CHAFTER - IV
LEVELS OF GAPITAL)UﬁIﬁISATlﬂﬂa ‘

This chapter attempts to quantify levels 6f utili-
sation of oapital‘stoc} in fhe Indian Railwayég( Génerally
in outpuf-capitél studies, outpu% is adjusted to full
capacity of eapital %o make up for utilisation 1evels.1
~ Bug the present study is concerned with three varmables -
capital, labour and value added. If value added output is
adjusted to capacity, wﬁat aboﬁt labour? It also,needs
sdjustment, Instead of two adjustments, it is convenient
to adépﬁ the conecept of 'technologically necessagj capitalt,
Capitsl figires alone are adjusted to existing levels of
utilisation keeping output and labour series nnadjusted¢

" Pirst levels of utilisation have %o be determined.

4,2 - - In rallways, nmeasurenent of utilisation is extremely
difficult. Railways aperate with different types of oapital
“yiz. track, engines, wagons and vehicles. Trackvpapacity is
not a static eapacity. It depends on investment71n signalling.
"and communication systems, Thus the nature of the égoblem

is so0o highly technieal that very few stu&iesxhave'been taken
up so far, But in a study of technical gglatidﬁéjliks the
‘pres;nt one, it isnot possible to ignore the 1eveislof
utihsation, however onerous and i.mperfect the task may bes
It is impossible to evolvel}deal methodology. ﬂqwever we have

made a serious attempt at measurement,

1. G.Rosen, Industrizl Change in Indla. Asia Publishing House,
Bombay, 1959 » pp. 45-44.
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4.3 Solow, when confronted with the p:écblem of éapacity
output, merely adjusted the capital taking oversll wnemploy=
ment as an index and t:’bsa:c'v'eza,‘2 "what bé’.'_.o'ngs'in a pfoduotion
function is capital in use, not eapitel in place, Lacking
any\year-by*year measure of the uti.llsati;m o?.‘ capital I have
gimply reduced the Goldamith's figures by the fraction of the
labour force unemployed in each year, thus assuming that labour
and capital always éuffer upemployment to the sa}ne percentage,
This is undoubtedly wrong, but probably geifé ‘clogar to the 'truth

than making no corrections at all"s pyi the method we have adopted
is more scientific though admittedly it is not perfeot. '

Section 'A', that follows, deals with the theoristical
and practical 1issues involved in the measurement of capacity
utilisation.  Seotion 'B' disousses estimation of under-
utilisation of ecapital in the Indien Railways.

‘ SECTION *A'

Measurement of Capacity! . ‘

4,4 In recent yeazrs, attempts are made by various economists
to measure capacity ar poténtial output at micro and macro
levels, Various meagures are used to dqternii,né capacity output
guch as ghtraight forward regressic;n relating output to unemploy~

ment and fitting of agsregate production functions o data.’

2..R.M.Solow, 'Technical Change and the Aggregate Production
Funotion', Review of Teonomies and Statistics, = Vol.39, 1957¢

5. cf.L.Taylor, D,Winter and D,Pearce, 'A 19 Industry Quarterly
Series of Capacity Utilisation in the United Kingdom, 1948-68¢,

Balletin of the Oxford University Institute of Economics and
Statistics, Vvol.32, No.2, 1970, ‘

-
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In the U.S., various methods are used to compute capacity
utilisation figures of the American coconomy. All these
variants take into account peak- production points and then

4 However, from the ,goin'& of

.. certain ad justments are mad'e.
view of cperational use, the method adopted by ﬁhe '»amarton ’
School, popalarly known as 'frend=Through-Peak' met!md may'

be regaxded as a successful approach, Originzlly tb,is method
was developed by Klein,s and later its details wers aiscuese&
by Klein, Summers apd Preston.s Since the Wharton .SG‘hQOI‘. |
capacity measure has a fairly recent theoretical support, -

it is not inappropriate to state the method in ‘br'ieff:?? The

4

monthly physieal output eseries of eaéh industry are gseasonally
adjusted and then averaged into quarterly. produetien ﬂgz:ees.
These are arrayed and peaks in each of the geries are 8élested.
Bach peak represents capacity and a straight line from pesk to
peak denotes capacity during the intervening ,perzoa‘sﬁ.-f) To
cover the whole period, the linear segments at both the ends
of the series are extrapolate@.\ For macro purposes, v‘b.he

