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Abstract

In this paper we re-evaluate the capital immobility hypothesis of Feldstein and Horioka (1980) for the
case of the European Union and the Eurozone, based on long-run regressions. We employ the Long
Run Derivative proposed by Fischer and Seater (1993) in order to examine capital mobility as a long-
run phenomenon. In order to enhance the robustness of our results we also perform panel causality
tests on our data as it is a common approach in this setting. Our empirical findings provide no
evidence in favor of the capital immobility hypothesis. In fact, we reject capital immobility even
before the creation of the European Union, the introduction of the Eurozone or the 2008 global
financial crisis.
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1 Introduction

The Maastricht treaty was the cornerstone in the integration process within the European Union
countries. Among the many ramifications for the participating country-members the most important
was the creation of a single market where the mobility of capital was supposed to be free of custom
procedures, import tariffs and quotas, legal obstacles or tax impediments. Free capital mobility was
expected to increase optimization of resource allocation within the EU, increase capital returns and
ultimately accelerate the economic convergence between member-states. In fact, the treaty went a step
further with the creation of a common currency that would eliminate exchange rate risk and enhance
trade within the common European market. Nevertheless, the current empirical research reveals that
free capital mobility within the common EU market has never been completely achieved.

A common approach in testing free capital mobility in the international economics literature is the
work of Feldstein and Horioka (1980). The authors state that the coefficient from the regression of
investment on savings is an indicator of capital mobility freedom, arguing that values close to zero
indicate a state of capital mobility with no barriers, since changes on savings do not affect investment
decisions. In other words, given the existence of complete capital mobility, any household is free to
seek for an investment in the international market that maximizes returns on its invested capital,
instead of selecting domestic saving. A coefficient close to unity provides evidence in support of no
capital mobility. The authors regress the ratio of investment to GDP on the ratio of savings to GDP in
a sample of 16 OECD countries spanning the period 1960-1974, based on cross-country examination.
Their empirical findings suggest that the coefficient of investment to savings in close to one, i.e. lies
between 0.85 to 0.95.
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Despite the criticism raised by Krugman (1991) that it is the current account deficits that differentiate
savings and investment and not capital mobility openness, the relationship examined by Feldstein and
Horioka (F-H hereafter) has been among one of the most heavily researched and cited issues in
international economics. In fact, Obstfeld and Rogoff (2001) include the F-H relationship among the
six unanswered paradoxes (puzzles) in international economics and state that the F-H puzzle is caused
by trade frictions. The related empirical research provides evidence both in favor and against the F-H
puzzle spanning a variety of methodologies, time periods, countries examined and econometric setup.
Many authors attempt to provide an explanation of why the F-H paradox still holds in the latest
decades, regardless of the World Trade Organization agreements for the liberalization of trade, the
creation of free trading zones around the globe and the free floating era in exchange rates that are
expected to enhance capital mobility?.

Focusing on the European Monetary Union (EMU) and the EU common market, Blanchard and
Giavazzi (2002) study current account balances, savings and investment for 15 OECD countries
spanning the period 1975-2001. The authors find that a decreased private savings and an increased
investment ratio of GDP are the main drivers for the increased deficits of the poorest EMU and EU
members such as Greece and Portugal for the period. With the use of panel regressions Blanchard and
Giavazzi (2002) conclude that the F-H puzzle cannot be detected in the post 1993 period and that free
capital mobility and positive growth perspectives for the poorest EMU and EU countries will lead to
smaller future account balance deficits through large capital inflows towards the European south, a
projection not verified by the recent sovereign crises among the southern EU countries.

