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Abstract

This paper examines the issue of the existence of threshold effects in the
relationship between inflation rate and real GDP growth in India using 3 different
approaches. In view of the structural changes of the economy, the empirical analysis
uses data for the period of Q1:1996-97 to Q3:2010-11 in order to capture the more
recent picture of the growth inflation nexus. A specific question addressed in this paper
was: does inflation in India have to reach some minimum "threshold" before the growth
effects turn adverse? The findings clearly suggest that inflation threshold in the sense of
structural break point exists for India and this implies a non-linear relationship between
inflation and growth. Empirical results suggest that there exists statistically significant
structural break in the relation between output growth and inflation in between 4.0 and
5.5 per cent of inflation above which inflation retards growth rate of GDP and below the
threshold level, there is a statistically significant positive relationship between inflation
rate and growth. Thus substantial gains can be achieved if inflation is kept below the
threshold.
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Inflation Threshold in India: An Empirical Investigation
Introduction

In the aftermath of the recent global financial crisis in 2008, as growth gradually
recovered, inflation gained momentum in India. Inflation remained higher and persisted
at above the comfort level of the Reserve Bank of India. The debate of growth-inflation
trade-off and the role of monetary policy reappeared and have once again acquired
center stage of recent policy debate. The conventional view, influenced mostly by the
short run Phillips Curve, subscribed that higher inflation tolerance could yield higher
growth against the view that inflation itself is a risk to growth beyond a level. RBI Annual
Report, 2010-11 refers to recent empirical work on ‘Backward bending Phillips Curve’,
which argues that Phillips Curve is negatively sloped at low levels of inflation, becomes
positively sloped at high levels of inflation and turns vertical if inflation expectations
converge to actual inflation. This lends support to the hypothesis of the existence of a

threshold level of inflation.

Monetary policy that ensures that inflation remains low and stable over time contributes
to long-run economic growth and financial stability (Bernanke, 2011). Low and stable
inflation improves the functioning of the markets, making them more effective at
allocating resources. It also allows households and businesses to plan for the future
without having to be unduly concerned with unpredictable movements in the general
level of prices. Therefore, price stability with growth is the prime objective for any central
bank. This means central banks try to achieve low and stable inflation and high output
growth through their monetary policy. In this context, much of the research on growth-
inflation nexus has tried to address three key questions: (i) is there a robust negative
relationship between inflation and growth? (ii) is there a "kink" in the relationship so that,
at low levels of inflation, the relationship is positive? (iii) does inflation have to reach

some minimum "threshold" before the growth effects turn adverse?

All these questions suggest the possibility of a non-linear relationship between inflation
and output growth. If such a non-linear relationship exists, then it should be possible to

estimate the inflexion point, or threshold, at which the sign of the relationship between



inflation and growth would switch. Inflation beyond the threshold level makes growth
costly and calls for policy changes. Several recent empirical studies have examined the
growth-inflation relationship in a non-linear framework using long annual cross-country
data specifically looking at the change in the relationship between inflation and growth
below and above a threshold. For example, Sarel (1996), and Bruno and Easterly
(1998) show that harmful effects of inflation are not universal, but appear only over the
threshold level of inflation. Nevertheless, there is the growing concern in developed
countries that excessively low inflation threshold may hurt economic growth (Singh and
Kalirajan, 2003). Most of the studies have focused on long annual time series data in a
cross-country framework for examining the existence of threshold and its estimation. On
the methodological front, there are a few options like Sarel (1996), Khan and Senhadji
(2001) and Espinoza et al. (2010). While Sarel (1996) used ordinary least squares
(OLS) and corresponding R-squared for estimating inflation threshold, Khan and
Senhadji (2001) used a non-linear least squares approach. Espinoza et al. (2010) used

Logistic Threshold Regression model which allows smooth transition between regimes
for estimating the threshold inflation.

