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Abstract 

Indian railways experienced exceptional growth in comparison to the Indian economy before 

World War I. This paper presents new estimates of total factor productivity (TFP) in the Indian 

railway sector using railway-level data on outputs and inputs. It finds that TFP growth averaged 

between 1.5 and 2 percent per year from 1874 to 1912. Most of the TFP growth was due to 

technical change rather than greater scale. The results have several implications. First, TFP 

growth in Indian railways was comparable or better than some of the richest economies in the 

world. Second, TFP growth and investment in Indian railways accounted for 17 percent of 

Indian GDP per capita growth from 1874 to 1912. The growth effects of railways were larger in 

India than most other countries. 
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1. Introduction 

India fell behind the richest economies in the world during the first era of globalization. 

Angus Maddison‘s (2003) income per capita estimates suggest that Indian G.D.P. per capita 

decreased from 18 percent of the US or UK level to 14 percent by 1912. Similar conclusions 

emerge from Heston (1983) or Sivasubramonian‘s (2000) findings of slow Indian income per 

capita growth before 1913. Despite a broader narrative of decline, some scholars have noted a 

bright spot in the Indian economy: the service sector. According to Broadberry and Gupta 

(2010) Indian labor productivity in services began to increase relative to the UK between 1883 

and 1910. They argue that service-led growth in India has its roots in the late nineteenth 

century.  

There is a similar narrative of ‗high‘ productivity growth in Indian railways. Christensen 

(1981) and Hurd (1983, 2007) estimate that labor and capital productivity nearly doubled from 

the late 1870s to the early 1910s. Some scholars have gone further in arguing that railways were 

an ‗engine of change‘ in the Indian economy and society (Kerr 2007). A recent contribution by 

Donaldson (2010) argues that railways increased Indian G.D.P. by 9.7 percent.    

Current estimates on the productivity growth of Indian railways may be surprising 

considering the poor overall performance of the colonial Indian economy. India lagged behind 

in terms of human capital development, registering a literacy rate below 10 percent in 1901 

(Chaudhary 2009). Was the colonial Indian economy capable of generating high productivity 

growth in a technologically sophisticated sector like railways? If so, what were the sources of 

high productivity growth? 

This paper re-examines the productivity performance of Indian railways before 1912. It 

presents the first estimates of railway-level total factor productivity (TFP) starting in 1874. The 
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paper draws on a new data set of outputs and inputs for 32 railway systems. The sample covers 

all of the principal broad gauge (5‘6) and meter gauge (3‘3) railways, which account for more 

than 95 percent of total output in the Indian railway sector. The data are drawn from 

Administration Reports on the Railways in India, published annually from 1882, and the Report 

to the Secretary of State for India in Council on Railways in India, published annually from 

1860 to 1881.  

Total factor productivity is defined as the difference between the weighted sum of 

outputs and inputs. Ton miles and passenger miles are combined into a single output variable 

using revenue shares or cost elasticity weights. Inputs weights are estimated using parametric 

approaches that allow for economies of scale. The baseline specification is a Cobb Douglas 

production function with the log number of track miles, vehicles, engines, employees, and fuel 

as inputs. Railway-system and year fixed effects are included to address unobserved 

heterogeneity.  

The baseline results show that TFP growth was rapid in the Indian railway sector. TFP 

increased by 76 percent from 1874 to 1912 averaging 1.5 percent per year. The decade of the 

1900s had the highest rate of TFP growth averaging 2.3 percent. Most of the TFP growth on 

Indian railways was due to technical change rather than greater scale in operations. Non-

constant returns account for at most one-fifth of the total increase. 

TFP estimates from the baseline Cobb Douglas model are compared with other 

specifications to establish robustness. Most indicate that TFP growth on Indian railways was 

higher than 1.5 percent per year. Index number approaches, commonly used in the literature, 

yield an annual average TFP growth rate of 2 percent. Estimates based on the Levinson and 

Petrin approach (2003)—which corrects for endogeneity using intermediate inputs—also 
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implies a higher TFP growth rate. Overall the results show that TFP growth averaged between 

1.5 and 2.1 percent per year.  

Our results have several implications. First, they speak to the aggregate impact of 

railways in colonial India. Calculations based on Crafts (2004) new growth accounting equation 

suggest that TFP growth on Indian railways contributed between 0.05 and 0.06 percent per year 

to G.D.P. capita from 1874 to 1912. Including additions to the aggregate capital stock raises the 

total contribution of railways to around 0.1 percent per year or 17 to 18 percent of the total 

increase in G.D.P. per capita. Some of the gains from capital accumulation were appropriated 

by British owners, but even so railways were an ‗engine of growth‘ in India. 

The results also show that Indian railway TFP growth was comparable to or higher than 

some of the richest economies in the world from 1870 to 1913. TFP growth on British railways 

was below that of Indian railways, averaging less than 1 percent per year (Crafts, Mills, and 

Mulatu 2007). Spanish railways had a similar TFP growth rate according to Herranz Loncan‘s 

(2006) estimates. The US had a higher average rate of TFP growth if we use our baseline 

estimates for India, but if we use the same index number method adopted by Fishlow (1966) 

then TFP growth is similar in India and the US. Even more surprisingly, we show that Indian 

railways had a similar level of TFP as US railways around 1913.  

The strong relative performance of Indian railways was due in part to their large scale. 

Many Indian railway systems more than doubled in terms of mileage, employment and vehicles 

from the 1870s to the 1910s. The average Indian railway system grew to be about two-thirds the 

size of the average US railway company in 1912. But, our production function estimates 

indicate that scale economies were modest in terms of their magnitude. In fact, we cannot reject 

constant returns to scale at the 10 percent confidence level.  
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Technology adoption appears to be a more important source of TFP growth in Indian 

railways.  There were a number of innovations in the railway sector in the late nineteenth 

century including, automatic vacuum brakes and electrical lighting for vehicles and 

locomotives. Before 1900 India was a laggard in terms of its adoption, but in the 1900s most 

railway systems began to use best practice technologies. Not coincidentally the period with the 

most rapid TFP growth was the decade of 1900s when technology adoption rates were highest.  

Indian railways were more receptive to new technologies than other Indian sectors like 

textiles. We conjecture that technological adoption was greater because railways had a large 

foreign ownership and managerial presence. Railways also hired a greater proportion of workers 

with secondary school education—one area where India was more advanced given its income 

level (Chaudhary 2009, Broadberry and Gupta 2010).  

Lastly, we note that the era of high TFP growth—the 1900s—coincided with majority 

state ownership. The colonial Government of India came to own more than 90 percent of the 

railway network, vehicles, and engines through a process of takeovers and Government railway 

construction.  Colonial government ownership did not undermine TFP growth, at least not 

before World War I when the political environment began to change (Bogart and Chaudhary 

2010).   

The findings contribute to the literature in several ways. First, previous research on 

Indian railways has documented their transformative effects on prices, market integration and 

agricultural surplus (McAlpin 1974, Hurd 1975, Adams and West 1979, Andrabi, and 

Kuehlwein 2009, Donaldson 2010), but less is known about the evolution of productivity. 

