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ABSTRACT
This thesis attempts to investigate: i) the linear relationship between inflation and

economic growth; ii) the existence of structural break in inflation and growth series and iii)
the existence of threshold level of inflation using Smooth Transition Autoregressive Model
(STAR) using Time Series data over the period 1972-2013. The analysis indicates the
nonlinear relationship between inflation and GDP growth with 9.68 percent threshold level
of inflation. There is a positive and significant relation below the threshold level; negative
and significant; above the threshold level between inflation and economic growth.
Therefore, it is desirable that the central bank and policy makers to keep inflation stable at
single digit because it may be helpful for achievement of sustainable economic growth. The
findings of this study are also consistent with the study of Khan and Sendji (2000) which

suggests 7-11 percent threshold level of inflation for developing countries.

xii



CHAPTER 1
INTRODUCTION

1.1 Background

It is generally believed that macroeconomic stability is prerequisite for
sustained and high economic growth. Inflation is considered as a main indicator of
macro-stability. To keep inflation stable and low, various policy reforms have been
introduced by the policy makers which include on demand side control over money
supply, rationalization of discount rate and on supply side efficient provision of
infrastructure like energy and maintain good governance. Various efforts have been
made to establish the link between inflation and economic growth with the main
argument that low and stable inflation has a positive impact on economic growth

while high and unstable inflation has adverse effects on the economic growth.

A bulk of literature investigates the relationship between inflation and
economic growth of country as well as regional and/or world level. The available
literature on the inflation-growth nexus portraits conflicting results on direction and
significance. Based on the available literature, there are three competing stance about

the relationship between inflation and economic growth.

One strand of literature argues that there is a positive relationship between
inflation and economic growth (Bhatial960, Johansen1967, Lucas1973, Malik and
Chowdhury2001). The second strand of literature negates the positive relationship and
found the negative relationship between these variables (Mundell 1963, Stockman
1981, Fischer 1993, Barro 1995, Brunno and Easterly 1995, Malla 1997 and Faria
2001). The third strand of literature finds that the relationship between inflation and
economic growth neither positive nor negative (Wali1959, Dorrance1963, Levin and

Zervos1993).



The prevailing contradictory outcome between the relationship between
inflation and economic growth introduces the concept threshold or non-linearity in the
inflation-growth nexus. Recent literature is more focused on finding the threshold
level of inflation where the direction of relation changes from one domain to other i.e.
negative/positive to positive/negative (Khan and Senhadji, 2001; Mubarik, 2005;
Hussain, 2005; Igbal and Nawaz, 2009; Ayyoub et al., 2010; Rehman et al., 2011).
The studies conclude that below the threshold level, inflation positively influence the

growth while above the threshold level, inflation depresses the growth.

There are different channels through which inflation can effect economic
growth in non-linear fashion. Investment may be as an important channel through
inflation effect economic growth. The general perception about the relationship
between inflation and growth is that low and stable rate of inflation positively
accelerates the economic growth. Low level of inflation means prices are likely to be
stable and price stability therefore boosts investments in the country. In the long- run
anticipated change in inflation are impartial but precise prediction of future inflation
is a difficult task. However a considerable body of literature argues that high and
volatile rate of inflation creates welfare loss of the society i.e., economic growth in
long-run. High inflation is likely to cause uncertainty about the future profitability of
investment projects and eventually halted economic growth. In case of high inflation
conservative monetary authority increases the interest rate to curb the inflation which
deteriorates the investment in the country. In case of developing countries, it is
debated that inflation is supply shock phenomenon and volatility in inflation
adversely affect the investment and consumption (Singh and Kalirajan 2003). These
studies further argue that, in less developed countries, high and volatile inflation puts

pressure on government hence invites government interventions in goods and



financial market so prices become inappropriate to judge the macroeconomic policies
and action of the economic agents which further creates macroeconomic instability. In
this context the nexus between economic growth and inflation has been tested both
empirically and theoretically for developing and developed economies and empirical
findings were in line with the view of non-linear nexus between real economic

activity and inflation.

1.1. Motivation and Problem Statement

Like other developing countries, the prime objective of macroeconomic
policies in Pakistan is the price stability along with sustained economic growth.
Moreover there is a widespread conflicting and dissimilar literature on the nature of
the relationship between inflation and economic growth in Pakistan. The figure 1.1
depicts the relationship between inflation and GDP growth over the period from 1972-

2013.

Figure 1.1: Graphical Presentation of Inflation Growth Nexus from 1972-2013
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As shown from the figure 1.1 there are two bands, upper band represents 8
percent average inflation rate and lower band 4 percent minimum economic growth.
Pakistan has experienced cyclical pattern of economic growth over the last four
decades. There are episode of high growth followed by low economic growth. Similar
pattern has been observed for inflation. High inflation is linked with low economic
growth and vice versa. It is important to note here that high economic growth since
1980 has been observed along with lower level of inflation. After 1988 economy
witnessed a new phenomenon moderate growth along with high inflation rate.
Between1999 to 2007 observed that the economy moved low to high economic
growth with moderate inflation and then economy again shown stagflation. More
recently, a low inflation has contributed significantly in stabilizing economic growth

especially after financial crisis.

Several studies have analyzed the non-linear relationship between inflation and
economic growth in Pakistan including Khan and Senhadji (2001), Mubarik (2005),
Hussain (2005), Igbal and Nawaz (2009) Ayyoub et al., (2010), and Rehman et al.,
(2011). Finding of these studies vary substantially in term of nature of relation and
threshold level. Mubarik (2005) signposted that the threshold level of inflation is 9
percent and inflation above this rate has hostile impact of economic growth in
Pakistan. The study of Hussain (2005) marks the findings that inflation rate over and
above to 4-6 percent will be constraint for economic growth in Pakistan. The study of
Igbal and Nawaz (2009) supports the existence of nonlinear nexus between inflation
and economic growth in Pakistan with two threshold level of inflation. By the same
token the studies conducted by Khan and Senhadji (2001) and Budekin (2000)
respectively establish 11 % and 3 % of threshold level of inflation for developing

countries including Pakistan. However Hussain (2005) argues that inflation is not a



monetary phenomenon in Pakistan. Hussain (2005) further argues that demand and
supply forces determined the inflation in Pakistan and there is no threshold level of
inflation in Pakistan. The study of Rehman (2011) investigates the presence of
Smooth Transition Autoregressive (STAR) nonlinearity in inflation series for Pakistan
covering the data interval from July 1992 to February 2011 and find that underlying
data generating process support the inflation nonlinearity in Pakistan. These empirical
studies for Pakistan draw contradictory results about the nexus between inflation,
economic growth and threshold level of inflation. There can be several reasons for
contradictory findings of these studies including econometrics methodology, different
time period used in these studies. The previous studies do not take into account the
structural break presence in the data while analyzing the inflation and GDP growth
nexus. Espinoza (2010) argue that the structural breaks occur instantaneously in

inflation growth nexus.

The nexus between inflation and output growth is very complex. However
literatures support the view that at a low level of inflation, there is positive nexus
between output growth and inflation but at high level of inflation this nexus may be
inverse (Espinoza 2010). When inflation exceeds the threshold level, there would be a
need for policy change to curb the inflation within its limit. There are several aspects
of interest attached with this study. First and most important, this study mainly
focuses on nonlinear nexus between inflation and output growth in Pakistan.
Secondly, economy of Pakistan has been subject to prominent economic instability
because of political instability and structural change. The economic instability may
lead to complex nexus between inflation and output growth. This study will take into
account the structural breaks. Keeping in mind the contradictory results of previous

study regarding inflation-output nexus for Pakistan, the prime objective of this study



is to examine the nexus between inflation and output growth for Pakistan by using a

Logistic Smooth Transition (LSTAR) model.

1.2. Objectives

The overall objective of this thesis is to investigate the nature of relationship
between inflation and economic growth using time series data over the period 1972-

2013. More specifically, this thesis has the following objectives:

i.  To analyze the linear relationship between inflation and economic growth
ii.  Toinvestigate the existence of structural break in inflation and growth series
iii. To find the threshold level of inflation using Smooth Transition

Autoregressive Model (STAR)

1.3.  Significance of the Study

This study is significantly different from earlier studies in two aspects. First,
the modern approach of Logistic Smooth Transition Autoregressive (LSTAR) model
has been used in this study. Logistic Smooth Transition (LSTAR) is an appropriate
technique to capture the nonlinear effect of inflation on economic growth. Earlier
studies capture the nonlinearity of inflation by using the dummy variables or square
term of inflation in the estimation models. Second, in this study we use dummy

variables to capture the structural break to avoid the biased estimation results.