Fig. 1: Recent Trend of Real GDP Growth and Inflation in India
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Generalization of the findings of the long-period cross-country studies to India is fraught
with conceptual difficulties. This is because such studies on one end included countries

with an inflation rate as low as one or two per cent and on the other, those with inflation



rates going beyond 200 to 300 per cent. In addition, during last two decades or so,
Indian economy has undergone a significant structural transformation. From 1996 to
2002, GDP growth was hovering around 6%, while y-o-y average Wholesale Price
Index-inflation was close to 5% (Fig. 1). Subsequently, growth traversed much higher
trajectory and inflation remained relatively low in the range 5-6% till global financial
crisis adversely affected growth-inflation dynamics. After the recent global crisis in 2008,
growth rate of India bounced back much quicker than anticipated and at the same time
inflation went up significantly. Therefore, the dynamics of growth-inflation nexus in India
is not straight forward. For a country like India, which has witnessed many structural
changes in the past few decades, going back too long may not reflect the current
evolving state of the economy. Hence recent data based on quarterly information is a
possible alternative. With a view to capturing the recent structural changes in the
economy, this study used quarterly data from Q1:1996-97 to Q3:2010-11 and
empirically explored the existence of an inflation threshold, if any, based on three

different approaches indicated above.

The paper is organized as follows: Section 2 provides a survey of literature on inflation
threshold. Selected methodologies for estimating a threshold of inflation are elaborated
in Section 3. Empirical results are presented in Section 4 and the final section offers a

few policy implications with concluding remarks.

[l. Literature Review

The seminal work by Fischer (1993) is among the first to examine the possibility of non-
linearities in the relationship between economic growth and inflation in the long run.
Using both cross section and panel data for a sample that includes developing and
industrialized countries, Fischer's parameter estimates indicate a negative relationship
between inflation and growth. Subsequently, many empirical studies on inflation
threshold used a large panel data across countries. Sarel (1996) used annual data from
1970 to1990 for 87 countries and found that the threshold is at 8 per cent below which

the effect of inflation on growth is negligible (or slightly positive) but beyond 8 there is a



significant, extremely powerful and robust negative effect on economic growth. On
similar lines, Ghosh and Phillips (1998) used a large panel data set, covering IMF
member countries over 1960-96. Their results suggest a negative relationship between
inflation and growth that is both statistically and economically significant. The
relationship is non-linear in two senses: first, at very low inflation rates, the relationship
is positive; second, at all other inflation rates, the apparent marginal effect of inflation on

growth becomes less important as higher inflation rates are considered.

Analysis of Khan and Senhadji (2001) using a dataset including 140 countries
(comprising both industrial and developing countries) for a period 1960 to 1998 revealed
that the threshold level of inflation above which it significantly slows growth is estimated
at 1-3 per cent for industrial countries and 11-12 per cent for developing countries.
Drukker, Gomis- Porqueras, and Hernandez-Verme (2005) confirmed the existence of a
threshold using a panel of 138 countries, but they estimated its level to be higher, at
about 19 per cent. This level of threshold, higher than usually estimated, was confirmed
by Pollin and Zhu (2006) who also divided the sample by decades and suggested that
threshold would be around 15-18 per cent. A much lower threshold was obtained by
Burdekin et al. (2004), who estimated a panel model of 72 countries using annual data
and, allowing for multiple thresholds, found that for developing countries, inflation
proves to be costly when it is higher than 3 per cent. A second break was also identified
at 50 per cent, above which marginal growth costs declines significantly. Espinoza et al.
(2010) used a panel of 165 countries and for a period 1960-2007. They estimated a
threshold of about 10 per cent for all country groups (except for advanced countries)
above which inflation quickly becomes harmful to growth. However, for the advanced

economies, threshold was much lower.