Previous studies, like Christensen (1981), use aggregate data to draw inferences about 

productivity. Hurd (2007) uses micro-data to study productivity, but does not consider all factor 
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inputs like fuel. This paper is the first to provide an assessment of TFP using micro-level data. It 

also offers a new estimate of railways‘ contribution to G.D.P. per capita growth.  

Second, the paper contributes to the comparative literature on railway performance. A 

number of studies examine railway TFP or inefficiency at the national level (see Crafts, Mills, 

and Mulatu 2007, Crafts, Leunig, and Mulatu 2008, Herranz Locain 2006, Bogart 2010). Our 

work adds the Indian case to the set of international comparisons. Surprisingly it shows that 

Indian railways were quite advanced.  

Third, to our knowledge, this is the first paper that estimates a production function using 

railway-level data before 1913. There is a large literature estimating production and cost 

functions for railways starting in the 1950s (see Oum, Waters, and Yu 1999 for survey). 

Estimation addresses key issues including the magnitude of economies of scale. We employ 

several approaches including different specifications and techniques for addressing endogeneity.  

Our evidence of modest economies of scale has implications for research on railway systems 

around the world.  

  

2. Background on Indian Railways 

Indian railways are a fascinating case in many respects. During British colonial rule, India 

developed the fourth largest rail network in the world, measured at 34,656 miles in 1913. The 

Indian rail network was of similar or greater size than other ‗BRIC‘ countries. Russia had 

41,582 rail miles, Brazil had 10,821 miles, and China had 5529 miles. The United States had the 

largest rail network in the world by far with just above 250,000 miles in 1913.  

The first Indian railways were built in the 1850s and 60s. Ten private companies 

incorporated in Britain constructed and managed the early broad gauge (5 feet 6 inches) lines. 
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They were organized as joint stock companies through concession contracts entered into with 

the Secretary of State. The contracts stipulated that the Government of India would guarantee a 

return on the share capital of 5 percent. The contracts also gave the Government and the 

Secretary of State the option to buy-out of shareholders at 25 and 50 year intervals from the date 

of the original contract.  

Starting in the late 1870s the Government of India began to exercise its buy-out option. 

Over a thirty-year period all the original privately owned railway lines became Government of 

India owned.  Many of these railways continued to be operated by the same private companies 

that built them. The Government typically owned 70 to 80 percent of the capital and the profits 

were split between the Government and shareholders accordingly. Under Government 

ownership the trunk-line railway systems became large in terms of network size, employment, 

and output. The most famous railway company was the East Indian. Its lines were taken over by 

the Government in 1879, but a smaller group of company directors and managers continued to 

operate a large network to the 1920s.  

The Government of India also constructed several new railway lines after 1870. Many broke 

from the broad gauge to a smaller meter gauge (3 feet 3 inches). Government constructed lines 

began as independent systems, operated by the Government or newly created companies.  Some 

continued to operate and increase in scale; others were absorbed into larger systems via mergers 

arranged by the Government.  

By 1912 there were eighteen major railway systems operating in India. Three of these—the 

Great Indian Peninsula, the East Indian, and the Northwestern—produced more than half of all 

services and earned nearly half of all revenues. To a great extent, the productivity of Indian 

railway sector was determined by the productivity of these three systems.    
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3. Data 

As part of a larger project, we create a new data set of Indian railway systems from 1874 

to 1912 using Administration Reports on the Railways in India and the Report to the Secretary 

of State for India in Council on Railways in India. The Report to the Secretary is less detailed 

compared to the Administration Reports, but we were able to obtain information on ton miles 

(i.e. the number of tons carried one mile), passenger miles, track miles, locomotives, vehicles, 

fuel, labor, and the value of capital. Our data are extracted primarily from the tables titled 

―General Results of Working of the Principal Indian Railways‖ reported annually before 1900 

and for each half year after 1900. For the post-1900 variables, we either aggregate or average 

the variables over the two half years to construct an annual observation.   

We have information on all broad and meter gauge railway systems in every year from 

1874 to 1912. Nine railways were operating in 1874 and continued to operate until 1912. Nine 

railways began operations after 1874 and continued to operate until 1912. Fourteen railways 

began operations after 1874 but ceased to operate by 1912 because they merged with other 

railway systems. In total we analyze 32 railway systems over a 38 year period.  Table 1 lists 

each railway in the sample, including its gauge, entry, and exit date. 

There are a handful of additional lines that we do not analyze as independent systems 

because of a reporting change in 1900. The pre-1900 reports provide data on the ―principal 

standard and metre gauge lines‖ but after 1900 they report data on the ―principal railway 

system‖ aggregating the main company or Government operated line with any other secondary 

lines worked by the same company or Government.
 1
 Although the pre-1900 reports 

                                           
1
 To illustrate the problem, consider the case of the East Indian Railways. In the 1880s and 1890s, the East Indian 

managed the operations (i.e. working) of three private assisted company lines (Tarakessur from 1885, Delhi-
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occasionally include secondary lines with primary lines, data on secondary lines are reported 

separately in many cases. We address the pre and post 1900 difference by creating a consistent 

series of the ―principal railway systems.‖ We merge the information on secondary lines to the 

primary system managing their operation. A detailed appendix is available upon request, which 

describes the principal railway systems and the included assisted lines. 

Ton miles and passenger miles are the output variables for the productivity analysis. Ton 

miles are reported for each railway in the Report to the Secretary starting in the 1870s. 

Passenger miles are available for privately owned railways starting in 1874. However, total 

passengers are only reported for state owned railways from 1874 to 1879. We construct 

passenger miles for each state owned railway between 1874 and 1879 by multiplying total 

passengers and the average trip length in 1880. 

It is necessary to create a single output variable for the TFP analysis. The convention is to 

use a weighted average of ton miles and passenger miles. Following Caves, Christensen, and 

Swanson (1980) we define the weights using the cost elasticity of ton miles and passenger 

miles. Drawing on cost elasticity estimates from a previous study (Bogart and Chaudhary 2011), 

we assign a weight of 0.56 to ton miles and a weight of 0.44 to ton miles. As a robustness check 

we alternatively define the weights using the revenue shares for each railway in each year. The 

results are similar because ton miles account for close to 60 percent of all revenues. 

We construct annual series for fuel, labor, and capital inputs as well. Labor is measured 

by the number of railway employees (also known as railway servants in the Administrative 

Reports). Data on employees are disaggregated into Europeans, Anglo-Indians, and Native 

Indians with Native Indians representing over 95 percent of the total on average. In most 

                                                                                                                                     
Umballa-Kalka from 1891 and South Behar from 1899). Data on the latter are reported separately before 1900, but 

beginning in 1900 East Indian is reported as one system including state lines and assisted company lines. 
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specifications we use the total number of employees. Disaggregation by race does not affect the 

TFP results.  

