'—"‘\-*' 4")._, - Mu—‘ o

The Indian Economic Journal

10N
JOURNAL OF THE INDIAN ECONOMIC ASSOCIATION
\

Special Issue, January 2022

————

L]
wt____ =gl \&Q.*.-.:.N—-:

> SOC'“' DeV9|0DmenT Cross Regmns '“
b Poveny and Inequality Disparities

15th Finance Commission Recommendations and
Regional Development

> Regiond Puﬁem‘ofemeey‘m‘emand‘migmﬁ@;_

4 Infrostructure Development cross Reglons

> Case Studies of Selected States Includmg Intru Stute Dlspurmes

> Public Policies for Reducnon of Regional Disporfies

.......................................................................................

CE Scanned with OKEN Scanner



velopment In North East

wh“llzhnllc“gcs And Opportunities
[ndia’

ikl Chyrmané 173
Sqniﬁy Klln]ar .................................... I

fodelling of Out Migration Pattern in
10
17. ?hc U"m.,,klmnd Himalaya

Sa\’im Ch:\lmlyal ...............................

8 Emplovmcnt _ Unemployment Of
& Young Graduates In India: Insights For
Balanced Regional Development In The
Post-Covid 19 Period

SONAM ATOTR...rrsssssssssssssssssssssssseeeess

19. Regional Disparities In Higher
Education: A Case Study of Karnataka
211

An Overview Of Agricultural Labour
Market Of Kerala - A Comparative
Analysis With The In_'dian Context
M P Abraham

R. SanthoSh....cccovemrmrcecsmmmmnnsenennens

20.

21. Post Effects of Covid-19 on Legacy of
Rising Poverty and Widening Income
Inequality in India
Dolly Singh
Girish Mohan Dubey........cccoeeeeneeneee 234

22. Long-Distance Migration And
Variability In Income: A Study Of The
Migrant Construction Workers Of
Kerala
Sheeja

R. Santhosh 250

---------------------------------

23. A Comparative Analysis of Efficiency

Across Railway Zones in India
Loveleen Gupta

---------------------------------

24,

Mnl(i(lhmrnsim\;\l P

B ' ol
IMARU States 1y 1,00 ' 10
1991/92 2015/1 . A ;fh"h
Approach o

e v, iew of Pra
Krishnendu 14 i, 1. Overview .
™ . " 1ima Yoyl
Prankrishna Pal... pasal Bio ,s
........ .o Sche

“ fnsnr anct

artunities
ppo

»  p \
25. Poverty Status of Vuln .
A Study In Tela e 5, o
ANgang g, oy |
A State "
nkasala Samabg Siva Raq ‘ ‘
SiVaRag, yarieniture &

;v.‘gun!'\j"l"l“‘i

26. Multi-Dimensional Stu

d !‘ - Y-
(Pradhan NIantri Ujiwa?an;pm“'f \uuthc'rf'\ Par
And Its S jan, Souray Kumi
—— Contributigp Tﬂwardq V:.v)
P we.rment Ome, 4, Tribal Livel
Devanshi Kapoor S—
Shilpi Gupta -

nf Bankur?
3()2 Sourav Kus

27. ANote on The Use of A Mexg

Economic Inequality ip Anal
The Refractive Index of Ge

ure gf R

Og“e to

e

5, Impact o

Optics OMetrieg) on Socio
Amlan Majumder............ Covid-%
""""""""""" 0 Handiy
28. A Study of Rural-Urb N Lo L.P.
Bihar : A Case Study P " Dharm
Tapan Kumar Shandilya.......... 3 By
29. “Dynamics of Public Services in Uty el St_u
Pradesh” Indi:
Bhola Khan........cccooeevmnniiceionn., 366 e
30. Farmers’ Suicides in Telangana and 3 ‘::
Andhra Pradesh in India: Socio Kr
Economic problem or Mental Health
Issue? 38. St
Laila Memdani........cccoeemmns 3 T
R

