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RELATIONSHIP AMONG MONLY, INTEREST
RATE, PRICES AND OUTPUT
Evidence from Pakistan

TAHIR MEHMOOD and MOHAMMAD FAROOG ARBY*

Absirnet. This paper estimates iong-rien and shorr-run relationships among key
macroeconomic verehles vz, money, inlerest rate, outpor and prices tn Pukistun,
For this purpose Johensen and Jusehus (19907 fosr of cointegration, and erooc
comrection models have besn wsed. The test shoars that there exists one
cointegrating vector among (e four variables. On the basis of ermor comection
models, we [ound o wondirecnonal cavsality enning from money  fo celpul
Money and prices huve besn found independent in the shar run which may be o
rvpical cuse with o developing country like Pakistan, The results alse show o
ynidirectional causality from money o inlerest cte and no causality bebaeen
vulput and ineresr rate. We construe from these Godings thal money supply is an
appropriaie intcrmediate target (with output growth being fnal arget), not
nlergst nae.

1. INTRODUCTLION

Uhis paper aums e estomate long-run and short-run relaionships among kKey
macroeconomic variables wiz, money, interest rate, output and prices in
Pakistan, There has been a long debate on these relationships revolving
mostly around Keynesian and Monetarists views on the role of money and
behaviour of prices, The fantasy of ideas attracted a number of economists to
gxamine the relationship cmpircally. Dillerent authors came up with
different results depending on the data and methodology they used, One of
the pioneers i cmpirical testing of money outpat nexus, Sims (1972}
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concluded on the basis of US post war data that money caused output.
Brillemboury and Khan (1979) also found that money caused nominal
income and prices in US Feige and Pearce (1974), on the other hand, argued
for the post war period that prices are, to a great degree, independent of
VATHANONS in monetary ageregates.’ Lee and Li (1983) applied Granger
causalily test on Singapore data and found that money and income caused
cach other and money alse cavsed prices withowt feedback. A similar result
5 obtained by Ibrahim {1998) for Malaysia. In case of India, Rangarajan and
Anif (1990) found that changes in real output do not and inflation does
response e money supply. Dutta and Gangadbar (2000} concluded chat
structural factors, in addition to monetary faclors, play an importane role in
generaling and sustaining the process of inflation and fluctuations in
economic activity in India. In casc of Pakistan also, a number of studies
mveshigated the relationship, like Jones and Khilji {1988), Khan and Siddiqui
(1990), Abbas (1991), Husain and Mahmood (1998), Husain and Abbas
{20007, etc.” The present study is different to other studies on Pakistan in two
respects: firsl we have used Johansen coinlegration test which is superior 1o
residual based tests of coinlegration, and second we have included interest
rate alsa in the set of macroeconomic variables in an cxpectation of its active
role after financial liberalization. Theoretically there are 1wo types of
relationships between the four variables: (i) quantity theory of money
secording to which nominal money balances are proportional to nominal
meome, and {#) money demand function, wherein real money balances
(nominal money deflated by prices) is a function of income and inleres! rate,
Thus in a study of macrocconomic relationships, it makes sense to include
interest rate as a key variable, particularly when official control over it has
been removed, Further, the use of VAR based cointegration test helps us by-
passing the issue of exogeneily in estimating the equations between
macroeconarmic variables. The paper is organized as [ollows: the next section
gives methodology, section 11 presents results and the last section concludes

the paper.
II. METHODOLOGY

For testing the exstence of long-tun relationship we have used Johansen and
Juschus (1990} test of cointegration, and for examining short-run causalily

'as quated by Brillembourg und Khan (19793,

“Gee Tuble 2 for u review chart,
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and dynamics ervor correction madels have heen used. The cointegration 1est
requires that the senes should have the same order of integration. The order
ol integration ol a series is the number of dillerencing required for making a
series stationary. We used Augmented Dickey Fuller (1979) test of unit root
lar determining the order of integrution.” We have applied the following
ADF test on the level form of each series:”

Az.=a+dz +mAs  + e iy

z, 15 any one ol the money supply (m), prices (p), Inlerest waie 17, und output
(1), Initially we started the test without using the lag dependent in (1) and
applied Langrange MuBiplier test on the residual for existence ol serial
comrelation. The inclusion of first lag of the dependent variable removed
serigl correlation in Lhe residual in case ol test on level form. When the west
was applied on first differences there was no need of augmenting it with any
lag dependent. The null hypothesis of the test 1s:

Hy, é=1) {1 true, it implies z; has one wnit rool)

T statistic 15 used for tesung significance of the null by comparing it with
M ko inmon 1990 values at 3% critical lewel,