Data on the consumption of fuel starts in 1874. Indian railways used wood, coal, or both 

as a fuel source. The distinction is significant because coal generated more BTUs per ton than 

wood. The data identify tons of wood and coal consumed on each railway system from 1874 to 

1881 and from 1897 to 1912.  From 1882 to 1896 only the total fuel in tons is reported. In the 

intermediate period, we interpolate the number of tons of wood and coal consumed using the 

shares of each fuel type in 1881 and 1897 as well as the total amount of fuel consumed. For 

example, if wood represented 60 percent of fuel in 1881 and 40 percent of fuel in 1897 then at 

the mid-point, 1889, wood tons are assigned 50 percent of total fuel and coal the remainder. 

Several railways consumed only coal and so to avoid having zero-values we combine wood and 

coal into a single BTU measure. Secondary sources indicate that one pound of coal yielded 13 

BTU and one pound of wood yielded 5.8 BTU (White 1980). A similar figure was used by 

Indian railway authorities. We use the 13/5.8 weights to combine tons of coal and wood. 

Capital inputs are measured in two general ways. The first approach uses the number of 

track miles, number of locomotive engines, and the number of vehicles (i.e. wagons and 

carriages) as the three main capital inputs. Railway tracks differed in terms of gauge. In our 

baseline model we do not adjust for track gauge and instead we rely on railway fixed effects to 

address this form of heterogeneity. Fortunately in this case, most railway systems were either 

broad gauge or meter gauge throughout their history.  

In comparing the number of engines or vehicles there are similar quality issues which 

could bias our estimates. We have information on the number of engines and vehicles fitted 

with various technologies, like automatic vacuum brakes, but we did not adjust for these in our 
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baseline model. We feel that without more information there are too many quality dimensions 

upon which to make a proper adjustment.  

The second approach to measuring capital uses data on capital outlay for each railway. 

Capital outlay is measured in pounds sterling before 1884 and in rupees afterwards. The final 

series is converted into rupees using the official exchange rate between the pound and rupee.
2
 

Capital outlay includes payments for land, ballast, wood, and iron used in the formation of the 

permanent way, stations and buildings, the rolling stock, and host of other items up to the end of 

each year. Regulatory officials in the Government deducted the value of locomotives and 

vehicles from capital outlay when removed from service. We make no further adjustments for 

depreciation because we did not want double-count existing depreciation of the officials.
 
 

Capital outlay has the advantage of being an all-inclusive measure of capital. It also 

incorporates quality improvements to the extent they are reflected in prices paid for engines and 

vehicles. The downside is that using a single capital variable in the TFP analysis implicitly 

assumes there is a common elasticity across all forms capital. As we shall see later, the marginal 

product of vehicles was greater than track miles or engines. Therefore the baseline analysis uses 

track miles, engines, and vehicles as separate measures of capital.    

Table 2 reports summary statistics for each of the variables. The average railway 

produced 297 million ton miles and 332 million passenger miles. Naturally there was great 

variation across railways and over time. The largest observation for ton miles is 5470 million 

(corresponding to the East Indian railway in 1912) and the smallest is 400,000 (the Muttra 

Hathras railway in 1879).  

The weighted average of ton miles and passenger miles was 312 million using the cost 

                                           
2
 Unfortunately there is not a good a capital price series to deflate the nominal capital outlay, but when we use a 

deflator based on the consumer price index the results are unchanged.  
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elasticity weights and 320 million using the revenue weights. Note that it will not affect our 

analysis if we use a weighted sum of ton miles and passenger miles as long as the weights are 

proportional to our cost-based or revenue-based shares.  

In terms of inputs, the average Indian railway had just under 16,000 employees, 

consumed 1146 BTU of fuel, had 963 miles of track, 211 locomotive engines, and 4737 

vehicles. The average capital outlay was 130 million rupees or a little more than 8 million 

pounds sterling using exchange rates in the early 1900s.        

Figure 1 provides an initial view of the trends by plotting partial productivity measures.  

Each series: output per employee (Y_lab), output per track mile (Y_mi), output per engine 

(Y_eng), output per vehicle (Y_veh), and output per BTU (Y_fuel) are constructed as a 

weighted average across railways with output shares serving as the weights. Output per 

employee, per engine, per track mile, and per vehicle all show a similar trend. Output per track 

mile and per engine grew the most, averaging 2.5 percent per year. Output per employee and 

vehicle grew slightly less, averaging 2.1 and 1.7 percent per year. The one outlier is output per 

BTU. Fuel productivity grew like other inputs up to the late 1890s before decreasing 

significantly. Fuel productivity was just above its 1874 level in 1912.
3
 Outside of fuel, the 

partial productivity measures strongly suggest that TFP increased on Indian railways. The 

magnitude of TFP growth will depend on the elasticity associated with each input, specifically 

the relative weight assigned to capital and labor versus fuel. The following section outlines the 

methodology for estimating TFP.  

 

                                           
3
 The decline in fuel productivity could be driven by many factors. It was not, however, associated with a shift away 

from coal. On the average railway 79 percent of fuel consumption came from coal in the 1880s compared to 90 in 

the 1900s. The most likely explanation is that Indian railways operated their engines more intensively, perhaps 

running them more frequently. Later we will discuss these and other patterns. 



12 

 

4. Methodology for Estimating TFP 

4.1. Defining TFP 

There are several definitions of total factor productivity (TFP) in the literature. The 

standard one defines TFP as the difference between output and a weighted average of inputs 

assuming constant returns to scale. Here we use a modified approach that does not impose 

economies of scale. But, our approach requires a parametric assumption regarding the 

production function. We begin by considering the Cobb Douglas:  

mkl MKALY


          (1) 

where Y is output, L is labor, K is capital, and M is fuel. The three terms l , k , and m  are 

the output elasticity with respect to labor, capital, and fuel respectively.
4
 The term A reflects 

technical efficiency. Higher technical efficiency yields additional output holding all the inputs 

constant. If there are economies of scale, in which the sum of l , k , and m  is greater than 

one, then higher inputs yield a higher output by a proportion greater than one.  

Taking the natural log of (1) and rearranging terms yields the following expression for the 

natural log of TFP as the sum of the natural log of technical efficiency and a term for non-

constant returns to scale: 

   mkl
r

ymkl
r

ATFP mklmkl  
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1lnln    (2). 

Lower case letters correspond to natural logs.  The degree of scale economies is measured by 

mklr   .  Notice that if 1r and there is constant returns to scale, then (2) simplifies to 

the standard measure of log TFP in the Cobb Douglas model:  mklyTFP mkl  ln .   

                                           
4
 The Cobb Douglas model introduces several assumptions including a constant degree of scale economies and a 

unitary elasticity of substitution between inputs. In railways these assumptions may be too restrictive and the usual 



13 

 

The expression for annual TFP growth naturally follows by adding a time component t 

and taking first differences over one year (i.e. 1 tt yyy ).  

 mkl
r

yTFP mkl 







 

1
ln       (3). 

