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Abstract. This study examines the short- and long-run linkages between employment growth, infla-
tion and output growth applying panel cointegration and causality tests to data for 119 countries over 
the period 1970–2010. We find evidence of positive Granger causality running from output growth 
to employment growth in the short run. Employment growth Granger causes output growth with a 
negative sign in the long run. Inflation Granger causes employment and output growth positively 
in the short run and negatively in the long run.
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Introduction

The seminal study by Phillips (1962) stressed the importance for policy-makers of under-
standing the joint dynamics of employment growth, inflation and output growth in order 
to improve macroeconomic performance. Whilst numerous papers analyse these variables 
individually (see, for example, Phillips (1958), Tobin (1997), Targetti (1992), Okun (1981, 
1980), Phelps and Zoega (1998), Friedman (1968), Friedman and Schwartz (1971), only a few 
examine their simultaneous interactions (Scott, McKean 1964), Phelps (1967), Gordon et al. 
(1977), Gordon (1991), Phelps and Zoega (1998), Nickell (1998), Acemoglu and Scott (1994)). 
As Phillips pointed out (1962), the fact that they are both targets and policy instruments 
makes knowledge of their relationships even more crucial in order to avoid “overshooting” 
or “undershooting” of the targeted “equilibrium” values.
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This paper aims to provide new empirical evidence on the linkages between these vari-
ables by applying panel VECM techniques and carrying out causality tests in the context of 
an extensive balanced panel of annual data on prices, employment, and output (in annual 
percentage changes) from 1970 to 2010 for 119 countries. This is in contrast to earlier papers 
typically estimating VARs for individual countries or analysing small panels of OECD or EU 
countries (see Hu 2004; Marelli, Signorelli 2010; Loboguerrero, Panizza 2006; Sill 2011; Lucas, 
Rapping 1969; Hossain 2005; Arato 2009; Motley 1998). An exception is a previous study by 
Caporale and Škare (2011) exploring the joint behaviour of employment growth, inflation and 
output growth in a panel cointegration framework. The present paper expands their analysis by 
estimating VECM specifications at both panel and individual country level, thereby providing 
both aggregate and disaggregate evidence; in addition, it also tests for both short- and long-
run causality. As in Scott and McKean (1964), it considers a three-variable model, unlike the 
majority of existing studies that focus instead on the linkages between only two of the variables 
in question (see Barro 1995; Ewing 1999; Michie, Smith 1997). To preview our results, we find 
clear evidence of both short- and long-run linkages between the three variables analysed.

The structure of the paper is as follows. Section 1 provides a brief literature review. Sec-
tion 2 describes the econometric framework and estimation. Section 3 focuses on the Granger 
causality test results. Section 4 offers some concluding remarks.

1. Literature review

In his famous studies on the UK economy Phillips (1958, 1962) highlighted the importance 
of analysing the relationships between unemployment, the rate of change of money wage 
rates and output growth as well. The validity of the unemployment-inflation relationship he 
detected and its implications for monetary policy were then questioned by Phelps (1967), 
Phelps and Zoega (1998), Friedman (1968) and Friedman and Schwartz (1971).

Among subsequent studies, Okun (1981) focused on the inflation-unemployment tradeoff 
faced by policy-makers (see also Tobin 1997, 1987, 1982), whilst Kaldor in Targetti (1992) 
modelled unemployment as a function of the marginal labour productivity and the associated 
labour costs (a decrease in marginal labour productivity or an increase in labour costs result 
in higher unemployment).

Scott and McKean (1964) saw employment and price stability as alternative policy goals 
(1964). According to Landmann (2004), employment and productivity are strongly and pos-
itively correlated over the business cycle in a pro-cyclical way. Marelli and Signorelli (2010) 
found evidence that high employment growth leads to slower productivity growth in the EU 
area. Pissarides and Vallanti (2004) reported a positive relationship between TFP growth and 
employment. Phelps (1994) and Ball and Moffitt (2001) argued that growth has only tem-
porary, short-run effects on employment. Oil shock as found in Çatik and Karaçuka (2012) 
exert strong influence on inflation dynamics. Inflationary pressures appears to be closely 
connected with gross average wage dynamics, debt accumulation and consumption growth 
(Bratu 2012). Linearity and constancy assumption in the augmented Phillips curve model in 
relation to expected inflation should also be accounted (Šergo et al. 2012). The impact of oil 
shock on prices is studied in Semko (2013) with money – income link examined in Bozoklu 
(2013) for Turkey.
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Barro (2013) presented evidence of the adverse effects of inflation on growth, while An-
dres and Hernando (1999) found a negative correlation between the two. Bruno and Easterly 
(1996) found a short- to medium-term negative relationship between inflation and growth 
but no evidence that discrete inflation jumps harm growth in the long run. Hooker (2002) 
reported evidence of a backward-looking Phillips’ curve for the US, a finding confirmed by 
Nakov and Pescatori (2010). Only a recent paper by Caporale and Škare (2011) studies the 
simultaneous relationships between employment growth, inflation and GDP growth in a 
panel cointegration framework. Similar research exploring scientifically acceptable law of 
dynamics between output, employment and inflation can be found in Škare (2010).

