~ A Service of
’. b Leibniz-Informationszentrum

.j B I l I Wirtschaft
) o o o Leibniz Information Centre
Make YOUT PUbllCCltlonS VZSlble. h for Economics ' '

Mitze, Timo

Article — Published Version
Measuring Regional Spillovers in Long- and Short-Run
Models of Total Factor Productivity, Trade, and FDI

International Regional Science Review

Provided in Cooperation with:
RWI - Leibniz-Institut fur Wirtschaftsforschung, Essen

Suggested Citation: Mitze, Timo (2014) : Measuring Regional Spillovers in Long- and Short-Run
Models of Total Factor Productivity, Trade, and FDI, International Regional Science Review, ISSN
1552-6925, Sage, Thousand Oaks, Vol. 37, Iss. 3, pp. 365-388,
https://doi.org/10.1177/0160017612438716 ,
http://irx.sagepub.com/content/37/3/365.full.pdf+html

This Version is available at:
https://hdl.handle.net/10419/124169

Standard-Nutzungsbedingungen: Terms of use:

Die Dokumente auf EconStor durfen zu eigenen wissenschaftlichen Documents in EconStor may be saved and copied for your personal
Zwecken und zum Privatgebrauch gespeichert und kopiert werden. and scholarly purposes.

Sie durfen die Dokumente nicht fiir 6ffentliche oder kommerzielle You are not to copy documents for public or commercial purposes, to
Zwecke vervielféltigen, 6ffentlich ausstellen, 6ffentlich zugénglich exhibit the documents publicly, to make them publicly available on the
machen, vertreiben oder anderweitig nutzen. internet, or to distribute or otherwise use the documents in public.
Sofern die Verfasser die Dokumente unter Open-Content-Lizenzen If the documents have been made available under an Open Content
(insbesondere CC-Lizenzen) zur Verfiigung gestellt haben sollten, Licence (especially Creative Commons Licences), you may exercise
gelten abweichend von diesen Nutzungsbedingungen die in der dort further usage rights as specified in the indicated licence.

genannten Lizenz gewahrten Nutzungsrechte.

Mitglied der

WWW.ECONSTOR.EU é@“}


https://www.econstor.eu/
https://www.zbw.eu/
http://www.zbw.eu/
https://doi.org/10.1177/0160017612438716%0A
http://irx.sagepub.com/content/37/3/365.full.pdf+html%0A
https://hdl.handle.net/10419/124169
https://www.econstor.eu/
https://www.leibniz-gemeinschaft.de/

Dieser Beitrag ist mit Zustimmung des Rechteinhabers aufgrund einer
(DFG-geforderten) Allianz- bzw. Nationallizenz frei zugéanglich.

This publication is with permission of the rights owner freely accessible
due to an Alliance licence and a national licence (funded by the DFG,
German Research Foundation) respectively.

Article
International Regional Science Review
2014, Vol. 37(3) 365-388
° ° © 2012 SAGE Publications
M easu rl n Re |0 n al Reprints and permission:

P P

° ° sagepub.com/journalsPermissions.nav
Sp|||overs in Long- and DOI: 10.1177/0160017612438716

irx.sagepub.com
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Total Factor
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Timo Mitze'

Abstract

This article applies the novel concept of global panel cointegration to analyze the
role played by trade and foreign direct investment (FDI) activity in driving regional
total factor productivity (TFP). Using West German state-level data for the period
1976-2008, the approach allows us to identify the magnitude of direct trade and FDI
effects as well as spatial spillovers from these variables. The author finds that the
inclusion of spatial lags significantly improves the fit of the empirical model and
allows us to strongly reject the null of no cointegration among the variables in the
full spatial specification. For the long-run cointegration equation, the empirical
results hint at export- and FDI-led growth. Additionally, outward FDI activity shows
to have positive spatial spillover effects among German regions, while the spatial pat-
terns of import and inward FDI activity indicate substitution effects of interregional
input—output linkages in favor of international ones over the sample period 1976—
2008. In the short run, TFP growth is predominantly affected by changes in exports,
inward and outward FDI stocks, where the latter variable also provokes positive
spillovers. The author uses alternative spatial weighting matrices based on geogra-
phical information as well as interregional goods transport flows to check the
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robustness of the obtained spillover effects in the long and short run. Here, the
results turn out to be similar for the different empirical specifications employed
throughout the analysis. Finally, summing over the four variables to get a direct and
indirect net effect of internationalization activity, the author finds that the direct
effect is always positive, while the indirect net effect is positive in the short run but
slightly negative in the long-run equation.

Keywords
global cointegration, spatial Durbin model, TFP, trade, FDI

Introduction

Intensive research has been done to elaborate the role played by international trade
and foreign direct investment (FDI) in fostering economic growth through market-
size effects and technology transfer among other channels of transmission. However,
while most studies concentrate on the aggregate or sectoral dimension of this subject
matter, only recently have economists also become aware of the likely importance of
its spatial extent. From a (regional) policy perspective, it is of considerable interest
to draw viable conclusions with respect to the evolution of interregional inequalities
in the course of enhancing trade integration and foreign capital deepening.

Using panel data for West German states between 1976 and 2008, this article
aims to shed more light on the direct and indirect interregional ties between the evo-
lution of technological progress and international business activity. While direct
effects measure the region’s own comovement of economic development and inter-
nationalization activity over time, indirect effects aim at identifying the strength of
interregional spillover effects of trade and FDI and thus allows us to measure the
spatial extent of internationalization activity at the regional level. Moreover, using
a dynamic model context, the analysis looks both at the long-run structural compo-
nents of the relationship among these variables and the transitory short-run
dynamics.

In a recent survey, Briilhart (2011) has pointed to the need of further research
efforts in order to analyze the implications of trade integration on intranational eco-
nomic geographies. The author reviews the existing theoretical and empirical
attempts to describe and explain these within-country adjustments. From a theoreti-
cal perspective, the uneven evolution of economic growth due to internationalization
activity across space is most prominently discussed by the new economic geography
(NEG) literature, where long-run spatial divergence is typically the result of a con-
centration of economic activity in certain agglomerations. In almost all NEG mod-
els, free trade and capital movement play a key role; however, whether
agglomeration or dispersion forces dominate depends crucially on the underlying
modeling choices: while one bulk of models favors internal economic dispersion
in the course of external trade liberalization with unchanged internal transportation
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costs (Krugman and Livas Elizondo 1996; Behrens et al. 2007), alternative model
specifications instead find increasing agglomeration forces as a result of enhancing
trade integration (Monfort and Nicolini 2001; Paluzie 2001). These conflicting pre-
dictions basically hold irrespective of whether within-country difference in terms of
topography and infrastructure are assumed to be present or not (Briilhart 2011).

