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Abstract

Many money demand studies have been carried out on Uganda, however, these studies perceive and incorporate
exchange rate as a linear determinant of real money demand. Indeed, exchange rate may have asymmetric effects on
real money demand; with exchange rate appreciation having different effects from exchange rate depreciation.
Therefore, this is the first study to estimate exchange rate asymmetries in Uganda, for the period 2008Q3 and 2018Q4.
The study uses both the linear ARDL and non-linear ARDL methodologies to accomplish its goal. This is also done by
incorporating an economic uncertainty index, which is critical, especially in light of the novel global coronavirus
pandemic, that has disrupted trade, movement and supply chains. The error correction terms of both models are
negative and significant, with the one of the non-linear ARDL twice as much as that of the linear ARDL. Indeed, the
study confirms the existence of exchange rate asymmetries on Uganda’s real money demand. In the linear ARDL model,
exchange rate has a positive effect in the long run but a negative result in the short run. On one hand, the non-linear
ARDL model reveals that an exchange rate depreciation of the Uganda Shillings negatively affects real money demand
in the short run. On the other hand, an exchange rate appreciation positively effects real money demand. Notably,
economic uncertainty has insignificant effects in both models, except for its lags in the non-linear model. The
implication of these findings is that macro-economic policy management in Uganda should be cognizant of these
asymmetric effects of exchange rate, for effective planning, policy and implementation.

Keywords: asymmetric, exchange rate, economic uncertainty, money demand stability, non-linear ARDL
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1. Introduction

Money demand stability is critical for the design and implementation of monetary policy, especially because it makes it
possible to predict the effect of a given amount of money supply on the aggregate economy (Friedman & Schwartz,
1982; El-Rasheed, Abdullah & Dahalan, 2017; Kayongo & Guloba, 2018). The debate on money demand has largely
been re-visited after the occurrence of the financial crisis (Bossone, 2014; Eggertsson & Mehrotra, 2014). This debate is
even more critical in the presence of global pandemics like the current novel global coronavirus pandemic. This is
because disruptions in trade, movements and global supply chains, and the associated mitigative and lockdown policies
affect money demand, money supply, economic activity and development.

Money demand is usually estimated as a function of a scale variable and opportunity cost variables; with national
income specified as the scale variable and interest rates as the opportunity cost variables (Sriram, 2001). Mundell (1963)
also postulated that in addition to income and interest rate, exchange rate is another determinant of money demand.

Most studies presume exchange rate to have symmetric effects on money demand (Kayongo & Guloba 2018; Guloba &
Osoro, 2009). Exchange rate asymmetry in this case is defined as a phenomenon where exchange rate depreciations
have different effects on money demand from exchange rate appreciations. For example, an exchange rate depreciation
may have either wealth or expectation effects on money demand. Wealth effects of an exchange rate depreciation occur
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when an exchange rate depreciation increases money demand while expectation effects of an exchange rate depreciation
occur when this depreciation reduces money demand (El-Rasheed et al., 2017; Arango & Nadiri, 1981; Kayongo &
Guloba, 2018). Indeed, some studies have analysed this hypothesis that exchange rate may have asymmetric effects on
money demand (Bahmani-Oskooee, Miteza & Tanku, 2020; Bahmani-Oskooee & Gelan, 2019; Bahmani-Oskooee,
Kutan and Xi, 2013; Mahmood & Alkhateeb, 2018). These exchange rate asymmetric effects can only be analysed by
introducing non-linear adjustment processes; otherwise, currency depreciation may not have significant effects on
money demand (Bahami-Oskooee et al., 2020; Bahmani-Oskooee & Gelan, 2019).

Additionally, only a few money demand studies have included economic uncertainty factors in their estimation, yet it
significantly impacts money demand (Greiber & Lemke, 2005; Choi & Oh, 2003; Atta-Mensah, 2004;
Bahmani-Oskooee et al., 2013; Kayongo & Guloba, 2018). Economic uncertainty effects on money demand stability are
fourfold: positive; negative; concurrent positive and negative effect; and no effect at all. However, the effects of
uncertainty on Uganda’s money demand are not known with clarity, save for Kayongo and Guloba (2018) who find out
that economic uncertainty doesn’t have any effect for small money balances except for broader money balances.

