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This paper estimates sacrifice ratios for the post liberalization period for India.
‘Sacrifice Ratio’ is defined as the loss of output sustained by the economy to
achieve reduction in the long-run inflation by one percentage point. Deriving
sacrifice ratio by estimating Aggregate Supply Curve has been mostly used
across literature. However this framework has been criticized for assuming
fixed sacrifice ratio over time. We have tried to address this criticism by using
a time varying ARDL framework with transition in parameter and stochastic
volatility component. Estimating the model using Gibbs sampling, the sacrifice
ratio estimates have increased steadily during expansionary stage of
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Estimating Sacrifice Ratio for Indian Economy
— A Time Varying Perspective

1. Introduction

The sacrifice ratio is the cost of reducing inflation, the loss of output that must
be sustained by the economy in order to achieve a reduction in trend inflation. It is
defined as a ratio of the percentage loss of real output to one percent reduction in
trend inflation’. The trade-off between inflation and growth had assumed importance
since the Great Depression. Initially during the mid-20" century, focus of the trade-
off between inflation and growth was mostly on higher inflation as the cost of higher
growth and reduction in unemployment. Friedman (1968) and Phelp (1969) argued
that attempt to lower unemployment below its natural rate would only result in higher
inflation in the long run. During later part of 1970s and early 1980s, Sacrifice Ratio
as a concept, became relevant for developed economies like US where disinflation
was considered to be a major cause of recession. US experienced falling inflation
scenario resulting out of contractionary monetary policy. Japan also experienced
similar phenomenon with slowing growth and falling price for substantial period. In
order to discharge its primary responsibility of price stability, the monetary policy
authority of a country follows contractionary monetary policy for controlling
inflationary pressure. However, such policy achieves its goal of reduction in inflation
with an associated cost in loss of output in the interim period. The low inflation
regime is believed to have a favourable impact on the economy which might be able
to offset the loss of output. In a standard expectation augmented Philips curve
framework, for a given potential output level, the reduction in inflation can happen
either from moderation in inflation expectation or from the loss of current period
output. As expectation takes time to change, the reduction in inflation in the short run
is mostly attributed to the moderation in the economic activity. As inflation starts
falling over time and if sustained at a lower level, inflation expectation adjusts
downwards and the output approaches its potential level. In the long-run, therefore,
monetary policy can control and reduce inflation through the inflation expectation
channel. As a consequence to this, Phillips curve is vertical in the long-run as the
impact of monetary policy on output fades away with time.

Although indisputably the key indicator to understand the real costs of
disinflation has been the sacrifice ratio, it has not received due attention in practice
mainly due to the lack of reliability of the estimates. A host of empirical studies have
estimated the sacrifice ratio and its determinants for various countries, using different

!In addition to the traditional sacrifice ratio definition, Dholakia (2014) has also considered the period where
there is a deliberate effort by the policy maker to reduce unemployment below its natural rate. He has argued
that this would involve a similar sacrifice of living with higher inflation permanently to reduce unemployment
and pull people above the poverty line through temporary cumulative income gains.



econometric methods. Mainly two methodologies have been used in the literature for
estimation of sacrifice ratio?.

The first estimation method is based on the estimation of the Philips curve,
introduced by Okun (1978) and subsequently refined by Gordon and King (1982)
who introduced vector auto-regression framework under the assumption of linear
Philips Curve. Filardo (1998) introduced non-linearity in the Philips curve by
assuming different slope coefficients of the output gap in different phase of the
economy.

The second method was introduced by Lawrence Ball (1994). He proposed to
use episode-specific method to measure sacrifice ratio. According to the method
proposed by Ball, disinflationary episodes are identified based on specific criteria
proposed in the paper. Then the total output loss (deviation of actual output from its
potential level) during the said episode is calculated by aggregating the output gaps
for each time point within the episode. The ratio between the cumulative loss and the
reduction in inflation provides the sacrifice ratio for that episode. Relatively detailed
exposition of these two methods has been provided later.

In general, it has been observed that the sacrifice ratio estimates vary greatly
across countries, episodes (or time periods) and estimation methods. For example,
Okun found 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 US GNP, with a range of 6 per cent to
18 per cent. Whereas Gordon and Banks who refined Okun’s approach came up
with an estimate of sacrifice ratios that range from 0 to 8, with a mean of about 5.
This is just an example of wide variation of the estimates of sacrifice ratio across the
method, country and time period. As far as sacrifice ratio of India is concerned, the
estimates also vary substantially across the methods. Currency and Finance report
of RBI (2002) finds sacrifice ratio as (+2) whereas Kapur and Patra (2003) estimates
vary from 0.5 to 4.7 and in some of the cases the estimates were not statistically
significantly different from zero. Recently Dholakia (2014) estimated the same as 1.8
— 2.1 (For deliberate disinflationary period) and 2.8 for inflationary period. We have
estimated sacrifice ratio for India using these two standard approaches®.Using Ball’'s
approach and Okun’s aggregate supply curve equation, we observed that the
sacrifice ratio estimate varies widely in different disinflationary episodes (Appendix
1). As both these methods have their share of merits and demerits, choosing one

2Apart from the two main methods mentioned above, Cecchetti & Rich (2001) estimated a generalised Phillips
curve relationship through structural vector auto-regression (SVAR) models to get estimates of the sacrifice
ratio for the US economy. He used three different models of SVAR. But this methodology lost its appeal as it
was found out to be grossly imprecise.

