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In an earlier paP,er the present author analyzed a 
railr-ead. cost stw.y (xx) which appeared to show that the ra�es 
preposed· for a l�>ng term • 1ron ore shipping contraet b_etween the 
-Estrada de Ferro Central do Brasil (EFGB) and Mineraçaes Bras1 ..

• -letras Reunidas s.A. (MBR), an · irori ore export oempàny � were
·remunera:tive to the railroad. !n March of this year MBR revlewcd
thls earlier analysis and found it défi�ient in some respeots. In
the same month Dr •. Leão, Direc-tor of the RFFSA, wrote to Gen.Manta,
its president, affirming that the original cost s1udy was properly

·eonduoted and that the MBR rates would allow the railroad an
appropriate return on the undertak1,g.

(x)The author wculd 11ke t� thank Albert Fishlow fer ocmments to
an.earlier draft ef this paper. The conclusions reaohed·here
represent the private views of the author and do not neeessarily
reflect those of any person .or organization w1th whiah he 1s
affi:iiated. • The papar is circulated for purpeses of disoussion
.only;

(xx)Altheugh it will usually be referrcd to simply as the railro�d
�ost study, the volume actually consists of four individual papers._
The1r titles and sponsoring ageneies gre as follow�:

1. "Ensaio da Apuraçãa do Cus-to de Transporte de Miné"rio .
de Ferro para Exportação", Superintendência _Geral dos
Transportes. 

·2. "Pareceres Complementares do Diretor S�rgio Maroondes. 
' 

de Castro s8bre o Trabalho da SGT", Dirêteria da RFFSA • 

. 3. "9.µs to Marginal do Transporte de Min,rios na EFOB11
, RFFSA 

S.Jld EFCB. 

4. "Complemento aos E�tudos do Custe Marginal de Transporte
• de ·Min6rio na EFOB", RFFSA and EFCB.

The 'f1rst paper forms l-That might be ·termed an -engineering estimate 
of the cests which. a nev1 large shipper should bear. The estimates 
are base d on proj ections from var1o_us experimental da ta and include 
only those costs which the authors believe will "-le:.ry d1rectly with 



To support theii view that the MBR rates would be 
profitable to the railroad, bOth Dr Leão and MBR contrasted the 
MBR rate wi th the lower rates .observed for raíl shipment of similar 
products abroad -- United States ooal in Dr Leão's presentation 
(F-13)(x) and iron ore in Africa Canada, and via thé VitÓria­
-I�in�s in Brazi.l in the MBrt report ( G-6). • A similar point was 
made in private convérsation by a representative af the hanna 
Mining Company, which has a part interest in MBR. The essence • -0f 
all these remarké is this: _ if it_is-possible to ship a ton of iron 
ore by rail in foreign coun tries for much less than i 2. 00, 1,ihy 
should the cost for similar dístances in Erazil be so much higher, 
as I bave maintained? 

We believe· that tbe cost on the Cen.tral could not be 
as low as the cited foreign costs and, consequently, tbat tbe 
proposed rate structure coul-d ncit be remunerative ta the railroad, 
primarily b�cause of the very diff1cult t�rrairi whicb it crosies 
much moré difficult than that crossed by the Vitória-Minas (see 
e.g: ,111 B 1-b iii) -- and the beavyinvestments in- line extension 
and improvement which would be hetessary before the line woUld 
serve the MBR mines and carry the kind of lciad envisaiid in the 
contract proposal That the railroad cost study concluded other­
wise is due to three factors: 1) its allocation of certain c0sts 
to present traffic, although they really represent vatiable cost • 

tbe new large shipper's use. The second paper cOntains various 
corre�tions to the first. ·The third piper represents an effort 

to determine thrcugh use of h!storical data the pattetn of .certain 
variable cost c0mponenté for itbn ore movemerit on th� Centrai do 
Brasil railroad .. The fourth a ttempts t0 s.upplement the third 
through the determination of varicus nther costs which have in 
c.ommon a tendency to sbr,w ec0nomies 0f scale and • prs-vides revenue
and cost pr0jeétions through 1973,

(x)There will be two kinds 0f citation in tbis paper Referencés
such as ( F-13) denote· by à capital le t ter 0ne o f the works

listed at the end of the_ paper and by an Arabic numeral the page 
in the wnrk cited. (Page citations in Items C and D have Roman 
and Arabic numerals) Tbe �ther ktnd of refer�nce containing a· 
Roman numeral f0ll0wed by letterp and numbers refers to secti0ns 
of the appendix t0 this repsrt 
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II•A• Average Fixed Cost 

AFC .is cemprised of the e.osts which will be undertaken 
ence and will théreupon be fixe4 for a long period of ti�e --
.. :. fifty years or. more. In railroading, typi·cally the basic 

oonstruction represents the main fixed cost component. Since the 
basio facili ty already exis_ts on the Central and has no alterna tive
use i t may be considered an unrecoverable sunk cost fo-r wb1ch no 
charge need be made. However, many additions to thls existing 
faeility must ba made -- twe spurs to join up the MBR deposit 
and the Sepetiba ·harbor as well as major line 1mprovaoenta

including tunnel expansion and bridgi s��port. The amortization 
and return on these investments � be included ln the cost 
o�lculations. They could prebably �e foreseen without great
difficulty and put on an annual b�sis. ·Then this total annual
fiXed eost should be áveraged óver the traffic wh1ch may·realib•
tically be expected after taking aecount of the eonslderations
reviewed in Section _ III below ·1n order to derive the average fixed
cost per ton.

Some AFC components were neglected in t.he determination 
of total iron ore transport costs in the railroad oost study and 
in thé setting of rates in the final co.ntract proposal. In 
partioular, no charge was made to reflect the eonstructi:on oosts

of the two spurs -- the Rio_brpass and the Aguas Claras spur·to 
the MBR deposit� -� although preliminary attempts were �ade to 
inoorporate. these inputs(J.A), And , although it was attempted 

• to incorpora te all other capital improvements in the cost
strueture, the real cost of capital was understated _and this
reducés the rate of retur;n neoessary tp make the-project attrac­
tive.(I.A,2: I,B.3),

LOnfà•Run Variable Unit Cost 

. Long-run variable unit cost, or LRVUC, 1s the other 
component of a.verage total •os"t which must be levied_against iron 
ore· shippers. This cost in turn includes two components: l)those 
costs which vary wi th sho·rt-run eyelleal. or seasonal changes i_n 
t:raffie.and .2) those_inpu,ts who�e vaz1atlon depends on secular 
changes in traffio •. We ·.wiil call these,·respectively, Group-I. 
cost and Group-II co�t, each reflecting si� of the 12 cost items 
which the railroad puts forth to représent total cost of· lron ore 
movem�nt (J-77-78)�_
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6. 

Group-I Oost Oomponents 

Personriel and supply expenses.for stations direotly 
corinected with iron ore movément. 
Loeomotive and rolling stock maintenanoe. 
Personnel expensas for train óperation. 
Fuel, lúbricants, and supply expenses conneoted witb 
ire1n ore trains. 
A pari of the variable portion of the expenditures for 
maintenance of permanent way.

Interest and depreciation on óapital invested in ldcomo­
tive and rolling stoek for iron ore trains. 

Group;.II • Cost ComPonents 

7. General expanses �elating to central and·regional
administrative orga!ls•

8. · Signaling and communica tions- expBnses.

9. Tha bala·nce of .permanebt way expendi tures not included
under item no. 5 abov_e ( i. e. the portion of permanent
way Iimiutenance hot considered 11 variab1e· 11). 

10. Maintenance expenses for structures.
11. Interest and amortization of investment ln land and

stru�tures and in installations connected with electric
tractión, signaling, and ·communiéa.tions.·

12. Financial charges on loans made .. to the railroad not
connected with equipment for iron ore transport.

Naturally, in • i tems 7-12 only somo share of the exp{mses 
1s to be alloted to .iron ore movement. Jor example, of the 
permanent way maintenanoe expenditures•not considered "variabl'B" 
(item 9-IvI), a share proportional to the iron ore traffic would 
be includ·ed as part of the Group-II iron ore· oost. 

The railroad oost study refers to the Group-I cost as 
nmarginal cost 11

, Group-II costas 11 fixed.cost", a:nd the sum of 
Group-I and Group-II eosts as "total cost". However, for reasons 
explained in the appendix 1 t is· inc.orrect to regard the first of 
these as marginal cost .. -:" i t simply does not corresp_ond to_ this
theoreiical concept (II.A). It is,. rather, the average of certain 
variablc costs which tend to be linearly related to traffic ohanges. 
We distinguish i t from. Group-11 varià.ble inputs,, .on- tbe other hn.nd, 
which may bc e:xpected to exh1bit $conomitts of scàle. 
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In the appendix we show that the railroad cost study 

may be qu�stioned in its analysis of many �lements of Group-I cost. 

These instances include: 

a. 'Possible miscalculation of and eiclusion of ltne

consumption costs from cert8.in calculations. Rail

life is ettimated at 15 years �ltbough ev�n 10 
. 

. 

. years _seems optimistic in .. the difficul t condi tions 

tha t the line would serve ( III }3 1 b .11}. Moreov.er, 

after lirie consum�tion charges are-calculated they 

appear to be left out of the calculation of Group­

-I cost for prisent iron ore traífic (III B l. a). 

b. Questionable p1·ocedures in the estim2.tion of

permanent way maintenance costs and neglect of the

empirical relati0nship in forward projections

(III,B.2).

e. Inconsistencies in the application of Group-I cost

estimates within the.stuc'!y: there is an unexplained.

rec1.uctinn of 15-26 percént between the Group-I cost

firl:lt pro j ected f0r -the fu ture anà. tba t finally

adcpted (ItI.B.3)� ••

d Arbitrary exclusion of 1966, the only year of

hist6rical observation, from a trend line statis­

ticelly fitted t0 the estimates f0r the period in

question (III A.2) This produces a 1966 estimate

about 20 percent lower than another estimation

which the study arrlves at by more ccnservative,

al though still unaccepta ble, • pl"o e e dures. Since

Group-II cost is estima ted as a proportion of

Grcup-I co�t, .the �ong-run Variable unit c□st is

also proporti�nally understated.

Since tbe details of the foregoing are reviewed at some 

length in the appendix; we need not carry over Group-I cost here. 

