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I. INTRODUCTION

1. The objective of this paper is to model the determinants of inflation in Madagascar
over the period 1971-2000, paying special attention to the relation between short-run
dynamics and long-run equilibrium, and how the impacts on inflation unfold over time. For
this purpose an error correction model is developed. The period under study encompasses a
number of policy changes and external shocks that are likely to have affected inflation. The
exchange rate peg was abandoned in 1982, and import restrictions and price controls were
dismantled in the late 1980s as a series of structural adjustment programs was implemented.
The banking and financial system and the exchange market were liberalized in the mid-
1990s. In addition, several external shocks affected the economy, including oil-price shocks
in the 1970s and early 1990s, the coffee booms in the mid 1970s and mid-1980s, and severe
potitical disruptions that took place in the early 1990s.

2. A previous analysis of the determinants of inflation in Madagascar (see Toujas-
Bernaté, 1996) has found stable long-term relationships for money demand and the real
exchange rate, leading to an error correction representation of inflation. Major
methodological differences of the current paper from that study include the nse of the more
general Johansen'’s procedure that allows testing for multiple cointegration relationships,
instead of the Engle-Granger (1987) procedure which cannot detect the number of coin-
tegrating vectors. In addition, tests for weak exogeneity are performed. System estimation is
also carried out, permitting the impulse response to be analyzed. Similarly to the 1996 paper,
we also proceed with the estimation of two long-run relationships (money demand and reat
exchange rate) as a step toward the analysis of the short-run dynamics; the results indicate
that there exists a stable money demand type relationship among domestic prices, broad
money, real income, and domestic and foreign interest rates, as well as a long-run relation-
ship among the nominal exchange rate, domestic prices, foreign prices, and the terms of
trade. :

3. Unlike Jonsson (1999), because of data limitations, it was not feasible to estimate the
two long-run equations simultaneously within a single vector error-correction model
(VECM). Instead, we start by identifyving the cointegration relations in two subsystems, and
unify the two subsystems when we turmn to the short-run dynamics. In the short-run analysis,
in addition to estimating a single error correction equation for inflation, we also carried out a
simultanecus estimation (relying on the full information maximum likelihood—FIML—
methodology), using, as dependent variables, all the variables in the model, including prices,
money, exchange rate, and real output. The most salient results of the short-run dynamics,
and of the associated impulse response analysis, are as follows: (1) in both the inflation
equation and the money growth equation the error correction term from the money demand
relationship is significant, while that from the exchange rate relationship is not; (ii) the
exchange rate change has, however, a significant direct impact on both inflation and money
growth; (iii) there is considerable inflation inertia; (iv) positive shocks to the money supply
affect immediately domestic prices, but real money balances increase; (v) inflation has a
significant negative impact on nominal money growth; (vi) the change in exchange rate is not



responsive to the error correction term from the money demand relation but is responsive to
the error correction term from the external sector. Moreover, an increase in the domestic
deposit rate leads 1o an appreciation of the exchange rate.

4, The paper is organizad as follows. Section 1 provides a brief background to the
Malagasy economy. Section [II presents the theoretical framework and econometric
methodology. Data issues and results from cointegration tests are addressed in Section IV.
Section V presents the results from estimating the single equation error correction model for
inflation and evaluates its statistical properties. System estimation and impulse response
analysis are conducted in Section V1. Section VII draws the main conclusions.

II. BACKGROUND

3. Madagascar benefited from relative price stability over the first two decades since its .
independence {Figure 1). With the currency pegged to the French franc until 1982, despite
having left the franc zone in 1973, the rate of inflation remained below those of its trading
partners, and broadly in line with developments in France(Figure 2). With fiscal and
monetary policy insufficiently tight, and the accumulation of 2 monetary overhang, a first
burst of high inflation occurred during the early 1980s. A second period of high inflation
occurred in 1987-88, associated with a sharp depreciation of the Malagasy franc. This phase
was of short duration, and low inflation was achieved in the 1989-93 period, initially as a
result of the disciplined financial policies pursued during the period 1988-90 under an IMF-
supported program. Starting in 1991, policies became more ¢xpansionary, but inflation
remained subdued until 1993 as the nominal and real exchange rate appreciated.

6. The consumer price index {CPI) started rising rapidly at end-1993, and inflation
remained high in 1994 and 1995 as three shocks affected the Malagasy economy: (i) a rapid
expansion of the money supply in 1993-94 resulting from a significant increase of credit to
the government and the nongovernment sectors; (ii) the January 1994 cyclone which
damaged the paddy rice crop, leading to a surge in rice prices; and (iii) a large depreciation of
the real exchange rate foliowing the introduction of a free interbank foreign exchange market
in May 1994 (Figure 3). On a 12-month basis, inflation rose to 61 percen: at end-1994;
however, it abated to 37 percent in the 12 months to end-1995, as tight financial policies
were pursued in 1995, entailing an increase 1n the central bank base rate and in the reserve
requirements, as well as a sharp reduction in the overall budgetary deficit, which led to a
decline in net bank claims on the government. In 1996 inflation declined further, to 8.3
percent at end-December (year on year), as the further cut in the government deficit allowed
a continued decline in net credit to government, and credit to the economy was subdued
because of high lending rates. In 1997-98, inflation was broadly stable in the 5 to 6 percent
range, as money growth declined further and the nominal effective exchange rate depreciated
modestly; 1t increased, however, in 1999 to 14.4 percent on an end-year basis, as money
growth reached 20 percent, spurred by an acceleration in credit to the economy and by an
increase in the net foreign assets of the banking system. Money growth and inflation declined
1n 2000.



