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A Reassessment of Money Demand in Nigeria
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This paper re-examines broad money (M2) demand and its stability in Nige-
ria using the Autoregressive Distributed Lag (ARDL) bounds testing proce-
dure. First, the results indicate that a stable long-run relationship exists be-
tween M2 and its determinants including GDP, stock prices, foreign interest
rates and real exchange rate. Furthermore, stock prices showed a significant
and positive effect on the long-run broad money demand, which in some ways
reflect increased ‘financialization’3 and integration of the Nigerian economy
into the global economic system. Overall, the findings of this study lend cre-
dence to the continued relevance of the broad money aggregate, M2, as a
benchmark for monetary policy implementation in Nigeria.
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1.0 Introduction

The discourse on the demand for money in Nigeria has remained active after many

years of concerted research and debate on the subject. The decade of the 1970s

witnessed pioneering works on the subject by Tomori (1972), Ajayi (1974), Teriba

(1974), Ojo (1974) and Odama (1974). These discussions and debates drew a lot of

attention in both academic and policy circles at that time and earned the acronym

‘TATOO’ debate.4 Since then, new entrants into the discussion have tended to

build on the pioneering works of these great Nigerian scholars. This study draws

some inspiration from these works. The subject has remained alive globally, ow-

ing mainly to the importance of the issues for macroeconomic management and

monetary policy in particular. Policymakers need to know always how monetary

policy affects the real economy and whether aiming to control money matters for

the goal of stabilizing prices. To that extent, knowledge of the demand for money

will continue to prove essential.

1Corresponding author: umokpanachi@cbn.gov.ng.
2Authors are all staff of Monetary Policy Department, Central Bank of Nigeria. The

views expressed in this paper are those of the authors and do not represent the position
of the Bank.

3Increase in size and influence of financial institutions in an economy.
4TATOO is simply a coinage of the first letters of the last names of the pioneers (Tomori,

Ajayi, Teriba, Ojo and Odama) of the debate on the demand for money in Nigeria.
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Today, some of the policy-related developments that motivated the rigorous in-

vestigation of demand for money in Nigeria have not changed substantially. For

example, the Central Bank of Nigeria (CBN) in 1974 adopted monetary target-

ing as the framework for the implementation of monetary policy. One of the key

requirements for a successful targeting of monetary aggregates is the stability of

money demand (Anoruo (2002), and Khan and Ali (1997)). Knowing the argu-

ments of money demand is essential in the selection of instruments and targets,

just as the transmission mechanism of monetary policy depends on the arguments

of the demand for money. Till date, the Central Bank of Nigeria has continued to

target money as its main monetary policy strategy.5

Nevertheless, every fresh attempt at studying the demand for money in Nigeria

must be vigorously justified. The demand for money itself is a dynamic phe-

nomenon. The determinants of money demand change over time especially when

we consider the growing trends in financial innovation. In the past, many stud-

ies had, for example, reported interest rate neutrality in the demand for money

function in Nigeria owing to the undeveloped nature of the financial market and

narrow range of financial assets, such that rather than substituting between cash

and financial assets, economic agents tended to substitute between cash and phys-

ical assets.6 It will be interesting and useful to know if this situation has changed

in view of recent milestones in financial deepening. This paper is aimed at re-

assessing the demand for money in Nigeria in the light of recent developments in

the economy including the rapid expansion in incomes, greater number and variety

of financial assets, and increased openness of the Nigerian economy. Furthermore,

the paper seeks to examine whether equity prices matter for monetary policy for-

mulation in Nigeria.

The rest of the paper is structured as follows: Section two presents a review of

5There have been significant refinements over the years especially with the adoption of
an interest rate corridor and replacement of the minimum rediscount rate by the monetary
policy rate (MPR) in 2006. Notwithstanding these modifications, monetary targeting
continues to be an integral part of the Central Bank of Nigeria’s monetary policy strategy.

6see Ndebbio, 1998.
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both theoretical and empirical literature on the demand for money. Section three

discusses the data and method of analysis while the estimation and results are

presented in Section four. In section five, we present the conclusions and policy

implications.

