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Abstract

The performance of Indian railways in the nineteenth century provides a great
context to study the effects of state ownership on productivity and other aspects of
operations. We rely on a key feature of the institutional background whereby the
Government of India purchased a majority ownership stake in private railways at pre-
determined dates set by contracts negotiated decades before the companies came under
state ownership. Controlling for individual railway fixed effects, year fixed effects, and
railway-specific time trends, we find no evidence of a decline in TFP following state
takeovers of private companies. Instead of reducing productivity, as the recent expe-
riences with privatization would suggest, we find that the Government of India main-
tained productivity when it became the owner of railways. Government ownership
influenced certain areas of operations such as the capital-labor ratio, but not others
such as fares. This suggests the state was able to achieve similar productivity without
following the blueprint of private companies.
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1 Introduction

Economists and policymakers alike have long been interested in the costs and benefits of
private versus state ownership. Although state ownership has been on the decline since the
1970s, large and important industries in many developing countries, especially Brazil, India,
Russia, and China continue to remain under state ownership. In these and other countries
where the state has a large ownership presence it is important to know whether there are
any productivity losses from state ownership. The empirical literature on privatization
argues that private ownership usually results in increased productivity suggesting that state
ownership has efficiency costs (see surveys by Megginson and Netter 2001, Djankov and
Murrell 2002, Guriev and Megginson 2007, and Estrin et al. 2009). However, many of the
empirical findings are based on estimation strategies that are not always well identified. For
example, it is often difficult to find a good control group to compare to firms undergoing
privatization. Also firms undergoing privatization can be a selected sample because of their
recent or expected productivity performance.

This paper uses the laboratory of history to better understand the effects of state and
private ownership. Our historical setting—railways in Colonial India—is especially suited
to study this question because there was a complete transition from private ownership to
majority state ownership and because the timing of state-takeovers was exogenous with
respect to firm performance. The initial rail network in India was built and owned by
British companies through the 1870s. A clause in the original contracts allowed the colonial
Government of India to purchase railway companies only at specified future dates. Beginning
in the 1870s, the Government began to exercise its purchase option and over the next three
decades the Government of India took ownership of all the former private railways. By 1910
the Government owned over 70 percent of railway miles compared to less than 10 percent
in 1875. The state takeover of Indian railways was different from railway nationalizations
taking place in other countries at this time. Most experienced only a partial nationalization
of the network and many were driven by economic or political expediencies as in Japan and
Switzerland (Bogart 2010).

In previous work we find that operating costs went down significantly following the
Government of India takeover of railways and argue the standard theoretical predictions
favoring private over state ownership do not hold in the Indian railway context for two
main reasons (Bogart and Chaudhary 2012). First, the private companies that originally
owned India’s railways were guaranteed a 5 percent return on their capital investment. The

guarantees were designed to encourage investment in railways, but they also weakened the



incentive to reduce costs. Second, the Government of India had unusually strong incentives
to operate railways efficiently. Unlike democratic states, the colonial Government had no
incentive to use railways as a tool to buy votes—say by building a station in every town.
The Government was also dependent on railways for tax revenues and thus it could ill afford
to let railways become highly inefficient. In this paper, we examine how state takeovers
influenced total factor productivity or TFP, partial productivity in capital, fuel and labor,
and other aspects of firm behavior such as investment, the capital-labor ratio, and average
freight and passenger fares.

Following the standard approach in the productivity literature, we measure TFP as a
residual from a production function (Syverson 2011, Van Biesebroeck 2008) using passenger
miles and ton miles as outputs. The inputs are labor, fuel, and capital. We estimate
TFP for two panels: (1) the ‘joint’ panel, which accounts for any mergers of railways by
including information on the pre-merged railway(s) in the years before a merger and (2)
the ‘solo’ panel, which follows individual railway systems and does not account for any
mergers. Railways disappear from the ‘solo’ panel once they merge to another railway. We
prefer the joint panel because state ownership was followed by a few key mergers for certain
railways and the joint panel effectively allows us to separate the effects of mergers from state
ownership.

Our baseline specification is fully loaded and controls for individual railway fixed effects,
year fixed effects, and railway-specific time trends. Thus, we are identifying the effects
of ownership by exploiting variation within railways over time. In our view, the Indian
railway context offers a number of advantages from an identification perspective. First, the
Government of India took over all the original private railways eliminating concerns about
selection. Second, the timing of state takeovers was predetermined. The Government of
India could only takeover a railway company either 25 or 50 years after its original contract.
Five railway companies were taken over on their 25 anniversary and due to an intervention
by the British Secretary of State in 1869 the last three private companies were purchased on
the 50" year of their contract. The state could not manipulate takeovers to coincide with
periods of increasing or decreasing productivity.

Although the takeover year was exogenous, private railways may have anticipated the
takeovers and these anticipation effects could bias the results on state ownership. To test
this hypothesis, we interact state ownership with a dummy variable for the 3-year window
before takeover. To test for differential short and long run effects, we also interact state
ownership with a dummy variable for the first three years after takeover including the year

of takeover, and for 3 or more years after takeover.



The empirical results yield a clear conclusion: state ownership had a negligible impact
on the TFP of Indian railways. Our period of study was one of high productivity growth
that was occurring throughout the industry (Bogart and Chaudhary 2013). Even after state
takeovers, railways did not deviate from this general trend of high productivity growth.
Controlling for anticipation effects does not change the results and there are no significant
differences of the effects of state ownership between the short run and the long run. The
results on partial productivity measures also find no evidence of a negative effect of state
ownership. Other aspects of firm behavior suggest the Indian state did not change average
fares after takeovers, but did change the mix of capital to labor. Thus, there were some
changes under Government ownership but none of them had an appreciable impact on
productivity.

