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I. Intreductioen

In an earlier paper the present author analyzed a
railread cost stuly (xx) which appeared to show that the rates
preposed for a long term iron ore shipping contraet between the
‘Estrada de Ferro Oentral do Brasil (EFCB) and Minerag¢®es Brasie

“.leiras Reunidas S.A. (MBR), an iron ere export cempany, were
"remunerative to the railroad. In March of this year MBR reviewed
this earlier analysis and found it defieient in some respeots. In
the same month Dr. LeZo, Direetor of the RFFSA, wrote to Gen.Manta,
its president, affirming that the original cost siudy was properly
‘conduoted and that the MBR rates would allow the railread an
appropriate return on the undertakigg.

(X)ohe author would 1like to thank Albert Fishlow fer ecmments to
an earlier draft ef this paper. The conclusions reached here
represent the private views of the author and do not neeessarily
reflect those of any person or organizatien with whieh he 1is
affiliated. - The paper is circulated for purpeses of discussion
only.

(xx)Although it will usually be referrcd to simply as the railroad
s0st study, the volume actually consists of four individual papers.
Their titles and sponsoring ageneies are as follows:

1. "Ensaio da Apurac®e do Cus%o de Transporte de Minério
de Ferro para Exportac¢Zo", Superintendéncia Geral dos
Transportese.

‘2. "Pareceres Complementares do Diretor Sérgio Maroondes
de Castro s8bre o Trabalho da SGT", Direteria da RFFSA.

3. "gusto Marginal do Transporte de Minérios na EFCB", RFFSA
and EFCB.

4, "Complemento aos Estudos do Custe Marginal de Transporte
‘de Minério na EFCB", RFFSA and EFCB.

The first paper forms what might be termed an wengineering estimate
of the cests which a new large shipper should bear. The estimates
are based on projections from various experimental data and include
only those costs which the authors believe will very directly with



To support their view that the MBR rates would be
profitabie to the raillroad, bcth Dr LeZo and MBR contrasted the
MBR rate with the lower rates observed for rail shipment of similar
products abroad -~ United 3tates coal in Dr LeZo's presentation
(F—l})(x) and iron ore in Africa Canada, and via the Vitdria-
-Minas in Brazil in the MBR report (G-6). i similar point was
made in private conversation by a representative of the Hanna
Mining Company, which has a part interest in MBX. The -essence of
all these remarks is this: if it is possible to ship a ton of iron
ore by rail in foreign countries for much léss than § 2.00, why
should the cost for similar distances in 2razil be so much higher,
as 1 have maintained?

We believe that the ccst on the Central could not be
as low as the cited foreign costs and, coansequently, that the
proposed rate structure could not be remunerative to the railroad,
primarily because of the very difficult terrain which it crosses
much more difficult than that crossed by the Vitdria-Minas (see
e.g III B1l.b iii) -- and the heavy investments in line extension
and improvement which would be necessary before the line would
serve the MBR wines and carry the kind of load envisaged in the
contract proposal That the railroad cost study concluded other-
wise is due to three factors: 1) its allccation of certain costs
to present traffic, althcugh they really represent variable cest

the new large shipper's use. The second paper contains various

ccrrections to the first. -The third paper represents an effort
to determine thrcugh use of historical data the pattern of certain
variable cost ccmponents for iron ore movement on the Central do
Brasil railroad.. The fourth attempts ts 8upplement the third
through the determination of varicus onther costs which have in
common a tendency to sh~w zconnomies of scale and provides revenue
and cost prsjections thrcugh 1973.

(x)There will be twe kinds of citatirn in this paper References
such as (F-13) denste by a capital letter one of the works
listed at the end of the paper and by an Arabic numeral the page
in the work cited. (Page citations in Items C and D have Roman
and Arabic numerals) The ~ther kind of reference containing a
Roman numeral fnllsowed by letters and numbers refers to secticons

of the appendix te this repsrt
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II-A. Average Fixed Cost

AFC 1is cemprised of the eosts which will be undertaken
ence and will thereupon be fixed for a long period of tipe ==~
-= fifty years or more. In railreading, typically the basic

construction represents the main fixed cost component. Since the
basic facility already exists on the Central and has no alternative
use it may be considered an unrecoverable sunk cost for which no
charge need be made. However, many additions to this existing
faellity must be made =-- twe spurs to join up the MBR deposit

and the Sepetiba harbor as well as major line improvenents
including tunnel expansion and bridge support. The amortization
and return on these investments must be included in the cost
calculations. They ceuld prebably be foreseen without great
difficulty and put on an annual basis. ‘Then this total annual
fixed eost should be averaged over the traffic wiich may realise
tically be expected after taking aecount of the eonsiderations
reviewed in Seetion III belew in order to derive the average fixed
cost per ton.

Some AFC components were neglected in the determination
of total iron ore transport costs in the railroad eost study and
in the setting of rates in the final contract proposal. In
bartioular, no charge was made to reflect the eonstruction eosts
of the two spurs -~ the Rio brpass and the Aguas (Olaras spur to
the MBR deposits =~ although preliminary attempts were made to
incorporate these inputs (I.A). And , although it was attempted
“to incorporate all other capital improvements in the cost
strueture, the real cost of capital was understated and this
reduces the rate of return necessary to make the project attrac-
tive (I.A.2: I.B.3).

II«~B. Long=Run Variable Unit Cost

Long~run variable unit cost, or LRVUG, 1s the other
component of average total eost which must be levied against iron
ore shippers. This cost in turn includes two components: 2)those
costs which vary with short-=run eyelieal or seasonal changes in
traffie and 2) those inputs whose varlation depends on secular
changes in traffic. We will call these, respectively, Group-I
cost and Group-II cost, each reflecting six of the 12 cost items
which the railroad puts forth to represent total cost of iren ore
movement (J=77-78):..
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Group-I Cost Components

1. Personnel and supply expenses for stations direetly
connected with iron ore movement.

& Loeomotive and rolling stock maintenance.

B Personnel expenses for train operation.

4. Fuel, lubricants, and supply expenses connected with
iren ore trains.

Be A par$ of the variable portion of the expenditures for

maintenance of permanent way.

6. Interest and depreciation on ¢apital invested in locomo-
tive and rolling stoek for iron cre trainms.

Group-II Cost Components

Te General expenses relating to central and regional
administrative organs.

8. -Signaling and communications.- expenses.

Q. The balance of permanent way expenditures not included

under item nf® 5 above (i.e. the portion of permanent
way malntenunce not considered “"variable").

10, Maintenance expenses for structures.

11. Interest and amortization of investment in land and
structures and in installiations connected with electric
traction, signaling, and communications.

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

Naturally, in items 7-12 only some share of the expenses
1s to be alloted to iron ore movement. ¥or example, of the
permanent way maintenance expenditures not considered "variable"
(item 9-¥), a share proportional to the iron ore traffic would
be included as part of the Group-II iron ore cost.

The railroad cost study refers to the Group-I cost as
"marginal cost", Group-II cost as "fixed cost", and the sum of
Group~I and Group-II eosts as "total cost". However, for reasons
explained in the appendix it is incorrect to regard the first of
these as marginal cost == 1t simply does not correspond to this
theoretical concept (II.A). It is, rather, the averége of certain
variable costs which tend to be linearly related to traffic ehangess
HWe distinguish it from Group-II variable inputs, on- the other hand,
which may be expected to exhlbit 8conomiaes of scale.



In the appendix we show that the railroad cost study

may be questioned in its analysis of many elements of Grecup-I cost.

These instances include:

o
A -

' Pcssible miscalculaticn of and exclusion of line

consumption costs from certain calculations. Rail
life 1s estimated at 15 years although even 10
years seems optimistic in the difficult conditions
that the line would serve (IIT B 1 b.1l1).Meoreover,
after line comsumptinn charges are calculated they
appear to be left out of the calculation »f Group-
-I cost fer present iron ore traffic (III 3 1l.a).

Questionable precedures in the estimetion of
permanent way maintenance costs and neglect of the
empirical relatiscnship in forwarc prcjections
(III.3.2).

Inconsistencies in the application ¢f Group-I cost
estimates within the study: there is an unexplained
reducticn of 15«26 percent between the Group-I cost
first prejected for the future and that finally
adcoted (III.3.3).

Arbitrary exclusion of 1956, the only year of
historical observation, from a trend line statis-
tically fitted tn the estimates for the periad in
question (III A.2) This produces a 1966 estimate
about 20 percent lower than another estimation
which the study arrives at by more ccnservative,
although still unacceptable, procedures. dince
Group-I1 cocst is estimated as a proportisn of
Greup-I cost, the long-run variable unit cnst is
also properticnally understated.

