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1. Introduction

The Pacific railroad (PR) connected the Mississygpiey region to the Pacific Ocean and was butieen
1863 and 1869 (see figure 1). Once it was inaugdrtite railroad reduced travel times between eastet
western US to a little more than one week and veldtive safety. The alternatives were three aadrb}
less convenient. Crossing the continent overlaraistage coach took between one and three months of
hardships. Using ship to Central America, crossimggtropical jungle and exposing yourself to trapic
diseases, and then heading to San Francisco byTshyelling the three to six months long and daogs
ship routes around the Cape Horn or the Cape otiGlope (see figure 2). Additionally, the Pacifidn@ad
connected more than eastern and western US, asitonnecting eastern US to Asia, western US to

Europe, and Asia to Europe.

Viewed this way, the Pacific railroad was part dfraader set of efforts promoting the first peradd
globalization. In Boston and New York faster shige being developed — the Clipper ships —. Ini8e

and UK the application of steam power to shippiragweducing transport costs and improving speedtien
North Atlantic. Several other major large scalejguts also contributed to the development of tha fi
globalisation era. Four additional transcontinerddtoads built in the US, another one in Canaaal, later
the Tran-Siberian railroad was also built. A Caaioss Central America was considered all along the
second half of the 19Century and in 1855 a railroad over the Pananhaniss was built. The Panama Canal
was finished during the second decade of tifeCé#ntury. Finally, and competing with the PR foz th
Europe-Asia trade, the Suez Canal was inauguragt@jcouple of months after the PR. All these
transportation improvements changed dramaticadlysport routes, costs, speed and safety of mowodsy
and people between countries during the secondhttie 19' century and represent a magnificent example

of the diffusion and effects of the steam technplagd the a force leading to the first era of gliaagion.

Moreover, most of these projects implied massieareal and economic efforts. The PR itself was a
colossal infrastructure project. The railroad ceolstwo thirds of the US, the prairies, the Rockyudi@ins,
the deserts, and the Sierra Nevada. The size girtject also implied the economic effort had to be
sustained for several years. Moreover, the tereigsdt would cross were still being explored, hatllbeen
settled yet, and the relationship between NativeeArans and whites was developing into conflict. ey
of the large scale transport improvements pointgdabove, substantial subsidies were also provioed
finance the project and promote private constractfnd it also ended up clouded in a corruptiomdea

In 1873, just after the PR main line had been liieis the Credit Mobilier scandal erupted and ibee
clear that the directors of one of the companieslired in the project had devised a scheme to gpjate a
substantial part of the subsidies as constructiofitp and had been giving stock to Congressmeoui@rg
increasing subsidies. Suspicions that somethingefof a similar scheme by the other PR company and

many other companies involved in the large scalesrortation improvement projects exists.



Figure 1. Map of the Pacific railroad

Source: Cisco (1868)
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One may think that because subsidies were graotemst of all these transport improvements, thgepts
were not deemed to be profitable. However, theuption scandals indicate that it could be posgibieate
incentives to develop privately these railroads eaals existed. Moreover, the available literaturehe

social savings of these transportation improvemiaisates that the PR and some other of thesegimoj

were profitable privately and socidlly

In this paper the private incentives for the depglent of these large scale transport improvemenets a
analysed by studying the case of the PR. More gebgiwas the PR expected to be profitable? Theoaph
is to study three sources of evidence. First, ¥peetations declared by entrepreneurs before thead
was built and operated are studied. Second, thecgadions, as drawn from the outcomes of a sinarati
model of the entrepreneurial investment decisiom aaalysed to control for any potential mistakes o
untruthful information provided by the entreprerseinr their declarations. Third, ex-post informatiaf the
railroad’s performance is analysed to understanglitwivas profitable. The emphasis is on using thied
different sources of information to identify a reaable measure of expected profitability and digtish

between asymmetric information empowering the @néneeurs and real uncertainty.

The findings indicate the PR should have been d@ggdo be profitable. However, the PR could notehav
competed on prices with shipping around the Capak by pricing to capture the rents derived frdma t
new good benefits of substantial travel time reidumstand safety improvements the PR should have bee
and was profitable. These findings suggest thaptbeess of transport improvements leading toitsedra

of globalisation are is complex than we have ackadged up to now.

First, globalisation was triggered by transportioygments leading to declining inter-oceanic transp
costs mostly associated to the development of stiei@s) as many have suggeét@&iit globalisation was
also triggered by transport developments that atb¥er transport quality improvements. People were
willing to pay more to obtain transport serviceattteduced travel time and improved safety. Theycb
innovation angle (as opposed to process innovigmaing to transport cost reductions) of the transp
improvements during the second half of th® &8ntury has been very much neglected in the first
globalisation era literature. Additionally, the faloat PR profit expectations were positive dutimg 1850s
suggests that market was pulling for the introdurctif the PR. In turn, as a substantial part oflagket
targeted by the PR was expected to come from iatiemal and inter-regional trade, it is also possib
suggest that globalisation caused transport impneves. Second, there are three facts that areasyptte
reconcile: i) the PR entrepreneurs expected theoRie profitable, ii) but still they requested sdies, and
iii) government granted subsidies. Additionally, aleo know that since the PR would cross federal

territories and would divert trade flows betweegioas, intervention of Federal Government and Cesgr

! See Fogel (1960), Mercer (1970, 1974, 1982), igl¢i974, 1975). What is most important and is migs$n the
literature surveyed is ex-ante information, infotima about the expectations entrepreneurs had 6%,18&w they
formed them, what information sources they used,velmat this expectation was.

2 See Harley (1988) and Williamson (2003).



would have been necessary to allocate the rightagfand solve the inter-regional conflicts overdfén
and costs of building and operating the railroad tki whole, this papers highlights the transpostlity
improvement angle of the diffusion of the steamieagwhile at the same time points to the compkaxsal

relationship between international trade, transjpoprovements, and government interventions.

In the next section this paper introduces bridily PR as a project and its construction by follgwin
describing and evaluating the reports developetthdyhree most persistent entrepreneurs. It abatiites
clearly profit expectations, as declared by thesgmeneurs. The third section develops an empincalel
of the construction decision and evaluates thesgtdity of the arguments put forward by the enteapeurs
to support the PR project. The fourth section eatalsithe ex-post evidence to understand betteithehi? R
was profitable. The fifth section compares thetinfation collected to draw the distinction between

uncertainty and asymmetric information. Finallymeoconclusions are put forward.

2. Did entrepreneurs expect the PR to be profitable

In this section the history of the PR as a busipesigct is presented by following the proposalsetteped
by the three most persistent entrepreneurs: AsanéihiThoedore Judah, and Grenville Dodge.
Additionally, the logic of the calculations perfaeohby entrepreneurs to argue their case and tradit p

expectations are also highlighted.

2.1. Asa Whitney

The first entrepreneur to draw a project to bunel PR was Asa Whitney, a merchant that had beare act
New York, London and China and was connected td#ydfamily. Asa Whitney’s trip to China coincided
with the end of the Opium wars and the openingritdB trade of five Chinese ports, through theédty of
Nanking”. In China he spent less than two yearsigéor a New York merchant house and returnedhéo t
US, just after the US had signed the preliminaggty of Wang-Hae. In his way back to the US, in dfar
1844, Whitney formulated his plan for the transowanital railroad: the Pacific railroad.

Any project to build a railroad between the Misigipsand Pacific coast had to go through Congresta
railroad had to go through federal territories ahthe very least the right of way had to be dahateor
bought from the Federal Stat&Vhitney presented three projects to the US Casgre1845, 1848, and
1851. Additionally, he also published a bookletl&scribe the details of his project to anyone @dterd. The
project remained essentially unchanged and arguwezbhnecting the “railroad network between Newkyor

and Lake Michigan to a railroad traversing the veest linking Lake Michigan to the Pacific OcearThe

% In 1845 when Whitney submitted his first memot@aCongress the US did not have direct acces®t®#ific
Ocean. In 1846 the Oregon question was settledrab®48 the US-Mexico war was wan and the US gaauaess to
the Pacific Ocean. See more on this below.

