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ABSTRACT
Canadian railways are a vital part of the country’s transportation sector, moving goods and
people across the country. We perform firm-level productivity analysis of Canadian freight
railways for 1986 to 2009, focusing on the two railways which dominate the market:
Canadian National (CN) and Canadian Pacific (CP). We obtain total factor productivity (TFP)
estimates both by constructing productivity indices and by econometrically estimating cost
functions. Driven in part by operational improvements, the strong TFP growth at both firms
considerably outpaced aggregate TFP growth in Canada over the period of interest. This
robust TFP growth, together with significant capital deepening, led to impressive labour
productivity gains. We pay special attention to the productivity effects of the 1995
privatization of CN. While CN enjoyed much stronger productivity growth over the 1986-2009
period than CP, its performance was equally superior before and after the 1995 privatization.
Drumond, Ryan, and Veall (2013) argue that

ventions to imrpove productivity growth.

research at the firm-level is one of the most

Sharpe suggests that the increasingly available

promising new frontiers in the productivity lit-

microdata at the firm level provided by Statis-

erature. They note that increasingly available

tics Canada allows research to improve under-

microdata allows researchers to focus on how

standing of drivers of productivity growth.

and why firms enter and exit a market, investi-

Canada’s two major freight railways, Canadian

gate the growth decisions faced by new, small

National (CN) and Canadian Pacific (CP), oper-

businesses, and study managerial and opera-

ate transcontinental networks which carry more

tional decisions with an economic lens. The

than 80 per cent of Canadian rail freight by most

OECD (2015) points out that firm-level data

metrics (Cairns, 2015).2 Even more impressive

also allows researchers to test the validity of

than their dominance of the Canadian freight

industry-level findings at a finer level of detail.

rail market is their total factor productivity

In a recent report by the Centre for the Study

(TFP) growth, which by our estimates averaged

of Living Standards, Sharpe (2015) asserts that

well above the -0.11 per cent per year annual

researchers ought to focus on the firm level to

average for the Canadian business sector for the

help policymakers develop more targeted inter-

same period.3 Given their sustained success, the

1

The author is an economist with the Centre for the Study of Living Standards. The author would like to thank
Erwin Diewert, Andrew Sharpe, Matthew Calver, Alexander Murray, and the two anonymous referees for their
insightful commments on this article. An earlier version of this article was presented at the 50th General
Conference of the Canadian Economics Association in Ottawa. This article is an abridged version of Uguccioni
(2016). Email: james.uguccioni@csls.ca

INTERNATIONAL PRODUCTIVITY MONITOR

77

two railways are natural candidates for firm-

TFP growth at CN and CP since Freeman et al.

level productivity analysis.

(1987).

CN and CP are not by any means the only

Ultimately, we reaffirm the general finding in

freight rail firms in Canada. Over the years both

the literature that CN and CP are productivity

firms sold off their less profitable branch lines,

success stories when compared with Canadian

and dozens of shortline railways have entered

industry as a whole. This article estimates TFP

the market to fill regional demand by taking

for both railways individually, as well as other

over the lines. While the Canadian freight rail

productivity measures to unpack their various

sector is made up of a number of firms, each of

successes. Ultimately, TFP for the two Cana-

them is dwarfed by CN and CP in terms of mar-

dian freight railways grew at an estimated rate of

ket share. As Statistics Canada has not made any

3.94 per cent per year from 1986 to 2009. 5

firm-level data available on the shortlines, they

Experts attribute much of this growth to opera-

will not be discussed at any level of depth. Most

tional efficiency improvements arising from

of the literature regarding Canadian freight rail

Hunter Harrison’s precision railroad model.

applies a similar scope to their study (Freeman et

Using indices, we estimate TFP growth to be

al., 1987, Tretheway, Waters, and Fok, 1997;

4.42 per cent per year at CN and 3.12 per cent

Waters and Tretheway, 1999; Iacobacci and

per year at CP over the 1986 to 2009 period.

Schulman, 2009). McKellips and Calver (2015)

Econometric estimates put annual TFP growth

do provide a sector level analysis, estimating

throughout the period at 4.23 per cent per year

that TFP in the railway transportation sector

at CN and 3.52 per cent per year at CP.

grew 1.26 per cent per year from 2000 to 2013.

We first review the literature regarding the

This article provides estimates for TFP

major empirical methods of analysis, present

growth at the firm level, as well as for the two

relevant past findings on railway productivity,

railways combined. As Statistics Canada does

and consider operational developments

not provide TFP estimates beyond the three-

described by industry specialists. Next, we dis-

digit NAICS level for transportation, our esti-

cuss the data employed in this study. We then

mates provide valuable information about pro-

present the index method for obtaining mea-

rail.4

sures of partial and total factor productivity, as

Furthermore, to the best of our knowledge we

well as the estimated measures themselves.

are the first to apply the method of Caves,

Next, we present the econometric method for

Christensen, and Swanson (1981a) to estimate

obtaining TFP measures via cost function esti-

d u c t iv i t y d e ve l o p m en t s i n f r e i g ht

2

These metrics include kilometres of rail operated, capital expenditures, and number of employees. The one
exception is tonnes originated, where CN and CP only make up 60 per cent of the market. This is largely due to
two railways in Northern Quebec and Labrador which are owned by the shipper and handle iron ore from nearby
mines: the Cartier Railway (owned by Arcelor Mittal Mines Canada) and the Quebec North Shore and Labrador
Railway (owned by the Iron Ore Company of Canada). Neither railway connects to the main line nor is under
competitive pressures from other railways, being owned by the shipper. CN and CP account for more than 80
per cent of tonnes originated once these two firms are removed.

3

Compound average annual growth rate calculated using the Statistics Canada Multifactor Productivity
index available in CANSIM Table 383-0021.

4

Statistics Canada does not provide TFP estimates down to NAICS 482 (Rail transportation), but rather an
aggregate of NAICS 481-483, and 487. McKellips and Calver (2016) did obtain TFP growth estimates for
NAICS 482 from Transport Canada, and estimate TFP to have grown 1.26 per cent per year in rail transportation from 2000 to 2013. Notably, this estimate still includes the shortlines and passenger railways in
addition to CN and CP, and thereby does not provide specific information about productivity growth in
the freight rail sector as we treat it. It also starts 14 years and ends four years later than our data.

5

As measured using the index approach.
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mation, as well as the estimates themselves. Pen-

An analysis of productivity at CN and CP is

ultimately, we discuss the results obtained in the

undertaken using the index number approach

two previous sections, looking at what contrib-

below. We calculate partial productivity mea-

uted to the robust partial productivity and TFP

sures and employ a Tornqvist index to generate

growth in the freight rail sector from 1986 to

TFP growth estimates.

2009. Finally, we conclude and provide some
avenues for future research.

Econometric Estimation
Another approach to analyzing TFP growth is

Literature Review

through econometric estimation of a cost func-

To situate the data analysis, we first review

tion, and imputing productivity growth. Caves,

two of the major approaches in transportation

Christensen, and Swanson (1981a) model a vari-

productivity research: analysis using index num-

able cost function for a panel of American rail-

bers and the econometric estimation of a cost

wa ys using a translo g approximation. By

function. Uguccioni (2016) includes a more

Shephard’s lemma, they break up their variable

comprehensive discussion of the two methods,

cost function into factor demands, which are in

as well as an evaluation of data envelopment

turn estimated using Zellner’s (1962) method of

analysis estimation of the theoretical efficient

seemingly unrelated regressions. By assuming

frontier. We then proceed to review some

cost minimizing behaviour by the firm, Caves,

empirical findings relevant to the Canadian

Christensen, and Swanson use the factor

experience with freight railways for reference

demands to infer the structure of the firm’s pro-

when considering our estimates. Finally, we

duction function, which they then estimate over

conclude with an overview of recent develop-

time to evaluate TFP growth. As their model

ments in the industry from the point of view of

assumes short run cost minimizing behaviour,

key experts involved in freight rail operations.

they incorporate three separate time periods via
dummy variables to allow fixed inputs to adjust.

