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Abstract

In this paper we analyse the short- and long-run relationship between employment growth,
inflation and output growth in Phillips’ tradition. For this purpose we apply FMOLS, DOLS,
PMGE, MGE, DFE, and VECM methods to a nonstationary heterogeneous dynamic panel
including annual data for 119 countries over the period 1970-2010, and also carry out
multivariate Granger causality tests. The empirical results strongly support the existence of a
single cointegrating relationship between employment growth, inflation and output growth
with bidirectional causality between employment growth and inflation as well as output
growth, giving support to Phillips” Golden Triangle theory.
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I. INTRODUCTION

In his famous contributions Phillips (1958, 1962) emphasised the importance
of analysing the quantitative relationship between employment growth, inflation and
output growth (the three nodes of the so-called Golden Triangle’s internal
equilibrium). In his model macroeconomic instability and failures with the associated
problems (unemployment, inflation and stagnation) arise when economies move along
a non-optimal (golden disequilibrium) path: unless the quantitative dynamic
relationships between these variables are known exactly by policy makers, their
actions are likely to result in an “overshooting” or “undershooting” of the targeted
“equilibrium”. Moreover, without this knowledge, it is not even possible to choose
optimally the particular inflation rate, level of economic activity or “natural rate of
unemployment” that should be targeted. Finally, a proper understanding of the
employment/inflation/output relationship might also be instrumental to avoiding or at
least alleviating cycles.

This paper is a comprehensive study of both the short- and long-run
relationships between these three variables. It contributes to the literature on the
Golden Triangle theory by analysing annual data for a panel of 119 countries over the
period 1970-2010, and applying state-of-the art econometric methods for
nonstationary heterogeneous panels. Specifically, the Nyblom-Harvey, Fisher-
Johansen, Pedroni, Westerlund and Kao multivariate cointegration tests are carried
out, and the cointegrating vectors are estimated using FMOLS, PMGE, MGE, DFE,
VECM methods to deal with possible endogeneity and stationarity issues. Moreover,

causality tests are conducted in the context of a panel VECM.



The layout of the paper is as follows. Section 2 briefly reviews the relevant
literature. Section 3 describes the data and the econometric framework. Section 4

presents the empirical results. Section 5 offers some concluding remarks.

Il. LITERATURE REVIEW

The two seminal studies by Phillips on the relationship between
unemployment and the rate of change of nominal wages in the United Kingdom
(1958) and that between employment growth, inflation, and output growth (1962) are
amongst the most frequently cited articles in economics. Famously, Phillips (1962)
argued:

“It is my belief that one of the main reasons for the difficulties that have been
experienced in devising and implementing appropriate economic policies is lack of
adequate quantitative knowledge and understanding on how the economic system
works. (...) But in order to bring this knowledge to bear on the problem of
formulating and attaining a consistent set of policy objectives we require also
knowledge of the quantitative relations between economic variables. In particular it is
necessary to know what quantitative relations hold between those economic variables
which are either the objectives of policy or the instruments through which we attempt
to attain the objectives.”

Several studies have subsequently analysed the relationship between
unemployment and gross domestic product, unemployment, and inflation. A few
examples are Okun (1981) and Tobin (1982, 1987, 1996), who focused on the
inflation-unemployment trade-off, whilst Kaldor (1992) examined the role of wages,
and Phelps (1967, 1998) and Friedman (1968, 1971) highlighted the disagreement on
the role of different policy instruments in achieving the goals of economic policy.

Related papers are Gordon (1991, 1977), Phelps and Zoega (1998), Nickell (1998),



Lorenzoni (2010), Acemoglu et al. (1994), Adams and Coe (1990), Aguiar and
Martins (2005), Altig et al. (1997), Apergis and Rezitis (2003), Okun (1980),
Samuelson (2008), and Thirlwall (1969). Among very recent empirical studies
Hooker (2002) and Nakov and Pescatori (2010) both offer evidence of a backward-
looking Phillips’ curve for countries other than the US. Only few papers exist on the
simultaneous relationship between all three variables (employment growth, inflation

and output growth) — see Raurich and Sorolla, 2000, and Scott and McKean, 1964.

I11. DATA AND ECONOMETRIC METHODS

A. Data

Our dataset is a balanced panel with annual data on employment, prices and
output from 1970 to 2010 for 119 countries.' The variables are in annual percentage
changes. The data sources are the USDA International macroeconomic dataset

(historical data files) and the Conference board total economy database 2011.

B. Econometric Methods and Models

We investigate the relationship between Vi, the annual growth rate of real
output in country i and year t; pi;, the annual inflation rate, and ey, the annual growth
rate of employment, estimating the following model:

Yie = By + By P + i€ + Uy (1)
where Uj; is the error term. Since we want to explore the direction of causality as well

we also specify the models

B = ﬂoi +ﬂliyit +182iQt + Uy (2)



and

€ = Lo + BiPe + BuYe + Uy (3)

As a first step, the order of integration of the series should be established by
means of panel unit root tests. Then, if the evidence suggests nonstationarity of the
variables, the existence of cointegrating relationships between them should be tested
to justify the above specifications. Subsequently, Granger causality tests can also be

carried out to analyse the causal linkages between these three variables.

B1. Unit Root Tests

To check the stationarity of the series in the panel under cross-sectional
dependence we use first- and second-generation unit root tests (see Im, Pesaran and
Shin, (2003). First-generation panel unit roots tests include Levin and Lin
(1992,1993), Levin, Lin and Chu (2002), Harris and Tzavalis (1999), Im, Pesaran and
Shin (1997, 2002, 2003), Maddala and Wu (1999), Choi (1999, 2001), Hadri (2000),
whilst second-generation tests are those of Bai and Ng (2001, 2004), Moon and
Perron (2004a), Phillips and Sul (2003a), Pesaran (2003, 2007), Choi (2002), Breitung
and Das (2005).