2.0 Literature Review

2.1 Theoretical Framework

The literature on the demand for money, also referred to as the demand for real

balances7, is quite vast. The empirical literature on the demand for money in

Nigeria is equally rich. At the theoretical level, the motives for holding money are

clearly distinguished; transactions, speculative and precautionary motives. The

Keynesian theory identifies all three motives for holding cash balances (Keynes,

1936). Both the post-Keynesian and the classical quantity theories, however, fo-

cus on particular motives for holding money. In all, the theories of demand for

money essentially rely on the functions of money in explaining the determination

of money demand (Teigen, 1971).

Keynes argued that economic agents hold a certain proportion of money for the

sake of medium of exchange function, that is, to effect transactions. This motive

is viewed as dependent on income. The relationship between the transactions

demand for money and income is postulated to be stable. Cash balances are also

held to bridge receipts and payments since people are sometimes unsure as to when

they will have need to make payments. This motive, which Keynes refers to as

precautionary, also depends on the level of income. The third motive for holding

money in the Keynesian theory of demand for money is speculative purposes. He

argued that individuals hold cash balances in order to speculate or invest. The

speculative demand for money is hypothesised to depend on expectations about

future (or expected) rates of interest.8 Post-Keynesians, in particular, Baumol

7The demand for money or real balances is that amount of cash balanaces that economic
agents are willing to hold at any given time.

8Economic agents prefer to hold money when interest rates are low with the expectation
that interest rates would rise in the future and the price of bond (the alternative means
of holding wealth) would fall.
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(1952) and Tobin (1956) indicated that this motive for holding money is also in-

come elastic, in addition to providing greater insights about the role of interest rate

in the demand for money. The Baumol-Tobin model explains money holding in

terms of transactions demand. Hence, when income increases, the transaction de-

mand for money increases less proportionally. This leads to rise in income velocity

of money. Post-Keynesian theories of demand for money include the inventory-

theoretic approach and the buffer-stock/portfolio models (for detailed explanation

of these theories, see Sriram, 1999). Post-Keynesian theories of demand for money

include the Inventory-theoretic approach and the buffer-stock/portfolio models

(for detailed explanation of these theories, Sriram (1999). From the forgoing, the

demand for real balances increases with the level of income and decreases with

interest rate. Zecher (1974) expressed this symbolically as:

Md

P
= Y kI−h (1)

Md
P is demand for real money balances; Y is income, and I is interest rate. k and

–h are elasticities with respect to income and interest rate, respectively.

Earlier, the classical school of the quantity theory had made significant imprints

on the field of monetary economics. The postulations of the classical thought are

represented by the Fisher’s equation of exchange and the Cambridge approach.

The Fisher’s equation of exchange is symbolically presented as:

MV = PT (2)

where, M is the quantity of money, V is the velocity of circulation, P is the price

level and T is transactions volume.

MV , which is total spending, equals PT (what is purchased) simply implies that

money is demanded for transactions sake only. This strict position was later mod-

ified in the Cambridge approach also known as the cash balance approach. In this

formulation, money is held as part of an individual’s wealth and has an oppor-

tunity cost. The store of value function of money is emphasised. It nevertheless

admits income as a key determinant of the demand for money in addition to the
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opportunity cost variable and the rate of interest (Laidler, 1993).

2.2 Empirical Literature

The empirical literature on the demand for money in developing countries is quite

vast, with studies that have used Nigerian data contributing a fair share. The

earliest studies on the demand for money in Nigeria were; Tomori (1972), Ajayi

(1974), Teriba (1974), Ojo (1974), and Odama (1974). These scholars intensely de-

bated the determinants, their relative importance and the stability of the demand

for money in Nigeria. Virtually all the studies found income as a determinant of

the demand for money in Nigeria. They, however, differed on interest rate. Some

of the studies found interest to be insignificant and they defended this finding by

arguing that the hugely underdeveloped financial market and the attendant dearth

of alternative financial assets provided credence to the result.

