship traffic within individual

“Route-level traffic data (both freight and passenger) from this period are rare. Data on the routes in this paper
are available only because they were compiled into tables which were circulated to SRSA members, by order of
the cartel’s commissioner, and later bound and preserved. Despite an extended effort, I have been unable to find
comparable data for other routes to supplement those studied below, nor to find data to study earlier conversions,
such as those by the Illinois Central or Mobile & Ohio, which were not members of the cartel.

0Cotton shipments in the reverse direction comprise a smaller sample, were dwindling over the period due to growth

in Southern textile production, and could potentially be influenced by fluctuations in foreign demand, and are
thus excluded. Shipments of merchandise and commodities from the Midwest are also excluded, as they grew
rapidly over the decade and only became part of the collusive agreement (and thus, had their traffic monitored and
recorded) beginning in 1887, subsequent to the gauge change (Hudson 1890).

1To simplify the exposition, the specifications below are presented as if the ACL and PAL were aggregated into a

single observation, but the tables in Section 3 include them as separate observations.



routes before and after the gauge change. Because they bypassed breaks in gauge, steamships were
not directly affected by the gauge change and accordingly provide a comparison group for all-rail
shipments. However, breaks in gauge imposed a fixed cost on through shipments, such that they
were a larger proportion of total costs on short routes relative to long routes. I therefore relax
the effects to vary with distance — with this approach, the longer, less-affected routes then serve
as a triple-difference control group against the shorter and more intensively-treated ones. These

specifications are thus estimated in a triple-difference form:

In (Qmrt) = Bo + P1Raily, + BaPosty + B3 Dist,
+ BaRail,, Post; + PBsRail,, Dist, + BgPost;Dist,

+ B7Raily, Post; Disty + XmrtY 4 Empt » (1)

where Q¢ is pounds of traffic carried by mode m, on route r, in year t; Rail,, is an indicator
for the all-rail mode (ACL and PAL); Post, indicates the post-period; and Dist, is the distance
from origin to destination (in hundreds of miles). Throughout the analysis, I measure straight-line
distance, rather than traveled distance, which is not observed for either mode and unobservable for
seaborne shipments (contemporary sources in Appendix A indicate straight-line and rail network
distance are in fixed proportion for the sampled routes). The X,,,; term includes an assortment of
fixed effects. In all specifications, I cluster standard errors by route, though the results are robust to
allowing spatial correlation in the error term that declines linearly in the distance between Southern

destinations up to 20-, 50-, 100-, and 200-mile cutoffs (Conley 1999).

It is important to note that although the above specification will determine whether all-rail and
steamship traffic diverged following the gauge change, and is useful for evaluating the robustness
of the results to an assortment of fixed effects or controls, it does not precisely identify the effects
of standardization on the level of all-rail shipments, as steamships may have simultaneously lost
traffic to railroads. For a different view of the data not subject to this qualification, I estimate a
simple logit demand model on market shares, rather than quantities, which can account for this
interdependence. Suppose mode shares are generated by discrete consumer choices, for which mode
m on route r in year ¢ has latent utility that is a function of the mode and period (all-rail versus
steamship, before versus after the gauge change), the interaction with distance, and other fixed

route-mode and route-year specific characteristics v,,, and d,:

Wit = [ﬁoRailm + B1Rail,, Post; + (s Rail,, Post, Dist,

+ Ymr + Opt + gmrt] + Nimrt = HPmrt + Dimrt

10



where 7jmr 18 an error term distributed type-I extreme value. The market share for each mode

exp(Kmrt)
> o—1,2 exP(pert)’

railroads as m = 1 and steamships as m = 2, we can reduce to:

is then s, = which is jointly determined with that of the other mode. Indexing

ln(slr‘t) - 1n(527‘t) = Mirt — H2rt

= o + B1Post; + BaPostyDist, + v, + 4 , (2)

Finally, to evaluate the effects of the gauge change on combined traffic, I collapse the sample to

route-years and estimate a regression for route-level shipments:
In (Qrt) = Bo + B1Posty + BaPosty Disty + v + € (3)

To the extent that the gauge change differentially impacted shorter versus longer routes, the effects

on route-level shipments should emerge in the interaction.

3 Standardization and Freight Shipments

In this section, I examine the first-order effects of the gauge change, showing that the standardiza-
tion of Southern gauge triggered a redistribution of traffic from steamships to railroads but does not
appear to have affected total shipments on these routes. It may be helpful to provide a roadmap to
these results in advance. I first present descriptive statistics for the sampled routes, pre- and post-
gauge change, which foreshadow the results that follow. I then estimate the effects of the gauge
change on all-rail versus steamship traffic, as well as on overall shipments, where the empirical
puzzle emerges. At the end of the section, I discuss possible explanations for the results, focusing
especially on the ways in which cartel pricing may have limited the growth in total shipments and

(implicitly) the consumer welfare gains from standardization.

3.1 Descriptive Statistics

Table 2 provides descriptive statistics for the sampled routes, comparing shorter and longer routes
(<25th and >75th percentiles, respectively), pre- versus post-gauge change. The table shows means
and standard errors of tonnage, revenue, and all-rail shares. The shorter routes in the sample had
less traffic than longer routes throughout the sample period but carried more of this traffic by rail.
Total shipments grew at similar rates for the shorter and longer routes over the sample period.

However, following the gauge change, the all-rail share of traffic on shorter routes jumped from
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an average of 40% to an average of 56%, an increase significant beyond the one percent level. In
contrast, the all-rail share on longer routes declined from 23% to 19%, not a statistically significant
difference. These results provide the first hints of the puzzle that will emerge below: the gauge
change was important enough to prompt substitution across modes, but evidently not enough to

increase aggregate shipments in the short- to medium-run.

[Table 2 about here]

3.2 Effects of the Gauge Change
3.2.1 Distributional Effects

Table 3 estimates the specification in Equation (1), with a slight transformation to estimate mode-
specific constants instead of shared constants (for purposes of presentation). Column (1) estimates
this model as specified, and Columns (2) through (6) add an assortment of fixed effects for routes,
years, route-modes, and route-years. Only the focal, post-period parameters are shown in the table,
which measure within-mode changes over time (Columns 1 to 4), or alternatively, when comparisons

are within route-years, the mode difference-in-differences (Columns 5 and 6).12
[Table 3 about here]

This first cut indicates that after the gauge change, all-rail traffic increased and steamship traffic
declined on the (more intensively-treated) shorter routes in the data, with these effects diminishing
with route length (indeed, in the data, the pattern inverts for the longest routes, with steamship
traffic growing and all-rail traffic falling on these routes, which serve as a comparison group; see
Table 2). To put the magnitudes in perspective, the estimates imply a 50% increase in all-rail
traffic and 30% decrease in steamship traffic on the shortest route in the sample (500 miles), and

inverted patterns on routes longer than 700 to 800 miles.

In Table 4, I split the all-rail estimates by carrier, to both (i) confirm that effects are present for
each of the two all-rail paths into South (the ACL and PAL) and (ii) explore any heterogeneity
in their magnitude. We see effects for both paths, with the initially less-trafficked one (the ACL)
seeing a larger percent increase in traffic (off of its lower base). I also find that the effects dissipate

to zero at similar distances for the two routings (roughly 700 miles).

2In Columns (5) and (6), all residual variation is between modes, and the steamship coefficients drop out of the
regression (being absorbed by the fixed effects). The all-rail coefficients in these columns are comparable to the
difference between all-rail and steamship coefficients in the previous columns.
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[Table 4 about here]

As previously discussed, a specification in quantities can establish whether all-rail and steamship
traffic diverged following the gauge change, and whether the results are robust to controls. However,
steamships are a problematic control group, due to the interdependence of all-rail and steamship
traffic with imperfect competition: steamships may have also been affected by the gauge change
if they lost traffic to railroads, and as a result, they do not provide a clean counterfactual to the
railroads. For an alternative approach, in Table 5 I estimate a simple logit demand model that
accounts for this interdependence (Equation 2), in which the outcome variable is the log difference
in all-rail and steamship shares of traffic in the given route-year. In taking this difference, most
of the fixed effects from the previous table are eliminated, such that Table 5 contains only two

variants of the regression: without and with route fixed effects.

[Table 5 about here]

The results continue to show positive effects on all-rail shares that decline with distance, significant
beyond the one percent level. The estimates are similar across the two specifications, and the effect
of the gauge change is estimated to dissipate at roughly 720 miles, statistically and economically
comparable to the previous tables. When these effects are split out for the ACL and PAL, they are

again larger for the less-trafficked ACL, consistent with previous results.

In Appendix D, I test the sensitivity of these results to dropping individual origins, destinations,
and years from the cartel sample. Given the limited number of routes (52) and the somewhat short
panel (3 years pre-gauge change, 4 years post), these checks are necessary to establish that the
results are not driven by outliers or subsamples (for example, by routes originating in Baltimore,
the origin nearest to the South). I find consistent results throughout. I also run similar regressions
for revenue, which is provided alongside the traffic statistics in the SRSA tables, and find identical
effects of the gauge change in sign and magnitude. This result is a natural consequence of the high

correlation between quantities and revenues in the data (p = 0.99).

3.2.2 Aggregate Effects

The results thus far show that the gauge change caused growth in all-rail market share, but leave
ambiguous to what degree this effect is strictly substitution across modes versus new activity in

the market. Table 6 addresses this question, collapsing the data to the route level and examining

13



the effects on total traffic and revenue (Equation 3). The even-numbered columns include route
fixed effects. Across all specifications, we see no evidence that shorter routes (where previous
tables showed the gauge change had the strongest effects on market shares) grew more quickly than
longer routes following the gauge change: the variation in the post-gauge change growth in traffic

for routes of different length is a true, and precisely-estimated, zero.'

[Table 6 about here]

3.2.3 Other Views of the Data

We can also break these regressions out into annual effects, to test for pre-trends and to explore how
the response to the gauge change varied over time. A prior: it is unclear whether the effects would
be immediate or would phase in: on the one hand, the change was immediate and comprehensive,
and improved service available from the first day after the conversion; on the other hand, it may
have taken time for information to spread, or for shippers to adjust. I estimate Equations 1 and
3 with route fixed effects for (i) all-rail versus steamship traffic and (ii) combined traffic, allowing

the coefficients to vary by year. The estimates are plotted in Figure 2.
[Figure 2 about here]

Relative to the omitted year of 1884, differences between all-rail and steamship traffic did not vary
in a statistically significant way in the years leading up to the gauge change (Panel A). However,
beginning in 1887 (the first year post-gauge change), we see a growing divergence through the end
of the panel, leveling out by around 1890. As in the regression tables, these effects are strongest for
short routes and tempered by distance. Total shipments, however, are relatively stable throughout

the period for both short and long routes (Panel B).

3.3 Explaining the Results

The evidence that the gauge change shifted traffic from steamships to railroads is sensible, albeit

non-obvious, given contemporary use of adapter technologies. But juxtaposed against this result,

13In unreported analysis, I also verify that the estimates in Table 3 are consistent with on average a net zero effect
on total shipments, and one that does not vary with route length. To do so, I begin with the true (observed) log
shipments for each route-mode-year in the pre-gauge change sample, apply the estimates from Column (1) of Table
3 to calculate (linearly-projected) counterfactual log quantities with standardized gauge, exponentiate to levels,
aggregate up to observed and counterfactual total quantities for route-years, and calculate the difference between
them, as a measure of the implied “aggregate effect” of the gauge change at the route level. The average difference
is 0.5% of observed values (25th percentile -5.4%, 75th percentile 7.0%), and more importantly, consistent with the
results in Table 6, this difference is uncorrelated with route length (p = 0.07).
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the lack of an effect on total shipments poses an empirical puzzle. An additional piece of evidence
to be considered is what happened to cartel prices: the SRSA’s Circular Letters periodically include
rate tables, which list current cartel freight rates on different routes, by class of merchandise. These
tables show the prices that all carriers on the given route were committed to charging shippers,

and they make it possible to track route-level price changes over time.

Figure 3 shows the distribution of rate changes on the routes in these circulars that are also in the
sample for this paper (total of 36 routes, out of the 52 routes with traffic data). Panels A to D show
a histogram of changes in class-level freight rates between July 1883, April 1884, February 1885,
July 1885, and March 1886, a few months prior to the gauge change. Panel E shows the equivalent
histogram for March 1886 to July 1887, one year after the gauge change. Each observation is a
route-class, and with 36 routes and 13 freight rate classes, there are 468 observations per panel.
An overwhelming fraction of routes do not see any price changes after April 1884, and the handful
of price changes after the gauge change were (small) increases, rather than decreases, and limited

to two routes: Philadelphia-Montgomery and Philadelphia-Selma.!4
[Figure 3 about here]

Theoretical predictions for prices are ambiguous, as the quality of all-rail service increased at the
same time as the cost of providing that service declined. For example, if the gauge change caused
all-rail demand to shift out and marginal costs to decline on short routes, equilibrium prices could
in principle be unchanged — although in a classical supply-and-demand framework, total quantities
would then necessarily increase, so the puzzle remains. But there are other reasons why prices may
have been rigid. For example, cartel freight rates applied uniformly to all carriers on a route to
avoid perceptions that individual members were favored, and steamship companies in the cartel
were unlikely to agree to rate reductions, as were interior railroads — neither of which saw direct
cost savings as a result of the gauge change. A closer reading of SRSA documents reveals that the
rate-setting process was contentious, and in the event of disagreement, rate-setting escalated to the
cartel’s board of arbitrators, which in practice was often the rate-setting body. Given the absence
of price changes, either the matter was never raised for discussion or the board of arbitrators did
not view a rate reduction as the appropriate action. In effect, it appears that the cartel believed

prices were sufficiently close to profit-maximizing to leave them unchanged.

M Cartel prices were not always this stable: until the early 1880s, prices were reduced regularly, under pressures of
competition from alternative routing outside the scope of the cartel. Multiple sources have documented this decline,
while also observing that price reductions ended in the early- to mid-1880s (e.g., Hudson (1890) documents prices
from Boston, New York, Philadelphia, and Baltimore to Atlanta from 1875 onward, and shows that rate reductions
occurred every 1-2 years until 1884, after which rates went unchanged).
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That this price rigidity explains the empirical puzzle is merely one possibility. Another possibility
is that the market for final goods needed more time to adjust, and the panel is too short to see the
aggregate effects materialize. It might also be that on the demand side, the choice over mode was
simply more elastic to the gauge change than the decision to ship at all. However, the presence of
a well-functioning cartel is a conspicuous feature of the setting which likely contributed to these
outcomes. In the next section, I use theory to explore how the gauge change and its observed effects

might relate to collusion. Proofs are provided in Appendix E.

4 Compatibility and Collusion

4.1 Incentives for standardization

Suppose that to get from a Northern origin on the 4'8.5'" network to a Southern destination on
the 5' 0" network, a shipment may traverse up to two connecting Southern railroads, R1 and R2.
Shipments from the North to D; (at the endpoint of R1) and Ds (at the endpoint of R2) incur a

fixed cost of 6 per ton for interchange at the border, as illustrated in the inset below:

North R1 R2
(4'8.5”) '\ (510”)

Annual shipments (e.g., tonnage) to destination d can be written Q(FPy;) = My — aP,;, where My
is the market size, Py is the freight tariff (per ton), and a > 0 (to simplify the task of illustrating
basic principles, I invoke linear demand throughout this section). We will assume D; is a waypoint
and Do is a larger market (or collection of markets) further downstream, with My > 2M;, which is
broadly consistent with the historical setting. Suppose R1’s segment is length ¢; and R2’s is 5, and
let ¢4 denote the per-ton shipment cost to d incurred independent of any breaks in gauge (the cost
of carriage), which is proportional to route length. Shipment revenue and costs are in turn divided
among the carriers involved, as they appear to have been historically (for example, for shipments
to D1, R1 retains all revenue but also bears all of the costs, whereas for shipments to Dy, R1 and
R2 divide costs and revenues proportionally; see Appendix B). Let the railroads’ cost of converting

to standard gauge be C and (3, also proportional to route length.

To simplify the exposition, I will further assume that R1 and R2 are equal length, and that breaks

in gauge create an interchange cost but do not directly enter demand, though these assumptions
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are not essential to the results and can be relaxed, as the latter will be in the next section. Because
{1 = {9, we can define ¢ = ¢; be the cost of carriage to D1, such that 2c¢ is the cost to Dy, and let

C = (1 = (5 be each railroad’s cost of standardizing its gauge.

In this setting, each firm’s returns to standardization depends on the other’s choice. If R1 converts
alone, a gauge break is eliminated for shipments to D; but remains for those to Do, as the break
moves down the line. If R2 converts alone, a second break would be introduced for shipments to
Ds. And if R1 and R2 both adopt standard gauge, breaks are removed entirely, eliminating the
cost of interchange. Prices may decline as well, insofar as the cost savings are passed through to
prices. To allow for this possibility, we must specify the railroads’ profit maximization problem.

R1 and R2 thus set prices {P;} to each destination d to maximize:
a(Py) = (Pi — ca)Qa — 0(BaQa)

where II,; are the profits on shipments to destination d, and By denotes the number of gauge breaks
en route to destination d (each incurring a cost of #). Taking into account the division of profits by
R1 and R2, firm-specific profits are mp; = II; + %Hg and mpy = %HQ, respectively. This construction
leads to the following lemma characterizing the payoffs to standardization, where the superscripts

in the notation indicate the choices of R1 and R2, respectively.

Lemma 1. Standardization can generate the following payoffs to R1 and R2 relative to the status

quo, before accounting for the fized cost of conversion C':

a. If R1 converts alone: Aﬂ'}%ol >0, Aﬂ}% =0
b. If R2 converts alone: Aﬂ'%ll <0, AT['%IQ <0

c. If R1 and R2 convert jointly: ArH, > Ay, Ark, >0

In view of this lemma, we will make one more assumption: suppose Aﬂ}%ol <(C< ATF}%B, such that
this cost is at least as large as the direct savings that R1 would realize if it converted to standard
gauge alone (otherwise R1 would have already done so), but not so large that it R2 would never
find it profitable to standardize its gauge.!®> As long as this is the case, the following proposition
establishes that there are two equilibria of the simultaneous-move game in the adoption of standard

gauge: joint conversion and the status quo (no change).

15The size of the downstream market ensures that Anhy < Anks (see Appendix E). The independent conversions
of the Illinois Central and the Mobile & Ohio can be explained in this model as a violation of this assumption,
where Ay > C' — meaning that it was profitable to convert to standard gauge alone. This can be the case if, for
example, the markets which these lines directly served were sufficiently large.
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Proposition 1. In the absence of competition, provided Aﬂ'}%ol <C< AW}?}Q, there are two equilibria
for standardization: either both firms convert to standard gauge, or neither firm converts (the status

quo). Unilateral conversion to standard gauge is never an equilibrium.

Standardization is thus an equilibrium (and the Pareto-efficient) outcome in this model, but given
that the status quo is also an equilibrium, conversion requires coordinated decision-making. This
coordinated effort was supported by the existence of the cartel, beginning with the discussion at
the cartel’s annual convention in July 1885 where members agreed to convert their tracks, and the
meeting half a year later where they finalized the date of the conversion, selected the new gauge,

and planned the technical details of how to execute the change.!®

To see the importance of collusive pricing to standardization, now suppose service is competed. We
can add symmetric railroads R3 and R4, which compete against R1 and R2 to provide service to

Dy, through a different intermediate point D3 as illustrated below:

Dr
R1 R2
North .
Destination
(4'8.5") A
. R3 R4 D2
D3

Consider shipments to Dy (the only route on which the carriers compete), and let Qg,, and Qg.,

be the quantity (in tons) carried by R1-R2 and R3-R4, but now let:

Qi(P, B) =M — A\B; — aP; for 4,5 € {ng,R34}

where B; indicates the presence of a gauge break on i, A is the direct effect of breaks on demand,
and the other parameters are defined as before. As long as they are on the same gauge, shipment to
via R1-R2 and R3-R4 is undifferentiated, demand will go to the lower-priced routing, and prices will
be competed to marginal cost (as they often were throughout this era in the absence of collusion,
e.g. Chandler 1977, Kolko 1965). If both R1-R2 and R3-R4 standardize, the per-ton cost savings
(0) will be passed through, leaving the firms with no means of recovering the fixed cost of changing

the gauge (C). As a result, collective standardization is not an equilibrium outcome. If instead the

161t is worth noting that this proposition is in part a function of the static nature of the game. With multiple periods
and sufficiently patient players, one party might be able to standardize at a short-run cost but realize long-run
profits if its neighbors are then incentivized to follow. Indeed, the history (of other railroads) in Section 1 suggests
that standardization of Southern railroads’ gauge might have nevertheless eventually taken place in the absence of
collusion, albeit perhaps not as early, as quickly, or at the same scale.
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carriers collude and set prices jointly, the Proposition 2 establishes that collective standardization

can be an equilibrium outcome with mild regularity conditions.

