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Abstract:

The purpose of this study is to empirically asgbgesmain determinates of
demand for money in Sudan paying particular atento the impact of
inflation and exchange rate movements on the eston&unction with
annual data over the period 1970-2003, using ogiat®n and error
correction methodology.

The results of the cointegration analysis conftha existence of a stable
money demand. The results of the dynamic model oheyw demand

suggest that money demand is influenced in thet shiar by income, the

expected inflation and the exchange rate.

The study recommended that; the broad money aggregald be used in
the process of monetary targeting for inflation tcolnin Sudan. Exchange
rate stability can be effective in controlling iilon in short- run.
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1. Introduction:

Finding a stable money demand function is generalysidered essential
for formulation and conduct of efficient monetarylipy. Hence,
considerable effort has been made in the empititadature — for both
industrialized and developing countries — to deteenthe factors that affect
the long-run demand for money and assess the igtatifilthe relationship
between these factors and various monetary agg®gat

The rationale behind used data from (1970-2003)s Tperiod witness
hyperinflation, uncontrolled exchange rate and soatdkcal policies e.g.
move from government intervention to liberalizationearly 1992, despite
that, the analysis shows broad money aggregated coel used in the
monetary targeting for inflation and exchange resm be effective in
controlling inflation in short- run. The inflatiooan be divided into three
periods: first there was a period of moderate ghhnflation from 1970 to
1988 with annual inflation rate hovering around 3Djercent. Second,
there was a process of very high inflation from 39896 and in 1996 it
grew by 130% the highest rate of inflation in Sud#tmwee digits). Third,
inflation receded to 17% average rate over 1990032

In other hand the exchange rate was fixed unti8l¢hen it started to
fluctuate. In mid 1978 a first major devaluationswmandertaken, but the
devaluation of Sudanese pound occurred in 19723,19978, 1979 and
1981 and the exchange rate became uncontrolladme 1992 until reached
2601.6 in the year 2003.

The major research problem to be addressed insthdy is to empirically
assess the main determinates of demand for mone$ugan paying
particular attention to the impact of inflation aexichange rate movements
on the estimated function, and then points to thelications of the results
for decision-making.

El Ghoul, (1977), Dowaitz and EL Badawi, (1987)dafAbdel-Rahman,
(1997) have studied the demand for money in SudBms study follows
this literature to estimate the demand for moneySiadan. In particular we
use systems cointegration analysis and error-dimrecmodeling to
examine the behavior of broad money for the perl®¥0-2003. The
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statistical properties of the study variables shbweat they could be
included in the cointegration analysis. The resoitsuch analysis indicated
that, the demand for broad money in Sudan is stalite analysis also
suggests that, in the long run, Sudan money densairdluenced by real
income, price level, exchange rate and expectddtimrfi. In the short run
money the first lag of money growth, income growtie exchange rate
movements and expected inflation influenced demand.

The rest of the paper is organized@kws; Section 2 the properties of the
data. Section 3 explains the methodology used hadetnpirical model.
Section 4 the data sources and. Section 5 discussithe estimation results
of the money demand for Sudan and provides thelgsino and policy
implications.

2- The Properties of The Data

The empiricalstudieson the demand for many starts by postulating a
demand for money function. In the standard litetmoney is demanded
because of the role it plays as a medium of exahamgl as store of value.
In most of empirical models demand for money isoaitpve function of
level of economic activities and the price levetthuse agents demand real
balances” money is also a negative function ofcthet of holding it.

This study proposes five variables to be includedhe empirical study
corresponding to the theoretical concepts (Grosséxtic Product (GDP),

broad and narrow definition of money, expected whténflation, parallel

exchange rate and general price level.

First: Money Stock either theoretical consideragion empirical evidence is
conclusive in demonstrating aboard definition o thoney stock [all the
deposit liabilities of the banking system] or narrdefinition (covering only

currency and demand deposits). However we use rbedbdefinition of

money.

The Scale Variable: The most commonly used inystgdthe demand for
money function is the gross domestic product GDiReeiin developed
countries or under developed ones. In the caseiddtrSthe real GDP is the
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best variable for economic scale, but accordingdémand for money
theories many variables can be use such as permizmgeme, wealth and
current income.

