Global Cointegration in the Analysis of the
German Regional Growth-Trade-FDI Nexus

Timo Mitze
(RWI Essen / Ruhr University Bochum)

10. — 19. July 2010
ERSA Summer School 2010, J6nkdping



Introduction

« Linkingeconomic growthandinternationalization activity:
* Market size effects
« Technological diffusion

« Production FunctionF=A(K,Lyith A=(TRADE, FDI, X)

« Policy Focus: Convergence Debate (ExpBRiLed growth)

 New Economic Geographyongterm equilibrium in terms

of an asymmetric location pattern
* Especially relevant for Trade / FDI

 AugmentA=(TRADE, TRADE?*, FDI, FDI*, X)
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Introduction

* Interplay between economic growth and internationalization
FOGAGAGE & aK2gy Aa | O2YLX SE
U both across spacandtime (so far mostly time series view)
« Empirical contribution:

U Growth-trade-FDI nexudor West German Federal States

« Methodological approach rests on the concepgtdbal co

Integration among variables to avolonsense regressions

o Spatial panel error correction mod&SgYECNIto identify short

and longrun (time/spatial) cemovements of the variables
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Data and Stylized Facts

 Regional panel data for the 10 West German states (NUTS1
Level) between 1976 and 200610, T=3p

 Our data comprises GDP levels, export and import volumes as

well as inward and outward stocks of FDI (in real terms)

BAY SAAR

14

12

10

1976 1986 1996 2006 1976 1986 1996 2006
Year Year

10-19.08.2010 ERSA Summer School 2010



Data and Stylized Facts

« Spatial distribution of variables shows particular concentrations
o Case of FDI intensity (FDI stock per GDP) for averageZ®080

Outward FDI Inward FDI
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Global Cointegration and SpECM

Panel time serieperspective nowadays mainstream research

For nonstationary data long run eomovement is necessary to

use of variable information ilevels and transformations

Application of standard Engléranger (1987/ime series

concept of cointegration to spad@me dimension
Colntegration:

U CoMovement of variables with stochastic trends so that the

residual is 1(0); very nice economic interpretation

Fingleton (1999), Lauridsen & Kosfeld (200&5ue of spurious

Or nonsense regressiom spatial econometrics
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Global Cointegration and SpECM

o Concept of Global cointegratioas combination of
« within panel cointegration (pure time series dimension)

* Dbetweenpanel cointegration (spaeime dimension)

=> Basic messagénclusion of spatial lags is necessary to ensure

~

NBEAARdzZ f 3 Sikel DSR4 oASE fGAYS aSNAS

Starting point is a general model as
Y, =a +b5 +y Sg y
Y, as dependent variable fof MXH X XZb YR GIF MIH?3

X IS a vector of exogenous control variables
h crosssectional fixed effectaj, A & (G KS Y2 RSt Qa NB
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Global Cointegration and SpECM

e . FYR - AYUSANIGSR 2F 2NRSN . TL

« When X and Y amo-integrated, u should be stationary as u=I(0)

» Asterisked variables refer gpatial lagsdefined as:
* [ L] N
Yit = a. j)lv\f % )
* «« N
Xit = a j>1V\{j ><jt !
« Same order of integration as Y and X since linear combination

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

not cointegratedwithin panels butbetweenpanels

« Plus:Help to ensureross sectional independenad residuals
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Global Cointegration and SpECM

 VECMdescribe dynamics through which cointegrated variables

are driven in adjustment process to longn equilibrium

 Beenstock & Felsenstein (2009) specify spatial VESM&ECMW

In whichspatially ceintegrated variablesco-move over time

* In vector form for the multivariate case (K9)VECMs:

DY, =a & B yD &,C D hu+ byt e

« U, and u*; as vectors of the (spatially weighted) residuals from

the (static) longterm relationships of the system

e Global errorcorrectioth ¥ 6 YR o6fF I NB adal da
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EmpiricaResults

