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Abstract

This dissertation is comprised of three essays on the industrial organization of telecom-
munications and network industries. In the first essay on the economic history of com-
petition between US international cable telegraph and radiotelegraph carriers, we find
that between 1919 and 1934 there was accommodated entry, collusive price policies,
and strategic investments. The dominant cable telegraph operator faced capacity
constraints and higher operating costs than the entrant that used radio technology.
Because the entrant had lower costs, the incumbent accommodated entry into the
US-Europe telegraph market. Since the main international cable and radio telegraph
operators benefited from collusive price policies, they agreed, sustained, and enforced
these policies. Lastly, in order to sustain a binding collusive agreement with the dom-
inant radiotelegraph operator, the dominant cable operator invested heavily in excess
traffic capacity.

The second essay is an applied econometrics investigation on household choice of
long-distance calling plans. We show that risk and uncertainty play significant roles
in explaining household long-distance calling plan choices. High variability in calling
patterns makes it difficult for callers to predict their future usage and therefore know
which plan is cheapest across several months. Our findings show that there exists a
bias against paying monthly fees for long-distance telephone service even when these
fees are coupled with lower marginal rates. This bias against monthly fees is the
opposite to the findings in several studies of consumer behavior in the local telephone
service market.

Finally, in the applied theory essay on bargaining mechanisms and network in-
terconnection, we examine pricing strategies of network monopolists seeking two-way
interconnection. While firms have monopoly power over the node they control, they
will set interconnection tariffs equal to marginal costs when connecting to the network

of a symmetric, or nearly symmetric, firm. In the case where firms are asymmetric,



v
getting firms to set interconnection tariffs near marginal costs is a function of the
bargaining protocol used to negotiate tariffs. We design a bargaining protocol that
.achieves weakly Pareto efficient and individually rational bargaining outcomes. In the
empirical section of this essay, we find support for our hypotheses on the relationship
between comparative firm size and efficient bargaining. Using interconnection tariff
and traffic data for US international telecommunications carriers, we find the efficient
bargaining frontier and characterized the firms with which US international telecom

carriers are able to negotiate efficient interconnection tariffs.
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Part 1

Cable vs. Radio Technology in the
International Telegraph Industry
(1919-1934)



Chapter 1

Economic History

SUMMARY

Competition between US international cable telegraph and radiotelegraph carriers between
1919 and 19834 is characterized by accommodated entry, collusive price policies, and strategic
investments. Because in 1919 the established and dominant cable telegraph operator faced capac-
ity constraints and higher operating costs than the entrant, the incumbent accommodated entry
from a large radiotelegraph firm into the US-Furope telegraph market. Since the main inter-
national cable and radio telegraph operators benefited from collusive price policies, they agreed,
sustained, and enforced these policies. Lastly, in order to sustain a binding collusive agree-
ment with the dominant radiotelegraph operator, the dominant cable operator invested heavily
in excess traffic capacity.

1.1 Introduction

L.B. Trioblet [30], in 1929, was the last to chronicle the history of international telecommuni-
cations in the US by examining transpacific communications. Since then, no other study on
the history of US international telecommunications has been published. As a result of this
paucity in historical research, the origins and nature of the firms and institutions that function
in international telecommunications are not well known. This study fills the gap in historical

research on the economic history of international telecommunications. While this paper covers



the history transatlantic traffic, it is not simply a geographical extension of Tribolet’s research.
Economic, as well as historical, analyses are applied to the question of competition in the early
international telecommunications industry.

This paper examines competition between US international cable telegraph and radiotele-
graph carriers between 1919 and 1934. This period is of interest because of what took place
in the competition over market share for transatlantic message traffic between US telegraph
carriers. Issues of accommodated entry, collusive price strategies, and strategic investments
characterize the story of international telegraph’s early development in the US.

This study begins in the years 1919-20 when the Radio Corporation of America (RCA)
entered the international telegraph business. RCA used wireless radiotelegraphy to transmit
messages. RCA’s entry presented the most formidable challenge to Western Union, the well-
established and dominant cable overseas telegraph operator at the time. It is important to
note that Western Union took a relatively accommodating stance to RCA’s entry. At the
time of RCA’s entry, Western Union had built a nationwide network in the US and had a well-
established foothold in the US-Europe telegraph market. Despite its financial, competitive
and leadership position in the market, Western Union showed little signs of resistance to RCA’s
entrance. The reasons why Western Union accommodated RCA are addressed in this study.

The competitive relationship between RCA and Western Union, once RCA was established
in the market, is of interest in this study. Western Union and RCA never changed the price
paid for priority class telegraph messages between New York and London for twenty-three years
(1923-1946). The price for priority messages remained stable despite the Great Depression and
political turmoil in the US and Europe. One would expect that the Great Depression would
drive down prices, but it did not. The possible explanations for stable prices between 1923
and 1934, eleven of the twenty-three years, are explored.

Finally, this study addresses excessive investments by Western Union in submarine cable
to service the US-Europe link. In 1923, Western Union had capacity in excess of 40 percent

of all worldwide cable message traffic. The following year, 1924, Western Union deployed a



high-capacity cable and laid two more in 1926 and 1928. By the end of 1928, Western Union
had more than tripled its capacity of 1923. If Western Union serviced world points serviced by
all US cable companies existing in 1928, Western Union could have carried all of these firm’s
traffic, plus 45 percent more, on its own. This capacity can be viewed as excessive, wasteful
and serving no purpose. On the other hand, these substantial investments in submarine cable
could be viewed as strategic in Western Union’s relationship with RCA and potential entrants
in the international telegraph market. The nature and purpose of these investments are also
addressed.

The passage of the Communications Act of 1934 marks the end of this study. This Act
established the Federal Communications Commission (FCC) to enforce new regulations on the
telecommunications industry. These new regulations changed the nature of competition and
collusion in the international telegraph industry. The nature of these changes remains for

another study to address.

1.1.1  Scope of the study

The data used in this study are taken from Congressional testimonies, statistical compilations
of government-required industry reports, and special studies. Development and competition
in the international telegraph industry are tracked by examining trends of three variables:
International telegraph prices between New York and London; market share in the form of the
number words sent and received between the US and Europe, and levels of investment made
by telegraph carriers between 1919 and 1934. Unfortunately, there is less information about
RCA’s operations than Western Union’s. More is known of Western Union’s operations as a
result of Congressional investigations and its annual reports to its stockholders. There are no
annual reports that provide international telegraph traffic data available for RCA,' and since

most Congressional hearings took place early in the inception of RCA, Congressional records

'RCA had made it a practice to report all of its earning in such a way as to make it impossible to separate
its international telegraph business from its manufacturing and broadcasting enterprises.



are not as enlightening as they are about cable operations. As a result, much of what is
discussed about RCA is inferred from documents, articles, and what was known then about
domestic radiotelegraphy. Because there exist data limitations—either data are not available
or they are incomplete for some of the variables. this study tracks—some arguments are also
supported by the use of theoretical economic models. -

The market between the US and Europe was important to the early development of the
overseas telegraph service market. ~ More generally, Europe was the first continent in the
development of an extensive international network of telegraph communications. Moreover,
US firms extended their network to Europe first, and invested most heavily in that continent.
By 1936, Europe generated nearly 89 percent of in and outbound traffic, measured in words
sent, for Western Union. For RCA, Europe generated approximately 70 percent of all messages
transmitted. Of all the European countries active in the development of international telegraph,
the United Kingdom was the most important. By 1936, 14 cables, or 90 percent of all capacity
for all transatlantic traffic was connected to England, and these cables represented well over 60

percent of worldwide message capacity.?

1.2 Development of US Domestic and International Telegraph
Industry

The development of the international telegraph is a story based in the United Kingdom. The
British had an early lead in both cable and radio telegraphy. British dominance in technology
and substantial capital resources allowed it to develop its telegraph network worldwide, making
it an essential node of any firm that considered entering the international telegraph market. On
the domestic front, Western Union’s early preeminence in the overseas telegraph business was
carried over from its advantage in the domestic market. RCA, between 1919 and 1920, emerged

with help from the Federal government and the know-how and resources of General Electric.

2See J.M. Herring and G.C. Gross (1936). Telecommunications: Economics and Regulation, pp. 26.



The Federal government’s help in establishing RCA consisted of consolidating the relevant
radio patents that made international radio transmission work and resolving outstanding legal
disputes between patent holders. Westinghouse and General Electric held many important

patents; without their assistance, RCA would not have been able to get off the ground.