Regaro.ing the Group-II cost, �rn have serious reserva tions b8th te:,. 

conceptual treatment and in estimation and since a proper under­

standing of the :role of this cost is essential for proper :r:ctcing, 

we will say a few.words about it no�� 

The railroad cost stu�y regards the Gi0up-II costas a 

fixed cost which sboulc1 be paiç! for ny the existing traff:i.c or, 

rather, by the annual volume of traffic demandecl by shippers 
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presently using tbe line. Since this. cost must be borne whetber 
or not any MBR traffic is forthcoming, it is reasôned, there is no 
need to charge MBR for these inputs. We find· this argument unper• 
suasive and beli"eve that closer inspection of the costs in question 
will support our view. 

·rhere are really three kinds of cost included in Group II.
Items na 11 and 12, interest and amort\zation on various electric 
structures and charges for various other equipment loans, are an 
_annual cost which, presumably, the government would have to pay 
even if ·the line folded up today. - Assuming no current·salva&e 
value, hawever, and assum1ng • further that there would never be _a 
need to replace the facilities, one rriight reasón that no economic 
cost could be-ascribed to the continued USf) of these facilities·-:. 
- the government interest payment must continue independently of
traffic. ln _this case, no charge for them would have to be made
against any traffio, whether present ore freight, cement fl��s,. or
the new MBR traffic. However, wi th the • huge treffi_c increase· •
projected from 1966 to 1973 (250 percent in total freight e.nd 1,{380

. 
. 

percent in MBR freight;see next section), some additional signaling
equipment will almost ccrtainly be nec·essary and should be reflect:- •
ed in Group-II cost. Any other capital improvements included in
Item nª 11 which must be undertaken because of this traffic growth
should be treated ln similar fashion.

Item nQ 10, maintenance of structures, is an annual cost, 
lndependent of tre.ffic levei,· which would ili?.! have to be undertaken 
if the railroad �ent out of business. The annual average unit oost 
of this item, therefore, is the total incurred each year divided 
by total traffic. 

Some might argue that adminlstrative and malntenance 
items, consisting as they do largely of labor, also represent a 
fixed cost since existing labor legislation would preclude a hasty 
reduction in the labor for·ce. However, it is noteworthy that in 
just the .trienn�um start.ing1n1964th,:; Central managed to reduce its 
work force by ove� nine percent suggesting greater fl�xibility 
than one might have expected ( I .1967-86). 

This brings us to Items 7, 8, and 9 - general administra­
tive expenses, signaling end com.munications expe:nses, and the 11 fixed11

portion of permanent wày m�intariance. We should remember tha.t ·t1ie 
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directly attributable admini�iratite expensas have elready been 

imputed and those in question here are supposed to abstract, for 

example, from the higher adminiatrative costs of passenger traffic. 

Now, while these inp�ts might be constant when viewed against 

short-term changes ln traffic volume, it is questionable whether 

they are really fixed_ wben a long run secular rise ·or fall takes 

place. This distinction can be quickly appreciated by reference­

to figure 1-.a and Figure 1-b. Here we see two k_inds of traffic 

fluctuation. The first is cyclical swings over a ten-year period 

while Figure 1-b shows a steady rise over the sarne period. 

� 
o 
� 

Figure 1,-a 

Year 

Figure 1-b 

Year 

In thi::: first case we would expect the annual Group-II 

cost to be almost constant over the period while in the second we 

would expect some increase. The increase need not be propQrtional 

to the increase iri traffic but an increasc will certainly take 

placG. The rcason for.the constant annual cost in the first 

example is simply tha� short term adjustments in la�or fcrce, for 

example, could not be made; many idle workers would have ·to be 

retained on the payroll even in the slow periods. Further,_ some 

equ1�ment might be overworked iri peak periods to be repaired with • 

some of the ·excess manpower in the slack years, thus minimizing 

cost fluctuations. 



Wi th a traffic .increase of 250 percent we must expect 
tho. t there iüll be e.n increased need for inputs such as signaling 
and communica tions equipment and expenses incid.en tal to their use. 

•. And ,�ha t of regiorial and central administratlon. expcnses? Those
and othors would �ot rise in proportion to the incieased fr�ight. 
'I?ather. we woultl expect most of thein to increase at n decreasing 
rate, exhibiting sce.le economies. But increase to some extcnt 
they certainly woulcl. 

Indeed, this v1ew is supported by th,3 judgment .of Prof. 
Willinm :t_fay t aD eminent Amcricanra.ilway ongineering autl;lority 
who has wri tten: 11 • • • if one talces the long�tern view for a 
period of 5, 10 ór 20 years, it may be correctly observed that 
almost all expense f2ctors are affected by traffic. A continued 
increase in trnffic may load ia expensive congestion and delays,· 
requiring finally the purchase of additional cars and locomotives,. 
the instnllation of additional tracks ar improved systems of 
signal.ing and dispa tching, and the exp.snsion of yE1.rd and teroinal 

. 
. 

fo.cili ties. New_ office help and addi '�iona.l superv'ision and.. • 
manà.gement may be added. A continued decrease in traffic will 
probe.bly lead to an opposi te si tua tion, when force reducti ons, 
equipment, track and structures retirements, and general retrench-
men t_ are the pro gra.m.. 11 ( E-27 -8) . 

Hay's comments seem most reasonable ·even though they 
are contrary to the assumpti-0n� of the railtoad cost study. 
Assumptions such as those cf the railroad cost study probably 
originate in the instinctive reaction that people show towards 
railroad cost functions, namely,tbat they embódy a vory large 
fixed cost which .-is tho source of declining average costs over 
a wide range of output. And there is nu.eh to justify this notion 
when we inclucie the ooat. of the initial basic facilities themselves 
-- the co:nstruction of line, bridges, and. tunnels. These costs 
will be fixed e.nd can gener.ally be expected .to be constant over 
wid� variations in traffic levels. However, b�sic faci11t1es are 
not ii1 question here -� no attempt is made. to imputa a charge for 
the basic construction of the Central t . as can be seen from the 
list. of Group.,;I and Group-II qost items presented above. We have 
not recommended a charge for depreci�tion .of existing tunnels, 
for exàmple, or for interest on investment in iraplanting the line. 
in the first pl?.ce. All that we have recommendGd for inclus.ion is 
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preclude other miners from u�ing train composition similar to that of 
MER. 

One of the main conijiderations in evaluating the proposed 
rate structure froI)l a na tional economic p0 in t of view. i·s i ts effect 
on inflation, A second is resource é:.llocation - is the proposed 
approach conducive to greater or lesser efficiency? Since the railr�; 
is an agency of the government, it, too, must bi concernid primarily

wi th questions • such as thes.e3 and we may presume tha t. such are i ts ma�:
consideratior.J.s. 

If tbe proposed dual rate system is to be successful when 
judged against the standards just indicated, it must be successful, 
first, in holding the railroad deficit to its present level, thereby 
restraining, everi if not eliminating, tbis very significant factor in 
th� inflation of the last 15 yenrs. It must also promete efficiency 
in resource use. This means that the final results to which it leads 
must be achieved at a cost lower than would be incurred in achieving: 
the sarne g0als by alternativo means. The best measure of results in 
this instance would be f:,reign excnange earnings. We believe that th 
proposed rate structure is defectivo on both thesa counts and that 
a more cost-oriented Rpproach is needed. This will be olear from thp 
following analysis. We begin with a review of the traffic.projection 
to which tbe rate s tructure is keyed and then c.)nsider the arguments. 
f0r and against its allocatinn in this situation. 

III.A The Traff ic ]§_§.�

The growth of the vari0us traffic components projected by 
the railroad cnst study is shown in the following table. Inconsis­
tencies in railrJad cost study meth,dol�gy have been resolved as 
explained in the notes to the table: 
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Table 1 
FREI GHT VOLUHE :B'OR 'I"HREE MAIN TRAFFIC COMPONENTS ON THE EFCB AS 

MBR 

PROJEOTED IN RAILW.AY. COST STUDY .FOR 1966 AND 1973 

a. 
b. 
e. 
d. 

.. 

O�E 

Pbysical Units {mllllons) 
Péfcent of Total 
1973 Volume/1966 V6lume (Times) 
Total less M:SR: 1973 Volume/1966 Vo,_ume ( Time.s) 

OTHER O·�HER 
COMMO DI TI ES TO TA L 

---+--------1-....... ---------+--------�i---------- ---

Tons 
(1) 

Ton-Km 
( 2) 

Tons 
( 1) 

Ton~Km 'Tons Ton-Km Tpns Ton-,Krn 
( 2) 

----+-------+--·------+---------+--------··-----
1966 

a. 

b. 

1973 

a. 

b. 

e. 

d 

o. 8 480.0 4.5 2,700.0 2.62(3)
(3) 

989.0 7.92 4,169 .o 

10.1% 11.5% 56. 8;h 64.8% 33.1 23. 1% 100.0% 100. o;;

( .l:) {A) 
15-0 9,000.0 7.0 4,200.0 5.0:7. 1,914.5 27.07 15,114.5 

55 4% • 59.4% 25 9 27.8% 18.7 12.7% 100.0% 100.0% 

18.8 18 8 1.6 1 6 1.9 1.9 3.4 3.6 

l, 7 1.7 

Notes and Sources: 

1 J-115
2 The ton-kilometer projections in the railroad cost study 

imply .an average length of haul of 530-550 kilometers 
over the períod althougb most ore calculations are based 
on a 6152 kilometer haul (cf. column marked MTKU/ANO in 
the third table .on page 111. Even correcting the 
t&pographical errors would still leave inconsistencles 
bet�·reen this table and page 115). We bere assume a 6OO­
kilometer �verage length of haul for iron ore. 