Since the details of the foregecing are reviewed at some

length in the appendix, we need nct carry over Group-1 cost here.

Regariing the Group-II cest, we have serious reservaticns both to

conceptual treatment and in estimation and since a proper unier=-

standing of the #0le of this cost is essential for preper pricing,

we will say a few words abecut 1t now.

fixed cost

The railroad cost study regards the Greoup-II cost as a

which should be paid for by the existing traffic or,

rather, by the annual volume cof traffic demandec by shippers



presently using the line. Since this cost must be borne whether
or not any MBR traffic is forthcoming, it is reasoned, there is no
need to charge MBR for these inputs. e find this argument unper=-
suasive and believe that closer inspection of the costs in gquestion
will support our view.

There are really three kinds of cost included in Group II.
Items nf 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 salvage
value, however, and assuming further that there would never be a
need to replace the facilities, one might reasdn that no economic
cost could be ascribed to the continued use of these facilities =
— the government interest payment must continue independently of
traffic. In this case, no charge for them would have to be made
against any traffio, whether present ore freight, cement flows, or
the new MBR traffic. However, with the huge traffic increase:
projected from 1966 to 1973 (250 percent in total freight and 1,880
percent in MBR freight;sec next section), some additional signaling
equipment will almost certainly be necessary and should be reflect-
ed in Group~II cost. Any other copital improvements included 1in
Item n2 11 which must be undertaken because of this traffic¢ growth
should be treated in similar fashion.

Item n? 10, maintenance of structures, is an annual cost,
independent of traffic level, which would not have to be undertaken
if the railroad went out of business. The annuzl average unit oost
of this item, therefore, is the tctal incurred each year divided
by total traffic.

Some might argue that administrative and maintenance
items, consisting as they do largely of labor, also represent a
firxed cost since existing labor legislation would preclude a hasty
reduction in the labor force. However, it is noteworthy that in
Just the triennium starting inlo®4th: Central managed to reduce its
work force by over nine percent suggesting greater flexibility
than one might have expected (I.1967-86).

This brings us to Items 7, 8, and 9 — general administra-
tive expenses, signaling and communications expenses, and the"fixed"
portion of permanent way msintenance. We should rcmember that fﬁe



directly attributable administrative expenses have already been
imputed and those in question herc are supposed to abstract, for
example, from the higher administrative costs of passenger traffic.
Now, while these iunputs might be constant when viewed against
short-term changes in traffic volume, it is guestionable whether
they are really fixed when a long run secular riss or fall takes
place. This distinction can be quickly appreciated by reference:
to figure l~a and Figure 1l-b. Here we see two kKinds of traffic
fluctuation. The first is cyclical swings over a ten=year period
while Figure 1l-b shows a steady rise over the same period.

Figure l-a Figure 1~b
2 B
¢ Q
+ -
© o
£ g
=1 =l
& : :
( % /
o S -
T SR T PP S " . P
Year Year

In the first case we would expect the annual Group-II
cost to be almost constant over the period while in the second we
would expcct some increase. The increase need not be proportional
to the increase in traffic but an increasc will certainly take
place. The reason for the constant annual cost in the first
example is simply that short term adjustments in labor fcrce, for
oxample, could not be made; many idle workers would have to be
retained on the payroll even in the slow periods. Further, some
equipment might be overworked in peak periods to be repaired with
some of the excess manpower in the slack years, thus minimizing

cost fluctuations.



With a traffic increase of 250 percent we must expect
that there will be en increased need for inputs such as signaling
and communications equipment and expenses incidental to their use.
And what of regional and central administration expenses? These
and others would rnct rise in proportion to the increased freight.
Rather we would expect most of them to increase at a decreasing
rate, exhibiting sczle zconomies. But increase to some extent
they certeinly woula.

Indeed, this view 1s supported by the judgment of FProf.
William Hay, an eminent Americanr railway engineering authority

" ... if one takes the long-term view for a

who has written:
period of 5, 10 or 20 years, it may be correctly observed that
almost all expense factors are affected by traffic. A continued
increase in traffic may lead to expensive congestion and delays,’
requiring finally the purchase of additional cars and locomotives,
the installation of additional tracks or improved systems of
signaling and dispatching, and the expansion of yard and terpinal
facilities. ©¥ew officc help and additional supervision and
menagement may be added. A continued decrease in traffic will
probably lead to azan opposite situation, when force reductions,
equipment, treck and structures retircaents, and general retrench-

ment are the progran.” (2-27-3).

Hay's comments seem most reasonable even though they
are contrary to the assumptions of the railroad cost study.
Assumptions such as those ¢f the railroad cost study probably
originate in the instinctive reaction that people show towards
railroad cost functions, namely,that they embody a very large
fixed cost which is thc source of declining average costs over
a wide range of output. And there 1s nuch to justify this notion
when we include the oo8t of the initial basic facilities themselves
— the construction of line, bridges, and tunnels. These costs
wlll be fixed and can generally be expected to be constant over
wide variations in traffic levels. However, basic facilities are
not in question here -~ no attenpt is made to impute a charge for
the basic construction of the Central, as can be seen from the
1list of Group~I and Group-II cost items presented above. #e have
not recommended a charge for depreciation of existing tunnels,
for example, or for interest on investment in implanting the line
in the first place. All that we have recommended for inclusion is
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preclude other miners from using train composition similar to that of
MBR.

One of the main congsiderations in evaluating the proposed
rate structure from a national economic paint of view is its effect
on inflatinn. A second is resource zllocation ~ 1is the proposed
approach conducive to greater or lesser efficiency? Since the railro;
is an agency of the sovernment, it, tno, must be concerned primarily
with questions such as thesc and we may presume that such are its mai:
consideratioLs. '

If the proposed dual rate system is to be successful when
Judged against the standards just indicated, it must be successful,
first, in holding the railrcad deficit to its present level, thereby
restraining, even 1if unot eliminating, this very significant factor in
the inflation of the last 15 yeors. It must also promote efficiency
in resource use. This means that the final results t2 which it leads
must be achieved at a cost lower than would be incurred in achieving’
the same gnals by alternative mcans. The best measure of results in
this instance would be foreign exchange earnings. We believe that th
proposed rate structure is defective on both these counts and that
a more cost-2riented approach is needed. This will be clear from the
following analysis. Ve begin with a review of the traffic projection
to which the rate structure is kXeyecd and then coinsider the arguments.
for and against its allocatinn in this situation.

I1I. 4 The Traffic Beose

The growth of the various traffic components projected by
the railronad cnst study is shown in the fallowing table. Inconsis-
tencies in railrnad cost study meth>dology have been resolved as
explained in the notes to the table:
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Table 1
FPREIGHT VOLUME FCR THREE MAIN TRAFFIC COMPONENTS ON THE EFCB AS
PROJECTED IN RAILWAY COST STUDY FOR 1966 AND 1973
a. Physical Units (millions)
b. Percent of Total
c. 1973 Volume/1966 Volume (Times)
d. Total less MBR: 1973 Volume/1966 Vo .ume (Times)
G O'THER . '
MBE bR OTHER COMMODI TI ES TOTAL
Tons Ton-=Km| Tons Ton~-Xm| Tons Ton-Km Tons Ton-Ka
;(l) (2) (1) (2)
1966 | |
a.| 0.8 480.0| 4.5 2,700.0(2.62 989.0 7.92 4,169.0
b.[10.1% 11.5%56.8% 64.8%|33.1 23.1%1100.0% 100.0%
1973
| (&) w
a. |15.0 9,000.0( 7.0 4,200.0| 5.-07 1,914.5| 27.07 15,114.5
b. |55 4% 59.4%|25.9 27.8418.7  12.7%1100.0% 100.0%
c.118.8 18.8] 1.6 1 6|19 1.2 3.4 3.6
a X T 1.7 -

Notes and Sources:

1
2

3.
4.

J=11i5

The ton-kilometer projections in the railroad cost study
imply an average length of haul of 530-550 kilometers
over the period although most ore calculations are based
on a 5152 kilometer haul (cf. column marked MTKU/LNO in
the third table on page 111. Zven correcting the
typegrapnical errors would still leave inconsistencies
between this table and page 115). %We here assume a 600-
kilcmeter average length of haul for iron ore.

1.1966-120.