1.2.1 The domestic telegraph

By 1880, Western Union emerged as the largest of 77 telegraph companies, most of them small,
that reported to the Census. Western Union had built a coast-to-coast network, allowing it
the unique capacity to make seamless, end-to-end domestic connections through the use of its
own network. Western Union’s main competitor, Postal Telegraph Company, was a distant
second in size. Western Union delivered an average of four times as many messages as Postal
throughout the 1920s. In 1938, after 50 years of domestic competition, Postal Telegraph held
assets worth almost $71 million. In comparison, Western Union’s assets totaled approximately
$301 million in 1938.3

Seamless connections meant that Western Union did not need to rely on competitors to
terminate messages, a problem that plagued smaller competitors. Western Union’s competitors
had to form alliances and cartels in order to furnish the same coast-to-coast service that Western
Union provided. These alliances, however, meant that contracts were required to specify
responsibility for the delivery of a message from one company’s network as it was passed on to
another company’s network. Assigning responsibility for the timeliness, accuracy, or even final
delivery or pick up of a telegraph message was oftentimes difficult [22].

After many years of trying, the courts did not satisfactorily settle the issues of liability in-
volved in complicated interconnection regimes. Western Union found that the most satisfactory
way to resolve the domestic interconnection problems was through consolidation. The issue of

interconnection would remain important well into the era when RCA entered the market.

3US Senate (1941), Study of the Telegraph Industry: Appendiz to the Hearings before a Subcommittee of the
Committee on Interstate Commerce. 77" Congress. S. Res. 95, pp. 242 and pp. 271.



Deploying submarine cables was a costly and risky venture. It took two failed attempts, and
the loss of another cable, before the Anglo-American Telegraph Company became the first firm
to successfully establish a permanent transatlantic link between Hearts Content, Newfoundland
and Valentia, Ireland. These cables were owned and operated by a British company. These
cables cost approximately $3,000,000 each, and $150,000 to deploy.

By the time that the British had nearly 15 years of experience in deploying submarine tele-
graph cable, US firms became involved in deploying transatlantic cables themselves. The first
US-owned transatlantic cables connected Canso, Nova Scotia and Penzance, England. These
cables were laid by the American Telegraph and Cable Company in 1881 and 1882. Western
Union entered the international telegraph market when it leased the two submarine cables de-
ployed by the American Telegraph and Cable Company. Both cables were leased to Western
Union for fifty years, and those leases marked the entrance of the largest domestic telegraph
carrier into international service. When Western Union entered the international telegraph mar-
ket in 1881, there were several transatlantic cable companies in existence: the Anglo-American
Telegraph Company (British) owned three cables in working order between Valentia, Ireland,
and Hearts Content, Newfoundland; the Anglo-American Company also established a cable
link between Brest, France, and Saint Pierre, Canada, terminating in Duxbury, Massachusetts,
and sold it to the French; the Direct United States Cable Company (British) owned one cable
between Ballinskellings Bay, Ireland, and Torbay, Nox}a Scotia, that terminated in Rye Beach,
New Hampshire; la Compangnie Francaise du Télégraphe de Paris & New York (French) laid
a cable between Brest and Saint Pierre and a cable between Saint Pierre and Cape Cod, Mas-
sachusetts, a cable between Saint Pierre and Louisburg. The French also owned certain land
lines in the US and Canada, and had established a cable between Penzance, England, and
Brest.* Table 1-1 provides a summary of the year of installation and which firm leased or

owned the cable, and the cable’s capacity measured in words per minute.

* Cf. Hearings on S. 6, 71°* Congress, 1°* Session, Part 8, pp. 501.



Points of connection AicEE osmsad o Capaciy
installed owned by (words/min)
Valentia, Ireland, to Heart’s Content, Newf. 1873 Western Union 150
Sennen Cove, England, to Heart’s Content, Newf. 1874 Western Union 150
Penzance, England, to Halifax, Nova Scotia 1874 Anglo-American 150
Brest, France, to St. Pierre Island, Canada 1879 French Cable 300
Valentia, Ireland, to Heart’s Content, Newfound. 1880 Western Union 300
Sennen Cove, England, to Bay Roberts, Newf. 1881 Western Union Approx. 500
Sennen Cove, England, to Bay Roberts, Newf. 1882 Western Union Approx. 500
Waterville, Ireland ,to St. John’s, Newfoundland 1884 Commercial Cable Approx. 500
Waterville, Ireland, to St. John’s, Newfoundland 1884 Commercial Cable Approx. 500
Kerry County, Ireland, to Fayal, Azores 1888 Direct US Cable Approx. 500
Kerry County, Ireland, to Heart’s Content, Newf. 1888 Direct US Cable Approx. 500
Valentia to Heart’s Content, Newfoundland 1892 Western Union Approx. 500
Valentia to Heart’s Content, Newfoundland 1894 Western Union Approx. 500
Waterville, Ireland, to Canso, Nova Scotia 1894 Commercial Cable Approx. 500
Brest, France, to Cape Cod, Massachusetts 1898 French Cable Approx. 500
Penzance, England, to Fayal, Azores 1900 Commercial Cable  Approx. 500
Fayal, Azores, to New York City 1900 French Cable Approx. 500
Waterville, Fayal, Azores, Canso, Nova Scotia 1900-01 Commercial Cable Approx. 500
Brest, France, to Fayal, Azores 1903 French Cable Approx. 500
Fayal, Azores, to Halifax, Nova Scotia 1903 British Imperial Approx. 500

Source: F.J. Brown (1930), The Cable and Wireless Communications of the World: A survey of
present day means of international communication by cable and wireless, pp. 9-11.

Table 1-1: Telegraph Cables Between the US and Europe

At the outbreak of World War I, there were six transatlantic cable companies connecting
Europe to the US. Only four telegraph companies transmitted messages through the 6 cable
companies’ cables. The four that transmitted messages were: the Commercial Cable Company
(US) owned five cables; the Direct US Company (British) owned one cable; the French Company
also had two cables; and Western Union leased five cables in 1911 from the Anglo-American

Company (British) and also leased two cables from the American Telegraph and Cable Company



(US). The German Company owned and operated two cables, but these were cut and re-
deployed to France and the UK at the beginning of the First World War and were permanently

deployed to these nations under provisions of the Treaty of Versailles.’

1.2.2 Transatlantic radio

Before the US government intervened, the scattered possession of important patents prevented
US development of radio technology.® The US Navy realized the military advantages of estab-
lishing a reliable international radio communications system during WWI, and prompted the
consolidation of patents needed to establish the US radiotelegraph industry. The US Govern-
ment also wanted American companies to own wireless telegraph circuits because cables cut
during the war had caused undamaged cables to be overloaded. The government-led consolida-
tion of patents was undertaken under the looming threat that the British would otherwise gain
an international radio monopoly. So through the creation of the Radio Corporation of America
in 1919, the US government promoted an international radiotelegraph industry independent of
foreign technology and equipment.’

When RCA first entered the field of commercial transoceanic communications, it established
offices in New York and later in Boston, Washington, and San Francisco. However, a large part
of the total volume of US international communications traffic originated in or was destined to
points in the United States other than those in which RCA had offices. To reach points where
RCA had no offices, it had to either duplicate the offices of the telegraph companies already
there, or negotiate contracts with them for the interchange of traffic.

Between 1920 and 1931, RCA negotiated a contract with the Postal Telegraph system to

®Cf. J.M. Herring, and G.C Cross (1936) Telecommunications: Economics and Regulation, pp. 130.

SThe British also had a lead in the development of early international radio communications and facilities.
However, US industries (Westinghouse, General Electric, and Bell Systems Laboratories) were not far behind the
British in developments of radio technology. Together the inventions of De Forest of Westinghouse, Alexanderson
of General Electric, and Colpitts of the Bell System solved the problem of efficiently generating and receiving
continuous low power energy waves. This made transoceanic radiotelegraphy cconomical and more reliable.

"G.P. Oslin (1992) The Story of Telecommunications, pp. 174.
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handle some of its transatlantic traffic. This contract was not a satisfactory arrangement
from RCA’s perspective because RCA suspected that Postal did not pass on all messages.
Instead, Postal was suspected of passing on messages to the Commercial Cable Company,
Postal’s international telegraph ally and RCA’s rival. Commercial would instead receive the
revenue and business intended for RCA.