3. :r .1966-120.
4. This results from applying the 1973 iron ore gross t0n­

kilometer and gross ton-kilometer-share �rojection in
the table at I-111 to derive a gross ton-kilometer volume
for otber freight. �e tbsn divided this by 2.2, the gross/
/ne t ra tio gi ven on page 80 º ( The iron ,:-;re gro ss ton­
..:.1c11ometer vc,lume, incidenta.lly, sbr,uld read 18 ra ther than
12 'oillion) .. �-re tben assumed a growth in other tr:,nnage
proportional t0 tbe growth in ton-kilometers



.Are the traffic p:rojections reàsonable? • The projection of 
"other oommod1 ties II seems rea sona ble, assuming no increase •. i.n rates, 
although many peopie have urged and continue to urge that thought be 
given to raising them to éover long-run variab1e cost. It seems safe 
to presu,me that·delJJB.nd for freight services on the Central is fairly. 
elastic. This is suggested by the rate structure for numerous commodi­

ties. For exemple, cement, which accounts for over 20 percent of non-· 
-ore ton-kilometers on the Central, has an incremental rate l-lhich
declines to a level near zero a t stra tegic distances to encourage the
flow from Minas Gerais to Rio, and if rates were ràised most or all
of this would disappear as local producers increased their marlrnt
share (B-18-23). For similar reasons we may expect that demand_ foI'
othcr freight services is also price-sensi tive a:nd would decline wi t�

rate increascs o� the magnitude required to elimina te de fiei t ra ilroad
opera tions; in the appe:ndix we see that the long-run varia ble cost of
non-ore tra{fic implied by the railroad cost study 1s Cr$ 35.2 per t0n­
kilometer (III,A-1) and since the average 1966 freight rate for vther
commodities was aiound Cr$ 15-20, an incresse of around 150 percent
would be required. 

Thc MBR pro jection is presuma bly ba sed on company iu ten tions 
1f thc contrast is realized, But projections of the other ore flows 
will probably prove to be unfounded, if the dual rate structure is 
finally approved� for reasons w:hich we will now review. 

III.E, Discrimina tory Ra temaking, Revenues, and Deficits

From the details of the rate schedules presented in the first 
paragraph of Section III, i t should be olear tha t the proposed rates 
are not strictly cost-related, Thc main consideration, rather, is 
valuc-of-service; other miners can afford to pay more While .MBR 
presumably cannot, :tr10reover, there is a value-of-service element even 
within the 1"'.iBR sche.dule which relates the rate charged to the world 
market price of iron ore. Tha t value-of-service is also the underlying 
principle in the ra ilroa ds 1 • o ther rate schedules is eviden t from 
sorutiny of their general tariffs, 
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III.B.l. Value-of-Service Discrimina tion B0twecn .Services

The g0neral principle - of va:lue-of-service has heen def'eftded 
on grounds of both equi ty and. economic efficiency. For exàmple, i t
strikes most people as 11 fair" that high-value consumer durables should 
pay more than, say, beans, _ which forma large part of the diet of the 
poor. Or tha t gla zed building ti1es, ·wh'ich are t!sed by and largo for 
higher grade housi11g, should pay more than brick o·r cemen t whose use •. . 
encompass0s a wide renge oi·construction activity including schools,
hospitals, dams, and municipal facilities; in additi911 to expensive 
dwelling. Evidently, however, since we _are not here conéerned with 
commoditios which have widely varying uses but, instead, with a single 
commodi ty, _ the va lue-of-sorvi.ce - prinoiple canno t be defended on grounds 
of equity in this case. It would be more relevant here to try to 
jus tify the va lue-of-service principle on economic grounds. Wha t, 
then, is the eoonomíc .argument for this pricing principle in iron ore 
shipmen t on the Centra 1 do Brasil? 

ValU:e-of-service pricing 1s an a tteapt to charge less • for 
those services with lower demand curves than for thoso whose dema:nd is. . 
high0r. It may cost the sarne to - provide the two .,services; but if 
total cost _were distributed equally, demand for the former would 
shrink, leaving a 11 the cos t to ·be recovered by the la tter source of 
dema:nd and_ this might dieta te a price higher than the la tter users 
would bc w illing to pa y, elimina ting bo th source s o·f demand. The 
traditional approach, thcreforc, is to charge less of the fixed cost 
to the formar service and more to the l�tter. ln the limi t, all 
services are offered which can cover their directly ass�ciated costs 
and rnake a positive contribution• howover small, ·to the fixéd co.st. 
This practice can, under cc�ta in circumstances; be justifiod by 
arguments from welfare economics. _ Depend.ing 6n the • slope of tne 
demand curves, a reduction in potential welfare IIiight result if fi:x:ed . . 

cost were spread equally. • For example, if the absolute value of the 
slopes is greater than that of the demand curves fór other pro-ducts, 
there will be a ri.e t loss - in welfare, since the - co:nsume·r surplus asso ... 
ciated with the deraand curve of the goods -forgone will be greater than 
that of substitutes. 

The tHo services in this case are shipment of iron ore for 
MBR and shipment for other rniners. The proposed rate structure 
presumes tha t JvIBR o:>Uld not or would no t pay as much as o ther miners. 
The proba ble reasou for so thinlting is tha t the other miners are 



already committed � they hav'e ·littie alterna tive to· continuation of 
their ppera tions and riould rema in ac tiye even while denied the uni t 
profits that MBR might earn. MBR, on the other hand, is st111 
uncommitted and so has open options. If the po_tential profit 1s not 
sa tisfactory_ i t will simply .not uudert_ake the project. We hurry to 
emphasize tha_t this is not necessar�ly our be_lief; some such _view 
would appear, however, to _have mot.iva ted the rate proposal in the 
first place • 

. _ If one accept the oconomic justifica tion for value ... of- .... 
-service pricing which has just .been outlined, hé must still ask
whether the condit.ions exist for such_ pricing to be effective, i !' e•
for·the revenuç from such a system to cover the: full cósts on which
the rat0 structure is· supposed ·to be based. Two conditions are
necessary: 1) ·. the seller must have a monopoly to preclude the
div0rs ion of some of the demand to a competi tor supplier, and 2)
the buyers must be separa ted to prcven t arbi traging. Nei ther of
these conditions holds in the present situation. Let us see 'Nhy.

i. Traffic Diversion. .As ·1s known, the Vi t6ria-Minas
ra ilway -is now building a 11O-kilometer spur _ from Costa la cerda to
Fabrica. An 83-kiloraeter stretch·o.n the EFCB between Costa I.ecerq.a 
and Desembargador Drummo.nd, which is now considered ·tcchnically 

• deficicnt; is also being improved. It will perrnit miners in the. . . 
Paraopeba vallcy now shipping on the Ccn tral to divert their ores
for export through.Vit&ria. While the distance-would be somewnat
longer through Vi t�ria, the to:n-kilome ter cost inay. be lower than the
relevant c·osts on 1ihe Central and ·this might :pÜrmit·a lower rate per
ton, while still yielding a profit to the Vit�ria-Minas, than the rate
now bcing proposed for the ·other miners on thc Central, In this case,
of oourse, o ther miners wiil eiect tci export through Vi t6ria and the
freight now being eounted on to bala-nce the low rate being offered
the 1-íBR "'i'rill not ma tcrialize and thc EFCB will. fall short of covering
the cost which the :i;,roposed rate structure is -designed to cover.

ii_. Arbitraging Operations. The present ivIBR contract leaves 
open the possibili ty tha t MBR could buy ore from other shippers and 
ship it at the lower rates. This must be recog.nized as a definite 
possibility in view of the wording of -th,e contract, namely: 



16 • 

. Thc object of the present oontract is the transportation 
by thc 11R�de Ferrovi�ria Federal S.A." (RFFSA) through 
its operating unit "Estrada do Ferro Central do Brasilº 

(CENTP.AL) for Mineraçffes, of iron ore of its p:r�duction or 
undcr:_ � !:2.,Spo:nsibili ty (H-1). [$mpha s is mirteJ 

In view of the preferential concession ·ar about 1Wr$ .50_ 
boing pro:poscd .for HBH, it is easy to see that both the YlBR and other 
miners. co�ld :i.mprove the;i.r profi ts through arbi traging transactions� 
For exa:,upJ.c� it might be interesting for )IBR to pay another minar 
NCr$ .20 more pei' tc:c 'tt.an his pitside cost, and ship it out through 
Sepe tJ. ba on i ts c1·m 1;1cc0unt a t the lower rate. . This woulcJ. reduce 
total :r2 ilroad rcvenuo � Even if preson t ra·tes were designed to be 
µon-deficitary undcr the projected traffic mix, thc redU:ced reve:nue 
consequ.Gn t o:n the shift to a higher iVIBR share would resul t in a lõss • 

In the foregoing analysis we have. been concerned primarily 
with the principle of rate discrimination and its applicability 
ra ther than wi th the departure of . the proposed averagc rate from 
the LRVC criterion advocated in Section 'rI above. This should not be 
taken to i:mply acceptance of the average rate of the railroad cost 
study as the prope:t cri terion for ra temalcing. LRVC is still the 
prefera ble cri terion for average rates; the present analysis • showing 
that discrimination will not be possiblo méans_ that it must be the 
basis for individual rates for HBR and for_other shippers as well; 

III.B.2 - Value-of-Service Discrimina tion wi thin !:!fil1 Schedule

T1J'.l.e rate offered by the Centrai to MBR �s givon by the 
following. formula: 

F m C + 
KM 

100 

This is given on page 8 of thc English version of tho 
contract and on page 67 of the railroad cost stuuy-. 

. . 
The variables .in the formula have the following meaning: 

F = rate to be charge d pe.r • ton for the trip from .Aguas 
Claras to. the port de.stination. 

C = The basic cost per ton for a journey of D . kilometers •
. The value of e depends on annual volume aK.d ón train 
size� 



l>p = The present distance (presumably via the Rio bypass). 
Dr = The distance aftér the new 11ne construction to

Águas Claras. This wl,11 be 615 kilometers. 
K � Coefficient depending on volume being shipped. It 

declines· from 10 to 6 as annua l volume rises . from 
one million to five million tons and remains constant 
therea fter. 

M = Weighted average price of ore FOB Sepetiba, converted 
in to cruzeiros. 

A Ta ble is presen ted in the oon tract (H-21) giving the 
values of o. This is the sam�, except for rounding, as the ta ble 
on p.117 of the railroad cost study. Actually, what.is tabled is 
not e but O ( 1) for purposes of simplifica tion. • We will follow • D 

p 

this simplifica tion here and so consider the formula, F g C + 

where C is the' tabled value. 

KM 

100 

Le t us see ho,,1 the formula works. Suppose we have an 
annual volume of 5,000,000 tons to be shipped in trains having a 
gross weigh.t of 5,400 tons (T-3R composition)- T'ne value of e

can be found from the �ble to be Cr$ 3,720. The FOB ore price 
(which ,,1e mày take to be the world price) is $ 8.50 (0r$ 18,700 
at the then existing rate). (This is the figure used at J-66). 
This is the value of M. The value of K for these conditions is 6.