This results from applying the 1973 iron ore gross ton-
kilemeter and gross ton-kilometer-share projection 1in

the table at I-114 to derive a gress ton-kilometer volume
for octher freight. ¥e then divided this by 2.2, the gross/
/net ratio given on page 80 .(The iren ore gross ton-
-kilometer volume, incidentally, shculd read 18 rather than
12 billion) .- “Te then assumed a growth in other tonnage
oraoportional t2 the growth in ten-kilometers
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Are the traffic projections reasomable? The projecfion of
"other commodities" seems reasonable, assuming no increase in rates,
although many people have urged and continue to urge that thought be
given to raising them to cover long-run variable cost. It seems safe
to presume that demand for freight services on the Central is fairly
elastices This is suggested by the rate structure for numerous commodi-
ties. TFor example, cement, which accounts for over 20 percent of non-
-ore ton-kilometers on the Central, has an incremeutal rate which
declines to a level near zero at strategic distances to encourage the
flow from Minas Gerais to Rio, and if rates were raised most or all
of this would disappear as local producers increased their market
share (B-18-23). For similar reasons we may expect that demamd. for
other freight services is also price-semsitive and would decline with
rate increasces of the maguitude required to eliminate deficit railroad
operations; in the appendix we see that the long~run variable cost of
non-ore traffic implied by the railroad cost study is Cr$ 35.2 per ton-
kilometer (III.£-1) and since the average 1966 freight rate for uther
commodities was around OCr$ 15-20, an increasse of around 150 percent
would be required.

The MBR projection is presumably based on company intentions
i1f 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 which we will now review.

III.Bs Discriminatory Ratemaking, Revenues, and Deficits

From the details of the rate schedules presented in the first
paragraph of Sectiom III, it should be clear that the proposed rates
are not strictly cost-relatecde The main counsideration, rather, is
value~of-service; other miners can afford to pay more while MBR
presumably cannoty Moreover, there is a value-of-service element aven
within the MBR schedule which relates the rate charged to the world
market price of iron ore. That value~of-service is also the uunderlying
principle in the railroads' other rate schedules is evident from
serutiny of their gemeral tariffs.
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II1I.Bel. Value-of=Service Discriminagtion Between Services

The general principle of value=of-service has been defemded
on grounds of both equity and economic efficiemcy. For example, it
strikes most people as "fair" that high-value consumer durables should
pay more than, say, beans, which foru a large part of the diet of the
poore. Or that glazed building tiles, which are used by and large for
higher grade housing, should pay more tham brick or cement whose use
encompasses a wide renge of comstruction activity including schbols?
hospitals, dams, and municipal facilities, in addition to expeusive
dwelling. Evidently, however, since we are not here concerned with
commodities which have widely varying uées but, instead, with a single
commodity, the value~of-scrvice principle cannot be defended on grounds
of equity in this casee It would be more relevant here to try to
Justify the value-of-service principle on economic grounds. What,
then, is the ecouomic argument for this pricing principle in irom ore
shipment on the Central do Brasil?

Valve=of=-scrvice pricing 1s an attenpt to charge less for
those services with lower demand curves than for thosc whose demand is
highere It may cost the same to provide the two .services; but if
total cost were distributed equally, demand for the former would
shrink, leaving all the cost to be recovered by the latter source of
demand and. this might dictate a price higher than the latter users
would be willing to pay, eliminating both sources of demande The
traditional approach, thereforec, is to charge less of the fixed cost
to the former service and morec to the latters In the limit, all
services are offered which cau cover their directly associated costs
and make a positive contribution, however small, to the fixed coste
This practice can, under certain circumstances, be justifiecd by
arguments from welfare economicse. Depending ou the slope of the
demand curves, a reduction in potential welfare might result if fixed
cost were spread equally. For example, if the absolute value of the
slopes is greater than that of the demand curves fér other prbducts,
there will be a net loss in welfare, since the consumer surplus 8650
ciated with the demand curve of the goods forgone will be greater than
that of substitutes.

The two services in this case are shipment of iromn ore for
MBR and shipment for other miners. The proposed rate structure
presumes that MBR @ould not or would not pay as much as other miners.
The probable reasoun for so thinking is that the other miners are
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already committed == they have little alternative to continuation of
their gperations and would remasin active even while denied the umit
profits that MBR might earn. MBR, on the other hand, is still
wacominlitted and so has open options. If the potential profit 1s not
satisfactory it will simply not undértake the projecte ¥We hurry to
emphasize that this is not necessarily our belief; some such view
would appear, however, to have motivated the rate proposal in the
first place.

If one accept the economic justification for value=of= -
-service pricing which has Jjust been outlined, he must still ask
whether the conditiouns exist for such pricing to be effective, il.ce
for the revenue from such a system to cover the full costs on which
the rate structure is supposed to be basede Two conditions are
necessary: 1) the seller must have a monopoly to preclude the
diversion of some of the demand to a competitor supplier, and 2)
the buyers must be separated to prevent arbitraginge Neither of
these conditions holds in the present situation. Let us see whye.

i. Traffic Diversion. &s is known, the Vitéria-Minas
railway is nov building a 1lO-kilometer spur from Costa Iacerda to
Fabrica. 4&n 83=kilometer stretch on the EFCB between Costa Iacerda
and Desembargador Drumimmond, which is now considered technically
deficient, is also being improved. It will permit miners in the

Paraopeba vallcy now shipping on the Central to divert their ores

for export through Vitéria. While the distance would be somewnat
longer through Vitéria, the ton-kilometer cost may be lower than the
relevant costs on the Central and this might permit a lower rate per
ton, while still yielding a profit to the Vitéria-Minas, than the rate
now bcing proposcd for the other miners on the Centrale In this case,
of course, other miners will elect to export through Vitéria and the
freight now being counted on to balance the low rate being offered

the MBR will not materialize and the EFCB will fall short of covering
the cost which the proposed rate structure is designed to covere

iie Arbitraging Operations. Thc present MBR contract leaves
open the possibility that MBR could buy ore from other shippers and
ship it at the lower rates. This must be recognized as a definite
possibility in view of the wording of the contrsct, namely:
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The object of the present contract is the transportation
by the "R8de Ferrovidria Federal S.4." (RFFS4A) through
its operating unit "Estrada de Ferro Central do Brasil
(CENTRAL) for MineragBes, of ironm Ore of its production or
under its respoasibility (2-1). [Emphasis minei

In view of the preferential concession of about NCr$ .50
boing proyposcd for MBR;, 1t is easy to see that both the MBR aund other
miners could improve their profits through arbitraging transactioms.
For example, it might be interesting for MBR to pay aunother minor
NCr$ .20 movre pexr tor than his pitside cost, and ship it out through
Sepetiba on its cwa acccuat at the lower rate. This would reduce
total roilroad revenucs. Even if prescnt rates were designed to be
pon-deficitary uwndcr the projected traffic mix, the reduced reveaue
consequent on the shift to & higher MBR share would result in a loss.

In the foregoing analysis we have been concerned primarily
with the principle of rate discrimination and its applicability
rather thaa with the departure of the proposed average rate from
the LRVC critecrion advocated in Section II abovee This should not be
taken to imply acceptance of the average rate of the railrozd cost
study as the proper criterion for ratewmakinge LRVC is still the
preferable criterion for average rates; the present analysis showing
that discrimination will not be possiblec means that it must be the
basis for individual rates for MBR and for other shippers as well.,

IITeBe2 - Value-of-Service Discrimination within MBR Schedule

The rate offered by the Central to MBR s given by the

following formula:

; Vi
Fag g , K
100

Dp

Tis is given on page 8 of thc English version of the
contract afld on page 67 of the railroad cost studye.

The variables in the formula have th¢ following meaning:

F = rate to be charged per ton for the trip from iguas
Claras to the port destinatione.

C =z The basic cost per ton for a journey of D, kilometers.
The value of C depends on annual volume agd on traiun
size.
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bp = The present distance (presumably via the Rio bypass).
Dr = The distance after the new line construction to

dguas Claras. This will be 615 kilometers.

K & Coefficient depending on volume being shipped. It
declines from 10 to 6 as annual volume rises from
one million to five million tons and remains constant
thereafter.

M Weighted average price of ore FOB Sepetiba, converted

into cruzeirose.

4 Table is presented in the contract (H-21l) giving the
values of Ce This is the same, except for rounding, as the table
on pe117 of the railroad cost stwdy. 4ctually, what is tabled is
not C but C ( g£) for purposes of simplification. We will follow

jY

this simplification here and so consider the formula, F a C + K
100

where C 1is the tabled value.