Telatar et al. (2007) revisit the F-H relationship using country-specific Markov regime switching
models of savings and investment for nine EU countries spanning the period 1970-2002. Despite that
their models are restricted in country level abolishing cross-country relationships, they detect that
most European countries moved from a low to a high capital mobility regime after the creation of the
EMU with the exception of Germany, Netherlands and the UK. Remaining in a country specific
examination, Serletis and Gogas (2007) apply long-horizon regressions tests in the econometric
framework of the Long Run Derivative (LRD) proposition, originally developed by Fisher and Seater
(1993) to test for the long-run neutrality of money. Using annual time series spanning the period
1960-2002 for 15 EU countries and the U.S. and Japan, the authors find empirical evidence against
the existence of low capital mobility in the long-run. Supportive evidence for a negative EMU effect
on the saving retention coefficient has also been found by Kumar and Rao (2011) in a sample of 13
OECD countries. Using the Pedroni panel cointegration technique for investment and saving, they
find that capital mobility has increased in the post Bretton Woods and Maastricht period.

Choudhry et al. (2014) extend the panel estimation procedure of F-H in 252 OECD countries for the
period 1990-2012, adding dummy variables for the EMU countries and alternative aggregates of
savings and investment. They find that capital mobility between markets increased until the start of
the global 2008 financial crisis, followed by a significant decline afterwards. However, the source of
the post-2008 disintegration in the EU countries is not detected. Johnson and Lamdin (2014) also find
a positive impact of the financial crisis on the coefficient of the saving ratio for the countries of the
EU, examining a sample of 40 OECD countries for the 1980-2012 period. For the rest of the countries
the savings ratio coefficient remains unaffected.

Katsimi and Zoega (2016) apply the differences-in-differences method to study the F-H equation with
countries outside the single market serving as a control group and those within as a treatment group.
The results suggest that the correlation between investment and savings depends on the structure of
EU institutions, the exchange rate risk and the credit risk, while structural breaks coincide with the
creation of the EU and the EMU, in addition to the financial crisis in 2008. Furthermore, the pattern of

? The disposition of the entire literature on the F-H puzzle is beyond the scope of this paper, since we are more
interested in studies on the EU and the EMU. The interested reader could refer to Apergis and Tsoumas (2009)
for the most common survey on the F-H puzzle.
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capital flows within the single market leaves a significant part of the flows unexplained by
fundamentals. Under a different perspective, Smitz and von Hagen (2011) study the relationship
between trade balances and per-capita incomes using panel estimation on a sample of EU-15 countries
over the time period 1981-2005. The authors go as far as stating that current account imbalances
between EU members are a measure of capital flows. The empirical findings corroborate previous
studies on the integration of the Eurozone countries after the introduction of the common currency,
since on an aggregate level the euro area trade account appears balanced, suggesting high capital
mobility. Overall, the empirical findings of the related literature on capital mobility between
European countries suggest that after the introduction of the common market and the common
currency capital mobility has risen. Nevertheless, the recent global financial crisis has decelerated the
integration process, introducing trade barriers and lowering capital mobility.

In this paper we re-examine and extend the findings of Serletis and Gogas (2007) in the light of the
current financial crisis. Since their analysis ends at 2002 before the wide introduction of the euro
currency, we move one step further and include both the effects of the creation of the Eurozone and of
the recent financial crisis in our long-run regressions. By doing so, we compare regressions of
investment to savings and vice versa. We find that the creation of the EU common market and of the
Eurozone have not altered significantly the capital mobility rate between the EU countries. Moreover,
the relationship between investment and savings is not unilateral. The same findings stands for the
U.S. and Japan. In contrast, the 2008 financial crisis lead to a decrease in capital mobility. In order to
enhance the robustness of our long-run regression findings, we repeat our analysis based on panel
estimation. Overall, we do not find evidence in favor of the F-H hypothesis, accepting that the trade
relationships between the EU countries are strong throughout the examined period.

2 Long run derivative

Fisher and Seater (1993) propose the following bivariate autoregressive representation
a; (L)AVi, = a;(L)ASs, + €f 1)
ass(L)AS)s, = ag (L)ADs, + &f (2)

where af; = ad =1, A=1-1L, L is the lag operator, 7 is the investment share of output, s is the
saving share of output and (z) is the order of integration of z thus (Az) = (z) — 1. The vector of

residuals (sg, s,f) is assumed to be i.i.d. with mean zero and covariance .