RCA’s suspicions were not groundless. During the first nine years of its activity, RCA sent
to Postal Telegraph ten times as many transatlantic messages for delivery at interior points as it
received from Postal for transmission abroad. While RCA was at a disadvantage in collecting
outbound message traffic to Europe because it did not have direct contact with customers in
many cities, the number of messages coming into the US through RCA stations should have
been approximately equal to the volume of traffic originating from the US. The only plausible
way to explain the large disparity in traffic between RCA and Postal Telegraph is that Postal
was diverting RCA’s messages to Commercial.

Obtaining a domestic interconnection contract with Western Union for its transatlantic traf-
fic was impossible for RCA until 1931. By denying RCA the benefits of a reliable domestic
interconnection regime, Western Union hindered RCA’s ability to compete for business in the
European market. Until 1931, Western Union delivered RCA transatlantic messages to domes-
tic points, charging RCA the highest tariff per word in Western Union’s price schedule for the
distance required to terminate the delivery. As for outgoing traffic, Western Union refused at
all its offices in the United States to accept public messages intended to be sent abroad via the
RCA’s stations. The competitive position of RCA improved under contractual arrangements

obtained in 1931 with Western Union.?

“Herring and Gross (1936), pp. 203.
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1.3 Accommodated Entry

Having acquired a dominant position in the market for telegraph services between the US and
Europe, Western Union was confronted with the question of how to best exploit this position
for the benefit of its stockholders. This section focuses on Western Union’s pricing strategy
before and after RCA’s entry. .

In 1888, Western Union rebounded from a price war that was a result of the substantial
deployment of cables by foreign and US companies to service US-European telegraph traffic (see
Figure 1-1). Between 1890 and 1923,° Western Union chose the pricing strategy of a monopolist;
it supplied the market up to its capacity, and left any residual demand for telegraph services
to be supplied by its smaller rivals. This monopoly pricing strategy can be seen in Figure
1-1 where prices are relatively higher, from a historical perspective, and steady. Except for a
short interruption during the First World War, Western Union charged 25 cents per word for
messages transmitted between New York and London, the busiest link until 1923.

The success of the monopoly pricing policy depended on the rate at which rival firms
expanded or entered into Western Union’s market. The high profits Western Union made
by holding prices high should have encouraged entry. However, entry into the international
telegraph cable market was difﬁcullt. Entry required substantial financing for the deployment
of cables, negotiating landing rights with a number of foreign governments, and obtaining
cooperative agreements with domestic telegraph firms on both sides of the ocean to pick up
and deliver telegraph messages from interior points in respective countries.

Firms planning to enter the international telegraph market had to be as big or bigger than

YForeign telegraph carriers were de facto prevented from competing with US telegraph firms. In 1875, Presi-
dent Grant required that any government-owned or operated telegraph monopoly that wished to establish direct
cable contact with the US must reciprocate, and allow US firms to connect a cable to shores of that foreign
nation. This reciprocity condition stuck and was extended to toll rates; all tolls had to be cqually divided by the
telegraph carriers transmitting and receiving the message [24]. Furthermore, Western Union’s and RCA’s size
compared to foreign operators, couple with the fact these carriers serviced the largest single market for telegraph
service, put Western Union and RCA in the market leadership positions. As price leaders, Western Union and
RCA set prices, and foreign carriers followed.
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Figure 1-1: Telegraph Rates for Priority Messages New York-London (1888-1923)

Western Union, or else they would be unable to exploit the same economies of scale advantage
Western Union had already attained. However, no firm had the kind of capital to risk entrance
into the international telegraph service market at such a large size. As a result, Western Union
faced very little competition from entrants under monopoly pricing, and was able to sustain
the high price without losing market share.

Given the formidable barriers to submarine cable technology presented, it is not surprising
that when entrants appeared in the international telegraph market, they used radio technology
to overcome these barriers. While operation costs were nearly the same between cable and
radio technology, cable operators faced substantially higher start-up costs. A submarine cable
cost nearly ten times more than a radio transmitter capable of sending and receiving nearly the
same number of messages per minute. For example, cables that had a capacity of 300 words
per minute were an estimated a $3,000,000 each. On the other hand, transatlantic telegraph

radio stations cost, on average, $300,000 to $500,000 each and could carry 200 words per minute
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under optimal conditions.!’ Even when new cable technologies improved the carrying capacity
of cables, the cost of investing in these new technologies increased as well. In 1880, the cost
of transatlantic cable was approximately $3,500,000. In 1924, Western Union laid a new type
of cable costing $4,800,000 and $150,000 to deploy.!! While there were substantial gains in
efficiency from deploying higher capacity cables, the large capital outlays required to deploy
these cables represented a larger portion of operating expenses. Fixed costs determined more
of the underlying costs of running a cable telegraph operation than the same costs did for radio.

As a result of the introduction of transoceanic radiotelegraph communication, RCA entered
aggressively into the market with a low entry price for telegraph services and was able to sustain
this pricing policy because of radio technology’s lower fixed costs . In 1920, when radiotelegraph
service was established between the US and England by RCA, RCA charged 17 cents per word;
the established cable rate was 25 cents per word. The radiotelegraph rate was increased to 18
cents per word on January 1, 1921. On April 15, 1923, the radio rate was raised once again
to 20 cents per word. Five days later, Western Union matched that price by lowering its rates
by five cents per word (see Figure 1-1). This rate of twenty cents per word was to remain at
that level for 23 years. When Western Union matched RCA’s rates and sustained them at this
level, it was a sign that this was a tariff level at which Western Union would accommodate the

new entrant.

1.3.1 Comparing cost functions

In early cable telegraph history, cable operations were more labor intensive. Between 1870-

1920, because of the long cables used in transoceanic transmission, many messages required

""Herring and Gross [16], pp. 122. Brown (1930: pp. 108) does not provide an exact figure, but under an
agreement between nations aimed at coordinating their radiotelegraph transmissions requires that the use of the
English beam system be used at a rate of no less than 100 five-letter words per minute. When General J.G.
Harboard was President of RCA, he wrote, in a book published in 1928, that traffic speeds had been increased
to 200 words per minute (The Radio Industry: The story of its development, Chapter II, pp. 91).

""The American entrepreneur, Jay Gould, paid the Siemen Brothers $7,000.000 to lay two Atlantic cables
between Penzance and Canso, Nova Scotia, in 1881 and 1882 and formed the American Telegraph and Cable
Company. (23], pp. 182 and 291.
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manual re-transmission at some point along the way to amplify the current, increasing the
clarity of the message. Technological developments in cable affected the labor composition
of operations in the cable telegraph business. Between 1921 and 1924, regenerators sped up
the operation of telegraph cable circuits and decreased the cost of operations by reducing the
number of staff required to re-transmit massages. As a result, cable’s labor costs were reduced
substantially.

In Appendix 1.B, Tables 1.B-1 and 1.B-2, we provide a rough guide to the nature of RCA
and Western Union’s operating expenses. The expense line detailing the costs of conducting
operations for each company shows that RCA had consistently higher expenses in this category
than Western Union. While for Western Union conducting operations comprised approximately
60 to 70 percent of total expenses, the same expenditure for RCA is consistently around 85
percent or more of total operating costs.

Wages and salaries were the largest operating cost item for both cable and radio telegraph
operators. The reduction of labor costs for cable operators was a substantial contribution to
lowering cable’s underlying costs. The trend in the reduction of labor costs shows up in the
data provided in Table 1.B-3 in Appendix 1.B. In the last column of that table, we calculate
the percent wages and salaries comprise of total operating costs. There is a definite downward
trend in wage and salary costs, between 1919 and 1934, as a proportion of total operating
costs. As a percent of total operating expenses, salaries and wages made up an average of 75
percent of total operating expenses around 1920. By the mid-1920s, the wages and salaries
were approximately 56 percent of total operating expenses. A more prominent downward trend
is clear in the number of employees hired,from 2,688 in 1919 to 1,894 in 1934—a period when
the number of international messages sent and received was growing rapidly; .

Two striking differences are apparent in RCA’s labor expenses; the number of employees
stayed relatively the same throughout the period and labor costs consistently comprised around
80 to 85 percent (sometimes even 98 percent) of total operating expenses. Examine Tables

1.B-2 and 1.B-4. As we noted above, expenses incurred for conducting RCA’s operations
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comprised approximately 85 percent of total costs of operations. In reviewing Table 1.B-4, we
conclude that wages and salaries comprised nearly all of the expenses for conducting operations.
Moreover, the proportion of total operating expenses made up of wage and salary costs were
never substantially reduced throughout this period.