Our findings are quite different from most studies in the privatization literature. For
example, in a study of Estonia, Jones and Mygind (2002) find that firm-level productivity
increased by 15.2 percent following privatization. Similar or larger estimates are reported
in other studies (e.g. Ramamurti 1997, La Porta and Lopez-de-Silanes 1999, Laurin and
Bozec 2001, Claessens and Djankov 2002). A recent survey by Guriev and Megginson (2007)
suggests average productivity improves by 20 percent following privatization. However, in
our case a 95 percent confidence interval for the long run effect of state ownership on TFP
ranges from negative 7 percent to positive 8 percent. It is far from the 20 percent change in
productivity found in privatization studies.

The evidence for a negligible effect from state ownership in India is consistent with a few
studies, especially those using a similar identification strategy. In one of the most rigorous
studies in this literature, Brown, Earle and Telegdy (2006) exploit longitudinal data on firms
undergoing privatization in Eastern Europe to estimate the effects of ownership allowing for
firm and year fixed effects and individual firm specific trends (as we do). They find evidence
for an increase in TFP after private takeovers in Romania and Hungary, no effect of private
takeovers on TFP in the Ukraine, and a negative effect in Russia. Like our findings, Brown,
Earle and Telegdy’s results suggest that private ownership is not necessarily more efficient.

Our analysis also speaks to one of the outstanding questions in the literature: when is
state ownership harmful for productivity and when is it no worse than private ownership?
Guriev and Megginson (2007) argue that privatization is more likely to raise productivity
in countries with better institutions such as those with stronger protection of property
rights and better regulation. Our case study of India is consistent with the view that
institutions matter. Most of the usual pressures, which make state ownership inefficient in
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beholden to labor groups for political reasons. Railways also contributed to total government
revenues—35 percent by 1913—and provided key logistical support in defending the empire.
India had a weak fiscal system and thus it was reliant on railways to generate revenues.
Britain’s control over India would have been more tenuous had it not been able to quickly
move troops to various frontiers. Thus the fiscal and political costs of an unproductive
railway system were large in India and provided an inducement for the Government to
maintain productivity.

The rest of the paper is organized as follows. Section 2 describes the relevant institutional
details followed by how the theoretical literature on ownership applies to the Indian context
in section 3. We describe our data in section 4 and empirical strategy in section 5. The

results are presented in section 6 followed by conclusions in section 7.

2 Background on Indian Railways

The main Indian trunk lines were constructed in the 1850s and 1860s by British railway
companies. Ten such companies incorporated in Britain entered into contracts with the
Secretary of State, a British Cabinet member with formal control over the administration
of India.! Figure 1 depicts the railway companies operating in India in 1870 and their
routes. The oldest and largest of these companies were the East Indian and the Great
Indian Peninsula Railways connecting the ports of Calcutta and Bombay respectively to the
interior of the country. Sind, later renamed the Sind, Punjab, and Delhi Railway company
also had a large network in the northwest connecting the port of Karachi. Connecting the
main ports to the interior and to each other was an important goal of colonial rail policy in
keeping with Britain’s military, political and trade interests in India.

These private British companies were joint stock companies and their contracts with
the Secretary of State shared common features. Land was provided free of cost by the
Government of India. The companies raised capital in Britain via shares and received a
5 percent guarantee on the share capital at a fixed exchange rate. The net earnings from
railway operations were paid into the Government treasury and rebated to the companies.
If net earnings as a proportion of capital outlay fell short of the guaranteed 5 percent, the
Government made up the difference up to 5 percent. However, such guarantee payments
were treated as debt. If annual returns exceeded 5 percent, the Government received half of

all surplus profits above the guarantee and shareholders received the other half. Once past

'Two of the original companies merged leaving 8 such companies by 1870.



guarantee payments were paid off, company shareholders received all the profits.?

In exchange for the guarantees, the Government retained control over certain aspects
of the railways. The Government had ultimate authority on route placement and gauge.
They could also influence operations through a government director who sat on the com-
pany boards. Finally, the Government could purchase private railways on the 25 or 50"
anniversary of their original contract with the mean market value of the company’s stock
in the preceding three years determining the purchase price (Bell 1894, p. 66-72). This is
a key contractual feature from an identification perspective because the Government could
not time takeovers depending on company performance.

India’s experience with railway guarantees was mixed. While such contracts allowed
British capital to finance Indian railway construction, many of the companies were unable
to generate returns over 5 percent in the 1850s and 1860s. Hence, the Government and Indian
taxpayers made up the difference to British shareholders via the guarantee payments. Years
of such payments turned official opinion in India against private ownership, which many
believed did not work well alongside the guarantee system (Sanyal 1930). The question of
whether guaranteed companies should be allowed to retain ownership came to the forefront in
the 1870s with the approaching 25" year anniversary of the East Indian railway in 1879. In
1877, the Secretary sent a letter to company directors indicating the Government’s intention
to purchase the line but suggested a new arrangement whereby the company would operate
the railway in exchange for a portion of the profits and a reduced guarantee (Huddleston,
1906 p. 101). Thus, the East Indian railway came under Government ownership in 1880
worked by the newly formed East Indian company, which retained one-fifth of the capital,
now guaranteed at 4 percent, and also received one fifth of surplus profits for working the
lines.