31. Regional Development And Tourism: A
Micro Level Study In Kovalam
Anand Jayakrishnan K

Nedumpana Anil...e B

C} Scanned with OKEN Scanner



The I, dian ; ﬂ
260 conom,c "

A Comparative Analysis of Efficiency Across Railway Zoneg i
n ngj
a

| L“Veleen
ABSTRACT b

Indian Railways is a State-owned public utility of the Government of Indi, under gy ;
Railways. The present study is dedicated to analyzing the inter-zonal growth story of 161 i
Indian Railways for the period 2003-04 to 2017-18. Malmquist index has beep Used fo 20
inter-zonal growth story of Railway zones. The results of the Malmquist indices op t:talﬁet
productivity change shows that productivity is fluctuating during the entjre period 2031 facty,
2017-18. Total factor productivity is increasing except in the years 2004-05 (0.967 2070 to
(0.915), 2009-10 (0.956), 2011-12 (0.923), 2014-15 (0.918) and 2016-17(0.864), The’resu1&09
the analysis show that the main source of total factor productivity growth is attributed ¢, techts' of
efficiency change. The total factor productivity decomposition shows that mean tech;-lcal
efficiency change increased by 0.6% whereas mean technological change has showy a declineczlf
0.6% during that period. This implies that the total factor productivity growth of railway zope, i
due to technical efficiency change. To put it differently, 8 out of 16 railway zones (50%) haye
shown improvement in technical efficiency change. On the other hand, only 9 out of 14 railway
zones (5 6.25%) have shown improvement in technological change. However, Indian Railways g
a whole has exhibited a decline in technological change (0.6% decrease over the entire period).

JEL Classification: 192,03, R41

Keywords: Indian Railways, Railway Zones, Efficiency, Productivity, Malmquist Index

INTRODUCTION

Ind‘ian Railways is a State-owned public utility of the Government of India under the Ministry of
Railways. It is the biggest monopoly organization in India with 67,368 route kilometres of route

le‘ngth. It has 61,680 Route kilometres of broad gauge, 3479 kilometres of meter gauge and 2209
kilometres of narrow gauge as of 31st March 2017. The

in 1853 'w}.lere the first train journeyed covered g distance of 34 km from Mumbai to Thart.
Today, it is the fourth-largest rail network in the

: . A world, with a track length of 117,996 kn
k]zl:;metre? 72,(3125] lrzllway e locomotives, 70,937passenger coaches, 289185 freight
wagons. In - ’

e ’ 8 billion more than 22
million pa'ssengefs a day and above 1billjop tons of frejoht lp assengers annually or . i
2018, Indian Railways carried 8.26 billiop passe ght In a year. In the year ending

Indian Railways had a modest beginning

Assistant Professor, Bharati College, DU, Ney Delhi

T y

C} Scanned with OKEN Scanner




Jysis of Efficiency Across Railway Zones in India e Loveleep, Gupta 261
y:
e A . .
0’ .18, Indian Railways is the cighth | .
p | year 2017-18, BN largest employer in the world with 1.308
ﬁSCﬂ ) as OfMarch 2017.

]ﬂ [h‘v C]ﬂployees

AN .
ImlllO [ndian Railway system . was regrouped and

_ formed into i
m . .]\’e e mely Southern Railway (9634 rop(e kam) nto six major Zonal
ctraf] 122 route km), Eastern Railway (9109 ro

' : In 2010,
dian Railways, Additionally, Konkan

Railways but is normally considered a

Indian Railways that include the name
1s and divisions.

0 .
(Z)f[he Railway, year of establishment, route km, headquarte

Table 1: Zones of Indian Railways

s, |Name of | Year of | Route Head
\o. | the Railway | Establishment | Kms cadquarters | Divisions

| | Central 1951 3905 Mumbai Mumbai, Bhusawal, Pune,
, Solapur, Nagpur
) | EastCoast | 2003 2572 | Bhubaneswar Kburda Road, Sambalpur,
Visakhapatnam
Danapur, Dhanbad,
3| East Central | 2002 | 3628 | Hajipur Mughalsarai, Samastipur,
| Sonpur
Howrah, Sealdah, Asansol
E ) ) s
astern 1952 2414 | Kolkata Malda
ot d, Agra, Jhansi
Central 2003 3151 | Allahabad Allahabad, Agra, Jhansi