There are many variables that can be used to meedseiropportunity cost
variable for holding money such as interest rdte,ibterest on other assets
and the rate of inflation Cangn (1956).

In this study we used the expected inflation rateneasure the opportunity
cost for several reasons: first, financial marlaitside the banking system
are not well developed, so that the possibilitiéssabstitution between
money and other financial assets are limited. S&cthre interest rates are
often centrally determined and remain unchangedafdong period for
example in Sudan. The central bank changed theesiteate only six times.
In December 1966 July 1973, August 1973 FebruaB4I9ovember 1981
and January 1983. Third, interest rates were ahegebolished within an
Islamization package in 1984. The study used egpeatflation, as in
Cangn (1956) and Vito Tanzi (1980), as explanat@anable in determining
the opportunity cost for holding money.

These results agreeable with Modigliani’s rule lmirhb and supported by
Dornbusch and Fischer in their macroeconomic teokbo

The rule of thumb states that “if the nominal ietdrrate exceeds the
expected rate of inflation, the nominal interese rshould be thought of as
the cost of holding money if the expected inflatrate exceeds the nominal
interest rate, think of the expected inflation ragecost of holding money.
Due to the increasing dollarization of the Sudarssenomy we used the
parallel rate of exchange in Sudanese pounds pkar.ddhis variable
intended to pick up the direct opportunity costeeffof holding foreign
exchange vis-a-vis domestic real balances. Thaysiised the consumer
price index CPI as the price level.

! Dornbusch and Fischer (1978), p. 235.
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3= The Methodology

The study followed the approach of Error CorrectMeachanism focusing
on the short-run dynamics while making them cossistwith long-run

equilibrium. Cointegration is statistical concepat is introduced into the
economics literature by Engle and Granger (1987d Aave been used
widely in studies concerning financial time seri€se individual time series
should be non-stationary for inclusion in the cegration analysis. Below
we show the technique for testing for stationarity.

3-1 The Stationarity:

Every empirical work based on time series dataukhdirst test for
stationary before running any estimation to avdid problem of spurious
regression [when running two time series togetimer @btains a very high
R? although there is no meaningful relationship befvehe two variables].
Unit root test is performed to test for the statignof variables. Dickey and
Fuller (1979) (AD) propose a testing method thatuse in the study. The
simple form of the DF test could be expressed as:

Ay, =0y, +U, 1)
DF test equation with a constant:
Ay, =a + oy, , +U, (2)

DF test equation with a constant and trend:
Ay, =a + fitrend + Jy,, +U, (3)
ADF test equation:

Kk
AY =+ ftreend + &, + > Aby,  +¢, (4)

i=1
Where;
Y+ = the variable under study.. & random variable {= 1ID (0.6°). The
null hypothesis is thad = 0 and alternative hypothesds < 1
The Augmented Dickey and Fuller (ADF) allows fogdaof length k in
estimation of the coefficiewt. The series is stationary & is significantly
different from zero i.ed # 0.
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3-2 Co-integration:

Cointegration is relatively new statistical conceptoduced into economics
literature by Engle and Granger (1987). It is desdjto deal explicitly with

the analysis of the relationship between integraedes in particular; it

allows individual time series to be integrated kneiquires a linear

combination of the series to be stationary.

The basic idea behind cointegration to search fonear combination of
individually integrated time series that itselstationary.

3-3 Co-integration in multivariate system

The Johansen ML Approach:

Engle and Granger suggested a two equations mdtrodointegration

analysis; however we use Johansen and Juseliugedua which is a
multivariate generalization of the ADF test. Jolmmsind Juselius (1992)
consider the following p-dimensional vector autoesgive (VAR) model of
order k

K
Xt:ZAixt—i+€t )
=1

WhereX; is Px1 vector and ; is an independently distributed p-dimensional
vector of innovations with zero mean and varianegrixXu.