2. Econometric analysis

We use a balanced panel of annual data on prices, employment, and output (in annual 
percentage changes) from 1970 to 2010 for 119 countries1. These are taken from the USDA 
International macroeconomic dataset (historical data files) and the Conference board total 
economy database 2011.

A. Testing for integration (nonstationarity)
As a first step, we check the order of integration of the series using the panel unit root tests 
developed by Im et al. (2003), Pesaran (2004, 2007), Pesaran et al. (1999), Pesaran and Smith 
(1995), Maddala and Wu (1999), Hadri (2000).

Im, Pesaran and Shin (IPS) allow for heterogeneity in iρ  by adopting the following spe-
cification (see also Hurlin, Mignon 2007):
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Maddala, Wu (1999) and Choi (2001) propose a Fisher-type test based on the p-values 
from the individual unit root tests taking the form (MW):
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1 The countries included in the panel are the following: Albania, Algeria, Angola, Argentina, Armenia, Australia, 
Austria, Azerbaijan, Bahrain, Bangladesh, Barbados, Belarus, Belgium, Bosna & Hercegovina, Brazil, Bulgaria, 
Burkina Faso, Cambodia, Cameron, Canada, Central African Republic, Chile, China, Colombia, Congo, Democratic 
Republic of Costa Rica, Cote d'Ivore, Croatia, Cyprus, Czech Republic, Denmark, Ecuador, Egypt, Estonia, Ethiopia, 
Finland, France, Georgia, Germany, Ghana, Greece, Guatemala, Hungary, Iceland, India, Indonesia, Iran, Iraq, 
Ireland, Israel, Italy, Jamaica, Japan, Jordan, Kazakhstan, Kenya, Korea South, Kuwait, Kyrgyzstan, Latvia, Lithuania, 
Luxembourg, Macedonia, Madagascar, Malawi, Malaysia, Mali, Malta, Mexico, Moldova, Morocco, Mozambique, 
Myanmar, The Netherlands, New Zealand, Niger, Nigeria, Norway, Oman, Pakistan, Peru, The Philippines, Poland, 
Portugal, Romania, Russia, St.Lucia, Saudi Arabia, Senegal, Serbia, Singapore, Slovakia, Slovenia, South Africa, Spain, 
Sri Lanka, Sudan, Sweden, Switzerland, Syria, Taiwan, Tajikistan, Tanzania, Thailand, Trinidad & Tobago, Tunisia, 
Turkey, Turkmenistan, Uganda, Ukraine, United Arab Emirates, United Kingdom, USA, Uruguay, Uzbekistan, 
Venezuela, Vietnam, Yemen, Zambia.
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Hadri (2000) suggests a different panel unit root test based on the null of stationarity 
allowing for individual specific variances and correlation patterns. His (H) test takes the form:

 it mi mt ity d= δ + ε . (3)

We use Baum’s (2001) version of Hadri’s test (2000), which is a residual-based Langrange 
multiplier (LM) test for a unit root in panel data under the null that the observed series are 
stationary around a deterministic level or a deterministic trend.

The result of the IPS, MW unit root tests are presented in Table 1.

Table 1. Panel unit root tests

Variables
Levels

IPS MW
y –25.87** 2182**
p –17.02** 1752**
e –19.96** 1248**

Notes: Variables in levels, *,** indicate 5%, 1% rejection levels. IPS, 
MW tests for a unit root. H test of the stationarity null.

IPS and MW (see Table 1) reject the unit root null, whilst the H test (see Table 2) strongly 
rejects the null of stationarity in the panel for the series in levels but fails to reject for the 
differenced series.

