RAILWAY COSTS AND PRODUCTIVITY
GROWTH

The Case of the Republic of Ireland, 1973-1983

By Harry McGeehan*

During the last decade considerable advances have been made in analysing railway costs
and productivity. In particular, recent studies have focused on the application of duality
theory and the utilisation of generalised functional forms, which allow for greater
flexibility by reducing the number of restrictions on the parameters of the relevant cost
function.

The functional form most favoured in the literature has been the transcendental
logarithmic (translog) cost function, primarily because it places no prior restrictions on the
elasticities of substitution between the various inputs. The generality of the translog
allows for the testing of various restrictions (for example, homotheticity, homogeneity,
unitary elasticities of substitution), and the desirability of their imposition on the
production structure.

Almost all the recent rail productivity studies, which have utilised the translog
approach, have been undertaken for North America. The application of similar techniques
to Western Europe has been sparse in comparison (Van de Voorde, 1986), and this
undoubtedly results from the substantial data problems which such an exercise involves.
In the US detailed data for all railroad services are readily available, in a standardised
format, in the publications of the Interstate Commerce Commission.

In Europe, on the other hand, such data are only available in the published accounts of
the individual networks, each of which has its own separate accounting procedures. In that
context, the use of cross-section analysis, which is prevalent in the US studies, would not
be a feasible proposition for European railways. A more fertile area of investigation is
therefore in the analysis of individual networks over time.

A primary advantage of firm-specific investigation is that more detailed and consistent
data can be utilised in the estimation procedure. Further, historical changes in the relevant
inputs and outputs, and the operating environment within which the individual railroad
operates, can be examined to lend substance to the empirical findings.

* Economist, C6ras Iompair Eireann, Dublin. The author is indebted to Professor Nash for comments on an
earlier version of the paper. The views and opinions given are the sole responsibility of the author, and are
not necessarily accepted by the Board and Management of CIE.
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In this paper time series analysis is employed to determine the cost structure and
estimate productivity growth for the rail network operated and managed by C6ras lompair
Eireann (CIE) in the period 1973 to 1983. In the estimation procedure quarterly
observations are used so that sufficient degrees of freedom are available.

The study highlights the degree and pattern of substitution between factor inputs, and
the degree to which economies of density are present in the operations of the network.

The paper is divided into six sections. In Section 1 the methodology proposed to
measure productivity growth is discussed. The empirical model is formulated in Section
2, and in Section 3 data definition and measurement is outlined and discussed. The
empirical results are presented and analysed in Section 4. In Section 5 the productivity
growth measures are derived and analysed. Some conclusions are drawn in Section 6.

1. METHODOLOGY

The methodology applied in this study is based on econometric estimation of a variable
cost function over time. Following Caves, Christensen and Swanson (1981), productivity
growth can be viewed as a shift in a cost function. Differentiation of the cost function with
respect to time gives direct estimates of shifts in the cost function and hence productivity
growth. Use of a variable cost function is necessary if a railroad is in disequilibrium with
respect to some quasi-fixed factor inputs (for example, permanent way).

Caves, Christensen and Swanson (1981) specify two measures of productivity growth
for amultiproduct firm. Hence, productivity growth s defined as the rate at which outputs
can grow over time with inputs held constant (PONE), or the rate at which inputs can
decrease over time with outputs held constant (PTWO). PONE and PTWO are related by
the degree of returns to scale (RTS), such that PONE = RTS*PTWO. Thus the productivity
measures are equal in the presence of constant returns to scale, where RTS = 1.

Formally, with g fixed factors z, ... z,, a variable cost function can be defined as

follows:

InCV=g(nY,, ... InY,, InP, ... lnP,HI, InZ, ... anq, )] )
where the Y; are outputs, P; factor prices, Z; quasi-fixed factors and ¢ is time. By
differentiation the following relationships for productivity growth can be derived:

PONE = — (8InCV/d1)/(Z3InCV/dInY;) )

PTWO = - (3InCV/31)/[1 - (Z3InCV/dInZ))) 3)

By estimation of an appropriate cost function, these relationships can be used to derive
direct estimates of productivity growth.