The Levin and Lin (1992, 1993) test takes the form (LLC)

P
Ay, = +pY + D LAY +ED

z=1

under the unit root null.

The Im, Pesaran and Shin (IPS) test allowing for heterogeneity in p, (Christophe

Hurlin, Valerie Mignon, 2006) is specified as follows:



B
Ayi,t = ai + piyi,y—l + Zﬂi,szi,t—z + gi,t (5)
z=1

Breitung (2000) developed the following t-ratio test for the presence of non-

stationarity in the panel data

L

T3 (AY,,, +... + Ay, )} (6)

Ayit =S |:Ayit -

although Moon, Perron and Phillips (2006) pointed out the limitations of this test in
terms of asymptotic power properties.

Hadri (2000) proposed a different panel unit root test based on the null of
stationarity allowing for individual specific variances and correlation patterns. His test
takes the form

y,=0.d +&, (7)

Hlouskova and Wagner (2006) showed that Hadri’s test tends to reject
stationarity most of the times in the presence of autocorrelation. Baum (2001)
proposed a more powerful version of this test (under the null that the error process is
homoscedastic across the panel or heteroscedastic across countries and there is serial
dependence in the disturbances). Maddala and Wu (1999)) proposed a Fisher’s type

test based on p-values from individual root tests taking the form (ADF)

23 (Inp)~ 7*(2N) ®)

while Choi (2001) adopted the following specification (PP):

1 N
P = WZ‘:I (—2Inp -2) )

Finally, Pesaran (2007) suggested using instead a cross-sectionally augmented

IPS test (CIPS)



CIPS(N,T) = N’liti*(N,T) (10)
i=1

which is valid under cross-sectional dependence and individual-specific error
serial correlation. Breitung and Westerlund (2009) as well as Eberhardt (2009) discuss
panel unit root tests in the presence of parameter heterogeneity, cross-section
dependence, and especially the issue of cross-section cointegration.

All unit root test results are presented in Table Al. We find evidence of both
stationary and non-stationary individual country series. Using Baum’s version of
Hadri’s test the null of stationarity in our panel is rejected at the 1% level under
homoscedastic, heteroscedastic and serial dependence assumptions. Overall, the unit
root test results are inconclusive owing to the fact that the panel includes a mixture of
1(0) and I(1) series. Breuer and McNown (2003) discuss the low power of panel unit
root tests in such a case, and Westerlund (2008) shows that the empirical failure to
reject the unit root null does not definitely establish its presence. Because of the
mixed unit root test results we test for possible cointegration using Pedroni’s (2001)
FMOLS and DOLS individual and panel tests. The results (not reported here for
reasons of space) overwhelmingly reject the null hypothesis of no cointegration
between employment growth, inflation and output growth (only for three countries in
the panel the null of no cointegration cannot be rejected). Given the evidence of
nonstationarity provided by Hadri’s test under heterogeneity and serial correlation and
that of cointegration produced by Pedroni’s FMOLS and DOLS tests, we carry out

further cointegration tests under the assumption that the individual series are I(1).



B2. Testing for Cointegration and Dynamic Panel Data Estimation

We test for the existence of a long-run relationship between employment
growth, inflation and output growth using the Nyblom-Harvey, Fisher-Johansen,
Pedroni, Westerlund and Kao cointegration tests. The panel cointegration test results
are presented in Table A2 with the lag length chosen on the basis of the Akaike
information criterion (AIC) with individual intercepts and trends.

Nyblom and Harvey (2000) test for common stochastic trend in the panel
under the null of zero common trends as a proxy for cointegration relationship. Their

test takes the form
| o ‘
K, = FZ SE'S— [W(syW(s)ds (11)
t=1 0
to test for common trends among the variables.

Maddala and Wu (1999) develop a Fisher and Johansen test of the form:

AYi,t = Hiyi,t—l + ZTKAYLH( +U (12)

k=1
Pedroni’s (2001) tests for cointegration are based on the estimated residual as

follows:

B
€ =P8+ D VA8 +U, (13)

j=1
Kao (1999) developed a similar residual-based panel cointegration test under
the null that the residuals are nonstationary with homogenous variance of the
innovation process &
p
£y = PEy, +Z; DAE +V, (14)
=
Persyn (2008) and Westerlund (2007) suggest an error-correction panel

cointegration test for the presence of cointegration both at country and panel level:



AY, =38, + ;Y + A% 1+Za”Ay,t 1+z7ujAXn i T 6 (15)

=

The test results strongly reject the null of no cointegration in favour of the
existence of a long-run relationship between employment growth, inflation and output
growth in the panel, consistently with the previously discussed panel FMOLS and
DOLS findings. Having established cointegration, we estimate the long-run models
(1), (2) and (3) using FMOLS (fully modified OLS), DOLS (dynamic OLS), PMGE
(pooled mean group estimator), MG (mean group) and DFE (dynamic fixed effect)
methods. Following Pedroni (2001), the FMOLS estimator corrected for
heterogeneity (in the fixed effects and the short run) and the OLS estimator adjusted

for serial correlation take the form
. N 1N (< . R
ﬁNT_ﬂ:(ZLZﬁZ X ] z 22i [Z(Xﬂ_)—ﬁ)ﬂit_T%) (16)
i i=1

where I:i is a lower triangular decomposition of the covariance matrix €y, I'; a
weighted sum of autocovariances, with I:Hi =(Q; —Q;li / Qm)”2 and L,, = Q12/22|

the long-run standard errors of the conditional process. Here ,éNT is a fully modified

estimator (FMOLS) with the individual specific mean of the form

* I: i o I: i (T )
Hiy = Hiy — = Axit’}/l an +Q21| L21 ([ +€2) (17)

