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N O T E S a n d C O M M E N T S 

Measuring Rai l Productivity in Ireland: A Note 

H A R R Y M c G E E H A N 
Cdras Iompair tlireanri 

Abstract. This note is concerned with comparing partial and total measures of productivity as 
they apply to Irish railways. A comparison of a partial exercise undertaken by Barrett and a total 
productivity approach confirms that partial measures are limited and tend to underestimate 
productivity growth. In addition, it is shown that cross-sectional comparisons are meaningless 
because of the incompatibility of international railway data. From a policy point of view little 
reliance should be placed on partial measures of productivity because of their propensity to mis­
state productivity differences across time and between firms. 

I I N T R O D U C T I O N 

I n a recent study, B a r r e t t (1991) undertook a cross-sect ional comparison 
of e leven E u r o p e a n r a i l w a y s i n order to determine the i r re la t ive pro­

duct iv i ty performance. T h e purpose of this note is to quest ion the val id i ty of 
u s i n g p a r t i a l cross-sectional measures of productivity a n d to present a l terna­
tive resu l t s obtained from a total productivity approach w h i c h gives a better 
indicat ion of productivity trends i n I r i s h ra i lways . 

I I T H E B A R R E T T A P P R O A C H 

T a b l e 1 below reproduces Barre t t ' s es t imates of r a i l w a y product iv i ty i n 
selected E C countries for 1 9 8 6 . 1 F r o m T a b l e 1 t a k i n g I r i s h output of 253.7 

L There is a slight alteration to Table 1, in that Barrett's figures for Spain actually relate to 
Sweden. 



traff ic u n i t s per s taff m e m b e r as 100, the average for the e leven r a i l w a y 
sys tems combined h a s a n index of 144. According to B a r r e t t I r i s h r a i l produc­
t iv i ty w a s 69 per cent of the average for the eleven systems combined. 

Table 1: Railway Productivity in EC Countries, 1986 

Passenger Freight Traffic 
Km Km Staff Units per 

Country C000) C000) C000) Staff Index 

Ireland 1,075 574 6.5 253.7 100 
Belgium 6,069 7,442 54.9 246.1 97 
Denmark 4,536 1,791 21.4 295.7 116 
France 59,862 51,690 233.4 477.9 188 
Germany 41,397 59,630 257.0 393.1 155 
Greece 1,950 702 14.6 181.6 72 
Italy 40,500 17,410 214.8 269.6 106 
The Netherlands 8,919 3,107 27.9 431.0 170 

Portugal 5,803 1,448 23.0 315.3 124 
Sweden 6,363 18,552 66.3 375.9 148 
U K 30,800 18,153 142.7 343.0 135 
Total 207,395 180,488 1,062.9 364.9 144 

T h e p r i n c i p a l defect i n Barre t t ' s approach is tha t i t a t tempts to effect a 
cross - sec t ional compar i son of operators a t different levels of development, 
a n d whose operat ing conditions are d i s s imi lar . T h e use of a set of sample 
observat ions w h i c h fai ls to incorporate these diverse service environments 
suggests t h a t a l l r a i l w a y s a r e of equal s tatus i n the sample . I n other words , 
the l eve l of output, i n comparat ive t erms , i s unaffected by differences i n 
capi ta l inves tment , G o v e r n m e n t policy, economic geography a n d competitive 
position. 

F u r t h e r , the approach reflects only a p a r t i a l m e a s u r e of productivity."It 
ignores completely the ut i l i sat ion of other assets such as rol l ing stock, s ignal­
l i n g etc., a n d the subst i tu t ion possibil it ies between labour a n d these other 
inputs . 

T o effect a m e a n i n g f u l cross-sect ional compar i son of E u r o p e a n r a i l w a y 
per formance w o u l d r e q u i r e a cons iderable d a t a base i n c l u s i v e of h o u r s 
worked , cap i ta l u s e r cost, fuel, etc. However , i n d i v i d u a l r a i l w a y s have the ir 
own account ing conventions a n d f inanc ia l s t ructures so t h a t d a t a compati ­
bil i ty would be a serious problem even i f i t w a s readi ly available. 

I n t h a t context, cross-sect ional comparisons of E u r o p e a n r a i l w a y s are of 
l i t t le re levance u n l e s s they are subject to a considerable n u m b e r of qualif i­
cations a n d caveats . T h i s suggests that productivity growth would be better 
m e a s u r e d by u s i n g inter- temporal da ta at the firm-specific level , hence allow-



i n g for the use of a more detai led a n d consistent set of d a t a i n the es t imat ion 
procedure, where total output a n d total inputs c a n be measured . 