Proposition 2. Collective standardization is only an equilibrium outcome with collusion.

4.2 Effects of standardization under collusion

The results thus far have demonstrated two ways in which collusion may have facilitated the gauge
change, via coordination and incentives. However, collusion may have also tempered the effects on
prices and total shipments if it limited pass-through, relative to what the effects would have been in
a competitive environment. Even if the gauge change would have been less likely in a competitive
market, this counterfactual offers a comparative benchmark. Can we explain the absence of a

significant effect on prices or total quantities in the data with collusion?

To explore this question, we can continue to focus on a single route between an arbitrary Northern
origin and Southern destination, as above, but enrich the model and now assume that rather than
being served by two railroads, it is served by a railroad and a steamship (these can be interpreted
as vertically-integrated all-rail versus steamship-to-rail, and are differentiated). Let Qg and Qg

represent the quantity carried by railroad and by steamship, with:

Qi(P,B) =M — AB; + AB; —aP, +bP;  for i,jc{R,S}, i#j

where B; indicates the presence of a break on mode i (breaks in gauge for all-rail / intermediate
ports requiring transshipment for steamships); A is the direct effect of these breaks on demand,
and can be interpreted as a quality parameter; a and b are own- and cross-price effects on demand,
with @ > b > 0; and M is the market size, which henceforth will be normalized to M = 1. Each
mode’s demand is thus a function of own price and quality and the other mode’s price and quality.
As written, breaks in gauge have offsetting direct effects on demand (+)), such that market shares
are sensitive to service quality, but total shipments are not — a feature which is necessary but not
sufficient in explaining the earlier empirical patterns, as prices will also be endogenous to breaks

in gauge and can shift aggregate demand independently of quality.

Suppose both modes have common per-ton marginal costs ¢, and an incremental per-ton cost of
f incurred at breaks, where transshipment or interchange is required. If the two carriers collude,
they set a single price P which applies to both carriers to maximize joint profits, whereas if they

compete, they set prices Pr and Ps to maximize individual profits. With this simple model, we can
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explore the potential effects of the gauge change on prices and shipments with competition versus
collusion. We begin by comparing collusive prices and quantities pre-gauge change (Bgr = Bg = 1)

versus post-gauge change (Br = 0, Bg = 1). Joint profits under collusion are:
I(P,B) = (P - ¢)(Qr + Qs) — 8(BrQr + BsQs)

Proposition 3 establishes that in this setting, standardization should generate a reduction in the
collusive price of a relatively low (but nonzero) fraction of the cost savings, modestly increase
total shipments, and shift market share to the all-rail carrier. An immediate corollary is that
there are two conditions under which prices and total shipments may not be affected by the gauge
change, even as market share shifts across the two modes: (i) if § = 0, such that transshipment
and interchange were actually costless, or (ii) if there is a transaction cost to cartel price changes,
and this cost exceeds the incremental profits that the carriers would realize by adjusting prices
after standardizing the gauge. In the first case, breaks in gauge enter demand but not supply
costs. The elimination of the gauge break will increase demand for all-rail shipping and generate
an offsetting reduction in demand for steamships, and these effects in turn offset in the price-setting
problem, such that the profit-maximizing cartel price is unchanged. In the latter case, small price
adjustments may be too costly to justify, due to uncertainty or disagreement among cartel members

over such changes and the previously-discussed difficulty of re-negotiation.

Proposition 3. Effects of standardization on collusive price and quantities
Eliminating the break in gauge reduces the collusive price by i@, redistributes market share from

steamships to all-rail, and increases total shipments by %9(@ —b).

Corollary 3.1. Conditions under which prices and total quantity may not change
(i) If = 0, the collusive price and total shipments are unaffected by removing the break in gauge.
(ii) If @ > 0, and collusive prices and quantities do not adjust after removing the break in gauge,

the cost of price adjustments must be greater than the foregone profits, %92(a —b).

4.3 Effects of standardization in differentiated oligopoly

For comparison, we can evaluate the effects of the gauge change on prices, market shares, and total
shipments when the two carriers compete on prices. We will consider the same route, but we now

permit that the two carriers set their respective prices Pr and Pg individually and competitively
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in equilibrium. Each carrier’s profits are thus:

IL(P,B) = (P, — ¢)Q; — 0B;Q; for i€ {R,S}

In this setting, the conversion to standard gauge has an ambiguous effect on the all-rail price,
with upward pressure from increased demand and downward pressure from the reduction in costs.
Steamship prices, however, unambiguously decline, due to their relative drop in demand. Substitu-
tion across modes still takes place, as in the collusive scenario, but more notably, total shipments

will increase by more than they do in the collusive environment.

Proposition 4. Effects of standardization in a competitive market

Eliminating the break in gauge has an ambiguous effect on the all-rail price, depending on the size
of a demand effect, which puts upward pressure on the all-rail price, and the pass-through of cost
savings, which puts downward pressure. Steamship prices strictly decline, market share shifts from

steamships to all-rail, and total shipments increase by a(;sla__bb).

Corollary 4.1. Comparing the effects by market structure

Standardization generates a larger increase in total shipments under competition than collusion.

4.4 Discussion

This simple model can explain both the effect of the gauge change on mode shares and the absence
of an effect on prices and total shipments, while demonstrating that price competition may have
increased pass-through but would have also made the gauge change less likely. However, the two
explanations proposed for why cartel prices might not adjust — that adjustments were costly, and

that breaks in gauge were not actually costly — warrant further attention.

Ample evidence from cartel records — especially minutes from rate committee meetings — suggests
that price changes were relatively difficult: rate-setting was contentious, requiring unanimous agree-
ment of representatives from cartel members who almost always deadlocked. When rate cases then
escalated to the cartel’s internal board of arbitrators, which could issue a ruling by simple majority,

these arbitrators often declined changes too (see Section 3).

Likewise, the historical evidence suggests that transshipment and interchange were also costly. The
most reliable measures of railroads’ direct costs from breaks in gauge are accounting costs, which
can be obtained from annual reports. For example, the Cincinnati, New Orleans, & Texas Pacific

(CNO&TP, which was an SRSA member and participated in the gauge change) reported its direct
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expense for breaks in gauge to be $32,365 in 1884 and $33,355 in 1885, or 350% and 21% of the
railroad’s net income in each of these years ($9,210 and $159,011, respectively), with roughly half
this cost attributed to the operation of steam hoists, and the other half to the payroll of transfer
clerks and laborers. The CNO&TP’s annual reports further note that these figures do not include
the indirect costs of “extra switching engines, extra yard crews, and no allowance is made for the
loss... from delay to business” or for the opportunity cost of “freight thereby diverted” because its

tracks are “blocked with loaded cars waiting their turn,”

nor do they account for the other ancillary
costs discussed in Section 1 — such that the accounting cost is understated. Transshipment at port
was similarly costly: although data from the 1880s are not available, in 1908, the transfer expense
for freight transshipped from coastal steamships to the Georgia Railway (a former SRSA member)
at Savannah, Georgia was 8 cents per hundred pounds for merchandise and 5 cents for commodities
— which is on the order of 10-20% of the lowest merchandise and commodity rates for the routes in

this paper — and rates for other Southern ports and other Southern railroads connecting to them

were “practically the same” (U.S. Department of Commerce 1910).

Collectively, the evidence thus supports attributing the price rigidity seen in Section 3 to a com-
bination of collusion (which dampened pass-through) and costly price adjustment (which impeded
any residual changes), rather than to breaks in gauge not actually having been a material cost to
carriers, which is further contradicted by their revealed preference for standardizing the gauge. In

the absence of prices changes, total shipments were also unaffected.

5 The View from Wall Street

Taken together, the results in Sections 3 and 4 suggest the gauge change might have generated a
windfall for Southern railroads (which reduced costs and gained share), at the expense of steamship
operators (which lost share), with only limited benefits to consumers (as prices and total shipments
were evidently unaffected). Although data for studying the impact of the gauge change on con-
sumers is constrained to what is available in cartel records, our understanding of the impact on

carriers can be rounded out by studying their stock prices.

To do so, I collect daily New York Stock Exchange (NYSE) closing prices from historical editions
of the New York Times for January 1 to October 31, 1886. The vast majority of traded securities
at this time were issued by railroads (146 of 177, including preferred stock), and a dozen Southern

railroads were traded during this period. Using these data, we can perform an event study on
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railroad stock prices around the gauge change.'” Although some information about the impending
conversion was provided in annual reports, Southern newspapers, and specialized railroad journals
(see Appendix C), the event itself was uncertain until the date drew closer, and its effects could
only be known ex-post. The gauge change appears to have not been a focus of the financial press
until May 29, when the Commercial and Financial Chronicle (CFC) published a lengthy article

notifying readers of the imminent event and explaining its importance.

I define an event window of two months around the gauge change (May 1, 1886 to June 30),
estimate a standard market returns model on the preceding four months of railroad stock returns
(through April 30, 1886), predict returns through the event window, and compute cumulative
abnormal returns for each of the Southern railroads. Throughout the exercise, I restrict the sample
to securities with at least 50 trading days in the estimation window and 100 trading days in the
full sample to ensure that all estimates and tests are sufficiently-powered, although the results are

not sensitive to the precise restriction imposed.

The gauge change coincides with large, positive abnormal returns to the Southern railroads that
were most directly affected. Figure 4 shows the cumulative abnormal returns to the Louisville &
Nashville (L&N), the largest railroad in the South by mileage and one of two that directly connected
the South to other regions and were listed on the NYSE. The L&N’s cumulative abnormal returns
are near zero and roughly constant until May 29 — the date that the CFC article is published —
when it realized a 4 percentage point positive abnormal return. Between May 29 and the end of
the event window, the cumulative abnormal returns grew to 17 percentage points, as the impacts
of the gauge change began to materialize. I find similar (albeit slightly higher variance) patterns
for the Richmond & Danville, another major system spanning the Southern border, but no such
effects for interior Southern railroads — suggesting that investors believed the benefits were mainly

realized by the lines where breaks in gauge were once located.

[Figure 4 about here]

The magnitude of the cumulative abnormal returns to the L&N through the end of June suggests
that the gauge change had a substantive financial impact on the affected railroads, and paired with
earlier evidence that prices and overall quantities did not change, it suggests most of the benefits

of the gauge change were appropriated by these carriers.

"Note that this exercise is limited to railroads, as no steamship companies were traded on the NYSE at the time. The
results are also limited to stock price changes and cannot be extended to measure changes in market capitalization
(or other measures of value), because the number of outstanding shares is not observed.

23



6 Implications and Conclusion

In summary, I find that the gauge change generated significant growth in all-rail market share that
declines with route distance, but it did not affect prices or total shipments. To explain these results,
I use theory to argue that the presence of the cartel may have enabled the gauge change to take
place as it did, while likely also tempering the effects on prices and total shipments. The theory
indicates that prices and total shipments may not be affected by standardization if either cartel
price adjustments are sufficiently costly, or if interchange is in fact costless. Contemporary evidence
appears to favor the former, as cartel meeting minutes document contentious debate around price
changes, whereas railroads’ annual reports demonstrate that the costs of servicing breaks in gauge
were large enough to make an otherwise-profitable railroad unprofitable, and evidence from stock

market returns indicates that investors perceived a windfall.

These results bring into focus a nuanced interaction of interoperability and product market com-
petition. Although antitrust scholars and regulators have traditionally been more concerned with
standards-setting efforts by competitors being a bridge to product market collusion, in this paper,
it appears that collusion instead contributed to standards adoption — but with some of the classical
downstream consequences. The tension between the two (effectively, between value creation and
consumer welfare) can arise in any setting with strategic complementarities, but it may be particu-
larly liable to occur in networked settings, where transactions are executed through intermediaries
that interconnect for delivery, and the technological complementarities are therefore large — such
as freight carriers (for physical trade), Internet service providers (communications), or financial ex-
changes (asset purchases). This tension is underappreciated in the academic literature but ripe for
attention, especially since firms in many network industries not only benefit from interoperability

but also have a natural tendency towards concentration.

The results also contribute to the largely-theoretical academic literature on technological compat-
ibility. Compatibility standards can be found in nearly every technical product and industry, but
to-date there is limited evidence directly linking them to firms’ or market outcomes. In unveiling
the ways in which the Southern gauge change affected the market for freight shipment, this paper
provides a historical datapoint on the effects of compatibility on transactions and has implications
for other settings where traffic is exchanged across connecting, incompatible networks, such as the
those identified above. With archival data becoming increasingly accessible, historical settings such
as the early U.S. telephone and railroad industries present a growing opportunity for future research

on network connection, compatibility, and related themes.
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Figure 2: Changes in All-rail vs. Steamship Traffic and Total Traffic over Time
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Notes: Figure shows the estimated changes in all-rail vs. steamship traffic (Panel A) and in total
route-level traffic (Panel B) on the sampled routes by year, relative to 1884. Panel (A) plots
coefficients from a regression in which log quantities are regressed on an indicator for the all-rail
mode, interacted with indicators for year (in blue), and triple-interacted with route length (in
red). Panel (B) plots coefficients from a regression of log quantities at the route-year level on
indicators for year (in blue), interacted with route length (in red). SEs clustered by route and
95% confidence intervals provided around each point estimate.
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Figure 3: Distribution of Cartel Price Changes, pre- vs. post-Gauge Change

Panel A: Panel B:
Jul. 1883 to Apr. 1884 Apr. 1884 to Feb. 1885
1.00 1.00
0.751 0.751
5 5
‘é 0.50- § 0.50-
IC C
0.25 0.25
00005 o0 000 010 020 0005 040 00 010 020
Panel C: Panel D:
Feb. 1885 to Jul. 1885 Jul. 1885 to Mar. 1886
1.00 1.00
0.75 0.75
5 5
S 050, S 050,
IC C
0.251 0.251
00050 o0 o0b0 o010 020 0000 00 o0b0 o010 020
Panel E:
Mar. 1886 (pre-gauge change) to Jul. 1887 (post-change)
1.00
0.754
c
9o
S 0.50
i
0.25
0.00

020 -010 000 010  0.20

Pct. change in freight rates, across routes and class of merchandise

Notes: Figure shows the distribution of cartel price changes across routes and classes of
merchandise throughout the sample period, for the subset of routes appearing in both
the SRSA freight traffic tables and the rate tables. The handful of rate increases in
Panel E come entirely from two routes: Philadelphia to Montgomery, and Philadelphia
to Selma. Data from SRSA Circular Letters, Volumes 13-24.
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Figure 4: Cumulative Abnormal Returns to L&N Stock, May 1 to June 30, 1886
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Notes: Figure shows cumulative abnormal returns to the stock of the Louisville
& Nashville Railroad, the largest railroad in the South by mileage and one of
two that directly connected the South to other regions and were listed on the
NYSE, in a two-month window around the gauge change. The figure marks two
key dates around the gauge change: May 29, when the event was first announced
and discussed at length in the Commercial and Financial Chronicle, and June 1,
when the change was completed. See text for additional discussion. Data from
New York Times historical stock quote tables.
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Table 1: Approx. Miles of Railroad in each Gauge, by Region, 1881-1889 (Poor’s Manual of Railroads)

Pre-Gauge Change Post-Gauge Change
1881 1883 1885 1887 1889

New England Total Miles 6,251.3 6,283.8 6,418.2 6,784.9 6,744.1
Pct. 4’ 8.5-97 97% 97% 97% 97% 98%

Mid-Atlantic Total Miles 15,845.6 18,588.1 19,792.2 19,420.9 20,893.3
Pct. 4’ 8.5-97 9% 95% 96% 96% 97%

Midwest Total Miles 37,246.4 41,470.0 40,495.6 43,559.5 46,966.7
Pct. 4’ 8.5-9” 94% 93% 9% 97% 98%

South (focal region) Total Miles 17,257.5 19,316.6 20,694.3 23,596.7 26,793.4
Pct. 4’ 8.5-9” 25% 25% 29% 92% 94%

Western States Total Miles 29,834.8 39,575.8 41,078.0 51,948.4 58,318.5
Pct. 4’ 8.5-97 88% 85% 89% 92% 93%

Notes: Table shows the approximate miles of railroad in the U.S. from 1881 to 1889 in two-year intervals
and fraction in standard-compatible gauge, confirming the scale of the conversion: 13,000 miles of Southern
railroad converted from 5’0" to 4’ 9” between 1885 and 1887. Data from Poor’s Manual of Railroads, which
provides a near-complete, annual enumeration of U.S. railroads.

Table 2: Descriptive Statistics: Traffic, Revenue, and All-Rail Shares, for Short vs. Long Routes

Short Routes Long Routes
(<25th pctile) (>75th pctile)
Pre Post Pre Post
Route-years 39 52 39 52
Route Distance (mi) 589.01 589.01 977.65 977.65
(6.90) (5.95) (10.54) (9.09)
Tons (1,000s) 715.88 818.55 1066.39 1161.54
(130.58) (134.66) (210.85) (221.31)
Revenue ($1,000s) 8.61 8.97 14.59 15.21
(1.48) (1.41) (3.03) (3.02)
All-Rail Share, Tonnage 0.40 0.56 0.23 0.19
(0.04) (0.03) (0.03) (0.03)
All-Rail Share, Revenue 0.41 0.57 0.24 0.20
(0.04) (0.03) (0.03) (0.03)

Notes: Table reports average tonnage, revenue, and all-rail shares of traffic and
revenue for shorter versus longer routes (below the 25th percentile and above
the 75th percentile of route length, respectively), before versus after the gauge
change. Standard error of each mean in parentheses.
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Table 3: Change in All-Rail Traffic

0 @ ®) @ ) ©)
All-rail x post-change 1.658%**F  1.672%¥F*F  1.663***  1.721%**  2.466***  2.541%**
(0.316) (0.298) (0.307) (0.316) (0.559) (0.582)
* distance (100 mi) S0.227FFF  _(0.239%FFF  _0.238%FF  _(0.244%FF  _(.331***F  _(0.341***
(0.042) (0.041) (0.041) (0.042) (0.073) (0.075)
Steamship x post-change -0.779**  -0.756**  -0.761**  -0.763**
(0.319) (0.306) (0.320) (0.312)
* distance (100 mi) 0.096** 0.089** 0.090** 0.090**
(0.040) (0.037) (0.037) (0.038)
N 1036 1036 1036 1036 1036 1036
R? 0.32 0.67 0.67 0.73 0.70 0.75
Route FE X X
Year FE X
Route-mode FE X X
Route-yr FE X X

Notes: Table estimates effect of the gauge change on merchandise shipments for shorter
versus longer routes. Observations are route-mode-years. The dependent variable in all
columns is log pounds of traffic. Estimates in Columns (1) to (4) should be interpreted as
mode-specific changes relative to the pre-period; those in Columns (5) and (6) as differences-

in-differences due to the route-year FEs.

* okk o xkk
b) b

and 0.01 levels, respectively. SEs clustered by route in parentheses.