4 Whitney, A. (1845), Whitney (1848) and Whitney 488. Quote comes from Whitney (1845) p. 2.



purpose of the railroad to the Pacific was to saitlly reduce time and cost to reach Asia andsbo&-
Asia trade. Additionally, Whitney also stressedlos potential markets to be opened to the US by the
project and indicated “our continent is placedne tentre of the world; Europe with 250 millions of
population, on one side, and all Asia on the osiidg, with 700 millions of souls ... and no part stran
25 days from us; and it will be seen that this pssal road will change the present route for allvist
commerce of all Europe with Asia, bring it across continent, make it and the world tributary to us. It
would bind Oregon and the Pacific coast to us wadtld open the vast markets of Japan, China, Psigne

and all Asia to our agricultural, manufacturingdaail other products”

A statistical appendix also contained detailedrimf@tion on distances, travel time and traffic betwe
different national locations and international poRarticularly relevant, Whitney identified trafthat could
be diverted to the PR as trade between the US aredaiad trade between Europe and Asia through Cape
Horn and the Cape of Good. He calculated a total26 million tons were traded on these routes figeee
3). The information was collected from differentiszes publicly availabfe Once observed traffic had been
identified Whitney developed an estimate of expepiéce and traffic. Assuming observed traffic was
similar both ways and setting PR rail rates atdls5er ton mile and eastern railroads rates & faar ton
mile resulted in expected revenue for the PR of@illBon’. Whitney acknowledged that the PR was
expected to be profitable but argued that the d¢ibof the road should be to maximise trade diogrs

rather than profits, and thus should price justdeer operation costs and repéirs

The cost side of Whitney’s analysis was, howevet fully developed. Whitney estimated construciost
by using an average construction cost of some reastdroads and expected distance, reaching $40.6
million during a 10 year construction perfotlie proposed to finance construction by using anBé wide
land strip between Lake Michigan and Puget’'s Sddoedated or bought from Federal government) toisell
to in-migrants into the US achieving to i) colléoe necessary funds to build the railroad, i) argiag in-
migration and saving eastern cities from thregia@r in-migrants becoming a danger to society,iénd
allowing the in-migrants to have a their own lam@ans to become self sufficient, and transport siean
commercialise their crofs The PR was, in Whitney’s eyes more than a railrttavas a plan to develop
the nation, to control the forthcoming problemsugiat by mass in-migration and turn them into an

opportunity for economic empire based on territaigansion and control over international tradditiey

5 Whitney, A. (1848) p. 7 and Whitney, A. (1849)58.

® The sources includereasury Reports on Commerce and Navigation fottBend from various sources for
the other countries, like McCulloch, McGregor’s Guarcial Tariff and Statistics, Hunt's Merchant
Magazine, Watterson’s Cyclopaedia of Commerce,Batdin’s Parliamentary Reports. Whitney also

presented individual tables for every country (siney, A. (1849) p. 69 and Appendices 5-16 in p82).

" Whitney, A. (1849) p. 36. Whitney approximated@lrillions tons of freight to 1.3 and multipliedtiy 2 to get traffic on both
directions. Distance of the PR was expected to @@02mniles. Additionally, Whitney indicated the roaduld be able to run without
losses, even if it had to pay dividends. Payinddeinds of 6% was possible by charging 0.96 centsopeand carrying 1 million
tons.

8 Whitney (1845), pp. 3-4.

° Whitney (1848), p 3.

10 Whitney (1848) pp. 2-3. Whitney offered to payckhts per acre.



also emphasised it was important to avoid the abpitirkets, as it would lead construction costanuost

double.

Figure 3. Estimation of observed freight through taffic for PR by Whitney

Country Year of Inward Outward
data Ships Tonnage Men Ships Tonnage Men

England 1842 87Y 329,404 16,69 823 348,724 18,46
usS 1845 329 111,18 6,994 3671 125,58 8,30
France 1833 11y 36,04 2,044 117 36,04 2,044
IAntwerp 1839 1 2,86( 125 272 172
Bremen 1841 d 1,80( 10d 1

Hamburg 1841 1 5,00( 20d 10 5,000 204
Netherlands 1840 188 97,23] 5,15( 221 113,86 5,624
Russia with 50 25,00 1,00( 50 25,00 1,00(
China

Total 1,584 608,51 32,31 1,584 654,48 35,644

Source: Whitney (1849)

Parallel to his activities in Congress, Whitneyeeped a publicity campaign and invited differeitizens

and media to explore the route with him to confitva railroad was practicaBbleAs Whitney developed his
publicity campaign the US expanded to the Wesha®regon question was settled and the US-Mexico Wa
was wan. In just a couple of years the US expaimdeda massive territory on the Pacific, and the PR
western terminus was suddenly within US borderbli®perception then turned from mildly positive to
clearly positive. Several newspapers and specdibfis#gazines pronounced positively about Whitnelds.p
Explorers like Freemont, Fitzpatrick and Pollockl dne prestigious American Railroad Journal indided
railroad over the proposed route was practicabtilifonally, 14 States sent resolutions to the lédns

favour to the bill, and included the most importaastern seaboard Northern and Southern Statbsst of

the States on the Mississippi, however, did nopsup/Nhitney’s plan.

Whitney'’s last memorial was made into a bill thaited to pass through Congress, even after several
modifications®. The negative of States on the Mississippi to etphitney’s plan hinted to sectional
differences and competition over the profits dedifrdm the PR. On the west, Puget’'s Sound waswaalat
port, and had been included in the Whitney planveéieer, California also possessed a natural pdsaim
Francisco’s bay, and it became a potential alterm&trminus for the Pacific for the railroad. TH#49 Gold
Rush strengthened the position of San Francistieedgading development pole in the Pacific c8aSan

Diego, as the most southern port on the Pacific ladsame a potential alternative terminus. Theeisduhe

1 Brown, M. (1933)

12\Whitney (1849) Annex includes supporting declamaty Freemont, Fitzpatrick, and 14 US State lagises. Brown
(1933) p. 219 indicates the American Review, Hiféschants Magazine and the Democratic Review wootgtive
articles about the PR and Whitney’s proposed rautde DeBows supported the PR idea but preferrdiffarent
route.

13 Cotterill, R. (1919) pp. 405-8.



route was to become a crucial one. In 1850 there ¥ixee different projects based on five differemtites
competing for Congressional approvaWhen retiring, Whitney indicated that inter-remgo conflicts of
interests over the benefits and costs of the PBkbtbhis project. Searching for a technical choice, in 1853
Congress decided to request the army to evalutigzaht alternative routes for the railroad andneste

their costy'.

2.2. Theodore Judah

The second influential entrepreneur was TheodadalJua New York railroad engineer who had diretied
construction of Niagara Falls Gorge railroad, agieeering feat of the time. Additionally, he also
participated in the construction and operationtb&plarge transport projects, including the Eranaf®. In
1853 Judah was contacted by New York’s state govehe wanted to introduce him to the promoterthef
Sacramento Valley Railroad. Judah became chiehergiof that company and in 1854 arrived to San
Francisco to build the Sacramento Valley Railrd&te railroad was opened in 1856, and was expeotbd t
the first stage of the Pacific railrddd

During construction of the Sacramento Valley raitt@dudah also took the opportunity to explore iber&
Nevada and started developing his own plan to kh#édPR. He published in 1857 “A Practical Plan for
Building the Pacific Railroad”. In this documendain explained why the PR had not been built yestFi
speculators had been associated to the Pacifioadiprojects. Second, “there are different rowtdspcated
by diverse interests, each eager that the roadiliddsubserve its own particular interest, bovilling to
make common cause upon a common réfit&hird, the surveys performed in 1853 were noitieta
enough on key points of the route (as they diddettified the number and cost of bridges and tig)rend
generated “lack of confidence in private capitalist (as) private capital can be had with whicbudd
railroads, and sometimes even unprofitable oneqas) 25,000 miles (had already been built in t&g U.
costing (more than) $1,000 million dollaf§"Finally, after indicating that state and fedgraernment
intervention would mean defeat to the project, bugashed in a surprising manner his plan. He ested
federal government to: i) perform a detailed suraegt build a wagon road on the route surveyediqmal i

pass a bill donating alternate sections of lanaidaconstruction of either the railroad or the wagoad®.

14 Lotchin (1974) pg 6.

15 Loomis, N. (1912-13) p. 172 and Hittell (1898) gg7-49 indicates that by 1850 there were alrebdydifferent routes proposed
in Congress and supported by different States oMtksissippi.

18 Also note the geography of the conflict over thing and costs of the Pacific railroad neatly ddies with that of
slavery, complicating further the political econoofythe project.

