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   In this paper we apply the one-way effect causal measure to the investigation of the long-run and causal relationship between GDP and energy consumption of Taiwan during the period of 1954-2005. 
At least since the late 1970s, the causal relationship between energy consumption and economic growth has remained empirically elusive and controversial across time and countries. The seminal study by Kraft and Kraft (1978) provided evidence to support unidirectional causality running from income (GNP) to energy consumption only in the case of the United States over the period 1947~1974. Concerning the energy consumption and economic growth for Taiwan, Cheng and Lai (1997), using the version of Hsiao (1981) of the Granger’s causality method, found unidirectional causality running only from GDP to energy consumption for the period of 1955~1993 for Taiwan. Lee and Chang (2005) studied the stability between energy consumption and GDP for Taiwan during 1954–2003 and found that different directions of causality exist between GDP and various kinds of energy consumption. The above literatures show that the various time periods fail to reach a unanimous conclusion.
Granger (1969) introduced a now widely used definition of non-causality in order to determine the direction of causality between a pair of time-series. However, the interest of the econometric literature seems mostly concerned with the Granger non-causality test. Hosoya (1991, 1997), Yao and Hosoya (2000) presented the approach of the one-way effect causal measure, and showed the characterization of the causal structure of the recent Japanese macroeconomy. Yao and Shi (2003) successfully applied the new approach to the analysis of international trade relations between China and Japan. 
To investigate the causal relationships between energy consumption and economic growth by using the one-way effect approach, we consider the p-dimensional time series process generated by the vector autoregressive model which is represented in the error-correction form
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In order to investigate whether there is a causal relationship between energy consumption and GDP, data covering the period 1954~2005 are used. The energy consumption series are expressed in terms of kiloliters of oil equivalent. The variables are: real GDP (in 2001 prices), total energy consumption (ENE), oil consumption (OIL), electricity consumption (ELE). All the variables used in this study are in natural logarithms and taken from the AREMOS economic-statistic data-banks, created jointly by the Ministry of Education and National Taiwan University in Taiwan. As the proportions of coal consumption and natural gas consumption in the total energy consumption have been relatively low ever since the mid-term of 1970’s, emphasis are laid on the cointegration and one-way causal relation analysis between GDP and ENE, GDP and OIL, GDP and ELE.

The ADF unit-root test is applied to check the time series we chosen. It shows that all the data are non-stationary process with deterministic trend and become stationary after a one-order difference treatment. The identification of the ECM is in view of Johansen’s LR test. Based on the ECM, we find that GDP and energy consumption, GDP and oil consumption, GDP and electric consumption are all cointegrated. To choose a pertinent model, after determination of the model order by AIC, the test of autocorrelation of the residual is carefully checked by the H-statistic (Hosking (1980). 
In view of the Wald test of the one-way effect causal measure, we can see that the estimated measure of ENE to GDP is very small, but significant with a 95% confidence interval (0.02, 0.38). There exists a weak and only long-run one-way effect from ENE to GDP. The one-way effect of ENE to GDP is not significant at 5% level, yet significant at 1% level. The effect of GDP to OIL is small yet significant at 1% level. We can see that the estimated measure of GDP to ELE is very small, but significant. The distribution of the estimated FMO indicates that there exists a weak and only long-run one-way effect from GDP to ELE. 
To summarize, we find that the economic growth of Taiwan affects the consumption of total energy and vise versa. This may denotes that the economic growth may demand more energy whereas more total energy consumption may also induce economic growth. Energy consumption and economic growth complement each other such that radical energy conservation measures may significantly hinder economic growth. On the other hand, there is a one-way causal relations from economic growth to oil and electricity consumption, then policies for reducing oil and electricity consumption may be implemented with only little adverse or no effect on economic growth of Taiwan. 
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