Table 1: Panel Unit Root tests

IPS-Test for N=10, T=30 CADF Test for N=10, T=30
Variable W]t-bar] (P-Value) Av. Lags Z[t-bar] (P-Value) Av. Lags

y 0.07 (0.53) 1.50 0.53 (0.70) 2
ex ~1.37* (0.09) 1.10 “1.16 (0.12) 1
im 2.69 (0.99) 0.50 -0.59 (0.28) 1
fdiin 0.56 (0.71) 1.20 2.21%* (0.02) 1
fdiout -0.91 (0.18) 0.70 1.45 (0.93) 1
Ay -9.27*** (0.00) 1.10 A.517% (0.00) 1
Aex “13.52*** (0.00) 0.70 ~7.08*** (0.00) 1
Aim -9.85*** (0.00) 0.70 6. 83*** (0.00) 1
Afdiin  -13.58*** (0.00) 0.70 347 (0.00) 1
Afdi out  -9.81*** (0.00) 0.90 -3 88*** (0.00) 1

Note: **% ** * denote significance at the 1, 5 and 10 %-level. For IPS the optimal lag length is chosen according to the
AIC. Hy for Panel Time-Series Unit root test states that all series contain a unit-root.

10-19.08.2010 ERSA Summer School 2010



EmpiricaResults

Dep. Var.: Ay PMG DFE
Long run estimates
Ty 1.02**+ 0.78*#*
(0.337) (0.299)
Mgy -0.42* -0.47
(0.224) (0.323)
fdi outyy -0.21 -0.15
{0.157) (0.235)
fdi ing 0.16 0.16
(0.118) (0.169)
Short run estimates
LT -0.06%=* -0.05%=*
(0.009) (0.014)
Ay 0.20*** 0.33*=*
(0.048) (0.048)
Aery -0.08* -0.01
{0.038) (0.033)
Aim, 0.10%* 0.07*=*
(0.016) (0.022)
A fdi outy 0.07** 0.06%=*
(0.019) (0.013)
A fdi iny 0.06* 0.06%=*
(0.012) (0.013)

Kao (1999) ADF (p-value)
Pedroni (1999) p (p-value)

~1.237% (0.00)
9.01* (0.06)

y — maz of Johansen (1991) based Fisher Test (p-value)

rank <0 115.2%= (0.00)
rank < 1 50.93*** (0.00)
rank < 2 24.93 (0.20)
rank < 3 97.78 (0.11)
rank < 4 31.64** (0.05)

Hausman Test y?(4) (p-value) 15.20%** (0.00)
Moran’s I residuals (p-value) 7.19%** (0.00)

0.01 (0.99)
0.16+** (0.00)

10-19.08.2010

Table 2: Standard model estimates
for the GrowthTradeFDINexus

Note: *** ** * denote significance at the, 5 and 10%evel
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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EmpiricaResults

» Positive longun 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 E@ S NJYshortmyn effect of importsand FDI
 Howevertwo problems
U Weakresultsfor co-integration tests (Pedronj Johansen)
0 Strongspatialautocorrelationof theresidualsd a 2 NJ y Wa L
 Augmentthe model:

U Border& Transportbaseddistancematricesfor SpVECM
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EmpiricaResults

Dep. Var.: Ay FEM SDM-ML SDEM-ML
ea 027 040 DA
(0.098)  (0.089) (0.076)
iy 0.08 -0.03 0.06
(0.086)  (0.106) (0.072)
Fdi outsy 0.28%* 028 0.19%*
(0.040)  (0.057) (0.020)
Fdi ing 0.04 -0.01 0.06+*
(0.037)  (0.049) (0.028)
ex?, 0.19* 0.07 0.05
(0.101)  (0.049) (0.078)
ims, 0.200 010 0.03
(0.103)  (0.042) (0.082)
Fdi out?, 0.04 0.18%* 0.04
(0.049)  (0.032) (0.036)
fdi iz, -0.01 -0.05* 0.02
(0.048)  (0.029) (0.034)
p 0.23*=
(0.021)
A 0.10%+
(0.012)

Estimate long run equation
that accounts fospatial lags

Again Direct export effect

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

Significant effect of FDI out
=>FDHed-growth

direct indirect total

eTat 0527 -0.07 0467
ima 003  -0.14 0.1
fdi out,, 0.21==+ 017> 037>
fdiing 003 008 0.05

