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‘test

Date: 02/16/10 Time: 20:55

Sample: 1970 2009

Included observations: 37

Test assumption: Linear deterministic trend in the data
Series: DEFY GRY

Lags interval: 1to 1

Eigen value Likelihood 5 Percent 1 Percent Hypothesized

Ratio Critical Critical No. of CE(s)
Value Value
0.253203 15.48715 15.41 20.04 None*
0.118922  4.684542 3.76 6.65 At most 1 *

*(*+) denotes rejection of the hypothesis at 5%(1%) significance

level
L.R. test indicates 2 co integrating equation(s) at 5%

significance level

Normalized Co integrating Coefficients: 1 Co integrating

Equation(s)
DEFY GRY C
1.000000 -2.139874 13.33548
(1.33570)
Log -204.9622
likelihood

Pair wise Granger Causality Tests
Date: 02/16/10 Time: 20:52
Sample: 1970 2009

Lags: 2

Null Hypothesis: Obs F-Statistic  Probability
GRY does not 37 0.79937 0.45839
Granger Cause DEFY

DEFY does not Granger 0.17360 0.84142

Cause GRY
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Variable ADF -t Critical values
DEFY -5.465674 -3.6228
GRY -5.952167 -3.6228

residual sum of squares (RSSUR) (1
Stationarity (2

spurious regression (3

Regression or co integration test (4
Granger Causality Test (5
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Fiscal dominance model:
Dependent Variable: INF
Method: ML - ARCH
Sample: 1970 2008
Included observations: 39
Convergence achieved after 65 iterations

Coefficient Std. Error z-Statistic Prob.

(o] 12.24252 4.032522 3.035947 0.0024

DEFY 1.672815 0.505909 3.306554 0.0009

GREX 36.17348 6.372634 5.676378 0.0000

GRY 0.471223 0.360040 1.308807 0.1906

SEIY 20.97825 1.703863 12.31218 0.0000

Variance Equation
C 10.20021 26.81603 0.380377 0.7037
ARCH(1) 1.295785 0.751993 1.723134 0.0849
GARCH(1) 0.131250 0.131534 0.997839 0.3184
R-squared 0.527669  Mean dependent var 36.56590

Adjusted R-squared 0.421013  S.D. dependent var  36.28535
S.E. of regression 27.60996 Akaike info criterion 8.722602

Sum squared resid 23631.60  Schwarz criterion 9.063846
Log likelihood -162.0907 F-statistic 4.947411
Durbin-Watson stat 2.165669  Prob(F-statistic) 0.000768
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Fiscal dominance ECM: ARCH Test:

Standard errors & t-statistics in parentheses F-statistic 0.245303 Probability 0.623412
Obs*R-squared 0.257179  Probability 0.612065

