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OVERVIEW

The question whether energy conservation policies affect economic activity or not is of high
interest in the international debate about global warming and the reduction of greenhouse gas
emissions. Although the causal relationship between energy consumption and economic
growth has been widely studied no consensus regarding the energy consumption-growth
nexus has been reached. The direction of causality is highly relevant for policy makers. For
instance, if causality runs from energy consumption to economic growth, energy conservation
policies will possibly have a negative impact on growth. Our analysis of the relationship
between energy consumption and GDP is based on a sample of 25 OECD countries from
1981 to 2007 including energy prices and using recent developed panel-econometric methods.
The innovative contribution of this paper is to determine the long-run relationship between
energy consumption, GDP and energy prices in more detail. In contrast to other studies
concerning the energy consumption-growth nexus, we distinguish between national and
international trends as drivers of the long-run equilibrium. Hence, each variable is
decomposed into common and idiosyncratic components. Based on this decomposition,
cointegration between the common components suggests that international spillovers
dominate the long-run relationship. Instead, cointegration between idiosyncratic components
refers to developments relevant exclusively on the national level. This distinction has
important policy implications because cointegration between the common components
indicates that national energy policies may not have a large impact on energy consumption
and economic growth. Hence, the first and novel step of our paper is to decompose each
variable into the uncorrelated common and idiosyncratic components by principal component
analysis. Second, we test both components separately for unit roots and cointegration
relations. Lastly, we apply Granger causality tests within a panel error-correction model.

METHODS AND RESULTS

The integration properties of the common components were established by applying the
augmented Dickey and Fuller [13], the Phillips and Perron [47] and the Kwiatkowski et al.
[28] test. The results suggest that the common components are integrated of order one, 1(1).
Since the defactored series are independent by construction, stochastic trends in the
idiosyncratic components are efficiently explored by first generation panel unit root tests to
exploit the additional information due to the cross-sectional data. We apply the tests proposed
by [35] (LLC) and [24] (IPS). In contrast to the unit root evidence for the common
components, the LLC and IPS panel unit root tests propose that the idiosyncratic components
are stationary. The results indicate that random walks in the data are mainly driven by
international developments. Cointegration between the common components can be
investigated by standard time series tests such as the Johansen [26] reduced rank approach.
The Johansen trace statistic and maximum eigenvalue statistic suggest a long-run relationship



between the common components of energy consumption, GDP and energy prices. Further,
we estimate the provided long-run relationship using the dynamic ordinary least squares
estimator proposed by [39]. The estimated models are:
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wherei =1, ..., Nand ¢t = [, ..., T denote countries and time periods, respectively. ¢ and &
are country specific fixed effects and time trends. Since all variables are in natural logarithms,
the estimated long-run coeffcients can be interpreted as elasticities. The income elasticity of
energy consumption is 0.55, positive and statistically significant at the 1% level. This implies
that a 1% increase in GDP increases energy consumption by 0.6%. Energy consumption is
relatively price-inelastic in view of a price elasticity of -0.14, which is statistically significant
at the 1% level and negative as expected from theory. Taking GDP as the dependent variable,
income also increases by 0.6% if energy consumption grows by 1% (significant at the 1%
level). The price elasticity of income reveals a positive sign, but is insignificant as energy
prices have no impact on GDP. Having established a cointegration relationship, we estimate a
panel-based error-correction model to test for Granger causality. We apply the panel
generalized method of moments estimator proposed by [5]. The direction of causality can be
determined by standard Wald F-tests, which reveals that there are mutual causal relationships
between energy consumption, GDP and energy prices. Energy consumption Granger-causes
GDP and vice versa, which implies that an increase in energy consumption leads to an
increase in growth and the other way around. A rise in energy prices has a negative effect on
energy consumption. Growth and energy consumption also have an impact on energy prices.
Further, the significance of all error-correction terms indicates that all variables readjust
towards a common international equilibrium relationship after a shock.

CONCLUSIONS

Our main empirical finding is that only the common components of energy consumption,
economic growth and energy prices are cointegrated. This result highlights the relevance of
international spillovers to explain energy demand. Hence, policy makers should take into
account the international impact on energy demand for designing effcient energy policies. The
analysis of the cointegration relationship suggests that energy consumption is relatively price-
inelastic. This underlines the theoretical expectation that energy use is mostly a necessity and
implies that price regulations are weak tools for energy policies. The established causality in
the energy demand equation means that energy consumption readjusts towards an
international rather than a national equilibrium relationship as consequence of a shock. In this
light, national energy policies may have only a limited impact on energy consumption. The
bi-directional causality between energy consumption and economic growth suggests that an
increase in energy consumption leads to an increase in economic growth and vice versa.
Hence, it seems that OECD countries exhibit a kind of energy-dependence in the sense that an
adequate large supply of energy seems to ensure higher economic growth. In order to ease the
trade-off between energy consumption and growth energy policies devoted to a reduction of
greenhouse gas emissions should emphasise the use of alternative energy sources rather than
exclusively try to reduce overall energy consumption. The shift from less effcient and more
polluting energy sources to more effcient energy options may establish a stimulus rather than
an obstacle to economic development.