Table 1a: Summary of the Empirical Literature on Money demand in Nigeria

In recent times, many other studies have investigated this same phenomenon and

have provided further insights about the arguments and stability of the demand for
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money in Nigeria. Some of these studies and their main findings are summarised

in Tables 1a and 1b. The earliest studies on the demand for money in Nigeria

referred to as the TATOO debate essentially focused on definition of money, in-

come as a key variable and a bit of stability issues (Yamden, 2011). Studies that

are more recent have leveraged on the tremendous progress in economic research

methodologies and econometrics to shift the debate to a higher level. Rather than

dwelling on the traditional variable of money demand suggested by theory, they

have sought to identify more efficient proxies for opportunity cost especially. In this

wise, variables such as expected exchange rate depreciation and equity yield have

emerged as useful proxies for the opportunity cost of holding money in money

demand models for Nigeria (see for example Owoye and Onafowora (2007) and

Yamden, (2011). Issues such as cointegration (existence of long-run relationship),

existence of endogenous structural breaks and stationarity, which the more recent

studies have brought on board, have significantly improved model efficiency and

results.

To summarise, we have learned from the survey of the empirical literature on

the demand for money in Nigeria that income, expected inflation rate, and other

proxies of opportunity cost (equity yield, real discount rate, expected exchange rate

depreciation) generally perform well in money demand functions using Nigerian

data. The particular opportunity cost variable adopted is critical to finding a

significant, negative relationship as suggested by theory. In addition, there seems

to be some consensus on income as an appropriate scale variable and stability

of parameters of the demand for money function. Stable demand for money is

especially important as it suggests that targeting monetary aggregates (M2 in

particular) is key to boosting economic activity and that they remain a viable

monetary policy instrument for Nigeria (Kumar, et al. (2010); and Arize and

Lott (1985). Interestingly, we note that the income elasticity of money demand

tends to be higher when a broad definition of money is used, sometimes even

higher than unity (see for example, Hassan, et al. (1995); Anoruo, (2002); Owoye

and Onafowora (2007); Akinlo (2006)). Studies using other countries’ data have

similarly reported income elasticity higher than one (see Laidler, 1993). Finally,

we note also the presence of endogenous structural breaks even though studies
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have differed with respect to the exact point in Nigerian data.

Table 1b: Summary of the Empirical Literature on Money demand in Nigeria

(Cont’d)

3.0 Data and Methodology

3.1 Data

The data used in this study is quarterly time-series data from 1985Q1-2016Q4.The

data were sourced from World Development Indicators published by the World

Bank (World Bank, 2016), OECD data bank, the Central Bank of Nigeria’s statis-

tics database and the Federal Reserve Bank of St Louis.
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3.2 Empirical Model

This study uses an empirical model based on the transaction demand and the

opportunity cost of holding money. The money demand model was first introduced

by Baumol-Tobin (see Baumol, 1952 and Tobin, 1956)). Their paper found that the

transaction demand for money exhibits economies of scale. Hence, when income

increases the transaction demand for money increases less than proportionally.

Therefore, the model takes the following format as in Baharumshah et al. (2009).

m

P
= f(GDP, fir, Inf,Dir, SP,REER) (3)

where m/p is real money stock; GDP is gross domestic product; fir is foreign

interest rate; Dir is the domestic interest rate, SP is stock prices, Inf is change

in consumer price index and REER is the Real Effective Exchange rate. Sev-

eral studies have incorporated the exchange rate in the money demand function

(see Arango and Nadiri (1981) and Bahmani-Oskooee and Pourheydarian (1990)).