The contribution of non constant returns to scale (NCRS) to TFP growth is given by:  

 mkl
r

NCRS mkl 







 

1
1        (4). 

Growth due to technical change is identified by taking the difference between TFP growth and 

NCRS. 

4.2 Estimation 

The goal in the estimation is to obtain unbiased estimates for the elasticity of labor, capital, and 

fuel (i.e. l , k , and m  in the Cobb Douglas model).  Ordinary least squares is known to 

produce biased estimates because input choices depend on technical efficiency which is 

included in the error term (Griliches and Mareisse 1998). Several alternatives have been 

proposed. The most straightforward is to introduce fixed effects when panel data is available. 

Following this approach the estimating equation in our Cobb Douglas baseline model is the 

following: 

ittiitmitkitlit mkly          (5) 

where ity  is the natural log of output for railway system i in year t, itl  is the log of railway 

employees, itk  includes the log of track miles, engines, and vehicles, itm  includes the log of 

                                                                                                                                     
alternative is the translog production function. We examine the translog but found that it produced implausibly large 

TFP growth, so we did not examine this model. 
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BTU, i  is a railway system fixed effect, t  is a year fixed effect, and it  is the error term.  

 The fixed effects (FE) model allows for a correlation between inputs and the fixed 

effects, but it assumes independence between inputs and the error term. In other words, the 

effects of time varying unobserved productivity shocks are not accounted for. Several solutions 

to this problem have been proposed in the literature. The Levinsohn and Petrin (2003) approach 

is the most appropriate for our data.
5
 Levinsohn and Petrin (LP) use intermediate inputs as a 

proxy for unobserved productivity shocks. Their approach applies to our setting because fuel is 

a typical intermediate input and should respond to productivity. The LP model requires a single 

capital input and thus we implement their procedure using capital outlay as the single measure 

of capital.  

 The fixed effects and the LP models yield estimates for the elasticity of labor, capital, 

and fuel. The next step is to calculate TFP for each railway system. Let l̂ , k̂ , and m̂  be 

estimates for the Cobb Douglas model and let r


be the estimate for scale economies. TFP for 

railway i in year t is given by the following equation:   

)ˆˆˆ(
1

ln itfitkitlitit mkl
r

yTFP  







        (6) 

Railway economists often distinguish between economies of density and economies of 

scale. Economies of density capture the effect on output of increasing all inputs while holding 

network size fixed. Graham et. al. (2003) propose a measure for economies of density equal to 

the sum of the elasticity for labor, fuel, vehicles, and engines. If the sum is greater than one 

                                           
5
 The Olley and Pakes method is not appropriate to our setting because investment data is lacking.  The Arellano and 

Bond is ideal for small T, large N samples, where as ours is a large T, large N sample. 
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then there are economies of density. Economies of scale are present if the sum of all 

elasticities—including track miles—exceeds one. Thus in their framework it is possible to have 

economies of scale, but not density.   

4.2. Index Number Method 

The Index number method provides an alternative approach to calculating TFP. It assumes 

constant returns to scale and relies on input cost shares to approximate the elasticities. There is 

an onging debate in the productivity literature on whether index number methods are inferior to 

estimation methods (see Van Biesebroeck 2008). We believe that parametric estimation is 

likely to produce a more accurate assessment of TFP in our case in large part because we lack 

good data on the share of income paid to labor versus fuel. Nevertheless, we report Index 

number estimates since they are common in the historical literature on railways and are widely 

understood.  Plugging the factor shares into a modified version of equation (2) yields another 

estimate of the log of TFP for railway i in year t 

ititititit msharefuelkalsharecapitlsharelaboryTFP  )()()(ln   (7). 

 The Administrative Reports indicate that working expenses equaled 45 percent of total 

revenues on average from 1882 to 1912, with the implication that 55 percent of revenues were 

paid to the owners of capital (i.e. British investors and the GOI).
6
  Unfortunately there is no 

information in the Administrative Reports indicating what proportion of the remaining 45 

percent of revenues went to labor and to fuel. Derbyshire (2007) reports that the wage bill for 

the East Indian railway accounted for approximately two-thirds of working expenses in the 

                                           
6
 The administrative reports also show that on average the track miles made up 85 percent of the total capital value, 

vehicles made up 10 percent of the capital value, and locomotives 5 percent.  These figures imply a share of 0.468 

for mileage, 0.055 for vehicles, and 0.027 for locomotives. 



16 

 

1860s. Lacking other information, we assume the two-thirds figure applies to all railways in all 

years, which implies a total revenue share for labor of 0.30 and 0.15 for fuel.  

The shares for capital, labor, and fuel are in line with other studies. For 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 US railroads. The Indian shares are a bit lower for labor, as might be 

expected given lower wages in India. 

4.3. Aggregate TFP 

The final step is to calculate an aggregate sector-level measure of TFP in railways. The 

log of aggregate TFP is calculated as the output weighted average of individual railway TFP. 

Let  it  be the share in total output for railway i in year t and let N be the number of railways. 

The natural log of aggregate TFP in year t is given by the formula: 





N

i

ititt TFPTFP
1

lnln         (8). 

5. Results 

5.1. Baseline TFP Estimates 

Our baseline model calculates TFP using estimates from equation (6): a Cobb Douglass 

production function augmented by railway and year fixed effects. Table 3 reports the 

coefficient estimates. All input coefficients except engines have a positive sign and are 

statistically different from zero at the 10 percent significance level or below. Vehicles have the 

highest estimated output elasticity followed by fuel, miles, and labor.  The elasticity of engines 

is indistinguishable from zero. Adding all the coefficients yields an estimate for scale 
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economies of 1.11, but the hypothesis of constant returns to scale cannot be rejected at a 

significance level below 10 percent. Still the magnitude of scale economies (r=1.1) is non-

trivial and so we continue to consider the effects of non-constant returns on TFP.  

Turning to the TFP estimates, Table 4 reports the average annual growth rate by sub-

period. TFP growth was moderately high in the 1870s and 1880s ranging between 1.44 and 

1.64 percent.  TFP growth slowed greatly in the 1890s and was approximately zero. The 1900s 

and early 1910s witnessed a reversal in TFP growth with an average annual rate above 2.5 

percent. Over the entire 38 year period leading up to World War I, the Indian railway sector 

experienced a fairly rapid increase in TFP with an average growth rate of 1.5 percent.  

Figure 2 shows our baseline TFP index in each year. In the late 1870s TFP was volatile, 

increasing by 17 percent in 1877 and then decreasing by 15 percent in 1878. The tremendous 

fluctuations were linked with the Great Indian famine, which killed over 10 million between 

1876 and 1878.  Famine deaths were particularly severe in 1877. Railways were involved in 

moving grains between regions and thus their output was extraordinary in 1877.  

TFP growth was particularly high from 1903 to 1907 and from 1909 to 1912. The 1900s 

were a golden age for TFP growth on Indian railways. As we shall see later, it was a period of 

rapid technological adoption.   

