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Are Money, Interest Rates, OQutput and the
Exchange Rate Cointegrated? Implications for
Monetary Targeting

By Maria Socorro Gochoco*

This study examines the relationship between various monetary aggregates and
real income, the 91-day Treasury bill rate, and the nominal exchange rate using the
Engle and Granger cointegration method. The idea is that the choice for a monetary
target should be controllable by the Central Bank and must have a stable and
predictable relationship with variables of interest to policymakers. The results show
that only M1 is cointegrated with real income, the 91-day Treasury bill rate, and the
nominal exchange rate taken together. Overall, the results imply that M1 is the best

choice for a target variable.

1. Introduction

Monetary theory proposes several criteria in the choice of a
monetary target. These are: (1) The monetary aggregate must be
controllable by the Central Bank given the available instruments:
nnd (2) The aggregate must have a stable and predictable relationship
with variables of interest to policymakers such as GNP, inflation, the
oxchange rate, interest rates.

Previous studies of money demand such as Goldfeld (1973) use
different monetary aggregates and dynamic simulation techniques to
tdetermine the ability of different model specifications to predict
money demand. Chow tests are employed to test for structural
stability. The usefulness of these types of studies for policy purposes
in the U.S. became questionable in the mid-80s when the estimated
squations started to underpredict money demand. This has, in turn,
been attributed to financial innovations which obscured the
distinctions among different types of money balances held.

This study uses the simplest version of cointegration due to
Engle and Granger (1987) to estimate money demand functions and
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closely follows the procedure outlined in Trehan (1988). The metho d
of cointegration estimates a long-run equilibrium relationship among
the variables and allows for adjustment towards this equilibrium. It
also allows for the effects of short-run changes in the independent
variables via an error-correction mechanism. The properties of the
money demand function are important in determining the usefulness
of different aggregates as target variables. The stability of the
money demand function ensures that policy-induced variations in
the target variable would have predictable effects on the economy.

Quarterly data from 1982.3-1991.2 are used. The study i
divided into the following sections: Section 2 discusses the relevance
of the cointegration method and its implementation; Section 3 presen ¥
the empirical results on cointegration; Section 4 presents the error
correction specification for money demand; Section 5 summarize
and concludes the study.

2. Empirical Methodology

Many macroeconomic time series are not stationary in thei
levels. This means that a random disturbance will lead such a seriel
to drift away from its mean level or trend. Such a series is said #
contain a unit root. "

Non-stationarity poses many econometric problems al
conventional econometric techniques require stationarity. Mone
demand functions, for example, could be estimated directly if thi
time series for monetary aggregates, interest rates, and output wer!

each stationary. i

At the same time, however, it is possible that while individug
time series are not stationary in their levels, they are stationary i
their first differences, or integrated of order one, I(1). If individu
time series are integrated of order one, they may be “cointegrated
The latter means that one or more linear combinations of these ti
series may be stationary even if they are not individually stationan
If these time series are cointegrated, there exists a stable long-rul
relationship among levels of the variables. Thus, a random shock wi
not cause these variables to drift away from each other.

The first step, therefore, is to determine whether the individu

time series are stationary. The formal way of doing this is to use
Dickey-Fuller test for the presence of a unit root, The null hypothe
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is that the series contains a unit root, i.e., the series is not stationary
or has no tendency to return to its original level following a random
disturbance. To implement the test, the log of each variable is
regressed on a constanf, a time trend, and the variable’s level, or
nlternatively, the first difference of the logs of each variable is
regressed on a constant and one lagged first difference of the log of
the variable in question. Both methods are ways of inducing
mtationarity in time series. The test statistic is equal to the coefficient
on the lagged dependent variable minus one divided by its standard
orror. The null hypothesis is that the series has a unit root and the
critical values for this statistic are given in Fuller (1976) as the
statistic does not have the usual t-distribution. Intuitively, the test
for the presence of a unit root is akin to the following: In a regression
of the form

Ytza +th_ +e,

0 1

the test for the presence of a unit root is simply a test of whether |p|
In significantly different from one or not. Under the null hypothesis,
p1s not significantly different from one. If so, then Y, is characterized
a8 a random walk process, i.e., it drifts over time permanently
following a random disturbance, €, .

