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Abstract

The famous economic idea that describes the inverse relationship between inflation and unemployment is
Phillips curve. The usual trade-off relationship that inflation shares with unemployment has recently become
questionable as the behavior of the Phillips curve across different economies appears to be baffling. This has
made the relevance of including Phillips curve as a policy guide quite doubtful. Against this backdrop, the study
attempts to examine the existence of Phillips curve in Bangladesh. Employing autoregressive distributed lag
(ARDL) bound testing approach to cointegration, the study has observed that Phillips curve is indeed existent in
Bangladesh with its usual trade-off relationship. The findings on Phillips curve are robust as the curve has been
observed to be existent in different sampling period using the same theoretical and econometric arrangement.
The findings bear a good deal of weight to the central bank in Bangladesh as, sooner or later, it may have to
adopt inflation-targeting monetary approach to rein in the inflation persistence in the country.

Keywords: inflation, unemployment, Phillips curve, NAIRU, ARDL, bound testing, Bangladesh

DOI: 10.7176/DCS/10-4-05

Publication date: April 30" 2020

L. Introduction

The significance of Phillips curve is prominently apparent in the policy framework formulated by a modern
inflation-targeting central bank. In a set-up of three-equation model which comprises of demand side, supply
side and a monetary rule; a central bank chooses the optimal monetary policy that can stabilize the economy
following a shock. Phillips curves are the supply side constraint a central bank has to face. These curves provide
the central bank the combination of output (unemployment) and inflation for a given level of expected inflation.
To be exact, a central bank can only pinpoint the economy along the Phillips curve it faces in a period (Carlin
and Soskice 2014). Based on the constraint of Phillips curve and the loss function, a central bank can select its
desired policy move to be accommodating or non-accommodating. MR and IS curve complete the picture. MR
curve simply denotes the uniquely preferred unemployment-inflation combination on the given Phillips curve the
central bank faces in a period. The tool the central bank deploys to achieve that specific unemployment (output)-
inflation combination is real interest rate. This is where the IS curve becomes vital which shows a negative
relationship between output and real interest rate. Seemingly, the whole process of stabilization of an economy
by a central bank following an economic shock is indeed closely connected to Philips curve. A study concerning
the validity of the Philips curve for a given economy is thus of paramount importance.

In this study we examine whether Phillips curve does exist for the economy in Bangladesh as recently
serious doubts have been cast regarding the existence of Phillips curve and its use as a policy guide (Eliasson
2001, Niskanen 2002, Reichel 2004). Furthermore, monetary base targeting as an approach of monetary policy is
deemed questionable in Bangladesh as it gives rise to sustained volatility of money growth in the economy to
exacerbate inflation persistence (Hossain 2015). Inflation targeting also produces better economic outcome in
countries which implement independent domestic monetary policy (Mishkin 2000). So, sooner or later inflation
targeting approach to monetary policy may be pursued by Bangladesh Bank. Studying the existence of Phillips
curve in Bangladesh in an empirical arrangement is thus relevant and well-timed. The next two sections provide
respectively a review of some past relevant literature and an overview of inflation-unemployment dynamics in
Bangladesh. And, the remainder of the article proceeds as follows. Section IV specifies the model. Section V
describes the data and the econometric technique employed in this study to estimate the model formulated in the
previous section. Section VI analyses the results and section VII concludes the article.

I1. Literature Review:
The negative relationship between unemployment and inflation is mainly the outcome of seminal work by
Phillips (1958). The work is chiefly an empirical observation which later receives theoretical attention by Lipsey
(1960), Samuelson and Solow (1970). Friedman (1968) contributes to a more refined version of Phillips curve or
accelerationist Phillips curve in which he assumes expectations are formed adaptively. Triangle models to
analyze inflation behaviour bear a resemblance to accelerationist Phillips curve (Taylor 2000).

