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THE LONG RUN RELATIONSHIP BETWEEN EXPORTS AND IMPORTS
IN SOUTH AFRICA: EVIDENCE FROM COINTEGRATION ANALYSIS*

Sagaren Pillay

This study empirically examines the long run equilibrium relationship between South Africa’s exports and imports using quarterly data from
1985 to 2012. The theoretical framework used for the study is based on Johansen’s Maximum Likelihood cointegration technique which tests
Jor both the existence and number of cointegration vectors that exists. The study finds that both the series are integrated of order one and are
cointegrated. A statistically significant cointegrating relationship is found to exist between exports and imports. The study models this unique
linear and lagged relationship using a Vector Error Correction Model (VECM). The findings of the study confirm the existence of a long run

equilibrium relationship between exports and imports.
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Introduction

The cointegration relationship between imports and
exports has been researched extensively over the past
decade. The existence of a cointegration relationship
between imports and exports may imply that the trade
deficits of a country are short-term and sustainable in
the long run. This long run equilibrium may further
imply effective macroeconomic policy.

Exports and imports play an important role in
every country. Monitoring the current account is
very important especially when monitoring the
performance of the economy. Several studies were
conducted to determine the relationship between
imports and exports. Mukhtar and Rasheed (2010)
analysed the relationship between export and im-
ports in Pakistan using cointegration and vector
error correction model techniques to do their study.
Their findings were that real imports positively in-
fluence real exports, that imports and exports are
cointegrated.

In another study, Sonje, Podobnik and Vizek (2010)
researched the Long run relationship between exports
and imports in transition European countries using
the cointegration method, their findings detected
one cointegration vector in 10 out of the 16 transition
countries namely Bulgaria, Armenia, Russia, Czech
Republic, Slovakia, Lithuania, Croatia, Slovenia,
Poland and Romania. In South Africa, not much
research in the areas of imports and exports using
cointegration analysis.

The objective of this paper is to explore the link
between imports expenditure and exports earnings

in South Africa by using quarterly data from 1985 to
2012. The theoretical framework for the study is based
onJohansen’s cointegration approach and vector error
correction modelling.

Theoretical Background

Husted (1992) provides a simple framework for a
long run relationship between exports and imports. In
this relationship the individual current-period budget
constraint is given by

C=Y,+B—1,—(1+r B, (1)

where C, is current consumption; ¥, is output; /, is investment;
r is the one-period world interest rate; B, is the international
borrowing, and (1 + r))B_ is the historically given initial
debt.

An empirically testable model (based on several
assumptions) was then developed from equation (1):

X =a+ M +e, (2)
Arize (2002) tested equation (2) as:
M=a+bX te, 3)

where M, is imports of goods and services and X, is exports
of goods and services. The intertemporal budget constraint
is stable when cointegration exists between imports and
exports.

Data

For this study, quarterly import expenditure
and export income data, from 1985 to 2012, was
obtained from the South African Reserve Bank.
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The imports M, and exports X, are evaluated in local
currency (Rand) at current prices and expressed in
natural logarithms.
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Figure. Logs of imports and exports for goods and services
(current prices)

Methodology and Results

Unit Root Test. The first step in the time series
analysis was to determine whether the two series are
stationary or non-stationary in nature. According to
Hendry (2001) if the time series are / (1), they have
to be characterized by the presence of a unit root and
their first difference by the absence of unit roots.

The Augmented Dickey Fuller (ADF) unit root test
was used to determine whether the series is stationary
or non-stationary. The ADF test constructs a model
with higher order lag terms and tests the significance
of the parameter estimates using a non-standard 7-zest.
The model used for this test is

szzalxt-l +ﬂlez-l +ﬁ2Axt-2+ +ﬁp—le +€t’

t-p+1

where the #-fest checks significance of the ¢, term. If o, = 0 the
series has a unit root.

The Dickey-Fuller tests for non stationarity of
each of the series is shown below (Table 1). The null
hypothesis is to test a unit root. In the Dickey-Fuller
tests, the second column specifies three types of mod-
els, which are zero mean, single mean, or trend. The
third column (Rho) and the fifth column (Tau) are the
test statistics for unit root testing. Other columns are
the p-values. Consequently, both series have a unit root
and their first differences do not have any. Thus, the
variables M and X are first order difference stationary
and are integrated, 7/ (1).
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Table 1
Results of the Dickey-Fuller Unit Root Test
Dickey-Fuller Unit Root Tests

Variable Type Rho |Pr< Rho Tau Pr < Tau
Exports (X) | Zero Mean 0.29 0.7506 4.55 0.9999
Single Mean | -0.52 0.9243 -0.78 0.8204
Trend -20.76 | 0.0481 -3.06 0.1211
Imports (M) | Zero Mean 0.33 0.7608 3.82 0.9999
Single Mean | -0.59 0.9188 -0.75 0.8282
Trend -29.52 | 0.0059 -3.70 0.0266

Cointegration Test. Engle and Granger (1987) de-
veloped the theory that there exists the special case
where linear combinations of nonstationary processes
are stationary. They defined this linear combination
of nonstationary processes as cointegration and used
the notation CI (d, b), where d represents the order
of integration of the nonstationary processes and b
represents the number of stationary linear combina-
tions between the nonstationary processes. Consider
the two /(1) processes, M and X if there exists a linear
combination of the two processes such that the linear
combination is 7 (0), the two 7 (1) processes are con-
sidered to be CI (1,1).