Labor cost savings enjoyed by Western Union were a direct result of acquiring new regener-
ator technologies that eliminated the need to re-transmit messages. The majority of personnel
hired by RCA or Western Union ran the telegraph offices of these companies in same way. The
cost of collection and delivery, no matter what the medium of transmission, was likely to be
the same. Neither one of these two firms required anymore workers to take down incoming
messages and deliver them, or send the messages to other points. However, cable technology
moved much more quickly in eliminating the need for re-transmitting long distance messages
than did radio technology (see Appendix 1.A).

Radio was less expensive to repair and maintain. As a proportion of total expenses,
maintenance was smaller for radio than for cable. For RCA, maintenance expenses were
approximately 4 to 7 percent of all expenses. Maintenance expenses for cable were 23 to
26 percent (see Tables 1.B-3 and 1.B-4 of Appendix 1.B). Fishing trawlers, anchors, chafing
against rocks or ice floats, not use, were the principal culprits in damaging cables. Earthquakes
or volcanic activity on the ocean floor, comparatively more rare events, were the only causes
of damage to cables in the deep ocean. For radio, stress on the equipment from sending high
voltage charges into the air caused most of the damage to these stations.

Cable held a slight cost advantage over radio in the rate of depreciation, but the lower levels
of investment that cable companies required to operate negated any cost advantage that resulted
from lower rates of depreciation . A small portion of annual expenses for cable operation can be
attributed to depreciation. Cables were depreciated at a rate of 2.2 percent per year, assuming

a 45 to 46 year life span.!? However, some of the cables laid in the late 1870s were still in

12 Depreciation for cables was definitively decided in the Treaty of Versailles where a series of experts agreed
that the cables laid down before World War I would last 45 to 46 years, and could be depreciated at 2.2 percent
per year.
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operation by 1930, giving these cable life span of more than 50 years.!3 Radio’s lower initial
investment costs were partially offset by the shorter life of wireless stations, resulting in a higher
rate of depreciation and replacement of radio stations. Depreciation was approximately 4 to 5
percent per annum. However, as we detailed above, a radio station that transmitted nearly as
many messages per minute as one cable cost approximately ten times less. The higher cost in
depreciation were swamped by the initial larger capital investments for cable operators.

Western Union’s strategy after RCA entry was designed to minimize Western Union’s loss of
market share. The reasoning is the following: Suppose the rate of expansion of RCA, and the
rate of entry from other radio telegraph operators, depended on the price that Western Union
set for its telegraph service; the higher the price set by Western Union, the more rapid RCA’s
expansion and the higher the rate of entry by new firms. At a high price, RCA would earn
higher profits than Western Union by the fact that it is the low cost producer. RCA would
enjoy high growth, but would also be wary of incumbents entering the market and competing
away RCA’s high profits. RCA would therefore have a vested interest in setting up barriers
to entry to deter new firms that could also exploit the cost advantages of radio technology.!*
Once RCA invested in barriers to entry, Western Union would also enjoy the benefits of these
barriers. In the end, Western Union would do better implementing the strategies we discussed
above than it otherwise would have if it had priced aggressively and ultimately lost a price war
against RCA.

There is theoretical support for the arguments that Western Union acted rationally in leaving

prices high. Dynamic limit pricing models, such as Gaskin’s [11] or Kamien and Schwartz’s

3 Ibid.. Brown, p. 38.

'4RCA did not have a legal monopoly of radio technology. Several domestic carriers exploited the business
opportunities created by the development of international radio communications. Tropical Radio Telegraph and
a number of subsidiaries of International Telephone and Telegraph Company (ITT) entered the radiotelegraphy
business. During this early period. various carriers of telegraph communications began to compete with cach
other using high frequency radio signals and telegraph cables in serving the same overseas points. Moreover,
some telegraph carriers added intermodal competition by using high frequency radio circuits as backup facilities.
ITT became the most significant company to use both radio and cable facilities, as the result of the acquisitions
of Mackay Radio and Telegraph, Commercial Cable Company, and All America Cables and Radio.
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[18], substantiate Western Union’s economic rationality in foregoing short-run profits for a share
of the market in the future. Moreover, it is theoretically plausible that Western Union may
have expected RCA to have a vested interest in keeping future entrants out of the market once
RCA entered. Bernheim [6] was one of the first to suggest that entrants have an interest in
keeping other firms out of the market once they become incumbents. Lastly, Gilbert and Vives
(12] present a model in which firms will invest in entry deterrence, though it will also benefit
other incumbents that do not invest in deterrence. In the Gilbert and Vives model, firms earn
private benefits to their investments since the level of investments will ultimately decide market
shares.

Western Union, after the First World War, experienced serious capacity constraints and
would not have been able to carry the extra demand for services that would take place when
tariffs fall in a price war. Throughout the period of the War, it was too risky to navigate
through international waters to repair or replace damaged cables. Because of binding capacity
constraints, Western Union could not credibly continue with its short price war against RCA—
the price war would have lead to a continued increased demand for cable telegraph services that
could not be met. RCA’s entry came at a time when Western Union was capacity constrained
and therefore least prepared to fight it. At the same time, RCA was unable to carry all of
cable’s traffic. So RCA could not have carried out its price war much further either.!®

With respect to RCA’s pricing strategy, it is plausible that RCA could have undercut
Western Union’s tariff in hopes of driving the dominant cable operator out of business. One
would expect an aggressive pricing strategy from the firm that holds the cost advantage. As
we stated above, when RCA first entered the market, it did price its services lower than the
established price, but RCA did maintain this policy, deciding not to fully exploit its cost
advantages through aggressive pricing. In April 20, 1923, in response to radio’s lower rates,

Western Union lead all cable companies by matching RCA’s rate, and charged 20 cents per

1°U.S. Senate (1945) Hearings before a Subcommittee of the Committee on Interstate Commerce, 76" Congress,
S. Res. 95, Part 1, pp. 472.
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word.  This rate was to remain unchanged until 1923.1% (See Figure 1-1.) The reasons
why RCA did not undercut prices are addressed in the following section where the benefits of

collusion are examined.

1.4 Collusion

The invariability in price for telegraph services between the US and Europe, for the period
between 1923 through 1946,!7 is worthy of attention. Under strict government regulation,
this invariability in prices could be easily explained away as public sector tinkering. However,
international telegraph price stability existed between 1923 and 1934, a period before the Fed-
eral Communications Commission and international price regulation was established.!® Price
stability took place in the midst of a worldwide economic depression and two World Wars.!?
The Great Depression surely presented circumstances under which economic conditions should
have led to changes in the pricing policies in the overseas telegraph market. The fact that the

Depression did not have this effect implies that the underlying macroeconomic conditions had

When direct radio service was established in Norway, Germany, and France, in 1920, the radio rates were
generally lower than the rates cable had been charging. To Norway, the radio rate was fixed at 24 cents per
word, in 1920, compared to the cable rate of 35 cents per word. The cable and radio rate to Germany was fixed
at 36 cents per word in 1920; but was later reduced to 25 for radio and 30 cents for cable. To France, the radio
tariff was established at 20 cents per word, whereas the cable tariff had been 25 cents per word for many years.
In April 1923, the radio toll was increased to 22 cents per word, and the cable toll was reduced to that same
figure. In 1923, radiotelegraphy was established in Italy. The initial price per word between the US and Italy
was 26 and the cable price was 31 cents per word. These rates to Italy remained the same throughout the 1920s
and 1930s.

17See U.S. Bureau of the Census, The historical statistics of the United States, Colonial Times to 1970. Chapter
R, Communications. GPO: Washington, DC (1975).

'8S00n after 1934, price collusion became FCC policy. In testimony to the Senate Subcommittee on Interstate
Commerce, the Commissioner of the Federal Commutations Commission, Paul A. Porter testified to the fact that
the Commission regulated rates so that cable operators set the price and radio operators agreed to match that
price and not go any lower (U.S. Senate (1945) Hearings before a Subcommittee of the Committee on Interstate
Commerce, 79" Congress, S. Res. 187, Part 1, pp. 140).