W i t h a n inter- temporal approach p a r t i a l a n d total productivi ty m e a s u r e s 
c a n be compared to see i f significant differences ar i se between t h e m i n t e r m s 
of productivity growth rates for the ind iv idua l firm over t ime. 

I l l T O T A L P R O D U C T I V I T Y M E A S U R E M E N T 

I n recent y e a r s the measurement of productivity h a s received considerable 
theoret ica l attent ion w i t h p a r t i c u l a r emphas i s being placed on the develop­
m e n t of dua l i ty theory a n d the ut i l i sa t ion of genera l i sed funct ional forms. 
R e s e a r c h e r s a r e now moving a w a y from the p a r t i a l m e a s u r e s , u t i l i s e d by 
B a r r e t t , towards measures w h i c h include total output a n d total input . 

I n a recent s tudy M c G e e h a n (1993) u s e d a to ta l factor product iv i ty 
approach a n d found that r a i l productivity i n I r e l a n d h a d i n c r e a s e d signifi­
cant ly i n the period 1973 to 1983. T o t a l product ivi ty w a s m e a s u r e d u s i n g 
econometric es t imat ion of a var iab le cost function, a n d product ivi ty growth 
w a s v iewed as a shift i n the cost function. Dif ferent iat ion of the e s t imated 
cost funct ion w i t h respect to t ime gave d irect e s t imate s of product iv i ty 
growth. T h i s study h a s been updated to 1992 a n d the econometric resu l t s a n d 
the d a t a set are described i n the Appendix. 

T w o measures of productivity growth were determined, one defined as the 
ra te at w h i c h outputs c a n grow over t ime w i t h inputs he ld constant ( T F P 1 ) 
a n d the other defined as the rate at w h i c h inputs c a n decrease over t ime w i t h 
outputs h e l d c o n s t a n t ( T F P 2 . ) A t r a n s l o g a p p r o x i m a t i o n w a s u s e d to 
represent the var iab le cost function w i t h the u s u a l behav ioura l constra ints 
imposed (homogeneity i n prices, symmetry etc.). 

T h e re su l t s a r e shown i n T a b l e 2, for the two m e a s u r e s of product iv i ty 
g r o w t h ment ioned above. B o t h m e a s u r e s show fa i r ly s i m i l a r p a t t e r n s of 
growth a l though T F P 2 i s somewhat lower t h a n T F P 1 . O v e r a l l between 1985 
a n d 1992 r a i l productivity increased by 77 per cent ( T F P 1 ) a n d 70 per cent 
( T F P 2 ) according to our two measures . T h e s e represent a n n u a l averages of 
9.7 per cent a n d 8.7 per cent respectively. 

T h e productivi ty m e a s u r e u s e d by B a r r e t t w a s s tat ic a n d cross-sect ional . 
I n order to compare the total indices w i t h B a r r e t t , a n inter- temporal p a r t i a l 
index w a s ca lcu la ted (for I r i s h r a i l w a y s only) defined as traffic u n i t s per 
labour employed. T h e resu l t ing growth rates are also shown i n T a b l e 2 a n d 
suggest t h a t productivity grew by j u s t over 50 per cent. 

T h i s confirms evidence e lsewhere (Windle , et al., 1992) that s imple p a r t i a l 
m e a s u r e s of product iv i ty c a n ser ious ly mis - s ta te product iv i ty differences 
across t ime a n d between firms. 



Table 2: Irish Rail Productivity Growth (Per cent) 

Year TFP1 TFP2 Partial Productivity 

1985 + 10.6 + 10.4 + 13.6 
1986 + 13.9 + 12.8 + 3.6 
1987 + 9.3 + 8.9 + 6.1 
1988 + 7.9 + 7.2 + 5.1 
1989 + 10.0 + 8.8 + 10.6 
1990 + 6.6 + 5.4 + 3.1 
1991 + 10.2 + 8.9 + 8.6 
1992 + 8.9 + 7.4 + 0.1 
1985-1992 77.4 69.9 50.8 

T h e t r e n d i n r a i l productivity growth for both types of measure is u p w a r d , 
but a n n u a l changes are quite d i s s imi lar at cer ta in points. Hence , i f one w a s 
to m e a s u r e p a r t i a l product iv i ty for 1992, t h e n the growth rate would be a 
m e r e 0.1 per cent. W i t h the total productivity measures , the growth ra tes 
range between 7 a n d 9 per cent. 

