
CHAHEER - IV

LEVELS Off CAPITAL UglLlSAttlCBT.

This chapter attempts to quantify levels of utili­

sation of capital stock in the Indian Railways, Generally 

in output-capital studies, output is adjusted to full
. - * i

capacity of capital to make up for utilisation leyels.

But the present study is concerned with three variables — 

capital, labour and value added. If value added! output is 

adjusted to capacity, what about labour? It also needs 

adjustment. Instead of two adjustments, it is convenient 

to adopt the concept of ’technologically necessary capital1. 

Capital figures alone are adjusted to existing levels of 

utilisation keeping output aad labour series unadjusted*

First levels of utilisation have to be determined,

4,2 In railways, measurement of utilisation is extremely

difficult. Railways operate with different types.of capital

viz, track, engines, wagons and vehicles, Track capacity is

not a static capacity. It depends on investment in signalling

and communication systems. Thus the nature of the problem

is so highly technical that very few studies have been taken

up so far* %t in a study of technical relations like the

present one* it isnot possible to ignore the levels of

utilisation, however onerous and imperfect the task may be*j
an .It is impossible to evolve^-ideal methodology, H0wever we have 

made a serious attempt at measurement,

1, G.Rosen, Industrial Change in India. Asia Publishing House, 
Bombay, 1959 ,• pp. 43-44.
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4*3 Solow, when confronted with the problem of capacity 
output, merely adjusted the capital taking overall unemploy-

- o ,meat as an index and observes, "What belongs in a production
function is capital in use, hot capital in place* backing
any year-by-year measure of the utilisation of capital I have
simply reduced the Goldsmith’s figures by the fraction of the
labour force unemployed in each year, thus assuming that labour
and capital always suffer unemployment to the same percentage.
Shis is undoubtedly wrong, but probably gets closer to the truth
than making no corrections at all*’. ^ the method ■ we have adopted 
is more scientific though admittedly it is not perfect*

Section *A** that follows, deals with the theoretical 
and practical Issues Involved in the measurement of capacity 
utilisation. Section »B* disousses estimation of under­
utilisation of capital in the Indian Railvjays.

HBQIIOS *A*
Measurement of Capacity* «

4*4 In recent years, attempts are made by various economists 
to measure capacity or potential output at micro and macro 
levels. Various measures are used to determine capacity output 
such as straight forward regression relating output to unemploy­
ment and fitting of aggregate production functions to data.^

»•

2. R.M.Solow, ‘Technical Change and the Abnegate Production Function1, Review of Economics and Statistics. Vol.39, 1957*
3. of.L.Taylor, ^.Winter and D.Fearoe, *A 19 Industry Quarterly

Series of Gapacity Utilisation in the United Kingdom, 1948-68*, foaietin of the Oxford University Institute of Economics and 
statistics. Voi.3£. No«2. 197&. ....... ... ..........
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In the U.S., various methods are used to compute capacity 

utilisation figures of the American economy. All these 

variants take into account peak production points and then
certain adjustments are made.^ However, from the point of

\ „ ,
view of operational use, the method adopted by the Wharton
School, popularly known as *$rena-Through-Peak* method may

he regarded as a successful approach.' Originally this method
was developed by Klein,^ and later its details were discussed

6by Klein, Summers and Preston. Since the Wharton School . 

capacity measure has a fairly recent theoretical support, 
it is not inappropriate to state the method in brief.51 The

monthly physical output series of each industry are seasonally
/

adjusted and then averaged into quarterly production figures.' 

These are arrayed and peaks in each of the series are selected. 

Bach peak represents capacity and a straight line from peak to 

peak denotes capacity during the intervening period s. To 

cover the whole period, the linear segments at both the ends 

of the series are extrapolated. For macro purposes, the 
individual industries* capacity outputs are combined by assigning

4. For details, see A. Phillips, *An Appraisal of Measures of 
Capacity*, Papers and Proceedings of the American Economic

‘ Association. vol.Sz. Hcu2. May.
5. L.R. Klein, *Some Theoretical Issues in the Measurement of 

Capacity*, Roonometrioa. Vol. 23, April,I960.
6. Xus,Klein and R. Summers, *The barton Index of Capacity 

Utilisation*, Studies in Quantitative Economics. Wo,1, 
University of Pennsylvania, 1966 and K R.^iein and R.s.Preston,

Some Hew Results in the Measurement of Capacity Utilisation*, 
American Economic Review. Vol. 57,; No,1, May, 1967w

7. For details on the theoretical part, see L,a.Klein, on.cit.
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weight® on the basis of value-added of each industry in 

the total production.