Therefora, we have: 

F: Cr$ 3,720 +·6(Cr$ 18,700) ■ Cr$ 3,720 + Cr$ 112.200
100 100 • 

■ Cr$ 3,720 + Cr$ 1,122 . Cr$ 4,844.

The first thing we may observe is that the rate consists 
of two parts. The first depends on the volume transported and the 
second on the va lue of the good shipped. The second term comprises, 
in the given situation, about 25 percent of the total tra.nsport 
charge. Now, if this rate is supposed to reflect the .true cost of 

· the operation; i t is difficul t to imagine why ·as large a portion of
the rate as 25 percent should be related to the value rather than
the cost of the service! We can understand that it might be ln the
railroad 1 s interest to reduce its profit 1n times of a temporarily
licpressed world ma rk.e t in order to ma in ta in à long run advan tage

. which the traffic is presumed to represen t. It would even pay the
railroad to ship at a rate temporarily below long run variable cost
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at sucb times. Indeed, it cOµld rationally ship at any rate covering 

its Group-I cost. 3ut the co�t estimates of the railroad cost study 

and the pricíng principles underlying the MBft rate are already suppa,ed 

to have abstracted from Group-II costs and the rate is �upposed to 

reflect 0nly Group-I cost, i.e. only tbose costs which vary directly 

wi th sea.sonal or cyclical traffic fluctuations. Wba.re, then, is the 

latitude tn reduce costs still further as the value of the good falls? 

Yi th 25 percent ()f the MBR rste sensi tive to ·the price of ore 

the railr0ad's revenue migbt fall sharply iri times 0i lo� ore prices 

Presumably, �ithout such a concessi0n the MBR would cut back its J 

traffic in such tiwes I-Inwever, a cu tback w:)Uld reduce ·o pera ting costs 

in nearly tbe. se.:1e proportion and raise average unit revenues in 

c0Dparis•:•n wi th what w0uld be ea.rned wi th the larger traffic and· tbe 

reduced rate that the cnntract proposes for such tioes. This would 

result in a larger deficit. 

III.O. The Rate Structure and .Resc•urce ·.tllocaticn

Many questisns arise concerning the relationship 

between rates and res0utce all0cati0r
i

. We can 0nly indicate some of 

the ce;1:1ps.ris�,ns that nust be rn2.de bef0re a rati·-:-,nal decisicn can be 

reached regarding the undertaking under review, the rate structure, and 

the prop0sed extensinn �t the Vit6ria-Minas. 

If the real c0sts of exp0rt thrcugb Vitória are l8wer than 

thnse through Rio via the Oentrel, the exp�rt,wbich could g� either 

w2,.y after the Vi t0riF.J-Minas s pur is bU:il t, sbould gr, thrhugh Vi t-1ria. 

On the ither hand, if it is cbeap�r to ship tbr�ugh Ric, it should 
m0ve by this r0ute. Supp0se, h�waver, that the Vit5ria-Minas cGst is 

higher than the Central c0st and lower than the Ceniral rate f0r other 

siners. Tbey will then elect to ship through Vitiria at higher unit 

c0st f0 r the naticnal e6onomy. 

The MBR rate n0w is· n0t below t�tal · variable ccst. If 

other oiners begin to ship through Vitfria an even larger differential 

will develn p between averag� cost arid the MBR iate since urtder the 

pr0p0sed rate the �ther rainers_ are t� pay a dispr�p0rti0nately high 

share e f G-r· u·p-II C".JS t. Since the price ra ther than the c0s t is the 

i�p,rtant variable f�r MBR there wili evidently be a cnntinuing larga 
MBR r:·re flow Thus, tbe ec'.'nr 1;1y • will be paying mc·re per tr.rn o f expr:,.rt 

.. 
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tha�- it would .have to pay if all ore moved through Vit6ria. The 
p,ót.rect solutjon in this case would. be to direct all .export through 
Vit&ria -- both that of t�e other miners as well as that from the MBR 
deposits at Pipo de Itabira which is close to the planned Vit&ria -
- Minas extension. • ll'J3R has. already in4ica ted a willingness to begin 
its opera tions a t Pico,, whose 64-68-perce?). t ores are as good as those 
at tguas Claras, if ce:rtain "studies indicate that the Pico de Itabira 
mine is more eeonomic 11

• (K-5). 
' \ On the other hand all ore from this region, including that 

of the new CVRD .deposi ts, migh t ·be a ble to move more cheaply via the 
Central. The mat·ter has simply not been sufficiently studied. What 
are thé relative costs? Wha_t other capital improvements would be 
neocssary for the V� ttria-Minas to undertake the large flcrns that 
could dcvelop? Would double-tracking be ·necessary for this line? 
Would i t be bctter to abandon the e�tension project end ship all 
output from this region on the Central? Tho considcrations raised 
hcre show there to be an urgent need for turther analysis of the 
issues of construction and.renovation of all iron ore export lines 
from a ,totai national point of view rather than from the viewpoint. 
of individua 1 producers. • 

IV � Oonolue1on 
-----

The MBR-EFCB contract rate schedule departs in many 
significant respects from the cost cri terion advoca ted in this paper. 
A 11st at the start of the appe.ndlx summarizes all our resorvations 
discusscd here and 'in the appendi�. This list relates only to 
conceptual and methodological problems ond factual inconsistencies 
within the study, however. We have not tried to analyze the under­
lying numerica 1 informa tion. 

Since many of the problems which arise are interrelated 
it is not always possible to specify the full impact of cach 
conaidered separa tel1 or the total impact of all taken tog·ether.. And 
all the necessary dataare not avoilable in generally accessible 
sources for the outside observer to be a ble to make independen t 
estimates. But what we bclieve·we have been able to do 1n ·this paper 
is to indicate the correct prioing criterion, namely the recovery 
from usors of the full costs_incurrcd-in their behalf. This has been 
termed long run variàble cost. Thus, while the basic existing 

•
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rt:; ilroad fac ili ty should be • considerod an unrecovera ble sunk cost, 

the • invostmcnt in new spurs and line improvements must be· calculated _ 

and buil t into the rate s-truc ture-. To the avctage fixe d cos t so 

determino d mus.t bo sdded the long-run varia blc uni t cost .which 

inc�udes many Group-II items considered e.s 11 fixed 11 by the railroad _ 

cost study but which are almost certainly variablo ln face of thc 

2.5 •• .fold traffic increeses to_ tuke plccc over an eit§ht ... .,. or ten-,, 

-year per1od. lt must be emphasized that the Group-II items in

question have apparently already been adjusted to exclude non­

-relevant overhead' items süch as those connected with passcnger

movement.
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APPENDIX 

PROBLEMS IN T.HE Rá ILRO.AD COS T S TUDY 

The followi:ng summary of ·reservations to the railroad cost 

study -will servo as a guide to this a:ppCndix. - Items n-º II.B through 

II D.3 are men tioned only bricfly s inco they were fully trea tcd ixl 

the first -part of this report. 

I. Failure to reflect capital costs adequately •

A. Now co:nstruction lguas Claras spur and Rio bypass 

1. Not included in average fixed cost

2. Rate of return, or intcrost, i:n exploratory cal.cula­

tions too low

B. Various line improvemen ts. Presen t calcula tions f�. il tr

1. Distribute invcstment over to�l traffic to recover

tota·l cost

2. Use correct output moasure -- ton-kilometer -- to

determine avcr2ge unit cost

3. Use e real cost of capital

II. Variable cost conccpt

A• Present conce:pt not marginal cost. - reflects only some 

variable costs {Group-I) -
• B. Grou:p-II costs do vary, although not linearly, .with

large secular ,raffic increases 

O• :trlBR tra ff ic w 111 grow 19 times by 1973 when i t 11111 

2cc_ount for 60 perccnt of traffic under present 

pro jec tions 

D. Presc.n t pro jec tions IIIP.Y not be rea lized s ince:

1. Other ore shippers will face much higher transport

cos ts than 1''illR and may be una ble to compete

2. Other ore shippers may cl0ct to ship through

Vit6ria after the Vit6ria�Minas railway extension

is comple ted

3. Othe.r non-ore freigbt may decline if much advocatad

reforms are exccuted towards fuíl-cost pricing



III. Calculation of long-run variable cost

A. Group-II Cost estimate

22. 

1. Deriva tion· of Group-I! cost/Group-I cost ra tio

2 •. Exclusion of 1966 from ·statistical estimate of 
Group-I cost 

3. Inconsistency in Group-I cost series

4. Unexpla ined 7. 5 .. percen t reductiOn in Group ... II cost

5.. Understtitement of Group-I ,cost 

B. Group-I cost estima te

1. Calculation of charge for permanent way

a. Failure to include line replacement cost in
empirica 1 Group .. I co s t estima te . .

b. Errors • in SGT engineering estima te of 1:i.11e
replacement cost

i. omission of any interest or capital cost

ii. ovores·tima te of ra il life

iii. inappropriate exchange rate

2. Neglect of historical trends in empirical e·stima te
of line maintenance cost function



I. Omission of New Construction .and • Incorrect Treatment of Line
Improvemen t.

The correct cri terion for iron ore pricing must take realistic 
account of -:t;he capital cost of the .iguas Claras, spur, ,the Rio bypass, 
and vá rious line improvemen ts deemed to be necessa ry for higher 
traffic leve1s. 

I.A. New Construction

I.A.l. Exclusion from Cost Calculation

The Jguas Claras spur is yet to be built and much work 
remains to complete on the Rio bypass. Therefore, these p:r-ojects 
could scarcely be thought of as unrecoverable sunk co.sts. The 
costs of these projects would be about NCr$ 26 million, including 
NCr$ 18 million for Jguas Claras (J-72) and NCrt� 8 million f,or the 
Rio. bypass ( J-61). •. As we reason in the first part of this report, 
these costs should be distributed over all traffic since otherwise, 
MBR ore•might be uncompetitivc with that of other shippers, pre­
cluding attainnmcnt of the higher traffic levels i4ith their lower 
Group-II unit costs and, possibly, leading to a higher average total 

. cos t for the rema ining, tra ffic. 