Let us see how the formula works. Suppose we have an
annual volume of 5,000,000 tons to be shipped in trains having a
gross weight of 5,400 tous (T-3R composition). The value of C
can be found from the table to be Cr$ 3,720. The FOB ore price
(which we may take to be the world price) is ¢ 8.50 (Crs 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.
Therefore, we have:

F =z Cr$ 3,720 + 6(Cr% 18,700) = Cr$ 3,720 + Cr$ 112,200
100

= Cr% 3,720 + Cr$ 1,122 = Crf 4,844,

The first thing we may observe is that the rate consists
of two partse The first depends on the volume transported and the
second on the value of the good shipped. The second term comprises,
in the given situation, about 25 percent of the total trausport
charges Now, if this rate is supposed to reflect the true cost of
the operation, it is difficult 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 in the
railroad's interest to reduce its profit in times of a temporarily
depressed world market in order to maintain a long run advantage
which the traffic is presumed to represents It would even pay the
railroad to ship at a rate temporarily below long run variable cost
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at sucn tiaes. Indeed, it could rationally ship at any rate covering
its Group-I cost. 3ut the cost estimates ~f the railroad cost study
and the pricing principles underlying the MBR rate are already suppocsed
t> have abstracted from Group-II costs and the rate is supposed tn
reflect eonly Group-I cost, i.e. oenly those costs which vary directly
with seasnnal cr cyclical traffic fluctuations. Where, then, is the
latitude tn reduce ceosts still further as the value 2f the gooecd falls?

ith 25 percent of the ¥ER rate sensitive to the price of core
the railrcad's revenue might fall sharply in times of low ore prices
Presunably, without such a concessinn the M32 would cut back its .
traffic in such tines Znwever, a cutback would reduce cperating ccsts
in nearly the sane proportisn and raise average unit revenues in
compariscn with what would be earned with the larger traffic and the
reduced rate that the contrzct proposes for such times. This would
result in a larger deficit.

III.C. The Rate Structure sand Rescurce £llncation

Many questi~ns arise ccncerning the relationship
between rates and rescurce allccation. e can snly indicate scae of

the coapsristns that nust be wuede befrers 2 raticnal decisicn can be
reached regarding the undertzking under review, the rate structure, and

the oreposed extensirn ~f the Vitfria-Minas.

If the real cnsts of export thrcush Vitéria are lower than
th~se through Ric via the Central, the exprrt,which c-culd g~ either
wey after the Vitéria-Minas spur is built, shsuld g~ thrrugh Vitfria.
On the ~ther hand, if it is cheap€r t~ ship thrrugh Ri<, 1t should
mceve by this route. Supprse, h-wsver, that the Vitdria-Minas crst 1is
higher than the Central c»st and lcwer than the Central rate for other
ziners. They will then elect to ship through Vitdria at higher unit

crst f~r the naticnal econcay.

The MBR rate ncw is net beleow total variable cost. If
cther miners begin to ship threugh Vit“riz an even larger differential
will devel~p between averag€ c2st and the ¥BR rate since under the
propcsed rate the ~ther ziners are to pay a dispr-portionately high
share of Gp-up-II c2st. 3ince the price rather than the cost is the
iap~rtant variable f-r ¥B2 there will evidently be a corntinuing large
MBR cre flow Thus, the ecrnrmy-will be paying mcre per ton of expert
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than it would have to pay if all ore moved through Vitéria. The
gdfrect solutdon in this case would be to direct all export through
Vitéria -- both that of the other miners as well as that from the MBR
deposits at Pico de Itabira which is close to the planned Vitéria -

- Minas extension. MBR has already indicated a willingness to begin
its operations at Pico,. whose 64=-68-percent ores are as good as those
at Lguas Claras, if certain "studies indicate that the Pico de Itabira
mine is more eeonomic". (K=5).

L

On the other hand &ll ore from this region, including that
of the mew CVRD deposits, might be able to move more cheaply vAa the
Centrale The matter has simply not been sufficiently studied. What
are the rclative costs? What other capital improvements would be
neocssary for the Vitéria-Minas to undertake the large flows that
could develop? Would double-tracking be necessary for this line?
Would it be better to abandor the extension project end ship all
output from this region on the Central? Thc considerations raised
here show there to be an urgent need for further analysis of the
issucs of construction end renovation of all iron ore export lines
from a total national point of view rather than from the viewpoint
of individual producerse.

IV - Conglusion

The MBR-EFCB contract rate schedule departs in meuny
significant respects from the cost criterion advocated in this paper.
4 list at the start of the appendix summarizes all our reservatiouns
discusscd here and in the eppendixe This 1list rclates only to
conceptual and methodological problems and factual incounsistencies
within the study, however. We have not tried to analyze the under-
lying numerical iuformation.

Since many of the problems which arise are interrelested
it is not always possible to specify the full impact of ecach
con8idered separateldy or the total impact of all taken together. And
all the necessary dataare not available in generally accessible
sources for the outside observer to be able to make independent
estimates. But what we beclieve we have been able to do in this paper
is to indicate the correct prioing criterion, namely the recovery
from uscrs of the full costs incurrcd in their behalf. This has been
termed long run variable coste Thus, while the basic existing
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rzilroad facility should be comsidercd am unrecoverable sunk cost,
the iauvestment in new spurs and line improvements must be calculated
and built into the rate structurecs To the average fixed cost so
determined must be edded the long-run variable unit cost which
includes many Group-II itecms comsidercd as "fixed" by the railroad
cost study but which are almost certainly variable in face of the
2.5== fold traffic increases to take place over an eight «- or ten-
-year periode It must be emphasized that the Group-II items in
question have apparently alrecady becen adjusted to exclude non-
=relevant overhead items such as those conuccted with passcnger

movenmente.
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APPENDIX
PROBLEMS IN THE RAILROAD COST STUDY

following summary of reservations to the railroad cost

study will serve as a guide to this appeundix. Items n? II.B through
II De35 are mentiouned only briefly since they were fully treated ia

the first part of this report.

I.

IT.

Ao

Be

Variable

A

Be.

D,

Failure to reflect capital costs adequately

New comstruction fguas Claras spur and Rio bypass
l. ¥ot included in average fixed cost

2« Rate of return, or interest, in exploratory calcula-
tions too low

Various line improvementse. Present calculations fail tc

l. Distribute investment over total traffic to recover
total cost

2e Use correct output measure -- ton-kilometer -- to
determine average unit cost

3¢ Use 2 rezazl cost of capital

cost concept

Preseut concept not merginal cost « reflects only some
variable costs (Group-I) -

Group~II costs do vary, although not linearly, with
large secular sraffic increases

MBR traffic will grow 19 times by 1973 when it will
account for 60 percemt of traffic under present
projectious

Present projections may not be realized since:

l. Other ore shippers will face much higher transport
costs than MBR and may be unable to competc

2+ Other ore shippers may clect to ship through
Vitéria after the Vitéria-Minas railway exteunsion
is comple ted

3e¢ Other non-ore freight may decline if much advocatad
reforms are executed towards full=cost pricing
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III. Calculation of long-run variable c¢ost

Ae¢ Group-=II Cost estimate

1.
2
3

k.
5

Derivation of Group-II cost/Group~I cost ratio
Exclusion of 1966 from statistical estimate of
Group-~I cost

Inconsistency in Group~I cost series

Unexplained 7.5<perceunt redvction in Group-II cost
Understatement of Group-I1 cost

Be Group=I cost estimate

1.

2

Calculation of charge for permauent way

as Failure to include line replacement cost in
empirical Group-I cost estimate

be. Errors in SGT engineering estimate of line
replacement cost

i. omission of any interest or capital cost
ii. overestimate of rail life
iii, inappropriate exchaunge rate

Neglect of historical trends in empirical estimate
of line maintenaunce cost function
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I. Omission of New Construction and Incorrect Treatment of Line
Improvemente

The correct criterion for iron ore pricing must take realistic
account of the capital cost of the £Lguas Claras, spur, the Rio bypass,
and various line improvements deemed te be necessary for higher
traffic levels.,

I.4+ New Construction
Isdele Exclusion from Cost Czlculation

The fLguas Claras spur is yet to be built and much work
remains to complete on the Rio bypasse Therefore, these projects
could scarcely be thought of as unrecoverable sunk costse. The
costs of these projects would be about NCr$ 26 million, including
NCr$ 18 million for £Lguas Claras (J-72) =nd NCr& 8 million for 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 uncompetitive with that of other shippers, pre-
cluding attainnment of the higher traffic levels with their lower
Group=II unit costs and, possibly, leading to a higher aversge total
cost for the remaining traffic.

