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Any society that desires to lower the inflation rate may suffer output losses in
the interim period. Even independent central banks have to contend with such
output losses, given the inertia in inflation expectations and credibility constraints.
Presenting estimates of the sacrifice ratio for India, this paper argues that the slope
of the aggregate supply curve in India is flattening and this may raise the output
costs of reining in inflation when the upturn of overall economic activity takes
root. Accordingly, estimates of the sacrifice ratio are going to become more
valuable than before. A low inflation regime may have continuous benefits which
may be enough to offset the initial output losses. This is the relevant trade-off that
society faces: whether the present generation is willing to suffer some hardships for
the benefits that will accrue to future generations.

* The authors are Assistant Adviser and Director in the Department of Economic
Analysis and Policy. The views expressed in the paper are those of the authors and
not of the institution to which they belong.

Introduction

Currently, inflation in many parts of the world is lower than in half
a century. In crisis-affected Asia, economies continue to contend with
disinflation and hesitant recovery. In the last bastions of growth in
Asia - China and India - there is a clear slackening of momentum.
Consumer price inflation which turned negative in China in 1998 and
1999 is expected to remain negative in 2002 (-0.4 per cent); in India,
year-on-year changes in wholesale prices – the official measure of
inflation – were trailing a little above 1 per cent in early 2002 with
inflation in terms of manufactured product prices touching zero. Over
the rest of 2002, inflation has remained weak, with average inflation
rate sliding downwards from its level a year ago.

Recent evidence from industrial countries, particularly from the
US in the 1970s, 1980s and early 1990s, suggests that disinflation
has been a major cause of recession. The decade-long co-existence
of near zero growth and falling prices in Japan has raised the
spectre of deflation over the global economy. In industrial
countries, policy interest rates have eased to levels which seem to
indicate that monetary policy is approaching a zone of
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ineffectiveness. In the Euro area, sentiment has begun to flag and
apprehensions of a moderation in the strength of the anticipated
recovery are beginning to surface. There is the growing danger that
even if economies continue to expand over the next year, growth
may not be strong enough to prevent the onset of deflation in
several countries including the world’s three biggest economies
(The Economist, 2002).

This paper undertakes an assessment of the lessons gathered
from this close encounter with the threat of deflation. Although
fears of deflation and its extreme manifestation – depression –
receded in the second half of the twentieth century, the paper
argues that it is unwise to disregard Keynes’ pronouncement on
the inexpediency of deflation being worse than the injustice of
inflation (Keynes, 1932). In particular, the paper cautions against a
generalised easing of the resistance to deflation which has occurred
in the closing decades of the twentieth century as price stability (in
terms of keeping inflation permanently low) gained primacy as an
objective of monetary policy. The commitment to price stability has
been reinforced by radical changes in the institutional apparatus of
monetary policy through legislative empowerment and institutional
reform. While the benefits of price stability are well known, it is
important to recognise that there may be some sacrifice in the
movement from high/medium inflation to a low inflation on a
permanent basis. Just as inflation in the higher reaches has harmful
effects on growth, monetary policy action moving inflation to lower
levels inevitably involves a cost in terms of output foregone. The
slope of the aggregate supply curve has a crucial bearing on the
magnitude of the output cost of disinflation. The flattening out of
the aggregate supply curve which has occurred in this
unprecedented era of low inflation, coupled with the presence of
nominal wage rigidities, has tended to enhance the output costs of
lowering inflation. This is because economic agents are forced to
adjust to slowing output, not through reduction in nominal wages
which are particularly rigid during low inflation, but through
cutbacks in employment and sacrifice of potential output.
Therefore, a tightening of monetary policy, should it become
necessary, would have stronger real effects than in the past.
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Estimation of the sacrifice ratio – the loss of output (or
employment) due to a lowering of trend inflation – is the main
objective of this paper. In recent years, there has been a
proliferation of empirical estimates of the sacrifice ratio, mainly
following the seminal contribution of Okun (1978). Interest in the
subject has spurred the employment of alternative methodologies
which are dealt with in this paper. Furthermore, estimation of
sacrifice ratios has generally been confined to industrial countries.
For developing countries, and particularly India, estimation of
sacrifice ratios is rarely attempted, the only known effort being the
work reported in the Report on Currency and Finance (RBI,
2002a).

The rest of the paper is organised into four sections. The
following section addresses definitional issues and select contribu-
tions to the literature on the sacrifice ratio with a view to
shedding light on common grey areas in the interpretation of
sacrifice ratio estimates. Section II sets out the methodology
adopted in this paper and the analytical refinements necessary in
the conventional approach to make the sacrifice ratio meaningful in
the context of a country like India. Section III presents an analysis
of the results. The final section contains concluding observations.

Section I

Sacrifice Ratio in the Literature

Since the 1950s, the debate on the trade-off between inflation
and growth has arguably focused on higher inflation as the cost of
higher growth and reduction in unemployment. Even the Friedman
(1968)-Phelps (1969) critique on the trade-off in the long-run
pointed to the inflation consequences of attempting to lower
unemployment below its natural rate. In large measure this was the
consequence of the Keynesian-type conduct of monetary policy and
its institutional framework which imparted a bias towards inflation.
Before the Great Depression, however, inflation and deflation were
treated as roughly symmetric; the conventional wisdom of the
1920s, exemplified in Keynes early writings, warned that ‘the fact
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of falling prices injures entrepreneurs; consequently the fear of
falling prices causes them to protect themselves by curtailing their
operations’ (Keynes, 1923). After the Great Depression, a near
consensus emerged that the effects of inflation and deflation were
asymmetric and that it was deflation which had led to an
unprecedented macroeconomic holocaust. The fear of deflation in
the literature of the 1930s was stoked by the monetary policy
ineffectiveness produced by the zero bound on the nominal interest
rate – deflation can generate further increase in real interest rates
and cause perverse wealth transfers – and the danger of financial
fragility turning systemic due to the impairment of debtors’
portfolios. The international effects of the threat of deflation were
drawn out in terms of competitive deflationary policies, including
exchange rate depreciation spirals (De Long, 1999).

Back to the present. Why has the disinflation since the late
1990s resurrected the spectre of deflation? This is mainly on
account of a dissipation of the inflation bias associated with
monetary policy as well as rising output gaps in the major
economies. In significant measure, the easing of the inflation bias
reflects the reforms that have occurred in the institutional
framework of monetary policy. Following the seminal work of
Kydland and Prescott (1977), the issue of time-inconsistency of
monetary policy and proximate resolutions has proliferated in the
literature, mainly focusing on the reputational constraints on
monetary policy – the preference for rules over discretion
(Friedman, 1977); appointing a conservative central banker with a
relatively low (or no) time preference and a high preference for
price stability (Rogoff, 1985) which provides a rationale for an
independent central bank; contracts between the principal
(government) and the agent (monetary authority) with the tenure of
the contract linked to the performance of the agent in delivering
low inflation (Walsh, 1995); constrained discretion through target
and instrument rules (Taylor, 1993; Svennson, 1999); and reforms
in monetary-fiscal coordination emphasising clarity of roles,
responsibilities and objectives, open processes of policy formulation
and public accountability (IMF, 1999). These developments have
had a fundamental impact on the institutional infrastructure of
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monetary policy and improved the technical skill with which
monetary policy is being conducted, even to the extent of
eliminating the inflationary bias. Indeed, this has led to an extreme
view that the probability of deflation is so small that worrying
about it is a waste of time (Perry, 1998). On the other hand, it
can be argued that the risks of deflation have increased
significantly, in view of the widening output gaps coupled with the
fact “many of today’s central bankers, brought up to believe that
their job is to fight inflation, seem to be underplaying the risk”
(The Economist, 2002a).

The fear of disinflation turning into deflation is fuelled by the
limits it imposes on the effectiveness of monetary policy. Too low
inflation is not just a disincentive for production decisions; it can
also delay consumer spending in anticipation of further fall in
inflation and damp demand at a time when its revival could have
been critical for triggering the upturn. Low inflation also imparts
inflexibility to nominal wages and labour markets, causing higher
unemployment and deepening the recession. Signals from financial
prices turn ineffective and with the real burden of debt increasing,
financial distress can threaten the health of the financial system.
Systematic evidence turned in on the presence of downward rigidity
in wages indicates that in a period of falling inflation the ability of
firms to make adjustment in real wages is severely constrained and
this leads to inefficiency in the allocation of resources and a rise in
unemployment (Akerlof, Dickens and Perry, 1996). The ability of
the monetary policy to counter deflation is also exacerbated by the
long time lags – at least 18 months or so – in its taking effect on
its final targets. This weakness is further compounded by the
failures to produce consistent and reliable forecasts of inflation over
a time horizon that correspond with the effective range of
monetary policy (DeLong 1999); this view is, however, contradicted
by others (Sims, 1999). Simulations for Japan to assess the impact
of a zero interest rate floor show that the probability of a
deflationary spiral which is nil for an inflation target of two per
cent and above increases to 11 per cent when the inflation target
is zero (IMF, 2002). This leads up to the diagnosis that good
monetary policy should aim for a rate of change in the price level
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consistently on the high side of zero (DeLong, 1999) or an
inflation target in the range of 1.5-4.0 per cent (Akerlof et al
2000). A more radical view is that strict inflation targeting is not
the promised panacea as fixation with short-term price stability can
lead to neglect of important signs of financial imbalances which can
cause deeper recessions and even a future risk of deflation (The
Economist, 2002b).

In the Indian context, the average inflation rate (on the basis of
movements in the wholesale price index, WPI), has been around 8
per cent per annum over the last three decades. A decade-wise
comparison reveals that the inflation rate has been quite stable: it
averaged 9.0 per cent per annum during the 1970s, 8.0 per cent
during the 1980s and was 8.1 per cent during the 1990s (Chart
1). Since the latter half of the 1990s, however, there is a
perceptible lowering of the trend inflation, abstracting from the
supply shocks. The current low inflation reflects both demand and
supply factors; accordingly, periods of low inflation for a year or
so may not break public’s inflation expectations, given the role of
adaptive expectations. Moreover, recent monetary policy statements
have projected indicative targets for money supply based on an
assumption of the inflation rate in the vicinity of 4-5 per cent.
Against this background, the costs of a further permanent reduction
in inflation rate to the levels prevailing in industrialised nations
may need careful consideration. Furthermore, the edging down of
trend inflation suggests a flattening of the aggregate supply curve
in India as in many other countries bound by the downturn. The
stance of monetary policy in India has been accommodative with
policy interest rates at their three decade lows. There are
indications that the inevitable tightening of monetary policy to
stabilise the upturn will be postponed well in to 2003. Given the
shape of the aggregate supply curve, the output effects of the
imminent change in the stance of the monetary policy may warrant
a close scrutiny.
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Some Conceptual Issues

The sacrifice ratio encapsulates the output costs of lowering
inflation. It has generally been employed in the recent literature in
association with disinflationary settings of monetary policy – the US
disinflation overseen by the Fed Chairman Paul Volcker in the early
1980s is viewed as the best episode for testing the validity and
information content of the sacrifice ratio. The sacrifice ratio has
been described as one of the subjects in macroeconomics that is at
the heart of many practical policy discussions but, at the same
time, rarely finds its way into serious academic publications
(Mankiw, 1994). The size of the sacrifice ratio has been regarded
as a guidepost in determining the speed of disinflation to be
engineered by monetary policy action. The potential costs include
lost output, higher unemployment, and related social ills. Only with
accurate measures of both can monetary policy in the quest of
price stability be assessed (Filardo, 1998). In this sense, the
sacrifice ratio becomes relevant not merely in assessing policy
effectiveness in a one-time transition from high inflation to low
inflation but also in the context of the ongoing policy rule.

The concept of sacrifice ratio quantifies in a single number the
extent of the output-inflation trade-off and, as such, distils complex
economic phenomenon into a fairly simple, yet informative, cost

Chart 1: Wholesale Price Index: Inflation Rate
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measure (Filardo 1998). The sacrifice ratio is defined as the
cumulative output losses that an economy must endure to reduce
average inflation, on a permanent basis, by one percentage point. A
few aspects of the definition are worth underscoring. First, the
focus of sacrifice ratio estimations so far is on reducing inflation
on a permanent basis as a deliberate strategy by the monetary
authority; temporary reductions in inflation on account of other
reasons, say, beneficial supply shocks are not the focus of the
exercise. Secondly, the concept of sacrifice ratio is relevant for all
values of inflation. Thus, although there are long-term gains from
inflation reduction for an economy whose inflation rate is above its
‘threshold’, the process of reducing the inflation towards the
threshold would nonetheless involve output sacrifice since inflation
expectations will continue to be dominated heavily by the
immediate past behaviour of inflation. Hence, the concept of
sacrifice ratio is consistent with the concept of threshold inflation.
Thirdly, the sacrifice ratio refers to cumulative output losses, i.e.,
output losses occur over time and not in a single period and the
output losses are measured as deviations from potential output. The
output losses decay over time and are not recurrent for a given
disinflation episode. Over time, the actual output approaches its
potential level in a gradual manner. At the same time, the concept
of sacrifice ratio is consistent with a long-run Phillips curve. Once
the lower inflation target has been achieved, the economy gradually
returns to its potential output path; in the long-run, the natural rate
of unemployment (or potential output) can be associated with any
average rate of inflation.

The nature of the output-inflation trade-off and the concept of
sacrifice ratio can be easily illustrated in an expectations augmented
Phillips curve:
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potential output and actual output, respectively. Equation (1)
indicates that, given the potential output level, any attempt to
reduce inflation requires either a reduction in expectations or a
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reduction in current period output. Available evidence strongly
suggests that inflation expectations exhibit inertia, being largely
adaptive (Mankiw 2001). Consequently, a tighter monetary policy
can reduce inflation only by depressing economic activity (a lower
yt). Over time, as inflation starts falling, inflation expectations also
adjust downwards and the output approaches its potential level. In
the long-run, therefore, monetary policy reduces inflation through a
lowering of expectations and, hence, the Phillips curve is vertical in
the long-run. The concept of sacrifice ratio is illustrated in Chart
2; the shaded area in the chart represents output losses associated
with disinflation and the sacrifice ratio may be calculated as the
shaded area divided by the size of disinflation.

Chart 2 : Sacrifice Ratio
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the slope of the Phillips curve is constant and, therefore, indepen-
dent of the business cycle and the speed of disinflation (Filardo, op
cit). In contrast, a non-linear Phillips curve would imply that the
sacrifice ratio would depend upon the current stage of the business
cycle and the aggressiveness of the disinflation. For instance, a
concave Phillips curve would be flatter and, hence, the sacrifice
ratio would be higher as compared with that computed from a
linear one. The opposite will hold in the case of a convex Phillips
curve. Theoretically, a concave Phillips curve would be consistent
with an economy where firms have pricing power (i.e., not purely
competitive) and the convex curve with an economy subject to
capacity constraints.

Sacrifice Ratio versus Benefits of Low Inflation

The concept of sacrifice ratio does not dispute the need for a
low and stable inflation rate. Lower inflation is beneficial to growth
as it may, over a period of time, offset the output losses suffered
in the process of disinflation (Mayes and Chapple, 1994).
Disinflation produces a net benefit and the output losses associated
with a typical US disinflation are made up in 10-20 years, i.e.,
output losses can be recovered in less than one generation (Neely
and Waller, 1996). What the concept of sacrifice ratio stresses is
that attempts to reduce the inflation rate will inevitably involve
output losses in the interregnum or ‘painless disinflation is
impossible’ (Buiter and Grafe, 2001). The question, therefore, is
whether gain from reducing inflation to zero is worth the sacrifice
in output and employment that would be required to achieve it
(Feldstein, 1996). Some studies suggest that low to moderate
inflation of about 10 per cent or less does not have any adverse
impact on growth (Barro, 1995 and Fischer, 1993). Other studies
suggest that there may be welfare losses even under low inflation
and, therefore, favour price stability. These studies have, in
particular, focused and quantified the distortions under an imperfect
indexed tax system and distortions to money demand even when
inflation is low. For the US, reduction in inflation by 2 percentage
points could generate welfare benefits of 1 per cent of GDP per
year forever (Feldstein, op cit). For the UK, the benefits from a
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same order of reduction in inflation are estimated at 0.2 per cent
of GDP per annum forever (Bakshi et al. 1997). All studies of
this genre, however, obtain their estimates of benefits under a
number of ad hoc assumptions. Moreover, these distortions can be
eliminated by changes in the tax code and, therefore, there is no
strong case for a zero long-run inflation target (Mishkin and
Schmidt-Hebbel, 2001).

Sacrifice Ratio: Estimates for Industrial Countries

The literature on the sacrifice ratio owes its origins to Okun
(1978) who examined a family of Phillips curve models for the US
to find that ‘the average estimate of the cost of a 1 per cent
reduction in the basic inflation rate is 10 per cent of a year’s
GNP, with a range of 6 per cent to 18 per cent’. Gordon and
King (1982) refined Okun’s methodology, using traditional and
vector autoregression models within the assumption of a linear
Phillips curve model, to obtain estimates of the sacrifice ratio in
the range of 0 to 8 per cent.

These early efforts assumed a linear Phillips curve. This con-
strains the output-inflation trade-off to be the same during
disinflation as during increases in trend inflation or temporary
fluctuations in demand. Accordingly, Ball (1994) employed an
atheoretical approach to estimating the sacrifice ratio by circum-
venting the assumption of linearity. The procedure consisted of
identifying disinflation episodes and measuring the sacrifice ratio as
the sum of output losses over the episode divided by the change
in trend inflation. The estimate of the sacrifice ratio at 3.1 was in
reasonable proximity of the earlier work. Ball’s episodic approach
has a reasonable following (Debelle 1996, Zhang 2001).

Intuitively, it is argued that Ball’s method of focussing only on
disinflationary episodes is acceptable only if there were a well-
established asymmetry in the impact of monetary policy on output
and prices (Cecchetti and Rich, 2001). Non-linear Phillips curve
models were employed by Filardo (1998) to estimate sacrifice ratios
which were sensitive to the initial strength of the economy, the
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intended timing of monetary policy action – whether preemptive or
disinflationary - and the size of the potential inflation change.
Accordingly, the output cost and the stance of policy have to be
evaluated on a case-by-case basis. On the other hand, Gordon
(1997) did not find any empirical evidence for a non-linear Phillips
curve. Cecchetti and Rich (op cit) estimated a generalised Phillips
curve relationship through structural vector autoregression models to
get estimates of the sacrifice ratio for the US in the range of 1.3
to 10 per cent of a year’s GDP for a permanent one percentage
point reduction in inflation. The need for subjecting the estimates
of the sacrifice ratio to robustness tests for statistical precision was
emphasised, the underlying economic relationships being somewhat
uncertain.

Andersen and Wascher (1999) represent an important
contribution to the empirical literature on the sacrifice ratio in the
context of the conduct of monetary policy in an environment of
low inflation. Employing several methods of estimating sacrifice
ratios, i.e., slope of the aggregate supply curve, structural wage
and price equations as well as actual developments in output and
inflation, sacrifice ratios were found to have risen from 1.5 during
1965-85 to 2.5 during 1985-98 for 19 industrial countries. This
suggested inflation inertia paradoxically stemming from enhanced
credibility of monetary policy in conjunction with real and nominal
wage-price rigidities. Consequently, lower rates of inflation have
been accompanied by a flattening of aggregate supply curves. This
leads to the key proposition that a tightening of monetary policy
would henceforth have stronger effects on real output than in the
past, with price adjustments occurring over a longer time span. At
the same time, the cross-country evidence of sacrifice ratios being
lower for countries that have flexible and competitive markets
suggests that countries can undertake structural measures in their
markets to offset the increasing sacrifice ratios.

Cross-country evidence corroborate these findings. The average
sacrifice ratio for OECD countries, based on single equation
estimates, was 3.2 with a range of 2-4, although outliers of 1.6
(Japan, Italy and the Netherlands) and 7 (Norway) were also
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observed. System estimates yielded a common sacrifice ratio of 3.7
for 15 out of the 17 sample countries (Turner and Seghezza,
1999). The key characteristics emerging from sacrifice ratio
literature (summarised in Table 1) is that estimates of sacrifice
ratios are highly sensitive to the estimation methodology.

Table 1 : Estimates of Sacrifice Ratios

Study Methodology Coverage and Estimates of Sacrifice
Study Period Ratio (%)

1 2 3 4

Okun (1978) Aggregate supply USA 6-18
curve

Ball (1993) Actual develop- 19 industrial Average 5.8 per cent for
ments in output Countries; quarterly data and 3.1 per
and inflation 1960-92. cent for annual data. For

annual data, the range was
0.9 (France)
– 10.1 (Germany).

Debelle (1996) Actual developments Australia, New 0.4-3.5
in output and infla- Zealand and
tion Canada

Filardo (1998) Aggregate supply USA 5.7 for a linear specifica-
curve (non-linear) in tion; 5.0 for a weak eco-
a VAR framework nomy and 2.1 for an over-

heated economy@ for a non-
linear specification.

Anderson and Aggregate supply 19 OECD coun- Average of 1.5 (1965-85)
Wascher (1999) curve; structural wage tries; 1965-98. and 2.5 (1985-98).

and price equations;
actual developments
in output and
inflation

Turner and Aggregate supply 21 OECD coun- Average of 3.2 with a
Seghezza (1999) curve tries; 1963-97. range of 1.6 (Japan, Italy

and the Netherlands) –
7.0 (Norway).

Hutchison and Aggregate supply New Zealand; 4.5-6.0 for the entire
Walsh (1998) curve 1983:2-1994:2 sample.@@
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Zhang (2001) Actual developments G-7; 1.4 (without any long-lived
in output and 1960:1-1999:4 effects); 2.5 (with long-
inflation lived effects)

Cecchetti and Structural VAR US; 1-10
Rich (2001) models 1959:1-1997:4

RBI (2002) Aggregate supply India; 2.0
curve 1971-2000.

Current Study Aggregate supply India; 0.3-4.7
curve: alternative 1971-2001
specifications

Note:
@ : Weak (overheated) economy defined as one with output 0.9 per cent or more

below (above) the potential.
@@ : 2.7-3.4 for the first sub-sample (1983:2-1989:4, the period before central bank

independence); and, 14.2-18.9 (albeit not significant) for the second sub-sample
(1990:1-1994:2, the post-reform period).

The sacrifice ratio is influenced by a number of factors like
credibility/independence of the central bank, the speed of
disinflation, the initial level of inflation, persistence/hysteresis of
output path, the approach to disinflation (deliberate versus
opportunistic) and openness of the economy.

Central Bank Independence

An issue debated animatedly in the context of central bank
independence (CBI) in an inflation targeting framework is the
impact of credibility of the central bank on the sacrifice ratio, i.e.,
whether increased CBI lowers the sacrifice ratio. In other words, is
there a credibility bonus associated with independent central banks?
A priori the public is expected to more readily believe the anti-
inflationary pronouncements of an independent central bank and
this, in turn, should lower output losses. The empirical results,

Table 1 : Estimates of Sacrifice Ratios (Contd..)

Study Methodology Coverage and Estimates of Sacrifice
Study Period Ratio (%)

1 2 3 4
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however, do not support the theoretical prediction of a credibility
bonus (Debelle and Fischer, 1994; Fischer, 1994; and, Posen 1998).

Debelle (1996) compared the experience of New Zealand
(where the central bank was provided legal independence) with that
of a control set (Australia and Canada, i.e., countries with a
similar inflation history but with the central banks not having
explicit independence at the time of the study). The results suggest
that costs of disinflation were not lower in New Zealand as
compared with the control set; moreover, the sacrifice ratio
increased from 0.3 in the 1980-83 disinflation episode (period
before central bank reform) to 2.6 in the 1989-93 disinflation
which followed central bank reform (Table 2). “It is less clear that
the adoption of an inflation target was in fact successful in
reducing the costs of disinflation by reducing the inflation
expectations of financial markets and the public – and this despite
the fact that my senior colleagues and I devoted an enormous
amount of effort to convincing the public of the seriousness of our
effort” (Brash, 2002). Even the Deutsche Bundesbank and the
Swiss National Bank, whose pursuit of low inflation over the last
two decades has presumably given them maximum credibility, have
been able to achieve inflation reductions only at high costs in lost
output and employment (Bernanake and Mishkin, 1997). A
comprehensive evaluation of the experience of 17 OECD countries
did not yield any evidence that the costs of disinflation were lower
in countries with independent central banks (Posen, 1998). On the
contrary, the coefficient on CBI is found to be positive and highly
significant. Moreover, the effect is also large: “going from a
dependent central bank like the Bank of Belgium (central bank
independence score of 0.19) to one like the Bundesbank (0.66)
adds around 1.25 point-years of unemployment to the sacrifice ratio
of an average disinflation” (Posen 1998). The available evidence,
therefore, suggests that independent central banks, on an average,
pay a higher output price per percentage point of inflation
reduction.
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Table 2 : Central Bank Independence and Sacrifice Ratios

Country Disinflation Episode Sacrifice Ratio

Australia 1974:2-1978:1 0.4

1982:1-1984:1 1.6

1989:2-1992:1 1.7

New Zealand 1980:2-1983:4 0.3

1985:4-1993:1 1.2

1989:4-1993:1 2.6

Canada 1974:2-1976:4 0.4

1981:2-1985:2 2.0

1990:1-1993:2 3.5

Source: Debelle (1996).

The observed increase in sacrifice ratio in the context of
independent central banks may, however, be reflecting other
offsetting phenomena. For instance, in the context of New Zealand,
the CBI and structural reforms were initiated around the same time
as is most likely to be the case in many other countries.
Accordingly, the stance of fiscal policy and the loss in employment
due to such concomitant reforms in public sector and privatisation
could have been among the factors leading to an increase in the
sacrifice ratio in New Zealand (Debelle, op cit). Another reason for
the observed positive correlation between CBI and higher sacrifice
ratios could be the possibility that the wage setting behaviour may
be endogenous to the CBI. In a model with competitive firms, a
monopoly labour union and a central bank, Hutchison and Walsh
(1998) show that the degree of wage indexation chosen by workers’
unions is inversely proportional to the weight put by the central
bank on inflation in its loss function. Since increased CBI implies
greater weight on inflation stabilisation by the central bank, it may
lead to relatively longer nominal wage contracts, i.e., a decline in the
degree of indexation in the economy. This would increase the
nominal rigidities in the economy and which, as empirical studies
show, would be reflected in a higher sacrifice ratio. Hutchison and
Walsh find empirical support for this proposition: while the estimated
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inflation-output trade-off for New Zealand increased between the pre-
reform and post-reform period, the increase in the trade-off was not
discrete at the time of the Act providing independence; rather, the
trade-off (i.e., the sacrifice ratio) remained virtually unchanged for
more than a year following the implementation of the Act and then
rose steadily over a two year period.

As for the critical issue of disentangling the effect of CBI per
se and the increased nominal rigidities induced by the CBI,
Hutchison and Walsh find that greater CBI reduces the sacrifice
ratio but the reduction is more than offset on account of higher
nominal rigidity. On the other hand, Posen (op. cit.) does not find
any statistically significant relationship between CBI and nominal
wage rigidity in the cross-section study covering 17 OECD
countries. Thus, central bank independence increases the costs of
disinflation irrespective of wage-setting arrangements (Posen, op cit).
It needs to be recognised, however, that accurate measures of CBI
are difficult to obtain. The existing measures of CBI based on
codings of legal provisions are believed to be imperfect and
unreliable; the usual approach of relying on different measures of
CBI is not helpful as “any combination of unreliable measures, no
matter how elaborate, is still an unreliable measure itself”
(Mangano, 1998). If this measurement error in CBI is not accou-
nted for by the econometric methodology employed, then anoma-
lous results can be obtained; with measurement errors in CBI,
covariance structure analysis rather than OLS should be used
(Brumm 2000).