New Keynesian Phillips curve and expectation augmented Phillips curve postulated by Phelps (1967) and
Friedman share similarity in formulation. Also, estimates of such common Phillips curve do confirm about its
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existence i.e. it maintains the trade-offs between inflation and unemployment (Roberts 1995). Blanchard et al.
(2015) also finds the usual Phillips curve relationship to be preserved in twenty countries for the period 1990-
2014 and 2007-2014, but they observe that the slope of the Phillips curve has declined over time in most
countries. Ball and Mazumder (2011) and Murphy (2018) also corroborate the fact that over the time Phillips
curve has actually flattened in US. On the contrary, Gordon (2013 establishes by employing triangle model to
analyses inflation behavior that the slope of Phillips curve has been stable in US and thus can be of assistance to
the central bank (Fed) to derive NAIRU for achieving proper policy direction as to unemployment and inflation.
Coibion and Gorodnichenko (2015) suggest that Phillips curve is a novel conceptual framework to understand
the relationship between prices and macroeconomic conditions. Hooper et al. (2020) observe that both price and
wage inflation have maintained the usual inverse relationship with unemployment in US in the period 1961-2018.
But since, 1988 price Phillips curve has lost its robustness whereas wage inflation has been still evident and
resilient. Sek et al. (2015) find oil price shock has a direct effect on domestic inflation in low oil dependent
countries as opposed to high oil dependent countries where the effect is felt indirectly through other channels.
Dritsaki and Dritsaki (2013) find a long run causal relationship between inflation and unemployment in Greece
for the period 1980-2010. Shahbaz et al. (2012) finds the existence of Phillips curve both in short and long run in
North Cyprus. Haider and Dutta (2012) using annual data over 1980-2009 observe that the trade-off between
inflation-unemployment is evident in case of Bangladesh. But they rely on OLS estimation procedure to draw
conclusion in this respect.

Theoretically, in the long run inflation and unemployment don’t show the trade-off relationship like that of
short-run. Unemployment rate which yields this kind of relationship is known as NAIRU (non-accelerating rate
of unemployment). Recently, NAIRU has also been a subject of empirical scrutiny. Much of the investigation as
to the existence of NAIRU produces results which are not in line with the theoretical claim of a vertical long-run
Phillips curve. Sala (2003) covering a panel of EU countries finds that the long run trade-off is far off being
vertical. In the long-run inflation and unemployment show a trade-off in the EU countries. Bhattarai (2016) also
reports a long-run relationship between unemployment and inflation in OECD economies.

A good deal of researches also finds that Phillips curve is non-existent. Vermeulen (2017) finds no evidence
of short-run trade-off between inflation and unemployment. In the long run the study finds a negative association
between inflation and employment growth. Eliasson (2001) finds ambiguous results concerning Phillips curve in
Australia, Sweden, while the Phillips curve in America appears to be linear and usual. Niskanen (2002) finds a
no short-run Phillps curve to exist for US in the period 1960-2001. But in the long-run it shows in US,
unemployment is a positive function of inflation. Riechel (2004) corroborates the findings of Niskanen (2002) by
employing ARDL cointegration technique. The study is conducted with data of an array of industrialized
economies along with the US over 1960-2001 to find the existence of short-run Phillips curve only for the US
and Italy, whereas, the other 14 countries do not have a short-run Phillips curve. Only for the US a long run
negative relationship between unemployment and inflation has been observed.

II1. Overview of Inflation and Unemployment in Bangladesh

Historically, behaviour of inflation in Bangladesh can be characterized as persistent and volatile. Inflation
steadily fell from a higher rate in the early 1980s to a moderate level in the 1990s. A linear trend line is attached
to the inflation series in the Figure (b), which denotes a downward trend of the inflation over the whole period.
During the 1990s inflation stayed at a tractable level but, started to rise from the 2005. Since 2005 CPI inflation
has been pretty volatile and rising. Unemployment showed an upward trend over the whole period. The vertical
distance between inflation and unemployment has increased over time, which apparently denotes a trade-off link
between these two series.
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Scatterplot Series

A scatter plot concerning unemployment and inflation is also produced in Figure (a). A regression line is fit
to get an idea on the association between unemployment-inflation with much simplicity. The fitted line also
provides an indication about the trade-offs between unemployment-inflation over the whole period. The actual
nature of relationship is examined in econometric framework in the later sections.

IV. Model Specification:

Phillips curve in its modern form incorporates three crucial terms, such as, expected inflation, output gap or,
cyclical unemployment and supply shocks (Mankiw 2016, Carlin and Soskice 2014). Based on this we can
formulate a Phillips curve of the following form:

T =AY, —y) TV &

Here, m denotes inflation and 7. denotes inflation expectations. Let, expectations are formed adaptively. Then we
can write,

T, =7, (2)
The coefficient of output gap indicates the slope of the Phillips curve. Output gap can also be expressed in terms

of cyclical unemployment or the difference between the current unemployment rate and the equilibrium rate of
unemployment following Okun (1962) Thus, the equation (1) can be rewritten as,

7T, :”t—l_ﬂ(ut_ue)-l'v )
One major difficulty concerning the equation (3) is the estimation of unobservable u. or, the NAIRU. Attempts
have been made to estimate NAIRU using Kalman filter, Hodrick-Prescott filter or production function approach.
But two problems may make the precision level of any such estimation of #. questionable: supply shocks and
inconsistency of the NAIRU value over different period of time (Mankiw 2016). So, the equation (3) can be
restated assuming u. constant following Eliasson (2001):

wo=a+m,  +pu +v (4)
Where, a = fu.and the a priori expectation regarding the coefficient f is that it will be negative, indicating a

trade-off between inflation and unemployment. Oil price proxies supply shocks v. It can be positive or negative
depending upon the fluctuation in oil prices.