1.4.  Organization of the Thesis

Rest of the study is schematized in four thematic frameworks such as: Chapter
2 provides the brief overview of Pakistan’s economy since 1972-2013, and explored
the nexus between inflation and economic growth. Chapter 3 consists of review of

theoretical and empirical the findings of previous studies that focused on the nexus



between inflation and output growth. Chapter 4 depicts the data and the econometric
methodology applied in this research. Chapter 5 presents the empirical results and

discussion, and Chapter6 provides a conclusion and policy recommendations.



CHAPTER 2

HISTORICAL TRENDS OF INFLATION AND GDP GROWTH IN
PAKISTAN

2.1 Introduction

Before proceeding to formal analysis of relationship between inflation and
economic growth, it is essential to look at the historical trend of inflation and
economic growth. The trend analysis provides the behavior of these important
economic indicators in the light of economic policies adopted during different
political regimes. As the core objective of central bank is to keep inflation low and
stable while government is trying to maintain high and sustained economic growth.
This trend analysis aligns these two objectives using time series data over the period
1972-2013. For deeper analysis the whole data set (1972 to 2013) has been divided

into five Regimes

e 1972-1979 (Nationalization and Fiscal Crisis)

e 1980-1989 ( Growth and Privatization)

e 1990-1999(Structural Adjustment and Deeping Crises of the Economy)
e 2000-2007 ( Growth and Openness)

e 2007-2013 ( Debt Burden and Budget Deficit)

The first part of this chapter 2.2 presents the historical analysis of the inflation
and second portion 2.3 focuses on economic growth and final section 2.4 presents the

conclusion of the relation between inflation economic growths.



2.2 Historical Analysis of Inflation in Pakistan

The overall average inflation rate 9.52 percent with 5.31 percent standard
deviation during the study period (1972 to 2013), 2.91 percent and 26.26 percent is
the minimum and maximum inflation rates respectively .Which indicated that there
has been major fluctuation in the inflation level of Pakistan. The standard deviation
indicates spread of data of its mean. If the value of standard deviation is low it means
that the spread of data from its average value is low. If the value of standard deviation

is high, it indicates that the data spread is high from its average value.

The decade 1972 to 1979 recorded an average inflation rate 13.44 percent
which is higher in all five decades .The main reason of high inflation in this decade is
the nationalization, oil price shock, land reforms, decrease in private investment,

devaluation of the domestic currency up to 120% and political disturbance.

Figure 2.1: Annual Inflation Rate (%), 1972 -2013
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During1980 to 1989 has been reported the average inflation 7.27% which is

lower than the earlier decade. Denationalization, assigning more economic role to the



private sector and in this period government offered number of incentives such as
low interest credit, duty free imports of machinery and tax holidays were the main
reasons of reducing the inflation. 1990 to 1999 observed 9.72% average inflation rate
which is more than the previous decade. Political instability, corruption, widening
budget deficit, worse balance of payment, devaluation in domestic currency and
weak law and order situation were the main reasons of increase in the inflation level

during this period.

The period 2000 to 2007 witnessed the average level of inflation 7.97 percent
which lower than the previous decade. The main reason of reducing the inflation
were the inflow of FDI, aid and low interest credit from international agencies, |,
rescheduling debt due to the war on terror after 9/11 attacks because Pakistan and

US became close ties in Afghan War.

Table2.1: Analysis of Inflation (%) in Different Regimes

Years Mean Std.Dev Min Mix
1972-1979 13.44 8.63 5.18 26.26
1980-1989 7.27 2.86 3.51 11.94
1990-1999 9.72 2.69 4.14 12.37
2000-2007 5.72 2.53 291 9.06
2008-2013 12.85 4.35 7.69 20.28

Source: World Bank (2015)

Finally 2008 to 2013 reported the average inflation 12.85% and reasons of
increase in this phenomenon were, oil price shock, international financial crises,
energy shortage, corruption, cost of war on terrorism, increasing debt burden, higher

budget deficit and deficit in balance of payment. Table 2.1 present the useful

10



information about the inflation during the study period 1972 to 2013 regime wise i,e.

mean, standard deviation, minimum and maximum values in percentage.

2.3 Historical Analysis of GDP Growth in Pakistan

Figure 2.2 in following portraits the GDP growth during the study

period 1972 t02013.

Figure 2.2: Annual GDP Growth (%), 1972 -2013
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In 70s the average GDP growth 4.57 percent was observed .The main reasons
of low growth during this period were the political disturbance, war with India and
international oil price shock. During this period macroeconomic management shifted
towards nationalization. Political disturbance lead to the separation of former East
Pakistan. Nationalization of banking sector has broken the link between saving and
investment and this affected the growth negatively. The decade of 1980s was market

by privatization, deregulation and liberalization policies. The average growth rate

11



during this period was observed 6.87 percent. During this regime economic indicator

was stable with low inflation and high GDP growth.

For the period 1990 to 1999 was observed low GDP growth which averaged
3.98 percent. The reasons of low growth were the political instability, weak law and
order situation, inconsistency in economic policies, deficit in budget and balance of
payment. Through the period 2000 to 2007 the average GDP growth was 5.04
percent. The main reason of increasing the growth rate during this era were the better
macroeconomic management policies, increasing foreign direct investment and aid
from US ,good governance and accountability, openness and increasing in

remittances.

During the period 2008 to 2013 the average GDP growth was observed 2.80
percent. Oil price shock, bad governance and corruption, worse law and order
situation, high food prices, decrease in foreign direct investment, increase in debt
burden, deficit in budget and BOP were the main reasons of low growth in this

regime.

Table2.2 Analysis of GDP Growth (%) in Different Regimes

Years Mean Std.Dev Min Mix
1972-1979 4.57 2.24 0.81 8.05
1980-1989 6.87 1.58 4.96 10.22
1990-1999 3.98 1.91 1.01 7.71
2000-2007 5.04 1.96 1.98 7.67
2008-2013 2.80 0.81 1.61 4.41

Source: World Bank (2015)

12



2.4 Conclusion

In the light of above discussion in section 2.2 and 2.3 we concluded that there
was observed unstable relationship between inflation and GDP growth and the figure
2.3 also confirms that major fluctuations in these variables. During the period 1972 to
1979 and 2008 to 2013 shows high inflation 26.66 percent and 20.28 percent in
maximum terms respectively. The maximum GDP growth 10.22 percent in 80s was

observed and minimum growth 0.81 percent seen in 70s.

Figure 2.3: Annual Inflation (%) and GDP Growth Rates (%)
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The figure 2.3 presents trends of inflation and economic growth in percentage
of the study period 1972-2013.Trends of GDP growth looks like same as with trends
of inflation. By the visual examination of the above figure 2.3 we understand the

inflation growth nexus in better ways.
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CHAPTER 3
LITERATURE REVIEW
3.1  Introduction
This chapter consists on conceptual framework and empirical findings of
previous studies that focused on the inflation growth nexus. We mainly focused on the
studies which deal with linear versus non- linear nexus between inflation and output
growth for Pakistan as well as for rest of the world. Section 3.2 of this chapter deals

with the conceptual framework and empirical studies are presented in section 3.3.

3.2  Conceptual Frame Work

Each school of thought makes particular contribution to the inflation growth
relationship. Classical school of thought believes on supply side and more emphasis
on the need for incentives to save and invest in the economy to increasing economic
growth. Keynesians and Neo-Keynesians presented the AD-AS frame work for
linking inflation and economic growth. Monetarist presented the QTM while Neo-
Classical conducted the effects of inflation on economic growth through investment
and capital accumulation. We shortly overview the theoretical views of these schools

of thoughts about the nature of relationship between inflation and economic growth.

Adam Smith is the founder of the Classicals and he written the book “The
Wealth of Nations” in 1776.Classicals believe in market based economy and supply
side. They predict that there is negative relationship between inflation and economic

growth because rise in prices lead to reduce the firms profit through higher wages.

Keynes in 1936 developed AD-AS model to show the relationship between
inflation and economic growth. According to this model AS curve is upward slopping

in short run and in long run AS curve is vertical so due to this there is short run

14



tradeoff between inflation and output growth but there is no permanent trade off in the

long run.

Milton Friedman is the head of Monetarists. They focus on the long run supply
side properties of the economy. They suggest that prices are mainly affected by the
money growth in long run and there is no real effect on output. If money growth rate

higher to the output growth rate then inflation will occur.