ITII. THEORETICAL FRAMEWORK AND ECONOMETRIC METHODOLOGY

7. We base our analysis on the recognition that in a small open economy the price level
is influenced both by money demand and by imported inflation. Therefore, the approach
followed in this paper is to assume that the changes in the domestic price level are the result
of deviations from the long-run equilibrium in the money market and in the purchasing
power relationship. The equilibrium in the money market requires that real money supply,
(m’- p), is equal to real money demand, m’, where the latter is assumed to be positively
related to real income and its own rate of return, and negatively to the opportunity costs of
holding money, expressed by foreign interest rates and variables such as the expected
inflation:

m'-p=mh i i% Ap°), (1)

where m is the logarithm of the money stock, p the legarithm of the domestic price level, y
the logarithm of real output, i the interest rate on time deposits (as a proxy of its own rate of
return), and i the foreign interest rate. The equilibrium in the foreign sector can be
expressed by the relation:

p=g-—e-+iol, (2)
where g is the logarithm of the foreign price level, e is the logarithm of the notninal
effective exchange rate (defined as foreign currency per unit of domestic currency), and for
is the logarithm of an index of the terms of trade.
The rate of return on foreign assets is expected to be relevant in the money demand function
for Madagascar, not only after the liberalization of the foreign exchange market in the early
1990s, but also before, given the close relationships of the business community with key
partner countries.

8. Equation (2}, which specifies the long-term equilibrium in the market for foreign
exchange, contains the terms of trade, as there are indications that the real exchange rate
(e+p-g) is nonstationary in Madagascar, as confirmed below, so that the standard formulation
of the purchasing power parity does not hold. The presence of the terms of trade in the
exchange rate equilibrium relationship is consistent with the hypothesis that a change in the
relative prices between exportables and importables should lead to an adjustment in the real
exchange rate (see Dornbusch (1980)).

9. With the formulation of the hypothesis of the existence of two long-term
relationships, the preferable way to proceed would be to include the variables (m, p, y. 1, i¥ ¢,
g, tot) in a single system, with none of the variables assumed a priori 10 be exogenous, and to
estimate a vector autoregression (VAR) model, applying cointegration tests to verify if there
are any long run relationships among the variables. The next step would be to use economic
theory for identification, so as to move from an empirical model to a structural VAR model,
and estimate and test specific cointegrating vectors associated with the money demand and
the modified PPP hypothesis. The single system approach is used, for instance, by Jonsson
{1999) in his study of inflation in South Africa.



Thus, the analysis would be based on an autoregression model of the form:

£
Ax, = pu+ ) TAx,  +1x  +®d, +&,, 3)
- i=l
where x; is the vector of all the variables in the model ( my, p,, v, &, %, e:, q., fot,); the
parameters ¢ and I are allowed to vary without restrictions; £ is the lag length of the model;

d, 15 a vector of deterministic variables; and ¢ is a vector of errors with mean zero.

10.  The existence of cointegration, namely of long-term relationships among the
variables of the model, is tested by analvzing the rank of the matrix II (Fountis and Dickey,
1989; Johansen and Juselius, 1990; and Johansen, 1991). In case of a reduced rank of IT, i.e.,
if the rank of IT is » < #, where # is the number of endogenous variables, then there exists »
cointegrating vectors, and the matrix 11 can be written as equal to off’, where a and f are {n

x 1) matrices, with /5 containing the r cointegrating vectors, and a representing the speed of
adjustment to the long run equilibria, or the coefficient of the error correction terms. In this
paper we expect the rank of the matrices II to be two.

11, Inpractice, it has been recognized (Juselius, 1992) that large vecior autoregression
models are difficult to handle, and that when many varnables are included in a VAR,
difficulties to interpret the cointegration space increase. For this reason, we have followed
Juselius (1992), Metin {1995}, Sekine (2001), and others in deriving long-run relationships
from sector VARs. Thus, instead of testing the existence of cointegrating vectors from the
full matrix of the system’s variables I, we divide the vector of the endogenous variables in
two subsets, the first (m,, p, v, ¢, i) pertaining to the monetary sector and the second (e, p,
q:, iot, ) pertaining to the foreign sector, and we then analyze the two corresponding
submatrices I, and II; to identify cointegrating vectors. A similar approach applied to
analysis of African economies has been used by Durevall and Ndung’a (1999) for Kenva,

and by Nachega {2001} for Uganda.