Table 2. Hadri unit root test

Variables
Levels First differences

(1) (2) (3) (1) (2) (3)
y 26.551*** 19.476*** 14.650*** –12.140 –11.655 20.638
p 20.378*** 42.813*** 15.095*** –13.102 –8.712 22.979
e 14.703*** 38.319*** 15.526*** 14.703 38.319 15.526

Notes: *,** indicate 5%, 1% rejection levels. Hadri test under the null of stationarity in the model. (1) denotes 
the homoscedasticity assumption, (2) denotes the heteroscedasticity assumption, (3) denotes the serial cor-
relation assumption.

The ambiguity of the unit root test results arises from the interdependence between the 
series in the panel. As shown by O’Connell (1998), panel unit root tests over-reject the unit 
root null in the presence of cross-unit cointegration displaying “false” high power. Breuer 
et al. (2001, 2002) discuss the power of panel unit root test in such a case, pointing out that 
they have lower power when testing the unit root null as opposed to that of stationarity. Per-
syn and Westerlund (2008) and Westerlund (2008) show that the empirical failure to reject 
the unit root null does not definitely establish its presence. Among recent studies, Tatoglu 
(2011) finds a unit root in both unemployment and GDP for a panel of EU countries; using 
non-parametric tests, Holl and Kunst (2011) also find evidence of a unit root in unemploy-
ment; Narayan, P., Narayan, S. (2010) report the presence of a unit root in inflation in 17 EU 
countries. Barbieri (2008) recommends to use both the IPS and MW tests for the null of a unit 
root as well as tests for the null of stationarity (H) in the case of a heterogeneous panel. Hadri 
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and Rao (2008, 2009) using their stationarity test (2008) find that the null of stationarity with 
a break cannot be rejected for 4 out of 14 variables2. Hurlin (2004) found that the unit root 
hypothesis cannot be rejected when taking into account cross-sectional dependence for most 
variables including GDP, wages, real wages, the unemployment rate and the money stock.

In our case, since the H test strongly rejects at the 1% level the null of stationarity for the 
levels and fails to reject it for the first differences under the assumptions of homoscedasticity, 
heteroscedasticy and serial dependence respectively in the disturbances, we conclude that 
series in the panel are integrated of order I(1), and then proceed to test for possible long-run 
relationships using panel cointegration tests.

B. Panel cointegration tests and FMOLS, DOLS estimation
We carry out the Nyblom-Harvey, Fisher-Johansen, Pedroni, Westerlund and Kao coin-
tegration tests. Nyblom and Harvey (2000) test for common stochastic trends in the panel 
under the null of zero common trends as a proxy for cointegration relationship. Their test 
takes the form:

 , 1k n k n+ζ = λ + + λ . (4)

The Fisher-based Johansen panel cointegration test (1995, 1988) developed by Maddala 
and Wu (1999) uses individual cross-section test results as follows:
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 Pedroni’s (1999, 2004) tests for cointegration are based on the estimated residual in the 
form:
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1
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Kao (1999) develops a similar residual-based panel cointegration test under the null of 
stationarity of the residuals with homogenous variance of the innovation process εit:

 1
1

ˆ ˆ ˆ
p

it it j it j it
j
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=

ε = ρε + υ ∆ε + ν∑ . (7)

Westerlund (2008) uses an error-correction panel cointegration test for error correction 
in individual panel member and in the full panel:

 1 1
1 0

i ip p

it i t i it i it ij it j ij it j it
j j

y d y x y x e− − − −
= =

′ ′∆ = δ + α +λ + α ∆ + γ ∆ +∑ ∑ . (8)

2 Real GDP, Nominal GDP, Real per capita GDP, Industrial production, Employment, Unemployment rate, GDP de-
flator, Consumer prices, Wages, Real wages, Money stock, Velocity, Bond yield, Common stock prices.
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The panel cointegration test results are presented in Table 3, with the lag length selec-
ted on the basis of the Akaike information criterion with individual intercepts and trend.

Table 3. Panel cointegration tests results

Nyblom-Harvey Fisher-Johansen Pedroni Westerlund Kao
F T Trace Max F T F T F

y 7.48** 5.96** 1589** 1175** –30.91** –35.03** –18.78** –24.26** –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.

It can be seen that all panel cointegration tests strongly reject the null of no cointegration 
in favour of a long-run relationship between employment growth, inflation and output growth. 
This holds for both the individual panel units and the full panel.