Table 4: Change in All-Rail Traffic, ACL and PAL

represent significance at the 0.1, 0.05,

(1) (2) (3) (4) (5) (6)
A.C.L. x post-change 2.061%**  2.082%*F*  2.074%F*  2.064FF*  2.848*%** 2. 809*F**
(0.443)  (0.472)  (0.477)  (0.477)  (0.686)  (0.671)
* distance (100 mi) -0.302%F*  -0.310%**  -0.309*** -0.306*** -0.403*** -0.396***
(0.059)  (0.064)  (0.064)  (0.064)  (0.094)  (0.090)
P.A.L. x post-change 1.030%**  (0.973** 0.956** 1.045%* 1.748%* 1.829%*
(0.356)  (0.435)  (0.438)  (0432)  (0.754)  (0.754)
* distance (100 mi) -0.143%%%  _0.151**  -0.150** -0.158%* -0.247%* -0.253%*
(0.050)  (0.062)  (0.061)  (0.062)  (0.100)  (0.101)
Steamship x post-change -0.779**  -0.770**  -0.776**  -0.763**
(0.320)  (0.311)  (0.326)  (0.313)
* distance (100 mi) 0.096** 0.092** 0.093** 0.090**
(0.040)  (0.038)  (0.038)  (0.038)
N 1036 1036 1036 1036 1036 1036
R? 0.48 0.83 0.84 0.89 0.86 0.91
Route FE X X
Year FE X
Route-mode FE X X
Route-yr FE X X

Notes: Table estimates effect of the gauge change on merchandise shipments for shorter
versus longer routes. Observations are route-mode-years. The dependent variable in all
columns is log pounds of traffic. Estimates in Columns (1) to (4) should be interpreted as
mode-specific changes relative to the pre-period; those in Columns (5) and (6) as differences-
in-differences due to the route-year FEs. * ** *** represent significance at the 0.1, 0.05,
and 0.01 levels, respectively. SEs clustered by route in parentheses.
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Table 5: Effects on Traffic Shares

0 2
All-rail x post-change 2.281%*%  2.400%**
(0.428) (0.450)
* distance (100 mi) -0.315%**  (.327H4*
(0.056) (0.058)
N 676 676
R? 0.12 0.45
Route FE X

Notes: Table estimates effect of the gauge change on all-
rail traffic shares on shorter versus longer routes. The
dependent variable is the log difference in all-rail and
steamship shares within route-years. *, **, *** represent
significance at the 0.1, 0.05, and 0.01 levels, respectively.
SEs clustered by route in parentheses.

Table 6: Change in Total Traffic/Revenue

Ln(Freight traffic) Ln(Revenue)
(1) (2) 3) (4)

Post-change 0.039 0.051 -0.114  -0.091
(0.230)  (0.222)  (0.183) (0.186)

* distance (100 mi)  -0.000 -0.006 0.009 0.003
(0.031)  (0.028) (0.023) (0.022)

N 360 360 360 360
R? 0.01 0.96 0.01 0.97
Route FE X X

Notes: Table estimates the effect of the gauge change on
total shipments. Observations are route-years. The de-
pendent variable in Columns (1) to (2) is log quantities;
in Columns (3) to (4), log revenue. *, ** *** represent
significance at the 0.1, 0.05, and 0.01 levels, respectively.
SEs clustered by route in parentheses.
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Web Appendix



A Data Appendix

This paper draws on several sources of data, most importantly the SRSA records of freight traffic on
the set of routes apportioned, monitored, and reported to cartel members. As the paper explains,
the SRSA collected daily data on the traffic and revenue of carriers on any route where at least
one member requested apportionment, compiled these data into monthly and annual totals, and
then circulated the data for select routes to cartel members. These tables, as well as other SRSA
circulars, were organized into semiannual volumes and have been preserved in original hard copy

at the New York Public Library and Yale University archives.!

Figure A.1 provides an example table from these records. The table shows pounds and revenue
of merchandise shipments from Boston to Augusta, GA for the 1886-87 and 1887-88 fiscal years.
The table lists five different paths that freight traveled for this route: three by steamship plus
rail, and two entirely by rail. All-rail shipments can be identified as “via A.C.L.” or “via P.A.L.”,
while the steamship line items indicate the intermediate ports where freight was transshipped (here,
Savannah and Charleston). Similar tables are available for other destinations, origins, and years,

although in most cases a table shows data for one period only.

Figure A.1: Example of Table from SRSA Traffic Reports

:"Stnmmm OF MERCHANDISE, by Routes or Lines, June Ist, 1836, to May 3st, 1887,
g Jims th, 1887, to May 81st, 1888, from and through BOSTON lo Points named.

TO AUGUSTA, GA., AND BEYOND.

T TN e R
1896-138? i 18871888, | INCREASE.
s o e iy e N P LA T |
Pounds. | Revenue. | Pounds, | Revenue. | Pounds. | Revenue.

1,590,2578 9,065 47 2,361.524/8 10,160 47| A7T4067/8 1,095 00
412,023 1,760 50| 735,310 3,684 23! 328,287 1 773773
61,730 216 71 |

1,833 66/ 351,002 1,868 58 i 515

L 350 69 76,224 4,718 97 153,401 829 28

8,364,607] 1676603 426,95 20282 20] s, m] 3732 88 88,502| m [

Notes Flgure shows an extracted table from the source data. The table lists total pounds
of traffic and revenue from merchandise shipments from Boston to Augusta, GA by carrier,
for June 1 to May 31, 1886 and for the same period in 1887. All-rail paths (termed “routes”
in the table) can be identified as either A.C.L. or P.A.L.

For the second half of the sample, the cartel operated on a June to May fiscal year and reported
annual data accordingly. This accounting period is ideally suited to the purposes of this paper,
as the gauge change occurred over May 31 and June 1, 1886 — such that the cartel’s annual data
provide the cleanest possible comparison. However, until 1886, the cartel operated on a September
to August fiscal year. For this earlier period, I therefore collected year-to-date (YTD) traffic in
May and August, in order to back out shipments for the June to May period. Concretely: The
1884 fiscal year spanned September 1883 to August 1884, but this paper requires totals from June
to May. To obtain them, I transcribed data from three YTD tables in the cartel traffic reports:
September 1882 to May 1883 (1), September 1882 to August 1883 (2), and September 1883 to May

LA subset of the content in these circular letters are also available on microfilm from HBS Baker Library, though the
microfilm omits the monthly traffic reports which yield the data in this paper.



1884 (3). I then impute June 1883 to May 1884 traffic as (2)-(1)+(3).

The primary sample in the paper contains 52 routes, with 4 Northern origins and 13 Southern
destinations. Table A.1 lists the origins and destinations in this sample (also mapped in Figure
A.2). To make clear how all-rail freight reached Southern interior cities, Figure A.3 shows maps of
the A.C.L. and P.A.L. circa 1885. Both served nearly every route in nearly every year, with a few
exceptions: the P.A.L. did not deliver freight to Macon in 1884-86, Athens in 1886, or Albany in
any year, and the A.C.L. did not deliver to Albany in 1890 (as inferred from their absence from
the respective traffic tables). Additionally, no data are available for Albany in 1887. As a result,
the sample reported in tables is reduced from 1,092 (=52-3-7) to 1,036.

Table A.1: Origins and Destinations for Sampled Routes

Destinations Origins
(south) (north)

Albany GA Boston MA
Athens GA New York NY
Atlanta GA Philadelphia PA
Augusta GA Baltimore MD
Macon GA
Milledgeville GA
Newnan GA
Rome GA
Montgomery AL
Opelika AL
Selma AL

A. & W. Pt. stations (GA)
W. & A. stations (GA)

Notes: Table lists the origin and terminus of routes in the
sample of Northern merchandise shipments used in the re-
mainder of this paper. These 52 routes (4 origins x 13
destinations) are those for which data was reported by the
Southern Railway and Steamship Association both before
and after the gauge change. “A. & W. Pt. Stations” refers
to stations on the Atlanta and West Point Railroad between
East Point and West Point, GA (70 mi), whose traffic was
reported collectively; “W. & A. Stations” refers to stations
on the Western and Atlantic Railroad between Chattanooga,
TN and Marietta, GA (87 mi). These destinations are geo-
tagged to the centroid of their respective endpoints.




Figure A.2: Map of Sampled Origins (North) and Destinations (South)

W

Notes: Figure shows the northern route origins and southern destinations for routes in
the sample. These destinations are those for which data was reported by the Southern
Railway and Steamship Association both before and after the gauge change. Not
shown are two additional destinations in the data, “A. & W. Pt. Stations” (stations
on the Atlanta and West Point Railroad between East Point and West Point, GA, 70
mi., whose traffic was reported collectively), and “W. & A. Stations” (stations on the
Western and Atlantic Railroad between Chattanooga, TN and Marietta, GA, 87 mi.);
these destinations are geotagged to the centroid of their respective endpoints. Freight
transportation was available by all-rail routes traversing Virginia, Tennessee, and the
Carolinas or by a combination of steamship and railroad, via southern port cities such
as Charleston, Savannah, Norfolk, and Port Royal.



Figure A.3: All-Rail Paths connecting North and South ca. 1885
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Notes: Figure provides maps of the two all-rail paths between the North and South, as of
1885: the Atlantic Coast Line and Piedmont Air Line. Each was established by mutual
agreement among the traversed railroads to facilitate interregional traffic. Maps acquired
from the David Rumsey Historical Map Collection.

On a few routes, merchandise shipments between Northern and Southern cities are occasionally
indicated to have entered the South from the West, via the Louisville and Nashville or the Cincinnati
Southern — crossing the Ohio River at Louisville and Cincinnati, respectively. In these cases,
it remains ambiguous whether the active mode was all-rail versus river steamer plus connecting
railroad. I thus omit these shipments from the analysis. As Figure A.4 shows, little is lost: the

omitted shipments on average comprise 0.8% of traffic in any given year.



Figure A.4: Western paths’ share of North-South traffic
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Notes: Figure shows the annual proportion of total traffic on the sampled
routes reported to have been by the L. & N. and the C.S. Railroads, osten-
sibly after having crossed the Ohio River. Due to ambiguity over the mode
of westward travel, this traffic is omitted from all analysis.

To estimate effects that vary with route length, I must measure distances between origin and
destination. Throughout the paper, I measure distance as “straight-line” (geodesic) distance, rather
than traveled distance, which is not observed. Though traveled distance can in concept be computed
for all-rail routes using maps and mapping software, the same cannot be done for steamships, and
it is unclear what additional information is generated. Indeed, one early-twentieth century source
(Ripley 1913) lists all-rail shipping distances from Boston, New York, Philadelphia, and Baltimore
to Atlanta, and as Table A.2 shows, straight-line distance is a roughly fixed proportion (85%) of

the point-to-point track length between origin and destination.

Table A.2: Comparison of Straight-line and Track Distances

Origin Destination Straight-line (mi.) All-rail (mi.) Ratio
Boston Atlanta 937 1089 0.86
New York Atlanta 47 876 0.85
Philadelphia  Atlanta 666 786 0.85
Baltimore Atlanta 577 690 0.84

Notes: Table compares straight-line (geodesic) distances and all-rail shipping distances
between the points shown. Shipping distances from Ripley (1913).

With a limited sample of routes — and particularly, with origins all in the northeast and destinations
in Georgia and Alabama — one might be concerned that the sample does not exhibit sufficient

variation in distance to identify this source of heterogeneity. Table A.3 lays this concern to rest,



showing that across the 52 routes in the sample, distance varies from 500 to 1,100 miles, with a

25th-75th percentile spread of over 300 miles.

Table A.3: Descriptive Statistics: Distribution of Route Distances
N Min pl0 p25 ps50 p75 p90 Max
Route Distance (mi.) 52 501.0 585.8 661.1 749.5 889.0 971.7 1111.8

Notes: Table summarizes the distribution of routes in the sample by straight-line
(geodesic) distance between northern origins and southern destinations. See Table A.1
for a list of origins and destinations, and Figure A.2 for a map.

Other Data

I also collect data from annual volumes of Poor’s Manual of Railroads (1868) to confirm the scale
of the gauge change. The Poor’s Manual was an annual compendium of railroads in the U.S. and
Canada that provides railroads’ location, mileage, information on their financial performance (when
available) — and conveniently, their gauge. These volumes allow me to calculate annual mileage by
region and gauge for the universe of U.S. railroads, and thereby observe both the growth of the

network and the standardization of gauge across the country.

To do so, I recorded the name, total mileage, and principal gauge of every railroad in five Poor’s
Manual volumes: 1882, 1883, 1886, 1888, and 1890 (which provide data from 1881, 1884, 1885,
1887, and 1889).2 T also recorded the region in which each railroad had principal operations: New
England (ME, NH, VT, MA, RI, CT); Middle Atlantic (NY, NJ, PA, DE, MD); Central Northern
(OH, IN, IL, MI, WI); South Atlantic (VA, WV, NC, SC, GA, FL); Gulf and Mississippi Valley
(KY, TN, AL, MS, LA); Southwestern (MO, AR, TX, KS, CO, NM); Northwestern (WY, NE, TA,
MN, Dakota Territory); and Pacific (CA, OR, WA, NV, AZ, UT). In two of the sampled volumes,
railroads are sorted alphabetically by these regions; in two other volumes, by state; and in one
volume, at the national level. Where available, I use the Poor’s Manual-designated region or state
as a railroad’s location. For the volume with national sorting, I infer each railroad’s location from
previous or later volumes, or from the address of its principal office (if not otherwise available).
There was of course a great deal of new construction and consolidation over this period, but all of
it is accounted for in these volumes — indeed, each volume concludes with a table listing all mergers

and acquisitions since the first volume in the series was published in 1868.

The collection of the Poor’s Manual data proved to be a painstaking process that required significant
attention to detail, as many railroads owned subsidiary lines that were listed twice (alone and under
the owner), and many railroads leased lines that were listed twice (alone and under the owner).
All subsidiary and leased lines were therefore cross-checked against the entered to data to ensure

they were not double-counted. The volumes also included railroads under construction, and every

2Please contact the author at dgross@hbs.edu if you would like to make use of these data. I extend a hearty thanks
to the Historical Collections team at HBS Baker Library for providing access to the Poor’s Manual volumes, and to
Mary Vasile for her help in compiling the data.


dgross@hbs.edu

effort was made to count only completed mileage — though this count includes railroads which were
complete but not yet (or no longer) in operation. In a few cases, a gauge was not provided — when
this occurred, I inferred the gauge from previous or later volumes, from separately-listed parents
or subsidiaries, or from information obtained through Internet searches. There were also a few
railroads which listed multiple gauges, and I count these railroads as standard-gauge roads of one
of the listed gauges is standard gauge. Finally, in each volume there are a handful of railroads for
which the gauge could not be determined, and these railroads are omitted from all analysis, as the
cumulative mileage with unknown gauge in any given year is less than 0.1% of the network. In
Table 1, I sum railroad mileage by year, region, and gauge, consolidating the Poor’s regions into

five super-regions: New England, Mid-Atlantic, Midwest, South, and West.

I also make use of mapping data from two sources. I use the NHGIS state boundary shapefiles to
sketch states east of the Mississippi River, and Atack’s (2015) Historical Transportation Shapefiles
to map the railroad network. The Atack (2015) railroad shapefile includes railroads constructed
between 1826 and 1911; within this file, individual segments are identified by owner and gauge
through the Civil War, but this identifying information is not available for later periods. Given
the importance of this information to mapping the network by gauge, I restrict attention to set of
railroads in operation by 1861. I use these data to illustrate the diversity of gauge in 1861 and then
the standardization that took place through 1881 and 1891, leveraging the Poor’s Manual data to
identify later gauges of railroads in the Atack (2015) shapefile.

To perform the stock price event study in Section 5, I have also collected daily stock prices from
the New York Times for stocks traded on the New York Stock Exchange between January 1 and
October 31, 1886. The stock quote tables in the New York Times report opening, closing, high,
and low prices and estimated trading volume for stocks traded each trading day. Stocks that did
not trade on a given day are not reported in the daily stock quote table, and I treat their price as

unchanged from their previous trading day.

Appendix references not in paper:

Ripley, William Z. Railway Problems, Boston: Ginn and Company, 1913.



B Vertical Structure of Freight Shipping

Long-distance freight shipment in the 19th century had an inherent vertical character: to get from
origin to destination, traffic had to traverse the tracks of multiple, separately-owned connecting
lines. Frictions in the vertical transactions required for through shipment were the source of decades
of holdup, and led to the formation of numerous innovative contractual relationships, which could
be the subject of an entire separate paper — and indeed are the focus of a large contemporary and
historical academic literature. For the purposes of this paper, a better understanding of vertical
contracting arrangements is both useful context and important to evaluating the model used to

estimate demand and supply and simulate competitive conduct.

B.1 How were long-distance shipments priced?

To fix terms, freight shipments borne by multiple, connecting carriers were known as “through”
shipments, typically traveling long distances. Shipments which could be delivered by the originating
carrier were “local” shipments. There were two approaches to pricing through shipments: the most
primitive method was a combination of local rates, whereby a shipment from point A to point C
would be charged the first carrier’s local rate from A to B plus the second carrier’s local rate from
B to C, which were independently determined. Given the number of local rates that had to be
considered on routes with many connections, and the frequency of rate changes, predicting the cost

of shipping under combination rates was a formidable challenge for shippers.

To simplify pricing, railroads began to set joint rates (also/more often termed as “through rates”),
which were point-to-point freight rates set jointly by carriers involved in the route, with a negotiated
division of revenue. By the dawn of the regulatory era, through rates were by far the most common
means of pricing through traffic. However, while there’s abundant discussion of the definition and
applications of through rates in historical records, there’s unfortunately remarkably little coverage

of how through rates were set, and how revenue was divided among carriers.

With effort, it was possible to unearth some contemporary references to the issue, which consistently
point to prorating of through revenue according to the distance of each carrier’s leg in the journey.
Proportions were determined by the “constructive mileage” of each leg, which is derived from true
distances but allows adjustments (Haney 1924). For example, in Congressional testimony in 1874,
the P.A.L. general manager claimed to prorate through revenue with the water lines with which it
connects (U.S. Congress 1874, p. 401), with ocean steamships prorating 3 miles for every 1 railroad
mile. In the same Congressional record, a representative of the Green Line (a fast freight line, see
next subsection) stated that all railroads in the organization received the same rate per mile from
through revenue (p. 786). Division pro rata thus appears to have been the norm, although there
were exceptions in the form of “arbitrary divisions”, which often applied to the use of bridges or
terminals, compensated carriers for a shipment’s fixed costs such as loading and unloading, and

were allocated before the remaining revenue was prorated (Haines 1905). It is unclear whether



arbitraries were used to compensate carriers for the cost of breaks in gauge — and because joint
rates came into use around the same time that the gauge was being standardized, no contemporary

references to the precise question could be located.

Joint pricing was not the only means of contracting around vertical transfers of shipments. Trackage
rights were also common, which gave an originating carrier rights to travel freely over a connecting
carrier’s tracks. An alternative was vertical integration via merger or acquisition, which was also

occurring at a rapid pace during and after the Reconstruction era.

B.2 Who owned/controlled the rolling stock?

Vertical transfers of rolling stock were an entirely different contracting problem that was resolved
in a distinct way. While not as important to the paper as the process determining rates, it is useful
to understand how rolling stock was transferred across railroads, and who maintained ownership

and control, as freight traveled the tracks of multiple carriers along its route.

The root of the problem is that, to send shipments over long distances on the same car, originating
railroads had to (i) send their rolling stock across connecting lines, and (ii) get it back. Conversely,
intermediate railroads had to host the rolling stock of their connections. The moral hazard problems
arise in several places: not only does the originating carrier have to relinquish control over its rolling
stock, but it also retains liability for damage or loss of its shipments on connections. Moreover,
different railroads might have different quality cars and different maintenance practices, and a low-
quality or poorly-maintained car could damage the tracks it traveled. As a result, until the 1860s,
freight had to be unloaded, unregistered, reregistered, and reloaded every time one line ended and

another began, imposing enormous costs and delays on through traffic.

To address these issues, railroads around the country formed “fast freight lines” in the 1860s and
1870s, which were joint ventures between connecting railroads which pooled their freight cars into
a shared rolling stock. The largest of these in the South was the Green Line fast-freight company,
established in 1868. Under the agreement, members of the Green Line submitted rolling stock to
the common pool in proportion to their total track mileage, and members were paid 1.5 cents per
car-mile when other carriers used their cars. Ordinary maintenance was performed by the railroad
operating the car and charged to its owner, but if a railroad damaged another carrier’s car, it
would be responsible for repairing or replacing it — though enforcement of this latter provision was

inherently challenged by the difficulty of determining the party at fault.?*

3When asked by Congress “How do you know whether it is the fault of the road or ... the car?” a Green Line agent
responded that the issue was an ongoing source of contention (U.S. Congress 1874, p. 788).

