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ABSTRACT
A number of authors have noted anecdotal similarities between the recent telecommunications boom and bust and historical booms and busts in other network industries.  We use historical data on infrastructure, prices and revenues to move beyond anecdotal comparisons.  We compare and contrast the boom and bust period in fiber optic networks with similar periods in older network industries – the railroad industry from 1870 to 1894, the telephone industry from 1894 to 1922, and the telegraph industry from the 1850s through 1897.  Each industry displayed significant early growth followed by fiscal difficulties and industry consolidation.  We then examine the periods after those earlier “busts” to shed light upon how the telecommunications industry may develop.  In each case, the earlier network industries had significant growth after the initial “bust” periods, while prices remained relatively flat.  The history of network industries suggests that the disappearance of many competitive carriers during the telecommunications “bust” may not be cause for concern.

INTRODUCTION

The telecommunications boom and bust of the late 1990s and early 2000s has been a  popular topic in both the academic and the popular press (Couper, Hejkal and Wolman, 2003; Ofek and Richardson, 2002, 2003).  While the causes and effects of the boom and bust are still being debated, there is no question that the industry experienced a dramatic period of growth followed by an equally dramatic decline.  However, such boom and bust cycles are not unique to telecommunications, or to recent years.  Like Ozymandias, great network booms and busts of the past tend to be forgotten under the sands of time.  A few observers have noted that what fiber optic companies did from 1997 through 2003, telegraph companies did in the mid 1800s, railroad companies did in the late 1800s, and telephone companies did in the early 1900s, but these comparisons have been primarily anecdotal (Gross, 2002; Romero and Schisel, 2002).  Furthermore, while these papers have noted the similarity of the boom and bust cycles, they have not taken full advantage of the statistical data available, either for purposes of comparing the cycles themselves, or for examining what happened to historical industries after their busts.  

A variety of observers have expressed concerns about increased industry concentration as a result of the downturn in the telecommunications industry.  While historical data are limited, it is possible to move beyond anecdotes and make some high-level comparisons between the periods in terms of the size and speed of infrastructure built and the degree of consolidation following the expansion, and in particular, how the industries fared in the wake of consolidation during the downturns.  
The first section of this paper examines the boom and bust cycle in fiber optics from 1997 through 2003.  We focus on fiber optics since the metrics available for the industry are similar to those available for historical network industries, i.e., mileage and capacity, for example.  The following sections examine, respectively, the railroad industry from 1870 to 1894, the telephone industry from 1894 to 1922, and the telegraph industry from the 1850s through 1897.  The paper concludes by looking at preliminary evidence from the last several years in fiber optics to see if the current trends are similar to those that occurred after busts in the other network industries examined.
Fiber Optics: 1997 - 2003

While the recent telecommunications boom and bust was apparent in many segments of the telecommunications industry, we will focus our analysis on fiber optic deployment in the United States.  Fiber is particularly suitable for comparisons to earlier periods since the sort of metrics available (mileage and capacity, route pricing and bankruptcy or stock data) are largely present even in the 19th and early 20th centuries.  


There are two primary measures of fiber deployment – route kilometers and fiber kilometers.  Route kilometers measure the length of the trenches (or aerial infrastructure) in which fiber is deployed.  Fiber kilometers, by contrast, also measure the intensity of deployment by multiplying the number of route kilometers by the number of individual fibers on that route.  For example, a 3 kilometer trench with a cable containing 12 fibers would measure 3 route kilometers and 36 fiber kilometers.  

Between 1996 and 2001, major carriers increased their number of fiber route kilometers by roughly two and a half times.  During the same period, the number of fiber kilometers increased by over seven times.  See Figure 1.  It is difficult to overstate the magnitude of this deployment.  Companies put down over 330,000 kilometers of trenches, and almost 30 million kilometers of fiber.  The majority of this was long distance fiber stretching across the country.  Companies were also deploying fiber rings and spurs within metropolitan areas.  Unfortunately, data on these “short haul” fiber routes are not generally publicly available.  
Figure 1
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As stunning as this achievement is, it grossly understates the true magnitude of the increased capacity, since advances in technology have steadily increased the potential capacity of a single strand of fiber by orders of magnitude.  The result has been dramatic increases in available capacity far in excess of the already large increases in the amount of available fiber optic cable.  For example, Telegeography reports that lit capacity on top U.S. Internet routes increased between roughly 1,200 percent and almost 10,000 percent between 1999 and 2002 (Telegeography, 2002).  In addition, there are large quantities of unlit (or “dark”) fiber.  For example, Level 3 planned to place six to eight conduits in each trench, while only utilizing one of them initially.  (Level 3, 1998)  In fact, the company ended up placing ten to twelve conduits.  (Level 3, 2004)  Similarly, Qwest largely financed construction of its network by laying, then selling, unlit fiber (Qwest, 1997).

