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Abstract

Following deregulation, the increase in intramodal competition forced railroads
to reduce costs. One of the most striking restructuring measures was labor down-
sizing. Apart from this, railroads have also significantly restructured their hu-
man resources composition, and this has proven to generate operational efficiencies.
To better understand and explain how these changes have been made, this paper
presents a multi-input/output translog variable cost model with labor input divided
by employee categories. This model enables us to estimate elasticities of substitu-
tion between these different employee categories and other inputs as well as cross-
and own-price elasticities of labor demand for the post-deregulation period. I find
that there is strong substitutability between some production and nonproduction
employee categories, namely managerial positions and the transportation group,
pointing to the achievement of better command and control of freight operations;
a high degree of complementarity between the most skilled employee categories; 1
also find that the strongest substitute relationship is between the transportation
and maintenance of ways&structures groups and that total labor does not form a

consistent aggregate.
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1 Introduction

Deregulation returned US Class I Railroads to the competitive marketplace after nearly a
century of tight government regulation. Since passage of the 1980 Staggers Railroad Act,
the main regulatory reform, competitive pressures stimulated crucial changes in the way
railroad companies thought about their operations, markets and customers. This resulted
in more aggressive railroad managements and triggered changes in railroad corporate
culture.

Competition forced railroad firms to reduce costs. As in virtually all transport sec-
tors, labor costs represent a significant share of railroads production costs. This partially
explains one of the most striking restructuring measures adopted by railroads: dramatic
labor downsizing. Employment was reduced by 60% between 1981 and 2004. This ratio-
nalization of the labor force was possible thanks to, among other things, the abandonment
of light density and unprofitable lines, merger procedures and the adoption of labor-saving
technologies.'

Downsizing affected all railroad employee categories, but not in the same way. Overall,
railroads undertook significant restructuring in the composition of their human resources
and implemented important changes in their organizational forms. They got rid of an
outdated century-old tradition of bureaucratic, hierarchical (or "militaristic") organiza-
tions in favour of a more aggressive, marketing-oriented type of management driven by
the customers.

Railroad firms began to focus on customer satisfaction because they understood that,
in this new deregulated environment, meeting customer service quality requirements was a
prerequisite not only for profitable operation but also survival. The new customer-oriented
strategies may explain some of the changes in organizational forms.

The purpose of this paper is to give some evidence of the post-deregulation labor
strategies that significantly contributed to the economic renaissance of US railroad com-
panies and to help better understand the way in which they were realized. To do so,
given that these human resources reorganization strategies translate into specific rela-
tionships of complementarity and substitutability between different labor factors, I study
them by estimating the elasticities of substitution between different US Class I employee
categories. I make use of examples on organizational strategies carried out by railroad
firms to illustrate results.

I find strong substitutabilities between some production and nonproduction employee

categories, namely executive positions and the transportation group, pointing to the

!See Schwarz-Miller and Talley (2002) for a complete survey on the topic.



achievement of better command and control of freight operations. I also find a high de-
gree of complementarity between the most skilled employee categories, partially explained
by the widespread use of teamwork at high levels of the organization aimed to improve
communication. Additionally, there is a complementary relationship between executive
positions and the maintenance of equipment positions, signalling that railroad manage-
ment is refocusing on providing reliable service to their customers. Results further show
that the strongest substitute relationship is between those members of the transportation
group and those of the maintenance of ways&structures.

I also study the elasticities between labor factors and the rest of railroad production
inputs. This is especially important if labor is demonstrated to be not separable from
the rest of inputs.? Ignoring the rest of inputs would give biased estimates of labor-labor
substitution.> Cross- and own-price elasticities for labor and the rest of inputs are also
reported.

Results reveal that all labor occupations are substitutable for the equipment input,
but not on an equal level. More precisely, the substitution relationship is less strong for
the more skilled categories.

The obtained labor demand elasticities are consistent with the conclusion of Hamer-
mesh (1987) that own-price demand elasticities are lower for workers that have more
general human capital embodied and that increases in intermodal type of traffic result
in significant decreases of professional&administrative expenditure shares. As well, I find
differences in the signs of the substitution elasticities between the six labor inputs and
two of the three remaining inputs, indicating that total labor does not form a consistent
aggregate.

For this type of study one needs data sets that have detailed workforce information
disaggregated according to relevant employee categories. In fact, usually the literature
on labor-labor substitution separates the workforce into just two categories: production
and nonproduction workers.? This paper goes beyond these studies in that I distinguish
between six different employee categories, so that we can get richer information on the
substitution and complementary labor relationships.