Many studies in Indian context have provided differing views on inflation threshold.
Chakarvarty Committee (1985) referred to it as the acceptable rise in prices at 4 per
cent. This, according to the Committee, reflects changes in relative prices necessary to
attract resources to growth sectors. “As growth is not uniform in all the sectors,

maintaining absolute price stability, meaning a zero rate of increase in prices, may not



be possible and nor is it desirable.” Rangarajan (1998), who pioneered the concept of
threshold inflation, brought central bank focus on inflation rate at 6—7 per cent known as
“acceptable level” of inflation. His idea of threshold was: at what level of inflation do
adverse consequences set in? The study by Vasudevan et al. (1998) and, Kannan and
Joshi (1998) found the threshold level to be around 6 per cent. Results of Samantaraya
and Prasad (2001) are also on similar line as they found the threshold level to be
around 6.5 per cent. In contrast, Singh and Kalirajan (2003) using annual data for the
period of 1971-1998 provided argument against any threshold level for India. A more
recent study by Singh (2010) which used both, yearly and quarterly data, found

threshold level of inflation for India at 6 per cent but failed to confirm the same in Sarel

(1996) sense.

lll. Methodology

It is rightly acknowledged in the literature that inflation has a non-linear impact on
growth. While below a threshold level, inflation has a positive effect; it will have an
adverse effect on growth once it crosses the threshold. Prima facie, such a non-linear

relationship exists for Indian data (Fig. 2).
Fig. 2: Non-linear Relationship between GDP Growth and WPI Inflation in India
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Many studies attempted to estimate the threshold level of inflation using different
methodologies. In this study, we have used three different methodologies as proposed

by Sarel (1996), Khan and Senhadji (2001) and Espinoza et al. (2010) for estimating



threshold level of Inflation for India. The purpose of applying three different

methodologies was to ensure the robustness of the results. A brief review of the

various methodologies is given below. Sarel (1996) came out with an estimation

procedure for inflation threshold which is basically running a series of regression

equations and finding the threshold value of inflation which maximizes R-squared or

minimizes Root Mean Square Error (RMSE). The procedure could be defined in

following steps:

Define the concept of extra inflation (T5) by using a dummy (D ). Let T* be the
inflation threshold. Then 1 & = D, (11 -1*) where Dy, = 1 if m>T* ; = 0 otherwise.

Estimate a regression equation on economic growth (Ay) using ordinary least
squares (OLS) with 1 & and 1 along with other relevant variables as regressors.

The equation can be represented as follows:

Ay =a+B ,t+0O'X +e if n<nm

Ay =a+B n+B (-7 )+O'X +e if t>n (1)

X is the vector of all other control variables and ® the corresponding parameter
vector. Sarel (1996) has chosen the logarithmic transformations for inflation as it
provided near symmetry in their case.

With a chosen basic model, the OLS regression is iterated with different m*
values. This generates a series of regression statistics corresponding to different
chosen values of 1*. The structural break occurs at the value of 1%, for which the
RMSE value is the minimum.

The coefficient of T° indicates the difference in the inflation effect on growth
between the two sides of the structural break and its t-statistic value tests
whether or not the structural break is significant.

It should be noted that at some value of T* the sum of the coefficients of 1 F and
1 significantly change sign at m*. Therefore, analysis of the entire set of

coefficients is equally important in deciding about the threshold inflation level.

Khan and Senhadji (2001) used a different estimation procedure arguing that 1 is

unknown and, thus, it has to be estimated along with the other regression parameters



using non-linear least squares (NLLS). If * is known, then OLS estimation could be
used. Since it is unknown, it should be estimated along with the other regression
parameters. Hence NLLS is the appropriate estimation criterion. Since ™ enters in a
non-linear and non-differential manner, conventional gradient search techniques to
implement NLLS are inappropriate. Instead, a method that is sometimes called
conditional least squares is employed, which is used by Khan and Senhadiji (2001) for
threshold inflation estimation and Cox et al. (2003) for threshold income estimation in
private remittances. The method is as follows. For any 1 the model is estimated by
OLS, yielding the sum of squared errors as a function of *. The least squares estimate
of m* is found by searching over 1 and selecting the value that yields the lowest sum of
squared errors. For this value of m* the slope parameters are estimated by OLS. Chan
and Tsay (1998) have shown that these NLLS estimates are consistent and
asymptotically normal, and these authors also provide estimates of the asymptotic
variance—covariance matrix. Compared to Sarel (1996) in this procedure a different
formulation is used following Khan and Senhadji (2001) and Cox et al. (2003)

Ay =a+B (n-n)+0'X +e if t<m
Ay =a+B ,(n—n )+O'X +e if i>n (2)

To test for threshold the null hypothesis HO: B, =f , is tested against H1: B, = , .