12, The sectoral approach can be regarded as, in effect, adding certain identifying restric-
tions to the full system. This approach still allows the short-run dynamics to be analyzed
within the context of the fuil system. In the second part of the paper, we have estimated a
single-equation error correction equation for inflation, as well as a simultaneous system of
dynamic equations, in which the dependent variable in each equation is the quarterly
percentage change of ail the system’s variables, and explanatory variables include the error
corrections terms from the two long-term relations and the lagged changes of all the variables
in the system. This allows a more precise analysis of the impulse responses.

IV. DATA ISSUES AND COINTEGRATION ANALYSIS
Data and unit root fests
13. The empirical analysis is conducted using quarterly data from 1971:Q1 to 2000:Q4.

End-cof-period values are used when converting from higher-frequency data. All variables are
in logarithms except the interest rates. The money supply is the sum of demand and time



deposits. As GDP is available only at an annual frequency, quarterly GDP data are obtained
through an interpolation by cubic method. The money and price sertes display some
seasonality. In order not to alter their {ime-series properties, centered seasonal dummy
variables are used in the estimartions instead of preadjusting the series for seasonality. Figure
1 plots the inflation rate and money growth. Figure 2 graphs the series of the nominal
effecnve exchange rate, the domestic CPL, and partner-country CPI, and Figure 3 the rea!
effective exchange rate against the terms of trade. The nominal effective exchange rate is
calculated using the trade weights of the Fund’s Information Notice System, which take into
accounts competitiveness with third couniries; the same weights are used to calculate the
partner countries’ CPI index. For the rate of return on monetary balances, we have used the
rate on time deposits with a term of between three months and one year. For the foreign
interest rate, in view of the peg with the French franc until 1982, and the close economic
relations with France throughout the period, the serics of the ten-year government bond yield
in France has been used in the estimations. The interest rates are plotted in Figure 4.

14, Standard angmented Dickey-Fuller {ADF) unit root tests (see Table 1) suggest that all
variables are nonstationary in levels, while the first differences of the vanables are stationary.
1t is interesting 10 notice that the real exchange rate is nonstationary, suggesting that the
strong version of purchasing power parity hypothesis is not confirmed 1 this sample period.

Cointegration Analysis

As data are nonstationary, and as none of the variables can a priori be considered as
exogenous, we have proceeded to formulate a nonstructural VAR model, with appropriate
iags, and have applied cointegration tests to assess whether any long-run relationship exists
among the vanables; then, as a second step, we have used economic theory, and placed
restrictions to identify the long run equations. As explained above, we have proceeded with
testing the existence of cointegrating vectors in two subsystems pertamning to the monetary
sector and the foreign sectors. Then, for the short-run dynamics, we have estimated
simultaneously dynamic equations incorporating the error correction mechanism both from
the long-run money demand function and the purchasing power relation.

15.  Results from Johansen’s maximum likelihood procedure for VAR for the monetary
sector are presented in Table 2. The VAR model consists of five lagsonm, p, 3, i, i*, a
constant, centered seasonal dummies, a dummy for the 1994 cyclone, dm944¢1, and a dummy
for the discontinuation of the peg with the French franc, dm82_00." A trend term is restricted
to lie within the cointegration space.

? Certain opportunity cost variables, such as past inflation and past changes in the exchange
rate, which can be taken as proxies for expected inflation and expected appreciation, have not
been included. They appear to be stationary and thus would not affect whether a group of
nonstationary variables are cointegrated or net. In fact, the standard critical values for the
(continued...)



Table 1. Unit Root Tests

Lags ADF t- Lags  ADF t-Values
Included Values on Included on First
Levels Differences
p 2 0132 1 -4.702%*
n 0 1.653 0 -9.308*=%
¥ 5 0.651 4 -4083%*
e 0 0.389 0 -9.104%*
i 0 -1.533 0 -9875%**
i* 4 -1.137 3 -5.33535%%
g 1 -1.765 0 -3.268*
etp-q 0 -1.087 0 -11.634%%
tot 5 -1.087 4 -4,776%*

Notes:

1. The ADF is the augmented Dickey-Fuller test. The null hypothesis is that the series tested contains a
unit root. The number of lags was determined by starting with fiveiags and then removing the
insignificant ones.

2. The reported statistics are for the tests with a constant term included. Including 2 time trend does not
alter the results qualitatively.

3. *¥ indicates rejecting nonstationarity at the 1% significance level. * indicates rejecting
nonstationarity at the 5% significance level.

16.  Results from cointegration analysis for the external sector are reported in Table 3;
also In this case the VAR modei includes five iags on each vanable, e, p, g, fot, a constant,
seasonal dummies, the two dummies for the 1994 cyclene and for the discontinuation of the

peg.