91t is fair to assert that since the price of an international telegraph message had remained the same throughout
this period, the price also reflects the charge by the foreign carrier to the US carrier for terminating message,
then foreign carriers were also colluding to keep prices high. That may indeed have been the case. We do not
address the issue. In either case, whether foreign carriers were or were not colluding with US telegraph carriers
to keep prices high, the argument that we present is not affected.
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little to do with Western Union’s and RCA’s pricing policies.

Ironically, turbulent times economic and political times may have in fact aided price stability
according to Green and Porter [13]. According to the theory on collusion proposed by Green
and Porter, if firms have no perfect way to coordinate the prices they should charge for its
services, colluding firms may not be able to perfectly detect whether the other firm is holding
up their end of the bargain under the noise of turbulent economic conditions. Under a non-
collusive environment where firms are trying to adapt to turbulent economic conditions, we
expect firms to change their pricing policies often. However, the price of adaptation in a
collusive environment is to confuse your accomplice in collusion, and possibly leading the other
firm to believe that your adaptations are actually attempts to undercut prices and rob it of
market share. Rather than risk initiating a price war by changing prices in response to changing
market conditions and confusing firms participating in the collusive agreement, holding public
prices steady may be the only way colluding firms can signal to each other that the deal is
being upheld. Firms colluding are caught between the rock of avoiding unilaterally raising
their prices because doing so will concede the complete market to the firm that maintained a
lower price, and the hard place of not lowering prices because it risks triggering a price war as
the other firm responds with its own, deeper, price cuts. In the end, firms that cannot perfectly
or credibly communicate their intentions on their price policy will maintain a stable pricé as
a way of avoiding either of the two outcomes that res.ult from changing prices. Paradoxically,
they may be more stubborn in maintaining price stability when the market is most turbulent.
Below, we will examine Western Union’s and RCA’s respective market shares and speculate
that stability in these allowed these two firms to believe that both parties were upholding the
implicit collusive bargain and that no secret deals with big consumers of telegraph services were
taking place.

In a situation when firms cannot signal coordinate prices because the economic environment
is too noisy for them to send perfectly detectable signals, it is likely that firms will monitor

each other by tracking their share of the market. We review Figure 1-2 to determine what
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was happening to market share. It is clear that while Western Union was growing, RCA was
growing faster and increasing its share of the international telegraph service market between
the US and Europe. The only time when Western Union experienced a shrinking of its market,
it could have attributed this loss to the economic conditions of the Great Depression. However,
the continual loss of market share could be expected to have triggered a response from Western
Union. We will argue below that particular circumstance in which WU found itself after World
War I made it nearly impossible to retaliate against RCA and gain back its share pre-RCA
entry. On the contrary, WU’s strategy was to accommodate RCA and coordinate its pricing
strategy with its main radiotelegraph competitor.

Observers of the international telegraph industry assumed that price collusion might take
place. Collusion would explain price stability. In the first edition of his book, F.J. Brown
t,20

(8], a prominent British telegraph exper expressed the following opinion on the subject of

collusion:

A war of rates is probably the last thing that either side (radio and cable) desires,
and—as responsible representatives on each side have frequently suggested—the
sensible thing seems to be a mutual arrangement satisfactory to the competitors
and not inimical to the interests of the public. (pp. 76: 2nd Ed.) [Parentheses

mine]

How did collusion start? In order to sustain a collusive agreement, firms must resolve many
problems. First, an agreement must be reached. Second, there must be a method of detecting
cheating. As soon as the price is raised above the noncooperative level, firms have an incentive
to cheat on the collusive arrangement. Finally, once cheating is detected, a punishment must
be meted out. Was the international telegraph environment conducive to solving the problems
of reaching an agreement on and sustaining price collusion? And could both firms, Western

Union and RCA, benefit from it? To both questions, the answer is yes.

20p J. Brown was formerly Assistant Secretary of the British Post Office in charge of Cable and Wireless and
Director of the International Cable Companies’ Association when he wrote that passage.
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RCA and Western Union had common interest in obtaining and sustaining a collusive agree-
ment. For Western Union, a collusive agreement implied that RCA, the low-cost producer,
would not reduce tariffs that could result in losses for Western Union. For RCA, a collusive
agreement allowed it to expand its network, and guarantee more cooperation from Western
Union in pick up and delivery of overseas messages destined to, or originating from, points in
the parts of the US where RCA did not have offices.

Cheating was easily detectable by both firms. The conditions for detection were present in
the international telegraph service market: many buyers, the availability of information about
each firm’s behavior, publicly posted prices, and multiple interactions between Western Union
and RCA.

Lastly, both RCA and Western Union had the ability to punish each other. RCA maintained
its cost advantage, even after Western Union applied new labor saving technologies in the mid-
1920s. With this cost advantage, Western Union was always under the threat that RCA
could lower tariffs to unprofitable levels if Western Union was caught cheating. On the other
hand, Western Union handled RCA’s transpacific traffic to and from interior points in the US.
Western Union traded goodwill in the delivery and pick up of RCA’s transpacific traffic for
RCA’s compliance in the collusive agreement over transatlantic tariffs. Goodwill was required
since the courts inability to reliably assign blame to the party that bungled the delivery of
a message across networks was well known [22]. Western Union knew that it could lose its
leverage against RCA if RCA sought other partners to deliver its messages domestically or
if RCA established its own domestic network. As a result, Western Union sought a more
permanent threat against RCA through investments in excess capacity. We discuss how excess

capacity investments function as punishment threats in Section 1.5.

1.4.1 Agreement on collusion

For RCA and Western Union to agree on colluding, they must have shared an interest in

cooperating. The benefits of collusion outweighed the benefits of either competitive pricing, or
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pricing below a competitor’s cost with the goal of driving that competitor out of business. The
latter strategy, predatory pricing, is most commonly reserved for the low-cost producer. In
the case of the overseas telegraph service market, the low-cost producer was RCA. One would
expect RCA to implement a predatory pricing policy.

RCA was a good candidate to win a price war against Western Union; as the low-cost
producer, if RCA charged for its services below its own costs, its losses would have been lower
than Western Union’s. Furthermore, RCA had tremendous financial resources to withstand a
fight that entailed losses. The well-heeled General Electric Company held interests in RCA
and had several cross-licensing agreements with it as well. General Electric would have likely
provided financial resources to RCA in order to protect these licensing agreements and other
interests. The extent of RCA’s access to financial backing became apparent when it was able
to purchase the assets and patent rights of the American Marconi Company only soon after
RCA’s inception. In the first full year of RCA’s operation, it established itself in the most
important markets; England, Hawaii, Japan, Norway, Germany, and France.

Throughout the same period, Western Union’s fortunes were not as good. It was well
known that Western Union suffered from substantial capacity constraints because several of
its transatlantic were damaged and temporarily inaccessible for repair. Western Union was
unable to navigate, throughout the First World War, the seas where its cables lay because
these waters were often occupied by enemy ships. Throughout WWI, Western Union’s cables
were suffering damage beyond normal wear and tear since enemies of the US often sabotaged
submarine cables as a war strategy. By the time the war ended and RCA appeared on the
scene, Western Union spent several years sending messages through a limited number of cables.
As a result of these circumstances, Western Union was in no shape to fight RCA’s entry. If
Western Union attempted to stop entry by lowering its prices, it was likely to have generated

more telegraph message demand than WU’s cables could transmit and receive.?! RCA did not

21US Senate (1946). Hearings before a Subcommittee of the Commitiee on Interstate Commerce, 79" Congress,
S. Res. 187, Part 2, pp. 249.
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face such binding capacity constraints. Radio technology allowed RCA to increase capacity
at a relatively faster pace than it would have taken Western Union to repair and deploy more
cables.

As long as RCA was growing, RCA saw no reason to commence a price war. RCA’s
market expanded under competition with Western Union. Figure 1-2 shows the extent of
RCA’s growth. Within three years of operation, RCA had a foothold in all of the important
European markets, and one Asian one, too—a feat that Western Union could not match. At
the same time, radiotelegraph operators increased their share of worldwide message traffic from
nothing to over 44 percent of the market between 1920-1936, and RCA carried nearly 80 percent
of all radiotelegraph traffic. By the end of 1934, the Radio Corporation consisted of 57 circuits
linking the United States and 47 countries together on its radio network. The benefits of an
accommodating pricing policy with Western Union were positive for RCA.?2

In any case, RCA may not have wanted a price war because the costs of fighting Western
Union were likely to be steep. Western Union ran a profitable domestic telegraph network, as
well as an international one, and had substantial financial resources. In 1926, Western Union’s
assets for its domestic and international network were worth nearly $300 million, $351 million
in 1930, $346 million in 1934, and $302 million in 1938.2 By comparison, RCA’s asset holdings
were worth just over $19 million in 1938. With this disparity in size and resources, Western
Union was not an opponent that could be easily disposed of; RCA could have expected a long
and costly price war.