4.5 In adopting the Wharton School oapacity measure, a
^ * 7A

number of conceptual and, empirical problems are encountered• 

First, the peaks selected should represent points of maximum 

output. For this purpose, the Wharton estimates of capacity 

utilisation for the U.s. economy made use of independent 

information, wherever possible, to substantiate the selection 

of peaks. In some cases, direot information was lus’ed’ 

to estimate capacity instead of trends through peak method.

Second, unless net investment 1s constant, between 

two peaks, it is not justifiable to interlink them by linear 

lines. So overcome this problem, Klein and Summers made 

attempts to take into account cyclical fluctuations in net 

investment, when interpolating between two peaks.

Third, If there is an abnormal output, it should not 

be reckoned with capacity since it oannot be sustained.

Fourth, when a weak intermediate peak occurs, while 

the industry* s trend is exponential, connecting the peaks tgr 

straight lines is unscientific.

Fifth, when an industry*s production trend is declining

linking two peaks is not logical# Suppose, production at

two periodsof time is same, but out of these two, only one ’

period’s production is deemed as capacity output since it is

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

7A. Wharton school Method has been critically examined by meny 
economists. See I»,Taylor, D.Winter aid D.Pearce. op.olt. ana 
A.Phillips, op.oit. /
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lastly, In the Wharton method, the latter part of the capacity 

figures will undergo, constant revision as more current data 
become available. For example, if the actual output is, greater 

than extrapolated capacity, the capacity line has to be revised 

upwards,

4.6?rom the above discussion, It la clear that there is some 

reservation in accepting the lowest of several capital output 

ratios for peaks of output as indicative of capacity, 2 hough 

there are precedents to treat peak outputs as capacity, some 
modifications are essential. Inspite of these problems there 

is an important advantage in the V? hart on method. When detailed 

technical data are not available from in^studies, this method 

gives reasonable hope to the analyeist to proceed with hie 

work. Once we know the actual output, reasonable estimates of 

Indices of capacity utilisation can be easily compiled,

4.7 Since the Railways are a huge monolithic enterprise, 

employing highly qualified technical people, competent estimates 

are available within the enterprise about capacity utilisation* 

l’hus there was no need to depend upon Wharton * School method 

based upon observed peaks,

4.8 In any method of capacity measure, we face a serious
problem. Generally if there is some 4# of unemployment of labour*

it is regarded as full employment. If capital assets are
sunemployed, what Is its equivalent? She concept-and. measurement

8. Shis question is raised by Solomon fabrioant in the discussion 
of‘Appraisal of Measures of Capacity*, ob,oit.
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of capacity depend on how such questions are answered. Since, 
these questions are answered by economists differently even 
with same purpose, the concept and measurement of Capacity 
will vary, Thus, any measure of capacity is an approximate 
estimate and this is more true in the transport, industry. We 
now discuss the difficulties involved in obtaining the relevant 
data of the maian Railways and the method adopted to estimate 
capacity.

SECTION «B*

4.9 There is great difficulty in determining the capacity
of capital in the Railways compared to capacity of capital in 
manufacturing industries. From the Engineering data, plant 
capacity of a manufacturing industry can be more easily ascertained, 
The. capacity output of railways depends at least on a combination 
of four important types of capital assets via, track, locomotives, 
cars (wagons and carriages) and the tele-communication system.

On the same unit off track, different volumes of output can be 
produced by operating more or less number of cars with more or 
less powerful locomotives, Mention may also be made about the 

supply and demand factors. In certain sections of a region, 
demand may be more but the capital assets such as track, loco­
motives, cars may be in short supply. At the same time, in other 
regions demand may be less than supply. But the immobility of 
assets like track prevents shifting of services to other more 
favourable markets. The gauges (paths) are not of uniform type,
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BCr rolling stock cannot serve on MS or IS tracks. In view of 
these problems, estimation of capacity in the Railways has 
special problems. It may be stressed once again that oar main 
objective is not primarily concerned with capacity as such but 
changing nature of technology. What we actually need is a' 

reasonable estimate in order to correct the capital series. Wb 
now turn to the types of capital assets selected to estimate 
capacity.