XXX

18 Hittell, T (n.d.) ' page

9 Hittell, T (n.d.) £ page and Hittell, T. (1898) p. 453

20 judah, T. (1857) pp. 4-5

21 Judah, T. (1857) pp. 4-5

2 Judah, T. (1857) p. 31.



The next couple of years Judah was involved inrsé¢l@cal railroad initiatives, promoting the PR in
Washington and exploring the Sierra Nevada lookimg pas¥. In 1860 he discovered the Dutch Flat route
and published a note titled the Central PacifidrBad of California. Judah held several meetingSam
Francisco and had no success in collecting thessacgfunds. In Sacramento, however, he was able to
convince a group of merchants of the value of tiogept. They also agreed to give Judah $35,00@ttmpn

a thorough survey of the route. The survey indit#te feasibility of building the PR and on Juné 2861

the Central Pacific Railroad of California Compawgs incorporated by Judah and the Sacramento
merchants (the big fodf)

Judah wrote the report on his activities surveyirgroute and handed it to the board of the CeRtalfic
Railroad of California on October 1 1861. The répeas comparable to that performed to build other
contemporary railroads in the sections it contaiieel level of detail and the methods used to cbtlee
informatiorf>. In this report Judah presented a detailed susf/élye route between Sacramento and Virginia
City, on the Washoe, Nevada. He showed it was blest find a route with grades comparable to thadse
many eastern railroads. For instance, figure 4 shitbe grade table provided in Judah’s report. Kote
single grade is above 116 feet per mile, the mamirgrade of the Baltimore-Ohio railroad. He also
identified the need for 18 tunnels and their expeciosts as $870,500. Total construction costs deneed
by estimating costs (including explicitly tunnetsdabridges) by route stafjeFigure 5 shows construction
costs per route stage. The total cost of the Saarao state border railroad was $12.4 millione Tbute
design from Virginia City to Salt Lake City was cpleted using data from Lieutenant Beckwith dravamfr
the Army 1853 surveys. Judah argued it was posthtentinue the railroad from Virginia City to $abke
City and then to the Missouri river with grades andves less demanding than those for the Sacrament
California State line stage. Additionally, Judasaalised Lieutenant Beckwith information to infeat@ost
of the Pacific railroad as $99.9 millions, from 8anento to Council Bluffs, next to the Missouriamin

lowa’’.

Figure 4. Table of grades for the Central Pacific alculated by Judah

2 Galloway, J. (1941) p. 57.

4 The big four were Charles Crocker, Mark Hopkinsllid Huntington, and Leland Stanford.

% Twining, A (1849), Holcomb, F. (1847) XX NICE TOAVE SOMETHING ON THE CHICAGO, PROCK
ISLAND AND PACIFIC XXX

2 Judah, T. (1861) pp. 18-26.

2judah, T. (1861) pp. 26-29.



Source: Judah (1961)

Figure 5. Table of construction costs for the Centl Pacific estimated by Judah

Source: Judah (1861)

In order to estimate expected revenues, Judahatkfire PR market as transport between Sacramedito an
the eastern slope of the Sierra Nevada. He idedtifiree sub-markets of local freight and passenger
traffic®. The report includes the observed price for differtrips on these routes. Observed traffic

information was developed by performing a trafficvey on the Placerville Wagon Road, one of the fou

% The information on revenues was only includechin®ctober 1862 version of the document, aftePeefic
Railroad Act had granted subsidies. However, it p@ssible to control for the effects of subsidiasapected
revenues (see details Duran (2008)). Additionalhd also very important, note th&haugh Judah did not study
guantitatively international and inter-regionalifift and passenger traffic, it is clear from hi§7181861 and 1862 reports that he
did consider these earnings in the long run, whenthole PR had been built.



wagon roads leading to the Washoe mining regidfigure 6 shows the Placerville Wagon Road traffic
survey summary statistics and indicates averageepgsr traffic was 37 per day and freight was dr8.t
Next Judah used observed price and traffic infoionab forecast expected revenues. For instance, he
proposed to reduce passenger rates by 50% fromABBitionally, he also assumed half of the Sacramen
Washoe travellers not using wagon (walking andgibunggies) would indeed use the railroad if it ot
lower transport costs. Thus, expected price wasstiaraffic was 71 passengers per day. Perforthisg
exercise for every sub-market Judah arrived td &tpected earnings of $4.2 milli8nAdditionally, Judah
developed an operation cost estimate of $1 miliéod operational profits resulted in $3.2 million 21%

of construction cost for the first stage of the’PRRee figure 7). In summary, Judah’s reports irtditiae
railroad’s western route had been identified tagh fevel of detail, it would not imply operatingrditions

more complicated than those experienced by easiroads, and high profits were expected.

Once the 1861 report was written, the board ofcttims of the Central Pacific Railroad Company dedid
Judah should go to Washington to seek subsidies frederal Government to build the railroad. After
successfully lobbying Congress, on July1B62 the bill was approved by President Lin&olfhe Act
specified the Pacific railroad was to be built W tcompanies, the Central Pacific Railroad of @atifa
Company and the Union Pacific Railroad Company,eaxh company had access to land grant subsidies

and a government loan in the form of treasury bthds

2 Judah, T. (1862) p. 48.

%0 The information above comes from a table in JUd&62) p. 53 in which Judah summarised the revérfoemation, including
revenue derived from exploitation of natural resegron the land grants, and giving a total of $4dillion. The information reported
in the text above results after re-calculationodélt earnings, after excluding revenues coming fresources included in the land
grants. Judah also added 30,000 tons of trafficdivem Washoe to Sacramento without providing guianation.

31 Judah, T. (1862) p. 53 indicated operational psaficluding land grant revenues were to be $3llfomiand rounded construction
cost to $15 million ($12.8 from Sacramento to State plus $2.5 from State line to Big Bend/Virgirstation), arriving to a rounded
annual net earning of 25% of construction cost.

%2 Hittell, T. (1898) pp. 459-61.

33 Land grant subsidies were alternate 1 squaredseidgons on a strip of 10 miles on each side @fitht of way. Loan subsidies
were between $16,000 and $48,000 (depending oindheation of the terrain), and had to be repdtdraconstruction. The railroad
companies also received the right to sell secondgage bonds for up to the same value as the lwamdubsidy. Allocation of land
grant rights and loan advancements would take @fiee completion of sections of 20 miles of track.



Figure 6. Local traffic survey estimated by Judah

Source: Judah (1862)

Figure 7. Revenue, operational cost, and operatiohprofits estimated by Judah

Source: Judah (1862)

2.3. Grenville Dodge

Grenville Dodge played an important role on thestarction of the Union Pacific. Since the late 1850

before President Lincoln was elected presidentyéealready influencing his decision about theeautd



eastern terminus of the Pacific railroad. Genex@d® became chief engineer of the Union Pacifier aft
finishing his military duties during the Civil wabince the Union Pacific was created by the 1862 the
company took XX to be incorporated and the Presiteroln only decided the starting point of the PR
XX, no final technical survey was available ud , even though engineers had been surveyingrii‘a

During his first years at the Union Pacific Dodgeused on identifying the pass over the Rocky Mainst

A Union Pacific bond sale prospectus published8&8lemphasised on the international dimensioneof th
road. The need for the railroad was introduce@ims of the growing trade with Asia and the imgeria
expansionist efforts by the &'SThe prospectus focused on inter-regional traffttee PR had the potential to
substitute the trade routes through Panama, Capg klod over land. Observed traffic and price was
identified. Trade from US Atlantic ports to the Riagorts (also including US trade with China) ggi
through the Cape Horn route was 80,000 tons a traae through Panama was 120,000 tons, and trade
through overland was 30,000. Assuming traffic wiaslar in both directions; total observed traffiasv
about 460,000 tons of freight a year. Steamshimaih Panama carried 50,000 passengers, Vessetghtho
Cape Horn carried 4,000, and over land wagonsezhir®0,000, or a total of 154,000 passengers [zer ye
Present transport prices were $100 for passengdr$3 per ton, and total value of the transpantati
market was $31 milliofi.

The entrepreneurs argued the railroad was not &éghéa generate full trade diversion. Most commiedit
would find that shorter travel time was an advaatagd would use the Pacific railroad, but heavylariky
trade would probably be transported by sea. Additiy, as the Pacific railroad was anticipated,nenic
activity in the Pacific increased. Mills, vine yardarms and mining camps were opened in Califaanih
the western states and territories. Furthermoreeraiwere workers that travelled frequently tortbeigin
regions. The international angle was also emphésigen anticipating business of the road, and & wa
noted new steamship companies offering transpd@hina were opening in San Francisco. Entrepreneurs
expected total traffic to be 300,000 tons and 300 8assengers, freight at $34 per ton and passeatgerat
$150, and total value of the transport market waeted to be more than $55 millférNext the
entrepreneurs assumed that the Union Pacific woature about $30 million out of the total $55 raill
Operation costs were expected to be about $15omjléind net revenues would then be close to $lBmil
By 1867 the Union Pacific local traffic was alreagirning $2.5 millions earnings, just over $1 roili

operating costs, and $1.4 million net earnifigs

In addition, the prospectus also described the apakits technical specifications like gradinggainent,
tunnels and bridges. The average cost of the 9lebuilt by 1868 was $68,058, and total cost sevés

3% Durant (1864) is an example of a detailed engisaevey report that was preliminary because tagisg point of
the PR had not been determined by President Lincoln

3 Cisco, J. (1868) p. 4.

36 Cisco, J. (1868) pp. 22-23.

%7 Cisco, J. (1868) pp. 23-25.

%8 Cisco, J. (1868) p. 21 and pp. 22-27.