’In Ball’s method, we have tried different variations. Apart from the method prescribed by Ball to estimate
potential output, we applied HP filter and the method prescribed by Zhang (2001). As it is widely believed that
monetary policy mostly affect the Non-Food manufactured product (NFMP) part of WPI based inflation, we
have also tried with NFMP inflation in place of headline. Similarly, on the output side, apart from GDP, we have
checked with Non-Agricultural GDP (NAGDP), NAGDP excluding community and social services and GDP-
industry. These estimates (provided in Appendix 1) also show similar variations instilling lack of confidence



over other objectively may not be possible. Ball's method allows for estimating
sacrifice ratio disinflationary episode wise but it does not control for any exogenous
shock particularly supply shock®. So we can have one disinflationary episode with a
strong supply shock impact and another episode without one. If we compare the
sacrifice ratio estimated for these two episodes, we get a distorted picture as one of
the estimate is highly noisy compared to the other one. Moreover, the dependency
on the methodology of potential output estimation also has raised issues on the
robustness of the estimate.

On the other hand, the main criticism of the aggregate supply curve
estimation method is that it is time invariant. There is no reason to believe that
sacrifice ratio for a country would remain the same across time. Also it is widely
accepted among the researchers that the sacrifice ratio depends on different factors
like speed of disinflation, initial inflation level, trade openness, Central Bank
independence to name a few. As these factors change over time, one can safely
argue that the sacrifice ratio would also vary over time. This essentially means that
the parameters of the short run aggregate supply curve would be time varying. Also
as financial crisis period is included in our data, it would be better if we drop the
standard homoscedasticity assumption and provide for stochastic volatility. If the
different exogenous shocks (mostly supply shocks) are accounted for, this
framework would enable us to estimate time varying sacrifice ratio for the period of
the study. Taking into account the lack of reliability of the point estimates, we
decided to concentrate more on the movement of the estimate over time. Instead of
the quantitative measure of the ratio, the qualitative movement of it would help us to
carry out a comparative study over time. The movement of sacrifice ratio over the
period of study would provide an insight as to how the trade-off between growth and
inflation change over time. Dholakia (2014) has argued that one should consider the
cases where the monetary policy is involved in a sacrifice of living with higher trend
inflation to reduce unemployment and pull people above the poverty line through
temporary cumulative income gains. Our method would estimate sacrifice ratio for
these period also. So in this paper we try to find answer of the following questions:

1) What is the sacrifice ratio estimate for India in a time varying framework?

2) Qualitatively how the estimates have moved over time?

3) What is the sacrifice ratio estimates for the episodes where policy has
induced increase in the long-run inflation rate to gain higher growth of output.

To this end, sacrifice ratio has been estimated using a Philips Curve
relationship under time varying® ARDL framework with transition in parameter and

*Ball (1994) assumes in his paper that shift in demand is the only source of change in inflation. So there is no
supply shock. In his sample, he has argued that demand contraction is the main cause of disinflation. However,
he has acknowledged that supply shock impact may create this estimate a noisy measure.

°One potential criticism of time varying technique is that the parameter values of Philips Curve relationship
may not change in every time point (in this case quarter). Hence instead of looking at parameter value at each



stochastic volatility component. This enables us to get time variant sacrifice ratio for
the period of the study. Plotting the same over time would provide us a curve which
may be termed as ‘Sacrifice Curve’. As Kapur and Patra have underlined the
importance of the specification of the short-run aggregate supply function for
estimating the sacrifice ratio, we have used the similar specification as used in the
Kapur and Patra paper so that the time invariant and time varying estimates could be
compared®.

Rest of the paper is organized in following manner — Section 2 covers relevant
literature review while Section 3 details the data coverage. Sector 4 talks about
methodology and empirical findings followed by empirical results and conclusion.

2. Literature Review:

Traditionally the inflation and growth trade-off debate has arguably focused
mostly on achieving higher growth and reduction in unemployment at the cost of
higher inflation. In this context, the Friedman (1968) and Phelps (1969) critique on
the trade-off argued of having a vertical Philips curve in the long-run which signifies
that one eventually ends up with only higher inflation and nothing else. The concept
of sacrifice ratio in the traditional sense was first introduced by Okun (1978). He
estimated a family of Philips curve models to estimate the sacrifice ratio.