Uganda’s monetary policy is a compelling case to study. Commercial Bank interest rates are sticky downwards to
changes in the Central Bank Policy Rate (CBR). For instance, Uganda has adopted an expansionary monetary policy
stance with the Central Bank Rate (CBR) being maintained at 9 percent between October 2019 and February 2020. In
fact, the CBR policy rate was further reduced by two percent, from 9 percent in February, 2020 to 7 percent in June,
2020. It was majorly to cushion the country from the effects of the novel coronavirus global pandemic. Notwithstanding,
the effects of the pandemic, the commercial lending interest rates have not followed the CBR movements; remaining
high, at rates averaging 24 percent. This shows that there might be some factors beyond the traditional money demand
determinants that affect money demand. Such factors may include the asymmetric exchange rate effects and economic
uncertainty effects.

Exchange rate stability is critical for proper planning by various economic actors. Uganda pursues a flexible exchange
rate regime. In this regime, the price of the Uganda Shilling against the US Dollar is determined by the market forces of
demand and supply. Notably, during the advent of the coronavirus pandemic, the Uganda Shilling depreciated by 4
percent against the US Dollar, from Ushs. 3,676.9 in February to Ushs. 3,844 by 23" March, 2020. Bank of Uganda
explained this by the exit of offshore investors of Government securities, in search of safe-havens. For example,
between 21% February, 2020 and 13" March, 2020, offshore holding of government securities declined by UShs. 130
billion. This was augmented by negative sentiments of various economic actors due to the pandemic effects. However,
it isn’t known with certainty a priori whether such depreciation tendencies are symmetric or asymmetric. This makes
the current study timely so as to untangle these different monetary policy intricacies and better inform the economic
management of the country.

The overall objective of the study, is to assess the symmetric and asymmetric effects of exchange rate on money
demand and its stability; while incorporating an economic uncertainty index in Uganda, during 2008Q3 and 2018Q4.
The contribution of this study is that it helps to fill the dearth in economic literature and macro-policy management
regarding the asymmetric effects of exchange rate on money demand in Uganda and East Africa. The study will also
help in better policy formulation, for example; getting information regarding the asymmetric exchange rate effects of
money demand will show how to precisely respond to either exchange rate appreciation or exchange rate depreciation.

The inclusion of an economic uncertainty index is a major value addition in this regard, especially in light of the effects
of the global coronavirus pandemic that have made many economic actors uncertain of the future. Additionally, if risk
factors are not well articulated in monetary policy, resources will be channeled to unproductive sectors which do not
impact highly on economic growth at the cost of the productive sectors. This ultimately has a negative impact on
economic growth, production, employment and overall economic development (Kayongo & Guloba, 2018).

The variables included in the estimation model include; real national income, interest rate spread, real exchange rate,
inflation and an economic uncertainty index. The study is majorly based on Kayongo and Guloba (2018), but with an
extension of estimating exchange rate asymmetries using the non-linear ARDL methodology. Consequently, stability
tests are carried out to verify if Uganda’s money demand is still stable amidst all these factors.

The rest of paper is structured as follows: Section Two analyses both the related theoretical and empirical literature.
Section Three describes the methodology adopted by the study. Section Four presents and discusses the results while
Section Five concludes and provides policy recommendations.

2. Literature Review

Theoretically, money demand studies have foundations in Fischer (1911) who determined that real money demand is a
function of the level of transactions. The study argued that households and businesses demand money only for
transaction purposes. However, Pigou (1917) argued that money is held for convenience purposes, especially because it
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has immediate purchasing power; acts as a store of value; and enables people to buy on favourable terms.
Notwithstanding, Keynes (1935) criticized the previous theoretical stipulations because they didn’t include interest rates
as critical determinants of money demand. He therefore postulated the liquidity preference of money demand which
contends that money is held for transaction, precautionary and speculative purposes.

On the other hand, Baumol (1952) and Tobin (1956) contended that money held for transaction purposes is also affected
by interest rates. They presented a model in which the costs (interest foregone) and benefits (convenience) of holding
money were analysed. An individual therefore decides to build a wealth portfolio including both money and
non-monetary assets. Friedman (1956) concluded that economic agents hold a certain quantity of real money as opposed
to nominal money balances. This is especially because inflation erodes the purchasing power of money.

In summary, Sriram (2000) postulates that all theoretical specifications of money demand point to the general
specification that money demand is a function of both a scale variable and opportunity cost variables. In many cases,
national income is specified as the scale variable while the opportunity cost variables include inflation, interest rates and
foreign interest rates among others.