17.  Under the Johansen cointegration procedure, two tests, both based on hkelihood ratio
statistics, can be applied to determine the number of cointegrating vectors. The maximum
eigenvalue statistic tests the null hypothesis of = s cointegrated relationships against the
alternative that v = s+1, while the trace statistic tests the same hypothesis » = 5 cointegrated
relationships against the more general alternative of r 2 s+1.

18.  Ascan be seen from Table 2, for the monetary sector there is one very large and one
very small eigenvalue and three relatively small eigenvalues. On the basis of the maximum
eigenvalue test, the hypothesis that there 1s no cointegrating vector is rejected, while the

Johansen tests are supplied assuming that in general only nonstationary variables are
included in the cointegrating vector.



hypothests that there is one cointegrating vector is not rejected. According to the trace test,
the hypothesis that there is at most one cointegrating vector is not rejected. Thus, we
conclude that there appears to be exactly one cointegrating relationship.

Table 2. Cointegration Analysis of the Monetary Sector

Eigenvalue 0.263 0.163 0.115 0.098 0.034
Null hypothesis on
rank = r r=0 r<l r<2 r<3 rs4
Amax 37.59% 21.93 15.04 12.72 4.24
95% critical value 37.50 31.50 25.50 19.00 12.30
Atrace 91.52%* 5393 32.00 16.96 4.24
95% critical value 87.30 63.00 42.40 25.30 12.30
m P y i i* trend

Cointegrating vector 1.000 -1.045 -0.947 -0.067 G.030 -0.010
Restricted
cointegrating vector 1.000 -1.000 -1.000 -0.036 0.036 -0.008
14(2) 1.154

{0.764]

The estimated cointegrating vector is reported in the seventh line of Table 2. The long run
relationship can be written as

m=1.045p+0.947y +0.067i — 0.030i" + 0.010mrend. (4)
This equation has the properties of a money demand function. All the coefficients have the
right signs suggested by a money demand function. Furthermore, the price elasticity and
income elasticity are close to unity. Including the trend term in the long run relationship
captures the effect of financial deepening over fime.

19. I the cointegrating vector represents a demand function for real money balance, the
coefficient on p could be restricted to unity, and it is appropriate to test whether the income
elasticity is unity and whether the semielasticities on the two interest rates are of equal
magnitude but opposite signs, as economic theory would suggest. Imposing these restrictions,
we have obtained a relationship that could not be rejected, according to the chi square
statistics of the likelihood ratio tests (see Table 2, last row). The restricted long-run money
demand function can be written as

m—p=y+0.036(i—i)+0.008rend. (5)
Resuits from the cointegration analysis for the external sector are reported in Table 3.
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The maximum eigenvalue test indicates that the hiypothesis that there is no cointegrating
vector can be rejected at the 99 percent level; the hypothesis there is only one cointegrating
vector cannot be rejected at the 35 percent level. According to the trace test, we cannot reject
the hypothesis that there is at most one cointegrating vector. We thus conclude that there
appears to be only one such vector. The estimated cointegrating vector is reported in the
seventh row of Table 3. The long-run relationship, unconstrained, can be written as follows:

e=-0.763p +0.660g + 0.183t0¢ . (6)

Table 3. Cointegration Analysis of the External Sector

Eigenvalue 0.230 0.092 0.037 0.008
Null hypothesis on
rank = r r=0 r<il Fs2 r<3
Amax 32.14%* 11.93 4.63 1.00
93% critical value 27.10 21.00 14.10 3.80
Atrace 49.69% 17.55 5.63 1.00
95% critical value 47.20 29.70 15.40 3.80
e P g tot
Cointegrating vector 1.000 0.763 -0.660 -0.183
Restricted
cointegrating vector 1.000 1.000 -1.060 -0.223
v*(2) 1.550 [0.461] -

Although the unconstrained coefficients on the prices seem not close to unity, contrary to
what economic theory would predict, the hypothesis that the coefficients on p and ¢ are equal
to one cannot be rejected (see eighth row of Table 3). The restricted cointegrating vector can
be written as:

e+ p~q=022301. (D
The coefficient on for is (.22, which is very close to that obtained for Kenya by Elabadawi
and Soto (1997}, 0.32, and by Durevall and Ndung’u (1999), 0.36.

20.  In summary, in this section we have detected two cointegrating vectors through
Johansen’s tests, which can be interpreted as representing a long-run money demand function
and a long-run real exchange rate function. Furthermore, restrictions deemed appropriate by
economic theories are not rejected. The restricted cointegrating vectors are graphed in

Figure 5.
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Y. SHORT-RUN DYNAMICS

21. A cointegrated system can be written in the error correction form of equation (3},
which, employing [T = aff', becomes the following:

Le
by, = p+ Y Thx  +affx,, +®d, +¢, (8)
i=]
The difference between the error correction model and a simple vector autoregressive model
in first differences lies in the £'x,_, term, which takes the values of the cointegrating vectors

in the previous period. This term indicates how much the system deviates from the long-run
equilibrium in the previous period and is called the error correction term. o represents the
speed of adjustment at which the systern returns to equilibrium. The error correction model
assumes that the endogenous variables, such as domestic prices, not only respond to short-
term changes of the variables in the system, but also are a function of their deviation in the
previous period from the long-run equilibrium. When cointegration is present, fitting simple
VAR models in first differences will overiook the useful information contained in the levels
of the vanables.