4For more information on the Green Line, see the following sources: Sindall (1886, pp. 680-861), Joubert (1949, pp.
31-40), Taylor and Neu (1956, pp. 67-76), and Puffert (2009, p. 134).



B.3 What was the vertical structure in the South?

Though these contracting innovations were being developed around the country during Reconstruc-
tion, the key question for this paper is ultimately what vertical contracting arrangements were in
place in the South around the time of the gauge change, to evaluate whether the model of industry
conduct is appropriate. The fundamental issues are (i) whether SRSA freight rates were for end-
to-end North-South freight traffic, (ii) whether they applied to both railroads and steamships, and
(iii) whether they were determined in coordination with Northern carriers (which comprised half
of each all-rail route) and how revenue from each shipment was divided. If the answer to any of
these questions is in the negative, or if revenue division was endogenous, the model of the market

could require nonstandard features such as bargaining or a vertical dimension.

Information on the SRSA’s vertical contracting arrangements is thin, but a few key details are
available from the cartel’s records. What is clear from these records is that the cartel rates were
through rates, from origin to destination, and that these rates applied to all lines in the cartel.
However, the records yield no insight into what role Northern railroads played in price-setting. My
understanding from cartel documents and later accounts is that the SRSA fundamentally controlled
prices on shipments into and out of the South — in part due to its outsize influence over these routes,
and in part because Southern traffic was relatively unimportant to Northern carriers in volume and

5 The cartel’s records

value — and it is thus appropriate to model the SRSA as a price-setter.
also make clear that revenue division was negotiated outside of the cartel, and typically pro rata,
following industry norms — such that revenue division is orthogonal to price-setting and would not

enter or affect the cartel’s profit-maximization problem.

Appendix references not in paper:

Haney, Lewis H. The Business of Railway Transportation, New York: Ronald Press Company, 1924.

U.S. Congress. Reports of the Select Committee on Transportation Routes to the Seaboard, Wash-
ington: Government Printing Office, 1874.

®Total railroad tonnage in the New England, Mid-Atlantic, and Great Lakes regions was over 10x that in the South
in 1880, and the difference in ton-miles even greater (U.S. Department of Interior 1883).
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C Contemporary Accounts of the Gauge Change

The gauge change received broad coverage in contemporary railroad periodicals and Southern news-
papers. The Atlanta Constitution reported on the SRSA’s gauge change convention as it was under-
way (Figure C.1), and the Louisville Courier-Journal reported several weeks later on the planning,
preparations, and procedure for converting 13,000 miles of track in one day (Figure C.2). Though
not widely covered in the North, the impending gauge change was nevertheless reported in a lengthy
article in the Commercial and Financial Chronicle on May 29, where the paper acknowledges that
“the matter is hardly attracting the attention it deserves,” and the New York Times reported on
May 31 that the Louisville and Nashville — the only Southern railroad of real importance to North-
ern shippers and investors — had completed its changeover that day, with no mention of the other

railroads simultaneously converting to standard gauge (Figures C.3 and C.4).

Contemporary accounts were not limited to reporting on the mechanics of the gauge change: some
newspapers speculated on the effects it might have, or was already having, on the Southern economy.
For example, the Wilmington Morning Star wrote in April 1886 that to date, “very little lumber
[goes] North by rail, for the reason that Southern roads [have] a different gauge from the Northern
roads,” and that “Southern lumber ports are bound to suffer a considerable loss of business”

following the gauge change (Figure C.5) — a prediction consistent with this paper’s results.

A year after the gauge change, in July 1887, The Railroad Gazette and other railroad journals
published a detailed postmortem analysis (Figure C.6) — covering the history of Southern gauge
and its “burden [on] both railroads and shippers,” the SRSA’s gauge change convention in February
1886 and the decision to convert to a 4'9'" gauge on June 1, the plans and procedures for the day
of the conversion and the months leading up to it, the engineering challenges, and even estimates
of the aggregate expense of converting the rails and the rolling stock. For those interested, this
article is the best source for understanding how 13,000 miles of railroad track could be converted

to standard gauge in just 36 hours, and confirmation that it was.

11



Figure C.1: Report of the Gauge Change Convention (Atlanta Constitution, February 3, 1886)
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Figure C.2: Preparations and Procedures for Conversion (Louisville Courier-Journal, March 23, 1886)
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PO AN Les  uulaiue |

sjrses o e

¥aonday, May 31, and Fuesday, June 1,
JAVE Laeu desiguated as Lbe days lor geoe-
ml guange of geuie. Tue (uviewing unes
will ehange un Munday May Bl: coulsvilie
aiid Nasbvilie, Nashvilic, «baianeoges sud

i, Loum, MNeuw.phis and Loariesion, Ala-
bama Great cou bery, Viociouals dudibyrn
rallway., Cincianats, Segua sl Mobile,

Muntgomery snd Eululs, Boulwesiera of
Ueurgia, Peasaroa and Alsustma, Florkda
Raillway anu Navageiion Lompesy., all

main Lues wil cuangs ou Luesday,

i

Juns 1.

1be change will take place om almost
®Pery ratio.d south of the Usiv asd Poio-
FuAe rivers, sXilsuding over abuut ==

I3,

e of raliway, ade up an foliows: Souti |

Carviws, J 850 wiws; Nurth Lurviine, Wv;
Georgia, ¥.413; Flurada, 1,250; Alsbata,
B08; Musisuipd, P78 Luusisia, B8hd;
¥. L 15, Tevurssss, 1,506, asd
Virguuis ol wies
Tos Svulbern gauge bas been an endless
ol Uoubee, eXjpwnss and Incom-
and s absudcoment bas .or e

long Jsie been regarued as & cerainly, and
Was (OF suiue Ous road
This the Mobile

all teas was
lostart tbe Lau roiling.
and Obio did snd Loe wioe
foilow sui. Woen Lbe

2]

Larousvous
iransierabis every-
wharse. As =0 ldustrascn of toe cuni-
Glalacia be uve fest gauge
pressuted to sasy and raped LraBspuriabioo,
& geteral Malement wili sufics. It = evi-

i gensral statedicut wilisefce. 16 esus
bl LOAL BIXLY jper cenl, of Lue ireigot
Song soulh over itoe L. and N.

{GIty per cent.
And FeQUITinG B |
e
car s placed st about Bliy cents, ll:‘ﬂ.n: |
ferring [row car (wval Leiween 88 aoo si
sains fgured, I W supiosed, spply 1o |
Termiinus of Lie Soulbeiu gauge st uibsr l

his gigantic undertal bas already |
al uumenss amocun: of labor asd |
foretbought on the part of Lhose 10 whoss |
15 bas been introsted. The laia

Larasi
upen Lo beads of \be opurating dej-ariuse
nn-J . s

addition, there wild be ue eXifa man

| viber gauy, sod cave Dis push car of

| ©f ke LW O LADgS & NOt 10 be conl
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sharp curves. This includes
cvach band or

g, e

| Kangs, commencing Lo cLange & nesriy in

Loe inkddle of (e sectlion, a8 way Le
LY the road master Lo Lw Lest, snd wurking
frowm esch otber, until each meets Uhe gang
Wurking tow.aids them (rom the adjuniog
sectivas; (oe (oreman will go wilh one of the
Kangs: bis staucard gauge band car will lei-
low-iois gang, Hus ssistant will go with the
five fest
Rouge puste) avead of bis cans, The work
Oned 1o thelr
rechiun only. LUl lie¥ Wil cunouue oo be-
yond ita bmils 11T nol mel sooher) until they
Hiesl Lbe gaug (FOm the OlDSr saciion, re-
gardless of section liioits, 0 as Lo cowpleie
tas work promptiy,

Previous to May 10, twenty-five o the
lot of 48 nsw sugines of standard gauge
beiag byt Ly tbe Hogers works will be re-
ceived, put logetser and lesisd, so (ar as
Lhai s praciicabis, and be ready for service
Bs s0un a8 the gauge of (rack 18 changed.
All spare sugines wiil be changed ss ear:y as
pracucsbls, “*Douiiing,'’ or baving tbe
engines 1n servics do ull toe runnicg possible,
Wil be resoried Lo, Lous putling out of ser-
TS &8 MLUADY enZiDes  as s o be
changed, aud lessen to be
Changed the day tLe Lreck s changed and
afterwand.,

lisra will be two new [S-ineh cylinder
Poas i or rngiues And MX wew Conscll intive
euglies PUL on Lbe line &t Heoderson Lbe day
the rack :s chasged. 10 be used ua toe Hon-

derson divisiun, Il wesdel (Dere. If culy s
purc mre nesded there, tus Lalance wiil be
tarwarded for use on the Nasaviile aud De-
cAatur Jdisision, Thers will bs put on ab
Luuta¥iie (e same day 10Ur naw passenger,
ulictesn hdation and tw & -n-
gines,

Toe rolling stork to be changed at the sev-
eral poiniia specitied 1o iDe lostroctions Las

AppruXiiuately sstimetsd as follows:
Eugiora, 267 passsnger squipuient cars,
sioepers, 38, (reight cars aud

to tenm days previoug to
changing tue rack 'be work «f evanging
freignt « ars wiul begin, and will conunue st
tom rale ol 483 per uay, in greatsr namber
M possilde, winiil (e work W compie!

Toe cost of toe chauge of gauge eali-
mated by Mr. Wells at about 300, Uu0,

ben tue wors s com in e short
time given it wili be a triwmpd of orgacised
avor asd la fore-
sgaL.




Figure C.3: Report on the Conversion (Commercial and Financial Chronicle, May 29, 1886)

THE UNIFICATION OF OUR RAILROAD
GAUGE.
On Monday and Tuesday next, sccordiog to previous
g t and ag , sn important work will be
undertaken and carried through. This is nothing less
than the changing of the guage of all Southern roads
whose width of track now is 5 feet, to & standard that
will bring these lines more closely in conformity with the
standard now in use in other parts of the country.

The matter is attracting hardly as much sttention s it
deserves. It is a task of no little maganitade. Practically
it involves the taking up and relaying of one rail over the
entire length of all the roads (and in somo cases a change
in the road bed and of course alteration of the rolling
stock) in the territory bounded by the Atlantic
Ocean on the one side and the Mississippi snd Ohio
Rivers on the other, and comprising the States of
Virginia, West Virginis, Kentucky, Tennesses, Missis-
sippi, Alabama, Georgis, Florida and North and South
Caroline. Some of the newer systems in these States, like
the Chesapeake & Ohio and its accessories, and the Louis-
ville Naw Orleans & Texas, are of the standard North

there was 114 per cent more, giving in the aggregate
over 89 per cent of the total track in the country. The
remaining 10 per cent was distributed chiefly between
roads with the 6-foot gauge, some of which have since
been changed to the standard, snd narrow gauge roads
with the 3.foot gauge, the most of which contemplate
changing where they have not already changed. It
follows, then, that after next week the mileage of the
United States will be substantially of one and the
same gauge, the exceptions of a wider or narrower
gsuge being so few as merely to emphasize the
rule.

The step which the Southern roads have taken is of
eourse an important one, both in its immediate effects in
entailing an exceptional outlsy in making the chenge, and
in its ultimate effscls in bringing Southern lines in cloger
eommunication with Northern and Western systems. Tn
the latter particular the importance of the move can
hardly be overestimated. The fres interchange of traffic
which & common standard will permit, we need hardly
say will be of benefit to all interests concerned. The
shipper will be saved delays, the railroad will be able to

heapen the cost of handling the traffic, and the mercan-

gauge, and so is the Southern Line of the Illinofs Central,
while the Mobile & Ohio was last year also sltered to con-
form to this standard. Bat the vast bulk of the mileage
in the Southern States at the present moment has s track
width of five feet, and it is estimated that next week's
operations will embrace fully 14,000 to 15,000 miles, from
which one can judge of the dimensions of the work. Amnd
a8 already said, not only will the track have to be changed,
but the rolling stock—locomotives and ears—will have to
be adjusted to the new gusge (where it has not previously
been done) the latter being really the most dificult part
of the undertaking. All the preliminaries, however,
have been completed, preparations for the event hav-
ing Been in progress for seversl mooths, and
much of the equipment having been already
sltered, so when on tha 31st of May and lst of
June the 14,000 or 15,000 miles of track are simul
t ly changed (some branches and minor pieces will
be changed a day or two earlier), everything will be in
readiness, snd the business and operations of the roads
proceed as if mothing had happened, while the means of
intercourse between the different sections of the country
will have been improved and our transportation interests
benefited.

The new gauge will not be precisely the same as the
commonly sccepred standard, but it will be so nearly su|

tile and £ ial ity generally will feel the effects
in the increased stimulus that this gives to the develop.
ment of trade and industry between the different sections.
Hitherto the South has been in a measure shut off from
the rest of the conntry by this lack of uniformity. On
the north, the Ohio River marked the limit beyond which
Southern freight could not go without s transfer of the
content: of the car, or at least a change of trucks, and
on the West the Mississippi River also formed s dividing
line, for Texas and Arkansas roads are of standard gauge.
Aftor the change however, this barrier will no longer
exiat, and traffic can then be moved to the North or West
without breaking bulk. Aside from the saving of expense
that this will invelve, good resulis may ba expected to
follow from the fact that the equipment of Northern and
‘Western roads will be placed at the service of Southern
roads, which iray prove of considerable advantage to these,
especially during the months whea the eitlon move-
ment is most sctive. And upon the sections
themselves the effect of such sn  interchange
in bringing the people closer together, is not to be lightly

the report of the Mobile & Ohio for the late fiscal year.
The Mobile & Ohio was changed to standard gauge on the
8th of last July, and an itemized statement in the report
places the expenditures on that account up to the close of
August at $66,329, of which $11,069 was paid out directly
for labor and $25,260 for the necessary material. This
included all the track, engines, cars, tools, bridges, etc-
We infer, however, that it does not comprise the whole
charge involved in the work, for in his remarks we find
Mr. Duncan saying that the total cost, which bad beem
originally estimated at $95,777, would probably be less
than $80,000. The Mobile & Ohio has 527 miles of main
line and branches, and on the basis of $80,000 for the
whole the cost of effecting the change (including rolling
stock and everything else) per mile of road would be a
little over $150, On the same basis, the 14,000 miles
now to be changed would invelve an cutlay of $2,100,000,
showing that the work is not only one of importance, but
one alzo involving in the aggregate a great expense. The
roads on which this burden of cost will chiefly fall are of
eoursa the larger systems like the Louisville & Nashville,
the Richmond & Danville, the Cincinoati New Orleans
& Texas Pacific, the East Tennessee, the Norfolk & West-
ern, and the Central R.R. of Georgia ; but the minor roads
all over the South will also have their expenses increased
on the same account.

It is interesting to note how completely the standard
gauge of 41t 8%in. and 4ft. 9in. has supplanted all other
gauges. Only a few years ago, when hardly enough
could be said by the advocates of the 3 foot gauge in
favor of the narrow guage plan, it seemed as if & new and
dangerous rival were about to arise. But a short trisl
hasserved to demonstrate that the advantages claimed for
the parrow gusge system were largely illusory, and the
thres-foot geuge has mow fallen into pretty genesal
disrepute, whila mnearly all the companies that
had built their lines on that guage have becoms dis-
credited, aod are in the hands of the officers of the law.
The Toledo Cincinnati & St. Louis was to be the most bril-
liant exponent of the new theory, ke grandest narrow
guage euterprise on the Continent,” but alas! there never
was & road so deeply involved in financisl and other difi-
culties as this, and when it Goally succeeds in getting out
of the dilemma in which it now tinds itsell, the road will be

dismissed. It should even help to attract at to the
South as a field for the profitable employment of capital.
That seclion has been comparatively neglected heretofore.
Toere has of course been growth in recent years—very
decided growth indeed,—but as compared with the West
and Northwest, the South has not gained as much as the

88 to be equivalent to the same thing. It will be 4 feet | inducements she offers warrant. The flood of immigration
9 inches, whereas the prevailing width is 4 feet 81 inches | espacially has passed her by. It is unnecessary to inquire
The Pennsylvania, however, has a gange of 4 feet 9inches, iato the causes of this. It is sulficient to koow that the
and the Southern lines have adopted the same figure. In| change of gauge will make the union between the sections
reality, thoogh, the difference—hall an inch—is 8o small more complete, and in connection with the new industrial
that the rolling stock of the one can and is being freely development now making such rapid progress, ought to
used upon the track of the other, so that for all practical tend to give grester prominence to that section here.
purposes the two gauges are identical. Moreover, these after.
two gauges embrace together the greater part of the  Ag to the cost of the chango on such an extensive body
railroad mileage of the country—the Southern roads with of roads, that cannot be stated with any great degree of
their five foot gauge forming the only important excep- sccuracy till after the work has been accomplished.
tion. According to the Census Report of 1880, of the Reducing the gauge of track is, of course, a simple
total track in the country at that time (July 1) 66-3 per problem, but the adjusting of engines, equipment, tools
cent belonged to the roads with 4 ft. 8} in. gauge, and and the various paraphernalia connected with thé opera:
114 per cent belonged to those of the 4 ft. 9 in. gauge, tion of & railroad, is what constitutes the largest propor-
making together 77-7 per cent, while of the 5-foot gauge |tjon of the expense. We have no exact dats for
(almoet exclusively Southern roads and now to be changed) | gatimating the cost of the work, but an approximate
idea of the amount required can be gained by using
the figures which Mr. William Butler Duncan gives in
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idened to the dard gusge. Then there is the Texas

& Bt. Louis, which also has an extensive narrow guage
mileage, now to be changed to standard width. The
Denver & Rio Grande is the only narrow gusge system
of conscquence remsiniog, and there the mountainous
character of the country renders a comparison with other
sections out of the question. For short distances and
special kinds of traffic the narrow guage sometimes answers
very well, and there are some pieces of this character that
pay, but on any large or extensive scale, and with ordi-
pary kinds of traffic, experience ssems to have demon.
strated that the narrow guage does not meet the require,
ments called for, and most of the companies of this zind
formed in recent years have, as already said, met with
disaster.

As to the old broad gunage, that has long since gone out
of fashion. The Erie was constructed on that pattern, but
was changed to standard in 1878,  Its principal connec
tion—the Atlantic & Great Western—was also of six foot
guage, and this was changed in 1880. We may remark
that the Canadian system is likewise of standard guage.
There were varying gauges in Canada at firat, but in 1873
& ¢ommon movement was made towards the adoption of
the standard, and since then that has been generally fol*
lowed. The'Mexican Central (El Paso to City of Mexico)




Report on the Conversion (CFC, cont’d)

is also of 4ft. Bin. gavge, and so is the Mexican Railway
(Vera Cruz to City of Mexico), though the Mexican National
isnarrow gauge. Practically, therefore, it may te said that
the whole railroad system of the North American Con-
tinent is of standard gauge. And elsewhers this gauge
also chieflly prevails, that being the usual widih in Great
Britain and other Kuropean countries. la fact the experi.
ence of the world seems to have settled in its favor as
offering & maximum of service at & minimum of cost.

Not the lesst significant feature about the change now
to be made on Southern roads, is that it is undertakes
voluntanly and without any external pressure whatever,
In this it is like the adoption of & uniform time standard,
affected mot so very long ago. The roads are yieldiog
simply to the demands of necessity. They find that a
gauge at varisnce with that of the roads in most other
sections of the country is an impediment which interferes
greatly with the free operation and full development of
their business.  So they determine to remove the impedi.
ment. But there 18 no fores or compulsion—no law except
the natural law of trade, in obedience to which they make
the chaoge. They are exercising their own volition en.
tirely. Nevertheless, the agreement between them is
unanimous. Is there not in that s lesson to those who
mever weary in calling for legal enactments and Govern.
ment intervention to accomplish this or that ? VWhen the
necessity for an important step is clear and imperative—
and who can be & better judge of this than thoss most
directly concerned—railroad managers take that step
(whether it be a reduction of rates or a change of custom
or condition) prompily and withont hesitation or com
plaint.  Infactin this way the laws of trade and the in.
stinct of self preservation effect reforms and improve.
ments that all the legislative bodies combined could not

lish, a8 is so evident in the case,
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Figure C.4: Report on the Conversion (New York Times, May 31, 1886)

CHANGING THE GAUGF,

WORK: ON THE LOUIRVILLE AND NASHVILLE
. COMPLETED—OTHER SOUTHERN .ROADS.