In the early 2000s, the explosive growth of the fiber optics industry came to an abrupt halt.  There were more bankruptcies of large telecommunications firms in 2001 and 2002 than in the entire decade prior.  See Figure 2.  The stock prices of companies with fiber networks performed as one might expect, losing the large majority of their value between late 2000 and the end of 2001.  Companies such as Global Crossing, Broadwing and Qwest went bankrupt, lost most of their stock value, and had severe financial difficulties or scandals.
Figure 2
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It is generally acknowledged that the result of so much infrastructure being deployed has been significant excess capacity on major long haul routes, resulting in large reductions in prices.  In many cases, multiple carriers had capacity literally in the same trench, with each carrier having capacity greater than the existing traffic.  Falling long-haul capacity prices were the logical consequence.  For example, from the beginning of 2000 to mid-2001, even before many fiber carriers entered bankruptcy, prices on routes such as New York – Los Angeles had fallen by 80 percent (Band-X, 2001; Telegeography, 2002).  Not surprisingly, the net income of major carriers declined at the same time.  Table 1 tracks the net income of selected major fiber optic carriers from 1997 through 2001 (in millions of dollars).  
Table 1
	Company Name
	1997
	1998
	1999
	2000
	2001

	
	
	
	
	
	

	Broadwing
	na
	-$19.5
	-$71.3
	-$283.6
	-$1,378.1

	Global Crossing
	-$0.2
	-$87.9
	-$70.9
	-$1,667.0
	na

	Level 3
	$248.0
	$804.0
	-$487.0
	-$1,455.0
	-$4,978.0

	Qwest
	$1,177.0
	$1,508.0
	$1,342.0
	-$81.0
	-$4,023.0

	 
	 
	 
	 
	 
	 



Data on post-bust fiber deployment are difficult to obtain.  Anecdotally, it appears that deployment of long haul fiber has slowed, while a variety of companies have continued deploying local, or metropolitan, fiber in particular cities (such as fiber rings in downtown business districts).  In particular, several companies in the last few years have announced multi-billion dollar local fiber build outs (Cable Digital News, 2005).  These include, in particular, SBC (now AT&T), BellSouth and Verizon.  There also appear to be many carriers who have built or are continuing to build local fiber networks.  For example, Telegeography currently reports on between 12 and 24 metro carriers in each of the U.S. cities that they track (Telegeography, 2006; see also Looking Glass Networks, 2005, for an example of a recently announced metropolitan fiber build).  Thus, while there have been many mergers and acquisitions, it is not clear that the total number of companies offering fiber has decreased, nor that the speed of deployment has decreased.  Companies continue to deploy fiber today, but now in different places.  Given the glut of long-haul fiber, one would expect new deployments to focus on the next bottleneck – local facilities.

The fiber optics industry boom and bust is thus characterized by an enormous increase in capacity over roughly five years, followed by a spate of bankruptcies, large losses in company valuations, significant declines in prices, and some consolidation, then a new increase in deployment and new entry focusing on a different portion of the network.  How then do the booms and busts of the past compare?
The Railroad: 1870 – 1894