Since the different modeling approaches rely on specific functional forms and
thus no a priori reasoning can be made to adjudicate between the two, Briilhart
(2011) argues that no clear-cut theoretical conclusion can be drawn and, instead,
an empirical identification strategy should be conducted to answer the question
related to the spatial extent of internationalization activity. In this article, we there-
fore measure the likely magnitude of spatial concentration and dispersion forces
through the identification of spatial spillovers of trade and FDI activity. Having
regional data with a long time dimension at hand, our methodological approach rests
on a global cointegration analysis, which aims at identifying comovements among the
set of variables within and between regions. The notion of global panel cointegration,
which combines elements of aggregate time-series analysis, panel and spatial econo-
metrics, has recently been introduced by Beenstock and Felsenstein (2010).

Besides controlling simultaneously for the well-known problems of spurious
regression with trended data as well as cross-sectional correlation among the
residuals, global cointegration analysis thus enables a complex interpretation of
the importance of space and time in determining the joint evolution of total factor
productivity (TFP) and internationalization activity. The basic idea of this
approach may be best explained with a simple example: consider the case of two
regions, where one region is heavily engaged in international trade or FDI and
directly benefits from this activity in terms of productivity growth. The second
region is not actively engaged in internationalization activity; however, it may
potentially benefit from the first region’s openness via forward and backward
linkages, which in turn raise output for this region as well. On the other hand, the
increased trade integration of region 1 may also lead to an internal reallocation of
economic activity, which negatively affects the growth path of region 2. Rather
than observing a long-run comovement and its short-run adjustment path for the
region’s own level of output and internationalization activity, the inclusion of a spa-
tially lagged trade and FDI variable is thus likely to tell a much more complex story
of cointegration among regional economic growth, trade, and FDI activity.

The remainder of the article is organized as follows: in the next section, we start
with a brief overview of recent empirical contributions regarding the relationship of
economic growth, trade, and international capital movement and then discuss the
empirical model specification as well as the estimation technique. The section on
Data and Stylized Facts presents the data used, while the section on Empirical
Results deals with the discussion of the econometric results. Here, a special focus
is given to their economic interpretation and analysis of statistical robustness when
alternative spatial weighting matrices are used. The final section concludes the
article.
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Theory and Empirics of Productivity-Trade-FDI Linkages

According to growth theory, a change in the output level over time may either stem
from the accumulation of production factors (labor and capital) and/or improve-
ments in the technology level. By fostering the international transfer of technology,
trade and FDI are typically expected to affect growth through this transmission
channel (Saggi 2010). As a result, the empirical mainstream approach to reveal these
linkages typically builds on an aggregate time-series perspective aiming to identify
long-run cointegration relationships and analyzing the direction of causality among
the variables involved. In a recent meta study for the FDI—growth relationship, the
Organization for Economic Cooperation and Development (2002) finds that in
eleven of the fourteen studies FDI contributes positively to income growth and factor
productivity. A similar meta study by Ozturk (2007) confirms this link. Investigating
the simultaneous interference of trade and FDI on growth and vice versa, Ekanayake,
Vogel, and Veeramacheneni (2003), Dritsaki, Dritsaki, and Adamopoulus (2004),
Wang, Liu, and Wei (2004), Makki and Somwaru (2004), and Hansen and Rand
(2006) among others use cointegration analysis to identify the long- and short-run
effects among the variables and, by means of Granger causality tests, get general evi-
dence for a bidirectional causal relationship between internationalization activity
and economic growth. Using data for North and South American countries between
1960 and 2001 (including Brazil, Canada, Chile, Mexico, and United States), Eka-
nayake, Vogel, and Veeramacheneni (2003), for instance, report evidence in favor of
trade-led growth, while results for (inward) FDI-led growth are mixed. Wang, Liu,
and Wei (2004) report for a panel of seventy-nine countries that FDI has a positive
impact on growth in high- and middle-income countries, but not in low-income
countries. Looking more close at a subsample of developing countries, Hansen and
Rand (2006) find that FDI has an impact on gross domestic product (GDP) via
knowledge transfers and the adoption of new technology.

Only very few studies give an explicit account of spatially related variables in the
analysis of the trade-FDI-growth nexus. One exception is Ozyurt (2008), who esti-
mates a long-run model for labor productivity of Chinese provinces driven by trade
and FDI as well as their respective spatial lags. The author finds that FDI and trade
volumes have a positive direct effect on regional labor productivity. Her results for
the sample period 1979-2006 show that the geographical environment has a subse-
quent influence on labor productivity in a given region. Besides the spatial lag of the
endogenous variable as a “catch-all” proxy for spatial effects, FDI spillovers turn
out to be of specific interregional nature. These findings give a first indication that
the growth impact of internationalization activity is not restricted to direct effects,
but may also be influenced by spillovers from the economic development in neigh-
boring regions. Complementary to the evidence reported by Ozyurt (2008), there is a
growing literature with respect to third-country effects of FDI activity (see, e.g.,
Baltagi, Egger and Pfaffermayr 2007; Garretsen and Peeters 2009; Shepotylo
2010). Using regional data, Bode, Nunnenkamp, and Waldkirch (2011) analyze
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spatial effects of FDI and other Marshallian externalities on regional productivity
growth among US states. The authors find that spatial effects shape these external-
ities significantly and help avoid drawing false policy conclusions. Similarly, Mul-
len and Williams (2005) test for the impact of FDI on income convergence among
US states. The authors find that FDI has a significantly positive effect on regional
income growth.'