Methodological Approaches

Caves, Christensen, and Swanson (1981b)
expand the breadth of application of this

Index number approach

method.

The most widely used methodology to mea-

Many variations on the Caves, Christensen,

sure productivity growth is an index number

and Swanson (1981a) approach to estimating

approach, employed by official bodies such as

railway TFP via the variable cost function have

Statistics Canada and researchers alike. The

been developed since 1981 (for example, see De

most widely used productivity measure in trans-

Broger, 1991a, and 1991b; McGeehan, 1993;

portation research is TFP. Single factor produc-

Wang and Liao, 2006). An alternative to the

tivity measures are also popular, and some

Caves, Christensen, and Swanson approach was

studies employ more esoteric measures such as

first proposed by Christensen, Jorgensen, and

variable factor productivity.

Lau (1973). This approach is largely the same,

Diewert (1992) argues that an index approach

but estimates a total cost function in lieu of a

to TFP measurement is far superior to econo-

variable cost function. Smith (2006) employs the

metric estimation because it requires fewer

Christensen, Jorgensen, and Lau (1973) method

underlying assumptions about the behaviour of

for British railways from 1963 to 2002. Smith

firms (e.g. profit maximization versus maximiz-

argues that treating some inputs as quasi-fixed

ing shareholder value).

for several years when estimating the variable
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cost function is highly unrealistic, as managers

added to the estimation with Shephard’s lemma.

are able to choose annual capital expenditures in

Diewert objects to several assumptions made by

any given year to minimize costs.

the cost function model: that firms are in reality

The motivation for an econometric analysis of

minimizing costs; that the cost function nicely

productivity is to disentangle “black box” pro-

decomposes into a part which is time invariant

ductivity gains. Specifically, Caves, Christensen,

and a part which is dynamic; and how the errors

and Swanson's goal is to disentangle movements

enter into the model (e.g. logarithmically or

along the production function and movements

additively).

of the production function. By modelling a cost

Below, we discuss the particulars of how we

function, they separate estimates for the contri-

conducted our econometric estimation of pro-

butions to TFP growth made by returns to scale

ductivity. Our method is by and large the same

and technological change. Smith (2006) adds to

as Smith’s (2006), with only minor modifications

their model, proposing a method to generate

to the cost function to suit data realities.

estimates for returns to density in addition to
returns to scale and technological change.6

Past Empirical Findings

While Diewert (1992) prefers the use of index

Table 1 provides some empirical results rele-

numbers to generate TFP, he is quite explicit in

vant to the study of productivity growth at

arguing that the estimation of a quadratic form

Canadian railways. Tretheway, Waters, and Fok

of a cost function is a superior econometric

(1997) undertake a major study of CN and CP

approach than simply estimating a production

using data from 1956-1991. Waters and Tre-

function. The primary advantage of the cost

theway (1999) extend the Tretheway, Waters,

function is the degrees of freedom which can be

and Fok analysis to 1995. While the period of

Table 1: Relevant Empirical Results Regarding Canadian Freight Rail
Paper

Tretheway, Waters,
and Fok (1997)

Subject of Study Results
CP had slightly higher levels of TFP relative to CN for most of the period, but
was overtaken by CN around 1990. Average TFP growth for both railways from
1956-81 was 3.4 per cent per year, but it slipped to 3.0 per cent per year for
CN and CP, 1956 CN and 2.7 per cent per year for CP in the period of 1981-91. They argue that
to 1991
1.8-1.9 percentage points of annual TFP growth was due to technical progress
while the remainder was due to operational efficiency, and that significant
productivity gains could be reaped if the railways were allowed to abandon
unprofitable lines.

Waters and Tretheway
(1999)

Extends the analysis of Tretheway, Waters, and Fok (1997) to 1995, and
reports TFP growth of 3.1 per cent per year for CN and 2.8 per cent per year
CN and CP, 1956 for CP during the period of 1981-1995. For both firms, accounting for the
newly added period of 1991-1995 indicates CN and CP averaged TFP growth
to 1995
around 3.4 per cent per year and 3.1 per cent per year respectively during
those 4 years.

Iacobacci and
Schulman (2009)

Reports average TFP growth of 3.6 per cent per year at CN and CP during the
period of 1981 to 2006. Attributes this strong growth to deregulation,
Canadian railways, changes in governance structures (e.g. 1995 privatization of CN) and
1981 to 2006
increased competition through the proliferation of regional, short line
carriers.

Cairns (2015)

The operating ratios of CN and CP decreased towards their values in 2013 of
63.4 per cent and 76.8 per cent respectively. CN and CP have averaged 3 per
Canadian railways,
with emphasis on cent per year TFP growth between 1981-2012, compared to less than 1 per
cent per year in the Canadian economy. Cairns argues the sources of the
CN and CP,
productivity gains include the CN and CP ridding themselves of unprofitable
1981 to 2013
lines, a shrinking workforce, improved locomotives, and improved operational
practices.

6

80

Whereas returns to scale is the effect of firm growth on output (e.g. increasing all inputs results in some
change in output), returns to density is the effect of increased throughput for a given transportation network
(e.g. increasing all inputs excluding track employed results in some change in output). See Keeler (1976) for
full discussion.
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interest for these two articles only provides 9

tion and expanding CN across North America

years of overlap with our 1986-2009 data, it can

through acquisitions. He then proceeded to dis-

be used to verify some of our results. Studies by

cuss how Hunter Harrison, Tellier’s successor,

Iacobacci and Schulman (2009) and Cairns

improved CN operations by turning it into a

(2015) provide an overview of recent sources of

precision railroad.

productivity growth in the Canadian freight rail
context. 7

Harrison served as President and CEO of Illinois Central before the firm was acquired by CN

Many studies of rail productivity in other geo-

in 1998. From 1998 to 2003, he served as COO

graphic contexts exist, and can be in part rele-

under Tellier. In 2003, Harrison took over from

vant to the study of Canadian freight railways.

Tellier as CEO of CN, stepping down in 2009.

That is, the locations of ports and the road net-

Harrison (2000) dates the beginning of CN’s

work versus the location of rail networks mean

metamorphosis into a precision railroad in Sep-

that the effects of competition among different

tember 1998. Under his operational framework,

modes of transportation in each country are

CN not only scheduled trains and their cars, but

unique.

also the support processes underlying their ser-

Tretheway, Waters, and Fok (1997) argue

vice provision (e.g. maintenance and car inspec-

American Class I railways exhibited higher TFP

tions). This meant that each individual railcar

growth than CN and CP in the 1980s because

had its own personalized timetable to ensure

they exploited economies of density, as the

that most delays to deliveries were expected.

American railways tended to reduce track inputs

Two years after CN’s transformation into a

for a fairly steady output level while the Cana-

scheduled railroad, Harrison had drastically

dian railways tended to increase outputs relative

reduced the number of late arrivals and managed

to inputs. Network density is an important fac-

to shrink CN’s active locomotive fleet by 600

tor, and is considered in the discussion of results

vehicles. In 2002, Harrison won the prestigious

below. Some other studies investigate small,

Railroader of the Year award from Railway Age,

regional railways in Belgium (De Borger, 1991a

an industry journal, for changing the face of the

and 1991b), Ireland (McGeehan, 1993), and

industry with his concept of a precision railroad

Taiwan (Shi, Lim, and Chi, 2011).

(Railway Age, 2002).