A t a specif ic l eve l , the s i m i l a r i t y i n t e r m s of burgeoning product iv i ty 
growth r a t e s between the total a n d p a r t i a l indices , i s p r i m a r i l y due to the 
dominant s h a r e of labour input i n total costs a n d to significant increases i n 
passenger ki lometres i n the ear ly part of the study period. 

T h i s l a t t e r ref lects the i n t r o d u c t i o n of the D A R T serv ices i n 1984. 
P a s s e n g e r k i lometres for the tota l r a i l ne twork i n c r e a s e d by 32 per cent 
between 1984 a n d 1987 a n d this "explains" w h y there is a significant increase 
i n the p a r t i a l index. 

However , i t i s obvious that the impetus for growth w a s on the capi ta l input 
side w h i c h l ed to consequent increases i n service frequency a n d qual i ty . T h e 
p a r t i a l m e a s u r e , by definition, would ascribe a l l of the growth i n output to 
the labour input . However , the s tructure of production h a d changed due to 
labour be ing rep laced by cap i ta l a n d th i s subst i tut ion h a d a fundamenta l 
impact on productivity. 

T h i s , of course , u n d e r l i n e s the r e a l w e a k n e s s of p a r t i a l product iv i ty 
m e a s u r e s i n t h a t they cannot describe or just i fy the under ly ing s tructure of 
product ion i n t e r m s of e last ic i t ies of subst i tut ion, factor price e last ic i t ies , 
economies of scale, etc. Logical ly , because of input substitution any decline i n 
the contribution to output of any input (say, labour) could be compensated by 
i n c r e a s e s i n contr ibut ions from other input s (say, capi ta l ) . A p a r t i a l pro­
duct iv i ty approach cannot capture these subst i tut ion effects, nor c a n i t be 
u s e d as a bas i s to just i fy significant reductions i n employment. 



I V C O N C L U S I O N 

T h e purpose of th i s note h a s been to quest ion the v a l i d i t y of p a r t i a l 
product iv i ty m e a s u r e m e n t i n the r a i l i n d u s t r y a n d to present a l t e r n a t i v e 
resu l t s u s i n g a total productivity approach w h i c h gives a better indicat ion of 
product iv i ty t rends i n I r i s h r a i l w a y s . I n addit ion, i t h a s been s h o w n t h a t 
cross-sectional comparisons are meaningless because of the qualif ications a n d 
caveat s i n h e r e n t i n the i r m e a s u r e m e n t . E v e n t h e n the r e s u l t s shou ld be 
t r e a t e d w i t h caut ion . A compar i son of a p a r t i a l exerc ise u n d e r t a k e n by 
B a r r e t t a n d the total productivity approach, showed that the p a r t i a l method 
underes t imated productivity growth i n I r i s h r a i l w a y s . F r o m a policy point of 
v i e w l i t t le re l i ance should be p laced on p a r t i a l m e a s u r e s of product iv i ty 
because of the ir propensity to mis-s tate productivity differences across t ime 
a n d between firms. 
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A P P E N D I X 
T h e d a t a set consists of quarter ly observations for 1985 to 1992 inc lus ive . 

T h e r e are two output indexes , ton mi l e s a n d passenger mi l e s , a n d three 
var iab le input indexes, labour, fuel a n d equipment. L i n e s a n d works , bu i ld ­
ings a n d l a n d are treated as quasi-f ixed so t h a t they cannot be adjusted i n 
the short r u n . Technological change is represented by a s imple t ime trend. 

I n general t erms the var iable cost function can be specified as: 

C v = f ( Y , Q , P L , P E , P F , K , T ) (1) 

W h e r e C v i s var iab le cost, Y is freight ton-miles, Q is passenger mi les , P L , P E , 
a n d P p are the prices of labour, equipment a n d fuel respect ive ly , K i s the 
quasi-fixed factor, a n d T is the t ime trend. 