As a common point of departure in the literature summarized above, we start from
a stylized regional production function to model the transmission channels from
trade and FDI activity to economic growth (Edwards 1998). A spatially extended
version is, for instance, presented in Ertur and Koch (2007). The model can be writ-
ten as

Yie = Ay K2LY,, (1)
iy = oy (T3,) (FL) (T2 (), @)
Apiy = Ao "' Al . (3)

where Y;, denotes aggregate production of region i at time ¢. The cross-sectional
dimension is specified as i = 1,...,N and the time dimension is r =1,...,T.
K and L are capital and labor inputs, respectively. 4;, is the TFP of region i. The
latter in turn is driven by 4, as a region- and time-specific productivity as well
as international activities including trade and FDI, where T is a vector of trade vari-
ables (export and import volumes) and F is a vector of FDI activity (inward and out-
ward FDI stocks). Variables denoted by “~ " indicate weighted averages of values
for spatial proximate neighbors. In modeling 4, ;, we draw on Bode, Nunnenkamp,
and Waldkirch (2011) and create it from the following terms: 4, ; represents the pro-
ductivity effects of time-invariant location factors, e" captures the common produc-
tivity effects of exogenous technological progress. The last term in equation (3)
measures interregional productivity spillovers. a, B, v, 6, ¢, &, and p are the coeffi-
cients to be estimated.
The spatial lag term for a variable X is defined as

N
Xvit = Z le‘X;t )
J#
indicating that the variable is constructed as a weighted average of values in neigh-
boring regions, where wj; are the individual weights taken from a spatial weighting
matrix W. The latter is typically row-standardized with Zj w; = 1. Alternative
empirical operationalizations for W are discussed in the section Data and Stylized
Facts. Since we are interested in quantifying the role played by international trade
and FDI activity on intraregional and interregional technological progress, our main
interest is to estimate equations (2) and (3). To do so, we proceed in a two-step
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approach. First, we compute a proxy for TFP 4;, as residual from a first-step linear
production function model (small letters denote logarithmic transformations) as

Yir =a+ o(ki,t + Bli,t + eis, (4)

where y;; = In(Y;,) and likewise for k and /, a is a regression constant and the resi-
dual e;, measures the regional TFP level. Then, for estimating equation (2) we need
to compute the reduced form of equation (3) and substitute it into equation (2). Using
a log-log form, the empirical specification for TFP estimation can be written as

tfp;, = V+u+y+ Pt,f\‘l?’w + Y/ti.r + Slfi,t + d)lii,t + a/i‘i,t + w;y, (5)

where tfp; , is logged total productivity in region i at time ¢ as a function of'its spatlal lag
(tfp, »), logged trade and fdi variables (t;, f;;) as well as their spatial lags (t; , f;,). The
empirical specification further contains individual- (1;) and time-fixed effects (1,); u;,
is the error term of the model. Since we are dealing with a long time-series dimension
and thus potentially nonstationary variables, special attention has to be drawn to a
proper model specification: that is, only if both tfp and the vector of endogenous regres-
sors z = (t,f) form a stable cointegration relationship, then the error term u; , is warranted
to be stationary and integrated of order u;, ~ 7(0). The latter in turn avoids the problem
of spurious regression among variables of order /(d), with d < 0. Moreover, as Been-
stock and Felsenstein (2010) point out, in an aspatial specification u; may be potentially
affected by cross-sectional dependence. The presence of spatial lags should capture
these effects and account for any bias stemming from omitted variables. Furthermore,
since each spatial lag X is a linear combinations of the underlying untransformed series,
it has the same order of integration as variable X . This has the important implication for
the nonstationary case that the presence of spatial lags enlarges the cointegration space
among tfp and the set of regressors z to ensure stationarity of the residual term u;.

As pointed out in the seminal work of Engle and Granger (1987), cointegration
and error correction are mirror images of each other. We may thus move from a spe-
cification of the long-run equation in equation (5) to a dynamic specification in first
differences, which nevertheless preserves the information of the long-run equation.
The resulting (Vector) error correction model ((V)ECM) describes the dynamic pro-
cess through which cointegrated variables are driven in the adjustment process to their
long-run equilibrium. In the following, we build on the concept proposed by Been-
stock and Felsenstein (2010) and specify a spatial ECM (SpECM) as a dynamic pro-
cess, in which time—space cointegrated variables comove over time. We allow for
deviations from a stable long-run equilibrium relationship in the short run, however,
the “error correction” mechanisms ensures the stability of the system in the long run.

Therefore, the SpECM concept may encompass three important types of cointe-
gration: (i) if cointegration only applies within spatial units but not between them,
we refer to “local” cointegration. The latter is the standard concept of cointegration
with respect to (panel) time-series analysis; (i) “spatial” cointegration refers to the
case in which nonstationary variables are cointegrated over time between spatial
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units but not within them. As Beenstock and Felsenstein (2010) point out, in this
case, the long-term trends in spatial units are mutually determined and do not depend
upon developments within spatial units; and (iii) finally, if nonstationary spatial
panel data are both cointegrated within and between cross-sections over time, we
refer to “global” cointegration.

The resulting SpECM associated with equation (5) in its first-order form can be
written:

Atfpi,z =Vy+u+iu+ xlAtfpi,r—l + 7“ZAtff\‘/pi,z + )\.3A‘[,Fpi7171 + MtAtiJfl

5 ~ (6)
+ 7¥/5Afi,t—1 + X/6Ati.t—1 + 7¥/7Afi,t—l + Mittig—1 + Noldi—1 + €y,

where A is the difference operator such that Atfp,, = tfp;, — tfp;,_;; e is the short-
run residual which is assumed to be temporally and spatially uncorrelated. The terms
u;—1 and u;_ are the (spatially weighted) residuals from the long-term relationships
of the system. The coefficients for # and # can be interpreted as error correction
coefficients, which drive the system to its long-run equilibrium state. Global error
correction arises if the coefficients of these ec-terms, 1, and mn,, are nonzero. For
the nested case of local error correction, we assume that n; < 0.

It is straightforward to see that if the coefficients for u and # are zero, the long-run
information used for estimation drops out and the system in equation (6) reduces to a
single equation in a spatial VAR (SpVAR) formulation. Note, that in the short run, z
may affect Atfp differently from how it affects tfp in the long run. It is also important
to note that the coefficient for the time lag of the dependent variable (1) is typically
expected to have the same sign as the coefficient for & (n,), since the dynamics of tfp
will be affected by short-run deviations from the cointegration path in neighboring
regions. For the case of m;,n, # 0, the resulting SpPECM specification exhibits
“global error correction.”