Following Pedroni (2001), we also apply group-mean panel FMOLS and DOLS methods. 
The FMOLS estimator takes the form:
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and the DOLS one

 * 1 1 1
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The results overwhelmingly reject the null of no cointegration (see Table 4) in favour of 
a long-run relationship, with only a few exceptions (see Table A1).

Table 4. FMOLS and DOLS group-mean panel test results

Panel results FMOLS t-stat DOLS t-stat
Without time dummies
Between 0.03 –1589.83** 0.03 –1368.77**
With time dummies
Between –0.01 –2722.07** –0.01 –2141.17**

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

C. Model specification
We aim to analyse the relationship between employment growth, inflation and output growth 
in 119 countries over the period 1970–2010, i.e.:

 1 1 , 2 2 , ,ˆ ˆ ˆit i t i i t i i t Mi Mi t ity a a a x a x a x′ ′= + + + + + + ε , (11)

 for t = 1, …, T; i = 1,…,N; m = 1, …, M,

where yit is the annual growth rate of real output in country i and year t, pit is the annual change 
of the price level, eit the annual change in the employment level and uit the error term.
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Following Pedroni (2004, 1999), we estimate a panel VECM model:

 1 1 , 1 11 , 12 , 13 , 1
1 1 1

m m m

it i i i t ik i t k ik i t k ik i t k it
k k k

y EC y p e u− − − −
= = =

∆ = θ + λ + θ ∆ + θ ∆ + θ ∆ +∑ ∑ ∑  (12)

and then test for multivariate causality with lag length m (SIC = 2) to examine mul-
tivariate causality within the VECM framework using Wald tests (F test) of the null 

0 12 13 0 22 23 0 31 32: ,  0,  : ,  0,  : ,  0ik ik ik ik ik ikH H Hθ θ = θ θ = θ θ = and also of 0 1 2 3: ,  ,  0i i iH λ λ λ =
for all i and k in (22). Table 5 and A2 display the results of the multivariate Granger causality 
analysis.

3. Granger causality tests

Table 5 summarises the results of short- and long-run Granger causality tests.

Table 5. Summary of the findings from the Panel Granger Causality Analysis

Dependent
variable

Independent
variable

Granger causality

Short run Long run

y e

Employment has limited impact on 
growth in the short run. Increasing 
employment slowly boosts growth. 
In the short run there is strong and 
significant positive Granger causal-
ity running from growth to employ-
ment. The impact of employment 
on growth is statistically significant 
only for very few countries.

There is clear evidence of long-
run causality running from em-
ployment to output growth in the 
long run with a negative sign. For 
most of the countries in the panel 
Granger causality is unidirectional 
running from employment growth 
to output growth.

p e

Inflation positively Granger causes 
employment in the short run. This 
confirms the idea that inflation has 
a beneficial impact on employment 
in the short run. Increasing employ-
ment in turn has a positive effect 
on output growth in the short run.

We find negative Granger causality 
running from inflation to employ-
ment in the long run, which can be 
rationalised by arguing that, as in-
flation uncertainty rises, agents be-
come more risk averse. In 8  coun-
tries causality is bidirectional.

y p

For 38 countries we find evidence 
that inflation Granger causes out-
put growth in the short run and 
therefore price increases have a 
positive effect on output growth 
in the short run.

Price increases in the long run 
have a negative effect on growth. 
We find unidirectional causality 
running from inflation to growth 
in 81 countries and bidirectional 
one in 14.

Source: Own calculations.

We test for the presence of both short- and long-run causality as well as for the pres-
ence of both (joint Granger causality). To test for the latter we carry out F tests for the 
joint significance of the lags of the explanatory variables (short-run) and the lagged error 
correction term (long-run equilibrium)3.

3 Specifically, we test if changes in X are a function of past changes in both X and Y 0 12 13 0 22 23 0 31 32: ,  0,  : ,  0,  : ,  0ik ik ik ik ik ikH H Hθ θ = θ θ = θ θ =0 12 13 0 22 23 0 31 32: ,  0,  : ,  0,  : ,  0ik ik ik ik ik ikH H Hθ θ = θ θ = θ θ =
0 12 13 0 22 23 0 31 32: ,  0,  : ,  0,  : ,  0ik ik ik ik ik ikH H Hθ θ = θ θ = θ θ = and whether there is an adjustment process towards the long-run equilibrium 