Based on the graph (Figure), it would seem that
a linear trend term should be included in the model,
thus the cointegration rank test without restriction
on the intercept would be appropriate. Since the
time series does not run approximately parallel and
has a drift, cointegrating restrictions on the intercept
parameters are not appropriate. The SAS procedure
PROC VARMAX with the NOINT option was used to
test for cointegration and model fitting. The NOINT
option specifies that there is no constant in the error
correction mechanism but there is a constant included
in the long-term relationship. The Minimum Infor-
mation Criterion was used to inform the selection of
an autoregressive order of p = 10. The results of the
cointegration tests are shown below (Table 2).

Table 2
Results of the Cointegration Test Using Trace
Cointegration Rank Test Using Trace
HO: HI1: Eigen- | Trace |[5% Criti-| Driftin | Drift in
Rank=r | Rank>r | value cal Value| ECM | Process
0 0 0.09777 | 13.2750 | 12.21 | NOINT |Constant
1 1 0.0270 | 2.7930 4.14

In the cointegration rank test, the last two columns
explain the drift in the model. Since the NOINT op-
tion was specified, the model is given by the VECM
(p) form; p = 10:
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Axt = H'xtfl + Z:19:1 @i*AxH’_F 81‘

* X isa k X | random vector;

* the sequence X is a Var(p) process;

* X ~CI(1);

 [1=af’ where ais the adjustment coefficient and
[3 the cointegrating vector;

* @, are fixed coefficient matrices;
* & isak x 1 white noise process.

The Johansen and Julius A, cointegration statistic
test for testing the null hypothesis that there are at
most r cointegrated vectors is used versus the alterna-
tive Hypothesis of more than r cointegrated vectors.
Where: A is given by:

k
Atrace =-T 3% log(1- l:)
and T is the available nlfnrltt])er of observations and 4,
the eigenvalues. The critical values at 5% significance
level are used for testing.

The column Drift in ECM means there is no
separate drift in the error correction model, and the
column Drift in Process means the process has a
constant drift before differencing.

There is one cointegrating process (Table 2) since
the Trace statistic for testing = 0 against » > 0 is greater
than the critical value (13.27 > 12.21), but the Trace
statistic for testing » = 1 against » > 1 is smaller than
the critical value (2.79 < 4.14). Thus, Johansen’s test
indicates a single (» = 1) cointegrating vector.
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Table 3
Estimates for the long run parameter £, and the
adjustment coefficient o
Long Run Parameter Beta Adjustment Coefficient
Estimates When RANK=1 Alpha Estimates When
RANK=1
Variable | 1
Exports (X) 1.000 0.04177
Imports (M) -0.94142 0.04784

The estimates of the long run parameter 3, and the
adjustment coefficient, a, are given in the table above.
Since the cointegration rank is 1 in the bivariate system,
a and B are two dimensional vectors. The estimated
cointegrating vector is 5’ = [1 -0.94142].The first ele-
ment of 'is 1 since exports (X) is specified as the nor-
malised variable. The impact matrix is: 7= /3, becomes

{0.0412 0.0412 —0.0388}

[1.000—0.9414] =
0.0479 0.0479 —0.0451

The long run relationship of the series is
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X
"X=11-0.94142 |-
px=] ] {M }
=X, — 0.94142M,,
X =0.94142M..

The VECM (10) model can be written in the fol-
lowing 10" order vector autoregressive model:

0.715 0.463 0.027 -0.361
’ :{0.350 0.954}%'l +{—0.342 —0.168};"2 "
0.160 —0.085 0.001  0.078
J{O.BS o.ooz}y” +{—0.243 0.423»}“‘+
+{0.133 —0.149} +[—0.172 0.171} N
0.137 —0.354 | | -0.085 0.082| "
0.281 —0.355 -0.199 0.581
+{0.244 —0.186}} o 4{—0.156 0.558}/ a
-0.026  0.541 0.122 0.161
+{—0.122 —0.452} ~ +{0.127 0.095} o
Model diagnostics

Hendry (2001) states, checking the assumptions
of the model, (i.e., checking the white-noise require-
ment of the residuals, and so on), is not only crucial
for correct statistical inference, but also for the eco-
nomic interpretation of the model as a description of
the behaviour of rational agents.

The univariate equations are found to be a good
fit for the data based on the model F statistics and
R-square statistics. The regression of AX resulted in a
model Ftest 3.15 and R-square of 0.4221. Similarly
the regression of AM resulted in a model F'test of 4.30
and R-square of 0.4991 (Table 4).