Loussvirie, Ky, May 30.— The zreat
work of changing the gauge of the Loulsville
and Nashville Railway from wide to standard is
completed. Eight thousand men were scat-
tered over the dlvisions of the main
stem at daylight this morning, and at
sundown the track was standard all along the
line, and test trains had been ruu over the dif-
ferent divisions and switches, and reports had
been gent in to General Manager Harahen, in
this clty, pronouncing the work com-
plete and everything in good shape.
Some of the dlvislons were completed
as early as 9:30 o'clock this morning,
and the great bulk of the work was
finished by noon, everything being finlahed up
in proper shape by the middle of the afternoon.
Tho day was propitious, theelements offering no
interference at any point except Memphis,
where thunder storms interrupted the work to
some extont. But in spite of that the Mem-
phis division was finished before noon. No
traine were run out last night or to-day,
but at midnight to-night the regular schedule
will be resumed and the rolling stock of the
Lowsvillo and Nashville will  have only
been treated to a Sunday's rest. The follow-
ing branches were changed yesterday: Pen-
sacola apd  Atlantio  Railway, Metumpka
branch; Birmingham Mineral Rallway, both
branches; Owensborough and Nashviile, Madi-
sonville branch; Elkton and CGuthrie, Glasgow
branch, Bardstown branch. The following are
the roads changed to-day: Maln stem, firat
and second divisions, Knoxville Division, Evans-
ville, Henderson and Nashville Division, Mem-
vhis Line, Nashville and Decatur Division, South
and North Division, Mobile and Montgomery
Division, New-Orleans and Mobile Diviston, and
Pensacola Railroad.
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A THEEATENED LOSS, OF
BUSINESS.

Savannah News.

The change of gauge on Southern
| railroads, which, it is expected,will be
made in July next, will hrin%‘ about
some important changes in the lum-
ber business in the South. Somthern
lumber now reaches the Northern
markets by sea. It is transported
from the mills to the nearest ports,
and sent by sailing wvessels to the
Northern distributing points.

This way of getting lamber from
the produocer to the consumer is ra-
ther slow. It has to be handled sev-
eral times—onee at the mills, once,
and sometimes twice, al the t of
shipment, generally twice at port
of its destination, and, finally, once
at the place of consumption. It has
to be insored against the of
the sea, and frequent handlicgs often |
cause considerable breakage. An-
other drawback to shipments by ses
is the long time required for lumber
to reach the Northern markets after
it bas been shipped.

Very little lumber has gone North
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Figure C.5: Example of Anticipated Effects ( Wilmington Morning Star, April 16, 1886)

by rail for the reason that Southern
roads baving & different gauge from
the Northern roads, itis rather trou-
blesome and somewhat expense to
change the trucks,

Southern lumbermen say, however,
that when the gauge of the Sonthern
roads is changed they will be able to
ship lumber without breaking the
bulk direct from their mills in Geor-
gia, Florida or any other Southern
State to any point in the eountry,
add that the difference between the
cost of rail and water transportation
will be more than overcome by the
saving that will be effected in insur-
anece, bandling and breaka

While mueh of the lumber will
continue to be shipped by sea, there
is no doubt that a great deal of it
will not seek the seaboard for trans-
portation to market when it can be
transported as cheaply and much
more quickly by rail, and Southern
lumber ports are bound to suffer a
considerable loss of business. Other
kinds of business, however, will
doubtless take the place of whatever
part of the lumber business that may
be lost to them.
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Figure C.6: Technical Summary of the Gauge Change (Railroad Gazette, October 14, 1887)

868 THE RAILROAD GAZETTE. [OcT. 14, 18871

The Change of Gauge of Southern Rallroads in based upon the experiences of the Mobile & Ohio, and such | tion, as the bearing surface was so small that a slight im)
. ‘IBBGJ other I:?:rmlnm as they could obtain, repo-ted as fol- | fection in the rail, or a curve that let the wheel run lol::e
— lowrs : mide, would cause a wheel to drop in -mi Rive trouble and
When Horatlo Allen recommended a B-ft. gauge for the| [The instructions il-nlrd the General Buperintendent of del.-, The mh from storage yards to shops were some-
Bouth Carolina Railroad, be little thougbt that half & century | the Mobile & Obio for the of gauge on that line JIII times laid with & guard rail, fig. 1, and at others with two
later an expendimrvu!nver a million dollars would be re-|8: 1886, were printed in the A'u:lrnnd Gazette May 1 FIG. 1 FIG. 2.
an to undo his work. He did not expect an extension of | 1888, and we publisbed u:m of the B rerlutendum of l,ha L]
iron rails, within that time, from ocean to ocean, nor that | East Trnm-ee. Virginia & 886, June 4, 1886, | =— _——= A

necessities would arise for running cars from one extreme of | These cover ¥ Ihnle p Lot & ‘o

the country to the other. His successors, in later years, were | which, dﬂcfm, are not mprlnwd hare —E ] 2w s

llme wiser, ‘!‘lms. however, has shown that prompt and| Feb. 18, the conven| met, ant to -djmnm— E mL_ .

omical tra; tion requires that our car. once n-ded. ment, to receive and mldur the report ot the C.

Ihlll to its ipation without transfer. To this end, Wheel Gauge. This Committee sent circulars, ucon the m -

6-1t. lines attempted to extend their wide sn to d!lunt of wheel gauge, to a large number of roads, both 4 ft. 9 | separate tracks on the same ties, "as shown 1o fig. 2. This

mnlm\of trade: while the 4 ft. 8}%:1 and4 ft. 10in. gnuxeu n. and 4 ft. 8¢ in. gauge. in order to get their ideas and |]ast was most satisfactory. Seversl ingenious devices were
ied to compromise their troubles ng the tread of | experience. Atthe same time a sub-commiitee was started | yused to switch from vne track to another, all temporary in

thvlr wheels from the 31 io. of uu- urly ives to B in., that | upon awuro“nvesﬁgumn to learn what they could upon | character and inexpensive. Expensive [rogs in some way
ﬂwy might; run on both gauges. This was not altogether sat- | the matter. They visited a large number of roads and saw | were avoided, where two tracks or rails were croased and
isfactory, and another attempt was made to barmonize mat- | the practical workings, and consulted with the most experi- mpuuud frogs ordinarily
ters "’ﬂ the use of a compromfse gauze of 4 ft. 9% |enced carbulldrnin t.beconntry Alm-nmnfnl In changes mudu!nllnhof bridles for switches
in. is did better, lnd in time the 4 ft. 10 in. |tion of the C i re- h.d u: some cares been provided and ** Wharton " switches
or “Onho” ga chapged to this or ita|ported: thrown out, plain stub switches being put in weir laces!
nccesor tha 4 tr.. m Tha 5 {t. 6 in. Fauge became a thing | * We recommend that 4 ft. 5% in., nliowl rintmnn of qu_mg.i expensive, and wonld up much bla
e past, @ ft. eitber became * standard” or laid a | ¢ of an inch either w:'i, be adopted as @ be- | time on the day of change.
thlrd rail, so th.l'. nillmr * wide" or ** parrow” trains cuuld be | tween flan, and furtber recommend Hut the Ihniv.g-un ‘We have various kinds of bridlee. The old-fashioned one
rnn.-nd nll ulpmeut bekem in wee until it -m narrowed, | of the Pennsyivania Railroad be adopted, that is, the small- | for the stub switch, that clasped the base of the rail, as
rail could be taken up. It beca ible tn | est distance Mween flanges be 4 ft. 5 in. , and the smallest ; ghown in fig, 8, was cut vear its ceotre and had ove end
nm n e:r I‘rum the Atlantic to the Pacific, nnrth of the Ohio | distance from out to out of the tread of wheel be b ft. 4 in. | Jengthened : each part being at least 2 ft. 0 in. long. Thres
River and west of the Mis<sappi River. South of the Obio Any wmh measuring less than allowed by these limits to be hc.kl. were either puncbed or drilled throug tbe bars near
and east of tbe Mississippi, however, the umversal gauge, be end, the outer one 2 ft. 7' in. from the oside of the r:ﬂ
save a few roads in Vlrxhun. was 5 ft. Interchangesof car- is mencdy what the Master Car-Builders had fixed eul the next vne 8 in. ln&hie Bf that. This made the bars
were Dot thought necessary, and all freight to and from this upcm as the proper gauge for wheels. but which bhad only all -like.and no care had to be used to pick ** rights® and
section bad to be transferred from car to car. This burden | stoud as a recommendation, never baving been accepted asa |  Jefta.
was realized by both ruilroull and shi; n. avd arrange- | standard by any roads. The following statement shows the| Thes> were put on the 5-foot gauge by placing the outer
ments were mado to exchange trucks, till not a promivent gauce, distance between flanges and lateral play of a number | hole of oe bar over the second hole i the other : a bolt was
large systems :

point cculd be found on the border without 1ts ** boist” and | of
acres of extra trucks. This was expensive, both in tume and | G .uge Distance between Lateral FIG.3. FIG. 5.
= pllﬂl." and a change of gauge, which would do away with | track. flanges. piay & 2 k- =iz __4
these ‘‘ boists” and the time and labor required to operats | Fi.In. _Name of road. Fr. In. In.
them began to be talked of. Few, however, had the couruge |4 & ~PI'|""‘!"_"'"- 4 FIG. 4 FIG. 6
to think of it as & thing of the near future, : "“"‘7'"6‘““]' : ~rl—, e
Tie Tilivols Central Railroad was the it live oast of the |§ 3 & i oy T == ——— 21}
insisr ippi to meet the question and make its southern end (4 if 4 or— —=sm
conform in gauge to its northern, which it did_in 1884, giv- |4 4
ing a cootinuous 4 ft. 8% in. line from New Orleans to |4 :}2 4 &m:—-:\‘]
Chicay Under the pres-ure of com) hon. the Mobile & ¢ 2 .. 4
Obio Rallroad followed. and in July, 1580, clianged tod It 5 4
8¢ in. The most d competitors of_the Mobile & Ohio i+ s 1 UMD)’!I through, & uut put on the bolt, and & spring cotter
Railroad thelaumlle&ﬁnshvillnmdcincmuti Scuthern | ¢ i 1 put in a bole which had been drilled through the bolt
systems, saw that they, too, must change. or be at a disad-|d4 © 4 Another bolt through the other holes, and the bar was se
vantage, and determined 80 to do. Other large systems|¢ 63.. '-'IIIE On lbedny of change the bolts were emsily removed,

realized that they could delay no longer. but must move with | It will be seen that the report was hased upon tbe practico [ {02 ,,_ e ‘nm;“ 2"'; o;‘:ﬁ’:l‘: :ﬂ‘g_f’né‘:&il%"':m}k e

the Louisville & "Tnhvllle aud Cincionati Bouthern. The | of roads, and wounld undoubtedly give satisfaction to
smaller roads had no choice in the matter, but must join the | all. It was a1 Db by, thc o penti o “ﬁ,,‘ﬁ -fl'u-nﬁ ’*";": A baw hich ook hald of the
ranks. ) = Tho ganern plan hai now been blocked out, and individual Sy ARt EL S e fa b sanie wuy, Fie.
m.srmeungnflhn e C d'.he work could commence with reasonable mssurance that it mdllrmbvthsmt h Ahninnne; ﬁ:dm! treatment is
(&l‘uulinui hehi in the summer of 1885, & mmmmm :Il'm ;r::l w.?u] s hb::jh 'm""’u',:'h,:,ﬁ' o :h" i T%‘. foarious | the one throu 'h“’h ‘ch' “"‘ihu"r'::'!{l"r b‘gﬁ“‘,'r;:k
Tines gel officers studi problem some extent before the With the ﬁ, there Wink maoee g O

es was to take up the | meeting. and bad worked out details in thei
matter, tnrmulnte plans and fix dates, um there might be md.‘ %mthnl amgd“r::om re notes, -mlir -‘;:n ﬂﬁm&: rﬁ';’.":“’nﬁih reln).mmror chmmll
s i o e pob o ot T of g e, o i net "l

D)

October, 1885, mmmng like a general or satisfactory dis. | imstractions. in ? ol Mol M Fla Fia.g
cussion was bad. muumamgan Iookedln the wurklnnebndy blymanlywﬂnd uuuhe
matter, the more !bay were o with mn on tho ; or in the sho discerned * snags "
and the need for of by the of the instructions, and also
w:.:llnmeetmg of the managers olnll lines h:hleatnd with | found w ways to overcome the difficulties, and in man;
the request that the heads of their Transportation, lmhinery was asble to do his work in & better and {mper

and Maintenance of Way departments be present.to aid in the | way than was pointed out in the ins

consideration of the question. This convention was held at sen,;nl way w..p;?; int and issue onl, m‘mn,f?'mmnﬁ:
Atlanta, Ga., Feb. 2 and 8, 1888, with 70 mpmnuuvm, of | tions, leaving much demrlmenthnn{lm work out accord-
varions guuiu, of'30 roads. ‘Tuesday, June 1, was fixed ing to the conditions sarroundin F'nquant and full
upon as the day for the genaral nhuuge. though some 6 or 8 | personal consultations were louud be useful, The work
roads, for local reasons. were to change on Monday, May 31. | was of an extent and character, all thlng: considered, vever
Tt was also agreed that branch hoes might be cbﬂ!ﬁl at | before undertaken, and wust be done at the time selected

such other times as best suited the owners, the general ch-nn;u There would be no chance to wait and see what others did

being s0 ronducted as to best promote the mf&mu or to correct mistakes: it must be done and the public rerved | D¢ placed bebind the elevated rail, which would Imld itin 8
through linoa. Commitiacs’ whre appointed o rlnlmm- The work of preparation was spread over several menths, and | {2Ches securely. a longer bult. being poeded. _Figs. 7 and §

in detail matters | in fact of mere show this so plainly that no furtber description is needed.
wan minc N iore of s problem than the miaving ot Five each of these bolts and castings wenpneaded for each

tion, way and Machinery, to
pertainiog to the various departnients and to report to the | the one rail three inches. Theengines and cars were of varied

convention for flnal miun‘ construction and conditions, and switch, The safety throw bar was simply disconnected to be
The matter of the p: gauge to which we should change | various roads and localities. A m‘:ﬁmﬁ ',':,m:&b JE;, lengthened and replaced at leisure,

was taken up by the mvemon iteel!, and & lengthy s in one place, would not of n.mny h.mhgm.. another, 4 | Crossiogs were prepared by cutting out at the centre the

sion follow: It was ur, kz one lmpurt‘\nt ine, whose proceu which would be good in o ce, might not be the

Dusiness was mostly with Northwestern roads, that 4 ff, 5i¢ | mcet comonmical 1a Sethor. Sn ooy CUEDL DOL be the Fla.e

in. was the true gauge to be used. The greater parts of the m Iml at mtr hlaml. with their surroundings, and decide

roads changing. however, had their I.urgmt interchange of w much of the general plan they could fol-

business with the east and northeast, and consequently wnb
the Peposylvania Railroad systemn. There must pecessarily l ‘give briefly some of the plans and methods in both track
be a large mterchange of cars with that road, and it would | and machinery matters, showing how details were handled.
follow that the gauge used should readily admit Pennnylvnnu While several roads had ch: pu!a, t.ha conditions varied
Railroad cars, and that our cars must be to that | much from these we now had to meet. former cases there
road. It s true that the Penmylunla Rail c-r- do run | were plenty of neighbors or mmcrjom from whom cars
on the Northwestern, or 4 ft 83 in. roads; but i1t was the | could be borrowed to keep their traffic mnvlng. while in ours
experience of several who bad wnrlled both gal that to | everybody bad to look uut for himself, and could not belp his
s in. track neighbor if be would, We must take care of our trafic aud

required more power than upon a 4 ft. 9in. use bu:gu our cars at the same time, To do this we must with-
nl the greater friction between the wheels and u.\aral!a the | draw a part of our equipment from service, and chauge it
51 in one ﬂ!a clearing the rail by three-fourtbs of prior to the change of the track, giving us something to use

while in the other the clearance is one-fourth utonunﬂn tru:k was C . Necessarily, 1
ol an nch and rometimes less, especially when the track public nt there 'yue‘hlla’:)wol:sc?' wsite 'WZN-I- aud then keeping the !'"1'*‘ in place by splice
men lnve the track gauged a little too close: not an uncom | way out of the bmubll. though & lcss of earnings would fol- b‘“ till the day of chauge, when the cut pieces 'ﬂﬂ taken
thing to find. Again it 13 not an unusual thing for a | low, out and one side moved up to proper gauge, see fig. 9.
wheel to be carelessly put on, and be too wide. It was tne | It was argued by some that the proper wuy‘uuldbe to | It was decided that the “gauge” rail was was the ane to be
"”W""‘W"W““? a few years ago, while connected with & | provide entire new sets of wheels and axles, fo that, at the ' moved. On lines without curves, or with very few, this was
4 ft. 8i¢in, send some Pittsburgh, Ft. Wayne & | change, *he least possible time would be used in the tmfer undoubtedly correct; but where curves were frequent and

Chicago cars to tbe Mississippi River loaded. ‘They were| The general idea, b 3 that it long, some provi ust be made to overcome the ** crowd-
undoubtedly a little too wide and the Lrack in the yud' Bive R‘:,d unwise, mtgm;\dg,ﬁ- m‘.'{’?:‘hb‘l?%‘,',’ﬁﬂ. ng‘ b l!‘ml.I:';e“:memm:mnd:d that the
they went was a little too parrow, The inspector lnund of main track and 1,600 miles of ride track, there were 1,800 || out. T’hemdm of trackmen is 80 strong to run the ta

something wrong, and actually took the trucks m.lt rmm engines and 40,000 cars, we see the great cost of that into the curve, ol 50 fich o puz lise wascuryed |
undor the cars and roplaced thom with narrow tru 000 new wheels and 103,000 axies coald. 5o bé g p".'.’.‘; cent. upon one division, o largo parcof the curves >
which he sent the cars to Chivago, while he :Im.ded Gbe wlde of -ven it wg d|d have nearly as many wheels and axles degrees and upward), we felt that we must have some cther
trucks upon flats and returned them bome in that way. Ons | o e must withdraw our cars, nnd L

y.
road in Obio. formerly & 4 ft. 10 in. * Obio” gauge, changed it por pmhlam halt J" thern o chanzed bel'ure the first of June, | Fig. 10 gives an idea of the plan of the committee. It was
tn 4 ft 81§ in, and after a few months experience n'ga Carsso changed would *‘parked” upon tracks, which FiG.10
changed to 4 ft. 9 in.,and found that it was freed from | would be prepared for the pm-pa-e near l.ba shops where the
many trials due to small clearance between flange and rail. ch.m was made. When the day of change came it would
It was at lnst decided tbat we would make 4 (& 9 iu. our | be necessary to gatber in all the remaiving broad gange cars
gauge, This discussion brought out a special committee on n the ume pnlnu and ** park” the.n upou these tracks, unless
whecﬂ g-uze who wem to take up that qucn.[nn in connection | the road ahnuld be fortunate enough to have a large surplus

T

of both gauges and report at an adjourned | of broad gauge tracks that were not needed for traffic. Very ||
mmn; on the rltg%‘h orcF'obm‘l‘rr poitad fBT tﬁu;_rnrx roads bad this, and the extra tracks were, asa
TADSPO! ion Commi traps- 'y need

mmifumrm‘l,;’ba p;og::mr,v:uhlch 'l:hfllﬂyl perhlud o3 ;z ;-. system with 5,000 cars would about 80
1 Dg an rn_of foreign cars r | Just bow much would be needed at each point was a mat-
to the change, in order that each road might gava mrﬂfh ter of conjecture, as no one could tell in w‘;‘:nm how many i-hmad thai 1d to lea’
WD cars nn the day of change, or the l’eweei. possible cars of | cars would be changed at nn{gm point, or bow mau! bmd | e t we u:uml cut lalt ﬂlll t “m ‘z’i:rwﬁﬁl. \d
other roa mmnwmlubahnnlnd re at the last minute. i ‘ . ere high, h'"’ ti l:.niﬂ: d.y!h: xon

The H-chinery Committes treated upon the matter of a5 a rule could not be built very near the sh whgrg tnmvonld _l runy et lm gﬂ! henﬂ yow':nsw:r
changing cars from a general stand-point, in order that !.he the chauge of trucks wers made, 80 that tracks tobe |l June 1 wi ﬂ““‘“ mm“ gj ht cal
ork spoc o meaY. i, b, Seupon (e laid connecting them with the shop tracks. Il m,,“,“l"u cm ey o{’ s ouan

done in the manner desired by the r ownmg The shop tracks were so0 arranged that both and nar- mﬁ:",..a 4 {'.. moved. to n:mw

the ruﬂ. Beyond that, they left cach road to do its own |row gauge trucks would run upon them. This was, asa change sides, m all cases to mvg ghejmidgml To do
work in fts own way. rule, doe by putting some guard rails inside the 5-ft. track, |' this we would change the * "' rail up to the tangent
__The Committee on Roadway went more into detail, and |4 ™ nutwout.sou:- t the tread of a wheel of the parrow point the 8 in., the jo% beyond the tangent

Ty Ty T T b g b e e e P R
neers, o 3 .

mnﬂ' }- from the Jortrna of the Associati ‘n of Engi- out guard rail,  Thie, owever, did not 5’“ e é:‘i:f:w&:hmw in‘ ;k’)in tnh':* %rnﬂmwgnmﬂe hit

opposite rail comes in 1 in.; at third t the distances

wtubem-ndaxm.-.nmmwzmzm ;a8 the
fifth jomt, 1§ and'1%¢ in.; at the joint our outside ra
| whih'heirﬂdernﬂwlﬂmmalnthsmu

)
-3
g
g
3
2

18
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8in.: we continue to move the inside rail till within six

Jjoints of the next tangent point, when we commence to re-
In the process of preparation spikes have
of the points mentioned. Fig. 11 shows

FlG. 11

verse.the process.

been driven at each

this plan. The outside or elevated rail is the one usunlly used
as the live rail upon & curve, so we were following the qrhn
on which we started, viz.: to move the '‘ gauge” rail. The
wisdom of the plan was shown when the day of change came
and curves changed on this plan were found to be in better
line than these changed by any other metbod. We tried all
three plans spoken of.

