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Overview
It is well known that energy consumption, when introduced into total production function and combined with capital and labor, plays an essential role in economic growth. In China’s open economy, exchange rate fluctuations play an increasingly important role in economic growth. Given the uncertain impact of exchange rate fluctuations, the relationship between energy consumption and economic growth is likely to be nonlinear. When discussing the relations among energy consumption, exchange rate, and economic growth, we cannot ignore the theory of economic growth. Following the economic growth model proposed by Robert M. Solow, this paper introduces energy and exchange rate factors into discussions on actual economic conditions in China and further studies the possible nonlinear relationship between energy consumption and economic growth with exchange rate fluctuation. Introducing the factor of exchange rate to economic growth theory is the first potential innovation of this paper.

When empirically explaining the relationship between energy consumption and economic growth, the existing literature mostly conducts linear co-integration and causal analyses of macroeconomic variables. A few studies examine some structural breaking-point changes (Nathan S. Bahke and Thomas B. Famby, 1997). However, these methods do not meet the requirements of this study. This paper analyzes economic growth from the perspective of China’s real economy, and then employs the method of threshold co-integration with smooth transition to describe the role of exchange rate in the nonlinear relationship between energy consumption and economic growth. In terms of actual economic activity, the transition of economic mechanisms usually features continuity, smoothness, and gradual change (Timo Teräsvirta, 1994). Therefore, the threshold co-integration model with smooth transition is realistic and is of strong explanatory power. This finding is the second contribution of this paper.
Methods
This study tested the possible relationship between the two using the approach of two-regime threshold co-integration with smooth transition and using annual data from 1980 to 2015 in China. The researchers adopted the Renminbi(RMB)real exchange rate as the threshold variable, with capital and labor as the control variables.
Results
The results show that in the long-term co-integration relationship between total energy consumption and economic growth, there was a smooth transition from the first regime to the second one, which means the relationship between total consumption and economic growth was nonlinear when affected by exchange rate fluctuations. The researchers also selected three types of critical energy consumption in China – coal, oil, and natural gas – to examine the relationship between energy structures and economic growth in terms of exchange rate behavior. Overall, there were significant nonlinear relationships between the three types of energy consumption and economic growth, although these relationships performed differently. The relationship between coal consumption and economic growth was greatly influenced by the first mechanism, the relationship between oil consumption and economic growth was greatly influenced by the second mechanism, and the relationship between natural gas consumption and economic growth changed significantly from the first mechanism to the second mechanism. With these results in hand, this paper concludes by addressing the corresponding policy implications.
Conclusions
(1) There is a long-term stable relationship between energy consumption and economic growth. Energy is an important input in the process of economic growth, as the impacts of energy consumption on economic growth show nonlinear characteristics caused by the threshold effect of RMB exchange rate volatility. The regime transition is different for total and various energy consumption. The threshold variable with one lag is in the oil consumption model, and the threshold variables with four lags are in the total energy consumption, coal consumption, and gas consumption models, suggesting some delay in the effect of RMB exchange rate fluctuations.

(2) The nonlinear threshold co-integration tests for total energy consumption and oil and gas consumption indicate that RMB depreciation will increase energy consumption and stimulate economic growth. RMB appreciation may increase energy consumption but hinder economic growth. But the test for coal consumption indicates that a change in the RMB exchange rate has an uncertain effect on the relation between coal consumption and economic growth. In short, there are significant nonlinear relationships between the three types of energy consumption and economic growth, but each relationship performs differently. The relationship between coal consumption and economic growth is greatly influenced by the first mechanism, the relationship between oil consumption and economic growth is greatly influenced by the second mechanism, and the relationship between natural gas consumption and economic growth rapidly jumps from the first to the second mechanism.
(3) The estimation of oil energy consumption on economic growth shows that the influence of oil energy consumption on economic growth is more sensitive to changes in the exchange rate. This sensitivity is due to the fact that oil energy supply and demand depend heavily on import and export.
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