Equation (3) is re-written in semi-log form as shown in (4), the model is semi-

logged because of the variable that is in percentage i.e. inflation.

ln(M)t = ρ1ln(GDP )t+ρ2lnft+ρ3firt+ρ4lnDirt+ρ5ln(SP )t+ρ6ln(REER)t+εt

(4)

The parameters in equation (4) capture the response of money demand to changes

in its determinants. The income elasticity of money demand is expected to be

positive. Both domestic and foreign semi-interest elasticity of money demand can

be negative or positive depending on the strengths of the income and substitution

effect on money balances. The introduction of stock prices in the money demand

function is justified by the rapid growth and diversification of the capital market,

particularly equities, in the last 10 to 15 years. Increasingly, investment in equities

has become a viable alternative form of holding wealth in Nigeria. The REER was

used to capture the substitution between domestic and foreign currencies which

measure the value of a currency against a weighted average of several foreign cur-

rencies) divided by a price deflator or index of costs.

The size of the coefficient of the income variable can take the following forms: if it

is equal to unity, ρ1 = 1, the quantity of theory is applicable; furthermore, if the

size of the coefficient on the income variable is half, ρ1 = 0.5, the Baumol–Tobin
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approach is applicable; finally, if the scale variable is greater than unity, (that is,

if ρ1 > 1, money is considered as a luxury good, neglecting wealth effects.

3.3 Econometric Method

This study adopts the Pesaran and Shin ( 1998) ARDL model. The model is used

because of its suitability in modelling a time series particularly in small samples.

It has a big advantage in that regardless of the order of the variables (be it in

level I(0) or first-difference I(1)), it overcomes the unit-root pitfalls in regression,

in addition to solving the often present problem of serial correlation in economic

times series. Following Pesaran and Shin (1998), the error correction version of

the ARDL model is stated as follows:

∆yt = φ+
k−1∑
i=1

A1∆yt−i +
k−1∑
i=1

B1∆xt−i + δ1yt−k + δ2xt−k + µt (5)

Equation (5) captures the error correction in the ARDL model in which , φ is the

constant vector parameter, A and B are the short run parameters; yt captures the

endogenous vector variable, xt is a vector of the other explanatory variables as

outlined above and δ1 and δ2 are the parameters of the long-run relationship. µt

is error term, assumed to be serially uncorrelated and homoscedastic.

As noted whilst introducing the ARDL model, all the variables have to be station-

ary, either in level or at first difference. To check this property before proceeding to

the full ARDL model, the study uses the Phillips and Perron (1988) unit-root test.

3.4. ARDL and Bounds Testing Procedure

The Pesaran and Shin (1998) cointegration technique involves a 2-stage procedure

in the estimation of the long-run relationship. In the first stage, the existence of

cointegration amongst the variables (bounds testing) is tested using the standard

Wald or Fisher F-test using equation 3. The null hypothesis is that the coeffi-

cients of the lagged regressors in the error correction version of the ARDL model

(equation 5) are zero i.e. H0 : δ1 = δ2 = 0. This null is tested against the alter-

native hypothesis of H1 : δ1 6= δ2 6= 0. Pesaran and Shin (1998) provide critical

values to test the hypothesis, with and without time trend. The critical values
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are grouped into “upper” and “lower” bounds, where, the upper bound assumes

that all the variables are jointly first-difference stationary i.e. I(1) and the lower

bound assumes that all the variables are level stationary or I(0). To reject the

null hypothesis, the calculated F-statistic must be above the upper bound critical

value. If the calculated F-statistic is found to be below the lower bound, a decision

to fail to reject the null hypothesis is required for the model. As a final point, if the

calculated F-statistic lies in-between the upper and lower bound, the test result

is inconclusive. At this stage knowledge of the order of integration (or time series

properties of the variables) is required to proceed. The second stage of estimation

can only proceed once cointegration is established among the variables.

At this stage, the short-run and long-run parameters are estimated9 using the fol-

lowing two equations:

Long-run equation

δ̂1yt + δ̂2xt = 0; yt = − δ̂2
δ̂1
xt (6)

obtained from a version of equation (5) where appropriate lags would have been

selected for both the dependent and independent variables using any of the infor-

mation criterion after confirming the existence of long-run relationship in stage one.