Since both equations (5) and (6) take the form of a (dynamic) spatial Durbin
model (SDM), incorporating spatial lags of the endogenous and exogenous vari-
ables (Anselin 1988), an appropriate estimation strategy is to use maximum like-
lihood (ML) techniques. For panel data settings, Beer and Riedl (2009) have
recently proposed an ML estimator for the SDM in a fixed-effects setting, which
makes use of a (generalized Helmert) transformation proposed by Lee and Yu
(2010). The authors show by means of a Monte Carlo simulation experiment that
the SDM-ML estimator has satisfactory small-sample properties. We apply this
estimator in the following.

Data and Stylized Facts

For the empirical analysis, we use panel data for the ten West German federal states
between 1976 and 2008. Our data set comprises regional GDP, capital and labor
inputs, export and import volumes, as well as inward and outward stocks of FDI. All
data are used in real terms. For the analysis, all variables are transformed into
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logarithms.> The sources and summary statistics of the data are given in Table 1.
Additionally, Figure 1 plots the time evolution of each variable for the ten West
German federal state. All variables show to grow over time throughout the
period 1976-2008. The correlation coefficient between GDP and TFP is suffi-
ciently high (0.59), where the TFP variable is derived from a production func-
tion model according to equation (4).

An issue that deserves careful attention when modeling in a spatial regression
approach is the use of an appropriate spatial weighting matrix (Stakhovych and
Bijmolt 2009; Elhorst 2010). Typically, border- or distance-based matrices are
used. As a benchmark case, we use a spatial weighting scheme that contains bin-
ary information on whether two states i and j share a common border (w;; = 1)
or not (w; = 0). The spatial weighting matrix is used in its row-normalized
form. In order to check for the stability of our results, we additionally use fur-
ther weighting matrices, which define pairwise weights based on inverted dis-
tances as wy; = (1/Djy;), where Dj; is the distance in road kilometers averaged
over pairs of major cities in each state. Finally, as an alternative concept we also
use interregional economic linkages based on goods transport flows to define
pairwise weights among states. Since a total measure of interregional trade
flows among German regions is not available, railway transportation statistics
may serve as a proxy for the former. We use data from 1970 to ensure that the
observed interregional linkages are exogenous to our estimation system (see the
Appendix A for details).

The latter transport-based weighting matrix is used both in absolute terms and
in terms of per capita intensities in order to control for the different absolute
size of states. An important motivation for using transport-based weighting
schemes is that we are able to give a more straightforward economic interpreta-
tion regarding the estimation results. That is, for instance, consider a negative
correlation of the neighboring regions’ import performance with regional GDP
evolution. Opening up for international trade in terms of increased import activ-
ity may lead to a substitution effect of intranational forward and backward lin-
kages. Regional supply is thus substituted by its neighbors through international
import flows. This, in turn, may slow down economic development in the region
under study and can motivate a negative spatial spillover effects. The advantage
of transport weighting schemes is that they allow for a sound economic
interpretation.

Finally, before proceeding with the estimation approach, we want to investi-
gate the time-series properties of the variables involved. The graphical presenta-
tion in Figure 1 already gives an indication that all level variables have a trend
pattern and are likely to be nonstationary. To analyze this in more depth, we
compute panel unit root tests proposed by Im, Pesaran, and Shin (2003) as well
as Pesaran (2007). The latter test has the advantage that it is more robust to
cross-sectional correlation brought in by spatial dependence (see, e.g., Baltagi,
Bresson and Pirotte 2007.), while the Im, Pesaran, and Shin (2003) test is found
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Figure 1. Time evolution of total factor productivity (TFP), trade, and foreign direct invest-
ment (FDI) by German states (in logs). Source: See Table |.

to be oversized, when the spatial autocorrelation coefficient of the residual is
large. The results of both panel unit root tests for variables in levels and first
differences are reported in Table 2. As the results show, both test statistics give
strong evidence that all variables are integrated of order /(1) in their level spe-
cification and are tested to stationary after taking first differences. The same
holds for the spatial lag transformations underlining the argument made by
Beenstock and Felsenstein (2010) that a spatial lag as linear combination of the
underlying untransformed series is typically of the same order of integration.
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Table 2. Panel Unit Root Tests.

IPS test for N =10, T = 33 CADF test for N =10, T = 33

Variable WI(t-bar] b Value Av. Lags Z[t-bar] p Value Av. Lags

y —1.36* .09 0.70 1.07 85 [
tfp —1.01 16 0.70 .43 92 [
ex 1.36 9l 0.30 —1.21 A1 [
im 1.08 86 0.20 0.87 8l [
fdi out 0.28 6l 0.60 —0.19 42 [
fdi in 1.08 86 1.00 —0.16 43 [
V. -0.98 16 0.50 —0.55 29 [
tfp —-0.29 38 0.60 —0.95 17 [
éx 1.65 95 0.00 —1.83%* .03 [
im 1.55 93 0.00 2.17 98 |
fdi out 0.28 6l 1.40 1.09 86 [
fdiin 5.04 99 1.00 —2.04%* .02 [
Ay —4.33%0k .00 0.20 — 5.1 7wk .00 [
Atfp —4.| ¥ .00 0.40 —5.02%kk .00 [
Aex —10.48%5k .00 0.70 —8.77%ek .00 [
Aim —10.54%5+ .00 0.50 —6.48%5k .00 [
Afdiout  —10.64%5 .00 0.30 —5.2 |k .00 [
Afdi in — 1 1.9 .00 0.30 A .00 [
Ay —2.90%kk .00 0.00 —5.62%0k .00 [
Atfp —2.93%kk .00 0.00 —6.1 2%k .00 [
Aéx —9.90%¢* .00 1.00 —8. 12wk .00 [
Aim —10.1 75 .00 1.00 —4.8 %0k .00 [
Afdiout —7.82%5k .00 0.60 —4.86%* .00 [
Afdiin —9.80%¢* .00 0.70 —8.4 %k .00 [

Note: ¥, ** and * denote significance at the |, 5, and 10 percent levels. For IPS, the optimal lag length is
chosen according to the AIC. H, for both panel unit root test states that all series contain a unit root.
Spatial lags are constructed using the common border-based weighting scheme.