Most money demand studies in Uganda include exchange rate as a major determinant of money demand (Kayongo &
Guloba, 2018; Guloba & Osoro, 2009; Nyorekwa, 2007; Kararach, 2002; Katarikawe & Sebudde, 1999; Atingi-Ego &
Matthews, 1996; Kateregga, 1993) among others, while others don’t (Nachega, 2001). The studies that include
exchange rate as a money determinant either confirm wealth effects or expectation effects of exchange rate effects on
money demand. For example, (Opolot, 2007; Nabiddo, 2007) found out that economic agents reduce their demand for
Uganda Shillings whenever there is an exchange rate depreciation while Kararach (2002) found out that economic
agents increase their demand for Uganda Shillings in the presence of an exchange rate depreciation. Other studies show
that exchange rate can either have wealth effects or speculation effects on money demand, depending on the monetary
aggregate analysed. For example, Kayongo (2017) finds out that exchange rate has speculation effects on real broad
money (M2) in the short run but instead has wealth effects on real broad money M3 in the long run. Additionally,
exchange rate effects on money demand also depend on the time span of analysis because short run actions of economic
actors may be different from those in the long run.

However, all the Ugandan money demand studies assume exchange rate to have symmetric effects on money demand
(Kayongo, 2017; Guloba & Osoro, 2009; Nabiddo, 2007; Opolot, 2007; Kararach, 2002; Kayongo & Guloba, 2018
among others). This is a simplistic assumption that has effects on the final effects of exchange rate on money demand
and its stability. It is important to note that in practice, exchange rate may have asymmetric effects on money demand
with exchange rate appreciation having a different effect from exchange rate depreciations (Bahami-Oskooee et al.,
2020; Bahmani-Oskooee & Gelan, 2019).

Literature regarding both asymmetric effects of exchange rate on money demand has been mainly done on developed
and industrialized countries than on developing and African countries (Bahmani-Oskooee et al., 2020;
Bahmani-Oskooee & Gelan, 2019; Bahmani-Oskooee & Bahmani, 2015; Kones, 2014). For example (Bahmani-Oskoee
et al., 2019) found out that there exist asymmetric exchange rate tendencies in Asia, specifically for India, Indonesia,
Korea and Philippines. Bahmani-Oskooee and Gelan (2019) revealed that exchange rate changes had short-run effects
in 16 African countries of the 18 countries that were studied. These exchange rate effects were asymmetric in 11
countries of the 16 analysed. Bahmani-Oskooee and Bahmani (2015) also found out that an exchange rate appreciation
or depreciation could affect the demand for money in an asymmetric manner.

Similarly, literature on economic uncertainty effects on money demand is also scanty for Uganda and the East Africa
region (Kiptui, 2014; Kayongo & Guloba, 2018). Risk averse households or consumers facing a stochastic income
stream increase precautionary saving. Increase in uncertainty also depresses output, consumption, investment and hours
worked, especially when there exist non-convex costs of adjustment (Bloom, 2009; Basu & Bundick, 2015). However,
this doesn’t hold in a general-equilibrium neoclassical model with a representative firm and a consumer with additively
time-separable preferences (Kayongo & Guloba, 2018). Most importantly, it is argued that negative uncertainty shock
impacts are offset by monetary policy during normal times.

Economic uncertainty affects the economy’s demand side through its impact on household consumption and firm
investment, but also, supply side effects on the economy exist (Bloom, 2009; Bloom, Kose & Terrone, 2013). A keen
literature survey shows that economic uncertainty effects on monetary policy are four-fold, that is; positive effects
(Anderson, Bordo and Duca, 2016; Grossl & Tarassow, 2015; Kones, 2014; Carstensen, Hagen, Hossfield & Neaves,
2008) negative effects (Nazar, Farshid & Davood, 2011; Tillman, 2017; Higgins & Manjin, 2009) both positive and
negative effects (Anderson & Duca, 2014) and no effects at all (Leippold & Matthys, 2015; Bruggerman, Donati &
Warner, 2003; Kayongo & Guloba, 2018).
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There also exist methodological differences in the estimation methods used for money demand. For example, most of
the Uganda-specific studies are theoretically based on the macro specifications of money demand and its only Kayongo
and Guloba (2018) which is based on the general equilibrium framework models of money demand. Some studies use
VAR methodologies (Nabiddo, 2007; Kararach, 2002; Nachega, 2001) while (Guloba & Osoro, 2009) use Dynamic
Ordinary Least Squares (DOLS). Others like Kayongo (2017) and Kayongo and Guloba (2018) use the Autoregressive
Distributed Lag (ARDL) methodologies. Each of the methodologies has specific advantages over and above the other.
It is important to note that the money demand results depend on the variables, estimation methods and period of
estimation as also agreed by Sririam (2001). Stability tests largely conclude that Uganda’s money demand is stable. The
methodology is as discussed in Section three below.