2. VARIABLE COST FUNCTION SPECIFICATION

As with most public transport operators, the CIE railway subsidiary is constrained in its
choice of output level and generally is required to provide both remunerative and socially
necessary (unremunerative) services. From this it would not be unreasonable to assume
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that output is exogenously determined (McGeehan, 1984). Given this and exogenously
determined factor prices, CIE rail operators can be assumed to select that combination of
inputs which minimises the cost of producing the required level of output.

As mentioned above, the data set consists of observations on a quarterly basis.
Following previous research (Bracutigam et al., 1982) it s predicated that the rail operator
can adjust only some of the factors of production in the decision period of three months.
Therefore the cost function in the analysis which follows is short run in nature and relates
to the minimisation of variable costs. The cost function is estimated with a fixed factor of
production (relating to lines and works, buildings and land), the prices of factor inputs,
technological change, and output.

This relationship can be specified as follows:

C=F{Y,Q, P, P, P, K, T) “4)
where C is variable costs, Y is freight ton-miles, Q is passenger miles, P;, Pz and P are
the prices of 1abour, equipment and fuel respectively, and K is the fixed factor. T represents
a time trend which acts as a proxy for technical change.

A specific form of the general cost function in equation (4) is the translog function
which serves as a second-order approximation to a twice-differentiable transformation
surface. The estimating equation is expressed as follows, where all of the variables have
been defined around a point of expansion (point-of-means):

InC = oy + oyInP; + 0glnPg + o dnPr
+ BylnY + BylnQ + y7T + d¢lnK
+ %aLL(InPI)Z + oy gnP;InPg + oy AnP;InPp
+ .;.aEE(lnPE)Z + 0 AnPEINPE + %ap,(lnppy
+ 0;/AnP;InY + O InPgInY + O nPrinY
+ ApoInPyInQ + ApoplnPenQ + ApglnPplnQ
+pAnP T + ppAnPET + ppnP T
+ N nPInK + NegInPeInk + M pgdnP dnkK
+ %B,,,,(lnl/)2 + %BQQ(an)2 + %'yn(T)z + %is,(,{(an)2
+ TyrlInY + pyglnYInK + yyoln¥YInQ
+ @WorTInQ + Toxln QInK + A TInkK )
There are two outputs, three factor prices, one fixed factor and a technical change
parameter in the equation which thereby requires thirty-six coefficients to be estimated.
As a minimum requirement for the function to be well-behaved, linear homogeneity in
input prices is imposed. This implies the following constraints on equation (5):
o +op+oy =1
o +oyp+o =0

OLEE + aEL + OLEF= 0
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Opp+ Opp + Opp= 0
Oy +0gy+0py =0
Ao+ Agg+App=0
Mg+ Neg+ Npg= 0

Per+Per+Prr =0 6)
To ensure that the cost function is continuously twice-differentiable the symmetry
condition oy; = oy; is also imposed.
Differentiating equation (5) withrespect to factor prices yields the derived demand for
factor inputs (Shephard’s lemma) in terms of a set of cost share equations:

onC
S = =0, +a nP+agnPg+apinPy
olnP;
+9LylnY+zLanQ+pLTT+nLK1nK
In
Sg= onC =Qp+0ggnPp+o P +0prnPp
olnPy |
+0pyInY +AgonQ +pprT + NegglnK
In
Sp = dinC =0p+0ppIPp+0 pInP; +0prInPg
AP, ™

+0pynY+AronQ +pprT+ NpxglnK

Estimating the cost share equations jointly with the translog cost function in equation
(5) improves the efficiency of the estimation process. Further, the number of degrees of
freedom is increased, without an increase in the number of parameters to be estimated.

Since the cost shares sum to unity, there are only two linearly independent factor share
equations. Thus in forming the estimated system, one of the share equations is omitted.
The parameter estimates are invariant as to the omitted equation, since a maximum
likelihood estimator is used.