In the matter of locomotives the conditions varied much.
Of the engine builders, the Baldwin Locomotive Works had
mhlblv 1 the most far-seeing. For twenty years they
looked forward to tbis change, and bad during that time
80 constructed their frames and fire-boxes that, by using new
driving wheel centres. the change could be made without
changing other parts. Few other builders had, notil com-
paratively recently, given tbe matter any tbought, and, asa
result, many engines were found that could be changed only
by moving the frames in, and not unfrequently the fire-box
had to be sltered ; this meant a new fire-box and heavy ex-
pepse. Many engines were thrown out of service by the fact
of the great cost of changicg them.

The 5-t. engines measured between flanges of drivers (and
other wheels as well) 4 ft. B3 in. As the gauge was
narrowed 3 ip. it follnwad that the new mﬂ;:ﬂ;&l;!:btﬁ wo;nd

. ,

Fia.12 eitiR ]

was the measure
fixed upon by the
convention, a
limit of variation
of 5 in. either

Aud
sheet

e.;ltf

¥ mi

L Jess than this from
Frame % out to out to give
a reasopable clearance, or say 4 ft. 5in. I think all our
Baldwina was within this Jimit ; but we found other engines
wider from out to out of frames. the frames being set out
from the fire-box and a *‘ pad " placed between them ; sea

. 12, The ** " could be cut out and the frame set in
against side of the fire-box ; but to do it, this frame had to
be offset, as shown in fig. 18. This was done behird the
rocker arm and in front of the pedestal or “jaw” thus render-
ing un: the changing of machinery, but enabled us
0 set in the boxes and wheels or tires to the proper width
‘without cutting into the frame.

To get proper information about all the engines, accurate
measurements were taken of width of fire-box, width be-
tween frames, from out to out frames. between bubs, be-
tween inmde of tires, between rims of wheels, sizes of boxes
and wedges, thickness of

f wheels, etc.  FiQ 13

FiQ. 14

hubs,

Blue priot dhgr::‘: were
red upon Wi were

‘;Eup:d all gt measure-

ments with the number of

the engine. From these the

head of the machinery de-
ot could see at a

lance what was required i

driving wheel ceptres would
be required for all engines;
but examination of our blue
Frlnta showed that upon our

ines, at least in a majority
of cases, this was not neces-
sary. Home few engines, notably some of the old Rogers,
hm{vwhee]u that were dished to such an extent tbat by press-
ing them off and putting on again, with the outside face in-
;i& an inch and a half could be gaired and the tire go;:ldﬂgo
on b .

as originally placed, squarely upon the wheel
18 as originally, and fig. 14 as furned. It was found in prac-
tice that a new crank pin had to be In many cases
we found that we had thick bubs and heavy flanges to both
driving boxes and wedges, so that by taking from 14 to 8 of
an inch from the insides of the hubs, and 34 to I from the box
and wedge flan we could gain at least one inch, and in
more. This left not to exceed balf an

the
usual projection. This change was a tﬂnng one and
dopne at a cost per engine of about $180.87, including
new crank glm. A new set of wheel centres, finished and in
place, inclus Ing&ﬂm, ‘which would probably be needed, would
cost $264.46. ben cl ‘wure decided upon, and an en-

gine was in the shop, they were made, and the tires were then P!
‘put on at the old gauge, projecting outside the centrna. They lath

Fla. 19

FI1G. 17

were used in this way without trouble until the day
came; fig, 15, original; 16, cha Some
recent el o6
view to changing. pi

would be required with the new gauge: but the rim pro;
outwardly an inch and a half more than usual, so that the
tire could be placed for the 5 ft. gauge and still have ita full
support. Bee fig. 17. When the tire was eventually moved

of change
of the more

to the narrow gauge this outward rim would be turned off.
Of course, we were not able to take all our engines into the
shﬁmd press in their wheel centres, and bad to be satiafled
with some temporary arrangements that would
ure of the engine until such time as it could be tal into the
shop. We decided to set tires {n, leaving the centres un-
changed. 'I'his gave an ipside projection of 13 in., plus what
little projection might have originally been. the
rim was solid, there was no trouble in this (fig. 18), ﬁ)ﬂoﬂd&i
the tire was not too thin, We fixed upon 2 1n. as a limit safe
beyond doubt. When the coring was in the middle and not
this was still safe, see fig. 19. We lomsﬁmegohomer,
found very large rores, and at one side (ses fig. 20), which
gave us a very small hold for our tire, and it waa not deemed
safe for road service. To overcome this ‘we purchased
a few new tires 83{ in. wide with the outer corner cut away,
as shown in fig. 21. This gaveus a bearing over the entire
rim of the wheel, and was safe, no matter how large or in
what position was the core. corner was cut off to save
matenal, and at the same time. to save the bad effectsof a
wide tire upon frogs and switches. The edge was left 1 in.
thick. At some future time when the ¢ngine goes into the
shop and has new centres put on, or the old ones pressed in,
this extra width of tire can be turned off
As to engine trucks : The frames bad. in many cases, been
made of the proper width for the narrow gauge, and
the wheels bad been built with & beavy hub projecting an
inch and a balf inward (fie. 29), po thaf it wonld hear against.

FlQa.24 FIQ.25

T

the truck box. It was expected that these
wheels would be taken out and !¢ in. of the
bub taken off when the
the wheel could be on the new g uﬁfé
This would have taken too much time, so

inch and a half extra hub was left off of all new
wh but a cast iron collar or washer 1} io.
thick was placad upon the axle inside each wheel
and between it and the box (fg. 23). When the

— day of change came & few blows of the hammer
upon a cold chisel split this collar off and we were ready to
press the wheel the needed inch and a half upon the axle.

Many of the wheels that were still in use with the long bub
were put into a lathe and a groove was cut an inch and a haif
back from the face, 1e-vig§ our cast collar; which was easily
splitoff as before. (Fig.

‘With tender wheels, as with our car wheels, the case was
different. Originally, the axle for tbe B-ft. gauge was longer
than for the 4 ft. 9 in.: but latterly the 5-ft roads had used
& great many Master Car-Builders' axles for the 4 ft. 8 in.
gauge, namely, 6 ft. 11 in. over all, thus makiog the width

came, 80 that

of the truck the same as for 4 ft. 9 in. gauge. To do this a
disbed wheel, or rather a wheel with a ter dish b l?‘in
than of

reviously used was needed, so
quu be at its proper placs; ses fig. 25. There were, of
course, many of the wheels with small dish and loog axles
still in use. Their treatment, however, 'when the day of chunge
came, did not vary from that of the short axles. It had been
the rule for some years that all axles should be turned back
11§ in. further than needed; but unfortunately the rule
had not been closely followed, and many were found not to
be so turned. To make the matter worse, quite a number of
the wheels were found to bave been counterbored about 14
in. deep at the back end. and the axle turned up to fit this
cuunterbore; a good idea to prevent the rumnfog ip. in case

the wheel worked loose, but bad from rsetandnoint of a
Fia. 27
FiG.26

FIQ.28

change of gauge. 1o such cases the wheels had to be started
off before the axle could be turned back, so that the wheels
could be pusbed on in their mper position. (Fig. 26.) If the
work was done where they a lathe large enough to swing
a pair of wheels, they were pressed off but half an inch, the
wﬂ:elu swung in the lathe, the axles turned back 1 L,
and the wheels then pressed on 2 in, or 13 in. inside of their
first position. Where no large lathe was in use, the wheels
came entirely off before the axles could be turned back.
work in the former case was both the quicker and the
cheaper. Where the large lathes wero used they were either
sat down into the floor, 90 a pair of wheels would eagily roll into
lace, ora platform was put before the latbe, with an
wheels were rolled and then Laken te the
e. T arran ta were found mueh quicker and cheap-
" er than to hoist the wheels n?é.ls is usually done. [npmni:s
! the wheels on, where the axles had previoualy been turn
back, much trouble was at first experienced use of the
rust that had gatbered upon the turned part behind the
wheel. forming a ridge over or upon which the wheel must
|hspu-hed. Siome of the roads, at the start, burst 10 or 15
per_cent. of the wheels so pressed on. By saturatiog this
surface with coal oil, however, it was found that the rust was
eanily removed and little trouble was had. It was found,
sometimes, that upon axles newly turned back a careless
aorkman would Jeave a ridge at the starting point of the
turning. Frequently, also, the axles were a little sprung, so
that the nmew turning would be a little scant upon one side
when compared with the old surface, and ﬂsli!n the opposite
side a little l\:‘l}; Asan iudic?tivc'u?nﬂmt. thgnt Iggunlﬁxrv;?;:
overcome as they appeared, say that u ]
only 202 wheels burst, out of nearly 27,000 pressed on, an
exceedingly small percentage.
After the change n%;n the early roads '.hrg were troubled
for weeks with hot boxes, caused, as we bolieved, by the
changing of brasses. A brass once fitted to a journal will
work upon it without trouble; but when pl
other journal will probably not fit. If the
‘worn hollow (and it was surprising to see how mavy were so
worn), the brass would be found worn down to fit it.
. 27, exaggerated of course, The next wheel may bave an
axle worn litlle or nobe, as in !E. 28. Now, if these brasses
are exchanged, we have the conditions, as shown in figs. 29
and 80, and we must expect they will heat. The remedy

incline. up which the

19

‘was simply to keep each brass w its own journal. To do
Tos diply o keap Jou!

‘wera fastened to the axle by a plece of small
wire, and went with it to the lathe and press. When its
truck was reached | the brass was there with i*s irurnal, Worn

Fla. 29 FIG. 31

out brasses, of course, could not be put in, and new ones were
substituted. The Jittle trouble from that source that followed
the change showed the efficacy of the remedy.

The manner in which the tires of engines wereto be changed
when the final day came, Was a serious q The obd
tashioned fire upon the ground could not be thought of. The
Mobile & Obio bad mufu fire of pine under the wheel, which
was covered by a box of sheet iron, so arranged that the fiame
and beat would be conveyed around w and out at an
aperture at the top; g. 81. Many thought this perfect,
while others were pot satistled, and began expesriments for
something better. A device for using gas had been patented,
but it was h as well as sive, and
did not meet with general favor. A very simple device was
sy0n hit q A two-inch pipe was bent around in &
circle a little larger than the outer of the
wheel, Holes 4 inch in 4
inches apnrt were drilled throogh the pipe om the
inside of the circle. To this pipe was fastened another
with a branch or fork upon it. To one branch or fork was
counected a gas-rine from the meter, while to was

FIG.32

FIG.33

o

g

o
¥

connected & pipe from an air-pump. With the ordinary

pressure of city gas upon this pipe it was found that the

air-pump must keep an air-pressure of 40 lbs.,” that the air

lndmm',iggt mix properly at the branch or fork, so we

could get the best combustion and most heat from our “blow-

the | pipe,” for such it was. Bee fig. 32. We were able to beat a

tire 8o it could be moved in ten to twenty minules, and the
machine may be said to bave been satisfactory. Gas, how-
aver, war not to be bad at all places where it would be nec-s-
rary to change tires, and the item of cost was considerable.
To reach a result as , if possible. experiments were
gun with coal oil (bead-light oil). They were crude and un-
satisfactory at first, but soon success waa reached. A pipe
was bent to fit the lower balf of a wheel pretty closely, and
then turned back under iteelf about the diameter of the pipe
distant from it. This under part had holes (% in. in diameter
aund 8 or 4 in, apart, drilled upon its upper side, or upder the
upper pipe. Connected with the upper pipe at its centre was
& pipe which ran to one sideand up to the can cootaining
the kerosene. Between the can and the Pipe under the wheel
‘was a stop-cock Ly which tbe flow of oil could be controlled.
To use the device, open the cock and let a small amount of
ol fluw : apply fire to the pipe under the wheel, and the oil
in the upper pipe is converted into gas, wpich flows ont of
tbe small holes in the lower pipes, takes fire and heats not
only the tire. but the upper pipe, thur converting more oil
into gas. We bad here a lot of blue lame jets and the same
result as with gas, but at less cost. We bad also a machine
that was inexpensive and easily bandled anywhere. Boxes
were placed over the upper part of the wheels, that the beat
might pass close {0 the tire. This device was extensively
used by our people, and with great satisfaction. Care bad
to be taken that in starting the fire it did not al
cover the tire with carbon or *‘ lampblack,” which is a non-
conductor of heat. Experiments were made with air forced
through gasoline, and with oil beated in & can to form gas.
There was more danger in eitber of these than with our
blow-pipe device, and no better results were obtained, though
the cost; was greater.

With the change of the wheels, the brakes bad to be
hanged the same amount, that is. each ope eetin 11¢ in.
This it was thought would either require new bangers, or a
change in the head or shoe in some way. We found that the
a:umhr:cmud e;ﬂ]y be benl;bﬁthoaﬁ'ﬁm&% Fig. 34 show:

ree hangers after ing throug| ng process.
short lever lmgort: clEsp the hanger just below the point

FiG.34

BN

A was the instrument, A forked “' sbore " is now placed.
with the fork agaipst the point A, and the other end lgl:a
the car sill; press down on the lever and you bend the I'4
er at A, lower the lever to a point just below B, reverse the
l)mcm and you have the bend at B; the whole thing takin,
less tban two minutes per hanger. A new bolt hole, ol
course, bas been bored in the brake beam 11§ in. inside the
old bolt. It takes but a short time after this to change the
position of the bead and shoe.

Before the day of change, a [mr:iun ot the spikes were
drawn from the inside of the rail to be moved, and a spike
set B in. inside of the rail. & rule two snikes were drawn
and the third left. At least every third spike was set for the
new gauge, and in some cases every other one. There were
several devices with which to set the spike. A small piece of

e

Bee | iron 3 in. wide was common, and answered the

Urpose B
This bad a handle, sometimes small, just large encugh for the
hand to clasp, while others bad a handle long enough for a

man to use it without ing down. See figs. 85 and 36,
Another device is shown in fig. 87, so arranged that the meas-



Now, 11, 1881]

THE RAILROAD GAZETTE.

788

urements were made from the head of the other rail.
was liked best, and, it is thonght,
moved rail was more likely to be

Fi
FlQ.35 B

o =

measurements were taken from the fange. 1t was intended
that great care should ho taken in driving the spikes, that
{ ere in the pruﬁ-c place, square with the rail, and left
ing up about 'h. The ties, of course, were ll.l adzed
duwu before the day of chay
Hand-spikes were originally used to throw the rails,

This
E:vs the best results, asthe
good line than when the

FIG.37

pR_
L

who got: first. Reports showed some very early fin-
ishes; butthe acts seem to lnw been that under such en-
coura ut the men were apt to too many spikes be-
tona change and put teo few n while chuging They

were thus reported through early, but their work was not
done, and they took great chances. It was by mst consid-
ered unwise to offer such prlm. preferring to have a little
more taken and be sure that all was safe. BSuch lines seemed
to get their traine in motion with as much promptneta a8
oumts accident, was the end

This, with freedom from

been little inaccuracies in driving the gauge spike, to which

the rail was thrown, probably from various causee.
rail to bemovad may not always bave been smﬂyln its
ﬁ:vpc ace, and then the template in the burry may pot
been accurately placed, or the spike may have turned
‘Whatever was the cause, it was found thlz fre-

lt.wustouudnnertbuwwkhldbem done that there had | SP!