Opinions of RFFSA officials on this matter fall into
two extremess On the one hand, such an suthority as Dr. Sergio
Marcondes de Castro, a Director of the RFFSA and author of the
second contribution to the railroad cost study, calculated charges
for fguas Claras to be imputed to MBR and urged that all the costs
of the Rio bypass and certzin linec improvements should also be
imputed ¥holly to MBR since they are of interest "exclusively to
exporters through Sepetiba Bay" (J-61). No charge was cver included
for the latter projects, however, and even the Lguas Claras spur
charge of $.10 which Dr. Cgstro developecd was latcr omitted from
the contract (4=13). Ou the other hand, some railroad authorities
rccommend that no charge at all bc made for the new spurs. Dr.Lefo,
for example, also a Director of the RFFSA, argues that the users of
these facilities ought not contribute to their construction when
many other lines which may be of megligible value are being built
and no thought is being given to charging their users for them(F=12).
MBR itself shares Dr. Lefo's views and argues that the spurs will
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provido numerous external economies which could not pessibly-be priced
and which would bemefit the whole economy (G-26-28), altheugh we must
note in this comnection that the RFFSA-VMBR contract gives MBR the
exclusive right to determine whether to build the Lguas Claras spur
or, instead, a spur to its mines at ico de Itabirito (H-10)s To
1llustrate the negligible effect of omitting it from consideration in
the first place MBR reworks the original analysis, claiming to rcflect
the costs of both line extensions aud using a longer amortization
period and a much higher annual tounage than thosc originally used in
the Tailroad cost study and derives a charze about 25 percent less
than calculated in the original study for the Lguas Claras spur alome
(G-28).(x)

Iede2¢ Rate of recturm

The original railroad cost study used a rate of interesty
of six percent on the new line and line improvement investments. On §
other investments, such as line roplacement discussed below
(IIIeBseleb.is), no interest cost or return om investment at all is
allowed for. We strongly urge that all calculations and decisioms
be based on a rate of returm equal to the opportunity cost of capital.:

The rationale for employing an opportunity cost of
capital rether than a market rate is that the former reflects the
real rcturn to investment in the economy. Whether this rate is 10
percent, 12 perccnt, or 8.3 percent is a matter to be agrced upon at
the highest levels of finance aud plauning ia the economy. 4 rate
of 10 percent has been used extensively by GEIPOT, the major Brazilian
transport coordinating agency, in its plaunning and thet is why it was
recommended by use It should be stressed that an opportunity cost

(x)@here is a typographical error in the placement of the comma in
t?e M?R report at this point. It should shift one placec to the
right).

Dr. Lefo's statement of the cost of the fguas Claras spur,
incidentally, is also at variancec with the estimate 'in the cost
study (NCr% 15million vs. NCr# 18.2 million).
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rather than the nominal rate should be used even if the investment
utiliscs funds of an international lending agency since it may be
presumed that the nominal interest does not reflect an equilibrium
ratee At five or six percemt therc would undoubtedly be more calls
for loans than the international sgeuncies could provide. Since their
own allocation over different countries is determined more or less

in advance, a loan for onme purpose in Brazil will mean that much less
for another purposce Thercfore, if Brazil's investment in improving
the EFCB is to be measurcd against the same standard as its other
investment possibilities, a singlc rate of intcrest should bc uscd

in every project to rcflect the real cost or sacrifice involved in
making the investment in that projecct rather than another.

The railroad project in question, unlike some invest=
ments such as education and public health facilities, is one whose
benefit measurement is not beset by counceptual problems and hard-to-
=quantify social externalities. It is essentially a private scctor
type function and if the government is to undertake it the returm must
be as great as it would be if it were executed by privatec interests.

I.Be. Line Improvements
I.Bele Failure to Include Cost in haverage Total Cost

The other important capital investment item which must
be reflected in shipping rates is the cost of line improvementse The
railroad cost study estimates NCr% 21 million as the cost of these
imp vements, including rebuilding of four bridges, widemning 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 cost volume where the "average cost"
-0of all ore shipment is estima ted, no attempt is made to include a
charge for these improvements. Since the average is used as a measure
to be set equal to the weighted average revenue from the lower-ra ted
MBR ore movement and the higher priced other ore movement, omitting
this charge from the "average cost'" will result in a failure to recover
full costs incurrcd by the public sector for orc shipment.

I.Be2¢ Use of Wrong Output Measure

The unit of production used as a basis for calculating the
MBR line improvement cost must be questioneds It was pointed out in
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my first paper that the train~kilometer rathcer than the ton-kilometer
was used as the production criterion and that this implied a large
ton-kilometer cost reduction with 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). ZPBut bridges, for example, are not strengthened chiefly

to allow for extra trains, - they arec strengthened primarily for
extra weight! To whatever cextent this is true of other inputs as
well, costs rise rather tham fall with increasing train size. A priori
it is hard to say what the corrcct overall relatiomship between ton-
~kilometer and wait line improvement costs would be, but it is most
unlikely to show the 35 percent declincs given in the railroad cost
study, if indced, it shows any decline at all. This criticism was
never answered in the MBR reporte.

I B3 Interest Rate

Again we would favor use of an interest rate of 10 percent
rather than six percent e would also reglster a preference for a
longer amortization life thnan the 15 years used in the original rail=-
road cost study. This would reduce somewhat the effect of the higher
interest rste.

I1 Incorrect Variatle Cost Concept
IT A. Cost Concept Now Used 1s not Marginal Cost

On page 2 of my earlier psper the railroad cost study
was quoted as saying that the present cost of ore shipment on the
EFCE wes WCr$ 8.3 ¥BR says that this should not have been taken as
the relevant cost because the graph showing this number on page 121
clearly lazbels it custo total rather than custo marzinal (G-18). We

were aware, of course, of what the zraph ssid but we were alsc aware
of the conceptual mistakes in the graph and in the argument preceding
it £t the time it was thought better not to dwell on them Rather,
what was labeled custo total was simply accepted and re-termed
"marzinal cest” since it is much closer in spirit to the marginal
cost of traditional profit maximization than the cost advanced as
margingl cecst by the railroads and MBR. Rather than custo -total
an entirely different term, would have been preferable &2 term such
as long-~irun variable cost which has now been proposed. But since
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marginal cost had been so much discussed in thae report, we
accepted the term rather than become involved in sterile debate.
‘The point is that it is precisely the higher “total cost"
function, or rather a correctly determined variant of 1it,
together with the average fixed cost, whicn should underly
ratemaking, and not what is called marginal cost in the study-

N

. ‘That a terminological dispute should arise at all
1s due. to the incorrect conceptual basis of the graph on page
121 and the discussion preceding it Perhaps a few paragraphs

can clear it up.

The railroad repert attempts to deterimine what
it calls "marginal cost of iren orec shipment on the Central
line". What it is really after is a variable cost category.
In economics marginal cost is a precisely defined concept
the first derivative of the total cost functien, i1 e. the rate
of change c¢f total cost with respect to changes in output
while everything else remains constant. For example, long run

marginal cest is the rate of change of the minimum total cost

at which we could prcduce by using the best cembination of

plant size and cperating level. It renresents the rate of
change of the optimal cost patterns facing & producer at a

given time who has to decide what scsle of plant to build and
what level To coperste it. It does not represent cocmparisons
between the best he could do is this year with this year's wages
and capital goods prices, on the ene hand, and the best he

could do next year waen wazes uight be higher and machinery
orices lower. Short-run marginal cost is the rate of change

nf total production cost with a fixea plant size and, again with.
all other economic relztisnships held constant.

Since marzinal cost 1s the rate of change of total
cost and since by definition fixed costs do not change, marginal
cost 1s invariant witih respect to fixed costs. Tue integral of
the marzinal cost function, or the totel area under the margzinal

cost curve, is therefcre 2 statement of the tctal varisble cost.

Yew, the line labeled custo wzrginal in the grapn 1s
a least=squares estimation of the relaticnship between certain
variable cost components ana volume shipped in different years
3ut four of the compenents change during the periecd (J-112) for
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reasons unrelated to operating level changes. ‘Yages are expected
to change and this affects such items as stqtion personnel and
rolling stock maintenance. Thus, this curve does not meet the
basic conpdition of a marginal cost function that everything be
held constant except volume gnd preduction cost variations related
to volunme.

Another way to see that the curve in question is not
a marginal cost curvé 1s to consider the area under the curve
This does not equal total variable cost, and, indeed, the railroad
cost study represents total variable cost by the rectangle defined
by the cocordinates of this function (see calculations at J-114)
rather than by the area under the curve up.to that point . ‘hat
then does this curve measure if not marginal cost? The answer is
obvious enough. It measures a portion of the average variable
cost, namely the Group-I cost, involved in the shipment of different
quantities at different points of time with variable wages. And
the railroads do use it in this way, 1.e. as a variable cost curve
under different conditions, although they refer to it as a marginal
cost curve, as I have already notec.