1n& ividual industries' capacity ountputs are combined by assigning

4. Por details, see A, Paillips, 'An Appraisal of I'!earsuresof
Qapacity', Papers and Proceedings of the Amers.can Lconomic
- Assoclation, Vol.5Z2, Na.Z, ’ .
5« L.R.Klein, 'Some Theoretical Issues in the Measux-ament of
Capacity', Bconomeirica, Vol. 28, April, 1960, -
6. L.R.Klein and R.Summers, 'The Wharton Index of Capacity
- Utilisation', Studies in Q__uantztative Fconomics, No.1,
University m‘:’ enngylvanla, » Re 8LEin and R.S.Preeton,
‘Some New Results in the Meawrement of Capaolty Utilisation®,
- American Economic Review, Vol. 57, No.1, May, 1967:

7. For details on the theoretical part, see I,R.Klein, op.cit,
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i

weights on the basis of value~added of each industzy in
the total production,

4.5 In adopi;ing the Wharton School ocapacliy measure, &
;numbei of conceptual andsempir;cai problems are en@euntered.VA
Firgt, the peaks selected should represent points bﬁ\maximum
ont‘mf. For this purpose, the Wharion es’timé%es of capaéity

utilisation for the U.S. economy made use of injependent -
information, wherever possible, to mbstan'tia‘be the selection
‘of peaks, In some cases, ‘direct information was Tused’

to estimate capacity instead of trends through peak method.

Second, unless net investment is conetanf’,f between |
‘two peaks, it is not justifiable to interlink them by lineer
1lines. Po overcome this problem. Kletin and Summers nade
attempts to take into account cyclical fluctuations in net
investment, when interpolating betygen two peaks.*

Third, 1if ’chere is an abnoymal output, 1'& ghould not
be reokoned with capacity sinee 11: cannot be susta.ine&.

Fourth, wben a weak intermediate peak ooCUrS, while
the industry's trepd is exponential. connectmg the neaks by
straﬂ.ght 11nee is unseientific.

'Fifth. when an mdustry's production trend 18 aeclining
) linking two peaks is not logical. suppose, product:!.an at
| two periodeof $ime is same, buu out of these two. anly one

A period's production is deemed as capacity outpu‘b a&nce it 13

at a peak point whereas the other is regarded as: below eapacity.

TAs wharton School Method has been critically examined by mmy
"economists. See- L,Taylor, D,Winter amd D Pearce, g.cit. and
4,Phillips, op.cit. oo



98

’Laaily, in the Wharton method, the latter part of the capaclty
 figures will wndergo. constant revision as more current data
‘become available, For example, if the actual ouiput is greater
tﬂan extrapolated eapacity, the capacliy liue‘has to be revisged

upwards,

4,6From the above discuseion, it 13 clear that théfe‘ia some
reservation in accepting the iowest of several capital output
ratios for peaks ofoutput as 1nﬁiéative of .oapscity. Though
there are precedents to treat peak outputs ag capacity, some
modifigations are essential, Inspite of these problems thére
is an important advantage in the Wharton mathod. When detailed
technical data sre not available from in-studies, this method
gives reasonable hope to the analysist ﬁé procecd with his
woik. ' Once we know the actual output, reasonable estimates of

indices of capacity utilisation can be easily compiled.

4.7 Sincg the Railways are a huge m@n&lithic enterprise,
employing highly qﬁalifiedgtaehhioal geo?&g, competent estimates
are available within the enterprise about capmcity utilisation.
Thus therefwag\ho need to depend upon Vharton = Sehool method

bagsed upon observed peaks.

4.8 . In any method of capacity measure, we face a serious
problem. - Generally if there 4s some 4% of unem@loyment of labour,
it is ragarded as full employment. If capital assets are

unem@loyed, what is 1its aquivalent?a.wha concept'and measurement’

B. This question is raised by Solomon Fahricant in the discuesion
of *Appraisal of Measures of Capacity’, cit.
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.of eapacity depend on how such guestions aré.answered. Since,
these questions are answered by economisis. ﬁifferently even a
' with same purpose, the concept and measurement of gapacity

will vary. Ehus, eny measure of capaeity 18 an approximate
estimate and this is more true in the traneport,inﬁustry. We

now discues the difficuliies involved in ob &inin the relevant
data of the Indian Railways and the method adapted to estimate
capacity.