Empirical Results

First, we estimate the long-run cointegration equation for TFP, trade, and FDI.
The results for the SDM-ML model with different spatial weighting matrices are
shown in Table 3. All model specifications report a positive and statistically sig-
nificant coefficient for the region i’s own export and outward FDI performance
on TFP. While the region’s own import and inward FDI activity are found to
generally add little explanatory power, the models show significant correlations
between TFP and the spatial lag variables. That is, while all specifications find a
significant negative coefficient for inward FDI, with the exception of the trans-
port per population weighting scheme all models report significant positive cor-
relation between the spatial lag of outward FDI activity and TFP. Similarly, the
coefficient of the spatial lag of export volumes is found to be statistically
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Table 3. SDM-ML Estimates for TFP, Trade and FDI with Alternative Spatial Weighting

Schemes.

Type of W Border Distance Transport Transport/Population

eXit 0.52 %+ 0.166%+* 0.168*+* 0.409++*
(0.080) (0.028) (0.027) (0.034)

im —0.105 —0.089%+* —0.022 —0.062
(0.091) (0.031) (0.031) (0.045)

fdi out;, 0.227%#F* 0.065%** 0.06 17#+* 0.184%H*
(0.050) (0.014) (0.013) (0.019)

fdi in;; —0.055 0.024%* 0.03 1** 0.020
(0.043) (0.013) (0.013) (0.020)

€Xiy 0.032 —0.163*+* —0.131** —0.2]1 0%+

B (0.043) (0.047) (0.053) (0.040)

imj —0.129%++ 0.066 —0.049 —0.001

N (0.037) (0.041) (0.044) (0.021)

fdiout;, 0.22 %+ 0.076%+* 0.081%* 0.033

. (0.026) (0.028) (0.034) (0.027)

fdiin;, —0.099+#* —0.079%%* —0.088%#* —0.067%+*

. (0.024) (0.024) (0.027) (0.021)

tfp;, —0.236%+* 0.790%** 0.816%F* 0.356%**
(0.020) (0.026) (0.021) (0.021)

N 330 330 330 330

R? 0.96 0.96 0.94 0.94

Log likelihood 589.01 505.83 508.11 377.96

Note: ** ** and * denote significance at the I, 5, and 10 percent levels. Standard errors in parentheses.
R? defined as squared correlation between tfp and tfp.

significant negative in three out of four specifications. The same holds for the
spatial lag of the endogenous variable, which shows a positive correlation
among regions in all cases except for the border-based weighting scheme.*

However, one has to note that the regression parameters for the set of explanatory
variables from equation (5) cannot be interpreted directly as marginal effects. As
LeSage and Pace (2009) have recently shown, for model specifications including
a spatial lag of the endogenous variable, economic interpretation is more complex.
Table 4 therefore additionally computes summary measures for the SDM-ML based
on a decomposition of the average total effect into its direct and indirect elements.
The direct effect thereby measures the impact of changes in region i’s outcome vari-
able for a change in the value of regressor x for region i, the indirect effect arises
from spatial spillovers to region i’s outcome variable due to the averaged change
in the observations of all neighboring regions j (for details, see LeSage and Pace
2009). Statistical inference is done based on simulation runs used to create distribu-
tions for the effect measures.’

Since all variables are specified as logarithms, the reported marginal effects can
be interpreted as elasticities.® The results obtained confirm the correlations from
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Table 4. Direct, Indirect, and Total Long-Run Effect of Variables in TFP Model.

Transport/
Type of W Border Distance Transport Population
Direct
exiy 0.58 |+ 0.153%¥* 0.173%** 0.378%**
(0.104) (0.034) (0.038) (0.039)
imj —0.026 —0.09 |+ —0.056 —0.072
(1.182) (0.034) (0.036) (0.044)
fdi out;, 0.109 0.120%*k* 0.123%** 0.23 ]#¥*
(0.067) (0.017) (0.020) (0.023)
fdi in;, 0.004 —0.001 0.001 —0.008
(0.051) (0.012) (0.167) (0.023)
Indirect
eXiy —0.135% —0.134 0.038 —0.071
(0.079) (0.187) (0.257) (0.044)
imj ¢ —0.135%* —0.025 —0.348%* —0.024
(0.064) (0.143) (0.170) (0.032)
fdi out;,; 0.252%%* 0.560%+* 0.66 | #+* 0.108##*
(0.050) (0.099) (0.159) (0.028)
fdi in;, —0. 128 —0.259** —0.319%* —0.065%+*
(0.042) (0.101) (0.134) (0.023)
Total
eXiy 0.445%*+* 0.018 0.211 0.308%#*
(0.063) (0.207) (0.287) (0.072)
imj —0.186%+* —0.116 —0.405%* —0.096
(0.066) (0.159) (0.188) (0.059)
fdi out;, 0.3627%** 0.68 17#+* 0.785%** 0.3397%k*
(0.038) ©.111) (0.174) (0.043)
fdi in;, —0. 123 —0.26** —0.318% —0.074*
(0.037) 0.114) (0.149) (0.040)

Note: *¥¥*, *¥ and * denote significance at the |, 5, and 10 percent levels based on partial derivatives and
parameter simulations as described in LeSage and Pace (2009). Simulated standard errors are given in
parentheses.

Table 3 and report a significant direct effect of export flows on the regional TFP
level in all model specifications. This finding can be directly associated with the
commonly known trade-led growth hypothesis. The estimated output elasticity for
TFP varies between 0.15 percent and 0.6 percent, given a 1 percent change in
regional export volumes. Except for the border-based specification, all models also
show a significant direct effect of outward FDI activity and thus confirm the FDI-led
growth hypothesis. The estimated elasticity is somewhat smaller than in the export
case and ranges from 0.12 percent to 0.23 percent. Although all models report a neg-
ative direct effect of import activity on TFP, this effect turns out to be statistically
significant only in the distance-based specification.
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Looking at the significance and size of spillovers from neighboring regions, all
models find a strong and positive effect for outward FDI, while inward FDI is asso-
ciated with negative spillovers. The same holds for import activity. Both effects hint
at reallocation activity stemming from increased inward-oriented internalization
activity in Germany, which leads to a substitution of regional input—output linkages
by international ones. On the other hand, there is a strong correlation between the
regions’ external internationalization activity, which leads to a positive technology
transfer both in the host region and in its neighborhood. Summing up both effects to
a measure of the total marginal impact, this shows that the TFP level is predomi-
nantly driven by FDI activity, positive in the case of outward FDI stock, negative
for inward FDI. The results for trade activity hint at the same direction, although the
reported statistical significance is mixed. Nevertheless, all specifications show a
positive coefficient for the trade effect, while the output elasticity of import activity
is generally negative.