I investigate a comprehensive data set on US Class I railroads after deregulation. It
contains detailed information on firm-level operating costs and, in particular, and most

importantly, employment and wages information for six occupational categories: man-

2That is, if the elasticities of substitution of the rest of inputs for various types of labor are not

identical.
3Hamermesh and Grant (1979).
4See Hamermesh and Grant (1979) for a complete summary of the empirical literature on skill substi-

tution.



agers&officials, professional&administrative, maintenance of equipment&stores, mainte-
nance of ways&structures, transportation and train&engine. Each occupation requires
different levels of formation or human capital; therefore, each employee category can be
thought of as being attached to a particular skill level.

The model estimated is a multi-input/output translog variable cost function with the
labor input divided into these different employee categories. The multi-output nature of
the cost function enables us to also examine how a particular labor input expenditure
share responds to an increase in a particular output. Furthermore, by dividing labor into
different employee categories, I'm able to examine the appropriateness of considering the
labor input as forming a consistent aggregate. To the best of my knowledge, no such a
study has been conducted to date for this specific industry.

Section 2 describes the institutional background of deregulation. Section 3 presents
the empirical cost model. Section 4 explains the elasticity concepts to be calculated.
Section 5 describes the data and presents both the regressions and the elasticity results.

Section 6 lists other relevant organizational structure changes. Section 7 concludes.

2 Background

With the passage of the Interstate Commerce Act in 1887, freight railroads became the
first U.S. industry subject to comprehensive federal economic regulation. For the next
93 years, the federal government, mainly through the ICC (Interstate Commerce Com-
mission, America’s first independent regulatory agency), would control wide areas of rail
operations and management.’

Regulation imposed lengthy merger proceedings and route abandonment hearings, lack
of flexibility in rate setting, prohibition of joint use of common track between two carriers
leading to duplication of service, lack of innovation, loss of market share and higher costs.®
The combination of these elements explains the poor financial condition of the industry
beginning in the early 1970s.

Congress passed the Staggers Rail Act in 1980, marking the beginning of the post-
deregulation period for this industry. The basic principles of the Staggers Act were that
rail management, not government regulators, should run railroads. The reform allowed
railroads to establish their own routes, tailor their rates and services to market conditions,
and differentiate rates on the basis of demand. It also permitted long-term service con-

tracts between railroads and their customers, and eased procedures for the abandonment

5 Association of American Railroads (2006).
Railroad News (1998).



and sale of rail lines.

With competition, railroads began thinking hard how to achieve a better match be-
tween their huge physical plants and work forces on the one hand and available traffic on
the other.”

The main effects of the reform were an increase in shipment density and shipment size,
the initiation of double-stack container train service thanks to the allowance of long term
contracts between railroads and shipping lines (because of the high level of strategic and
financial commitment, including the substantial specialized capital required), an increase
in market concentration (from 38 firms in 1978 to 7 in 2004) and reinvestment of hundreds
of billions of dollars in productive rail infrastructure and equipment.

In reference to the work force, there was a dramatic labor restructuring, with employ-
ment reduced to a third of its 1981 size by 2004. Evidence for this is given by Figure 1,
which shows the evolution of total employment between 1978 and 2004. However, down-
sizing didn’t affect all the employee categories with the same intensity. This can be seen

in Figure 2, which disaggregates the labor downsizing by occupational category.

3 The Model

The model used is a variable cost model. I use the specification of Ivaldi and McCullough
(2001), but given that I want to study the complementarities and substitutabilities be-
tween the different labor inputs, labor prices are here disaggregated into the six existing

employee categories. My specification is then the following:

VC - VO(yB7 Ya,Yyv,Yr, W, Wg, /LUF”LUM, hauz? TO(ld) (1)

where:

VC = annual operating variable cost,

y = output, divided by:

yp = car-miles® of bulk traffic (i.e. open hopper, closed hopper),

Yy = car-miles of general traffic (gondolas, box cars),

"R. Gallamore (1999).
8 Physical measure indicating the movement of a car a distance of one mile. Most studies use aggregate

ton-miles as the unit of freight output. But this data is not available on a commodity-by-commodity basis.
In contrast, there is annual data on car-miles by equipment type, and this is important because different
car-types are involved in freight services that have different cost and demand characteristics. This means
that using car-miles makes it possible to estimate costs in a way that is both technologically accurate
and market-relevant. See Ivaldi and McCullough (2001) for a complete discussion on the advantages of

using this measure.