This kind of estimation of Philips curve captures the output-inflation trade-off
for the given time period. The basic equation is the following Philips curve with
adaptive expectations:

me =7+ a(ys —y;)

Where ¥, and y.* refer to actual and potential output and the term (w, — =%) is

the disinflation occurred in time t. As a gets larger, the cost of disinflation increases.
Using this methodology, Okun found that ‘the average estimate of the cost of a 1 per
cent reduction in the basic inflation rate is 10 of a year's US GNP, with a range of 6
to 18. Gordon & King (1982) refined Okun's approach (using both traditional and
VAR models within the assumption of a linear Phillips curve model) to obtain
estimates of U.S. sacrifice ratios that range from 0 to 8, with a mean of about 5. The
main disadvantage with this approach is that the estimation methodology necessarily
assumes uniformity in trade-off between inflation and output cost over time. This
approach constraints the output-inflation trade-off to be the same during disinflations
as during increases in trend inflation and temporary fluctuations in demand (Ball
1994).

time point, we have focused on the average estimates of sacrifice ratio in different episodes and the
qualitative movement of the ratio over time period.

®This time varying framework can be extended to other specifications like the one of Dynamic Aggregate
Supply and Demand specifications as suggested in Dholakia(2014)



An alternative way (second methodology) is then to use episode-specific
methods to measure output losses occurred in individual disinflation episodes. That
kind of measurement makes it possible to analyse how sacrifice ratios vary in time
and for different conditions. The comparison of different economic policies in terms
of output losses can also be made by using this approach, which was impossible
with the single sacrifice ratio estimated, by using the Philips curve equation. In light
of the Phillips curve limitations, Ball (1994) proposes a methodology based on a
specific identification of disinflation episodes, obtained by locating "peaks" and
"troughs" in the inflation trend (defined as a centred nine-quarter moving average of
actual inflation). The time range between an inflation peak and inflation trough is
called to be a disinflation episode. He then calculates the cumulative output loss (i.e.
the sum of output gaps) over each predefined episode, and obtains an estimate of
the sacrifice ratio for each episode. The sacrifice ratio (SR) in the given episode is
then defined as the total deviation in output from its trend over the change in the
trend inflation, i.e., SR=§. These estimates range from below 0 to about 3.5, with an
average close to 1.4 (i.e. much lower than previous estimates)’. Ball's approach to
constructing sacrifice ratios has generated many refinements and applications®, but
this episode-specific method, like early estimates based on Phillips curves, is not
devoid of limitations.

Cecchetti& Rich (2001) criticize Ball's approach for neglecting the impact of
supply shocks and other demand shocks (such as money demand shocks or fiscal
shocks) on the behaviour of inflation and output during these disinflation episodes.
Also they challenged the aggregate supply curve method for not distinguishing the
impulse resulting from endogenous impact and policy drift. Accordingly, the
Cecchetti & Rich (2001) estimated a generalised Phillips curve relationship through
structural vector autoregression models using 2, 3 and 4 variables to get estimates
of the sacrifice ratio for the US economy. Although the simplest two variable system
of Cecchetti indicates that the true value of the sacrifice ratio may lie somewhere
between -0.5 and +3.8, the four-variable system suggests a possible range that
extends from -43 to +68. They themselves accept that the degree of imprecision is
too high and went on to explore the cause of imprecision.

Turner (1995) and Lactones, et al. (1995) found evidence of non-linearities
while estimating Philips Curve for G-7 countries and many other countries including
USA. The slope of Philips curve has been found to be steep in case output rises
relative to trend. They observed that the non-linearity is sensitive to the nature of
Philips Curve and the estimation of output gap. On the other hand, Eisner (1997b)
and Stiglitz (1997) reportedly observed evidence favouring concave Philips Curve.

’Ball (1994) applies his episode-specific methodology to 19 OECD member countries using annual data over
the period 1960-1991, and then to a sub-group of 9 of these countries using quarterly data over the same
period.

¥See, for example, Gordan (1997), Neely & Waller (1997) or Zhang (2005).



Filardo (1998) argued that the sensitivity of output with inflationary changes is
dependent on the regimes and hence the functional form depends on the regime.

In Indian context, the first effort to estimate sacrifice ratio traces back to
Currency and Finance Report, 2002 (RBI) which stated the estimate of sacrifice ratio
as 2. While Kapur and Patra (2003) showed that the sacrifice ratio estimate for India
differs depending upon choice of price indicator, time period and specification of
short run aggregate supply curve. Their estimate of sacrifice ratio ranged from 0.5 to
4.7 in different time period. This finding was even observed in case of advanced
economies like US, Canada, Australia, New Zealand and OECD countries (Kapur
and Patra, 2003). In recent times, Dholakia (2014) used direct approach and
regression based approach to estimate sacrifice ratio during the time of inflation and
forced deflation and his findings ranged from 1.8 to 2.1 for disinflationary period
while 2.8 for inflationary period. Estimates of Sacrifice Ratio as indicated in different

studies are provided for reference.