Operational Developments in the

railroad to a handful of operational goals,

Freight Rail Sector

including: minimizing car dwell time in rail

Harrison (2000) distills operating a precision

While economists can provide estimates on

yards; using general purpose trains; balancing

productivity growth in the freight rail sector,

train movement by direction across corridors;

industry executives are better suited to discuss

minimizing power requirements; and optimiz-

the specifics of where efficiency is lost or

ing yard schedules. Reductions in down time

improved. In late 2010, CN CEO Claude Mon-

spent in yards and time spent by trains “dead

geau was asked by the Railway Association of

heading” (waiting for oncoming traffic to clear

Canada to reflect on the first 15 years of CN as a

the line) have obvious productivity effects, as

private firm (Railway Association of Canada,

decreasing the amount of time spent per output

2011). Mongeau lauded CN’s first CEO, Paul

frees up resources to produce more. By keeping

Tellier, for leading the charge towards privatiza-

yard schedules with the steady arrival and depar-

7

Some other studies investigate small, regional railways in Belgium (De Borger, 1991a, 1991b), Ireland (McGeehan, 1993), and Taiwan (Shi, Lim, and Chi, 2011).
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Chart 1: Operating Ratios for CN and CP, Per Cent, 1992-2015
100
90
80
70
60
50
1990

1995

2000

2005
CP

2010

2015

CN

Source: CSLS tabulation based on CN and CP annual shareholder reports.

ture of trains, rather than an ebb and flow, rail-

series of the operating ratios from 1992 to 2015

ways eliminate the need to keep excess capacity

for CN and from 1995 to 2015 for CP.

on hand at yards for high volume periods. Mini-

From an economist’s point of view, an operat-

mizing power requirements per train is an

ing ratio is a less than ideal metric for productiv-

important, but admittedly counter-intuitive,

ity because it is sensitive to input price shocks.

prescription of a scheduled railroad. Under

For example, if a railway benefits from a windfall

Harrison, CN balanced train velocity against

one season simply because of a light winter, it is

horsepower requirements, sometimes sacrific-

captured as a decrease in the operating ratio,

ing velocity. As adding a locomotive to a train

though no productivity gains actually took

results in a large step of horse power (think 3000

place. So long as these shocks are more or less

horsepower increments), Harrison found

rare, however, operating ratios ought to more or

instances where the removal of a locomotive did

less inversely track TFP growth (as firms are

not affect the network’s schedule and reaped net

able to create more output per input). With this

savings from slowing trains.

rough interpretation, Chart 1 shows that CN

Many freight rail experts use operating ratios

had a much higher level of productivity (be it

(ratio of operating expenditures to revenues) of

labour productivity or TFP) than CP for most of

railways as their primary productivity metric. In

2002 to 2015 and that CP experienced massive

2011, CN posted the lowest operating ratio of

productivity improvements under Harrison

any North American Class I at 63.5 per cent,

starting in 2012.

while CP posted the highest at 81.3 per cent

Unfortunately, as our data end in 2009, we are

(Barrow, 2012). Interestingly, in 2012 Pershing

not able to analyze Harrison’s time at CP

Square Capital Management lead a coup at CP

beyond looking at operating ratios. We are,

and replaced CEO Fred Green with the recently

however, able to assess his effect at CN. Below,

retired Hunter Harrison. After a single year in

four major events are considered concurrently

charge, Harrison was able to reduce the operat-

with Iacobacci and Schulman’s (2009) assertion

ing ratio at CP by 4.5 percentage points to 76.8

that the privatization of CN lead to its stellar

per cent, while CN only reduced their operating

productivity growth: the installation of Tellier at

ratio by 0.1 percentage points over the same

the head of CN in 1992; the appointment of

period (Cairns,
8
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2015). 8

Chart 1 provides time

Harrison as COO and the advent of precision

Admittedly, CN did have a lower operating ratio at the beginning of 2011, and likely had less slack to remove
than CP.
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railroading in 1998 and 1999 (as Harrison only

ders (e.g. labour costs assigned to a Canadian

implemented the precision railroad in Septem-

line).

ber 1998, the first full year of the precision rail-

Conducting our analysis in 2016 but ending

road) was 1999; and Harrison’s move to CEO in

the scope of study in 2009 is unfortunate. How-

2003.

ever, in order to publish detailed rail data Statistics Canada requires permission from the large
carriers. Beginning in 2010, Statistics Canada

Data
Below, we first summarize how the data used

was unable to secure the cooperation of all par-

in our analysis was obtained by Statistic Canada

ties involved, and as such the data are not pub-

and specifics of what is made available to the

licly available beyond this point.11 A longer and

public. We then present trends of individual fac-

more recent time series would improve the pre-

tors of production to gain an overall understand-

cision of the estimates we obtain and the overall

ing of the trends in inputs employed at CN and

relevance of our work.

CP during the 1986-2009 period. Next, we

One unique aspect of the Railway Transport

undertake a similar analysis of the outputs of

Survey dataset is that it contains physical values

CN and CP. Finally, we present the varying

of inputs and outputs. This means our produc-

importance of individual inputs to production

tivity estimates do not rely on deflating nominal

overtime, as measured by their share of overall

values to obtain real values as most other studies

cost.

do, and thereby avoid any measurement error
arising from the use of deflators which do not
capture price developments for specific inputs

Data Employed
All data employed are publicly available from

and outputs at a specific firm.

Statistics Canada’s CANSIM data repository. 9
Specifically, the data come from the annual RailSurvey. 10

Trends in Inputs

The survey collects

All inputs (locomotives, freight cars, kilome-

operational, financial, and employment statistics

tres of track operated, labour, and fuel) experi-

on all common carrier railways (both freight and

enced declines over the period of 1986-2009.12

way Transport

passenger) in Canada. Response is mandatory

The most striking trend of all the inputs is the

and data are reported directly by the firms them-

stark decline in labour over the period – by 2009

selves. The publicly available dataset covers the

CP employed 43.6 per cent and CN employed

period from 1986 to 2009. While both CN and

31.4 per cent of the labour it employed in

CP have networks which extend into the United

1986.13 The largest source of the labour declines

States, the Railway Transport Survey dataset only

at both CN and CP were equipment mainte-

covers operations in Canada. All inputs and out-

nance positions, which may reflect higher qual-

puts are strictly evaluated within Canadian bor-

ity equipment (e.g. more reliable locomotives)

9

Specifically, we use CANSIM tables 404-0004 (financials), 404-0010 (track), 404-0012 (fuel), 404-0014 (operating statistics), 404-0017 (equipment), and 404-0019 (labour).

10 For specific details, refer to: http://www23.statcan.gc.ca/imdb/p2SV.pl?Function=getSurvey&SDDS=2734
and http://www23.statcan.gc.ca/imdb/p3Instr.pl?Function=assembleInstr&Item_Id=138433&TET=1.
11 Information obtained in correspondence with Statistics Canada.
12 Ideally we would also include a land input in our production function, as the track does not exist in a
vacuum. Unfortunately, Statistics Canada does not publish any figures on land used by the railways and
as such we are unable to construct a land input.
13 CP had 11,310 employees in 2009 compared to 25,953 in 1986, and CN had 14,484 employees in 2009
compared to 46,074 employees in 1986 – falls of 68.6 per cent and 56.4 per cent respectively
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or improvements in the track infrastructure

CP were able to produce much more with less

causing equipment to require servicing less fre-

over the period.

quently. Another striking trend in the inputs is

It is also worth noting that the severe drop in

the decline in kilometres of track operated, as

output begins in 2008 with the financial crisis.

both railways sold off or closed lines which were

The drop in gross tonne kilometres freight out-

not economically sustainable (Cairns, 2015).

put from 2007 to 2009 is the most stark change

Overall, both firms reduced their labour,

in either direction over the entire period.

track, and freight car inputs over the 24 year
period. CN also reduced its locomotive input,