According to this approach, the null hypothesis of perfect capital mobility can be tested in terms of
the long-run derivative of 7 with respect to a permanent change in s. If limy_,, 0s¢41/0€f # 0, then
Birsr/0ef
Ose+k/0€f
disturbance on j relative to that disturbance’s effect on s. When limy_, o, 0s;4,/0i:4x = 0, there are
no permanent changes in s and the LRD; ¢ is undefined. In terms of this framework, perfect capital
mobility requires that LRD;; = 0. The above bivariate autoregressive system (1) and (2) can be
inverted into

LRD; ¢ = limy_,, and expresses the effect of an exogenous saving-to-output ratio

Ay = 0;5(L)ef + 6 (L)el (3)
A(S)St = st(l')gi“q + esi(L)gg (4)

Fisher and Seater (1993) show that the LRD; ; depends on (s) — (i), as follows
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(1-L)!@ 9;5(L)| =
LRD;s = TR

(®)

Hence, meaningful perfect international capital mobility tests can be conducted if both i, and s,
satisfy certain non-stationarity conditions. In particular, capital mobility tests require that both i, and
s are at least /(7) (non-stationary in levels and stationary at first differences) and of the same order of
integration. In fact, when (s) = (i) = 1, the long-run derivative becomes

0is(1
LRD; = 6—((1)) (6)

where 6;5(1) = X7, el’s and 65,(1) =XY72, 6J.. The coefficient gis—((ll)) is the long-run value of the
SS

impulse response of 7 with respect to s, suggesting that the LRD; ; can be interpreted as the long-run

elasticity of 7with respect to s. Under the assumption that cov(ef, &7 ) = 0 and that s is exogenous in

the long-run, the coefficient :is—((ll))

SS

(see note 11 on Fisher and Seater, 1993). This estimator is given by limy_,. by, where by is the
coefficient of the regression

equals the zero-frequency regression coefficient of A®i, on As,.

Y0 ADi_; = ay + b (BE_o A5 ;) + e (7

In fact, when (s) = (i) = 1, consistent estimates of b, can be derived by ordinary least squares
regressions on

it - it—k = ag + bk(St - St_k) + Ekts k = 1,2, ,K (8)

The null hypothesis of low capital mobility is b, = 1. If the null is not rejected across a range of k-
forecast horizons, the data supports the F-H hypothesis of low capital mobility. The bulk of the related
literature examines only the regression of 7on s; nonetheless, we also reverse the roles of /and s on
equation (8).

3 Data and empirical results

3.1 The data

In order to test the effect of savings on investment and vice versa, we compile an annual dataset of
gross savings and gross investment ratios to GDP for Austria, Belgium, Denmark, Finland, France,
Germany, Greece, Ireland, Italy, Netherlands, Portugal, Spain, Sweden, U.K, U.S. and Japan. Our
data span the period 1970-2016 and are from the database of the World Bank national accounts data®.
The selection of these EU countries is based on the fact that they are the earliest countries entering the
EU and later the EMU, and thus there exists a considerable time to observe possible economic
convergence in their macroeconomic data. Data for the U.S. and Japan are collected for comparison
reasons, given the broad literature on the F-H hypothesis for these two economies.

* Gross savings data can be accessed at https:/data.worldbank.org/indicator/NY.GNS.ICTR.ZS and the gross
investment (referred as gross capital formation) at https://data.worldbank.org/indicator/NE.GDI.TOTL.ZS.
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Table 1: Descriptive Statistics

Panel A: Investment ratio Panel B: Savings ratio
Mean | Stand | Skewn | Kurto | Jarque | Mean | Stand | Skewn | Kurto | Jarque-
ard ess sis -Bera ard ess sis Bera test
Deviat test Devia (p-value)
ion (p- tion
value)