Table 1: Summary of Sacrifice Ratio estimates
(Obtained using different methodology)

Study Methodology gtouvde;algeeri%d Estimates of Sacrifice Ratio
Okun (1978) |Aggregate supply Curve |USA 6-18
Ball (1994) Actual developments in |19 industrial  |Average 5.8 for quarterly data
output and inflation Countries; and 3.1 for annual data. For
1960-92. annual data, the range was 0.9

(France) — 10.1 (Germany).

Dobell (1996)

Actual developments

Australia, New

0.4-3.5

in output and inflation Zealand and
Canada
Filardo (1998) |Aggregate supply curve [USA 5.7 for a linear specification; 5.0
(non-linear) in eco for a weak economy and 2.1 for
VAR framework an overheated economy for a
non-linear specification.
Anderson and |Aggregate supply 19 OECD Average of 1.5 (1965-85) and
Wascher curve; structural wage  |countries; 2.5 (1985-98).
(1999) and price equations; 1965-98.
actual developments in
output and inflation
Turner and Aggregate Supply Curve |21 OECD Average of 3.2 with a range of
Seghezza Countries; 1.6 (Japan, Italy and the
(1999) 1963-97 Netherlands) —7.0 (Norway).

Hutchison and
Walsh (1998)

Aggregate supply
Curve

New Zealand;
1983:2-1994:2

4.5-6.0 for the entire sample.

Zhang (2001) |Actual developmentsin |G-7; 1960:1- |1.4 (without any long-lived
output and inflation 1999:4 effects); 2.5 (with long-lived
effects)
Cecchetti and |Structural VAR us; 1-10

Rich (2001)

models

1959:1-1997:4




RBI (2002) Aggregate Supply Curve |India; 2
1971-2000
Patra & Kapur |Aggregate Supply Curve;|India: 1971-  |0.5-4.7
(2003) Alternative Specifications|2001
Dholakia Aggregate Supply Curve |India: 1980- 1.8 — 2.1 (For deliberate
(2014) and Aggregate Demand [2011 deflationary period) and 2.8 for
Curve inflationary period

Source: Patra & Kapur (2003) and updated further
3. Our framework

The output — inflation trade-off can be easily illustrated using Expectation
Augmented Philips Curve® which can be written as follows

M =7+ a(Ye —Y;) (1)
where 1° is the inflation expectation.

The output gap (y:-y: ) is observable only at time point t which can create
problem of endogeneity. In order to avoid endogeneity, output gap value at lag=1 is
included in the equation. Also considering the expectation to be adaptiver® = m._;.

Thus eq (1) can be written as

T = ami—1 + Bygapi—1 + wt

= T = ami—1 + Bygapi—1 + o(L)S; +

The second equation of Eq (2) includes supply shock in the framework to
remove effect of external supply shocks. Here a indicates the inflation persistence
and B is the impact of output gap. The sacrifice ratio can be estimated as

1- &
P )

B

In view of substantial evidence on a possible unit root in inflationm, 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:'?

Ame = alAm_1 + PBygap: + a(L)S; + ug  -------------- (2.1)

*The aggregate supply curve framework provides short term trade-off between inflation and output. The
medium term aspects are not covered in this framework.

1% ADF Test reveal presence of unit root in WPI Headline inflation

1 “This 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." (Turner and Seghezza
(1999))

“This is the equation used by Patra & Kapur (2003) for estimating sacrifice ratio. Using the same specification
would enable us to compare the time varying and time invariant estimates.




However sacrifice ratio defined from Eq (2) and Eq (2.1) necessarily inherits
the assumption of constant inflation persistence and output gap impact resulting in
constant sacrifice ratio which is questionable considering the economic events in
recent times. Particularly, global crisis and subsequent economic downturns
question such assumption of constant sacrifice ratio. Also, the sacrifice ratio which
typically indicates magnitude of growth sacrifice in order to reduce 1 per cent
inflation, is heavily dependent on the initial inflation level and many other factors like
Central Bank independence, trade openness, speed of disinflation to name a few
(Ball, 1994). So assumption of constant sacrifice ratio may not exhibit changes in the
trade-off over different time point. Filardo (1998) indicated that a linear approximation
of Philips Curve does not always hold and the shape of the Philips Curve depends
upon the regime.

Using aggregate supply curve equation (2.1) in Indian context, we observe
that the persistence parameter and output impact are varying widely in different
estimation windows using rolling estimation with sliding time window (Chart 1).