Opinions of RFFSA officials on this matter fall into 
two extremes. On the ono hand, such an authority as Dr. Sergio 
��rcondes de Castro, a Director of the RFFSA and author of the 

• second contribution to the railroad cost study , calculated charges
for .igua s Claras to be impu ted, to MBR and urge d tha t all the cos ts
of the Rio bypass and certain lino improvements should also bo
imputed 1fholly to MBR since they are of i.ntercst 11 exclusively to
exporters through Sepe tiba Bay 11 

( J-61). No charge .was ovor included
for the latter projects, however, and even the lguas Claras spv.r
charge of s�.10 which Dr. Castro developod was lator omitted from
the contract (A-13). On the other hand, some rai.lroad authorities
rocommend that UQ_ charge at all bo made for thc new spurs. Dr.Leão,
for-example, alsÓ a Director . of the RFFSA, argues that the users of
these facilities ought not contribute to their construction when. . 

many othe·r lines ·fhich may be of negligible value are boing built
and no thought is being givon to charging their users for them(F-12).
MBE itself shares Dr. Leão's viev1s and argues that the spurs ,-iill
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provido numerous externa l economies which could not pess1bl1 · be prioed • 
and which would .benefi t the nhole economy (G,.:.26 .. 28), al theugh vll:l must 
note in this- conn_ection tha t the. RFFSA-MBR contr�ct gives MBR the 
exclusive right tb determine whether to build the .lguas Claras spur 
or, instead., a spur to its mines at tico de Itabirito (H-10). To 
i�lustra te the negligible effect of omi tting i t from considera tion 1n 
the first placa 1-lBR reworks the original analysis, claiming to roflect 
the costs of both line ·exte:rrnlons and ·using a lo.nger amorti.zation 
period and a much higher annuaJ. to1:nzge tha:n thosc originally used in 
therailroad cost t:1tudy and dsrives a charge about 25 perCcnt less 
than calcijlated in the original study for tha .lguas Claras s.pur alone 
(G-28).(x) 

I.A .2, Rate of rc tum

The original railroad cost· study usod a rate of interes� 
• . . . )of six percent on the new line and line improvement investments •. • On i 

other invés tmen ts, such as l_ine roplacemen t discussed below 
( III. B. 1, b. i. ) , no in teres t cos t or re turn on inves tmen t a t all 1s 
allowed for •. We strongly urge that all calculations and decisions 
be based on a rate of return équal to the opportunity cost ·of capital.: 

The ra.\1onale for employing an opportuni ty cost of 
capital rather than a market rate ie that thc former reflects the 
real rcturn to investment in thé economy. Whether this ra�c is 10 
percent, 12 perccnt, or 8,3 percent is a matter to be air6�d upon at 
the h�gheet levcls of finance and planning in .the economy. A .rate 
of 10 percen t has been used extensively by GEIP0T, the major Brazilian 
transport ooordinating egency, in its planni.ng and thet is why it was 
recoinmcnded by us. It should be strossed that an opportunity cost 

(x)(rhere is a typograph-ical error in the placement of the comma in
the Ml3R report a t this poin t. It should shift Qne • plao.c to the 
right). _ • • •. 
Dr� Leão I s· s ta temen t of the cos t of the .lguas Claras spur, 
incide:ptall{, is· also ·at variancc with the estima to ·1n thc cost
study (NCr<;1> J.�million vs. NCr$ 18.2 million). 



25. 

ra ther than thc no mina 1 rate shóuld .be use d even if the invc � tmcn t 
utiliscs funds of an interna tional lending agency since i t. may bc 
prcsumed that the nominal in.terest does not reflect an equilibrium 
rate. A t five or s ix percen t therc would undoubtcdly be more calls 
for loans than thc interna tional agencies could provid0. Since their 
own ailoca tion over differcn t coun tries is· determine d moro or lcss. 
in advance, a loan for one purpose in Brazil will mean that much less 
for anothor purposo. Therc,t:'ore, if Brazil's invcstment in 1mproving 
the EFCB is to be measurcd against the samc standard as its other 
investment po.�sibilities, a singlc rate of intcrc-st should bo usod 

in every project to rofloct the real cost or sacrifico involved in 
making thc invostmont in that projoct rather than a.nother. 

The railroad project 1n question, unlike some invest­
ments such as education and public ha.alth· facilities, is one whosc 
benefit measurement is not beset by conceptual problems and hard-to-. ' 

-quantify social externalities. It is essentially a private s0ctor
typc function and if the govcrnment is to undcrta�e it the return must
be as great as it would be if it were executed by private interests.

I-B. Line Improvemants

I.B.l. Failuré to Include Cost. in Average Total Cost

The other important capital investment item Which must 
be reflected in shipping rates is the cost of line improvemen ts. The 

railroad cost study estimates NCr$ 21 million as the cost of these 
imp vemen ts, including rebuilding of four bridges, widenir,ig of 
tunnels, and various other_projects (J .. 32). It does attempt to impute 
a unit MBR cost by distributing this total over various assumed traffic 
loads reflecting both present ore movement and ·hypothesized growth but 
in the third paper in the railroad c'Ost volume where the "average cost" 

· of all ore shipmen t is es :time ted, no a ttempt is ma de to include a
charge for these improvemen ts. Since the average is use d as a mea sure
to be set equal to the weighted average revenue from the lower-ra ted
MBR ore m0vement and the higher priced other ore movement, omi tting
this charge from the "ayerage cost" will resul t 1ll a fa ilure to recover
full costs incurrcd by the public sector for ore shipment.

I.B.2. Use of Wrong Output Measure

The unit of production used as a basis for calculating the 
MBR line improvement cost must be questioned. It was pointed out in 
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my first paper that the train--kilometcr rather than the ton-kilometer 

was used a-s the production cri terion and tha t this implied a large 

ton-kilometer cost reduction wi th increasing train size, the imputed 

MBR cost falling by 35 percent when the largest rather than smallest 

trains were used for annual. volume of billion ton-kilometers 

(J-15,33). But bridges, for example, are not strcngthened chiofly 

to allow for extra trains, - they are strengthenod primarily for 
extra weight! To whatevcr extcnt this is true of other inputs as 

well, costs � rather than fall with incr0esing train size. A priori 

it is hard to say whàt the correct overall relationship bctwecm. ton­

-kilometer and unit line improvetnent costs would be, bµt it is most 
unlikely to show the 35 perccnt declines given in the railroad cost 
study, if indeed, it shows any decline at all. This criticism was 

never an_swered in the MBR report. 

I B 3 Interest Rate 

Again we would favor use of a� interest raie of 10 percent 

rather than six percent �e would also register a preference for a 

longer nmortization life than the 15 years used in the original rail­
road cost study. Thís would reduce s.omeviha t the effect of the higher 

in terest rate. 

II Incorrect Variable Cost Concept 

II .A. Oost Concept :Norr Used is not Ivt\rginal Cost 

On page 2 of my earlier paper the railroad cost study 

was quoted as saying the,t the present cost of ore shipment on the 
EFCB wa·s NCr$ 8. 3 l'-'.lBR says that this should not have been taken as 
the relevant cost because the graph showing this number on pa�e 121 
clearly la. bels í t _Qy.ê.!2_ to tal:_ ra tber than cus to marginal ( G-18) . We 
vrnre aware, of course, of what the ,;raph ssid· but we were also aware 
of the conceptual rnistakes in the graph and in the argument preceding 

i t A t the time í t wa s though t be tter not to dwell on them · Ra ther, 
wbat was labeled custo total was simply accepted a-qd _re-termed 
11 ma1�gínal ccst 11 since i t is much closer in spiri t to the marginal 
cost of traditional profit maximization than the cost advanced as 

marginal cost by the railroads and M.BR. Rather than custo · total 

an entirely . different term, would bave been pr�forable a term éuch 

as long-run varíable.cost which has now been proposed. But_since 
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marginal cost had been so much discussed in t�e report, we 
accepied the tarm rather tha.n become involv€d in sterile debate . 

. The point- is that it is precisely the higher "total cost 11

function, or rather a correctly determined varibnt of it, 
together with the averag� fixad cost, wbich ibould underly 
ratemaking� and not what is called marginal cost in the study. 

" •'I'hat a terminological dispute should arise at all 
is due, to the i.ncorrect conceptual basLs of the graph on page 
121 and the discu�sion preceding it 
can clear it up.

Perhaps a few paragrapbs 

The railroad report attempts to determine what 
it calls "marginal cost of iron ore slüpment on the Central 
line". What it is really after is a variable cost category. 
In economias marginal cost is a precisely defined concept 
the first derivative of the total cost function, i e. the rate 
of change of total c6st with respect to changes in output 
while ever,;lthin{"� else remains constatrt. F·or exainple, long run 
raa.rginal cost is the rs te o f c�--iange o f the min imum ti:-, tal co s t 
at which we couid produce by using the best cocibination of 
plant size and operati□g level. It reprisents the rate of 
change of tbe optimal cost patterns facing & producer at a 
gi ven time who has to decide wha t sca le o f plan t to build and 
wha.t level· to operõte it .• It does !}_q_� represent cornparisons 
between the best be could do in tbis year with this. year 1 s wages 

• and capital goods prices, on ·tbe one hand, and the best he
could do next year w�en wages mig�t be higber and machineiy
price� lower. sb�rt�run marginal cost is the r2te of change
of total pr0duction cost with � fixed plant �ize and, again with.
all other economic relationships held constant.

Since marginal cost is tbe rate of change of total 

• cost and since by definition fixed costa do not change, marginal
cost is invariant with respect to fixed costs. The integral of
the marginal cast function� or the total area _under the marginal
cost curve, is therefore a. statement of the total variable cost.

Now, the line labeled custo margi�al ln the graph is 
a least-squares estimation of the relationsbip between certáin 
variable cost components and vol�me sb{pped in diffêrent years 
3ut four of tbe components cbange during the period (J�ll2) for 
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reasons unrelated to opetating level changes. Wages are expected 

to change and this affects such item$ as station personnel and 
• • 

' 

rolling stock maintenance. • Thus, this curve does not meet the 
basic cóndi tion of a margin_al cost • functio"n tha t everything be

held consta:nt e��cept volume 1:ftld production cost variations related 
to volume. 

Anotber way to see that the curve in question is not 
a marginal cost cuiVé is _to consid�r th� ar�a under the curve 
This does not �qual total variable cost, and, indeed, the railroad 

cost study represents total variabie cost by the rectangle defined 

by the coordinates of this function (see calculations at J-114) • 
rather tbàn by the area under the curve up_ to tbat point . What 
then does tbis curve measure if not mar�inal cóst? The answer i� 
obvious enough. It measures a portion of the average variable 
cost,namely the Group-I cost, involved in the sbipmerit of different 
quanti ties at dif.ferent points of time wi th variable t--1ages- And 
the railroads do use it in this way, i.e; as a variable cost curve 
under different· conditions; althougb they reter to it as a marginal 
cost curve, as I have already noted. 