Trends in Factor Cost Shares

whereas CP’s number of operational locomo-

Factor cost shares are key parts of both the

tives has stayed fairly steady since 1986. Look-

index and econometric methods employed to

ing at the time trend of locomotives in use at

obtain TFP estimates for the two firms, and

CN, there is some evidence of CN’s reduction

consequently deserve some discussion. First and

gaining steam in 1998 with the advent of Harri-

foremost, it is worth noting that the cost shares

son’s precision railroading. However, as there is

employed in the analysis are not equal to the

also an obvious long term trend toward fewer

costs of the individual inputs over the total oper-

locomotives in service, this may not be attribut-

ating expenses because the data includes some

able to Harrison. Both CN and CP used slightly

costs which do not have an underlying physical

less diesel in 2009 than they did in 1986, but

value to include in our index. Rather, we sum the

there is little evidence of a steady, downward

costs of each of our inputs to obtain our “total

trend.

cost” denominator used in input cost shares.
This is purely for technical purposes, as cost shares

Trends in Outputs
Revenue-tonne kilometres (RTKs) are the

must sum to 1 for both the Tornqvist index used
below and in equations (ii) through (v). 14

principal unit of output measurement in freight

The cost shares of variable inputs such as

rail. One unit of RTK measures a tonne of

labour and diesel are calculated simply using

freight which will generate revenue transported

expenses on the inputs in a given year. Capital

one kilometre. The outputs of CN and CP are

expenses are slightly less straightforward given

almost exclusively RTKs — they tend to account

that a purchase of a capital asset in one year can

for between 89 per cent and 97 per cent of reve-

factor in as an input for years in the future. Sta-

nue depending on the firm and year.

tistics Canada publishes numbers on amortiza-

Both CN and CP enjoyed strong output

tion of capital assets. The expense on a capital

growth from 1989 to 2007, at which point the

input in a given year is maintenance and servic-

output of both firms declined until 2009. As a

ing costs assigned to the input plus amortization

rough measure of productivity, it is important to

of capital stock. We acknowledge that weighting

observe that output was increasing despite sig-

our capital assets this way likely underestimates

nificant falls in inputs, meaning both CN and

their contributions to production, particularly

14 This could result in the underweighting of certain inputs and the overweighting of others if miscellaneous
costs are not equally distributed across inputs. For example, if most of the miscellaneous costs relate to the
locomotive input, then the cost share of locomotives is understated. This could distort any productivity estimates which employ the underestimated cost shares. While this is a concern, we have no evidence of any such
underweighting. Comparing the total cost we used to construct our cost shares with the total operating costs published
in the Statistics Canada dataset, our numbers typically account for 70 to 80 per cent of total operating expenditures
reported by the firms depending on the year. Most of this gap is accounted for by expenses categorized as miscellaneous
(e.g. miscellaneous way and structure expenses) and net equipment rents. However, as we have no a priori reason to allocate these costs to one specific input over another, we leave them aside.
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for locomotives and freight cars, by valuing the

Diewert (1982a) and by Tretheway, Waters, and

user cost of capital across new and old inputs the

Fok (1997) for their analysis takes the following

same. While this is certainly an issue, better data

form:

on the user cost of capital is not available from
Statistics Canada at this time.
Cost shares strive to capture the “importance”
of an input to overall production. Trends in the
costs indicate changes in the importance of

TFP
ln  ----------s =
 TFP 
t

 Y i,s

1

 X j,s

1

- – ∑ --- ( C j,s + C j )ln  -------
∑ --2- ( R i,s + R i )ln  -----2
Y 
 X 
i

i

j

j

 Y i,t
 X j,t
1
1
– ∑ --- ( R i,t + R i )ln  ------ – ∑ --- ( C j,t + C j )ln  -------
2
2
 Y 
 X 
i

i

(1)

j

j

inputs overall. Appendix Tables 3 and 4 give the

This index computes TFP growth between

cost shares attributed to each input in every

years s and t, by evaluating the ratios of outputs

period.15 At CN, the cost shares of labour, loco-

to inputs for each year.

motives, and freight cars fell over time while the

input j.

shares of diesel and track both increased. The

of output i and input j. Terms with bars and no

changes in diesel and labour cost shares were

time subscripts denote the variable’s average

especially important, with each rising and falling

value throughout the 24 year period.

Ri

and

Cj

Yi

and

Xj

are output i and

are the revenue and cost shares

10 percentage points respectively from 1986 to

The Tornqvist index can be easily modified to

2009. At CP, the cost share of labour fell around

generate estimates for the relative TFP levels

7 percentage points and the cost share of diesel

between firms. This can be done by fixing the

increased 10 percentage points. The cost shares

first and second terms in the same year, making

o f lo c o m o ti v es a n d f r e ig h t c a r s sl i gh t ly

the first term all CN variables and the second all

decreased and the cost share of track slightly

CP variables. The results is an index of TFP lev-

increased.

els at CN relative to CP. See Panel B of both
Chart 2 and Chart 3 for this comparison.

Productivity Analysis: Index
Approach

The index weights inputs by the arithmetic
mean of the input’s cost share in a given year and

This section employs the index approach to

the input’s average cost share throughout the 24

transportation productivity research. We first

year period. This weighting procedure allows

provide an overview of the Tornqvist index and

the index to capture the importance of an input

the specific form we employ in our analysis.

to the firm, while smoothing out annual vari-

Next, we explore partial productivity measures

ability with the input’s average “importance”

in Canadian freight rail. We then report our

throughout the period. 16 The inputs used for

total factor productivity estimates for CN and

analysis are locomotives, freight cars, kilometres

CP over the course of the 1986-2009 period.

of track operated, diesel, and labour.
Anticipating the criticism from Cooper, Sei-

Index Methodology

ford, and Tone (2007), Tretheway, Waters, and

The revenue-weighted multilateral Tornqvist

Fok (1997) do note that estimates obtained in

index employed by Caves, Christensen, and

this fashion are sensitive to the weights used, but

15 Available at: <http://www.csls.ca/ipm/30/uguccioniappendix.pdf>
16 While this weighting procedure is quite standard in the literature, there is one notable flaw with it. By
smoothing out annual variability, we could inadvertently diminish the importance of trends within the
cost shares themselves described above. For example, the physical amount of labour fell quickly from
1986 to 2009, but so did its cost share. By smoothing cost shares with the period’s average, we may be
overemphasizing the importance of labour in production in the later periods. We test the robustness of
our TFP growth estimates to an index constructed without cost share smoothing later in this article.
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ultimately argue that results are not too sensitive

to 11.8 million RTKs per employee. Panel B of

to weights. Tretheway, Waters, and Fok (1997)

Chart 2 compares the levels of labour productiv-

use the same weighting procedure for outputs

ity between CP and CN. Notably, CP achieved

(in this case, passenger and freight outputs) with

higher RTKs per employee than CN from 1986

revenue shares. However, as passenger outputs

until around 1996. From around 1998 to 2009,

are not considered in the analysis below, no

CN has attained higher RTKs per employee

weights are needed for output.

than CP. As such, CN’s labour productivity

Notably, the revenue-weighted multilateral

growth over the period falls into two slightly dif-

Tornqvist index can be easily modified to pro-

ferent categories. Prior to around 1996, CN was

vide estimates of productivity for subsets of

converging to a level of labour productivity

inputs, such as the three capital inputs. Capital

which had already been attained by CP, and its

productivity growth can be obtained by weight-

higher growth rate may have been driven in part

ing capital inputs by the cost share of the capital

by excess slack in its system. Following 1998,

asset to total capital costs and comparing it to

CN’s growth is more of a matter of productivity

our index of output as usual

gains by technological change.