$62.2 millions. The remaining 186 miles were expddb cost on average $90,000 and in total thernio

Pacific Railroad was expected to cost $82.5 mitffon

Shortly after finishing construction, in 1873, t@eedit Mobilier scandal emerged. Union Pacific
entrepreneurs had bribed Congressmen to increasal®s and devised a scheme to appropriate sabsidi
as construction profits, and it was believed thateeé Pacific also developed similar tactfcalthough it is
not possible to know exactly how much did constoucof the PR actually cost, precisely because the
entrepreneurs performed explicit efforts to coler scheme they developed, it is safe to indicateattual

cost of the railroad was not more than 100 miffton

4.D. Comparing declared expectations and developingeneral declared expected profitability estimate

The documents left by the three most persistemepreneurs and other sources allow characteribieg t
decision they faced, their approach to the makiigdecision, the outcomes they expected, anddtental

incentives to lie they faced.

The decision the entrepreneurs faced, in modemagsics jargon, was the decision whether to investrek
cost (build the PR) to enter the transportationketaor not. The entrepreneurs collected informatiod
evaluated it to make an informed decision. In fantrepreneurs developed substantial efforts foy lone
periods to collect the information and evaluatd fite technical surveys they performed look, esalytiike
the surveys performed today for new transport pisjel he route was divided into stages and eage stas
measured in several dimensions: length, gradeshauatf curves and acuteness of their angles, nuofber
bridges to build and technology to use, and tuntoetsccavate and materials to extract. Construcasts
were developed in a similarly sophisticated wayabiyvity and route stage. Operational costs amgakar
more difficult to manage and entrepreneurs use@ersilroads information detailed by activitiey,
freight or passenger service, or simply assumedatipa costs were 50% of revenues. Revenue expetiat
were also derived. First entrepreneurs identifythgerved traffic and price using trade statisspgcialized
press or direct surveys. Next, entrepreneurs cereida pricing policy (increasing/reducing obsenpede
by X%) and indicated an expected effect of thegpolicy on traffic. Implicitly entrepreneurs usix

concept of elasticity, even though it was not tddsenally developed until the end of the™&entury by

%9 Cisco, J. (1868) pp. 7-10 and p. 21.

0 See Fogel (1860) for a description of the scaaddlanalysis of the causes of corruption.

“*1 The Wilson Commission indicated the cost of thedrto the Union Pacific subcontractors — the reabtruction cost
- had been $43 million current dollars (Fogel (1)96066). The resources available to the Centreifiedor
construction of the road were $48 million currealias, and there is no indication of how much idicbst to
subcontractors as the company archives were |a@sfire (Dagget (1966) p. 21). If these numbersagugroximately
correct the PR could not have cost more than $li0i@m even after accounting for capital costsloP6 ($43 million
cost of Union Pacific to subcontractors + $48 millicost of Central Pacific to Central Pacific)*£3%100 million). If
we consider substantial inflation during the CWdar, the 1860 real value per dollar decreases man. A sum of
$100 million current dollars spent over the 1868e%iod is equivalent to about $66 to $75 milliorcerthe effect of
inflation is taken into account (depending on teélator chosen and the actual cash flow over tiffiblus, an 1860 real
dollar value of $100 million seems a reasonableimam cost for the PR.



Marshall. Most frequently entrepreneurs assumeeldiicity of demand was 0 or 2. When assuming an
elasticity of 0 they sometimes had proposed a padaction (reducing profits consciously) and satieer
times had proposed a price increase (increasirfggpoonsciously). When assuming an elasticity of 2
entrepreneurs always had reduced prices. It wasxpditit in the reports what guide the entrepreseised
to determine the pricing policy (sign or magnitudéhpally, the entrepreneurs considered total etqubc
earnings, and subtracted operational costs torobfarational profits. Then the ratio of operatiqrafits

over construction cost was used as a profitabitigasure.

In sum, entrepreneurs were acting rationally. Retfity is understood here as an effort to collect
information and perform a calculations to evaluhtelikelihood of a certain positive outcome astrtian
guidance for a decision (invest or not) — proceduigonality®. In this sense rationality is an appropriate
description of entrepreneurial observed behaviddi#tonally, since entrepreneurs developed expensiv
efforts to collect the necessary information andgren the necessary calculation, it also indicaibey
valued being rational. Moreover, entrepreneurs wsieg “economic common sense” to structure their
decision problem by using implicitly the conceptetdisticity to go from observed traffic and prites
expected traffic and prices. Finally, entreprensgemed to be aware of the profit and welfare icatilbns

of different pricing policies.

The contents of the reports indicated that techuiceertainty had been substantially reduced by2186
Although the existence of technical uncertaintynzsdrbe fully discarded as the PR clearly impliedknia a
scale never performed before, efforts to overconeedainty had been performed successfully. By 1861
information as detailed as that produced for ahgotailroad project up to 1850s had already beedyzed
for the PR. The most difficult part of the routedhzeen planned in detail. Grades, curves, tunhetiges
and their costs had been identified. Additiondkgs detailed information involving mostly gradesliibeen
collected for the rest of the route. The most diffi construction tasks had been identified, sulidied their

costs evaluated.

Profits expectations were positive. The three @néneeurs thought the project would be profitablesM
revenues would come from through freight and pagsemaffic as the main the PR was aimed to serve
inter-regional and international trade. Moreovbe, fact that a diverse group of entrepreneurs weshing
for i) five other different transcontinental raiérd routes within the US, ii) another transcontiakrdilroad
route through Canada, iii) Canals though CentrakAca and the Suez, and iv) invested in the devedop
of the Clipper ships to bring luxury perishable dedrom Asia, were all an indication of profit expetions

connected to the Asia trade.

“2 Note that in this definition whether the entrears have collected the correct information andceh@arformed the
appropriate calculation to evaluate the decisiamisrelevant — entrepreneurs may be wrong or agbut their
predictions, what matters is collecting info andf@ening calculations. Whether the entrepreneutstyeprocedure
right or not puts their behavior closer to perfiecesight or to bounded rationality.



The entrepreneurs indicated clearly that the PRdvoffier new good benefits in the form of reduceavél
times and safety. Whitney emphasized on exampkexcedted to tea trade to illustrate how the PR dioul
provide cost, travel time and insurance savingadechants. The Pacific railroad “... requiring noen40
days (from China to New York) ... and the preseritg@h) route requiring 100 to 160 days ... (thefiRaci
railroad also) saving on insurance and other ex@gfisJudah identified two key advantages to the rairo
“(for a trip between eastern US and the Pacificaddfie PR would) reduce (travel) time (from 100g)ay.
to 40 hours ... and (provide) comfort in travellingtwequal degree of safe§f? He then presented a brief
history of transportation to emphasise on the megmade on increasing travel comfort and safety tive
development of the stage coach, canals and rafftdachis 1862 report, when explaining why traffiould
switch from the Placerville wagon road to the PRalse argued “a saving in time from 9 days to 1 iou
give satisfaction to both merchants and consurffe@bdge used an excerpt of Harper's Weekly asking
“when hundreds of thousands of persons, with flagis towards the west, have tramped over thespidin
the risk of their scalps, how many peradventuréndé when they can make the journey with safetfeiv

47

days?”’. The point made by Dodge was that the lack oftgafiethe existing routes had kept demand for
travel low. The PR would bring substantial safetpiovements to the trip and uncap demand. In sugnma

the three entrepreneurs clearly expected the RPiRotade some new good benefits.

In sum, entrepreneurs had identified clearly thasilen problem, collected the information necessaake
the decision and evaluate the information. Theg sdsiched the conclusion that the PR should becesghe
to be profitable, mostly by focusing on the intéio@al and inter-regional traffic flows and prowidi them
with improved travel times and safety. But can msttthat entrepreneurs were declaring their telets
about the PR?

Entrepreneurs also faced a complex environmenppbsing incentives when pursuing the project.
Entrepreneurs declared to face sectional diffenc€ongress and that these differences were inigthe
project during the 1850s. The complex environmert characteristic of large scale projects asnegges
externalities affecting some social groups podyiaad others negatively. In turn, these exteriealitrigger
political conflicts and take at least part of tleemomic decisions regarding the infrastructureqmioput of
the realm of markets and into political institutsotnder these circumstances entrepreneurs hattives
to underestimat@rivate profits and regional gains and costs,@ratestimataational gains when in
Congress (i.e. declare they would reduce pricaghis way it was easier for Congressmen to defiead
project and justify a supportive vote. When apphirrg capitalists, they had incentivesoerestimate

private profits (i.e. declare they would increasegs)®.

3 Whitney (1849) p. 53.

4 Judah (1857) p. 28.

> Judah (1857) pp. 21-28.

% Judah (1862) p. 54.

4" Cisco (1868) p. 25.