220 22i

Pedroni (2001) proposes a dynamic OLS estimator (DOLS) of the form



I t=1

B oovs —[Nl [ZM&] [Zzt%]] (18)

where Zz;; is the 2(K+1) x 1 vector of regressors
2= {06~ R Ao DX 355 = Yo = ¥

correcting for endogeneity and serial correlation in the panel by including
leads and lags of differenced I(1) regressors. Since we are interested not only in the
long-run equilibrium relationship but also in short-run and Granger causality relations
between the variables we use PMG, MG, DSE and VECM estimations methods as
well. Following the approach of Pesaran, Shin (1995) and Smith (1999) for
nonstationary dynamic panels with heterogeneous parameters we estimate our

dynamic panel using MG, PMG and DSE in the form:

p-1 1
AY, = (Y — X))+ Zﬂ“ij Ay, + Zé‘i; AXi i+ 1+ & (19)
i1 0

Following Pesaran, Shin and Smith (1999) we estimate an ARDL(2,2,2)

model

P q
Vi = Zﬂ’ijyi,t—j + Zé‘ljxlt—] +yd; +&, (20)
= i—0

where i =1, 2,..., 119 stands for the country; t=1,2,...,41 for the time period;

Xit = (k x 1) and d; (s x 1) for the vectors of explanatory variables (regressors).

Re-parameterising (19) we obtain an error correction model of the form



p-1 g-1
Ay, = ¢iyi,t—l + %, + Z/IijAyi,t—j + Z&J AXi,t—j +yid, + &,
= 0

p
where ¢ =~(1=3" &), B=2"" 8}, 4y == D, Aw | =Lop=1  21)

m=j+1

q
and 5, ==Y & j=L...q-1 i=1..,N

m=j+1

Following the work of Engle and Granger (1987) we specify a VECM panel

model to examine Granger causality relationship between employment growth,

inflation and output growth. As in Pedroni (1999, 2004) we estimate the long-run
relationship as follows:

Yii = &+ O+ BiX + ByiXoi ot By Xy T8 (22)

fort = 1,..,T; i = 1,..,,N; m = 1,...,M with T being the number of

observations (time), N the number of individual countries in the panel and M the

number of regression variables. After estimating (21) and identifying the long-run

relationships, we estimate a panel VECM model

Ayit = eli + /11iEC|,H + zellikAyi,t—k +Z elzikApl,t—k +Zel3ikAQ,t—k ;¢ (23)
k=1 k=1 k=1

and then test for multivariate causality with lag length m (SIC=2) to examine
the direction (patterns) of causality between the variables in both the short- and the

long-run:

e Unidirectional causality between output growth, employment growth and

inflation
e Unidirectional causality between inflation, employment growth and output

growth

10



¢ Bidirectional causality between output growth, employment growth and
inflation

e No causality between output growth, employment growth and inflation

Multivariate causality is tested by means of Wald tests (F tests) of the null
Hy 6001005k =0, Hy 10500 055 =0, Hyy 16,1, 030 = 0 (i.e., the independent
variables do not cause the dependent ones in the model) for all i and k in (23). To
examine the long-run relationship between independent and dependent variables we

test H,:4,,4,,4; =0for all i and k in (23) (i.e., no long-run stable relationship

between independent and dependent variables in the model).

IV. EMPIRICAL RESULTS

In this section we report the results of the PMG, MG, FMOLS, DOLS,
Dynamic Fixed Effect and VECM estimation as well as the results of the multivariate
Granger causality analysis. Table A3 displays the estimated long-and short-run
relationships for individual countries as well as some misspecification tests. The
empirical evidence clearly supports the existence of a long-run relationship between
employment growth, inflation and output growth in Phillips’ tradition in a large panel
of countries. This is confirmed by several estimation procedures. The panel results
(not presented here) for the FMOLS and DOLS tests for cointegration in
heterogeneous panels as in Pedroni (2001) imply that the null Hp:B; = 0 of no
cointegration between the three variables is rejected both at individual country and
panel level, except for Malta (FMOLS does not reject, DOLS reject), Norway, St.
Lucia, Ukraine (both FMOLS and DOLS do not reject). The panel FMOLS and

DOLS results without time dummies with t-statistic = -1589.83 for FMOLS and -

11



1368.77 for DOLS and with time dummies with t-statistic = -2722.07 FMOLS and -
2141.17 for DOLS strongly support the hypothesis of cointegration.

The fully modified OLS estimates of the cointegration relationship are
reported in Table A3 (individual country level) and Table 1 (panel FMOLS). In the
case of the panel FMOLS and DOLS (without time trend) analysis the estimated
coefficient for inflation is 0.0253 and 0.0294 respectively and is statistically
significant in both cases, although with a positive effect on output growth. Panel unit
root tests show that the series in the panel share common stochastic trends, and
therefore omitting the trend component would generate a bias in both the FMOLS and
DOLS estimates. With the inclusion of a time trend the estimated impact of inflation
on output growth is, as expected, negative (FMOLS: -0.0087; DOLS: -0.0091) and
statistically significant at the 1% level. Employment growth (without a time trend) has
a positive effect (FMOLS=0.3469 and DOLS= 0.0968) on output growth that is
statistically significant at the 1% level. Its impact on output growth (with a time trend
included) is also statistically significant and positive (even larger, with the FMOLS
estimate equal to 0.4592 and the DOLS one to 0.3528). At country level, inflation is
found to have a negative effect on output growth (in 71 countries) ranging from -
0.000 to 0.299 at the 1% significance level. It is noteworthy that this negative impact
is mostly present in developing and transition economies, whilst it is positive in most
OECD countries (except the UK and the US). Employment growth has a positive and
statistically significant impact on output growth at country level (for 85 countries)
with coefficient values ranging from 0.000 to 2.217 (Russia). The panel long-run
coefficient estimates using MGE and DFE are statistically significant with values for
inflation of -0.023 (PMGE) and -0.027 (DFE) respectively, supporting the idea that

inflation has a negative effect on output growth. The long-run coefficient for inflation