Dependent Variable: STD_RESIDA2

Cointegrating Eq:  CointEq1

INF(-1) 1.000000
SEIY(-1) 47.61901 Method: Least Squares
(19.3331) Sample(adjusted): 1971 2008
(-2.46309)
GREX(-1) 45.90337 Included observations: 38 after adjusting endpoints
(70.8376) Variable Coefficient Std. Error t-Statistic Prob.
(0.64801)
GRY(-1) 7321154 c 1.102803  0.244772  4.505431 0.0001
(6.40844) STD_ -0.081829 0.165218  -0.495281 0.6234
(1.14242) A
5 e RESID*2(-1)
Error Correction: D(INF) D(SElY) D(GREX) D(GRY) R-squared 0.006768  Mean dependent var  1.022577
ECT -0.271607 -0.002732 -0.006006 -0.047600 Adjusted -0.020822  S.D.dependentvar  1.119632
(2.08459) (0.00372) (0.00203) (0.02308) R-quared
(-3.21105) (-0.73425) (-2.95483) (-2.06216) S.E. of 1.131228  Akaike info criterion  3.135681
D(INF(-1)) -0.463419 -0.004785 0.005022 -0.007917 E ;
(0.16315)  (0.00718) (0.00392) (0.04452) gression
(-2.84041) (-0.66687) (1.28082) (-0.17783) Sum squared 46.06840 Schwarz criterion 3.221870
D(INF(-2)) -0.220760 -0.008666 0.000381 -0.021953 resid
(0.15309)  (0.00673) (0.00368) (0.04178) . .
(-1.44206) (-1.28707) (0.10357) (-0.52549) Log likelihood -57.57795 F-statistic 0.245303
D(SEIY(-1)) -2.050602 -0.236517 -0.315919 -1.309656 Durbin-Watson 1.987164  Prob(F-statistic) 0.623412
(5.94042) (0.26127) (0.14275) (1.62108) -
(-0.34519) (-0.90526) (-2.21303) (-0.80789)
D(SEIY(-2)) -3.048427 -0.121761 -0.211574 -0.799895
(5.52347) (0.24293) (0.13273) (1.50730) o L ) .
(-0.55190) (-0.50122) (-1.59397) (-0.53068) a2y ECM il musvias zigs Al gigadd! Jugd &
D(GREX(-1)) 34.08275 0.202630 -0.573699 3.541433 A o Lasla ST PR Las
(6.77432) (0.29794) (0.16279) (1.84865) o Toogd) ADF ,Las goylo e wlilinl duigSaw s Lizs|
(5.03117)  (0.68009) (-3.52409) (1.91569) LSl e bl o el s Jaw™l I Joad
D(GREX(-2)) 14.97141 -0.116799 -0.294451 0.672124 i - o v C‘ i - s "
(7.39200)  (0.32511) (0.17764) (2.01721) de b o9 G0 0 AiSLa LgiST goidl 8
(2.02535) (-0.35926) (-1.65760) (0.33320) .. . . . il o e .
D(GRY(-1)) 1.657100 -0.002259 -0.004748 -0.277414 duilSo] e L A ST dpsliassX] oyl @laes
(0.88198)  (0.03879) (0.02119) (0.24068) A3Mell Jle Jouasll il LSl Las gl
(187885) (-0.05823) (-0.22400) (-1.15261) Ja . Jo I P
D(GRY(-2)) 2678186 0.044743 -0.007491 0.091769 8ylo ) Figeid Ladg allaasag mswnill (yu dusjlesll
(0.78440)  (0.03450) (0.01885) (0.21405) AL
(3.41432)  (1.29694) (-0.39740) (0.42872) e
C -1.030884 -0.009436 0.003306 0.221929 Table (16) ADF tests of stationarity:
(3.04849)  (0.13408) (0.07326) (0.83190)
(-0.33816) (-0.07037) (0.04512) (0.26677)
R-squared 0.672606 0.256306 0.575327 0.442378 Variable ADF -t Critical values
Adj. R-squared 0.559277 -0.001127 0.428325 0.249355
Sum sq.resides 8577.443 1659194 4.953366 638.7543 DEFY -5.465674 -3.6228
F-statistic 5934996 0.995624 3.913733 2291844
Log likelihood -149.6025 -37.13895 -15.37966 -102.8498 GREX -7.565475 -3.626784
Akaike AIC 8.866805 2.618831 1.409981 6.269433 SEIY -5.740661 .3.6228
Schwarz SC 9.306671 3.058697 1.849847 6.709300
Mean dependent  0.005000 -0.000595 0.000133 0.169444
S.D. dependent 27.35958 0.798394 0577283 5.720883

Tigaidl g0 jn2lly Jugailly sadidl goidl st sey

Determinant Residualcovarianc 174.4134

Log Likelihood -297.2329 bls)Xl dlS o slesX SEIY peic hndd dileiawXlg
Akaike Information Criteria 18.95738 Lat Qs Tig< pads & multicolleanarity a3
Schwarz Criteria 20.89279
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5. CONCLUSIONS AND POLICY IMPLICATIONS
This paper estimates the effect of foreign financial
variablesinaddition tothe traditional macroeconomic
variables suchas price level, realincome andinterest
rates on money demand in Sudan by applying the
bounds testing approach to annual data over period
1970-2008. Various test results have generally
confirmed the existence of both the long-run and
short relationships among the variables.

First, the results ofthe short-runARDL model (Table 2)
reveal that the coefficient of realincome is statistically
significant at 1% level and correctly positive which is
consistent with theory. Additionally, the coefficient
of domestic interest rate is significant, implying that
domestic interest rates do affect the demand for real
money balances in the long run in Sudan. Likewise,
the demand for real money balances is negatively
influenced by nominal exchange rate, which implies
the existence of currency substitution phenomenon.
However, the coefficient of foreign world interest
rate is insignificant.

Second, the results of the error-correction model
(Table 4) indicate that the coefficients of real
output and domestic interest rates are statistically
significant at reasonable level. The error-correction
term is significant at 1% level and correctly
negatively signed, suggesting that approximately
18% of total disequilibrium in real money demand
was being corrected in each year in Sudan across
the study period.