REFERENCES

1.

2.

3.

©®©

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21,
22,

23.

24,

25.

26.

27.

28.

29.

Abosedra, S. and H. Baghestani (1989). New evidence on the causal relationship between US energy
consumption and Gross National Product. Journal of Energy Development 14, 285-292.

Al-Iriani, M. (2006). Energy—GDP relationship revisited: An example from GCC countries using panel
causality. Energy Policy 34(17), 3342-3350.

Apergis, N. and J. E. Payne (2009a). Energy consumption and economic growth: Evidence from the
Commonwealth of Independent States. Energy Economics 31(5), 641-647.

Apergis, N. and J. E. Payne (2009b). Energy consumption and economic growth in Central America:
Evidence from a panel cointegration and error correction model. Energy Economics 31(2), 211-216.
Arellano, M. and S. Bond (1991). Some tests of specification for panel data: Monte Carlo evidence and an
application to employment equations. Review of Economic Studies 58(2), 277-297.

Arellano, M. and O. Bover (1995). Another look at the instrumental variable estimation of error-components
models. Journal of Econometrics 68(1), 29-51.

Asafu-Adjaye, J. (2000). The relationship between energy consumption, energy prices and economic
growth: Time series evidence from Asian developing countries. Energy Economics 22(6), 615-625.

Bai, J. and S. Ng (2004). A PANIC attack on unit roots and cointegration. Econometrica 72, 1127-1177.
Blundell, R. and S. Bond (1998). Initial conditions and moment restrictions in dynamic panel data models.
Journal of Econometrics 87(1), 115-143.

Campbell, J. Y. and P. Perron (1991). Pitfalls and opportunities: What macroeconomists should know about
unit roots. In O. J. Blanchard and S. Fisher (Eds.), NBER Macroeconomics Annual, Volume 6, pp. 141-220.
Cambridge: MIT Press.

Cheng, B. S. and T. W. Lai (1997). An investigation of co-integration and causality between energy
consumption and economic activity in Taiwan. Energy Economics 19(4), 435-444.

Costantini, V. and C. Martini (2010). The causality between energy consumption and economic growth: A
multi-sectoral analysis using non-stationary cointegrated panel data. Energy Economics 32(3), 591-603.
Dickey, D. A. and W. A. Fuller (1979). Distribution of the estimators for autoregressive time series with a
unit root. Journal of the American Statistical Association 74(366), 427-431.

Dreger, C. and H. Reimers (2009). The role of asset markets for private consumption: Evidence from
paneleconometric models. DIW Berlin Discussion Paper No. 872.

Engle, R. F. and C. W. J. Granger (1987). Co-integration and error correction: Representation, estimation,
and testing. Econometrica 55(2), 251-276.

Erol, U. and E. S. H. Yu (1987). Time series analysis of the causal relationships between U.S. energy and
employment. Resources and Energy 9(1), 75-89.

Fatai, K., L. Oxley, and F. G. Scrimgeour (2004). Modelling the causal relationship between energy
consumption and GDP in New Zealand, Australia, India, Indonesia, The Philippines and Thailand.
Mathematics and Computers in Simulation 64(3-4), 431-445.

Galindo, L. M. (2005). Short- and long-run demand for energy in Mexico: A cointegration approach. Energy
Policy 33(9), 1179-1185.

Ghali, K. H. and M. I. T. El-Sakka (2004). Energy use and output growth in Canada: A multivariate
cointegration analysis. Energy Economics 26(2), 225-238.

Glasure, Y. and A. Lee (1998). Cointegration, error-correction and the relationship between GDP and
energy: The case of South Korea and Singapore. Resource and Energy Economics 20(1), 17-25.

Harris, R. I. D. and R. Sollis (2003). Applied time series modelling and forecasting. Chichester: J. Wiley.
Holtz-Eakin, D., W. Newey, and H. S. Rosen (1988). Estimating vector autoregressions with panel data.
Econometrica 56(6), 1371-1395.

Hondroyiannis, G., S. Lolos, and G. Papapetrou (2002). Energy consumption and economic growth:
Assessing the evidence from Greece. Energy Economics 24, 319-336.

Im, K. S., M. H. Pesaran, and Y. Shin (2003). Testing for unit roots in heterogeneous panels. Journal of
Econometrics 115(1), 53-74.

Johansen, S. (1991). Estimation and hypothesis testing of cointegration vectors in Gaussian vector
autoregressive models. Econometrica 59(6), 1551-1580.

Johansen, S. (1995). Likelihood-based inference in cointegrated vector autoregressive models. Oxford:
Oxford University Press.

Kraft, J. and A. Kraft (1978). On the relationship between energy and GNP. Journal of Energy and
Development 3, 401-403.