In contrast to these studies, Chortareas et al (2002) examine a
related aspect of central bank institutional design, viz., monetary
policy transparency and its influence on sacrifice ratio in a cross-
section study covering 44 countries (comprising the OECD as well
as the non-OECD countries). Focussing on two types of
transparency, viz., transparency in forecasting and transparency in
decisions, for the sample as a whole, the sacrifice ratio with
unemployment as the indicator of economic activity is lower for
countries whose central banks are more transparent in their
forecasts. The evidence, though, is weaker for non-OECD
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countries. When output is used as an indicator for activity, the
result is not robust even for the OECD countries.

Speed of Disinflation

An important influence on the sacrifice ratio is the speed of
disinflation. One view stresses that gradualism is preferable so that
wages and prices, which exhibit an inertial behaviour, can adjust
smoothly to the tighter monetary policy (Taylor 1983). The
opposing view holds that gradualism raises the probability of future
reversals and may have no favourable impact on inflationary
expectations; therefore, a cold turkey approach is less costly
because expectations adjust sharply (Sargent 1983). A number of
empirical studies support the latter view, i.e., gradual disinflation
leads to a higher sacrifice ratio compared to a cold turkey
approach although it turns out that the results are sensitive to the
shape of the Phillips curve (Ball, 1993; Filardo, 1998; Zhang,
2001). For G-7 countries, the sacrifice ratio was 3.8 if the
reduction in inflation rate was 0.25 percentage points per quarter;
the ratio would be almost one-half (1.8) if the speed of disinflation
were to be increased to 0.5 percentage points per quarter (Zhang
2001). Similarly, estimates by Filardo for the US suggest that, with
the economy at its potential output, the sacrifice ratio would be
9.8 if the objective of disinflation were to reduce inflation by one
percentage point; the (average) sacrifice ratio would be lower at
7.0 if the disinflation objective were a reduction of two percentage
points in inflation (Table 3). The preference for cold turkey
reflected in these estimates is related to the Phillips curve being
concave. If the Phillips curve turns out to be convex, gradualism
could be the optimal approach.

Table 3 : Average Sacrifice Ratio and Speed of Disinflation

Size of Initial Strength of the Economy
Disinflation 0.45 per cent At trend 0.45 per cent

below trend above trend

1 per cent 7.0 9.8 12.6
2 per cent 5.6 7.0 8.1

Source: Filardo (1998).
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Initial Inflation Rate

The sacrifice ratio may be inversely related to the initial
inflation level. Higher initial inflation is expected to be associated
with a lower sacrifice ratio due to lower nominal rigidities. For 19
industrial countries for which inflation rates had fallen from 8 per
cent (1965-85) to 3.5 per cent (1985-98), an increase of almost 75
per cent in the sacrifice ratios from 1.5 to 2.5 was observed
(Anderson and Wascher, 1999). The average sacrifice ratio for G-
7 countries increased from 1.3-2.0 (1960-90) to 5.9 during the
1990s (Zhang, 2001) and, a la Ball (1994), the relationship
between initial inflation and sacrifice ratio was found to be negative
and statistically significant. Thus, if initial inflation decreases from 5
per cent to 4 per cent, the sacrifice ratio increases by 0.59 per
cent; if initial inflation falls from 20 per cent to 19 per cent, the
increase in sacrifice ratio is almost one-fourth (0.14 per cent). A
negative relationship between inflation and slope of the Phillips
curve is also documented by Dupasquier and Ricketts (1998) for
Canada with the slope more than doubling between episodes of
low/moderate and high inflation; the results are, however, sensitive
to the measure of potential output.

Hysteresis

The sacrifice ratio may also depend upon the degree of
hysteresis or persistent effects of monetary policy on potential
output. Since the disinflation process forces the economy to deviate
from its potential output path, the deviation itself may have an
adverse effect on the economy’s potential output path. The
‘persistence’ hypothesis holds that that the economy may take a
fairly long time to return to its potential output path; in the
extreme case, disinflation may have a permanent effect on output
and the economy may display ‘hysteresis’, i.e., the potential output
path may itself undergo a parallel downward shift (Blanchard and
Summers, 1986). The method of Ball (1994) which assumes that
output returns to potential after a trough over some quarters may
thus underestimate the sacrifice ratio. Studies that estimate sacrifice
ratios from the slope of the Phillips curve are less susceptible to
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this criticism although all type of methodologies may be subject to
the hysteresis critique. Zhang (2001), who makes a correction for
the possible persistence in output, estimated that the average
sacrifice ratio for G-7 countries to be about 2.5, almost double
that of 1.4 by the conventional method.

Deliberate Disinflation versus Opportunistic Disinflation

Once the transitional costs of disinflation are accepted, an
important issue would be how to minimise such losses. A strand in
the literature stresses an opportunistic approach to disinflation as
opposed to a deliberate disinflation. The opportunistic approach
waits for recessions and favourable supply shocks to lower inflation
and hence, would take a longer time. The opportunistic approach is
less costly only if credibility is exogenous (Bomfim and Rudebusch
1997); however, credibility is more likely to be endogenous to the
performance of the policy maker. Once this endogeneity is taken in
to account, deliberate disinflation is found to be preferable.

Openness

Another factor that can influence the sacrifice ratio is the
openness of the economy. In a more open economy, a tighter
monetary policy will tend to appreciate the exchange rate and this
will lower imported inflation, thereby reinforcing the reduction in
inflation. Thus, for a given monetary policy shift, the fall in
inflation will be larger for a more open economy (Romer 1991); in
other words, sacrifice ratios should be lower for more open econo-
mies. Using imports/GDP ratio as a measure of trade openness,
Ball (1994) did not find any support for this proposition. Loungani,
Razin and Yuen (2002), however, argue that sacrifice ratio should
be higher for more open economies; the preliminary empirical
evidence, using an index of openness of current and capital
account, supports their proposition.
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Section II

Methodology and Data

In the literature, three methodologies have generally been used
to calculate the sacrifice ratio. One approach focuses on historical
episodes of disinflation and calculates the sacrifice ratio as the
output losses during that particular episode (Ball 1994; Zhang
2001). This approach has the advantage of not constraining the
sacrifice ratio to be the same for all disinflation episodes. On the
other hand, it focuses only on episodes of disinflation rather than
both inflation and disinflation episodes and thereby ignores
correlations at other points in the business cycle. The approach
also does not provide for any controls for supply shocks.
Moreover, it makes an ad hoc assumption that output returns to
its potential within a few quarters (for instance, four quarters in
Ball, 1994) of inflation recording a trough; this assumption may
underestimate the sacrifice ratio if the output path indicates
persistence and takes a longer time to return to the potential path.
The second approach derives estimates of sacrifice ratios from a
vector autoregression framework (Cecchetti and Rich, 2001);
however, sacrifice ratios obtained from structural VARs are highly
sensitive to the size of the model and the identification restrictions.
The estimated effects of shocks can vary substantially as a result
of slight changes in identifying restrictions. The degree of
imprecision of the estimates of sacrifice ratios is found to increase
with the complexity of the model used.

The third approach estimates sacrifice ratios from the slope of
the aggregate supply curve, i.e., the Phillips curve. This method
avoids ad hoc assumptions of output returning to trend in some
specified quarters; treats inflation and disinflation episodes
symmetrically; and can control for supply shocks. Moreover, the
data requirements are less intensive than a VAR-based framework
and the problem of sensitivity to identifying restrictions is also
avoided.

This paper estimates the sacrifice ratio using the Phillips curve
approach from reduced-form specifications of the aggregate supply
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curve. Within this framework, alternative specifications based on
different underlying theoretical models are attempted. The simple
expectations augmented Phillips Curve (Equation 1) can be reformu-
lated to include supply shocks and adaptive expectations to obtain
the ‘triangle model of inflation’ (Gordon, 1997). The phrase
‘triangle’ stresses that inflation depends on a tripartite set of basic
determinants: inertia (in inflation), demand and supply shocks, i.e.,

�t = a(L)�t-1 + b(L)Dt + c(L)zt,

where, �t, Dt, and zt denote inflation, a measure of excess demand
(unemployment gap or output gap) and supply shocks (foodgrains
prices or imported inflation), respectively and L is the lag operator.
Excess demand is proxied by output gap (deviation of actual
output from its trend). In view of substantial evidence on a
possible unit root in inflation, the equation can be modified to take
inflation in first difference form, following Turner and Seghezza
(1999). Accordingly, the equation used for estimation is as follows:

��
t
 = a(L) ��

t-1
 + b*ygap

t-1
 + c(L)* ��s (2)

where, � is the difference operator, ygap is the output gap and �s
is inflation due to supply shocks. The specification implies no long-
run trade-off between the level of output and the level of inflation:
a temporary increase in the output gap will lead to a permanent
increase in inflation. The sacrifice ratio is computed as [(1-
coefficients of lagged inflation)/coefficient of output gap].

The inflation-output trade-off, as stressed in the "new classical"
literature, can also arise from misperceptions of agents in regard to
relative prices. Based on a Lucas framework, the inflation-output
trade-off can be obtained from the decomposition of changes in
nominal income and its impact on inflation and real output.
Following Hutchison and Walsh (1998), the aggregate short-run
supply curve can be formulated as:

�
t
 = �dx

t
 + �E

t-1
� �

t 
+ �(ygap)

t-1 
+ �z

t
(3),



213THE PRICE OF LOW INFLATION

where, dx is growth rate of nominal output and other variables are
as defined before. The coefficient � measures the proportion of the
change in nominal aggregate demand that affects inflation in the
short-run, given expected inflation, the state of the business cycle
and supply shocks. The lagged output gap allows for the delayed
effects of business cycle conditions on inflation. Since � measures
the change in prices, the term (1-�), therefore, captures the effect
of the change in nominal demand on real output. The sacrifice
ratio is then calculated as [(1-�)/�]. In the absence of explicit
survey data on inflationary expectations, expected inflation can be
proxied by lagged inflation (Andersen and Wascher 1999); this
appears to be a reasonable assumption in the context of the
observations of Mankiw (2001). Equation (3) can, therefore, be re-
specified as:

�t = �dxt + ��t-1 + �(ygap)t-1 + �zt (4)

The definition of sacrifice ratio used by Hutchison and Walsh
is, however, not the only possible alternative since lagged inflation
as well as the lagged output gap in the equation could also be
sources of nominal rigidity. In that case, the sacrifice ratio could
be calculated as �/� or �/�. To remove these ambiguities,
Anderson and Wascher suggest a constrained version of (4) by
making use of the nominal income identity which imposes the
homogeneity restriction � = � (Equation 4a). In order to remove
further ambiguity, they impose an additional restriction i.e., � = (1-
�) for both 4 and 4a. The sacrifice ratio is then calculated, as
before, as [(1-�)/�].

�
t
 = �(dx

t
 + ygap

t-1
) + ��

t-1 
+ �z

t
(4a)

Finally, aggregate supply curve can also be derived directly
from the explicit nominal income identity (Chand 1997). By
definition, nominal income growth (dx) is the sum of the inflation
rate (�

t
) and the growth rate of real output (dq) as:

dx
t
 = �

t
 + dq

t
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Let dq* be growth rate of potential output. Adding this term
and re-arranging, we get

dx
t
 = �

t
 - �

t-1
 + �

t-1 
+ dq

t
 + dq* - dq*,

or,
(�

t
 - �

t-1
) + (dq

t
 - dq*) = dx

t
 – (�

t-1 
+ dq*) (5)

The first term on the left hand side of equation (5) is the
acceleration in the inflation rate while the second term captures
deviations of real output growth from its potential growth path.
The term within parentheses on the right side can be interpreted as
the potential rate of growth valued at preceding period’s rate of
inflation. The right side of (5), therefore, denotes excess income
gap (EIG), i.e., excess of nominal income growth over the
potential rate of growth valued at preceding period’s rate of
inflation. While (5) is an identity, economic theory can be used to
postulate acceleration in inflation and the deviation of output - the
left hand side terms of (5) - as dependent upon EIG to form
behavioural equations:

(�
t
 - �

t-1
)  = a[dx

t
 – (�

t-1 
+ dq*)] (6)

(dq
t
 - dq*) = (1-a)[dx

t
 – (�

t-1 
+ dq*)] (7)

The estimated coefficients ‘a’ and (1-a) will depend upon the
structure and behavioural characteristics of the economy and should
add up to unity to satisfy the nominal income accounting
constraint. While the estimates of sacrifice ratio require estimation
of 6 alone, we estimate (7) as well to see whether the adding up
requirement is satisfied. As in previous cases, the equations 6 and
7 can be augmented to include supply shocks. The sacrifice ratio
can be calculated as [a/(1-a)].

Data

Equations (2), (3), (4), (4a), (6) and (7) are estimated over the
period 1970-71 to 2000-01 using annual data. Inflation is measured
from the average wholesale price index. To test for robustness, an
alternative indicator of inflation, viz., the GDP deflator is also used
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for Equations 3-5. On the other hand, for Equations (6) and (7),
given the explicit derivation from national income accounting and
the adding up constraint, only the GDP deflator is used. Output
gap is defined as the deviation of actual real output from potential
real output (as percent of potential output) where potential (trend)
real output is the Hodrick-Prescott filtered real output. The supply
shocks are captured by foodgrains prices in the WPI or imported
inflation, the latter proxied by unit import values. A weighted
measure of the import price inflation, i.e., unit import prices
weighted by the openness (imports as a ratio of GDP) is also
tried. The inflation rate of these supply shocks enter the
specification either in first differences or as relative to the overall
inflation. The oil price shocks are controlled through the use of
dummies. In view of significant structural changes in the Indian
economy since the 1990s, all the equations are also estimated over
the second half of the sample period (1984-85 onwards) to check
the robustness of the estimates.

Section III

Estimates of Sacrifice Ratio for India

The definition of the sacrifice ratio assumes that inflation is not
mean reverting, i.e., non-stationary while output gaps are stationary.
Examination of the stationarity properties of the variables employed
becomes necessary for determining the appropriate model
specification. Unit root properties are tested using the Augmented
Dickey-Fuller (ADF) tests as well as the Phillips-Perron (PP) test.
For the ADF tests, lag selection using both Akaike Information
Criteria (AIC) and Schwartz-Bayesian Information Criteria (BIC)
criteria was undertaken. By the AIC criteria, all variables, excepting
inflation and nominal GDP growth, turned out to be stationary. As
regards inflation, its first difference was stationary. By the BIC lag
selection criteria, all variables entering the regressions were found
to be stationary. Similarly, by PP tests too, all variables indicate
stationarity. In brief, the various tests indicate that all series are
I(0), except for some ambiguity on WPI inflation (Table 4). This
ambiguity is addressed by testing alternative specifications with
either inflation or its first difference as the dependent variable.
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The estimates based on alternative supply equation specifications
are set out in Tables 5-9. The estimated equations have a
satisfactory fit and explain a substantial amount of variation in the
dependant variable (with R-bar*2 usually in the range of 70-80 per
cent and even more which can be considered satisfactory in view
of the dependant variable being in first difference). The Jarque-Bera
(JB) normality tests on residuals indicate that all residuals have
normal disturbances. Based on the Ramsay RESET test of errors in
specification, almost all equations appear to be specified correctly.

The results of the basic specification (equation 2) using WPI
inflation rate (in first differences) as the dependant variable are in
Table 5. The lagged inflation variables are significant indicating the
presence of inflation inertia. The demand variable, proxied by
output gap, is also significant and estimates suggest that, other
things remaining constant, real output one per cent above potential
output in the current year pushes up the inflation rate by around
60 basis points in the next year. Supply shocks emanating from
variations in foodgrains prices are an important determinant of the
inflationary process and are significant in all specifications. On the
other hand, imported inflation is not significant in all specifications.
Based on these specifications, the estimates of sacrifice ratio lie in
the range of 1.9 to 2.7 for the full sample period. The estimates
are fairly close to that of 2.0 in RBI (2002).

With GDP deflator as the measure of inflation, the estimates of
sacrifice ratio are somewhat higher at 2.6-3.5 (Table 6). As another
robustness check, we restrict the sample size to the period 1984-85
onwards; in view of the sample size and lower degrees of freedom,
the results should be interpreted as only indicative. The sacrifice
ratio is estimated at 2.0 when the WPI inflation is used and 4.7
when the GDP deflator is used for the truncated sample period.
This can be seen as evidence of the flattening of supply curve.

The results for WPI inflation under specifications 4, 4a and 4b
are in Table 7. Based on unconstrained specification (i.e., Equation
4), the estimated sacrifice ratio is 1.9 (but not significant) for the
full sample period when computed solely from the coefficient of
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the change in nominal GDP; however, as indicated earlier,
alternative measures of sacrifice ratio are possible from this
specification with widely varying results, including estimates as low
as 0.5. The results are broadly the same when GDP deflator is
used as a measure of inflation (Table 8). As in the case of the
specification 2, the sacrifice ratio estimates based on the period
1984-2000 turn out to be higher; for the constrained specification,
the estimated sacrifice ratio is 1.1 (with WPI inflation) and 1.0
(with GDP deflator).

Finally, the results of the specification 6 derived from explicit
nominal income accounting and using the GDP deflator inflation are
presented in table 9. The table provides estimates of the
responsiveness of the inflation acceleration term as well as the
cyclical output growth to the excess income gap. The coefficients
sum to unity, satisfying the adding up requirement with minor
shortfalls as in Chand (1997). The sacrifice ratio is estimated to be
0.7 for the full sample.

Robustness Tests

One area of concern in the literature is the stability of the
Phillips curve specifications from which the estimates of sacrifice
ratios have been obtained. In the context of the US, a number of
studies have documented instability in the coefficients of the
estimated Phillips curve and, in particular, in the coefficients on
lagged inflation. Although statistically significant, this instability does
not seem to be quantitatively large, particularly in its effects on 12-
month ahead forecasts (Stock and Watson, 1999). In view of such
concerns, this paper undertakes and reports a variety of stability
diagnostics and their probability values (Tables 5-9). A well-known
test of parameter stability is the Chow’s F-test; for this purpose,
the paper breaks the sample period into two equal halves. The p-
values in all tables are above 0.05 suggesting that the null
hypothesis of parameter stability cannot be rejected. A weakness of
the Chow test is that it requires definite knowledge of the break
point, which is often difficult to know. This can be overcome by
CUSUM and CUSUM sum of squares (CUSUMSQ) techniques to
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detect gradual changes based on recursive residuals. While the
usual approach to these tests is to examine their plots, a compact
alternative is regression diagnostics based on the maximum values
of the CUSUMs relative to their bounds or mean and the
associated p-values. For example, if a p-value is less than 0.05, the
CUSUM crosses the bound. As may be seen from Tables 5-9,
almost all specifications (27 out of 32) have fairly high p-values
supportive of parameter stability. Thus, based both on the CHOW
tests and the CUSUM and CUSUMSQ tests, it can be concluded
that the specifications are generally stable.

Another area of concern is that most studies have ignored the
issue of statistical significance of the estimated sacrifice ratios. The
only study that undertook such an exercise found the sacrifice ratio
estimates to be imprecise, with the degree of imprecision increasing
with the complexity of the VAR model used and forcing the
authors to conclude that the estimates provide a very unreliable
guide for assessing the output costs of a disinflation policy
(Cecchetti and Rich, op cit). We, therefore, report the significance
of the estimated sacrifice ratio (Tables 5-9). In contrast to
Cecchetti and Rich, the sacrifice ratio estimates in this paper are
generally highly significant statistically although it may be noted that
the methodologies of the two papers are not comparable.

In sum, the estimates of the sacrifice ratio for India depend
upon the theory underlying the specification, the measure of
inflation used and the period of estimation. For most of the
specifications, the estimates of sacrifice ratio based on the GDP
deflator are higher than those derived from WPI inflation. The
estimates are highly significant statistically and the wide range of
estimates appears to be consistent with the existing studies in the
literature. As noted earlier in the section, the unit root tests were
somewhat ambiguous about the stationarity of the WPI inflation
rate; amongst the various specifications, perhaps those using the
first-difference of inflation as the dependent variable could be
considered as more robust. Furthermore, as noted above, within the
Lucas supply curve, alternative estimates of sacrifice ratio are
possible.
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Section IV

Concluding Observations

This paper has argued that any society that desires to lower
the inflation rate may suffer output losses in the interim period.
These output losses may arise on account of nominal and real
rigidities in the system or on account of misperceptions of
economic agents in distinguishing relative from aggregate price
changes. A review of the literature reveals that even independent
central banks may have to undergo such output losses, given the
inertia in inflation expectations and doubts about the credibility.
This paper presents estimates of sacrifice ratio for India which turn
out to be in a wide range based on alternative short-run aggregate
supply specifications, a feature consistent with empirical studies on
the subject.

The estimated sacrifice ratio warrants a number of caveats in
its analytical interpretation. The output losses, following the
definition noted earlier, refer to cumulative output losses spread
over a number of years associated with decline in trend inflation
and not episodic fluctuations. The relevant rate of inflation used in
the computation, as pointed out earlier, is the average annual rate
of inflation. Thus, computation of output losses with respect to the
prevailing point-to-point inflation rate is inconsistent with the
underlying framework. For instance, during 2001-02, the average
rate of inflation was 3.6 per cent as compared with 1.6 per cent
based on a point-to-point inflation rate; the use of the latter
measure obviously exaggerates the output losses. It is also crucial
to understand the dynamics and sources of inflation; for instance,
the low WPI inflation during 2001-02 was significantly enabled by
the decline in international crude oil prices and the base effect of
the sharp increase during 2000-01. The methodology adopted in
this paper controls for such supply shocks and a distinction needs
to be made between low inflation driven by positive supply shocks
and that due to a tight monetary policy. As stressed in RBI
(2002b), current liquidity and monetary conditions suggest clearly
that the recent deceleration in inflation cannot be attributed to a
tight monetary policy; rather, it reflects favourable supply shocks
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and global disinflationary trends. In brief, the estimates of sacrifice
ratio cannot be applied mechanically to the existing inflation rate
and it is necessary to take into account the sources of inflation,
the stance of monetary policy and the role of imported inflation. It
needs to be recognised that the slope of the aggregate supply
curve is flattening and this may raise the output costs of reining in
inflation when the upturn of overall economic activity takes root.
Accordingly, estimates of the sacrifice ratio are going to become
more valuable than before.

The concept of sacrifice ratio argues neither the case for high
inflation nor for low inflation and is in no way inconsistent with
the views favouring a lower inflation rate in the economy. What
the concept of the sacrifice ratio stresses is that there could
inevitably be output losses in the process of transition from high
inflation to low inflation, when such a low level of inflation is due
to tight monetary policies rather than favourable supply shocks. As
against these transitional one-time (though spread over a number of
periods) output losses associated with a deliberate disinflation, a
low inflation regime may have continuous benefits and which may
be enough to offset the initial output losses. Perhaps, this is the
more relevant trade-off that society faces: whether the present
generation is willing to suffer some hardships for the benefits that
will accrue to future generations.
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Table 4 : Unit Root Tests (t-values)

Variable Augmented Dickey-Fuller Test Phillips-Perron
AIC Lag  Selection BIC Lag Selection (PP) test

Criteria  Criteria

INFLX -2.50 -4.94* -3.89
[7] [3]

INFGDP -4.16* -4.61* -4.47
[3] [0]

WPIFG -4.67* -4.67* -4.49
[0] [0]

DGDPN -1.37 -3.97* -3.55
[7] [0]

DINFLX -4.11* -6.22* -6.59
[5] [3]

DINFGDP -4.24* -4.24* -8.32
[5] [5]

DWPIFG -5.95* -5.95* -7.66
[2] [2]

UVMRELG -3.89* -3.89* -3.94
[0] [0]

DUVMGB -7.19* -5.96 * -7.20
[2] [0]

WPIFGRELG -4.91* -4.91* -6.44
[2] [2]

YGAP -4.45* -4.45* -4.37
[3] [3]

Note : For ADF tests, critical t-values are: 3.58 (1%), 2.93 (5%) and 2.60 (10%).
For PP tests, window size of 4 was used and critical value is 3.41 (5%).
Figures in square brackets indicate the number of lags used.
*, ** and *** indicate significant 1%, 5% and 10% level.

INFLX = WPI Inflation Rate

INFGDP = GDP Deflator

WPIFG = Foodgrains Inflation Rate

DGDPN = Growth in Nominal Income

DINFLX = First-difference of WPI Inflation Rate

DINFGDP = First-difference of GDP Deflator

DWPIFG = First-difference of Foodgrains Inflation

UVMRELG = Import Unit Values less WPI Inflation

DUVMGB = First-difference of change in import-weighted unit import values

WPIFGRELG = Foodgrains Inflation less WPI Inflation

YGAP = Output Gap (Actual output less Potential Output)
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Table 5 : Estimates using WPI Inflation

1976-2001 1976-2001 1973-2001 1985-2001

�� �
t-1

-0.28 -0.28
(-2.9) (-2.4)

�� �
t-2

-0.22 -0.43
(-1.8) (-5.5)

�� �
t-4

-0.27 -0.23
(-2.0) (-2.2)

YGAP(-1) 0.56 0.87 0.47 0.63
(2.2) (3.2) (1.9) (3.7)

DWPIFG 0.28 0.47 0.46 0.19
(4.0) (8.5) (8.0) (6.0)

DUVMGB 0.55 1.9
(1.5)* (3.9)

DUM76 -13.2
(-5.0)

DUM78 -13.3
(-5.4)

DUM8081 7.29
(5.6)

DUM83 -6.49
(-6.7)

DUM88 3.71
(12.9)

DUM94 6.3
(6.9)

DUM95 4.20
(6.5)

DUM97 -4.24
(-8.5)

Durbin’s h/h-alt -0.3 -1.0 -0.1 -0.7

R*2 78.4 81.0 80.4 76.1

Sacrifice ratio

(1-a(L))/b 2.7 1.9 2.7 2.0

t-statistic 2.1 2.8 1.8 3.7



223THE PRICE OF LOW INFLATION

p-value 0.04 0.006 0.08 0.00

Diagnostic tests                   P-values

CSMAX 1.0 0.76 0.88 1.00

CSQMAX 0.01 0.71 0.34 0.28

CHOW 0.99 0.48 0.21 0.62

JB 0.59 0.57 0.55 0.94

RESET2 0.26 0.49 0.35 0.93

Figures in brackets are t-statistics.

*: not significant.

Note:
The table presents estimates for the specification (2)

�� �t = a(L) �� �t-1 + b*ygapt-1 + c(L)* �� �s, where,
�� �t = First-difference of inflation rate,

For variables list, see Table 4.

Diagnostic tests CUSUM, CUSUMSQ and CHOW test for stability of parameters.
CUSUM diagnostics are based on the maximum values of the CUSUMs relative to
their bounds or mean; they provide a compact alternative to the plot; for example, if a
P-value is less than 0.05, the CUSUM crosses a bound. For CHOW test, the sample is
split in to two equal halves.

JB test (Jarque-Bera normality test) is a joint LM test of the residuals’ skewness and
normality.

RESET2 is Ramsey’s RESET test, where the residuals are regressed on the original
RHS variables and powers of the fitted values to check for missing quadratic terms
and interactions for the RHS variables.

For diagnostic tests, p-values have been indicated; p-values higher than 0.05 suggest
that the null hypotheses of parameter stability, misspecification and normal disturbances
can not be rejected at the 5 per cent probability level.