Kao (1999) ADF (p-value)
Pedroni (1999) p (p-value)

“3.70- (0.00)

2.74** (0.00)

y — max of Johansen (1991) based Fisher Test (p-value)

rank < 0
rank < 1
rank < 2
rank < 3
rank < 4
rank < b
rank < 6
rank < T
rank < 8

741.0% (0.00
1449.17** (0.00
230.4*** (0.00
132.3**= (0.00
108.2+** (0.00
52.1%** (0.00)
565.1%** (0.00)
41.6%= (0.00)
46.4%= (0.00)

)

)
)
)
)
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Colintegration tests perform
much better

Move on and use the
obtained longrun co
integration relationship in a
SpECMramework for
regional GDP growth
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EmpiricaResults

Table4d: SpECMstimatesfor the GDPtrade and FDIrelationship

Dep. Var.: Ay DFE SDM-ML SDM-GMM SDM-GMM SDM-GMM
Uip—1 -0.16%= -0.05% -0.21% 011 -0.21%
(0.025) (0.033) (0.034) (0.016) (0.033)
Ul 0.14*** -0.01 0.20%*= 0.00%=* 0.20%**
(0.025) (0.012) (0.036) (0.015) (0.039)
Ay 0.49%*=* 0.36%* 0.47%*= 0.47+== 0.46%*=
(0.040) (0.099) (0.049) (0.048) (0.052)
Aexiy 0.04 0.06 0.03 0.04 0.03
(0.032) (0.051) (0.044) (0.045) (0.048)
Aimy, 0.10%=*= 0.06 0.14**= 0.10%== 0.14%*=
(0.024) (0.047) (0.011) (0.018) {0.016)
Afdi outy 0.0g*** 0.07*== 0.08**= 0.08%== 0.08**=
(0.016) (0.025) (0.019) (0.022) {0.017)
Afdi ing 0.06+* 0.06*== 0.06++= 0.06+== 0.06%*=
(0.012) (0.020) (0.011) (0.010) (0.007)
Aex}, 0.05** 0.01 0.02* 0.01 -0.08*
(0.021) (0.026) (0.010) (0.026) {0.037)
Aimg, -0.04* -0.01 -0.04* 011 -0.02
(0.019) (0.183) (0.013) (0.037) (0.040)
Afdi out}, 0.01 0.02 -0.02 0.02 -0.06*
(0.009) (0.014) (0.018) (0.029) (0.028)
Afdi ing 0.01 0.06*== 0.01 0.04 0.01
(0.011) (0.011) (0.010) (0.032) (0.030)
P 0.22%+ 0.11*= 0.25%*=
(0.036) (0.044) (0.066)
Moran’s I residuals (p-value) -1.430% 0.566 -0.189 1.78** 0.310

Note *** ** * denotesignificanceat the 1, 5 and 10%-level Standarderrorsin brackets All modelsincluderegionalfixed effects r and
/ are the coefficientsfor the spatial componentsn the SpatialAutoregressivé SARpnd SpatialError Model (SEM) For a descriptionof
theresidualtestsseetable 4.
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EmpiricaResults

* Apply Standard DFE model and ML based SDM, as well as
spatial dynamic S¥&6MMto account for lagged.y

« For the standard E@rm we get a highly significant regression

parameter ()
« SpatializedEGterm also significantly different from zei@*,_,)

« Positive parameter may hint at additional spillover effect =>

spatial distribution of output surplu(*=(y*>INT*)Ay )
« Shortrun development both directandindirecteffectsat work

KAYHEAY f[i2zX0zi m SEF mI AYF
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Conclusion

e Our results show that
U both time and space matter in the analysis of
U German regional GrowtfiradeFDI nexus
« Evidence fotong-run export- and FDlled-growth
o Spatial lagselp to ensure stable emtegration relationship
« Shortrun analysis highlights role spatial spillovers
* Results hold for different forms apatial weighting matrix

 SpECMesiduals do not show any misspecification
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