V. Methodology and the Data

We have employed ARDL (auto regressive distributed lag) bound testing approach (Pesaran and Shin 1995);
(Pesaran and Pesaran (1997); (Pesaran et al. 2001) of cointegration to carry out the estimation process of
equation. (3). Employing ARDL technique to discover cointegration or long-run relationship instead of
conventional cointegration approach developed by Johansen (1998), Johansen and Juselius (1990), or Engle
Granger (1987) has several advantages. Unlike the other approaches to testing for cointegration, ARDL bound
testing technique doesn’t require pre-testing of the variables for unit root to classify those into I(0) or I(1). The
technique is applicable despite the variables are purely 1(0) or I(1) or admixture of both. ARDL estimation
procedure yields better results even in a smaller sample size as opposed to the Johansen cointegration approach
that requires comparatively a bigger sample size. The approach can be accomplished in a single equation set-up
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whereas other methodology may require system of equations. Also, flexibility in assigning optimal lag value for
different variables make the approach advantageous over other techniques.

Our data span the year 1980-2018. Data are annual; hence we have kept the maximum lag value at two
following Pesaran and Shin (1998) and Narayan (2004). Then the optimal number of lags are selected based on
the Schwarz info criterion (SIC) for sampling period 1980-2018 and Akaike info criterion (AIC) for sampling
period 1991-2018.

Equation (3) is stated in the following ARDL form:

k / n
A, =a+ Z‘//iA”H + ZI//jAuH + Zt//onilptfm +0,7, , +0,u, ,+05,0ilp, | +e, )
Jj=0 m=0

i=1

Here, e,is the white noise term and A is the first difference operator. = is the CPI inflation converted in
natural logarithm, u is the unemployment rate expressed in percentage value. WDI 2020 is the source of the CPI
and unemployment data series. oilp is the natural logarithm of West Texas Intermediate (WTI) crude oil price.
Data on WTI crude oil price is retrieved from Federal Reserve Economic Data.

Equation (5) commences the estimation procedure. To test for the existence of cointegration among
variables joint F-statistic or Wald statistic is calculated. The null hypothesis in this test is

H, :51 = 52 = 53 = () against the alternative hypothesis of H u :51 F 52 F 53 # 0 implying cointegration

or long run relationship among variables. The computed F-statistic is compared with two sets of F-statistic
critical values namely, lower bound Fr: I(0) and upper bound Fy: I(1). If computed F-statistic exceeds upper
bound, null hypothesis is rejected to conclude that there is a long run relationship among variables. If computed
F-statistic is lower than the lower bound Fp then the null is not rejected to conclude that there is no long run
relationship among the variables. In case, the computed F-statistic lies between these two bounds no conclusive
decision can be made without knowing the order of integration of the underlying variables. If equation (5) yields
a favorable result as to the existence of cointegration we estimate the following long run equation (6),

a b c (6)
R, =Q+ Y WA+ WU, + > w,0ip,, +1,
i=1 j=0 m=0
And equation (7) provides short run dynamics.
(7)

k / n
Ar, =a+ Zl//iAﬂ'H + ZV//A”H + Z‘//mAOill%m +@ECT, | + ¢,
i=1 j=0 m=0
Here, ECT is the error correction term and coefficient ¢ denotes the speed of adjustment. That is, how much
of the disequilibrium in the past period gets corrected in the current period for the system to converge to the long
run equilibrium. The coefficient should be negative and statistically significant.

VI. Results Analysis:

Though ARDL approach to cointegration doesn’t require the pretesting for the unit roots of the variables of
interest, it is safe to run the tests in order to make sure that none of the underlying variables is 1(2). Presence of
I(2) variables in the model will render the results spurious (Ahamad et al. 2019). We make use of augmented
Dicky-Fuller (ADF) and Phillips-Perron unit root test to check the order of integration I(d) of the variables
included in the model. Technical details regarding both tests are not repeated in this paper.