Table 5 : Estimates using WPI Inflation (Contd..)

1976-2001 1976-2001 1973-2001 1985-2001
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Table 6 : Estimates using GDP Deflator Inflation
(Specification As in Table 5)

1973-2001 1973-2001 1973-2001 1985-2001

�� �
t-1

-0.53 -0.42 -0.42 -0.41
(-7.7) (-6.2) (-5.7) (-2.1)

YGAP(-1) 0.44 0.53 0.54 0.30
(2.4) (2.5) (2.7) (2.2)

DWPIFG 0.37
(6.8)

WPIFGRELG 0.61 0.61 0.27
(5.9) (6.1) (4.1)

DUVMGB 1.05
(3.3)

UVMGRELG 0.006
(0.2)*

DUM74 3.77
(4.0)

DUM8081 4.46 5.69 5.70
(6.4) (8.4) (8.8)

DUM00 -2.18 -3.12
(-3.7) (-7.2)

Durbin’s h/h-alt -1.2 1.3 1.2 -0.7

R*2 85.4 80.1 80.8 58.5

Sacrifice ratio

(1-a(L))/b 3.5 2.7 2.6 4.7
t-statistic 2.2 2.3 2.5 2.4
p-value 0.03 0.02 0.01 0.01

Diagnostic tests                         P-VALUES

CSMAX 0.96 0.97 1.00 0.57

CSQMAX 1.00 0.80 0.94 0.36

CHOW 0.09 0.15 0.14 1.00

JB 0.52 0.43 0.41 0.76

RESET2 0.07 0.02 0.03 0.22

See notes to Table 5.
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Table 7 : Estimates with WPI Inflation

1971- 1971- 1971- 1971- 1985- 1985- 1985- 1985-
2001 2001 2001 2001 2001 2001 2001 2001

Specifica- 4 CE 4a CE 4 CE 4a CE
tion

Constant -2.94 -7.26 -5.32 -7.11 -2.17 -4.79 -2.05 -5.18
(-1.3) (-10.2) (-2.0) (-8.5) (-1.3) (-7.0) (-1.2) (-7.0)

dxt 0.34 0.29
(2.1) (2.7)

0.67 0.44
(6.9) (4.9)

dx
t
 + 0.55 0.30

ygap
t-1

(2.9) (2.7)

0.68 0.48
(7.8) (5.1)

�t-1 0.23 0.27 0.45 0.38
(1.9) (2.2) (3.3) (2.7)

YGAP(-1) 0.71 1.11 0.47 0.63
(2.4) (5.2) (2.6) (3.6)

WPIFG 0.46 0.35 0.40 0.35 0.25 0.20 0.29 0.24
(3.9) (2.9) (3.9) (3.7) (4.5) (5.7) (4.1) (5.0)

DUM74 3.99 3.15
(2.6) (2.2)

DUM80 11.4 11.7
(10.7) (13.2)

DUM8081 9.08 8.79
(12.5) (8.7)

DUM95 4.25 4.44
(5.3) (4.9)

DUM97 -3.63 -3.69 -4.08 -4.17
(-9.0) (-7.9) (-9.6) (-9.2)

DUM01 3.84 4.73 4.90 5.33 3.88 4.74 4.04 5.09
(4.8) (7.3) (4.8) (7.2) (5.2) (13.8) (6.0) (19.4)

DW/Durb- 0.5 1.7 -0.06 1.9 0.3 2.0 -1.1 2.6
in’s h/h-alt

R*2 77.8 83.9 72.3 81.5 76.8 73.2 66.2 61.6
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Sacrifice ratio

(1-�)/� 1.9 0.5 0.8 0.5 2.4 1.3 2.3 1.1
t-statistic 1.4 2.3 1.3 2.4 1.9 2.8 1.9 2.6
p-value 0.16 0.02 0.18 0.02 0.05 0.01 0.06 0.01

�/� 0.7 0.5 1.6 1.3
t-statistic 1.4 2.2 2.1 2.0
p-value 0.15 0.03 0.04 0.05

�/� 0.3 1.0
t-statistic 2.9 2.8
p-value 0.003 0.006

Diagnostic tests                           P-VALUES

CSMAX 0.51 0.86 0.40 0.41 0.20 1.00 0.81 1.00

CSQMAX 0.16 0.43 0.05 0.09 0.04 0.24 0.11 0.10

CHOW 0.77 0.52 0.73 0.65 0.60 0.93 1.00 0.99

JB 0.44 0.45 0.53 0.55 0.98 0.65 0.77 0.73

RESET2 0.02 0.51 0.02 0.17 0.76 0.80 0.85 0.23

Note:
* = not significant; CE = constrained estimates
The table presents estimates for the specifications (4,4a)

�t = �dxt + ��t-1 + �(ygap)t-1 + �zt (4),
�t = �(dxt + ygapt-1) + ��t-1 + �zt (4a),

dx = Growth rate of nominal GDP; other variables as before. Both 4 and 4a are also
estimated with the constraint � = (1 – �) and these estimates are shown under the
column CE.

Also, see notes to Table 5.

Table 7 : Estimates with WPI Inflation (Contd..)

1971- 1971- 1971- 1971- 1985- 1985- 1985- 1985-
2001 2001 2001 2001 2001 2001 2001 2001
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Table 8 : Estimates using GDP deflator
(Specification As in Table 7)

1972- 1972- 1972- 1972- 1985- 1985- 1985- 1985-
2001 2001 2001 2001 2001 2001 2001 2001

Specifi- 4 CE 4a CE 4 CE 4a CE
cation

Constant 0.10 -3.84 0.61 -4.08 -1.30 -2.96 -1.24 -3.23
(0.1) (-7.8) (0.3) (-9.2) (-0.8) (-4.4) (-0.8) (-6.0)

dxt 0.43 0.40
(4.1) (3.8)

0.65 0.46
(5.7) (4.5)

dx
t
 + ygap

t-1
0.45 0.43
(3.9) (4.6)

0.75 0.50
(7.4) (6.9)

�
�-1 0.24 0.17 0.43 0.39

(1.8) (2.0) (3.2) (5.4)

YGAP(-1) 0.60 1.02 0.50 0.60
(2.9) (7.9) (3.0) (5.0)

WPIFGRELG 0.35 0.27 0.27 0.18 0.22 0.21 0.21 0.19
(5.5) (4.0) (5.0) (2.6) (3.5) (4.0) (3.2) (3.2)

UVMGRELG 0.04 0.02
(2.4) (1.1)*

DUM79 -3.08 -2.52
(-5.0) (-3.7)

DUM80 5.61 6.88
(6.5) (9.5)

DUM8081 4.43 4.22
(5.5) (4.0)

DUM94 3.71 4.07 2.99 3.11 2.70 2.67
(5.8) (6.2) (4.6) (5.3) (7.0) (6.8)

DW/Dur- -0.4 2.0 0.1 2.1 -0.7 2.3 -0.7 2.4
bin’s h/h-alt

R*2 81.3 87.4 82.2 87.4 66.5 60.7 68.8 62.3
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Sacrifice ratio

(1-�)/� 1.3 0.5 1.2 0.3 1.5 1.2 1.3 1.0
t-statistic 2.3 2.0 2.1 1.9 2.3 2.4 2.7 3.4
p-value 0.02 0.04 0.03 0.07 0.02 0.02 0.01 0.00

�/� 0.6 0.4 1.0 0.9
t-statistic 1.6 1.9 2.1 3.8
p-value 0.11 0.06 0.03 0.00

�/� 0.4 0.9
t-statistic 2.3 4.5
p-value 0.02 0.00

Diagnostic tests                         (P-VALUES)

CSMAX 0.69 0.87 1.00 0.73 1.00 0.86

CSQMAX 0.03 0.49 0.89 0.69 0.90 0.80

CHOW 0.91 0.59 0.57 0.52 0.62 0.39

JB 0.65 0.69 0.99 0.80 0.94 0.89

RESET2 0.33 0.75 0.60 0.29 0.63 0.33

See notes to Table 5.

Table 8 : Estimates using GDP deflator (Contd..)
(Specification As in Table 6)

1972- 1972- 1972- 1972- 1985- 1985- 1985- 1985-
2001 2001 2001 2001 2001 2001 2001 2001
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Table 9 : Estimates using GDP Deflator
(Using Specification 6 and 7)

1972-2001 1972-2001 1985-2001 1985-2001

Dependent Variable

(�t - �t-1) (dqt - dq*) (�t - �t-1) (dqt - dq*)

CONSTANT -0.92 0.50 0.01 -0.42
(-2.4) (1.4) (0.001) (-1.4)

dxt – (pt-1 + dq*) 0.58 0.35 0.63 0.32
(4.3) (2.7) (3.8) (2.1)

WPIFGRELG 0.30 -0.29 0.17 -0.16
(3.7) (-3.7) (1.8) (-1.8)

DUM72 4.15 -3.69
(8.8) (-8.1)

DUM77 6.68 -5.92
(6.0) (-5.5)

DUM80 10.3 -8.99
(17.4) (-15.4)

DUM89 -4.04 3.81
(-5.1) (5.2)

DUM97 -2.43 2.31
(-6.0) (6.1)

DW 2.3 2.3 2.2 2.1

R*2 84.4 53.0 57.1 55.3

Sacrifice ratio

(1-a)/a 0.7 0.6
t-statistic 1.8 1.4
p-value 0.07 0.16

Diagnostic tests

CSMAX 0.14 0.03

CSQMAX 0.002 1.00

CHOW 0.95 0.17

JB 0.72 0.78

RESET2 0.01 0.01

Note:

The table presents estimates for the specifications:
(�t - �t-1)  = c + a[dxt – (�t-1 + dq*)] + b(WPIFGRELG) (6)
(dqt - dq*) =c +  (1-a)[dxt – (�t-1 + dq*)] –b(WPIFGRELG) (7)

dqt = growth rate of actual real output;
dq* = growth rate of potential real output; other variables as before.

Also, see notes to Table 5.
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Introduction

Since the 1970s, there has been a resurgence of interest in
business cycles and growth cycles with the initial impetus coming
from wide fluctuations in output and price arising from the oil
price shocks. The work of Lucas (1977) and the emergence of
neoclassical macroeconomics reinstated cyclical evolution as an
integral element of the market economy. The leading indicator
approach to study business cycles is essentially based on the view
that economies experience business cycles with “expansions
occurring at about the same time in many economic activities,
followed by similarly general recessions, contractions and revivals
that merge into the expansion phase of the next cycle; this
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sequence of changes is recurrent but not periodic” (Burns and
Mitchell, 1946). The leading indicator approach provides early
signals of turning points in economic activity. This information is
important for economists, business community and policy-makers to
make a correct analysis of the economic situation for putting in
place appropriate policy measures for stabilising output fluctuations.
Early empirical work on leading indicator approach originated from
National Bureau of Economic Research (NBER) in the 1930s.
Since then the NBER developed numerous versions of its leading
series over the years and constructed a Composite Index of
Leading Indicators (CILI). The construction of CILI is based on
the premise that an aggregate of the indicators will predict turning
points more effectively than any one indicator alone as no single
cause explains the cyclical fluctuations over a period of time in
overall activity.

In the Indian context, the major sources of cyclical fluctuations
in output prior to 1990s were supply shocks caused by monsoon
failures or oil price shocks. But during the 1990s, cyclical
fluctuations in economic activity, apart from being influenced by the
supply shocks, were increasingly influenced by the internal dynamics
of the economy. Relatively open trade regime and increased capital
inflows have rendered the economy exposed to global trade cycles.
The cyclical influences on the growth process in India, particularly
in the latter half of the 1990s, are reflected in the indicators such
as faltering pace of investment demand, sluggish pace of capital
goods imports, relatively low requirement of bank credit, slowdown
in currency expansion and evidence of high carrying cost of
inventories. Such cyclical behaviour of the industrial production
underlines the need for analysing the business cycles and predicting
cyclical turning point as it remains an area of concern for the
policy makers as well as the economic agents. In such a scenario,
the coincident or the leading indicator approach has been widely
used to track the phases of business cycles despite the criticism it
has drawn for lack of sound theoretical foundations1.

Against this background, the study explores the cyclical
behaviour of the Indian economy that is getting increasingly
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integrated to the world economy. The study is divided into four
sections. Section I reviews the evolution of the business cycle
literature leading to emergence of leading indicators in explaining
cyclical fluctuations. The evolution of business cycles in India is
traced out in Section II. This section reviews the past literature on
business cycles in India and attempts to provide an appropriate
leading indicator of industrial activity in view of the recent
structural changes in the Indian economy. The construction of a
composite leading indicator is undertaken in Section III while
Section IV outlines the concluding observations.

Section I

Business Cycles, Growth Cycles and Growth Rate Cycles

The classical business cycles are identified as recurrent phases
of expansion and contraction in the levels of a large number of
economic and financial time series2. Business cycles have been
defined by Burns and Mitchell (1946) as “fluctuation found in
aggregate economic activity of nations that organise their work
mainly in business enterprises: a cycle consists of expansions
occurring at about the same time in many economic activities,
followed by similarly general recessions, contractions and revivals
which merge into the expansion phase of the next cycle; this
sequence of change is recurrent but not periodic; in duration
business cycles vary from more than one year to ten or twelve
years; they are not divisible into shorter cycles of similar character
with amplitudes approximating their own.” Thus, business cycles are
characterised by fluctuations in the aggregate economic activity of
market oriented economies with co-movement between many
economic activities and persisting for more than one year. The
characterisation of business cycle as a consensus of cycles in many
economic activities is also highlighted by Moore (1982) and
Zarnowitz and Boschan (1975). Moore (1982) observed: “No single
measure of aggregate economic activity is called for in the
definition because several such measures appear relevant to the
problem, including output, employment, income, and trade, and no
single measure is either available for a long period or possesses all
the desired attributes”.
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The essence of the business cycle definition given by Burns and
Mitchell (1946) among others, is thus, reflected in the
characterisation of business cycle by NBER (Appendix I) as
recurrent sequences of alternating phases of expansion and
contraction in the levels of a large number of economic time
series. These cyclical fluctuations are persistent and reflected in
great variety of time series such as consumption, investment,
production, employment, prices, etc., with the duration of a cycle
lasting for several years. The expansion phase of the business cycle
tends to be longer than the contraction phase due to general
occurrence of upward long-term trend in economic time series in
market oriented economies. In sum, the “classical” business cycles
should have the expansion phase longer and larger than the
contractions, but either phase must be persistent and pervasive
enough to allow for significant cumulative and interactive effects
and the sequence of up and down phases that constitutes the
business cycle must be recurrent and not periodic (Zarnowitz and
Ozyildirim, 2002).

During the decade of the 1960s, real decline in the economic
activities in major industrial economies gave way to slowdowns in
the pace of expansion. Frequently alternating periods of acceleration
and slowdowns in growth rate raised questions about the practical
use of classical business cycles in analysing cyclical movements in
economic activities. Thus, the need for a concept of business cycle
more in line with reality led to emergence of the concept of
growth cycle (Mintz, 1969). The growth cycle is defined as the
ups and downs through deviations of the actual growth rate of the
economy from the long-run trend growth rate. The high growth
phase in a growth cycle coincides with the business cycle recovery
and the expansion mid-way, while the low growth phase is
identical to the later phase of expansion leading to recession. While
the business cycle contractions include only the absolute decline in
economic activity, growth cycle contractions, in addition, include
slowdowns. While the peaks in growth cycle approach tends to
precede the business cycle peak, the turning point in the trend
deviation series occurs where the slope of the series reflecting
levels is equivalent to their long-term trend (Chart 1). Based on
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the trend-adjusted measure of economic activity, the formulation of
growth cycle chronology was pioneered by Mintz (1969). Drawing
from the Mintz’s work, the OECD cyclical indicator system used
the growth cycle or “deviation from trend” approach on the
grounds that the essential cyclical similarities between series may be
obscured by different long-term trends. However, keeping in view
the precise determination of growth cycle dating, the criticism of
the growth cycle approach is that while these are not hard to
identify in a historical time series, their measurement on a real time
basis is fraught with difficulties (Boschan and Banerji, 1990).

Chart 1 : Classical Business Cycle and Growth Cycle

Recognising the limitations of the growth cycle analysis as a
tool for monitoring and forecasting business cycles, the use of
growth rate cycles emerged to the fore to measure the series
witnessing cyclical slowdowns although characterised by few actual
cyclical declines (Layton and Moore, 1989). The growth rate cycles
reflect the cyclical ups and downs in the growth rate of economic
activity. The growth rate used in such cyclical indicators is the six
month smoothed growth rate concept initiated by Moore (op cit)
to dispense with the necessity of extrapolating the past trend,
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which was an essential requirement of growth cycle. The Economic
Cycle Research Institute (ECRI) also followed the concept of
growth rate cycle in order to monitor the economic activities in
economies on a real time basis.

Changes in the nature and pace of the alternating phases of
expansion and slowdown in economies, thus, led to the emergence
of varied concepts of measurement of business cycles. The key
feature of all these cyclical indicators is that they reflect co-
movements and persistence with the indicators of production. While
the business cycle and growth rate cycles were more suitable for
real time monitoring and forecasting of economic activities, growth
cycles were more suitable for historical analysis (Klein, 1998).

Measuring Business Cycles and Leading Indicators

The business cycle theory began to take a new shape in
macroeconomic analysis from 1970s, around the time when major
market economies were experiencing a greater variability in their
real income growth rates, ending the period of sustained and
almost uninterrupted growth enjoyed after the Second World War3.
Growth theories in conjunction with business cycle approach led to
adoption of leading indicator approach, particularly in the developed
markets. Given the importance of industrial sector to the developed
economies, the leading indicator analysis of industrial output is used
for gauging economic conditions for the country as a whole
(OECD, 1987). Industrial production or manufacturing output, data
on which are mostly available on a monthly basis, have often been
used as the reference series for leading indicator analysis.  .

The system of leading indicators received prominence with the
growing interest of the policy makers, investors and business
community on early signals of recession or recovery. The leading
indicators approach to economic and business forecasting is based
on the view that market oriented economies experience business
cycles within which repetitive sequences occur and that these
sequences underline the generation of the business cycle itself
(Lahiri and Moore, 1991). After Mitchell and Burns’s (op cit)
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seminal work on identifying business indicators in the 1940s, Moore
(op cit) published a new list of 21 indicators of business cycle in
1950 classified in three groups – leading, coincident and lagging –
according to their tendency to reach cyclical turns ahead of, at
about the same time as, or later than business cycle peaks and
troughs. Later on, the Organisation for Economic Co-operation and
Development (OECD) formulated its own methodology to construct
the series on leading indicators for the member countries (Appendix
I). Recent research on the leading indicators has focussed on
developing new methods based on the developments in economic
theory and the time series analysis, formulating more advanced
methods to test the forecasting reliability of the indicators, fine
tuning the determination of timing of turning points of business
cycle, etc.

Although the use of leading indicators of business cycle has
attracted criticism for lack of sound theoretical foundation a la
Koopmans (1947), a number of arguments have been advanced to
defend the use of such approach to business cycle forecasting (De
Leeuw, 1991). These include, among others, production time (gap
between the decision to produce and actual production), ease of
adaptation (certain dimensions of economic activity have lower
costs of short-run variation than others), market expectations (some
time series tend to be sensitive to anticipation about future
economic activity), prime movers (fluctuations in economic activity
are driven by a few measurable forces, such as monetary and fiscal
policies) and change-versus-level (changes in economic time series
generally turn up or down before levels). The first three of these
rationales are recognised to be directly affecting industry decisions
about production, orders, employment and inventories.

Different countries use a variety of leading indicators like
average work-week, index of overtime hours, application for
unemployment compensation, new companies registered, new orders,
vendor performance, construction, stock prices, money supply,
change in sensitive material prices, index of consumer expectations,
etc. In the construction of a system of cyclical indicators, it is
necessary to identify the past cyclical behaviour of the reference
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series, i.e., the series whose future movements are to be predicted.
For example, the OECD indicator system uses the index of total
industrial production as the reference series. Once the cyclical
behaviour of the reference series has been established, the next step
is to select an economic time series whose cyclical movements
typically predate those of the reference series. The series are
evaluated on the basis of their relevance, cyclical behaviour and
practical considerations. In order to determine how well these series
meet criteria of being leading indicators, tests like peak-and-trough
analysis, cross-correlations, and Granger causality are conducted.
Once a set of leading indicators has been selected, these are
compiled as a single composite index to reduce the risk of false
signals and to provide a leading indicator with better forecasting
and tracking qualities. The performance and forecasting ability of
the composite leading indicator of business cycle can be evaluated
in different ways. One is to examine the behaviour of the indicator
in relation to the cyclical turning points of the reference series.
Forecasting turning points is one of the main objectives of the
leading indicator technique, because predicting the timing of cyclical
turning points is one of the most challenging exercises in economic
forecasting.

Section II

Measuring Business Cycles for India

Research on business cycles on the Indian economy was
pioneered long back at the NBER to identify chronology of
cyclical fluctuations in the Indian economy spanning 1890 through
1925 (Thorpe and Mitchell, 1926). The economists believed that
even in the Indian economy which was dominated by agriculture,
there were business cycles whose dates were worth determining.
Later, business cycle fluctuations in the Indian economy have been
analysed in terms of growth cycles, business cycles and reference
cycle in some other studies, notably Chitre (1982, 1991), Nakamura
(1991) and Hatekar (1994). The seminal work on growth cycles in
India by Chitre (1982) involved construction of a diffusion and a
composite index that comprised 15 indicators and identified five
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growth cycles during the period 1951-75. The reference cycle
chronology, obtained through phases of high and low annual
growth rates or deviations from the long-term trend, is the same.
The coincident indicators for the Indian economy are identified by
Nakamura (1991) using the net national product (NNP) reference
cycle for the period 1965-83. Hatekar (1994) investigated stylised
facts about the business cycle in the Indian economy for the period
1951-1985 using the Hodrick-Prescott filter. Although the cyclical
behaviour of the economy over a wide spectrum of activities was
reported, the number of turning points in the GDP cycle was too
few to enable isolation of leading and lagging indicators.

The recent work in the business cycle analysis includes
construction of an index of coincident economic indicators for the
Indian economy since mid-1950s by Dua and Banerji (1999) to
trace fluctuations in aggregate economic activity and determine the
phases of business cycle. While the business cycles are found to
average over six years, with recessions averaging just under a year,
growth rate cycles have averaged less than three years in length,
with average downturn lasting for two years. Regarding forecasting
of cyclical turning points, Mall (1999) constructed a composite
index of leading indicators (CILI), which was found to lead the IIP
of  manufacturing by two quarters. Further Dua and Banerji (2001)
constructed a leading index to show that the growth rate of the
leading index had an average lead of three months at growth rate
cycle peaks, zero months at troughs and two months overall vis-à-
vis the coincident index. The Reserve Bank (2002b) while
recommending quarterly non-agricultural GDP as a reference series
for business cycle analysis in India also suggested to look at other
major activity variables, viz., private consumption, industrial
production and private corporate sales for determining the reference
turning points. Further, it suggested improvement in database
relating to a number of variables pertaining to business cycles
as also emphasised testing competing paradigms on business
cycles.

The identification of leading indicators of business cycle and
constructing a composite index, which could represent the cyclical
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fluctuations in aggregate economic activity, largely remains an area
of rigorous empirical investigation in the Indian case. The choice of
variables needs to be ascertained from the viewpoint of their
pervasiveness as well as economic relevance in causing cycles.
The construction of leading indicators in India is constrained by
non-availability of time series on a variety of economic variables,
which are critical inputs in business cycles analysis in the industrial
countries. Moreover, many critical indicators are not available at
the desirable frequency, e.g., monthly/quarterly frequency. Mostly
the early stage indicators (e.g., new orders, order books,
construction approvals, etc.) and expectation sensitive indicators
(e.g., selling prices, economic situation, capacity utilisation, etc.)
which are based on business tendency surveys are critical
components of composite leading indicators of business cycles in
the industrialised economies. In India, as there have not been any
exhaustive business tendency surveys, the construction of credible
leading indicator is further limited.

Notwithstanding these limitations, a composite index of business
activities is attempted on the basis of available information on the
economic/business indicators that can best predict the turning points
of the business cycle. The selection of the variables has been based
on their underlying economic dynamics in influencing the business
activity.

Dating of Business Cycles in India

The dating of business cycles is done on the basis of monthly
series of IIP, which is a representative reference indicator of the
economic activities in India. The computation of cycles, recessions
and expansions are based on the rules defined in the Bry-Boschan
procedure (discussed in Appendix I). In total, during the period
1970-71 to 2001-02, 13 growth cycles of various duration have
been identified (Table 1 and Chart 2). It is evident that while the
average duration of recessions is higher at 16 months, expansions
are of relatively shorter duration averaging at 12 months.
Moreover, the average duration of the cycles is 27 months.
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Table 1 : Growth Cycle Chronology for India :
1970-71 to 2001-02

(Period in months)

Peak Trough Expansion Recession Cycle
(P) (T) T/P P/T Duration

1971:11

1972:12 1973:10 13 10 23

1974:7 1976:1 9 17 26

1976:8 1978:3 7 19 26

1979:3 1980:9 12 18 30

1982:5 1983:9 20 16 36

1984:9 1986:12 12 27 39

1987:7 1988:4 7 9 16

1989:1 1989:11 9 10 19

1990:9 1993:3 10 30 40

1993:11 1994:9 8 10 18

1995:5 1995:12 8 7 15

1996:8 1998:3 8 19 27

2000:11 2001:9 32 10 42

Average cycle 12 16 27

Median cycle  9 16 26

Changing amplitude and duration of business cycles in India
provide important insights into the changing behaviour of business
cycles. Endogenous cyclical mechanisms which are the major drivers
of cyclical processes in free market economies were hampered in
the pre-liberalisation period because of constraints imposed on the
markets (Dua and Banerji, 2001). Indian economy has undergone
significant structural changes over the past decade. Sectoral shifts in
GDP with declining share of agriculture alongwith less susceptibility
to monsoon failures have reduced the intensity of shocks arising
from agriculture sector. However, as many of the distortions on
functioning of the market mechanisms have been minimised/
removed, the amplitudes of the cycles generated by the internal
dynamics of the economy are likely to be more pronounced.
Furthermore, as the Indian economy has been opened up and is
increasingly integrated with the rest of world, global business cycles
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Chart 2 : Cycles in the Industrial Production in India,
1971:07 to 2002-03

are likely to reinforce the cyclical fluctuations in output4. It is
evident that the average duration of cycles has remained almost
unchanged during the post reform period as compared with the
1980s, however, the average amplitude has witnessed a rise. While
the amplitude of the cycles became wide during the first half of
the 1990s as compared to the earlier decade on account of a
number of structural reforms in the economy and emergence of
endogenous factors in causing cycles, it got muted subsequently
with the economy entering a phase of relatively lower growth.