Neo-Classical economist presents different views about inflation growth
relationship. Mundell (1963) developed a model relating to inflation and output
growth. This model indicates that people’s wealth decreases as inflation increases.
Tobin (1965) extended the Mundell model further and concludes that output level
rises permanently at higher inflation rate. This predicts the positive relationship
between inflation and economic growth (Choi et al 1996). Sidrauski (1967) analyzing
that steady state capital does not affected by the increase in inflation rate so there is
impact on output and economic growth. Stockman (1981) developed a model, in this
model his findings that due to increase in inflation rate both are decline i.e. steady
state level of output and people’s welfare. In summary an increase in inflation can
yield higher output (Tobin Effect) or lower output (Stockman Effect) or no change in

output (Sidrauski Effect).

Neo-Keynesian introduce the idea of ‘potential output’ and this theory reveals
that; inflation depends on the level of actual output and the natural rate of
employment or (NAIRU) non-acceleration inflation rate of unemployment .NAIRU is
the unemployment rate at which the inflation rate is neither rising nor falling. If
output above its potential and unemployment is below the NAIRU, all else equal then

inflation will accelerate. If output below its potential level and unemployment above

15



the NAIRU, all else equal then inflation will decrease. If output equal to its potential
and the unemployment rate is equal to NAIRU then inflation same neither increasing
nor decreasing.

In conclusion, we can say that the inflation growth relationship is controversial
and mix in theoretical literature review. Each economic theory makes its particular
contribution and these theories do not favor accelerating inflation. According to these

theories inflation growth relationship may be positive, negative, neutral or non-linear.

3.3 Empirical Review

The inflation-GDP growth nexus has been extensively studies in the literature,
however some influential studies in the regards are Fisher (1993), Bruno and Easterly
(1998), Khan and Senhadji (2001), Gylfason and Herbertson (2001), Singh and
Kalirajan (2003), Burdekin et al (2004), Bick (2010), Bittencourt (2012) among
others. The first study which investigated the nonlinear nexus between inflation and
GDP growth was Fisher (1993). Fisher (1993) and Bruno and Easterly (1998) found a
nonlinear nexus between inflation and GDP growth and concluded that high inflation
has negative impact on growth. With the same line of research Khan and Senhadji
(2001) investigated the threshold level of inflation for developing countries and
estimate 11 percent threshold level of inflation. According to this study inflation rate
above 11 percent has significant negative impact for the growth of developing
countries while below this rate has no significant impact for the economies of

developing countries.

Gylfasoon and Herbertsson (2001) the interaction between inflation and
growth by incorporating money and finance in an optimal growth frame work with
constant return to scale. They include saving and real interest rate, velocity of money

and financial development, government budget deficit and tax revenue in the model
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and conclude that inflation rate excess of 10-20 percent per year is generally

detrimental to economic growth.

Empirical estimation of Singh and Kalirajan (2003) for India over the period
from 1971-1998 suggest that there is no threshold level of inflation for India.
Burdekin et al.,(2004) argue that nonlinear nexus between inflation and growth are
different for developing and develop countries and found that threshold level of
inflation falls within the range of single digit. Burdekin et al., (2004) further argue
that ignoring the nonlinearity while estimating effect of inflation on growth cause
downward biased. Bettencourt (2012) study focuses on nexus between inflation and
growth for four Latin American countries for the period of 1970-2007 and conclude
that inflation has had a detrimental effect on growth for panel of four Latin American

countries.

Some important previous studies for Pakistan include Qayyum (2006),
(Qayyum and Bilguees (2006), Khalid (2006), among others. These studies are based
on linear nexus between inflation and GDP growth. Qayyum (2006) findings suggest
that the money supply growth at first round affects real GDP growth and at the second
round it affects inflation in Pakistan. The findings of Khalid (2006) suggest that
imported inflation, seigniorage, and openness caused inflation in Pakistan. The result
also indicates that imported inflation, deficit-GDP ratio, seigniorage, money depth,
exchange rate depreciation and domestic credit may be important determinants of

inflation in Pakistan.

Barro (1995) estimate the inflation growth nexus for 100 countries from the
data set 1960—1990 by using ordinary least squares (OLS) .He finds the negative

nexus between inflation and growth .He also finds an increase in average inflation by
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10 percentage points per year a reduction of the growth rate (per capita) of GDP by

0.2—0.3 percentage points per year.

Bruno and Easterly (1996) analyzed and address the issue of inflation growth
nexus for the data 1961—1992.The study finds that there is no nexus between

inflation and economic growth at annual inflation rate less than 40%.

Anders and Hernando(1999) studies OECD (organization of economic
cooperation and development) countries during the period of time 1960—1992 using
ordinary least square(OLS).They mentioned that there is a significance negative

correlation between inflation and economic growth.

Another study is conducted by Gosh and Phillips (1998) writing a paper
“Warning: inflation may be harmful to your growth” In this paper they find that very
inflation is bad for economic growth using panel regression. They also find that

economically signifying negative nexus between inflation and economic growth.

Mamo and Lin(2012) investigate the nexus between inflation and economic
growth using the panel data of 13SSA(Sub Saharan Africa) countries from 1969—
2009.Taking GDP growth as dependent variable and inflation, investment ,population,
initial GDP as independent variable .They find strongly negative nexus between
inflation and economic growth. The causality runs uni-directional from inflation to

GDP growth.

Khan and Senhadji (2000) examine the issue of the existence of threshold
level effects in the nexus between inflation and economic growth. The data set of 140
countries in which included develop and developing countries covers the period

1960--1998.They use the Generalized Least Square(GLS) method and Two Stage
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Least (2SLS) method. The data suggest that the threshold level is 7%—11% for
developing countries and 1%—3% for developed countries. The threshold level of
inflation of developing countries is higher than the developed countries. The empirical
results strongly show that the nexus between inflation and economic growth beyond

the threshold level is negative effects on the economic growth.

Li (2005) explore the nexus between inflation and economic performance by
using the data of 118 countries in which 90 developing countries and 28 developed
countries over the time period 1961--2004 by employing ordinary least square
(OLS).He finds that there is nonlinear nexus between inflation economic growths.
Furthermore he investigates that developing countries and develop countries show
different forms of nonlinearities in the inflation growth nexus .For developing
countries there is two threshold level of inflation exist ,the rate of inflation below the
first threshold level of inflation, the impact on economic growth is insignificant and
even positive, between two threshold levels of inflation the effect is significant and
strongly negative, at extremely high rates of inflation the marginal impact of
additional inflation on economic growth diminishes. For developed countries only one

threshold level is detected and proved significant.

Rousseau and Wachtel (2002) estimated the nexus between inflation threshold
and the finance growth about 84 countries from1960—1995 using ordinary least
square (OLS) technique. According to this study financial depth has a positive effect
on economic growth only when inflation falls below a threshold level that varies
between 13% t025%.The effects becomes significantly positive when inflation falls
below a threshold level of inflation about 6% to 8%.Inflation has a negative effect on

financial depth when the inflation rate is 15% t020%.

19



Sergii (2009) explored the inflation growth nonlinear nexus evidence from
CIS (common independent states) countries for the period 2001—2008.He finds that
the nexus between inflation and economic growth is strictly concave with some
threshold level of inflation. Inflation threshold is estimated using a non-linear least
square (NLS) technique. The main finding is that when inflation level is higher than

8% economic growth is slow down otherwise it is promoted.

Jude and Khan(2013) using a large panel data 1960-2009 of 102 developed
and developing economies using PSTR(Panel smooth transitional regression) and
dynamic GMM(Generalized method of moments) technique. They verified the fact
that inflation growth nexus is nonlinear and there exist certain threshold level of
inflation. The inflation above this threshold is harmful below this level enhancing the
economic growth. They also find developing economies threshold level of inflation

high than developed economies threshold level of inflation.

Kremer,Nautz and Bick(2008) investigate the inflation growth nexus for the
data 1960—2004 of 63 industrial and non-industrial countries based on modified
panel threshold model. They find 2% and 12% threshold level for industrial and non-
industrial countries respectively. The inflation below the threshold significantly

positive and above hampers the economic growth.

Raphael, Leon and Prasad (2010) estimating the inflation growth nexus a
smooth transition model using a panel of 165 countries for 1960—2007.They find the
10% threshold level of inflation and above threshold level inflation becomes harmful
to economic growth .Inflation threshold level is much lower for advanced countries.

They find the nonlinear nexus between inflation and economic growth.
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Raul, Trupkin,Maxico and Montevideo (2014) analyzed the nexus between
inflation and economic growth .They using a panel data of 124 countries for the
period 1950—2007 and apply panel smooth transition regression (PSTR) model. They
find nonlinear nexus between inflation and economic growth estimate 4.1% and
19.1% threshold level of inflation for industrial and non-industrial countries

respectively.