North

[zzatnagar, Lucknow,
Eastern 1952 3667 | Gorakhpur

Varanasi

. Jaipur, Ajmer, Bikaner,
Western 2002 5459 | Jaipur

4
3
[~
b
\
7 | North
\
§
\

Jodhpur
I Delhi, Ambala, Firozpur,
Mnhem e 6968 Delhi Lucknow, Moradabad
- -
et N
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Northeast | 1958 3907
9 Frontier Gu“’ahali
South 1966 5803
10 | Central Secu“dembad
// —
South 1955 2631
11 Eastern Kolkata
— [ soutn_Est| o |
Sout 2003 24 ;
12| Central & Bilaspyr B
— T | [
Sou 2003 3177 .
13| Western Hubli
— _\
14 | Southern 1951 5098 Chennaj
| West
15| Central 2003 2965 | Jabalpur
—" \
16 | Western 1951 6182 Mumbaj Ah -
Bhay k
I— — |
Metro oy
17 Rﬁil\vay 2010 27 KOlkata m\
The present study is dedicated to analyzing the inter-zona] grom\

Railways for the period 2003-04 to 2017-18.

LITERATURE REVIEW

In this section, an attempt has been made to review the efficiency and productivity j
. . . . : llemm
with major studies on railways. There is extensive literature on raj y

Iway transport ]
. . : 0

evaluation. They mainly focused on efficiency and productivity measurements, The m::hidT
can be classified into four categories: index number, least squares, data envelopment mlﬁ

(DEA) and stochastic frontier analysis (SFA) (Coelli et al 1998; Oum et al, 1999). Freemantd
(1985) applied the Tomnquist index to measure and compare the total factor productiyd
Canadian Pacific (CP) and Canadian National (CN) railways over the period of 1934l
Tretheway et al. (1997) also employed the same method but extended the data to 1991. Theymd
that although CP and CN sustained modest productivity growth throughout the perod °”95f’
1991, their performance slipped over the next decade. Brunker(1992) applied e D
Tomquist index to estimate the total factor productivity growth of Australian NaﬁOﬂf”! w;}s
for the period 1979-1987. He concluded that in the estimation of total factor producuw‘)"_“f‘f
cost share in the presence of excess staff overestimated the contribution of lsbour ©PFE

y Across Roilway Zones in India @ Loveleen Gupta 263
E/ﬁcieﬂf

is of

o o> ._4 the least-squares method to develop definitions of productivity growth
Wi 981) 2P ll:res of production. Pucher et al. (1983) examined the US urban bus
e el’”g'e aeral S‘ru,ctlc regression analysis to identify the degree to which subsidies affected
PRI mumpting costs. Their result shows that transport subsidies had probably
o ity and ! [.)::;alcvcls and exacerbated increases in costs, although the source of subsidy
. uctiv! ributory factor, with federal subsidies having a far larger adverse effect on
i jrobed co e subsidies.De Borger (1991) constructed the trans-log cost function for
iy than sﬁ; chowed that Belgian railroads had an annual productivity growth of 1 per
produ iiroads Z:jndisp]ayed constant returns to scale. McGeehan (1993) also employed the least-
(on 8v° can estimate the cost functions of Irish railways and his results suggest that the
ceﬂges cthod 10 onal form would not be appropriate in describing the production structure.
ch:bb'poug as fulﬂc( 1993) applied the least-squares method to estimate the short-run variable cost
i Jaender e{:}t sa .claSS [ railroads. They concluded that the institutional barriers to capital
fcton Lt be substantial. Obeng et al. (1995) used a long-run trans-log cost function to

odjustm® . cectional data for 1985 and found that transit costs are, in general, positively related
¢ Cross™

it subsidies:

) (1996) applied the generalized-level cost function to estimate the short-run cost
Bereskin £ US class 1 railroads to measure the impact of deregulation on the rail industry. His
guetures © hat deregulation policy appeared to enhance productivity growth. Similarly, Wilson
sl Shozlmcted a short-run trans-log cost function to analyze the impact of deregulation on US
(1?97) Z?,:(ivity for the period 1978-1989. His results show that economies of density were present
zrﬂol:l;w“t the study period 'and cost' reductions were significant after deregulation and
pmductivify increased over .tlme: Atkinson and ?omwell (1998) proposed an alternative
¢conOmELTic framework for estimating and decomposing the productivity change and then applied
it on twelve US class I railroads over the period 1951 to 1975. The results concluded that a
likelihood ratio test rejected the standard non-frontier specification. Cantos-Sanchez (2001)
estimated a trans-log cost function from a panel of twelve European state-owned railways for the
period 1973-1990. His findings reported cost substitutability between track infrastructure and
passenger operations but cost complementarity between track infrastructure and freight operations;
that is, higher track costs lead to lower passenger operation costs as well as higher freight
operation costs. Loizides and Tsionas (2004) specified a trans-log cost function, using Monte
Carlo simulation methods, to derive the exact distribution of productivity growth of ten European
nilways over the period 1969 to 1993, and to explore in detail how the productivity growth
distribution shifts as a result of changes in input prices and output. Ivaldi and McCullough (2004)
evaluated the technological feasibility of separating vertically integrated firms into an
infrastructure company and competing operating firms for the US Class I freight railways
using generalized McFadden cost function for the period 1978-2001. Their results show that
vertical separation may lead to a 20-40 per cent cost disadvantage against a vertically integrated
System and to even greater disadvantages if bulk and general freight operations are also separated.

Oum a.nd Yu (1992,1994) estimated the productive efficiency of railway companies in 19 OECD
fountries over the 1978-89 period by using Data Envelopment Analysis. Their analysis centres on

@ Scanned with OKEN Scanner



[ L L i ate
n:l:-‘cmcﬂf yprovements during the periog

tinlluxwliccnblc declines. Bookbinder and Qy (1993) u
experi¢ CN and CP) and five US Class | railways using Dcom
Canadian (,\ been estimated by including differen NUmbe 5
HNICIS'::;:C:lc Burling ton Northern (BN) ag the m 'S of
results NS

; . ) ost efﬁcie teg
() as the least efficient (28 per cent less efficient yy,q,, BN). o, Way
(CI\ as

A to measure efficiency for US rail firms since deregulati.on 1ain gy,
e ved efficiency. They found that since dcrcgulation, the te an
impro .

I g improved substantially.
Na

qutonomy. Their results indje
ma > While CFL
ignificant

rienced

§;

Schy: "adiy,' iy
aSSeSS I (lgn Nit’
Chnigy) efﬁc}"het}] %), "%

eney me’&e:bp

o
. Of
t0s et al. (1999) analyzed the evolution of produg R : h
Cano_-9 5 using a non-parametric approach that enables changeg ; "Obean . \
.197 .ar;ation;in efficiency and technical change, The results ;
}mo\ centrated in the last period (1985-95) when
ISrocc(:slses of reforms. Cowie (1999) c?mpareq - efﬁCiemy °
Ey constructing technical and managerial efficiency frontiers and
using DEA. Private railways were found to have 13 PEr cent b
ublic ones (89 per cent vs. 76 per cent?. Nolan et g, te00my
:ection of US public transit operators using data e

nvelo
subsidies paid from local authorities actually had 3 pos

tivity ;

n th,

the lnaj I8l

WiSS Pllbl
the o

Panj,, &
ang 3 Uyg N
e asu

3 pﬁ\late tn“‘)k

) ly
8 boty iy

- f .
PIEN analygig, Sty o
tive

- Mpact op, ¢ 1_’) u|
paid from federal authorities had fi neganv? !mpact. Lan ang Lin (2003b) i
approaches to measure the technical efficiency anq service effectiveness
Lan and Lin (2005) further developed a four-stage DEA approach 1q oy
with the adjustment of environmental effects, data noise, an
two-stage data envelopment analysis (DEA) approach to in oGy
productive efficiency in European railways for the- period 1990-200; . Their resunsp::hw
positive influence on efficiency ofcompeti-tiv(? tendering, a negatiye influence of 1hird.pmy0w:dl
rights and a negative influence of managerial independence.