RCA was also not completely free from Western Union’s retaliation if it pursued a predatory
pricing policy. Western Union handled RCA’s transpacific traffic destined to, or originating
from, interior points in the US. Beginning in 1931, Western Union also handled RCA’s transat-
lantic traffic. While Western Union was legally bound to carry out the letter of the contracts

that RCA and Western Union had negotiated with respect to message pick up and delivery,

*2Herring and Gross (1936) pp. 85.
23US Senate (1941). Study of the Telegraph Industry: appendir to the Hearings before a Subcommittee of the
Committee on Interstate Commerce. 77" Congress. S. Res. 95, pp. 257 and pp. 271.
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Trend in Telegraph Traffic Estimates US-Europe (1919-1934)
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Figure 1-2: Western Union, RCA Market Shares for European Traffic

these interconnection contracts were difficult and costly to monitor. Nonnenmacher [22] writes
extensively on the legal problems that domestic telegraph companies had with their intercon-
nection regimes. Legal problems meant that it was difficult to prove when Western Union was
negligent in passing on RCA’s messages. In order to rely on Western Union’s service, RCA
would have to depend on Western Union’s goodwill. In turn, Western Union’s goodwill was
likely to be related to RCA’s behavior in the competition for transatlantic telegraph traffic.
No collusive agreement between Western Union and RCA could be made public and en-
forced legally. In fact, there were severe legal sanctions to be had if the US Department of
Justice detected RCA, or Western Union, engaging in predatory pricing or other anticompet-
itive behavior. Just five years before RCA emerged as an international telegraph carrier, the

telecommunications industry experienced its own enforcement of the Sherman Act when AT&T
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was forced to sell its holdings of Western Union Telegraph Company stock to comply with the
provisions of the Act. This enforcement of the Act against AT&T served notice to the telecom-
munications industry that their behavior was being watched. Therefore, any coordination in
pricing between WU and RCA would have to be done in such a way as to avoid government

detection.

1.4.2 Detecting cheating

The mere fact that price is above the noncooperative level and that the marginal revenue for
a firm is greater than its marginal cost gives each firm an incentive to cheat. The incentive
to cheat and garner higher payoffs is most alluring when the cheater cannot be caught by the
competing firm. In an environment where catching a cheater is hard, the collusive agreement
falls apart. On the other hand, if detection is relatively easy, and not costly, then a collusive
agreement can be sustained. Western Union and RCA competed in a market where detection
was relatively easy and inexpensive but not perfect.

Collusion is more successful when there are many customers. If the number of bargains that
undercut the rival’s price is independent of the number of deals previously cut by the cheater,
then the number beneficial arrangements will be a function of the number of customers there
are in the market to whom bargains are offered. The higher the number of customers, the m(;re
bargains offered. The probability of detecting a cheat in price will depend on the probability
that the other firm will run into a customer that has received a price cut from the other firm.
In the international telegraph service, under the type of message class in which collusion was to
have taken place, there are many buyers for this service. The number of messages transmitted
in this class of service is in the millions, and the customers who demand these messages are
numerous.

When price information is well known, collusion is facilitated. The transaction for the
delivery of a priority telegraph message from the US to Europe was initiated by a customer’s

visit to a telegraph office during business hours. The transaction between customer and
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telegraph operator took place in the office, and the tariff schedule was known. Prices were
publicly posted, and price discrimination would have been easily detected.

Output sold was nearly public information. The volume that radio operators transmitted
through their stations was easily ascertained. Radio signals were dispersed in a broad direction
where anyone could determine the number of words and messages being transmitted at any time
by picking up those signals. In the case of cable, capacity of each cable was also well known,
and how many cables each company owned or leased was also part of the public record. Indeed,
much of the data obtained from this study on cable capacity and traffic volumes was obtained
from Senate hearing testimony and records available to all. It is hard to see why Western Union
and RCA would have had to expend tremendous effort or resources in determining each other’s
market share. Secret deals with large customers, the only ones to whom it is worth providing
such deals. would have been detected in increase activity on the cables or in radio waves. In
fact, Western Union and RCA shared message re-transmission facility in the Azores.? In this
building, sat the employees of both companies. These employees regenerated their cable or
radio signals to assure that their respective stations would receive the messages clearly. All
messages sent or received by these companies, between Europe and the US, passed through
this shared facility. Any increased activity resulting from private price cuts would have been
detected by the increased number of messages the employees of the company that provided such
a deal would be re-transmitting .

Lastly, and most importantly, Western Union and RCA competed in the same market for
many years. Multiple and repeated interactions allowed Western Union and RCA to condition
their behavior on the past actions that the other took. By doing so, these firms induced
cooperative, collusive outcomes. In other words, through multiple interactions, RCA and
Western Union were given plenty of opportunities to monitor each other’s actions with little

cost to them.

2See Coggeshall, 1.S., An annotated history of submarine cables and overseas radiotelegraphs: 1851-1934, Ed.
D. De Cogan, School of Informatuion Systems (UEA) (1993).
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1.4.3 Punishments

Detection of cheating on the collusive agreement was inexpensive and relatively easy for RCA
and Western Union. However, detection is of little value to the offended party if there is no
means of retaliation against the cheater. For RCA, its advantage as the low cost producer
allowed it to credibly threaten and implement a strategy of price undercutting if Western
Union were to cheat on the agreement. Western Union’s punishment options were not so
straightforward.

All-out competition was likely to be RCA’s punishment for Western Union’s cheating. RCA
would have felt less pain from this punishment strategy. If RCA believed that because of its cost
advantage Western Union would make greater losses when RCA priced its services at marginal
cost, then lowering its prices was a viable and credible punishment strategy.

In comparison, Western Union held leverage over RCA. While Western Union could af-
fect the quality of RCA’s transpacific traffic, this leverage may have been ephemeral. RCA
had options that allowed it to substitute Western Union’s domestic network, eliminating its
dependence on Western Union. For example, Postal Telegraph, Western Union’s rival, also
carried some of RCA’s traffic. While Postal was not as big as Western Union, and therefore
did not reach as many points, RCA could have bought Postal and expanded Postal’s domestic
reach. Deploying its own domestic network was another alternative for RCA. Either one of
these strategies would have replaced Western Union’s domestic network, and leave RCA free to
pursue a more aggressive pricing strategy against Western Union.

In summary, while RCA benefited from a permanent cost advantage with respect to cable,
and this advantage was RCA’s means of punishing Western Union, Western Union did not profit
from any such permanent leverage over RCA. The only source of Western Union’s leverage,
the handling of RCA’s international traffic domestically, depended on RCA not building or
buying another domestic network. The possibility that RCA would replace Western Union’s
domestic connections exposed Western Union to the risk that RCA would at one time shirk

on its commitment to the collusive agreement. If RCA acted independently of the agreement,
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this almost certainly meant that Western Union would lose the European market at one point
or another. Since RCA could not be trusted to sustain the collusive agreement indefinitely
without a credible punishment, Western Union employed a strategy of excessive investments in

submarine cable.

1.5 Excess Capacity and Collusion

Western Union could have used strategic investments to overcome its weaker negotiating po-
sition against RCA. These strategic investments were in the form of deployment of cable in
excess of expected traffic demand. On the other hand, one could argue that capacity invest-
ments were not strategic but based on managers’ optimism about Western Union’s future. WU
managers invested heavily based on expected bullish growth in the demand for telegraph traffic.
We test several scenarios of growth for demand to see if a rosy outlook of future demand alone
justifies the investments in cable capacity that Western Union made. We find that capacity
calculations show that even under the most optimistic scenario, Western Union’s capacity was
in excess of expected demand.