Finally, the results of the long-run ARDL model (Table
5) reveal that demand for real money balances is
positively and negatively impacted by real output and
domestic interest rate as the theory would predict.
The most important implication of the findings of this
study is the confirmation of the existence of both
the long-run and short-run relationships among the
variables. More importantly, real demand for money
is significantly affected by domestic real output and
domestic interest rates in the long run in Sudan. As
the results have clearly revealed that exchange rate

variable significantly and negatively affect demand for
real money balances in the short run, policy makers
may need to formulate an exchange rate policy
flexible enough to ensure stable and predictable
money demand function in both short-and-long runs
in Sudan. This is because currency substitution by the
country’sresidents can have far-reachingimplications
for the macroeconomic performance of a country in
terms of government deficit financing, exchange rate
policy, conduct of independent monetary policy and
foreign debt management.
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Figure 3. Plot of cumulative sum of squares of recursive residuals (CUSUMSQ)
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4.3 Long-run Autoregressive Distributed Lag (ARDL) Estimation Results
After establishing a long-run relationship among real money, real output, nominal exchange rate and domestic and
foreign interest rates, we can proceed to estimate equation (2) in the following ARDL (n, p, q, 1, s) specification

L3 2 i s i
hm=o,+>0ahm, +>o,hy_ +>ohe +Do,R., +D0,R, +H, (3)
=0 i=l I=0 i=l i=0

The results of the ARDL model results reported in Table 5 reveal that only the coefficients of real output and domestic
interest rates are statistically significant at least at the 10% level in addition to carrying correct positive and negative signs
respectively. The value of the estimated income elasticity of money demand is greater than 1, which is inconsistent with
the hypothesis of economies of scale in money holding predicted by the transactions and precautionary theories. In this
regard, Hueng (1998) argued that such a high valued could be due to the use of broader definition of money as is the case
in this study. However, the coefficients of exchange rate and foreign (US) interest rate are not statistically significant.

Table 5: Long-run Autoregressive Distributed Lag Results ARDL(1, 0, 1, 0, 0]

Regressors Coefficients Standard Deviations p-Values
Intercept

y 1.4153" 0.6773 0.045
e -0.0875 0.1197 0.470
R -0.0554' 0.0313 0.088
R -0.0256 0.0562 0.651
Constant -15.0076 -13.4389 0.273

Note: (") and (') refer to 1% and 5% level of significance.
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Table 4: Error correction representation for the selected ARDL model (1, 0, 1, 0, 0)

Results of the selected error-correction model

Regressor Coefficient Standard Error p-values
Ay 0.2581° 0.1514 0.098
Ae 0.0894 0.0589 0.139
AR -0.0101" 0.0039 0.014
AR -0.0047 0.0099 0.639
ECM(-1) -0.1824" 0.0715 0.097
A Constant -2.7367" 2.6243 0.016
R-square 0.4264

Durbin-Watson test 2.0389

F-Stat. F(5, 32). 4.6091

Note: () and (") refer to 1% and 5% level of significance.
Ecm =LnM-1.4153* Ln Y + 0.0874* Ln RER + 0.0554*IR +0.0256*WIR +15.00 76*C

To check whether the estimation regression equations were stable during the study period, we plot the CUSUM and
CUSUM of squares tests (Brown et al; 1975) as shown in Figures 2-3. The importance of these tests is that a movement
of the CUSUM and CUSUM squared residuals outside the critical lines is suggestive of the instability of the estimated
coefficients and parameter variance over the sample period. In both Figures, the statistics fall inside 5% critical lines,
implying that regression equations are correctly specified and no systematic changes have occurred in the regression
coefficients across the study period. Figure 2 shows that a slight shift in MDF was observed in the period 1996-2001 in
which the statistics fall outside 5% critical line.

Figure 2. Plot of cumulative sum of recursive residuals (CUSUM)

'151111%1111%1111%1111%1111%1111%1111%11111
2970 1975 1980 1985 1990 1995 2000 2005

The straight lines represent critical bounds at 5% significance level

TS e



Similarly, whenreal outputis the dependentvariables,
the calculated F-statistics, 4.3181 lies above the
upper bounds of the critical values of 4.049 at the
5% level. Finally, when domestic interest rate is the
dependent variables, the calculated F-statistics,
19.2457, lies above the upper bounds of the critical
values of 5.122 at the 1% level. These test results
indicate the existence of cointegration among the
variables when real money supply, real output
and domestic interest rates are the dependent
variables respectively. In contrast, when nominal
exchange rate or world interest rates are, in turn,
the dependent variables, the calculated F-statistics,
3.5765 and 0.8124 fall below the lower bound of
the critical value bands at any level of significance,
suggesting that there is no cointegration among the
variables. Thus, the results indicate the existence
of at least three cointegration relations among the
variables only when real money supply, real output
and domestic interest rate are the dependent
variables in the Sudan’s (MDF) model and hence,
these variables could be considered as the ‘long-run
forcing’ variables for the explanation of real money
demand in Sudan across the study period.