A recent paper by Espinoza et al. (2010) used a Logistic Smooth Transition Regression
(LSTR) model proposed by Terasvirta (1994, 1998) to estimate the threshold and the
speed of transition from one regime (low effect of inflation on growth) to another (high
effect of inflation on growth). The basic difference of their model with that of Khan and
Senhadji (2001) is that instead of using dummy variable to differentiate the regimes they
assigned weights based on a logistic function. The model that we are using is slightly
different from Espinoza et al. (2010) but uses a LSTR. We use the model specification
as proposed by McAleer & Medeiros (2008) which employs a quasi maximum likelihood
(QML) estimator of smooth transition regression with multiple regimes.

Ay:(x+BOn+iBiWi(n—n*)+®'X+e; (3)

i=1



Where W =;.
L (1+ettmy

The number of limiting regimes is defined by the hyper-parameter M. For example,

suppose that M = 2, so that the resulting model will have 3 limiting regimes that can be

interpreted as follows. The first regime may be related to extremely very low inflation; in

the middle regime, which represents low inflation periods and finally, the third regime is

related to high inflation. In the first regime which is related to very low inflation the

dynamics on growth are driven byf,. In the middle regime, which represents low
inflaton B ,+B, is our parameter of interest. In the high inflation regime

B,+B,+pB ,determine the effect on output. Also the estimation of y is important in the

LSTR model: the policy implications of a high y would be that inflation pressures have to

be tackled on a priority basis as it becomes immediately costly.
IV. Empirical Analysis

In contrast with most of the earlier studies based on annual data, we have used
quarterly data from Q1:1996-97 to Q4:2010-11, so as to capture the recent growth-
inflation dynamics in India. Apart from inflation and lagged values of domestic GDP

growth, we also used a control variable world GDP growth (aw _cpp,) to examine the

significance of external developments on domestic growth-inflation nexus. However, in
absence of quarterly World GDP data, OECD countries GDP growth is used as proxy.
We assume that the impact of domestic factors is controlled using the GDP lags. Thus,
effectively we have used lagged values of GDP growth as an instrumental variable.
This also helps to overcome the problem of endogeneity, which is a possibility because
of the use of contemporary endogenous variables. Moreover, the impact of period of

financial crisis is controlled by incorporating a dummy variable.

Most of the earlier studies have used logarithmic transformation of inflation. The reason

for using a different functional form is the non-symmetric nature of inflation on growth.



Other explanations include the impact of multiplicative shocks in inflation which have
similar effects on growth for any level of initial inflation. In Indian context for the period
considered, the inflation series is somewhat symmetric. Indeed, its logarithmic
transformation makes it more skewed. Hence, we used inflation at level for estimating

the threshold.

V.1 Estimation using Sarel’s method
Following the methodology proposed by Sarel (1996) threshold inflation is tested using
the framework defined in the methodology section. The regression diagnostics for all

models are found to be satisfactory. The results are given in Table 1 below:

Table 1. OLS Coefficients of Regression — Sarel’s Method

Parameters m=3.5| m=4.0| m=45| m=4.75| m*=5.0| M*=5.5 m=6.0
o -0.10 -0.18 -0.22 -0.20 -0.14 0.01 0.21
B 0.55 0.54* 0.51* 0.46* 0.41* 0.32* 0.23
B, -0.62 -0.67* -0.69* -0.66* -0.61* -0.51* -0.37
9, (Ayt—1) 0.81* 0.80* 0.80* 0.81* 0.82* 0.84* 0.85*
9 -0.02 -0.02 -0.02 -0.02 -0.02 -0.02 -0.02
2 (AW _GDP,)