3. Methodology

Sriram (2001) contends that a general function of all money demand models has both a scale variable and opportunity
cost variables. This is as shown in equation 1, with (SV) signifying a scale variable and (OCV) signifying
opportunity cost variables. The scale variable is a representation of the level of economic activity in the country while
the opportunity cost variables represent the opportunity cost of demanding for money. The opportunity cost of holding
money involves both the own rate of return of money and the rate of return on alternative assets. Inclusion of both rates
of return prevents the collapse of the model and helps to show the degree of substitutability between money and the
other financial assets as a result of financial liberalization (Ericsson and Sharma; 1999). M is the nominal monetary
aggregate and P is general price level. Economic theory also stipulates that demand for real money balances is
homogeneous of degree zero in prices; this is an implication that money demand functions are modelled in real terms
other than nominal ones. Currency substitution theories also incorporate other interest rates to account for the foreign
effects on money demand (Mundell, 1963). Whereas exchange rate proxies for direct currency substitution, foreign
interest rate proxies for indirect currency substitution or capital mobility (Leventakis, 1993).

% = f(SV,0CV) 1)
The long run estimation for Uganda’s money demand (M/P) follows the reviewed literature and money demand
modelling. The variables of choice include real GDP as a scale variable, and real exchange rate, interest rate spread,
and inflation as the opportunity cost variables. It also includes an economic uncertainty index (EUI). The economic
uncertainty index is calculated using Generalized autoregressive conditional heteroscedasticity (GARCH)
methodologies. It is extracted from the volatilities of critical money demand determinants like; national income,
exchange rate, inflation, interest rate spread, foreign interest rate and a financial innovation proxy (currency outside
banks). A positive effect on money demand is expected from national income and inflation while a negative effect is
expected from interest rate spread, exchange rate and economic uncertainty.

The first level estimation is made of the linear ARDL methodology, whose empirical long run specification is as
expressed in equation 2. It is, however, important to note that before the ARDL estimation is undertaken, properties of
the timeseries of interest are explored by using unit root tests and correlation analysis. ARDL is only estimated if none
of the variables is integrated of order 2 i.e. 1(2).

M
(F) — f(RY,INF,REXR, IRS, EV) 2

The variables expressed in the model are in such a way that: % represents the real money balances; RY represents real

income; INF represents inflation; REXR represents real exchange rate; IRS represents the interest rate spread
between the 91-day Treasury bill rate, and the time and saving deposit rate while EV represents the economic
uncertainty index.

Money demand estimation is estimated in a log linear form as shown in equation 3. However, some variables like
interest rate spread, inflation and the economic uncertainty index are not log linearized because they are either rates or
indexes. (However, those which are said not to be log-linearized are also log-linearized; this should be revised
accordingly).
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M
In (F) = a; + ayInRY; + a3INF; + a,InREXR; + asIRS; + acEV; + &; ?3)
t

Where In is the natural logarithm transformation; and &, is the error term which assumes that &,~n.i.i.d (0,52). as,
is expected to be positive because of the transaction motive of holding money; a;is expected to be positive because
economic agents are expected to demand for more money in the presence of inflation; as is expected to be negative;
a4, @, Can either be positive or negative.

The paper uses the Autoregressive Distributed Lag (ARDL) method. The ARDL model is a dynamic single-equation
regression equation used to predict values of the dependent variable based on both the current values of the explanatory
variable and the lagged values of the explanatory variable. The paper uses the Autoregressive Distributed Lag method
(ARDL) because it hasn’t been widely used for money demand estimations in Uganda. More particularly, the ARDL
method distinguishes between a dependent and explanatory variable; is able to simultaneously estimate both short run
and long run coefficients; is relieved of the integration order; is more relevantly applied on a small sample; and can be
applied on variables of differing optimal number of lag length. All variables in the ARDL estimation are assumed to be
endogenous and the estimation is as stipulated in equation 4.