SECTION 'Rt

4.9 There is great difficulty in determining the oapaciﬁy
of oapital in the ﬁailways compared to capacity of eépital in
manufacturipg industries, From the Bngineering data, plant'i
capacity of a manufacturing industry can be more easily ascertained.
The. eapacity output of railways depenis at least on a eombingtion
of four important types of capital assets viz. $rack, locomotives,
cars (wagons and carriages) and the tele-communication system,

On the same unit of track, different volumes 6f output ean be
produced by operating more or less number of carg with more oz
less powerful locomotives, HMention may also be made about the
gupply and demand factors. In certain sechions of a region,
demand may be more but the capital assets such as track, loco~
motives, cars may be in short suprly. At the same time, in other
regions demand may be lesgs than supply. But the immobility of
assets like track prevents shifting of services to other more

favourable marketsy The genges (paths) are not of uniform type,
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’

BG rolling stock cannot serve on MG or NG tracke. In view of
these probiems;,estimation of capacity in the Rallways has
speeial problems. It may be stressed once sgain that our main
objective is not primrily concerred with cépaétty as such but
changing nature of technology. What we actual@f need is a
reasonable estimate in order to correct the capital series, e
now turn to the types of capital sssets sslected to estimate
capacity. ‘ .

4.10 The Indien Rallwaye classify thaiﬂ eapital expanditure
into 9 broad categories such -as land, rolling gtock, stmctural
engineering,works. equipment.g About 75-60% £ total capital

is represented by structural englneering,wnm#a and rolling stook,
'In the former, about three~fourths is accountable for track,

In the present analysis, we took into account only the major
1mportant types of eapital assetg %rack and rolling stock.
Though the Railways output also depends on other factors such

as marshalling yards, terminal facilities, vaildings, tele=
oommunieétions and signalling equipment, crgéniééticn; we oould
not estimate their capacity dﬁe to lack of da%a'and technical
problems., However, they are 1ndireot1y refleeteﬁ in the estimat&on
of capacity of track and rolling stock,

4.11.  After making certain reasonable,assumptioné. we estimated
the eapacity of cach of the four capital aeseté {track, 1opomgt!ves,
pasgenger carriages and wagoné) separately. ﬁhe attention is
focussed in fipding out the chief bottleneck o expaﬁsion uf output,

9, Por a detailed disoussion on capital, see chapter V.
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Once we know the bottleneck, our problem is gimplified. To
the extent the chief bottleneck asset 1s under-utilised, it
represents the overall uhder-atilisatién of the RaiiWays
capital, '
inolud‘i’xi'g the teehﬁologioal factors mich_ condition the

We have taken into account existing conditions

operations. To our kmowledge, studics on capacity in railway
‘ except the in-studies by Railway's management.
transportation are not conspicuousy/ Hence, we are forced to

' fall back on our own mathadolagﬁr.

. Definition of camacity output of Railwaysg: "

4,12 ' Capacity output of Railways may be understood in two
WB viz., theoreticel and potential. Theoretical capacity may
be defined as that number of trains which can be moved if a
.perfeot condition of train operation exisis whére,all‘delays,
otherlthan tflose get by the ﬁme table ’sche&ule, are not consi=~
dered. On Ithg ‘other hand, potentlal capacity means maximum
xﬁ;mher of trains that can be run over ‘a certain division under

axisting method of divecting train movemenjh‘s when it is assumed

10. Prof. D.U.Sastry of Institute of Economic Growth, Delhi and
Prof, Geoff, Briscoe of University of Warwick, commented on
an earlier draft of this chapter and wrote that a cogposite
index of capacity utillisation using weights would be more
meaningful. They rightly feel that utilisation factor is
inter~dependent in the railways. Yet we have not uged
weights., Our estimated track capacity takes into account
such interdependence, Thus in para 6,24 it -is: demonstrated
that that thoush frequency of trains have iucvreased, track
utilisation has decreased. Thusg signalling and telecommuni-
cation improvements have lncreased both capacity and
utilisation, the former more than the latter, Therefore
ratios of utilimtion to capacity have declined,