of Worldy,

ate Raily,
d slacks, Driesgep

: etal, (g
Vestigate the impag

Kumbhakar (1987, 1988a,b) is the first to apply the stochastic
estimated allocative and technical inefficiency for US Class | ra
These studies were focusing primarily on methodological deve
require further review and analysis. Gathon and Perelman (1992) estimated a fa_c“" reqm
frontier for 19 European railways using a ‘panel data approach, in which technical ?fflClEntyis
assumed to be endogenously determined. The results indicate a positive co-rrelatmn bemim
managerial autonomy and technical efficiency. Gathon and Pestieau (1995)' estimated atht!:n:ﬁ
production frontier to compute a gross efficiency index for 19 European railways ovzrfmmpw1
1961-88. The average gross efficiency index over the last three years (1986-88) m;g:, i
for NS (Netherlands) to 0.732 for DSB (Denmark). Next, in a second stage fegf:z: o i
autonomy index constructed by Gathon and Perelman (1992) in order t(;ﬁ Ct;:ncy e
caused by a lack of managerial autonomy and to decompose the gross effic

frontier methog 10 railyayg p
ilways, over the period 195135
lopment. The empirical findiny
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y

265

——
alysis of e
e A

conclude that managerial autonomy is an important determinant of
iciency- T,lheZ)'s' performance. Coelli and Perelman (1996a) estimate output-
of nt_owncq rai V: a panel of 17 European railways over the period 1979-83. They use
e funCtlo'rIS o(echniqUCS: a deterministic frontjer using COLS, and a stochastic
dist? o estimation likelihood (ML) method. Comparisong lead the authors to select the
the maximu"‘;feﬂc d estimates. They also use two alternative
" es a5 1he P;nd total revenue as aggregate output) and conclude
sutput inde)hf aggregate output is fraught with danger, while the
[measure u(:table method of aggregating output,

. A 5

output measures (a
that the use of total
multilateral output

ﬂearS tobeds . . y
(2000) estimated productivity, efficiency,
and Maudos SFA. The results showed that the most
Cunl‘; qailways usgitonomy, Cantos and Maudos (2001) also

BuroP™™  jegrees
igher

and technical change for 15
efficient companies were those
employed SFA to estimate both

hig enue efficiency for 16 European railways, concluding that the existence of

with diciency and revexplaiﬂe d by the strong policy of regulation and intervention. Lan and Lin
€ - .

Cos;ﬁcie" coul: :)hee relative productive efficiency of worldwid

in¢ mpare

e rail systems with DEA and SFA
suitable than Cobb Douglas for
eturns to scale more relevant than

al. (2004) investigated the impact
on twelve European national railway firms for the period 1980-2000. By
.oy reforms

of policy

duction frontier model they compared passenger traffic efficiency and results show
ing a produc
applymg

dual implementation of reforms improved efficiency, whereas multiple reforms
ua

at the iz simultancously had, at best, a neutral effect.
implemen

found a trans-log production function .more
pp aches- Thel)' tion between inputs and outputs, and variable
2 a
the r¢

specifying urns fo scale for the rail transport industry. Friebe] et
t re
consm“

METHODOLOGY

ist Index measures the productivity change of a DMU between two time periods. It
The Malohus fined as the product of Catch-up and Frontier-shift terms. The catch up (or
- b-e : E:ﬁ‘:ed as the degree to which a DMU improve or worsens its efficiency, whereas the
RCCO.V ery)}:isﬁ :or innovation) is defined as the change in the efficiency frontiers between the two
g;nen;—riids. Here, we are dealing with a set of n DMUs xpy) (i = 1,2(,1..
inputs denoted by a vector x;€R™ and q outputs denoted by a vector yieR

over the periods 1 and

2 —

2. We also assume x; > 0 andy; > 0 (Vi). The notations (X0, ¥o)* = (x3,y3)and (T(O'YO) =
(xé ys) are employed for designated DMU, (0 = 1,2, ....n) in periods 1 and 2 respectively. The

production possibility set (x,y)" (t = 1 and 2) spanned by oy ' (= 1,2,...,n) is defined as