yy = car-miles of intermodal traffic (trailers and containers on flat cars),

y; = replacement ties installed in a given year, a measure of infrastructure output,’

wy, = vector of labor prices,

= ( Wexpcor; WprorapM yWyaNnw s WhaINEqQ ) WrrANSP wTRENG)7

where

Wegxpcor = average annual compensation of executive and official positions,

Wprorapy = average annual compensation of professional and administrative positions,

Wyanw = average annual compensation of maintenance of way and structures posi-
tions,

Wyaneq = average annual compensation of maintenance of equipment and stores po-
sitions,

Wrransp = average annual compensation of transportation positions, other than train
and engine,

Wrrepne = average annual compensation of train and engine positions,

wp = rail equipment price index,

wp = rail fuel price index,

wys = rail material and other inputs price index,

haul = average length of haul covered by freight railroads from departure to destina-
tion,

road = miles of road operated,

The Surface Transportation Board classifies and defines the mentioned six job titles

as follows:

o FExecutivesédOfficials: managerial positions, including those of chief executives, cor-
porate department heads and major sub-department heads, corporate executives
and managers assisting department and sub-department heads, regional managers,
chief division officers and managers directly supervising train and yard operations.
In sum, these are jobs requiring administrative and managerial personnel, who set
broad policies, exercise overall responsibility for execution of these policies, and

direct individual departments or special phases of firms operations.

e ProfessionalésAdministrative: these are basically technical and clerical positions,
including technical occupations requiring a high degree of training and/or supervis-

ing sub-professionals and technicians, technical occupations requiring a high degree

90n mature rail networks most infrastructure-related activity is aimed at maintaining the capacity of
the existing network rather than expansion. The maintenance activity is viewed here as a variable output
which imposes costs directly and which interacts directly with other outputs, Ivaldi and McCullough
(2001) p.165.



of knowledge and/or skill, supervisors responsible for the administrative activity
of a department, sub-department, office or region, sales and traffic representatives
and agents, inspectors, instructors, clerical technicians and specialists, office ma-
chine and data equipment operators, secretaries, typists, general and other clerks,

telephone operators and office attendants.

o Maintenance of WayésStructures: this category includes positions such as mainte-
nance of way and structures supervisors and inspectors, bridge and building gang
foremen, carpenters, ironworkers, painters, helpers, machine operators, gang fore-

men, communications workers, signalmen and signal maintainers.

e Maintenance of Equipmenté§Stores: this includes maintenance of equipment super-
visors and general foremen, storekeepers, gang foremen, electrical workers, machin-
ists, sheet metal workers, enginehouses laborers, equipment operators and general

laborers.

e TrainéEngine: these are conductors, yard or road engineers and other people who

physically operate the trains, such as switchmen, brakemen and yard or road firemen.

e Transportation, other than train and engine: this category includes such personnel
as station agents, flagmen, interlocking tower operators, and other people involved

with on-line train operations except for engine and train crew personnel.

The functional form used to estimate (1) is a flexible multiproduct translog which can

be written:
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where VC represents variable costs, w is a set of input prices, y is the set of out-

puts, and t represents the quasi-fixed variables road and haul. Time and an occupational



restructuring variable which basically measures the degree of occupational dissimilarity

O are also included, both in level form. The efficiency of

between two periods of time!
the estimation is improved by estimating variable cost and share equations for each in-
put simultaneously: it yields more degrees of freedom and efficient parameter estimates
without additional unrestricted coefficients. These factor shares are obtained by using

the Shepard’s Lemma, and are of the form

Si = flZ + Z AAzl In w; + Z ABZ] In Y; + Z AAC'”g In tk (3)
! J k

where S; is the share of variable cost allocated to input i, that is, w;z;/VC =
dInVC/dInw;. Share equations are estimated for all inputs but one, to avoid perfect
collinearity. The data is mean scaled so that, at the mean, the logarithm will be zero.
This is convenient for the interpretation of estimation results, since the first order term
parameter estimates will show the elasticity of costs with respect to those variables when
all variables are at their sample means.

The cost function being twice differentiable, its Hessian matrix must satisfy the follow-
ing symmetry restrictions: AA; = AAy;, BBj, = BB,,j, CCy, = CChi. A well-defined
dual cost function must also verify the property of linear homogeneity of degree 1 with
respect to input factor prices. It ensures that the cost-minimizing bundle does not change
if all prices are multiplied by the same positive scalar, and therefore, maintains the basic
property that only the ratios of the inputs’ prices affect the allocation of inputs. It is
enforced by dividing the mean-scaled variable cost and i-1 mean scaled prices by the ith
mean-scaled price, which is the input price from the share equation that is dropped (e.g.
Daughety and Nelson, 1988).!1

4 Factor Demand and Substitution Elasticities

The translog parameter estimates can be used to calculate elasticity values.!'?
The formulas of factor demand, cross-price and (Allen) substitution elasticities for the

translog cost function are the following:

n, = dln xz/d In w; ‘y,t:const,wj:const Vj#i— S@ -1+ (AAZZ/SZ)

10Gee Table 1 for a detailed description.
'This is equivalent to imposing a set of restrictions on the cost function parameters: Yo A=

1, Zi Ail = Zl Ail = 0, Ez AB” = Zi AClk =0.