Finally, as suggested by Diewert (1992), the

McKellips and Calver (2016) provide a frame-

procedure above was employed to generate the

work for decomposing our labour productivity

growth in productivity between pairs of years.

numbers. Our figures in part reflect increasing

These growth rates were then applied sequen-

capital intensity over the period, as labour

tially (i.e. chain-linked) to an arbitrary base

declined much more quickly than the capital

value of 100 in 1986 to generate the series shown

inputs. Capital intensity grew 3.17 per cent per

in Panel A of Chart 3.

year from 1986 to 2009 at CN and 2.31 per cent
p e r y e a r a t CP. T h e n u m b er o f w o r k er s

Partial Productivity Measures

employed at CN in 2009 fell to 31.4 per cent of

Chart 2 measures labour productivity in thou-

its 1986 value (shrinking 4.90 per cent per year),

sands of RTKs per employee and shows the

while the number of workers employed at CP

spectacular growth experienced by both CP and

fell to 43.6 per cent of its 1986 value (3.55 per

period. 17

CP labour

cent per year). At CN, the labour input fell more

productivity grew at an average rate of 4.76 per

than 2 percentage points per year faster than any

cent per year and CN labour productivity at an

other input; at CP, labour fell over 1.5 percent-

average rate of 6.49 per cent per year. In abso-

age points per year more than any other input.

lute terms, labour productivity at CP grew from

The increased labour productivity may also

3.6 million RTKs per employee to 10.4 million

reflect disembodied technical change which led

RTKs per employee and labour productivity at

to increased productivity of each unit of labour,

CN grew from 2.8 million RTKs per employee

such as Harrison’s precision railroading. Finally,

CN over the 1986-2009

17 We recognize that by measuring labour productivity in terms of output per employee rather than output per
hour worked, we may be somewhat underestimating labour productivity growth. We use employees instead of
hours because no direct data on hours of work is provided in our dataset. We are able to generate indirect estimates of hours worked per employee from average annual compensation and average hourly compensation, but
we do not employ these numbers because it is unclear how (if at all) salaried workers are accounted for in the
average hourly compensation data. Using our indirect method, we do find that in 2009 employees worked 95
per cent of the hours per year that they did in 1986. This result is broadly similar with the Canadian experience on the whole, as a back of the envelope calculation from CANSIM table 383-0012 shows that the average
Canadian worker worked just under 95 per cent of the hours in 2009 that she did in 1986. Assuming hours
worked per worker fell 5 per cent on average at both CN and CP over the 1986-2009 period, our labour productivity estimates are understated by about 0.2 percentage points per year.
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Chart 2: Firm-Level Labour Productivity, 1986-2009
Panel A: Labour Productivity Levels, Thousands of RTKs per employee, 1986-2009
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Panel B: Relative Labour Productivity, CN relative to CP, per cent, 1986-2009
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Source: Data from Statistics Canada Tables 404-0016 and 404-0019, obtained from CANSIM October 5, 2015.

improved labour productivity could also reflect

build the series shown in Panel A of Chart 3.

a change in the quality of labour (e.g. changes in

Over the course of the period, CP’s estimated

the stocks of human capital).

TFP grew at an annual average rate of 3.12 per

Uguccioni (2016) also provides estimates of
capital and fuel productivity for both firms.

cent per year and CN at an annual average rate
of 4.42 per cent per year.

Capital productivity measures show broadly the

Our estimates are contingent on a weighting

same trend as labour productivity (CN converg-

procedure which smoothes cost shares with

ing with and then surpassing CP). CN had

annual averages, and thereby dampens the effect

higher fuel productivity levels than CP through-

of secular changes to an input’s cost share over

out the period, likely reflecting geographical

time. To test the robustness of our weighting

differences in the networks of the two railways.

procedure, we constructed our TFP index and
weighted inputs only by their cost shares in the

Total Factor Productivity

period of interest. With this methodology, we

Following Tretheway, Waters, and Fok

estimate TFP growth at CN to have been 4.36

(1997), TFP is estimated by weighting each of

per cent per year and at CP to have been 3.26 per

the five inputs discussed by their share of factor

cent per year. While our weighting procedure

costs in a Tornqvist index for comparison with

somewhat underestimated TFP growth at CP

RTKs, using the methodology discussed above.

and overestimated TFP growth at CN, the mag-

TFP growth was evaluated in pairs of consecu-

nitude of the bias is quite small. Consequently,

tive years, and these values were then chained to

we are not concerned that our estimates are not
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Chart 3: Firm-Level Total Factor Productivity, 1986-2009
Panel A: TFP Growth, 1986-2009 (1986 = 100)
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Panel B: Relative TFP, CN relative to CP, per cent, 1986 to 2009
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Source: Data from Statistics Canada Tables 404-0004, 404-0010, 404-0012, 404-0016, 404-0017, and 404-0019, obtained
from CANSIM October 5, 2015.

dependent enough on the “importance” of an

parameter estimate throughout the period, with

input in any given period.

direct reference to Iacobacci and Schulman

We compare the level of TFP at CN relative

(2009). Finally, we compare the results obtained

to the level of TFP at CP in Panel B of Chart 3.

using econometric estimation with those

In 1986, CN had a level of TFP which was 83.3

obtained using the index approach.

per cent that of CP; in 2009, CN had a level of
TFP which was 111.1 per cent that of CP. Much

Econometric Model

like with labour productivity, CN’s TFP growth

Caves, Christensen, and Swanson (1981a) pio-

is largely a matter of convergence prior to the

neered an econometric method for estimating

mid-1990s and pulling away from CP after-

TFP in freight rail. They estimated the variable

wards.

cost functions for railways and obtained the
TFP growth rates implied by the functions.

Productivity Analysis:
Econometric Approach

Caves, Christensen, and Swanson (1981a) originally applied their method to an unbalanced

This sec tio n emp lo ys the eco nom etr ic

panel dataset of American railways covering 19

approach to productivity estimation described

years with three cross-sections, with each cross

above. Below, we first detail the specific model

section having between 40 and 58 firms. Their

employed in the analysis. Next, we provide an

method has since been widely used.

overview of some of the estimates obtained, and

One example is Smith (2006), who applies the

evaluate the stability of the CN productivity

Caves, Christensen, and Swanson (1981a)
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approach to a balanced panel dataset of Britain’s

flexibility. The translog total cost function takes

railways with annual observations. As our data is

the following general form,
1
2
ln ( C ) = α + φln ( Y ) + ∑ β i ln ( W i ) + --- ξln ( Y )
2

much more similar to Smith’s than Caves, Christensen, and Swanson's, our methodology adapts

i

Smith for the Canadian case to obtain estimates

1
1
+ --- ∑ γi ln ( Y )ln ( Wi ) + --- ∑ ∑ δ i,j ln ( W i ) ln ( W j )
2
2

for annual rates of TFP growth for CN and CP.

