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Abstract
This paper introduces a new

nlinear Granger causality between exports, imports and
using geostatistical models (kiriging and Inverse distance

functional form in the estimation. Geostatistical models investigate
types of causality test, which cause to decrease the effects of choosing
L This approach imitates the Granger definition and structure but improve it to
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1. Introduction

There has been much interest in investigating Granger causality between export, import and income.
"Disagreements persist in the empirical literature regarding the causal direction of the effects of trade
openness on economic growth. Michaely (1977), Feder (1982), Marin (1992), Thornton (1996) found
that countries exporting a large share of their output seem to grow faster thageothers and also The
growth of exports has a stimulating influence across the economy 3 i
technological spillovers and other externalities (Riberio Ramos, 200
Helpman (1991), Rivera-Batiz and Romer (1991), Romer (1990)
trade increases the number of specialized inputs, increasing gro

rates as ecqomies bd@ome open
; Rib&gio Ra

Portuguese data, finds no support for the ELG h i dding fuel to the
i sidered to be a main

is one of the main sources of its growt 1; Riberio Ramog2001). In the literature, many
reasons are cited for the hypothesis o exports support a rise in GDP,
parts of GDP by the definition of
ugler, 1991). Hypothesis of export-led
four arguments (Balassa, 1978; Bhagwati,

pr&duction growth is interpreted as empirical evidence in favor of
91; Henriques and Sadorsky, 1996; Ribeiro Ramos, 2001). "Export

Ctits: efficient resource allocation, greater capacity utilization, exploitation of
economies of and increased technological innovation stimulated by foreign market
competition" (Helpman and krugman, 1985; Henriques and Sadorsky, 1996). Some studies support
the ELG such as Michaely (1977), Balassa (1978, 1985), Tyler (1981), Feder (1982), Ram (1987),
Chow (1987), Giles et al. (1992), Thornton (1996), Doyle (1998), and Xu (1990).

Economists also suggests a different relationship between exports and income, namely that GDP
growth is exogenous with respect to exports and it is a condition for the growth of exports
(Henriques and Sadorsky, 1996; Ribeiro Ramos, 2001). "In the GLE case, export expansion could be
stimulated by productivity gains caused by increase in domestic levels of skilled-labor and technology
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(Bhangwati, 1988; Krugman, 1984). Neoclassical trade theory typically stresses the causality that runs
from home-factor endowments and productivity to the supply of exports (Findlay, 1984). The
product life cycle hypothesis developed by Vernon (1996) has also attracted considerable attention
among international trade theorists in recent years. Segerstrom et al. (1990), for example, use the
product life cycle hypothesis as a basis for analyzing north_south trade in which research and
development competition between firms determines the rate of product innovation in the north"
(Ribeiro Ramos, 2001). Some studies support the GLE such as Sims (1972), Jung and Marshall
(1985), Darrat (1986), Hsiao (1987), Ahmad and Kwan (1991), Dodaro (19 han and Sun (1998),
Giles and Williams (1999).

Endogenous growth models show that imports can be a pconoghic growth
because it provides domestic firms with access to needed j '
Owth-enhancing
foreign R&D knowledge from developed to develo i Weinstein, 1999;
Mazumdar, 2000).

"The most interesting economic scenarios sugge
trade. The connection between exportgand inc oser #ind deeper than the one way

_ the result being a ‘virtuous
fman and Helpman (1991).in their models

ointegration developed by Pesaran and Shin (1995) among others has to be
applied. To thiSgend, we analyze annual data for France, using the developed multivariate
cointegration Endle and Granger (1987) approach with applying geostatistical models'.

1 Geostatistical methods are the ordinary methods for forecasting the locatins and making map in water engineerig,
environment, environmental pollution, mining, ecology, geology and geography.

In order to suggest a new version of Granger causality the authors of this paper have 3 unpublished working papers in
Applied Economics Research Bulletin and RePec other economics fields which we do not reference them to this paper because
of the unpublished types of these papers.
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In time series analysis, all ordinary classical methods and tests apply linear estimators, such as OLS.
If the null hypothesis of testing causality is not rejected using linear methods, our conclusion is that
no causal linear relationship exists between the variables of interest. But it is essential to analyse and
see if there exist nonlinear relationships between the variables during the time. This paper suggests a
more general test using stronger nonlinear regressors like geostatistical methods in order to test the
null hypothesis of causality with no particular reference to the functional form of the relationship.

in economics is
e vector auto

In this paper, a new application of using geostatistical methods for testing
suggested In this improved method, geostatlstlcal models are used gfor predr8

which are more exact and supportlve than OLS, such as, geostati
probable effects of choosing linear regressor, because they cho
Linear, Linear to sill, Spherical, Exponential and Gaussian’. ,
different functional forms for Engle and Granget’s struct f thod will be

regressors.

The paper is organized as follows: I
methodology used in paper is explained. T
the paper is summarized.