3. Empirical Results

Table 1 presents the results of unit root tests for the levels and
flifferences of the logs of real total liquidity (TL), real M1, real M2, real
roserve money (RM), real GNP (Y), the nominal exchange rate (E), and
the 91-day Treasury Bill rate (T'B).

The results in Table 1 show that the null hypothesis of non-
stationarity can be rejected at the 1 percent level for reserve money,
the exchange rate, and the 91-day Treasury bill rate, all in difference
form. For all the other series, the null hypothesis of non-stationarity
tannot be rejected at even the 10 percent level of significance. The
tosults suggest that the levels of all the variables as well as total
llquidity, M1, and income in difference form contain unit roots.
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Table 1 - Tests for Non-Stationarity
(1982.3 - 1991.2)

A.Tests for Levels of Variables

TL M1 M2 RM Y E
Constant -0.011 0.139 0.040 0.327 0.108 0.247 481
(0.177) (0.138) (0.186) (0.180) (0.219) (0.120) (0.267,
Trend 0.001 0.001 0.001 0.003 0.0006 0.0009 0.0000
(0.000) (0.000) (0.000) (0.001) (0.000) (0.001)  (0.008
Coefficient .
on lagged 0.996 0.953 0.988 0.899 0.981 0.917
level (0.034) (0.037) (0.038) (0.054) (0.034) (0.052) (0.

B.Tests for Differences of Variables
TL M1 M2 RM Y E

Constant -0.0001  0.0006 0.0006 0.009 0.0004 0.021 .00
(0.002) (0.002) (0.002) (0.005) (0.001) (0.010)  (0.03

Laggedlevel 0879 0855 0855 0495' 0808  0.333  0.0d
(0.080) (0.087) (0.087) (0.147) (0.101)  (0.162) (0.1

Notes: Significant at 1 percent.
Each regression uses logs of all the series and one lag of the dependent
variable.

Despite this latter finding, however, cointegration allows a mea
of determining whether a long-run relationship exists betwee
variables with unit roots. This is possible if the sources of not
stationarity are other sets of variables. Hence, these variables
not tend to drift away from each other. This can be ascertained
examining if the residuals from an OLS regression of these variabl
are stationary using the Dickey-Fuller test again. The null hypothe
is one of no cointegration, or equivalently, that the residuals are ng
stationary.

Table 2.1 presents the results of regressing M1, M2, or resern

money on real income, the 91-day Treasury bill rate, and the nomini
exchange rate.! Including the exchange rate in the money dema

! The results for total liquidity are not reported here bocause the coefficient
the interest rate is positive although insignificant.
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equation is important because as McKinnon (1982) argues and
McNown and Wallace (1992) have shown, international currency
substitution may destabilize the demand for money. The latter’s

Table 2.1
Tests for Cointegration

A. Estimated Equations

M1 M2 RM
(lonstant -7.5261 -6.6451 -8.8711
(0.530) (0.332) (0.829)
Real Y 1.7971 1.8061 1.8091
(0.082) (0.051) (0.129)
Interest Rate -0.037 -0.0351 -0.1631
(0.019) (0.012) (0.031)
lixchange Rate -0.0771 0.0171 0.4921
(0.019) (0.012) (0.031)

B. Test Statistics

Dickey-Fuller Test -29.271 -2.188 -2.686

Note: ! Significant at 1 percent.

fesults, in particular, show that the variables explaining the demand
for M2 do not form a cointegrated system unless the exchange rate is
included.