Before estimating equation (2), the lag length
was selected using Schwarz-Bayesian Criterion
(SBC). Using 1 as the maximum lag length with
real money as the dependent variable, the results
of equation (7) are reported in Table 2 in which
the coefficients of all the variables except that
of exchange rate and foreign interest rate are
statistically insignificant.

The results of the ARDL model reported in Table
3 indicate that real money supply is positively
influenced by real output while negatively by first
lag of nominal exchange rate and domestic interest
rate respectively. The coefficient of determination,
which gives the total variation in real money supply
explained by the model, is as high as 0.9179,
suggesting the overall goodness of fit. Furthermore,
the model passes the three diagnostic tests of no
serial correlation, no incorrect functional form and
no heteroscedasticity. The Durbin-Watson statistic
is as high as 2.0389, indicating no problem of serial
correlation.

Table 3: Autoregressive Distributed Lag Results
ARDL(1,0,1,0,0]

egressors Coefficients Standard P-VALUES
Deviations

Intercept -2.7027 2.6473 0.315
m(-1) 0.8176™ 0.7159 0.000
y 0.2581" 0.1514 0.098
e 0.0894 0.0589 0.139
e(-1) -0.1054" 0.0565 0.072
R -0.0101" 0.0039 0.014
R 0.0023 0.0091 0.639
R-Adj. 0.9179
DW-Stat. 2.0389
S.E. 0.1332

Diagnostic tests F-statistics

Serial Correlation F(1, 30) = 0.0721 [0.7961]
F(1, 30) = 0.3832 [0.563]

F(1, 36) = 0.0309 [0.854]

Functional Form

Heteroscedasticity

Note: (**) and (*) refer to statistical significance level at 1% and 5% respectively.

4.4 Estimates of Error Correction Representation
for the selected ARDL model

Since we established the existence of long-run
relationship among the variables, we can estimate
equation (2) by including error correction terms as
independent variables. This is because tests involving
differenced variables can be misspecified and some
important information may be lost if the variables are
cointegrated. This problem can be avoided only when
lagged error-correction terms (ECMs), derived from long-
run cointegrating vectors, are included as independent
explanatory variables in the estimation process.

The results of the error-correction model are reported in
Table 4. Only the coefficients of changes in real output
and domestic interest rates are statistically significant and
correctly signed. The underlying short-run ADRL equation
also passes other tests such as the Durbin-Watson, which
is close to 2, and the significant F-test. The error-correction
term that represents the proportion by which a long-run
disequilibrium in the dependent variable can be corrected
in each short-run period is statistically significant at 1%
level and correctly signed, suggesting that approximately
18% of total disequilibrium in real money demand was
being corrected in each year in Sudan during the period
of study. The calculation in this study indicates that the
implied half-life is approximately 2 years and 9 months.
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semi-elasticity was statistically significant and carries
correct positive sign, as the theory would predict.
The absolute value of the foreign interest rate semi-
elasticity was higher than that of domestic interest rate,
suggesting that demand for M2 in Malaysia responds
to foreign interest rates much faster than to domestic
interest rates in the long-run. Sovannroeun (2008) found
that money demand in Cambodia was influenced by real
output and inflation in the long run. The study finds that
the coefficient of exchange rate was negatively signed,
which suggested the case of currency substitution
phenomenon in the country. Similar findings were
reported by Kaplan et al. (2008) in case of Turkey. The
study finds that, in addition to real output and nominal
interest rate, exchange rate negatively impacted money
demand, indicating the presence of currency substitution
in the country.

5. ESTIMATION TECHNIQUES

Estimating and interpreting long-run cointegrating vectors
which may include 1(0) and I(1) variables has often
presented researchers with some paramount difficulties.
For this reason, Pesaran et al. (2001) developed the
bounds testing technique within an autoregressive
distributed lag framework (thereafter ARDL).

The underlying statistic is the usual Wald or F-statistic
in a generalized Dickey-Fuller type of regression used
for testing the significance of lagged levels of the
variables under consideration in a continual unrestricted
equilibrium correction model (ECM). Although the
asymptotic distributions of both statistics are non-
standard under the null of no cointegration in levels
among the variables, regardless whether the regressors
are purely 1(0), purely 1(1), or mutually cointegrated,
Pesaran et al. (2001) established the consistency
of the proposed test by deriving the test asymptotic
distribution under the null of alternatives for a set of
regressors which are a mixture of 1(0) and (1) variables.
The test sets two asymptotic critical values for the two
extreme cases which assume that all the regressors, on
the one hand, are purely I(1) and, on the other, purely
1(0). The test postulates three possible outcomes: (1)
If the computed F-statistic falls above the upper critical
value bounds, the null of no cointegration is rejected in
favor of cointegration, irrespective of the integration/
cointegration status of the underlying regressors; (2) if

the statistic falls below the lower bound, then there is no
cointegration among the variables and (3) if the statistic
falls inside the bounds, the test result is inconclusive and
as aresult, the researcher would need to know the order
of integration before making any further conclusions.