3.3.1 Country Specific Evidence

Faria (2001) investigate the nexus between inflation and economic growth in
Brazil for 1980—1997 by applying vector autoregressive (VAR) technique .This
study finds that inflation does not impact on real output in long run but in the short

run there exist a negative effect .

Gokal and Hanif (2004) studied inflation growth nexus in case of Fiji for time
period 1970—2003 by employing Granger causality test. The results show that there
is weak negative link between inflation and economic growth while causality in uni-

directional runs from economic growth to inflation.

Marbuah (2011) investigate the nexus between inflation and economic growth
for Ghana using annual data set 1955—2010 by employing Zivot and Andres test .He
finds that the inflation threshold levels 6% and 10%.The inflation below 6% is
minimum and between the range 6% to 10% is moderate and above 10% is the

harmful for the economy.

A time series analysis has been conducted by Grima (2012) for the economy
of Ethiopia 1980—2011 by using vector autoregressive (VAR) model. The study
shows that an increase in economic growth decrease inflation but inflation does not

have significant effect on economic growth in the short run .It also shows that
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economic growth has forecasting power about inflation but not vice versa. The study
shows that there is significant negative nexus between inflation and economic growth
in the short run but in the long run there is no significant effect of inflation on

economic growth,

Kasidi (2013) examined the impact of inflation on economic growth for the
economy of Tanzania 1990—2011. This study used reduced form regression equation
and indicates that inflation has negative impact on economic growth .It also shows

that there is no nexus between inflation and economic growth in the long run.

3.3.2 Summary of Empical Review of Country Specific Evidence:
The following table 3.1 presents the summary of empirical literature review of

inflation growth relationship about country specific evidence

Table 3.1 Summary of Empirical Review of Country Specific Evidence

Auther(s) Methodology/Period Findings
Faria and VAR/1980-1997 e Negative nexus between inflation
Carneiro and economic growth in short run
(2001) while no relationship in long run
Gokal and OLS/1970-2003 e \Weak negative nexus between
Hanif (2004) inflation and economic growth
Marbuah(2011) | Z.A test,Engle e Non-linear nexus between
Granger/1955-2010 inflation and economic growth at
6% and 10% threshold level of
inflation
Grima(2012) VAR/1980-2011 e Negative nexus between inflation
and economic growth in short run
while in long run there is no
relationship to these variables
Faraji and ILS/1990-2011 e Negative nexus between inflation
Kasidi (2013) and economic growth in short run
while in long run there is no
relationship to these variables
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3.3.3 Asian Experience

Malik and chowdhury (2001) investigate inflation growth nexus for four South
Asian countries Bangladesh (1974—1997), India (1961—1997), Pakistan (1957—
1997) and Sri Lanka (1966—1997).They finds long run positive nexus between

inflation and economic growth by using OLS technique.

Jayathiuke and Ratheneyke (2013) testing the nexus between inflation and
economic growth in short run and long run in Asian Economies over the time period
1980—2010 using the methodology of co integration and causality test .The results
shows negative significant nexus exist between inflation and economic growth in the
long run in Sri Lanka. There is no significant nexus were found in China and India in
the long run but in the short run negative significant nexus were found in China.

There is unidirectional causality runs from economic growth to inflation in China.

Vineyagathasen (2013) studies the inflation growth threshold level for Asian
Economies over the time period 1980—2009 by using Panel Threshold growth
regression technique. He finds 5.43% threshold level of inflation, there is no effects

below this level of inflation on economic growth.

Thanh (2012) analyzed the threshold effects of inflation in the ASEAN-5
(Association of South East Asian countries) over the period 1980—2011 by using
Panel Smooth Transition Regression (PSTR) and Generalized Method of Moments
(GMM) technique. The study finds there exist a significant negative nexus between
inflation and economic growth above the threshold level 7.84%. The central banks
and policy makers should keep inflation below threshold level to promote economic

growth.
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Ahmed and Mortaza (2005) analyzed the inflation growth nexus in
Bangladesh for the time period 1981—2005 using co-integration and error correction
model (ECM).There findings shows the significant negative long run nexus between
inflation and economic growth . They also estimate 6% threshold level of inflation,
the inflation above threshold level adversely affects the economic growth .The central
bank and policy makers should keep inflation below the 6% to enhance the economic

growth.

Hussain, Ghosh and Islam (2011) investigate the inflation growth nexus in
Bangladesh for the time period 1978—2010 by using Augmented Dickey—Fuller
(ADF) test, Phillips—Perron (PP) test Co-integration and Vector Autoregressive
(VAR) model. The results shows there is no co-integration nexus between inflation
and economic growth .They also find the unidirectional causality from inflation to

economic growth.

Zia-ur-Rehman (2012) examine the empirical nexus between inflation and
economic growth in Bangladesh for the time period 1976—2011.He used vector
autoregressive (VAR) methodology .This study shows that inflation and economic
growth have a statistically significant negative nexus in the long run for the economy

of Bangladesh.

Salian and k (2010) examine the nexus between inflation and GDP growth in
India for the annual data set 1972—2008 by employing co integration ,Engle Granger
and Error Correction Model(ECM) .The results shows negative nexus between

inflation and GDP growth in the long run .

Bhaduria (2013) revisiting the growth inflation nexus in India for the time

period 1976—2007 by using wavelet multi resolution analysis. The results show
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strong negative nexus between inflation and economic growth in the short run but

insignificant in the long run.

Cooray (2013) studied the nexus between inflation and economic growth in
Sri Lanka for the period 1972-2001 using vector autoregressive (VAR) model .He
find the nonlinear nexus between inflation and economic growth .The study showing

a positive nexus up to 11% of inflation after this level of inflation it is negative.

3.3.4 Summary of Empirical Review of Asian Experience

The following table 3.2 presents the summary of empirical literature review of
the nature of relationship about inflation and economic growth in case of Asian

countries.
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Table 3.2 Summary of Empirical Review of Asian Experience.

Auther(s) Methodology/Period | Findings

Malik and | OLS/1966-1997 e Positive nexus between inflation

Chowdhury (2001) and economic growth in the long
run

Jayathinke and | VEM/1980-2010 e Negative nexus between inflation

Ratheneyke(2013) and economic growth in Sri Lanka

and China in the long run

Vineyagathasen
(2013)

GMM/1980-2009

Non-linear nexus between inflation
and economic growth at 5.43%
threshold level of inflation

Thanh (2012)

GMM/1980-2011

Non-linear nexus between inflation
and economic growth at 7.84%
threshold level of inflation

Ahmed
Mortaza (2005)

and

ECM/1981-2005

Non-linear nexus between inflation
and economic growth at 6%
threshold level of inflation

Hussain, Ghosh and
Islam (2011)

VAR/1978-2010

Uni directional causality running
from inflation to economic growth
No cointegration between inflation
and economic growth

Zia-ur-Rehman
(2012)

VAR/1976-2011

Negative nexus between inflation
and economic growth in long run

Salian and K(2010)

ECM/1972-2008

Negative nexus between inflation
and economic growth in long run

Bhaduria WMRA/1976-2007 e Negative nexus between inflation

(2013) and economic growth in short run
while no relationship in long run to
these variables

N.S.Cooray VAR/1960-2010 e Non-linear nexus between inflation

(2013) and economic growth at 11%

threshold level of inflation

3.3.5 Evidence for the Case of Pakistan

Mubarak (2005) discovered the threshold level of inflation for Pakistan by

using annual data 1973—2000 by applying Granger Causality test. This test defines

causality direction from inflation to economic growth and vice versa .He estimates the

9% threshold level of inflation for Pakistan economy. The inflation below this

threshold level is favorable for the economy but the inflation above this threshold

level bad for the economy.
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Manzoor Husain (2005) find that there is no threshold level of inflation for
Pakistan .They study finds that 4%--6% range for inflation threshold using the data
set 1973—2005.His estimation is based on ordinary least square(OLS) .On the basis
of this study it is desirable to keep inflation 4%--6% in Pakistan to promote
economic growth .His findings are contrast to Mubarak(2005) and similar to Singh

which suggest4%--7% inflation target for India.

Shahzad Husain (2011) using annual data 1960—2006 and employing co
integration and Error Correction Model (ECM) finds that inflation is positive related
with economic growth in Pakistan and vice versa. The causality between inflation and
economic growth is found to be uni-direction ( e.g. ) inflation causing growth but
growth is not causing inflation .The results justified the Tobin portfolio shift effect
.The Granger causality test check the linear causation implies that inflation affects
growth at lag three while there is no reverse causation from economic growth to
inflation. His empirical findings also demonstrate that there is significant  nexus
between the two variables in the long run .He also finds that the 9% threshold level
above this level lower the economic growth in Pakistan. This result is consistent with
Mubarak (2005) .Blow this threshold level of inflation is suitable for economic

growth.