Prof. Briscoe further comments that human skills might be
one of chief limiting factor in fuller utilisation of capital.
We do not have data to that depth to undertake the job. However
we place on record our thanks for his kind interest,
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' that trains arve pefectly operated according to the rules,
Thus the former concept does not eonsi&er delays set by
rales such as pafety train oparation while the latter takes
into acoount such aelays. We follow, the latter concept in

our analysis since it is more pragmatics

4.13 Prack is or;e of tte most importent and expensive
type of capital contrihuting for produc‘bion. Unlike in ‘road. :
Amarine or air transport, nath is the main constraint. Two
tmms cannot pass on the same track at a time, ?hia ‘meansy
aﬁt;l one ‘train passes op a section of track, a second train
has to wait at a crossing station (on a single line). On
Tnmltipletraeke this constraint is no’c operative‘. Thus
'hhroughout the .24 hours in a day,- continuously trains cannotb
be run. Besi.des. before a train s received at a stat:lop,
- mapy operations have to be performed such am signalling, .
operating token box instruments and other necessary formelities.
The total time spent by a traigi i.s: composed of .operating time
and running time and they depend on signalling facilities
and speeds Thus the throughput is a funetiq:;n of thé interval
between a ¥raln reaching a station and a ‘l;:é'ain in the 6;§posite
direction starting agein., If this iotervel is minimised, moze
cutput 1is pesaible.‘ Thus speedsg of trains, composition of tmins
(passenger or gooﬂs, express or ordinary), cgeratmg time,
'type of technology, spacing of stations, efficiency of the
personnel, t;m;a needed to maintain the track gtc, determine ftiq

track capacity.
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4,14 A number of formulae are used to aét/mate track
capacity, One of the popalar track capaclty formulae is
given by Scott (£requently quoted in the’ Railwa& in=studies)
which is given below: |

Line capacity on & Minutes in o aay

single line {in - x Efficiency Ratio
terms of number of . Pt |

trains both. ways)

" The minutes in a aay are 1440, T means longest mnnmg time
over any block station ana 4 means operating time. Etﬁciemy
ratio refers to the eﬁ‘ieieney with which permnnel engaged
in train operation discharge their duties.

Seott took the effiency ratio as 707 and ¢ as 5 minutes.
If the T is 11 minutes, then ‘ |

1440 . T

1.5 5 ) OO = 63 trains both ways.

Line Qapacity =

Thus from each side abm;t.'j»z trains can be operated in the
/ above example., If there are two lines, assuming two traine
are run unidirectionally, that is one line for updtrainé and
the other for down=-trains, using the above formula line capacity
can be caleulated for each line separately; If the;ce are three
lines, capacity is worked out for 2 11nes a;s mentioneﬁ above
and for the third 11ne on the basis of single 1i.ne. In a gimilar
way tor quadruple or quintuple 1ines, ca};ac ﬁ;y can be calculated,

4.15 In India %11l about 1960,5 track ea_pac‘!ty useé to be
caloulated on the basis of Saott's. formah‘., Frmm then onwards,

11; hed been caleulated by the use' of Master Ghax'b.gmm a-somutiny

it 1s found that both the methoa 8 glve almost: the Same results, The line
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gcapacity of a section 1S drawn up on a time~distance graph,
which is known es Master Chart. In this method, the calou=
_lations depend on the skill of the pezson who draws it. In
the,c}l‘xazst. first passenger trains arve fitted ami then as‘mgn\y
goods trains as possible will be fitte@, ?mslly, paths in
which the mn is completed in reasdﬁabls time or the economic
paths, are selected. Thus line capacity of a seotion is
determined bty the use of graphical methods '

4.16 Lineé oapaclty data are‘lnc;t published in the annuel
reports of. the Iniian Reilways. SOms of the Zonal Railweys
pablish lxna capacily data in the 'General Mznager 's Annual
Reports' for certain selected years specially from the beginning |
of the Th"ird Five Year Plan (1961), Hence data were collected
Lron the"Railway Board's records end Zonal Railways' Annual
Reports for the years 1956, 1961, 1966 and 1972. Fﬁr 1951,
.1ine capacity data are not available, The aves covered by a
Zone ié divided into certain sections. ‘.t‘he distance of a section
varies from 1 KM to 100 s, Tor each sect&on, 1ine capacity
in teims of number of trains, per day as on 31st March is given,
The diétance of the section multiplied by \ééz;acity in te;-ms of
number of trains which the track permits, gives capacity tralrn.
BMs per day on that section,

4,17 Having measured line capacity by the abcve\two methods,
the average actuzl pumber of train Rig performed are compared

with the capacity train EMs to arrite at percentage utilisation,
The ratio of capacity uiilisation of track i’or all the Zones,
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(for which data are available) was caleulated separately and
are aggregoted with the running track kilometrage welghts.