Weak Exogeneity

22.  Inasystem of error correction equations, if the error comrection term does not enter
the equation for one variable, that variable is said to be weakly exogenous. Thus it is possible
to test whether 2 variable is weakly exogenous by testing whether the coefficient on the error
correction term,that is the corresponding element in «, 1s zero. It can be shown that, if a
variable 1s weakly exogenous, it can be left out of the system without affecting the statistical
properties of the test statistics of hypotheses about the cointegrating vector (see, for example,
Ericsson 1998). The distribution of these test statistics wiil depend on all other variables that
are not weakly exogenous, and the system: must be estimated as a whole to make correct
inference about the cointegrating vector. It is worth noting that estimating the equations
jointly is needed conly for testing hypotheses about the cointegrating vector. For making
consistent estimates of the coefficients or testing hypotheses on other coefficients, estimating
the equations separately is sufficient { Johansen, 1992).

23.  Table 4 shows the p-values of the test statistics for testing whether the price, money,
domestic deposit rate, French government bond rate or real output variables are weakly
exogenous. The p-values indicate that while we can reject the hypothesis of weak exogeneity
for the price, money, and domestic interest rate variables, we cannot reject the hypothesis for
foreign interest rates and real income. If an external shock causes the system to deviate from
its long-run path, the above test suggests that money, prices and domestic interest rate will
adjust over time to restore the long-run equilibrium. This means that, it a simultaneous
equation modetl is used, the error correction mechanism should be introduced in the equations
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for money, prices, and domestic interest rates, but not in the equation for the foreign interest
rate and real income.

Table 4. Monetary Sector: Tests for Weak Exogeneity

Z

. p-Value for the Test
. Statistic
p 4.800 0.029
m R.28&8 0.004
i 5.804 0.015
i 0.254 0.614
¥ 2211 0.137

24. A similar test is conducted for the external sector (Table 5).

Table 5. External Sector: Tests for Weak Exogeneity

xz p-Value for the Test

Statistic
e 17.389 0.000
1.264 0.261
q 1.311 0.252
tot 1.204 0272

In this case, the results suggest that we can reject the hypothesis of weak exogeneity for the
exchange rate, but we cannot reject the hypothesis for domestic prices, foreign prices, and the
terms of trade.

Single Equation Error Correction Model for Inflation

25.  This section presents the development of a single equation for inflation in
Madagascar, based on an error correction model. First, a general modei is estimated, and then
a modeling strategy is used to arrive at an empirically parsimonious model, in which the
number of lagged varables is reduced and insignificant explanatory variables are omitted.
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Table 6. Coefficient Estimates of the Error Correction Inflation Ecguation

Unrestricted  Restricted Unrestricted  Restricted

Regressor Coefficients Coefficients Regressor Coefficients Coefficients
A -0.019 A7 0.390
s (-0.182) - (0.865)
. 0.026 A -0.142
= (0.245) i (-0.264)
0.219%* -0.122
AP (-2.160) By (-0.226)
Ap 0.269%* 0.240% 0.015
(- (2.843) (3.145) Ti-s (0.031)
0.045 . -0.001
A,y (0.656) B %o (-0.077)
-0.004 . 0.015%
At (-0.063) AT (1.954)
0.004 . -0.003
Ay (0.055) LT (:0.418)
-0.012 e 0.011
A,y (-0.188) A%y (1.482)
Ae,. 0060 0083 gy 0.054%* 0.050=
(-1.422) (-2.322) (3.006) (3.738)
-0.024 -0.006
) EC2
he.s (-0.540) €2 (-0.360)
-0.066 -0.079%* S 0.096% 0.088%*
e, ,
€ (-1.423) (22000 ML 4 6g) (5.914)
| -0.055 0.048%* 0.039%*
By (-1.272) dm82 00 (3 595 (3.121)
N 0.001 Constant 01847 0.153%*
= (0.369) (1.778) (4.303)
N -0.001
-2 (-0.251)
A 0.001
= (0.461)
. -0.001
Ay (-0.285)
Notes:

1. ¢-statistics are in parentheses.

2. ** indicates significant at 5% level, * indicates significant at 10% level.

3. Diagnostic tests of the restricted model: testing for error autacorrelation from
lags one to five ¥*(5) = 7.7916.[0.1681]; normality ¥*(2) = 7.9106 [0.0192);
autoregressive conditional heteroskedasticity (ARCH) from lags 1 to 4 3*(4) =5.332 [0.2549];
heteroskedastic errors ¥*(8) = 2.9006 [0.9404].
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26.  The general model is estimated with four lags of each variable in the first differences,
two error correction terms- defined as EC1 =[m—p-v-0.036(i - i*/]and EC2=[e +p-g -
0.22¢0t}- and the appropriate dummy variables and seasonal dummies;interpolated annual
vanables, y and tot, are not included.