A general result obtained from the long-run estimation is that the inclusion of spa-
tial lags helps to significantly improve the fit of the different models and shows more
clear-cut results regarding a stable cointegration relationship among the variables.
For the full model including all variables and their spatial lags, the null hypothesis
of no cointegration can be strongly rejected by the Pedroni (1999) test (Panel p sta-
tistic). Here, the test statistic is 3.24 (p value = .00) versus 1.77 (p value = .11) in the
aspatial case, showing only weak support for a stable cointegration vector with sta-
tionary residuals when we discard the spatial lags.” Our results can thus be inter-
preted along the lines of Beenstock and Felsenstein (2010), who find that the
inclusion of spatial lags may be of vital importance to ensure a stable cointegration
relationship in regional economic models.

We then move on and use the information obtained from the long-run cointegration
relationship in a SpECM framework for regional TFP growth to analyze the short-run
correlation between technology growth and internationalization activity. The estima-
tion results of the SpECM are shown in Table 5. Here, the inclusion of time and spatial
lags of the endogenous variable results in a more complex specification. We use a
“time-space-simultaneous” model (see, e.g., Anselin, Le Gallo, and Jayet 2008), which
includes a contemporaneous spatial lag of the endogenous variable and a one period
time lag.® The results generally show that the short-run dynamics of TFP growth is
mainly driven locally and are therefore different from long-run impacts. Looking at the
regression coefficients describing the short-run correlation among the variables, we see
that regional TFP growth is mainly driven by short-run movements in outward and
inward FDI. For both variables, the estimation results show a positive and statistically
significant regression coefficient. We also obtain some evidence for a positive short-run
correlation between changes in the regional export volumes and TFP growth, as well as
anegative relationship between short-run changes in the spatial lag of import flows and
TFP growth.

For the included error correction term (u;,—1), we get a significant and negative
regression parameter supporting the findings of the Pedroni (1999) cointegration
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Table 5. Spatially Augmented Short-Run Estimates of TFP Growth Driven by Trade and FDI.

Space-Time Simultaneous

Transport/
Type of W Border Distance Transport Population
Atfp;,_| 0.383%#* 0.134** O.111%* 0.30 %%
(0.093) (0.056) (0.055) (0.053)
Aexi, 0.044 0.051%* 0.051%* 0.045*
(0.044) (0.021) (0.020) (0.024)
Aim;, 0.054 —0.022 —0.010 0.010
(0.040) (0.025) (0.025) (0.022)
Afdi out;, 0.037** 0.019%* 0.013 0.033%**
(0.018) (0.008) (0.008) (0.010)
Afdi in;, 0.055%** 0.017%* 0.017%* 0.024%**
(0.017) (0.008) (0.008) (0.009)
Uit —0.140%+* —0.077++ —0.063*+* —0.049*++*
N (0.053) (0.026) (0.022) (0.017)
Atfp;, —0.237%%¢ 0.694++* 0.693+%* 0.33g%%*
(0.021) (0.039) (0.035) (0.024)
Aex;, 0.021 —0.013 —0.022 —0.001
B (0.021) (0.034) (0.035) (0.250)
Aim; —0.008 0.019 0.014 —0.005
N (0.015) (0.030) (0.030) (0.014)
Afdi out;, 0.017%* —0.003 0.007 —0.006
. (0.010) (0.016) (0.017) 0.011)
Afdi in;, 0.0547%** 0.034%* 0.038%** 0.013
(0.010) (0.015) (0.015) (0.009)
Ui —0.075* 0.044 0.151%** 0.047
(0.039) (0.107) (0.076) (0.043)
N 310 310 310 310
R? 0.45 0.52 0.56 0.50
Zstmi —1.236 —0.569 —0.940 —1.033
p value 216 .568 .347 .301

Note: %, *% and * denote significance at the |, 5, and 10 percent level. Standard errors in parentheses. R?
defined as squared correlation between Atfp and Atfp. Zstp is the z statistic of the spatiotemporal ver-
sion of Moran’s I.

test, that is, local error correction is in order, although with a rather small adjustment
speed. The regression results for the coefficient for the spatialized ec term (i;,_; ) are
highly mixed and statistical significance is weak. Only for the transport-based
weighting scheme we get a significant coefficient. As argued by Beenstock and Fel-
senstein (2010), it also found to be in line with the coefficient sign of the spatial lag
of the endogenous variable. The positive coefficient indicates that temporary devia-
tions from the stable long-run relation between TFP and internationalization activity
in neighboring regions foster region i’s TFP growth in the short run. However, the
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regression results in the other three specifications hint at the absence of such interre-
gional spillovers stemming from the short-run adjustments to long-run
equilibrium.

Moreover, we find strong evidence for the role of autoregressive adjustment
processes measured by Atfp,, ; as well as significant positive coefficient for the
contemporaneous spatial lag of the endogenous variables. The latter result mir-
rors earlier findings for German regional growth, which shows a positive intra-
national growth nexus among spatial neighbors (see, e.g., Niebuhr 2000 as
well as Eckey, Kosfeld, and Tuerck 2007). Testing for remaining cross-
section correlation in the error term of the SpECM by means of the spatiotem-
poral extension of Moran’s / (STMI, see Lopez et al. 2011), Table 5 shows that
the time-space-simultaneous specification is well equipped to capture all under-
lying spatial patterns in the data.’

Finally, Table 6 computes the direct, indirect, and total effects of the SpPECM
in order to interpret the regression results regarding the significance of growth
determinants and spatial spillovers. To do so, we first derive the reduced form
of the model by multiplying both sides of equation (6) with (Iy — MW)*l, where
Iy is an identity matrix of order N, so that the model is only written as a function
of predetermined endogenous and exogenous variables. From this transformation,
we can compute the direct, indirect, and total time-contemporaneous impact for
each exogenous variable in analogy to the long-run cointegration equation. We
can then compute the final form of equation (6) by multiplying it with
(1- Xl)fl. One has to note that this approach is based on the assumption of
time—space separability, that is, we assume that spatial processes are fully pro-
cessed through the system for each period of time observation such that there are
no time—space covariances. This in fact is a simplification of a more complex
time—space structure as, for instance, discussed in Debarsy, Ertur, and LeSage
(2011). Since most of the spatial lag terms were estimated to be statistically insig-
nificant, this simplification should still give a reasonably good approximation of
the underlying dynamic process.