4.10 The Indian Railway© classify their Capital expenditure 

into 9 broad categories such as land, rolling stock, structural 
engineering works, equipment. About 75-60^ of total capital 
is represented by structural engineering works and rolling stock.
In the former, about three-fourths is accountable for track*
In the present analysis, we took into account only the major 
important types of capital assets —r track, and rolling stock. 
Though the Railways output also depends on other factors such 
as marshalling yards, terminal facilities, buildings, tele­
communications and signalling equipment, organisation, we oould 
not estimate their capacity due to lack of data and technical 
problems. However, they are indirectly reflected In the estimation 
of capacity of track bnd rolling stock.

4.11. After making certain reasonable assumptions, we estimated 
the capacity of each of the four capital assets (track, locomotives, 
passenger carriages and wagons) separately. The attention is 
focussed in finding out the chief bottleneck to expansion of output.

9. For a detailed discussion on capital, see chapter V.
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Once we know the bottleneck, our problem is simplified* So
the extent the chief bottleneck asset is under-utilised, it
represents the overall under-utilisation of the Hallways 

10capital* we have taken into account existing conditionsi

including the technological factors which condition the
operations. To our knowledge, studies on capacity in railway

except the in-studies by Railway^ management, 
transportation are not conspicuous;/ Hence, we are forced to

fall back on our own methodology.

Definition of capacity output of Railways;

4.12 Capacity output of Railways may be understood in two 
ways viz. theoretical and potential. Theoretical capacity may 
be defined as that number of trains which can be moved if a 
perfect condition, of train operation exists where all delays, 
other than those set by the time table schedule, are not consi­
dered. On the other hand* potential capacity means maximum 
number of trains that can be run ever a certain division under 
existing method of directing train movements tfien 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 composite 
index of capacity utilisation using weights would be more 
meaningful. They rightly feel that utilisation factor la 
inter-dependent in the railways, let we have not used 
weights. Our estimated track capacity takes into account 
such interdependence* Thus in para 6.24 it is: demonstrated 
that that though frequency of trains have increased, track 
utilisation has decreased. Thus signalling and telecommuni­
cation improvements have increased both capacity and 
utilisation, the former more than the latter. Therefore 
ratios of utilisation to capacity have declined.

Prof. Brisooe further comments that human skills might be 
one of ohief limiting factor in fuller utilisation of capital. 
We do not have data to that depth to undertake the Job. Honrever 
we place on record our thanks for his kind interest.
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that trains are perfectly operated according: to the rales*
Thus the former concept does not consider delays set by 
rales such as safety train operation while the latter takes 
into account .such delays. We follow, the latter concept in 
our analysis since it is more pragmatic.

Track Capacity:

4.13 Track is one, of tie most Important and expensive 
type of capital contributing for production. Unlike in road, 
marine or air transport, path is the main constraint. Two 
trains cannot pass on the same track at a time. This means, 
until one train passes on a section of track, a second train 
has to wait at a crossing station (on a single line). On 

multiple tracks this constraint is not operative. Thus
throughout the, ,24 hours in a day, continuously trains cannot

! 1 ■ ,be run. Besides, before a train is received at a station, 
many operations have to be performed such as signalling, 
operating token box Instruments and other necessary formalities. 
The total time spent by a train is composed of operating time 
and running time and they depend on signalling facilities 
and speed. Thus the throughput is a function of the interval 
between a train reaching a station end a train in the opposite 
direction starting again. If this interval is minimised, more 
output is possible. Thus speeds of trains, composition of trains 
(passenger or goods, express or ordinary), operating time, 
type of technology, spacing of stations, efficiency of the 
personnel, time needed to maintain the track etc. determine the 
track capacity.
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4.14 A number of formulae are used to estimate track 
capacity. One of the popular track capacity formulae is 
given by Scott (frequently quoted in the Railway in-studies) 

which is given below*

line capacity on a 
single line tin 
terms of number of 
trains both ways)

Minutes in a day
------- ------- x2? + t

Efficiency Ratio

She minutes in a day are 1440, f means longest running time
' » , i

over any block station and t means operating time. Efficiency 
ratio refers to the efficiency with which personnel engaged 

in train operation discharge their duties.

Scott took the effienoy ratio as 70$ and t as 5 minutes. 

If the T is 11 minutes, then

Line Oapaoity 1M£X 3SL *11+5 100 63 trains both ways.