Kwiatkowski, D., P. C. B. Phillips, P. Schmidt, and Y. Shin (1992). Testing the null hypothesis of
stationarity against the alternative of a unit root: How sure are we that economic time series have a unit
root? Journal of Econometrics 54(1-3), 159-178.

Lanne, M. and M. Liski (2004). Trends and breaks in per-capita carbon dioxide emissions, 1870-2028. The
Energy Journal 25, 41-65.



30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.
49.

50.
51.

52.

53.

54,

55.

56.

Lee, C. (2005). Energy consumption and GDP in developing countries: A cointegrated panel analysis.
Energy Economics 27(3), 415-427.

Lee, C. and C. Chang (2007). Energy consumption and GDP revisited: A panel analysis of developed and
developing countries. Energy Economics 29(6), 1206-1223.

Lee, C. and C. Chang (2008). Energy consumption and economic growth in Asian economies: A more
comprehensive analysis using panel data. Resource and Energy Economics 30(1), 50-65.

Lee, C., C. Chang, and P. Chen (2008). Energy-income causality in OECD countries revisited: The key role
of capital stock. Energy Economics 30(5), 2359-2373.

Lee, C. and J. Lee (2010). A panel data analysis of the demand for total energy and electricity in OECD
countries. Energy Journal 31(1), 1-23.

Levin, A., C. Lin, and C. J. Chu (2002). Unit root tests in panel data: Asymptotic and finite-sample
properties. Journal of Econometrics 108(1), 1-24.

MacKinnon, J. G., A. A. Haug, and L. Michelis (1999). Numerical distribution functions of likelihood ratio
tests for cointegration. Journal of Applied Econometrics 14(5), 563-577.

Maddala, G. S. and I. Kim (1998). Unit roots, cointegration, and structural change. Cambridge: Cambridge
University Press.

Mahadevan, R. and J. Asafu-Adjaye (2007). Energy consumption, economic growth and prices: A
reassessment using panel VECM for developed and developing countries. Energy Policy 35(4), 2481-2490.
Mark, N. C. and D. Sul (2003). Cointegration vector estimation by panel DOLS and long-run money
demand. Oxford Bulletin of Economics and Statistics 65(5), 655-680.

Masih, A. and R. Masih (1996). Energy consumption, real income and temporal causality: Results from a
multi-country study based on cointegration and error-correction modelling techniques. Energy Economics
18, 165-183.

Masih, A. M. M. and R. Masih (1997). On the temporal causal relationship between energy consumption,
real income, and prices: Some new evidence from Asian-energy dependent NICs based on a multivariate
cointegration/vector error-correction approach. Journal of Policy Modeling 19(4), 417-440.

Masih, A. M. M. and R. Masih (1998). A multivariate cointegrated modelling approach in testing temporal
causality between energy consumption, real income and prices with an application to two Asian LDCs.
Applied Economics 30(10), 1287-1298.

Nachane, D. M., R. M. Nadkarni, and A. V. Karnik (1988). Co-integration and causality testing of the
Energy-GDP relationship: A cross-country study. Applied Economics 20(11), 1511-1531.

Narayan, P. K. and R. Smyth (2008). Energy consumption and real GDP in G7 countries: New evidence
from panel cointegration with structural breaks. Energy Economics 30(5), 2331-2341.

Oh, W. and K. Lee (2004a). Causal relationship between energy consumption and GDP revisited: The case
of Korea 1970-1999. Energy Economics 26(1), 51-59.

Oh, W. and K. Lee (2004b). Energy consumption and economic growth in Korea: Testing the causality
relation. Journal of Policy Modeling 26(8-9), 973-981.

Phillips, P. C. B. and P. Perron (1988). Testing for a unit root in time series regression. Biometrika 75(2),
335-346.

Reimers, H. (1992). Comparisons of tests for multivariate cointegration. Statistical Papers 33(1), 335-359.
Reinsel, G. C. and S. K. Ahn (1992). Vector autoregressive models with unit roots and reduced rank
structure: Estimation, likelihood ratio test, and forecasting. Journal of Time Series Analysis 13(4), 353-375.
Sims, C. A. (1972). Money, income, and causality. American Economic Review 62(4), 540-552.

Soytas, U. and R. Sari (2003). Energy consumption and GDP: Causality relationship in G-7 countries and
emerging markets. Energy Economics 25(1), 33-37.

Stern, D. I. (2000). A multivariate cointegration analysis of the role of energy in the US macroeconomy.
Energy Economics 22(2), 267-283.

Wagner, M. and J. Hlouskova (2010). The performance of panel cointegration methods: Results from a large
scale simulation study. Econometric Reviews 29(2), 182-223.

Wolde-Rufael, Y. (2004). Disaggregated energy consumption and GDP, the experience of Shangai, 1952—
1999. Energy Economics 26, 69-75.

Yu, E. and J. Choi (1985). The causal relationship between energy and GNP: An international comparison.
Journal of Energy and Development 10, 249-272.

Yu, E. and J. Jin (1992). Cointegration tests of energy consumption, income and employment. Resources
and Energy 14, 259-266.