(ECi,t–1) i.e. 0 1 2 3: ,  ,  0i i iH λ λ λ = .
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The null hypothesis that inflation does not Granger cause employment growth cannot 
be rejected in the short run. However, in the long run it can be rejected with inflation negat-
ively affecting employment growth (causality being unidirectional in most cases). For small 
open economies, transition and African countries, negative unidirectional Granger causality 
from inflation to employment growth is detected in the long run (negative long-run effects). 
Testing for joint Granger causality (short- and long-run) indicates that inflation positively 
Granger causes employment growth in most cases (in 47 countries at the 1, 5 and 10% level). 
In the short run inflation has a less significant (positive) impact on employment growth, and 
only in a few countries (the US, the former Soviet republics and other transition countries). 
Bidirectional Granger causality between inflation and employment is found for 43 countries 
in the panel.

The null hypothesis that output growth does not Granger cause employment growth in 
the short run cannot be rejected in most cases. The Granger causality relation between out-
put growth and employment growth is significant but not as strong as the inflation-output 
growth one. The results differ across the countries in the panel. Output growth Granger 
causes employment growth in 30 countries only, whilst in the other cases causality runs in 
the opposite direction. For output and employment growth, the null hypothesis that output 
growth does not Granger cause employment growth in the short run is not rejected (at the 
1, 5% significance level). Unidirectional causality is found in the long run from employment 
growth to output growth. The joint Granger causality tests provide evidence of positive effects 
of employment growth on output growth in both the short and the long run.

The null hypothesis that inflation has no short-run effects on (does not Granger cause) 
output growth is rejected for a large number of countries in the panel. The evidence sug-
gests that inflation is conducive to growth in the short run but damaging in the long run. 
In fact, the null of no Granger causality between inflation and output growth is rejected 
overwhelmingly, the results implying a negative long-run relationship. In most countries 
causality is unidirectional and runs from inflation to output growth. However, in countries 
such as Greece, Iceland, Iran, Kyrgyzstan, Latvia, Angola, Armenia, Belarus, Lithuania etc., 
there is evidence of bidirectional joint Granger causality. It is noteworthy that in countries 
vulnerable to external shocks, such as Greece and Iceland, both long-run and joint Granger 
causality between inflation and output growth are stronger.

Overall, one can interpret these results as suggesting that positive growth during mod-
erate inflation periods is likely to offset negative growth rate associated with higher inflation 
periods. It would be worthwhile to determine the threshold at which the inflation rate starts 
affecting growth negatively.

The Granger causality analysis for the 119 countries in the panel considered individually 
produces some interesting results (see Table A2). In particular, past values of GDP appear 
to predict current price movements both in the short and in the long run. The links between 
inflation and output growth for a large number of countries in the panel appear to be bid-
irectional. Price changes therefore also influence output growth movements.

On the whole, causality linkages appear to be quite different in the short run as opposed 
to the long run. Also, the evidence provides broad support to the existence of dynamic rela-
tionships in the Phillips’ and Okun’s tradition. It would be interesting also to investigate (using 
Markov Switching procedures) how these respond to changes in the economic environment.
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Conclusions

The aim of this study was to examine the relationship between employment growth, inflation 
and output growth in the tradition of Phillips (1958, 1962) using panel VECM methods and 
Granger causality tests. The analysis builds on Caporale and Škare (2011), who carry out 
panel cointegration tests using an extensive panel including 119 countries, in that it estimates 
individual country models as well and also conducts Granger causality tests (both in the 
short and long run). The existence of strong linkages is confirmed by our results (especially 
the FMOLS and DOLS ones), which are informative for policy-makers and offer a number 
of useful insights. For example, employment growth is found to have a positive impact on 
output growth in the short run but a negative one in the long run (as output increases at a 
slower rate than productivity). The link between employment and output growth is clearly 
positive in the short run, with causality running from the former to the latter in most cases. 
By contrast, the link becomes negative in the long run.

The inflation-output growth relationship is undoubtedly positive in the short run, i.e. 
inflation is beneficial to growth. In the long run, instead, price volatility and uncertainty 
appear to affect output growth adversely. Inflation positively Granger cause employment 
in the short run, so it can boost employment temporarily. However, in the long run it has 
damaging effects, leading to lower output and employment growth, and consequently the 
inflation-employment growth relationship becomes negative. Obviously, changes can occur 
over time, and one should therefore investigate whether or not that implies that the Phillips 
curve relationship does not hold any longer; however, this issue is beyond the scope of the 
present paper and is left for future research.
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