+ ζt + η ln ( Y )t + ∑ θ i ln ( W i )t,

i

We assume that each railway is minimizing its

i

j

(4)

i

where δ i,j = δ j,i

total cost, rather than its variable cost. While
this assumption is somewhat controversial, we

Making use of the definition of factor cost

are not the first to make it. 18 Smith also esti-

shares, we can obtain the share equations by dif-

mates the total cost function rather than the

ferentiating logarithmically with respect to fac-

variable cost function, arguing that managers

tor i’s price,

have sufficient control over capital inputs over
time to make any assumption of fixed inputs
untenable. Looking at the trends of the capital
inputs, we believe that there is sufficient varia-

∂ln ( C )
1
S i = ------------------ = β i + --- γ i ln ( Y ) + ∑ δi,j ln ( W j )
∂ln ( W i )
2
j

+ ∑ θ i t,

(5)

i

tion to argue that managers have enough control

where δ i,j = δ j,i

for the inputs to be considered variable, and

Instead of imposing linear homogeneity

therefore enter as objective variables in the neo-

restrictions, we follow Smith (2006) in dividing

classical cost minimization problem.

total cost and input price through by one of the

Turning to the theoretical model, consider

input prices.19 When estimating, we also restrict

some total cost function (C) which is a function

the coefficients in the share equations to be

of the level of outputs (Y) and inputs (X). By

equal to their counterparts in the cost function,

Shephard’s lemma, each input is itself a function

as the share equations are simply partial deriva-

of output level and input prices (W), character-

tives of the cost function. This is made explicit

ized by a cost-minimizing factor demand. More

in equations (4), (5), and below (i) through (v) by

formally,

using the same notation. For example,

C =

∑ Wi X i ( Y,W )

= C ( Y,W )

(2)

βi

(4)

= βi

(5)

i

By differentiating logarithmically with

where (4) denotes the parameter from equation

respect to factor prices, we can also obtain the

(4) and (5) denotes the parameter from equation

factor cost shares,

(5).

W i X i ( Y,W )
∂ln ( C )----------------= ------------------------ = S i
∂ln ( Wi )
C

To estimate the cost function, we employ the
(3)

same output, inputs, prices, and expenditure
shares as in the index portion of the report. One

As with most of the rail productivity litera-

output and five inputs creates a system of five

ture, we approximate the cost function using the

equations to estimate: a cost function and four

translog functional form to take advantage of its

factor share equations. We do not estimate the

18 The assumption that tracks are quasi-fixed is controversial. There is significant debate whether tracks ought
to be considered variable or fixed from the point of view of managers at the firm.
19 It is arbitrary which input price is chosen, in this case the price of track per kilometre was chosen. Prior
to dividing through by the price of track per kilometre, we normalize prices and expenditure. Like Smith
(2006), we use the sample means to do so.
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factor share equation for tracks as it must be
dropped to obtain a non-singular system of
equations. We estimate the system using Zellner’s (1962) method. Results from the econometric model at the firm-level are presented in

Table 3: Summary of Key Productivity Growth
Estimates, Per Cent Per Year
CN

CP

Labour
1986-2009
productivity 1986-1995

6.49

4.76

8.78

6.07

1995-2009

5.04

3.93

1986-2009 (Index number) 4.42

3.12

1986-1995 (Index number) 5.91

3.98

Table 3 and Appendix Table 5.
Our TFP estimate obtained from this method
of estimation understood as the rate at which
inputs can be decreased over time to produce a

TFP

1995-2009 (Index number) 3.47

2.58

1986-2009 (Econometric) 4.23

3.52

given level of output. Following Caves, Christensen, and Swanson (1981a), we take the total
differential of (4) and hold output constant to
obtain our annual TFP growth estimate,
ln ( C )
–∂
---------------

∂t 

4

1
(ii)S 1 = β 1 + --- γ 1 ln ( Y ) + ∑ δ 1,j ln ( P j ) + ε ( ii )
2
j

TFP = -----------------------------
∂ln ( C ) 
 ∑ ------------------
∂ln ( W i )


4

1
(iii)S 2 = β 2 + --- γ 2 ln ( Y ) + ∑ δ 2,j ln ( P j ) + ε ( iii )
2

i

j

Estimation of the Freight Rail Cost

4

1
(iv)S 3 = β 3 + --- γ 3 ln ( Y ) + ∑ δ 3,j ln ( P j ) + ε ( iv )
2

Function
Estimates for the system presented below

j

were obtained after dropping the interaction
terms involving time from the cost function (see

4

1
(v)S 4 = β 4 + --- γ 4 ln ( Y ) + ∑ δ4,j ln ( P j ) + ε ( v )
2

equation (4) above), as Smith (2006) did. This

j

simplification serves several ends. First and
foremost, dropping the interaction terms ultimately makes the interpretation of the coeffi-

Wi
C
where P i = ------------- , and Expense = ------------W track
W track

cient of the time trend variable become the

The data for both firms was pooled to esti-

annual per cent change of TFP over the period.

mate the model, with firm-specific time vari-

Second, given our small sample of firms, it

ables and intercepts included. All results are

avoids the estimation of six additional parame-

presented in Appendix Table 5 as well as in

ters which are not remotely statistically signifi-

Uguccioni (2016).

cant when included. Third, unlike the

Our model estimates annual TFP growth of

interaction terms among input shares ( S i ) and

4.23 per cent per year and 3.52 per cent per year

between input and output shares, the time inter-

at CN and CP respectively for the 1986-2009

action term lacks any theoretical interpretation.

period. One of the major advantages of the

Specifically, the following system of equations

Caves, Christensen, and Swanson (1981a)

was estimated:

approach is its ability to pull returns to scale out
4

(i)ln ( expense ) = α CN + α CP + φln ( Y ) +
4

1
2 1
+ --- ξln ( Y ) + --2
2
4

1
+ --2

4

the TFP growth estimate by logarithmically dif-

∑ βi ln ( P i )

ferentiating with respect to gross tonne kilome-

i=1

tres and manipulating the results. Smith (2006)

∑ γi ln ( Y )ln ( P i )

takes their method a step further by adding a

i=1

measure of track usage to capture economies of

∑ ∑ δ i,j ln ( P i ) ln ( P j ) + ζt CN + ζt CP + ε ( i )

density. Unfortunately, as estimation of our

i = 1j = 1
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model does not return significant point esti-

annual productivity growth was unchanged after

mates for the coefficient of our gross tonne kilo-

privatization.21

metre variable we are unable to unpack TFP

We also consider the possibility that CN’s

growth into returns to scale and technological

productivity improved drastically when the

change. We suspect this is largely a multicol-

time it privatized, but not precisely in 1995. We

linearity issue between gross tonne kilometres

consider the installation of Tellier at the head of

and the time trend. Moreover, we were unable to

CN in 1992, the appointment of Harrison as

attempt to estimate returns to density using

COO and the implementation of precision rail-

Smith’s method due to a lack of appropriate data.

roading at CN in 1998 and 1999 (as Harrison

Consequently, the interpretation of our produc-

(2000) only established the precision railroad at

tivity coefficients is still that they are “black

CN in September 1998, the first full year of the

box” measures. They represent the annual per

precision railroad at CN was 1999), and Harri-

cent reduction in the total cost function at either

son’s move to CEO in 2003 as four alternatives.

railway holding output constant.

At the 1998 and 2003 alternative thresholds, we

Our model is, however, able to add some value

fail to reject the null hypothesis that CN’s

that the index number approach was unable to.

annual productivity growth did not differ on

Specifically, we are able to statistically test

either side of the break.22

parameter stability to evaluate whether or not

For the 1992 and 1999 breaks, we reject the

TFP growth at some point fundamentally

null that CN’s annual productivity growth did

changed.20

not differ on either side of the break at the 1 per

Following Iacobacci and Schulman’s (2009)

cent level and 5 per cent level respectively. As we

claim that the privatization of CN was a major

failed to reject the null at CP for both the 1992

contributor to the stellar productivity growth

and 1999 thresholds, there is evidence that the

exhibited by the Canadian freight rail sector, we

shock to TFP growth was firm specific.23 These

test the stability of CN’s TFP growth estimate in

results are discussed at length below.

1995. While it is entirely plausible that the
effects of privatization on productivity could

Differences with Index Estimates

have led or lagged the 1995 breakpoint, a param-

First and foremost, the productivity estimates

eter stability test using 1995 as the break point a

obtained via either form of estimation go hand

priori should split up productivity growth under

in hand with the assumptions they rely on.

public ownership and under private ownership.