12



using MGE is not statistically significant. The Hausman test statistic for choosing
between the PMGE and MGE estimators is equal to 3.43, indicating that PMGE is to
be preferred as being more efficient under the null that the long-run coefficients are
homogenous. Table A3 shows that the PMGE long-run coefficients are in fact
statistically significant at country level for both inflation and employment growth.
The latter affects output growth positively with statistically significant coefficients of
0.4431 for PMGE and 0.5227 for DFE. The panel VECM results do not differ
substantially from the PMGE, MGE, DFE, FMOLS and DOLS ones, with the
estimated long-run coefficients being -0.0012 for inflation of -0.0012 and 0.3001 for
employment growth (all statistically significant at the 1% level).

Overall, the long-run coefficients for inflation and employment growth
converge to the PMGE values of -0.002 and 0.443 respectively. This is an important
finding for two reasons. First, it supports empirically the existence of a long-run
relationship between employment growth, inflation and output growth as postulated
by Phillips (1962) in his Golden Triangle theory. Second, it provides policy-makers
with an estimate of the inflation and employment growth effects on output growth.
The cointegration results appear to be very robust. For instance, the error correction
equations (23) estimates (see Table A3) indicate that A is statistically significant and
negative for all countries in the panel. The same holds for the panel VECM as can be
seen from Table 2 (except for the positive values of A when (p) is the dependent
variable). This confirms the existence of a long-run relationship between the three
variables. Having already found long-run causality (as implied by the EC coefficients)
we are also interested in examining the direction of causality between the variables

(see Table 2 and Figure 1).
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Figure 1 Panel Data Granger Causality Relations (ECM estimates) for
Employment Growth, Inflation and Output Growth

Macroecaonomic
equllibrium

SR.LR.JR

It can be seen that the estimates of equation (23) imply bidirectional (and
statistically significant at the 1% level) Granger causality between inflation and
output growth (p—y, y—p), and employment growth and output growth as well as
inflation (e =y, y —e, e =7p, p—e) in both the short- and long- run. The only exception
is the unidirectional short-run causality running from inflation to output growth
(p—y). This is consistent with Phillips’ idea that employment growth, inflation and
output growth are both policy instruments and targets driven by some kind of

mutually self-reinforcing process (bidirectional causality).

Table 1 Panel Short- and Long-Run Estimates (dependent variable Ay)

PMGE MGE | FMOLS DOLS DFE

Long-Run Coefficients
(p) | -0.0023 -0.0021 | 0.0253 0.0294 | -0.0027

(e) | 0.4431 0.2125 | 0.3469 0.0968 | 0.5227

Error Correction -0.6642 -0.7701 -0.6627

Short-Run Coefficients

(Ap) | -0.0013  0.0000 -0.0001

14



(Ae) | -0.3268 -0.2715 -0.0531
constant | 1.8409 2.8223 1.7320
Long-Run Coefficients with time trend
(Ap) -0.0087 -0.0091
(Ae) 0.4592  0.3528
Hausman Test 3.43 (0.1798)

Note: coefficients in bold indicate significance at the 1%, 5% level; coefficients in
italics indicate significance at the 10% level.

Table 2 Wald F-test results from panel VECM

Dependent variable (Ay) (Ap) (Le)
SR LR JR | SR LR JR|SR LR JR

(constant) 3.0866 -54.983 0.2590

(Ayra) -0.1356 -9.7825 0.0850

(Ayrz) -0.0537 -10.563 0.0230

(Apea) -0.0012 -0.4073 -0.0000

(Ape2) -0.0009 -0.2550 -0.0000

(Aews) 0.3001 -8.6596 -0.6149

(Aevs) 0.0961 -14.272 -0.2736

(ECt1) -0.4392 7.4018 -0.0440

Py y—p y—e
31.1]-29.3]287.3|50.2|6.31|34.2 | 52.4 | -5.65 | 35.0

Causality directions ey e—p p—%
59.4 | -29.3|303.0 [ 21.0]6.31|24.1]0.48|-5.65] 12.3

Notes: LR, SR, JR and EC stand for long-run, short-run, and joint (both short- and
long-run) causality and error-correction coefficients respectively; y=>p means
that variable y does not Granger cause variable p; coefficients in bold indicate
significance at the 1%, 5% level; coefficients in italics indicate significance at
the 10% level.

V. CONCLUSIONS

In his 1962 article Phillips stressed the importance for policy makers of
acquiring information about the nature of the quantitative relationship between
employment growth, inflation and output growth in order to take appropriate policy

measures. Since then many studies have analysed this relationship, but surprisingly

15



only a few have estimated it allowing for simultaneity (see Raurich and Sorolla, 2000,
and Scott and McKean, 1964). To our knowledge, the present paper is the most
extensive empirical investigation of this topic, being based on a panel of 119 countries
over the time period 1970-2010, and also applying cutting-edge panel econometrics
allowing for possible heterogeneity and nonstationarity to examine the existence of
long-run relationships between these variables and to obtain accurate estimates of the
long-run coefficients at both country and panel level. Further, it investigates causality
linkages between these series. Its findings confirm the existence of a long-run
relationship as outlined in Phillips’ Golden Triangle theory, and also give useful
guidance to policy makers on the size of the various effects, enabling them to devise

more accurate policies to achieve their targets.
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Table A1 Panel unit root tests

APPENDIX

] LLC IPS Breitung Hadri ADF
Variables
F T F T FT T F T F T
y -22.03**  -20.86%*  -25.87**%  -23.05%* -20.12%* 4.34** 11.42%** -25.08**%  -21.51%%  -32.41%%  -32.03%*
p -11.48**%  -15.13**  -17.02%*  -17.17** -15.53** 13.04**  14.81** -16.83**  -16.64%*  -22.42%% 2D 24%*
e -9.44%* S7.74%* -19.96%*  -16.59** -8.49%* 11.65** 9.61** -19.13**  -15.23%*  .2502%*%  -25.94%%*

Notes: Variables in levels, *,** indicate 5%, 1% rejection levels. LLC, IPS, Breitung, ADF and PP test for a unit root in the model. Hadri test for stationarity

in the model.