Table 4
Model results of imports and exports
Univariate Model ANOVA Diagnostics
Variable R-Square Standard F Value Pr>F
Deviation
Exports (X) 0.4221 0.05573 3.15 <.0001
Imports (M) 0.4991 0.05883 4.30 <.0001

The residuals are checked for normality and au-
toregressive conditional heteroskedasticity or ARCH
effects. The model also tests whether the residuals
are correlated. The Durbin-Watson test statistics are
both near 2 for both residual series and the series does
not deviate from normal and are homoscedastic. The
results also show that there are no ARCH effects on




the residuals since the “no ARCH” hypothesis cannot
be rejected given the F values (Table 5).

Table 5
Test results for ARCH effects on residuals
Univariate Model White Noise Diagnostics
Variable Durbin Normality ARCH
Watson Chi-Square[Pr > ChiSq| F Value Pr>F
Exports (X) | 2.07654 2.89 0.2362 1.04 0.3110
Imports (M)| 2.12366 2.16 0.3396 2.71 0.1032

There are no AR effects on the residuals - for both
residual series the autoregressive model fit to the re-
siduals up to 4 lags show no significance indicating that
the residuals are uncorrelated (Table 6).

Table 6

Test results for AR effects on the residuals

Univariate Model AR Diagnostics
Variable ARI1 AR2 AR3 AR4
\F Value| Pr > F|F Value| Pr > F|F Value| Pr > F|F Value| Pr > F
Exports (X)| 0.20 |0.6585| 0.30 [0.7379| 0.27 |0.8461| 0.21 [0.9312
Imports (Y)| 0.41 |0.5251| 0.64 [0.5277| 0.46 |0.7106| 0.48 [0.7472
Conclusion

The main objective of this study was to investigate the
long run relationship between exports and imports in
South Africa. To this end cointegration techniques and
vector error correction modelling was employed using
quarterly data form 1985 to 2012. After establishing the
non stationarity and order of integration of each series,
Johansen’s cointegration techniques were applied to
investigate the long run relationship between exports
and imports. The results indicate the existence of one
cointegrating vector amongst exports and imports with
along run equilibrium relationship from 1985 to 2012.
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There is a short equilibrium as well, indicating that
changes in imports adjust to changes in exports in a
period of ten quarters (2,5 years). The results based on
VECM modelling illustrate the value of the coefficient
of current imports is 0,94, which is close to unity. This
may indicate that the trade deficit is sustainable in the
long run. These findings could be explored to deter-
mine if any policy interventions are necessary within
the context of imports and exports.
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NCCIIENOBAHUE B3AUMOCBA3N MEXIY SKCIIOPTOM 11 UMITIOPTOM IOAP B 1OJITOCPOYHOM IIEPOJE
(ITIO0 JAHHBIM KOMHTETPATUOHHOTI'O AHAJIU3A)
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Agpuruauus: Bropo cratuctuku KOxno-Adpukanckoit Pecryonuku (FKOAP). E-mail: Sagarenp@statssa.gov.za.

B nanHoM rccrienoBaHNY SMITUPUYECKU U3YIaIOTCS B3AUMOCBSI3U MEXIy dKcropToM 1 ummnopTom FOAP B nonrocpouHom neprone
Ha OCHOBE KBapTaJIbHBIX TaHHBIX 32 1985-2012 rr. TeopeTnyecKoilt OCHOBOI 3TOr0 MCCaeI0BaHUS TTOCTYKIU KOUHTErpaTbHbII MPU-
HIIUT MAaKCHMATLHOTO TIPaBAONono6us MoxaHceHa, mpu TIOMOIIM KOTOPOTO TTPOBEPSETCS HAMMUNE ¥ KOMMUECTBO CYIIECTBYIOIINX
KOMHTETpaJIbHBIX BeKTOpOB. MccinenoBaHue mokasajo, 4To oba psiaa - MepBOTro MopsiiKa MHTerpallui 1 KOMHTerpupoBaHbl. Bbiio
BBISIBJICHO CTATUCTUYECKY 3HAUUMOE KOMHTETPALIMOHHOE OTHOILIEHUE MEXKITYy SKCTIOPTOM U UMIIOPTOM. DTa YHUKAIbHASI TMHEHHAS U
3aras/blBaolasi 3aBUCUMOCTb CMOJIEIMPOBaHa C MCIOIb30BaHMEM BEKTOPHOI Mozeu Koppekinu ominbok (VECM). PesynbraTs
HCcCeq0BaHMS TTIOATBEPXKIAIOT CYIIECTBOBAHUE JUTUTEIbHBIX COATAHCUPOBAHHBIX B3aMMOCBSI3E MEXKTy 9KCTIOPTOM U UMIIOPTOM.

Karouesvle croea: KOMHTETpaLysl, Jiar, JUHEWHAS 3aBUCUMOCTb, IPUHIIMIT MAKCUMAJIbHOTO MPaBIONOA00US, BEKTOPHASI MOJIEIIb
KOPPEKIIMU OLINOOK.
JEL: C22, C25.
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