The Allen-Uzawa partial elasticities of substitution between any two factors (oij) can
be computed directly from the translog coefficients. Thus

2

0, =%itSi-5; i=1,2—3 ®)
S’

LU LCILT I TS T ©)
S:S;

A necessary requirement from production theory is that 6;;= ;. This is guaranteed by
the translog symmetry condition oy; = au;.

Own- and cross-price elasticities of factor demand can also be computed directly from
the translog function. Thus '
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%= 0;S; (10)

The specification of the translog allows for the measurement of the degree of
economies of scale in the operation of rail services. As observed by Keeler (1974), if the
network configuration is held fixed, then economies of scale resulting from increased
traffic volumes is defined as economies of density. Economies of density measure the
relationship between unit costs and the intensity of utilisation of capacity.

In the case of a single output firm, and following Christensen and Greene (1976),
economies of density can be defined as unity minus the elasticity of cost with respect to
output. Brown, Caves and Christensen (1979) have generalised this index to the multi-
product form as unity minus the sum of cost elasticities with respect to outputs. From
equation (12) economies of density (E.D) are given by

onC dlnC
-

ED=1- 12)
onY 9mQ

3. DATA DEFINITION AND MEASUREMENT

The required data include measures of aggregate output for freight and passenger services,
and the quantities and prices of labour, equipment and fuel. Observations were compiled
on a quarterly basis for the period 1973 to 1983, thus yielding 44 observations. !

Freight output and passenger output were measured by ton-miles and passenger miles
respectively. Passenger output relates to all rail passenger activity, that is, mainline and
commuter services.

Expenditure on labour was compiled from period data on compensation payments in
six payroll classifications: rail traffic, rail running, permanent way, workshops, rail
sundries and mechanical engineering. For purposes of definition these six categories can
be classified as operational staff.

The data for operational labour costs are composed of ordinary time and overtime
payments and include such items as social insurance, shift allowances, sickness benefits,
annual leave allowance, expenses, and So on.

Data for compensation payments to executive, clerical and central administration staff
are less detailed and refer to all the subsidiary activities of the CIE Group. It was possible,
however, to isolate the number of executive and clerical staff devoted solely to rail
activities.

The total executive and clerical wage bill was allocated to rail in proportion to the
number of rail executive and clerical staff. Central administration costs were allocated in
proportion to the rail wage bill as a ratio of the total wage bill. A similar procedure was
followed for each of the classifications in determining the number of hours worked.

1 In 1984 the Dublin Area Rapid Transit (DART) system was introduced. Given the radical shift in
technology from diesel to electric running, it was felt that 1983 would be a suitable cut-off point for the study.
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The unitprices of operational staff and executive, clerical and administrative staff were
determined by dividing the total expenditure in each class by the total hours worked. The
correlation between the two classes was found to be quite high (0.95). Thus in the cost
function estimation, the unit price of operational staff was used as a proxy for the price of
all labour.

Estimation of the cost function requires the computation of the cost share of rail
equipment in the total cost of all inputs. This requires the estimation of the capital stock
of rail equipment and the cost attributable to the use of that stock.

An essential prerequisite to the measurement of the stock of rail equipment is a
catalogue of the different types of fleet unit. In consequence, for each quarter in the study
period, a detailed profile of the fleet was obtained for four different types of equipment
— locomotives, coaching stock, freight vehicles and freight containers. For each cat-
egory, information was acquired on the number of units of each type, the purchase price
of each unit, the date of introduction, and the date of withdrawal from service.

The original price of each unit was converted to constant prices and depreciated from
the date of its introduction. Depreciation was applied geometrically and the rates applied
approximated to the rates of replacement of each of the four equipment types between
1973 and 1983.

The user cost of equipment (Pz) was defined as

Pp=P(r+ad (13)
where
P; = wholesale price index of transportable capital for use in industry;
r interbank market rate (3 months fixed);
d depreciation rate.

The user cost was determined for each of the four types of equipment. Expenditure for
each type was determined by multiplying the user cost by the relevant capital stock
estimates. The unit cost (price) was obtained by dividing the expenditure estimates by the
number of units in each equipment type.

