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EXECUTIVE SUMMARY

In trodu ctio n
An understanding of the nature of costs of production is important in 

every regulated industry , both fo r ind iv idual firm s and th e ir  reg u la to rs . At 
the most basic level a firm  w ill require cost data for corporate p lanning. For 
example, a firm  may wish to know what size p lant to b u ild , whether to upgrade 
the q u a lity  of p lant or whether, at bn ex is tin g  t a r i f f ,  the revenues fo r a 
service cover the incremental cost of providing the serv ice .

Regulators and other policy makers also have many reasons to seek improved 
inform ation about costs. When examined c o rre c tly , cost data can be used to  
determine whether there are in fac t economies of scale in production, and 
whether reg u la tio n  is a necessary tool o f social control in a given industry . 
Regulators often  ask whether a service is being subsidized by other service of 
a m ultiproduct f irm , is subsidizing other serv ices, and whether the provision  
of service by one mode w ill e lim inate another mode over a given rou te .

Problem Studied
Previous ra ilro a d  cost studies ty p ic a lly  have examined a cross section of 

Class I ra ilro a d s , using ICC data, and mosit have assumed a s ing le  product, 
usually  to ta l to n -m iles . Several aspects of these studies have served to l im it  
the inferences th a t can be drawn. They re ly  on data from the ICC accounts 
rath er than oh raw data from the f irm . With few' exceptions, they have speci­
fie d  a r e la t iv e ly  simple functional form fo r costs, and assert th a t the form is 
appropriate without a te s t of that assertion . Few adjust fo r q u a lity  of ser­
v ic e , and more im portantly , many do not account for the m ultiproduct nature of 
v ir tu a l ly  every r a i l  f irm . F in a lly , they do not attempt, to adjust fo r the fa c t  
that some ra ilro a d s  operate with a more complicated network than others.

Our own research on ra ilro a d  transport costs represents a very d if fe re n t  
approach to the problem. In an e a r l ie r  report (Daughety and Turnqu ist, 1979) 
we developed a notion of "hybrid" analysis th a t re fle c te d  some cru c ia l d i f f e r ­
ences from the previous work.
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1 ) Our analysis focused at, the level -of an ind iv idual f irm , and used 
cost and production data obtained d ire c t ly  from the firm  ra th er than 
from the ICC. This has a number of important advantages, including  
the avoidance of a rb itra ry  cost a llo catio n s of the sort often, found 
..in, the ICC accounts. We employed., a time ..series analysis fo r a single  
firm  ra th e r  than a c ro s s -s e c tio n a l analysis for a p a rtic u la r  year.

2) the m u lti-p ro duct'natu re  of the firm  was'incorporated into  the analy­
s is . Models were estimated with disaggregated volume :(by commodity 
type) as well as with aggregate data . Output was' characterized  both 
by the volume of f r e ig h t ' hauled and ’• by the average speed of a ship­
ment through; the system,...’ We e x p l ic i t ly  recognized th a t speed of 
service iS 'an  ^important -determinant; of r a i l  costs, and included, th is  
in our estim ates. -

3) We’ used information about the : underlying technological ' production
process, developed'through engineering process" functions, to improve 
both the sp ec ifica tio n  of technology arid the e ff ic ie n c y  of our 
estim ates. ' " '■ ’’ ' ; '

In  several respects the las t point was p a r t ic u la r ly  novel. H is to r ic a l ly ,  
most econometric estimates of cost functions have ignored valuable 'inform ation  
on, s e rv ic e -re la te d  variables which may be generated by engineering process 
functions . We have labeled our method a "hybrid" approach because i t  included 
such in form ation .

This.- report b u iId s■ on, the,, f i r s t ,  phase of ,the,T„proj.ect; in. ,a fn umber of im-s 
portant ways. =■

1) We have again focused our a tte n t io n " at the level of ind iv idu al f irm , 
th is  time; we- have ‘worked’-With data"’ from a major class I ra ilro a d  
with a complex network; the Phase I e f fo r t  purposely examined a small 
ra ilro a d  ’ with ' a- simple' network-.7 r ’Thus, ’we :haveTdeveloped techniques 
th a t address a-wide-range;-of. existing., f i r m s . , An-, important byproduct

.-  is th a t we can - use..the two case studies to examine the. cross-section  
analyses, discussed above;. ;

2) Again we address the m ulti-product nature o f the firm  by including a 
q u a lity  variab le  (average speed of service) in the econometric model 
of the firm 's  costs. The econometric resu lts  include estimated 
short-run and long-run fu n ctio n s , thus allowing a d ire c t comparison 
with resu lts  from the cross-section analyses discussed above.
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3) We have expanded s ig n if ic a n tly  the p ro je c t's  analysis of ra ilro a d  
operations. In  our Phase I report engineering process functions were 
used to improve the econometric analysis . In  th is  report we show how 
economic theory can be used to extend the operations/engineering  
an a lys is . Taken together; the two reports c le a r ly  show the advan- 

' tages and p o ten tia l of jo in t  eiconomic/engineering analysis of firm  
a c t iv i t ie s .

Results Achieved in Phase I I
A short-run va ria b le  cost function was estimated using monthly data on 1) 

operating costs; 2) carloads moved; 3) average speed of serv ice; 4) the prices  
of fu e l ,  equipment, and labor; 5) a measure of track cap ita l ca lled  " e ffe c tiv e  
tra c k ."  The long-run cost function was derived from the short-run fu n ctio n . 
Analysis of the estim ation resu lts  indicated the fo llow ing:

1) The firm  faces s ig n ific a n t economies of density; i . e .  given the fixed  
c o n fig u ra tio n , at fixed speed-of-service increases in aggregate car­
loads moved w ill re s u lt in reductions in average costs per carload. 
Coupled with the Phase I re s u lts , th is  indicates th a t both large and 
small ra ilro a d s  can have s ig n if ic a n t density economies.

2) The major short-run facto rs  of production ( fu e l ,  labor and equipment) 
are in e la s tic  substitutes for one-another. Thus, each fac to r is a 
s u b stitu te  fo r the o thers, but only to a small degree.

Comparison with the cross-section cost models ind icates two sources of 
erro r in th is  l i te r a tu r e :

1) Often such models do not control fo r systematic d ifferen ces among 
f irm s , leading to biases in estimated c o e ff ic ie n ts . Moreover, 
cross-section analyses th a t do not control fo r firm  d ifferences  
cannot separate economies due to changes in firm  size and configura­
tio n  from economies due to more intensive configuration  use ( i . e .  
economies of d e n s ity ).

2) In general, cross-section studies have not used properly constructed 
q u a lity -o f-s e rv ic e  measures. We find  th a t e lim in atin g  the speed-of- 
service q u a lity  va riab le  is not only a s p e c ific a tio n  erro r in the 
model; such e lim in atio n  tends to bias downward the estim ate of 
re tu rn s -to -s c a le .
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We also developed a simple, but accurate, model; of r a i l  operations that 
estimates system operating costs - to w ith in  15%;- of actual values. The model 
provides a ra i 1 • firm  with. a. convenient; to o l- ,fo r operation s; cost analysis be­
cause i t  is easy to set up and<inexpensive ,,to so lve. Moreover, we- showed how 
to use the model to generate an o rig in -d e s tin a tio n  s p ec ific  marginal operating  
cost pred ic tion  equation. - This,was another example; ,of our hybrid- an a lys is . 
Economic theory was used to form ulate the estim ation problem, and engineering  
analysis was used to provide the d e ta ils  on sp ec ific  o r ig in -d e s tin a tio n  move­
ments. Together, the two methods produced a va lid  marginal cost function-.
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