The maximum likelihood estimation and likelihoodisatest of this model
has been investigated by Johansen (1988) and cdrdoeibed as follows.
First lettingA=1-L, where L is log operator, equation (5) canelpressed
as;

k-1
AXt =Z riAxt—i +7—D(t—1+ut (6)

i=1

Where

ri:—[l—jzi:l:AiJandﬂ:_(l —ZA) ()

With the PXP ‘total impact’ matrix/l containing information about the
long-run relationship between the variableXin
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In the context of (eq. 6), the number of distinotntegrating vectors that
exist between the P elementsXpiwill be given by the rank of'?, devoted
asr. The rank of a (square) matrix is the number pédrly independent
rows (Columns) in the matrix and is given by thember of its
‘eigenvalues’ that significantly different from zer

In the context of (eq. 6), ifl consists of all zeros, its characteristic equation

has solutiond, =4, =---=A_ =0 and rank 71=0 where A means an

eigenvalue (or characteristic root). In this ca®e. 5) is the usual VAR
model in the first differences and there pmanit roots and no cointegration.

Johansen proposes two tests for the number ohdistointegrating vectors
— the trace and maximum eigenvalue tests. In theetrtest, the null
hypothesis that there are at most r cointegrategors is tested (against a
general alternative) by calculating the test diatis

P A~
Atrace(r) - _Tzllog(l_ Ai )
Where /ii (i =1---, p) are the estimated eigenvalues obtained from the
estimated7 that has solutiond, =A, =---=A_=0. In this case each lag

(1—/ii) will equal zero (since log 1=0) and equal zero, the more

trace

trace

negative is each of expressions I&b— ;l.) and the larger thel

statistic.

In the maximum eignvalue test, the null hypothesisr cointegrating
vectors is tested against the alternativer®l cointegrating vectors by
calculating the test statistic

Ao (rr +1)=-Tlogl- 4.,
Again if the estimated eigenvalué,+l, is close to zeroAd _ will be small

and the null hypothesis that the number of coinilegrvectors ig will not
be rejected.
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3-4 Error Correction Models:

If cointegration relationship is identifieflt Is integrated of order zero, then

according to the Engle and Granger representatieorém there must exist
an error correction representation relating cureamt lagged first difference

at y, and x, at least one lagged value ﬁt. The error correction model can
be-written as:

Ay, = B + ﬁyil—l + z Byldy,_; + z B,AX _; +V, (8)
=t =t

Ax, = B, +ﬂxit—1+2ﬁ2jAyt—j +ZIB2jAX’(—j tv,_ O
j=1 i=1

Where B, B,, B, B, ,q]', and ,@j, are all parameterd_y, and

> X are white noise disturbances aﬁq_l estimates the deviation from
long — run equilibrium in periodl —1.

The purpose of error correction model is to focnghe short-run dynamics
while making them consistent with the long-run étum. In particular,
the error correction model show how and x. change in response to

stochastic shocks, representedy,, and >_ X, and to the previous

periods deviation from long-run equilibrium repretesl byit_l.
Notice that ,By and [,  can be interpreted as speed of adjustment

parameters. For example, the Iargelﬁ;: the greater the responseypto

the previous periods deviation from long-run edpitim.
On other hand, very small values (ﬁy imply that y; is relatively

unresponsive to the last period’s equilibrium error fact fory; to be
unaffected by, ,By and all the,Blz(j) coefficient in (eq. (8) must be equal

to zero.

The cointegration and error-correction frameworkvengoroved to be
successful tools in the identification and estio@tof aggregate money
demand functions. This type of approach to the dehiar money captures
the long-run equilibrium relationship between moraeyl its determinants
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the short-term dynamics. It is in this sense th& &pproach represents a
significant improvement over the partial adjustmeptcification, which
severely restricts the lag structure by relyingegolbn ad hoc economic
theory without examining the actual data

4= The Data Sources:

The data collected from different sources, the threfinition of money M
and the parallel exchange rate collected from tbeti@l Bank. The rate of
inflation “consumer price index” and Gross Dome&troduct (GDP) from
the Central Bureau of Statistic (CBS) and Minigifyrinance.

The period 1970 — 2003 witness some radical’'s emon@olicies e.g.
intervening of international donors such as WorldnB International
Monetary Fund. Moving from government interventionliberalization so,
this period need to be address with some sericugiest using advance
econometric methods.