12Look at the appendix for the demonstration.



Na = dIn xz/d In Wy |y, t=const,wy=const Vk#l=— (AAzl + Sz * Sl)/Sz

O = nil/Sl = (AAZl/S’L * Sl) +1

All these measures are one-price-one-factor elasticities: that is, both elasticities mea-
sure the responsiveness of input i to a one percent change in the price of input j, with all
other prices and output held constant. By construction, o; are symmetric, but not the
1;;, and must have the same sign.

Factors are substitutes if o; > 0 ( an increase in the price of input j will lead to an
increase in the demand for input i), and complements if o;; < 0 (an increase in the price
of input j will lead to a decrease in the demand for input i).

I will concentrate on these elasticity measures for the results given that they give us
information on the complement or substitution nature of the relationship between different
factors, which is the main interest of this study. However, to provide further insights
on substitution possibilities, Morishima elasticities of substitution are also calculated,
which are an alternative to the above Allen Elasticities of Substitution. The Morishima
elasticities measure the percentage change in the ratio of a pair of factors with respect
to a change in the ratio of their respective prices. That is, they measure relative input
adjustment to single-factor price changes. This means that two factors are substitutes
(complements) if an increase in the price of one causes the quantity of the other to increase
(decrease) relative to the quantity of the input whose price has changed. This is then a
one-price-two-factor elasticity.'?

The formula for the Morishima elasticity of substitution is the following:
oy =ng—m

It can be seen that because 7, (factor demand elasticity) is always negative, two inputs
that are Allen substitutes are also Morishima substitutes. However, the converse does not
hold.

131t is a measure of the ease of substitution and a sufficient statistic for assessing the effects of changes

in price ratios on relative factor shares, whereas the Allen elasticity of substitution is not (see Blackorby
and Russel, 1989).



5 Data and Estimation Results

The sources for the data are the annual Analysis of Class I Railroads and quarterly
Railroad Cost Indexes published by the Association of American Railroads. The sample
is an unbalanced panel of 18 Class I firms operating in the U.S. between 1982-2004. Firms
are defined as the accounting entities presented in the Analysis.

Variable definitions are given in table 1, and summary statistics are in table 2.

The system estimated includes the cost equation (equation (2)), eight share equations
(equation (3)), and four additional equations representing instrumental variable regres-
sions for the output variables vz, v, yv and y;, to control for endogeneity problems.'*
The instruments are some input prices and exogenous variables such as coal consumption
and population calculated for the territory served by each railroad per year.

The assumptions made on the error vectors of the system follow Berndt et al. (1993).
The error term is decomposed into three components: a firm-specific error term to capture
special network effects, an error that exhibits first-order autocorrelation within the cost
equation and the eight share equations and an error that is contemporaneously correlated
across the cost and share equations. To control for firm-specific effects, dummy variables
are introduced into the cost equation,'® and autocorrelation is corrected by estimating
autorregressive parameters for the cost equation and the share equations. To account
for contemporaneous correlation, the system is simultaneously estimated using the FIML
command of SAS for Windows Release 9.1.

5.1 Basic Regression Results

Overall results of these regressions are presented in Table 4. All the left-hand side variables
are well-explained. The adjusted R-squared for the variable cost equation is 0.9904 and
the Durbin Watson statistic is 2.281.

The parameter estimates for the cost function (equation (2)) are presented in table
5. All of the first order terms have the expected signs (except for infrastructure type of
output and haul) % and all but three are significant at conventional levels. The time trend

suggest that railroad operating variable costs have been declining at approximately 1.01

14 As argued in Ivaldi and McCullough, "partial deregulation of the rail industry in 1980 meant that

output levels and composition became strategic decisions not independent of firm characteristics".
5 Including them in the eight share equations as well would have significantly decreased the degrees of

freedom in the analysis.
6However, in a preceding regression using data just from 1984, haul got a negative and significant

coefficient.



percent per year. The effect of employee restructuring on costs appears to be negative,
but it is not significant.