“8 Also recall that during the 1850s the divisionvimstn states supporting slavery and those oppadsauinicided
broadly with the possible routes of the railroadeThorthern and central routes would greatly bés&dies opposing to



Entrepreneurs declared to follow pricing policikeattwere consistent with the incentives they faned
Congress and capital markets. Whitney and Judasistently reduced prices (independently of whether
they implicitly assumed elasticity of demand toCber 2) while Dodge always maintained observedepoic
increased it to capture new good benefits (andy@vwasumed an implicit elasticity of 0). More psety,
the declarations were sequential so entreprenestsléclared to reduce prices when they went togGess,
and once they were granted the right of way andidigs, they declared to increase prices when going
capital markets. Also connected to the chosenrgipblicies was the competitive environment they
described. Whitney suggested the PR should usecitmological advantages to compete on prices with
shipping, while Dodge argued that new good bengéite the PR a distinct technological advantage tha
should produce rents and proposed to increasesgaceolicy consistent with the capture of thesdsie
Thus, the observed entrepreneurial behaviour isistamt with hypothesis emphasising their inforoaei

advantages and strategic conduct.

But how could entrepreneurs declare to reduce iiggally and then to increase prices and getyawith
this inconsistent behaviour? One hypothesis isftiaeing policy and competitive environment infortioa

is information on which the entrepreneur’s possessiwantage as it is a promise not a fact andérig
difficult to dispute. Additionally, the fact thateé entrepreneurs were in fact three independetticugls
with no formal organisational or even social tisdelped them to defend their pricing policiesir
comparisons. Moreover, construction technology @sls was the information most frequently debatet a
disputed in Congress. The implied grades, theddifffiravines, impenetrable tunnels, or harsh wistews
blocking the right of way were the preferred argateeagainst the project. One may suggest two resson
this. First, it is more legitimate to discuss abfawats than promises. Second, detractors of afspemute
were generally associated to a competing PR psooposing an alternative route, and therefore wet
interested in affecting the perception about pagéptofitability or national convenience. They wernly

interested in destroying the case for a specifienfeting) PR route, not the PR business case.

Finally, and counter-intuitively, entrepreneurs sistently declared they expected the PR to betpiié,
but also requested Congress the provision of sigssidihe contradiction between profits and subsitie
difficult to reconcile and highlights the possityilthat entrepreneurs were lying. Not only they had
incentives to lie, but they also behaved consiktevith the patterns predicted by the incentivefiddhey
faced. An alternative explanation is that entrepues were optimists, and as optimists always dedldre
railroad to be profitable. Entrepreneurs were {ikel be optimists, as the sample of entreprenetattadle
is precisely the group of entrepreneurs that hpositive view of the project’s profitability (eith¢éhrough

construction or operation of the railroad, or bahyl had the belief it was a project that coulghédormed

slavery, while the southern route would benefites@upporting slavery. Under these circumstareesepreneurs had
incentives to underestimate regional benefits (&ipi¢ for example) and costs (St Louis and New @dgefor
example), and overestimate national gains. Thessldvery question pretty much magnified the ineestfor
entrepreneurs to declare expectations differemt their true beliefs.



directly by them. No other entrepreneur would invdase and effort to develop the necessary plads an
lobby congress. Thus, a sample selection biaketyliSince we do not know if the entrepreneursewer
effectively lying, and if they were, the magnituafehe biases they introduced to their declaredaues,
and additionally it is likely the information th@yovided is biased to high profits, it is simplyt possible to
anticipate the overall sign and magnitude of ttas lmm expected profitability. It is not easy tceirgret the
information above. In order to control for these¢gmial biases (lying and optimism) that may be
contaminating the information declared by entrepues, a model of the entrepreneurial decision prabl
following the entrepreneurial methods and informatvailable by 1860 and focusing on operationafitgr
is developed to derive “simulated expectationsaclef the perverse incentives faced the entreprerasnd

any optimism they may have suffered.

4. An empirical model of the entrepreneurial decisin to build the Pacific railroad

The previous section described how entreprenellosvied a simple and sensible procedure to forecast
expected outcomes for the PR. First, they assumedad on each of the four market segments (through
freight and passenger traffic and local freight padsenger traffic) was independent. Second, tlsey a
assumed that operation costs of providing transgtices to freight and passenger was indepen@argn
these two conditions, it is possible to divide pneblem into four separate maximisation problems, for
each of the four market segments. The processrivedexpected profits in each market segment indplie
identifying first observed traffic and price. Themtrepreneurs would assume a certain expecteitiiasf
demand for the PR market segment. Depending oeléisécity value chosen entrepreneurs would then
derive the appropriate pricing policy (i.e. incre@@educe price and by how much). Using the degree, it
is possible obtain expected traffic and calculateenue. Assuming some given operational costs allow
obtaining operational profits. The process is réggubéor each of the market segments and then opeaat
profits for each of the four market segments arersad up. Finally, total operational profits are pamed

to construction costs and profitability measuresderived.

Additionally, and in order to control for the perse incentives faced by the entrepreneurs and iasgd

they introduced to the information they declarbéeé, approach is to set up a model assuming conygetiti
market transactions for land (right of way) anditapAssume entry was free and the right of waytle

road could be appropriated automatically, just byilhg the land and with no negotiation or dealinggh

State or Federal governments. Additionally, alsua® that capital was available (as Engerman (18542)
suggested) at the observed market rate. Under tivesenstances, the decision for the PR entrepreneu
depends on essentially whether expected marketsigdarge enough and expected mark-up high eniough

1860 to support the road or not.

The following model follows the spirit of the pratige performed by entrepreneurs and described above

First, observed demand is presented, followed Ipgeted demand and expected operational costs. The



maximization problem faced by the PR entreprengtiién presented and the entry condition dedudea. T
model is presented using the case of freight tHrdraffic for ease of exposition and to maintaia th
connection with the previous section, but the masigeneral enough to be used to understand tldeono

faced by the entrepreneur in forecasting outcomethe other three market segments.
4.1. Transport demand

The evidence discussed in the previous sectiogateli that entrepreneurs defined market potemtighe
PR as a set df origini-destinatiorj pairs of regions (i.e. Canton to New York), eaehated by sub-index
ij, for which the distance reduction provided by ¢kerland route (compared to the all sea route) evoul
imply a significant reduction in travel distancedditionally, entrepreneurs considered that transgpemand
between an origin-destination pair was determingethbir economic size and the distance to be tledel
Whitney and Dodge emphasised that the PR routedaamrinect two large populations, Asia and Europe,
and implied that trade increases with economic*$i2elditionally, Whitney in his several memorialsdan
booklet described in several different ways théatlise savings expected from the PR route and how it
would lead to control of international trade tramsatiorr’. Thus, transport demand (in tons-mile per year)

for an origin-destination paiij,, would be given by:
Q; =g Pij_b

whereg; is a constant specific to eaigland associated to the economic size (and otheranel origin-
destination pair specific effects) of the tradetpans;b is the transport demand-price elasticity; &jds the
freight priceP;=f"d;"™ wheref is the average freight rate per ton-mile and isstamt across all origin-
destination pairs and commodities for a given fparsmodem, andd™; is the distance covered on transport

modem between origin regionand destination regignHence,
o =3 (f mdijm)_b

The intuition behind the demand function is simpledistance or freight rates per ton-mile dedlarel,
thus, freight price between the two trading parrialis), transport demand increases. The constasticity
functional form of the demand equation facilitattes derivation of the appropriate empirical demand

equation used in for freight through traffic: thegty equatiort

As discussed in the previous section, when malklieglecision of whether to build the PR or not,

entrepreneurebservedhe demand for transport when the only transportahode available was sea travel,

9 Whitney (1848) p. 7 and Cisco (1868) p. 23.
0 Whitney (1845, 1848, and 1849).
*1 For details of the empirical strategy pursued ggesee annex.



and used it to derive thexpectediemand for transport if the PR were to be constdicThe latter was the

demand function relevant to calculate expectedatjmeral profits.

For instance, take the case of trade between CamibiNew York. Figure 10 illustrates the two polkssib
routes that would become available if the PR werget constructed. First, the rod8corresponds to the all
sea route around the Cape Horn, which would bel¢ngand observed by the PR entrepreneurs for the
Canton-New York origin-destination pair. Let usideftheobservedlemand for a given origin-destination

pairij, g;, as:
(1) q; =P b= a; (f SdijAS)_b

wheref °is the observed sea freight rate per ton-miledﬁﬁjds the distance covered in the all sea route

between an origin-destination pair of regions.

Second, the introduction of the PR would open a rese. The new route would be composed of three
segments: from Canton to San Francisco by seatetbsegmen®in figure 1; from San Francisco to the
Mississippi region on the PRR and, finally, from the Mississippi region to Né&terk on the ERER In
this case, the demand for transport expected biPfhentrepreneur would be given by the trade that

merchants were willing to take over the new routerg the expected freight price of the new routt. uis

define expected demand for transport for a givegiredestination paif, g , as:

U A A-b A N n

@ g =a Py =a(f™dM+ f RdR+ f5d5)"
where ” denotes expected i@ is the expected average freight rate per ton-thdéthe entrepreneur
would set for the PR (i.e. the entrepreneur’s decisariable): f £% andf® are the expected average freight
rate for the ER and the sea segment of the rontsd &, d=5;, d° are the distances covered by the PR, the
ER, and the sea segment, respectielgformation on freight rates was expected becabserved values
could have changed because of the economic effétte construction of the PR (more on this below).
Information on the PR and the ER distances wasategén the sense that they were planned distaarmds
the plans were contingent on the actual route amdihus choices for the PR once built. The sea sagm

distance was well known to the entrepreneurs asotlites were already in use by the shipping ingtustr

%2 Average freight rate means average across comieméliir the Pacific and the ER and average acrossrodities
and across origin-destination pairs involved innsegtS of the Pacific railroad route. Additionally, tRecific railroad
route implied two transhipments not necessary byathsea route, at San Francisco and the Misgisggion, in the
example of trade from Canton to New York. The thiymsent costs are easily included into the expepteax through
the Pacific railroad route, but for simplicity halveen excluded at this stage. They will be consili&elow in the
sensitivity analysis section.