3 = The Model Specification and Results.
In this study, we build a demand for money functainthe demand for
money; therefore, the desired demand for moneydcbe specified as
follows:
m%h=Bo+P1p+ Bayi+ Bsa+ Bsin + v (10)
Where all lower-case letters lettering, hencefodémotes logarithms of the
variables and;

m% = is log desired nominal money

p.= log of general level of price CPI
Vi= log of real GDP

et=  log of parallel exchange rate
in=  the rate of expected inflation
vi=  error term

The expected signs and the magnitudes of the caeefts are:

B1<0,B2> 0, B< 0, B< 0.

The model is based on quantity theory assuming tanglemand for

money at equilibrium, that is;

Mdt =Ma.

The exchange rate is added to account for the @ssnof the economy and to
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pick up the direct opportunity cost effect of hoigli foreign exchange as
alternative to domestic real balances (currencytsuitions) (see Dowaitz and
El Badawi, 1987). Expected inflation is included asmeasure of the
opportunity cost for holding money as Cangn argugge Abdel-Rahman,
1997).

5-1 Stationarity Result

Before modeling error correction the univartatet uniots were tested to
check for stationarity, the unit root tests areegior the log level and first
difference (changes) of the data and the resuithte (2).

The results of the test statistic ADF showed thattest failed to reject the
unit root hypothesis when the variables testecewels. The ADF confirm

the null hypothesis for general level of price @avél and difference, while
the null hypothesis is rejected for the first diéiece for the other variable.

Table (1)
Unit Root Tests
. Leve First difference
Variables |\ pe garistics Lag | ADF-statistics | 29
m, -2.432 (4) -4.226 ** (0)
-3.442 (3) -2.07 Q)
-2.3438 (3) -3.597 * (1)
e -2.084 (4) -4.654 ** (0)
in -1.674 (3) -3.982 * 1)
Notes:

ADF is augmented Dickey Fuller Test. The null iattthe series tested contain until root.
Each variable was expressed in log and has bekrdad with four lags; the test includes a
constant and time trend for all variables in leaedl constant for the variables in first
differences.

Asterisks * and ** denote rejection of the null logpesis at 5% and 1% level respectively.

5-2 Co-integration Results
As the results of unit root showed in table (1)ca@ apply the cointegration
technique to estimate the long-run money demand.ugéel Johansen and

10



ﬂ Khartoum University Journal of Management Studies KUJMS
School of Management Studies. Vol.10, Issue 1, 2016

Juselius (1990) because this method, is based oamua likelihood
optimization, and provides more robust resultseesly when more than
two variables involved, (see Irfan Civeir (1999).drder to test the number
of cointegration relationship amongst the variahlebansen and Juselius
(1990) provides two different tests to determine tlmmber of cointegration
vectors, namely trace and maximum eigenvalue téstghis study, we
include VAR in order two depending on the sequémnfiatest, include the
time trend to capture the changes in monetary pali devaluation. Table
(2) shows the results of estimation.

As can be seen from table (2) the results of tgaigingd-max eiginvalue
statistics and trace statistics suggest that thpothgsis of unique
cointegrating vector is not rejected. The normaiz®integrating vector
corresponding to the long-run demand for moneyhsas in table (2) in
row number 8. As seen, the estimated coefficientpfice is below unity
equal -0.714 while that of income is equal -0.56le estimated long-run
coefficient for price level, rate of expected itifbe, exchange rate and trend
were statistically significant and the income was According we proceed
to impose restrictions on the estimated coeffigahtit are most likely to
accept.