Austria 26.04 | 2.66 1.03 3.21 0.02 | 2648 | 2.17 0.74 3.85 0.06

Belgium 23.52 | 2.72 0.50 2.96 037 | 2512 | 286 | -0.21 3.18 0.82

Denmark 21.69 | 2.65 0.48 2.54 033 | 2482 | 274 | -0.60 2.49 0.19

Finland 2554 | 4.38 0.67 2.78 0.17 | 2748 | 354 | -0.75 2.56 0.09

France 23.11 | 2.36 0.72 3.02 0.13 | 2298 | 2.37 1.11 3.40 0.01
Germany 23.27 | 3.34 0.75 3.49 0.09 | 2438 | 2.33 0.64 3.55 0.15
Greece 26.39 | 8.18 0.08 3.30 0.90 | 18.76 | 7.70 0.72 2.88 0.13
Ireland 23.23 | 4.58 0.19 2.24 049 | 2844 | 10.86 | 0.46 2.32 0.28
Italy 21.68 | 2.67 0.40 3.34 047 | 22.28 | 1.86 -0.03 2.73 0.93

Luxemburg | 21.18 | 2.48 0.31 2.45 0.51 | 41.01 | 8.07 -0.14 1.85 0.25

Netherland

S 22.48 | 2.28 0.88 4.58 0.00 | 28.44 | 1.71 -0.69 2.84 0.15
Portugal 25.23 | 5.17 -0.22 2.71 0.76 | 18.15 | 3.36 0.20 2.73 0.80
Spain 24.78 | 3.46 0.27 2.09 0.34 | 23.17 | 1.96 0.23 2.25 0.47
Sweden 24.63 | 3.44 0.71 2.67 0.13 | 28.19 | 2.39 -0.17 2.76 0.84
UK 20.17 | 3.45 0.48 2.07 0.17 | 19.15 | 4.06 0.05 1.66 0.17
us 2192 | 1.76 -0.38 2.71 052 | 1983 | 254 -0.33 2.20 0.35
Japan 2951 | 5.12 0.27 2.31 0.47 | 3051 | 542 -0.07 2.33 0.64
North

EUrozone 23.55 | 3.10 0.63 3.09 0.92 28.04 | 4.24 0.14 294 0.23
South

Eurozone 2452 | 4.87 0.13 2.86 0.62 | 20.59 | 3.72 0.28 2.65 0.58

North EU 23.17 | 3.12 0.61 291 0.22 | 26.95 | 3.92 0.04 2.77 0.28

Average
ratio for all
EU 23.53 25.26
countries of
the sample

In addition to the individual countries included in our sample, we also create 4 groups of countries.
The first group labeled “north Eurozone” and includes Austria, Belgium, France, Germany, Ireland,
Luxemburg and the Netherlands. The second group is labeled “south Eurozone™ and includes the rest
of the Eurozone countries: Greece, Italy, Portugal and Spain. This grouping is used in the effort to
uncover possible differences in the investment and savings ratios because of the debt crises that hit the
south Eurozone countries after 2010. Finally, we create the group “north EU” that augments the
“north Eurozone” group with Denmark, Sweden and the U.K that did not adopt the euro. The south
EU group is the same as the “south Eurozone” so we omit this group.

As we observe from Table 1, the mean investment ratio in the sample is 23.53% and the savings ratio
is 25.26%. Greece has an investment ratio of 26.39% that is the highest among the EU. This may be
the result of the significant inflow of EU assets in the country and the rapid growth of the Greek GDP
during the period 2006-2010. Nonetheless, Greece has the second lowest mean savings ratio at
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18.76% passing only Portugal with 18.15% of its GDP. This reflects the big drop in private savings
during the period 2014-2015 that lead to the imposition of capital controls on the Greek banking
institutions on August 2015. The savings ratio for the north Eurozone is 28.04%, which is 8% percent
higher than the corresponding 20.59% savings ratio for the south Eurozone countries. The difference
can be attributed to a large part to the small savings ratio in Greece and Portugal.