Choosing marginal ôost as the designetion for tbe 
particular variable costs concer:ned was especially unfortunate 
since marginal cost-price equalizution is a coirect production 
criterion in certain çonditions which are approximated in many 
areas of an economy but which are n0t met here It thus appears 

to have á certain legitimacy even when used here to refer to some 
of the variable cost components 

Termino�ogy in transport econornics is far from being. 
uni versally agre e d upon . Tbe authors of the railroad study might 
have avoided the use of the term marginal cost which does at least 
have a rigorous meaníng Another example of confusing terminology 
is "total cost 11

, by which is meant average total cost. It was 
tbis cost that 1rr_as taken as variable cost,although it is too low, 
as was indicat�d in my earlier report. The railroads present tbis 
curve as ·the sum of wha t they call average f ixed and v�ria ble cc) s ts. 
We, on the other band, would strongly reject the notion that all 
of the 11 fixed" costs in question are really fixed and that a 

portion of them should not be attributed to tbe new shipper whose 
traffic is scheduled to grow from nothing to a level over twice as 
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grea t e,s the 1�est of the iron. ore flow .on tl'le Central in a space 

o f eizh t yeers.

Three cost cóncepts have been presented in the first 
part of t:1is report to analyze t:1e. issues relevanf to the HBR 

project. ':i:bese are "long-run varia1Jle cost 11
, 11 Group-I cost il, 

and "Group-•II co s t 
II correspiJnd l ng respec ti vely to Hha t the ra il-

road cost stuc1;y terms "total cost 11
, 

11 marginal cost ll, and 0fixed

cost 11
. Since they • have been defined unambiguously. wi thin the 

present context and since the terms of the. original study are apt 

to be misinterpreted, -- marginal cost espebially-- the terms 
proposed here would appear preferable. 

II 3. - II D 3 Other Problema in Cost Ooncept 

· Finally, �e should recall the substance of the

analysis of total long-run variable cost behavior and its alloca­

tion, as discussed in the first part of this study There we 

reas0ned that much of tbe· Group-II cost would be expected to vary 

with increeses of 250 percent in ennual treffic an� so could not 
be vieHecl a.s 1

1fixed 11
• We also co:nsidered the possibility that 

lVIBR would account for more. tllan i ts presentl;y projected 60-percent 

traffic share in 1973 sinqe other miners might nnt be able to 

compete with MBR 0r migbt divert their shipment for export through 

Vitória and tbat nor,-nre move□ents miR"ht fall offunder a move 
. V 

to\,rards fulJ.�co s t pricint; In this ease, MBR would acc0unt for a 
good_ deal rno:ce than 60 percen� A persistent attempt to impute 
Group-II cost to .the renmining traffic would ·arive its rates up 
further untiJ. finally, this traffic was eliminated altogetber, 

and Group-II coit was not covered Sincc tbese problems are 
treated in the first part of the report we ne�d not repeat tbem 

here. 

III. Calcule, ti0n of Long-Run Variable Cost

Long-run variable cost is a cost funDtion which varies 
with secular changes in traffic level For any volume it may be 
calculated as the sum of avera_ge Group-I cost, which also varies 

w�th short�term traffic chan;es and Group-II cost discussed 

e2rlier. The railroad �ost study Rppears tb have made numerous 

errors and followed several dubious procedures in calculating both 



0f these components .cf loug,;..run variable cost 
tbe Group-II items 

·:,·e cnnsiper first

III A Grou9-II 00st 

_ It will be easier to ptesent tbe following �iscussiob 
if we set down • the railroad 's symbols for va;-ious cC1st components 

(J-114): 

Symbol 

q 
e 

b 

t 

Q 

''·1 e ha ve: 

·Terrninology of
Railrond Oost study 

Total cost per ton-kilometer 
Karginel cost per ton­
-kilcmeter 

Railroc.d fixed cost 

Transpcrt fl0w in millions 
of net tcn-kilometers (TKU) 
during the period for wbicb 
b applies 

Total cost for a distance of 
615 kilometers 

b 
t 

615 q 

Terminology Employe,d 
Bei�e 

Long-Nn variable unit 
cost 

Group-I cost 

Group-II cost 

. Same as in railro·ad 
cost study 

Long-run varia ble co s t 
for the sbip�ent 

ifo will alsCI designate c 1 = e (615) and 8.__: 2s the 
least squa:ces estime te of e' ti:, be descri bed directly. l t is 

this esti�ate that the railroad study actually uses in its final 

cost calculati-::>ns. ?e will also denote q = 8 + b/t ahd Q:615 q.

The foll0wing procedures are subject to question: 

III.A.l.. Derive.ticn of Group-II Ccst/Group-I Oost R"' tio

.l:.ctual imputa tion of the "fixed 11 c:::ist c0mp0nent 
requires cariful analysis. The railr0ad cost study based its 

imputation 0n the GEIPOT estimate.of tbe tbtal Group-II cost/. 

/Grcup-I cost ra tio f0r 8.11 commc-di ties and _ branches a t the Central. 

This was 1.94 (J-94). ! quick calculati0n shows that applying this 
ratio to the Group-I nnd Group-II cor;1pononts cf ircn ore transport 
c0 s ts inplics tha t tbe Group-II cos t (Wha t the ra ilroad s tudy calls 
the f ixed c r, s ts) cf ,:-, ther traffic mus t be 1�5 percen t gree ter tban 

tbat of iron ore slnce the two traffic comp0nents amount to 1 O 
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billion fnd 2.5 billion ton-kilometers respectively (1966)
(x)

It is difficult to understand Khy other-traffic 
Group-II costs should be so much higher than those af iron ore 
t�affic. 1he greater administrativa costs of oth�r traffic are 
presumatly included in tbeir_ Gr0up-I cost. This óertainly _is 
s0metbing tbat requires further res�arcb -- unless this difference 

' _c2._n be· justificd the re.ilroad cost study expedient of simply 
applying the overall average broad-geuge ratio to iron 0re, whose 
Group-I c0st was calculated tó be so much lower than tbat of other 
traffic, must be questi0ned. 

III.A_.2. Bxclusi�n of 1966 froo Statistical Estim2.te 0f Group-I
Cios t 

A least-squares line is fittod te the observations on 
e' for 1967-1975. Tbat 1966 was omitted is me□tioned 0nly 

\• . : :�! :� :! y f �;s :h: P;::;s ( : : 
1 

��� ( :: �l e
a

:! �; g:
0 

:1: 
ta t

;: e.,::�:/:: r 
966 is shown on the graph on page 121 with no statement of its 
omission from the estimetion. Sines it is obvi0us that it was 

,omi tted i t ;-rould not matter, except that ·the v2lue of long-run

 
::. ;;:) -T11e o.vei-age broad ge.uge· Group-II cost for the BFCB as a 

whole was c2lculated as Cr$10,0 and applying the Group-II 
ost/Group-I cost ràti0 to the iron ore Group I cost of Cr) 7.65)

gives an•iron ore Group II cnst·af Cr$ 7.19. lhe Group•II cost 
! ccmponent of ,:-ther traffic in old cruzeiros can then be f0und

lt hrough:
7.19 (2.5)109 • + X (1.0)109 � 10.0 (3.5)1Ó9. This gives

• = 17.02 which is 2.35 times as great as the Grnup II cost of
.ron ore calculated in the railroad c0st study (R.94) . ln the 
,ame ç-rny t·re can .worlc ,:-,ut the -implieà. total ton-lcilrJmeter c0st.of 
ther freigh t. Thi s is gi ven by ·the equa tion: 

. 14.76 (2.5)109 + % (l 0)109 : 20
0

64 (3 5)109 , whence K:35.3 

, :x:) The e:.cact statement 1s: "Os valores do custo mergin2l pa�a 
os anos subseqüentes a 1966, nos permitiram obter, pelo me-

DdO· 
l 
Htl C' 

d 
., • 

d , ... ... d t ' t ,
... 

. 0s m1n1mos qua raaos, a equ2ça0 �ra u 0ra ae sua anaenc1a, 
crescimento do fluxo de transportes; a �ual revelou um pe-

leno' decr6scimo proporcional ao fluxo total de min,ric. 
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variabl-e co st for 1966 ( NCr$ 8. 27). irtas o btained from the leas t 

squares liné ra ther than from t'he ac tual e, bserva tion ( J-llL�). 

Thus, the impression is created that NCr(p 8.27 actunlly was the 

1966 long-run variable cost. If th� first 1966 value of �roup-II 

c�st, as calculnted in the study, had been used 1n the colculation, 

an estimated long-run variable cost of NGrJ 9.13 would have 

resulted - 10 percent higher than that calculated 

III.A-3, Incnnsistency in Group-I Oost Series

. The V8.lues of ê' sl1own on pages 112 and 114 of the 

railroad cost study are derived from values of e' on page 112. 

These are not consistent with the values that wculd be derived 

fr'.:',m the series on e given on page 103 . . The following table 

compares these values for 1966-1969. 

Table A-I 

Com pari s0n of Tno Group-1 Oo st Series Calcula ted in Ra il:r-0ad Oos t 

Study, 1966-1969 

(1) 

Year 

1966 

1967 

1968 

1969. 

(olcl. cruzeiros, Sept. 1966) • 

( 2 ) 

Vs.lue of e 
on page 103 

7 65 

7 20 

7 56 

7 60 

( 3) 
Implied e' 
(615v0.1 0) J�v0 , t;:. 

4,704 8 

-4-, 428 o

4,649 4

4,674.0. 