In 1870 there were roughly 53,000 miles of railroad track being operated in the United States.  By 1899 there were over 200,000 miles.  Data from 1891 to 1900 are calculated as total track operated less yard tracks and sidings.  See Figure 3 (Historical Statistics of the United States, 1975).  This deployment may not seem quite as dramatic as the laying of optical fiber, but it was without a doubt more difficult to do.  Much of the optical fiber was in fact laid alongside railway tracks using trench digging railroad cars, taking advantage of the older network industry’s infrastructure.
Figure 3
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In the early 1890s the railroad industry fell upon hard times.  The industry’s net earnings, which had been growing steadily for a decade, dropped by half in 1894 and remained at that level through 1895.  See Figure 4 (Historical Statistics of the United States, 1975).  Traffic did not decline, but prices did.  Between 1883 and 1894, revenue per ton-mile declined by roughly 30 percent, while revenue per passenger-mile declined less dramatically, by roughly 19 percent.  Revenues remained roughly stable at those levels until World War I (Historical Statistics of the United States, 1975). 
Figure 4
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What impact did this have on the industry?  Many railroads went into bankruptcy, including such famous names as the Union Pacific; the Atchison, Topeka & Santa Fe; and the Philadelphia & Reading (now memorialized in the board game Monopoly) (Gross, 2002).  The situation was grim enough that the census bureau began tracking the miles of railroad operated by receivers or trustees in 1894.  That year, roughly 41,000 miles of track were being operated by receivers, or roughly 22 percent of all operational tracks.  
This was not the end of the industry by any means, however.  The amount of track in receivership declined by half within three years, and by ninety percent by 1900.  Meanwhile, neither the number of railroads nor their capacity decreased.  Indeed, the number of railroads actually increased from 1890 to 1894, and continued to grow modestly until 1907.  The number of locomotives in service and the amount of operational track also continued to grow, with operational track roughly doubling between 1894 and 1924.  By 1899, the net income of the railroad industry was higher than it had been in 1893, and by 1900 it had more than doubled from the 1893 level (Historical Statistics of the United States, 1975).  Despite the increase in the number of railroads, the degree of concentration appears to have increased, with seven railroad groups controlling roughly two thirds of operational track by 1906 (Gross, 2002).  Revenue per ton mile and revenue per passenger mile stayed essentially flat until World War I. 
Overall, then, the railroad industry experienced a few years of hard times, but its overall growth, as measured by miles of operating track and locomotives in service, continued to be impressive.  Net income grew somewhat, but available measures for price stayed relatively flat despite an increase in concentration following the industry downturn.

The Early Telephone: 1894 - 1922

Like fiber optics and railroads, the physical infrastructure and usage of the early telephone grew exponentially.  However, unlike fiber optics and railroads, the story of the early telephone is, in many ways, the story of a single company – AT&T (the Bell companies).  Alexander Graham Bell held the original telephone patents, but telephones had not become widely established by the time the patents expired in 1892.  The government began collecting data on competing telephone networks in 1894, two years after the expiration of Mr. Bell’s patents made competition possible.  Figure 5 tracks the growth in the different types of telephone networks – the Bell company networks, those interconnecting with the Bell companies, and those with no interconnection (Historical Statistics of the United States, 1975).  

Figure 5
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Although the Bell companies had a head start on the new entrants, independent companies grew virtually in lockstep with the Bells well into the early 1900s.  During this period independent companies typically did not interconnect with the Bell companies – that is, you could not typically place calls between networks.  Having large numbers of non-connecting networks was clearly a problem, and one that economic pressures were unlikely to allow to persist indefinitely.  In fact, it is rather surprising that no significant degree of interconnection occurred for at least twelve years.  However, around 1907, non-interconnecting companies began to disappear.  AT&T acquired some of them, and agreed to interconnect with others (Gross, 2002).  

The end result was something of a shakeout in the industry.  In fact, the degree of concentration attracted sufficient attention that Congress formally exempted AT&T from the Sherman Antitrust Act in 1921.  Independent telephone companies continued to exist, but the days of overlapping, non-interconnecting networks were largely over.  In most areas, only single carriers operated.  The Bell companies continued to grow during this period, but independent telephone companies were relatively stagnant until after World War II.  This stagnation can be seen in both levels and usage of infrastructure.  Miles of wire and average number of phone calls for independent telephone companies showed little growth from 1916 until after World War II.  By contrast, the Bell company mileage and average number of phone calls increased roughly five fold over the same period (Historical Statistics of the United States, 1975).  
Despite this increase in concentration and relative stagnation of independent telephone companies, Bell company margins fell steadily, reaching their nadir right before AT&T received its antitrust exemption.  See Figure 6 (Historical Statistics of the United States, 1975).

