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Abstract

“It is almost of no debate that the effect of money supply changes transmits into output
and inflation, though with some lags. If this hypothesis cannot be rejected empirically
then we can say that monetary factors play an important role in determining inflation.
Whether this happened in Pakistan is the key objective of this study. We have tested this
hypothesis empirically by applying Near-VAR approach to estimate impulse response
functions and Granger causality test to find out the direction of causality between reserve
money (central bank’s operational target) and real GDP gap and reserve money and
inflation. Both tests confirm that this hypothesis cannot be rejected. The second objective
IS to estimate the central bank’s money reaction function. It is found that monetary
authority’s degree of leaning against the wind is almost zero if we include only lagged

variables on the right hand side of the equation”.
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1. Introduction

The basic model of Money in the utility function due to Sidrauski (1967) exhibits super
neutrality of money. Hence the growth rate of money is independent of the long run real
growth but is correlated with inflation. The correlation between inflation and real
economic activity is studied intensively but the results are uncertain. An important work
by Barro (1995) on empirical evidence on the issue shows negative correlation between
inflation and real economic growth. This correlation is found to be zero in McCandless
and Weber (1995). Nonetheless it is almost of no debate that there is no long run trade off
between inflation and real economic activity, (see Taylor: 1996). Even if we take this last
un-debatable result, it is clear that inflation adds only to cost to the society in the long
run.

Pakistan has experienced inflationary episodes in the last thirty years. “Why has inflation
been high in some of the periods?” is a debatable question. There are at least three
possible candidate answers to this question; monetary policy actions, supply side factors
and inflation in the rest of the world (trading partner countries). To test whether monetary
policy actions are responsible for episodes of high inflation is the objective of this study.
Near-VAR approach is used to model inflation, real GDP gap and reserve money and
then impulse response functions are estimated by imposing restrictions consistent with
economic theory, (Enders, 2004; Sims, 1986). The restriction that inflation and output do
not respond contemporaneously to reserve money is taken by Bernanke (1992), Bernanke

and Mihov (1998), Giannoni and Woodford (2003), Christiano et al (2001) among others.



Results show the standard hump shaped response of output and inflation to monetary
policy shock, reaching at peak after several quarters. Next Granger causality test is
applied to test the direction of causality between inflation and reserve money and real
GDP gap and reserve money. It is seen that inflation is Granger caused by reserve money
but not the other way around. This result does not hold in case of reserve money and real
GDP gap.

Two studies regarding Pakistan are worth reviewing here. First, Khan and
Schimmelpfennig (2006) studied the relative importance of monetary factors and supply
side factors for inflation. They concluded that monetary factors have played dominant
role in inflation determination. Second is the study by Agha et al (2005) on monetary
transmission mechanism in Pakistan. They also concluded that inflation and output
respond significantly to shocks in monetary policy instrument. However, at least three
points need to be discussed here. First, that study takes T-bill rate (short interest rate) as
the monetary policy instrument of central bank. While State Bank of Pakistan has
ultimate goals of output growth and price stability, it uses M2 as an intermediate target.
To achieve the target of M2, SBP hits reserve money (monetary base) or put differently it
uses reserve money as its operational target. Second, the study uses industrial production
index (IP1) as a proxy for GDP. Although GDP can be proxied by IPI index but not the
GDP gap. Growth rate of IPI or its gap should be used in central bank’s reaction function.
Boom and recession are the relative terms, so the central banks always respond to output
deviation from trend value rather than the output itself. Third, if all variables are

integrated of the same order say (1) and there is co-integrating relationship among these



variables then VECM s the appropriate representation of the data and impulse responses

should be estimated through VECM, (Enders, 2004).

Section-2 of this paper describes some basic statistical measures that reveal some
important information about output, inflation and reserve money. Section-3 deals with
estimation methodology. Data issues and estimation results of Near-VAR model and
Granger causality are given in section-4. Finally conclusions drawn from the paper are

presented in section-5. Appendix at the end gives the details of identifying restrictions.