"The overall utilisation ratios for the years 1956, 1961, 1966

.~ epd 1972 are plotbedon a graph and ave interpolated by linear
segments to know the trend. .Since data for 1951+52 are not
avallable, we have assumed a similar percentzge of utilisation
in 195152 as thet of 1955-56. Such assumption is not
unrealistic in view of almost comstant rate of utilisation

of engine and vehicle capacity in 1951=52 (enzine and vehiole
‘capacity utilisation are discussed in paras 4.19 to 4.21 delow).

4;18 Pable 4,1 gives %onal and overall track capacity
utilisation ratios for 'the aforesaid selected yeafs.- It is
evident from the table that track capacity utilisation varied
between 60-70%. The track was bétter.ufiliséd in the earlier
- period than in the later years, The reason}for such a drop is
suggested in foot note 10 of this chapter, Since our interest
~ is on aggregate capacity, an 1ntericamparison of figares for

different zones was not attempted.f

~ Engine Capacitys ' ‘
4,19, To estimate engine capacity, totzl engines of each

Zone ‘as on 318t March of each year were taxea. Statisﬁiee
pertaining to average daily percentage of engines in repalr are
available which account for about 15% of the.tctal engines.‘ By
eubtracting the engines in repair from the stock of ¥otal -
engines, net engines available for use ave obfained, From tﬁiﬂ,
engines used for shunting service are subtracted. Broadly,

thare are 5 types of engines =~ gteam, diesel =nd electric,
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Prom interviews held with the operating branch, it 1s known
that steam, dlesel and electric engines can be used for 12,20
" and 21 hours in a day respectivelys The actuzl speed of an
average goods and pasaengef train works out to é1 EMPH.ll mﬁns
on en average a Steam engine can perform 12 X X 21 = 252 engine
KMs per day. Assuming one engine is sufficient to operate

an aVeéage train, engine EMs become synonymous with train KMs,
mhus; the oapacity output of a steam engine works out to 252
train Ris per day, and this multiplied by net steam engine

stock gives‘totalleapacity train XMs of 21l gsteam engines.
Similarly, the capacity train KMs of diesel and electric engines
can be worked out. Thus, Zone~wise, for the selected years,

e

we have calculated the capacity traiu'KMs of of engines and
expressed the actual train RMs as percent to capacity train

KMg of engines to work out capacity utilisaticn. The zonél
capacity utilisation fimres are combined by rumning track B
walghts to dekive overall capacity utilisatlon of eigines of the

Indian Railways.

4,20  Table 4.2 presents the engine capacity utilisation
ratios. It is noticed that the utilissation of engines capaclty
is falrly stable around 545,

Passenger Vehicle Capacity?

4.2% Qetual vehicles on line in %erms of 4-wheelers are

11, For details of speeds o goods ané pagsenger trains on
different gauges, see K.GeSs Iyer,'Increase in Line Capsnity
oani?g%Z TLine', Internatzonal Railway Congress ASS cciatiog,
Peb.
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taken into aoccount, On an average 155 of the vehicles will
be under repair and 3% of the available vehicles will be in
the yard for getting oleaned.12 The vehlcies in zepair and
cleaning are deducted from the total stock of ¢carriages to
obtain net carriages which can be uged for 24 hours per day,’
The actual average speed of a passenger train 18 30 KMPH.13
Thus a vehicle ean perform.30 X 24 = 720 vehicle KMs per'dayl
vhich ig 1ts capacity output. 720 multiplied by net stock of
vehiclea gtvas totael capacity vehicle Kio; The actual vehicle
KMs (in tems of 4=vheelers) ave expressed as percent to -
capacity vehicle RMs (in terms of 4-wheelers) to caloulate ‘
utilisation ratfo. The zone-wise capacity utilisation ratios
are comﬁiﬁed with running track Kﬂlweighté ta.&etgimlpé overall

utilisation ratio, .