...,n) each having m

n n
=0
xy)t = i(x,y) x> Eki.xi‘ando < YSZ}‘I-)H‘ L=edsUdr=
i=1 i=1

& £ i ,and Land U
Where ¢ is the row vector with all elements equal to one, A eR™ is the intensity Vf::?t; sof Gey)
¢ the lower and upper bounds for the sum of intensities. The prOdUCt.lo.“ pZ:Slossiblc © irr'xprove
t n
haracterized by frontiers that are composed of (x, y)e(X, Y)* such that it is not p

L
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- . . tlhe g

ST G this frontier set the fropy; Upyg y,

output. We call Sitler tecl"‘(’logy my Vithg,,
Derig

Catch-up Effect dy,

The catch-up effect from period | ¢ 2is Measyrey
as

f()ll()ws._

Effici
Catch —up = IClency of(x

Efﬁciency of(

If catch-up >1, it indicates progress ip

. rclatiVe effic;
and Catch-up<l respectively,

indicateg 10 chap

¢ ang Tegregs i:Eriod
Frontier-Shift effect ofp

We must take into account the frontier-shifl(innovat‘

evaluate the productivity change since the Catgy,.. : Cet
measured by the distances frop, the res up fect ; ng s "
is evaluated as

: s
Pective frontierg Thusdetermihed by e
S

_ Efficiency of(xg, yo)t
Efficiency 0f(xq, yo)1

Similarly, the frontier-shift cffect at (xo,y(,)2

_ Efﬁciency of(x,,
£ Efficiency of(x,,

is €Valuateq 4

Yo0)? with respect 1, -
- 0

YO)Z With respect

Using, ay and a,, we can define frontier-

ont
to period 2 fro .&r

er
shift by

their geometric Mean

rontier — shif — - _
Frontier — shif = a=forq
If Frontier-shift>1, it indicates progress in the frong und py
2, whereas Frontier-shift=1 and Frontier-shifi<] p, :

frontier technology.
MALMQUIST INDEX

The Malmquist index (MI) is defined as the product of Catch-up and Frontier-sifiie

MI = (Catch — up) » (Frontier - shift)

: ¢ fefs
The numerical measure for the efficiency score of DMU ((xo, o) measuedby

technology t, can be written as

: d((x0,¥0)%)
SR

espectively indicates statug ;mmm

267
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.ot Cy
E/ﬁaeﬂ

sis of P
e Anol’ ¢ can be written as

t
o Jf effect e
. "“cr'sm Y((x0,¥0)") - d'((%0,¥0)?)
[0 d'((0.¥0) ) |
" F= | @00 o) " (o y0)
hich is a product of Catch-up and frontier- shift can be written as
MI) wh
rﬂqulst index ( ] 2 e
e d'((x0,¥0)*)  d*((x0,0)*)
=\ (o Y0)Y) d2((%0,yo)1)
is interpreting geometric mean of two efficiency ratios: the one being the
t ex pession * med by period 1 technology and the other efficiency change measured by
e '1; chang® meastt technology. Here, MI consists of four terms:
fficie?™? d
er10f

P (G Y2, d2 (%o, Yo)*and d?((xo, o). The first two terms are related to the
e 5y, d2((x0rYo)™

. 1 1 = = T
f(wh " wihin the same time period with t = 1 or t = 2, whereas the last two term are fo
rements

ison. If MI>1, it indicates progress in the total factor productivity of the
n - .
1 C(‘mllpall to 2. Conversely, if MI=1 and MI<1 respectively,
o ) . .
B total factor productivity.