P P
j=0 j=

Jj=0

n () z an(M)
nl—=| =a yiAln(—
P . 1 T J P t—j

P P P
M
- - — t—j

Jj=0 Jj=0 Jj=0

(4)
+ ,lenRYt_j + ‘83INFt_j + ﬁ4lnREXRt_j + ﬁSIRSt—j + :86EVt—j + &t

The differenced terms capture the short run effects while the variables in their levels capture the long run effects.
Presence of a long run relationship is tested using the F-test since it determines the joint significance of lagged levels of
the variables involved. The two sets of asymptotic critical values for the F-test developed by Pesaran et al. (2001) are:
the lower critical bound and the upper critical bound. The lower critical bound assumes that all the variables are
integrated of order zero | (0) and so there is no cointegrating relationship between the examined variables. However, the
upper bound assumes that all the variables are integrated of order one I (1) meaning that there is no cointegration among
the variables. In the presence of a long run cointegrating relationship, it warrants the estimation of an error correction
model to estimate the short run coefficients. The error correction version of the ARDL model is as shown in equation 5.

P P P
M M
P = PJij —= e

J

+
J

0 J

W AIRS,; +
0 j

Tj AEVt_]

P
= 0

P

d ®)

+ W;ECT;_1 + &

The ECT term represents the error correction term; this is derived from residuals from the estimated long run model in
4.

The crux of the linear ARDL estimations is the assumption that all the variables have symmetric effects on monetary
aggregates. However, this may not necessarily be the case; specifically, exchange rate may appreciation raise money
demand while exchange rate depreciation may lower money demand; and the reverse is true. Therefore, to test this
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asymmetric hypothesis, changes in the real exchange rate variable (InREXR) are constructed to come up with
(AInREXR). In the newly constructed timeseries, positive exchange rate is denoted as AlnREXR*"¢and negative
exchange rate is denoted as AlInREXR~"¢. Using this notation, new time series are constructed, one reflecting positive
shocks (POSEXR) and another reflecting negative shocks (NEGEXR). These are defined as partial sum of negative
and positive changes. For the case of this paper, positive shocks (POSEXR) indicate a depreciation of the Uganda
Shillings against the US Dollar while negative shocks (NEGEXR) indicate an appreciation of the Uganda Shillings
against the US Dollar. These are as illustrated in equations 6 and 7.

t t
POSEXR, = ) AInREXRf™ = " max(AInREXR;,0) ®)
j=1 j=1
t t
NEGEXR, = Z AInREXR; "¢ = Z min(AInREXR,,0) @)
j=1 j=1

When (InREXR) in equations 4 and 5 is replaced by (POSEXR) and (NEGEXR), the non-linear ARDL estimation

following Shin, Yu & Greenwood-Nimmo (2014) is created. The long run non-linear ARDL estimation is as shown in
equation 8 below.

P P L
M M

Aln (—) =a; + z yj Aln (—) + ) 8 AlnRY,; + Z 0; AINF;
P/ = P/ =0 =

j=0

P P P
+ ) k; AlnPOSEXR,_; + > q; AInNEGEXR,_; + » 11, AIRS,
j=0 j=0 j=0 @)

P
M
+ z T] AEVt_] + ﬁlln (F)t_] + ﬁzlnRYt_j + ﬁ3INFt—j
j=0

+ BInPOSEXR,_; + BsInNNEGEXR,_; + B¢IRS,_; + B,EV,_; + &,

The short run non-linear ARDL estimation is also as shown in equation 9.

P P L
M M

Aln (—) =a, + Z y; Aln <—) + ) & AlnRY,_; + Z 6; AINF,_;
P/ = P/ —r =

J Jj=0
P P P
+ Z k; AlnPOSEXR,_; + Z q;AINNEGEXR,_; + Z u; AIRS,_; ©)
=0 = =0

P
+ Z Tj AEVt_j + (,L)jECTt_l + Et
j=0

There exist three forms of asymmetry, i.e.; short run asymmetry, adjustment asymmetry and long run asymmetry. The
wald test on the null hypothesis of symmetry helps in testing for these asymmetries upon rejection of this null
hypothesis. Consequently, the paper ascertains the type of asymmetry that exists for Uganda.

The paper also carries out different diagnostic tests to verify for the validity of the estimation. It uses tests like
Breusch-Pagan and ARCH -heteroscedastic test to test for heteroscedasticity; Breusch-Godfrey to test for serial
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correlation and Jacque Bera test to test for normality. The stability tests are carried out by CUSUM and CUSUMQ
tests.