The effects of scale on aggregate TFP are quantified by weighting the contribution of 

non constant returns to scale (NCRS) at the individual railway level. As with aggregate TFP, 

we use outputs shares to construct the weighed average.  The aggregate effect of scale depends 

on two factors: the magnitude of scale economies and the growth in scale of railways.  

The calculations reveal that the contribution of greater scale was relatively small when 
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compared to total TFP growth. Figure 3 compares the aggregate TFP index in the baseline 

model and aggregate NCRS index. NCRS increased aggregate TFP by 15 percent between 

1874 and 1912 with its greatest impact in the twelve year period from 1900 to 1912. Overall 

NCRS can account for 20 percent of all TFP growth from 1874 to 1912.
7
  

The modest contribution of greater scale has immediate implications. Many Indian 

railway systems more than doubled in terms of mileage, employment and vehicles from the 

1870s to the 1910s. Greater scale can be attributed to the large territorial area of British India. 

Indian railway systems spanned large tracts of land without crossing national borders. Internal 

borders associated with native states did not necessarily limit their size. The regulatory 

environment for railway consolidation was also favorable because the colonial Government 

actively promoted railway mergers. Although consolidation and internal growth were significant 

factors, they were not the most important drivers of TFP growth.  

The estimates also reject a large role for economies of density. The output elasticity for 

fuel, labor, vehicles, and engines combine to 0.854, which is less than one. By contrast, 

Graham et. al. (2003) find substantial economies of density for urban rail systems, exceeding 

1.3. Economies of density are also estimated to be large in the case of Spanish railways before 

1913 (Herranz Loncan 2006). The Indian case may be different because it was not a dense 

economy. In 1900 the urbanization rate in India was around 10 percent. The geographic pattern 

of economic growth was more extensive, rather than intensive in India during the early 

twentieth century (Roy 2010).  

 

                                           
7
 NCRS was most important on the smaller railway systems. For example, NCRS increased TFP by 6 percent on 

average for the three largest railways: the East Indian, the Great Indian Peninsula, and the Northwestern. On the 

smaller Jodhpur-Bikaner railway NCRS increased TFP by 9 percent. 
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5.2. Alternative TFP Estimates 

In this sub-section, we consider alternative TFP estimates to establish robustness. In general, the 

alternative methods yield higher average rates of TFP growth.  

 First we consider the differences if railway output is calculated using revenues shares as 

weights. Revenue shares are calculated at the railway system and year-level. On average, the 

share of revenue accruing to freight and passengers was fairly constant over time, with freight 

accounting for 60 percent. Average annual TFP growth is 1.53 percent using revenues shares as 

weights.  Thus the average rate of TFP growth is very similar to our baseline model which uses 

cost elasticity weights.  

 Second, we consider different measurement of capital. We estimate a similar production 

function to equation (4) after replacing track miles, vehicles, and engines with a single variable: 

the log of capital outlay. Capital outlay includes all types of capital investments and thus it has 

some advantages. Both the real and the nominal measure of capital outlay are employed. We 

also continue to include railway and year fixed effects.  

Table 5 reports the production function estimates with a single capital variable. There 

are several things to notice. First, there is little difference between the estimates with nominal 

capital values (column 1) and real capital values (column 2). Second, the combined elasticity of 

capital is slightly larger compared to the baseline model. Third, scale economies continue to be 

small and statistically indistinguishable from zero.  By implication non constant returns to scale 

(NCRS) will have a very small impact on TFP using the single capital estimates. 

 The models with a single capital input yield larger estimates of TFP growth. Figure 4 

plots the TFP index in the baseline model and the alternative TFP indices. The trends are 



20 

 

similar. TFP continues to be volatile in the 1870s and grows more rapidly in the 1900s. The 

main difference is the average rate of TFP growth. In the single capital models, the average 

annual rate of TFP growth is around 2.1 percent.   

The estimates are broadly similar if we use the Levinsohn and Petrin (LP) estimator to 

address endogeneity. Column (3) in table 5 reports the coefficient estimates for the production 

function in the LP model.
8
 The estimated elasticity is lower for capital and higher for fuel 

compared to the regular fixed effects models with a single input. Labor elasticity is about the 

same. Constant returns to scale cannot be rejected. The average annual rate of TFP growth using 

the LP estimator is 1.81 percent, slightly lower than the other single capital models but higher 

than our baseline model. The fluctuations in the TFP index are nearly identical.  Thus it appears 

that our TFP estimates are not affected by endogeneity.
9
  

As a final check we estimate TFP using Index Number Methods. First, we estimate TFP 

using input cost shares identified in the Indian data. We also estimate TFP using the cost shares 

that have been applied to British and US railways in related studies (Crafts, Mills, and Mulatu 

2007; Fishlow 1966). Figure 5 compares the alternative TFP indices with the baseline TFP 

index. The only substantive difference is the average rate of TFP growth. With the Indian input 

cost share weights, TFP grows at an average annual rate of 1.98 percent. With UK weights the 

rate is 2.24 percent and with US weights it is 2.07 percent. Thus the Index number methods 

imply a more rapid rate of TFP growth compared to the baseline model. 

                                           
8
 The LP approach requires only one capital input variable. We use nominal capital outlay. We also include railway 

and year fixed effects. 

9
 The LP model is a commonly used tool to address this problem. Other approaches like Olley and Pakes (1996) the 

Bond and Bundell (2001) could not be implemented in our setting because investment data is lacking and non-zero 

or because of our large T small N sample. We do not believe our results would be different if these models were 

applied. 
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Table 6 summarizes the average annual rate of TFP growth across the different methods. 

If one favors the Index number method or the production function specifications with a single 

capital input then the average rate of TFP growth was at least 1.8 percent and as much as 2.2 

percent. Our baseline model provides the most conservative estimate of TFP growth.  

   

6. The Sources of Railway TFP Growth 

The high rate of TFP growth on Indian railways is surprising. To our knowledge no other 

sector in the Indian economy registered a TFP growth rate anywhere close to 1.5 percent per 

year in the early twentieth century.  What was the source of TFP growth in Indian railways? The 

estimates suggest that greater scale can account for at most 20 percent of TFP growth between 

1874 and 1912. The other main candidate to explain TFP growth is ‗technical‘ change. As is 

usually the case, it is difficult to identify the sources of technical change. But, we can give some 

additional evidence on technology adoption and offer some hypotheses on what factors 

influenced it.   

The pre-world war I period was a golden age for technological innovation in the world-wide 

railway sector. The new technologies included automatic vacuum brakes, gas and electrical 

lighting for locomotives and vehicles, and inter-locking signal systems for railway stations 

among others. In 1900 Indian railways used few of these best practice technologies. One of the 

first comprehensive surveys of Indian railways, the Robertson Report (1903), noted that Indian 

railways were lagging behind other countries like the US, Canada, and Britain.   