The unit price of locomotives was found to be highly correlated with the unit prices of
coaching stock, freight vehicles and freight containers, respectively (0.97, 0.92, 0.90).
Thus in the model estimation it was felt to be appropriate to represent the unit price of
equipment by the unit price of locomotives.

A unit price for fuel was constructed by dividing the quarterly expenditure for fuel by
the quantity consumed per quarter. The quantity of fuel used consists of consumption for
both traction and train heating purposes.

As noted earlier not all of the inputs are variable in the short run. Thus factors relating
to lines and workings, buildings and land are relatively fixed, even over long periods.
Following Braeutigam et al. (1982) we specify changes in the level of fixed factors as
being characterised by changes in the quality of track. The major improvement in
permanent way in the study period has been the introduction of continuously welded track
on primary routes. The level of fixed factor is therefore denoted by the number of track
miles which are continuously welded. ,
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4. RESULTS AND ANALYSIS

The translog cost function specified in equation (5) was estimated jointly with the labour
and equipment share equations. The three equation system was estimated using Zellner’s
seemingly unrelated equations method (Zellner, 1962). The resulting estimates are
asymptotically equivalent tomaximum likelihood estimates. The estimates of the translog
cost function and share equations, together with their respective standard errors and z-
values are presented in Table 1. The log likelihcod function, and the coefficients of
determination (R?) for the cost equation are also reported.

To represent a well-behaved cost function, the estimated model must be concave in
factor prices and be monotonically increasing. Concavity is satisfied if the Hessian of
second order price coefficients is negative semi-definite. Monotonicity is satisfied if the
predicted cost shares are positive. Both conditions were satisfied, thus indicating that the
translog acts as a good representation of the underlying technology.

From Table 1 it can be seen that the first order price coefficients (a;, 0, 0p) are all
positive and highly significant. Thus short-run variable costs are an increasing function
of factor prices. The elasticity of cost with respect to the price of labour is 0.47 (at the point-
of-means). A one per cent increase in the price of 1abour increases short-run costs by 0.47
per cent. The corresponding elasticities for equipment and fuel are 0.46 per cent and 0.07
per cent respectively. : ‘

The first order output terms are both positive and significant. As freight and passenger
outputs increase short-run costs also increase. A one per cent increase in freight ton-miles
increases variable costs by 0.384 per cent, with the corresponding estimate for passenger
miles being 0.516 per cent.

The firstorder term for track quality is positive and not significant, probably reflecting
the low level of track mileage which has been converted to continuously welded rail.

The results indicate that the cost function is non-homothetic and non-homogeneous,
because Ay and Oy are significantly different from zero. More importantly, two of the
factor-price interaction terms (0., 0.7 ) are statistically significant, which suggests that
partial elasticities of substitution are non-unitary. Hence the use of a Cobb-Douglas
function would seriously misrepresent the underlying production structure of the railroad
company.

The various estimates of the Allen-Uzawa elasticities of substitution are shown in
Table 2 (where estimation is at the mean cost shares).

The own-elasticities of substitution have the required negative sign. All the cross-
elasticity estimates are significant and positive in sign which implies that all factors of
production are substitutes.

The own- and cross-price elasticities of demand are shown in Table 3.

The own-price estimates have the required negative sign and are inelastic. Thus an
increase in the price of the relevant input leads to a proportionately smaller decrease in its
demand. For example, a one per cent increase in the price of 1abour decreases the demand
forlabour by 0.074 per cent. The corresponding estimates for equipment and fuel are 0.232
per cent and 0.301 per cent, respectively.
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TABLE 1