With regard to output variables, the elasticity of costs with respect to intermodal type
of traffic (0.0981) gets the smallest significant value, reflecting the inherent efficiencies of
this type of traffic relative to the rest.

In terms of share biases effects,'” that is, AB;; terms coefficients, and in particular,
in what concerns the different labor categories, the majority of the significant biases are
negative. Professionalédadministrative is the only category to get a highly significant
negative coefficient for intermodal type of output: increases in intermodal traffic result in
decreases in this employee category’s expenditure share.

In contrast, increases in infrastructure type of output result in increases of maintenance
employees and trainéfengine expenditure shares, with the largest magnitude for mainte-
nance of wayésstructures labor, which is plausible. One explanation for the trainéengine
result might be the interference between operations and infrastructure activity. Recall
that this category basically includes people who physically operate the trains, such as
conductors. This interference might make the scheduling and repositioning of this part of
the crew more complicated and cost-inefficient.

Increases in bulk type of traffic produce decreases in the expenditure shares of exec-
utiveséofficials and professionalésadministrative. This may be explained by the nature
of bulk operations. Bulk traffic usually moves in blocks of cars or unit trains.!® Unit
train operations involve regular, trolley-like movements between origins and destinations.
Thus, bulk freight operations typically involve less complicated routing and less switching
requirements than other types of traffic. Then, the reduced need for high capabilities of
command and control could partially explain the decrease in the expenses on managerial
positions. On the contrary, it causes increases in the expenditure share for maintenance

of equipmentéistores and trainéfengine.

5.2 Factor Demand and Substitution Elasticities Results

Table 6 reports estimated demand and substitution elasticities for the six labor input cat-
egories and for fuel, materials and equipment. Degrees of significance for all the elasticity
values are also reported.

All the own-price elasticities have the expected sign, i.e., input demand reacts nega-

tively to an increase of own price.

1"The measure of how input i’s expenditure share responds to an increase in output j.
18They carry only a single commodity from a single source and to a single destination.
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Concerning labor demand elasticities, I get different results for each of the categories,
as expected. Moreover, the results are consistent with the conclusion of Hamermesh (1987)
that own-price demand elasticities are lower for workers that have more general human
capital embodied: thus, the low demand elasticities of executiveséofficials (-0.142) and
professionaléfadministrative (-0.354) contrast with the relatively larger values for the rest
of employee categories. Those remaining categories get very close demand elasticities,
with the lowest own-price elasticity for the transport group (-0.571).

As for the rest of inputs, fuel gets the least elastic demand, with an own—price elasticity
equal to -0.144, result which seems plausible in a transport industry, while materials get
the most elastic, with an elasticity equal to -1.246.

One interesting observation is the difference in the signs of the substitution elasticities
between the six different labor inputs and two of the three remaining inputs, namely
fuel and materials. For instance, the substitution elasticity between ezxecutiveséofficials
and materials is 2.657 (i.e. strong substitute relationship) while it is -4.625 (i.e. strong
complementary relationship) between materials and the transport group. This indicates
that total labor does not form a consistent aggregate (other studies reached a similar
conclusion. One example is the paper by Turnovsky and Donnelly for the Australian Iron
and Steel Industry, where they divide labor into administrative workers and production
labor)!?. This result stresses the interest of disaggregating labor by employee categories
when studying labor complementarities and substitutabilities with other inputs.

One of the most important and interesting findings of this research is the high degree of
substitutability between the transport (production workers) and the ezecutiveséofficials
(nonproduction workers) groups. They get an elasticity of substitution equal to 3.751,
the largest positive value in the table. Railroads have been substituting technology and
managers for production workers in the post-deregulation period.

There is an equally high degree of substitutability between executiveséofficials and
materials. Their elasticity of substitution is 2.657. Recall that this employee category
includes managers directly supervising train and yard operations. The result then implies
that more supervision effectively results in less wastage of material.

In contrast, there is significant complementary relationship between ezecutiveséofficials
and maintenance of equipmentésstores. Thus, the presence of more managerial positions

is associated with an increased number of these specific maintenance occupations.

9Tn particular, they find that the various elasticities between administrative and production workers
and the other inputs, namely energy, material and capital, usually have opposite signs (or are very
different), while the elasticity between aggregate labor and these same inputs are always bound by these

two former elasticities as some sort of average of the two.
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Another interesting finding is the high degree of complementarity between what can
be considered the most skilled railroad employee categories, namely executivesédofficials
and professionaléadministrative.