4. Results and Discussion
4.1 Data

Secondary quarterly timeseries data are used for estimation for the period 2008Q3 to 2018Q4. This data is obtained
from Uganda Bureau of Statistics (UBOS) and Bank of Uganda (BOU). Specifically, GDP data is obtained from
Uganda Bureau of Statistics (UBOS) while monetary balances, exchange rate, interest rates and inflation are obtained
from Bank of Uganda. The economic uncertainty index is calculated using the GARCH methodology, as a weighted
index of volatilities of income, exchange rate, inflation, interest rate, foreign interest rate, and financial innovation,
following Kayongo and Guloba (2018). Some data series are log-linearised and these are preceded by the letter “L” in
the estimation. The period between 2008Q3 and 2018Q4 provides 42 data points which are used for estimation of this
study. The detailed descriptive statistics for this study are as shown in the Annex 1.

The correlation results among the variables are also shown in Annex 2. There exists a high positive relationship between
income and money demand. Whereas the correlations are positive between money demand and exchange rate, interest
rate spread, and economic uncertainty index; they are not as high as it is with money demand and income. This is
expected because money demand theories contend that there is a relationship between money demand and economic
activity. On the other hand, there is a negative relationship between inflation and money demand.

4.2 Unit Root Testing

The study uses the Dickey-Fuller Generalised Least Squares (DF-GLS) unit root test procedure by Elliot et al. (1996).
The DF-GLS unit root is prized to have significantly greater power than the Dickey Fuller (1979) and Phillips Perroni
(1988) unit root tests. Apart from inflation which is integrated of order zero, all the other study variables are integrated
of order one. This is as shown in Annex 3.

4.3 Lag-Length Selection Criteria

It is possible to estimate the linear ARDL methodology even when variables have a different lag length. The study uses
the Akaike Information Criteria (AIC) to select the optimal lag length for estimation. The optimal lag length following
the linear ARDL specification (LnRM2 | LnRGDP, LREXP, IRS, INF, EUI) is (1,0,4,4,3,0). On the other hand, the lag
length for the non-linear ARDL following the ARDL specification (LhnRM2 | LnGRDP, POSEXR, NEGEXR, IRS, INF,
EUl) is (4,4,3,4,4,4,4).

4.4 F-Bounds Cointegration Testing

The F-Bounds cointegraton was estimated to show the existence of a long-term relationship between real money
demand and its determinants. Indeed, both the ARDL and non-linear ARDL models confirmed the existence of long run
relationships. This is because the F-test for both of the models was above the respective upper bounds at all levels of
significance. This is as shown in Annex 4.

4.5 Estimation Results

Results from the linear ARDL reveal that that income, exchange rate, interest rate spread and economic uncertainty are
positively related to real money demand in Uganda. However, inflation is negatively related to real money demand in
Uganda, signifying that as inflation increases, economic agents decrease their demand for money. This is expected
because inflation decreases the real value of money balances. This is as shown in Annex 5.

On the other hand, the short run results for the linear ARDL reveal that the error correction is negative and statistically
significant. The ECT term is -0.316 with an interpretation that about 32 percent of the disequilibrium in money demand
in the long run is corrected for in the next quarter. Contrary to the long run results, exchange rate and its lags have a
negative relationship to money demand. This implies that whenever Uganda’s exchange rate depreciates, economic
agents and actors reduce their demand for money. This confirms expectation effects on money demand; that is, a weak
domestic currency yields expectation for further weakening. Economic agents end up shifting their portfolios to other
foreign currencies. Inflation maintains its negative relationship to Uganda’s money demand even in the short run.
Interest rate spread also maintains its positive relationship with money demand, signifying that as the interest rate
spread increases.

In contrast to the linear ARDL long run results, the non-linear ARDL reveals that it is only income that is positively
related to real money balances, while all the other variables are negatively related with real money balances. Of specific
interest, an exchange rate depreciation of the Uganda Shillings against the US Dollar has negative effects on money
demand just like an exchange rate appreciation. However, it is important to note that the exchange rate appreciation
effects are not significant. Most importantly, an exchange rate depreciation of the Uganda shillings against the US
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Dollar has negative effects on money demand for the ARDL model but positive effects on money demand in for the
non-ARDL model. This signifies the presence of exchange rate asymmetries of exchange rate on Uganda’s money
demand, as shown in Annex 6. This is also confirmed by the wald test results.