Ayyoub (2011) investigates the nexus between inflation and economic growth
using annual time series data 1972—2010 for Pakistan by applying ordinary least
square (OLS) technique .A negative and significant inflation growth nexus has been
found .The results indicates that persistent increase in the general price level hurts the
economic growth .This study also finds the feasible threshold level 7% of inflation.

Inflation below this level brings positive impact to the economic growth. But above
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this threshold level of inflation may hurt economic activity .This study recommended

to keep inflation below the level of 7% in the economy.

3.3.6 Summary of Empirical Review in Case of Pakistan

The following table 3.3 presents the summary of the empirical literature

review about the relationship between inflation and economic growth in case of

Pakistan.

Table 3.3 Summary of Empirical Review In Case of Pakistan

Auther(s) Methodology/Period | Findings

Mubarak OLS,2SL.S/1973-2000 e Non-linear nexus between inflation

(2005) and economic growth at 9%
threshold level of inflation

Manzoor OLS,2S5L.S/1973-2005 e Non-linear nexus between inflation

Hussain(2005) and economic growth at threshold
range of inflation 4% to 6%

Igbal and OLS/1961-2008 e Non-linear nexus between inflation

Nawaz (2009)

and economic growth with two
threshold level of inflation 6%
and11% while single threshold level
of inflation is 7%

Shahzad OLS/1961-2006 e Non-linear nexus between inflation
Hussain and economic growth at 9%

(2011) threshold level of inflation
Ayyoub(2001) | OLS/1972-2010 e Non-linear nexus between inflation

and economic growth at 7%
threshold level of inflation
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CHAPTER 4

METHODOLOGICAL FRAMEWORK

4.1 Introduction:

Inflation and economic growth itself are only key indicators of any economy
and the relationship between these two variables is play critical role in
macroeconomic policy formulation. Like many other developing countries, the prime
objective of macroeconomic policy in Pakistan is to attain high and viable rates of
economic growth with low and stable rates of inflation in the country. A large body of
empirical as well as theoretical literature focuses on the relationship between inflation
and economic growth for both developing and develops countries. However the
relationship between inflation and economic growth is highly debatable topic among
the macroeconomist and policy makers. The implicit assumption regarding the nature
of relationship between inflation and economic growth is that higher inflation always
has a significantly negative effect on economic growth. There are studies which
claim that inflation does not always negatively affect economic growth. There is
negative relationship between inflation and economic growth after some threshold
level. This school of thought argues that there is nonlinear relationship between
inflation and economic growth. Keeping in mind these arguments, we empirically test
the nature of relationship between inflation and growth for Pakistan. For this analysis
ARDL and LSTAR methodology has been used. Both methodologies have been

explained in the following section in detail.

The link between inflation and economic growth can be derived using the

standard growth equation Barro (1991) and Sala-i-Martin (1997)
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ALOGY = X € oo 4.1

Where Y is real output, X is the set of explanatory variables, 8 slope of coefficients
and ¢ is error term. This growth equation extended to capture the link between

inflation and economic growth in the following equation.

dlogY = agta(INF)+ X B 4 €. 4.2

Where dlog Y is the growth rate of real GDP, inf represent inflation rate which is
growth rate of consumer price index (CPI) and X is the matrix of other explanatory
variables, 8 is matrix of slope coefficient, € is the error term. Investment is used in
our model because it more influential variable in the inflation growth relationship. So
in equation 4.2 investments included as explanatory variable in the following

equation.

dlogY = ag+ a1(inf) +L(INV) + €enrrriiniii 4.3

Where dlog Y growth rate of real GDP, inf is growth rate of CPI, inv is investment

to GDP ratio and ¢ is the error term.

4.2  Methodology

There are two methodologies used for estimation ARDL and LSTAR in
section 4.2.1 and section 4.2.2 respectively. The purpose of using two different

methodologies is comparing the results for empirical literature and robustness.

4.2.1 ARDL Methodology

The autoregressive distributive lag model (ARDL) has been employed to investigate the
long-run relationship between inflation and GDP growth by incorporating inflation square as
an additional explanatory variable. Inflation square has been included in the ARDL

specification to capture the cointegration relationship in the presence of nonlinearity. This
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approach has many merits. (1) It can be used irrespective of whether the explanatory variables
are 1(0) or 1(1). (2) It capture both short run and long run dynamics when testing for the
presence of co-integration.(3) It offers explicit tests for the existence of a unique co-
integration vector rather than assuming that exists.(4) Finally it also preferred for small
samples. Various diagnostic tests have been used to ensure that the model is adequately
specified. General equation of ARDL model is as follow:

AGDP, = ag + X0_ y1iAGDP,_; + XV_ vy Info_; + XP_ ysiAInf2; +
YaGDPy_y + ysinfe_q + veInfi1 + €14 (4.4)

Where GDP; is gross domestic product, Inf, represents inflation rate,Inf? is the

inflation square. Inflation is measured as growth rate of consumer price index.

The second equation in which we add investment as additional explanatory variable is
as follows

AGDP; = ay + 2?:1 p1iAGDP,_; + 2?:0 BaiAInfi_; + Z?:o BaiAInfZ, +

Zf:o 0,;AInv,_1 4 By GDPy_y + BsInfr_; + PeInfy + BrInve_q + €4¢ (4.5)

Equation (4.4) and equation (4.5) have been estimated by OLS (ordinary least
squares) and for cointegration relationship; F-test is conducted on the joint
significance of the lagged-level variables. The null hypothesis of no cointegration in
Eq. (4.4) is Ho: y4=ys=ys=0 against the alternative that Hji; y4 #ys# ve# #0. The null
hypothesis of no cointegration in Eq. (4.5) is Ho: Bs=Ps=Ps=Pps=0 against the
alternative that Hyi; By #Bs# Be# B77#0.For ARDL cointegration test, Pesaran et al.
(2001) provides two asymptotic critical values, one lower critical value in which it is
assume that the explanatory variables are stationary in levels that 1(0). Second an
upper critical value by assuming that explanatory variables are non-stationary in level
but are stationary in first differences: I (1). We reject the null of no cointegration if

the value of F-statistic lies above the upper critical values. If the value of F-statistic
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lies below the lower critical value, we cannot reject the null hypothesis of long-run
relationship. We used general to specific approach for estimation and 2 lags of
difference variables are selected on the basis of Schwarz Bayesian Information
Criterion (SB). Statistically insignificant variables were deleted from the model when
SBC justified. The final ARDL model is selected when the estimated equations
satisfy all of the diagnostic tests including the Lagrange multiplier tests of residual
serial correlation; the Jarque-Bera test of normality based on a test of skewness and
kurtosis of the residual; the heteroskedasticity test based on the regression of squared
residuals on squared fitted values; and the Ramsey’s RESET test using the square of

the fitted values for the functional form.

When we find cointegration relationship among the variables of interest in the
first step then in next, the long- run and short-run parameters can be estimated by
general form of ARDL specification. Following are the long-run equation of ARDL

model:

GDP, = a; + Zf:l p1iGDP;_; + Z?:o BaiInfe_; + Z?:o BaiInf; + e (4.6)

ECM or Short run equation of ARDL model is as follow:
p p
AGDPt = a, + Z ﬁliAGDPt—i + Z ﬁziA Inft_i
i=1 i=0

p
+ Z BuiAInf2 ; + @ ECT, i + €3, 4.7)

=0

Where ¢, is the co-efficient of the error correction term (ECT), which defined as

ECT,_y = GDP, —ay — X0_, B1;GDP,_; — ¥ _ BoiInfr—y — Xb_, BsilnfZ; (4.8)

The long-run and short-run equations for second model are given as below

GDP, = ay + X0 B1iGDP_i + YV Boi Infr—i + Xb_o BaiInfey + X Bai Inve; +
85t (49)
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p 14
AGDPt =a, + Z :BliAGDPt—i + z BZiAInft_i
i=1 i=0

p
p
+ ) BuibinfEi+ ) Buulnvei + p2ECT,
i=0 =

+ &g, (4.10)

Where ¢; is the co-efficient of the error correction term (ECT),

ECT;_y = GDP, — a; Z?:l p1iGDP;_; — Z?:o BaiInfi_; — Z?:o ﬁ3i1nft2—i -
Yo Bai Invy_; (4.11)