Diewert (1992) argues that the use of indices to

We fail to reject the null hypothesis that CN’s

measure TFP is preferable to econometric esti-

20 These parameter stability tests simply perform an F-test of an unrestricted model with two productivity coefficients (time trends for only one side of the break and are zero otherwise) against a restricted model with only
the one. Ideally we would perform a Chow test, but our sample size is insufficient to support a doubling of the
number of parameters to estimate. To ensure we are not simply capturing a technology shock hitting both
firms, we run our parameter stability tests on CP as well.
21 Specifically, the test returns an F-statistic of 0.221 and an associated p-value of 0.6388. We fail to reject
the null at CP as well, returning an F-statistic of 1.8044 and a p-value of 0.1807.
22 The test results were: 1998 - F-statistic of 2.3999 and a p-value of 0.1229; 2003 - F-statistic of 0.0146
and a p-value of 0.9030. We fail to reject the null at CP as well, returning: 1998 - F-statistic of 1.1177
and a p-value of 0.2917; 2003 - F-statistic of 1.0005 and a p-value of 0.3184.
23 The test results were: 1992 - F-statistic of 8.0169 and a p-value of 0.00511; 1999 - F-statistic of 5.7117
and a p-value of 0.01778. However, we fail to reject the null at CP, indicating that the shock to TFP
growth was firm specific. The tests returned: 1992 - F-statistic of 0.1615 and a p-value of 0.6882; 1999 F-statistic of 2.2611 and a p-value of 0.1342.
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mation of productivity because indices do not

both of the “black boxes” to contain the standard

require assumptions regarding firm behaviour.

components, such as disembodied technological

As noted above, we believe the most tenuous

change and operational efficiency, but we have

assumption in our econometric model is the

no way of confirming our suspicions. Conse-

treatment of capital inputs as variable. This

quently, our measures of productivity may well

results in us estimating a total cost function in

be identical.

lieu of a variable cost function.

More technically speaking, there is also the

Indices, however, do rely on cost shares to

issue of how our productivity estimates are cal-

approximate the “importance” of an input to

culated. The index method allows us to compute

production and are therefore sensitive to price

a compound average annual growth rate, while

shocks. For example, a price shock in labour

the econometric estimates compute annual pro-

costs from a union renegotiating its collective

ductivity growth using least squares estimation.

bargaining agreement resulting in a one time

As such, estimates obtained from either method

increase in wages could over-estimate the

are broadly comparable, but not perfectly so.

importance of labour to production between

As shown in Table 3, we estimate TFP growth

years. If the price shock for labour costs raised

to be 4.42 per cent per year at CN and 3.12 per

its cost share by several percentage points, out-

cent per year at CP using indices. Econometric

put increased and the physical quantities of all

estimates put annual productivity growth

inputs except labour fell in the same period, the

throughout the period at 4.23 per cent per year

TFP growth estimate between these two years

at CN and 3.52 per cent per year at CP. The gap

would be underestimated due to the increased

in annual productivity growth between CN and

weight suddenly put on labour. Contrarily, if the

CP over the period is significantly larger when

underlying model assumed cost minimization by

estimated using indices (1.30 percentage points)

the firm, the productivity estimate between

than econometric estimation (0.81 percentage

these same two years in question would not a

points). This difference in the size of the gap in

priori be biased because the firm is purposely

growth rates is likely driven by the implicit

choosing its input levels taking costs into

assumption that both firms face the exact same

account. As the share equations in our system

production function, which lowers the number

(equations (ii) through (v)) model this behav-

of parameters to estimate. Some intuitive evi-

iour, an exogenous price shock can be handled

dence of this is the econometric estimates lying

by the econometric model.

between the index estimates of the two firms.

Another important difference between the

Minor variations in the production function

index and econometric TFP estimates is what

(driven, for example, by geographical differ-

the “black boxes” we obtain actually contain.

ences) could result in our estimates for CN and

The traditional method of estimating TFP in

CP somewhat diverging.

economics is the residual change in output that

The crux of the matter is that the structure

is not captured by the change inputs, and this is

imposed by econometric estimation gives the

effectively what our index method is measuring.

model more explanatory power but it also sacri-

The econometric method estimates another

fices some realism (i.e. accuracy) at the firm-

productivity catch-all measure but it is not tech-

level because capital inputs may be quasi-fixed

nically TFP. Our catch-all captures all changes

throughout the period of interest and the under-

in total cost not explained by changes in output

lying production function may differ between

levels, input levels, or prices. A priori we expect

firms or over time.
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Ultimately, our concerns likely account for

per cent per year), while the number of workers

most of the differences between estimates

employed at CP fell to 43.6 per cent of its 1986

obtained using the two estimation procedures.

value (3.55 per cent per year). At CN, the labour

We are partial to Diewert’s criticism of the use of

input fell more than 2 percentage points per year

firm behaviour assumptions in the econometric

faster than any other input; at CP, labour fell

estimation, and are more confident in the accu-

over 1.5 percentage points per year more than

racy of our index number results.

any other input. With such steep falls in labour,
both CN and CP were in the odd position of

Discussion

experiencing fairly rapid capital deepening

We first discuss our partial productivity

while the capital stock at either company was

results, and consider where they stand in the lit-

also falling fairly quickly. Sources of TFP

erature as a whole. Next, we discuss our TFP

growth are discussed below, but its robust

growth results, and propose several sources

growth also sustained strong labour productivity

which explain them. Productivity growth at both

progress throughout the period of 1986-2009.

CN and CP significantly outperformed the
Canadian economy on the whole

Our narrative of the sources of labour productivity growth is very much in line with Cairns
(2015). He argues that Canadian freight rail

Partial Productivity Growth

productivity benefitted significantly from sell-

The narrative of labour productivity growth,

ing off the marginally profitable lines to

capital productivity growth, and TFP growth at

regional shortlines and the discontinuance of

CN and CP over the period of 1986 to 2009 is

lines which did not make economic sense (i.e.

broadly similar. In the earlier years, CP enjoyed

marginal costs of operation exceed marginal rev-

higher productivity levels than CN, and CN

enue). Cairns also argues that reduction in the

exhibited higher growth rates in part due to the

freight rail labour force in tandem with the new

removal of the greater slack in their system that

profit sharing labour agreements with unions

comes with being the less productive firm. How-

contributed significantly to productivity growth

ever, in the mid-1990s the growth narrative

from 1981 to 2012.

changed. CN did not slow to a rate of productiv-

Capital productivity at CN and CP grew 2.92

ity growth similar to CP’s once its level of pro-

per cent per year and 1.93 per cent per year from

ductivity converged. Rather, CN’s productivity

1986 to 2009. Cairns (2015) argues that the pro-

growth steamed ahead of CP, and by 2009 it had

ductivity growth experienced by CN and CP

almost entirely reversed the gap which existed

came through improved quality of capital assets

between the levels of productivity at the two

(i.e. embodied technological change). Specifi-

firms in 1986.

cally, he cites: locomotives with more horse-

The improvement in labour productivity is

power which allow longer trains to travel faster,

captured in Chart 2, with CP and CN growing

locomotives able to sense weakened axles or

4.76 per cent per year and 6.49 per cent per year

tracks before they fail, lighter freight cars able to

respectively. McKellips and Calver (2016) show

bear greater loads, and continuously welded

that labour productivity growth can be broadly

tracks.

decomposed into changes in capital intensity

Evidence of Cairns’ proposed improvements

and total factor productivity growth. The num-

of the capital stock are evident in the data. For

ber of workers employed at CN in 2009 fell to

example, the free fall in the equipment mainte-

31.4 per cent of its 1986 value (shrinking 4.90

nance workers employed by both CN and CP
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from 1986 to 2009 is likely due to the improved

steadily since 1986. Although CN’s reduction of

quality of the rolling stock and not neglect, as

kilometres of track operated effectively ended in

railway safety has steadily improved in recent

2006, in 2009 CN operated 72.1 per cent of the

decades (Cairns, 2015). Some of these gains

track it did in 1986 (a decline of 1.41 per cent per

were also captured in fuel productivity growth

year). Given the TFP growth during this period

over the period, as better engines could produce

when lines were abandonned, CN and CP may

more RTKs with less diesel. While less obvious,

well have benefited from the economies of den-

the improvements in the capital stock also con-

sity Tretheway, Waters, and Fok predicted.

tribute to labour productivity growth implicitly
through capital intensity.