Table 4.3 gives-capacity utilisation ratios of vehicles,
It is evident from the table that the utilisation ratio varied
betweon 39 and 44 percent and thore is @ slight drop over the years.

4.22 Ac%ual number of wagons (in terms of é*wheelers)’on
line are considered, E:um the interviews hezd with the Railway
Officers, it im 1earnt that the safe pereentage of wagons under
repair may be assumed to be;19% on a day. By applying this
percentage, we calculated the net number of wagons available

for service for 24 hours per day. The lowest actual speed of an

12. This 1nformation is inferred from intemvxews held with the
Railway Officizal Be; .

13. K.G.5. Iyer, op.cit. | | \
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Teple 4,

CAPACLLY UTILISaTION — THACK AND ROLLING S¥OCK

NS

e om0 5 5 1 0 5 o 8 e e e g 25 e b
B . - " A “
Pereentage Utilisstion of
Tetrs i 7 o e e 21 2 7 P 0 2 e 0 2t
o h - P ] .
Track Engines Passengexr Wagons
3.2 4
Yehicles
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~ o oy ow o - 2 30y o
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1358, 585 60,5 4.0 s P 53,4

1260~6G1 53,0 82,5 28,6 L 38,4

1965-66  €0,0 51,3 39.1 33,8
157178 60.2 o B4,2 41.5 23,5
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bourcer Tables 4.1, 4.2, 2,3 and 4.4 .

Note ¥ 69,54 is.the assumed fimve
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average goods train is 1l RMFH.14 Phus 11 X 24 = 264 represent
capacity wagon KMs per day. The actual ﬁagah RMs (4-wheelexrs)
per day are'eohpared wth capacity wagon Ris per'&av to'arrive'
at ratio of utilisation. The zone-wise utilisation ratlos are’

aggregated with minning track EM .as weights.

4,23, -Table 4.4 gives the utilisation ratios of wagons. It
1s noticed that wagon utilisation varied arognd,30-55%. There

13 an’ improvement in utilisation ratlos over the two decades.

i

Having calculated the utilisation ratios of track,
locomotives and carriages, we turn to the discussion of estimation

‘of overall capacity utilisation of the Ralluzys cépitél;
Overall Capacity Utilisation of Capitel Stooks

4.24 S0 far, we have discussed the methods adopted to estimate
the capacity utilisation of four important types of capltal assets,
An analysis of the utilimation ratios of 4 types of assets enables
us to determine the overall eapécity ubilisation - of stock of
capital of the Rallways. Theee 4 ratios are presented in Table
4,5 and in the accompanying graph. It is clear from the graph
that highest utilisation (about 60~70%) was achieved in respect of
track while it is lowest (30-35%) in the case of wagons. -The
problem is to find out a single utiiiaation ratio to indlcate

how far the capital assets had been put to @se& . It can be
inferred from the graph that track is the mein bottleneck to
inéreasé'output,Hﬁlf the utilisation of rolling stock goes eﬁ

14’0 KOG‘.S{ Iyer. OEooj-tou.,

1
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tnproving, track capacity utilisation will first reach to
saturation i.e. 100%4. Once track capacity is utilised to the
maximum, eventhough rolling stock has still unu‘bilised aapacity.

it eamot bo used since unutilised traek eapanity 13 not avail=
able. We are aware that capacity of a track 15 a somawhat nébulous
concept. Within eer;tain limite 1t can be increased with innovations
in signalling‘ and tele-commun{cation equipuent. This factor has
been taken into account while caleulating track capacity. Hence,
nnder the exi.stmg technology, mles governing their operat ion

and othar eons’craints, track is the main bettleneck and track
capacity utﬂisation can be assumed %o represent overall capacity
utiliaation of the Rauwaya capitel, Future innovations may
change the whole pict.u:ce but it is extremely difficult to conjecture,
We have used this pereentage ot unﬁemtuisaﬁon to deflate the
actual capital in use to, detemine the teehnologically necessary .
capital in the next chapter,