Table A2 Panel cointegration tests

) Nyblom-Harvey Fisher -Johansen Pedroni Westerlund Kao
Dependent variable
F T Trace Max F T F T F
Y 7.48%* 5.96%* 1589** 1175%%* -30.91%** -35.03** -18.78**  -24.265%* -13.77**
P 7.48%* 5.96%* 1317%* 1214%* -17.45%* -18.36** -11.41%* -20.15%* -18.92%*
E 6.82%* 5.97%* 1130%** 954 % -39.83** -48.44%* -13.28%* -19.27%* -12.29%*

Notes: Variables in levels, *,** indicate 5%, 1% rejection levels.



Table A3 Individual Short- and Long-Run Estimates (Dependent Variable Ayyj)

It = =
= s : g = = g £ : 2
= 2 = [+ = < ©
£ g & g 2 5 2 £ 5 K g 3
& 2 E: 2 g 2 2 5 5 2 5 E
PMGE
(p) -0.002 -0.002 -0.002 -0.002 -0.002 -0.002 -0.002 -0.002 -0.002 -0.002 -0.002 -0.002
(e) 0443 0443 0443 0443 0.443 0443 0443 0443 0443 0.443 0443 0.443
MGE
(p) -0.046 0.1035 -0.000 -0.001 0.004 -0.039 0.176 -0.020 0.042 -0.024 -0.096 -0.010
(e) -0.311 -2.366 0.016 0.664 0.238 0.502 0.495 -0.765 -0.824 -0.017 0.523 -0.175
FMOLS
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®) -0.057 0.060 -0.001 -0.003 -0.002 -0.041 0.356 -0.028 0.075 0.225 -0.062 -0.008
(e) -0.269 -2.251 0.889 0.803 0.088 0488 0.532 -1.488 -0.861 -0.144 0615 0.206
DOLS
LR ®) -0.072 0.075 -0.006 -0.002 -0.014 -0.038 0213 -0.047 0.203 -0.496 0.031 -0.021
(e) -0.541 -2.554 3.726 2275 -0.959 0423 -0.609 -2.986 -0.922 -0.383 0.656 -2.237
VECM
®) -0.049 0.046 0.000 -0.004 -0.000 -0.084 0.325 -0.023 0.012 -0.158 -0.084 -0.007
(e) -0.051 -2.190 -0.899 0.647 0.504 0438 0.625 -0.819 -0.693 -0.614 0.540 0.751
PMGE -0.96¢ -1.168 -0.426 -0.873 -0.447 -1.244 -0.762 -0.159 -0.512 -0.723 -0.849 -0.450
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ECC | MG -1.337 -1.404 -0.437 -0.869 0414 -1.287 -0.855 -0232 -0.900 -0.738 -0.885 -0.631
VECM -0.925 -1.380 -0.442 -0833 -0498 -1.134 -0.884 -0.318 -0897 -0.742 -0891 -0646
PMGE
(Ap) -0.738 -0.074 0.000 -0.004 0.001 -0.137 0044 -0.009 -0.039 -0.364 -0.037 -0.003
(Le) -0.042 -3.574 -11.33 0.120 0.865 0.182 0.275 0435 -0.179 -1.201 0.114 1034
c 3.001 2454 2.030 2.200 1.475 2.987 1656 0487 0.871 2173 0.746 1.487
MGE
SR (Ap) -0.080 -0.179 -0.000 -0.004 -0.000 -0.130 0.002 -0.006 -0.011 -0.342 0.004 0.000
(Le) 0353 -2.688 -10.91 0.026 0.844 0.116 0.211 0439 0.443 -1.051 0.063 0.873
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C 5.656 16.541 2.293 1.774 0.833 3245 1.241 1.691 6.781 3.144 1.230 2.943
VECM
(Ap) 0.006 0.056 0.000 -0.004 0.001 -0.341 0.088 -0.010 -0.077 -0.399 -0.127 -0.005
(Ae) 0.320 -5.616 -11.21 0.506 1.060 0.171 0.616 0.493 -0.197 -1.448 0315 1.142
C 4.079 11.640 6.656 2.734 2.870 2.891 0.925 7.576 6.939 6.445 1526 3.905
(continued)
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PMGE
(p) -0.002 -0.002 -0.002 -0.002 -0.002 -0.002 -0.002 -0.002 -0.002 -0.002 -0.002 -0.002
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LR

(e) 0.443 0.443 0.443 0.443 0.443 0.443 0443 0.443 0443 0.443 0.443 0.443
MGE

) 0.127 -0.018 -0.118 -0.079 -0.045 -0.051 0.268 -0.002 0.426 -0.228 0.129 -0.075