Over the 1880s, 1890s, and 1900s, the Government purchased all the original guaranteed
companies. Most of them were taken over on the 25 year of their original contract, with
the exception of the Great Indian Peninsula Railway, Bombay, Baroda and Central India
Railway and the Madras Railway. These three were taken over on their 50" contract an-
niversary because of a negotiated deal in 1869 with the Secretary of State in which their
past guarantee debt payments up to that year were forgiven in exchange for sharing surplus
profits above 5 percent with the Government from that year forward. The Secretary also

agreed to not takeover these railways on their 25" anniversary.® The Government’s motiva-

2See Sanyal (1930) for details.

3This deal was offered only to the four biggest railways, these three plus the East Indian. However,
the East Indian refused the offer because it was a profitable company and its past debts on account of the
guarantee were small compared to the others. We believe railway fixed effects capture the differences in size



tion in taking over the guaranteed companies was to end the guarantee system and secure
more favorable terms for the Government (Sweeney 2011, Government of India 1955).

Although most of the railways retained private operations, the Government chose to
operate a few railways after takeovers.* In the other cases, the Government entered into
agreements with directors of the former railway companies. The newly formed companies
generally held less than 20 percent of the capital. The profits were guaranteed, at lower
rates of 3 to 4 percent and at smaller capital values. Surplus profits were shared with the
Government in proportion to their respective capital shares. The shift to state ownership
led to a substantial increase in Government control and supervision (Huddleston 1906).
The Government also pushed through a few important mergers in the years immediately
following takeovers.® To separate the confounding effects of mergers from takeovers, we
construct a special ‘joint” panel of railways described in the data section.

Our empirical analysis exploits the Government of India takeovers of these guaranteed
companies to identify the effects of state ownership on productivity. In addition to the
treatment group, the Indian context offers a control group because many railways did not
experience a change in ownership. On account of the disappointing performance of the
guaranteed railways in the 1860s, the Government decided to construct and manage state
owned railways in the 1870s. The Government borrowed money on the London capital
markets in the form of Government of India bonds to finance these projects. Beginning in
1869 no new contracts were signed with private companies and the Government constructed
several new lines on a smaller and cheaper meter gauge. This period of extensive state
construction largely ended in the early 1880s. The economic depression in the 1870s coupled
with the war in Afghanistan increased the Government’s borrowing costs. India experienced
devastating famines in 1877 and subsequent commissions called for a rapid extension of
the network, which the Government was now unable to finance. To address the need for
more railways, the Government relied on a public-private partnership model similar to the
one negotiated with the guaranteed companies upon takeover. Beginning in the 1880s, the
Government entered into contracts with new private companies whereby the state owned the

railway but the company constructed and managed the lines in exchange for a small portion

and any other time invariant factors that lead to these companies being taken over on their 50" anniversary.

4We do not study operations in detail because different reasons appear to have driven the operation
decision such as military concerns in one case versus private mis-management in another case. This potential
endogeneity combined with fewer operational switches in the data make it difficult to accurately identify the
effects of operation. That said, we do not find any correlation between operational changes and performance.

5For example, the private Sind, Punjab and Delhi Railway was merged with the state owned Indus Valley
and Punjab Northern lines upon takeover, Great Indian Peninsula Railway was merged with Indian Midland
after takeover, and the three southern lines of Madras, Southern Mahratta and South Indian were merged
and re-organized after the takeover of Madras.



of the surplus profits. The Government also supported a few privately owned railways in the
1880s with state subsidies. These smaller private assisted companies were never taken over
in our period of study. Finally, a few Princely States also constructed and managed their
own railways.® Such railways (under Government ownership, Princely State ownership or
private ownership) constructed after the 1870s did not experience any change in ownership
and represent the control group.

The transition to state ownership between 1874 and 1912 was the key first step in India’s
move to complete nationalization of its railways. Beginning in the 1920s, public opinion
turned against private operation and the Government gradually took over railway operations
in the 1930s and 1940s. Apart from witnessing the transition to more Government ownership,
this period is also interesting because Indian railways witnessed tremendous productivity
growth. In Bogart and Chaudhary (2013), we find railway TFP averaged 2.3 percent per
year between 1874 and 1912 exceeding productivity growth in other sectors of the economy.
These aggregate gains were not driven by reallocation within the industry or an increase
in capacity utilization. Rather Indian railways moved closer to the technology frontier in
the early 20" century by adopting key technological improvements. At the aggregate-level,
the Government also promoted many changes in the railways sector to improve performance
across all railways regardless of ownership. In this paper, we specifically test whether the
transition to Government of India ownership at the micro-level influenced productivity and

other aspects of firm performance.

3 Theory and its Application to Indian Railways

A vast theoretical literature in economics has studied the relationship between public or
private ownership and performance (for example, Shleifer 1998, Djankov and Murrell 2002,
and Shirley and Walsh 2000) with researchers making arguments both for and against state
ownership. A classic argument for state provision is in the event of market failures such as
natural monopolies, externalities and public goods (Sappington and Stiglitz 1987). More
recent studies have extended the argument to incomplete contract settings with significant
public goods benefits (Besley and Ghatak 2001).7

SThe Princely States represent a large number of semi-autonomous kingdoms ruled by native Indian
rulers in contrast to British India that was under direct colonial authority. In exchange for local autonomy,
the Princely States deferred to the British on matters of defense and foreign affairs.