The question of whether it is economically rational to invest in excess capacity is addressed
by examining models of dynamic duopolistic competition. While it has been well established
theoretically that investing in excess capacity is a viable competitive strategy in a duopolistic
market in general [26], [9], the viability of this strategy also holds in a market characterized by
capacity constraints [19], [5]. In an industry characterized by capacity constraints, such as the
telegraph industry, excess capacity is used as a discipline device that avoids competitive pricing
between firms. In a dynamic version of a capacity constrained duopoly competition game, a

collusive outcome is attained.
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1.5.1 Theory of investments in excess capacity

The asymmetry in cost structures exhibited by RCA and Western Union makes it harder to
sustain a collusive agreement between the two firms. RCA could have cut prices to a level that
would have lead to losses for Western Union. The prospect that RCA would cut prices and
force losses on Western Union lead to strategic investments by Western Union. By making
strategic investments in excess capacity, Western Union hoped to respond, in kind, to RCA’s
price cuts and cut prices low enough to generate losses for RCA as well. However, cutting
prices that low would generate tremendous demand for telegraph traffic, assuming reasonably
high price elasticities. Therefore, WU had to convince RCA that it could carry as much traffic
as would be generated by lower price levels or otherwise its threats of price cuts were not
credible. Western Union’s ability to inflict losses on RCA was based on carrying as much of
the additional traffic the price war generated.

Western Union’s traflic capacity was well known, and so the potential damage that Western
Union could inflict was easily ascertained. The transparency of its capacity was both good and
bad for Western Union. It was bad because it could not bluff; Western Union could not lie
about its cable capacity. It had to make the actual investments in order to be credible. But
it was good because RCA knew that Western Union knew that it could not bluff. Western
Union’s inability to bluff implied that its actions, without doubt, signaled its intentions.

The sunk cost nature of submarine cable deployment also helped Western Union send a
clear message that a price war was equivalent to mutually assured destruction. Ocean cable
investments were made, they were largely sunk costs. Once deployed, cables could not be easily
re-deployed for othier uses. Sunk costs in cables were a barrier to Western Union’s exit out
of the international market. Because Western Union was unable to leave the market without
heavy losses, investing in cables signaled to RCA that flight was not a possible outcome of
a price war. Western Union would have to fight in a price war since its investments were
worthless for other uses.

When Western Union made sizable investments in higher capacity and more efficient cables,
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these investments sent three signals to RCA: 1. Western Union was making a commitment to
stay in the market; 2. Western Union was becoming more efficient, and the losses that RCA
could inflict on it with a price cuts were falling with each new investment; and 3. All traffic
generated by lower prices would have to shared because Western Union’s capacity was able to
take the new load. The second signal of Western Union’s commitment to cost cutting was also
reinforced when it invested in cable regenerators, and other cost cutting technologies. Western
Union’s commitments, in the form of investments, were designed to signal to RCA that Western
Union had no other option than to carry through with competitive pricing, or even a price war,
if RCA reneged on the collusive agreement.

Benoit and Krishna [5] (hereafter, BK) addressed the strategic use of investments in a dy-
namic duopoly model. In their model, pricing strategies employed by firms avoid the compet-
itive outcome—marginal cost pricing. In a dynamic setting of duopolisitc competition, where
firms compete repeatedly on price, but make an initial capacity decision, the resulting prices
are above the Cournot equilibrium and collusive. With the BK model, it can be shown that
firms benefit from installing capacities that they hold in reserve only to punish other firms that
become more aggressive in the course of deciding their pricing strategy. The larger the excess
capacity a firm holds in reserve, the more severe the punishment that the firm can inflict on
the other and therefore the more likely it is to obtain cooperation and reach agreement on a
collusive pact.

The BK model postulates that if quantity (capacity) choices are relatively inflexible, firms
generally carry excess capacity in equilibrium to ensure that collusive behavior is sustained.
Collusion, therefore, is not costless to maintain. In this model, it is costly to make threats
credible—the costs of carrying excess capacity. This is exactly the hypothesis that was in-
troduced to explain over capacity in transmission and receiving capacity in the international
telegraph industry. |

The BK is an extension of the Kreps-Scheinkman [19], so it is instructive to review some of

their results. Kreps-Scheinkman introduce a model of Bertrand competition. They incorporate



31

capacity constraints in their two-period model. In the first period, firms choose quantity
produced (accumulate capacity), and in the second period, the quantities are fixed and firms
choose prices. This model shows that the Cournot outcome holds for capacity-constrained
firms competing against each other. Moreover, the equilibrium profits of each firm is affected
by the capacity of the competing firm. This equilibrium statement is represented below.

In the game g, there is a unique equilibrium outcome z; = x2 = z*(b) (the Cournot quantity
equilibrium) and p; = pe = P(2z % (b)). Where z;,i = 1,2, is the firm 4/s output, and p; is the
same firm’s price. Let e;(z1,z2) be the equilibrium payoffs of firm ¢ in the g(z1,z2). Then,
zy > x5 implies that e (z1,25) < e1(z1,r2) and symmetrically for firm 2. This last statement
shows that each firms equilibrium revenues decline as the other’s firm capacity level increases.
If a firm expands its capacity and produces with it, the Cournot result shows that this capacity
can be used to punish an errant opponent.

BK’s contribution to Kreps and Scheinkman was to extend the number of periods of play
where firms first choose capacities, and then choose prices, repeatedly. = The extension to
repeated play provides analysis of long-run competition. In long-run competition, in order
to attain a perfect equilibrium, it must be assumed that firms do not discount the future too
highly. In other words, if interest rates were high in present play, a firm may choose to cheat,
put the extra earnings that it obtained through cheating in the bank, and take its punishménts
in the future, once its cheating is detected and the pﬁnishments applied. The interest received
from the bank on the earnings from cheating multiplied by the probability of getting caught
cheating would have to be higher than the discounted stream of payoffs a firm would receive
from cooperating for a firm to be induced to cheat. By discounting the future highly, a firm is
willing to forego payoffs then to achieve higher payoffs now.

Assuming that firms do not discount the future highly, § > %, where 6 is the common
discount factor, then there exists a perfect equilibrium path in the infinite horizon game, G,
specified by BK. The result of the game, G, except for those equilibria in which firms choose

Cournot prices and quantities, are equilibria in which firms choose capacity in excess of what
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they need to produce in equilibrium, and that both firms charge the same price. The result
of a similar price, throughout the competition game, is the collusive behavior described in
this paper. Holding of excess capacity provided a threat against RCA. The excess capacity
established by Western Union throughout the 1920s was a signal to RCA that it was able to
handle the extra load of messages should RCA want to enter a price war and expand supply.

Several aspects of the BK model are applicable to the situation described in the competition
game between RCA and Western Union. First, firms are allowed to choose both quantities
(capacity) and prices. Capacity related decisions, as is the case in the telegraph industry, are
long-run related decisions. It is unreasonable to assume that either Western Union, or RCA,
could change their capacity easily. On the other hand, pricing decisions could change in the
short run, as the BK model allows.

Competition games that involve investments strategies must be modeled in a dynamic set-
ting. The pricing repeated game employed by BK provide two analytical benefits in describing
competition between RCA and Western Union: more realistic results from modeling competi-
tion in a dynamic setting—static models of duopoly poorly describe intertemporal competition;
and the excess capacity results that stem from the ability of firms to change the rules of the
games through their own investment behavior. The dynamic setting describes the multiple in-
teractions environment in which RCA and Western Union competed. In the case of this model,

as well as empirical observation, the repeated nature of these interactions lead to collusion.

1.5.2 Western Union’s excess capacity

Theory supports the conjecture that it is economically rational for Western Union to have
invested in excess capacity in competition for the overseas telegraph service market with RCA.
This section presents empirical evidence that also supports the same conjecture. We provide
estimates of Western Union’s over capacity. These estimates show that Western Union did
invest in excess of the most optimistic demand scenario, supporting the strategic investments

hypothesis.
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In 1882, Western Union leased ocean cable lines from the American Telegraph and Cable
Company for fifty years at a price of 5 percent of $14,000,000, and by 1911, all of the Anglo-
American cables had been leased by Western Union for ninety-nine years. Through leasing,
Western Union had three cables with a 300 per minute word capacity, and four more with
approximately a 500 word per minute capacity (see Table 1-1). The oldest of these cables was
the one laid in 1873, and the newest was the one laid twenty-one years later, in 1894. Under
a conservative estimate that these cables last 45 years, these cables should be expected to have
been replaced between 1918 and 1933. As previously mentioned, the First World War made
it difficult to deploy cables since the seas were potentially dangerous even for ships suited for
naval battle.