As stated in section 2, the long run derivative (LRD) can be defined only if both variables have certain
non-stationarity properties. More specifically, both variables should be at least integrated of order one
and of the same order of integration. In order to test for non-stationarity we apply the ADF (Dickey
and Fuller, 1979), the Phillips and Perron (1998) and the KPSS (Kwiatkowski, Phillips, Schmidt, and
Shin, 1992) tests. All tests include an intercept and a linear trend term. The lag order for the ADF test
is determined according to the minimum SIC criterion (Schwarz, 1978). We use the Bartlett kernel for
the PP and the KPSS test and determine the bandwidth of the kernel based on the Newey-West (1987)
procedure. For the first two-unit root tests the null hypothesis is non-stationarity, while for the KPSS
is stationarity. The results of the unit root tests are reported in Table 2. According to these, the
investment and saving ratios are non-stationary in the levels and stationary in the first differences at
5% level of significance for all cases. Thus, the non-stationarity assumptions necessary to estimate the
LRD are valid.
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Table 2: Unit root tests results

Panel A: Investment ratio as the dependent variable Panel B: Savings ratio as the dependent variable
Levels First Differences Levels First Differences
Decision Decision
ADF PP KPSS ADF PP KPSS | atthe5% | ADF PP KPSS ADF PP KPSS | at the 5%
level level
Austria -2.60 -2.60 | 0.16 -6.55%** | -6.55%** 0.20 I(1) -2.17 -2.19 0.63** | -6.47*** | -7.93*** | 0.11 I(1)
Belgium -2.24 249 |0.12 -6.06*** | -6.05%** 0.27 I(1) -2.70* | -2.70* | 0.30 -7.05%** | .7.05%** | 0.21 I(1)
Denmark -1.26 -1.46 | 0.54** -5.27*%** | 5 15*** 0.09 I(1) -2.83* | -2.74* | 034 -6.18*** | 615%** | 0.09 I(1)
Finland -1.76 -1.38 | 0.35 -5.83%** | 5 77x*x 0.11 I(1) -2.57 -1.80 0.70%* | -551%** | _582%** | 0,22 I(1)
France -2.42 -2.33 | 0.56** -5.29%** | 5 ppx*x 0.18 I(1) -2.48 -2.44 0.47** | -7.24*** | 7.27*** | 0.20 I(1)
Germany -2.93* | -2.95* | 0.18 -5.42%** | 5 73%*x 0.42* I(1) -2.69* | -2.69* | 0.82*%** | -5,75%** | 551*%*x | 0,15 I(1)
Greece -1.18 -1.03 | 0.81*** | -7.83%** | -8,15%** 0.06 I(1) -0.85 -0.59 0.77*** | -7.70%** | -7.98*** | 0.09 I(1)
Ireland 0.50 050 | 0.85%** | -577%** | 5 77%*x* 0.18 I(1) -2.66* | -1.94 0.11 -4.73%** | .4.73%** | 0,14 I(1)
Italy -1.55 -2.03 | 0.75%%* | -6.91%** | .7.04%** 0.17 I(1) -2.05 -1.77 0.73** | -8.94*** | -10.40*** | 0.41* I(1)
Luxemburg | -0.81 -0.78 | 0.70%** | -7,52%%* | 7, 74%*x* 0.27 I(1) -2.83* | -2.73* | 0.39* -8.93%** | .8.98*** | 0.11 I(1)
Netherlands | -1.70 -1.70 | 0.34 -5.82%** | .5 77**x 0.16 I(1) -3.46** | -3.40** | 0.61** | -5,58*** | -556*** | 0.19 I(1)
Portugal -3.65** | -2.61* | 0.68** -5.13%*%* | _7,89*** 0.45* I(1) -2.13 -1.32 0.61** | -4.90%** | -6.13*** | 0.24 I(1)
Spain -3.01** | -2.19 | 0.14 -3.77*** | -4,52%** 0.19 I(1) -2.51 -1.96 0.11 -4.05%** | -4.14*** | 0.07 I(1)
Sweden -3.50** | -2.88* | 0.12 -5.81%** | 5 4]%** 0.26 I(1) -2.90% | -2.88* | 0.57** | -5.92%** | -6.88*** | 0.38* I(1)
UK -1.16 -1.04 | 0.84*** | -6.39%** | -7.14%** 0.17 I(1) -1.61 -1.39 0.78*** | -581*** | -6.69*** | 0,10 I(1)
us -0.96 -0.96 | 0.77*** | -6.06*** | -6.06*** 0.07 I(1) -2.09 -2.26 0.48** | -6.03*** | -6.23*** | 0.14 I(1)
Japan -1.96 -1.91 | 0.80*** | -5.28*** | -530*** 0.17 I(1) -1.33 -2.04 0.81*** | -545*** | .5 5g***x | 018 I(1)