4.2.2 Non-Linear Model: LSTAR Methodology

In last few years numbers of new econometrics models have been introduced
in economic literatures for analysis of nonlinear nexus among variable. There are two
main approaches of econometric modeling which take into account the nonlinearities
of the economic variables. These approaches includes, Markov regime switching
models (for example Hamilton, 1989) and family of threshold autoregressive models.
In Markov regime switching models, switching between regimes is illustrated by
probabilistic function while in threshed hold family of nonlinear models, identify the
regime switch as a function of past values (Tong 1990; Tsay 1989). Tong (1978) and
Tong and Lim (1980) proposed the Threshold Autoregressive (TAR) model. TAR
(Threshold Autoregressive) model proposed by Tong (1978) and Tong and Lim
(1980) assume that threshold variable s; determine regimes switch from one regime to

another regime.
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4.2 .3 Model

They proposed the following specification of TAR model

1 1
Ve = (010 + z 91])’t—j+1)(1 —I(sg—c) + (03 + 2 92j}’t—j+1)(1(5t —-c)

J=1 J=1

+u (412)

This equation can fragmented into two parts as follows

Ve = (910 + 2?:1 91j)’t—j+1) + U se<¢C (4.13)
Ve = (620 + i 02jVe—js1) + He Se=¢ (4.14)
Where I(s; —c) =0 ifs;<candI(s;—c)=1 ifs; =c

stthat is the threshold variable can be define as a linear function of the lagged values

of dependent variable y; Therefore we can write s;as follow
St = 2?:1 Wj Ye—j (4.15)

Where w; is the co-efficient lag value of y. This specification of TAR model is

known as a Self-Exciting Threshold Autoregressive model (SETAR).

However according to Terasvirta (1994) there is discontinuities in likelihood
function of these models because of the abrupt switching between regimes that may
affect statistical inference. Some studies for example Terasvirta (1994), Granger and
Terasvirta (1993), Terasvirta and Anderson (1992) proposed nonlinear model which
are based on smooth transition of threshold models. Chan and Tong (1986) proposed
a smooth transition between two regimes in TAR models through a transition function

to avoid an abrupt switching between regimes.
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Nevertheless for estimation of parameters, STAR model needs huge
stationary data sets. Ruth (2014) argued that a nonlinear smooth transition
autoregressive (STAR) model based on the assumption that data generating process of
variables have different regimes with their own dynamics. In one regime, the
dynamics of the variables are liner; the non-linearity arises from the possibility of
transition from one regime to another (Van Dijk et al.,. 2000). In smooth transition
autoregressive model, the shift from one regime to another regime is defined by
transition function. For smooth transition, Terasvirta (1994) suggest the following

specification of Smooth Transition Autoregressive (STAR) model:

Ve = (P10 + P11Ye-1 + -+ 401,p}’t—p(1 —G(se; v C)) + (P20 + P21Yt-1 + -+

PapYVep(1=G(s; v,0)) + & (4.16)

Where G(s;; v, ¢) is a transition function. s; IS a transitional variable, this can
be define as lagged values of exogenous variables. v is transition rate and c is the
threshold value. The extreme limits of transition function are 0 and 1, O for regime 1
and 1 for regime 2. The transition function G(s; v, ¢) can be define as a logistic

function (LSTAR) as follow (' see Van Dijik, 2000)

1

1+exp{-y(s—c)} (4.17)

G(sg; v,0) =

G(s;; y,c) is monotonically increasing transition function form 0 to 1 with the
increase in transitional variable s;.

In this formulation smoothness of the transition function is determined by the
constant y. The transition will be abrupt with the larger value of constant y. This
function has some important properties Chan and Mc Aleer (2002)

Limit s; - —oo0 G(s¢; y,¢) = 0
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Limit s; = o G(s¢; y,¢) = 1

1
y =0 - oo G(sy 0,c)=§

Limity - —oo G(s¢; v,¢) = 0
Limity = o G(sg; y,¢) = 1

When y— oo, the shape of the model become a TAR model that changes
instantly from one regime to the other as si=c. So that ¢ acts as a pure transition
variable.

One way of interpreting this function as a two regime switching model
associated with two extreme values of the transition function Van Dijk (2000). Ruth
(2014) follows this interpretation of transition function in their analysis for inflation
dynamics in Swedish economy.

For effective use of this model, selection of appropriate transition function and
threshold variable is critical. Chan and Mc Aleer (2002) suggest LM test for the
appropriate selection of G(s;; y,¢) and s;. This formulation has been used by number
of other studies in to analyze the dynamic behavior of economic variables. For
example Terasvirta and Anderson (1992) explored that nonlinearity arises from the
asymmetry introduced by large negative shocks to the economy. Ocal and Osborn
(2000) found two different business cycle regimes in recession and expansion for UK
economy.

For estimation purpose, first we have to test the presence of linearity against
the LSTAR model. In literature, LM type test has been used for nonlinearity against
linearity. Van Dijk et al.,(2000), Chan and McLeer (2002), Zhou (2010) and Ruth

(2014), explain the following procedure for estimation of LSTAR models.
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e By using AIC or BIC criterion, select the optimal lag length of the
autoregressive model (AR).

e In the second step, estimate the linear AR model for selected lag order and
obtained the residuals and compute sum of squared residuals (SSRo), where
SSRy represent the sum of square of residuals for linear AR model.

e In the third step, estimate the Taylor expansion of nonlinear STAR model with
same lag length order and obtained residuals to calculate the sum of square of
residuals (SSRy).

e By using SSRO (the sum of square of residuals for linear AR model) and
SRR1 (the sum of square of residuals based on estimation of nonlinear STAR
model), compute the LM test.

B SRR,

This is the y2-version of LM test and T is the number of observation. If tests
show that there is nonlinearity, then we can go for LSTAR model. Luukkonen et al,
(1998) argue that for the across the regimes, model is based on the third-order Taylor
expansion as follows:

Ve = Boxe + B1X;Se + BoxeSE + Baxzsi +e, (4.18)

In this equation, y; is the GDP, x; is the vector of explanatory variables and
autoregressive lags variable. St is the transition variables. The explanatory variables
included are inflation, investment ratio to GDP and GDP growth. The residuals
obtained from this estimation are used to test the nonlinearity. Chi Square test is
performed with 3(P+1) degree of freedom. Van Dijk (2000) introduce the additional
term f3;s; in the above model if s; is the exogenous variable. So the above equation

become
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Ve = Poxe + PrxeSe + BaSt + BaxeSE + Bast + Bsxasi + Pesi + e (4.19)

4.3 Data

The key objective of this study is to analyze the nexus between inflation and
GDP growth, therefore, GDP growth rates and inflation rate are targets variables of
this study. Annual data have been taken from World Bank, World Development

Indicators (2015) on the required variables from 1972 to 2013.

4.3.1 Definition of the Variables
Definitions of the variables used in this study given in the following table 4.1

Table 4.1: Definition of Variables

Variable Definition

GDP growth rate Annual percentage growth rate at constant price at
2005.

Investment as % of GDP Gross fixed capital formation as percentage of GDP.

Inflation Inflation is measured as percentage growth rate of CPI.

4.3.2 Descriptive Statistics

The table 4.2 descriptive summary of the variables shows that the average
value of GDP growth rate is 4.81 percent, investment has average value 16.12 percent
and inflation average value is 9.52 percent. In column 3 the standard deviation of the
variables are given, the lowest standard deviation is investment which is 1.89 and then
GDP growth rate 2.20 while the largest value of standard deviation is associated with
inflation which is 5.31.

The minimum GDP growth rate is 0.81 percent and maximum is 10.22
percent. The minimum investment as % of GDP is 12.60 percent while maximum
level is 19.24 percent. The minimum inflation rate is 2.91 percent and maximum
inflation rate is 26.66 percent. The table 4.2 gives useful information about inflation

and GDP growth.
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Nonlinearity in both inflation and GDP is seemed to be pronounced and their
inter nexus is also be nonlinear. If the behavior of data is nonlinear, the linear
estimation of the nexus between inflation and GDP growth may lead to wrong results.
Before Appling the linearity test on the variables, time series properties of data has
been inspected because estimation technique of LSTAR, required stationary data.

Table 4.2 Descriptive Summary of the Variables

Variable Observation | Mean | Std.Dev | Min Max

GDP growth rate 42 4.81 2.19 0.81 10.22
Investment as % of GDP 42 16.12 1.89 12.60 19.24
Inflation 42 9.52 5.31 2.91 26.26

Source; World Bank, (2015)

Before estimation we see the visual relationship between GDP growth and
inflation in our sample is portraying in figure 4.1, which suggest that this relationship
is non-linear and there exist some threshold level of inflation .The relationship among
the variables below this threshold level of inflation observe positive and above that
threshold level of inflation this relationship becomes negative.