There is a very strong substitute relationship between the transport and maintenance
of wayséstructures groups. In fact, they perform various similar jobs. Tables 7 and 8
give more information on this relationship: the estimated cross-price elasticity of trans-
port by maintenance of waysédstructures (0.085) is smaller than that of maintenance of
wayséstructures by transport (0.251). Similarly, the Morishima elasticity of substitu-
tion for maintenance of waysédstructures with respect to transport wage rate (0.655) is
smaller than the elasticity of transport with respect to maintenance of wayséistructures
wage rate (0.899). This means that an increase (decrease) in the price of maintenance
of wayséstructures increases (decreases) the demand for transport relatively more than
a similar increase in the price of transport affecting the demand for maintenance of
wayséstructures. Hence, it is easier to substitute the maintenance group with the trans-
port occupation than the latter with the former.

There is also a substitute relationship between transport and trainéengineering, though
this not as strong. These groups do perform some similar tasks, but this list of tasks is
smaller than that in the preceding case.

Concerning the rest of inputs, fuel gets the only significant elasticity with trainéengine
employee category (0.795). There is a substitution relationship. This seems a reasonable
result as the increased presence of engineering positions might result in less wastage of
energy.

Material has a substitute relationship with the maintenance of equipmentéistores em-
ployee category. Their substitution elasticity is 1.757. This result suggests that with
other things being equal the increased manpower devoted to these maintenance operations
might result in less wastage of material. By contrast, there is a strong complementary
relationship between material and transport group.

Finally, inspection of the equipment column in Table 6 reveals that all labor occupa-
tions are substitutable for this input, but not equally. In fact, the substitution relationship
is less strong for the most skilled categories. For instance, the elasticity of substitution for
professionaléadministrative is 0.745 while it is 1.811 for the transport group. However,
equipment appears to be much more substitutable with material, with an elasticity of

substitution equal to 3.267.
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6 Implications

A summary of the main results on substitution elasticities that can be related to specific

corporate strategies and particular workplace organization practises goes as follows:

Result Points to Examples of Strategies
Substitutability between Better command Teamwork between operations
executive&officials and and control of and sales/marketing making
transportation/material train operations joint forecasting and planning

expenses
Complementarity between Workteams at Cross-functional study teams
executive&officials and the top level of to improve service reliability
professional&administrative the organization Teams working in market-based

operating plans to set future

capacity needs

Complementarity between  Increased importance Maintenance programs to
executive&officials and of service reliability improve safety records
maintenance of (e.g. derailment frequency)
equipment&stores

The high degree of substitutability between the transport and the executivesésofficials
groups points to railroad firms achieving better command and control of freight network
operations in the post-deregulation period. As argued before, railroads have been able to
substitute technology and managers for production workers.

This may be related to the payment system for railroad managers and the changes that
they have incurred after regulatory reform. More precisely, there are empirical studies,
such as the one by Bitzan (2004) that find a stronger pay for performance relationship as
a result of deregulation. Logically, this may create greater work pressures for other trans-
portation workers. That is, the significance of pay for performance for rail management
could result in managers demanding enhanced efficiency from those workers. The provi-
sion of payment incentives may have then become an effective way to improve monitoring

of railroad employees by managers.
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Better command and control has to a large extent been achieved thanks to initia-
tives aimed to improve the operating planning process. For instance, the widespread use
of teamwork between operations and sales/marketing when setting the annual planning
cycle have allowed for a better match between operations and transportation manpower
requirements. As Dick Davidson, CEO of Union Pacific (UP) during the 90s, noted in

explaining the key phases of UP’s quality program in an interview:

The second phase of the program centered around our planning efforts—such
as how we go through our annual planning cycle, from the time Marketing
puts a traffic forecast together to where Operating puts out its forecast on
locomotive and manpower requirements and so on. (RailwayAge, February 2,
1992)

The equally high degree of substitutability between executiveséofficials and materials,
implying that more supervision effectively results in less wastage of material, also closely
relates to the idea of better command and control of freight operations.

The explanation for the high degree of complementarity between executiveséofficials
and professionalédadministrative, the most skilled employee categories, may be given by
another important change in railroad company culture since the Staggers Act of 1980:
the widespread use of cross-functional teams in developing revised business processes and
new information technology applications.?’

Again, after the enactment of regulatory reform, railroads reshaped their way of think-
ing about their operations, markets and customers. They found that mixing people from
different departments or disciplines would allow them to assemble information on cus-
tomer requirements and broad railroad operational needs. And those two categories are
the most susceptible to be involved in those team practises, given that the first cate-
gory includes jobs setting broad policies and directing individual departments and the
second includes several supervisory, technical and inspector-type positions for different
departments and sub-departments.