] 4 4 4 q 4
Ap =+ BAp  +Y v.0m_ +Y S Ae + D AAg  + D @Al ++Y A ©
i=] =] {=i i=| feef i=l

+ i ECL + Kk, EC2, | + 7, dm94gl+ x,dmB2_00+ 6,5 + 9,5, +¢,5; v &,
The reduction from the general model is carried out by removing the variables with low -
values, and then using F tests and the Schwarz information criterion o check the
appropriateness of the simplification (test results not reported). None of the F-statistics,
comparing the initial, the intermediate and the final model, are significant, and the Schwarz
criterion becomes more and more negative for each model. Hence, the simplification appears
statisitcally valid.

27.  Tabie 6 reports the estimation results. The estimated coefficient on the error term EC1
is 0.03. Instead, the coefficient for EC2 is not statistically significant. Therefore, out of the
two error correction terms, only the one for the monetary sector remains in the parsimonious
model. However, it is shown below that the EC2 relationship has an impact on the exchange
rate, and the latter influences the rate of inflation; thus, indirectly, the deviation from the
long-run equilibrium in the foreign sector affects inflation. The adjustment coefficient on
EC1 suggests that, if the money stock leve! is 10 percent higher than the equilibrium level in
one quarter, this wiil cause inflation to increase by 0.5 percent in the following quarter.
While money growth does not have 2 sigmficant direct impact on inflation, its effect is
transmitted through the error correction mechanism.

28, Table 6 also shows that changes in the exchange rate have significant effects on
inflation, so that a depreciation causes inflation to rise. Also, there 1s considerabie inflation
mertia, with lagged inflation entering with a coefficient of 0.24 in the restricted model.

29, Figure 6 plots the fitted inflation and the actual inflation series. it appears that the
error correction model traces the movements of inflation in a satisfactory manner.

Diagnostic Tests

30.  To evaluate the statistical properties of the model, a battery of tests was conducted.
We present the results for the single equation parsimonious model. Several misspecification
tests were performed on the residuals and are reported in the notes to Table 6. Error
autocorrelation, ARCH errors, and heteroscedastic errors are rejected. However, normality
can be rejected from the data. Overall, the residuals seem to be weil behaved.

31 The model was estimated recursively from 1975 to 2000 to examine its stability.
Figure 7, top panel, plots the one-step residuals and their =2 standard errors. Almost all the
residuals lie within the +2 standard error band, except, as expected, for 1994, when a large



spur in inflation cccurred. One-step and breakpoint Chow test statistics are presented in the
middie and bottom pane! of Figure 7. Almost ail the Chow test statistics are not signiticant at
the 5 percent level, except, again, for the vear 1994, as could be expected. Hence, we
conclude that the stability of the model is acceptable.

Y 1. SYSTEM ESTIMATION CF THE ERROR CORRECTION MOCDEL aND IMPULSE RESPONSES

3Z. To utilize all the information contained in the data, we estimate via full informarion
maxirnum lkehhood (FIML) the full system consisting of an error-correction equation for
cach of the sight variables in the system. Table 7 reports the results of the FIML estimation
for the veriables that we are most Interested in: prices, monev, and the exchange rate. The
explanatory varables that are not significant have been dropped from the estimation.

33, The price equation is essentially the same as in the OLS estimation, whica has been
discussed in the previous section. In the price equation Twith Ap as the dependent variable,
i.e., the rate of inflation), the coefficient of the error correction term in the monetary sector,
£C1, 1s significant and equal 1o £.06; this indicates that approximately 6 percent of the excess
n the money supply 1s reatsorbed through inflation in cach quarter. In addition, inflation
inertia is significant, as indicated by the 0.23 coefficient on lagged inflation, The error
correction term from the Zoreign sector is not significant, ~ut *he change in the nominal
exchange rate has a Jirect impact on inflerion.

4. The money eguation (Am. monev growh, being the dependent variable) shows thai
broacd money growsh depends on laggad milation, the lagged exchange rate change, and the
error correction term, SC1. The mmtersst rate terms are not significant. The previous-quarter
izflation rate Is significant at the 3 percent level, with a coefficient of -G.32, but the
ceeiricients on further lags of infiation are not significant. Thus, Tor an Increase in inflaticn
of 10 percentage coints, nominal money growth would decline by about 2.2 percantage
zoints. This could be explained by the central bank’s tightening money supply in response o
an increase in inflation, or ty te public’s desire 10 held money declining markedly when
inflation increases. The error correction term from the monetary equilibrium is significant,
with a coefficient of -0.07. This means that abour 7 perceat of any disequilibrium in the
money market is absorbed in the next quarter. As for the change in the nominal exchange
rate, it 2as a significant coetficient, equal to —0.12; this indicates that following a 10 percent
depreciation the nominai monev demand rises by 1.2 percent, presumably because of
transaction needs.