The error correction term for the non-linear ARDL model is twice as much as the linear ARDL model, indicating that
any short-term distortions in Uganda’s money demand are corrected for in the next quarter at a speed of adjustment of
0.6 in the long run.

An exchange rate depreciation of the Uganda Shillings against the US Dollar maintains a negative effect on Uganda’s
money demand in the short run non-linear ARDL model. However, an exchange rate appreciation of the Uganda
Shillings against the US Dollar has a positive effect on money demand, that is people and economic agents demand
more money when the exchange rate appreciates. This also confirms the asymmetric notion of exchange rate on
Uganda’s money demand.

On the other hand, interest rate spread, inflation and the economic uncertainty index are positively related to money
demand in the short run. Of specific interest is the short run inflation result of the non-linear ARDL model which is
contrary to the linear ARDL model.

4.6 Diagnostic Tests

The diagnostic tests show that both the symmetric ARDL and non-linear ARDL models are well specified. The Breusch
Godfrey serial correlation and the Arch-heteroscedasticity tests fail to find serial correlation and heteroscedasticity for
two models respectively at the one percent level of significance. The details of these are as shown in Annex 7.

4.7 Stability Tests

The CUSUM and CUSUMQ stability tests confirm stability of both the linear and non-linear ARDL models. This is as
confirmed in the Annex 8.

5. Conclusion and Policy Recommendations

The paper has tested the symmetric and asymmetric effects of exchange rate on Uganda’s real money demand for the
period of 2008Q3 to 2018Q4. The paper uses both the linear ARDL and non-linear methodologies to estimate the
symmetric effects and asymmetric effects respectively. This is the first study of its kind to explore this phenomenon in
Uganda. This is also done with the inclusion of an economic uncertainty indicator to proxy uncertainty effects,
especially in the advent of the novel coronavirus pandemic that has disrupted movement, trade, global value chains. The
study findings will help in the effective execution of monetary policy and macro-management.

The error correction terms for both the linear and non-linear models are negative and significant, with that of the
non-linear model twice as much as that one of the linear models. The study findings also confirm the existence of
asymmetric effects of exchange rate on Uganda’s money demand. In the linear ARDL model, depreciation of the
Uganda Shillings against the US Dollar has a positive effect in the long run but a negative result in the short run.

On the other hand, the non-linear ARDL model reveals that a depreciation of the Uganda Shillings against the US
Dollar negatively affects real money demand in the short run. In contrast, appreciation of the Uganda Shillings against
the US Dollar positively affects real money balances. This confirms the asymmetric notion of exchange rate on
Uganda’s real money demand and also confirms the currency substitution hypothesis. The study diagnostics reveal that
the model specifications are good and that Uganda’s real money demand is stable.

The implication of these findings is that macro-economic policy management in Uganda should be cognizant of these
asymmetric effects of exchange rate, for effective planning, policy and implementation. This is especially because an
appreciation of the Uganda Shillings against the US Dollar has different results from a depreciation of the Uganda
Shillings against the US Dollar. If such a phenomenon is misunderstood, it may lead to a false and poor economic
planning and policy prescription.
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Appendix
Annex 1. Descriptive Statistics
Variables Observations Mean Standard Median Min. Max
Deviation

LRM?2 42 24,942 0.178 24.962 24.546 25.270
LRGDP 42 25.512 0.136 25.493 25.246 25.756
LREXP 42 3.011 0.089 3.048 2.830 3.138
IRS 42 -0.952 2.046 -0.640 -4.727 2.515
INF 42 2.139 2.289 1.857 -2.061 8.290
EUI 42 0.588 0.334 0.702 -0.439 1.014
Annex 2. Correlation Matrix

LRM?2 LRGDP LREXP IRS INF EUI
LRM?2 1
LRGDP 0.931 1
LREXP 0.310 0.152 1
IRS 0.601 0.597 0.340 1
INF -0.278 -0.232 0.135 -0.024 1
EUI 0.385 0.503 -0.317 -0.161 -0.154 1
Annex 3. Unit Root Tests
Variable DG-FLS Order of Integration

Level First Difference

LRM?2 -1.969 -4,762*** (1)
LRGDP -2.961 -8.496*** (1)
LREXP -2.523 -4,265*** (1)
IRS -3.319 -4.064*** (1)
INF -3.709** 1 (0)
EUI -1.917 -9.098*** 1(1)