For example, railroads created study teams that included representatives from posi-
tions belonging to professionaléadministrative (Finance, Marketing&Sales, Car Manage-
ment, Operations) and executiveéofficials (Strategic Planning) to determine what could
be done to make service more reliable. The same positions worked together to develop
market-based operating plans that gave railroads a look at short and long-term capacity

needs. There was teamwork at the top of railroad companies. In most of the cases, these

20R. Gallamore (1999).
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teams responded to the need for better communication within those railroads organiza-
tions they had inherited from the already mentioned hierarchical or militaristic organi-
zational styles previously common. Southern Pacific, when talking about its teamworks,
stated:

Southern Pacific’s top managers and labor officials now get together semian-
nually and frankly discuss company finances, traffic volume and anything else
they want to discuss. (The Journal for Quality and Participation, June 1,
1996)

Finally, the complementary relationship between executivesédofficials and maintenance
of equipmentéstores might reflect the fact that railroad managers are paying attention to
the safety and service reliability standards they can offer their customers.

That is, this finding is consistent with the transition to a more customer-oriented cor-
porate culture that was undoubtedly stimulated by the regulatory reform. One of the
most important improvement strategies adopted by rail management in the post-Staggers
era has been that of service reliability and safety improvement, aimed at achieving cus-
tomer satisfaction. In fact, when railroad firms were asked about their priorities in the
90s, one element was recurrently mentioned: improvement of service reliability. Michael

H. Walsh, former CEO at UP, said:

Probably the key in today’s business world, not only domestically but inter-
nationally, is service reliability. That basically is delivering the customer’s
shipment time after time-when you tell him you are going to deliver it. A
customer deserves that performance from us, because if he does not get it,
you can bet he will find another way to transport his goods. (Railway Age,
February 1, 1990)

Railroad managers became aware that having enough maintenance of equipment per-
sonnel, enabling them to minimize the period of time in which machines are not in service
(because of ongoing repair work) and prevent locomotive breakdowns, gained importance
with the increase in competition.

The new emphasis on service reliability is motivated to a large extent by the rise of
Just-in-Time manufacturing operations that drived companies to demand on-time delivery
performance from shippers. Manufacturers are reducing component inventories. Retailers,
similarly, are holding smaller inventories of goods for sale, relying on their ability to get
rapid response to orders. This implies that there is little room or tolerance for service

failures.
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This closely relates to railroads safety standards concerns as accidents disrupt opera-
tions and cause service failures. This explains why the improvement of safety records has
been another priority in railroad strategies. Regular maintenance checkings are expected
to prevent accidents and help decrease derailment frequency and freight damage.

Moreover, some railroad companies realised that locomotive breakdowns represented
a significant share of their costs. UP executives noted this in the 90s in reference to their

quality program:

In the analysis phase of the program we found that locomotive breakdowns
were the second leading cause of failure cost in the company. We had only
86% of our locomotives ready to run at any one time. We now have it up to
nearly 93%, which represents 175 locomotives now pulling trains instead of

broken down.

Lastly, apart from the organizational practises listed above, there were others taking
place at the same time and that deserve to be mentioned. Some of them relate to the
results on elasticities of substitution. They also reflect significant changes in railroads’
corporate cultures.

Railroads established quality teams or departments charged with helping the company
become more customer-driven. They were dedicated to build customer satisfaction. One
related initiative was the establishment of Customer Service Centers for some railroads,
such as that created by CSX at the beginning of the 90s and another by SP in Denver.

They reorganized their sales and marketing departments to be more customer oriented.
This was the case of Burlington Northern Santa Fe Corp., which formed four new mar-
keting groups (agricultural products, coal, consumer products and industrial products) at
the end of the 90s. This new structure was intended to make them better able to develop
customized service packages to meet BNSF customers’ transportation needs.

Railroads empowered employees by setting up quality improvement teams (QIT) that
were cross-functional and made employee involvement their main objective. UP set up a
QIT and by 1992, about 11% to 12% of UP workforce were involved. Union Pacific Corp.
also started to use employee involvement teams as well as state-of-the-art training, adding
peer trainers to help their employees become more productive. A cross-functional quality
improvement example is provided by the Southern Pacific Lines’ cross-functional team of
locomotive engineers, dispatchers, mechanical department personnel and conductors that
created a new procedure for reporting locomotive mechanical problems. It proved to be a
vast improvement on the old procedure and, at the same time, ameliorated communication

among employees from different departments and built better labor-management relations.
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Several railroad companies underwent changes in management, including the introduc-
tion of job rotations and new recruits. For instance, a chairman of Southern Pacific said
that, at the beginning of the 90s, a very high percentage of their senior officer staff was
either newly installed in their position after rotation from another job in the company or
completely new to the company. 2! There were also reductions in the management ranks

intended to increase managers responsiveness and accountability.