Section III

Construction of a Composite Leading Indicator (CLI)

The reference series

The first step in formulating a composite index of business
cycle is the search of a reference cycle whose movements are to
be mirrored in the specific cycles. A reference series in the
business cycle analysis is the benchmark series that captures
fluctuations in aggregate economic activity and is the series whose

Cyclical component of index of industrial production (monthly)
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movements are to be forecasted. The empirical literature on
business cycles reveal that the index of industrial production (IIP)
is mostly chosen as the reference cycle to represent fluctuations in
economic activity, and the variable to be forecasted. The underlying
justification for this is the availability of IIP series at monthly/
quarterly frequency with minimum reporting lag, and also being
representative of non-agricultural GDP and the business climate.
Despite the fact that the relative contribution of the industrial
production to GDP has somewhat declined in the past decade, the
industrial production continues to constitute the more cyclical
component of the aggregate economic activity. Although GDP
series could be the ideal reference series, the GDP estimates on a
higher frequency (quarterly) are available only for a short period,
which is not adequate to analyse the business cycles. As the
cyclical profiles of GDP and the industrial production have strong
co-movement, the cyclical movements in IIP serve well as an
indicator of the cycles in GDP. Moreover, the industrial sector in
India has close sectoral linkages which is evident from the fact that
within the services sector, producer services account for about 70
per cent of the value added. Chitre (2001) in his study on business
cycles also admitted that the data on industrial production is the
best to analyse business cycles in India. In most of the OECD
countries where services sector accounts for more than 70 per cent
of the total GDP, business cycles are mainly analysed using
industrial production as the reference series.

Factoring availability and timeliness in to high frequency data as
well as economic rationale, viz., production time, ease of adaption,
market expectations, prime movers, etc., certain series have been
identified as potential leading indicators. These are:

1. Yield on 91-day treasury bills (RTB) - Rapidly Responsive
Indicator

2. Stock prices-BSE sensex (SENXCY) - Expectations Sensitive
Indicator

3. WPI of primary goods (WPIPACY) - Expectations Sensitive
Indicator
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4. WPI of minerals (WPIMNCY) - Expectations Sensitive
Indicator

5. WPI of fuel group (WPIFLCY) - Expectations Sensitive
Indicator

6. WPI of industrial raw material (WPIIRCY) - Expectations
Sensitive Indicator

7. WPI manufacturing (WPIMCY) - Expectations Sensitive
Indicator

8. Non-oil imports (MNOLCY) - Expectations Sensitive Indicator

9. Money supply (M3CY) - Prime Mover

10. Currency demand (CWPCY)- Prime Mover

11. Scheduled commercial bank deposits (SCBDCY)- Prime Mover

12. Non-food credit (NFCCY) - Prime Mover

13. Exports (EXPRCY) - Prime Mover

14. US gross domestic product (USGPCY) - Prime Mover

15. Fiscal deficit (GFDCY) - Prime Mover

16. IIP of basic goods (IIPBCY) - Other Indicator

17. Freight loading of the railways (FRGTCY) - Other Indicator

18. Cargo handled (CARGCY) - Other Indicator

19. Food stocks (FDSTCY) - Other Indicator

These variables were tested for their cyclical properties vis-à-vis
the reference series to filter out lagging and coincident indicators
so that only leading indicators could be retained for the
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construction of a composite leading index. The indicators identified
on the basis of above criteria have to ultimately pass the crucial
test of cyclical sensitivity in terms of length and consistency of the
lead of the indicator over the reference cycle at turning points. In
terms of cyclical conformity, if the cyclical profiles of the indicator
and reference series are highly correlated, the indicator will provide
a guide, not only to the approaching turning points, but also to
developments over the whole cycle. Further, emphasis has to be
given to the absence of extra or missing cycles in comparison with
the reference series and to smoothness, that is, how promptly a
cyclical turn in the series can be distinguished from irregular
movements. The indicator variables were taken on monthly
frequency so the cyclical expansion/recession can be judged in the
light of a set of simple decision rules for selection of turning
points with duration defined in months.

Seasonal Adjustment and Cyclical Decomposition of the Series

Time series observed at quarterly and monthly frequencies often
exhibit seasonal movements that recur every month or quarter.
Seasonal adjustment refers to the process of removing these
seasonal movements from a series and extracting the underlying
trend and cyclical component of the series. Elimination of the
seasonal element of the series is done by applying ratio to moving
average method5. The main difference between X-11 and the
moving average methods is that the seasonal factors may change
from year to year in X-11, while the seasonal factors are assumed
to be constant for the moving average method.

While segregating the seasonal and irregular elements is
relatively easy and straightforward in time series analysis, detrending
the trend cycle for deriving cyclical component is always a tricky
issue. This is so because trend is a relatively stable component
representing the long-term behaviour of the series, while cycle is a
stochastic component and is unstable in the medium-term.

The cyclical components of the series are derived by using
band-pass (BP) filter approach to measuring business cycles. The
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BP filter has been found to work quite well for wide frequency
ranges and produces very smooth growth cycles similar to those of
PAT (Phase-average-trend), whereas the HP filter at very high
frequency (�) too produces growth cycles quite similar to the PAT
but falls short on smoothness. Thus the variables considered in
the analysis are passed through the BP filter to obtain a
smooth cyclical component. The cyclical duration of each of
the indicator series derived through spectral analysis6 is given in
Table 2.

Determination of Lead-Lag Structures of the Series

Analysing lead-lag structure between the cycles of the indicator
series and the reference series assumes crucial importance for
separating leading, lagging and coincident indicators. The cross-
correlogram has been used to identify the possible lead-lag
relationship between each of the indicator series and the reference
series. The cross correlation coefficient at a lag between two
stationary series, provides information about the impulse response
function between them at different lags. Box and Jenkins (1976)
suggested the use of the same to make some tentative estimate for
multivariate forecast, which can be refined further by introducing
the suitable lag operation at the final estimation process. If it is
applied on the detrended, deseasonalised and smoothened series, it
gives a fair idea about the strength and stability of the cyclical
correspondence, on the one hand, and reduces the probability
of false signal, on the other. As such, the identification process
in terms of the lead structure of the leading indicator series
vis-à-vis reference series is not only theoretically plausible but also
turns out to be more precise in predicting the cyclical turning
points.

The first approximation of the lead-lag structure between the
reference series, i.e., the IIP and those of the indicator series,
passed through BP filter, could be obtained by the cross
correlations computed up to 15 lags. Conventionally, the maximum
value of coefficient is taken as lead or lag of the indicator in
relation to a reference series. However, this needs to be
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Table 2 : Standardised Spectral Density Functions of the
Reference and the Indicator Series (Sample: 1989M7 to 2002M3)

Series Cycle Estimates of Spectral Density*

Bartlett Tukey Parzen

IIPCY 24 7.1788 7.5876 6.5889
-2.32 -2.60 -1.92

IIPBCY 24 8.9779 9.1005 7.1626
-2.90 -3.12 -2.08

MNOLCY 24 8.248 8.5104 7.0745
-2.67 -2.92 -2.06

EXPRCY 48 7.2161 7.5153 7.005
2.41 2.66 2.10

USGPCY 48 8.6527 8.9303 8.1379
-2.80 -3.06 -2.37

SCBDCY 24 9.5531 9.7734 7.7739
-3.09 -3.35 -2.26

NFCCY 48 9.6524 9.7365 8.6836
-3.12 -3.34 -2.53

CWPCY 48 7.5078 7.9158 7.4288
-2.43 -2.72 -2.16

M3CY 24 9.3087 9.5723 7.6818
-3.01 -3.28 -2.23

GFDCCY 40 5.9702 6.0029 5.3806
-2.23 2.37 -1.80

WPIIRCY 48 9.8587 9.901 8.7931
-3.19 -3.40 -2.56

WPIMCY 48 8.629 8.6468 7.762
-2.79 -2.97 -2.26

RTB 44 9.8922 9.9117 8.7213
-3.60 -3.82 -2.85

FRGTCY 24 6.1295 6.4035 5.5405
-1.98 -2.20 -1.61

CARGCY 24 6.5061 6.717 5.587
  -2.10 -2.30 -1.62

* Peak values of estimates are reported. The higher is the value, the more
persistent is the effect of the corresponding cycle.

Note : Values in italics are standard errors.

interpreted with some caution as they can be distorted by
overlapping oscillations. The value of coefficient with different lags
which fall in the 5 per cent significance band, are considered as
leading/lagging. On the basis of the results of cross correlogram of
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various indicators with the reference series, the variables considered
can be grouped as leading/lagging indicators (Table 3).

Table 3 : Leading/Lagging Indicators of IIP in India

(Period in months)

Leading Indicator Lead Lagging Indicator Lag

MNOLCY 10 IIPBCY 7
EXPRCY 4 FDSTCY 7
USGPCY 10 WPIMNCY 6
SCBDCY 8
NFCCY 8
CWPCY 5
M3CY 10

WPIIRCY 6
WPIMCY 7

RTB 5
SENSCY 12
FRGTCY 9
CARGCY 11

Average 8.1
Median 8

All the signs of the correlation coefficient hold for the entire
range of analysis except for a few false signals. The cyclical
relationship holds over almost the entire range of statistically
significant correlation coefficient across the cyclical duration,
indicating the strength of cyclical correspondence of the individual
leading indicator series with the reference series.

In order to further ascertain whether changes in the indicator
series precede the variations in the reference series, Granger
causality test was also performed. However, the choice of lag
length poses a common difficulty in performing such tests. Further,
visual inspection of the plots of each of the indicators series with
the reference series was also used to ascertain the relevant series
with appropriate lag length. The consistency of the lead of the
indicator series over the reference series, particularly at the turning
points becomes crucial for its inclusion in the index. In the
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ultimate analysis, the series that emerged as significant for
compiling the composite index include non-oil imports, exports, US
GDP, deposits of commercial banks, non-food credit of commercial
banks, currency demand, money supply growth, prices of industrial
raw material, prices of manufactured products, treasury bill yield,
BSE Sensex, freight loading of the railways and cargo handled at
the major ports. The plot of the cyclical component of the IIP
with each of the leading series is given in Appendix II.

The Composite Leading Index (CLI) for India

One important objective of the leading indicator analysis is to
make short-term forecasts of the reference series. Knowing whether
the economy is heading for a recession or boom is important for
policy making. Since the major interest is in stabilisation, any
significant fluctuation has to be predicted and then dampened
through policy intervention. As stated earlier, the essential feature
considered for selecting a component of the CLI is that it leads
the reference series with analogous cyclical behaviour. A single
composite index reduces the risk of false signals that may
sometimes arise from a particular series as also displays better
tracking of the reference series apart from providing reliable
forecasts. The monthly composite index was compiled for the
period 1990:05 through 2002:03, using the previously mentioned
indicator series having a lead ranging from 4 to 12 months without
sacrificing their cyclical properties.

In the present analysis, the raw data series of the leading
indicators were first adjusted according to their lag structure so
that all of them behaved like a coincident indicator, notwith-
standing the loss of some observations in this process. As the
cyclical components across the series forming part of the CLI, have
great degree of variability in their amplitude, aggregation into CLI
without standardisation may lead to distortions in the latter. In
order to avoid this problem, it is necessary to normalise the series
prior to aggregation so that the amplitudes are standardised.

An unweighted index of these thirteen series is compiled to
forecast the turning points of business cycles in India. The
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underlying idea for having an unweighted index is that the
industrial sector is undergoing structural changes, which may result
in rapid shifts in the relative importance of the indicators in
forecasting the production cycles. The process of normalisation of
each series used in the composite index does the job of smoothing.
Thus, the normalisation process itself implies a weighting system. It
may also be mentioned that in the OECD system too, equal
weights are used to obtain the composite index for a country
(OECD, 1997). The movements of the CLI, observed particularly
since the early 1990s, reveal that it is able to capture the turning
points of the IIP about six months in advance (Chart 3).

Chart 3 : Cyclical Component of IIP (IIPCY)
and the Composite Leading Index (CLI)

The lead performance of the composite indicator during the
reform period is set out in Table 4. The leading index has an
average lead of 5.7 months at the business cycle peaks and 5.5
months at the trough. It can be observed that the indicator has
maintained the lead at all the peaks of the growth cycles except
one, in the post-reform period. At the troughs, the leading
indicator has maintained a consistent lead. However, there has been
some variability in the length of the lead in itself.
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Table 4 : Lead/Lag Record of the Composite Leading Index
for the Indian Economy

Growth Cycle CLI Lead (-)/Lag(+) in Months
Trough Peak Trough Peak Trough Peak

1993:3 1993:11 1992:8 1993:7 -7 -4

1994:9 1995:5 1994:6 1994:11 -3 -5

1995:12 1996:8 1995:8 1995:12 -4 -8

1998:3 2000:11 1997:7 2001:1 -8 +2

Average -5.5 -5.7

Median -5.5 -5.0

Section IV

Concluding Observations

The persistent slowdown in the economic activities globally has
spurred debate on business cycles and considerable concern is
raised about the deepening of the slowdown and prolonging of the
onset of revival. The present slowdown in India is distinctly
reflected in the deteriorating rates of capacity utilisation across the
industries with average capacity utilisation rate for manufacturing
estimated at about 75 per cent during the latter half of the 1990s7.
The early indications of recovery from the phase of slow growth
as reflected in a variety of economic/business indicators need to be
interpreted cautiously.

The cyclical behaviour of the Indian economy shows that the
economy has transited through thirteen growth cycles of various
amplitudes and periodicity during the last three decades, with
average duration of cycle approximating 27 months. While the
recessions persist for the average duration of 16 months, the
expansion phase is of relatively shorter duration averaging 12
months. This is in contrast to the general proposition that
expansionary phase in the business cycle is larger than the
contractionary phase. The explanation for this lies in that while in
the earlier decade, periodic crop failures and consequent adverse
demand shocks emanating from the agricultural sector were mainly
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responsible for longer recessionary phase; slowdown in public
investment and growing infrastructural constraint also seem to have
been the binding constraint on sustaining the expansionary phase of
the growth cycle in the economy in recent decades.

As the economy has been increasingly exhibiting signs of
upswing and downturn in economic activity, the need for predicting
the cyclical behaviour has assumed significance. The approach of
leading indicator of economic activity has been widely used to
track the phases of business cycle and for deciding the appropriate
timing for the use of the counter-cyclical policies to work towards
macroeconomic stabilisation and thus, minimise the severity of the
cyclical downturns. The composite index of leading indicators being
multivariate in nature has been widely used as it predicts the
cyclical turning points more effectively than any single indicator.
The CLI is based on the premise that the cycle of each indicator
component has its unique characteristics as well as features in
common with other cycles, but no single cause explains the cyclical
fluctuation over a period of time in overall activity. The
performance of individual indicators will then depend on the
strength of causal relation with the reference series. Accordingly,
the multivariate approach adopted in this study is necessary to
combine various signals for many possible causes of cyclical
changes. The composite leading index compiled for India indicates
that the index is able to forecast the cyclical turning points in the
IIP series with a lag of 6 months.

The construction of a more robust composite leading index
necessitates high frequency (i.e. monthly/quarterly) time series
information on early stage indicators such as new orders, order
books, construction, job vacancies, capacity utilisation, etc., as also
on rapidly responsive indicators such as profits, inventories (stocks),
average hours worked, etc. In the Indian context, construction of a
reliable composite leading indicator would essentially require
information obtained from forward-looking questions of business
surveys. Compared to the traditional quantitative statistical surveys,
business tendency surveys collect qualitative information from
business managers on their assessment of the current economic
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situation and their intentions/expectations for the immediate future.
These surveys, known as consensus estimates, cover a range of
variables selected for their ability to monitor the business cycle and
include information not covered by quantitative statistics. Such
surveys are conducted in all OECD member countries and have
cost-effective means of generating timely information on short-term
economic conditions. In the Indian context, on a limited scale,
sample surveys by the National Council of Applied Economic
Research (NCAER) and the Confederation of Indian Industry (CII)
generate information on some variables but there is no adequate
time series to assess the cyclical properties of such variables for
inclusion in the composite index.

Notes

1. Koopmans (1947) in his celebrated critique “Measurement Without Theory” stated
that the atheoretical NBER approach could never lead to inferences about the
possible impact of stabilisation policies.

2. New Classical School of Macroeconomics in their business cycle analysis
emphasised the importance of random impulses as the primary cause of cyclical
fluctuation rather than specifying any particular internal or external factors.

3. Notable development in the business cycle theory during this phase was the
emergence of the Real Business Cycle (RBC) theory in the early 1980s. The RBC
emphasised technological shocks as the main factor causing cyclical fluctuations,
and is considered to be the basic theoretical impetus behind the development of
cyclical indicator approach of the present day business cycle analysis. The
development of the RBC approach is found to be well integrated with its
empirical counterpart – the time series analysis in econometrics, to provide further
sophistication to the analysis of business cycle.

4. The empirical analysis (RBI, 2002a) on relationship between the domestic output
and global business cycle reveals that causality between cyclical imports of
advanced countries and India’s exports is significant and strongly bi-directional.
Further, cyclical output of advanced countries has unidirectional causal effects on
cyclical output in India.

5. Ratio to moving average (multiplicative) first requires computation of the centered
moving average of the yt series denoted as xt. Second, take the ratio rt = yt/xt.
Third, compute the seasonal indices. For monthly series, the seasonal index for
month m is the average of using observations only for month m. For quarterly
series, the seasonal index for quarter q is the average of using observations only
for quarter q. Then adjust the seasonal indices so that they multiply to one. This
is done by computing the seasonal factors as the ratio of the seasonal index to the
geometric mean of the indices. The seasonally adjusted series is obtained by
dividing by the seasonal factors.
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6. Spectral analysis enables examination of the underlying nature of cycles. A spectral
density functions using ‘Bartlett’, ‘Tukey’ and ‘Parzen’ lag windows in the
estimation of long run variances in time series over the frequency domain is fitted
to ascertain the significance of the presence of cycles as well as to measure the
duration and amplitude of the fluctuations. The window size is set to the default
value of 2�n, where n is the number of observations.

7. Estimate based on the Minimum Capital-Output Ratio Measure developed by
National Industrial Conference Board, USA.
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Appendix I : Measurement of Cycles and Estimation of
Turning Points : Alternative Methodologies

 As the leading indicators are of crucial significance to applied
business cycle forecasting, there has been evolution of alternative
methodologies to achieve more reliable forecasts about the turning
points of the business cycles. The seminal contribution of Burns
and Mitchell (1946) on the business cycle laid the foundation of
empirical measurement of the business cycle in the sense that it
provided a comprehensive definition of the empirical features of the
business cycle of developed economies and developed methods for
measurement. The analysis of business cycle in the market oriented
economies is mainly rooted in the methodological approach
developed by the National Bureau of Economic Research (NBER).

NBER Method of Dating Business Cycles Peaks and Troughs

The NBER method of determining cyclical turning points in a
time series is based on the cycle dating criteria outlined in Burns
and Mitchell (1946). The NBER method identifies peaks and
troughs by observing clear changes in both the trend and the level
of economic activity. An array of data series coincident with the
aggregate economy are analysed and clustering of turning points in
the series are used to set the dating of reference cycle. A
distinction is made between a specific cycle and a reference cycle.
A specific cycle is defined as a set of turning points observed in a
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time series, which may or may not correspond to overall business
cycle turning points, but should meet the following criteria:

(i) The duration of the cycle must be at least 15 months,
measured from either peak to peak or trough to trough;

(ii) If the peak or trough zone is flat, the latest value is selected
as the turn;

(iii) Strike activity or other special factors generally are ignored, if
their effect is brief and fully reversible.

As the business cycle dating of NBER is based on considerable
judgement, attempts have been made to filter out false turning
points from noisy data. The algorithm developed by Bry and
Boschan (1971) is a scientific replication for selecting the turning
points.

The Bry-Boschan procedure is based on a single reference
series and translates NBER method into a set of simple decision
rules: (i) A peak is followed by trough and a trough by a peak;
(ii) Each phase (peak to trough or trough to peak) must have a
duration of at least six months; (iii) A business cycle from peak to
peak or trough to trough to have a duration of at least 15 months
in order to distinguish business cycles from seasonal cycles; (iv)
Turning points within six months of the beginning or end of the
time series are eliminated as are peaks (troughs) within 24 months
of the beginning or end of the series if any of the points after
(before) are higher (lower) than peak (trough).

The OECD Methodology

The OECD secretariat has developed a leading indicator system
for its member countries, which is used for analysing business
cycles and for predicting cyclical turning points. The OECD leading
indicator system uses the “growth cycle” or “deviation from trend”
approach because essential cyclical similarities between the series
may be obscured by different long-term trends. The underlying
reasoning for such an approach is that in periods with very high
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long-term growth trends, the turning points in many level series are
a poor guide as the cyclical fluctuations in economy are dominated
by the trend - the situation prevalent in much of the early post-
war period in many industrialised countries.

For constructing leading indicators of business cycle, it is
essential to first trace out the past cyclical behaviour of the
reference series. The next step is to select economic time series
whose cyclical movements typically predate those of the reference
series. The series considered are evaluated on the basis of criteria
regarding economic relevance, cyclical behaviour and practical
considerations on data frequency and timely availability. To
determine how well a series meets the criteria of cyclical
behaviour, peak and trough analysis and cross-correlation analysis
are carried out. The method of trend estimation adopted by the
OECD is a modified version of the Phase-Average Trend
(PAT) method developed by the NBER. This method has been
designed specifically to separate the long-term trends from the
medium-term cycles, with the latter defined as per the criteria
programmed in the Bry-Boschan routine for selection of cyclical
turning points.

Under the PAT method, series is broken up into phases on the
basis of cyclical peaks and troughs in the deviations of the series
from its moving average. Then the mean for each successive phase
of the series is computed and the results are smoothed by means
of two item or three item moving averages. The PAT is
approximated by connecting the mid points of these ‘triplets’ or
‘doublets’. PAT method of removing trends is arbitrary like other
methods. However, such multi-step approach generally requires a
large number of observations.

Besides these, there are some other methods for measuring
cycles such as Shiskin’s Rule of Thumb, Markov Switching Model
and other statistical filters of business cycles. The need for
decomposition of the cyclical component of an economic time
series has led to development of a variety of detrending and
smoothing techniques. The detrending techniques commonly used
are moving average, first differencing, removal of linear or
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quadratic time trends, Hodrick-Prescott filter and the band-pass
filter, which measures cycles in a frequency domain.

The Hodrick Prescott (HP) Filter

The business cycle filter developed by Hodrick and Prescott
(1980) to analyse post-war U.S. business cycles has grown
dramatically in time series applications in the recent past.
Technically, the Hodrick-Prescott (HP) filter is a two-sided linear
filter. The seasonally adjusted time series are decomposed into
trend and cycle components. The smoothed series are obtained by
minimizing the variance of seasonally adjusted series around its
trend component. The filter removes nonstationary components, i.e.,
unit root, and as this filter is symmetric there is no phase shift.
The HP filter has, of late, been used as a substitute for the PAT
method, originally used at NBER for trend estimation.

The HP filter defines cyclic component of a time series y
t
 as:

   � � � � � � (1-L)2 (1-L-1) 2

y
t
c =                      y

t      1+ � (1-L) 2 (1-L-1)2

The larger the parameter �, the smoother is the result.
Hodrick and Prescott favour � = 1600 for quarterly data and for
monthly series the value assigned is � = 14,400.

The Band Pass (BP) Filter

To isolate business cycle fluctuations in macro-economic time
series, Baxter and King (1995) developed band pass filter, based
on the definition of the business cycle suggested by Burns and
Mitchell (1946). Relative to other perspectives on decomposing
time series, the theory of spectral analysis of time series provides a
rigorous foundation as it relies on the Spectral Representation
Theorem, i.e., any time series within a broad class can be
decomposed into different frequency components.

The band pass is a linear filter, which eliminates very slow
moving (trend) components and very high frequency (irregular)

[            ]
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components. In other words, it is a linear transformation of data
which leaves intact the components of data within a specified band
of frequencies while eliminating all other components, i.e., isolate
fluctuations in the economic time series which persist for periods of
two through eight years. Despite the wide use of conventional
method separating trends from cycles to remove the linear trends
from economic time series, growing evidence indicates presence of
unit root which cannot be removed by such procedure of
detrending. The BP filter detrends data in the sense that it renders
stationary time series. Furthermore, while the Hodrick-Prescott filter
and moving average produce significantly higher volatility measures,
the BP filter eliminates the high frequency components apart from
removing the unit root component from the data. Baxter and
King recommended the Burns and Mitchell band pass filter for
quarterly macroeconomic data, which admits frequency components
between 6 and 32 variation while smooth high frequency irregular
variation.
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IIPCY = Cyclical Component of the IIP

IIPBCY = Cyclical Component of the IIP Basic Goods

FDSTCY = Cyclical Component of Food Stocks

MNOLCY = Cyclical Component of Non-Oil Imports

EXPRCY = Cyclical Component of Exports

USGPCY = Cyclical Component of US GDP

SCBDCY = Cyclical Component of Deposits of Commercial Banks

NFCCY = Cyclical Component of Non-Food Credit

CWPCY = Cyclical Component of Currency with Public

M3CY = Cyclical Component of Money Supply

GFDCCY = Cyclical Component of GFD

WPIPACY = Cyclical Component of WPI of Primary Articles

WPIIRCY = Cyclical Component of WPI of Industrial Raw Material

WPIMNCY = Cyclical Component of WPI of Minerals

WPIFLCY = Cyclical Component of WPI of Fuel Groups

WPIMCY = Cyclical Component of WPI of Manufacturing

RTB = Treasury Bill Rates

SENXCY = Cyclical Component of BSE Sensex

FRGTCY = Cyclical Component of Freight Loading of Railways

CARGCY = Cyclical Component of Cargo Handled at Major Ports
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Introduction

Traditionally, monetarists argue that inflation is always and
everywhere a monetary phenomenon. Fischer and Easterly (1990)
while accepting the monetarists’ view, however, note that a rapid
money growth without an underlying fiscal imbalance is unlikely,
implying that rapid inflation is almost always a fiscal phenomenon.
History has often witnessed cases of governments’ resorting to
seignorage at times of fiscal distress. In the case of fiscally
dominant regimes, persistent deficits have led to money creation.
The standard account of this fiscally dominant regime goes
something along the following lines. The size of government budget
is determined by the fiscal exigencies and the shortfall that cannot
be financed from its normal revenue and borrowing in the budget
is assigned to the monetary authority to be generated through
money creation, which could lead to inflation.

The present study is set around the theme of fiscally dominant
mechanism of inflation in India. An issue that arises is : for a
given level of fiscal deficit what would be the appropriate level of
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monetisation? This issue lies at the heart of policy inconsistencies
between monetary and fiscal authorities in ensuring price stability.
Against this backdrop, the present study attempts to explore the
long-run relationship between fiscal deficit and inflation in India
during the period 1951-52 to 1999-2000, taking into account the
external shocks provided by oil price. Oil price shock is treated as
an exogenous factor influencing inflationary trend notwithstanding
the fact that impact of crude oil price increase in India was mostly
absorbed by the oil pool account, which is an extra budgetary
item. Domestic oil price being largely administered and sticky, the
increase in external oil price which otherwise cuts the profit margin
of oil refineries is neutralised by subsidising from the oil pool
account. Thus, the full impact of external oil price increase is not
passed on to the domestic prices1 .

In the next section, a brief review of the existing literature is
undertaken, followed by a discussion on methodology and data source
in Section II. This section is followed by an analysis of the estimated
results in Section III and concluding remarks in Section IV.

Section I

An Overview of the Existing Literature

In the developed country context, fiscal policy is often thought
to be unimportant for inflation determination as it is considered, at
least on theoretical grounds, that the desire to obtain seignorage
revenue plays no apparent role in the choice of monetary policy
(Woodford, 2001). There are studies such as Lane (1995) and
Click (1998), which do not consider fiscal balance to be a possible
explanatory variable for inflation and seignorage. On the other
hand, fiscal dominance is often a developing country phenomenon.
Thus, fiscal-based theories of inflation are more common in the
literature of developing countries; Aghevli and Khan (1978), Alesina
and Drazen (1991), Cuikerman, Edwards, and Tabellini (1992) and
Calvo and Vegh (1999), to mention a few.