By 1912 the situation had changed. Over the 1900s Indian railways increased their adoption 

of new technologies substantially. To illustrate, we calculate the adoption rate for automatic 

vacuum brakes, inter-locking brake systems, and lighting. In each case an average adoption rate 
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is calculated using output as the weights. Figure 6 shows the adoption rate for automatic 

vacuum brakes. In 1890, 11 percent of engines were fitted with vacuum breaks and 1 percent of 

vehicles were fitted. By 1912, 81 percent of locomotives were fitted with breaks and 47 percent 

of vehicles were fitted.  In the process the safety of Indian railways increased substantially. 

With automatic brakes the entire train could be brought to a halt quickly. Previously one worker 

had to be present on each engine and vehicle and concurrently pull the brake in order for the 

train to stop. Safety was also enhanced by inter-locking brake systems installed at stations. The 

average number of stations with interlocking systems went from 17 to 55 percent between 1902 

and 1912. 

 A similar, if less dramatic, change occurred in electrical and gas lighting. Figure 7 shows 

the proportion of rolling stock lighted with either technology. In 1900, 40 percent of the rolling 

stock was lighted by gas. It increased to over 70 percent by 1912. Electrical lighting was largely 

absent in the early 1900s. By 1912, 17 percent of the rolling stock was lighted by electricity. 

Needless to say it was quite uncomfortable for railway passengers to travel at night without 

lighting. Electrical lighting was superior to gas because it gave off less heat (Robertson 1903). 

Electrical lighting made some major inroads by 1912 although clearly it had not become 

dominant.  

Indian railways became more technologically sophisticated at the same time that TFP 

soared. Recall that TFP increased by more than 30 percent between 1900 and 1912. A linkage 

between higher TFP and a higher rate of technology adoption is plausible, but it is difficult to 

give precise estimates of the effects. Simple regressions of TFP on adoption rates are well 

known to suffer from endogeneity problems (Bartelsman and Doms 2000). In the absence of an 

instrument for technology adoption, no definitive relationships can be established.  
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The underlying source of technological sophistication in Indian railways is another difficult 

issue to unpack.  We believe that the high proportion of skilled workers in railways—relative to 

other sectors in the Indian economy—is likely to be one factor. We already noted that over 95 

percent of railway employees were native Indians and 3 percent were Anglo Indians. Anglo 

Indians were known to be highly skilled. They often lived in isolation from native Indians, 

building their own schools and churches (Kerr 2007). The relatively high share of Anglo Indians 

in the railway labor force suggests that workers more skilled in this sector. As another example, 

the East Indian railway company is believed to have located its largest locomotive workshop in 

Jamalpur because the local Indian population had a plentiful supply of skilled mechanics 

(Huddleston 1906, p. 240). It would appear that the East Indian Railway was able to recruit the 

best of the Indian labor force.  

How skilled was the best of the Indian labor force? Research has shown that India was 

ahead of most of other poor countries in terms of secondary school education in 1910 

(Chaudhary 2009). Railways probably drew more on this highly educated labor force than other 

sectors, which is one reason why the service sector performed better than manufacturing 

beginning in the late nineteenth century (Broadberry and Gupta 2010).    

Another potentially important factor was the substantial presence of British ownership and 

management. Originally most Indian railways were British owned and operated. Well over 90 

percent of the investors and all high-level management positions were staffed by the British. 

After Government takeovers many Indian railways continued to be operated by private British 

companies until the 1920s (Sanyal 1930). In many cases, like the East Indian, the core 

management was unchanged by the takeover. The colonial Government of India, which advised 

private railway operators, was also largely staffed by the British.   
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British involvement in railway ownership and management was more substantial than in 

most other Indian sectors. Arguably it helped Indian railways access British-made railway 

technologies at a lower cost. Evidence for this effect can be found in the rapid rate of 

technology adoption in the 1900s. Automatic vacuum brakes and inter-locking brake systems 

were all manufactured in Britain.  

We do recognize that there is a counter-argument to this view which suggests that British 

railway technologies were not appropriate for Indian railways. For example, the American-made 

Bogie wagon and passenger car was believed to be a technology that would greatly benefit 

Indian railways (Robertson 1903), but its penetration in India remained modest by 1912. More 

research is needed to understand the effect of British ownership and management, but a positive 

connection between TFP and foreign ownership in Indian railways is plausible.  

The high degree of state ownership is another factor potentially linked with TFP on Indian 

railways. We have shown elsewhere that Government of India ownership was associated with 

lower operating costs for Indian railways. Controlling for a variety of factors we find that 

working expenses decrease by 9 to 14 percent after Government takeovers. The effects are 

particularly strong 6 to 15 years afterwards. We also find no evidence of anticipation effects, in 

which private companies altered operations in the years just prior to takeovers (Bogart and 

Chaudhary 2011). A related paper examines the linkage between TFP and government 

ownership (Bogart and Chaudhary 2010). There we find no clear effect: TFP is not significantly 

different after government takeovers controlling for railway fixed effects, year fixed effects, and 

railway specific trends. In short, it appears that Government ownership did not hinder TFP on 

Indian railways.
10

  

                                           
10

 State ownership did however enhance cost efficiency on Indian railways. Cost efficiency and TFP are related but 

they are not necessarily the same. TFP incorporates technical efficiency and scale. Cost efficiency addresses the cost 
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The absence of a negative ‗state ownership effect‘ may be surprising given the literature on 

privatization (Megginson and Netter 2001). We think that Indian case was different in this 

regard because of the undemocratic nature of the colonial Government and its fiscal reliance on 

railways.  In more democratic countries, like Switzerland and Japan, government takeovers of 

railways were associated with greater cost inefficiency (Bogart 2010). 

 

7. Comparisons and Implications 

7.1. Comparisons of Railway TFP in other Countries 

The rate of TFP growth on Indian railways was impressive by international standards. Table 7 

compares average annual rates of TFP growth for railways in India, Britain, Spain, Canada, and 

the US. The methodology and time period are also summarized. Strikingly, Indian railways had 

similar TFP growth to US railways and much higher TFP growth than Britain using the Index 

number approach. Canada stands out as a case where TFP growth was exceptionally high 

according to Green‘s (1986) estimates. Canada topped India and the US. TFP growth on 

Spanish railways is estimated using a variable cost function. Our production-function estimates 

for India yield a similar rate of TFP growth as Spain. Thus Indian railways did not do worse 

than Spain in terms of TFP growth.  

Overall we find that the rate of TFP growth on Indian railways was similar to more 

advanced countries between 1870 and 1912. One implication is that railways increased India‘s 

productivity standing relative to other countries between 1870 and 1912. In other sectors like 

textiles and agriculture India‘s relative productivity declined. As we shall see momentarily, 

railways were still a small sector in India in terms of their gross output share. Thus railways‘ 

                                                                                                                                     
of delivering services while holding capital intensity fixed. It incorporates allocative efficiency (i.e. input choices), 

technical efficiency, and scale of variable inputs. 
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positive impact was not sufficient to offset the poor performance in other sectors. 