Translog Cost Function Parameter Estimate

Variable Coefficient Estimate Standard t-value
Error
P, (Labour) oy 0.467 0.042 11.12
P,(Equipment) o 0.460 0.035 13.14
Py (Fuel) o 0.073 0.008 9.13
Y (Freight) By 0.384 0.237 1.62
Q (Passenger) Bo 0.516 0.218 2.37
T (Time) Yr -0.482 0.910 -0.53
K (Track) Ok 0.128 0.156 0.82
P2 oy 0.180 0.017 10.67
PP, g -0.142 0.015 -9.22
PP, o r -0.038 0.003 -12.67
PyY 0.y -0.025 0.026 -0.96
PO Ao -0.003 0.025 -0.12
pPT Pir 0.140 0.034 4.14
PK Nk -0.011 0.006 -1.83
P2 O 0.140 0.016 8.75
P,P, Olgp 0.002 0.005 0.40
pPY Oy 0.015 0.021 0.71
P,Q Agp -0.008 0.021 -0.40
pP,T Per -0.133 0.029 —4.66
PK MNex 0.009 0.005 1.80
P;? Opp 0.036 0.003 12.00
Py Oy 0.010 0.005 2.00
PyQ Aro 0.011 0.005 220
pP,Tr Prr -0.007 0.006 -1.17
PK Nrx 0.002 0.001 2.00
Y? Byy 0.189 0.336 0.56
r Tt -0.336 0.186 -1.81
YK Hyk 0.067 0.037 1.81
Yo Vo 0.166 0.225 0.74
Q2 Boo -0.086 0.264 -0.33
or Wpr -0.385 0.162 -2.37
0K Tok 0.089 0.032 2.78
g Yrr 0.330 0.732 045
TK Arx -0.073 0.124 -0.59
K? KK 0.044 0.024 1.83

Log likelihood function = 376.39
R2 Cost Equation = 0.99
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TABLE 2

Allen Partial Elasticities of Substitution
(at Point-of-Means)*

Labour Equipment Fuel

Labour -0.114 0.261 0.255
(0.040) (0.080) (0.115)

Equipment -0.782 1.128
(0.131) (0.274)

Fuel -5.345
(0.844)

* The numbers in parentheses are asymptotic standard errors, given by S.E. = S.E. (o;)/S;S;.

TABLE 3

Own- and Cross-Price Elasticities of Demand
(at Point-of-Means)*

Labour Equipment Fuel
Labour -0.074 0.077 0.014
(0.011) (0.052) (0.075)
Equipment 0.169 -0.232 0.064
(0.052) (0.053) (0.081)
Fuel 0.165 0.334 -0.301
(0.007) (0.016) (0.048)

The estimated cross-price elasticities are all quite low, particularly those involving
labour and equipment and labour and fuel.

Turning now to economies of density, the generalised formula given in equation (12)
requires the specific definition from our translog equation. Thus, economies of density are
given by
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ED=1-(By+ 0,)InP; + OgyIlnPg + OpyInPp +
ByyInY + T7T + UyglnK + yyolnQ +
Bo + AgInPy + ApglnPr+ ApglnPp + YyolnY +
BoglnQ + ®yrT + mpxnk) (14)

IfED > 0 positive economies of density exist, and if ED < O diseconomies exist. At the
point of expansion, the elasticity of costs with respect to outputs is 0.246. This indicates
that the CIE rail network has operated, in the study period, with positive economies of
density. Thus, given fixed capacity, as output in terms of ton miles and passenger miles
expanded, unit costs (short-run) of production increased less than proportionately.

5. PRODUCTIVITY GROWTH

Having established that the production structure of the rail network can be represented by
atranslog cost function, the estimated coefficients can be used to determine productivity
growth according to our two definitions in equations (2) and (3). The productivity growth
estimates are shown in Table 4, on an annual basis and in percentage terms.

Table 4 shows that for every year apart from 1983 productivity growth rates have been
positive, which suggests that the decade 1973-1983 has been a period of sustained growth
inrail productivity. Although there are differences in the rates between the two measures,
due to the presence of economies of scale in rail operations, both follow essentially the
same growth path. The index PONE indicates that on average productivity has increased
by almost 9 per cent per annum. The corresponding estimate for PTWO is just over 7 per
cent per annum.