The literature on inflation in the Indian context is also replete
with fiscal based theories (see for examples Rangarajan and Arif
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(1990), Buiter and Patel (1992) and Rao (2000)). This does not
come as a surprise since Indian economy is indeed characterised by
high fiscal dominance. The authorities often resort to inflation tax
or seignorage to finance government expenditure as described above
though these are under certain limits in recent times. Until as
recent as end-March 1997, it took the form of automatic creation
of ad hoc treasury bills (though some limits were imposed since
September 1994 which paved the way for abolishing the mechanism
of ad hoc treasury bills from April 1997) whenever there was a
shortfall in receipts to finance government expenditure. Thus, fiscal
deficit has been understood as one of the crucial factors explaining
the inflationary process in India.

Another theoretical strand for explaining inflation is the fiscal
theory of inflation in which price level is determined by the
government budget constraint:

nominal debt
————— = present value of real surpluses
price level

In this theory, money and nominal debt are essentially valued as
equity claims on government. Here, increase in price level need not
work in the standard quantity-theoretic mechanism of fiscal deficit
leading to increase in money supply and consequently price. The
mechanism in this theory is essentially through the effects of fiscal
deficit on private sector budget constraints and thus on aggregate
demand and the price level. In equilibrium, however, fiscal
disturbances affect the growth of money supply, but the causality is
not from fiscal deficit to money supply and to price. Rather, it is
from fiscal deficit raising the price level which in turn affects
money supply as a result of the monetary authority’s passive
accommodation to meet higher money demand caused by higher
price [on fiscal theory, see for example Cochrane (1998) and
Woodford (2001)].

Sargent and Wallace (1981) by incorporating the role of
expectations about future policy show that when a government is
constrained to finance its deficit through inflation tax, any attempt
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to fight current inflation with tighter monetary policy works only
temporarily. Eventually, it would lead to higher monetary expansion
and inflation. This outcome, termed as unpleasant monetarist
arithmetic (UMA), works out on the following lines. Given a
budget constraint, reducing revenue from money creation currently
means resorting to larger market borrowings, which at some point
of time raises the real rate of interest above the real income
growth, leading to unsustainable growth in debt to income ratio,
threatening solvency in some cases. The solvency constraint
eventually forces the government to resort to money financing at a
much higher scale than what was required initially due to higher
interest payments. They also show the plausibility of current tighter
money policy leading to higher inflation not only in the future but
also in the present. This would happen if the current rate of
inflation depends on current and all anticipated future levels of
money supply. Tight money now can then lead to anticipation for
high rates of money creation in the future so that the current
demand for money increases and raises the current inflation itself.
The assumption crucial to the result of Sargent and Wallace’s
(SW) study is that the real interest rate on government debt is
greater than the economy’s growth rate. This condition has rarely
been met in the Indian context, where interest rate on government
borrowing was largely administered until the beginning of the
1990s. In the United States and Canada also, for most of the
post-war period, the real interest rate has been below the growth
rate. The recent literature, however, has shown that for the SW
result to hold, it is not necessary that the real return on
government debt exceeds the economy’s growth rate. The proviso
is that there exists a store of value with real return higher than
the economy’s growth rate (Bhattacharya and Haslag, 1999).

Further, there could be an optimal level of monetisation for a
given level of fiscal deficit even though fiscal deficit inherently
leads to higher inflation. Rao (2000) studying the Indian case
suggests that theoretically for any given fiscal deficit, there exists
an optimal level of monetisation at which both inflation and interest
rate could be stabilised. Excessive monetisation could continue to
increase inflation indefinitely, and insufficient monetisation leading to
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excessive market borrowing could also lead to high inflation-high
interest equilibrium. Using the data over the period 1990-2000 to
estimate the values of parameters derived in the model, and
applying it to the 2000-01 budget, Rao (2000) concludes that
actual level of monetisation is much lower than the estimated
optimum of 40.0 percent of deficit2.

Section II

Methodology and Data Source

Two measures of inflation are considered in the study viz.,
wholesale price index (WPI), which is the most common and
headline measure of inflation in the country and compiled on a
weekly basis; and consumer price index for industrial workers
(CPI), compiled on a monthly basis. Both the measures are
important in India as they are adopted for different policy and
practical purposes. WPI is much broader in coverage than CPI.
The former is closer to the producer’s price while the latter
represents more of the retail prices. Exogenous shocks such as oil
price hike to domestic price may have differential impact on the
WPI and the CPI. If the full impact of such shock is not being
passed on to the consumer, increase in wholesale price may be
more than consumer price. Owing to such differences in the nature
of inflation measures, both the measures of inflation have been
considered for studying their relationships with government deficit.

The deficit considered is of the Central Government only
though a broader public sector deficit concept might be more
appropriate. The use of the latter concept of measure of deficit is
constrained by the lack of time series data spanning from 1951-52
to 1999-2000, which is the period under consideration. Further, at
least directly, seignorage capacity of the government is mostly
confined to the Central Government.

Two alternative measures of scaling deficits are tried out. First
is the conventional measure of fiscal deficit as a ratio to GDP.
The second, and important to the analysis, is to scale the fiscal
deficit with money. Defining a long-run relationship between fiscal
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deficit to money stock ratio and inflation has a theoretical
foundation based on the shopping time dynamic model of
Ljungqvist and Sargent (2000). Catao and Terrones (2001)
extended this model to an open economy setting in which in
steady state equilibrium, it postulates a linear function of inflation
as follows3 :

        FD
p = � ——— (1)
        M

where ‘p’ is inflation, ‘FD’ is fiscal deficit and ‘M’ is the stock of
money and ‘�’ is a positive parameter. ‘�’ is postulated as a
positive parameter implying that lower the stock of money for
given level of fiscal deficit, the higher would be the long-run rate
of inflation. The expansion in the monetary base, however, need
not be necessarily due to monetised deficit. Conversely, a given
level of monetised deficit need not lead to a corresponding
expansion in base money and money stock, if base money increase
is impounded through central bank policy measures such as raising
of reserve requirements, which has been the Indian experience until
recently4 . In other words, there need not be one to one corres-
pondence between monetised deficit and base money expansion. The
proportion of seignorage revenue to finance deficit would, however,
impact on the interest rate on government borrowing. In the Indian
context, however, not much of a difference would have been made
since there was captive borrowing under controlled interest rates
regime until the beginning of the 1990s.

The right hand side (RHS) in (1) can be bifurcated into two
components of fiscal and monetary variable by dividing both the
numerator and denominator by gross domestic product (GDP) to
obtain the following :

       FD     GDP
p = � —— * ——— (2)
      GDP     M
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The first term in RHS in (2) is the standard fiscal deficit to GDP
ratio and the second term is the velocity of money. Thus, it
becomes clear from this theory that a higher fiscal deficit to GDP
ratio would lead to rise in inflation provided the velocity does not
offsettingly decline. If it is, however, accompanied by a certain
degree of money expansion or inflation tax base, inflation need not
rise while a tighter monetary policy accompanying the rise in fiscal
deficit to GDP ratio would lead to higher rate of inflation.

This theory postulating a positive coefficient of fiscal deficit to
money ratio implies that given the level of fiscal deficit, monetary
expansion even to the extent of financing the entire deficit through
money creation would always lead to reduction in long-run
inflation. This unbounded negative impact of money supply on
inflation may appear to be counterintuitive, as one would expect
the economy to degenerate into hyperinflation at some point. For
economies with experience of very low budget deficit, it may be
conceivable that financing the entire deficit through money creation
is less non-inflationary in the long-run. But, this is less likely for
economies with severe budget constraints. As Rao (2000)
demonstrates, some optimal level of monetised deficit for such
economies is also expected. Both lower and higher level of mone-
tisation than this optimum level of monetised deficit could lead to
more inflationary situation in the long-run. Hence, although the
model we adopt hypothesises an unbounded negative relationship
between inflation and money supply for given government deficit,
we check for the possibility of a positive relationship when the
relative degree of monetised deficit is high. This is done by
identifying the time series on fiscal deficit to money stock ratio for
instances with large decline. Decline in the ratio implies a relatively
higher money stock for a given level of deficit or relatively higher
money creation on account of deficit. The implication flowing from
the model should lead to a decline in the long-run inflation for
these instances. However, by creating a series through dummy,
which is 1 for those years that show decline in the ratio by more
than a randomly selected value and 0 otherwise, we check for
statistically significant positive coefficient of the dummy. If such a
statistically significant coefficient of the dummy exists, we infer that
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there exists a limit to the extent of monetised deficit, which when
exceeded also leads to higher long-run inflation.

In the literature, primary deficit is also used as an alternative to
gross fiscal deficit in order to remove the endogeneity bias
resulting from reverse impact of inflation on nominal interest. When
inflation has impact on nominal interest, the estimate of the
relationship defined by (1) would be biased since it cannot capture
the reverse relationship appropriately. This reverse effect in India,
however, would not be very strong, except in the recent times, as
interest rates were mostly administered.

For each of the two measures of inflation, two forms of
specification are considered: a) rate of change in the index (p); and
b) log (1+ p). The second specification enables addressing the non-
linearities problem in the fiscal deficit-inflation relationship. In the
presence of non-linearity the response of inflation to deficit
increases as inflation rises. This can be shown as follows:

ln (1+p) = �(GFD/GDP) which on taking derivative yields,
�p/(1+p) = �� �(GFD/GDP)

or, �p/�(GFD/GDP) = � (1+p) which shows that for a given
estimate of �, the impact of a percentage change in fiscal deficit/
GDP ratio on inflation will be higher as p increases.

The notations are: FDM = gross fiscal deficit scaled to M1;
FDY = gross fiscal deficit to GDP ratio; CP = change in
consumer price index; LCP = log (1+ CP); WP = change in
wholesale price index; and LWP = log (1+ WP).

The following eight types of relationships are possible :

1. CP and FDM – between change in consumer price and gross
fiscal deficit scaled by narrow money, M1.

2. WP and FDM - between change in wholesale price and gross
fiscal deficit scaled by narrow money, M1.
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3. CP and  FDY - between change in consumer price and gross
fiscal deficit to GDP ratio.

4. WP and FDY - between change in wholesale price and gross
fiscal deficit to GDP ratio.

5. LCP and FDM – between change in consumer price in
logarithm form and gross fiscal deficit scaled by narrow money,
M1.

6. LWP and FDM - between change in wholesale price in
logarithm form and gross fiscal deficit scaled by narrow money,
M1.

7. LCP and FDY - between change in consumer price in
logarithm form and gross fiscal deficit to GDP ratio.

8. LWP and FDY - between change in wholesale price in
logarithm form and gross fiscal deficit to GDP ratio.

In the trivariate models, change in oil price is included in each
of these relationships as an additional variable.

We adopt the autoregressive distributed lag (ARDL) approach
advanced by Pesaran and Shin (1995, 1996) as the variables are
integrated of different order. In this procedure, the dependent and
the explanatory variables can enter the regression with different lags
and need not be integrated of the same order. It involves two
stages of estimation with the first investigating the existence of
long-run relation and the second step estimating that long-run
relation and its adjustment to equilibrium from the error correction
model. The procedure may be explained as follows: Consider the
following augmented ARDL structure where the dependent and the
explanatory variables enter the regression with lags of order p and
q, respectively.
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          p         q
Yt = � + � �i Yt-i + �� �i Xt-i + ut (3)
         i=1       i=0

where, Yt is the explained variable at time t, � represents the fixed
effects, and Xt is a (k´1) vector of explanatory variables including
intercept, trend and dummies with fixed lags. Equation (3) can be
re-parameterised and written in terms of linear combination of
variables in level and first-differences:

                             p-1      q-1
�Yt = � + � Yt-1 + � Xt + �� �*

i �Yt-i + �� �*
i � Xt-i + ut (4)

                              i=1      i=0

             p       q          p           q
where � = -(1-��i), �=-� �i, �*

i = -� �m, �*
i = -� �m

             i=1      i=0       m=i+1      m=i+1

with i = 1, 2, ..., p-1.

Grouping the variables in levels, equation (4) can be written as:

                       p-1         q-1
�Yt = � + � [Yt-1 - 	 Xt] + �� �*

i �Yt-i + �� �*
i �Xt-i + ut (5)

                       i=1     i=0

where 	 = -[�/�] is a vector of the coefficients defining the long-
run relationship between the variables involved and � which is the
coefficient of the error correction term [Yt-1 - 	Xt] is the speed of
adjustment toward the long-run equilibrium.

The stability tests or tests for establishing the existence of long-
run relationships between the variables are done by conducting F-
test of adding one lag of the level variables to the ARDL
equations of first differences i.e., test the null :

H0  : � = �1  = .. . = �k = 0 against H1  : �� 
� �1 
 .... 
 �k 
 0 in
(4) and k denotes the number of explanatory variables.
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In other words, the coefficient of the lag of level variables
must be jointly different from zero. If the null is rejected, there
exists a long-run relationship among the variables with the
explanatory variables as the long-run forcing variables for the
explanation of the dependent variable. This procedure can be
repeated for each of the variable as the dependent variable in order
to determine whether long-run relationship exist in the reverse
directions. If the null is rejected for one direction and not in the
reverse direction, there is only one unique long-run relationship
between the variables.

In the second stage, the optimum lag for each of the variable
based on various model selection criterions, such as R-bar Square,
Akaike Information Criterion (AIC), Schwarz Bayesian Criterion
(SBC), and the Hann-Quinn Criterion is selected and the coefficient
of the long-run relations and the error correction model (ECM) as
represented by equation (5) is estimated.

The annual time series data covers the period 1951-52 to 1999-
2000. Gross domestic product (GDP) at market prices is obtained
from Economic Survey 2000-2001. Gross fiscal deficit data are
obtained from Pattnaik et al (1999). Consumer price index for
industrial workers (CPI-IW) is obtained from Chart Book on
Financial and Economic Indicators and from the Handbook of
Statistics on Indian Economy, Reserve Bank of India. Wholesale
price index (WPI) has been culled out from Economic Survey and
Handbook of Statistics on Indian Economy. Narrow money (M1) is
obtained from RBI sources. The change in crude oil prices in US
dollar is obtained from International Financial Statistics, CD-ROM,
July 2001.

Section III

Empirical Tests and Results

The stability tests for long-run relationship are conducted for all
the eight formulations listed above using ARDL of order 34.
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Table 1 : Stability Test for Bivariate Models

Formulation F-statistics F-statistics

1. CP and FDM FDM�CP = 1.71 CP�FDM = 11.1*

2. WP and FDM FDM�WP = 1.42 WP�FDM = 10.5*

3. CP and FDY FDY�CP = 1.44 CP�FDY = 10.28*

4. WP and FDY FDY�WP = 1.50 WP�FDY = 9.42*

5. LCP and FDM FDM�LCP = 2.00 LCP�FDM = 7.54*

6. LWP and FDM FDM�LWP = 2.25 LWP�FDM = 11.2*

7. LCP and FDY FDY�LCP = 1.58 LCP�FDY = 7.03*

8. LWP and FDY FDY�LWP = 2.12 LWP�FDY = 10.1*

* denotes rejection of null at least at the 95% confidence level based on the critical
value bounds computed by Pesaran et al (1996).

In Table 1, the arrow indicates the direction of causation. It
can be seen that the F-statistics are significant in only one direction
running from deficit to inflation in all the eight formulations. It
may be interpreted that there exists a stable long-run relationship
between inflation and deficit in India with the latter explaining the
change in the former, and not vice versa.

The long-run coefficients and the associated ECMs were
estimated for models with the highest R-bar square values5. It is
seen from Table 2 that none of the long-run coefficients are
significant. The ECM terms, however, are statistically significant and
also have the correct signs. All the equations pass the diagnostic
tests. The results presented in Table 1 and Table 2 may be
interpreted as follows: A long-run equilibrium between deficits and
inflation is indicated in all the specifications. The direction of
influence flows from deficit to inflation and the speed of adjustment
to their long-run equilibrium following deviation due to shock,
which is measured by the coefficients of ECM terms range from
73 to 94 percent within a year. The estimated long-run coeffici-
ents, however, are not statistically significant. This may follow from
omission of relevant variables.
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Table 2 : Estimates of Long-Run Coefficients and
ECM for Bivariate Models

Formulation Long-Run ECM Coefficient and Diagnostic Test
Coefficient

1. CP and FDM 0.107 (1.26) ECM = -0.93 (-5.52)*, R-bar 2=0.41,
F-stat = 11.38 DW = 2.05

2. WP and FDM 0.107 (1.02) ECM = -0.73 (-5.12)*, R-bar 2=0.36,
F-stat = 14.0, DW = 1.79

3. CP and  FDY 0.733 (1.24) ECM = -0.92 (-5.57)*, R-bar 2=0.42,
F-stat = 12.0, DW = 2.05

4. WP and FDY 0.72 (1.00) ECM = -0.74 (-5.35)*, R-bar 2=0.38,
F-stat = 15.0, DW = 1.80

5. LCP and FDM 0.109 (1.42) ECM = -0.94 (-5.61)*, R-bar 2=0.41,
F-stat = 11.7, DW = 2.07

6. LWP and FDM 0.107 (1.11) ECM = -0.74 (-5.13)*, R-bar 2=0.36,
F-stat = 14.0, DW = 1.79

7. LCP and  FDY 0.75 (1.41) ECM = -0.92 (-5.66)*, R-bar 2=0.43,
F-stat = 12.3, DW = 2.05

8. LWP and FDY 0.71 (1.19) ECM = -0.74 (-5.25)*, R-bar 2=0.38,
F-stat = 15.1, DW = 1.80

Figures in the parentheses are the standard errors.
* denotes significance at least at 5% level.

Oil price in US dollar terms was, therefore, introduced as the
third variable. The stability tests for the trivariate models are
presented in Table 3. The F-statistics indicate only one long-run
relationship in which inflation is explained by deficit and change in
oil prices.

In these trivariate models, the positive coefficients of fiscal
deficit on inflation are significant at least at the 10.0 percent level
in all the formulations (Table 4). Oil price changes also has
positive impact on all measures of inflation. All the equations pass
the diagnostic tests and the estimates are far more precise than the
corresponding bivariate models. The estimates show that exclusion
of oil price change underestimates the impact of fiscal deficit on
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inflation. This probably indicates that increase in external oil price
impacts domestic inflation partly through the fiscal deficit channel,
despite the operation of oil pool account as an extra budgetary
transaction. The speed of adjustments towards long-run equilibrium
following deviations from disturbances are also estimated higher,
and range from about 90 to 100 percent within a year. Only in
formulation (1) is the coefficient of ECM term marginally more
than one indicating a possible case of instability in the equilibrium
or tendency to over correct a deviation within a year.

Table 3 : Stability Test for Trivariate Models

Formulation F-statistics F-statistics F-statistics

1. CP and FDM, OP FDM�CP, OP = 1.18 OP�FDM, CP = 2.90 CP�FDM, OP = 6.77*

2. WP and FDM, OP FDM�WP, OP = 1.85 OP�FDM, WP =3.17 WP�FDM, OP = 6.15*

3. CP and  FDY, OP FDY�CP, OP = 0.97 OP�FDY, CP = 3.05 CP�FDY, OP = 6.16*

4. WP and FDY, OP FDY�WP, OP = 1.80 OP�FDY, WP = 3.31 WP�FDY, OP = 5.36*

5. LCP and FDM, OP FDM�LCP, OP = 1.45 OP�FDM, LCP = 3.54 LCP�FDM, OP = 7.61*

6. LWP and FDM, OP FDM�LWP, OP = 1.95 OP�FDM, LWP = 3.33 LWP�FDM, OP = 6.57*

7. LCP and  FDY, OP FDY�LCP, OP = 1.06 OP�FDY, LCP = 3.78 LCP�FDY, OP = 6.91*

8. LWP and FDY, OP FDY�LWP, OP = 1.89 OP�FDY, LWP = 3.50 LWP�FDY, OP = 5.71*

* denotes rejection of the null at least at 95% confidence level based on the critical
value bounds computed by Pesaran et al (1996).

Although the econometric estimates need to be interpreted with
great deal of caution, particularly in drawing policy implications, we
nonetheless infer the following: fiscal deficits bear a strongly
positive and statistically significant long-run relationship with
inflation. The change in world oil prices also plays a crucial role in
the long-run inflationary trend. The higher the rate of inflation, the
greater is the inflationary impact of the deficit. Similarly, higher the
rate of inflation the greater is the impact of oil price on inflation.
In the estimated long-run relationships, the coefficients of fiscal
deficit to GDP ratio is about 6.5 times the coefficients of fiscal
deficit to money stock ratio. These results appear consistent given
that velocity of money (GDP to money stock ratio) has hovered
around 5.6 to 7.2 with median value of about 6.5. Higher the
level of money stock for a given level of deficit, the lower is the
level of inflation in the Indian context.



285GOVERNMENT DEFICIT AND INFLATION IN INDIA

Table 4 : Estimates of Long-Run Coefficients and ECM for
Trivariate Models

Formulation Long-Run ECM Coefficient and Dignostic Test
Coefficient

1. CP and FDM, OP FDM = 0.187 (2.56)* ECM = -1.03 (-6.52)*, R-bar 2=0.53,
OP = 0.084 (3.07)* F-stat = 11.2, DW = 1.89

2. WP and FDM, OP FDM = 0.135 (1.76)** ECM = -0.87 (-5.31)*, R-bar 2=0.57,
OP = 0.102 (3.15)* F-stat = 13.3, DW = 1.82

3. CP and  FDY, OP FDY = 1.23 (2.38)* ECM = -0.98 (-6.54)*, R-bar 2=0.54,
OP = 0.108 (3.75)* F-stat = 14.5, DW = 1.89

4. WP and FDY, OP FDY = 0.97 (1.80)** ECM = -0.86 (-5.37)*, R-bar 2=0.58,
OP = 0.102 (3.15)* F-stat = 13.78, DW = 1.79

5. LCP and FDM, OP FDM = 0.169 (2.48)* ECM = -1.00 (-6.44)*, R-bar 2=0.52,
OP = 0.072 (2.83)* F-stat = 13.3, DW = 1.92

6. LWP and FDM, OP FDM = 0.127 (1.80)** ECM = -0.89 (-5.78)*, R-bar 2=0.57,
OP = 0.09 (3.14)* F-stat = 13.1, DW = 1.85

7. LCP and  FDY, OP FDY = 1.19 (2.50)* ECM = -0.99 (-6.55)*, R-bar 2=0.54,
OP = 0.073 (2.84)* F-stat = 14.2, DW = 1.90

8. LWP and FDY, OP FDY = 0.90 (1.83)** ECM = -0.86 (-5.47)*, R-bar 2=0.58,
OP = 0.091 (3.13)* F-stat = 13.58, DW = 1.82

Figures in the parentheses are the standard errors.
* and ** denote significance at 5% and 10% levels, respectively.

The policy implications which seem to follow is that for a given
level of deficit determined by fiscal exigencies, monetary expansion
would keep inflation under check in the long-run. This implication,
however, appears to be counterintuitive as some upper bound to the
extent of monetary expansion is expected, beyond which inflation
would increase in the long-run. Consequently, the time series on fiscal
deficit to money stock ratio was investigated for instances that showed
declines. During the reference period with 49 observations, the ratio
declined in 21 instances with the rate of decline ranging from 0.14
percent to 16.2 percent. Of these declines, some random values were
sequentially selected starting from the lowest and progressively moving
upward. A dummy, equal to 1 for those years with declines in the
ratio more than the randomly selected value, and 0 otherwise, was
included in the estimates. Among the various randomly selected levels
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of decline in the ratio, for decline in the ratio by more than 8.0
percent (there were five such instances during the period under
review) the coefficients of the dummies were found to be positive and
statistically significant in all the relevant models. This indicates that
when the degree of monetised deficit exceeds a critical level it has a
positive long-run impact on inflation. The results are presented in
Table 5.

Table 5 : Estimates of Long-Run Coefficients and ECM for
Trivariate Models Including a Dummy for Decline in Fiscal

Deficit Money Ratio by More Than 8.0 Percent

Formulation Long-Run ECM Coefficient and Dignostic
Coefficient Test

1. CP and FDM, OP FDM = 0.173 (2.57)* ECM = -1.06 (-6.75)*, R-bar 2=0.54,
OP = 0.075 (2.89)* F-statistics = 11.7, DW = 1.95
D = 0.046 (2.02)*

2. WP and FDM,OP FDM = 0.130 (1.93)** ECM = -0.94 (-5.67)*, R-bar 2=0.60,
OP = 0.089 (3.11)* F-statistics = 11.97, DW = 1.85
D = 0.052 (2.27)*

3. LCP and FDM, OP FDM = 0.167 (2.67)* ECM = -1.06 (-6.70)*, R-bar 2=0.53,
OP = 0.065 (2.73)* F-statistics = 11.3, DW = 1.97
D = 0.042 (2.00)**

4. LWP and FDM, OP FDM = 0.122 (1.94)** ECM = -0.94 (-5.63)*, R-bar 2=0.58,
OP = 0.08 (3.10)* F-statistics = 11.49, DW = 1.86
D = 0.042 (1.96)**

Figures in the parentheses are the standard errors.
* and ** denote significance at 5% and 10% level, respectively.

In Table 5 there are only four equations since the estimates
pertain to fiscal deficit to money stock ratio only. The coefficients of
the dummies are significant at least at the 10.0 percent level. It may
also be noted that there are some improvements in the fit of the
equations as compared to the corresponding estimates in Table 4.
The coefficients of the ECM term for consumer price measure of
inflation are more than one, indicating instability. Thus, it appears
that there is a limit to the extent of monetised deficit which when
exceeded raises the long-run inflation instead of lowering it. The
results vindicate Rao’s demonstration that there is some optimal level
of monetisation for a given level of fiscal deficit.
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Section IV

Concluding Remarks

Fiscal deficit has been an important cause for the long-run
inflationary trend in India. Fiscal consolidation, therefore, appears to
be a key requirement for price stability in the long-run. The Fiscal
Responsibility and Budget Management Bill (FRBM) would have
the salutary effect of bringing down the level of inflation in the
long-run. While this is so, our estimates refute the concern that
monetisation of fiscal deficit is always inflationary. This is not to
suggest in any way that there is a greater scope to finance
government deficit through monetisation. The study also indicates
that excessive monetisation of deficit also leads to higher inflation.
Thus, there is an optimal level of monetisation for a given level of
deficit, which is, however, not estimated in the present study. The
study also shows that rise in oil prices adds to inflationary impact.
The study vindicates the need for greater monetary-fiscal
coordination. Especially in the 1990s, the composition of reserve
money has changed with net foreign exchange assets forming a
predominant proportion of reserve money. Given the benefits of the
reserve accretion to the country, and a certain degree of lack of
control over capital inflows, it is all the more compelling that there
is greater fiscal restraint and in that a tighter leash on net central
bank credit to the government.

Notes

1. The Administered Price Mechanism (APM) for petroleum and diesel and Oil Pool
Account were abolished with effect from April 1, 2002.

2. The Report on Currency and Finance 2000-01 of the Reserve Bank of India
estimates the optimal degree of  monetisation of fiscal deficit to be in the range of
20-25 per cent.

3. For a detailed derivation of the model, see Catao and Terrones (2001).

4. However, raising of reserve requirements need not always lead to decline in the
money multiplier and, ceteris paribus, a decrease in money stock. Under certain
range of values for CRR and currency deposit ratio, an increase in the CRR may
lead to an increase in the money multiplier and hence an increase in the money
supply.