Note: All tests include an intercept and a linear trend. *, ** and *** denote rejection of the null hypothesis at 10%, 5% and 1% level of significance. Cases where we get
inconclusive results between the tests are considered as 1(1). All models include an intercept.
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3.2 Long Run Derivative estimation

We estimate equation (8) and get the values of b, for k=1,2,...,30, based on Newey-West (1987)
robust standard errors, for the entire 1960-2015 sample. The lag length is calculated according to
Andrews and Monohan (1992) and in our case we fix it at 4 and the Bartlett kernel is used in these
calculations. We also apply the small sample correction proposed by Andrews (1991) to the estimated
covariance matrix T/d, where T'is the sample length and d represents the corresponding degrees of
freedom.

A potential issue in this analysis is the relatively small number of observations (56) that could lead to
a few degrees of freedom and thus a low power of the test to reject a false null hypothesis, leading to
Type Il error. In order to examine the robustness of our results, in the cases that we cannot reject the
null hypothesis of no capital mobility Hy: b, = 1, we employ the Inverse Power Function (IPF) of
Andrews (1991) and we examine IPFs for both high and low probability of Type Il error. According
to Andrews (1991), Q= (—00,1 — by 05| U[1+ by0s +) defines the region where the
probability of Type Il error is small (5% or less), with by, = 444(1 —¥)ép, , Where y is the
probability of Type Il error, 6y, is the robust standard error of by, g is the number of restrictions and
a the significance level of the test. When we fail to reject the null, we can say with 95% probability
that the true value of the coefficient by, lies at 1 — by o5 < by < 1 + by g05. Similarly, we define the
region with high probability of Type II error W = [1 — by 950, 1 + by 50] Where there is 50% or

higher chance of not rejecting a false null. If by, e ¥ then the test would have rejected a false null with
a probability of 50% or less. In this case we have a greater chance of rejecting a false null by tossing a
coin than using the test. Thus, when we cannot reject the null:

a) If the estimate lies in the Q region, we are sure that the non-rejection is not due to the small
sample and the corresponding low power of the test. The test has enough power (probability
of Type Il error 5% or less) to reject a false null.

b) If the estimate lies in the W area, the test has low power and the non-rejection may be the
result of the small sample size and thus the probability of Type Il error is high (50% or more).
In other words the resuls is ambiguous; we cannot accept or reject the null hypothesis.

c) Finally, in the area between the boundaries of the ¥ and Q regions the probability of a Type Il
error is less than 50% and more than 5%.

From Andrews (1991, Table 1) we get that 4, 405(0.95) = 3.605 and 1, 4,5(0.50) = 1.96. In
Figures 1-16 we depict the values of the coefficient b, along with the corresponding IPF bounds.
The left panel assumes investment as the dependent variable, while in the right savings is the
dependent variable. The continuous (blue) line depicts the estimated coefficient value by, the
dashed (red) lines defines the boundaries of the V¥ region and the continuous (green) lines with
the x markers define the boundaries of the Q2 region. The 95% confidence intervals are depicted
as a shaded area.
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Figure 12: LRD and IPF values for Portugal.
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Figure 15: LRD and IPF values for the UK.
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Figure 16: LRD and IPF values for the US.
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Figure 17: LRD and IPF values for Japan.