** and *** signify 5% and 1% levels of significance for the Elliott-Rothenberg—Stock DF-GLS test statistic

Annex 4. F-Bounds Test

ARDL Value Non-linear ARDL Value
K=5 K=6

F-Statistic 9.461 45,914

95% Bound (Lower, Upper) (2.734, 3.92) (2.618, 3.863)

99% Bound (Lower, Upper)

(3.657, 5.256)

(3.505, 5.121)

Note: The figures in parentheses indicate both the lower and upper bound for the respective levels of confidence

Annex 5. Linear ARDL Results

Variable Coefficient (Standard error)
Long Run Results

c 14.27 (15.109)
InRGDP 0.276 (0.631)
InREXP 1.216** (0.466)
IRS 0.016 (0.029)
INF -0.095 (0.051)
EUI 0.366 (0.224)
Short Run Results

ECT -0.316***(0.034)
D(LREXP) -0.072 (0.106)

D(LREXP(-1))
D(LREXP(-2))

-0.442%%* (0.105)
-0.417%** (0.098)

D(LREXP(-3) -0.283** (0.085)
D(IRS) 0.0058* (0.003)
D(IRS(-1)) 0.008** (0.003)
D(IRS(-2)) 0.0077%** (0.003)
D(IRS(-3)) 0.0095*** (0.003)
D(INF) -0.0112*** (0.00198)
D(INF(-1)) 0.0117%** (0.002)
D(INF(-2)) 0.0048*** (0.034)
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Annex 6. Non-Linear ARDL Model Results

Variable Coefficient (Standard error)
Long Run Results

c -18.891

InRGDP 1.7228*** (0.434)
POSEXR -1.808** (0.014)
NEGEXR -3.931 (1.863)
IRS -0.0196* (0.008)
INF -0.035* (0.157)
EUI -0.176 (0.101)
Short Run Results

ECT -0.600*** (0.0188)
D(LRM2(-1)) -0.382*** (0.054)
D(LRM2(-2)) 0.148* (0.065)
D(LRM3(-3)) 0.485*** (0.046)
D(LRGDP) -0.294*** (0.045)
D(LRGDP(-1)) -0.522*** (0.051)
D(LRGDP(-2)) 0.041 (0.042)
D(LRGDP(-3)) 0.643*** (0.043)
D(POSEXR) -0.920*** (0.044)
D(POSEXR(-1)) -0.549*** (0.038)
D(POSEXR(-2)) -0.418** (0.036)
D(NEGEXR) 0.950*** (0.055)
D(NEGEXR(-1)) 2.665*** (0.091)
D(NEGEXR(-2)) 1.825*** (0.077)
D(NEGEXR(-3)) 0.375*** (0.0536)
D(IRS) 0.004** (0.0009)
D(IRS(-1)) 0.016™>** (0.001)
D(IRS(-2)) 0.026*** (0.0009)
D(IRS(-3)) 0.021*** (0.0009)
D(INF) 0.0005 (0.0004)
D(INF(-1)) 0.0169*** (0.0008)
D(INF(-2)) 0.004*** (0.0006)
D(INF(-3)) 0.005*** (0.0005)
D(EUI) 0.0019 (0.0129)
D(EUI(-1)) 0.0477** (0.0108)
D(EUI(-2)) 0.155*** (0.009)
D(EVI(-3)) 0.0546*** (0.007)

Annex 7. Diagnostic Tests and Stability Tests

Linear ARDL Model

Non-Linear ARDL Model

Diagnostic Tests

Adjusted R-squared 0.725 0.92
F-Statistic 77.48%** 731.07***
S.E. of Regression 0.0221 0.0036
Squared Residual Sum 0.0128 0.00001
DW 1.717 2.52
Breusch-Godfrey Test 0.374 (0.099) 2.309 (0.000)
Arch-Heteroscedasticity 0.352 (0.812) 5.949 (0.2)
JB Normality Test 0.284 0.798

Wald Test 11.7489***
Stability Tests

CUSUM Stable Stable
CUSUMQ Stable Stable

Figures in parentheses represent levels of significance
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Annex 8. CUSUM and CUSUMQ Stability Graphs
CUSUM Test for the linear ARDL Model
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CUSUM Test for the non-linear ARDL Model
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