2. Methodology

causes export-import, or a feedback (bilateral) causal
ort and GDP, finally, be decided only empirically. Our
e integration properties of the data, undertaking a systems

ol

2 Geostatistical models are mentioned as strong nonlinear estimators on the empirical works in other fields. For empirical
works see Van Kuilemberg et al. (1982), Voltz and Webster (1990), and Bishop and McBratney (2001).

3 See David (1977), Krige (1981), Cressie (1985, 1991), Isaaks and Srivastava (1989), and Hill et al. (1994).

# There is no research which uses geostatical models to investigate nonlinear causality test. But there are some researches
which suggest new nonlinear approaches in Granger causality, such as, Chen et al. (2004) and, Diks and Panchenko
(2000).
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2.1. The data

The data are annual France observations on logarithm of real GDP (y), logarithm of exports (x) and
imports (m) of goods and services. Annual data on all variables are in constant 2000 US$ and are
available from 1960 to 2010 from World Development Indicators 2011.

2.2. Testing for normality

g for the presence of a unit root.
ickey and Fuller, 1979) and Phillips
acrics and their first differences are shown in

Second unit root
DF PP DF ADF PP
-7.32% -7.32% -9.04* -9.38* -47.20%
-0.45 -0.62 -3.81% -5.88* -5.66%*
-1.94 -1.94 -6.98* -7.01% -7.01%

2 Notes: Statistically ificantly different from zero at the 0.05 significance level. The optimal lag used for conducting
the ADF test statistiC was selected based on an optimal criterion Akaike’s FPE , using a range of lags. The truncation lag
parameter /used for PP tests was selected using a window choice of w(s, ) = 1-s/(1+7). Where the order is the highest

significant lag from either the autocorrelation or partial autocorrelation function of the first differenced seties (see Newey
and West, 1987).

Therefore, exports and imports series are integrated processes of order one. This is a necessary step
in order to test the cointegration of the variables.
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2.4. Testing for cointegration

Using the concept of a stochastic trend, we may ask whether our series are driven by common trends
(Stock and Watson, 1988) or, equivalently, whether they are cointegrated (Engle and Granger, 1987).
A hypothesis on investigating cointegrating relationship and certain linear restrictions were tested
with using ARDL which proposed by Pesaran and Shin (1995), Pesaran and Pesaran (1997), and
Pesaran et al. (2001). Result of ARDL test confirms that there is not gaificant relationship
between our variables in long run. Therefore we can only test Grange
VAR method.

2.5. Investigating Granger causality

In this section we will first review the basic idea of
systems and then propose a generalization of E
geostatistical models coordinates.

prediction theory. For a
prediction of the current y

have also acquired another stationary time series y(#). Consider the
t value of x(#) based both onits own past values and the past values

A1) =3 a,le= )+ by~ )+e,, () @

If the prediction improves by incorporating the past values of y(#), that is, var(ex|y(?)) < var(ex(z)) in
some suitable sense, then we say that y(z) has a causal influence on x(?). Similarly, we may consider:

> In order to desctibe the linear Granger causality test we write this part (2.5.1) from the paper of Chen et al. (2004) in
Physics Letters on page 2-3.
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y(0)=3 B, y(- j)+2,0) 5
y(0)= 3 xle= )+ Yd (- e, (1) @
And say that x(?) has a causal influence on y(7) if var(ey|x(2)) < var(ey(z)). W t Egs. (2) and (4)

together form the following vector autoregressive model (VAR):

x(t)=2a,x(t_ j)+2bjy(t— i)+e
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= Do, (ale= N2 p, (= ) |+, 0) ©

=

2.6. Geostatistical analysis

in spatial structure. For example, if we want to determinate an unre
one lag we face a 4D space for investigation with geostatistics

econometrics.

"Geostatistics can be used to determine an unknown valu
map of parameters and confirm sampling process an
to analyze the spatial structure in which semiyes
mode]jng are two parts of analysis structur

Is. Describing and
' (Gamma Design
the relationship between the

()

gistance class, N (h)is the whole number of sample pairs

(xi) is the measured sample value at point i, Z (xi +h)

It can progidc™®
separation dt

sill is (C+C0),

nugget and observations separated by distance) is ().

ved variograms when there are sufficient pairs of points at shorter
igure 6, there exists a shape of semivariance calculated in a 3D space where

goet variance (or constant amount) is (C0 )and the scale (or differences between
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‘nugget-to-sill’ ratio. The
between data" (see Isaaks

2.6.1. Kriging

"Kriging provides a means of interpolating values for points not physically sampled using knowledge
about the underlying spatial relationships in a data set to do so. Variograms provide this knowledge.

¢ In geostatistics it is ordinary to calculate four semivariances in 0, 45, 90 and 135 degrees.
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Kriging is based on regionalized variable theory and is superior to other means of interpolation
because it provides an optimal interpolation estimate for a given coordinate location, as well as a
variance estimate for the interpolation value" (Gamma Design Software, 2004). In kriging, before
determining the models, it is necessary to evaluate variogram to realize whether it is isotropic or
anisotropic.