6. THE EMPIRICAL MODEL RESULTS

6.1 Data Description

The empirical analysis is carried out on annual data on
domestic money supply (M2), domestic output (GDP),
nominal exchange rates (E), domestic interest rates (R)

and world interest rates (R) over the period 1970-2008.
The data were obtained from the IMF International Finance
Statistics (IFS) database. Money and domestic output are
measured in real terms using the consumer price indices
(2005 = 100) as the deflators. With the exception of
interest rates, all the variables are in log form.

6.2 Bounds Test results

As the application of the bounds test (Pesaran et
al., 2001) approach for cointegration test does not
necessarily require pre-testing the underlying series for
unit root, we perform the bounds test of cointegration
among real money, real output, nominal exchange
rate, domestic and foreign interest rates. The results
of the bounds test shown in Table 2 reveal that the
calculated F-statistic for testing the joint null hypothesis
of no cointegration between real money demand and
the specified independent variables, F(m|y, e, R, R), is
11.5787. Since this value lies above the upper bound of
the critical value band of 5.122 at the 1% level, the null
of no long-run relationship among the variables can be
rejected at that significance level when real money is
the dependent variable, irrespective of the order of their
integration.

Table 2: Results of Bounds Test of Cointegration

Critical value bounds of the F-statistic with intercept and no trend

K 95% level 99% level
4 (1) 1) I(1) 1(0) I(1)
2.850 4.049 3817 5.122

Calculated F-statistic
F(mly, e, R, R) 115787 [0.002]
Flyim, e, R, R) 4.3181 [0.036]
F(elm, y, R’ R) 3.5765 [0.050]
F(RIm, y, e, R)  19.2457 [0.000]
F(R'Im,y, e, R) 0.8124 [0.698]

Note: The critical values were computed by Pesaran et al. (2001). Figures
in squared parentheses are p-values
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Germany, the U. K. and the US, McNown and Wallace
(1992) for the US, Darrat and Al-Mutawa (1996) for
the United Arab Emirates, Hueng (1998) for Canada,
Carruth and Sanchez-Fung (2000) for Dominican
Republic, Bahmani-Oskooee (2001) for the US, Japan
and Thailand, James (2005) for Indonesia, Bjgrnland
(2005) for Venezuela and Yol (2007) for Malaysia, inter
alia, include foreign monetary variables in addition to the
traditional real income/output and interest rate variables
in estimating money demand functions. However, the
findings are characterized by wide range of differences.
For example, Hamburger (1977) surprisingly finds
that only the coefficient of domestic interest rate was
statistically significant whereas domestic and foreign
interest rates moved together. Hamburger justifies this
finding by arguing that “if [the domestic rate] and [the
foreign interest rate] are included in the same equation,
only the coefficient of the former remains statistically
significant” (p.31). In the same direction, Arango and
Nadiri (1981) find statistically significant coefficients of
the level of exchange rates in each case, concluding
that ‘rebalancing effect’ of exchange rate changes does
affect demand for real cash balances.

Similarly, Bahmani-Oskooee and Malixi (1991) arrive at
the same conclusion as Hamburger does, that exchange
rate should be included in the money demand estimation
only when the exchange rates are under floating system.
However, such studies by Bahmani-Oskooee and Malixi
(1991) and Hueng (1998) consider the findings of
Hamburger (1977) and Arango and Nadiri (1981) to be
flawed for using the data from the fixed exchange rate
period, arguing that the insignificance of the coefficients
of foreign monetary variables in their results could be
attributed to the relative stability under fixed exchange
rate system. Hueng considers the studies to have failed
to provide theoretical model to justify the specifications
of the empirical money demand function.