Choosing marginal cost as the desigration for the
particular variable costs concerned was especially unfortunate
since marginal cost-price equalizatiosn is a correct production
criterion in certain conditions which are approximated in many
areas of an economy but which are not met nere It thus appears
to have 2 certain legitimacy even when used here to refer to some
of the variable cost comvonents

Terminology in transport economics is fer from being
universally agreed upon . The authors of the railroad study might
have avoided the use of the term marginal cost which doegs at least
have a rigorous meaning Another example of cenfusing terminology
is "total cost', by which is meant average total cost. It was
this cost that was taken as variable cost,although it is tco low,
as was indicated in my earlier report. The railroads present this
curve as ‘the sum of what they call average fixed and variable ccsts.
We, on the other hand, would strongly rej)ect the notion that all
of the "fixed" costs in question are really fixed and that a
portion of them should not be attributed to the new shipper whose
traffic is scheduled ts grow from nothing to a level over twice as
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great a& the rest of the iron ore flow on the Central in a space

of eilgzht yemrs

Three cost concepts have been presented in the first
part of tuls revwort to analyze the issues relevant to the IIBR
project. These are "long-run variable cost", "Group-I cost”,
and "Group-II cost" corresponding respectively to what the rail-
road cost study terms "total cost", "marginal cest", and 'fixed
cost”. Siuce they have besn defined unambiguously within the
present context and since the terms 2f the original study are apt
to be misinterpreted, -- wmarzinal cost espeeilally--~ the teras
proposea herc would appear »drefcrable.

II 3. = II D 3 Other Problems in Cost Concent

Filually, we susuld recall the substance nf the
analysis of total long-ruwn vsriable cost behavior and its alloca-
tion, as discussed in tae first part of this study There we
reascned that nuch of the Group=-II cost wculd be expected to vary
with increzses of 250 percent in annual traffic and sc¢ could net
be viewed as "fixed". We alsc considered the possibility that
MBR would account for more than its presently projected 60-percent
traffic share in 1973 singe other winzrs might not be able to
compete with ¥BR or mignt divert their shipment for export through
Vitéria and that neon-nre movements might fall offunder a mcve
towards full~cest priciug In this case, MBR would acccunt for a
zocd deal mnre than £0 vercent L persistent attempt to ilmpute
Group-I1 cest ©o the remaining traffic would drive 1ts rates up
further until finally, this traffic wes clininated altogether,
and Group-~I1I1 cost was nnt covered 3ince these problems are
treated iy the first part of the repert we need not repeat tnem

here.

ITI.  Calculzation of Leng-Run Variable Cost

Long~run variable cost is a cost function which varies
with seculer changes in traffic level For any volume 1t may be
calculated as the sum of average Group-1 cost, which also varies
with short-term traffic changes end Group-II1 cost discuss=za

earlier. The rallrnac cost study eppears to have made numerous
errors and followed several dubious procedures in calculating beth



of these components ~f long-run variable cest  "'e consider first
the Group-II iteus

III A (Groun-iIY Cecst

It will we eesier to pdresent the following discussion
if we set down the railroad's symbols for various cest ccmponents
(J=-114):

bol Terminclogy of Terminology Employed
Svabo s O
ke Reilroad Cost study =
Tctzal cost per ton-kilometer Long-Pun variable unit
“ : _ cnst
c ¥arsginal cost per ton-
-Xilcmeter Group=I cost
D Railrczd fixed cost Group-II cost
t Transpcrt flow in millions Jame as in railroad
of net ten-kilometers (TXKU) cost study
during the periocd for which
b applies
Q Tetal cost for a distance cf Long-run variable cost
615 kilsueters for the shipaent
1 . b ~ =
e have: Q=C + — 2 = 615 q
7e will =2l1s» designate c¢' = ¢ (615) and 8% 2s the

least squares estimzte of ¢' to be described directly. It is
this estimate that the railroad study actually uses in its final
cost calculations. ‘e will =lso denote § = 8 + b/t and Q=615 3.

The follecwing procedures sre subject to question:

IITI.2.1. Derivaticn of Group-II Cest/Group-I Ccst R_tio

tctual imputation of the "fixed" cost component
requires careful analysis. The railronad cost study based its
imputation on the GIIPOT estimate of the total Group~II cost/
/Group-I cost ratin for 21l commcdities and branches at the Central.
This was 1.94 (J-94). 4 quick calculaticn shows that applying this
ratle to the Group-I and Group-II components of ircn cre transport
crsts implics that the Group-II cest (What the railroad study calls
the fized c~sts) of other traffic must be 135 percent greater than
that of ircn cre since the twe traffic compenents amount to 1 O
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billion and 2.5 billion tcn-kilrimeters respectively (1966)(A)

It is difficult to understand why other-traffic
Group~II ccsts should be so much higher than those of iren ore
traffic. The greater administrative costs of other’traffic are
presumably included in their Group~I cost. This certainly is
something that requires further resgarch ~- unless this difference
can be justified the railroad cost study expedient of simply
épplying the cverall average broad-geuge ratis to iron cre, whose
Grnup~I cnrst was calculated t9 be sc much lower then that of cther

traffic, must be questicned.

III.A.2., Bxclusi~n of 1966 fron Statistical Zstimate of Group-I
cost

\s

. L least~squares line is fitted tc the observations on
lc' for 1967-1975. That 1966 was omitted is mentisned only
lobliquely in the text (9-111) ¥%) ang is not stated where the
equation first appears in the table cn page 112 The ocint for

2966 is shown on the graph on page 121 with nsc statement of its
omission from the estimation. Since it is obvisus that it wes

locmitted it would not matter, except that the value of loung=-run

:x) The avefage broad gzuge Group-II cost for the SFCB as a
whele was calculated as Cr$l0,0 and applying the Group-II
ost/Group-I cost retin to the iren cre Group I cost of Cri 7.65)
lzives an ircn ore Group II cost of Cry 7.19. The Group-~II cost
bomponent of other traffic in old cruzeireos can then he found
through:
7.19 (2.5)10° + ¥ (1.0)109 = 10.0 (3.5)10°. This gives

"=z 17.02 which is 2.35 times as great as the Grorup II coast of
.ron ore calculzated in the railroac cost study (R.94) In the
ane way we can work out the implied tetal ton-kilometer cost of

ther freight. This is given by the equation:
14.75 (2 .5)107 + Z (1 0)10° = 20 64 (3 5)10°, whence X=35.3

%) The exact statement 1s: "Os valfres dc custc marginal para

s 2nns subseqllentes a 1966, nos permitiram obter, pelo mé-
»do des minimos quadrados, a equagic tradutcra de sua tendéneia,
)il ¢ cresciments do fluxe de transportes, a qual revelou ua pe-
tend decréscimo proporcisnal ec fluze total de minéric.
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variable cost for 1956 (NCr3 8.27) was obtained from the least
squares line rather than from the actual cbservatisn (J-114).

Thus, the impression is created that NCr$ 3.27 actually was the
1966 lcng-run variable cost. If the first 1966 value of Group-II
enst, a2s calculated in the study, had been used in the calculation,
an estimated long=-run variable cost of NCrj 9.13 would have
resulted - 10 percent higher than that calculated

IITI 4. 3. Inconsistency in Greup-l Ceost Series

The values of ¢' shown onpages 112 and 114 of the
railroad cost study are derived from values of c' on page 1l2.
These are not consistent witin the velues that would be derived
from the serles on c¢ given on page 103. The following table
ccmpares these values for 1966-1969.

Table A-I
Comparisnon of Two Group~l Cost Series Cazlculated in Reilircad Cost
Study, 1966-1969
(21ld cruzeiros, Sept. 1366)

(1) (2) (3) (4) (5) (6

Year Value of c Implied e c' Difference ¢
on page 103 (615%C~1.2) (page 112) (Col 4-Csl.3)

-

1966 7 65 4,704 & 4,704.8 0.0 3,819.8
1967 7 20 4,423 0 3,843 8 584 2 3,800.8
1968 7 55 4,840 L 3,819 8 825 6 3,781 8
1969 7 60 4,674.0 3,714 0 960 O 3,749 &

Column 5 shows that the difference betwecen the two
values of c¢' in 1967-69 was between 15 percent and 26 percent
greater than the series actuslly used on page 112 to derive the
least sauares line. (Only 1966 was the same but this observation
was not used in the statistical estimate). Thus, the resulting
series of ¢-fitted to the 1967-73 series on page 112, of which the
1967~69 observations in Column 4 are the first three ocbservations,
is around 17-20 percent lower than the earlier series on page 103

would have yielded'
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“hat can explain the difference between the two series?
It is hard to know, especially since nine pages preceding the
presentztion on page 103 are dzvoted to a detailed analysis of the
prebable evolution of the Grorup-I cost components and, with only
one small exception, give the same rasults as shown in the table
on page 103 (the exceptinn is a differcnce cf less than NCr§ .01
in 211 years in train crecw cests (J-98, 103).