We also observe this relationship between GDP growth and inflation after
taking a log of both the variables which is shown in figure4.2.This graph also shows
the nonlinear nexus between these variables. Both the graph confirms that relationship
between GDP growth and inflation is non-linear. Now this non-linearity estimated by

ARDL methodology and STAR methodology.
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Figure 4.1: Non-linear Nexus Inflation and GDP Growth, 1972-2013
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Figure 4.2:Non-linear nexus log of GDP growth and log of inflation 1972-2013
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CHAPTER 5

EMPIRICAL RESULTS AND DISCUSSION

5.1 Introduction:

For empirical analysis we used two different methodologies LSTAR and
ARDL. The LSTAR methodology was used to capture the nonlinear relationship
between GDP growth and inflation. The main purpose of using two different
methodologies is to compare the results for robustness. Time series properties of data
have been checked through ADF unit root test and Zivot—-Andrews (1992) structural
break test. Identify structural break test are incorporated in estimation of LSATR and

ARDL.

5.2. Unit Root Test

5.2.1 ADF Unit Root Test

Augmented Dickey-Fuller (ADF) statistics has been used to test the time
series properties of the data and results of ADF test are reported in Table 5.1. The
results indicate that all variable i.e. inflation, square of inflation, and investment
percentage of level except GDP are stationary at level i.e. 1(0). GDP is non-stationary
at level and become stationary at first difference i.e. 1(1) .So in this situation ARDL is

an appropriate estimation methodology.
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Tableb5.1: Results of the Unit Root Test

Level First
difference Order of
_ - rder o
Variables With tr\e/\égh& With integration
Name Intercept Intercept
Intercept

GDP 0.327 -2.651 -4.093* (1)
INF -4.434% | -4.542* 1(0)
INF? -3.273** | -3.451 1(0)
INV -2.101 | -3.792** 1(0)

Note: The SBC has been used for the lag length. * indicates the rejection of the null hypothesis on the
non-stationary of the variable under consideration at a 1 percent level of significance. ** Indicates
significant at 5%

Gross fixed capital formation as percentage of GDP has been used as proxy for investment
5.2.2 Zivot and Andrews Structural Break Unit Root Test:

However there are many studies for example Perron (1998) used Zivot and
Andrews structural break unit root test. In the presence of structural break, the
standard ADF tests are biased towards the non-rejection of null hypothesis. Therefore,
these tests provide biased and spurious results. To take into account the problems of
structural break we employ structural break unit root test proposed by Zivot and
Andrews (1992). Zivot and Andrews (1992) assume that there is unknown break

point in data that appear as the deterministic trend function. In their methodology, test

for unit root in model (A)—(C) involves the following equations.

X¢ = g+ @, DUM; + Bt + py,_1 + Xb_, by + e, Model (A)
X¢ = o +YDT, + Bt + pyq + X0 Ay, + e, Model (B)
x¢ = g+ @, DUM, + yDT; + Bt + py,_1 + Xb_, @by + e, Model (C)
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Where DUM; is the intercept dummy indicates a one-time shift in the level,
DMUt=1 if (t>TB) and zero otherwise; DT; is the slope dummy represent a change in
the slope of the trend function. Results of structural break unit root test are reported in

Table 5.2

Table 5.2: Results of the Zivot—Andrews Structural Break Trended Unit Root Test

Level 1st difference
Variables t-statistic Time break t-statistic Time break
GDPg -3.44 2007
GDPk -0.89 1992 -5.43 2007
INF -4.109 2008
INF? -4.95 2008
INV -2.57 2005 7.703 1979

The results of structural break unit root test indicate that inflation and square
of inflation are stationary at level, while GDP and investment are non-stationary at

level. GDP and investment series are integrated of order one.

5.3 ARDL Estimate and Cointegration Test

ARDL specified equation in chapter 4 Equation (4.4) and equations (4.5) have
been estimated by OLS (ordinary least squares) and for cointegration relationship; F-
test is conducted on the joint significance of the lagged-level variables. Final
equations are selected when all diagnostic tests are satisfied and diagnostic test are
reported in Table 5.3. The stability test for estimated parameters is assessed by using
the cumulative sum (CUSUM) and cumulative sum of squares (CUSUMSQ) tests.
Figures 5.1a, 5.1b and 5.2a and 5.2b present the plot of the CUSUM and CUSUMSQ

test statistics for two models. The plot of CUSUM and CUSUMSQ fall within the
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critical bounds of the 5% significance level. This finding indicates that the estimated
coefficients are stable over the estimation period. Table 5.3 reports the F-statistics for

equations (4.4), and (4.5), respectively.

The F-statistic for cointegration test that is the joint null hypothesis of lagged-
level variables are zero, are presented in Table 5.3. The calculated F-statistics as
reported in Table 5.3 for are higher than the appropriate upper-bound critical value for
two estimated models. In both estimated model the value of F-statistic is greater than
upper bound critical value. The results show that the null hypothesis of no
cointegration is rejected at 1 percent level of significance in both models. We can
conclude that long run relationship exists among GDP, inflation, and inflation square

in equation one.

The equation (1) shows positive and statistical significant relationship between
inflation and economic growth up to certain threshold level of inflation beyond this
certain threshold of inflation this relationship becomes statistical significantly
negative in the long run and this certain threshold level of inflation is 6.93 percent.
This threshold level of inflation is similar to Ayyoub (2011), Nasir and Nawaz (2009)
which is also 7 percent and approximately same to Hussain (2005) which is 6 percent
in case of Pakistan. This threshold level of inflation approximately same to Marbuah
(2010) in case of African country Ghana, Ahmed and Mortaza (2005) in case of
Bangladesh) which is 6 percent. The short run relationship between these variables
behaves similar pattern as in long run and ECM is statistical significant and negative.
The value of ECT is -0.257 means that any deviation in the short run from the long

run equilibrium is corrected 25.7 percent each year.
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Table 5.3: Estimated Coefficients of ARDL

Eql Eq2 Eqg3
Panel A: Long-Estimates
INF, .097(2.31) 171(2.18) .182(2.21)
INF¢? -.007(-2.08)  -.0109(-2.65) -.011(-2.63)
INV, -1.883(-1.86) -1.93(-1.97)
DUM .313(.39)
Constant 6.99(13.07)  11.87(2.81) 11.90(4.42)
Threshold 6.93 7.84 8.27

Panel B: Short-term

AINF, .004(1.87)  .007(2.91) .007(2.66)
AINFy, .002(3.26)  .0026(4.15) .003(4.10)
AINF{# -185(-2.54)  -.310(-3.50) -.345(-2.62)
AINV, .053(1.33) .050(1.22)
ADUM .009(.37)
Constant 179(2.68)  .338(2.51) .359(2.43)
ECM.; -257(-2.39)  -.285(-2.44) -.030(-2.38)
Adjusted R* 0.82 0.89 0.84
F-test for

7.85 6.47

cointegration
DW 1.91 1.86 1.88

Panel C: Diagnostic tests

Xic(1) .996(.318)  .008(.929) .010(.919)
X4(2) 1.136(567)  1.998(.368) 1.919(.383)
X4(1) .596(.440)  .0897(.756) 131(.718)
X2 (1) 6.00(.014)  4.444(.035) 4.341(.037)

Note: t-values are given in parentheses, and p-values are given in brackets. x4.(1) is the Lagrange multiplier tests
of residual serial correlation; x% (2) is the Jarque-Bera test of normality based on a test of skewness and kurtosis of
the residual; x%(1) is a heteroskedasticity test based on the regression of squared residuals on squared fitted
values; and x2;(1) is Ramsey’s RESET test using the square of the fitted values for the functional form. The
critical values for the lower 1(0) and upper 1(1) bounds are 3.79 and 4.85, respectively, for a 5 percent significance
level for CI(iii) Case Ill: unrestricted intercept and no trend (case ii). The critical values for the lower 1(0) and
upper 1(1) bounds are 2.72 and 3.83, respectively, for a 5 percent significance level for CI(i) Case I: no intercept

and no trend [Pesaran et al. (2000)]
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By including investment as explanatory variable in equation (1) then threshold
level of inflation increases .The relationship between inflation and economic growth
up to certain threshold level of inflation is significantly positive after this threshold
level of inflation the relationship between these variables becomes significantly
negative and this certain threshold level of inflation is 7.84 percent. This threshold
level of inflation is similar to Thanh (2012) which is 7.84 percent in case of ASEAN-
5 countries. The short run relationship between these variables behaves similar pattern
as in long run and ECM is statistical significant and negative. The value of ECT is -
0.285 means that any deviation in the short run from the long run equilibrium

corrected 28.5 percent each year.