(e) 0.252 0.410 -0.942 0318 -2.481 0.836 -0.197 1.056 -0.794 1.405 0.655 1.195
FMOLS

(p) 0137 -0.017 0.075 0.015 -0.144 -0.089 0.240 -0.002 0.546 -0.185 0210 -0.088

(e) 0.188 0.266 -0.601 0147 3778 0.712 -0.245 0.243 -0.361 1.250 1512 0.887
DOLS

) 0162 -0.065 0.248 -0.046 -0.235 -0.141 0.595 -0.00¢ 0.444 0.317 0.064 -0.125
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(e) 0.086 1.220 -1.109 0.220 -6.825 0.918 -1.059 1.523 -1.626 3.555 3872 0.547
VECM
(p) 0.126 -0.017 0.041 0.007 -0.143 -0.096 0.140 -0.001 0.312 -0.216 0.232 -0.068
(e) 0.050 0.247 0.094 0.088 -3.397 0.650 0.003 0.160 -0.190 1107 1314 0.795
PMGE -1.092 -0.719 -0.750 -0.495 -0.430 -0.608 -0.497 -0.631 -0.531 -0.830 -0.544 -0.693
ECC MG -1.181 -0.831 -0.722 -0.506 -0.469 -0.896 -0.555 -0.667 -0.639 -1.042 -0.592 -0.792
VECM -1.16¢ -0.836 -0.726 -0.554 -0.473 -0.895 -0.613 -0.659 -0.705 -1.014 -0.615 -0.805
PMGE
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SR

(Ap) 0.096 -0.005 0.107 -0.042 -0.173 -0.096 -0.109 0.000 -0.226 0.148 0364 -0.010
(Le) -0.722 -0.100 0.177 -0.116 1.255 0.165 1.335 -0.056 0.072 -0.041 0.858 0.177
c 0.051 2446 6147 1.290 1.458 1736 0.350 1627 2549 1983 1479 1.849
MGE
(Ap) 0.023 0.000 0.141 -0.020 -0.147 -0.055 -0.185 0.001 -0.353 0.205 0.328 0.0393
(Le) -0.561 -0.131 0214 -0.091 -0.604 -0.099 1.078 -0.233 0.482 -0.752 0.776 -0.096
c -0.135 3.581 8108 2211 5.835 2.002 0.655 1.567 2.924 3.328 1.150 1.650
VECM
(Ap) 0.058 -0.005 -0.082 -0.081 -0.201 -0127 -0.124 -0.000 -0.326 -0.040 0.409 -0.008
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(Ae) -0.691 0.238 -0.896 0.004 -2.255 0.388 3.112 0.000 -0.062 0.756 1227 0.523

C 0.505 4.532 8.840 3.587 15.90 3.683 1.666 2.672 4.337 3.198 1.045 3.323
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PMGE
(p) -0.002 -0.002 -0.002 -0.002 -0.002 -0.002 -0.002 -0.002 -0.002 -0.002 -0.002 -0.002
(e) 0.443 0.443 0.443 0.443 0.443 0.443 0.443 0.443 0.443 0.443 0.443 0.443
MGE
» -0.210 0.414 -0.134 -0.003 -0.016 -0.176 0.026 -0.027 0.069 0.001 0110 -0.021
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LR

(e) 0.252 1.227 0.623 1.182 -2.104 0.213 0.463 2.369 0.955 1.049 0.217 0.761
FMOLS

) -0.132 0.009 -0.103 -0.005 -0.068 -0.169 -0.097 0.020 0.082 0.001 0.151 0.023

(e) 0.395 0.650 0.813 1.251 -2.009 0.035 0.049 -1.703 1.015 1.080 0.684 0.383
DOLS

(p) 0212 -0.077 -0.065 -0.029 -0129 -0.058 -0.304 0.106 0.071 0.004 0143 0137

(e) -1.490 1.563 1.252 1.908 -1.739 0.685 -1.590 -17.53 1.093 1.064 0183 0.407
VECM

) -0.191 0.007 -0.120 -0.002 -0.027 -0.191 -0.049 0.005 0.089 -0.001 0153 -0.017
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O]

0.305

0.500

0.789

1.095

-1915 -0.092 -0.258 1.645 0970 0925 0.640 0.297 ,
PMGE -0.454 -0.363 -0.734 -0.537 -0.852 -0.391 -0.808 -0.637 -0636 -0.680 -0.798 -0812 -
ECC | MG -0.581 -0.374 -0.920 -0.736 -1.087 -0469 -0.797 -0.635 -0.973 -0.745 -0.931 -0.796 -
VECM -0.700 -0.382 -0.826 -0.807 -1.013 -0483 -0.773 -0.638 -1.005 -0.796 -0.832 -0.803 -
PMGE

(Ap) -0.344 -0.007 -0.146 0.027 -0.066 -0.189 -0.064 0.002 0.203 -0.005 0.158 -0.007 -

(Ae) 0.018 0.029 0830 0436 -1.912 -0.249 -1.669 0.595 0321 0.060 1040 -0.087

c 0.772 0703 1.999 1398 3.851 1843 1.452 3.038 2599 2171 1.359 0.136
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MGE

SR (Ap) -0.238 -0.010 -0.071 0.020 -0.076 -0.138 -0.072 0.010 0.086 -0.006 0.142 -0.002 -
(Ae) 0.087 -0.112 0.743 0.058 -0.935 -0.208 -1.668 0.187 -0.035 -0.176 1112 -0.209
C 2.608 -0.393 3682 1.085 11.73 3.503 0.972 -0.063 2722 0.931 0.915 -0.070
VECM
(Ap) -0.494 -0.006 -0.255 0.049 0.033 -0.237 0.103 -0.006 0.176 -0.007 0174 -0.062 -
(Ae) 0.034 0.171 0.672 0.718 -1.857 -0.200 -0.520 1.425 0.562 0.173 1.189 0.292
C 4.669 1.857 4.094 1711 10.29 8603 4.856 0.598 2619 1.835 0.497 1.048
(continued)
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PMGE
(p) -0.002 -0.002 -0.002 -0.002 -0.002 -0.002 -0.002 -0.002 -0.002 -0.002 -0.002 -0.002 -
(e) 0.443 0.443 0.443 0.443 0.443 0.443 0.443 0.443 0.443 0.443 0.443 0.443 [
MGE
(p) -0.040 -0.250 -0.002 -0.064 0.008 -0.058 0.081 0.408 -0.047 -0.017 0.177 0.039 -
(e) -0.226 0.410 0.247 0.001 -0.179 1.930 1.463 0.176 1420 -0.060 -0.839 -0.149 (
FMOLS
LR (p) -0.053 -0.021 -0.001 -0.092 -0.015 0.238 -0.009 0.588 -0.050 -0.020 0.349 -0.074 -
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O]