Dynamic error correction equation for the short-run coefficients/parameters ob-

tained from the equation below:

∆yt = a+

p∑
j=1

αj∆yt−j +

q∑
j=0

β1j∆xt−j + φecmt−1 + vt (7)

where ecmt−1 = yt−1− δ̂2
δ̂1
xt−1 obtained from (6) above; yt and xt are as previously

defined; β1j are the short-run parameters; φ measures the speed of adjustment to

a new equilibrium whenever there is a shock. It also provides another means of

validating the existence of cointegration or long-run relationship among the vari-

ables. It is expected to be negative and significant and less than one in absolute

9The lag length and lag criterion are chosen; the criterion could be any of Schwartz,
Hannan Quinn or the Akaike. Stability and diagnostic checks are carried out for het-
eroscedasticity, serial correlation, functional form misspecfication and normality of the
data.
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value for the model to be stable.

3.5. Stability checks

A stability check is carried out on the model using Brown, et al. (1975) model

of stability verification. The cumulative sum (CUSUM) and cumulative sum of

square (CUSUMSQ) are called out on recursive regression residual. To accept

that the model is stable, the plots must fall within 5% critical bounds of signifi-

cance.

The CUSUM test is based on the cumulative sum of recursive residuals based on

the first set of n observations. It is updated recursively and plotted against the

breakpoints. If the CUSUM statistic stays within the 5% significance level, the

estimated coefficients are said to be stable. A similar procedure is used to carry

out the CUSUMSQ that is based on the square of recursive residuals.

4.0 Estimation and Results

This section discusses the empirical results comprising of the preliminary results,

unit root test, the bounds testing for cointegration, the long-run and short-run

estimates of the model and finally, the stability and diagnostics test results.

4.1 Preliminary results

4.1.1 Summary statistics

Table 2 presents the descriptive statistics of the variables of interest in the study

over the period, 1985Q1 to 2016Q4. The standard deviation in the data set range

from 0.127 to 21.8176 while skewness ranges from -0.74 to 2.75. The variable with

the highest mean is REER with 30.30 and the lowest mean was FIR with 1.63.

The Jacque-Bera statistic shows the goodness of fit of the data. From the p-values

we can observe the data is not normally distributed as it rejects the null hypothesis

of normality.
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Table 2: Summary statistics

4.1.2 Correlation Matrix

Table 3 presents cross correlations among the variables. The correlation matrix

shows positive correlation of M2 with GDP and stock prices and negative correla-

tion with inflation, domestic and foreign interest rates and REER.

Table 3: Correlation Matrix

4.2 Unit root test

Unit root examinations were carried out using the Phillips-Perron’s (PP test).
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Table 4: Unit root test

From the PP unit root test result in Table 4, all the variables are integrated at

order one which paves the way for the use of the ARDL bounds testing procedure

to test for long-run relationship.

Table 5: Bounds Test

As stated earlier, the ARDL model approach is implemented in two stages in es-

timating the long-run relationship. In the first stage, the existence of long-run

relationship is tested using the bounds test. The bounds test F-statistic must be

greater than the upper bound critical values at 5% or 10%.
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The computed F-statistics from the bounds test is 4.417. This value is higher than

the upper bound critical value at 3.61 at the 5 per cent level of significance. Hence,

the null hypothesis of no-long run relationship can be rejected for the model. In

effect, there exists a long-run relationship between the demand for money (M2)

and its determinants.

Figure 1: Selection Criteria

Table 6: Long Run Model

60



CBN Journal of Applied Statistics Vol. 9 No. 1 (June, 2018) 47-75

4.3 Long-run and Short-run Models

Table 6 presents the long-run ARDL model for money demand in Nigeria using

data from 1985 to 2016. All the coefficients are with correct signs. There is a

positive and statistically significant relationship between broad money demand

(M2) and GDP as the income elasticity is statistically significant at the 10 per

cent level. Hence, an increase in GDP leads to an increase in demand for money

as outlined in economic theory. There is also a positive and significant relationship

between broad money demand and stock prices. This is because the level of stock

prices represents a broad proxy of financial wealth. In the long-run, stock market

assets act as a store of value for the monetary aggregate. Both domestic foreign

interest rates returned negative coefficients suggesting inverse relationships with

broad money demand. By implication, an increase in the foreign interest rate may

give rise to a fall in the demand for the local currency (Naira) and increase in

the demand for the foreign currency (Dollar). Furthermore, Inflation is negative

and statistically insignificant as inflation is negatively correlated to real demand

for money. The Real effective exchange rate (REER) is negative and statistically

significant at the 5% level. The significance of this indicates the existence of

currency substitution in Nigeria.