Asccording to the railread study, therefore, all the
projected ecrnomies in Greup~l ccst have already been reflected in
the higher cost level calculzted on pzge 1032. This is confirmed
on page 119 by = reference to the cvcraticnal changes' "indicadas
no estudn d~ Custo Margiual (Item VIII) durant:z os anos criticos
de 1967, 1952, and 19693". (ltem VIII is the 9-page discussion of
the evolution of certain cost c-mponents just cited, capred by
the summary table ¢n page 103).

IIT.A. 4. Unexplained Reductien in Group-IT Cest .

A

A decline of 7.5 percent in b (Group-II items) is
projected t~ take place in three =qual annual instalments between
1966 and 1968 (J-113). Ko explanaticn of zny kind is given to
Justify this cest reductisn. Incidentally, at this psint there is
a reference te reduction in ¢ dependent upen the '"adogZo das
medidas precenizadas ne nogsa trabalho anterior', which is the
study containing the inference that all the presumed economies
have alrcady been reflected in the higher series.

I11.4.5. Understatement nf Gr-up-1 Cnst

Any understatement of Srsup-I c~st, 8', will be a factor
in understating long-run variable cast, Q@ since b , the Group-II
¢-st, is estimated as a prep:ortisn of @&. There are many ssurces
oF understatement ~f ¢ besides that discussed under III.A.3.
above. It is to these that we ncw turn.

IIT.B. Err~rs in Group-I Cnst EStimate
ITI B.1 Charges f~r Permanent Way
III B8.1 a FPeilure tc Include Line Replacement Cest in ZEmpirical
Gro~up-1 Cnst ZIstimate

Frr the following discussicn we must distinguish
between line maintenance and line replacement The first is
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" and refers t~ rerutine supervision cf

usually called "cnonservagi-'
the line, including mincr repairs and cleaning (J-38) Line
replacement, ~n the ~ther hand, refers te the substitutirn <f new
for »ld rail, ties, haraware, and ballast . The 35GT study attempts
to impute c-sts f~r both these itemse+ There is some redundancy,
hewever, since there arz tw~ maintenance ccst calculations The
first ~ccurs -n page 30 as Itecm n2 4 1 ("despesas fixas com a
conservegSc de via, edlficacfes, e instalag™es") where the cost

is treated from the historical viewpcint alcong with certain other
ccmpanents »f Group-II1 c~st. The second zccurrence is on page 38,
Item n¢ 5.3.7. This is an engineering calculaticn which is
included as part ~f a summary prescatation of "Custes anuais com a
Via Permanente" starting sn page 37. 4bout 80 percent »f these
ccsts consist 2f what we would call line replacement costs. There
is soame confusi~sn ~r inconsistency between the MBR repesrt and the
railrrad c2st study, incidentally, since the former ccunts as

" what the latter designates 23 "custos anuais ccm a

"eonservagdc!
via permenentc'" (G=54-542) while it includes the historical
maintenance cost estimate of the railrrad cost study as an
apportizned “"fized" cost ("custc fixo rateads").

(%)

total trzffic under different assumed lnads in the 3GT analysis.

4 unit line replacement cnst is appocrtioned cver

The questi-n we wish t~ railse 1s whether any zllcwance was mede for
this item 1n calculeting the Group-~I cost in the third paper of

the railr~ad crost study v~lune.

Now, 1vn imputing on MB32 charge, the traffic level was
assumed t~ reflect t~tal traffic, that of MBR as well as the other
shippers. BHBut this charge was nat then explicitly bullt intc the
empirical Gr-up-I cnst calculaticns in the third paper of the
railrcad cost study. "hat was included was a charge for "manuten-
¢an da via permanenﬁe“ which was based cn an adjusted histerical
cost series. e will see in Section III.3-2 that quite |dubiocus

procedures were used in calculating this component The questicn
now, h-~wever, is whether a charge based con a historical cost

(x) The table 2t J-39 relates to the total "custos anugis com a
via permanente" of which about 20 percent consisted of
maintenance and 80 percent replacement, as we have [noted.
It will be easier to speak of this whole category simply as
geplacement. Where it is important to distinguish we will

0 SO.
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series, even if it had not been adjusted downward withoUt
sufficient justification (see III.B.2), could be taken #o repre-

sent the line replacement cost that would have to be undertaken
to support the more than 3.5-fold traffic level which this line
will be called upon to serve. It can be easily seen (J-93) that

no line replacement charge is explicitly introduced.

We think it unlikely that the line replaceme&nt cost
could be subsumed in the calculation of the "manutengSo|da via
permanente”. Its omission would mean that a large cost|component
was neglected in the calculation of Group-i cost

IIT.3.1.b. 3GT Engineering Estimste of Line Replacement Cost

Although the cost of the present line amight be
considered a sunk cost, it is clear that the ore traffiec satici-
pated in the future represents a very sizable traffic flow which
will require the replacement of the line on a regular bgsis. In
order to determine 2 cost for this component, the S5GT study
calculates the annual cost of rail, ties, and so on and
distributes it over the traffiec (J-35-38). 1In the preceding item
we noted that this cost appeared to be omitted from the lempirical
calculatisan of Group~I cost in the railroad cost study, however,
and, 2s with line improvement costs, this would of course result
in 2 far from complete recovery by the railroad of the costs it

T |

“Te would like now to consider other

incurs in replacing the line
problems in the treatment of this factor

IIT 3.1 b 1. Cmission of Any Interest or Capital Cost

¥o interest cost - neither an opportunity cost mor a
market rate - is used for the investment This is a very serious
omission with an annual flow of 10 million tons and wifth M3R
ore moving in T-4R compositions, the train formation used for
1llustrative purposes in much of the report, this omission would
lead to an understatement of 43 percent in unit line repiacement
cost with six percent as the interest cost and 55 nercent if a
ten-percent rate is used. Measured against the rate that MBR
would be paying in such conditions - about NCri 5.0 in Sept.1566
prices (I-115) the neglected interest cost would amount to 9-15
percent.
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With regard to the use of the existing line, it may be
an accentable procedure to neglect interest but when the line must
be replaced, an interest cost or return to capital must be built

into the cost structure.

II1.5.1.b.ii. Overestimate of Track Life

A 15 ~year 1life was assumed for this investment. How

realistic is this assumption?

Track life is a2 function of many variables. Load and
curvature are most important but grade, direction of main flow
(with or against zrade), speed, and other factors are alsc
important. It is, of course, difficult to conduct enough
controlled experiments to develop a load=year function for
different values of the other variables dlowever, American
engineering expertise, as well as technical coefficients currently
being applied on the Vitdria-iiinas, both suggest that 15 years is
an extremely high estimate of track life.

Table A-2 contains information on the expected life of
carbon steel rail for various curvatures. This was taken from a
recent CVRD study and assumes an annual gross tonnage of 40
million tons, about 10 percent less than the annual flow now being
projected for the Uentral when the INBR program 1s well under way
'(1973)<X) Zince the lines in question are approximately equal in
length, relative densities would be similar. 4nd since the prices
of the rails are almost equal, we may presume that the same type

ig under discussion(XX) Therefore, we need only adjust the CVRD

(%) Lpplying the gross/net tonnage coefficients given in the rail-

é road cost study (1 7 and 2 2 for iron ore and other traffic
rgspectively) to the volumes shown in Table 1 of the present
report, and adjusting for the somewhat shorter hauls . of other
commodities, gives an annual volume of 44.7 million tons per
kilometer, on average, to combare with the Vitdria-Minas 40
millions tons.

(xx) The price in the CVRD study is 143 per ton (C-V=-7) and that
of the railroad cost study, 5137 (J-35). Both 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. This is shown in Column 4
of the table.

Table A4-2

Istimated Life of Carbon Rail for Different

Curvatures on the Vitdria-¥inas and on the Central

1 2 3 4
Curve Radius fstimated Life (Years)
(degrees) (meters) Vitoria - lMinas Central
(.9zCol.3)
tangent infinite 9.0 8.1
19 1,146 6.9 6.2
29 573 5.6 5.0
32 382 4.5 4.0
4 286 3.7 3.3
52 229 342 2.9
62 191 2.8 2.5
72 184 2.5 2.2
82 143 2.2 2.0
92 127 1.9 1.7
10¢ 115 1.7 15

Sources: Columns 1, 2, and 3 from (C-V-T7)

The table shows that expected rail life declines rapidly
with increased curvature 4 turning radius of 1,146 meters reduces
rail 1life by 23 percent as compared with tangents.