0.613

0.917

0431 1343 -0.260 1.133 1.420 1.348 1428 -0.057 -2.060 0.689 (
DOLS
) -0.110 0170 -0.003 -0157 -0.003 0378 0.402 1.602 -0.058 -0.03¢ 0.308 -0179 -
(e) 0.088 1504 -0.027 5543 -1.287 1512 2428 0535 1485 -0.732 -1.690 32549 -
VECM
®) -0.040 -0.375 -0.001 -0.075 0.029 0.196 -0.072 0.324 -0.046 -0.013 0.301 -0.000 -
(e) 0.729 0.365 0522 -2.467 -0.029 1076 0.966 1.385 1436 0.077 -2.080 -0.160 (
PMGE -0.501 -1015 -0846 -0677 -1.249 -0957 -0.880 -0.307 -0.584 -0679 -1.246 -0.466 -
ECC | MG -0.545 -1.050 -0.835 0696 -1.273 -1.146 -0.895 -0.339 -1.118 -1.019 -1.309 -0465 -
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VECM -0.790 -0.841 -0.931 -0.964 -1.191 -1.065 -0.961 -0.435 -1.114 -1.124 -1.264 -0522 -
PMGE
(Ap) -0.006 -0.238 0.000 -0.005 -0.028 0386 -0.126 0.040 -0.022 0.003 0.053 0.000 -
(Ae) 0449 1250 0324 -17.21 -0.112 0.061 1.912 0.746 0910 -0.031 -1.536 -2.794 -
c 1.088 3115 1.106 0.600 3.921 4.863 2.399 1318 1251 0.447 3628 1.784
MGE
SR (Ap) 0.004 -0.075 0.000 0.015 -0.049 0467 -0.168 -0.023 0.006 0.010 -0.073 0.000 -
(Ae) 0612 1105 0417 -1695 0.254 -0.900 -2.313 0.857 -0.122 0.085 -0.577 -2.806 .
c 1.486 4404 1277 2.102 5.940 0935 0.430 1.053 0.287 1.982 7.014 2034
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VECM
(Ap) -0.001 -0.741 -0.000 -0.004 0.177 0.165 -0.020 0.020 -0.014 0.007 0.209 0.000
(Ae) 0.349 0.134 0.562 -24.00 -0.362 0.605 -6.361 0.804 1.525 0.193 -3.893 -3.510
c 2.795 4.665 0.997 9.839 3.823 2441 1.954 2.800 0.235 2.242 7.986 5021
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PMGE
(p) -0.002 -0.002 -0.002 -0.002 -0.002 -0.002 -0.002 -0.002 -0.002 -0.002 -0.002 -0.002
(e) 0.443 0.443 0.443 0.443 0.443 0.443 0.443 0.443 0.443 0.443 0.443 0.443
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LR

MGE

(p) -0.001 -0.495 -0.012 0.033 0.006 -0.008 -0.136 0616 0.102 -0.000 -0.064 -0.254

(e) -0.665 1177 0.143 -1.369 -0.047 2236 0.234 -0.240 1.983 -0.360 0.144 1037
FMOLS

(p) -0.002 0179 0.000 0.069 -0.044 -0.008 -0.086 0.554 0057 0.000 0.235 -0.318

(e) -0.254 0.033 0.540 0.469 -0.422 2.217 0.237 -0.209 2.991 0.355 0.198 1.059
DOLS

) -0.001 -0.309 -0.008 0.043 -0.062 -0.016 -0.036 0.562 -0.060 0.000 0.090 -0.931

0] 0.487 0.954 0.166 1.399 -0.344 1114 1.236 0.159 2.747 0.238 1176 0.869
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VECM

(p) -0.001 -0.191 0.003 0.012 -0.043 -0.007 -0.084 0.534 0.070 -0.000 0.146 -0.174

(e) -0.353 0.001 0.658 0.312 -0.320 2436 0.191 -0.513 1.139 0.368 0.136 1.094
PMGE -0.686 -0.351 -0.707 -0.547 -0.435 -0.329 -1.125 -0.362 -1.193 -0.948 -0.851 -0.527 -
ECC MG -0.623 -0.447 -0.664 -0.396 -0.416 -0.789 -1.121 -0.427 -1.190 -0.934 -0.812 -0.817 -
VECM -0.850 -0.514 -0.677 -0.613 -0.447 -0.793 -1.093 -0.526 -1.128 -0.943 -0.790 -0.915 -