"The incomplete contract model usually shows that efficiency is highest when firms are owned by the
agent’s whose investments are most crucial for its success. With an extension to public good settings,
efficiency is highest when the firm is owned by the agent who values the public good benefits the most. As
Besley and Ghatak argue, governments are likely to be the agent’s who value public goods most and thus



But, many scholars have argued for private provision on account of ‘government failures.’
A general criticism is that state owned firms do not maximize profits. Instead they pursue
objectives that may be politically desirable, like greater employment or universal coverage of
service, but are not necessarily efficient (Boyko, Shleifer, and Vishny 1996). A different crit-
icism focuses on incomplete contracts. In this view, mangers in private firms have stronger
incentives to cut costs and improve efficiency because they can appropriate the resulting
gains. State bureaucrats in comparison do not face the same incentives because they are
often paid fixed salaries (Hart, Shleifer, and Vishny 1997, Shleifer 1998). State owned enter-
prises are also believed to be less efficient because they face soft budget constraints. Firm
budgets are subsumed within larger government budgets and the discipline of the capital
market is absent (Kornia, Maskin, and Roland 2003).

Although a strong case can be made in favor of private ownership in theory, it is un-
clear how well these arguments apply to the historical context of Indian railways. Similar
to infrastructure companies in developing countries today, the guaranteed companies that
operated Indian railways in the 1870s do not fit the traditional mould of private ownership
discussed in the theoretical literature.® While these companies stood to benefit from higher
profits, they were subsidized on the downside by state guarantees. The 5 percent guaran-
tee dulled company incentives to manage costs judiciously and encouraged extravagance in
construction. Contemporaries often criticized the guarantee system exactly for this reason.
Horace Bell in his history of Indian railways disapproving noted that “shareholders had their
5 percent whatever happened (Bell 1894, p. 66).” The Secretary of State in 1868 advocated
the use of guarantees, but admitted, “the system tends to weaken the ordinary motives to
efficient management and superintendence (Bell 1894, p. 19).” Images from the time of
ornate railway stations and luxury cabins testify to some private extravagance on a public
purse.

The unique nature of the Government of India also suggests the standard predictions
regarding state ownership may not hold in the Indian context. The colonial Government
had numerous economic and strategic reasons to run the sector like a profit maximizing firm.
Consistent with this view there is anecdotal evidence indicating the Government of India
took an active interest in the management of railways, especially once they were state owned.
The Government often used takeovers to make changes with a stated purpose of improving
efficiency. For example, repairs to locomotives and carriages were centralized in the Lahore

workshop following the merger and reorganization of the Sind, Punjab, and Delhi Railway

public ownership can be optimal.
8For an exception, see Auriol and Picard (2009) and Estache and Wren-Lewis (2009) who incorporate
regulation of private infrastructure companies.



company with the Indus Valley and Punjab Northern state lines in 1886. Concentrating the
repair process in a single location contributed to the use of more sophisticated technology
and avoided the redundancy of having three individual workshops in the region (Kerr 2007,
p. 85).

The Government of India was also distinctive in motivating its employees. In 1880 the
Government introduced a profit sharing agreement with state railway employees known as
the Railway Provident fund. The Government contributed one-half of one percent of the
net earnings of state railways, disbursing them to employees in proportion to their salary
and position (Bell 1894, pp. 109-110). This policy was first introduced by the East Indian
railway, but then was widely adopted by the Government for all employees of state owned
railways.

While undesirable in many ways, the authoritarian nature of the colonial Government
may have also influenced the state’s ability to run the sector like a profit-maximizing firm.
For example, there were requests from farmers and merchants to extend the network of the
East Indian railway when it was under state ownership into less populated regions and to
expand its wagon stock to handle exceptional periods of freight. The Government of India
refused these requests because they were considered uneconomical (Huddleston 1906). It
could safely make such choices because there were few political consequences from ignoring
constituent demands. The Government also stood to benefit from a well functioning railway
sector because of its heavy fiscal reliance on railways. Almost 35 percent of its gross tax
revenues came from state owned railways (Statistical Abstract relating to India 1915). The
Government’s dependence on railway revenues was due to a weak tax system, which was
perhaps undesirable from an economic development perspective, but it may have provided
a mitigating factor for productivity.

To summarize, it is unclear if the standard models, which assume that state owned firms
do not maximize profits or have weaker incentives than private companies, are directly ap-
plicable to colonial Indian railways. Similar to many other contexts, we believe the question
of whether state ownership influenced the productivity of Indian railways is an empirical

question and we use detailed data from this period to answer the question.

4 Data

Our dataset builds on earlier work (Bogart and Chaudhary 2013), which constructed con-

sistent series on output, labor, capital and fuel for the major standard and meter gauge

10



railways operating in India between 1874 and 1912.° The sources for the data include the
annual Report to the Secretary of State for India in Council on Railways in India, published
from 1860 to 1883 and the Administration Reports on the Railways in India, published from
1884 to 1912. These series report information on passenger miles, tons miles, fuel, labor,
the value of capital, fares and the ownership structure of each railway. We begin by de-
scribing our unit of analysis followed by the construction of the main variables used in the
regressions.

Our analysis follows a railway or railway system, which includes the main line accounting
for more than 90 percent of the mileage on average and any secondary lines operated by the
system that are owned by either the Government of India, companies or Princely States.!”
Ideally, we would like to follow this railway system for the entire time period but mergers
between lines complicate this process in two important ways. First, after a merger, we only
have data on the new merged railway system. Second, the state takeover of private railways
was followed by mergers in many cases. For example, the Great Indian Peninsula Railway
company was taken over by the state in 1900 and was merged with the Government owned
Indian Midland railway in 1901. In a few cases, the Government used takeovers to merge
neighboring regional lines into one system such as the merger of the private Sind, Punjab and
Delhi Railway (taken over in 1886) to the Indus Valley and Punjab Northern state railways
in 1886. To address the issue of mergers, we follow a railway system and include information
on the pre-merged lines to each system before they are officially merged together.!! We call
this our ‘joint’ panel of railways. By following a consistent joint panel of 20 railway systems,
mergers are less likely to confound our results on state ownership. As a robustness check,
we also follow a ‘solo’ panel of railways where each system enters as a separate observation
even if it goes on to merge to another system in future years.