Chart 1: Changing Inflation Persistence and Output Impact
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In view of the above, we have tried to address the time varying features of parameter
estimates using time varying Aggregate Supply curve framework which can be
written as follows

Amy = oy Ay + Brygap, 1 + (L) Sy + uy
which can be written as
Ay = 0, X, + us where uy ~ N(0,02)  ------------mmmmee (2.2)

Where 6; consists of the time varying parameters and X; includes corresponding
variables.



The transition framework is given as
O; = O;_1 + € where ¢ ~ N(0,X)

c:ré2 = dexp(hy) ... (2.3)
hy = ¢he_1 + ¢ where g, ~ N(0,%")

Here we have assumed heteroscedasticity13 of residual variance which takes care of
the impact of economic turbulences using time varying dynamics.

The framework Eq (2.2) and (2.3) represent state-space representation. The
parameter estimation can be performed using maximum likelihood estimation.
However the dimensionality of parameter space being large enough, we have used
likelihood estimation using multistage Gibbs Sampling technique (proposed by
Carter and Kohn 1994). We have used diffused conjugate priors to increase data
dependency (in terms of likelihood) rather than prior dependency. We have adopted
the methodology suggested by Nakajima (2011) for estimating the model. The
convergence diagnostics and auto-correlation checks have been carried out to check
the statistical relevance of the estimates.

4. Data Coverage

The aggregate supply curve framework used in this paper uses Philips Curve
with adaptive expectation which can be written as

Amy = ay Amy_y + Beygapy_1 + (L) Sy + uy

where a, By, (L) are coefficients to be estimated; 1 is domestic inflation, ygap is the
output gap and S; is the supply shock.

In this paper, WPI Headline inflation has been considered as domestic price
indicator while the supply shock components include international price variables
and other domestic factors which impacts domestic price. In this line, the supply
shock components are listed below —

¢ International commodity price
o World Food Price provided by IMF
o Metal price indicator (by IMF)
o Indian Basket Crude Oil price

e Domestic variables having impact on domestic inflation
o Exchange Rate movement
o Rainfall

 Residual diagnostics of aggregate supply curve framework indicate presence of inter dependency among
residual estimates at higher lag which can be considered to be indication of heteroscedasticity.

10



While the pass through of Crude Oil price in international market is well
documented in different research papers, we have also considered international food
price and metal price to eliminate the pass through of international price into
domestic inflation. The exchange rate movement has a positive pass through on
inflation (Inflation increases as domestic currency depreciates). Also WPI headline
inflation consists of food prices which are influenced by rainfall. Surplus rainfall (IMD
Rainfall > 100) corresponds to better agricultural production which tames the food
price inflation. Thus the rainfall data has been considered as part of supply shock in
our model. Following table lists the transformation and the time period considered

Table 2: Data Coverage

Variable Period Transformation
Inflation Q2: 1997-98 to |Y-0-Y Growth rate of Quarterly average of overall
(WPI Headline) |{Q3: 2013-14 WPI items
Output Gap Q2: 1997-98 to |GDP Data has been used for calculating the output
Q3: 2013-14 gap. The methodology of calculation is illustrated
below
International Q2: 1997-98 to |Y-0-Y growth rate of quarterly average IMF Food
Food Price Q3: 2013-14 price
International Q2: 1997-98 to |Y-0-Y growth rate of quarterly average IMF Metal
metal price Q3: 2013-14 price
Indian Basket |Q2: 1997-98 to |Y-0-Y growth of quarterly average of Indian basket
Crude Oil Price |{Q3: 2013-14 crude oil price. The Crude Qil price prior to 2004
was calculated as weighted average of Qil price of
Brent and Dubai.
Exchange Rate |Q2: 1997-98 to |Q-0-Q Annualized growth rate of INR-USD
movement Q3: 2013-14 exchange rate (RBI reference rate)
Rainfall Q2: 1997-98 to |Rainfall deficit data has been used for this
Q3: 2013-14 purpose. Since the South-West Monsoon rainfall

from June-September of every year is the most
crucial rainfall for kharif production as well as Rabi
production. Deficit rainfall is measured in terms of
(IMD rainfall index — 100). The average deficit
rainfall of June-September is calculated using IMD
rainfall data and same deficit amount has been
replicated for Q2-Q4 of same financial year and
Q1 of next financial year.

Exchange rate movements have been tracked as Q-0-Q Annualized growth
rate as the exchange rate movement does not involve any seasonality. The rainfall
indicator has been taken as the deficit rainfall (which is IMD Rainfall Index — 100).
Since June-Sept rainfall primarily impacts agricultural production, the average rainfall

11



deficit of June-Sept period has been considered in this context. The rainfall indicator
has been used in contemporaneous terms and does not involve any lag.