PMGE

(Ap) -0.000 -0.126 0.012 -0.201 -0.040 -0.003 0.478 0.195 -0.028 0.001 0.262 0.163 -
(Ae) -0.172 -0.094 0.291 0.207 -0.061 1.972 -0.165 -3.103 2.814 0.245 -0.147 0.445 (
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SR

c 1911 0.924 2444 1151 1.010 0.646 3.402 0.495 2183 2652 4.693 1481 ,
MGE
(Ap) -0.000 -0.025 0017 -0.175 -0.040 0.000 0.524 0.013 -0.088 0.000 0.287 0.231 -
(Le) 0411 -0.321 0332 0.538 0.051 0716 -0.042 -2.995 1.609 0619 -0.021 0.138 (
c 4428 2.612 2558 1.345 0.661 1644 4637 1.674 -3.818 2699 5.564 3.728 :
VECM
(Ap) 0.000 -0.169 0.013 -0.215 -0.031 -0.005 0.008 0.057 0.118 -0.000 0.107 0.324 (
(Ae) -0.345 -0.021 0.756 0248 0.013 2.374 0.066 -4.031 -5.971 0.448 -0.019 0.595 1
c 4751 5.900 3.205 2504 3111 1876 3856 6179 -0.442 2647 6.409 3.649 A
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(p) | -000z 0002 000z 0002 0002  -0002  -000z  -0002 0002  -0002  -0002  -0002  -0002 0002  -0002  -0.002 0002  -0002  -0.002
(e) | o3 0443 0443 0443 0.443 0443 0443 0443 0443 0443 0443 0443 0443 0443 0.443 0443 0.443 0443 0.443
MG
E
(p) | -0.159 0025 0.027 -0.121 -0.036 0.029 -0.039 0010 -0.007 -0.008 0.322 -0.062 0195 0.027 0011 -0.001 -1.094 -0.046 -0.000
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(e) 2.158 -0.427 -3.825 0.750 1.505 0.533 -0.022 -1.655 3.055 0.586 0.557 0.379 1143 0.454 -1.764 0.583 -1.411 -0.147 -2.964

FM

OL

(p) -0.071 -0.022 -0.107 0.103 0.148 -0.088 -0.029 -0.010 -0.034 -0.004 0.495 -0.039 -0.224 -0.003 -0.011 -0.017 -0.138 0.019 0.000

(e) 1.738 0.296 0.457 0.461 1.555 0.876 -0.380 -1.409 3.362 2311 0.489 0.547 1.219 0.429 -0.953 0.466 -0.516 -0.282 -2.911

DO

LS
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(p) 0.225 -0.037 -0.247 0.366 0.219 -0.128 -0.019 -0.017 -0.045 -0.012 0.029 -0.033 -0.183 -0.015 -0.018 -0.018 -0.949 0.337 0.005

(e) 1.523 -1.127 3.976 0.084 2192 1.003 0.179 -6.542 3.244 0.626 0.300 0.542 1.152 1.497 -1.720 0.318 -4.290 -0.277 -2.031
VE
CM

(p) -0.086 -0.017 -0.061 0.043 0.046 0.050 -0.038 -0.009 -0.031 -0.002 0.583 -0.086 -0.259 0.002 -0.008 -0.018 -0.095 -0.028 0.005

(e) 1832 0.411 -0.559 0.410 1.258 0.549 -0.424 -0.594 2.936 2.124 0.474 0.509 1.254 0.308 -0.494 0.558 -0.262 -0.324 -3.246
PM

-1.073 -0.317 -0.204 -0.554 -0.594 -1.126 -0.926 -0.248 -0.385 -0.404 -0.831 -0.908 -0.684 -0.646 -0.344 -0.725 -0.099 -0337 -0.866

GE
MG -1.293 -0.811 -0.274 -0.543 -0.692 -1.132 -1.042 -0.394 -0.439 -0.508 -0.844 -0.917 -1.271 -0.633 -0.506 -0.725 -0.118 -0.357 -1.304
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VE

-1.285

-1.006

-0.336

-0.544

-0.683

-1.100 -1.064 -0.422 -0.536 -0.581 -0.841 -0.850 -1.183 -0.610 -0.537 -0.727 -0.122 -0.367 -1.238
M
PM
GE
(4p
0.041 0.000 -0.029 0.072 0.178 0.226 -0.049 -0.003 -0.013 0.001 0.640 -0.124 -0.077 -0.039 -0.003 -0.084 -0.045 -0.055 0.028
(Ae 0.445 0.670 -0.459 0.080 0.545 0.783 0.550 -0.242 -1.348 1.050 -0.171 0.305 0.681 -0.090 0.752 0.108 -0.085 -0.254 -3.194
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c 6415 0.096 0.652 2.771 2.359 4.314 3.510 0.821 1.354 0512 1.049 1842 1.597 1496 0.741 0539 0510 0.192 0.852
MG
E
(Ap
0.056 0.009 -0.034 0.105 0.193 0.219 -0.019 -0.000 -0.013 0.002 0.493 -0.087 0.008 -0.041 -0.000 -0.084 0.021 -0.046 0.040
(Ae
-1.150 0.660 0.248 0.001 0.105 0.727 0.323 0.140 -1.944 0.858 -0.227 0.307 -0.013 -0.087 1316 0.056 0.018 -0.238 2.443
C 3.825 3.891 4167 2.742 1.758 3.805 6.260 4.247 -1.780 1.232 -0.972 2.245 2762 0.644 4.685 0.209 1.923 1.227 13.91
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VE

CM

(4p

-0.058 0.000 -0.026 -0.017 0.128 0.303 -0.082 -0.004 -0.004 0.000 0.728

(Ae

1.665 0.85¢ -0.785 0.281 0.980 0.202 0.624 -0.225 -1.706 1412 0.189

C 3.409 2.094 6.768 5.040 1.965 3.221 6461 7.080 -2.899 1.490 -1.501

-0.379

1272

2.286

-0.007

0.087

2.069

-0.004

0.610

5195

-0.085

0.582

1.142

-0.054

-0.058

6.419

-0.066

-0.213

3.490

0.022

-9.546

11.34

Notes: LR, SR, and EC stand for long-run and short-run causality and error-correction coefficients respectively; coefficients in bold indicate significance at the 1%, 5% level;

coefficients in italics indicate significance at the 10% level.
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