In 1924, Western Union laid a new type of cable from New York to Horta. It carried
1,500 letters a minute, compared with 150 to 500 letters of earlier cables.?> The cable cost
approximately $2,000 per mile in 1924. The total cost of the cable was $7,000,000, plus the
cost of laying down that cable was $150,000.26 In 1926, and again in 1928, Western Union
deployed new cables across the Atlantic. These cables were an improvement to the original
permalloy cable laid in 1924 in that they had a capacity of 2,400 letters per minute. The total
cost of all three cables was approximately $25,000,000.27

Because European message traffic figures are not available, worldwide cable traffic figures
are used to estimate Western Union’s expected demand. By using worldwide figures, instead of
estimates of European traffic flows, the calculations of Western Union’s capacity will be biased
against the hypothesis that Western Union was investing in excess capacity and in favor of
the conjecture that Western Union was investing under an optimistic scenario. Since Western

Union’s demand expectations will be calculated not on European traffic, which is a subset of

% The high capacity obtained from the new cables was made possible by loading the cable; wrapping around
the copper conductor core an alloy tape consisting of nickel and iron. Bell Engineer G.W. Elmen discovered a
cable loaded with permalloy tape would keep the signal more sharply defined, that one signal could follow in
succession at a greater speed without distortion from signals overlapping each other at the receiving end.

26Qslin (1991), pp. 291.

?THerring and Gross (1936), pp. 122.
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worldwide traffic, its investments based on those expectations will be higher.

An optimistic scenario for the demand for cable telegraph services is postulated in order
to provide an upper bound on Western Union’s expected demand. This optimistic scenario
includes the extreme assumption that all worldwide cable traffic was between the United States
and Europe, and that Western Union had 100 percent market share. The actual percentage of
European cable traffic to worldwide cable traffic was closer to 90 percent in 1936. At that time,
Western Union carried approximately 50 percent of worldwide cable traffic. Using the optimistic
scenario, Figure 1-3 shows that the 20 percent per annum line is the one that most closely
estimates the cable capacity for the demand for which Western Union invested. The estimated
per annum growth rate for European traffic was approximately 9 percent. Because the only way
to justify the investments that Western Union made imply that the extreme assumptions of the
optimistic scenario must be believed, either the assumptions or the hypothesis must be accepted.
The assumptions are indefensible, and do not comply with the available empirical evidence.
Therefore, the hypothesis must be accepted. Western Union over invested in submarine cable.

The calculations for Western Union’s cable capacity are provided in Appendix 1.C.

1.5.3 Peak load

Peak load considerations is a possible explanation for Western Union’s capacity investments.
Peak load means that demand has periodic high variance and there are short, predictable periods
during the day in which demand is high enough as to justify these investments in capacity. By
reviewing how much Western Union carried, on average, in excess capacity before RCA entered
the international telegraph market we may determine if peak load considerations explain the
level of capacity after RCA entered the market. In other words, we seek to determine whether
average loads on submarines changed or stayed at the same level before and after RCA entered
the market. If average load fell, as we find, it supports our assertion that Western Union held
extra capacity to sustain international telegraph service prices higher than they would had been

if competition between RCA and Western Union existed.
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| Source: Statistical Abstract of the US, 1790-1970, Chapter R, Communications, Table R75-88 and author's estimates (see Table 1.C-1).

Figure 1-3: Western Union Traffic Growth Scenarios

From available data, we first determine the capacity of Western Union cables for two of the
years before RCA entered the market. Unfortunately, reliable traffic data for international
telegraphs in the United States are available only for 1907 and 1912.?8 In those years, the
number of messages transmitted to Europe from the US was 5,869,000 in 1907 and 5,841,000 in
1912. Assuming that there was no message imbalance between the US and Europe, Europeans

9 In sum, there were approximately

sent the US approximately equal number of messages.>
12,00,000 messages carried by all ocean cable operators in 1907 and 1912. These message
statistics include the activity of 14 other, much smaller, companies that competed with WU

for European traffic. Under the best case scenario, WU held 85 percent market share.®® This

28 According to the authors of the U.S. Bureau of the Census The historical statistics of the United States,
Colonial Times to 1970, the First World War affects the count and demand for telegraph traffic.

2YNote that the technology to send and receive messages simultaneously had not been implemented at this
time.

30 According to a Senate report[32], Western Union held around 80 percent of the market at the end of World
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means that Western Union sent and received up to 10,200,000 messages in years 1907 and 1912.
This translates into average per minute usage of 40 messages per minute or 2000 words per
minute. Western Union had cables with the capacity to send and receive a total of 5,000
words per minute. Using the same calculations outlined in Appendix 1.C, we determine that
the average per minute capacity of these cables is approximately 3,500 §Vords. * On average,
therefore, Western Union’s used their cables at 57 percent of their full capacity. Given the
liberal assumption that we made about Western Union’s market share in this period, it is
likely that the average load was closer to 50 percent in order to meet peak load demand. In
comparison, at the end of Western Union’s investments in cables between 1919 and 1930 and
RCA’s entry, Western Union used its cable at approximately 32 percent of full capacity. Note,
moreover, that the calculations for the period after RCA’s entry were made assuming that all
over Western Union’s worldwide traffic passed through its European cables. Therefore, it is
likely that average capacity was much lower than 32 percent. Unless it can be shown that
variance was much higher during in peak load demand after RCA entered the market, there
is no explanation for the shift to Western Union’s change to very low average usage in cable
capacity. We conclude that evidence supports the hypothesis that this much excess capacity
was held in case Western Union needed to punish RCA, by lowering its own prices, for defecting

from their implicit collusive agreement.

1.6 Conclusion

Examination of the issue of entry leads to the conclusions that Western Union could not prevent
RCA’s entry into the US-European communications market because of capacity constraints,
the financial strength of RCA, and RCA’s initial cost advantages. Between starting a price

war that Western Union might lose, or accommodation, Western Union’s best strategy was to
g gy

War I. Assuming a higher market share will bias calculations in support of the argument, making it more likely
to show that excess capacity was needed to satisfy peak load demand.
31See Table 1.1.
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accommodate RCA’s entry. Under the circumstance that existed at the time of RCA’s entry
Western Union was better off allowing RCA to whittle away at Western Union’s market share,
and surviving the competition RCA presented.

On the issue of pricing policies, this study concludes that the nature of international tele-
graph industry was conducive to sustaining collusion, and that both parties benefited from this
arrangement. Under the settled collusive price, RCA was allowed to grow and expand its
network, and Western Union was under the assurance that RCA would not undercut its price
and use its cost advantage to drive Western Union out of business.

Lastly, this study concludes that Western Union invested heavily in excess traffic capacity in
order to sustain a binding collusive agreement and to prevent further entry into the US-Europe
telegraph market. The argument that an economically rational firm, such as Western Union,
would find it profitable to carry excess capacity to obtain and sustain collusion is supported by
dynamic duopoly theory. When firms decide on investments in capacity and pricing sequentially
and repeatedly, the result is that excess capacity is indeed used as a mechanism to achieve and
sustain collusion, and the higher price set by the collusive price remunerates the extra cost of
carrying unused, excess capacity.

There are several empirical and theoretical extensions that to the research presented in this
study. On the issue of collusion, the question remains as to what took place with respecf to
foreign telegraph carriers while Western Union and RCA were colluding on price. These foreign
carriers also exacted costs for interconnection to their national networks as foreign carriers
terminated messages from the US. By varying their interconnection charges, foreign carriers
introduced price variation that caused uncertainty. The costs exacted by foreign operators
added to the uncertainty of RCA and Western Union’s cost function, making collusion harder
to sustain. The issue of uncertainty, through the presence of price variation, in collusive or
cartel environment is not well addressed in the theoretical literature and almost non-existent
in empirical research.

Furthermore, the international regulatory environment requires further investigation. Any
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research effort that incorporates regulatory institutions into the type of analysis provided here
will be able to achieve richer and more robust explanations for the motives and actions of firms
in the international telecommunications industry.

The two topics presented above—discussion of collusion or cartels in an uncertain environ-
ment and regulatory regimes in an international environment—have policy implications. As
the US contemplates deregulation of the international telecommunications market, there is con-
cern over the type of alliances that may form between national monopolies. Some argue that
there exists too much uncertainty in the international telecommunications markets for stable
alliances between firms in different countries to form. In contrast, others believe that the
possibility is real that international telecommunications firms will be able to overcome these
uncertainties and form stable international alliances that will extend national monopoly powers
internationally. The question of how to regulate international monop<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>