Additionally, at this stage it is also conveniemtiote thatl ™% andd =% are constant across origin-
destination pairs for reasons discussed belowilaréfore theiij sub-indices may be dropped, facilitating

notation. Finally, the PR route would induce mooenpetition in the transport market and would alsod

about new good benefits like speed and safetyijrigdto change intdo 3.

Figure 8. New York-Canton via the all-sea and Padi railroad routes
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4.2. Operational costs

As discussed in section 3 of this paper, accortirgntrepreneurs’ project reports, in 1861 theyeekgd
railroad operational cost®J to be a fixed fraction,, of total revenues:

A N

Ol:ngRdPRQ

>3 Entrepreneurs were conscious about both issuenéifiying competitive vs new good benefits) aneirteffects.
However, because they were not explicit about tieegelasticity of demand it is not possible to wnié and how they



Although it is clear that operational costs shailggend on the PR’s distance, it is unclear why #syuld
be affected by the freight rate rather than inpittgs (i.e. wages paid to workers or capital empty A
more conventional railroad operational cost funcigtherefore also considered, which depends®n th

constant marginal cost incurred in the provisiotheftransport service;
02 =kd PR Q
4.3. Optimal operational profits

Entrepreneurs then derived expected operationéitgrgiven by:

N

p = Expected Revenues — Expected Operational Costs

Taking into account the operational cost functisrdefined by the entrepreneurs, expected profitdahvoe

equal to:

N

(3) plszRdPRQ'ngRdPRQz(l' g)fPRdPRQ
Expected profits considering the conventional ofi@mal costs function are equal to:

A N

(4) pngPRdPRQ' /(dPRQ:(fPR- k)dPRQ

Assuming the PR entrepreneur chooses an expecté@igRt ratef ™, maximising expected operational

U N N N N N N
profits subject to expected transport priges (f " d+ f = d; + f *d;°), be less or equal than the
observed price? = f *d*® for at least one origin-destination paijir,Such a condition is imposed because the
choice off"? is not unconstrained to the PR entrepreneurelfight price via the PR route is higher than
the freight price via the all sea route, merchamsld always choose to transport their merchanadsseg

the all sea route.

thought these two factors would affect the elasticalue.



More formally, the entrepreneur’s problem is to:

(5) I\{ngpl =(@1-g) fRd™Q=(1-g) f™d™ q; stR £P, foratleastong

[

Or, alternatively:

(6) Maxp, = (f™- k) d™Q=(f™ k)d™ q; stP £P, foratleastong

PR
f i

n

Note that thatB, may be different for each origin-destination paird thatP does not have to be lower than

P for all of theN origin-destination pairs included by the entreprarnn the market potential definition.
Geography defines travel distances between difteregin-destination pairs via the all sea routd #re PR
route. Subtracting the travel distance of the RRerto the all sea route allows identifying thecsie
distance saved over the PR route for each orightitthtion point. In turn, distance savings define t
equivalent ceiling price the PR may charge if tcafin a specific origin-destination pair is to divieom the
all sea route to the PR route. The greater distaagi|gs, the higher the equivalent ceiling pritthe PR
entrepreneur wants to divert all traffic that maypotentially diverted to the PR, the expectedyfrerate
must be set to be equivalent to the lowest cepirige of theN origin-destination pairs included in the

market definition.

N

However, it may not be optimal for the PR entreprerto choose & such that all traffic diverts to the PR.
Consider the New York-San Francisco pair. In tbige the distance saving is the highest of allierig
destination pairs, as the trip around Cape Horaptaced by an overland trip. The PR entrepreneayr m

then charge the highest expected freight rateqmemile. The entrepreneur will only derive profitsm

reducing f "® to attract traffic from a second origin-destinatjmair if the proportional reduction ifi ™® is

compensated by a higher than proportional incregesaffic coming from the second origin-destinatioair

considered. Thus, depending on the expected atasifdransport demand it may be more profitaldethe

PR entrepreneur to choosdPaleading merchants to choose to use the PR routdlfd origin-destination
pairs or just a few of them. The point is importaatause it implies that two qualitatively differen
outcomes may be observed once the PR is introdide PR as a monopoly and ii) the PR sharing the

market with the shipping industfy

** The intuition behind the model proposed abovénilar to that of the dominant firm-competitiverige model. See
Stigler (1950 and 1965) for the for the initial &qpation of the logic behind the model; Kydland {29 for a dynamic
version of the model; and Gowrisankaran and Holff@thcoming) for a fully fleshed modern dynamiasien of the
model.



Also note the pricing strategy described abovefferént from price-discrimination. In this modéle PR
entrepreneur sets one single price, while priceraisnation involves setting at least two differgmices for
two different market segments. Potentially, pricgedmination between two origin-destination pairay
deliver additional profits to the PR. However, ¢ixig evidence indicates that the shipping andaadr
industries did discriminate between commodities lagitveen local-through traffic but not between aller
origin-destination points. Additionally, it is nokear how could the PR segment the market to parfor
discrimination depending on the origin-destinatair. How could a merchant trading between eastadch
western US be prevented from declaring the merabanas actually going to China rather than San
Francisco (if by declaring this the merchant cayétia cheaper freight price)? Price discriminaton
commodities works because it is not easy for menshi@ disguise the commodity transported. Price
discrimination against local traffic works becatise entrepreneur may monitor were the merchandite g

off on the railroad line.

Finally, if new good benefits are perceived by rhartts using the PR, then the PR will face a lower
expected elasticity of demand and will be ableetioasprice higher than the observed all-sea trahppice.
The PR entrepreneurs believed the key benefitgatelil by the PR were to be speed and safety, assdisd
above. Additionally, the view that speed and safetye important was not expressed only by the
entrepreneurs. The New York and Boston ship ingiutreloped the Clipper to reap the profits of Alséa
trade®. And scattered evidence indicates merchants valpedd. For instance, in 1849 the Oriental Clipper
ship made very fast passage times and was theracted to sail to London fully loaded with tea. The
Russell an Co. chartered the Oriental@&per ton of 40 cubic feet, whilst British shipg l&aiting for tea at
3 10s per ton of 50 cubic fe&t’Thus, merchants indicated implicitly that (at tleey least) 20 days of tea
“freshness” were worth more than 65% of the altéwaaransport cost in the London tea market, anesal
similar examples are availableThe PR would also improve safety. The closestfety at sea was marine
insurance. Persson (2004) collected data on marsueance for several different trips in 1863. Tarey
haul trips in his table all have relatively higlsumance rates, of about 1.5% of the value of tloel gasured,
while grain insurance was about 1.75%. Additiondiky indicated that the freight for grain was about
10.45% of the price of the go¥dThus, maritime insurance was probably close & b freight costs. In

sum, PR entrepreneurs expected merchants to vadeel nd safety benefits to be delivered by the PR.

The model presented above is easily extended odache effects of new goods. General nhew good
benefits are perceived by the entrepreneurs aghehielevant observed price. Thus, merchantsase n
willing to pay more to move every single ton ofifife included in the level of observed traffic, ageheral

new good benefits are equivalent to a rightwaré ghithe demand schedule faced by the PR entrepren

5 Lubbock (1933) pp. 36-102.

*5 Lubbock (1933) p. 107.

57 The Clipper ship was expected to make the trijppua 100 days, while an East Indiamen, the alter@atansport mode, would
take at least 120 days. More scattered evidentkeosame line and implying similar magnitudes Far value of speed was
collected by Evans (1964).

%8 Persson (2004) pp. 138-142.



Commodity specific benefits are perceived by emaeeurs as a group of commodities within observed
traffic for which merchants are willing to pay mdhan the observed price to transport them. Thus,
commodity specific new good effects may be thowaghén upward extension of the existing demand
schedule, and as entrepreneur’s increase thequerghe observed price, traffic willing to use i@
decreases proportionally with the elasticity of deh— a movement over the demand schétuléso
important, once the new good effects are introdube model predicts three qualitatively differgmes of
equilibrium: i) price competition leading to futkide diversion from sea transport to the PR, ideor

competition leading to partial trade diversion @rccompetition in quality leading to partial tradliversion.