Given the changes which have occurred in inputs and outputs in the period, it is not
surprising to find that productivity has increased steadily. This is particularly evident in
freight operations where, under a rationalisation scheme introduced in 1974, the number
of locations handling wagon-load traffic was reduced from 139 to 60. At the same time
the wagon fleet was modernised and reduced to one-third of its number between 1974 and
1983.

An analysis of freight trains in operation in the early 1970s indicated that 75 per cent
were of the loose-coupled, non-fitted type; 22 per cent were bulk trains, fully fitted; and
3 per cent were liner trains fully fitted. The average speed of the loose-coupled trains was
only 27 miles per hour, and it was this factor, combined with frequent stops, which
contributed to an under-utilisation of track capacity. In addition, a major portion of wagon
maintenance arose from damage to vehicles during shunting, and a considerable amount
of capital was tied up in shunting engines.

As a consequence, a development plan was implemented and progressed throughout
the study period, such that all wagon-load traffic was converted to block train movement,
and shunting eliminated. Rolling stock compatible withblock train working was acquired,

and consisted of vacuum-braked wagons capable of operating at 50 miles per hour.
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TABLE 4
Productivity Growth Rates
(percentages)
Year PONE PTWO
1973 59 44
1974 12.3 9.5
1975 8.1 6.4
1976 74 59
1977 84 7.3
1978 6.2 55
1979 11.8 10.3
1980 12.6 11.7
1981 109 10.0
1982 79 7.0
1983 4.7 4.1

Inputs

As aresultof new investment and the changes in freight handling, a considerable reduction
in labour input was achieved during the study period. Labour employed in total rail
operations (both passenger and freight) decreased from 9,900 employees in 1973 to 7,000
employees in 1983, a decrease of 29 per cent.

Apart from the reduction in labour input as a result of rail freight rationalisation, other
factors combined to reduce the size of the workforce. These factors included a ban on
recruitment which was imposed in May 1975; the provision of terms for early retirement;
and the negotiation of voluntary severance as an element of productivity agreements.

With the continuous decrease in numbers employed, the unit cost of labour declined
inthe period (although not continuously). In 1973 the index of real labour input, measured
by total real wage costs per hour, stood at 100. In 1983 the index had declined to 83, but
actually reached a low point of 74 in 1977. Given the labour share of total cost averaged
65 to 70 per cent in the decade, any decline in labour costs would have had a significant
impact on productivity growth.

That the own-price elasticity of demand for labour is extremely low (-0.074) is a
reflection of the process of 1abour shedding, which is dependent upon the implementation
of the agreed procedures for early retirement, voluntary severance, and so on, rather than
on short-term changes in the price of labour per se. As the price of labour changes in the
short run, there are considerable adjustment lags in the change in 1abour input. Similarly,
although the freight rationalisation plan saw the replacement of 1abour by equipment, the
elasticity of substitution between the two inputs is quite low (0.261). Again, adjustment
lags would tend to reduce the estimated substitution elasticity.
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The change-over to a “no shunt” freight service meant that spare capacity existed in
the locomotive and wagon fleet. Certain classes of locomotive (D, E, G and K)which were
suitable only for shunting were therefore retired from stock. The only new investment in
the 1970s was the purchase of 18 General Motors diesel locomotives in 1976.1In 1973 the
railway had 221 locomotives in the fleet, but by 1983 this had declined to 159.

The rationalisation of freight handling led to a reduction in certain wagon stock
(mainly open and covered wagons), and also to an increase in specialised wagons and rail
freight containers. Overall, however, freight stock declined. Rail passenger carriage
numbers also declined in the study period, and there was no new investment, apart from
some conversion of old stock.

In general, therefore, the decade was characterised by retrenchment in the fleet stock
and the absence of new investment. As a consequence the index of real user cost for capital
declined (or remained constant) for most years of the period.

The unit cost of fuel increased rapidly in the decade, reaching a peak in 1980 at which
point the real cost had increased by 315 per cent over the 1973 cost. However, as a
consequence of the new freight handling methods, the reductions in fleet stock and
locomotive shunting, fuel usage was reduced. The elasticity of substitution between
equipment and fuel is quitelarge (1.128) which suggests that as the price of fuel increased,
it was substituted by more energy-efficient equipment. However, it is probably more
likely that the substitution effect is a reflection of the change in type of service operated,
rather than the exploitation of inherent substitution possibilities.