2. Some Preliminaries

Before going in to sophisticated techniques, in this section some basic results are
presented that give some important information about the variables included in the study.
Although variables used in the study are taken at level, except CPI, and not the growth
rates but to see the brief history some basic measures of growth rates of money, real GDP
and CPI are presented in Table: 1. Average inflation was about 9% with standard
deviation of 5.92 over the period 1975-2003.We can see that on average inflation and
inflationary gap are very close to each other and except GDP growth rate all other
variables (inflation, monetary growth rate and inflationary gap) have almost same
volatility with standard deviation ranging from 5.70 to 5.97. It is clear from the table that
inflation and one period lagged values of monetary growth rate, real GDP growth rate
and inflationary gap are correlated moderately with the highest value of 0.29 in case of

inflation and monetary growth rate. One basic result that we can draw from here is that



inflation in Pakistan is correlated with and hence caused by monetary expansion. In

section 4, Granger causality test is used to confirm this result.

Table: 1 Some Basic Statistical Measures (1975 - 2003)

CPI Monetary GDP Inflationary

Inflation Growth Growth Gap*
Mean 9.37 15.54 5.09 10.45
Minimum 3.10 3.60 1.70 1.50
Maximum 29.00 26.20 8.70 22.50
Range 25.90 22.60 7.00 21.00
Standard Deviation 5.92 5.97 1.90 5.70
Correlation with CPI** | 1.00 0.29 0.21 0.23

* Inflationary gap is calculated as real GDP growth rate minus monetary growth rate

** Correlation between current CPI and one period lagged values of the other variable

Figure: 1 shows the long run behavior of detrended and seasonally adjusted real GDP,
reserve money and annualized inflation from seasonally adjusted CPI. We can see that
the movement is much correlated in case of inflation and money. Both are above their
long run trend in periods 1978-81 and 1992-98. Although the long run co-movement of
reserve money and inflation seems similar in direction the problem is to find what
precedes what. Impulse response functions and Granger causality in section-4 help

finding the direction.



Figure: 1 Real GDP, Reserve Money & CPI Inflation
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3. Estimation Methodology

Consider the following three variables structural VAR,

Where Xt is a vector given by,

X, = [PthM t]/

Where Pt is annualized CPI inflation, Yt is real GDP gap and Mt is reserve money. B is a
matrix of coefficients with one on the diagonal and capturing the contemporaneous
effects of variables on each other. Bo is a vector of constant terms. C' are the matrices of
coefficients measuring the lagged effects of variables on each other. & is a vector of

error terms that contains zero mean, constant variance and serially as well as cross

uncorrelated innovations, i.e. these elements represent pure structural shocks. Equation-1



can be converted into standard reduced form VAR with only lagged variables on the right

hand side.

Xo=Ag+ 2  AX 48 i (2)
Where, A, = B 'B,
A :B—lci

and € = B_lé:t

Here e, contains the elements that have zero mean, constant variance and are serially

uncorrelated. However, these errors might be cross correlated, i.e.

Var(ejt) o
Cov(ejt'ejt—1):0 '

but Cov (e it €t ) may or may not be equal to zero.

Now the problem is to estimate equation (2) and then using these estimated parameters to
identify the structural parameters and to recover structural shocks from equation (1) by
imposing appropriate restrictions on structural parameters. Equation (2) can be estimated
by OLS because right hand side variables of all equations are same. However if we allow
different lags length in different equations then the system has to be estimated by
seemingly unrelated (SUR) model, (Enders: 2004). If the objective is to just identify

monetary policy shocks then the assumption that the reserve money has no



contemporaneous effect on output and inflation is enough, see for instance in Bernanke
(1992), Bernanke and Mihov (1998), Giannoni and Woodford (2003), Christiano et al

(2001) among others. However the appropriate number of restrictions to make model

2

exactly identified is{n _nj, where n is the number of variables in the VAR, (Enders,

2004). As we are primarily interested in estimating the impulse response functions of
inflation and output to monetary policy shocks, the restriction that the reserve money has
no contemporaneous effect on output and inflation is just enough. Here the monetary
policy shocks are estimated residuals from the last equation in equation (1).