As pointed out by Debarsy, Ertur, and LeSage (2011), it is also possible to track
the temporal distribution of the temporary and cumulated impact (both aspatial and
spatial) over time as known from standard multiplier analysis in the time-series lit-
erature (Liitkepohl 2005). For each period s, we thus calculate the interims multiplier
Dy as Dy = ()" x B™!, where B = (Iy — ,,W). For s = 0, we use the coefficient
values from the reduced form specification according to Table 6. The total cumu-
lated effect up to period S can then be calculated as Zf:o D,.'?

Table 6 thus shows the contemporaneous direct, indirect, and total effects of the
SpECM’s reduced form specification. The results confirm the observation that
TFP growth is mainly driven by outward and inward FDI, where the latter variable has
both positive direct and indirect spatial spillover effects. Although inward FDI is found
to be negatively correlated with TFP in the long run, short-run changes are found to have
a positive temporary effect on the evolution of technical progress. Export growth is
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Table 6. Contemporaneous Direct, Indirect, and Total Short-Run Effects in TFP Model.

Transport/
Type of W Border Distance Transport Population
Direct
exiy 0.035 0.057%** 0.054** 0.052**
(0.059) (0.022) (0.023) (0.025)
imj 0.069 —0.022 —0.007 0.009
(0.054) (0.024) (0.021) (0.022)
fdi out;, 0.032 0.02 I** 0.017* 0.035%**
(0.024) (0.010) (0.010) (0.012)
fdi in;; 0.026%*+* 0.029%** 0.03 [+ 0.034++*
(0.022) (0.009) (0.009) (0.010)
Indirect
eXiy 0.016 0.069 0.036 0.018
(0.042) (0.098) (0.013) (0.024)
imj ¢ —0.032 0.008 0.022 —0.003
(0.034) (0.058) (0.065) (0.015)
fdi out;, 0.012 0.029 0.051 0.004
(0.018) (0.052) (0.059) (0.012)
fdi in;, 0.06 |#¥* 0.143%¥* 0.154%F* 0.025%*
(0.017) (0.040) (0.040) (0.010)
Total
eXit 0.052 0.126 0.091 0.070*
(0.035) (0.109) O.111) (0.039)
imj; 0.037 —0.013 0.014 0.006
(0.027) (0.064) (0.068) (0.026)
fdi out;, 0.0447%+* 0.051 0.069 0.039*
(0.014) (0.059) (0.065) (0.021)
fdi in;, 0.088*** 0.172%¥* 0.186*** 0.059#+*
(0.014) (0.044) (0.045) (0.014)

Note: *¥¥*, *¥ and * denote significance at the |, 5, and 10 percent levels based on partial derivatives and
parameter simulations as described in LeSage and Pace (2009). Simulated standard errors are given in
parentheses.

shown to have a positive direct effect in most specifications as well. To illustrate the
short-run effect of changes in the exogenous variables on TFP growth, Figure 2 gives
a graphical presentation of their interims multipliers.'' As the Figure shows, export and
outward FDI are mainly driven by its direct effect. For inward FDI, the indirect spatial
spillover effect is almost of equal size as the direct effect, while in the case of import
flows the positive direct and negative indirect effect offset each other. In general, all
effects fade out after five years at the most, indicating a rapid absorption of short-run
shocks.

Finally, to answer the politically relevant question whether internationalization
activity is altogether beneficial or damaging for regional TFP, we compute net direct
and indirect trade effects in the long- and short-run by aggregating the individual
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Figure 2. Interims multiplier for dynamic short-run effects of internationalization activity on
total factor productivity (TFP) growth. Note: Multipliers and the different effects are defined in
the text. Spatial weights based on transport intensities.

effects over all four variables. We therefore take the sample mean of each of the
explanatory variables (both in levels and first differences) and calculate the vari-
able’s individual absolute contributions by multiplying the sample mean with the
obtained coefficients from Tables 4 and 6. Then, by summing up the obtained abso-
lute contributions to the total net effect and normalizing it to 100 percent, we can
compute the relative importance of the direct and indirect elements as a share of the
total effect. The results for the case of long- and short-run specifications based on the
transport intensities as weighting scheme are shown in Figure 3. The figure shows
that in the short run, both effects are positive. Here, the net direct effect measured
over all four variables amounts to roughly 75 percent, whereas one-fourth of the total
effect stems from spatial spillovers. For the long-run equation, we find that the over-
all positive net effect is driven by the sum of the direct effects, while—collec-
tively—the sum of the individual direct effects is slightly negative. The latter
relationships shows that—measured in absolute terms—the positive effect from out-
ward FDI is outweighted by the negative spillovers induced from inward FDI and
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Figure 3. Short- and long-run “net” effects of internationalization activity on regional total
factor productivity (TFP; | = 100 percent). Note: Effects calculated for the regression results
using transport intensities in Tables 4 and 6.

trade activity. As a result of these two opposing effects, the relative contribution of
the spillover part to the total effect is rather small.

Conclusion

This article has examined the role of direct and indirect spillover effects for the Ger-
man regional TFP—trade—FDI nexus. We have used a combination of time-series
analysis as well as spatial econometric tools to tackle this issue. While the empirical
analysis of long-run comovements among nonstationary variables is by now a com-
mon standard in time-series econometrics, less attention has been paid to the impor-
tance of spatial lags in the long-run formulation of such a regression model.
Applying the novel concept of global cointegration recently proposed by Beenstock
and Felsenstein (2010) enables us to estimate SpECM for West German data
between 1976 and 2008.

Our results show that both direct and indirect spatial links between the variables
matter when tracking their long-run comovement. In particular, export flows show a
significant and positive long-run impact on the level of TFP, supporting the export-
led growth hypothesis from regional and international economics. Furthermore, we
also find evidence for long-run FDI-led growth and identify negative spillovers from
inward FDI and import activity. The latter results may hint at the potential role
played by substitution effects, when intranational input—output linkages are scaled
down in the process of enhanced trade integration and inward-directed FDI activity.
Similar to Beenstock and Felsenstein (2010), we can conclude that the inclusion of
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spatial lag of the endogenous variable and set of regressors has important implica-
tions for the stability of a cointegration relationship among variables for a regional
economic system. Residual-based cointegration tests strongly reject the null of no
cointegration among the set of variables including their spatial lags.