In the estimation of an open-economy money
demand function for Canada, Hueng includes both
the domestic and foreign interest rates in addition to
real income and real exchange rate. The estimated
coefficients on the two interest rates were positive and
negative respectively as expected, consistent with the
comparative static of the model. The author argues that
the negative sign on the long-run estimated coefficient

of domestic interest rate semi-elasticity is an indication
that an increase in the domestic interest rate raises the
opportunity cost of holding money, thereby lowering the
demand for money. On the other hand, the positive sign
on the long-run estimated coefficient of foreign interest
rate semi-elasticity indicates that since domestic
and foreign moneys could be regarded as imperfect
substitutes for one another, the demand for domestic
money would increase as the opportunity cost of holding
foreign currency increases. In addition, Hueng finds
the effect of real exchange rate on domestic money
demand to be negative, arguing that a depreciation of
domestic currency could be associated with decrease
in the demand for money, hence, offsetting the positive
effect generated by the increase of foreign demand of
domestic money. Hueng asserts that a depreciation of
real exchange rate reduces the rate of return to foreign
residents holding domestic bonds, hence, raising the
demand for domestic money.

Carruth and Sanchez-Fung (2000) find that the US
interest rate negatively impact on money demand while
real exchange rate has no significantimpact. The authors
justify this inverse relationship by arguing that since
Dominican and the US residents would likely increase
their holdings of US securities following a rise in the US
interest rate, they would finance this holding by either
drawing down on their domestic money holdings or by
selling off domestic assets. James (2005) includes the
domestic and foreign interest rates without real exchange
rates in his estimation of the effect of liberalization on
money demand in Indonesia. Although the estimated
coefficient of the long-run domestic interest rate semi-
elasticity was negatively signed as expected, the long-
run estimated coefficient of foreign interest rate semi-
elasticity was negative too in direct contradiction to his
expectations and findings.

Recently, Yol (2007) finds a positive and statistically
significant coefficient of real exchange rate, implying that
a depreciation of domestic currency would cause wealth
holders to demand more real money balances in the
long run. The coefficient of domestic interest rate semi-
elasticity was found to be insignificant which suggests
that domestic interest rates do not significantly affect
the demand for real money in the long run in Malaysia.
However, the coefficient of foreign (US) interest rate
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rates. In other words, higher prices or incomes increase
people’s demand for liquidity and thus raise the demand
for money. In contrast, the higher the interest rates on
money, the more money people will demand. However,
the higher the interest paid on alternative assets to
money, the more people would want to shift from money
to those alternative assets. This view, however, has
been empirically challenged recently on the ground
that it ignores the importance of foreign monetary
developments on domestic demand for money.
Specifically, the view ignores the possibility that
domestic and foreign currencies could be a substitutes
in demand by domestic residents. In other words,
residents of a country could demand both domestic
and foreign currencies. A number of resident institutions
such as the multinational entities need to hold various
currencies simultaneously with objective of reducing
the costs of foreign transactions in addition to providing
safe havens against risks associated with asset portfolio
diversification.

Following the Mundell conjecture, it is now standard to
include foreign monetary variables such foreign interest
rate and foreign exchange rate in addition to the other
domestic variables when estimating the money demand
function. In that respect, money demand function can be
specified in the following functional form:

M*/P=f({, E, R, R (1)

where M? denotes demand for nominal money balances;
Prepresents the price level; Y is a scale variable (income,
wealth, expenditure, inreal terms); E is nominal exchange
rate, R and R" are domestic and foreign interest rates
respectively. The above specification, which represents
the long-run real money demand function, assumes a
long-run unitary elasticity of the nominal cash balances
with respect to the price level. If we assume log-linearity,
then real money demand function can be written in the
following form:

mtd =By + By, +B.e, +B5R, + B4Rt* +€, (2
where the lower-case letters represent the logarithm of

variables. For given values of the right-hand variables
and their long-run impact on money demand, the

1) For example; Hamburger (1977), Arango and Nadiri (1981) and M -
Nown and Wallace (1992).

equilibrium relationship is such that money demand is

d
at ™ > assuming that real money demand adjusts
instantaneously to real money supply and prices and
income are log-linear.

4. REVIEW OF RECENT LITERATURE ON MONEY
DEMAND FUNCTION

The important influence of foreign interest rates on
money demand has been consistently underlined in the
literature. Hamburger (1977), for example, expresses
concern over the influence of foreign interest rates
on domestic money demand in open economies, and
hence the substitutability between domestic and foreign
assets, in determining the controllability of domestic
money stocks. The author argues that, under fixed
exchange rate regime and close substitution between
domestic and foreign assets, the impact of open market
operations falls exclusively on international capital flows
and fluctuations in foreign exchange reserves rather
than on the domestic monetary stock of the monetary
base. Concurrently, Arango and Nadiri (1981) suggest
addressing question of monetary linkages among
national economies in the context of literature on capital
mobility. Assuming that aggregate demand for money in
a country is inelastic with respect to foreign monetary
developments (exchangeratesandforeigninterestrates),
the analysis of the impact of adjustments in international
reserves on a domestic money supply indicates that
domestic monetary policy could be fairly ineffective and
domestic financial markets highly vulnerable to changes
in financial and monetary developments unless both the
supply and demand sides are systematically taken into
consideration. In that respect, the effects of changes in
foreign financial conditions on a national economy would
be diluted or even neutralized, unlike those described by
previous traditional portfolio studies. All these statements
underline the central fact that the effects of monetary
developments in one country can inevitably spill over
into other countries’ domestic monetary systems.