Figure 6
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Similarly, telephone toll rates remained steady or declined, to the extent that data are available, as shown in Figure 7 (Historical Statistics of the United States, 1975).

Figure 7
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The Early Telegraph: 1850s - 1897

Data on the early telegraph are limited.  We know that originally a variety of companies deployed telegraph networks, often in competition with one another.  However, only anecdotal evidence is available for that period (Gross, 2002).  The government began collecting data on the telegraph industry in 1866, by which point Western Union had become the largest telegraph operator in the country.  Indeed, most data on the early telegraph cover only Western Union.  These data do allow us to see that Western Union’s greatest growth began in 1866, much as growth in early telephone deployment took off after consolidation in the 1910s.  Between 1866 and 1897 (a period similar to 1916 to 1946 in the telephone industry), Western Union’s miles of wire and number of messages handled grew by roughly ten times (Historical Statistics of the United States, 1975).  See Figure 8.
Figure 8
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Anecdotally, prices are reputed to have fallen prior to 1866 due to overbuilding of routes, and then risen due to consolidation or bankruptcies.  Data on NYC – Chicago and NYC – Philadelphia rates are available for 1850, 1866, 1869 and 1870.  Philadelphia rates are essentially flat, while Chicago rates rise from 1850 through 1869, but drop sharply in 1870 (Historical Statistics of the United States, 1975).  Data also show a steady decline in Western Union margins from 1866 onwards (Historical Statistics of the United States, 1975).  See Figure 9.
Figure 9
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CONCLUSIONS

Making comparisons between economic events that are decades or centuries apart can be quite difficult.  Data can be sparse, and the more distant the earlier events, the harder it can be to set them in their historical context.  Nonetheless, certain high level comparisons are possible, and the similarities are intriguing.  


At a very high level, what did the historical network booms, busts and recoveries look like?  
· For railroads, an initial sharp increase in capacity was followed by a fiscal crisis, falling prices and consolidation.  Subsequently, capacity continued to expand for many decades along with railroad incomes.  Price measures, however, remained flat.  

· For telephones, an initial sharp increase in capacity was followed by industry consolidation, with less of a clear-cut “bust” than in the other examples.  Capacity again continued to expand for many decades afterwards.  Prices measures, similarly, tended to fall or remain flat.

· For telegraphs, only anecdotal evidence is available for the pre-“bust” and pre-consolidation period.  The industry underwent considerable consolidation, with Western Union emerging as the largest telegraph operator.  Capacity continued to expand for many decades afterwards, while margins fell.
What about the modern fiber optics industry?  Much like the earlier examples, the industry experienced an initial explosion in capacity deployment.  This initial “boom” was followed by falling prices, profits, and valuations, leading to bankruptcies and industry consolidation.  So far the stories are similar.  The difference is that the fiber optics “bust” is still quite recent.

Many people have been concerned about the telecommunications “bust.”  In particular, the disappearance of many competitive local exchange carriers and fiber providers raised concerns about the level of competition in the industry.  The earlier examples of network industry “busts,” however, suggest that such periods of consolidation may be only temporary slow-downs in a continuing cycle of increasing capacity.  In each of the earlier examples, the majority of the industry growth took place after the “bust” period, even though the initial growth periods were quite impressive on their own.  Furthermore, the earlier examples suggest that prices tended to stay flat or decline as the industries continued to grow, despite the disappearance of many of the earliest entrants.

Initial evidence following the fiber optics “bust” is consistent with this interpretation.  Significant fiber deployment continues, with firms publicly committing to billions of dollars worth of fiber projects.  Pricing data are particularly difficult to come by, but again, what data are available suggest that prices, which fell during the “bust” period, remain at similar or even lower levels.  
The network literature finds that, in the presence of companies with network externalities and firm specific advantages (for example, because of compatibility issues that the firms cannot or will not completely solve), a “critical mass” is necessary for a stable equilibrium, so industries would be expected to consolidate to the point that each firm or group achieved such a critical mass (Economides and HImmelberg, 1995; Gandal, 2002).  In such a case, it may not be surprising that the industry continues to grow in a healthy manner following such consolidation, since the initial fragmentation of the industry would not be a sustainable equilibrium.
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