We can say more about relative TFP on Indian railways by looking at partial productivity 

measures for the same set of economies around 1913. For each country, ton miles and passenger 

miles are combined using the cost elasticity weights for Indian railways. We should note that 

the results are very similar if we use cost elasticity weights from a cross-country cost function 

analysis (Bogart 2010). Data on inputs are drawn from the Railway Statistics of the United 

States and other sources.  

Panel A in table 8 reports the findings. Indian labor productivity was about a third of that in 

the US and Canada. The comparison with UK railways is more striking however: labor 

productivity was higher for India than the UK. Indian railways look even better in other partial 

productivity measures. India has the highest output per ton of coal and the highest output per 

vehicle among the four economies. Lastly, India was comparable to the US in terms of output 

per track mile and engine. Overall it appears that Indian railways were as productive as US and 

Canadian railways and more productive than UK railways.  

Panel B offers a more speculative comparison. It calculates TFP using the scale adjusted 

input weights drawn from the railway production function estimates in table 3:   

ititititititit fuelenginesvehiclesmileslaboryTFP  29.02.32.23.18.ln  (9). 

There are some complexities in interpreting an aggregate railway production function, but the 

results are revealing nonetheless. Surprisingly the calculation implies that Indian railways were 

the most productive around 1913. Indian railways had a slightly higher TFP level than US 

railways, moderately higher TFP than Canada, and much higher TFP than the UK. 

Modifications for differences in train speed and railway-scale are likely to increase TFP on US 

and Canadian railways relative to India, but the conclusion that TFP on Indian railways was 
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broadly similar is unlikely to change. It is also unlikely that any modification would make UK 

railways nearly as productive as Indian railways.   

7.2. The Impact of Railways on the Indian Economy  

The high rate of TFP growth on Indian railways made a large contribution to per capita income 

growth in India. We calculate the aggregate effect using the modified growth accounting 

formula proposed by Crafts (2004). In simple terms, the contribution of railways is equal to TFP 

growth multiplied by the gross output share of railways plus railway capital per worker growth 

multiplied by the share of railway profits in national income. The idea is that railways made a 

contribution to economic growth through TFP and through additions to the capital stock which 

embodied new railway technology.   

In terms of the calculations, the gross output share is equal to nominal railway revenues 

divided by nominal gross domestic product. Railway revenues in 1912 are taken from the 

Administrative Reports. Nominal GDP comes from Sivasubramonian (2000). The growth in 

railway capital per person is measured by the growth in real capital outlay per person. Railway 

profits are given by net earnings provided in the Administrative reports. The GDP per capita 

growth rate is taken from Maddison‘s (2003) figures in 1870 and 1912.  

 The results are summarized in table 9 for the baseline and index number method 

estimates of TFP. The growth in TFP between 1874 and 1912 contributed 0.05-0.06 percent per 

year to income per capita. The growth in railway capital contributed contributed 0.05 percent 

per year. The total contribution of railways (without any correction for spillovers) is between 

0.1 and 0.11 percent per year. Although it appears small, consider that Indian GDP per capita is 

estimated to have grown at 0.6 percent per year from 1870 to 1913. Thus the gains from 

railways were equal to 17 or 18 percent of the total income per capita growth.  
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The growth contribution of Indian railways can be compared with railways in Britain 

and Spain. Crafts (2004) and Herranz Loncan (2006) have made the same calculation using the 

modified growth accounting formula. The comparison in table 10 shows that railways 

contributed far less to income per capita growth in other countries. In Britain and Spain railways 

made a smaller contribution because capital accumulation was lower. All three countries 

realized the same growth contribution from higher TFP in railways. The comparison also shows 

that railways could have had an even larger impact on the Indian economy if the sector had 

more than a 3 percent share in gross output. Spain was similar to India in this regard (Herranz 

Loncan 2006). 

As in the pioneering works of Fogel (1960) and Fishlow (1961), most economic 

historians have measured the aggregate effect of railways using the social savings methodology. 

We can provide a modified version of social savings by compounding our annual growth effect. 

Increasing income per person by an average of 0.1 or 0.11 percent over 38 years yields an 

increase in income per capita between 3.9 and 4.3 percent. Our social savings calculation 

implies once again that the social savings of Indian railways were large and significantly 

impacted income. We also note that our estimates on the total contribution of Indian railways 

are much smaller than Donaldson (2010). Using a different approach, Donaldson estimates the 

aggregate social savings from Indian railways to be 9.7 percent of GDP by 1930. Our estimates 

are not necessarily in contradiction since we omit spillovers and the effects of switching from 

overland to rail transport. We also estimate the social savings over a shorter time period, 1874 

to 1912.  

 

8. Conclusions 
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Indian railways became one of the productive in the world by 1912. TFP growth averaged 

between 1.5 and 2 percent per year from 1874 to 1912. Greater scale was not the main factor 

behind TFP growth, accounting for only 20 percent of the total increase. Technical change was 

the main factor driving higher TFP growth. We hypothesize that Indian railways were more 

technologically sophisticated than other sectors in India because of the relatively high skill of its 

work force and the strong presence of foreign ownership and management. Surprisingly, 

government ownership was not an inhibiting factor.  

 The TFP growth of Indian railways compares very favorably with other countries. TFP 

grew as rapidly as the US and Spain and was higher than Britain. Canada, however, experienced 

a much higher rate of TFP growth. By 1912 Indian railways were as productive as railways in 

the US and Canada. 

 Finally, TFP growth and capital accumulation in railways had a large aggregate impact 

on the Indian economy. Railways added 0.1 percent per year to Indian income per capita, 

accounting for over 17 percent of the total increase in GDP per capita. Railways were an engine 

of growth in an otherwise slow growing economy.   
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Table 1: Railways in Sample       

Railway name primary guage entry exit 

Great Indian Peninsula broad pre-74 n.a. 

East Indian broad pre-74 n.a. 

Madras broad pre-74 n.a. 

Bombay Baroda Central Indian broad pre-74 n.a. 

Northwestern broad pre-74 n.a. 

South Indian meter pre-74 n.a. 

Eastern Bengal broad pre-74 n.a. 

Oudh and Rohilkhand broad pre-74 n.a. 

Rajputana Malwa meter pre-74 n.a. 

Nizam mixed 1878 n.a. 

Bengal and Northwestern meter 1884 n.a. 

Burma meter 1878 n.a. 

Bengal Nagpur broad 1880 n.a. 

Southern Mahratta meter 1882 1908 

Assam Bengal meter 1896 n.a. 

Bhavnagar-Gondal-Junagad-Porbandar meter 1882 n.a. 

East Coast  broad 1894 1901 

Udaipur Chittoor meter 1900 n.a. 

Rohilkhand and Kumaon meter 1885 n.a. 

Jodhpore-Bickanee meter 1886 n.a. 