.The suggested rail 1life on straightaways on the Central,
with its projected 44.7 million-gross-ton traffic, would bve 8.1
years. One~degree curves would have a rail life of 6.2 years. The
overall average could be estimated if we knew the distribution of
curves. We do know that the Central runs through very rougn
country and would have many short-life stretches. For example, its
grades reach as high as 2,38 percent (D-Z-3) while the maximum
grade on the Vitéria-Minas is only 1.0 percent (C-II-1). The
sharpest curves on the Central and Vitdria-ifinas have turning
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radii of 104 meters and 202 umeters respectively. TFrom the data in
the table we may estimate rail life for 1lO4~meter curves to be
about 1.3 years. 3Such 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 & life estimste of less than six years

It is also instructive to look at emvpirical experience
in this reswvect. The problem is cowmplicated, however, by lack of
precedent in Brazil -- 22 willion tecus of ore a year is far beyond
the density ever achleved by a Brazilian railroad in a single year
before 19656, let zlone continued over a period c¢f 15 years. Lacking
a Brazilian precedent, however, and in view of a presumable
stability in technological functions such as this, 1t may be useful
to cite Lmerican experience. Professor Hay, an American railrecad
engineering authority, suggests a rail life of 100 million tons in
difficult conditions and 200 million in less demanding situations
(E~-3686-9). The ZFC3 ore line runs throuzh difficult terrain and
the main load goes wlth the grade, further aggravating wear
Assuming & rail life of as much as 200 wmillion tons -- the 1life
suggested by Hay for moderate conditions -- would indicate a
10=year duration for new raill, glven an annual flow of 20 million
tons. A 150 million ton life would mean a duration of 7.5 years

If rail 1ife in the railroad cost study 1s overstated
by 100 percent or wmore winlcn seems reasonable in view of the
comparisens just made -= the annual rail replacement cost will be
understated by 1/2. Thic amounts to about six percent of the MBR
rate scheduled for 1972 wnen a total cre traffic of 19 willion tons

is projected

II1.8.1 b.1ii. Inapprepriote Zxchange Rate

The first paper in the railrcad cost study volume was
conducted in terms of June 1665 prices. Hnwever, an exchange rete
of NCr’ 2 2/51 00, which took effect in November 1965 and lasted
until early 1067, was used rather than the true June 1985 rate of
Ners 1.825/51 . The second paver in the volume sets ocut o
correct the resulting discrepancies (J-51) but catches only the

mistake in locomotive cost estimates In particular, the error
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attaching to the use of this exchange rate in rail replacement
cost estimates 1s not corrected This leads ts a slight over-
~estimate of rail replacement cost. This is bhelieved to be the

only factor tending to cause overestimate of the final cost.

II1.3 2. ©¥Neglect of Historlcel Trends in Empirical Estimate of

Line Maintensnce Functicn.

Another source of uncéderstatement of Group-I cost is the
estimate of line maintensnce cost in the third part of the rail-
road cost study (J-78-82). The study starts by presenting various
views concerning the abpportionment of line maintenance costs. Twoe
United States cost functions are given. To measure the historical
relationshiv & regresslon showing total meintenance cost and
traffic density on the Centrel is calculated for the 1260-65
veriod. Since the American functions are similar and -since only
one of them (the American Railway Zngineering Asscociation Function)
is furtiher use¢ in the railroad ccst studay, we need only be
concerned with this function and with the empirical curve for the
EPC3. ixpressed with Yorth Americen decimal usage, these are

(J=77-78):

ot

)

ARZA curve 1,795 + 712 X

Tmpiricel TPCB curve i 9,555 «+ 637 %

|..
"

ilometer

1

nere: Y = YCri ver 1

i
millions of ton-kilometers/per kilometer of

i}

tracik

The AREBA curve gilves a theoreticsl relationship between
maintenance expenditure per Kilcmeter of track and traffic density.
The embirical function presents the regression relationship between
these variables observed on the EFCB from 1960 to 1965. The
intercent is supn~sed to revresent the fixed cost per unit while
the slope, which 1s the variable portion, depvends on traffic
density.

The railrecad cost study questions the wide disparity
between the Ttheoretical and observed functisns and concludes that
the empirical curve does not adequately reflect the true relation-



40.

-ship and fails to take account of various improvements. To
represent the future relationship, therefore, the authors of tHe
study decide tno coapromise and use the following relationship:

Y = 5,750 + 712 X

with the notation as before e will call this the "derived”

curve

-

At a volume of 3 4 million tons, the total cost per
kilometer under this curve is #HCri 5,170. Of this 70 percent
represents a Group-iI cost (Item n® 9) and 30. percent represents
Group=I cost (Item nf 5). The latter is then distributed over
traffic €to derive a total CGroup-I cost per unit

F¥ow, since the slcpes of the empirical curve and the

"derived" curve are fairly close together, it is obvious that the
Group=I partion of total cost will not differ by very much which=-
-ever function is used. (It is about 12 percent higher using the
"derived" curve). But the Group-II cost will change significantly.
The empiricel curve ylelds a Group~-IIl unit cost nearly 70 percent
greater than the "derived" curve. And since this calculation is
the one which uncerlies the estimate of b for the derivation of
long-run variavle cnst, 1t cannot be a matter of unconcern waich

curve is used.

hat justification can be given for using the "derived"
¥#ather than the empirical curve? The raillroad cost study appeals
to the wide disparity between the empirical curve and American
estimates and mentions "melhoramentos de ordem tecnoldgica intro-
duzidos na Via Fermarente durante o perfcdo de pesquisa" (J-79).
On page 105 the matter is »nut this way:

L desnesa de HCrj 8.170/km obtida por correlag®o linear

para 1965 ndo poderia coincidir nem se aproximar da ve-

rificada, ne trecho, uma vez que constitui mais prépria

mente um fndice médic desejavel para t0da a ferrovia e

através do gual se projetou a despesa real para 0s anes

vindouros.

llaybe improvements will reduce line malintenance costs
but the probvlem should be exzamincd much more carefully than appears
to have been done. “nd, it should be remembered, a further
reduction of 7.5 percent in the "fixed" share of maintenance costs
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was hypothesized for 1966-68. From what further improvements 1is
this to result? These arz never discussed Nor 1is %he use 2f the
derivea curve in preference to an empirical investigation adequate-
ly Jjustified

It seems 1nappropriate tz reject an empirical formula-
tion just because 1t differs from the American cost function On
the other hand, the historical. evidence on the EFCB for the 1960-
-65 period may be quite inadequate for a "fized-variable" cost
division and for an empiriceal analysis of the relaticnship between
maintenance costs ane secular traffic increases. The reason for
its inadeguacy may be found in the severe freight traffic
fluctuatiocns over the period, as shown in Table A-3. Rather than
steady long=-term growtnn, there are large cyclical fluctuations.

It would be surprising if the railroad were able to adapt its
maintenance cocst te these short-term changes. That is to say, the
hypothesis that maintenance costs in the long-run vary primarily in
response to secular traffic changes would not in any way be
inconsistent with the observation that in a short siz-year period
there are many year-to-year fixed ccsts which must be borne even

in the face of traffic declines . ZFor example, labar force
adjustments prebably cculd net be made, and labor is the largest
item in maintenance
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Table A-3

EFCB TRAFFIC 1960-1965

Year Traffic

(¥et Ton-Kilometers of Freight)

Billions 1960-100
1960 3.4 100
1961 3.2 94
1962 3.9 115
1963 3.4 100
1964 3.9 115
1965 4.0 118

Scurces: Freight data from I1.1966-34 and 1.1963-25.

If the six-year pericd of observation of the Central is
inadequate for derivation of the long-run maintenance cost function
for the kind of transport under counsideration, hew might an
investigation of this matter be undertaken? e would like to
suggest that the pattern of maintenance costs on the Vitéria-kinas
over the last eight or ten years might serve as a basis for estima=
tion of this function. In the first place the traffic compecsiticn
on this railrcad will be very similar to that on the EFCS5 line 1n
question, composed as 1t is primarily of downhill iron cre export
movement, and lots of cmpty backhaul. Passenger traffic on both is
minimal. In the second place its traffic has grown swiftly ana
steadily since 1958 -- by several hundred percent. Since both the
EFCB and the CVRD are almost whrlly government owned enterprises,
there sh~ruld be ne difficulty in providing access to this data for
such a study.

If the propesed maintenance cost study is conducted,
care should be tdken in the deflation of railrnad costs In
particular, the railrcad cost series should not be deflated by a
series such as the general price index. Rather, a deflator siculd
be used which reflects the changes in costs of the inputs actually
used by the railroad. For ezample, to put laber input inte terms
of real cost to the railroad, the neominal wage for some year, such
as 1960, shcould be used Other ccmpenents, including those such as
depreciation cn equipment, might be deflated by a general price
index or an index of machinery and metals prices.
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