Column 5 shows that the 

(4) ( 5)

e' Difference 
(6) 

ê' 
(page 112) (Ool.4-Col.3} 

4,704.8 o .o 3,819.8 

3,843 8 584 2 3,800.8 

3,819 8 829 6 3,781 8 

3,714 o 960 o 3,749 4 

d.ifference between the two

values of e' in i967-69 was between 15 percent and 26 percent 

greater than the series actuàlly uséd on page 112 ta derive the 

least sq_u2res line. (Only 1966 w2,s the sarne but tbis observation 

was not used in the statistical estima te). Thus, the resultin_g 

series of ê·fitted to the 1967-73 series on page 112, of whicb tbe 

1967-69 observations in Column 4 are the first .three observations, 

is around 17-20 percent lower than the e�rlier series on page 103 

would have yielded' 
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Wbat can explain the difference between the two series? 
I� is hard to know, especially since nine pages preceding the 
p�esentati0n on page 103 are dayoted to a detailed analysis af the 
pr·ob,:1ble evolution of the Gr0up-r c0st comp0n<irnts and,· 1-jith only 
one small exception, give the sarne results as shown in the table. 
on page 103 {the eiceptl0n is a difi�rence of less tban NCr$ .01 
in all years in train crew ·costs· (J-98, 103), 

.According to the railrc�ad study, tberefore, all the 
projected ec0nomies in Group-I dost bave already been reflected in 
the higher cost level calculated on page 103 i This is confirmed 
on page 119 by e. rE;f erence t·:i tbe o pGrB ti0mü cllanges 1 11 indicadas 
no estll:ã0 a,:, Custo :Marginal (Item VIII) durante os anos críti_cos 
de 1967, 1968, arnf 1969". (Item VIII is the 9-page discussion of 
the evolution of certain cost c0mponents just cit�d, capped by 
the summary t2blc cn pE:ge lOj). 

III.A.4. Unexplained Reduction in Group-II Cost.

A decline 0f 7-5 percent in b {Group-II items) is 
pr0jected tn take place in thrae squal annual instalments between 
1966 and 1968 (J-113). No explanaticn 0f eny kind is given to 
ju�tify this cost reducti0n. Incidentally, at t�is p0int there is 
a reference t.0 reduction in e . dependent upon the "adoção àas 
medidas preconizadas no nosso tr�balho ariterior 11

, which is the 
�tudy containing the inference that all the presumed economias 
have alrcedy been reflected in the higher series. 

!11.A.5. U".à-derstatement c,f Gr':•up-I C0st

Any understatement of Gr0up-l cn st, a- 1
, will be a factor 

in understating long-run _variable ·cost, q since b ., • the Group-II 
ó�st, is estimatsd as a prop0rtinn of e. Tbere ara many sources 
o'r understatement (',f ·e besides tbat disoussed under 111.11..3. 
above. It is to tbei� that we n�w turn. 

III.B. Err�rs ln Group-I C0st SStimate

III B.l Charges f0r Permanent Way 

III.B.l a Failure tG Include Line R�lacement Cost in Empirical 
Gr�up-I C0st 3Btimete 

Fcr the fc•llowing discussic.n we must disttnguish 
between line maint�nance and liné replacement. The first is 



34. 

usually called "c0nserv2.çã·:-" and refers te· routine supervision cf 
the line, including minor repairs and cleaning (J-38) Llne 
replacement, nn tbe �tber hand, refers to the substituti�n cf new 
for 0ld rail, ties, bardwire, and ballast - The SGT study attempts 
to impute c�sts f�r b0th these items• There is some redundancy, 
hcwever, since tbere ara tw� maintenance ccst calculations The 
first :-·ccurs ,:-,n page 30 as Item n-º 4. 1 ( "despesas fixas c•::m a 
conservaç�c da via, edificaç5es, e instalaç�es'') �here the cost 
is treated fr0m the hist�rical viewpoint along with certain 0ther 
crmp1nents 0f Group-II c�st. The second Jccuirence is on page 38,

Item nn 5.3;7, This is an engineering calculation which is 
incluà.ed as part rcf a sumwary presentc.ti0n c,f "Cus.tos anuais com a 
Via Perrnanei1te 11 starting i')n page 37 .. ,.ti. b,::,ut 80 percent of these 
costs c0nsist 0f what ve _w�uld call line replacement c0sts. There 
is some CGnfusisn nr inconsistency between ·th� MBR rep0rt and the 
rai'lroad c,:ist study, in'cidontally, since the fc,rmer cr,unts as 
1
1 conservaçêt'

.
:-, 1

1 what the latter dnsignates es "cust,:,s anuais cem a 
vi.a perm2nentG 11 

( G-54�54a) 11hile i t includes the historical 
maintenance oc,st estimate Gf the r::ülrr,2.d c::-:st study as an 
apporti::-,ned ; 1 fi:rnd 11 cost ( 11custo 

A 't l' 1· . t • t(X) A uni 1no rep aceraen c�s is apportioned cver 
total traffic under different assumed l0ads in the SGT analysis. 
'I·he questi:.n we wis':l t-, nüse is r,.(hether any all•:,wonce was raade fc,r 
this item in calculating the Gr0up-I ccst in the third p

t
per of 

the railr1ad ccst study vnlu�e. 

N�w, in irnputi�g 6n MB� charge, tha traffic evel was 
assumed tn reflect tntel traffic, tbat of MBR as well aJ the other 
shi ppe1�s. But thi s charge '.12 s no t then expl i oi tly buil J in te, the 
em�irical Gr�up-I

,
crst colculat�rns in

,
the third peper �f the 

ra1lrc:,ad. c-:-,st stuay. Fhat was 1ncludeo Has a charge foi "manuten­
çã� da via permanen�e 11 which was based on an adjusted hist0rical 
cos t series. 118 will s ee in Se e tion III. 3-2 tha t quite ldubious 
pro cedu1�e s were us ed in calcula ting thi s componen t The ques ti0-n 
now, b�wover, is whether a chargs based on a histnrical cost 

(x) The table ct J-39 relates to the total "custos anuais com a
via permanente" of which about 20 per.cent consisted o.f
main�enance nn� 80 percent repla?ement, as we have lnoted.
It u1ll be eas1er to speak of this whole category Simply as
replncement. Vhere it 1s important to distinguish we will
do so. • 
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series, even i f i t had not been adjust�21:m1rn.rd wi tho t 
sufficient just1f1cnt1o� (see III.B.2), could be taken fo repre­
sent the line replacement cost that would have to be un&ertaken 
to support the more than 3-5-fold traffic lev'el which t�is line 
will be called upon to serve. It can be easily seen (J-J3) that 
no line replacement charge is explicitly introduced. 

We tbink it unlikely that the line replacem rtt cost 
could be su'bsumed in the calcula tion of the 11 manu tenção da via 
permanente". Its omission would mean that a large cost component 
was neglected in the caJ.culation of Group-1 cost. 

III.B.l.b. SGT Engineering :Estima.te of Line R.eplaceme,t C.ost 

Although the cost of the present line might L 
considered a sunk cost, it is clear that the ore traffiJ �utici­
pated in'the future represents a very sizable traffic flow which 
will require the replacement of tbe line on a regular bJs1s. In 
order to determine a cost for this component, the SGT sJudy 
calculates the annual cost of rail, ties, and so on and 1 

distributes it ov�r the traffic, (J-35-38). In the preceding item 
we noted that this cost appeared to be omitted from tha empirical 
calcul2tion of Group-I cost in the railroad cost study, however, 
and, as with line improvement costs, this would of course result 
in e far from complete recovery by the railroad of the costs it 
incurs in replacing tbe line 1/e would like now to consider other 
problems in the treatment of this factor. 

III B-1 b i. 0missibn of Any Interest or Capital Cost 

No interest cost - neither an opportunity cbst or a 
market rate - is used for the investment This is a ver� serious 
omission with an annual flow of 10 million tons and wi�h MBR 
ore rnoving in T-4R compositions, the train formation useh for 
illustrative purposes ín mucb of tbe report, this omissí6n would ' ' 

1 . 
lead to an understatement bf 43 percent in unit line replacement 
cost with six percent as the interest cost and 55 percenl if a 
ten-percent rate ís used. Measured against the rate thal MBR 
would be paying in such conditions - about NDr$ 5.0 in s!ct.1966 

. 1 a prices (I-115) the neglected interest cost would amount o 9-15 
percent. 



With regard to the use of tbe existing line, it may be 
an acceptabJ.e procedure to :neglect interest but _when the line must 
be replaced, an interest cost or return to capital must be built 
into tbe cbst structure. 

III..3.1-·b.ií. Overestimate of Traclr Life 

.A 15 -year life was assurned for this investment. How 
realístic is this assumption? 

Track life is a function of manj variables. Load and 
curvature are most important but grade, direction of main flow 
(with or against grade), speed, and other factors are also 
important. It is, of course� difficult to conduct enough 
controlled experiments to dévelop a load-year function_for 
different values of the other variables iiowever, Americari 
engineering expertise, as well as technical aoefficients currently 
being applied on the Vit6ria-Mitias, both suggest that 15 years is 
an extremely high estimat� of track life. 

Table A-2 contains informa�ion on the expected life of 
carbon steel rail for various curvaturas. This was taken from a 
recent OVRD study and assumes an annual gross tormage of 40. 
million tons, abo�t 10 percent less than the annual flow now being 
pTojected for the Central �hen the MBR program is we11 under way 

; . ( 1973) � :x:) 3ince the 1 ines in ques ti on are approxima tely e qual in 
lengtb, relative densities would be.similar. And sinde the prices 
of the rails are almost equal, we may presume that the sarne type 
is under discussion (xx) Therefore, we need only adjust the CVRD 

1 

(::,;) ; Applying the gross/net tonnage coefficients given in tbe rail-
; road cost study (1 7 and 2 2 for iron ore and oth�r traffic 

r�spectively) to the volumes shown iri Table 1 of the present 
r�port, and adjusting foi the somewhat shorter bauls.of other 
co�modities, gives an annual volume of 44.7 million tons per 
ki1lometer, on average, to compare wi th tbe Vitória-Minas 40 
millions tons. 

(xx) ThB price in the OVRD study is 1143 per ton (C-V-7) and that
of tbe railroad cost study, $137 (J-35). �oth are kilogram

rail. 
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data for the different density, i.e. decrease the estimated life 
of rail for the Central by 10 percent. Thi.s is shown in Column 4 
of the table. 

1 

Curve 
(degrees) 

t'angent 
1º 

2!2 

3.Q 

4.Q 
C:,.Q 
_, 

6-º 

7 º 

8.Q 

9-º 
10,.Q

Table A-2 

Estimated Life of C2rbon Rail for Different 

purvatures on �he Vit6ria-Minas and ort tbe Central 
2 

Racli us 
( me ters) 

inf ini te 
l ,14ó

573
382 
286 
229 
191 

ló4 
143 
127 
115 

2 

Estimated Life 
-··"v-i tória - Minas

9,0 
6-9 

5.·t·
4,5
3.7
3.,2
2.8
2.5
2.2
1.9
1.7

4 
{Years) 
Central 

(.9xco1.3) 

8.1 
6.2 

5.0 
4;0 
3.3 
2.9 
2.5 
2.2 
2.0 
1.7 
.1 5 

Sources: Onlumns 1, 2, and 3_from (C-V-7) 

The t�ble shows that expected rail life declines rapidly 
with increased curvature. A turning radius of 1,146 meters reduces 
rail life by 23 percent as compared with tangents. 