4. Data and Estimation Results

Quarterly data on CPI inflation, real GDP and reserve money are used for the period
1975:03 to 2003:02. Data on reserve money and CPIl are taken from International
Financial Statistics (IFS) and that on real GDP from Kemal and Arby (2004). First the
data are seasonally adjusted and then real GDP and reserve money are detrended.
Detrended GDP can be used as a measure of output gap, see for example Giannoni and
Woodford (2003). Inflation is calculated by annualized percentage change in CPI. In
estimation first of all the the presence of unit root in deseasonalized and detrended series
is tested. Hylleberg et al (HEGY, 1990) test is applied separately to each series and lag
lengths are chosen on the basis of removing autocorrelation from the test equation.
Breusch-Godfrey Serial Correlation LM test is applied for this purpose. There should be
no autocorrelation in the residuals of unit root test equation if proper lag length is
selected. As the data is deseasonalized and detrended, neither seasonal dummies nor

deterministic trend are included in the HEGY test equation in case of all the three series.



The results show that all the three variables real GDP gap, reserve money and inflation

are stationary at level or we can say that these are integrated of order zero. Same results

are obtained at bi-annual and seasonal frequencies. There are neither seasonal nor bi-

annual unit roots in all of the three series.

Table 2: Unit Root Test (HEGY)

HEGY Test Statistic

Coefficients | CPI Inflation | Real GDP Gap | Reserve Money | 5%  Critical
Values

-2.4159 -2.5610 -3.4441 -1.93
7

-4.1918 -3.8016 -2.0557 -1.94
7T,

-3.9907 -7.3992 -3.2289 -1.92
T3

-4.8239 -0.6129 0.3597 -1.99
T4
F-Statistic

18.6336 27.8117 5.2639 3.14
T3, 7y

Note: Same results for Unit Root at zero frequency are obtained when other tests are applied like, Augmented Dickey

and Fuller (ADF) Test, The Kwiatkowski, Phillips, Schmidt, and Shin (KPSS) Test and Phillips and Perron (PP) Test

To model the three variables, VAR in levels is applied. OLS gives efficient parameter

estimates as long as the right hand side variables are same in all equations. At the same

time over parameterization in VAR can be avoided by allowing different lags in different




equations. But in that case the so called Near-VAR is estimated as a SUR model. Here a
variant of this approach is used by including only those lagged variables in Near-VAR
that have statistical significance and then the system is estimated as SUR model.
However the significance level is relaxed to 10%. We estimated both the simple VAR
and Near-VAR in levels but results reported here in Table: 3 are those of Near-VAR

approach because same impulse response functions are obtained in the other case.

Table 3: Near-VAR Results

Dependent Variable:Inflation(P) Dependent Variable:Real GDP(Y) Dependent Variable:Reserve
Money(M)

Regressor | Parameter Standard Regressors Parameter Standard Regressors Parameter Standard
Estimates Errors Estimates Errors Estimates Errors

Constant 0.0129 0.0044 Mt-2 0.069 0.043 Mt-1 0.831 0.067

Mt-3 0.0659 0.0282 Mt-4 -0.075 0.043 Mt-4 -0.184 0.102

Yt-2 0.1816 0.067 Yt-1 0.336 0.086 Mt-5 0.225 0.092

Pt-1 0.962 0.048 Yt-3 0.2 0.088 - -

Pt-4 -0.508 0.084 Pt-4 0.258 0.097 - -

Pt-5 0.385 0.075 Pt-5 -0.263 0.096 - -

Note: Results of VAR are about the same as for as the statistical significance of variables is concerned.

The important result is that reserve money does not respond to lagged values of both
inflation and output gap. It means in deciding the stock of money each year central bank
does not consider the past state of the economy. It might be the case that central bank,
while deciding the stock of money, considers the next period’s target growth rates of

inflation and growth. By imposing identifying restrictions discussed in section-3, we next




estimate the impulse response functions. Responses of reserve money, output and
inflation to one standard deviation shock in all the three series are computed.
The following results are obtained:

e Reserve money responds to shock in reserve money immediately by the
magnitude of shock and that response dies out to one fourth of the magnitude of
shock in one year.

e Standard hump shaped response of real GDP gap to shock in reserve money is
obtained. The response started after one quarter, reaching the peak in one year and
then coming to zero in about one and half year.

e Inflation also responds in the same way to shock in reserve money, starting the

effect after two quarters and reaching the peak after one and half years.