Table. 1
Unit Root Test Results
T, -4.182396 -3.615588 -2.941145 -4.960014 -4.219126 -3.533083
Ar, -4.090071 -3.621023 -2.943427 -4.539245 -3.621023 -2.943427
u, -3.287961 -4.219126 -3.533083 -3.290491 -4.219126 -3.533083
Au, -7.487304 -2.628961 -1.950117 -7.412208 -2.628961 -1.950117
oilp, -2.259306 -4.219126 -3.533083 -2.259306 -4.219126 -3.533083
Aoilp, -6.046138 -2.628961 -1.950117 -6.045978 -2.628961 -1.951000

Care has been taken to include constant, constant and trend or, none of these two in the testing procedure to
check for the unit roots of the underlying variables. Null hypothesis of the both unit root tests is “the time series
is non-stationary or, presence of unit root in it” against the alternative of “the time series is stationary or, no unit

48



Developing Country Studies www.iiste.org

ISSN 2224-607X (Paper) ISSN 2225-0565 (Online) L'—,i,l
Vol.10, No.4, 2020 “s E

root in the time series”. Table.1 contains the test results. Computed and critical ADF and PP-statistic at the 1%
and 5% level are attached in it. The results indicate that CPI inflation series is I(0) or, stationary at the level form.
On the other hand, series of WTI crude oil price and unemployment rate series are I(1). Condition like this,
where an admixture of I(0) and I(1) series is present in the model, renders ARDL error correction technique the
most suitable one as the estimation technique.

As the unit root tests show existence of no I(2) series among the time series data considered in the study, we
estimate equation (4) to check for the presence of cointegration or long run relationship among the variables. As,
the data are annual, we have kept the maximum lag length at 2. Then the optimal number of lags are selected
based on the Schwarz info criterion (SIC) for sampling period 1980-2018 and Akaike info criterion (AIC) for
sampling period 1991-2018. The lag lengths that minimize SIC and AIC for both sampling period are ARDL
(2,2,2) for model 1 and ARDL (1,1,2) for model 2. Table. 2 contains the test results on cointegration. As
reported in the Table. 2, computed F-statistic for Model 1 involving time period 1980-2018 is 6.16849, which
exceeds the upper bound critical value for finite! sample size n=40 at the 10% level. That is for the Model 1
there exists a cointegration or long run relationship among the variables. Computed F-statistic for the Model 2
involving time period (1991-2018) also confirms that a long run relationship exists, as the competed F value
exceeds the upper bound critical value for finite sample size n=35 at the 10% level. Both of the model also
confirm that no ARCH effect is present in those and the error terms are normally distributed as indicated by
insignificant Jarque-Bera (JB) test statistic in Table. 2.

Table. 2

F-Bounds Test to Cointegration

Null Hypothesis of bound test: No levels relationship

Model Optimal Lag Length F ARCH JB
1 Sample (1980-2018) (2,2,2) 6.16849 8.33(0.50) 1.06(0.58)
2 Sample (1991-2018) (1,1,2) 4.72743 0.073(0.79) 0.82(0.66)
Finite Sample: n=40 Finite Sample: n=30
Significance level 1(0) (1) Significance level 1(0) (1)
10% 4.477 5.42 10% 3.77 4.535
5% 5.387 6.437 5% 4.535 5.415
1% 7.527 8.803 1% 6.428 7.505

Upon having the confirmation regarding the existence of cointegration in both models we estimate the long
run model stated in equation (4). We have estimated two long run models to check the robustness of the
existence of Phillips curve in Bangladesh. Table. 3 reports the findings on the long run or level form equations.
For the period 1980-2018 the coefficient of the unemployment rate turns out to be negative and significant at the
20% level. This denotes a long run trade-off between unemployment and inflation to be existent in Bangladesh.
The same result is observed in the case of time period 1991-2018. The coefficient of unemployment rate is still
negative but significant at the 10% level now. That is, in the long run the trade-off between unemployment and
inflation also exists for the period 1991-2018. The coefficients of oil price turn out to be positive and significant
at the 5% and 10% level for the period 1980-2018 and 1991-2018 respectively. The results imply that in the long
run a unit increase in the oil price increases CPI inflation in Bangladesh by 0.136% and 0.08% for the period
1980-2018 and 1991-2018 respectively.