Bince the pi ration of this paper the general manager
the Norfolk %ﬁhrn Railroad has klndly furnished lbs

following items of expense for that line :
VETAR®
No. cost.
Eagines and tenders. ..... .. B3 $37.T30.00 $39710
Cars (all kinds), 3.6156 5 .51
Track, miles (Including mdlnn) . 5075
Tools and .mpplkn
‘hanging M
Ewitches
ke
Total track 684.80
Total . <o vivivaniis 5
Total average cost per mile $191.55

And the superintendent of the Bavnnnnh Horldu & West-
ern bas also furnished the expenses for that

were lining bars. We luund howevar. that small can'r queur.ly “;0 line on the moved side was not of N" ‘"“ge cuel
hooks were more easily handled and did' better work. The | course, many spikes bad to be drawn and tf:rmﬂ lined'up | Eakines 2nd touders = ¥ H ﬁ-',
firt ware made like ﬁg 88, wmu spike in the end of a stick, | and re'spiked. The more careful the work_bad been done,| “u 5 ht) . 1133
while the hook was fastened with a | the leas of this there was to do afterward. W m: rough track | Track, 'i?:‘c’luntng ridiogs 601.78 « 49
Fla.ss bolt about 10 or 12 in. above the | this was least seon. The nearer perfect the more noticeable | Nothing was said about shop or otber tools, storage tracks
FIG.39 foot. We afterward made them of a | 1t Was. of of way
1} in. rod, 814 feet lon; ted at| Of course, we all pllnnaitngstlomiznmnhnmelnd
one end, with aring nhmu on 1 fout | bave vurs sent to us; but when the i h stopped, we OF AVERAGE COST OF LABOR OF VARIOUS
Bttt the hook | found we bad many foreign cars, which, of course, hed to be ITEMS OF WORK.
was made with an ey?, u slmm in | changed. This mbjectbud cowe up o convention and it bad M. &0. ET,V.& Aver-
fig. 89, which slipped” down over the [ been voted to charge $3 per car when axles did put need SJED& L.&N.R.R. G K. E. P
top of the main rod. This was lnrnm!. and $6 where they did. By comparison with the | B % 08 = [HRTL s108 10
simpln and cheap, and the iron was Mﬁ 0'! chauging, as shown in this paper. it will be seen that | peei nt cars... AHO divided. | 338 382
to be used for repai when this work was dove, company. at least, thers was no loss at these figores. | M of W. cors B.D!f | 464 731
Upon the nyslam ‘with which the writer was connected we Tbe following statementas will explain the work done upon | Miles track (ine
had mme hrunchu where we could experiment upon the Lm ille & RNasbville, and Tennessee, Virginia & | _ioes, bridges, 32.57 34.31 18.76 2871
moving of the rail. Betweon Selma and Lauderdalo the Gs Rok ookl parie. .. hass 008, ¥
cmmc wns light, and at I‘uderdale it connected with the § It 1!“'30 be N%'hﬂt “ahwﬂtt:{lw W&“ h::'d 11:!‘ Teraporary. tricks oo 18200 divided., 040, A
obile & Obio Railroad, which was narrow, and to which | formation regarding other roads that fuller statements an i == =L
-Il 'l;rablzhw to be s teered) ol - bytungi the cars, might be made and the showings be of greater T‘::‘crnum‘e“ $70.38 d.!v’::eld $44.72  §67.55
or by bandling throug| house. ng our
we wonld slmply chm:gﬂ the point u; e arztn Rﬁ:ﬁg Tho ﬂgnrel of the Mobile & Ohio are added, having been COAT OF MATERIAL OF VART
Here was a chan: one ‘miles 'rom the annual report of that road. oS 17EMe o7 WoRE.
and cause little crwble to traffic. Wpa:mdd lee the practi- -onu.: & OHIO RATLROAD. ll. l 0. R l'ﬂ'n
cal workings of our and, at the me, leave less (Cumpiled from dwnwal Report.) Eogives and tenders, ““ B ,-‘ ¥
to do on the final day. Upon :ne 20th ot Am-il we did this Number Coatof - Costof Total Average | payy beg.and ex. cars. 180 Not %
;ort. It huf‘dbeenxmu &hu todo it mmewtlt ?urhor. but labor, materisl.  ¢ost,  cost, {;mighl. cara ... n.g}; divided
m":nﬁy mﬁ'nm‘:i:'mﬂfﬁfuﬁ' :1?: ‘chumzé $8,03142 $7.27.86 $15,308.28 8326 70 | i of L AT - a:
n:n would have been required had our work %oaen on 43837 1042 Bi262  0.87 | o loe briders. et -‘gsg A
plate rail. Our sections here were about eight miles. k lmg, . TorhEoATY tracks. s divived
and we arranged our men on the basis l;locker] out by the 5,719.03 739.57 6,438.60 4.4u S
committee, viz.: 24 to 26 men to the rection, consisting of 'l'oul pﬂ' mile of Not
6 spike !lBrB, 4 thn)wlng rails, 12 splkers, 2 to push the P divided. $34.3¢4 §3882
cars and carry water 332
We sooh found It cirs useless and threw them into the 1,427.55 47693 190448 1332 K‘K":' or “"“w“gh:' I»&ANI- ::;E.; 3 \;; & 0. RAILWAYS.
it b pckd up t some s tme. Track, (i s miloapy chames o e L KN M BT, V.
The men were d out 50 as not to be iu each other’s| cluding The (ot ek SE Theee s 70 T ¥ 9
wey, and, when the organization was understood and con- | fidiogs) ... 7.275.14 2438487 4179 (10 00 O r mi k;? o
formed to, it worked well. One gang changed 5 miles in five gm{“m 1 ]’053‘1 l-, .00 2!1_,': Toeal miles Changed wia shout 14.500 miles
" dul:dmn mh“cﬂ inelm‘!img a number olfllmtche:. “1'0 hov woi-. '982.00 5.43 | Which would give total cost, at sam.u rate . G $1,327 040
'ound, however, and it was demonstrated still more strongly | T e m p orary * 3
on later work, that 6 or 6 miles the men began to lag. "“ """h . 83 nu‘g;?):rl?nc:!ugerﬁuoyco?ndgn?es%‘ttl:h 1:;‘: mﬁf;ﬁ &:em ;:ﬂ b
We believed wo bad the best results when wa had sactions of | Swiloh'z 16.60 % B pace
et £.41038 old ones that could not be changed, excapt at large cost, and

about that length. It was arranged tbat two sections, alter-
nately, commenced work together at one point, working from
each other and continuing until the foree of a 1]
was met, working from the opposite direction.
The foreman in charge was expected to examine the work
uud know H:lt a.]l WaR T} ﬁght The push car which followed was
A work train was started from each
en w}th n mnll orce (2001-25 men) to run over the changed
track. This train, of course, had been changed on & previous
da tff‘]he :dv for this work. If a force was overtaken by
at once spread out to aid in its completion This dobe, the
train ran on. Not until this was done wasa traffic train al-
lowed to pass over the track. The same rule was followed
all the work. Upon the final day it was required that
upon all high trestles and in tunpels tha track should be full
:r before baing left, ar l trlln let over. Thistook extra
ime and labor, and ‘}xn a8 not necessary : but it was a
precaution on the side of saf
Upon the day r.\r the r:hnnge “of the Alabama Central Di-
vision (Selma ale), superintendents other
divisions, with t.belr road masters, supervisors,
chanics many section foremen, were sent son the
orgunization and work and the prej ﬁiulu that had been
mede. Many of them hmt 3 l}s:]ging od in tb;;orl: They

ith its work not done, the men on the train wele Shite

saw here in practice ry ore.
Abonv.u week before ﬂn general c]unxe that porMml of the
road between Rome, Ga., nnd Belma, Ala., aboub miles,

r ﬂlvhiou ‘were sent

wuchm.nd and again men from othel Were el

toneo mid in the work; so when the final day came
rgest poesible number of men were able to work
:tnndinglg.
On the lmst day of May the Memphis & Charleston, Knox-
ville & Ohbio. and North Carolina Brauch were changed, and
be line from Bristol

on June 1 attanooga runs-
wick. gnd their branch lines & day or two
halmt.lmlst.MJum but the main lines, as a rule, were
changed on th

Y-
It was no am-i.l maiter to take care of the cars and arrange
the train service so there should be no bitches. It was not
expected that connections would movo freight duriog the 48
hours prior to the change, and these di

za s were gpent; in clear-
ing the road cfﬂeryr.hing and tllkiux tl

cars to the Eolneu of

‘Total cost.. | 21}
Total average cost per mile. ...
wvnuu.u & NASHVILLE RAILROAD,
iled from Annual Report.)
Maln line, 1, m 5 nh:ta track, 186.3; total, 2,080 0.

Cost.
. 7,010.21 2 49
ws."-?m.w 'a.v,a-z
20,8737 R
8.331, 3.0
Tools. 2.740.650 1.31
Hand cars and sundries 5,691.49 2.72
T 1o vinniing joins sngvinssnn s $51.38
o = Average
uipment ; coat,
Locomotives.. $202.68
Cars (300 of tl
8.5 per cent.). B5.81
$210,414.02
'l'otll aungecm per =1 RETRNE A e $100.87
EAST TENNESSEE, VIBGINIA & GEONGIA BYSTEM
Number  Cost of Cost of Total Average
anged. labor. material, cosl cosl.
180 $8,227.47 $2.004.30 $11,181.77 $61.82
168 T34.83 59.67 To4 60 473
i uho'l 5,175 17 426.57 122408 18,640.65 .40
M.of W.cars 430 2,038.4¢ B40.4T 2,687.91 b.bB
Track (inc.
sidings).. . 1,532.7 2771817 40.912.00 68.830.26 ﬂ Tﬂ
1 5 1,80R.67 .00 2,008 57
104.48 2,5673.83  2,768.31 um
9,825.41 L481.68 11.307.C0 305 11
472.20 272830 3.20080 .

33 $121,078.57

el
the day prior to the change, anrlganly trains run tosuch pointc
Upon the East Tennessee system these points were Knoxville,
Rome, Atlanta, Macon, \mhvillo and Mempbis, and to
these pni::!lll car:l:ulst go. londedr:dr ampfg and there they
were parked upon racks for the purpose. Pas-
trams were run to al})l;?here it had been

to change them, generally to the general changing point.
Mmt nfg:ha Bouthern mga have da.fbla daily passeoger ser-
u\r‘on the day of

Some, even,
ext day. We wereah!ewm:hedn trains

out by 10 o’clock or LI o'clock a. m., and put them gh
in falr time. Of course, no tmighh ‘were run that day, and
the next day wae usec in getting the cars which ‘been

changed, out of the parks and iuto line. 8o our freight traf-
fic over the entire SBouth was suspended practically three

days.

‘;Izu work of cbanging was to commence at 3:80 a. m.,
but mapy of the men were in poslnnn at an earlier hour and
did commence work as soon ag the train was over, or an
hour or so before the fixed time. Half- a. m., how-
ever, can be set down as the general hour of wmmancemam..
For five or six hours in the cool morning the work went on
briekly, the men wmrkinz with much more than crdinary
enthusiasm: but t y was warm, and after 9 or 10 &. m.
it began to lag. Ahl mu done, bowever, hefore the day wna
D\mr. and n(n. so that trains could pass at full speed.

ived #1.60 for the work, whether it was ﬂmshod
or hta in the day, and were plld bhal. afternoon as soon
work was done. Tickets were given the mn, ‘which
tlm nearest agent paid, remitting as (ﬂﬁ'l to the fireasu;

some lines it was deemed best to offer prizes to thom

[{
Eng(nu narrowed
Average cost of new centres and crank piuns, ste.
Auruun oolt of cutting off bub and pressing whea |nd
new ]
Average co-t of pmiw old tires on old cenires
Average cost of ing old tires on brosd cent.
Average oost of labor putting on new lires .

COMPARATIVE STATEMENT OF AVERAGE GOST OF VARIOUS ITEMS OF
E.T.
M. &O.B.R. L. &N.R.R. V.&G. B K. Average.
Emn“;lm wnd!":azs 70 $202.58 $61.82 $106.70
Per en| . g
Pass,, bag. and Ex.
. Per Car ... 0.87 “5.81 473 680
Ight percar. 440 1381 380 4.80
M.of W.cars, percar, 13.32 .72 5.80 7.31
(toe. c::h;‘il'mn.
€8, -ele,
5 st 43.37 47.33 46.00 48.28
T 2.70 131 180 1.94
Temporary side
tracks, per mile.. lW,BB 305.44 24913

Total per mile
tnck inc. sidings Ills 68 $100.67 $70.06 $97.
enss-not divided as between passenger and freight cars.

t. 3
m! tﬁﬁlﬂ D.l!englr baggage and express cars; 96.5 per

80

20

e,
Miles of track changed. lbom

" | which, when done, would have been light and undesirable.

pon the basis of the work done upon the Louisville &
Nashville and East Teunessee, Vm(mla & Gmmn systems,
which cover about
we have made the following esnmam wlnch will perhaps
convey & better idea of ths extent of the work than can be
obtained in any other way

Locomotives changed, a!

rs (pass. snd lmight) ehnn
w axies used, about .

New wheels used, ;bout

Axles turned back,

WIIP!]I preesed on wll Imut |urnlng nxks. nbout

New brassea used, about.

Kegs + £ spilen used, about

Cost of waterial \lsed bot

., abo
Amouat pxp-ndad on equ!nmenv about |
Amount expended on track, about
nm‘;;mt expended on track on day of change in labor,

140,000
The work was done economically, and so quietly that bhs

public bardly realized it was in progress. To the casual ob-

server it mm every duy trapsaction. It was, howwer u
work of _‘F requiring  much thought and
mechant nbillty Tbut 1& wunbly hapdled i3 evidenced
by the uniform success attained, the prompt clmnmnzu. the
ngreed time, and the trifling inconvenience to the public.




D Sensitivity Checks

D.1 Sensitivity Checks: Dropping Origins

This section evaluates the sensitivity of the main results in Tables 3 and 5 to dropping observations
with a given origin. Figure D.1 illustrates the stability of the results in Table 3, plotting the focal
coefficient estimates from a specification of log quantities with route-year fixed effects (as in Column
5), omitting the given origin. Figure D.2 does the same for Table 3, plotting the focal coefficient
estimates from a specification of traffic shares with route fixed effects (as in Column 2). The 95%
confidence interval for each parameter is also provided.

Figure D.1: Focal coeflicient estimates from Table 3, omitting the given origin

Coefficient estimate
N
1

T
S & 3 .
P N & o

Origin omitted from estimation sample

|o All-rail x post-change 4 x distance (100 mi) |

Notes: Figure plots focal coefficient estimates (and 95% confidence intervals)
from a regression of log quantities with route-year fixed effects (as in Column
5 of Table 3), omitting the given origin.
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Figure D.2: Focal coefficient estimates from Table 5, omitting the given origin

Coefficient estimate
N
1

§ L 3 L 3 L3

T T T T
X R\ 2 5
éQJ Q \{\gb- @'b'

Origin omitted from estimation sample

|o All-rail x post-change 4 x distance (100 mi) |

Notes: Figure plots focal coefficient estimates (and 95% confidence intervals)
from a regression of traffic shares with route fixed effects (as in Column 2
of Table 5), omitting the given origin.
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D.2 Sensitivity Checks: Dropping Destinations

This section evaluates the sensitivity of the main results in Tables 3 and 5 to dropping observations
with a given destination. Figure D.3 illustrates the stability of the results in Table 3, plotting the
focal coefficient estimates from a specification of log quantities with route-year fixed effects (as in
Column 5), omitting the given origin. Figure D.4 does the same for Table 3, plotting the focal
coefficient estimates from a specification of traffic shares with route fixed effects (as in Column 2).

The 95% confidence interval for each parameter is also provided.

Figure D.3: Focal coefficient estimates from Table 3, omitting the given destination

Coefficient estimate
N
1

0
¢ & & 3§ & & @& * 3 % @ * o
-1
N A R I S A R
A& FLN @@
%,$ ?\“0 ?‘:\S\ ?’“&b ?\\)Q Q 6& \0 %QJ OQ, QS) ‘.OQ, $
v @Q’ @oo

Destination omitted from estimation sample

|o All-rail x post-change 4 x distance (100 mi) |

Notes: Figure plots focal coefficient estimates (and 95% confidence intervals)
from a regression of log quantities with route-year fixed effects (as in Column
5 of Table 3), omitting the given destination.
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Figure D.4: Focal coefficient estimates from Table 5, omitting the given destination

Coefficient estimate
N
1

0
&8 & & & & & & & 3 & 3 2
-1
R A I R O S A RS
Q¢ Q,(\ & & 2y QO N () & N ’
. N &R S
%S\ ?\5) ?,:\(\ ?,§b v\)() I &Q, \qo((\ %Q’$ OQQ’ Q€ f &
~ V@@@o&\

Destination omitted from estimation sample

|o All-rail x post-change 4 x distance (100 mi) |

Notes: Figure plots focal coefficient estimates (and 95% confidence intervals)
from a regression of traffic shares with route fixed effects (as in Column 2
of Table 5), omitting the given destination.
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D.3 Sensitivity Checks: Dropping Years

This section evaluates the sensitivity of the main results in Tables 3 and 5 to dropping observations
in a given year. Figure D.5 illustrates the stability of the results in Table 3, plotting the focal
coefficient estimates from a specification of log quantities with route-year fixed effects (as in Column
5), omitting the given origin. Figure D.6 does the same for Table 3, plotting the focal coefficient
estimates from a specification of traffic shares with route fixed effects (as in Column 2). The 95%

confidence interval for each parameter is also provided.

Figure D.5: Focal coefficient estimates from Table 3, omitting the given year

Coefficient estimate
N
1

¢ : 3 ¢ ¢ ¢ ¢ 2

T T

X e} © A %) Q
4’3’% A"ng 4\%% 4\%% 4\%% A\ng A\q’q

< < < < < < <

Year omitted from estimation sample

|o All-rail x post-change 4 x distance (100 mi) |

Notes: Figure plots focal coefficient estimates (and 95% confidence intervals)
from a regression of log quantities with route-year fixed effects (as in Column
5 of Table 3), omitting the given year.
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Figure D.6: Focal coefficient estimates from Table 5, omitting the given year

Coefficient estimate
N
1

3 3 ® ® X 3 : 2 ®

T T T T T T T
& o) © A o) %) Q
A\%% 4’\%% A\%% A\%% A\Q’% 4\%% N’q
< < < < < < <

Year omitted from estimation sample

|o All-rail x post-change 4 x distance (100 mi) |

Notes: Figure plots focal coefficient estimates (and 95% confidence intervals)
from a regression of traffic shares with route fixed effects (as in Column 2
of Table 5), omitting the given year.
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E Proofs of Propositions

Proofs for Section 4.1

Lemma 1.

Standardization can generate the following payoffs to R1 and R2 relative to the status quo, before

accounting for the fixed cost of conversion C':
a. If R1 converts alone: Aﬂ'}%ol >0, Aﬂ}% =0
b. If R2 converts alone: Aﬂ%ll <0, Aﬂ%lz <0

c. If R1 and R2 convert jointly: AW]% > Aﬂ'll%ol, ATF}%IQ >0

Proof:

Part 1. If neither R1 nor R2 convert to standard gauge:

I =P —c—0)Q1= (P —c—0)(M; —aP)

1 1
7:M1—2(LP1—|—CL(C—|—9):O - Plz%(Ml—l—a(c—I—@)),Q1:§(M1—a(c—|—9))

I, = ([210(]\/[1—#(1(0—#0))] —c—0) [;(Ml —a(6+9))]
) (o2 (oo

and by symmetry, IIs = ia (% —2c— 9)2.

R1 and R2 profits are thus:
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Part 2. If only R1 converts to standard gauge:

H1 = (P1 — C)Ql = (Pl — C)(Ml — aPl)

AT 1 1

TPiZMl_%Pl—HLC:O - P1:%(M1—|—ac),Q1:§(M1—CLC)
1 1

I, = <[2G(M1 +ac)] — c) [2(M1 — ac)]

(o))

(o)
— —c
a
Iy = (P, —2c— 0)Q2 = (Py — 2¢ — 0)(My — aPs)
oIl 1 1
2 — M, — 2aP, +a(2c+60)=0 = P,= %(Mg +a2c+0)), Q2= §(M2 —a(2c+0))

P,
I, = <[1(M2 +a(2c+ 0))] —c— 9> B(Mg —a(2c+ 9))]

2a
M. 2
<2 —2¢c— 6>
a

1 M2 1 M2 1
=(=z(——2c—¥6 —a|l——2c—10 ==
(3 (0 20)) (e (G 2e-9)) =

R1 and R2 profits are thus:

1 1 /M, 211 (M 2
W%0:H1+2H2=4a(a—0> +2<4a<a—2c—0)
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Part 3. If only R2 converts to standard gauge:

H1 = (P1 — C — 0)@1 = (Pl — C — 9)(M1 — CLPl)
oIl 1 1
— =M —2aP;+a(lc+0)=0 = P=—(M+alc+0)),Q1==(M —a(c+89))
oP; 2a 2

I ([;awl +a<c+e>>] —c—@) [;<M1 —a<c+9>>]

o) G (o) ()

o = (Py — 2¢ — 20)Qs = (Py — 2¢ — 20)(Ms — aP)
11 1 1
Ol :M2—2aP2—|—a(20—|—29):0 = Py= %(M2+a(2c+2«9)) , Qo = §(M2—a(26+29))

0P,

I, = <[21Q(M2 +a(2e + 29))] - 2e> B(Mz —a(2c+ 29))]
_ (; <J\a42 9 29)) (;a (AZQ 9 29))) _ ia <J\j2 9 29)2

R1 and R2 profits are thus:

1 1 /M 2 1 (1 (M ?
w$1:H1+2H2:4a(a—c—9> 2<4a<a—2c—20)

+
1 1(1 (M 2
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Part 4. If both R1 and R2 convert to standard gauge:

H1 = (P1 — C)Ql = (Pl — C)(Ml — aPl)

1
— =M, —2aPi+ac=0 = P =—(M+ac),Q =

P, %
1, = <[21Q(M1 4 ac)] _ c> B(M1 - ac)]

- (2-9) (o)

and by symmetry, IIs = %a (— — 20)2.