The output gap has been estimated as

OutputGap = log(ActualOutput) — Log(Potentialoutput)

where potential output has been estimated using HP Filter (A=1600 for quarterly
data) after removing the seasonal effects.

5. Empirical findings

The time varying aggregate supply curve framework provides estimates of
inflation persistence and output gap effect for each time point which can be used for

estimating sacrifice ratio at each time point (SR, = 1;7&?). These estimates have been
L

plotted against the time to get a sacrifice curve. In our paper, the sacrifice curve thus
obtained indicates that the sacrifice ratio estimates remained around average level
prior to Jun-2001. However the sacrifice ratio estimates have been found to be
increasing from Sep-01 which continued till Jun-04 and then it starts descending
rapidly till Sep-05. The sacrifice ratio estimate is found to be stable in the range of
2.0-2.2 from Sep-05 to Sep-08 (prior to crisis). During the global crisis, the sacrifice
ratio has been found to be increasing again gradually till Jun-10. However the
magnitude and rate of increase was relatively lower than earlier instance. After Jun-

10, the sacrifice ratio estimate has been moderating gradually till recent period
(Chart 2)

Chart 2: Sacrifice
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As already mentioned, apart from the disinflationary episodes, this method
also covers the period when the policy maker makes deliberate effort to reduce
unemployment through temporary cumulative income gains. In such a scenario,
sacrifice ratio can be defined as temporary output gain by tolerating 1 per cent

12



increase in inflation™. In this line, we analyze the sacrifice curve obtained above for

expansionary and contractionary episodes. Following graph illustrates the relative
level of sacrifice ratio during each of these episodes.

Chart 3: Sacrifice Curve and time varying impact of Inflation and Output Gap
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Here inflation contribution is estimated as (1 — &,) and contribution of output
gap is estimated by f5.. Since sacrifice ratio is estimated as (Inflation contribution/OG

contribution), the high values of sacrifice ratio has been contributed by high inflation
contribution while OG contribution remains flat. Towards the end of the estimation

period, the contribution of output gap came down and the inflation contribution
remains flat (mostly) resulting in a fall in sacrifice ratio during this time.

The monetary policy action taken by Reserve Bank can be classified into
following episodes —

Table 3: Monetary action in different episodes

. Cash Reserve
Period Type Repo Reverse Ratio
April 2001 to June 2004 |Expansionary 9to6 6.75t04.5 8.0to4.5

Sept 2004 to Aug 2008  |Contractionary | 6109 45t06.0 451t09.0
Oct 2008 to Feb 2010 Expansionary 9to 5 6.0t0 3.5 9.0t0 5.75

The grey zones indicate expansionary mode while the yellow zone indicates
contractionary mode. The sacrifice ratio is found to be increasing during
expansionary mode while it moderates in contractionary mode. Dholakia (2014) also
observed that the sacrifice ratio is 2.8 in inflationary period higher than 1.8-2.1 in

“Unlike the traditional interpretation of sacrifice ratio, higher the sacrifice ratio indicate better trade-off
scenario in these episodes.
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deliberate disinflationary periods. Our analysis indicate the average sacrifice ratio in
each of these episodes as follows.

Table 4: Sacrifice Ratio estimates in monetary episodes

Episodes Type Average Sacrifice Ratio
Mar-01 to Jun-04 Expansionary 2.8
Sep-04 to Sep-08 Contractionary 2.3
Dec-08 to Mar-10 Expansionary 2.7

Since sacrifice ratio is defined as ratio of inflation effect and output impact, we
have tried to look at the sacrifice ratio movement in terms of these two effects. The
first expansionary period experiences declining output impact along with gradual
decline in inflation impact. Since inflation impact is defined as (1-Inflation
persistence), the inflation persistence is found to be gradually increasing during this
period. Since the output impact (or trade off) came down in a much faster pace sharp
increase in sacrifice ratio estimate has been observed. On the same line, the
inflation impact was coming down in the contractionary period and output impact
remained more or less stable. This phenomenon can be explained in terms of
increasing persistence of inflation expectation which kept on dampening the inflation
impact.The inflation persistence is found to be declining during the next
expansionary phase which resulted in increasing inflation impact. This coupled with
stable output gap impact has caused sacrifice ratio to increase in this period. This
observation raises question related to persistence of change in inflation during these
episodes. In general, the inflation persistence can have direct influence on sacrifice
ratio in the sense that higher persistence is followed by small changes in inflation
resulting in higher sacrifice ratio. Here we would like to highlight that during this
contractionary phase, the persistence coefficient is found to be in the range 0.28 to
0.59 and hence even though the persistence coefficient is gradually going up, the
magnitude change of inflation persistence is small in this context.