For the short-run determinants of TFP growth, we observe that this process is
mainly driven locally rather than globally. We find a negative and statistically coef-
ficient for the error correction term of the SpECM, which gives a further indication
that the system is dynamically driven to its stable long-run value. In this case,
besides an autoregressive component and the spatial lag of the endogenous variable,
outward and inward FDI stocks in particular are found to drive technical progress in
the short run. Inward FDI is also found to have significant positive spillover effects.

Regarding the choice of the spatial weighting scheme, we employ geographical
information (common border and road distance—based specifications) as well as
individual weights stemming from interregional goods transport flows. Our results
are generally robust regarding the choice of the spatial weighting matrix. The advan-
tage of (exogenous) transportation data is that the estimated effects can be better
interpreted in the context of economic theory. That is, for instance, the negative
long-run spillovers stemming from increasing regional import flows can be seen
as a substitution effect for intranational input—output linkages affecting the transmis-
sion channels of diffusion in technical progress. Summing up the four variables to
get direct and indirect net effects of internationalization activity, we find that the
direct effect is always positive, while the indirect effect is positive in the short run
but slightly negative in the long-run equation.

Appendix A
Road Distances and Transport Flows among West German States

Table Al. Road Distances between West German States (in Kilometers).

From:/To: SH HH NIE BRE NRW HES RHP BW BAY SAAR
SH 0 76 272 192 447 510 629 732 745 754
HH 76 0 177 110 363 473 553 667 666 690
NIE 272 177 0 130 265 310 427 529 541 544
BRE 192 110 130 0 273 424 483 633 650 590
NRW 447 363 265 273 0 234 251 410 501 349
HES 510 473 310 424 234 0 163 231 308 255
RHP 629 553 427 483 251 163 0 207 339 146
BW 732 667 529 633 410 231 207 0 262 226
BAY 745 666 541 650 501 308 339 262 0 378
SAAR 754 690 544 590 349 255 146 226 378 0

Source. Average distances in road kilometers among major cities per state calculated with www.map24.de.
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Table A2. Interregional Railway Transportation Flows in 1970 (in 1,000 Tons).

From:/To: SH HH NIE BRE NRW HES RHP BW BAY SAAR Total

SH 966 176 679 94 340 102 63 206 289 9 2,924
HH 321 896 2,297 374 933 342 118 361 747 27 6,416
NIE 1,303 1,033 20,434 1,593 7,288 1,465 391 890 2,140 3,726 40,263
BRE 42 6l 3,182 3,158 1,449 386 193 420 600 11 9,602
NRW 2,064 2,191 11,056 4,705 1,02,530 5114 3271 4,821 7,737 2,064 1,45,553
HES 195 491 958 517 1,823 4512 782 942 1,583 158 11,961
RHP 181 177 618 231 2,013 895 2,337 2916 1,722 1,097 12,187
BW 68 308 305 254 961 852 696 10,853 2,711 517 17,525
BAY 143 468 578 364 1,644 8I3 451 2,225 19,349 145 26,180
SAAR 21 108 181 276 659 407 774 1,471 898 7,761 12,556
Total 5304 5909 40,288 11,566 1,19,640 14,888 9,076 25,105 37,776 15,615 285,167

Source: Statistisches Bundesamt, Fachserie H, R 4, Eisenbahnverkehr, 1970.
Note: For the design of spatial weighting matrices, the diagonal elements have been set to zero.
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Notes

1. An alternative strand of the empirical literature, regressing trade openness on regional
concentration measures is discussed in Briilhart (2011). Focusing mainly on developing
countries, these contributions generally reveal a positive correlation between trade open-
ness and spatial concentration of economic activity.

2. It would be desirable to have a higher degree of regional disaggregation rather than
N = 10 with T = 33, however, no such data on trade and FDI activity are available. The
panel structure of the data is nevertheless still comparable to Beenstock and Felsenstein
(2010) with N =9 and T = 18, so that it should be feasible to apply their proposed
method to our regional data.

Downloaded from irx.sagepub.com at Rheinisch Westfael Institut on December 9, 2015


http://irx.sagepub.com/

386 International Regional Science Review 37(3)

3. The regression coefficients come close to standard parameter values reported in the liter-
ature with oo = 0.38 and B = 0.60. We use both an unrestricted specification and a
restricted Cobb-Douglas form with f = (1 — o). Detailed results can be obtained from
the author upon request.

4. The opposite result for the binary border—based matrix may stem from its (too) strict
neighborhood identification.

5. Computations are performed in Matlab using the code by Beer and Riedl (2009) based on
the spatial econometrics toolbox by LeSage (2010).

6. As pointed out by one referee, causal inference in a single equation framework has to be
done very carefully given the reversed causality problem. In fact, one has to assume exo-
geneity of right-hand side regressors to do so, whereas a full account of the causal impact
of each variable can only be done in a system approach. However, the latter approach
goes beyond the scope of this article and dealing with this issue is left for future research.

7. For the computation of the Panel p statistic, I include individual intercepts for each cross-
sectional unit but no individual time trends. The optimal lag length is chosen by means of
the Schwartz information criterion. Similar results also hold for the Fisher-type Johansen
cointegration test as reported in chapter 7 of Mitze (2012).

8. We thus assume that A3 in equation (6) is zero, which greatly simplifies the interpretation of
the model results. We also tested for the statistical significance of A3 in a general “space—
time dynamic” model framework, however, the coefficient turned out to be statistically
insignificant in most specifications. Detailed results can be obtained upon request.

9. We used both asymptotic and bootstrap-based versions of the STMI. A description of the
latter is given in chapter 7 of Mitze (2012).

10. For the general discussion of the concept of time—space multiplier analysis, see Debarsy,
Ertur, and LeSage (2011).

11. Here, we only focus on the distribution of the short-run effect, disregarding from the long-
run cointegration equations. Computations are done for the spatial weighting scheme
based on transport intensities.
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