Table 7: Diagnostic Test

4.4 The Short-Run Model

The dynamic error correction regression associated with the above long-run rela-

tionship based on the ARDL approach is reported in Table 7. The model selected

is ARDL (3,6,1,6,1,1,7). The coefficients of all lagged first differenced variables in

the ARDL model (Short-run coefficient estimates) are shown in Table 8. Not much

can be inferred from the short-run model. As expected the error correction term
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carries a negative sign which highly significant at the 1% level10 indicating that

M2, GDP, Inflation, Stock Prices, REER and Domestic & foreign interest rates

are cointegrated. The absolute value of the coefficient of the error-correction term

indicates that about 1.5% per cent of the disequilibrium in M2 demand is coun-

terbalanced by short-run adjustment in each quarter. This indicates that excess

money is followed in the subsequent period (next quarter) by a reduction in the

level of money balances, which people will hold. Thus, it is important to reduce

the existing disequilibrium over time in order to maintain long-run equilibrium.

4.5 Stability Diagnostics

The existence of a stable and predictable relationship between the demand for

money and its determinants is considered necessary for formulation and imple-

mentation of monetary policy strategies based on intermediate monetary target-

ing as outlined by Sharifi-Renani (2007). The stability of long-run coefficents is

used to form the error-correction term in conjuction with the short-term dynamics.

Some of the problems of instablity could stem from inadequate modelling of the

shor-run dynamics charaterising departures from the long-run realtionship. Hence

it is important to incorporate the short-run dyamics for consistency of long-run

parameters. In view of this we apply the CUSUM and CUSUMSQ tests developed

by Brown et al. (1975).

Analysis of Figure 2 showed that the plots for the CUSUM statistic for M2 are

stable and within the boundary. However, the statistic for CUSUMSQ in Figure 3

crosses the critical value line’s indicating some instability in M2 money demand.

A plausible explanation for this occurrence is the fact that this period coincided

with the implementation of a home designed Policy Support Instrument (PSI)

programme with the International Monetary Fund (IMF). The Programme set as

targets, some thresholds for reserve money and other monetary aggregates, which

the CBN was, expected to comply with on quarterly basis, in order to have the

support of the Fund in Nigeria’s economic and financial reform programmes in

10This gives further credence to support the cointegration of the variavles of interest.
The value normally lies between 0 and -1 where a value of 1 indicates 100 percent dise-
quilibrium in the money deman function is corrected in the following quarter.
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the negotiations leading to the Paris and London Club debt exit in 2005. The

objective of the IMF endorsement for the PSI was to provide strong signals to

donors, creditors, and investors about the effectiveness Nigeria’s economic and

financial policies. As expected, the stance of monetary policy during this period

was mainly restrictive.

Table 8: Estimated Short Run Money Demand Model: ARDL ECM Approach

Figure 2: CUSUM Graph
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Figure 3: CUSUMSQ Graph

5.0 Conclusions and Policy Implications

The paper sets out to estimate the broad money demand function for Nigeria tak-

ing into account the equity market and its impact on money demand. Quarterly

observations for the period, 1985Q1 to 2016Q4, were used. The paper adopts the

Pesaran and Shin (1998) ARDL bounds testing aproach to determine whether a

long-run relationship exist between the variables of interest.