After determining the order of integration of all the four series we
applied test of cointegration. Cointegration 15 a statistical property that
desenbes long-run behuviour of econoreic time series. Formally i 4, and @,
are two integrated processes of the same order @, they are called cointegrated
if their linear combination g = a4, + 50, 15 integrated of order o-6, where b is
any integer such that 4 = & = 1. The long-run relationship will be stationary if

g, ~ K0},

There are nember of s available for coincegration. We have used
Johunsen's test on our senes of m, p, v, and 1. A brefl review of test
procedure is given below (adopted from Ericsson, 1992; Johansen, 1992 and
Johansen and Juselios, 19907,

Let X, be a vector such that X7 = (0 g ro m). We considered the
following VAR model:

1 3 : : S . L2
The unit et esting s cquivalont e wsing the order of iNTCZration bovause s sclics have
the samme number of unil reots as the nomber of Qifferencing, requived m make it stationary.

'In the exercise of unit root testing. we also included trend in the equation (17, but it did not
make any ditferenee to the implied order of intecration.
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Ke=mlog+ .. +tmXi+u+dDi+e (2}

where &~ IIN (0, (24.4), 2,=1 for the years 1991-92 onward and 0
otherwise. £, represents the financial reforms particularly introduction of
auctioning of t-bills and allowing private secior to open banks in 1991-92
(see SBP 2002, Annexn 2.1 for a mamix of reforms). We determined the
appropriate value of & starting with & = | on the basis of minimum S1C value,
With little manipulation of the above model, we pet:

N
AY, W= YT, AN g+ DD+, {3)
V=l
We have to investigate whether the coetficient matrix [T has information
about long-run relationship among the four variables, There are three
possible cases:
{f] Rank ([T} = 4, i.e. the matrix has full rank and the four variables are
stationary
(i) Rank (IT) =0, Le. the matrix is the null matrix
{éif} Rank (ITy=rand b = r= 4

If the third possibility holds, then according eo Granger representation
theorem, there are matrices o and [ (both having 4 = r) such that 11 = g8 - g7
i5 a matrix of coeflficients of the cointegrating vector and a is matrix of
adjustment factors. §° has the property that linear combination BX s
stationary. Thus the main hypothesis of Johansen’s technique is that there are
rcointegrating vetors, i.e.

Hg [1=gaf

The hypothesis is tested by the two likelihood statistics wiz.. Lrace
statistic and maximal ergenvalue statistic. The JTohansen test procceds step-
by-step. The first hypothesis tested is:

Hy #=10 apainst Hy; r=1
I 1t is rejected then the following hypothesis is tested:
Hpy r=id against Hyi; r=2

The lest procedure will stop when we fail to reject the null hypothesis

*The hypotheses are for likelihood ratio test bused on cigenvalug statistic. 1f we wse lrace
stalistic then hypotheses are formulated in a slightly different way.
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The cointegration test only reveals the existence or absence of any long-
run relationship between the variables; it tells nothing about the dircenon of
causality. For causality and dypamics of the relabonship among the lour
variables we estimated the following error correction maodels:

AZ = b+ DT AZ s+ p s B v i)
Ka

£, 15 one of the four variables viz., my, g ¥, oF #0 E; 15 linear relanonship
estimated by cointegrating equarion; other terms have the same mlerpretation
as before. Causality is determined by applying redundancy test on lags of
allernative variables in each of the four error correction models.

For money supply, we have used M2 definition, call money rate 1s vsed
as a representative interest rte, conswmer price index is used for prices, and
real GDP al factor cost is taken as a measure of output, Annual data from

1973 to 2003 is taken from various issues ol monthly Statistical Bulletin of
the State Bank of Pakistan. All vanables are used in log Torm.

1L RESULTS
The results ol wnit root est show that all the variables are integrated of order
one as reported in Table 1.
TARBLE |

Augmented Dickey Fuller Tesl

Lags Cocfticicnts | t-stabishe hf?::k:i:"i“ oo b
e A5%b | Eogratistic st
mo | 00082 | -LOB | -29627 | 0,38 0.7
fun il 071 185 | _29663 .41 (.75
It 1| —oworo | 07 | -29663 .13 0.94 |
! Ap u i1, 3964 ~3.8i 29665 0,19 nuG |
ke i a4z | 206 | 286 0.00 097
Ay i) 08057 4.36 | <29665 | 047 a7
N 02773 158 | —2uees 0,63 060 |
|_.-".r @ | -bE7 .55 -2.9665 044 044 |

"W have casored that dhers 15 no Orst o taed oder senial correlaton ooermocs on the basis
of LA teat.
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The test of Johansen’s cointegration shows that the lour vardables are
cointegrated and there is one cointegrating relationship among them, Table 2
shows the test results,