iuteﬁCmpora
pMU, fro™

it indicates the status quo
and deterioration in

pATABASE

. section, a brief discussion has been done on the characteristics of
|n this s€¢ h’as labour, capital and fuel in railways. As compared to the b
variables 'suC he efficiency of a firm, railway services pose a wide range of sub-optimal conditions !
°ma]ysznt_ Marginal cost pricing and cross-subsidization of services etc. Despite various

?:Z?ma;m: an attempt is made to delineate the input and output variables in'railways.

i )

n railways transportation, two major o?tputs identified are
Broadly, we can define passenger services as passenger pe
freight tonnes kilometres. Passenger kilometres are define
muliplied by the average distance over which they travel.
the number of tonnes of freight carried multipli
trnsported. This is a case of a multj
the same input line occurs. It may by

based on passenger kilometres and fre;
1988; Sailaja

output and major input
. I
conventional procedures ‘

Passenger traffic and freight traffic.
T kilometres and freight services as
d as the total number of passengers f
Similarly, freight tonnes kilometres is T”

he average distance over whichit s
-product industry whe
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JotiesE == 11 s ~THES B,
JalotE= nysical output (1) zonal railways closer 1 Caugg G
logitimat® P han their own requij the gy the
° s carry more than €quirements tq supp}

a ., g% an . .
max;rlonal railway indistinguishably include the ¢]
each Z

ion emems o
eaming transportation.

‘ating tn
In railways transportation, three major inputs that are used ip gy the iy
and fuel. Apart from capital input, we can identify laboy, a::ilwa OPeryy;
roduction used in m“ways.' Ind_lan Railways is the larges; oy iy :ns ey,
zomw- The Labour force in railways comprises Group A 1;‘ er i ths ey
rs are generally categorized as Group A and > B, ~C and y & D“hlic o f%pn“
laboure: R . X B, Semhsk' Stafy s&%rk}(w
unskilled labour in Group D. Energy inputs in rajlyqy are v lleq 1 o o Ty,
lectricity, kerosene, petrol and other fuel. In order tg anal in the T iy Gmx, S\%
) i ifferent forms of ener YZe the tota] fo “DQ
zonal railways, ditferen ) EY consumed by Tailwayg e 0
etc., have been aggregated into a common unit ysing appropriznS MR as oo Sy
many conversion ratios available for aggregating varioyg ener Soe Conye on g 8
agency/country adopts a specific methodology dep thurces im‘)ac tig ‘Im"
ose for which aggregation is required. In India, convers; € Aailapyy; m"‘bnum 0
purp i S100S Were g Y Of g Uy
of the Planning Commission (1979) formula. Ip the earlier s one py & fa i
replacement measure was adopted as the common unit of measuremr Telateq o
is usually given in coal equivalent units. It is argued that the ey r;cnt. Inte
over-estimates the use of oil and electricity an o

cha Ener
d under‘esﬁmates the 1rep1aCeme By
compared to the measurements made on the coal equival us

. ent index
of all types of fuel except electricity in coal €quivalents jg
Statements of Railways. However, the electricity consumption j
hours. This unit needs to be converted into a common

oS Biven i g iy
. 0 unit using the °°“Vmionra' 0 Wy,
from Planning Commission (1979). As the data on zones elcctriﬁcation is gt 'um {
assumed that the electricity consumption is uniformly distribyteq among a| BIVeD. Wy,
aggregated with coal equivalents. Capital is proxied using the

20ngg and
total length of Jipes
represented by the operating expenses of rolling stock.

ending op

. . anl
(Sallaja,1988). T:nal dlmg ;
available in

Equipney
EMPIRICAL RESULTS

This section analyses the inter-zonal variations in the technical efficiency of 16 zones of Indin
Railways. Table 2 shows the estimates of the tot

al factor productivity (Malmquist index) ais
components which include technical efficiency change technological change, pure tecic