By including investment and dummy variable in equation (1) then threshold
level of inflation again increases. The results show significantly positive relationship
between inflation and GDP growth up to certain threshold level of inflation and
beyond this level the relationship becomes significantly negative with inflation and
this certain threshold level of inflation is 8.3 percent. This threshold level of inflation
is approximately similar to Mubarak (2005) which 9 percent and Hussain.S (2011)
which also 9 percent in case of Pakistan. This equation also shows statistically
insignificant negative relation with investment and statistically insignificant positive
with dummy. In the short run relationship between these variables behaves similar
pattern and ECM is significant statistically negative. The ECT value is -0.030 suggest

that any deviation in the short run from the long run equilibrate 3 percent in each year.

The CUSM and CUSMSQ tests are plotted in figure 5.1(a), 5.1(b) and 5.2 (a),

5.2(h).
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Figure5.1: Plot of Cumulative Sum and Cumulative Sum of Squares of Recursive
Residuals for Equation (1)
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Figure 5.2 Plot of Cumulative Sum and Cumulative Sum of Squares of Recursive

Residuals for Equation (2)
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5.4 Non-linear Model: LSTAR Estimate

In the first step to estimate a STAR model to select an appropriate transition
variable .The transition variable should be the highest probability of rejection the null
hypothesis of linearity. In this model inflation rate selects as a transition variable and
LSTAR is an appropriate model with one of LSTARL.Inflation rate also select as a
threshold variable and LSTARL1 is considered non-linear model for inflation growth

dynamic relation in Pakistan.
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The estimation results of LSTAR1 model are presented in table
(5.4).Diagnostic tests confirms that the model is adequately specified. The normality
tests are consistent with requirements. There is no autocorrelation problem and no
variance unevenness in the LSTAR1 model. Model results are reliable in the absence

of autocorrelation and unevenness in variance of residuals.

There are two equation used to estimate the LSTAR model, in equation one
estimate GDP growth and inflation relationship and in second egation investment
include as additional explanatory variable. There are two part of the table (5.4), upper
part shows linear relationship between the variables and the lower part shows
nonlinear relationship between the variables in both the equations of LSTAR model.
The non-linear part shows the smooth transition part of the LSTAR model and it can
be categories in regime two and linear part called as regime one. The comparison of
both regimes shows that in less persistent regime as well as in high persistent regime.
The impact of inflation dynamics on GDP growth is almost similar a very slightly

volatility occur such as in regime one to regime two in both the models.

The two regime model indicates that the coefficient of slope parameter y is
1.46 with inflation threshold extreme ¢ 9.68 percent for equation one and the
coefficient of slope parameter y is 2.39 with inflation threshold extreme c 13.5
percent for equation two. The slope coefficient of equation two more signifies fast
transition from one regime to another and the equation one less signifies transition

from one regime to another.
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Table 5.4: Estimated Coefficients of LSTAR

The Linear Part of the Model

Variables Coefficient t-state Variables Coefficients t-state
GDPy¢ 1.04 8.75 GDPy1 0.98 4.9
Inf; 0.01 2.53 Inf 0.001 1.06
inft-1 0.03 2.27 inft-1 0.001 3.66
inft-2 0.59 2.08 inft-2 0.002 -2.7

Invt 0.01 2.32

invt-1 0.01 0.99

Inv t-2 0.004 2.49
Constant 7.97 4.78 Constant  0.15 1.45
Selected Model | LSTAR LSTAR

The nonlinear Part of the Model

GDPy; 0.01 4.17 GDPy4 0.49 -2.07
Inf; 0.01 3.19 Inf; 0.14 0.69
inft-1 0.03 -2.27 inft-1 0.25 -2.07
inft-2 0.59 2.07 inft-2 0.07 2.09
Invt 0.87 0.08
invt-1 1.56 3.07
Inv t-2 0.07 2.09
Constant 212.8 3.32 Constant 11.8 1.08
Slope
Parameter 1.46 2.39
C Threshold 9.68 13.5
Diagnostic Tests
ARCH-LM p-
TEST 8lags t-state value(chi®) F-state p-value(F)
6.575 0.583 0.9702 0.475
JARQUE-
BERA TEST 3.85 0.146

NOTE: J multi software has been used for estimation of LSTAR.

The threshold level of inflation of equation two is more than the threshold
level of inflation of equation one. The threshold level of inflation of equation one less
or more consistent to Khan and Sendji (2000) is 7-11 percent for developing

countries. For further explanation results of the model one for regime one, G=0

GDP=7.97+1.04GDPy.1+0.01Inf+0.03Inf.;+0.58Inf.,
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For regime two G=1

GDP=212.8+0.01GDP¢;+0.01Inf+0.03Inf:.1+0.59Inf,

Explanation result of the model two for regime one, G=0

GDP=0.15+0.98GDP;.;+0.0011Infi+0.001Inf:.;+0.002Inf.,+0.01Inv+0.01Inv;.

1+0.0041nv;-,

For regime two G=1

GDP=11.8+0.49GDP;.1+0.14Inf+0.25Inf;;+0.07Inf.,+0.87Inv+1.56Invy.1+0.07 Invy-2

The estimated coefficients of inflation are positive and statistically significant
in both regimes in equation (1) and equation (2). However the influence of inflation is
greater in second regime. The estimated results demonstrate that the inflation growth
relationship in Pakistan is non-linear. The non-linearity also confirmed by the figure
4.1 and figure 4.2 in chapter 4. The GDP growth has been influenced positively by the
inflation below the threshold level of inflation 9.68 percent and negatively affected

above this threshold level of inflation.
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CHAPTER 6
CONCLUSION AND POLICY RECOMMENDATIONS

6.1  Conclusion

This study explored the possibility of non-linearity of inflation and GDP
growth relationship in Pakistan, by using time series annual data from 1972 to 2013
and data taken from WDI (World Bank, World development indicators, 2015).The
recent developed STAR (smooth transition autoregressive) methodology used because
it is suitable for estimating the non-linearity, incorporates the structural break in the
data and it also accounts the possibility of regime reversal. ARDL methodology is

also used to analyze the short run and long run dynamics of the data.

Firstly we checked the stationarity of data by using ADF and Zivot-Anders
(1992).ADF test is biased towards the non-rejection of null hypothesis in the presence
of structural break and due to this, Zivot-Anders methodology was used because it
incorporate such breaks in the data. Then we applied ARDL (Auto regressive
distributive lag) methodology to estimate the short run and long run dynamics of the
data. There are three equations are used here GDP growth taken as dependent variable
in first equation, inflation and inflation square are used as explanatory variable. The
threshold level of inflation in this model is 6.93 percent and short run behavior is the
same as in the long run. In the second equation investment included as additional
explanatory variable due to this threshold level of inflation increased to 7.84 percent
and short run behaves is in similar pattern as in behave in long run. Finally in third
equation dummy variable used due to this we find an interesting result that the
threshold level of inflation further increased to 8.27 percent and in the short run

behavior is same as in the long run. Results of this study more or less consistent with
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the earlier studies of Pakistan e.g. Mubarik (2005); Hussain (2005); Ayyoub (2011);
Nasir and Nawaz (2009) etc. But all these studies, methodologies and including our
present estimation of ARDL are not appropriate to analyze the non-linearity. However
the recent develop STAR methodology is more appropriate for estimate the non-
linearity and in this studies our concern to estimate the non-linearity so this

methodology used here.

LSTAR estimation methodology used two type of equations for estimation,
GDP growth treat as dependent variable in both equations. In first equation only
inflation used with two lags used as explanatory variable. The finding of this equation
is 9.68 percent threshold level of inflation with 1.46 slope parameter. In second
equation investment included as additional explanatory variable with two lags then
inflation threshold level increased to 13.5 percent with 2.39 slope parameter. Result of
equation (1) consistent with Khan and Sendji (2000) suggest 7-11 percent threshold
level of inflation for developing countries. The relationship between inflation and
GDP growth below certain threshold level of inflation is significantly positive and
above that certain threshold level the relationship between these variables becomes
significantly negative and this certain threshold level of inflation is 9.68 percent in

Pakistan.

6.2  Policy Recommendations

The above findings have some policy recommendations for policy makers and
central bank. As price stability is the most important goal for policy makers and
central bank as high inflation harmful for economic growth and development. The
findings of this study suggest that the policy makers and central bank should
concentrate on those policies in which the inflation rate stable and below the threshold

level of inflation 9.68 percent which helpful to achieve the sustainable economic
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growth and development in the country. Moderate and stable inflation is necessary to
minimize the uncertainties and fluctuations in the economy. The inflation
uncertainties badly affect the economic activities i.e. investment and GDP growth
reduces. So policy makers and central bank resolve the issue of high inflation on
priority basis to reduce the inflation above the threshold level of inflation 9.68

percent.
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