The imposition of unitary restriction on the incomeefficient is accepted
X2 =1.7327 (0.183)finally we impose unitary restrictions on the price
coefficient and is accepted?X -4.285 (0.117) the restricted long-run
money demand relationship is written as :
m, - p =y - 0.2538E - 0.01560in + 0.0659 trend (%)
(.016) .018) (.058)

! The calculated Chi-square is followed by symptomBtivalue in parentheses.
2 Numbers in parentheses are asymptotic standastserr

11
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Table(2)
Cointegration Testing and Analysis of the Money Demand
Eiginvalues 0.70870 0.55059 0.4360p 0.3806 0.16370
Null Hypothesis r=0 £l r<2 r<3 r<4
Rankn=r 38.235* 24.79 17.75 14.85 5.46
95% critical values 37.68 31.79 25.42 19.22 12.3p
Trace-statistics 101.11* 62.87 38.08 20.32 5.4
95% critical values 87.17 63.00 42.34 25.71 12.3p
Normalized m; p y e in trend
cointegration vectors 1 -0.714 -0.561 0.070 0.0045 -0.117

(0.000) (0.0839) | (0.2618) | (0.0696) (0.080) 0.0172
Restricted cointegration
vectors

1 -0.766 -1.000 0.086 0.04 | -0.095
X2 (1): 1.7327 (0.188) | (0.000) | (0.1200) | (0.000) | (0.0933) | (-88) | (-0.018)

1 -1.000 -1.000 0.253 0.015 -0.065

X? (2): 4.285 (0.117) 0.000) | (0.000) | (0.000) | (0.058) | (0.016) | (0.018)

Notes: The estimation period is (1970-2003), the VAR under 2 using the analysis included trend to
capture the changes in monetary policy and devaluation Asterisk* denotes significance at 5% level
number in parentheses are symptomatic standard error and numbers in brackets are p-value of the X

statistics.

The restricted demand relationship of equation (g&¥®als that the income
elasticity of nominal M is unity in consistence with the quantity theory
hypothesis. The semi-elasticity of nominal moneythwiespect to the
exchange rate as well as inflation were statidticagnificant implying the
relevance of the currency substitution hypothesid #he work of Cangn
type of mechanism for Sudan. The positive trendigsghat the innovation
in the monetary institutions, throughout the studgriod, positively
contributes to strengthening of the demand for ngone

5-3 The Result of Error Correction Mode:

Based on cointegration analysis, the next ste isnbodel the short-run
demand for real broad money in a single equationtesth using error
correction model (ECM). The short-run model revdadsy the adjustment
mechanism works to revert the system to the eqiilib condition when it

12
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is disturbed by exogenous shocks and thus devgticom the long-run
level. In the case of money demand, the error cbooe terms (ECM)
represents the disequilibrium from the long-runusoh, with money
adjusting in the subsequent period. The error woafficient should have a
negative sign be not large than one. The errorectan model could be
specified as follows:

k-1 k-1 k-1 k-1
Am, =y + z yadm, +z JZIA +Z Vale +Z Yaling +/](ECM )t—l D, +V,
= = = =)

(12)
Where all the variables in the first difference amd include the real
balance of broad money and we added dummy to atémuthe changes in
fiscal policy and to capture the high inflation $udan during the period
1992 to 1997.

We can specify the model above and divide it irdgarfparts. The first
represents the quantity theory of money becauseas itexogenously
determined; the price level is only endogenousabdel So the demand for
real money is proportional to real income, the sdcpart is exchange rate,
which represents the currency substitution motméjch assumes that
agents maximize the return on their wealth subjeagiven level of risk.
Agents can hold different assets and switch betwkem simultaneously;
these assets are domestic money, domestic bonasgrfomoney, and
foreign bonds (see Irfan Civeir, 1999). In this rabthe agent substituted
the domestic currency with the dollar this phenomisncalled dollarization
(see Abdel-Rahman, 1997) and (Dowaitz and El Bada@87). The third
part refers to the expected inflation and this iasdd on Cangn
hyperinflation type of mechanisms the last pathes error correction term,
which accounts for the deviations from the long-retationship. In this
representation short-run dynamics is modeled bymasing in first
difference.

The model is fitted to annual data over the pe(ifl’0-2003) and ordinary
least square estimation was used to obtain the esreection model and the
result were shown in table (3).

The R suggests that 63 percent of variation in the dégenvariable were
explained by the explanatory variables. D.W tesjgssts that there is no
auto correlation problem.

13
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The diagnostic statistics shown in (table 4) do noticate any

misspecification in the model, except the test fon-normality of the

residuals, which fail. However, since the normadtrution is only of

limited importance for out inference we do not ddas these results as
problematic.