TABLE 2
Johansen’s Cointegration Test
Critical Values Hypothesized
: Likelihaad g R M. of
Eigenvaluc : s e
Fatio ; 50 _ 4, Cointegrating
{ Equations
07127 55,12 4721 hE i Mone
' (4523 [ 219 2908 3563 Al most |
(1 Ol 334 15,41 2002 At maost 2
ooot 0.20 | 376 665 | Atmestd |
Noe: 2 lags were used in VAR, ar which Schwarz info eriterion Bad minimum value
(12 1)

It is clear that the hypothesis of no cointegrating equation is rejected at

% eritical value. Since the hypothesis of at most one cointegrating equation

15 accepled, so there are no more than one cointegrating eguations in the

system. The test is undertaken in Eviews 3.1 which also reports un-

normalized and normalized cointegrating cocfficients. The cointegrating

equation is normalized for y; as below just to gel some meanings from the
coefficients.”

W53+ LIS m+ 005, 1.3 p +e (5]
(52) (08 (34)

Although the equation cannot be interpreted as cause and eflect sense,
we can say that 1% growth in money supply is associated with a 1.15%
growlh i real GDP in the long-run. If we are willing 10 accept these
parameters as elasticities, then the resull shows that outpur is elastic to
money supply or conversely money demand is less than unitary elastic to
cutput {with elasticity equal to 088, fe. inverse of 1.15) Similarly 1%
inflation is association with 1.38% decline in real GDP, and in terms of
elasticity output is highly responsive to inflation in the long-run. Since the

“Try parenthesis are t-suatistics.
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parameler of interest rate () 1s insignificant, o imphes there s no long-run
relatianshipy between interest rate and real G,

In arder to get cavsal relationship we estimated error correction models
(ECM ), The results of causality on the basis of ECOM are given below,

TABLE 3

Causality among Macrecconomic Vanables (ECM Bascd)

Hypathesis (Hy) F-statiatica | ]’mbabll.it;;.

OUTIMUT -IJILI:".b nat cause MONEY (x34 | 072
MOMNEY docs not cause OLTPL FAx | (100G
OLTPUT daes nat cause PRICES - (.23 G, -Iﬁl-‘.l
FRICES does not cause QUTPUT f.0% (.01 i
OUTPUT dacs not cause INTEREST RATE (e 5 D
INTEREST RATE does not cause OUTPLT 4l ! 067

| MONEY does not cause PRICES 033 | o2
PRICES does not cause MONEY | ER 155
MONEY does nol cause ]HTER.E;ST ]i..-".TE 204 .16
INTEREST RATE dacs not cause MUONEY ' .96 (h.40
PRICES docs nor cause INTEREST RATE ] I-.'.'-'R .20
INTEREST RATE does nol cause PRICES (44 LhiE

Motz Al the variables are i Drstdifferenee form thas represcnting growsh raccs.

With respect to money and output nexus, the results show that there 15
umdirectional causality from money growlh 10 outpul growth. On the other
hand, monetary expansion and inflation are independent to cach other. Thus,
although moncy plays a monetarist role in allecting output, it does not lead
inflation; this may be a typical case of a developing country, GDP 15 affected
also by inflation. If 80% confidence level is considered then the results show
thal money growth and inflation alse cause interest rate o change, While
expansion in money supply may alTecl interest rate, changes in interest rate
do not aflect maney supply. No causality is found between GDP growth and
changes in nterest rate. Thus, the results suggest that appropriate
intermediate targel of moeney policy 15 money supply, not interes! rale,
Further autpuc growth can be increased by increasing money supply without
any adverse ellec! on inllation.
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Chur results do not support those oblained by previows studies. For a
comparison of results on causality see Table 4. We are contented with our
results, as these are in accordunee o our understanding of Pakistan’s
ceonomy. For cxample, in a developing country ke Pakistan il is less likely
that grawth an monglary assets follows output growth; mnstead monetary