-Tbe suggested rail life on straightaways on the Oerltral,
Nith its projeoted 44.7 million-gross-ton traffic, would be 8.1 
years. One-àegree curves would have a r·ail life of 6.2 years. The 
overail average could be estimated if 1-re knew the distríbutio-n of 
curves. We do know that the Central runs through very rough 
country and would have many short-life st�etches. For example, its 
grades reach as high as 2,38 percent (D-B-3) while tbe mazimum 
grade on the Vit6ria-M1nas is only 1.0 percent (C-II-1). The 
sharpest curves on the Central and Vit6rie-Minas have turning 



radii �f 104 meters and 202 meters respectively. From the data in 

the table we may estimate rail life for 104-meter curves to be 

about 1.3 Jears. Euch rail would have to be laid many times 
during the period defined by.the longest-life rail. Considering 

all such rail and replacement on all sections of the line would 
almost certainly yield a life estimate of less than six years 

It is also instructive to look at empirical experience 

in this respect. The problem is complicated, however, by lack of 

precedent in • B-razil -- 22 mj_llion ti0i1s of o:ce a year is far beyond 

the density ever achieYed by a Brazilian railroad in a single year 

before 1966, let alone cbntinued oVer a period of 15 years. L.acking 

a Brazilian precedent, however, and in vieIT of a presumable 

stability in technological functions sucb as this, it may be useful 

to cite American experiebce. Professor Hay, an American railroad 

engineering autbority, suggests a rail life of 100 million tons ·1n 

difficult conditions and 200 million in less demanding situations 

(B-368-9). T·be :�F-CB ore line runs tbrough difficul t terrain and 

the ma in lo a.d g0es wi tb the grade, furthe:c aggrava t ing wear • 

Assuming a rail life of as much as 200 million tons -- the life 
auggested by Hay for moderate conditions -- would indicate a 

10-year duration for new rail, given an annual flow of 20 million

tons. A 150 million ton life would mean a duration of 7-5 years

rf rail life in the railroad cost study is overstated 

by 100. percent or more which seems reasonable in view of the 

comparisons just made -- the annual rail replacement cost will be 

understated by 1/2. Tbis amounts to about six percent of ·the MBR 
rate sc:1ec1uled for 1972 when a to tal ore traffi e o f 19 mill ion tons 

is projected 

III.B.Lb.iii. Innpproprio te E�cchange Rate 

The first paper in the railroad cost study volume was 
conductec1 in terms of Ju11e 19ó5 prices. Eowever, an exchange re.te 

of NC.1<;: 2 2/:a .. oo, wlücb toolc effect in November 1965 and 1asteà. 
until early 1967, was used rather than the true June 1965 rate of 

NCr) 1.825/)1.00. The second paper in the volume sets out to 

correct the rasulting discrepancies (J-51) but catches only tbe 

mistake in locoruotive cbst estimates ln particular, the errar 



attaching to the use of this exchange rate in rail replacement 
oost estimates is not corrected This leads to a slight ovar-

-estimate of rail replacement 6ost. This is �elieved to be the

only factor tending to cause overestimate of the final cost.

III.B 2. Neglect of Htstorlcal Trends in Empirical Estimate of

Line Maintenance Function. 

Another source of understatement of Group-I cost is the 
estimate of line maintenance cost in the third part of the rail­

road cost study (J�78-82). Tbe study starts by presenting various 

views concerning tbe apportion�ent of line maintenance costs. Two 

Uníted States cost functions are given. To measure the historical 
relationsbip a regresslon showing total maintenance oost and 
traffic density on the Central is calculated for the 1960-65 
period. Since the American functions are similar and -since only 

one of thern ( the J .. merican Railway Engíneering Association Functión) 
is. further used in the railroad cost study, �e need only be 

concerned �ith this funotion and with tbe empirical curve for the 
EFCB- Expressed �itb Nortb Amerioan decimal usage, these are 

AR:1.4. curve \T 
.L :::: 1,795 

Bm)í :ri 02.l ··;:�PCB curve = 9,655 

11ere: Y � r�Or) per kilometer 

+ 712 A 

+ 637 1, 

= milli0ns of ton-kilometers/p�r kilometer of 

trac}c 

'.lhe ARiJA cu:rve gives a theoretical relationship between 
maintenance expenc1i ture per lcilcmeter of track and traffic densi ty. 
The empirical function presents tbe regression relationship between 
these variables observed on the EFCB from 1960 to 1965. The 
inte.rcept is suppr'•SGQ to i-·epresel'.lt the fixec1 cost pe1� uni t r,rhile 
the slope, which is the variable portion, depends on traffic 
density. 

The railroad cost study questions the wide disparity 
be tween 'che theoreti cal a.nd o bs e1�ved functions and concludes tha t 
the empiri caJ. curve does no t a.o. equa tely reflec t the true Tela tion-
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-ship and fails to take account of various improvements. To

represent the future relatlonship, therefore, the authors of the

study decide to coillpro�ise and use the following relationship:

Y � 5,750 + 712 X 

with the notation as bafore 

curve 

'·Te will call this the 1
1 deriveà. 11 

A t a volume o f 3 4 million tcins, . the to tal cost per 

kilometer under this curve is NCr� 8,170. Of this 70 p�rcent 

represents a Group-II cost (Item nil 9) and 30 percent represents 

Group-I cost (Item n.Q. 5). The latte1� is then c.1.istributed over 

traffic t0 derive a total Group-I cost per unit 

Now, since the slopes of the empirical curve and the 

11derived 11 curve 8.re fai1�1y close together, it is obvíous that the 

Group-I portíon of total cost will not differ by very much wbicb­

-ever function is used. (It is a.bout 12 percent higher using the 

"de ri ved II curve). Bu t the Group-I I co s t filll. change s ign ifi can tly .. 

The empirica.l curve yields a· Gi�oup-II uni t. cost nearly 70 percent 

greater than tbe 11 derived 11 curve. And since this calculation is 

the one wbich underlies the estimate cf b for tbe derivation -of 

long-run variable cost, it cannot be a matter of unconcern which 

cuj've is used. 

hat justif'icatio:ü can be given for using the 11 derived11 

father than the empirical curva? The �àilroad cost study appeals 

to the wide disparíty between tbe empirical curve and American 

estímates and mentions 11 melhorarnentos de ordem tecnológica intro­

duzidos na Vis. Perwa:ciente durante o período de. pesqu_isa" (J-79). 

On page 105 the matter is put this way: 

.A eles pesa de HCr�i 8. l 70Íkm obtida por correlação 1 inear 
para 1966 não poderia coincidir nem se aproximar da ve­
rificada, no trecho, uma vez que constitui mais prõpria 
mente um Índice m�dio desejivel para t6da a ferrovia i
atrav�s do qual se projetou a deipesa real para.os anos· 
vindouros. 

Maybe improvements will reduce line maintenance costs 

but' the problem should be ezaminGd much more carefuliy than appears 

to bave been done. �nd, it sbould be remembered, a further 

reduction ·of 7. 5 9ercent in the "ftxed." share of maintenanca costs 
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was hypothesized for 1966-68. From what further improvements is 

this to result? These are never discussed Nor is the use of the 

derived curve in preference to an empirical investigation adequate­

,ly jus.tifiecl 

It seerns inappropriate tD reject an empirical formula­
tion just beca.use ·1 t differs from the American cóst function On 

the other hand, the historical: evidence on tbe EFCB for the 1960-

-65 period .!!'!:ll be quite inad2quate for a 11 :fized-variable 11 cost

division and for an empirical analysis of the relaticnship between

maintenance costs and secular traffic increases. Tbe reason for

i ts inadequacy m·ay be found in the severe freight traffic·

fluctuations over the period, as shown in Table A-3. Rather than

steady long-term growth, there are large cyclical fluctuations.

It would b8 surprising if tbe railroad wer'.§_ able to adapt its

maintenance cost to these short�term cbanges. That is to say, the

hypothesis that maintenande costs in tbe.long-run vary primarily in.. 
. response to secular traffic changes would not in any way be 

inconsistent with the observation that in a short six-year period 

there are many year-to-year fixed costs wbich must be borne even 

in the face of traffic declines : :F·or example, labsr force 

adjustments probably could not be made, and labor is the largest 

item in maintenance 



Table A-3 

EFOB TR.AFl!,IC 1960-1965 

Ye1?-r Traffic 
(��et Ton-Kilometers of F'reight) 

1960 

1961 

1962 

1963 

1964 

1965 

Billions 

3,4 
3,2 

3,9 

3,4 

3.9 

4.0 

1960-100 

100 

94 
115 

100 

115 

118 

Sources: Freight data from I.1966-34 and I,1963-25-

42. 

If the s1x-year p6riod of observation of the Central is 

inadequate for derivation of the long-run maintenance cost function 

for the kind of transport under cansideration, how might �n 

investiga tion of this matter be undertalcen? ·-re would like. to 

suggest that the pattern �f maintenance costs on the Vit6ria-Minas 

over the last eight or ten years might serve as a basis_ f6r estima� 

tion of this function. In the first placa the traffic composition 

on this railroad will be very simila� to that on the EFOB line in 

q_uestion, composed as it is primarily .of downhill iron ore export 

movement, and lots of empty backhaul. Passenger traffic on both is 

minimal. In the second place its traffic has grown swiftly and 

�teadily since 1958 -- by several hundred percent. Since b0th the 

EFCB and the CVRD are almost wholly government owned eriterprises, 

there should be no difficulty in providing access t� this data for 

such a study. 

If the pr0posed maintenance cast study is conducted, 

csre should be tjken in the deflation �f railroad costs In 

particular, the railr0ad cost series should not be deflated by a 

series such as the general price índex. Rather, a defletor sl10uld 

be used which reflects tbe changes in costs of tho inputs actually 

used by the railr,:iad. For example, to put labe-r input into terms 

of real cost to the railroad, the nominal wage for some year, sucb 
as 1960, should be used Other components, in�luding thase such �s 

depreciation on equipment, might be deflated by a general price 

index or an índex of machinery and metals prices. 
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