Dhond-Manmad meter 1879 1881 

Wardha broad 1879 1891 

Indian Midland broad 1888 1901 

Punjabl Northern broad 1875 1886 

Indus Valley broad 1879 1886 

Calcutta and Southeastern mixed pre-74 1884 

Dacca meter 1885 1887 

Bengal Central broad 1897 1905 

Muttra hathras  meter 1879 1886 

Holkar and Sindia meter 1875 1881 

Tirhoot meter 1876 1889 

Northern Bengal meter 1878 1887 

Sources: see text 

   



35 

 

 

Table 2: Summary Statistics           

      

Variable mean 

st. 

dev min  max 

no 

obs. 

      ton miles (millions) 297 533 0.4 5470 728 

passenger miles (millions) 332 389 1.5 2210 728 

total output (cost weights) 312 459 1.6 4042 728 

total output (revenue weights) 320 479 1.6 4463 728 

      Employees 15936 18127 135 96542 728 

BTU (thousands) 1146 1737 5.4 10826 728 

Track Miles 963 828 28 4737 728 

Engines 211 235 2 1151 728 

Vehicles 4737 4755 61 26845 728 

Capital Outlay (millions rupees, nominal) 130 147 1 811 728 

Capital Outlay (millions rupees, cpi 

deflated) 136 151 1 788 728 

Sources: see text. 
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Table 3: Coefficient Estimates: Baseline Model 

  

 

Coeff 

variable (Stand. Err) 

  ln miles 0.255 

 

(0.119)** 

  ln vehicles 0.351 

 

(0.137)** 

  ln engines -0.019 

 

(0.092) 

  ln labor 0.198 

 

(0.097)* 

  ln fuel 0.324 

 

(0.086)** 

  Railway Fixed Effects Yes 

Year Fixed Effects Yes 

N 728 

R-Square 0.99 

  Scale Economies 1.109 

Null hypothesis r=1 

 F-stat 1.8 

p-value 0.189 

  Returns to Density 0.854 

Notes: ***, **, * indicate statistical significance 

at the 1%, 5%, and 10% levels. Standard errors 

are clustered at the railway level 
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Table 4: Average Annual TFP 

Growth, Indian Railways 

  period IN 

  1874-79 1.44 

1880-89 1.64 

1890-99 0.08 

1900-12 2.51 

  1874-1912 1.5 

Notes: Estimates are from baseline 

model 
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Table 5: Coefficient Estimates: Models with Single capital input 

    

    variable Coeff Coeff Coeff 

  (Stand. Err) (Stand. Err) (Stand. Err) 

    ln capital 0.601 0.606 0.537 

 

(0.106)*** (0.099)*** (0.213)** 

    ln labor 0.165 0.166 0.157 

 

(0.103) (0.103) (0.077)** 

    ln fuel 0.273 0.273 0.397 

 

(0.09)** (0.09)** (0.219)* 

    Fixed Effects Yes Yes Yes 

Year Fixed Effects Yes Yes Yes 

LevPet No No Yes 

Real Value of Capital No Yes No 

    Scale Economies 1.039 1.045 1.091 

Null hypothesis r=1 

   F-stat 0.75 0.75 

 Chi2 

  

0.88 

p-value 0.392 0.39 0.3475 

Notes: ***, **, * indicates statistical 

significance at the 1%, 5%, and 10% levels 

  Standard errors are clustered at the railway level 
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Table 6: Alternative Estimates of TFP Growth 

  

Method/Assumption 

Annual Rate 1874-

1912 in Percent 

  Baseline 1.5 

Revenue Weights 1.53 

Single capital input, Nominal 2.09 

Single capital input, Real 2.18 

Single capital input, LevPet 1.81 

Index Number, Indian weights 1.98 

Index Number, UK weights 2.24 

Index Number, US weights 2.07 

Sources: see text. 
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Table 7: Railway TFP growth in other countries   

    country period Estimation Method Annual TFP Growth in % 

    India 1874-1912 Baseline estimation 1.5 

India 1874-1912 Index Number 2 

US 1870-1910 Index Number 2.1 

Britain 1874-1912 Index Number 0.8 

Canada 1875-1910 Index Number 5.5 

Spain 1870-1913 Cost Function estimation 1.5 

Sources: For the US see Fishlow (1961), for Britain see Crafts, Mills, and Mulatu 

(2009), for Canada see Green (1986), for Spain see Herranz Loncan (2006). 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



41 

 

Table 8: Partial and Total Factor Productivity of Railways across Countries c.1913 

      Panel A: Partial Productivity 

levels 

    country Y/labor Y/coal Y/track mile Y/engine Y/vehicles 

India 27 3350 494 2134 88 

US 93 1230 666 2704 72 

Canada 80 1869 376 2620 69 

UK 22 1068 576 587 16 

      Panel B: TFP levels 

    Country Railway TFP relative to India, Baseline weights   

India 100 

    US 93 

    Canada 89 

    UK 43         

Sources: Fishlow (1966) p. 613, 620; Green (1986), p.807; Railway Statistics of the United 

States (1913), pp. 81, 87, 122, 123. Railway Statistics of the United States (1916), p. 40-43, 

48, 133, 143. Administrative Reports on Indian railways pp. 470-471. Coal Tables (BPP 

1913 Vol 285), p. 48. 

notes: in Panel A output per input is measured in thousands of ton-mile/passenger mile 

equivalents, except for fuel which is directly in ton-mile/passenger mile equivalents. In panel 

B, baseline weights are 0.23 for track miles, 0.32 for vehicles, -0.018 for locomitives,  0.18 

for labor, 0.29 for fuel 
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Table 9: Contribution of Indian Railways to Annual GDP per capita Growth 

    Item # Item Baseline TFP IN TFP 

1 Railway capital stock growth per worker 3.4 3.4 

2 Railway Profits share in national income 0.015 0.015 

3 Railway capital contribution (1x2) 0.05 0.05 

    4 Railway TFP Growth 1.5 1.98 

5 Railway Share in National Output 0.03 0.03 

6 Railway TFP Contribution (4x5) 0.05 0.06 

    

 

Total Railway contribution w/o spillovers (3+6) 0.1 0.11 

  (as % of GDP per capita growth) 16.67 18.33 

Sources: Railway data comes from the Administrative Reports. GDP data come from 

Sivasubramonian (2000) and Maddison (2004). 
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Table 10: Contribution of Indian Railways compared with Britain and Spain 

    

 

India  Britain Spain 

  1874-1912 1870-1910 1891-1913 

Railway capital stock growth per worker 3.4 0.4 -0.11 

Railway Profits share in national income 0.015 0.027 0.014 

Railway capital contribution  0.05 0.01 -0.001 

    Railway TFP Growth 1.5 1 2.28 

Railway Share in National Output 0.03 0.06 0.025 

Railway TFP Contribution 0.05 0.06 0.06 

    Total Railway contribution w/o spillovers 0.1 0.07 0.06 

(as % of GDP per capita growth) 16.67 8.5 6.1 

Sources: Crafts (2004), p. 346; Herranz Loncan (2006), p. 858. 
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Figures 
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