As we observe, we reject the null hypothesis that b, = 1 for all countries when the investment ratio is
the dependent variable (left-hand side plots) for almost all lags. Some notable exceptions are 14-16
lags for the Netherlands and the periods 10-14 lags and 22-26 lags for Sweden while we observe
several crossings from the b, = 1 line that is only episodical evidence. Nevertheless, in all cases
where the value of the confidence bands of the estimated coefficient include 1, that value lies outside
the @ region, indicating high probability of a type Il error. Our empirical findings indicate similar
results for all cases where the savings ratio is the dependent variable (right-hand side plots). From the
examination of figures 16 and 17 we can also reject the null of no capital mobility for the US and
Japan.

3.3 Robustness check with panel estimation

The fact that we have only 47 observations for the LRD estimation could be a point of criticism to our
results. In order to enhance the robustness of our findings we perform causality test based on panel
regressions between investment and savings. In doing so, we evaluate the typical Granger causality
test and the approach of Dumitrescu and Hurlin (2012). The existence of a causal relationship
between investment and savings excludes capital immobility, corroborating to the rejection of b, = 1.
The typical Granger Causality test on stacked data in panel estimation assumes that all coefficients are
the same across all cross-sections (data from one cross-section do not enter the lagged values of data
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from the next cross-section). Dumitrescu and Hurlin (2012) consider this assumption restrictive and
argue that all coefficients are different across cross-sections. In other words they test whether
causality is present for some proportion of the cross-sectional structure and to all cross-sections
simultaneously. So, they perform standard Granger Causality regressions for each cross-section
individually testing the null hypothesis of homogeneous causation between variables. Then, they
average test statistics, which are termed the W, statistic for the entire panel. Based on the
assumption that the standardized version of this statistic (appropriately weighted in unbalanced
panels) follows the standard normal distribution. This is termed the Z,,, statistic. In Table 3, we
report the panel causality tests results. Both tests examine the null hypothesis of no causal
relationship between savings and investment.

Table 3: Panel Causality Tests

All countries European Union countries Eurozone countries
Granger Dumli_'|cres§:u and Granger Dumitrespu and | Granger Dumitrespu and
urlin Hurlin Hurlin
Lags | Fstat Wy ar Zyar Fstat Wy ar Zyar Fstat | Wy, Zopar
Panel A: Null Hypothesis: Savings does not granger cause Investment
1 4.18* | 0.23* -2.19* | 3.69* 0.23* -2.06* | 4.18* | 0.86 -0.43
2 26.62* | 2.80 130 | 23.47* 2.81 121 | 26.63* | 0.93 -1.83
3 17.37* | 2.60 -0.84 | 15.32* 2.60 -0.79 | 17.38* | 0.74*  -3.03*
4 31.37* | 5.91* 2.08* | 27.64* 5.90 196 | 31.37* | 2.46 -1.87
5 33.60* | 7.41* 2.24* | 2959* | 7.41* 2.11* | 33.60* | 5.63 0.26
10 | 50.54* | 13.30 1.07 | 44.39* | 13.30 1.00 | 50.54* |5.13* -3.02*
Panel B: Null Hypothesis: Investment does not granger cause Savings
1 121.58* | 6.71* 15.17* | 107.22* | 6.71* 14.25* | 121.58* | 2.96* 4.29*
2 63.97* | 6.73* 8.60* | 56.39* | 6.73* 8.08* | 63.97* | 3.41*  2.03*
3 | 103.54* | 15.,51* 18.31* | 91.25* | 1551* 17.20* | 103.54* | 3.89 0.90
4 75.14* | 14.15* 12.41* | 66.19* | 14.15* 11.65* | 75.14* | 5.11 0.91
5 50.52* | 11.14* 6.30* | 44.49* | 11.14* 5.92* | 50.52* | 7.58* 2.04*
10 | 51.05* | 1343 114 | 44.84* | 13.13 1.08 | 51.05* | 15.21 1.81

Note: * denotes rejection of the null hypothesis of no causal relationship at the 5% level of significance.