efficiency change, and scale efficiency. The year 2004-05 is taken as the reference year v
using the total factor productivity (Malmquist index) to analyze the productivity differences
time. It is also noted that all values of total factor productivity and any of its comPonenB @m
greater than one indicates efficiency progress and all values that are less than | indicatesffit!
regress and the v
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The results of the analysis show that the main source of tota] factor Productivity gt
attributed to technical efficiency change. The total factor productivity decomposition shows ly
mean technical efficiency change increased by 0.6% whereas mean technological chang by
shown a decline of 0.6% during that period. This implies that the total factor productivity grvt
of railway zones is due to technical efficiency change.
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sl 5 it is shown that the main source of total factor productivi
From Flgur§ ,t d to the technological efficiency change (0.6%) increase.
js attribute zones (50%) have shown improvement in technical e
qutof 16 rall“;ayg out of 16 railway zones (56.25%) have shown impr
other hand, fzvyer Indian Railways as a whole has exhibited a declin
change- H?—:ase o,ver the entire period). This implies that there has
(O.f:fn:::ce of the benchmark railway zones.

pC

ty growth for railway
To put it differently, 8
fficiency change. On the
ovement in technological
e in technological change
been deterioration in the

overall during the entire period under study, the improvement in productivity as a result of an
Vel

erage efficiency increase of 0.6% has been offset by the average technological decrease of 0.6 %
avzraisults in the railway zones exhibiting no change in overall productivity gains. Further,
::chnical efficiency change (i.e. 0.6%) can be decomposed into its pure technical efficiency and
scale efficiency. Accordingly, the result shows that pure technical efficiency increased by 0.8%

while scale efficiency regressed by 0.2%. This implies that railway zones have experienced an
increment of pure technical efficiency rather than an improvement in

optimu size (scale efficiency).
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South West 0.993
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Mean 1.006

Table 3 sho'\\'s the summary of the annual Geometric Mean values of the Malmquist produﬁ\ity
index and its components for each zone. Half of the zones (50%) have positive profueiy
growth (as total factor productivity is greater than one). Central, eastern, East Cenra, Neb

Central, South Central, South East, South East Central and West Central have registrd it
factor productivity growth of 1.1%

: %o, 0.1 %, 3.4%, 1.3%, 2.0%, 1.1 %, 44 % ud #4
respectively. The total factor productivity growth of Eastern, East Central and Souihwm‘sm

(0 technological change only. Meanwhile, productivity growth for North Wester ud 92
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pe ol ing deterioration in productivity over time. The productivity regress for East Coast,
0" i dlcanheast Frontier and Southern is solely due to deterioration in technological
NoﬂheﬂSt’ Itl1‘he productiVi‘Y regress in western is attributed to both declines in efficiency and
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Figure 3 shows total factor productivity and its decomposition by zones. It can be observed that
gouth Central and East Central are able to experience the highest productivity. Further from Table
3, it can be seen that 7 (43.75%) zones have an average pure technical efficiency change score
greater than One. North East, North East Frontier, Northwest, Southern, South Central, South East
and West Central experienced an improvement in their technical efficiency change of 1.4 %, 3.3%,
16 %, 1.6 %, 0.4 %, 1.6 %, and 1.5% respectively. Six zones out of 16 include Central, East
Coast, North Central, South East Central, South Western, Western registered a pure technical
efficiency change equal to one, thus indicating no change in efficiency at those who comes during
the entire period. Conversely, Eastern, East Coast and Northern have shown a decline in pure
technical efficiency change scores of 2.8 %, 0.7 %, 1.3 % respectively. The average pure technical

efﬁcie.ncy change score for the entire zone is 1.008 implying that pure technical efficiency change
Seore increases technical efficiency change by 0.8%.

1}":;:& to S;ale efficiency, 6 zones have scale efficiency greater than one. The scale of production
Conlribur:d on.h. Eastern, North Westem, $outh Central, South East Central and West Central
04 POSlllYely to total factor productivity by a factor of 0.9 %, 0.7 %, 9.2 %, 0.5 %, 0.8 %
il e 'eSPCCt\\.lely. Central, East Coast and North Central have a scale index value of one,
TPlyIng that their scale of production does not contribute to the total factor productivity.
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CONCLUSION 1
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shown improvement in technological change. However, Indian Ranw‘a\\’ay Zones (5 T’V:mem 'm
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