We use information from the Reports on the timing of state takeovers to construct

9We begin the analysis in 1874 when the official documents begin reporting consistent output and input
data. As is the common in the transportation literature, our measure of output is a weighted average of
passenger miles (number of passengers carried 1 mile) and ton miles with cost elasticities serving as the
weights. We direct the interested reader to Bogart and Chaudhary (2013) that describes in detail how we
constructed the output and input series.

10For example, the East Indian railway system operated the primary East Indian line owned by the East
Indian Railway Co. up to 1879 and the Government from 1880 onwards, three state-owned lines, and by
1912 three lines owned by other companies. For railways that manage multiple lines, the railway system is
the most consistent unit we can follow because the data are reported for the system. When the railway does
not operate secondary lines, the unit of analysis is the railway.

1 The only exceptions are the break up of East Coast State Railways in 1900 and the re-organization of
Madras, Southern Mahratta and South Indian Railways in 1908. East Coast Railway began operations in
1895. In 1900, part of the railway was merged with Madras and another section was merged with Bengal
Nagpur making it difficult to accurately assign the pre-merge information.
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a dummy variable for state ownership, which switches to one in the first year the state
becomes an owner of the main railway and remains one for the rest of the time period. The
main lines on average represent the majority of total mileage but our railway systems also
include a small mileage of lines that may be under different ownership from the main line.
As a robustness check, we also construct the fraction of miles within a system that are state
owned.

We focus on two measures of total factor productivity (TFP). Our first TFP measure is
the commonly used Index Number approach where TFP is the difference between output
growth and a weighted average of the growth of the inputs namely capital, labor and fuel.
The weights are the share of total costs paid to each input. We do not observe these cost
shares but the Reports suggest working costs accounted for 45 percent of total revenues on
average from 1882 to 1912, implying 55 percent of revenues were paid to capital. We rely on
evidence from the East Indian Railway to determine the split between labor and fuel where
labor costs were two-thirds of working expenses (Derbyshire 1987). This implies a capital
cost share of 0.55, labor 0.3, and fuel 0.15. These shares are in line with historical studies
on railway productivity.!?

The Index Number method assumes constant returns to scale and perfect competi-
tion that are perhaps problematic assumptions in the railway context because many rail-
ways could be operating as monopolies in their geographic location and may exhibit scale
economies. Hence, we also use TFP estimates derived from regression analysis. The main
concern in parametric estimations of TFP is generating unbiased estimates of input elastici-
ties. If input choices are correlated with unobserved productivity shocks, then the coefficients
on the input elasticities are likely to be biased. One solution to this problem is the Levinsohn
and Petrin (2003) estimator, which assumes the capital stock is determined by the previous
period’s investment decision and hence is uncorrelated with unobserved productivity shocks
in the current period. The LP method is appropriate for our setting because railway cap-
ital clearly evolved from investment decisions made in prior years. We first estimate the
coefficients on capital, fuel and labor using the LP approach, and then calculate the log of
individual railway TFP as follows:

tfpie = v — (Qo + Qulis + arkip + Qi)
where a’s are the estimated parameters. In addition to these two measures of TFP, we
study the effects of state ownership on partial productivity measures namely capital, fuel

and labor productivity, investment, the capital-labor ratio and average passenger and freight

12For example, Crafts, Mills, and Mulatu (2007) assume a 0.63 share for capital, 0.34 for labor, and 0.03
for fuel on British railways. Fishlow (1966) assumes shares of 0.52, 0.38, and 0.1 for capital, labor, and fuel
respectively on U.S. railroads.
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fares (the sum received for carrying one passernger one mile or one ton of goods one mile).!

Table 1 reports summary statistics for the main variables in the joint panel. TFP is the
most important and it increased rapidly for most railways. To illustrate the trend figure 2
shows an index of the output-weighted average of railway TFP in each year beginning in
1874. Industry TFP was very volatile in the late 1870s on account of the severe famines in
1877 highlighting how macro events influenced railways. Average TFP growth changes from
being stagnant in the 1890s to accelerating at a very fast pace in the 1900s. While these
productivity gains were evident for most railways, there were important differences in levels
across railways as reflected by the standard deviation in table 1.

Another important variable is the indicator for state ownership. Figure 3 shows the
fraction of total railway miles in our sample by ownership. While guaranteed companies
accounted for most of the total mileage in the 1870s at over 90 percent in 1874, their
share declined to 0 by 1908 when the last guaranteed company (Madras Railway company)
was taken over. As private guaranteed mileage decreased, there was a parallel increase in
Government of India owned mileage from less than 10 percent in 1874 to over 70 percent
by 1912. The remaining miles were owned by a small number of second generation private
assisted companies formed in the 1880s and 1890s accounting for less than 10 percent by
1912. Finally, the Princely State owned railways accounted for just over 10 percent of the

mileage by 1912.