The results in Table 2.1 show that the hypothesis of no
tointegration between the monetary aggregate M1, M2, or RM and real
Income, the 91-day Treasury bill rate, and the nominal exchange rate
inn be rejected at the 1 percent level in the case of M1 based on the
fosults of the Dickey-Fuller test. The Dickey-Fuller test does not
Mlow us to reject the hypothesis of no cointegration between M2 or RM
#nd the explanatory variables even at the 10 percent level. In
wddition, the finding of a significantly negative coefficient of the
nominal exchange (P/$) rate in the M1 cointegrating regression may
Indicate the following: As the peso depreciates, the demand for M1
ilocreases as portfolio holders switch to dollars and/or to interest-
honring peso assets.
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Table 2.2 - Tests for Cointegration

A. Estimated Equations

Ml
Constant -7.5211 3.7401 3.5891
(0.472) (0.215) (0.265)
Real Y 1.7431
(0.073)
Interest Rate -0.004
(0.073)
Exchange Rate 0.047
(0.089)
M2
Constant -6.7781 49381
(0.362) (0.221)
Real Y 1.818!1
(0.056)
Interest Rate 0.006
(0.075)
Exchange Rate
RM
Constant - 8.808! 3.7611 1.9991
(2.266) (0.332) (0.286)
Real Y 1.948!
(0.351)
Interest Rate - 0.0009
(0.113) i
Exchange Rate 0.5991
(0.097)
B. Test Statistics
M1 M2 EM
Dickey-Fuller Test
Real Y -21.592 -1.933 -1.37
Interest Rate -0.26 0.57 1.28
Exchange Rate -0.53 -0.01 -0.88
1 Significant at 1 percent.

2 Significant at b percent.
3 Significant at 10 percent.
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Table 3.1 - Error-Correction Specifications for Money Demand
(1982.4 - 1991.2)

Dependent
Variable AM1 AM2 ARM
Constant 0.011 0.0081 0.0191
(0.003) (0.003) (0.005)
AY 0.7291 0.7921
(0.262) (0.279)
AY.; 0.5011 0.471 0.766
(0.230) (0.256) (0.303)
ATB -0.018 - 0.0461 -0.029
(0.012) (0.011) (0.023)
ATB -0.311 -0.036
(0.011) (0.022)
AE -0.1361
’ (0.051)
AE.2 -0.160 -0.105
(0.051)1 (0.098)
Error Correction -0.2911 -0.188 -0.158
Term (0.065) (0.102) (0.097)

| Significant at 1 percent.

The regressions in Table 2.1 were re-run to test for pairwise
cointegration between each monetary aggregate and each explanatory
variable. This is useful since the results in Table 2.1 imply that M2
and RM are not cointegrated with real income, the interest rate, and
the exchange rate taken together. Nevertheless, it is possible for
them to be cointegrated with each explanatory variable alone.

The results in Table 2.2 indicate that the null hypothesis of no
tointegration between M1 and GNP and M2 and GNP can be rejected
nt the 5 percent and 10 percent level, respectively. The null hypothesis
of no cointegration between each of the monetary aggregates and
vither the interest rate or the exchange rate cannot be rejected at the
usual levels of significance.
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The results in Tables 2.1 and 2.2 suggest that M1 is the best
choice for a target variable as it consistently exhibits a tendency
towards a stable relationship with key macro variables. The fact that
M1 is cointegrated with real income, the interest rate, and the
exchange rate means that in a money demand function estimateg
using M1, disturbances in real income, the interest rate, and the
exchange rate would not lead to permanent shifts in the estimatec

function.

4. Error-Correction Specifications for Money Demand

While cointegration tells us about long-run relationships,
behavior of monetary aggregates over the short run is equallj
important. An error-correction model allows for the gradua
adjustment of the dependent variable towards long-run equilibriu
while allowing for short-run adjustment. i

The error-correction models estimated consisted of the firg
difference of the monetary aggregate as the dependent variable,
constant, first differences of the logs of real income, the 91-daj
Treasury bill rate, the nominal exchange rate, and an error-correctio
term where the latter uses the coefficient from the cointegratin
regressions. The first differences of the explanatory variables an
their lags capture the short-run effects of disturbances to real incom
the interest rate, and the nominal exchange rate while the error
correction term captures the adjustment towards long-run equilibriun
The error-correction model was estimated with 4 lags of th
explanatory variables.? Lags which had insignificant coefficien
were eliminated. The demand functions estimated for each monetar
aggregate are shown in Table 3.1. The coefficient on the errdl
correction term in the M1 equation reveals that approximately
percent of the previous quarter’s discrepancy between the actual &
equilibrium value of M1 is corrected each quarter while those for M
and RM are 18 percent and 15 percent, respectively. Of tk
explanatory variables, income and the nominal exchange rate a)
significant when M1 or M2 is used. The 91-day Treasury bill rate
also significant in the M2 regression reflecting perhaps the holding}
money primarily as an asset.