Once the maximization process for each of the madgments has been performed, operational pfofits

each market segment are obtained. Profits derigad international and inter-regional passengefitrafe

denoted by * and the observed market is defined by sail arahsship transportation. Profits derived from

local freight traffic are denoted” and the observed market is defined by wagon tahap California and
Nevada. Profits derived from local passenger taffe denotedd” and the observed market is defined by

n

wagon transport in California and Nevada. Finathyal profits,/2” , is the sum of the profits in each of the

four submarkets.

Also note that in this larger model price discriation may now be observed. Within each submarket no
price discrimination will be observed (as explaiddve). However, between submarkets, as inteomedi
and local freight traffic, now it is possible forige-discrimination to arise as each submarkeh#acterized
by a different demand function and it may be oplitnaet different prices in each submarket. Tleidainly

adds to the realisms of the model.
4.4. Entry decision

Finally, as explained above, entrepreneurs woutdpare the optimal expected operational profitsasire

A", to the expected construction costs stream taldeghether to build the PR.

Expected total construction costJ) are then given by the sum of the stream of exgoeconstruction costs
(C) and the right of way fixed feg;

A T A
TC=L+ C,

t=1

%9 Note that when commodity specific new good effertsconsidered the expected elasticity of demaunst bre
strictly inelastic, otherwise a price increase feta reduction in revenues and profits. Empirgsaédience indicates a



n A

The entry condition would compare the present vafue to that of TC and would be defined s

A

T /7* T Ct

3

t |_+
¢ @+n) )

(7)

whereT is the total life time of the project ands the discount rate.

4.5. Empirical strategy and parameter values

Next it is necessary to provide reasonable parameatees to plug into the model. The empirical tetgg
followed to obtain each parameter is presenteeiaildn the annex, and at this stage only thegutace to
obtain them is presented. First, observed trafiit price were collected from sources consultechby t
entrepreneurs and publicly available by 1862 ooilgein order to maintain the ex-ante spirit of éixercise.
Second, it is discussed for each parameter ifrttieduction of the PR will generate any changediteathe
parameter value to change. For instance, congidesda freight rate and recall it has been chaizetkas a
competitive industry. Since the PR will not chatige nature of competition in sea transportatiow;lit
only bring more competition to that market, itilely that the observed freight rate is close tagimal
costs and will not change due to the PR’s entryhimway each of the parameters has been anctmtbd
1850s conditions and its likelihood to change dautihé introduction of the PR.

The value of parameters used is presented in 1allemparing the data collected to the data propoged b
the entrepreneurs (see table 2). One very impostamlarity and several differences exist. Firbere seems
to be agreement about the level of sea freighs ratéhitney’s data and the data collected here laotoge to
$0.0014. Dodge’s estimate of the sea freight satelittle higher ($0.0022) than the one identifiede, but
still reasonably close. Second, the railroad freigtes proposed by Whitney ($0.005 per ton mitetie PR
and $0.0100 for the ER) and Dodge ($0.0113 fomthele east to west rail transport segment) seem low
compared to the average operation costs collearl(0.0118). Consequently, the cost differenteden
sea and rail was underestimated by the entreprenthird, inter-regional all-sea passenger ratp@sed by
Judah ($150" class) seems to be high compared to that indidatddbdge ($100) and the one collected
here ($100). Fourth, the PR passenger rail ratgestigd by Dodge ($0.05) is higher than that prapoge
Judah ($0.02) and that collected here for the ERO@). Fifth, international and inter-regionalidtet

traffic was overestimated by Whitney and Dodge. Wiy assumed that Europe-Asia trade could be &dget
by the PR when the distance savings do not compeefmahe sea-rail freight cost differences, mot t

mention that he never considered in his projeagtssibility of the Suez Canal diverting that &&wmm

strictly inelastic elasticity of demand is a chaeaistic of transport demand as it is a derived @etn(see XXX ).



the PR. Dodge assumed a baseline scenario whagetfoeaffic both ways was similar; we do not kndw
this could have been the case for the Panamactrhtft we know this could not have been the casthéo
Cape Horn traffit'. Finally, passenger traffic was also overestimate®odge as he assumed that traffic

was similar both ways, although migration was nyogtling westward.

In summary, i) the ceiling price seems to be clemi¢ntified as the data provided by the entrepueshand
that collected here are very similar, i) the fegight rate proposed by entrepreneurs was sulesitgrower
than the costs observed in the ER, indicating alerestimation of rail freight costs, iii) the preeal
passenger rail rates are higher than the passeatgerobserved in the ER, indicating the JudahDoute
may have intended some sort of monopoly pricingitis likely entrepreneurs overestimated eastidoun

freight and passenger baseline traffic.

0 The entrepreneurs did not use the present valsertoa cash flow. The precise entry conditions #pscified are
introduced and discussed in the model solutiorigetielow.

®1 The Report of Internal Commerce indicates durirglate 1860s traffic though the Cape Horn was &bo0,000
tons westward and 30,000 tons eastward. Unfortlyntxific on the Panama route cannot be identifiedurately as it
was mixed in the accounts with trade to and froenNlew Granada. However, total trade to and froniNtber Granada
was about 100,000 tons on the Caribbean and thédR&timmo, 1885).



Table 1. Ex-ante values for model parameters

jirs

Market Parameter Value Type of information
segment
Freight [Observed freight through in tons 300,082 tons Eatibah on observed data 1856-60, Commerce & Navig&taports
trough  |PR through distance 2,000 miles Engineer reports
Traffic  [Observed ER freight rate p t-m $0.02412 Averagienased on observed data 1856-60, Poor (1881)
ER distance 850 miles Estimated on observed d#&6-68. Close to value declared by entreprenel
Observed sea freight rate p t-m $0.01265 Averagimated on observed data 1856-60, 1850s speciglisss
Sea segment distance Changes Vith |Estimated on observed data 1856-60
Operation freight costs (conventiongl) $0.0118 Ager estimated on observed data 1856-60, Poor (1881)
Passenggbserved Passenger through traffig 45,000 pass métstil on observed data 1856-60, from Nimmo (1888)n&uh (1979)
through [Observed ER passenger rate per pjm $0.0176 Avesdiyeated on observed data 1856-60, Poor (1860)
Traffic  [Operation passenger costs $0.0088 Estimated on observed data 1856-60, P860j1
(conventional)
Observed sea passenger price per frip  $100 Estimatebserved data 1856-60, Unruh (1979)
Freight [Observed freight local traffic 43,800 tons Deathbg entrepreneurs, Judah (1862)
local Observed wagon freight rate per t-nf ~ $1.4343 Dedlény entrepreneurs, Judah (1862)
Traffic  [PR local distance 155 miles Declared by entreprendudah (1862)
Passengeg©bserved passenger local traffic 13,505 pass Detlay entrepreneurs, Judah (1862)
local Observed passenger rate per p-m $0.3030 Declaredttspreneurs, Judah (1862)
traffic
Expected [Constant in expected demand Changes iyith |Calibrated
Demand [Elasticity of demand 0.5-3 Range of existing gravity equations and transpemahd literature
lequations| 0.01-1 Full range of inelastic demand elasticity values
PR average freight rate p t-m Decision variable
Entry Construction cost $100 million Declared by entrepras
decision [Land fixed fee 1 $1 million Fishlow (1965) antelefl eastern private railroads (3%) & declared by
entrepreneurs ($320,000)
Project life 15 Average of Fogel (1960) and Mer@d£82)
Discount rate 9% Average for Mercer (1982)

Source: See annex



Table 2. Parameter values declared by entrepreneumnd collected in this study

Parameter Whitney Judah Dodge Our data
PR freight expense p t-m $0.005 p t-m 50% earnings $0.0118
ER freight rate p t-m $0.01 per t-m $0.02412
Sea freight rate p t-m $0.0012 per t-m $34 per ton trip for all | $0.0014
(6,600 sm) routes
$0.0015 per t-m
(18,000 sm)
PR passenger expense p p-m 50% earnings 50% earnings $0.0088
ER passenger rate p p-m Not treated explicitly Not treated explicitly $Q.16
Sea passenger rate p p-m $250 (£ class) $100 per passenger tripf $100 per passenger trip
$150 (2% class) for all routes for all routes
Wagon freight rate p t-m $1.4343 per t-m Entrepreneur data usgd
Wagon passenger rate p t-m $0.3030 per p-m Entrepreneur data used
International & inter- 1.3 mlls tons 80,000x2 tons Cape | 131,600 tons inter-

regional trade traffic

Horn
120,000x2 tons Panam
30,000x2 tons overland

regional
a 300,082 tons total

International & inter-

regional passenger traffic

118,800 T class pass
(expected)
140,400 ¥ class pass

4,000 pass Cape Horn
50,000 pass Panama
100,000 pass overland

45,000 pass

(expected)
Local freight traffic 43,800 tons Entrepreneur data us€d
Local passenger traffic 13,505 pass Entrepreneur data used

Source: See annex

4.6. Results

The PR entrepreneur may decide whether to compepeices or on quality with the shipping industfie

model indicates the two pricing policies produckssantially different outcomé&s

Competing on prices

When the PR entrepreneur chooses to compete asricfaces a strict ceiling price set by the edeit
shipping price. Figure 8 presents average (erdrgur and conventional operational cost) profits by
elasticity of demand as produced by the empiricad@hdescribed above. The results are interestdg a
surprising. First, it is unlikely the PR should kaween expected to be profitable if it was to campa
prices. The cost difference between sea and amsport was so large and advantageous to sed¢hBR
would need to offer negative freight rates to cotapéth sea transport for all origin-destinationrns
except eastern-western US. Additionally, for easteestern US trade the PR was unlikely to genenaye
operational profits. The result is surprisinghattthis was the market segment that entrepreneurs
emphasized on their reports as the most attractiee Second, through and local passenger traftialdh

have generated operational profits, but these wooldiave been less than $2 million per year. Tharchl

%2 See annex for full set of model outcomes and aimly



freight traffic should have generated substantibigher profits than the other three sources dfiegs. The

results are robust for a reasonable range of toahdpmand elasticity values.