5 Empirical Framework

Much of the recent literature on ownership and firm performance has studied the transition
to private ownership because many countries have moved away from state owned enterprises
to private firms over the last three decades. These studies of privatization encompass firms
in post Communist transition economics (review by Estrin et al. 2009), in Latin American
countries (Anuatti-Neto et al. 2004, Galiani et al. 2004) and even in China where state
firms have adopted elements of private ownership (Li 1997, Dong, Putterman and Unel
2006). The early works in this literature were cross-sectional comparisons between private
and state owned firms controlling for other factors influencing productivity and ownership.
But, omitted variables were an important concern because private firms are likely to differ
from state firms in many observable and unobservable dimensions.

Beginning with the work of Megginson, Netter, and Randenborg (1994), studies com-

pared the pre and post privatization performance of firms. Akin to a single difference, this

I3The data on fares are reported from 1880-1912.
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method exploits the change in ownership within a firm. The main concern with these stud-
ies is the lack of an appropriate control group with which to compare the performance of
privatized firms. One solution is to exploit panel data on firms that undergo privatization
and those that do not over the same time period, i.e., a difference-in-difference approach.
Although an improvement, the main concern with the difference-in-difference approach is
endogeneity in the timing of private takeover. States may privatize firms whose performance
is likely to change in the future. For example, they may privatize firms that are expected
to become more productive because it would yield a higher sale price. Such situations
create identification problems making it difficult to identify the effects of ownership. Our
institutional setting allows us to address this key issue.

We begin by implementing a simple reduced form framework as shown below.

Yir = a + BStateOwnership;+0; + v + \;Year + 4

Here y;; captures railway level outcomes such as TFP (IN or LP), partial input pro-
ductivities, investment, the capital-labor ratio and fares. StateOwnership is a dummy for
when private railways came under Government of India ownership. Our panel of railways
includes both switchers and non-switchers that remain state owned or native state owned
throughout the period of study. Thus, in our joint panel we are comparing the average
change in performance for 8 switchers relative to 12 non-switchers. We also include a robust
set of fixed effects. We exploit within railway variation by including railway fixed effects, ¢;.
We control for annual macro-economic or other temporal shocks that may influence railways
in the same manner by including year fixed effects, 7;. Similar to the rigorous evaluation
of privatization by Brown, Earle and Telegdy (2006), we include interaction terms between
a time trend and a dummy for each railway, \;Year, to control for unobservable trends
at the railway level. If the Government of India happened to purchase private lines when
their productivity was trending up or down, the coefficient on state ownership would be
biased. Including railway specific trends allows us to identify the effects of state ownership
by comparing deviations in TFP from the railway trend before and after the change to state
ownership within a railway system. Lastly, we cluster the standard errors at the railway
level to address potential serial correlation in the data.

Our institutional background offers two key advantages vis-a-vis identifying the effects
of ownership. First, the state took over all the original private guaranteed companies,
which reduces selection concerns that the state was taking over only the most profitable
companies. Second, the Government could not time the takeovers to periods of low or
high productivity because the takeover dates were determined decades in advance. The

Government could only takeover firms on the 25 or 50 anniversary of their original
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contracts. This institutional feature marks a significant improvement over most studies in
the literature where the endogeneity in the timing of ownership changes is suspect. But,
it also raises concerns that private firms could have anticipated and reacted in advance to
state takeovers. To investigate such anticipation effects, we estimate the dynamics of state
ownership by interacting a dummy for state ownership with a three-year bin before takeover.
We focus on the three year window because the price at takeover was determined by the
average stock price of the railway over the three years before takeover. Private railways
were taken over in different years during our period of study and so we observe them for a
different number of pre and post years. Fortunately, we observe all the railways for three
years pre and post takeover, which ensures we are studying a balanced panel during those
windows. We also investigate differences between the short and long run dynamics of state
takeovers by interacting state ownership with a three year window after takeover including
the year of takeover plus one and two years after takeover (short run effect), and with years

three and beyond after takeover (long run effect).

6 Results

6.1 TFP and Partial Productivity

Table 2A presents our first set of results on the relationship between state ownership and
productivity in the long run. Panel A captures the change in ownership with a simple
dummy variable for when majority of the mileage came under Government ownership. We
find no significant long run negative effect of state ownership on either measure of total
factor productivity. The coefficient on state ownership in the case of TFP-LP is very close
to zero: a positive and insignificant effect of 0.4 percent following state takeovers. Since
the Levinsohn-Petrin TFP estimate addresses any potential endogeneity of input choices,
we prefer LP to the Index Number estimate. That said, we present results on both TFP
measures to highlight that our findings are similar regardless of the metric used. In the
case of TFP-IN, the coefficient on state ownership suggests a negative effect of -2.4 percent,
but is statistically insignificant. Most privatization studies find a positive effect on firm
performance on the order of 20 percent following a switch to private ownership. Applying
these findings to a nationalization suggests state ownership should reduce firm performance
by 20 percent on average. Even the lower end of the 95 percent confidence interval on our
state ownership coefficients does not produce negative effects of that magnitude. Rather,
state ownership in the worst case could have reduced TFP by -13 percent (TFP-IN) or -7

percent (TFP-LP) in our context (the lower end of the 95 percent confidence interval on the
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estimates presented in table 2A).

Mirroring the results on TFP, we find no significant effects of state ownership on labor,
capital or fuel productivity. In fact, the coefficient on state ownership is positive but insignif-
icant for labor productivity contrary to the findings of many privatization studies where a
change from state to private ownership improves labor productivity.!* The coefficient on
fuel productivity is small and insignificant, while that on capital is negative but insignifi-
cant. Panel B uses the fraction of state owned miles to measure the switch in ownership and
essentially finds the same results. An increase in the fraction of state owned miles has no
significant negative effect on either TFP or partial productivity of labor, capital and fuel.