W e employ the t r a n s l o g approx imat ion to r e p r e s e n t the v a r i a b l e cost 
function. T h e es t imat ing equation is shown i n E q u a t i o n (2) below w h e r e a l l 
the var iables are denned around a point of expansion (point-of-means): 



I n C = oc0 + ocL I n P L + ocE I n P E + a F I n P F 

+ p Y I n Y + p Q I n Q + y T T + 8 K I n K 

+ j « L L ( l n P

L ) 2 + « L e l n P L l n P E + a L F l n P L l n P F 

+
 2 A E E ( L N P E ) 2 + « E f l n P E l n P F + | a F F ( l n P F ) 2 

+ 9 L y l n P L l n Y + 9 E Y l n P E l n Y + eF y l n P F l n Y 

+ X L q I n P L I n Q + X E q I n P E I n Q + ^ F q I n P F I n Q 

+ P L t l n P L T + p E T l n P E T + p F T l n P F T 

+ T | L k l n P L l n K + T i E K l n P E l n K + n f K l n P F l n K 

+ | p Y Y ( l n Y ) 2 + l p Q q ( l n Q ) 2 

+ l Y T T ( T ) 2

+ | 5 K K ( l n K ) 2 

+ x Y Y T l n Y + | J . Y K l n Y l n K + (p Y ( j l n Y l n Q 

+ c o Q T T l n Q + 7 C Q k l n Q l n K + L ^ T l n K 

Homogene i ty of degree one i n i n p u t pr ices is imposed together w i t h the 
s y m m e t r y condit ion w h i c h ensures t h a t the cost funct ion i s cont inuously 
twice differentiable. 

G i v e n the l arge n u m b e r of p a r a m e t e r s to be es t imated , i t i s u s u a l to 
es t imate the t r a n s l o g cost function jo int ly w i t h factor cost share equations 
(Shephard's L e m m a ) . T h e s e share equations are given as: 

_ 8 1 n C , 
S L = = o c L + a L l n P L + a L l n P E + a L l n P F 

8 1 n P L

 L E F 

+ 0 L y l n Y + X L Q l n Q + p L T T + T i L K I n K 

8 I n C 

S F = = a F + a p l n P F + a T l n P r + a F l n P F 
E 8 1 n P w

 E E e e L E f 

+ 0 E y l n Y + X , E Q l n Q + p E T T + n E K I n K 

_ 8 1 n C i t -> _ _. 
S F = = a F + a F l n P F + a L l n P L + a E l n P E 

8 1 n P F

 F 

+ G F y l n Y + A, F Q l n Q + p F T T + n P K I n K 

(3) 



T h e es t imated parameters are given i n T a b l e 3 together w i t h the ir respect ive 
s t a n d a r d e r r o r s , the log l i k e l i h o o d func t ion , a n d t h e coeff ic ient of 
determination ( R 2 ) for the cost equation. 

T h e theory of cost a n d product ion r e q u i r e s t h a t the e s t i m a t e d model 
sat isf ies the conditions of concavity a n d monotonicity. T h e p a r a m e t e r est i ­
mates i n Tab le 3 satisfy these regulari ty conditions at the point-of-means. 

T h e parameter est imates have s i m i l a r character i s t ics to those reported i n 
M c G e e h a n (1993). F o r example, the first order output t erms are positive a n d 
s ignif icant suggest ing that as the two outputs increase s h o r t - r u n costs also 
increase . 

T h e resu l t s also confirm that the cost function is non-homothetic a n d non-
homogeneous a n d that par t ia l elasticities of substitution are non-unitary. 

Table 3: Translog Cost Function Parameter Estimates 

Coeff. Estimate (St. Error) Coeff. Estimate (St. Error) 

Y T 

5 K 

P Y 

P Q 

C * L L 

C X L E 

OCLF 
E L Y 

^LQ 
P L T 

*lLK 
«EE 
«EF 
6 E Y 

0.748 
0.205 
0.041 
0.318 
0.409 

-1.192 
0.663 
0.170 

-0.123 
-0.046 

0.043 
0.024 

-0.132 
0.160 
0.113 
0.010 

-0.031 

(0.029) 
(0.023) 
(0.013) 
(0.210) 
(0.293) 
(0.700) 
(1.276) 
(0.015) 
(0.012) 
(0.008) 
(0.026) 
(0.020) 
(0.035) 
(0.061) 
(0.011) 
(0.020) 
(0.020) 

P E T 

flEK 

©FY 

P F T 

TlFK 
P Y Y 

-0.025 (0.017) 
0.115 (0.026) 

-0.155 (0.049) 
0.037 (0.005) 

-0.111 (0.009) 
0.001 (0.007) 
0.017 (0.012) 

-0.004 (0.022) 
-0.049 (0.378) 
-0.044 (0.469) 
-0.326 (0.937) 

0.734 (0.340) 
-0.026 (0.369) 
-0.194 (0.331) 

0.396 (0.603) 
0.921 (0.793) 

-0.761 (1.424) 
-0.150 (2.665) 

Tyr 

^ Y K 

P Q Q 

Y T T 

A / T K 

Log Likelihood Function = 386.43 
R 2 Cost Equation = 0.99 