In this paper, we have also tried to look at the relationship between sacrifice
ratio and average level of inflationand average output gap. The average inflation
level has been found to be lower when the sacrifice ratio attained peak while the
average inflation level was relatively on higher side when the sacrifice ratio was
low.This is primarily because the sacrifice ratio is found to be higher in the
expansionary phase compared to contractionary phase.
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Chart 4: Sacrifice Curve and Average Inflation Level
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Similar kind of exercise was performed on average output gap which revealed
that sacrifice ratio started peaking up when average output gap was at lower
level.Butitwas on the lower side when output gap was at higher positive level.

Chart 5: Sacrifice Curve and Average Output
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From Chart 5, we observe that the sacrifice ratio estimate is relatively on

higher side when the output gap is negative and average inflation level is low and
vice versa. As average inflation level is high, the output cost of reducing inflation
(which is sacrifice ratio) is low. On the other hand, the output cost of inflation is
higher in case the inflation is lower and output gap is negative. Combining these
observations, such findings can align to convexity of Phlips Curve (Chart 6)
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Chart 6: Convexity of Philips Curve
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The convexity of Philips curve ensures that the cost of disinflation is marginal
when the total output of the economy is above the trend while the cost of disinflation
is expected to rise significantly in case the economy is in recession (i.e. output below
the trend output).

6. Conclusion

The output cost arising out of disinflationary steps taken by Central Bank, are
mostly confined to interim loses only (Patra and Kapoor (2003)). Every central bank
experience such short term loss of output with certain level of inflation expectation
and credibility factors. As indicated by wide range of literatures, the estimation of
sacrifice ratio is an important assessment for any central bank.

However, it is widely accepted that sacrifice ratio estimate has been found to
be varying with choice of estimation methods and potential output estimation
method. Even in Indian context, the estimate of sacrifice ratio has been found to be
widely varying (Patra and Kapoor (2003)). This paper tries to adopt a time varying
approach providing for transition in parameters and stochastic volatility in residual in
a way such that the time dynamics can be adequately captured and movement of
growth-inflation trade-off can be tracked over time. Using this framework, we observe
that the sacrifice ratio estimate is higher during expansionary phase of monetary
policy while it comes down in contractionary phase. The highest level of sacrifice
ratio was observed in Q3: 2003-04 to Q1: 2004-05 period while it again attained
peak during Q1: 2010-11 through a relatively lower level than previous peak value.
The movement in sacrifice curve in different episodes depicts the relative
contribution of inflation and output.
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This paper has focused on the estimation of sacrifice ratio in a time varying
framework and tried to address its main criticism'®. One needs to further explore the
causality of the movement in the sacrifice ratio.

> “The most common approach is to derive the ratio from an estimated Phillips curve-from the relation

between output and inflation in a long time-series (Okun 1978; Gordon and King 1982). A limitation of this
approach is that it constrains the output-inflation trade-off to be the same during disinflations as during
increases in trend inflation or temporary fluctuations in demand” — Ball (1994)
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Appendix

Appendix 1: Estimation of Sacrifice Ratio in Indian Context
(Using Ball's Method, Zhang’'s method)

Actual developments in output and inflation: In this approach, Ball (1994), Zhang
(200%5), and H-P filter techniques were applied on quarterly data (Period: Q1:1980-
81'® to Q4:2012-13), for estimating sacrifice ratio. The quarterly GDP data for 1980-
81:Q1 to 1995-96:Q4 (at factor cost at 1993-94 prices) was derived from GDP
Annual data from corresponding period and segregating the quarterly share using
Seasonal factors observed in 1996-97 to 2000-01. During this period, four
disinflationary episodes were identified (Table A1). The latest identified
disinflationary period is Q2:2000-01 to Q2:2002-03.

Table Al: Sacrifice Ratio based on Actual Developments
in Overall GDP and WPI-Headline Inflation

' Length Initial T'rend Change iq Final Tr.end Sacrifice Ratio
Start of Episode (quarters) Headl.me Trend Hgadlme Headl_lne Ball HP Zhang
Inflation Inflation Inflation Filter
Q2:1980-81 23 17.6 12.4 5.2 -0.32 | -0.10 1.07
Q3:1991-92 8 12.4 2.9 9.5 0.59 5.30 5.54
Q2:1994-95 11 10.7 6.2 4.5 0.97 -0.90 | -0.31
Q2:2000-01 9 54 1.7 3.7 6.33 1.38 0.28

The sacrifice ratio estimated using Ball's method indicate a negative sacrifice
ratio for first episode (starting from Q2: 1980) while it is found to be positive but
varying widely in the subsequent episodes. On the same line, the estimate of
sacrifice ratio is found to be varying widely across episodes using HP Filter and
Zhang's Method. This sort of results raises the question of robustness of
assumptions used in Ball’'s method and also questions the reliability of estimate.
Thus even though Ball’'s method incorporates the concept of episode specific
estimation of sacrifice ratio, the reliability of estimate can be questionable due to
such wide variation.