Cairns (2015) argues that Canadian freight
rail productivity benefitted significantly from
selling off the marginally profitable lines to

Total Factor Productivity Growth

regional shortlines and the discontinuance of

While TFP growth follows the same narrative

lines which did not make economic sense (i.e.

as labour and capital productivity growth, what

marginal costs of operation exceed marginal rev-

it measures is less straightforward. TFP is a

enue). While selling off unproductive capital

“black box” or a “measure of our ignorance”

assets contributes to capital productivity

which captures growth in output not explained

growth, it could lead to TFP growth if the firms

by adding inputs. By its nature the contents of

back been experiencing diseconomies of scale or

the black box are general deemed not be measur-

they benefitted from economies of density as a

able, particularly in index number studies. As

result of more throughput on the central lines.

discussed above, one of the main advantages of

Most of the literature on Canadian freight

econometric estimation is the ability to separate

railways agrees that one of the major sources of

out returns to scale and returns to density from

their stellar TFP growth was operational effi-

technical change. While we were not able to do

ciency. Iacobacci and Schulman (2009) argue

so in this article, it is still entirely possible that

that the operational efficiency gains came by

increasing and/or decreasing returns to scale

way of the privatization of CN in 1995. Harrison

and/or returns to density make up part of our

(2000) and Cairns (2015) offer more specific

TFP growth estimate.

operational changes which fundamentally

Based on developments in the 1956-1991

altered the way firms transported goods.

period, Tretheway, Waters, and Fok (1997)

Iacobacci and Schulman (2009) argue that one

point out that Canadian railways stood to make

key driver of TFP growth in the rail sector was

significant productivity gains if they were

the privatization of CN in 1995. McKellips and

allowed to abandon lines as freely as their Amer-

Calver (2016) also argue that CN’s decreased

ican counterparts were able to following the

operating ratio after 1998 is evidence that the

1980 Staggers Rail Act. Specifically, Tretheway,

privatization of CN significantly improved pro-

Waters, and Fok argue that productivity at

ductivity. Anecdotally, CN does exhibit more

American railways benefited from economies of

significant declines in locomotives, freight cars,

density in the wake of the Staggers Rail Act.

and track operated after 1995. Labour produc-

CP’s kilometres of track operated steadily

tivity, capital productivity, and TFP levels of

declined at an average annual rate of 1.99 per

CN also converged with CP around 1995, so it

cent per year from 1986 to 2009, and in 2009 it

could be the case that incoming market pres-

sat at 62.9 per cent of its 1986 value. CN’s kilo-

sures helped CN remove excess slack from its

metres of track operated has also declined

system.
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Iacobacci and Schulman (2009) are not, how-

bacci and Schulman’s hypothesis, as Tellier was

ever, supported by CN’s TFP growth trajectory.

installed as CEO to prepare CN for privatiza-

In the 10 years prior to privatization, CN’s aver-

tion. With Tellier at the helm and the 1995 IPO

age annual TFP growth was 5.91 per cent per

only a handful of years away, looming market

year while over the 10 years following privatiza-

pressures may have bolstered TFP growth.

tion its average annual TFP growth rate was

Cairns (2015) argues that further productivity

only 5.58 per cent per year. For comparison, CP

gains arose due to improved operational prac-

grew 3.75 per cent per year in the decade prior

tices, such as the addition of a locomotive in the

to 1995 and 4.85 per cent per year in the subse-

middle of long trains, and improved manage-

quent decade, so CN’s growth slowdown doesn’t

ment due to better informational technologies

appear to reflect new realities facing the market.

at the firm’s disposal. While neither of these

Econometric estimation also showed no evi-

claims are directly measurable, their productiv-

dence of the effect of privatization in 1995.

ity improvements ought to be captured in the

Admittedly, using 1995 itself as the break

TFP series estimated by reducing the inputs

point for productivity gains from privatization is

required to produce an output. Some of these

not ideal for this sort of analysis. Seamless priva-

gains were likely captured in fuel productivity

tization of a firm the size of CN would not be

growth over the period.

possible on short notice, and no doubt senior-

Harrison (2000) touts the operational suc-

management at CN knew of the coming privati-

cesses CN experienced under his precision rail-

zation well in advance of its arrival. It is entirely

road regime, and our results indicate that there

possible that the pressures of the privatization

was a statistically significant difference in pro-

came in advance of 1995, and therefore its

ductivity after 1999. Other than slight accelera-

effects were manifest prior to 1995. As such, we

tions in the declines of operational locomotives

performed stability tests on the productivity

and freight cars at CN around 1998, there is lit-

coefficient estimate for CN employing other

tle cursory evidence of his strong operational

key years in the railway’s history: the installation

management in the data. This, however, is not

of Tellier at the head of CN in 1992, the

surprising, as operational efficiency is primarily

appointment of Harrison as COO and the

captured in the residual output growth which

advent of precision railroading in 1998 and 1999

TFP measures.

(as Harrison (2000) only established the precision railroad in September 1998, the first full

Conclusion

year of the precision railroad was 1999), and

Labour productivity growth at CN and CP

Harrison’s move to CEO in 2003. We fail to

from 1986 to 2009 was sustained by capital

reject the null hypothesis of no change in pro-

deepening, improvements in the quality of stock

ductivity growth before and after the 1998 and

of capital, and robust TFP growth. Operational

2003 thresholds.

changes, especially the introduction of precision

While we are not able find direct statistical

railroading, were central contributors to TFP

evidence of Iacobacci and Schulman (2009)’s

growth during the period. There is little evi-

argument, we are able to provide two credible

dence that the privatization of CN in 1995

alternatives. We found statistically significant

changed the trajectory of its TFP growth. How-

evidence that TFP growth differed before and

ever, the econometric evidence showed that

after 1992, and before and after 1999. Admit-

TFP growth at CN systematically changed fol-

tedly, 1992 may provide some evidence of Iaco-

lowing the installation of Tellier as CEO in
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1992. As Tellier’s marching orders were to prepare the firm for privatization, the fundamental
changes to productivity that were results of
privatization may well have have occurred in
1992. The implemenation of precision railroading at CN starting in 1999 was also a major turning point for productivity growth.
Using indices, we estimate productivity
growth to be 4.42 per cent per year at CN and
3.12 per cent per year at CP. At the industry
level, we estimate annual TFP growth of 3.94
per cent per year. Econometric estimates put
annual productivity growth throughout the
period at 4.23 per cent per year at CN and 3.52
per cent per year at CP.
Future research into Canadian railways
should strive to extend the period of analysis to
include the years of sluggish economic growth
which followed the 2008 financial crisis and
investigate whether the large falls in the operating ratio at CP under Harrison were in fact
driven by rapid TFP growth. Future research
using alternative estimation methods with the
Railway Transport Survey dataset would help
enhance the understanding of the successes of
Canadian freight railways.
Further research should also expand the
breadth of analysis into studies of passenger railways (e.g. VIA rail) and shortlines, the data for
which are also available from the Railway Transport Survey dataset. Statistics Canada should
consider making the microdata from the Railway Transport Survey on shortlines publicly
available to fuel future research. They should
also consider the addition of throughput variables and land variables in the Railway Transport
Survey, to allow researchers to estimate returns
to density and generate TFP estimates which
include land inputs.
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