In the literature, very few studies have included financial
variables such as exchange rates and foreign interest
rates in addition to the traditional determinants in
estimating money demand function. In this regard,
Hamburger (1977) for Germany and the United
Kingdom, Arango and Nadiri (1981) for Canada,
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Figure 1. Nominal Exchange Rates Evolution in the Sudan (1970-2008)
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Second, persistent and continuous exchange rate
depreciation during the same period seemed to have
been a driving force behind continuously rising demand
for money. In the period 1978-91, numerous devaluation
episodes were implemented with objective of alleviating
problems pertaining to balance of payments deficits,
domestic demand management, boosting agricultural
sector production, stabilizing financial sector efc.
Consequently, as shown in Figure 1, the Sudanese
currency depreciated by more than 650% over period
1978-91.

3. The empirical model

In strict economic terms, the word ‘money’ specifically
refers to all assets that are widely employed and
generally accepted as means of payment in exchange
of goods and services in addition to debt settlement.
Apart from being a unit of account and a store of
value, money performs the most important task as a
medium of exchange. In this capacity, money has saved
communities from the inconvenience commonly known
in economics as double coincidence of wants. Money
breaks down the barter system of exchange into selling

and buying processes. It has eliminated the inefficient,
complex and time-consuming system of trade, known as
barter, in which one buyer must find another buyer who
has the item he wants and who is willing to exchange
that item for what he has.

In general, demand for money is the quantity of
monetary assets such as cash and checking accounts
that consumers include in their portfolio — the set of all
the assets that a holder of wealth chooses to own. The
quantity of money wealth holders demand is a function
of various factors such as the expected return, risk
associated with an asset and the liquidity of money
and other assets. Two features of money are worth
mentioning in this regard. First, money is the most liquid
asset among all the assets known in economics and,
second, money pays a low return. Therefore, people’s
demand for money is determined by the tradeoff between
their need for liquidity and the cost of lower return.

The traditional view that dominated the money demand
literature in the past has been that the macroeconomic
variables that have the greatest impact on money
demand are the price level, real income and interest
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a decline in the amount of credits in domestic currency,
forcing domestic private firms to borrow in foreign
currencies. Thisincreases the currency and default risks of
firms, making them more vulnerable to speculative attacks
as seen in Indonesia in 1996-97. In addition, borrowing in
foreign currency raises the domestic-currency value of
foreign-currency debt obligation in the wake of domestic
currency devaluation. Furthermore, currency substitution
has the potential of worsening government budget deficits
since seigniorage revenue is the main source of income
governments especially in high-inflation countries.

The objective of this paper is to estimate the effect of
foreign financial variables in addition to the traditional
macroeconomic variables such as price level, real income
and interest rates on money demand in Sudan over period
1970-2008. The study employs the bounds testing approach
to cointegration within an autoregressive distributed lag
(ARDL) model. The bounds testing techniques possesses a
number of important advantages over alternative techniques
such as the two-step residual-based cointegration procedure
and the system-based cointegration approach. In the first
place, bounds test can be applied to test the existence
of a relationship between variables in levels irrespective
of whether they are purely 1(0), purely 1(1) or mutually
cointegrated. Secondly, bounds testing technique can be
applied to studies that employ small-size samples that are
a common feature of data from many developing countries,
unlike the other approaches. The results of this study will
certainly make this research a valuable contribution to the
extant literature on money demand function. Therefore, we
hope that the results of bounds tests approach can provide
important insights into the relationship between money
demand and financial variables in Sudan.

The remainder ofthe paperis organized as follows: Section
2 presents a brief overview of the monetary developments
in the Sudan while section 3 presents the empirical
model. Section 4 reviews the past literature on money
demand while Section 5 discusses the empirical model
estimation techniques. Finally, section 6 summarizes the
study conclusions and policy implications.