s

5. Theimpact of an exchange rate depreciation in the price and in the money equations,
that is on inflation and on nominal money growth, is broadly sirmilar; thus, the estimate

suggeasts that a cepreciation has aimost no impact on real monev growth.
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Table 7. FIML Estimates of the Restricted Error Correction System

Regressor Ap, Ae, Am,
ip 0.478%* 0321%
= (-2.374) (-2.724)
0.483%*
A
Pe-s (2.627)
0.230**
APe-s (3.416)
N -0.069%* 0.117%*
g (-2.199) (2.230)
. -0.086%*
Ay (-2.758)
N 0.159*
v (1.847)
. 0.013%*
Bl (2.053)
0.064%* -0.068%*
BCl., (5.050) (-2.979)
-0.070%+
ECZ., (-2.944)
0.185%+ 0.286% -0.135%
Constant (5.567) (2.950) (-2.263)
0.051** -0.042%* -0.048%*
d
ms2_00 (4.287) (-2.751) (-2.336)
0.112%* 0.159%+ 0.071%*
dmdigl (7.679) (-4.246) (3.052)
Noies:

1. t-statistics are in parentheses,
2. ** indicates significant at 5% level. * indicates significant at 10% level.

1. With respect to the exchange rate equation, the results reported in Table 7 show that
the exchange rate change depends significantly on the past deviation from the long-run
equilibrium in the external sector. If the exchange rate is below the level required by the
long-run equilibrium, it will move higher to restore the equilibrium. The coefficient on the
error correction mechanism is -0.07, indicating that about 7 percent of the disequilibrium is
corrected every quarter. A higher domestic deposit rate tends to cause the local currency to
appreciate, as local currency-denominated assets become more atiractive. The exchange rate
changes also display a high degree of serial correlation.

Impuise Response Analysis

2. From the FIML estimation, it is possible to analyze the short-run dynamics and the
comovements among the variables through impulse response functions. Thus, we can
examine the impact of different shocks on the variables in the model and analyze the lagged
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structure of the responses. Impulse response functions have been generated with shocks to
the p, m, i e g, ¥, tot, and i equations. Each initial shock is assumed to be a one-unit shock.
The results are presented in Figures 8 and 9 (for the latter, cumulated responses), where we
focus on the responses of three domestic variables, Ap, Am, and Ae. Real output growth,
being interpolated from annual data, appears to follow an autoregressive process only.

38 AsFigures 8 and 9 show, a positive shock on domestic prices leads, as expected, to a
cumulative depreciation of the nominal exchange rate. The impact of inflation on money
growth, after being negative in the first few quarters, becomes positive thereafier, but the
cumulative effect is only about 0.5; this suggests that, responding to a spur in inflation,
money supply tightens initially but then expands, although not enough to offset the increase
in prices, so that the real money growth declines.

39. A shock to the nominal money growth leads to an immediate increase in inflation;
however the cumulative impact is well below unity, about (.4 over 20 guarters, This
outcomes, along with a cumulative increase in nominal money growth of 0.7 of the initial
shock over 20 guarters, indicates that the growth in real money stock rises by about 0.3 over
20 quarters. As mentioned before, a shock to money growth does not affect real GDP growth,
as the interpolated GDP growth series appears to follow an autoregressive process only. This
result can be compared with that found by Jonsson (1999) in the case of South Africa, where
a positive effect of an increase in money stock on output in the first 5 quarters vanishes in the
next 10 quarters, while real money balances adjust back toward their initial level. In addition,
following a positive monetary shock, the nominal exchange rate starts depreciating after
about 5 quarters, and the cumulative depreciation is about 0.2 of the increase in the growth of
the money stock after about 15 quarters.

40, A shock to the change of the nominal exchange rate, such as an appreciation (a
positive shock), leads immediately to lower inflation, with a camulative effect in 8 quarters
of -0.2, but this impact fades out in the following quarters. The effect on money growth,
although similar to that on inflation, is of a smaller magnitude in the first 15 quarters. This
suggests that an appreciation of the exchange rate increases real money growth in the first 15
quarters and leaves real money balances broadly unchanged afterward.

41, Most of the impact of a rise in the domestic deposit rate on monev growth and
inflation is displayed in the first 13 quarters. Not surpnisingly, the money growth increases
and the nominal exchange rate appreciates as local-currency denominated assets become
more attractive. The appreciation causes inflation to fall.

VII. CONCLUSIONS

42.  The objective of this study was to examine the dynamics of inflation in Madagascar
using, both a single-equation error correction maodel and an error correction mode! estimated
for a complete system of variables. The single-equation model is parsimonious and
empirically stable. The equation allows the evaluation of the relative impact on inflation of
changes in money, the exchange rate, and lagged inflation. The adjustment of inflation to
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disequilibria in the money market is relatively slow, with about 6 percent of the
disequilibrium absorbed in one quarter. Inflation inertia is relatively strong, with the lagged
inflation having a coefficient of 0.24.