In summary, the results suggest that broad money (M2) remains a credible inter-

mediate target for monetary policy. In the long-run, movements in money demand

are related to income, stock prices and foreign and domestic interest rates. The

findings of this study are broadly in line with the results in Friedman (1988) and

McCornac (1991). From empirical point of view, inclusion of stock prices is im-

portant for the stability of M2. These results show that changes in income have

significant (positive) short and long-term effects on money; while the variable,

stock prices, is positively significant only in long-run. This means that the vari-

able (stock prices) comes into the money demand function for Nigeria as a wealth

variable rather than an opportunity cost variable. Inflation is insignificant in the

long run, which justifies the short-term orientation of monetary policy. Domestic

and foreign interest rates, though properly signed, were statistically insignificant

in the long run.

Three policy implications are derived from the findings of this study. First, the
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conduct of monetary policy in Nigeria should continue to focus on monetary ag-

gregates, especially their growth rates. This is in view of the established stability

of the broad money demand and the positive income elasticity in both the short

and the long run. Second, the performance of the Stock prices captured by the

All-Share Index in the model suggests that asset prices, particularly equity prices,

matter for monetary policy in Nigeria. This is important when viewed against

the debate about whether monetary policy should respond to asset price misalign-

ments. In our view, and drawing from this study, the CBN monetary policymakers

should begin to pay more attention to asset prices in the conduct of monetary pol-

icy. Finally, interest rate performed poorly in the model, and such, we may infer

that any instrument that works essentially through interest rates (like the Mone-

tary Policy Rate) will need to be complemented by other instruments to impact

the intermediate target (money supply) of monetary policy.
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Appendix

Data Sources:

All data are quarterly for the 1985(1)- 2016(4) period. They were obtained from

various sources such as World Development Indicators published by the World

Bank (World Bank, 2016), OECD data bank, the Central Bank of Nigeria’s statis-

tics database and the Federal Reserve Bank of St Louis. Definition of Variables.

M2 – is broad money supply.

GDP- Is gross domestic Production.

Inflation- Is the inflation rate captured by the consumer price index.

Dir- is the domestic interest rate.

Fir- is the US interest rate.

REER- is the real effective exchange rate.

Unit Root Test.

Augmented-Dickey fuller test.

Given,

yt = µ+ ωt + ηyt−1 + η1∆yt−1 + ...+ ηp∆yt−p + εt

The random walk is obtained by imposing, µ = 0 and ωt = 0. The random walk

drift has ωt = 0; the trend stationary model ventures both parameters free.

The test statistic to carry out the test is then

DFi =
η̂ − 1

StandardError(η̂)

Based on the statistic,

DFη =
T (η̂ − 1)

1− η̂1 − ...− η̂p
It has the advantage that it can accommodate higher autoregressive process in εt.

Alternatively, by subtracting y(t− 1) from both sides.
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Deltayt = µt + η∗yt−1 +

p−1∑
j=1

Πjδyt−j + εt

where

Πj = −
∑p

k=j+1 and η∗ = (
∑p

i=1 ηi − 1). The null hypothesis for the Augmented-

Dickey fuller is then η∗ = 0 against an alternative of η∗ < 0. If failure to reject

the unit root holds, η∗ = 0 then first-difference may be carried out.

Deltayt = µtωt + η∗yt−1 +

p−1∑
j=1

Πjδyt−j + εt

The test is carried out using the joint-hypothesis that µ = ω = 0.

Phillip’s and Perron Test (1988)

The philp-perron’s test has been used to improve on the ADF test as it captures

finite sample properties.

Given,

yt = θt + ηyt−1 + η1∆yt−1 + ...+ ηp∆yt−p + εt

where θt, may be 0, µ or µ + ωt. The (PP-Test) modifies the ADF test outlined

above.

Zl =

√
C0( ˆeta− 1)

av
− 1

2
(a− C0)

Tv√
as2

zη =
T (η̂ − 1)

1− η̂1 − ...− η̂p
− 1

2
(
T 2v2

s2
(a− C0))

where,

C0 = [(T −K)/T ]s2

a = C0 + 2

L∑
j=1

(1− j

L+ 1
)cj

where cj = 1
T
∑T

s=j+1 etet−s
, j = 0, ..., p, that is the jth autocovariance residuals

s2 =
∑
e2t

T−K and v2=variance of η̂.
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