RMSE 1.5627 | 1.5457 | 1.5326 1.5316 | 1.5453 | 1.5630 1.5872
DW 1.67 1.71 1.74 1.74 1.72 1.68 1.63
Residual 0.02 0.02 0.01 0.02 0.07 0.22 0.34
ARCH-LM (0.88) (0.88) (0.97) (0.89) (0.79) (0.63) (0.56)
Residual 1.65 1.04 0.78 0.72 0.65 0.51 1.01
Normality (0.43) (0.59) (0.68) (0.70) (0.72) (0.77) (0.61)
Portmanteau 15.19 15.81 15.41 14.78 14.28 14.30 13.38
test for residual (0.06) (0.05) (0.05) (0.06) (0.07) (0.07) (0.08)
white noise

Ho: -0.07 -0.13 -0.18 -0.20 -0.20 -0.19 -0.14
B,+B =0 (0.58) (0.40) (0.28) (0.26) (0.26) (0.29) (0.43)

*indicates significant at 5 per cent level; p-values are in brackets

The minimum RMSE is found at 4.75 per cent. At 4.75 per cent, B,is significant and

positive and B, is significant and negative, suggesting a statistically significant break.

This is true for the all the values of * ranging from 4.0 per cent to 5.5 per cent. Also

the sum of B,and B,is negative at 4.75 per cent, but statistically insignificant. Hence,

following Sarel (1996) methodology, 4.75 per cent is the inflation threshold cannot be
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accepted. Further, the sum of B ;and B, is not significant at any of the " suggesting

that beyond the break point there is no significant negative impact of inflation on growth
but the positive impact wears off.? Also there is enough empirical evidence of a
significant structural shift at ™ at 4.0 per cent to 5.5 per cent, beyond that adverse
effect of inflation on growth is empirically observed. Thus, the inflation range 4.0 to 5.5

per cent may be considered as an inflation threshold.

IV.2 Estimation using Khan and Senhadji (2001) method

Though the basic framework of Khan and Senhadji (2001) is same as that of Sarel
(1996), the formulation and estimation procedure is different. Instead of OLS, NLLS
method using conditional least squares is used to estimate the parameters including ™.
The results are presented in Table 2.

Table 2: NLLS coefficients of Regression
- Khan and Senhadji (2001) Method

Parameters Estimate | SE
o 0.23 0.58
B, 0.18* 0.06
B, 0.01 0.16
9, (Aym) 0.91* 0.08
9, (aw_GDR) 0.01 0.01
m 5.10* 0.21
DW 2.10
Residual ARCH-LM 0.61
(0.43)
Residual Normality 0.78
(0.70)
Portmanteau test for 30.45
residual white noise (0.17)
Ho: 0.17
B~ , =0 (0.28)

*indicates significant at 5 per cent level; p-values are in brackets

2 Most studies for India using Sarel approach do not get this reversal at the threshold, and
hence report this as a limitation of the estimated threshold.

11



Using conditional least squares, we estimated a statistically significant break at 5.1 per
cent of inflation. The regression diagnostics are found to be satisfactory. However, the
test for existence of a threshold is rejected since beta coefficients are not statistically
different. Hence, empirical results following Khan and Senhadji (2001) methodology is
reassuring with the results obtained earlier by the Sarel (1996) methodology. Both
approaches did not find threshold inflation in true sense of the term. But empirical
evidence suggests that the inflation growth dynamics changes beyond 5.1 per cent of
inflation. The 95 per cent of confidence interval of the break is 4.7 per cent to 5.5 per
cent. Thus, when inflation moves beyond the break point, the positive effect of inflation
on growth dies out and hence 4.7 to 5.5 can be treated as the inflation threshold,

considering that impact of inflation above 5.5 per cent turns unfavourable to growth.

IV.3 Estimation using Espinoza et al. (2010) method

The estimation method suggested by Espinoza et al. (2010) is employed based on
following inputs: (1) choice of relevant variables to be included in the model, which we
kept same as above approaches; (2) selection of the transition variable - which is
obviously inflation in this case; and (3) determination of the number of regimes which
we fixed as three as it was giving better results. The regression results are given in
Table 3°. Hillebrand et al. (2010) has already established the asymptotic normality and
consistency of the QML estimates. Hence we can have straightforward inference from

estimated parameters and their SE.