7 Concluding Remarks

By using firm-level panel data from US Class I Railroads, this paper presents a translog
cost model designed to estimate the complementarities and substitutabilities between
different railroad employee categories for the post-deregulation period.

The main objective is to give some evidence of the post-deregulation labor strategies
that significantly contributed to the economic renaissance of US railroad companies and
to help better understand the way in which they were realized. This is done by making
use of examples on lal strategies carried out by railroad firms.

I estimate the elasticities of substitution between labor factors and also with the rest
of inputs. Cross- and own-price elasticities of labor factors and the rest of production
inputs are also reported.

The main findings from this research are the strong substitutability between some
production and nonproduction employee categories, namely those with managerial posi-
tions and the transportation group, pointing to the achievement of better command and
control of freight operations; I find a high degree of complementarity between the most
skilled employee categories, partially explained by the widespread use of teamwork to
improve communication at high levels of the organization. There is also a complemen-
tary relationship between executive positions and the maintenance of equipment position,
signalling that railroad management has refocused on providing reliable service to their
customers. The strongest substitute relationship is that between the transportation and
maintenance of ways&structures groups. Finally, results reveal that all labor occupations
are substitutable for the equipment input, but not on an equal level. More precisely, the
substitution relationship is less strong for the most skilled categories.

Other results are that own-price demand elasticities are lower for workers that em-
body more general human capital; this is consistent with the results from Hamermesh
(1983); increases in intermodal type of traffic result in significant decreases of profes-

sional&administrative expenditure share and the obtained differences in the signs of the

21 Railway Age (January 1993).
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substitution elasticities between the six different labor inputs and two of the three re-
maining inputs, indicating that total labor does not form a consistent aggregate.

Most of the labor strategies studied here resulted from the more customer-oriented
character of railroad companies after deregulation. A return to the competitive mar-
ketplace forced railroads to place much greater emphasis on service quality, with service
reliability being a crucial element. This relates to the increased importance of agility and
speed in responding to customer needs, a main concern of other industries in the service
sector.??

In this research, I concentrate on the post-deregulation period. It would be very inter-
esting to examine the existence of changes in the elasticities of substitution between the
different employee categories and the rest of inputs, both in terms of sign and magnitude,
by comparing their values for the period under regulation and after deregulation. One
would expect to observe an increase in the substitution possibilities and greater flexibil-
ity, in general, in the use of factors by railroads after deregulation. The less favorable
bargaining environment for rail unions probably had some influence.?? In fact, the 1980s
appeared to represent a turning point in railroad union-industry relations, with unions
more willing to adjust to railroads need to contain labor costs.?*

Unfortunately, there is a lack of availability of data for the years previous to deregu-

lation.
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1 Elasticities of Substitution and the Cost Function

From the Shephard’s Lemma, if we know the cost function, we can calculate the optimal

demand of factors thanks to the relationship:

_(96’:
7(9]71‘_

C;

X

And it is from here that we get:

dlnz; = dln (80>

But as all the prices are constant except for p;,we have that dp, = 0 V& # j. Then,

the above relation becomes:

1 oCc
C; Opsop;
1 0%*C

= — = pdlnp,
C; opsop, ¢

dlnz;, =

1
= anpjd hlpj

And from here we get:

dlna _ 1%
T = dinp; ly=const.py=const iz = Cij

We can then calculate the Allen substitution elasticity, o;;,

1
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C Gy
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1.1 Elasticities of Substitution with a Translog Cost Function

We can apply the formulas above to a translog cost function. We have:

80_081110_9])1-@- —CS

G = apz'_;ialnpi_pi C _]71 '
0*C C
_ Gig , COS:
i pi Op;

Pitig ¢ 1 05

pip; | pip; Olnp;

C (pjz;

— Pitig 4 AA;,
C

— (5 + AAy
pipj( ; i)

And by using this we obtain the expression for the cross-price elasticity:

PGy C pil
My = ij]:Pj]Tm(SiSﬂFAAij)ggi
= T

and for the Allen elasticity of substitution:

o= L _ Ady+ 55
=g M= g,
Similarly, we have:
0*C C
31%2 (pi )/ P
_ Gy C, CO5
Di ' p? ' Pi Op;
T TR Py,




and then:

_ p;Cii _ AA; + 57— S AA; + Si(S;i — 1)




FIGURE 1: Average Employment
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FIGURE 2: Employment by Category
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