288 RESERVE BANK OF INDIA OCCASIONAL PAPERS

5. The current values of the explanatory variables are excluded in the test as it is not
known a priori whether they are the long-run forcing variables or not. Once the
existence of the long-run relationship is established by this test, they are included
in the second stage estimating the long-run coefficients and the error correction
model (Peseran and Peseran, 1997). ARDL of order 3 was uniformly chosen as the
maximum lag as it gave the highest F-statistics and the co-efficients of higher lags
of the variables were not statistically significant.

6. It may be noted that as against the stability test which had a uniform maximum
order of lag 3, the order of lags for different variables in the error correction
models are not the same. The appropriate lags for each of the variable are selected

based on the highest R-bar square criterion from the maximum lag order of 3.
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Introduction

The contemporary conduct of monetary policy has assumed a
market orientation the world over, following financial liberalisation.
A major challenge for any monetary authority today is to tune
liquidity conditions in the financial markets consistent with the
overall macroeconomic objectives, although monetary policy
operating procedures vary according to the relative efficacy of the
respective transmission channels. The key issue before central bank
liquidity management is then to assess the demand in the market
for bank reserves and initiate policy action in consonance with a
targeted quantum or price of liquidity – or in many instances, a
combination of both.

India, like several emerging market economies, embarked on a
programme of financial liberalisation in the 1990s. This necessitated
changes in the monetary policy framework to accommodate the
resultant shifts in emphasis on monetary policy transmission channels
and therefore, the information content of policy indicators (RBI,
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1998). The contemporaneous evolution of inter-linked money,
government securities and foreign exchange markets improved the
efficiency of monetary management, but also posed challenges arising
out of the possibilities of rapid contagion (Jalan, 2000). The need to
ensure orderly conditions in the financial markets has intensified the
quest for an effective liquidity assessment framework.

Recent research has attempted to assess liquidity by partitioning
bank balances with the central bank in terms of central bank balance
sheet flows emanating from discretionary policy liquidity operations
and other “autonomous” factors (Borio, 1998; ECB 2001; Schaechter
et al, 2001). This paper examines their applicability in the Indian
context. Section I introduces the conceptual framework. Section II
attempts to construct such measures from the Reserve Bank balance
sheet. Section III reviews the recent Indian experience. Finally,
Section IV sets out some concluding observations.

Section I

The Framework

The market for bank reserves evolves largely through the
dynamic interaction between the central bank and the banks, which
are the principal financial intermediaries in an economy and the
most important participants in financial markets. Autonomous
liquidity (AL) aggregates the primary liquidity available to banks,
stemming from regular central banking functions as the currency
issuing authority and banker to banks and the government. In a
stylised central bank balance sheet, this could comprise the claims
on the Government and the rest of the world (RoW) netted for
leakages from the banking system, such as currency. From Table 1,

AL = A1 + A3 – L1 – L3 …(1)

Discretionary liquidity (DL), the balance primary money flowing to
the banking system, arises out of the central bank’s money market
operations and captures the reaction of the monetary authority to
autonomous changes in market liquidity,

DL = A2 …(2)
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Table 1 : A Stylised Central Bank Balance Sheet

Component Source

1 2

L1. Currency A1. Credit to Government

L2. Bank Reserves (=R) A2. Credit to Banks

L3. Net Other Liabilities A3. Net Foreign Assets

Total Liabilities Total Assets

so that the supply of reserves (Rs) works out to

Rs = AL + DL …(3)

Central banks can - and often do - predict AL and the demand
for bank reserves (Rd) (conventionally decomposed into required
reserves (RR) and the demand for excess reserves (ERd), inclusive
of settlement balances, etc.). The net liquidity (NL), prior to central
bank liquidity operations, could then be estimated, ex ante, as

NL = Rd (= RR + ERd) - AL ...(4)

If the central bank decides to maintain the existing liquidity
conditions, it could bridge NL with DL (Bindseil, 2001).
Alternately, interest rates would change to clear the market for
bank reserves. For example, interest rates would harden (soften) if
the central bank chose to ‘short’ (over-supply) the market. The
realised liquidity in the market for bank reserves is simply the
balances banks maintain with the central bank, in an ex post sense,

R = RR + ER = AL + DL = L2 …(5)

Employing the format of the central bank balance sheet presented
in Table 1, suppose the Government draws Rs.100 as credit from
the central bank to pay salaries to its employees who hold half the
income in cash (Table 2). For the banking system, this results in a
supply of funds of the order of Rs.50, since the currency component
is a direct claim of the public on the Reserve Bank and therefore,
does not impact bank liquidity (Table 3). Thus, AL amounts to
Rs.501. Assuming that the deposit is exempt from reserve
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Table 2 : Autonomous and Discretionary Liquidity in a
Central Bank Balance Sheet

Component Flow Rupees Source Flow Rupees

1 2 3 4

L1. Currency 50 A1. Credit to Government 100

L2. Bank Reserves (=R) 0 A2. Credit to Banks -50

L3. Net Other Liabilities A3. Net Foreign Assets

Total Liabilities 50 Total Assets 50

Memo Item

� AL = A1+A3-L1-L3 = 100-50=50 � NL = � Rd  (=0, by assumption) -
�� DL = A2 = -50 � AL= 0-50 =(-) 50
�� R = L2 = �AL + �DL = 50-50 = 0

requirements (RR) (without loss of generality) and that there is no
change in the demand for settlement balances (i.e., implicitly
assuming that there is no mismatch between deposit mobilisation and
credit offtake), there is, thus, an excess supply of bank reserves of
Rs. 50. If the central bank contracts credit to banks, i.e., DL, by
the entire Rs. 50, there would be no change in liquidity (and hence
interest rates) in the market for bank reserves. Note that in case of
an incremental credit offtake of say, Rs. 50, which is fully held in
cash, the AL generated by the Government’s salary disbursement
would be fully absorbed and therefore, the maintenance of existing
liquidity conditions would not warrant central bank action. Secondly,
in case of capital flows, of say Rs. 50, AL increases to Rs.100 and
necessitates a withdrawal of Rs. 50 through DL to keep liquidity
conditions intact. This discretionary action of the central bank to
suck out liquidity can even take the form of imposing stricter
reserve requirements.

Table 3 : Balance Sheet of the Banking System

Source Flow Rupees Use Flow Rupees

1 2 3 4

1. Deposits 50 1. Bank Reserves

2. Credit from Central Bank -50 2. Bank Credit

Total 0 Total 0
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The supply of bank reserves can be, alternatively, decomposed
into borrowed reserves (BR), - essentially standing facilities
available at the central bank rate - and non-borrowed reserves
(NBR). The critical point of difference is that while the AL-DL
classification bifurcates bank reserves on the basis of the central
bank’s control over its balance sheet in general, the BR-NBR
categorisation splits it in terms of the commercial banks’ ability to
access primary money on own account (Table 4).

Table 4 : Analysis of Supply of Bank Reserves

Central Bank Action Exogenous to liquidity Accounted in
operations of

Central bank Banks AL DL BR NBR

1 2 3 4 5 6 7

Monetisation � � � �
of deficit

Foreign exchange � � � �
operations

Cash issuance � � � �

Open market � � � �
operations (Offtake) (Amount/price)

Standing facilities � � � �
(Utilisation) (limit & price)

The AL-DL framework is intuitively more appealing from the
practitioners’ perspective in case of central banks which i) combine
internal debt and monetary management, ii) perform development
functions, and iii) operate in economies in which cash remains a
major medium of transaction. The critical importance of the AL-DL
construct lies in the fact that it is operable in case of both
quantity and interest rate operating targets as well as the interme-
diate regimes (Chart 1). In case of quantum targets, central banks
could supply a pre-determined level of reserves (R*), so that the
interest rate i* would clear the market, given the reserves demand
curve R0

D. In case of a shift of reserves demand from R0
D to

R1
D, interest rates would have to rise along R0

s to A1 for market
clearing, if the central bank sticks to the same quantum of
reserves. In case of interest rate targets, central banks would adjust
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the liquidity at A2 along the desired trajectory say, R1
s, so that the

interest rate is maintained at i*, and the supply of liquidity
accommodates the shift in reserves demand. In many economies,
especially the emerging markets, both quantity and rate transmission
channels usually operate side by side, and so central bank policy
spans both the quantum as well as price of the supply of bank
reserves along R2

s, inducing a shift in the market equilibrium from
A to A3. Only in the extreme cases, need the central bank give up
one target for the other.

Recognising that discretionary operations often encompass
changes in the policy rates, the initial framework can be extended
to a simple model of the market for bank reserves in which the
central bank uses the entire array of instruments – quantum and
rate - at its disposal for stabilising the price of liquidity. This is
set out in Appendix I. In this scenario, the market interest rates
depend on the autonomous liquidity generated and the discretionary
operations of the central bank, including changes in policy rates.
Given that i) an increase (decrease) in the quantum of discretionary
liquidity softens (hardens) the market interest rate and that ii) an
increase (decrease) in the price of discretionary liquidity similarly
raises (lowers) the market interest rate, it is possible for the central
bank to maintain orderly conditions in the financial markets through
a policy of countervailing changes in the price and quantum of
liquidity. This could, for example, include calibrated counter-

A
1

A
3

A
2

 i 

i* 

R 

*

A 

R0
D R1

D 

R1
S 

R0
S R2

S 

Chart 1 : The Market for Bank Reserves
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balancing of i) changes in the reserve requirements and the policy
rate, ii) open market operations (OMO) and the policy rate and iii)
reserve requirements and open market operations. The common
“sufficient” condition, requiring that the market interest rate
sensitivity of discretionary operations should be greater than that of
autonomous factors, is derived in the Appendix I. This underscores
the potency of the central bank’s discretionary use of policy
instruments in fine-tuning liquidity. Central banks with a credible
reputation would, thus, be able to influence market conditions with
the signalling effect (which is consistent from the market
perspective) reinforcing the liquidity impact of policy measures.

Cross-Country Experiences

Most central banks adjust market liquidity pro-actively in
pursuance of either a quantum target or a price target, or a mix
of both (Borio, 2001; Table 5). The most common operating
procedure appears to be a two-step process of i) working out the
net demand for bank reserves (through a forecast of AL), and then
ii) undertaking discretionary operations, as determined by the
estimated liquidity effect to maintain interest rates consistent with
macroeconomic objectives (Ugolini 2002; and Appendix 2). The
European Central Bank (ECB), for example, manages liquidity
conditions through a policy mix of OMO (including repos),
marginal refinance facilities (both deposit and lending facilities) and
changes in the policy rates based on estimates of the autonomous
liquidity2 of the banking system. The US Federal Reserve targets
the inter-bank federal funds rate essentially through OMO guided
by its estimates of the demand of bank reserves and the technical
factors3 affecting bank reserves. The Bank of Japan (BoJ) targets
the outstanding balance of the current accounts with it through
money market operations which are based on its projections of the
autonomous sources of bank reserves4. Operating procedures of
monetary policy in emerging market economies are also coalescing
into similar strategies of liquidity management (Kamin et al, 1998).
A number of central banks, including the BoJ and the ECB,
publish their forecasts of autonomous factors.
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Table 5 : Operating Procedures Of Liquidity Management

Country Operating Target AL forecast Frequency of Key Instruments of Discretionary Liquidity
horizon, if any Market Operations Quantum Rate Others

CRR OMO Repo Standing
Facilities

Brazil Overnight inter- 1 month Daily � � � Financial assis-
bank rate tance  for liquidity

ECB 1 month Once a week � � � Policy rate
plus once addi-
tionally a month,
on a regular basis

Indonesia Monetary base 1 week Daily � � � Discount Moral
and REER rate suasion

Japan Bank reserves 1 day More than one � � �
per day

Malaysia Intervention rates, 1 day Daily � � � Selective credit
inter-bank rates and moral

suasion

Mexico 1 day Daily � �

South Africa Repurchase rate 1 to 6 months Daily � � � � Repo rate Foreign cur-
rency swaps

UK 1 day to 13 Daily � � Repo rate
weeks

USA Federal Funds Rate 2 weeks Typically one per day � � � Discount rate
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Section II

The Indian Context

The autonomous (�AL) and discretionary (�DL) liquidity flow
measures adapt the standard literature with the caveat that the
policy measures are “discretionary” and not “rule bound” (RBI
1999; RBI 2000a,b; RBI 2001a; RBI 2002a,b,c).

The �AL, in the Indian case, could be defined as the sum of
the following:
i) the Reserve Bank’s primary monetisation of the fiscal deficit,

through a) ways and means advances (WMA), netted for the
Government balances, b) net primary subscriptions to Treasury
Bills, dated securities and non-marketable securities (such as ad
hoc T-Bills funded into non-transferable special securities
without any maturity, etc.) and c) holdings of rupee coins, (i.e.,
the change in the net RBI credit to the Government, adjusted
for secondary market operations);

ii) incremental claims on banks (other than credit to commercial
banks);

iii) incremental claims on the commercial sector (other than credit
to primary dealers (PDs), typically driven by development
objectives;

iv) incremental net foreign assets;
v) less incremental liabilities (other than scheduled commercial bank

and government balances with the RBI), which constitute a
leakage from the banking system, comprising a) cash, governed
by demand for transactions balances which, in turn, depends on
the level of economic activity and on seasonal factors, such as
harvests and festivals, b) balances maintained by co-operative
banks, financial institutions and foreign central banks, and c) net
non-monetary liabilities, mainly constituting the Reserve Bank’s
claims on itself.

The �DL, in quantum terms, could be the sum of i) the
Reserve Bank’s secondary market operations in the government
securities market in the form of OMO (including repo), incremental
credit to ii) commercial banks and iii) PDs at a pre-determined
interest rate netted for iv) changes in reserve requirements.
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The construction of �AL and �DL measures is judgemental
and at best time-specific, especially in view of the on-going
transition from direct to indirect instruments5 of monetary control
(Appendix III). For instance, the Reserve Bank often accepts
private placement and devolvement of Treasury Bills/government
securities auctions during tight liquidity and offloads them to the
market when conditions ease. As the Reserve Bank is entrusted
with the dual responsibility of internal debt and monetary
management, the first leg is classified as �AL and the second leg
as �DL. Secondly, the critical difficulty in case of policy
instruments such as OMO and standing facilities is that while the
Reserve Bank often determines either the price or the potential
quantum and, at times, both, the response really depends on banks
and PDs. In this case, the precise utilisation levels, are viewed as
a function of the “enabling” conditions, in both price and quantity
terms, set by the Reserve Bank and are hence classified as �DL.
Finally, while there usually exists an inverse relationship between
bank reserves and short-term interest rates (i.e., the liquidity effect),
it is necessary to adjust bank balances with the Reserve Bank for
changes in required reserves in a regime of frequent CRR changes.
While the impact of CRR changes is actually dynamic and best
captured by constructing a series for adjusted bank reserves, the
first round release of resources on account of CRR changes is
taken in �DL as a first approximation in absense of a time series
on required reserves (RBI, 2001a).

Section III

The Indian Experience

The Reserve Bank faces the monetary policy dilemma of
funding both the Government and the commercial sector at
reasonable cost without stoking inflationary pressures and at the
same time maintaining exchange rate stability (RBI, 1998a). The
Reserve Bank announced a multiple indicator approach in April
1998 to accord itself the necessary flexibility for drawing policy
perspectives in the face of financial liberalisation. The array of
indirect instruments of monetary control has been simultaneously
expanded to ensure orderly conditions in the money and foreign
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Table 6 : AL and DL - Select Operational Cases

Autono- AL Likely Liquidity Operations Adjusted Monetary Conditions
mous CRR OMO Standing DL Bank Bank Interest Exchange
Factors (inc. Facilities Rate Reserves Rates Rates

repos) (Re/US$)

1 2 3 4 5 6 7 8 9 10

Cash � � � � � � �
demand

Government � � � � � �
demand

Capital � �   �@ �# �# � � � �
outflows

On reversal, � � �$ �* �* � � � �

@ Especially higher cost repos.     # At higher cost.   $ At higher prices.   * At lower cost.

exchange markets. The liquidity management is now carried out by
OMO (including repo operations) supplemented by direct interest
rate signals through changes in the policy rates such as the bank
rate and the Liquidity Adjustment Facility (LAF) rates, besides the
traditional reserve requirements and standing facilities (Vasudevan,
1998; Reddy, 2001, 2002; Table 6). It is in this milieu of multiple
objectives, indicators and instruments that partitioning bank reserves
on the basis of liquidity management provides a useful tool for
analysing central bank operations.

There are four stylised facts. First, �DL, more or less, offsets
�AL6 (Chart 2 and Table 7). Secondly, the Reserve Bank has

Chart 2 : AL & DL Flows and the Call Rate 
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Table 7 : Measures of Volatility

Variable Monthly Flow Co-efficient
Average (Rs. crore)  of Variation

1 2 3

AL 2,502 2.5

Currency in circulation 2,010 2.2

Monetisation of the Centre’s Fiscal Deficit 2,223 3.1

Net foreign assets of the RBI 3,507 1.1

DL -1,510 -3.8

Memo Item:

Variable/Co-efficient of Variation 1999-2000 2000-01 2001-02

Adjusted bank reserves (Ra) 0.06 0.07 0.07

Call rate 0.12 0.19 0.05

Exchange rate (Re/US $) 0.01 0.02 0.01

operated through different instruments7 - quantum and rate – at
different points of time to ensure orderly conditions in the money
markets. Thirdly, there has been a gradual reduction in the
volatility in the inter-bank call rates, without any appreciable change
in the variability of bank reserves, adjusted for first-round CRR
changes (Chart 3). Finally, �AL (and consequently �DL) is heavily
influenced by seasonalities in cash demand and government
payments.

Chart 3 : Adjusted Bank Reserves and the Call Rate
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The Anecdotal Evidence

The recent monetary experience is best analysed in terms of
phases of easy and tight monetary conditions (Chart 4 and Table
8). The fiscal year 1999-2000 provides a good starting point since
the present operating procedure of liquidity management was, by
and large, in place. The foreign exchange market saw excess
demand conditions by early 1999-2000 emanating from a mix of
domestic uncertainties, border tensions and bulk crude oil imports,
depleting the foreign exchange reserves. This gap was funded by
refinance drawals by commercial banks and PDs at the Bank Rate,
which pushed up inter-bank call rates above central bank lending
rate. The Reserve Bank continued its policy of private placements/
devolvements combined with subsequent OMO to deflect the
pressures of Government borrowing. As a result, while �AL
amounted to Rs. 14,228 crore, DL declined by Rs. 8,354 crore
during June-October 1999 to constrain average monthly change in
bank reserves (adjusted for CRR changes) (�Ra) to Rs.1,175 crore.
During this period, the discretionary operations were essentially
quantum based, in the absence of any change in the policy rates.

Capital flows revived after November, adding to the foreign
exchange reserves. Given seasonal cash demand, AL increased by
Rs. 12,603 crore during November 1999 to April 2000. The

Chart 4 : Phases of Liquidity
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Table 8 : AL and DL – Phase-wise Analysis

Variable April- June- November May- November
May October 1999- November 4, 2000-
1999 1999 April 3, 2000 March

2000 2002

1 2 3 4 5 6

1. AL (1+2+3+4-5-6-7-8) 9,184 14,228 12,603 7,804 44,103

1.1 Net RBI credit to Government 16,528 15,789 12,890 21,378 15,198
(other than OMO)

1.1.1 Primary subscription to 16,000 11,000 0 30,149 26,679
dated GoI securities

1.2 RBI's claims on banks -1,064 1,060 -224 383 337
(other than credit to commercial banks)

1.3 RBI credit to commercial sector -36 -267 94 -367 -1,121
(other than PDs)

1.4 RBI’s net foreign assets (NFA) 9,250 599 23,171 -4,581 97,811

1.4.1 net of revaluation 9,047 -2,893 27,554 -10,545 89,760

1.5 RBI’s net non-monetary liabilities 1,678 4,757 6,329 2,554 28,735

1.6 Notes in circulation 14,894 -2,119 16,440 6,421 37,063

1.7 “Other” deposits with the RBI -1,138 30 98 -262 -151

1.8 Bankers’ deposits with the RBI 61 285 462 296 2,475
(other than commercial banks)

2. DL (1+2+3+4) -4,234 -8,354 -4,722 -1,040 -37,613

2.1 Open Market Operations -11,301 -12,385 -12,749 -5,815 -47,717

2.1.1 Repo operations# 702 256 -1,984 0 -4,022

2.2 RBI’s credit to commercial banks 2,066 2,382 -2,274 820 -2,272

2.3 RBI’s credit to primary dealers 1,751 1,649 -3,155 4,155 -4,224

2.4 Release of resources through changes in 3,250 0 13,456 -200 16,600
CRR on NDTL of commercial banks

3. Bank Reserves (adjusted for CRR) (Ra) 4,950 5,875 7,881 6,763 6,491
(1+2 = 3.1+2.4)

3.1 Commercial bank deposits with the RBI 1,700 5,875 -5,575 6,963 -10,109

Memo item

Average Inter-bank Call Rate 8.4 9.3 8.4 9.8 7.7

# : Pertains to the LAF since June 2000.

Reserve Bank eased monetary conditions, reducing the CRR in
November 1999 and April 2000 and cutting the Bank Rate and the
fixed repo rate effective April 1, 2000, to ease average call rates
to 8.4 per cent. The surplus liquidity enabled banks and PDs to
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redeem their drawals from the Reserve Bank and revived interest in
gilts, reducing DL by Rs. 4,722 crore. The average monthly �Ra

amounted to Rs. 1,313 crore.

The foreign exchange market again saw excess demand
pressures due to an increase in the oil import bill and the drying
up of capital inflows, draining the Reserve Bank’s foreign exchange
reserves. The Reserve Bank initially conducted high-cost reverse
repos under the newly-introduced LAF to bridge the liquidity gap
and at the same time, stabilise the foreign exchange market. As the
rupee continued to depreciate, the Reserve Bank raised the Bank
Rate and the CRR and halved the refinance facilities available to
banks on July 21, 2000. The Reserve Bank accepted private
placements/devolvements of government paper (Rs. 20,151 crore
during end-July-November 3) and simultaneously conducted
aggressive repo operations (averaging Rs. 9,267 crore during
August-October 2000) at attractive interest rates (14.5 per cent on
August 14). During May-November 3, 2000, �AL worked out to
be Rs. 7,804 crore while DL declined by Rs. 1,040 crore, on a
point to point basis, limiting average �Ra to about Rs. 1,000 crore.
The adjustment of liquidity was reinforced by strong interest rate
signals, especially in terms of sharp changes in LAF repo rates.

Capital flows revived in November 2000, initially with the
proceeds of India Millennium Deposits (IMDs), followed by strong
portfolio inflows, resulting in an accretion of Rs. 89,760 crore
(adjusted for revaluation) to the Reserve Bank’s foreign currency
assets between November 2000 and March 2002, enabling the
Reserve Bank to ease monetary conditions pulling the average
inter-bank call rates down to 7.7 per cent. During November 4,
2000-March 2002, �AL amounted to Rs. 44,103 crore while DL
was tightened by Rs. 37,613 crore. As a result, average monthly
�Ra amounted to about Rs. 400 crore.

An Empirical Exercise

We examine the dynamic inter-relationships among �AL, �DL
and the changes in the call money rate (imr), through an
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unrestricted vector auto regression (VAR) model, over the period
April 1996 - March 2002. The exercise has been undertaken in
two steps. First, the monthly interaction between �AL and �DL
has been examined along with the policy rate (ipr), proxied by the
Bank Rate, as exogenous, in Model 1. Second, the interaction
between �Ra and changes in the call money rate (�imr) has been
examined along with �ipr and a dummy representing the South-East
Asian crisis as exogenous in Models 2 (on monthly basis) and 3
(on weekly basis). We follow the standard VAR methodology of
model estimation, block-causality, impulse response and variance
decomposition.

The underlying variables were first examined for stationarity with
the lag length chosen by the appropriate model selection, viz.,
Akaike Information (AIC) and Schwarz Bayesian (SBC) criteria. In
the monthly data, all the series were found to be stationary at levels
both in terms of DF and ADF tests (Table 9). In the weekly data,
except for the call money rate, which is stationary at levels, all
other series were found to be stationary at first-differences, i.e., I(1).

We first test the causality between �AL and �DL (Table 10).
It will be noted that the �2-tests, which measure the statistical
significance of lags of other variables in predicting the left-hand

Table 9 : Unit Root Tests

Variable Monthly Models I and II Weekly Model III

Without Trend With Trend Without Trend With Trend

1 2 3 4 5

�AL -3.56  (4) -3.80  (4)

�DL -3.52  (4) -4.13  (4)

Ra -5.59 (10) -5.59 (10) -0.91 (1) -9.73 (1)

imr -5.25  (1) -5.25  (1) -8.87 (1) -9.62 (1)

ipr -6.41  (2) -6.37  (2) -1.28 (1) -2.88 (1)

Note : Based on Akaike Information Criterion (AIC). In case of the monthly models, the
95% critical value for the ADF statistic is –2.9023 for the regression without a
trend and –3.4730 with a trend. In case of weekly data, the 95% critical value
for the ADF statistic is –2.8710 for the regression without a trend and –3.4258
with a trend both at levels and first differences.
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Table 10 : Test of Granger’s Block Causality in a VAR
Framework

Null Hypothesis Test Statistic Accept/  Inference
�2 Reject Null

Hypothesis

1 2 3     4

I. �AL does not Granger cause �DL 8.10* Reject �AL Granger
�DL does not Granger cause �AL 1.91 Accept causes �DL

II. �Ra does not Granger cause �imr 5.42** Reject Bi-directional
�imr does not Granger cause �Ra 8.69* Reject causality

III. �Ra does not Granger cause �imr 16.6* Reject �Ra Granger
�imr does not Granger cause �Ra 2.37 Accept causes �imr

Note : Models 1-2 and 3 are estimated with 12 and 4 lags of the endogenous
variables, respectively.

* Significant at 1 per cent level.  ** Significant at 5 per cent level.

side variables, in addition to own lagged variables, are equivalent
to Granger (1969) causality involving non-stationary variables in a
VAR framework. As expected, �AL causes �DL, without evidence
of reverse causation, which is consistent with previous research
(RBI, 2001). Note that the computed �2 test-statistic for the null
hypothesis of no-causation running from �AL to �DL is highly
significant at 1 per cent level.

We then turn to the causal relationship between market interest
rates (imr) and adjusted bank reserves (Ra) to extend the existing
research. We find that there exists bi-directional causality between
�Ra and �imr in terms of monthly data in Model II. An empirical
verification of the liquidity effect in the Indian context is subject to
a number of limitations of the data. For example, while the
liquidity numbers are point-to-point flows between the monthly last
reporting Fridays, the call money rate is taken as the weighted
average lending rate of� the month. Thus, in as much �Ra affects
�imr, intra-month �imr influences the monthly �Ra8. It is difficult
to match the periodicity between the two series since i) time series
data on daily bank reserves are not available and ii) it would be
inappropriate to work with point call data since call rates used to
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fall to very low levels on reporting Fridays earlier. To reduce the
gaps in the information content of the data, an exercise was also
conducted on a weekly basis. In this case, a strong block Granger
causality running from �Ra to �imr is evident, while at the same
time, the causality running from �imr to �Ra has been rejected.
The ipr is taken as an exogenous variable and its presence in the
model has been vindicated by a significant �2 statistic.

We used the unrestricted VAR model for analysing the impulse
responses and forecast error variance in each of the three cases. In
each equation, iterations are made till 12 lag periods by imposing a
one-standard deviation shock to each variable in a generalised
impulse response approach. This has the advantage of circumventing
the problem of the dependence of the orthogonalised impulse
responses on the ordering of the variables in the VAR (Koop et
al, 1996).