The estimated coefficients of the ECM were sigatificand consistent with
the economic theory except the exchange rate tmatomically consistent
but statistically insignificant. The coefficient dvi, (-1) has negative sign
and this result is similar to one obtained by (Ak%jr2004) who argued that
this sign is expected according to the evidencesvshin the extensive
literature on empirical money demand.

The coefficient of the ECM was negative and sigaifit and it implies that

35 percent of disequilibrium is corrected each year

Table (3)
The ECM of Demand For Money For Sudan (1970-2003)
Regressors Coefficient F-Ratio Prob.
Constant 0.4045 4.1285 (000)
A rm2 (-1) -0.1691 -1.218 (0.234)
Ary 0.4634 2.4817 (0.020)
Ae -0.00187 -0.1121 (0.912)
Ain -0.00188 -1.746 (0.093)
ecmi(-1) -0.3503 -3.633 (0.001)
D -0.1533 -1.986 (0.058)
R?=0.630 Ajusted R= 0.5419 F=7.112(0.000) DW =2.132

14
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Table(4)
Diagnostic Test
Test statistics LM version F version
A | Serial Correlation 1.684 (0.194) 1.333 (0.240)
B | Functional Form 1.0790 (0.299) 0.8374 (0.3p9)
C | Normality 76.1896 (0.000) Not applicaffle
D | Hetero Scedasticity 0.36087 [0.548] 0.341360)

Notes:
A: Language multiplier test of residual correlation
B: Ramsegs RESET test using the square of fittadegal
C: Based on a test of skewness and kurtosis ofuakid
D: Based on the regression of squared residualgwarad fitted values

This means that agents will come back to theirléagyium line slowly
following a shock to demand for money. This caméint is greater than
that obtained by (Abdel-Rahman, 1997) and (Dowaitel El Badawi,
1987).

The one step forecast test shows the probabilajues where the
hypothesis of parameter constancy would not bectegjleas it is seen in
figure (10). Overall, the parameter constancy teseals that short term
Sudan demand for real Nk stable and can be used for forecasting.

In Sudan, the interest rate, as opportunity cost,not an important
determinant of money demand (see El Ghoul1977)w{izcand El Badawi

1987) and (Abdel-Rahman 1997). So the expectedatiofi and the

exchange rate are the instruments, which affect emodemand. The
analysis confirms this observation, and suggest #ither the exchange
rate or the stock of money could be used in the agament of the
economy. An important policy implication of our &yss is that; the broad
money aggregate could be used in the process ottagntargeting for

inflation control in Sudan. Exchange rate stabildgn be effective in

controlling inflation in short- run.

15



ﬂ Khartoum University Journal of Management Studies KUJMS
School of Management Studies. Vol.10, Issue 1, 2016

6- Conclusion

This study used cointegration and error correctmrestimate the money
demand in Sudan over the period 1970-2003.The sttitlyed Johansen
and Juselius maximum likelihood cointegration pthoe to estimate the
long —run money demand. Then used the OLS to eithe short —run

dynamic ECM for money demand. Overall, cointegratiwas confirmed

among the key variables considered in the demanction and the study
also indicates that the error correction mechangia good representation
of money demand in Sudan over the period 1970-28003h

The factors that determined the demand for monethénshort —run was
income, expected inflation, the parallel exchange,rdummies and the
error correction from the long demand for money.

The study excluded the rate of interest followihg arguments porposed by
AlGoul (1977) Abd El Raham (1997) and Dowitz antdtwi (1987),

The results of the analysis provide evidence inpsupof the presence of
currency substitution and Cangn type of mechanisiiné money demand
in Sudan. Thus the monetary authority should take account the impact
of the exchange rate and expected inflation in tbenulation and
conduction of monetary policy in the country. An pomtant policy
implication of our analysis is that; the broad mpaggregate could be used
in the process of monetary targeting for inflaticontrol in Sudan.
Exchange rate stability can be effective in cotitrglinflation in short- run.

16
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FIGURES :
Figure (1)
Log narrow money 1970-2003
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Figure (3
Log of broad money
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Figure (5)
Log of real broad money and real GDP
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Figure (7)

Growth rate of real Miand M2, 1970-2003
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