2 Uniform lags of 8 on the explanatory variables yielded inferior results.
coefficient on the error correction term was insignificant.
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Table 3.2 - Error Correction Specifications for Money Demand

Dependent
Variable

Constant

AY

Alnterest Rate
Alixchange Rate
lirror Correction

Torm
Dependent .

Variable
Constant

AY

Alnterest Rate
Exchange Rate
Error Correction

Torm

pendent
ariable

Conatant

AY

Alntorest Rate
Allxchange Rate

':rm- Correction
rm

AM1

0.0008 0.006

(0.0029) (0.005)
1.515!
(0.182)

-0.048

(0.027)

-0.361! 0.013

(0.080) (0.365)

AM2

0.0007 0.006

(0.003) (0.005)
1.4871
(0.235)

-0.048

(0.026)

-0.072 0.026

(0.138) (0.035)

ARM

0.017! 0.021*

(0.004) (0.004)
0.757!
(0.311)

-0.059!

(0.023)

0.024 0.036

(0.030) (0.021)

0.016*
(0.005)

-0.302!
(0.091)

0.021
(0.033)

0.016!
(0.005)

-0.313!
(0.089)

0.037
(0.032)

0.026'
(0.005)

-0.186"
(0.090)

0.016
(0.031)

I Bignifieant at 1 percent,
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When the error-correction specification for money demand is

done using only a single explanatory variable, the results for M1 and
ts are shown in Table 3.2.

M2 do not change much. These resul
However, income, the interest rate, and the exchange ra _
significant in the RM equation. Despite these, however, M1 is still®
superior to either M2 or RM. First, the coefficient on the error-
correction term in the MI regression is statistically significant;’
secondly, it says that 36 percent of the discrepancy between the
actual and equilibrium value of M1 is corrected every quarter, at least’
in the regression with income as the explanatory variable. All the
other specifications are inferior as they imply an unreasonably slow"

adjustment.?

5. Summary and Conclusions

This study examines the relationship between various moneta
aggregates and real income, the 91-day Treasury bill rate, and the’
nominal exchange rate using the Engle and Granger cointegration
method. The idea is that in selecting a particular monetary aggregate
to target, the choice should ideally satisfy the theoretical requiremen
for such, namely, the aggregate must be controllable by the Central
Bank given the available instruments, and the aggregate must have
a stable and predictable relationship with variables of interest to
policymakers. Cointegration tests allow for the specification of &
long-run equilibrium relationship among the variables of interest. It
also allows for short-run adjustment towards this long-run
relationship via an error-correction mechanism. The results of the
Dickey-Fuller tests suggest that the levels of all the variables as well
as total liquidity, M1 and income in difference form contain unit
roots, i.e., are not stationary. Furthermore, only narrow money, M1,
is cointegrated with real income, the 91-day Treasury bill rate, and
the nominal exchange rate taken together. None of the other monetary
aggregates were significantly cointegrated with these variables taken
together. These results are in contrast with other studies which
suggest that narrow money tends to be unstable because of portfolig
shifts. Our results suggest that portfolio shifts to dollars and/or
interest-bearing peso assets occur as the peso depreciates but thal

Rl - ==

3 Trehan (1988), for example, estimates that about one-fourth of the previou
quater's discrepancy between the actual and equilibrium value of the monetary aggre
gate is corrected cach quarter in the German case.
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this does not make the demand for M1 unstable. Of the various
variables of interest, only real income is cointegrated with either M1
or M2 in pairwise regressions.

Error-correction specifications suggest that approximately 29
percent of the previous quarter’s discrepancy between the actual and
equilibrium value of M1 is corrected in each quarter. This result is
similar to Trehan’s (1988) for Germany. When either M2 or reserve
money is used, the speeds of adjustment are much slower. In the
error-correction models using pairwise cointegrating regressions, the
results using M2 or reserve money imply implausibly slow speeds of
ndjustment.

Overall, the results imply that M1 is the best choice for a target
variable,
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