In Model 1, in terms of impulse response, the response of
�DL to �AL is immediate and pronounced in the first and second
months, although the tendency to react continues up to 5-6 months
(Charts 5-8). On the other hand, in Model II, the response of �imr
to �Ra is immediate and more pronounced with the impact lasting
up to 8-9 months (Charts 9-12). In Model III, the response of
�imr to �Ra is similarly immediate and strong with the effect
persisting for 8-10 weeks (Charts 13-16).

In terms of variance decomposition, in the Model I, about one-
third of the total variation in �DL is due to the innovations in
�AL. Similarly, about half of the total variation in �imr is due to
the innovations in �Ra in the monthly data. In terms of weekly
data, almost the total variation in imr is due to the innovations in
�Ra.
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Chart 8: Response of dDL to dDL
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Chart 10: Response of dRa to dimr (Monthly)
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Chart 9: Response of  dRa to dRa (Monthly)
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Conclusion

The management of liquidity in financial markets has emerged
as a key policy issue in central banking. Given the large size of
the fiscal deficit, sudden switches in capital flows and the seasonal
character of cash demand, the Reserve Bank steers short-term
liquidity conditions by a policy mix of adjustments in market
liquidity through changes in reserve requirements, standing facilities
and open market operations, reinforced by interest rate signals via
changes in policy rates. This paper simply formalises this natural
partition of sources of primary liquidity into the emerging reserve
concepts of autonomous and discretionary liquidity. Given the
empirical result that changes in bank reserves impact short-term
interest rates, especially in the short run, we believe that the AL-
DL dissection provides a reasonably good analytical framework for
mapping the interaction of the central bank and participant banks in
the market for bank reserves. This is buttressed by the fact that
DL is empirically found to capture the policy response to the
autonomous factors in the AL.

Chart 16: Response of dimr to dimr (Weekly)
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Further research could essentially proceed in two directions.
First, there is a need to forecast autonomous liquidity. Second, it
may be apposite to explore the impact of combinations of policy
instruments on the stability of liquidity conditions to evolve useful
feedback rules for monetary policy formulation. Empirical work,
beyond the present modest attempt, is constrained by the shifts in
the relationship between the money market rates and the
instruments of DL, such as, refinance and repo operations, as a
result of frequent changes in regulations in respect of average
reserve requirements, on the one hand, and the lack of an
acceptable representative policy rate in view of the infrequent
changes in the Bank Rate and the intermittent character of repo
auctions, especially in the pre-LAF years, on the other. These
limitations of quantification, natural in transition, are likely to be
ironed out with the evolution of the LAF as a principal operating
instrument of monetary policy and the recent CRR stipulation of a
daily minimum maintenance of 80 per cent of required reserves for
commercial banks.

Notes

1. Following the Reddy Working Group, we divide the economy into six sectors, viz.,
households (A), the Reserve Bank (B), the banking system in India (C), other
financial corporations (D), general government (E) and the non-financial commercial
sector (F), which interact within themselves and with the rest of the world (RoW)
sector. It may be useful to work out the numerical example through the sectoral
balance sheets of the economy, including the Government and the commercial sector,
which comprises the other agents of the domestic economy. In case of the
Government, the monetisation of the deficit to fund employees’ salaries expands the
balance sheet by Rs.100, generating an AL of a like amount in the first instance
(Tables 2 and 11).

Table 11 : Balance Sheet of the Government Sector

Income Flow Rupees Expenditure Flow Rupees

1 2 3 4

1. Credit from the Central Bank 100 1. Salaries 100

Total 100 Total 100

The net impact on AL, however, depends on the public demand for cash, which is a
leakage from the banking system. In this case, since the commercial sector splits the
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salary evenly into cash and bank deposits, net AL increases by Rs.50 (Tables 3 and
12). It is useful to mention that if there was an increase in the public’s demand for
currency, irrespective of the Government’s salary disbursement, there would have been
a drainage of liquidity from the banking system as deposits would have been drawn
down and been substituted for by currency.

Table 12 : Balance Sheet of the Commercial Sector

Income Flow Rupees Expenditure Flow Rupees

1 2 3 4

1. Salaries 100 1. Currency with the Public 50

2. Bank Credit to Commercial Sector 2. Deposits 50

Total 100 Total 100

2. Defined as the sum of the liquidity-injecting factors such as the purchases of net
foreign assets by the Eurosystem, netted for liquidity-absorbing factors such as
issuance of bank notes in circulation, government deposits with the Eurosystem and
other factors (net) The ECB has published weekly forecasts of autonomous factors
since June 2001, with a view to providing the counter-party public and private
credit institutions in the Eurosystem a reliable basis for assessing its allotment
decisions in variable tender auctions for central bank support.

3. Includes shifts in cash demand, size of treasury balances at Federal Reserve Banks
and the volume of the Federal Reserve float.

4. Includes net issuance of bank notes and changes in treasury funds. The Bank of
Japan releases projections of sources of changes in current account balances with it
and market operations a day in advance.

5. For instance, the 14-day Treasury Bills (introduced June 1997) emerged as a key
instrument for mopping up surplus liquidity generated by capital inflows during the
first half of 1997-98 because they were more attractive than repos. In the latter half
of the year, when external pressures on account of the South-Asian crisis warranted
monetary tightening, the Reserve Bank raised the repo rates but left the 14-day T-
Bill rates unchanged since the Government borrowing programme had already been
completed (RBI, 1998a). The EPW Research Foundation adjusts the autonomous
liquidity for Treasury Bill auctions in its monthly money market review in the
Economic and Political Weekly.

6. The empirical test of the strategy of the AL-DL framework should ideally involve a
verification of the relationship between the market liquidity gap (i.e., net liquidity in
(4)) and discretionary operations. The computation of net liquidity, however, is
difficult given the lack of data on required reserves (or net demand and time
liabilities relevant for CRR) necessary for a forecast of the demand for bank
reserves (Rd). While this is undoubtedly a limitation, the difference may not be as
material given the secular trend in long-run NDTL growth and adjustment of bank
reserves for changes in CRR.
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7. For instance, the Reserve Bank has adjusted liquidity (i.e., rejected bids) 143 times
and adjusted rates 20 times in the operation of the 1-day auctions under the LAF
between June 2000-March 2002.

8. For instance, once the Reserve Bank tightened monetary policy on January 16, 1998,
in the wake of the South-Asian crisis, inter-bank call rates shot up from 6 per cent
on the reporting Friday of January 16, 1998 to 30 per cent per cent on January 17
and 70 per cent on January 24 before returning to 7 per cent on the next reporting
Friday on January 30.
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Appendix I :
A Model of Autonomous and Discretionary Liquidity

We develop a simple model of the market for bank reserves
using the AL-DL framework in which the central bank uses the
array of instruments – both quantum and rate - at its disposal for
stabilising� the price of liquidity. The demand for reserves is based
on required reserves (R

– a), immunised for changes in reserve
requirements (r) (and hence, constant in the short run, i.e., dR

– a=0)
and “excess” reserves (inclusive of settlement balances), usually
maintained as a precautionary buffer for unforeseen contingencies,
depending on the opportunity cost, i.e., the market interest rate
(imr) and the cost of avoiding default, linked to the central bank
policy rate (ipr). Accordingly, the demand for adjusted bank
reserves (Rad) can be written as:

R
ad

 = R
ad

 (imr, ipr, R
– a), where R

ad´
imr< 0 … (A.1)
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DL depends on both the liquidity adjustment either through
changes in r or open market operations (dQ), and the price (ipr) at
which funds are made available from the central bank, i.e.,

DL = DL (ipr, r, Q)   DL´ipr < 0, DL´r < 0, DL´Q > 0 ...(A.2)
(Q is liquidity support arising out of open market (including repo)
operations).

The supply of bank reserves (Rs), by definition, thus, works out to

Rs = AL + DL (ipr, r, Q) …(A.3)

Since the central bank stabilises the price of liquidity, the DL
trajectory is determined by its reaction to the liquidity conditions in
the market, i.e.,

DL (ipr, r, Q) = �[Rad (imr, ipr, R
– a) – AL] …(A.4)

The market interest rate, consistent with market clearing conditions,
can, thus, be written as a function of ipr, AL, R

– a 
and DL, as

imr =  g (ipr, AL, DL (ipr, r, Q), R
– a) where g´ipr > 0, g´AL< 0, g´DL < 0,

g´ R   
  = 0 [as R

– a 
= constant] …(A.5)

The total change in market interest rates can be worked out by
totally differentiating (A.5),

dimr = (g´ipr + g´DLDL´ipr) dipr + g´DLDL´r dr + g´ALdAL
    + g´DLDL´QdQ … (A.6)

The following derivatives delineate the partial impact of changes
in the determinants of liquidity conditions on the market interest
rate. Besides, the possible alternative policy mixes of discretionary
operations are analysed, which could be used for interest rate
stabilisation.

From (A.6), the partial impact of ipr, r, AL and Q on imr work
out to:

 
a
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imr�
ipr)
 = (g´ipr + g´DL DL´ipr) > 0 [assuming dAL = dr = dQ = 0]… (A.7)

which implies that an increase in the central bank policy rate,
ceteris paribus, pushes up the market interest rate. Note that ipr
impacts on imr in two ways, viz., the direct signalling effect (g´ipr),
which is instantaneous and the indirect liquidity effect (g´DLDL´ipr)
as a result of the change in the cost of liquidity available from the
central bank;

	
imr�
r� = g´DL DL´r > 0  [assuming dAL = dipr = dQ = 0] … (A.8)

i.e., an increase in reserve requirements, ceteris paribus, hardens
the market interest rate by impounding liquidity and reducing the
supply of funds in the inter-bank market;

	
imr�
AL�� = g´AL <  0   [assuming dr = dipr = dQ = 0]… (A.9)

so that an increase in autonomous liquidity, ceteris paribus, softens
the market interest rate by augmenting the supply of reserves; and
finally,

	
imr�
Q� = g´DLDL´Q <  0  [assuming dr = dipr = dAL = 0]  …(A.10)

which implies that an infusion (absorption) of liquidity through open
market purchases (sales), ceteris paribus, softens (hardens) the
market interest rate.

We now turn to the mechanics of interest rate stabilisation in
the market for bank reserves. If the central bank offsets AL with a
compensating DL, i.e.,

if dDL = -dAL 
 dRs = 0 …(A.11)

the impact on imr can be derived from (A.6) using (A.11),

dimr = [g´ipr + (g´DL - g´AL) DL´ipr] dipr + (g´DL - g´AL) DL´r dr
       + (g´DL - g´AL) DL´QdQ …(A.12)
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This expression (A.12) can be used to analyse the impact of
various combinations of changes in r, ipr and Q on the stability of
imr (market interest rates are stable when dimr = 0).

Case I : Policy mix of changes in reserve requirements and policy
interest rate

The central bank could, ceteris paribus, stabilise imr by changing r
and ipr in opposite directions, i.e.,

dipr= [(g´DL–g´AL)DL´r / {g´ipr+(g´DL – g´AL) DL´ipr}](-dr)…(A.13,
from A.12, assuming no OMO, i.e., dQ = 0)

iff […] is positive. Given g´ipr > 0, DL´r < 0 and DL´ipr < 0, a
sufficient condition for […] to be positive is (g´DL - g´AL) < 0

�g´DL�>�g´AL�as g´DL < 0 and g´AL < 0, i.e., if market interest
rates are influenced to a greater extent by DL than by AL. Thus,
central banks could stabilise liquidity conditions with a policy mix
of injecting (withdrawing) liquidity by lowering (raising) reserve
requirements and at the same time increasing (reducing) the cost of
primary money by raising (lowing) the policy rate.

Case 2 : Policy mix of changes in OMO and policy interest rate

The central bank could stabilise imr through a combination of
changes in ipr and Q, i.e.,

dQ = [{g´ipr + (g´DL – g´AL) DL´ipr}/{(g´DL – g´AL) DL´Q}](-dipr)
…(A.15, from A.12, assuming dr = 0, i.e., there is no change in
reserve requirements)

iff […] is negative. Given g´ipr > 0, DL´ipr < 0 and DL´Q > 0,
[…] is negative if the sufficient condition mentioned above holds,
i.e., �g´DL�>�g´AL��� implying once again that the interest rate
effect of DL should be stronger that of AL.

Thus, the central bank could influence market liquidity through
a policy mix of open market purchases (sales) and a hike
(reduction) in the policy rate.
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Case 3 : Policy mix of changes in reserve requirements and OMO

The central bank would be able to stabilise imr if changes in r and
Q are unidirectional, i.e.,

dQ = [(g´DL – g´AL) DL´r / {(g´DL – g´AL) DL´Q}](-dr) …(A.14,
from A.12, assuming dipr = 0, i.e., policy rate is left unchanged)

iff […] is negative. Given DL´r < 0 and DL´Q > 0, the above
condition is sufficient for the [.. ..] expression to be negative,
Hence, the central bank could ensure orderly conditions in the
money market with a policy combination that pares reserve
requirements (perhaps with a view to phase out a “blunt”
instrument) and neutralises the resultant liquidity through open
market sales.

Appendix 2 : An Operational Scheme of Liquidity Management

 

Central bank's liquidity forecasting function 

Central bank's foreign 
exchange function 

Central bank's accounting 
and research functions 

Ministry of Finance or central 
bank’s fiscal affairs function 

Central bank's monetary policy operations function 

Carries out liquidity management operations 

At the end of day t 

At the end of day t or 
during day t+1 

Projects government 
transactions, i.e., A1 in (1) 

 

Projects net foreign assets, 
i.e., A3 in (1) 

Projects cash, i.e., L1 in (1)  
and reserve demand, i.e., Rd in 

(4)   

Check consistency of forecasts of net liquidity  a la (4) 
Produces overall forecasts consistent with (A5) 
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Appendix 3 : Classification of Autonomous and Discretionary
Liquidity Flows in the Reserve Bank Balance Sheet

Account Nature Claim     Select Remarks
of Flow of/on
AL DL Sector

1 2 3 4          5

Issue Department: Liabilities

Notes held in Banking Department � B

Notes in Circulation � Other
than B

Issue Department: Assets

Gold Coin and Bullion � Sovere-
ign asset

(a) Held in India

(b) Held outside India

Foreign Securities � RoW

Rupee Coin � E

Government of India Rupee Securities � E Secondary market transac-
tions classified DL.

Internal Bills of Exchange and � A+D+F
other Commercial Paper

Banking Department: Liabilities

Capital paid up � E

Reserve Fund � B

National Industrial Credit (Long � B
Term Operations) Fund

National Housing Credit (Long � B
Term Operations) Fund

Deposits

(a) Government E

(i) Central Government �

(ii) State Governments �

(b) Banks C

(i) Scheduled Commercial Banks Changes in required re-
serves for scheduled com-
mercial banks under Sec-
tion 42(1) classified DL.

(ii) Scheduled State Co-operative �
Banks

(iii) Other Scheduled Co-operative �
Banks
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Appendix 3 : Classification of Autonomous and Discretionary
Liquidity Flows in the Reserve Bank Balance Sheet (Contd.)
Account Nature Claim     Select Remarks

of Flow of/on
AL DL Sector

1 2 3 4          5

(iv) Non-scheduled State � C
Co-operative Banks

(v) Other Banks �

(c) Others � A+D+F

Bills Payable � A+D+F

Other Liabilities � B

Banking Department: Assets

Notes � B

Rupee Coin E

Small Coin

Bills Purchased and Discounted

(a) Internal � A+D+F

(b) External RoW

(c) Government of India Treasury Bills E

Balances held Abroad � RoW

Investments

Investments in Subsidiaries/ � C+D
Associate Institutions

Foreign Securities � RoW

Government Securities � E Secondary market transa-
ctions classified DL.

Loans and Advances to

(i) Central Government � E

(ii) State Governments � E

Loans and Advances to

(i) Scheduled Commercial Banks � C

(ii) Scheduled State Co-operative Banks �

(iii) Other Scheduled Co-operative
Banks

C
(iv) Non-Scheduled State Co-operative

Banks

(v) NABARD � D
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Appendix 3 : Classification of Autonomous and Discretionary
Liquidity Flows in the Reserve Bank Balance Sheet (Concld.)
Account Nature Claim     Select Remarks

of Flow of/on
AL DL Sector

1 2 3 4          5

(vi) Others � D Liquidity support to
primary dealers
classified DL.

Loans, Advances and Investments
from National Industrial Credit
(Long Term Operations) Fund � D

(a) Loans and Advances to

(i) Industrial Development � D
Bank of India

(ii) Export Import Bank of India

(iii) Industrial Investment
Bank of India

(iv) Others

(b) Investments in bonds/
    debentures issued by

(i) Industrial Development
Bank of India

(ii) Export Import Bank of India

(iii) Industrial Investment
Bank of India

(iv) Others

Loans, Advances and Investments
from National Housing Credit
(Long Term Operations) Fund

(a) Loans and Advances to
   National Housing Bank

(b) Investments in bonds/debentures
   issued by National Housing Bank

Other Assets � B Includes gold.
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This paper explores the relationship between the gross domestic product and
stock of infrastructural services in India by estimating a vector autoregressive
(VAR) model for the period 1970-71 to 2000-01. Various stocks of infrastructure
viz., transport, electricity, gas, water supply and communication facilities are
included as inputs in the model whereas gross domestic product at factor cost is
considered as output in a Cobb-Douglas production function framework. The
estimated model is also used for forecasting by measuring the impulse responses of
gross domestic product to one per cent standard deviation shock in the
infrastructural sectors. From the impulse response analysis, it was found that
though the initial impact of increase in the stocks of infrastructure is diminishing,
it continues to have a positive impact on real output in the medium-to-long run.
Among all the infrastructural sectors, electricity, gas, water supply and communi-
cation sectors play a key role in explaining the movements in the gross domestic
product.
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Introduction

The recent slowdown of the Indian economy has triggered
serious concern among the policy makers while exploring the
possibilities for revitalising growth. Though the slowdown of the
Indian economy coincided with that of the major industrial
countries as reflected in the global slowdown, the former was
largely ascribed to its relatively domestic conditions, i.e., demand
slowdown, sluggishness in supply responses and supply side
constraints, given the relatively low degree of openness of the
Indian economy. Among the demand-side factors impeding growth
are uncertain pace of investment demand, the relatively low
requirement of bank credit, the decline in import demand and the
high-carrying costs of inventories being incurred by some industries.
The supply-side factors, on the other hand, are sluggish agricultural
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growth, absolute deficiencies in physical and social infrastructure
and other structural constraints (Reserve Bank of India, 2001,
p.125). Among the supply side factors, the role of infrastructure in
the process of economic development in India is highly crucial.

Infrastructure services, e.g., transport, electricity, gas, water
supply, communication and storage facilities play an important role
in economic development of a nation. Recognising their importance
for the society as a whole, they are also referred as ‘social
overheads’1 due to low backward linkages and high forward
linkages. Initially, after independence, these sectors were reserved
for the public sector whereas private participation has been allowed
in these sectors recently.

In the production process, infrastructure facilities are considered
to be intermediate inputs though they are output of their own
industry. Their availability in adequate quantity and quality reduces
input cost and raises the profitability, thus, permitting higher level
of output, income and employment. Infrastructure has also a role
to play in economic growth, poverty alleviation and environmental
up-gradation. In this context, the World Development Report
(1994) says, “infrastructure can deliver major benefits in economic
growth, poverty alleviation, and environmental sustainability - but
only when it provides services that respond to effective demand
and does so efficiently” (p. 2). It further says, “infrastructure
represents, if not the ‘engine’, then the ‘wheels’ of economic
activity” (p. 14).

Against the backdrop of recent deceleration in economic
activity, this paper makes an attempt to explore the interaction
between the various stocks of infrastructure and GDP. The rest of
the paper consists of four sections. The first section provides a
brief review of the earlier studies on infrastructure and economic
development. Section II discusses the various developments in the
infrastructure sectors with special reference to the post-reform
period. The third section discusses the methodology and presents
the empirical findings. The final section offers a concluding remark.
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Section I

Infrastructure and Economic Development:
A Review of Literature

Evidence on the link between infrastructure and economic
development is found to be sketchy in the literature. In the recent
years, however, many attempts have been made both in
econometric and input-output framework for estimating the link
between productivity of investments in infrastructure and economic
development. In the input-output framework, forward and backward
linkages, and direct and indirect multipliers were estimated using
the Leontief inverse, which captures both the direct and indirect
effects of a unit change in final demand. On the other hand, the
econometric approach considers output growth as the dependent
variable and investment or stock of infrastructure along with labour
and level of technology as the independent variables. Many
economists, however, argue that a high growth in the economy
may encourage more investment in infrastructure.

In the Aschauer’s (1989a, 1989b) pioneering work, a Cobb-
Douglas production function was estimated with stocks of various
infrastructure as capital and labour as the other input. He found
that military capital had insignificant relationship with productivity.
However, the ‘core’ infrastructure such as streets, highways,
airports, mass transit, sewers, water systems, etc., had the most
explanatory power for productivity.

Munnell (1990a, 1990b) examined the relationship between
public capital and economic activity at the State level in the US.
In the first analysis, public capital was found to have a significant
and positive impact on output although the output elasticity was
roughly one-half the size of the national estimate. In the second
analysis, public capital was found to enhance the productivity of
private capital, raising its rate of return and encouraging more
investment. On the other hand, from the investors’ perspective,
public capital was looked upon as a substitute for private capital
which crowded out private investment.
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Shah (1992) estimated a translog cost function for the Mexican
economy in a restricted equilibrium framework to examine the
contribution of public investment in infrastructure to private sector
profitability. Labour and materials were treated as variable inputs
whereas private capital and public sector capital stock in
transportation, communication and electricity were considered quasi-
fixed inputs. The Mexican industrial structure was found to be
characterised by increasing returns to scale, short-run deficiency in
capital capacity, involuntary unemployment and declining productivity
growth. A small degree of complementarity between labour and
infrastructure, and capital and infrastructure was also detected. The
factor demand response to input price changes was found to be
quite limited with technical change being a capital-using and labour-
saving variety.

Feltenstein and Ha (1995) examined the relationship between
infrastructure and private output in 16 sectors for Mexico in terms
of sectoral elasticities in a framework of translog production
function augmented by the nominal stocks of infrastructure. They
found that availability of better quality infrastructures in electricity
and communication generally reduces the cost of production, but
transportation infrastructure tends to increase costs of production.
They further conclude that Mexican public expenditure on electricity
and communications has enhanced the productivity of private
production, but expenditure on transport might actually had
detrimental effect on private output. In addition, general labour and
infrastructure were found to be substitutes, however, in the case of
electricity and communications, capital and infrastructure were
complements. In the case of transport infrastructure, however, these
conclusions were reversed.

There are few studies conducted at the regional level using
cross-section data. Costa et. al. (1987) tested the relationship
between public capital and regional output using translog
production function for 48 States of the USA for the year 1972.
Three sectoral aggregates were considered in the study viz., all
economic sectors, non-agricultural sectors and manufacturing.
Labour and public capital were found to be complementary inputs



327INFRASTRUCTURE AND ECONOMIC GROWTH

with diminishing returns. Some of the later studies by Duffy-Deno
and Eberts (1989), Eberts (1986, 1990), and Eisner (1991) were
also conducted at the regional level. All these studies found a
positive relationship between infrastructure and economic growth.

In the Indian case, there are hardly any empirical studies
undertaken to examine the impact of infrastructure on economic
growth. Jha and Sahni (1992) have examined the efficiency of the
gas, electricity and railways sectors by estimating translog cost
functions. They have estimated the factor elasticities with respect to
output, and cross elasticities among the factors of production.
However, they have not examined the impact of these sectors
either on industrial productivity or on economic growth.

The India Infrastructure Report (1996) [Chairman: Dr. Rakesh
Mohan] brought out by the Government of India has made
investment projections for the infrastructure sectors in the next
decade. Assuming incremental capital output ratio (ICOR) reduces
to 3.5 resulting in GDP growth rate of 6.2 per cent in 1996-97,
rising to 7.5 per cent in 2000-01 and 8.5 per cent in 2005-06, the
Report has estimated an investment requirement at around
Rs. 4,000 billion to Rs. 4,500 billion (US $ 115 to US $ 130
billion) over the next five years (1996-97 to 2000-01) and this
would rise to about Rs. 7,500 billion (US $ 215 billion) in the
following five years (2001-02 to 2005-06). The Report has made
an in-depth study of the investment requirements and regulatory
practices in six major sectors, viz., urban infrastructure, power,
telecommunications, roads, industrial parks and ports. The Report
has further provided sector-specific recommendations for their
commercialisation.

Other studies such as Raghuraman (1995), Sankaran (1995),
Somers (1995), Nair (1995), Amitabh and Rajan (1995),
Purkayastha and Ghosh (1997), Ramanathan (1997), and Shah
(1997), 3-I Network (2002) found the problems related to various
infrastructural sectors in India. None of these studies have,
however, empirically examined the impact of infrastructure on
industrial productivity.
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Most of the empirical studies reviewed in this section so far
have all used non-stationary data and are, therefore, faced with
certain limitations. The existence of common trends in the output
and infrastructure data might have given rise to a spurious
correlation. Critics like Aaroan (1990), Hulten and Schwab (1991),
Hulten (1996), Jorgenson (1991), and Tatom (1991) suggest that
one should estimate the regressions in first differences while dealing
with non-stationary time series. The first-differencing specification,
however, has its own problems. No one would expect the growth
in infrastructure stock in one year to be correlated with the growth
in output in the same year. In fact, equations estimated in this
form often yield implausible coefficients for stocks of infrastructure
and labour [Hulten and Schwab (1991), Tatom (1991)]. In addition,
the first differencing destroys any long-term relationship in the data,
which is exactly what one is trying to estimate. Instead of just first
differencing, the variables should be tested for cointegration,
adjusted and estimated accordingly.

To overcome the aforesaid limitations, Sahoo and Saxena
(1999) estimated a Cobb-Douglas production function to measure
the elasticity of various stocks of infrastructure with respect to
output. Various stocks of infrastructure like railways, other
transport, electricity, gas and water supply, communication and
storage facilities along with total employment were included as
inputs in the model, whereas gross domestic product at factor cost
was considered as output. The transport, electricity, gas, water
supply and communication sectors were found to be positively
related to output, whereas storage was found to be inversely
related with output. All the variables were non-stationary at levels
and were first-differenced stationary or I(1). The existence of a
long-run relationship was validated by using cointegration analysis in
a multivariate framework. From the cointegrated model it was also
found that there exists increasing returns to scale.

The time series model estimated through the cointegration
approach, however, just establishes the long-run relationship between
output and various stocks of infrastructure. The cointegration
approach also does not talk about the historical behaviour of the
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series and has poor predictive power. As first suggested by Sims
(1980), vector autoregressive (VAR) model is used in this study in
order to overcome the limitations associated with the traditional
macroeconometric models.

Section II

Developments in Infrastructure in India – Stylised Facts

Power

Among the infrastructure facilities, electricity generation,
transmission and distribution possess certain inherent advantages due
to their commercialisation, marketability of the products and
services, and availability of the basic organisational structures for
such purposes. Till the introduction of the New Economic Policy
during the early 1990s, production, provision and management of
electricity was reserved for the public sector. Subsequently, it has
been opened up for the private sector.