Thus from each side about 32 trains can be operated in the 

above example* If there are two lines, assuming two trains 
are run unldirecttonally, that is one line for up-trains and 
the other for down-trains, using the above formula line oapaoity 
can be calculated for each line separately. If there are three 
lines, capacity is worked out for 2 lines as mentioned above 
and for the third line on the basis of single line* In a similar 
way for quadruple or quintuple lines, capacity can be calculated.

4.15 In India till about 1960, track capacity used to be 
calculated on the basis of Soott*s.formula. Eram then onwards,
it had been calculated by the use of Master Chart • a.scrutiny

! ,
it is found that both the method a give almost the same results. The line



104

capacity of a section Is drawn up on a time-distance graph, 
which is known as Master Chart* Xn this method, the calcu­

lations depend on the skill of the person who draws it. In 
the Ohart, first passenger trains are fitted and then as many 
goods trains as possible will be fitted. Finally, paths in 
which the run is completed in reasonable time or the economic 
paths, are selected. fhus line capacity of a section is 
determined by the a so of graphical method.

4.16 Mne capacity data are not published in the annuel 
reports of the Indian Railways. Some, of the Zonal Railways 
publish line capacity data in the ’General Manager *s Annual 
Reports* for certain selected years specially from the beginning 
of the fhird Five fear Han (1961). Hence data were collected 
from the Railway Board’s records and Zonal Railways* Annual 
Reports for the years 1956, 1961, 1966 and 1972* For 1951,

1 line capacity data are not available. fhe area covered by a 

Zone is divided intos certain sections, fhe distance of a section 
varies from 1 KM to 100 KMs. For each section, line capacity 

in terms of number of trains, per day as on 31st March is given, 
fhe distance of the section multiplied by capacity in terms of 
number of trains which the track permits, gives capacity train 
SMs per day on that section.

4.17 Having measured line capacity ty the above two methods, 
the average actual number of train Ms performed are compared 

with the capacity train %s to arrive at percentage utilisation, 
fhe ratio of capacity utilisation of track for all the Zones,
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(for which data are available) was calculated separately and 

are aggregated with the running track kilometrage weights*
Ihe overall utilisation ratios for the years 1956, 1961, 1966 

and 1972 are plotted on a graph aid are interpolated fcy linear 
segments to know the trend* Since data for 1951*52 are not 
available, we have assumed a similar percentage of utilisation 
in 1951-52 as that of 1955-56* Such assumption is not 
unrealistic in view of almost constant rate of utilisation 
of engine and vehicle capacity in 1951-52 (engine and vehicle 

.capacity utilisation are discussed In paras 4.19 to 4*21 below)*

4.18 fable 4*1 gives Zonal and overall track capacity
utilisation ratios for the aforesaid selected years* It is
evident from the table that track capacity utilisation varied
between 60-70$. fhe track was better utilised in the earlier

- period than in the later years* fhe reason for such a drop is
suggested in foot note 10 of this chapter* Since our interest
is on aggregate capacity, an inter-comparison of figures for
different zones was not attempted*
Engine Capacity:
4.19. So estimate engine capacity, total engines of each „ 
gone as on 31st March of each year were taken* Statistics 
pertaining to average daily percentage, of engines in repair are 
available which account for about 15$ of the total engines* % 

subtracting the engines in repair from the stock of total 
engines, net engines available for use are obtained. Prom this, 
engines used for shunting service are subtracted, broadly, 
there are 3 types of engines — steam, diesel and electric*
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From interviews held with t he operating branch, it is known
that steam, diesel and electric engines can be used for 12,20
and 21 hoars in a day respectively. The actual speed of an

11average goods and passenger train works out to 21 ECPH. Thus 
on an average a steam engine can perform 12 X 21 * 252 engine 
Ms per day. Assuming one engine is sufficient to operate 
an average train, engine Ms become synonymous with train Ms. 
Thus, the capacity output of a steam engine works out to 252 
train Sis per day, and this multiplied by net steam engine 
stock gives total capacity train Ws of all steam engines. 
Similarly, the capacity train Ms of diesel and electric engines 
can be worked out. Thus, gone-wise, for the selected years, 
we have calculated the capacity train ©is"of of engines and 

expressed the actual train Ms as percent to capacity train 
Mg of engines to work out capacity utilisation. The sonal 
capacity utilisation figures are combined by running track M 
weights to deiive overall capacity utilisation of engines of the 
Indian Hallways.

4.20 Table 4.2 presents the engine capacity utilisation 
ratios. It is noticed that the utilisation of engines capacity 
is fairly stable around 54$.

