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• Linking economic growthand internationalization activity:

• Market size effects

• Technological diffusion

• Production Function: F=A(K,L) with A=(TRADE, FDI, X)

• Policy Focus: Convergence Debate (Export-, FDI-Led growth)

• New Economic Geography: Long-term equilibrium in terms

of an asymmetric location pattern 

• Especially relevant for Trade / FDI

• Augment A=(TRADE, TRADE*, FDI, FDI*, X)
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• Interplay between economic growth and internationalization 

ŀŎǘƛǾƛǘȅ ŀǎ ǎƘƻǿƴ ƛǎ ŀ ŎƻƳǇƭŜȄ ƛǎǎǳŜΧ

ü both across space andtime (so far mostly time series view)

• Empirical contribution:

ü Growth-trade-FDI nexus for West German Federal States

• Methodological approach rests on the concept of global co-

integration among variables to avoid nonsense regressions

• Spatial panel error correction model (SpECM) to identify short-

and long-run (time/spatial) co-movements of the variables 
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• Regional panel data for the 10 West German states (NUTS1-

Level) between 1976 and 2006 (N=10, T=30)

• Our data comprises GDP levels, export and import volumes as 

well as inward and outward stocks of FDI (in real terms)
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• Spatial distribution of variables shows particular concentrations

• Case of FDI intensity (FDI stock per GDP) for average 2000-2005

OutwardFDI Inward FDI
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• Panel time series perspective nowadays mainstream research

• For non-stationary data long run co-movement is necessary to 

use of variable information in levels and transformations

• Application of standard Engle-Granger (1987) time series

concept of cointegration to space-time dimension

• Co-Integration:

ü Co-Movement of variables with stochastic trends so that the 

residual is I(0); very nice economic interpretation

• Fingleton (1999), Lauridsen & Kosfeld (2006): Issue of spurious 

or nonsense regressionin spatial econometrics
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• Concept of Global cointegration as combination of

• within panel cointegration (pure time series dimension)

• betweenpanel cointegration (space-time dimension)

=>  Basic message: Inclusion of spatial lags is necessary to ensure 

ǊŜǎƛŘǳŀƭǎ ǘƻ ōŜ άǿŜƭƭ-ōŜƘŀǾŜŘέ ƛƴ ǘƛƳŜ ǎŜǊƛŜǎ ϧ ǎǇŀǘƛŀƭ ŘƛƳŜƴǎƛƻƴ

• Starting point is a general model as

• Yit as dependent variable for i ҐмΣнΣΧΣb ŀƴŘ ǘҐмΣнΣΧΣ¢

• Xit is a vector of exogenous control variables

• ih cross-sectional fixed effects, uitƛǎ ǘƘŜ ƳƻŘŜƭΩǎ ǊŜǎƛŘǳŀƭ ǘŜǊƳ

* *

it i it it it itY X Y X ua b q d= + + + +
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• ¸ ŀƴŘ · ƛƴǘŜƎǊŀǘŜŘ ƻŦ ƻǊŘŜǊ ¸ҐLόŘύ ŀƴŘ ·ҐLόŘύ ǿƛǘƘ Řҗм

• When X and Y are co-integrated, u should be stationary as u=I(0)

• Asterisked variables refer to spatial lags defined as:

• Same order of integration as Y and X since linear combination

• Y* and X* to ensure cointegration relationship if variables are 

not cointegrated within panels but betweenpanels

• Plus: Help to ensure cross sectional independenceof residuals
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• VECM describe dynamics through which cointegrated variables 

are driven in adjustment process to long-run equilibrium

• Beenstock & Felsenstein (2009) specify spatial VECMs (SpVECM) 

in which spatially co-integrated variables co-move over time

• In vector form for the multivariate case (K>1) SpVECMas:

• uit and u*it as vectors of the (spatially weighted) residuals from 

the (static) long-term relationships of the system

• Global error correction ƛŦ ō ŀƴŘ ōϝ ŀǊŜ ǎǘŀǘƛǎǘƛŎŀƭƭȅ ǎƛƎƴƛŦƛŎŀƴǘ ґ л

* *

1 11 1
* * ,

p p

it i j t j j t j t t tj j
Y a B y C y bu b u e- - - -= =
D = + D + D + + +ä ä
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Table 1: Panel Unit Root tests
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Table 2: Standard model estimates
for the Growth-Trade-FDI-Nexus

Note: ***, **, * denote significance at the 1, 5 and 10%-level. 
Standard errors in brackets. The Hausman test checks for 
validity of the PMG and DFE specification against the MG 
estimation results.
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• Positive long-run effect of export activity on growth consistent 

with the export-led-growth theory of regional economics

• For imports we find a negative impact on GDP, FDI no effect

• Significant EC-ǘŜǊƳΣ ҧ short-run effect of importsand FDI

• However, two problems:

ü Weakresultsfor co-integration tests (Pedroni, Johansen)

ü Strong spatialautocorrelationof the residualsόaƻǊŀƴΨǎ Lύ

• Augment the model:

ü Border& Transport baseddistance matricesfor SpVECM
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• Estimate long run equation 
that accounts for spatial lags:

• Again Direct export effect

• Indirect effect from the 
spatial lag of the export 
variable (ex*)

• Significant effect of FDI out 
=> FDI-led-growth

• Co-Integration tests perform 
much better

• Move on and use the 
obtained long-run co-
integration relationship in a 
SpECMframework for 
regional GDP growth
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Table4: SpECMestimatesfor the GDP,tradeandFDIrelationship

Note: ***, **, * denotesignificanceat the 1, 5 and10%-level. Standarderrorsin brackets. All modelsincluderegionalfixedeffects.rand
lare the coefficientsfor the spatial componentsin the SpatialAutoregressive(SAR)and SpatialErrorModel (SEM). Fora descriptionof
the residualtestsseetable4.
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• Apply Standard DFE model and ML based SDM, as well as  

spatial dynamic SYS-GMM to account for lagged yt-1

• For the standard EC-term we get a highly significant regression 

parameter (ut-1)

• Spatialized EC-term also significantly different from zero (u*t-1)

• Positive parameter may hint at additional spillover effect => 

spatial distribution of output surplus (∆u*=(y*>INT*) ∆yҧ)

• Short-run development: both direct and indirecteffectsat work

ҟƛƳҧΣ   fdi ƛƴ ҧ Σ   fdi ƻǳǘ ҧΣ   ŜȄϝ ҧΣ   ƛƳϝ ҨΣ   ȅ ҧΣ   ȅϝ ҧ
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• Our results show that

ü both time and space matter in the analysis of

ü German regional Growth-Trade-FDI nexus

• Evidence for long-run export- and FDI-led-growth

• Spatial lags help to ensure stable co-integration relationship

• Short-run analysis highlights role of spatial spillovers

• Results hold for different forms of spatial weighting matrix

• SpECM residuals do not show any misspecification
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