There has been a phenomenal growth in electricity generation
and utilisation since independence. Electricity generation, which
increased from only 4.1 billion kwh in 1947-48 to 467.4 billion
kwh in 2000-01 recorded a growth of 3.7 per cent over 1999-
2000.  Power generation in April-December, 2001 at 383.2 billion
kwh recorded a growth of 2.8 per cent over the corresponding
period in 2000. The installed generating capacity which was only
1,362 mw in 1947, increased to 1,01,630 mw as on end-March
2001 and further crossed 1,02,907 mw as on October 31, 2001.
The per capita consumption of electricity, which was less than 15
units at the time of independence, increased to about 314 units by
2000.

The State Electricity Boards (SEBs) have continued to incur
high transmission and distribution (T&D) losses, which stood at
24.8 per cent in 1997-98 and further increased to 25.6 per cent in
1998-99. The T&D losses are due to a variety of reasons, viz.,
substantial energy sold at low voltage, sparsely distributed loads
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over rural areas, inadequate investment in distribution system,
improper billing and high pilferage. Besides, the managerial and
financial inefficiencies in the State sector utilities have in turn
adversely affected future capacity addition and system improvement
programme. On the other hand, the SEBs do not have enough
resources to finance future programmes and their ability to raise
investible funds from alternate sources is limited due to their poor
financial and commercial performance.

The gap between demand and supply in the power sector has
remained significant, notwithstanding the fact that several reforms,
including private participation, have been undertaken to boost
growth of the power sector. The demand-supply gap in power
sector widened to 11.5 per cent in 1996-97 from 7.8 per cent in
1991-92, although there was some decline thereafter (Table 1).

Table 1 : Demand Supply Gap in the Power Sector in India

(Million kwh)

Year Demand Availability Shortfall Shortfall as
% of Demand

1991-92 2,88,974 2,66,432 22,542 7.8

1996-97 4,13,490 3,65,900 47,590 11.5

1997-98 4,24,505 3,90,330 34,175 8.1

1998-99 4,64,584 4,20,235 26,349 5.9

1999-00 4,80,430 4,50,594 29,836 6.2

2000-01 5,07,213 4,67,401 39,812 7.8

Source : Annual Reports, Ministry of Power, Government of India, Various
Issues.

The power sector has witnessed a series of reforms in the
recent period in line with recommendations of the India
Infrastructure Report (Chairman: Dr. Rakesh Mohan). The
performance of the SEBs has been reviewed. In view of the
paucity of resources with Central and State Public Sector
Undertakings (PSUs) as well as the SEBs and the need to bridge
the gap between the rapidly growing demand for and supply of
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electricity, all the States have been encouraging private enterprises
in the power sector covering areas of transmission and distribution
besides generation.

In terms of institutional improvements and transparency
practices, Central Electricity Regulatory Commission (CERC) and
State Electricity Regulatory Commission (SERC) have been
established in 18 States so far, which is expected to ensure
rationalisation of tariffs, fair competition and protection of the
consumer interest. The SEBs have been unbundled/corporatised in 6
States. A comprehensive Electricity Bill, 2001 has been introduced
in the Parliament. The Central Government took measures to
accelerate the programme of reforms in SEBs anchored in Centre-
State partnership on: (i) a time-bound programme for installation of
100 per cent metering, (ii) energy audit at all levels, (iii)
commercialisation of distribution and (iv) restructuring of SEBs.

Transport

Railways

The Indian railways is one of the largest railways network in
the world under a single management. It consists of an extensive
network spread over 63,028 kilometres comprising 44,776
kilometres (71.0 per cent of total) on broad gauge, 14,987
kilometres (23.8 per cent of total) on metre gauge and 3,265
kilometres (5.2 per cent of total) on narrow gauge. The electrified
network constitutes about 15,062 kilometres, accounting for 24 per
cent of the total route kilometre. The railways employ more than
1.6 million people, which is about 6 per cent of the total
employment in the organised sector. While staff productivity in
terms of traffic units per worker, asset productivity in terms of net
tonne kilometre per wagon day, wagon turn-around time, loco-
utilisation, etc., have improved over the years, they remain far from
satisfactory.

The recent policy initiatives in railways include, among others,
introduction of joint ventures with the State Governments in
accelerating the process of building up rail infrastructure. RailTel
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Corporation has become functional to harness the optical fibre
network alongside the railway track. Commercial utilisation of land
and airspace of railways has been initiated by identifying eight sites.
More powers have been delegated to the General Managers of
Zonal Railways to finalise the contracts as also the freight rate
reducing power to quote station-to-station rates to attract the retail
traffic on commercial consideration.

Road Transport

India has the third largest road network in the world with a
network of 2.7 million kilometres. However, this network is
inadequate for speedy and efficient transportation. The National
Highways network of 34,298 kilometres at the end of 1995-96
constitutes less than 2 per cent of the total road network, but
carries nearly 40 per cent of the total traffic. The share of roads
in the movement of goods and passengers has increased
significantly during the recent years. In 1950-51, roads carried only
12 per cent of freight and 25.8 per cent of passenger traffic. By
1991-92, it carried 53.4 per cent of freight and 79.2 per cent of
passenger traffic. In 1995-96, the share of goods and passenger
traffic has marginally increased to 60 per cent and 80 per cent,
respectively, of the total traffic.

A number of initiatives have been taken to upgrade the road
transport facility. The National Highways Development Project
(NHDP) has been launched to achieve a turnaround in the road
sector. The NHDP comprises the 6000 km long Golden Quadrilateral
(GQ) connecting the four metros of Delhi, Mumbai, Chennai and
Kolkata and the 7000 km long North-South and East-West corridors
connecting Srinagar-Kanyakumari and Silchar-Porbandar, respectively.
The GQ is expected to be completed by 2003 and the corridors by
2007. The Central Road Development Fund was revamped by
crediting a cess of Rupees one per petrol and diesel and by enacting
the Central Road Fund Act, 2000 in December 2000.

Water-Ways Transport

The Indian water-ways transport consists of shipping, ports and
inland water transport. Almost 98 per cent of the India's overseas
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trade in terms of volume are moved by sea. India has 11 major
ports and 148 operable minor ports. Major ports are governed by
the Major Port Trust Act, 1963, which enables them to conduct
regulatory as well as commercial functions. The intermediate and
minor ports are administratively under the State governments and
are governed by the Indian Port Act, 1908, which delineates the
regulatory powers of the port authority.

The major ports handled approximately 76 per cent of the total
operations during 2000-01. During 2000-01, the total cargo handled
at major ports was about 3 per cent more than the traffic handled
during 1999-2000. About 83 per cent of the total volume of port
traffic handled was in the form of dry and liquid bulk, while the
remaining 17 per cent consisted of general cargo and containers.
During April-November 2001, cargo handled by major ports
registered growth of 2.3 per cent as compared with the
corresponding period of 2000-01.

In terms of capacity utilisation, most of the Indian ports are
operating at more than 100 per cent utilisation and are still
inefficient as compared to the ports of the developed countries.
Major ports at Madras, Kandla, Tuticorin, Marmugao, Paradip,
Mumbai and Vizag have consistently handled more cargo traffic
than their operated capacity. In terms of capacity, major ports have
virtually reached the saturation point, however, the potential for
future growth is still high. In terms of commodity traffic, as
against the total capacity of 292 million tonnes on March 31,
2001, major ports have handled 281 million tonnes cargo during
2000-01 implying that there is a need to augment the port
capacity.

The Indian ports, besides their excess capacity utilisation, have
indicated improved performance and productivity in the recent
years. The average pre-berthing waiting came down from 0.9 days
in 1999-2000 to 0.5 days in 2000-01. The Average Ship Berth
Output (ASBO) increased from 2,314 tonnes per day in 1984-85
to 6,488 tonnes per day in 2000-01. The Average Ship Turn
Around (ASTA) has also fallen from 11.9 days in 1984-85 to 5.1
days in 1999-2000 and further declined to 4.3 days in 2000-01.
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However, these indicators suggests the performance of Indian ports
are quite low as compared to ports of other countries in the Asian
region. The port's productivity also depends to a very large extent
on the productivity of the entire logistic chain of other services to
which the port is linked. For example, poor road-railway linkages
and lack of adequate inland warehousing facilities may affect the
port's productivity.

Telecommunication

The Indian telecommunications is one of the oldest systems in
the world operating since 1851. Telephone services in the country
were originally operated by private companies, which were taken
over by the Government of India in 1943. Since then, telecom-
munications in India has been a public utility.

There has been a phenomenal growth in the telecommunications
sector in the last two decades. The annual growth rates of
providing new telephone connections have been increasing steadily
from 14.5 per cent in 1991-92 to 22.3 per cent in 1995-96 and
further to 29.8 per cent during April-December 2000. This
impressive growth of connections was the outcome of substantial
expansion in switching capacities and adoption of electronic
exchanges. In terms of geographical spread, telecommunication
infrastructure is more developed in the urban areas as compared to
the rural areas.

In terms of institutional set-up, there has been a phenomenal
change in the telecommunication sector. The two service providing
Departments of the Telecom sector were corporatised, viz.,
Department of Telecom Services (DTS) and Department of
Telecom Operations (DTO). A Public Sector company "Bharat
Sanchar Nigam Limited (BSNL)" has now taken up all service
providing functions of these two Departments with effect from
October 1, 2000.

The demand for telephone connections - aggregate of the lines
installed and the waiting list - was 14.26 million as on end-March
1996. This was 19 per cent higher than the previous year. The
demand for telephone connections increased at a rate of 11 per
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cent during 1985-90. The growth in demand declined to 9.1 per
cent in 1993-94. During 1994-95, though the waiting list continued
to shrink, the demand moved up by 13.6 per cent. There have
been sharp improvements in meeting the demand for telephone
connections since 1993-94 with 84 percent attained in 1995-96 as
against 82 per cent in 1994-95.

In terms of modernisation, telecommunication services in India
have undergone tremendous changes in the recent years. The
National Telecom Policy (NTP) was announced in May 1994. The
policy affirmed the need to give the highest priority to the
development of telecom services in the country and for the first
time indicated the Government's intention to allow private sector
entry into basic services. The Communication Convergence Bill,
2001 has also been introduced in the Parliament. Value added
services like Electronic-Mail, Voice-Mail, 64 kbps Domestic Data
Service using VSAT, Videotex, Video-Conferencing, Credit Card
Authorisation, etc., facilities have already been opened up for the
private sector. There has been dramatic reduction in tariff rate for
long distance Subscriber Trunk Dialling (STD) and International
Subscriber Dialling (ISD). Fixed telephone lines have more than
doubled over the last five years, apart from fast expansion of
cellular services.

As a prelude to the vector autoregression (VAR) analysis,
attempted in the next section, the co-movement between
infrastructure and gross domestic product at factor cost (GDPFC)
has been examined by tracking the share of infrastructure in the
GDPFC and graphical exposition. It is observed that there has been
a gradual increase in the share of real output from the various
infrastructure sectors to the GDPFC during the last three decades.
The share of total infrastructure comprising electricity, gas and
water supply (EGWS); railways (RAIL); other transport
(OTRANS); storage facilities (STORE); and communication
(COMN), which was about 6 per cent in 1970-71 increased to 8
per cent in 1980-81 and further increased to about 9.8 per cent in
2000-01 as against about 8.5 per cent in 1990-91 (Table 2).
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Table 2 : Share of Infrastructure to GDPFC

(Per cent)

YEAR EGWS RAIL OTRANS STORE COMN TOTAL

1970-71 1.2 1.5 2.5 0.1 0.7 5.9

1971-72 1.2 1.5 2.5 0.1 0.7 5.9

1972-73 1.3 1.5 2.5 0.1 0.7 6.1

1973-74 1.3 1.6 2.8 0.1 0.8 6.5

1974-75 1.3 1.4 2.9 0.1 0.8 6.4

1975-76 1.3 1.4 3.2 0.1 0.8 6.9

1976-77 1.4 1.5 3.2 0.1 0.8 6.9

1977-78 1.6 1.6 3.3 0.1 0.9 7.4

1978-79 1.5 1.5 3.1 0.1 0.8 7.1

1979-80 1.6 1.4 3.2 0.1 0.8 7.2

1980-81 1.7 1.5 3.6 0.1 1.0 8.0

1981-82 1.7 1.5 3.7 0.1 1.0 7.9

1982-83 1.7 1.5 3.6 0.1 1.0 8.0

1983-84 1.8 1.5 3.6 0.1 1.0 8.0

1984-85 1.8 1.4 3.5 0.1 1.0 7.8

1985-86 1.9 1.4 3.7 0.1 1.0 8.1

1986-87 2.0 1.5 3.7 0.1 1.0 8.3

1987-88 2.1 1.5 3.8 0.1 1.0 8.5

1988-89 2.2 1.5 3.9 0.1 1.0 8.8

1989-90 2.2 1.4 3.8 0.1 1.0 8.5

1990-91 2.3 1.4 3.8 0.1 1.0 8.5

1991-92 2.3 1.4 3.8 0.1 1.0 8.5

1992-93 2.5 1.4 3.9 0.1 1.1 9.0

1993-94 2.6 1.3 3.9 0.1 1.1 9.1

1994-95 2.4 1.2 4.0 0.1 1.2 9.0

1995-96 2.5 1.2 4.1 0.1 1.3 9.2

1996-97 2.5 1.2 4.2 0.1 1.4 9.4

1997-98 2.4 1.2 4.2 0.1 1.5 9.4

1998-99 2.5 1.1 4.3 0.1 1.7 9.6

1999-00 2.5 1.1 4.2 0.1 1.9 9.7

2000-01 2.5 1.1 4.2 0.1 2.0 9.8

Source: National Accounts Statistics, Central Statistical Organisation, New Delhi.
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Sector-wise, the shares of the other transport sector (excluding
railways) and the communication sector to GDPFC have increased
substantially during the past three decades. The share of OTRANS
to GDPFC increased from 2.5 per cent in 1970-71 to 3.8 per cent
in 1990-91 and further increased to 4.2 per cent in 2000-01. The
share of communications sector to GDPFC increased from 0.7 per
cent in 1970-71 to 1.0 per cent in 1990-91 and further increased
to 2.0 per cent in 2000-01. The share of the EGWS sector to
GDPFC increased from 1.2 per cent in 1970-71 to 2.3 per cent in
1990-91 and marginally increased to 2.5 per cent in 2000-01. The
share of the railways to GDPFC, however, declined to 1.1 per
cent in 2000-01 from 1.5 per cent in 1970-71. The share of the
storage facilities to GDPFC, however, remained at 0.1 per cent
throughout the last three decades. A possible relationship between
real output in the infrastructure sectors and GDPFC is exhibited by
plotting the two (Chart 1).

Graph-1:Infrastructure and GDP
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Section III

The Empirical Model

Treating the various stocks of infrastructure and labour as
inputs and the gross domestic product at factor cost (GDPFC) as
output at the aggregate level, yields the following equation for the
production function,

Y = �� (K, L, t) …(1)

where t stands for time trend. Assuming a generalised Cobb-
Douglas form of technology yields a more specific relationship
between inputs and output:

Y = AK� L� …(2)

Translating this equation into logarithms produces a linear function
that can be estimated:

In Y = A + � In + �� In L ...(3)

where Y is output, K and L are capital and labour inputs,
respectively, while � and � are the corresponding parameters measur-
ing output elasticity of factor inputs. In other words, the coefficients
indicate the percentage change in output for one percentage change in
factor input. The estimated equation in the paper is:

LGDPFCt = a0 + LEGWSt + LTRANSt + LCOMNt + LEMPt + ut …(4)

Where TRANS is defined as total transport, EMP as employment
and L denotes logarithm of the variables. The other variables have
been defined earlier.

This study uses annual data for the period 1970-71 to 2000-01.
Data on capital stock on infrastructure at new base (1993-94=100)
are obtained from the various issues of National Accounts Statistics
published by the Central Statistical Organisation (CSO), India. The
employment data are obtained from the various issues of Economic
Survey published by the Government of India. It may be mentioned
that capital stock data taken for all the infrastructural sectors
include both private and public capital.
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Stationarity and Causality Analysis

The test of unit roots using the conventional Dickey-Fuller (DF)
and the Augmented Dickey-Fuller (ADF) test statistics indicate that
the series on GDPFC, EGWS, TRANS, COMN and EMP are all
non-stationary and I(1), i.e., their first differences are stationary
(Table 3). As mentioned earlier, the non-stationarity involved in the
data series prompted to use the cointegrating VAR analysis to
avoid spurious estimates.

Table 3 : Unit Root Tests

Variable At Levels At First Differences

DF ADF DF ADF

GDPFC 7.0448 4.8162 -5.3630 -3.7582

EGWS 1.4499 0.9919 -3.9701 -2.8366

TRANS -1.7380 -1.6960 -5.2713 -3.7026

COMN 15.7172 2.5270 -2.5222 -1.9592

EMP 0.4212 0.4362 -5.2401 -4.55208

Note : The 95% critical value for the ADF statistic is -2.9665 for the regression at
levels and -2.9706 at first differences.

Before going for the cointegration and VAR analysis, the
direction of causality between GDPFC and various stocks of
infrastructure was estimated. While examining the causal relationship
between the GDPFC and each of the infrastructure variables, the
equations were estimated in a multivariate VAR framework. It may
be mentioned that �

2-test of block causality in a VAR framework
is equivalent to Granger (1969) causality tests. The �

2-test for the
dependent variable GDPFC shows that both the lagged terms of
GDPFC and EGWS, TRANS, COMN and EMP are statistically
different from zero. Similarly, in each case, at least one lagged
gross domestic product has a positive and significant impact on the
infrastructure variables. Overall, there exists a bi-directional
relationship between GDPFC and infrastructure facilities (Table 4).
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Table 4 : Test of Granger's Block Causality in a
VAR Framework

Null Hypothesis Test- Accept/ Inference
Statistic -�2  Reject

Null
Hypothesis

I. EGWS does not Granger cause GDPFC 31.1968* Reject Bi-directional

GDPFC does not Granger cause EGWS 23.5879* Reject causality

II. TRANS does not Granger cause GDPFC 45.8715* Reject Bi-directional

GDPFC does not Granger cause TRANS 23.5879* Reject causality

III. COMN does not Granger cause GDPFC 45.4112* Reject Bi-directional

GDPFC does not Granger cause COMN 23.5879* Reject causality

IV. EMP does not Granger cause GDPFC 16.3277** Reject Bi-directional

GDPFC does not Granger cause GDPFC 23.5879* Reject causality

* Significant at 1 per cent level.  ** Significant at 5 per cent level.

Cointegration Analysis

Given the non-stationarity involved in all the data series,
equation (4) was estimated in a multivariate cointegrating VAR
framework, better known as the vector error correction model
(VECM), in order to throw light on the long-run relationship
between infrastructure and economic growth:

�y
t 
= �

0y
 + �

ty
t - �

y
 z

t-1 
+ �� �

ty
�z

t-1
 + �

t
...(5)

where z
t
 is a vector of jointly determined (endogenous) I(1)

variables, t is the time trend and �
t
 is the error term.

Table 5 : Cointegration Results of the VAR Model

Null Alternative Statistic 95% Critical Value
Based on Maximal Eigenvalue

r=0 r=1 95.99 37.85
R<=1 r=2 39.23 31.68
R<=2 r=3 22.89 24.88
R<=3 r=4 11.04 18.08

Based on Trace of the Stochastic Matrix
r=0 r>=1 169.17 81.20

R<=1 r>=2 73.17 56.43
R<=2 r>=3 33.94 35.37
R<=3 r>=4 11.04 18.08
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As shown in Table 5 there exists at least two cointegrating
vectors. The first cointegrating vector is chosen due its significance
at 1 per cent level. The identified cointegrating relationship between
GDPFC as the dependent variable and the stocks of infrastructure
along with employment as the independent variables is as follows:

LGDPFC
t
 = 0.1818 - 0.0723 (LEGWS

t
) + 0.2376 (LTRANS

t
)

         + 0.7387 (LCOMN
t
) + 0.1949 (LEMP

t
)

From this relationship it is observed that EGWS, TRANS,
COMN and EMP have the elasticities -0.07, 0.24, 0.74 and 0.19,
respectively. The negative elasticity (though very low) in the
EGWS sector could be due to heavy transmission and distribution
(T&D) losses in the power sector and subsidised gas and water
supply. They are mostly in the public sector in India with a very
low degree of commercialisation.

VAR Analysis

To measure the time profile of the effect of shocks on the
future state of a dynamic system, we have made use of an
unrestricted VAR model, first suggested by Sims (1980) where all
the variables are assumed to be endogenous unlike in the traditional
macroeconomic models. Taking two lag values of each variable on
the basis of Schwartz Bayesian Criterion (SBC), the following five
equations in an unrestricted VAR framework were estimated:

                         2                        2                     2

LGDPFC
t
 = �

1
 + ���

1i 
LGDPFC

t-i 
+ � �

1j 
LTRANS

t-j + 
� �

1k 
LEGWS

t-k

                        i=1                      j=1                    k=1

    2                       2

+ � �2l LCOMNt-l + � 	1m LEMPt-m 
+ u1t ... (6)

   l=1                     m=1

                         2                        2                     2

LTRANS
t
 = �

2
 + ���

2i 
LGDPFC

t-i 
+ � �

2j 
LTRANS

t-j + 
� �

2k 
LEGWS

t-k

                        i=1                      j=1                    k=1

    2                       2

+ � �
2l 

LCOMN
t-l + 

� 	
1m 

LEMP
t-m 

+ u
2t

... (7)
   l=1                     m=1
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                        2                        2                     2

LEGWS
t
 = �

3
 + ���

3i 
LGDPFC

t-i 
+ � �

3-j 
LTRANS

t-j + 
� �

3k 
LEGWS

t-k

                      i=1                      j=1                    k=1

    2                       2

+ � �
3l 

LCOMN
t-l + 

� 	
3m 

LEMP
t-m 

+ u
3t

... (8)
   l=1                     m=1
                        2                        2                     2

LCOMN
t
 = �

4
 + ���

4i 
LGDPFC

t-i 
+ � �

4-j 
LTRANS

t-j + 
� �

4k 
LEGWS

t-k

                       i=1                      j=1                    k=1

    2                       2

+ � �4l LCOMNt-l + � 	4m LEMPt-m 
+ u4t ... (9)

   l=1                     m=1

                     2                        2                     2

LEMP
t
 = �

5
 + ���

5i 
LGDPFC

t-i 
+ � �

5-j 
LTRANS

t-j + 
� �

5k 
LEGWS

t-k

                    i=1                      j=1                    k=1

    2                       2

+ � �
5l 

LCOMN
t-l + 

� 	
5m 

LEMP
t-m 

+ u
5t

... (10)
   t=1                     m=1

The original equation estimated here is a Cobb-Douglas
production function without any structural model therein. Since
there exists a cointegrating relationship among the infrastructural
variables and GDPFC, the VAR model has been estimated at
levels. In terms of methodological aspects, an unrestricted VAR
model involves model estimation, impulse response function and
variance decomposition for each of the system under consideration.
The impulse response function computes the response of the system
to particular initial shocks. The variance decompositions measure
the percentage of forecast error variance in GDPFC that can be
attributed to innovations in a particular stock of infrastructure under
consideration. The extraction of variance decompositions from a
VAR model typically requires orthogonalisation of the errors from
the reduced form equations. It should be noted that coefficient
estimates and their standard errors are in general not analysed in
detail in an unrestricted VAR model for two reasons. First, with a
highly parameterised model and a limited data set, the number of
degrees of freedom is small and coefficient estimates are
uninformative. Second, because of the highly parameterised nature
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of the model, near-collinearity of the regressors may lead to very
imprecise estimates of the short-run relationship. For a more
sophisticated data analysis, tests to examine the variance decom-
position and impulse response of the system were conducted.

Impulse Responses

In each equation, iterations are made till 15 lag periods by
imposing one-standard deviation shock to each variable in a
generalised impulse response approach first developed by Koop et
al. (1996). The main advantage of the generalised impulse response
function is to circumvent the problem of the dependence of the
orthogonalised impulse responses on the ordering of the variables in
the VAR.

In the impulse response exercise, there had been positive effect
on GDPFC for one-standard deviation shock in the various stock
of infrastructure (Chart 2). In the shorter horizon, i.e., up to three
years, the output effect of one per cent shocks in TRANS was
found to be declining marginally or less than one. This diminishing
effect of shocks in TRANS infrastructure on output in the initial
years could be due to the gestation period. Since most of the

Graph-2:Impulse Responses of GDP to Shocks 
in EGWS,TRANS, COMN & EMP
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infrastructure projects are very long-term in nature, positive output
may not be expected in the initial years. The shock to the
employment variable, however, has a negative effect on the output
in the initial years and positive in the long-run, which could be
due to the large number of unskilled and abundant labour in India.

From the impulse response analysis, it could be seen that the
percentage variation in the real output due to shocks in the
communication sector is the highest, which is about double of the
transportation sector and nearly close to the electricity, gas and
water supply sector.

Variance Decompositions

The variance decomposition shows, for each variable, what
proportion of the forecast error variance at different forecast
horizons can be attributed to each shock in the model. More than
two-thirds of the variance of the one-step forecast error in GDPFC
were found to be due to the innovations in the electricity, gas,
water supply (EGWS) and communications sectors, where EGWS
has the highest share ranging from 0.03 to 0.65 per cent. In the
EGWS sector, in the initial steps, a substantial amount in the
decomposition pattern was explained by innovations in its own
sector and GDPFC, however, in the successive steps the share of
COMN increases. In the transport sector, much of the variance is
explained by innovations in the GDPFC and in its own sector.
Much of the variance in communications sector is explained by
GDPFC followed by its own sector. On the whole, electricity, gas,
water supply and communication sectors play a dominant role in
explaining the variances not only in gross domestic product but
also the variances in other sectors.

Section IV

Summary and Conclusions

This study estimates a vector autoregressive model to examine
the relationship between gross domestic product and stocks of
infrastructure using Indian data for the period 1970-71 to 2000-01.
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The estimated model is also used for forecasting by measuring the
impulse responses of gross domestic product to one per cent
standard deviation shock in the stocks of infrastructure. In the
shorter horizon, i.e., up to three years, the output effect of one
per cent shocks to infrastructure was found to be less than one.
The diminishing effect of shocks in the case of a few stocks of
infrastructure to output in the initial years could be due to the
gestation period. Since most of the infrastructure projects are very
long-term in nature, positive output may not be expected in the
initial years. Among all the infrastructural sectors, electricity, gas,
water supply and communication sectors were found to play a key
role in explaining the movements in the gross domestic product.

Recognising the importance of infrastructure in fostering growth,
the major concern for the policy makers is to remove the
bottlenecks in supply. The success of delivering proper
infrastructure in the country also depends on levying affordable and
adequate user charges. For instance, in sectors like roads,
telecommunications and ports, where Government has been able to
identify and levy proper user charges, the growth in these sectors
has been impressive. As the demand for infrastructure services
continue to outpace supply, it warrants urgent new capacity build-
up in almost all infrastructure sectors along with quality of services.
While exploring the possibilities for revival of the economy, what is
needed is to deploy the surfeit of liquidity in the financial system
in 'supply-leading' strategy and that too for the badly needed
railways development and other physical infrastructures in the new
environment of administrative and financial reforms (Shetty 2001).
In this context, a perceptive observation made by Dr. V.K.R.V.
Rao (1981) two decades ago sounds valid, "The link between
infrastructure and economic development is not a once for all
affair. It is a continuous process; and progress in development has
to be preceded, accompanied and followed by progress in
infrastructure, if we have to fulfil our declared objectives of a self-
accelerating process of economic development."
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Notes

1. Development economists Rosenstein Rodan (1965), Ragnar Nurkse (1966) and Albert

Hirschman (1965) have used this terminology.
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