As we observe from Panel A of Table 3, savings granger cause investment for all countries of our
sample up to 10 lags (years) based on the Granger test and for lags 1, 4 and 5 for the Dumitrescu and
Hurlin test. When we focus only on European Union members, the typical Granger test rejects the null
on all lags, but the Dimitrescu and Hurlin test does so only for lags 1 and 5. The picture is similar for
Eurozone countries for lags 3 and 10. So, while the Granger causality test reject capital immobility,
the Dumitrescu and Hurlin test concludes that the F-H hypothesis cannot be rejected across all lags.
The opposite relationship (investment granger cause savings, panel B of Table 3) strongly rejects the
null hypothesis of no causal relationship up to 5 lags for both tests when we examine all countries or
the European Union countries. In contrast, the Dumitrescu and Hurlin tet rejects capital immobility
for lags 1 and 4 for all the Eurozone countries. Overall, causality tests on panel corroborate to our
results from the LRD examination against the validity of the F-H hypothesis, that capital is immobile
in the EU and the Eurozone.

4 Conclusions

The Maastricht treaty lead of the creation of the EU common market and ultimately the Eurozone, that
were both expected to enhance free capital mobility within the country-members. In this paper,
following Feldstein and Horioka (1980), we examine the relationship between investment and savings
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using long-run regressions, treating capital mobility as a long-run phenomenon. In doing so, we
examine the Long Run Derivative of the aforementioned relationship proposed by Fisher and Seater
(1993). Moreover, in order to enhance the robustness of our results, we conduct panel causality tests.
Our empirical findings do not provide evidence in favor of the capital immobility hypothesis
suggested by Feldstein and Horioka (1980).
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Appendix

Table Al: Panel Unit Root results

Levels First Differences
Method Statistic 0% obs PO gpatistic ©'%S" Obs  Decision
sections sections
Panel A: Investment
Null: Unit root (assumes common unit root process)
Levin, Lin & Chu t* 0.36 16 720 I(1) -25.54* 16 704 1(0)
Null: Unit root (assumes individual unit root process)
Im, Pesaran and Shin ) *
Wostat 1.03 16 720 I(1) -24.63 16 704 1(0)
ADF SZL',ZT? Chi- 4520 16 720 I(1) 46860* 16 704  1(0)
PP - Fisher Chi-square  14.83 16 720 I(1) 492.46* 16 704 1(0)
Panel B: Savings
Null: Unit root (assumes common unit root process)
Levin, Lin & Chut*  -1.54 16 720 I(1) -19.90* 16 704 1(0)
Null: Unit root (assumes individual unit root process)
Im, Pesaran and Shin ) ) -
Wostat 0.78 16 720 1(1) -18.61 16 704 10)
ADF Sgl'j;gr Chi- 9725 16 720 1(1) 336.73* 16 704 1(0)
PP - Fisher Chi-square  29.21 16 720 I(1) 330.99* 16 704 1(0)

Note: Probabilities for Fisher tests are computed using an asymptotic Chi square distribution. All other tests
assume asymptotic normality. 8 denotes rejection of the null at the 5% level of significance. The lag order for all
tests is selected according to the minimum SIC. We use the Bartlett kernel for all tests, while the bandwidth
selection is based on the procedure of Newey-West.

Table A2: Panel Cointegration results

Within-dimension Between-dimension
Statistic | Prob. | Weighted | Prob. | Statisti Prob.
Statistic c
Panel v-Statistic 6.02 0.00 6.02 0.00
Panel rho-Statistic -7.43 0.00 -7.43 0.00 | -4.91 0.00
Panel PP-Statistic -5.34 0.00 -5.34 0.00 | -4.87 0.00
Panel ADF-Statistic | -4.98 0.00 -4,98 0.00 | -4.43 0.00

Note: Null hypothesis: no cointegration. Trend automatic lag length selection based on SIC up to 10 lags.
Deterministic intercept. Newey-West automatic bandwidth selection and Bartlett kernel.