Since state takeovers in a few cases were immediately followed by important railway
mergers, we prefer the joint panel because it maintains a constant unit of analysis and
therefore separates the effects of state ownership from mergers. But, as a robustness check
we replicate the analysis from table 2A on the solo panel of railway systems. These re-
sults are presented in table 2B. The coefficients on state ownership are slightly larger but
never significant, and confirm our main findings of no negative effects of state ownership on
productivity. We have subjected the findings to many robustness checks such as weighted
regressions and alternate estimates of TFP, but state ownership never has a significant
negative effect on productivity.'®

Although tables 2A and 2B establish state ownership of Indian railways did not reduce
productivity on average following takeovers, the exercise does not reveal anything about the
short and long run dynamics. Such dynamics are relevant for two reasons. First, it is possible
state ownership has differential effects on productivity depending on the time horizon. If
a state struggles to manage newly acquired enterprises in the short run, productivity may
be negative in the years immediately following a takeover. But, if a state overcomes these
challenges, productivity may return to or even exceed pre takeover levels in the long run.
These two effects could offset each other leading to an insignificant average effect. One could
also imagine the opposite scenario.

Second and more importantly, firms can anticipate ownership changes and react to them
before a takeover (Brown, Earle and Telegdy 2006). The Government of India could not
time takeovers but companies could anticipate the takeover and respond in the preceding
years. Anticipation effects complicate the interpretation of state ownership. If firms begin
responding to a potential takeover 2 to 3 years prior to the actual takeover, then we may

want to compare the TFP under state ownership to TFP some years prior to takeover.

“For example, Ramamurti (1997) estimates that labor productivity increased by 370% following the
privatization of Argentine railways in the early 1990s.
15These results are available upon request.
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To test for dynamics, figure 4 plots the coefficients on state ownership interacted with
-3, -2, -1 years before takeover and 1, 2 and 3 years after takeover. These coefficients are
from the loaded regression, which includes railway FE, year FE and railway specific trends.
We focus on the three year before and after window because we observe all the switching
railways in this period and so our panel is balanced. The coefficients are all insignificant as
seen by the wide confidence intervals. TFP did not change significantly in the years before
and after a state takeover. It hovers around zero, increasing slightly in the years up to
takeover and then decreasing slightly in the years after.

Table 3 presents results on such dynamics creating bins for the three years before
takeover, for the year of takeover plus the next two years, and a final bin for years 3 or
more after takeover. We find no significant difference between the short run and long run
effects of state ownership. For example, in the case of TFP-LP the coefficients are small
and insignificant in both cases. The coefficients on the three year window before takeover
are also insignificant for the most part. There is a mild anticipation effect for TFP-IN but
this does not change the findings on state ownership post takeover. Broadly, these results
suggest state ownership did not have differential effects in the short run and anticipation
effects are not driving the findings.

There may be some concern that we are not picking up any anticipation effects because
they were relevant for only a few firms. Based on the institutional history, we believe only
certain firms could have anticipated state takeovers with a reasonable amount of certainty.
The East Indian was the first company acquired by the Government of India in 1879 and
a lot of uncertainty surrounded this takeover (Huddleston 1906). Firms such as Eastern
Bengal, Sind, Punjab and Delhi, Oudh and Rohilkhand, and South Indian were in the next
set of takeovers in 1880s shortly after the East Indian. Similar to the East Indian, it was
still unclear if the Government was going to takeover these companies or adopt an alternate
policy. However, after these takeovers in the 1880s, the last three firms associated with
the 1869 deal with the Secretary of State were less uncertain about their future when their
contracts came due in the 1900s. We would expect anticipation effects to be most relevant
for this group of firms because their probability of takeover was high given the Government’s
past behavior.

To test whether anticipation effects were indeed larger for the Great Indian Peninsula
, Madras, and Bombay, Baroda & Central India Railway, we interact a dummy for these
three systems with the same before and after bins as in table 3. We find no evidence of a

significant differential anticipation effect for these firms in the three years before takeover
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(see table 4).16 Moreover, there are no differential effects of state ownership on TFP for this
group. There is one interesting difference between railway systems taken-over in the 1870s
and 1880s versus those taken-over in the 1900s. In the former, capital productivity declines
substantially in the first three years after takeover, but for the latter capital productivity
does not decline and even shows a positive trend (albeit insignificant). It is possible that
there was some learning in which early takeovers disrupted operations much more than later

ones. The following section, explores operational changes in more detail.

6.2 Investment, Capital-Labor Ratio and Fares

We explore the effects of state ownership on other indicators of railway operations in this
sub-section. One explanation for why state ownership of Indian railways did not negatively
influence productivity is perhaps because Government actions under state ownership were
similar to those under private ownership. To assess this conjecture, we test whether the
change to state ownership changed investment decisions, the mix of capital to labor, and
average fares to transport passengers and freight.

Panel A in table 5 presents the results on the long run effects of state ownership for both
the solo and joint panels. In the solo panel of railways, we find investment increased on
average under state ownership. This increase is driven by key mergers that occurred in the
years immediately following state takeovers. We find no significant effect of state ownership
on investment in the joint panel, which accounts for mergers by joining the information of
pre-merged lines in the years before they merge. Interestingly, the increase in scale that we
observe in the solo panel after state takeovers does not contribute to higher TFP because
Indian railways did not exhibit economies of scale in this period (Bogart and Chaudhary
2013) accounting for the similar results on TFP across the solo and joint panels. Thus, the
Government of India increased investment via mergers under state ownership but this did
not negatively influence productivity.