Passenger Vehicle Capacity*

4.21 Actual vehicles on line in terms of 4-wheelers are

11. For details of speeds d? goods and passenger trains on
different gauges, see K.G.S. Iyer ,* Increase in line Capacity 
on Single line *, International Railway Congress Association. 
Feb. 1966. ' iri 1 J
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taken into aoeount, °n an average 15$ of the vehicles will
be under repair and 5$ of the available vehicles will be in

12the yard, for getting cleaned, The vehicles In repair and 
cleaning are deducted from the total stock of carriages to 
obtain net carriages which can be used foa? 24 hours per day,

13The actual average speed of a passenger train is 30 KMHf,
Thus a vehicle can perform 30 X 24 « 720 vehicle B&s per day 
which is its capacity output, 720 multiplied by net stock of 

vehicles gives total capacity vehicle Klfei She actual vehicle 
%s (in terns of 4-wheelers) are expressed as percent to 
capacity vehicle KMs (in terms of 4-wheelers) to calculate 

utilisation ratio, The zone-wise capacity utilisation ratios 
are combined with running track KM weights to determine overall 
utilisation ratio.

Table 4.3 gives capacity utilisation ratios of vehicles.
It is evident from the table that the utilisation ratio varied 
between 39 and 44 percent and there is & slight drop over the years.

Wagon Capacityi

4.22 Actual number of wagons (in terns of 4-wheelers) on 

line are considered, Prom the interviews held with the Railway 
Officers, it is learnt that the safe percentage of wagons under 

repair may be assumed to be 15$ on a day. W 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 information is inferred from interviews held with the 
Railway Officials,;

13. X.G',8. Iyer, op, oit. ^
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Taole 4*5

CAPAG IT I IT.? IL ISiiT ION TKACK AND

Years
Percentage Utilisation of

Track Engines Passenger Wagons
vehicles

1951-52 69, <? 54*5 44,4 29.5

1955-56 69.5 54.0 44.3 32.4

1960-61 63.0 52,5 39 4 6 , * 35»2

I965«66 eo.o 51.3 39,1 33,6

1971-7S 60.2 ' , 54.2 41s 6

,Source 3

8

Tables 4*1 

S> 69.5$ is

« 4,2, 4.3 and 4.,4 

.the assumed figureNote
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average goods train is 11 XKSH.1* Thus 11 X 24 * 264 represent 

capacity wagon KMs per day. She actual wagon KMs (4-wheelers) 

per day are compared with capacity wagon Mb per day to arrive 
at ratio of utilisation. She zone-wise utilisation ratios are 
aggregated with running trade Sfc- wi weights*

4.23* Sable 4.4 gives the utilisation ratios of wagons. It 
is noticed that wagon utilisation varied around 30-35$. Shere 

Is an improvement in utilisation ratios oyer the two decades*
i

Having calculated the utilisation ratios of trade,
, i

locomotives and carriages, we turn to the discussion of estimation 
of overall capacity utilisation of the Hallways capital*

Overall Capacity Utilisation of Oapltal Stooki

4,24 So far, we have discussed the methods adopted to estimate 
the capacity utilisation of four important types of capital assets* 

An analysis of the utilisation ratios of 4 types of assets enables 
us to determine the overall capacity utilisatibp < of stock of 
Capital of the Railways, These 4 ratios are presented in Table

v

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 utilisation ratio to indicate 
how far the capital assets had been .put to use#; It can be 
inferred from the graph that track is the main bottleneck to 
increase output, _,If the utilisation of rolling stock goes on

14. K.G.S. Iyer, op.oit.
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improving, track capacity utilisation will first reach to 
saturation i.e. 100#. Once track capacity is utilised to the 
maximum, eventhough rolling stock has still unutilised capacity,

s t.

it cannot he used since unutilised track capacity is not avail-' 
able. We are aware that capacity of a track is a somewhat nebulous 

concept, within certain limits it oan be Increased with innovations 
in signalling and tele-communication equipment. Shis factor has 
been taken into account while calculating track capacity. Hence, 
under the existing technology, rules governing their operation 
and other constraints, track is the main bottleneck and track 
capacity utilisation can be assumed to represent overall capacity 
utilisation of the Railways capital, suture innovations may 
change the whole picture but it is extremely difficult to conjecture* 
We have used this percentage of underutilisation to deflate the 
actual capital in use to determine the technologically necessary . 
capital in the next chapter.