2. BRIEF OVERVIEW OF SUDAN'S MONETARY
DEVELOPMENT

The choice of Sudan for this study is primarily motivated by
two main factors. First, with inflation coming back after a
lull of almost a decade, there is general concern about the

role of money growth in the economy. Although inflation rate
reached the peak of 122.5% in 1991, it started to reverse
in 1997 following rigorous attempts to rescue the economy
from the virtual collapse. Inflation fell below 50% only in 1997
for the first time in seven years, reaching 16.2% in 1999 and
a single-digit rate of 8.1% in 2000. Inflation continued in that
trend until 2007 when the rate came down to 8.1% although
it recorded a double-digit rate of 14.3% in 2008, prompting
fears that inflation is coming back. Although the steep rise
in prices was mainly due to structural changes in economy
that accompanied the economic liberalization policies, in
addition to imported inflation, money growth was considered
to be an important accelerator of inflation during this period.
That was due to rapidly rising government deficits that were
financed via money printing.

The period 1991-95 witnessed the highest growth rates
of money supply as the government was grappling with
a host of socio-economic and political problems. Table
1 shows that M2 growth rates reached unprecedented
record of 99.6%, 168.7 and 89.7% in 1991, 1992 and 1993
respectively. M2 growth slowed down only after 1997 for
the first time when the growth rose by approximately 22%
in 1998 although it increased to 33% in 2000. Other factors
thought to have contributed to inflationary pressures
include rapid growth of aggregate demand, imported
inflation and rapid depreciation of exchange rate.

Table 1. Money Supply (M2) Growth in Sudan (1990-2008)

Year Money Supply (M2) M2 Growth M2 / GDP
(SDG Millions) Rates (%) (%)
1990 26.40 16.3 24.0
1991 52.70 99.6 271
1992 141.59 168.7 33.6
1993 268.58 89.7 28.3
1994 405.34 50.9 21.5
1995 705.87 741 35.2
1996 1,165.98 65.2 1.4
1997 1,597.14 45.6 10.0
1998 2,069.51 21.9 104
1999 2,579.18 24.6 10.5
2000 3,429.83 33.0 10.8
2001 4,322.13 24.7 14.6
2002 5,632.70 30.3 16.7
2003 7,340.90 30.3 17.5
2004 9,604.50 30.8 18.0
2005 13,781.90 43.5 214
2006 17,871.80 29.7 22.3
2007 19,714.60 10.3 21.8
2008 22,933.20 16.3 19.0

Sources: Compiled from various Annual reports of the Bank of Sudan.
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ABSTRACT

This paper estimates the effect of foreign financial
variables in addition to the traditional macroeconomic
variables such as price level, real income and interest
rates on money demand in Sudan by applying the
bounds testing approach to annual data over period
1970-2008. The results of the bounds test reveal at
least three cointegration relations among the variables.
The ARDL model results indicate that money demand is
significantly influenced by real output, nominal exchange
rate and domestic interest rate in the short run while by
real output and domestic interest rate in the long run. The
significant and negative coefficient of nominal exchange
rate variable implies the existence of currency substitution
phenomenon in the Sudan. Additionally, the negatively
signed and significant error-correction term suggests that
approximately 18% of total disequilibrium in real money
demand was being corrected in each quarter in Sudan.
JEL classification: E41; F41
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1. Introduction

The inclusion of financial variables such as exchange rate
and foreign interest rates in the formulation and estimation
of money demand function (MDF) by Hamburger (1977) and
Arango and Nadiri (1981) was an important recognition of the
role of these variables in money demand. The inclusion of
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exchange rate in the estimation of money demand function,
although debatable, has recently gain support. This implicit
relationship between money demand and exchange rate
was first pointed out when Mundell (1963) conjectured that
money demand could depend on exchange rate in addition
to the traditional fundamentals such as real income, price
level and interest rate. The monetary independence
assumption, which argued that domestic and foreign
currencies should not be regarded substitutes, has been
seriously challenged. Critics have strongly argued that a
rational holder of money balances would seek to diversify
his portfolio of currencies in the same way that investors
do diversify their portfolios of interest-earning assets. If
currency substitution exists as claimed, domestic money
demand, therefore, should be sensitive to changes in
both domestic and foreign influences. Consequently, if the
policy makers ignore the existence of currency substitution,
domestic economies would be exposed to monetary shocks
from both home and abroad. As the exchange rate and
foreign interest rates are important conduits through which
foreign financial developments can influence the domestic
economy, a monetary policy that ignores these variables
may cause the money demand function to be unstable.

In periods of high and rising inflation as experienced in
the Sudan in the 1980s and 1990s, currency substitution
provides save haven in which investors and consumers
of a country seek refuge. However, currency substitution
phenomenon can have important implications for the
macroeconomic performance of a country in terms of
government deficit financing, setting of an appropriate
exchange rate regime, and the conduct of independent
monetary policy. Bahmani-Oskooee and Techaratanachai
(2001) have observed that, following currency substitution,
an increase in the size foreign currency deposits leads to
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