The important result that we draw from here is that inflation responds positively to

monetary shocks. It means money is an important determinant of inflation in Pakistan.

This result is in line with that of Khan and Schimmelpfennig (2006).
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Response of Reserve Money to One Standard Deviation Shock
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Finally to test the direction of causality and to see whether our result that inflation is
caused by monetary expansion is true, we apply the Granger causality test. It is not the
test of causality as such, however, (Maddala: 1998). But by applying this test we can at
least find, which variable takes the precedence over the other. This is exactly what the
Granger causality test is. Test results confirm to what we have found in other test results.
Causality is found between only two variables, i.e. inflation and reserve money and this
causality is uni-directional. Only inflation is Granger caused by reserve money and result
is not true the other way around. Reserve money is caused neither by output gap nor by
inflation. Similarly reserve money does not Granger cause output gap. Results on
Granger causality are given in Table: 4. In all of the above discussion one result is found
exclusively that inflation is caused by monetary expansion but most of the times

monetary authority does not respond to previous period’s high inflation.

Table: 5 Granger Causality Test

Chi-square Probability
M does not Granger Cause P | 5.45 *10.0196
M does not Granger Cause Y | 3.31 0.1912
P does not Granger Cause M | 0.00 1.0000
Y does not Granger Cause M | 0.00 1.0000
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5. Conclusion

Why have inflation been high in some of the periods in the history? Three possible
arguments can be given; monetary policy actions, supply side factors, foreign inflation.
This study tests the first argument using Near-VAR approach. Results show that the
effect of monetary policy transmits into inflation with a lag of half a year and then take
another year to reach at the peak. In episodes of high inflation monetary authority’s
degree of leaning against the wind is almost zero. Why is this so? There are atleast two
possible explanations. First, it might be the case that central bank, while deciding on the
growth of money, gives more weight to future target level of inflation and growth rate of
real GDP and ignores the previous deviations of inflation and real GDP from their trends.
Second, it can be argued that monetary authority does so due to the fear of loosing higher
growth. To say some thing with greater certainty, regarding the first one, a study is
needed that would focus on growth rates of real output and prices rather than the gaps. If
the second is true, that may not be a right action however. Flexible inflation targeting can
help improving the situation. A limited past history show that countries adopting inflation
targeting achieved lower inflation without hampering output growth. However there are
some pre-requisites for inflation targeting. A detailed study is needed to investigate with
the help of simulations, whether the performance of inflation and output (in terms of their
variability) would have been improved had we adopted inflation targeting rule. Also there
is a need for a study that investigates the determinants of inflation variability by

considering all the three factors discussed above.
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Appendix

Consider the following system of equations:

Pe =bor =Dy Yy —bisMy + 70 Peoi + 712 Yeoi + 713 My T &y

t
Yo = bag = Doy Py = DogMy + 720 Pei + 722 Yioi + 723 Mg T &y,

My = bgy —bgy Py — by ¥y + 73i1 Pi_j + 7/3i2 Yi-i +7’§3mt-i T &m,

This system can be written in matrix form structural (VAR) as:

1 by by p by 7 ;'1 7 ;Iz 7 ;'3 Pt Ep,
byy 1 by | Vi |=[by [+]|7 él 4 Igz 4 és Yia || €y,
by by 1 my bso Yar 732 Va3 |Mea| |€nm

t

i
which can be written in standard reduced form VAR as:

X, =B™B, +By'X,; +B ¢,
p

= X =A +2Aixt—i + &
i=1

= X, =A +AX e, +A X,

To recover the structural innovations of monetary policy from estimated reduced form
VAR, following identifying restrictions are imposed:
b, =0and b, =0
In this case the matrix B becomes:
1 b, O
b, 1 0

b, b, 1
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