Specifications 3 and 4 focus on the capital-labor ratio. Here we observe a large, positive
and significant effect of state ownership in both panels. Under Government ownership,
capital-labor ratios increased by 10 percent in the joint panel. This effect is not driven by
anticipation effects as seen in the dynamic specifications (panel B) and is not a short run
phenomenon. The coefficient on state ownership 3 or more years after takeover is large and

statistically significant (specification 4). We know from earlier work (Bogart and Chaudhary

16There is weak evidence for an absolute anticipation effect for GIPR, Madras and BB&CI railways in
the solo panel. The sum of the dummy variables for state ownership and the interaction with deal of 1869
railways is negative and marginally significant at the 10 percent level but only in the three years prior to
takeover.
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2012) that labor conditional on fixed inputs (miles, locomotives and vehicles) declined under
state ownership in India. These findings on the capital-labor ratio match those results.

It may come as a surprise to many readers that the growth rate of capital outpaced the
growth rate of labor under Government ownership. Many privatization studies find that
capital-labor ratios increase under private ownership contrary to our results here (see the
review by Guriev and Megginson 2007). But, as noted in previous sections, the Government
of India represented the interests of a colonial state and was not accountable to the Indian
population. Similar to private firms, the state could hire and fire labor without political
repercussions at least in our period of study. This may account for why the Government
chose not to increase labor relative to capital unlike recent states that are often beholden
to labor unions for political power. The larger conclusion is Indian railways under state
ownership did not function exactly as under private ownership, but this change in the
capital-labor mix had no detrimental effect on TFP.

Specifications 5 to 8 test the effects of ownership on average passenger and freight fares.
Similar to the findings on productivity, we find no significant change in fares following the
transition to state ownership. The coefficients on state ownership, especially in the joint
panel, are small in magnitude and statistically insignificant. Accounting for anticipation ef-
fects or dynamics in panel B does not change the picture. The contracts with the guaranteed
companies stipulated that firms could set fares only within Government approved minimum
and maximum guidelines. It may well be the case that such guidelines forced companies to
charge fares similar to what the Government would have charged. The qualitative literature
suggests average fares in India were higher than in other parts of the world (Sweeney 2011),
but there is no discussion of whether fares under Government ownership were different than
under private. Overall, the findings from table 5 suggest the Indian state made no changes in
certain areas such as fares (perhaps because fares under private ownership already reflected
state objectives), but did introduce changes in other areas such as the balance of capital to
labor without any effect on TFP. States can achieve the same productivity as private firms

without necessarily following the same blue print.

7 Conclusion

The appropriate ownership structure, private or state, of strategic sectors has long been
debated in economics. A key concern in the theoretical literature with state ownership is
the potential negative effect on productive efficiency. However, the literature has found it

challenging to empirically identify the effects of ownership on productivity. In this paper,
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we use history to examine a context where identification is more robust. Our results show
there was no negative effect of Government of India ownership on railway TFP, or capital
and labor productivity. Government ownership increased the operating scale of railway
systems and contributed to a more capital intensive operation of railways, but neither of
these changes had any negative effects on TFP.

The results are surprising considering the standard models of public and private owner-
ship. But, as we have argued, the Indian railway context was far from standard. Private
railways in India were regulated and subsidized through guarantees. The high-powered in-
centives often associated with private ownership were weakened in India. If one focuses on
infrastructure, then the Indian model of private ownership is not that exceptional. In the
historical railway era and today, it is common for private infrastructure firms to be insured
against demand risk through guarantee-like arrangements. In such settings, private own-
ership is perhaps less productive than in say manufacturing where firms are not as often
compensated with state guarantees or subsidies.

The particular characteristics of the Government of India are also fundamental to un-
derstanding our results. The Government had strong fiscal incentives to maintain the pro-
ductivity of railways and their colonial authority allowed them to enact changes similar to
private companies. Also the Government was not encumbered by constituent demands for
high employment and redundant services. Although it is certainly not a model for devel-
opment, the Government’s structure was not inconsistent with a productive operation of
state-owned railways. A broader lesson is that the efficacy of state ownership often depends
on institutions. Under some conditions state owned firms can operate like private firms and

create similar incentive structures for employees.
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Figure 1: Map of India, 1870
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Figure 2: TFP Industry Index, 1874-1912 (1874=100)
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Figure 3: Mileage by Ownership, 1874-1912
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Figure 4: Dynamics of TFP-LP for Switchers 3 years Pre and Post State Takeover
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Table 1: Summary Statistics (Joint Panel 1874-1912)

Variable Obs Mean  Std. Dev  Min Max
(logs)

TFP (IN) 637 4.49 0.35 3.10 5.36
TFP (LP) 637 8.35 0.24 6.87 9.07
Labor Prod. 637 9.66 0.40 7.41 10.64
Capital Prod. 637 0.64 0.43 -1.44 1.60
Fuel Prod. 637 8.29 0.26 6.77 9.30
Capital/Labor 637 9.02 0.32 7.63 10.61
Investment /Million Rup. 619 5.71 10.67 -36.83 137.45
Avg. Passenger Fare (pies) 545 2.51 0.45 1.54 8.07
Avg. Freight Fare (pies) 545 7.30 2.44 3.08 20.17
State Ownership 637 71.74%  45.06%  0.00% 100.00%
Fraction State Ownership 637 50.57%  42.92%  0.00% 100.00%

Source: See text for details.

The fare data are reported only from 1880-1912.
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