R1 and R2 profits are thus:
1 1 (M 211 (M, 2
W%1:H1+2H2:4G<G—C> +2<4a <a—2c>

1 1(1 (M 2
W%1:2H2:2<4a<a2_20> >

30
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Part 5. Comparisons to the status quo

If R1 converts alone:

M 21 ?
Aﬂ}{%zﬂ}%()l—ﬂ%%:a(l—c> —4a<1—c—0>

AN

10 _ 10 00 __
ATy = TRy — Ty =

If R2 converts alone:
01 oo oo _ L1 (M 2 1(1 (M, 2
ATrR1=7rR1—7r31=§ ZCL 7—20—20 —5 Z(I 7—26—9
2 2

:u((%_zc_ze) _<Mz_zc_9))

8 a a

1 M. 2 M 2
:a<<2—20—9—9> —(2—20—9>>

8 a a

1 M. 1
——a(-20(22_—2c-0)+62)=—-"¢ M2—2ac—§a9 <0

8 a 4 2

1 3
Amlg% = w}%% — 7[‘%02 = —10 <M2 — 2ac — 2&0) <0
If R1 and R2 convert jointly:

11 11 00 _ A_10
Ampy =7y — TRy = ATy +

_ 1 1 1 M2 2 1 1 ]\42 2
—29<M1—ac—a9>+ 2<4G<a— )—2<4a<a—20—9>
_ 1 1 1 Mo 2 M, 2
—29<M1—GC—2a9>+8a<<a—2c> —(a—20—9>
_ 1 1 1 M2 2
= 20 <M1 ac 2a9> + 8a <29< - 2c> 0 >
1 1 1 1 3
259 Ml—ac—§a9 —1—19 My —2ac— —ab | = -0 2M1+M2—4ac—§a9 >0
A7r11>32 = 7r11,312 - Tr%% = 30 (Mg — 2ac — ;aﬁ) >0
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Proposition 1.

In the absence of competition, provided ATrjl%o1 <C< AW};}Q, there are two equilibria for standard-
ization: either both firms convert to standard gauge, or neither firm converts (the status quo).

Unilateral conversion to standard gauge is never an equilibrium.
Proof:

As a preliminary, we will establish that A7k < Ankh, so that 3C s.t. C € (Anpy, Arky):

1 1 1 1 1 1
2M7 < My — M1<§ y = M1—1a9<§M2 — Ml—ac—§a9<§M2—ac—Za0

1 1 1
— Ml—ac—2a0<2<M2—2ac—2a0>

1 1 1 1

Status quo equilibrium: R1 does not convert to standard gauge <= R2 does not convert.

e (=) Suppose R1 does not convert to standard gauge. Then R2 will not convert to standard
gauge, because 0 > An%, — C, by Lemma 1.

e (<) Suppose R2 does not convert to standard gauge. Then R1 will not convert to standard
gauge, because 0 > Aﬂ}% — C, by the condition assumed.

Standardization equilibrium: R1 converts to standard gauge <= R2 converts.

e (=) Suppose R1 converts to standard gauge. Then R2 will also convert to standard gauge,

because Aﬂ'}é —-C>0= Aﬂ}%, by Lemma 1 and the condition assumed.

e (<=) Suppose R2 converts to standard gauge. Then R1 will also convert to standard gauge,
because Aﬁ}_—ill —-C>0> Aﬂ%ll, by Lemma 1 and the condition assumed.
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Proposition 2.

Collective standardization is only an equilibrium outcome with collusion.
Proof:

The proof consists of two parts: (1) Collective standardization is not an equilibrium with competi-
tion, and (2) it can be an equilibrium with collusion. For the sake of exposition we will set the fixed
cost C of changing the gauge to C = 0, but the results hold with C > 0 subject to the regularity
conditions below. We also assume that in the collusive scenario, R1-R2 and R3-R4 set a single,

common price P to maximize joint profits, consistent with this paper’s setting.

The requisite regularity conditions are:

(RC1) Each party can unilaterally break the cartel but cannot unilaterally form it.

(RC2) When R1-R2 standardizes alone, its profits in a competitive market (subject to limit pricing)

are greater than its profits in a collusive market (subject to side payments).

(RC3) The fixed cost of standardization (C) is less than half of monopoly profits under standard-
ization (in the notation used below: C' < %Hjlémt)

Part 1. Collective standardization is not an equilibrium with competition.

With symmetric, undifferentiated competition, prices will be competed to marginal costs, as per
the Bertrand paradox. Profits in the status quo are thus zero for both R1-R2 and R3-R4.

If either R1-R2 or R3-R4 standardizes, it can set the monopolist profit-maximizing price or a limit
price that prices the other out of the market and earns positive profits. Concretely: WLOG, suppose
R1-R2 standardizes and R3-R4 doesn’t, and let P* denote the monopolist profit-maximizing price.
Then, if (i) P* < ¢z + 6, then R1-R2 can price at P = P*, whereas if (ii) P* > ¢y + 0, then R1-R2
can set a limit price of P = c3 4+ 0 — in both cases, pricing R3-R4 out of the market, and yielding
positive profits. If both R1-R2 and R3-R4 standardize, prices will again be competed to marginal
costs (such that R3-R4 has no incentive to then do so). In this case, the model has two equilibria,
whether one (and only one) of R1-R2 and R3-R4 standardizes.

Part 2. Collective standardization can be an equilibrium with collusion.

To show that collective standardization is an equilibrium under collusion, we’ll begin by calculating

payoffs to R1-R2 and R3-R4 under status quo, one-party, and joint standardization.
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If neither or both routings standardize, they will be symmetric and split profits. If neither stan-

dardizes, equilibrium cartel price, quantity, and profits can be identified as follows:

= (P_2C_9)(QR12 +QR34) ZQ(P_QC_G)(M_)‘_GP)
=2(P(M —)\) —aP?* — (2c+0)(M — \) + (2¢ + 0)aP

oIl
8—P—2(M—/\—2aP+(20+9)a)—
= pYO= i[M—A+(2c+9)a]

2a
— Q.= QW = (M A~ (2c+0)a)

such that:

Hggmt - (P —2c— 0)(QR12 + QR34)

(M A+ (2c+6)a) —2c—0| (M —X—(2¢+0)a)

2a
= Qa(M A+ (2c+6)a—4ca—20a) (M — X — (2¢+ 0)a)
- %(M_A—(ch)a)(M_A_ (2¢ + 6)a)
- %(M—A—(2c+9)a)2

If both standardize, # = 0 and A drops out, such that:

PH = i[]\/[ + (2¢)al

2a
QRlQ = QR54 - ! (M - (20)@)
Tl = 5 (M — (20)a)”

Now suppose WLOG that R1-R2 standardizes alone. In this event, the cartel maximizes profits by
having R1-R2 carry all traffic (at lower cost, as there are no capacity constraints), charge monopoly
prices (P'1), and split the profits (IT%!,

joint

with side payments: to make R3-R4 indifferent between this and joint standardization, R1-R2 must

pay R3-R4 (QH]lémt (') and would then retain profit of 2HJ1émt

) with R3-R4. In principle this scenario could be sustained

However, because R1-R2 can unilaterally leave the cartel (RC1), side payments are not incentive
compatible: once it has standardized, R1-R2 can increase profits by exiting the cartel and reverting
to the competitive equilibrium where it is a monopolist subject to limit pricing (RC2), and R3-R4
makes zero profits and has no incentive to standardize. With collusion, the R3-R4 best response

to standardization by R1-R2 is thus to standardize as well.
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Proofs for Section 4.2

Proposition 3. Effects of standardization on collusive price and quantities

Eliminating the break in gauge reduces the collusive price by %9, redistributes market share from

steamships to all-rail, and increases total shipments by %Q(a —b).
Proof:

Part 1. In the pre-period, where Br = Bg = 1:

M= (P~-c)(Qr+Qs)—0(Qr+Qs)=(P—c—0)(Qr+Qs)
=P -c=0)[1-(a—0)P)+(1—(a—b)P)]
=2(P—c—0)(1—(a—b)P)
=2(P—c—0—(a—Db)P?+ (c+80)(a—0b)P)

o1l 1
8—]3:2(1—2(a—b)P+(c+9)(a—b)):0 = P=

Quantities Qg and Qg are then as follows:

1 1

Qr=1-(a=bP =1~ (a=b) |5 +5(c+0)

(a—0b)
:1—%—%(@—())(04—0):%(1—(a—b)(c+9))

and by symmetry, Qs = (1 — (a — b)(c +0)).

Part 2. In the post-period, where B = 0 and Bg = 1:

II=(P-c)(Qr+Qs)—0(Qs)=(P—-c)Qr+ (P —c—0)Qs
=(P-c)1+A—(a—bP)+(P—c—0)(1—X—(a—Db)P)
=2(P—c)(1—(a—b)P)—0(1 —X\— (a—Db)P)
=2(P—c—(a—b)P>+cla—bP—0(1—\—(a—Db)P))

oll 1

a—P:2(1—2(a—b)P+c(a—b))—I—H(a—b):0 = P=

35



Quantities Qg and Qg are then as follows:

Qr=1+A—(a—b)P=1+\—(a—D) [2(al_b)—|—;(c+;9)]
1 1 1 1 1
=1+ A—5 —S(a=b)c+30) = A+ 5(1 = (a—b)(c+ 39))

and

Qs=1-A—(a—bP=1—-X—(a—0b) [2((11_19)4—;(64-;9)]

S1A g st 0= At (- (a-b)(e+ 50)

Part 3. Pre vs. Post Comparisons
Part 3a. Prices

Post-gauge change, the change in the collusive price is:

AP = Ppost _ Ppre

1 1 1 1 1 1 1
= +(c+0)}—[ —1—5(0—1-9) —10—§0f—10<0

Part 3b. Quantities

Post-gauge change, the change in all-rail shipments is:
AQr = QR" — QR

_ [)\ F - (@bt ;e))] - [;(1 —la—b)(c+ 9))} =\t yla—b)f

whereas the change in steamship shipments is:
¢
AQS _ ngs B Q;gre

_ {—H %(1 ~(a—b)(c+ ;9))} - [;(1 —(a—b)(c+ 9))] — i(a — b6

Adding the two together, the change in total shipments is:

AQror = AQR + AQs = %(a —b)0
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Corollary 3.1. Conditions under which prices and total quantity may not change

(i) If = 0, the collusive price and total shipments are unaffected by removing the break in gauge.
(ii) If 0 > 0, and collusive prices and quantities do not adjust after removing the break in gauge,

the cost of price adjustments must be greater than the foregone profits, %92(a —b).
Proof:

Part 1.

NO|—

When 6 = 0: AP = 10 = 0 and AQror = 3(a —b)6 = 0.

Part 2.

To demonstrate this statement, we’ll need to calculate post-gauge change profits under unadjusted
prices (optimized for pre-gauge change period) and adjusted prices (optimized for post-gauge change

period), which we can denote PP"¢ and PPost:

I(PP"€) = (PP —¢) - Qror — 0 - Qs

= (PP —¢)-2[1— (a—b)PP] — 0 [1 — A — (a — b)PP"]
H(Ppost) — (Ppost _ C) . QTOT —9. QS

— (PPt —¢) - 2[1 = (a— b)PP*'] — - [ — A — (a — b) PP

Taking the difference:

( Ppost) I ( Ppre)
= [2(1 = (a — b)PP*st) (PPt — ¢) — (1 — X\ — (a — b) PP**")0)]

— 20 = (a—=b)PP) (P —c) = (1 = A= (a = b)P"*)0]
[2<Ppost (a _ b)( post)2 + c( b post) + 9(@ ) post]

— [2(PP™¢ — (a — b)(PP"®)? + c(a — b)PP"®) + 0(a — b) PP"]
2+ (2¢+ 6)(a — b)) (PP = PP") — 2(a — b)((PP*")? — (PP"%)?)
Prost _ pPrey(2 4 (2¢ 4 0)(a — b) — 2(a — b)(PPoSt + PP™®))

< ><2+ (2 + 0)(a —b) — 2(a — b) <ib+c+ 9))
(-

)<2+ 2c+9)(ab)22c(ab)20(ab)>

- <_9> (—e(a—b)> = %HQ(a—b)

If the cartel does not adjust its price, then the cost of the price adjustment must be greater than

= (
=

»MH »MH

this amount, which is the incremental profit it would realize by re-optimizing P.
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Proofs for Section 4.3

Proposition 4. Effects of standardization in a competitive market

Eliminating the break in gauge has an ambiguous effect on the all-rail price, depending on the size
of a demand effect, which puts upward pressure on the all-rail price, and the pass-through of cost
savings, which puts downward pressure. Steamship prices strictly decline, market share shifts from
ab(a—b)

steamships to all-rail, and total shipments increase by =5 —~.

Proof:

Part 1. In the pre-period, where B = Bg = 1:

HR = (1 — aPR + bps)(PR — C— 9) = (PR — CLP]%L + bpspR) + (1 — aPR + bPS)(—c — (9)
ollg

aTzl—QaPR—l—ng—f—a(c—{—H):O = Pr=(14bPs+a(c+0))/2a
R

Ils = (1 — aPs + bPR)(Ps — ¢ — 0) = (Ps — aP% + bPrPs) + (1 — aPs 4 bPg)(—c — )
Ollg

W:1—2QP5+()PR+CL(C+9):O - PS:(l—i-bPR—i-a(c—i-H))/Qa
S

Combining the two, we can solve for Pr and Ps:

b Db (B e 0) g, B b el
R = % =90 T2 TapfR T g le O T ol o)
4a® — b? 1 b b 1 2a b ab  2a?
Sy - O AN (A 0)= 2+ 2 4 (2 0
12 ¢ 2a+4a2+(4a+2>(6+) 4a2+4a2+<4a2 42>(C+)
1

1
" (2a+b)(2a—b) ((2a+0) +a(2a +b)(c+0)) =

5 (1 +alc+0)

and by symmetry, Pg = 31 (14 a(c +6)).

Quantities Qg and Qg are then as follows:

QRzl—aPR—l—bPS:l—a[ (a(c—i—ﬁ)—l—l)]—i—b[ (a(c+6)+1)

2a — b 2a — b

:1—(a—b)[ (a(c+0)+1)]:1—a_b(a(c—l-ﬁ)—l-l)

2a — b 2a — b

and by symmetry, Qs =1 — 2%1:bb (a(c+0)+1).
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Part 2. In the post-period, where Br = 0 and Bg = 1:

Mg = (1+ X —aPr+bPs)(Pr —¢) = (Pr + APr — aP3 + bPsPg) + (1 + A — aPg + bPs)(—c)
oIl
8—;:1+)\—2aPR+ng+ac:O = Pr=(1+A+bPs+ac)/2a
R

IIs=(1—-A—aPs+bPRr)(Ps—c—0) = (Ps—)\Ps—anv-l-bPRps)—l—(l—)\—aps-i-bPR)(—C—Q)
11
gPS=1—)\—2aP5-|-bPR+CL(C+9):0 = Ps=(1—-AX+bPr+alc+0))/2a
S

Combining the two, we can solve for Pr and Pg:

TaLb (1—/\+bP2;z+a(c+0)) 1 ac

Pr = 2a
:21a<1+A)+422(1—A)+4[9;PR+L(0+9)+;c
4af1a_2b2PR_21a(1+)\)+422(1_/\)+ <L+;>c+fae
:%(1+)\)+%(1—/\)+ (5&+Z2)c+$0

P = ﬁ@a(l#—)\) +b(1 = A) + (ab+ 2a%)c + abd)

1
= 17— (2a(1+A) +b(1 = X) + (ab + 20%)(c + 0) — 2a°0)
1

= Gath)@a—p) 2ath) Falatb)c+8)+ (20 —-br— 2420)

1 1
A (2a + b)(2a — b)

= 2a_b(l—O—a(c+9)) + (2a%6)
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and

I G ) R G2

Pq =
° 2a
1 b b2 1
= 5= N+ 5+ M)+ 5 Ps+ e+t S(c+0)
da® — b’ 1 b b1\ 1
Ps=—(1—-X)+ —(1 — 4= -
w2 5T g gal +)\)+<4a+2>c+29
2a b ab  2a® 2a
= - N+ 5O+ N+ [+ “a
4a2( )+4a2( + )+<4a2+4a2>c a2
1
Ps = —5—5(2a(1 = 2) +b(1 + X) + (ab + 2a%)c + 2a0)
1
= oz (20(1 = A) +b(1+2) + (ab+ 20%)(c + 0) — abd)

1
= Ga T @20+ + a2 +h)(et0) — (20— A~ ab)

(14+a(c+86)) —

1 1
20+ 5 (2a +b)(2a — b)<

T 2a-b ab)

Quantities Qg and Qg are then as follows:

Qr =1+ \X—aPr+bPg

=14+)\—a [2;_ b(a(c+9) +1)+ 2a—|—b(/\) - (2a+b)1(2a— b) (2(120)}
1 1
+b [2(1 — b(a(c—i—H) +1)— 2a+b()\> - (2a + b)(2a — b) (ab&)]
o a a(2a® — b?
and
Qs =1—\—aPs+bPp
1 1 !
=1—-\—a [2a— b(a(c+9) +1)— 2a+b(/\) - (2a + b)(2a — b) (abe)}
+b [Qal— b(a(c—i— 0)+1)+ 2(11—1— b()‘) (20 + b)1(2a —b) (2&29)]
=1-\— 2‘;__bb(a(c+9)+1)+ ;aibb( ) (22(46:2)_(22517—) b)( )
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Part 3. Pre vs. Post Comparisons
Part 3a. Prices

Post-gauge change, the change in the all-rail price is:

APR _ P]];ost - P]Z;LTE

1 1 1
— 1 - 20%0)| — !
20 —p Talet0) 57 () (20 + b)(2a — b)< “ 9)} [Qa —p (L +ale+0)
> 0if A > 51-(2a%6
_ L (A) — : (2a’0) = APg 1 s 0 0)
2atb | (2a+b)(2a—D) | <0if A < 515(20%0)
Demand effect Cost effect

which consists of both a demand effect driven by the improvement in the relative quality of all-rail
shipment (relative to steamships), which puts upward pressure on Pg, and a cost effect driven by
the reduction in the cost of all-rail carriage, which puts downward pressure on Pr. The net effect

on Pr may be positive or negative.

The change in the steamship price is:

APS — P§08t o Pgre

1 1
_ 1 0)) — A — bo)| — | 9
2a—b( +ale+6)) 2a+b( ) (2a+b)(2a—b)(a )} {2(1—1)( +ale+6))
1 1
T35 T e p @) = A0
—
Demand effect Competitor cost effect

which consists of both a demand effect driven by the reduction in the relative quality of steamships
(relative to all-rail), which puts downward pressure on Pg, and a competition effect driven by
the reduction in the all-rail costs of carriage, which puts further downward pressure on Pg. The

combined effect on Pg is negative.

Part 3b. Quantities

Post-gauge change, the change in all-rail shipments is:

AQr = Q" - QF°

a—b ath a(2a2 — b?) )( )}_[ a-b

= 1+)\—2a_b(a(c+9)+1)—2a+b() (2a +b)(2a — b 2a — b

(a(c+0)+1)

B a+b a(2a® — b?)
- _2a+b() (2a+b)(2a—b)()
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whereas the change in steamship shipments is:

AQS — ngst o Qgre

a—b a+b a(ab — 2ab) a—b
o T A S R R Fer A (2a+b)(2a—b)(0)}_[ ~ g per O+
~ g a+b a(ab — 2ab) )

2a+b( ) (2a + b)(2a — b)

Adding the two together, the change in total shipments is:

a(2a® — ab — 2b?) a(2a + b)(a — b) ala —b)

arb)za—b " Gatna—b0) " T 2a=p?

AQror = AQr + AQs =

Corollary 4.1. Comparing the effects by market structure

Standardization generates a larger increase in total shipments under competition than collusion.

Proof:

The increase in shipments is a(;(;:b) under competition (Proposition 4), compared to $6(a—b) under

collusion (Proposition 3, although Corollary 3.1 also points out that the increase in shipments may

be zero if cartel price changes are costly).

The formal comparison is as follows:

<a9(a_b)> B (10(a_b)> _abla—D) - 30(a —b)(2a — b)

2a —b 2 2a —b
ab(a —b) —ab(a —b) + 3b6(a —b) 1 a—b
B 2a —b _§b9 2a —b >0
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