Further using GDP-Industry, Non-Agriculture GDP (NAGDP), Non-Agriculture
GDP excluding ‘Community and social services etc.” (NAGDP-ex-coss), were used
separately as output series, apart from overall GDP. Moreover, apart from Headline
inflation, the WPI of Non-food Manufactured Products (NFMP) inflation was also
considered for estimating sacrifice ratio (Tables 2 to 5). For NFMP inflation, five
disinflationary episodes were identified.

16 Quarterly estimates prior to 1996 obtained from CSO (from Q1:1990-91 to Q4: 1995-96) and prior to 1990,
estimated by Barman et. al. (1994)
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Table A2: Sacrifice Ratio based on Actual Developments
in GDP-Industry and WPI-Headline Inflation

. Length Initial Trend Change in. Final Tr.end Sacrifice Ratio
Start of Episode (quarters) Headline |Trend Headline| Headline Ball HP Zhang
Inflation Inflation Inflation Filter
Q2:1980-81 23 17.6 12.4 5.2 1.25 -0.25 1.20
Q3:1991-92 8 12.4 2.9 9.5 7.62 11.70 | 10.49
Q2:1994-95 11 10.7 6.2 4.5 -6.28 | -4.57 | -4.06
Q2:2000-01 9 54 1.7 3.7 8.23 4.19 1.83

Table A3: Sacrifice Ratio based on Actual Developments
in Non-Agri. GDP, Non-Agri. GDP excl. COSS and WPI-Headline Inflation

. Length Initial Trend Change iﬁ Final Tr_end Sacrifice Ratio
Start of Episode (quarters) Headl.me Trend Hgadlme Headl.lne Ball HP Zhang
Inflation Inflation Inflation Filter
Q2:1980-81 23 17.6 12.4 5.2 1.85 0.23 -0.17
Q3:1991-92 8 12.4 2.9 9.5 1.96 4.43 3.73
Q2:1994-95 11 10.7 6.2 4.5 -0.34 | -0.77 | -1.32
Q2:2000-01 9 5.4 1.7 3.7 7.50 2.98 1.91
. Length Initial T_rend Change in Final Tr_end Sacrifice Ratio
Start of Episode (quarters) Headl.me Trend Hgadlme Headl.lne Ball HP Zhang
Inflation Inflation Inflation Filter
Q2:1980-81 23 17.6 12.4 5.2 1.85 0.23 -0.17
Q3:1991-92 8 12.4 2.9 9.5 1.96 4.43 3.73
Q2:1994-95 11 10.7 6.2 4.5 -0.34 | -0.77 | -1.32
Q2:2000-01 9 5.4 1.7 3.7 7.50 2.98 1.91

Table A4: Sacrifice Ratio based on Actual Developments
in Overall GDP, GDP-Industry and WPI NFMP Inflation

Initial Trend [ Changein | Final Trend Sacrifice Rati
Start of Episode (qzea??:s) NEMP | Trend NFMP | NFMP OverS'LGDP GDP :_Tg“s”y
Inflation Inflation Inflation | Ball . Zhang | Ball ) Zhang
Filter Filter

Q1:1980-81 13 15.1 10.1 5.0 046 | 0413 | 051 | -2.96 [ -002 { 001
Q02:1984-85 6.9 2.7 4.1 909 [ 009 | -011 | 456 | 348 | 3.25
Q4:1991-92 10.8 1.5 9.3 744 [ 773 | 810 | 891 [ 20.10 | 18.33
Q3:1994-95 12 10.6 9.1 1.6 -0.77 [ 013 | 043 | -575 | -3.36 | -2.44
Q2:2000-01 9 4.2 1.9 2.3 592 | 129 | 026 | 769 [ 392 [ 1.7
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Table A5: Sacrifice Ratio based on Actual Developments
in Non-Agri. GDP, Non-Agri. GDP excl. COSS and WPI NFMP Inflation

Sacrifice Ratio
Initial Trend | Changein | Final Trend . Non-Agri. GDP
startof Episode| """ | nNewp | Trend gNFMP NFMP Non-Agr. GDP exc?gcoss
(quarters) . ) .
Inflation Inflation Inflation HP HP

Ball Filter Zhang | Ball Filter Zhang
Q1:1980-81 13 15.1 10.1 5.0 073 | 010 | -0.09 | -0.73 { 010 | -0.09
Q2:1984-85 9 6.9 2.7 4.1 1.21 1.51 098 | 1.21 1.51 0.93
Q4:1991-92 7 10.8 1.5 9.3 9.04 | 738 | 637 [ 904 | 738 | 637
Q3:1994-95 12 10.6 9.1 1.6 -1.36 | 050 | -0.80 | -1.36 { -0.50 | -0.80
Q2:2000-01 9 4.2 1.9 2.3 7.01 278 | 178 | 701 [ 278 | 178
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