"The best way to evaluate anisotropy is to view the anisotropic semivariance surface (Semivariance
. . ari . w cal vari w . . o
Map), if anisotropic semivatriance surface was symmetrical variogram wo sotropic, and if it

the variogram estimation, the interpolation between the measure
this, ordinary kriging method was used to interpolate a gre
exogenous and endogenous variables’. Geostatistical an
infiltration rate redistribution were performed with versig
Software, 2004).

2.6.2. Inverse distance weighting

"Inverse Distance Weighting (IDW) is 1
made based on values at nearby spatial locy
the interpolation location. IDW,

2004). Similar to kriging, inverse distance
that a value of an attribute at an unsampled

> (®)

"where X, is the estimation point and X, are the data points within a chosen neighborhood. The

weights (r) are related to distance byd,; , which is the distance between the estimation point and the

data points. The IDW formula has the effect of giving data points close to the interpolation point
relatively large weights whilst those far away exert little influence" (Gamma Design Software, 2004).

7 For more explanation of Kriging method see Isaaks and Srivastava (1989).
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3. Results

In this section we will first attention to results of the basic Granger causality formulated for
analyzing linear systems and then probe a generalization of Engle and Granger’s idea to attractors
reconstructed with geostatistical analyzing coordinates.

3.1. Results of linear Granger causality test with VEC

interestingly, there is no kind of significant causality
result supports the GLE model in France. Results

Null hypotheses
GDP is not Granger cause exports

F-statist! Direction of causality
.08**) GDP = Exports

Exports # GDP

o GDP = Imports

Imports # GDP

Exports # Imports

Exports is not Granger cause GDP

Imports # Exports

criterion; the statistics are F-statistic calculated under the null

VAR we find a sigffiticant unidirectional relationship from exports to imports. A change in the level
of exports may simply cause fluctuations in the level of imports (especially in the case of consumer
goods). For example, an increase in the level of exports leads to an increase in the supply of foreign
currency, which in turn may easily lead to the appreciation of the domestic currency and a drop in
the prices of imported goods. This simply leads to an increase in the level of imports (Gurgul and
Lach, 2010). Also, there exist a few Spherical forms instead of linear type in improved-VAR
structure. The Granger-Newbold test is applied to choose best method between kriging and IDW.
Based the result of Granger and Newbold (19706) test, in 90% of relationships in VAR structure
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geostatistical methods have higher R* than OLS. Best structure of Improved-VEC is available in
Table 3.

Table 3 - Best structure of geostatistical methods for testing causality based on Improved-VEC

Relations Method Type of Variogram | Variogram model
x, 1s a function of y,, (unrestricted) IDW Isotropic
Null hypotheses: y,,= 0 Kriging Isotropic
9, is a function of x,, (unrestricted) | IDW Isotropic
Null hypotheses: x,, = 0 1IDW Anisotropic
m, 1s a function of y,, (unrestricted) | Kriging Isotropi
Null hypotheses: y,,= 0 Kriging Isotrogffic
9, 1s a function of »,, (unrestricted) | IDW Anj$otypic
Null hypotheses: 7, = 0 Kriging ic
m, 1s a function of x,, (unrestricted) | Kriging tropic
Null hypotheses: x,, = 0 Kriging Isof@gpic inear
x, is a function of 7,, (unrestricted) | Kriging Isotro Linear
Null hypotheses: 7, = 0 Krigin Isotropi Linear
Notes: the Granger-Newbold test was estimated for choosiflix best method between and ordinary kriging.
Table 4 - Results of causality tests based rovcl@ AR (witllleeostatistical methods)
Null hypotheses -statistic Direction of causality
GDP is not Granger causcgport 19%x* GDP = Exports
Exports is not Granger e P \ 0:00 Exports # GDP
GDP is not Granger se Impo 1309.62%* GDP = Imports
Imports is not Grigber e GDP 2.84 Imports # GDP
Exports is not r CauSQamports 2044.26** Exports = Imports
rts 0.00 Imports # Exports

An important ex e of economic policy is international trade policy. "Indeed, this is an area where
the new researclf has been used in practice and has influenced public debate. However, while
intending to arrive at a tractable framework allowing us to define a testable hypothesis about the
configuration of the relationships between economic growth and international trade liberalization,
the models are generally limited to the consideration of a single external factor" (Kugler, 1991;
Henriques and Sadorsky, 1996; Riberio Ramos, 2001). For testing the Granger causality two methods
were applied (VAR and Improved-VAR using geostatistical methods). The results of linear and
nonlinear Granger causality analysis led us to the conclusion that regardless of the sample considered
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there was unidirectional relationship from GDP to trade in France. Results from these two methods
were near; both show the existence of short run unidirectional causality from GDP to exports and
imports. On the other hand, strong support for the existence of unidirectional relationship from
exports to imports was found based on Improved-VAR. Also, in Improved-VAR there exist a few
nonlinear forms instead of linear in Engle and Granger structures. In general, one may wonder
whether these results provide a solid basis to claim that the good shape of the France economy
during the financial crisis of 2008 was a consequence of high domestic demand rather than the
impact of foreign trade in short run.
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