Figure 9. Average operational profits when PR comges on prices

Average profits by market segment and elasticity of demand
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Total profitability measures indicate, as expectkd,PR was unlikely to be profitable pricing torquete
with shipping (see table 3). The NPV of the projsalways large and negative independently ottiss
function and the elasticity of demand. The usuatemporary profitability measure, net earnings over
construction cost, is also low compared to the 8% entrepreneurs initially predicted and accepged
reasonable profit levels. Finally, entrepreneursiididake at least 10 years after construction Hiedsto

finish paying for construction.

Table 3. Profitability of PR competing in prices

Net earnings/
. . Years to pay
Type of operation cost NPV | construction cost |
investment
(%)
Entrepreneurs cost function -37.4 5.6 18.4
Conventional cost function -13.4 10.] 9.9
Overall average -25.1 7.9 12.9

Competing on quality

When the PR chooses to compete on quality thepretieur must decide the pricing policy and how much
rent he perceives can be extracted from merchBntsepreneurs will expect a certain value for tapayal

and commodity specific new good effects and thenths expectation to set the PR price. The rebelts



presented correspond to the case where the enteaprexpects general new good effects to be priopait
savings in insurance, or 15% of observed freigkt,cnd commodity specific new good effects prapoé
to the value of time savings observed during tig0$8or 155% of observed freight costs for timearsgs/of
about 70% of travel time. The average (betweerethieepreneur and conventional operational costtimgc
profits by market segment and elasticity of demahdn the PR entrepreneur prices in this way are
presented in figure 10 (see annex for results otitler various values for new good benefits). Tisalte
suggest that if new good benefits are proportitmaB50s experience with small improvements in dzeel
safety, then all four sources of earnings shouletlieeen expected to be profitable independenttijef
elasticity of demand and the operational cost fonctMost revenues and profits should have beeeard
from local freight traffic, with profits between $bmillion. Through traffic should have also beepected
to be profitable. Passenger through traffic shtwalde generated profits between $3-6 million, whitéght
between $2-4 million. Finally, passenger localftcadlthough likely to be profitable should not leaveen

expected to generate high profits.

Figure 10. Average operational profits when PR comgted on quality and prices to value general new

good benefits at 15% and commaodity specific new gddenefits at 155% of observed price

Average profits by market segment and elasticity of ~ demand
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If new good benefits are proportional to the vatua revealed during the 1850s for small improveisién
speed and safety, the entrepreneurs should haeetexithe PR to be profitable (see table 4). The NRs
about $9 million in present value, the net earntegsonstruction cost ratio was very close to Hwtepted
by Dodge (18%) and it would take 6 years aftesfiiig construction to repay fully construction sost
independently of the elasticity of demand or therafion cost. The results for the cases when coritynod
specific benefits are valued less than 155% asedesr. When commodity specific effects are valaed

100% the PR passes the NPV criteria in some san@re. depending on operational cost and elast€i



demand). And for commodity specific new good aBa@lues at less than 100% it is unlikely the PR
should have been expected to be profitable. Thesgsults indicate a moderate case for the PR to b
profitable. The key for the PR to experience psafiepends on the valuation by merchants of theguaad
effects. If these were valued proportionally to viaduations merchants had reveled during 1850s when

exposed to small improvements in speed and sdfety,the PR should have been expected to be [nlefita

Table 4. Profitability of PR competing in quality

Net earnings/
Rent captured by construction cost|Years to pay
pricing policy NPV |(%) investment
33% -20.( 9.1 11.4
66% -10.6 11.5 8.7
100% -2.0 13.6 7.3
155% 9.5 16.6 6.0

Additionally, if the valuation of new good benefitas proportional to that observed during the 188Gs
case is for expecting the PR to be profitable wmg. First, robustness checks of the model’samutes
indicate results are strong. Changes in key vagtalite the price of alternative transport mode,
complementary transport mode (the eastern railrmatte case of through traffic) and costs genevatg
marginal changes in profitabilf§/(see annex). Second, estimated profits corresgoadower bound of
profits. Collected information on observed traffias consistently downward biased and constructish c

was assumed to be 100% sunk ost

In summary, the simulation exercise has indicatedli) entrepreneurs underestimated the cost aayarf
sea transport over rail, ii) the potential for B to engage profitably in price competition witle shipping
industry was very low, iii) the PR should have ob&en expected to be profitable if new good benefére
valued by merchants proportionally to what they reackaled during the 1850s in reaction to small
improvements in transport speed and safety, ivptleng strategy proposed by Whitney and Judaicépr
reduction) was credible as they (sometimes) alsorasd elastic demand schedules; but the resukemtes
here indicate exceptionally elastic demand schedutauld be required to produce profits for the PR
following their proposed pricing strategy and itisre likely the PR would have been profitable by

exploiting market power derived from new good béagifrovided by the PR (increasing prices and stala

83 See annex for full robustness analysis
% See annex for full explanation of why the profitimates produced by the model are downward biased.



demand schedule) as Dodge suggested, and v) emtegps behavior was consistent with the incentiiet

they faced in Congress and capital markets.

5. The PR performance and comparison with declarednd simulated expectations

6. Conclusions
XXXX

The privatisation and liberalisation of markets pablic utilities have been accompanied by the
development of the economics of contracts appbe@gulated industries, and the findings in thiglgthave
implications on this literature. The models in thtisrature have indicated implications for optimal
contracting schemes in the presence of projectsdifiterent phases (construction vs operationfeckint
connections between phase (quality of infrastr@csarvice vs cost reduction), uncertain costs anaaad,
and so on. However, issues that have been emptasigee study of the case of the Pacific railroad
(different incentives to lie to the public sectadahe capital markets and the creation of polifécanomic
conflicts as a consequence of construction of thgpt) have not been studied and are likely toniportant
to understand the frequency of outcomes like owests; delays and corruption frequently associatdddse

projects, particularly the really large ones.

Research finding also has important implicationdlie literature on globalization. The literature o
globalisation has emphasised the role of technoédgirogress, particularly the invention and diiusof
steamships, as the key explanation of the trangpsts decline leading to the first globalisatioa @uring
the second half of the Y@entury®. Research presented here indicates the issueswoeeecomplex and
other factors may have importantly influenced ih@rtg of declining transport costs. First, on the
technological dimension of the problem, the dectihtransport costs should be seen as a compleepso
of application of steam technology to sea trangpiort (steamships) and i) development of compleargnt
larges scale infrastructure projects (3 proposeatesoover Central America and 1 in the Suez)nii) i
combination with major infrastructure projects itwing application of steam to rail transport (6
transcontinental railroads in North America andvérdPanama), and iii) the co-ordination of a global
transport system. Additionally, existing researels focused on the decline of transport costs, whdearch
presented here indicates new good benefits likeabttavel time reductions and safety improvemeiits

played an important role in the process of glohdilis. Second, on the institutional dimension ef th

% Harley (1988) indicates substantial transport desfine was caused by the steamship, rather tien imstitutional
forces indicated by North (1958).



problem, governments played an important role éntitming of construction of these large scale migjeAs
explained above, large scale projects tend to gémeositive and negative externalities leadingdidical
and economic conflicts that are dealt with in thalm of political institutions as much as in maskéflore
precisely, many entrepreneurs from different caastwere proposing different canal and railroagquts
improving long haul transportation. These entrepoes faced selection mechanisms associated to i)
competitions within firms and between firms (mase¢b achieve profits, ii) competitions in national
institutional settings like Parliament and Congrtesallocate rights to exploit the direct and iedir benefits
of the project, and to bear the direct and indicests of the project, and iii) competitions betwee
countries/empires the US, Great Britain and Frdocpossession of strategic resources to gain damai

over international trade (and international agdoggs
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