Both p® and p°, are significant suggesting the breaks are statistically significant. y,is
found to be satistically significant indicating a discrete step function kind of regime
shifting. Asy, is insignificant, the transition in second shift is smooth (Fig. 3). Threshold
inflation can be deducted from values of B coefficients. In the first regime where inflation

is very low the positive impact on growth is also relatively low, but beyond 4.4 per cent
the positive impact of inflation on growth is statistically significant. Beyond 5.5 per cent

where the second break occurs the situation substantially changes, but no evidence of

3 We used the Matlab codes developed by Marcelo C. Medeiros available in
http://sites.google.com/site/marcelocmedeiros/Home/codes
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negative impact is witnessed but the positive impact got wears off.* Thus, we may
consider 5.5 per cent as the inflation beyond which the positive impact of inflation on
growth is not significant. Also between 4.4 to 5.5 per cent the positive impact of inflation
is significant. In order to eliminate the effect of financial crisis on growth and inflation,
estimation was also carried out with a shorter sample period (Q1:1996-97 to Q2:2008-
09). In this case, empirical results do confirm the existence of a threshold at 4.5 to 5.5
per cent of WPI inflation.

Table 3: LSTR coefficients of Regression -

Espinoza et al. (2010) method

Parameters Estimates | SE

o -0.25 0.46

B, 0.22 0.20

B, 0.27* 0.01

B, -0.43* 0.10

9, (Ayt_1) 0.90* 0.08
0.01 0.18

%2 (AW _cDPR)

First Break 4.40* 0.16

Second Break 5.50* 0.12

Y, 156*

Y, 30

*indicates significant at 5 per cent level

Fig 3. Transition Function
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4 In order to examine the robustness of the results, equations were also estimated without the
control variable world GDP growth. However, the point of inflexion as reported above did not
change.
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V. Conclusion

High output growth and low inflation are among the most important objectives of
macroeconomic policy. But there are perceived trade-offs between lowering inflation
and achieving high growth. Empirical evidence emphasizes that the growth-inflation
relationship depends on the level of inflation—at some low levels, inflation may be
positively correlated with growth, but at higher levels inflation is likely to be harmful to
growth. In other words, the relationship between inflation and output growth is non-
linear. If such a non-linear relationship exists, then it should be possible to estimate the
inflexion point, or threshold, beyond which output growth becomes costly. In this
context, several studies have examined the relationship between inflation and long-run

growth in a non-linear framework.

Based on the quarterly data for the period Q1:1996-97 to Q3: 2010-11, this paper
examines the growth-inflation nexus in India and empirically investigates the existence
of any threshold level of inflation. Inflation threshold is identified in literature using
various methods. For this study, we have used three different methodologies to ensure
robustness of our findings. Empirical results based on the full sample (Q1:1996-97 to
Q3:2010-11) show that there exists statistically significant structural break in the relation
between growth and inflation at 4.0% and 5.5%. For WPI-inflation up to 5.5%, there is
positive impact on growth, which is statistically significant. The relationship reverses
when WPI-inflation is beyond 5.5% and inflation effect on growth turns negative. This
study provides evidence of a shift in regime indicating possible adverse impact of

inflation on growth beyond 5.5% WPI-inflation.

It must be emphasised here that the concepts of inflation target and inflation threshold
are distinct. Inflation targeting is a construct of monetary policy making in which a
central bank announces a ‘target’ and then steers its policy tools towards achieving that
target. Inflation threshold is a point of inflexion for the growth-inflation trade-off.

Therefore, inflation threshold need not necessarily be the ‘target’ of monetary policy. In

14



fact, the inflation objective or the target level of inflation for monetary policy should be
lower than the inflation threshold, considering the existence of significant lags in the

transmission of monetary policy measures and the costs of inflation.
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