Table. 3

Estimation Results of Long-run Equation

Dependent Variable: log of CPI inflation (1)

Sample (1980-2018) Sample (1991-2018)
U -0.06763 -0.12079
‘ (-1.26475) ¢ (-3.96703)
. 0.135745 0.077334
oilp, (1.987184)" (1.710762) ¢
0.068545
trend

(18.70762)°

Notes: a, b, ¢, d denote significant at the level 1% or, below, 5% or, below, 10% or, below, 20% or, below
respectively. In the parentheses, t-statistic is provided for the corresponding coefficient.
Apparently, the effect of an increase in oil price has a lower and a reduced influence on the increase in CPI
inflation in Bangladesh in the period 1991-2018 compared with the whole period.
Short-run findings are presented in the Table. 4. This is of particular interest as it will provide a validation

!'In this particular case critical values of F statistic developed by Narayan (2004) to analyze bound testing result should be used instead of F-
Statistic tabulated by Pesaran et al. (2001). Because Pesaran’s F-Statistic seems to overestimate the presence of cointegration in small sample
(30 observations to 80 observations) analysis.
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regarding the existence of short-run Phillips curve in Bangladesh. We have estimated two short-run equation for
two different sampling period to make sure that the findings on Phillips curve are robust across different time
span. In the period 1980-2018 most of the coefficients on the variables of interest register a significant and
expected sign. The coefficient on unemployment rate is negative and significant at the 10% level to confirm that
Phillips curve does exist in Bangladesh. That is, the short run trade-off between unemployment rate and inflation
exists for the data of Bangladesh. Unemployment rate lagged by a period also turns out to be negative and
significant. The short-run impact of oil price replicates the same findings found in the long-run. The estimated
short-run coefficient on the oil price is highly significant and, but its short-run elasticity is very small. The
coefficient on the error correction term, ECT.; turns out to be highly significant and negative to confirm that the
model converges to long-run equilibrium. The coefficient is -0.16918 indicating that a 16.91% disequilibrium in
the previous period gets corrected in the current period.

To check the robustness of the findings on the existence of Phillips curve, we have estimated the Phillips
curve using different sample period 1991-2018. The results are reported in the Table. 4. Here, the short-run
coefficient of unemployment rate also turns out to be significant and negative to indicate that the Phillips curve
is observable for the data of Bangladesh.

Here, the short-run coefficient of unemployment rate also turns out be significant and negative to indicate
that the Phillips curve is observable for the data of Bangladesh. The results carry an important implication for the
monetary policy makers in the country. The short run effect of oil price is low and insignificant in this period.
The coefficient on the error correction term ECT,.; is highly significant and negative. The coefficient is -0.33894
indicating that in each period 33.89% of disequilibrium from the previous period gets adjusted to bring the
system to long-run equilibrium.

Table. 4

Estimation Results of Short-run Equation

Dependent variable: log of CPI inflation

Sample (1980-2018) Sample (1991-2018)
Independent Variable Coefficient
. 0.478615%%* 0.99464%%*
(4.733072) (4.960803)
0.214854%5*
Az, (1.844712)
Au 20.01296* 20.01918**
t (-1.59214) (-2.09917)
20.01747*
Au,_y (-2.24368)
- 0.001451 %5 0.00533
Aoilp, (0.129715) (0.387058)
: -0.03072 -0.02889*
Aoilp,., (-2.51236) (-1.86934)
rend 0.0099287%#*
en (4.362247)
-0.16918%%* -0.33894 %%
ECT,, (-4.45828) (-4.66328)

*#* denotes significant at the 1% level or, below; ** denotes significant at the 5% level or; below; * denotes
significant at the 10% level or, below

VII. Conclusion

This study is conducted to examine the existence of the Phillips curve in Bangladesh. We have found the
existence of Phillips curve for the data of Bangladesh. The findings are similar across different sampling period
to draw a robust conclusion on the existence of Phillips curve in Bangladesh. A long-run trade-off between
unemployment and inflation has been observed in both sampling period used in the study. This finding doesn’t
conform to the traditional theory on NAIRU but is in line with many past empirics. Important findings on oil
price have also been observed in the study. Oil price positively influences the CPI inflation in Bangladesh in the
long-run. For an inflation targeting central bank Phillips curve carries a good deal of weight as it works as a
crucial policy guide. In Bangladesh the central bank pursues a monetary base targeting approach to reach certain
economic outcome and to stabilize the economy following an economic shock. This approach to monetary policy
contributes to the persistence of inflation in the country. So, sooner or later, the central bank may have to pursue
inflation targeting policy to rein in the persistence of inflation in the country. This is where the confirmation
regarding the existence of Phillips curve becomes vital and relevant. Moreover, regardless of the monetary-base
targeting policy that the central bank pursues presently or, the inflation-targeting policy it may implement in the
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near future, it has to bear in mind that the classic trade-off link between inflation and unemployment has
evidently been valid and present in Bangladesh. It’s policy formulation to achieve certain economic goals such
as achieving particular output and price level thus should take the usual Phillips curve relationship into
consideration. So, it’s safe to conclude that Phillips curve as a policy guide cannot be discarded anytime soon.
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