43, The system estimation highlights the impact on prices, the money supply, the
exchange rate, and real output of ali the other vanables in the sysiem. Inflation is affected by
money growth and the change in the exchange rate, and there is also a considerable inertia.
However, the impulse response analysis indicates that the cumulative impact on prices of an
increase of the money stock is significantly below unity, so that real money balanices
increase. Any deviation from the long-run money demand relationship takes about 16
quarters to be reabsorbed. A depreciation of the exchange rate has a broadly similar effect on
inflation and nomina! money growth, so that it leaves real money balances broadly
unchanged. The exchange rate depends mostly on the past deviation from the long-run
equilibrium between the real exchange rate and the terms of trade. Also, a rise in the
domestic deposit rate has a positive effect on the exchange rate, which subsequently lowers
the inflation rate.



-19-

References
Dombusch, Rudiger, 1980, Open Economy Macroeconomics, ( New York: Basic Books).

Darevall, Dick. and Njuguna S. Ndung’u, 1959, “A Dynamic Model of Inflation for Kenya,
1974-1996,” IMF Working Paper 99/97 (Washington: International Monetary Fund).

Elbadawi, Tbrahim and Raimundo Soto, 1997, “Real Exchange Rates and Macroeconomic
Adjpustment in Sub-Saharan Africa and Other Developing Countries,” Journal of
African Economies, Vol. 6,(March), pp.74-120.

Engle, Robert F., and C. W. ]. Granger, 1987, Cointegration and Error Carrection:
Representation, Estimnation, and Testing,” Econometrica, Vol. 55 (March), pp.251-76.

Ericsson, Neil, 1998, “Empirical Modeling of Money Demand,” Empirical Economics,
Vol 23 (n. 3), pp. 295-315.

Fountis, N. G. and D. A. Dickey, 1989, “Testing for Unit Root Nonstationarity in
Multivariate Autoregressive Time Series,” 4nnals of Statistics, Vol 17, pp. 419-28.

Johansen, Soren, 1991, "Estimation and Hypothesis Testing of Cointegrating Vectors in
Gaussian Vector Autoregressive Models,” Econometrica, 59 (November),
pp. 1351-80.

Johansen, Soren, 1992, “Testing Weak Exogeneity and the Order of Cointegration in UK
Money Demand Data,” Journal of Policy Modeling, Vol. i4 (June), pp.313-34.

Johansen, Soren and Katarina Juselius, 1990,”Maximum Likelihood Estimation and
Inference on Cointegration—with Applications to the Demand for Money,” Gxford
Bulletin of Economics and Statistics, Vol.52, (May),169-210.

Jonsson, Gunnar, 1999, “Inflation, Money Demand, and Purchasing Power Parity in South
Africa,” IMF Working Paper 99/122 (Washington: International Monetary Fund).

Juselius, Katarina, 1992, “Domestic and Foreign Effects on Prices in an Open Economy: The
Case of Denmark,” Journal of Policy Modeling, Vol.14 (August), pp.401-28.

Metin, Kivilcim, 1995, “ An Integrated Analysis of Turkish Inflation,” Oxford Bulletin of
Economic and Statistics, Vol. 57, (November), pp.513-31.

Nachega, Jean Claude, 2001, “Financial Liberalization, Money Demand and Inflation in
Uganda,” IMF Working Paper /01/118 (Washington: Internationai Monetary Fund).

Sekine, Toshitaka, 2001, “Modeling and Forecasting Inflation in Japan,” IMF Working
Paper /01/82 (Washington: International Monetary Fund).



-20 -

Touwjas-Bernaté, Joel, 1996, "Inflation and Monetary Policy tn Madagascar,” in:
Madagascar--Selected Issues and Statistical Annex, IMF Staff Country Report,
N0.96/59, by Pierre Dhonte and others (Washington: International Monetary Fund).



2921 -

Figure 1. Inflation and Money Growth, 1969-2000
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Figure 2. CP1, Exchange Rate, and Foreign Price, 1969-2060
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Figure 3. Real Effective Exchange Rate and Terms of Trade, 1969-2000
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Figure 4. Domestic and Foreign Interest Rates, 1969-2000
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Figure 5. Restricted Cointegrating Vectors
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Figure 6. Fit of the Inflation Equation
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Figure 7. Stability Tests of the Restricted Inflation Lquation
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Figure 8. Impulse Responses in the Full Model 1/
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1/ Each panmel shows the impact of a one-unit shock in the variable indicated on the top of the panel
on the three variables: Ap , Am, and Ae.
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Figure 9. Accumulated Impulse Responses in the Full Model 1/
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1/ Each panel shows the impact of a one-unit shock in the variable indicated on the top of the panel
on the three variables: Ap, Am , and Ae.



	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