TABLE 4
Comparisen ol Results of Dhlferenl Studies on Pakistan
Sluedy b-':'||:||.'l|{' ad et linn: Fresulis Bemarks
Crata i
_____ |
Rzt arng | M- [
Ak {20004 19952003 (A | Juhareend bR P—¥
[ihéa iz ] W—H
& lgposed sepration ol
: \ . Bangladesh |
Husazn arit L Residunl hased' | ¥ o M ] : + 1
[ RN AL 5
Kl {240003) 1940-9HAY | Gramger/BECM | Moep | ® 100K mootial R and |
- prices Together in |
trivasiane case |
Husan and | i [ . i ' -
H::T:I-"::; P 19ERT - | Resideal based |, : :grw:lm:: Ffi.ﬂnm-ﬂ:‘.l.ﬁ'ﬂ'l?S [
Ml 1966 M1 | ECM i — gnared - sensorality in |
190 H N il [
Rzl Based? Ly lgnored sepanitian ol '
[ayers [ 1593 196 -Ho iay | : A=Y ' '
Hiebenn) Lol Ciranger EUM r:j o E Hunglihizh
Abbas [1597) 1960-85 (A} ';JI'J:IE.EI' M e Y [gmonel separakion ]
a Lausaliny Iunyg llesh
& Huns o omethod  applied
Doy witlaout cansidering
| ﬂidLill.]L.'i 19721 - Sim's st for | Y — M segsonality in dala
[ 10T . EELRES B10)] causality MaeP' | » Time spain could be
P ' extended in a study of
199
Jomess and e Cranger ]
p 147185 (M g ht B
Khilji {1958 | S causality '

— = umidirecional causality

e bi-directonsl cousulity

f- = no causnlity

“In his ECM model, M docs not appear in the equaton of P, implying P is not caused by M.
"For M1 itis M — P :

I — WD ne O,
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assels (as a proxy of financial development) lead growth in output.” Similarly
on the relationship of money and prices we conjecture thal in a developing
country monelary expansion may not necessartly lead to inflation. Since a
developing economy has uncmployed resources and there exists a scope [or
output growth the inerease in money supply would likely be transmitted into
real sector of the economy instead of prices. On Pakistan, the hirst study on
the subject was undertaken by Jones and Khilji {1988) who found the similar
resulls as ours, However, the later studies came up with different results
which themselves are contradictory, Some briel remarks on those studies are
given in the last column of Table 4 that may shed some light on their
contradictory results,

In order 1o see the dynamics of the relationship between the
macroeconomic variables, we are reporting those coelficients of the error
correction models that are significantly different from zero (t-statistics are
thus nol reported).

AY, o 0053 + 0307 AP, - 0.348 AP, 5 + 0,143 AM, | - 0023 1, (I = (1L.71)

AP - 0018 0268 £, + 0.464 AP, | (B> =0.71) (6
AM, = 0L.050 + (0L708 B, - 0657 AM, . (R = 0.50)
AR, =-0.732 - 0.555 AR, : (R = 0.44)

The following dynamics can be noted from the above mentioned
cyuations:

L. 1" inflation in first vear increases output growlh by 0,31% in the
second year but reduces it by 0.35% in the third year.

2. If money supply grows by % in a vear, the GDP will grow by
(.13% in the next year.

3. The reforms of 19905 and onward have depressed GDP growth by

)02 percent per year {as reflected by the coefficient of the dummy
variables I).

4. Cutput and imerest rate do not bear any adjustment mechanism 1o
long-run  equilibrium {insignificant coefficient of cointegrating

“Ingteed this argument Jeads us 1w the debate on tinance-growth nexus. We would ot invalve
in this debate except that majorily of sludies an this subject support finonee as o leuder (see
Lewine. 2003, {or & survey)
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vectar). Money supply also does not converge to equilibriam path it
a shock occurs, It s inflation which has converging adjustment
mechanism that in fact derives the system to equilibrium path in
case of shocks,

5, Inflation follows a first order autoregressive process. 1% inflation in
one year lurther increases prices by (L5% in the next vear.

6. Change in money supply also follows as autoregressive process.

The crux of the results is that nominal variables of money, prices and
nominal inferest rate follow an autoregressive process within this structure of
the model,” while the real variuble is affected by them,

IV, CONCLUSION

In this paper we have examined the long-run and short-run relationships
among lour key macrocconomic variables viz, money, output, prices and
interest rate. Using Johansen cointegration test, we found that there cxists
one cointegraling equation in the set of variables, We tested the existence
and direction of causality on the basis of error correction models, The results
show thal growth m money causes oulput growth, and does not cause
inflation. Interest rie is independent of the money, prices and even output.
Further, financial liberalization of 19905 has caused no shift in the Tunctions
of key macroeconomic variables except a reduction in GDP growth by 0,02
percent per year. Howewver, more advanced techniques are needed o
investigate the impact of financial reforms on macroeconomic relationships,
like testing of co-breaking.” A clear policy implication is that expansion in
money supply helps real GDP growth without any adverse impact on
inflation, or equivalently an attempl o control inflation through monetary
contraction may lead 1o contraction in real economic activity instead of
mllation,

"Further investigation into the processes of money and inflabon mily revedl thels othc
determinunts, but this 15 outside the scope oF his sudy,

"See for example lohansen e af (20007 Hendry and Mizan {1998} and Massooann (2005
o Ezchnigues of kst ol co-breuking.
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