Outputs

Both passenger and freight carryings increased for the most part during the decade.
Passenger miles burgeoned between 1973 and 1979, increasing by some 32 per cent. In
1980 and 1981 there was a fall in passenger miles (see McGeehan, 1984), but total
carryings were still some 18 per cent higher than the 1973 figure. The final two years of
the period saw a further, more pronounced, decline in demand, which was exacerbated by
the disruption caused to the Dublin suburbanrail service by engineering works associated
with the DART project. It is noteworthy that train miles (passenger) in this period declined
by 9 per cent and this could partially explain the decrease in productivity in 1983.

Freight ton-miles alsoincreased in the decade, thoughless dramatically than passenger
miles. In 1973 freight carryings totalled 345m ton-miles, but by 1982 this had risen to
400m ton-miles, an increase of 16 per cent. Furthermore, in the same period average
wagon load increased by 106 per cent, reflecting once again the rationalisation in freight
handling.

The decrease in fleet stock, labour and fuel usage, coupled with the increases in
passenger and freight carryings, led to a more intensive use of resources, increased
productivity growth and lower costs per unit of output.

The presence of substantial economies of density throughout the study period meant
that any increase in traffic volumes and density could be accommodated without any
significant increase in unit costs. The increases in traffic volumes, particularly passenger,
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were quite substantial and at each output level density economies were significant. From
a policy point of view, increasing traffic densities in the future should lead to less than
proportionate unit cost increases, and allow the better exploitation of density economies.

The substantial increases in productivity found in this analysis are supported by the
findings of a previous study (Nash, 1985) which used a more partial measure of labour
productivity, namely, weighted train kilometres per staff member. Nash found that
between 1971 and 1981 labour productivity in Irish railways increased by just over 59 per
cent, and he concluded that:

“Equally interesting are the changes in productivity over time, which also reveal a
very different picture from railway to railway. Most remarkable is the achievement
of Irish railways, which has succeeded in climbing from its extremely poor
performance of 1971 to a level ranking alongside such major neighbours as Britain
and Germany”. (p. 254)

The findings of this study tend to support that “remarkable achievement” and suggest
that actual productivity gains have been higher than a standard partial productivity index
would indicate.

6. SUMMARY AND CONCLUSIONS

This study has been concerned with determining the cost structure and productivity
growth of Irishrailways in the period 1973-1983. Using quarterly observations, a translog
variable cost function was estimated, and the resulting coefficients tested to determine the
nature of the underlying production structure of rail operations.

The results indicate that the cost function is non-homothetic and non-homogeneous.
More importantly, the statistical significance of two of the factor-price interaction terms
suggests that the use of a Cobb-Douglas functional form would not be appropriate to the
description of the production structure.

Throughout the study period, substantial economies of density were present in the
operations of the railway company. Thus, given fixed capacity (defined in terms of track
miles), unit costs increased less than proportionately as output increased.

Two measures of productivity growth were determined from the estimated cost
function, using a methodology proposed by Caves, Christensen and Swanson (1981).
Both indices show that productivity grew in nearly every year of the study period. The
primary reason for this sustained growth was the rationalisation of rail freight services,
which was aimed at reducing freight handling, and the setting in place of a no-shunt
railway. As the rationalisation process was advanced, labour input was substantially
reduced.

At the same time new investment in locomotives and rolling stock was restricted. In
general the size of fleet stock was reduced in most categories. Fuel usage also fell in the
study period.
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Whilst inputs were declining, outputs in terms of passenger miles and ton-miles
increased quite substantially. Thus a more intensive utilisation of inputs occurred, leading
to a growth in productivity and lower costs per unit of output. Given a fixed level of track
miles, increases in traffic volumes allowed the substantial economies of density which
were present to be more fully exploited.
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