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Overview

This study provides a new assessment of the relationship between income and energy consumption, using an energy demand function as the reference point for discussion. The main question being tackled is: “do rising incomes (crudely interpretable as income growth) still lead to rising energy consumption?” i.e. has income `decoupled’ from energy consumption? By virtue of the question, and the approach taken to analysis, several related questions can be answered including:
· Do income rises and income falls affect energy consumption patterns in the same way?

· When did such decoupling between rising income and energy consumption begin to occur, and will it persist?

· Is the decoupling a country specific phenomenon or something more global (in the context of the sample)?

The analysis is timely given the increased attention being given to concepts of ‘Green Growth/Productivity’ in recent months. Furthermore, the analysis is innovative, with the main innovation being in providing a new approach to modelling aggregate demand, which due to its significant flexibility is able to reveal much more information than many previous approaches.

The results reveal clear asymmetries, which offer a new perspective and understanding on the relationship between income changes and changes in energy consumption. Rising income, in some cases, no longer leads to increases in energy consumption, yet falling incomes still result in reductions in energy consumption. On the surface this would appear to be an appealing conclusion, suggesting that policy efforts in recent decades to try and decouple energy consumption from economic growth may have indeed contributed to a fundamental shift in consumer behaviours. Admittedly this is conjectural, since policy interventions are not explicitly modelled, but nonetheless not an unreasonable assertion.
Methods (and Data)
The data used for analysis include per-capita total energy consumption for the OECD 17 (Austria, Belgium, Canada, Denmark, France, Greece, Ireland, Italy, Japan, Netherlands, Norway, Portugal, Spain, Sweden, Switzerland, UK and USA), an index of real energy prices, and per-capita GDP. Energy prices are taken from the IEA, while the other variables are from the EIA databanks. For estimation, the variables are expressed in natural logarithms, primarily for the purpose of simplifying model interpretation as elasticities. The data cover the period 1960-2008.
The estimated model is semi-parametric and takes the following form:
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Given that price and income enter into the nonparametric term 
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, then their derived elasticities can be non-linear, and hence asymmetric in size to a unit increase or decrease. Hence, to evaluate asymmetries from the model, elasticities are compared under a unit increase versus a unit decrease. The model is estimated using thin plate regression splines, which lead to unwieldy analytical forms, and in this regard elasticities (and their standard errors) are obtained empirically using the fitted nonparametric functions.
The functional form in (1) is somewhat different from most empirical demand specifications. It is in essence a Gorman-form, chosen for the purpose of allowing aggregation of elasticities from the country specific elasticities, which will be uniquely defined for each country and each year of the sample, up to a common group elasticity.
Results

Table (1) presents the average elasticities for the sample. Given the lag-term, both long run and short run elasticities are obtained. The average (across all countries/periods) long run income elasticity of demand for a 1% rise in income is a little over half the size of the same elasticity given a 1% decrease in income. Country specific results, not reported here, reveal that generally speaking similar patterns exist, and that in some cases, not only is the positive income elasticity smaller than its negative counterpart, it has even (statistically) vanished. This includes for example Greece and the UK.
	
	Short run
	Long run

	
	Rise
	Fall
	Rise
	Fall

	Income
	0.0538
	-0.0852
	0.3788
	-0.6602

	(standard error)
	0.018
	0.014
	
	

	Price
	-0.0981
	0.0704
	-0.6794
	0.5456

	(standard error)
	0.017
	0.017
	
	


Table 1: Average short-run and long-run income and price elasticites given price rises and price falls. Long run effects are calcuated using standard impact multiplier calculations, and are only reported when (i) the short run elasticitiy is significant and (ii) the lag-multiplier is significant.
It is interesting to note that the timing of these changes loosely coincides with the increased public and media awareness of environmental sustainability that ensued following the Brundtland report. There are also hints that the energy crisis of the 1970’s may have been in part a precursor to the changes which occurred in the subsequent decades.
Conclusions

This study provides new evidence on the relationship between income changes and energy consumption. For many years, and particularly in recent years following the 2008 global financial crisis, there has been an observable shift among researchers and policy makers to better understand the relationship between these two measures. There is an obvious and inevitable policy conflict between objectives of maximizing economic output and minimizing energy consumption. An idealistic scenario would allow these objectives not only co-exist, but in time complement each other e.g. allowing rising incomes with reducing energy consumption.
The analysis reported here provides a retrospective assessment of the relationship between income and energy consumption, using a model of total energy consumption as the reference point for assessment, offering signals of a fundamental decoupling of income from energy consumption, at least with respect to rising income. This is an appealing conclusion. Although the analysis is not cast in terms of a growth model, it does imply that economic growth (rising income) could well be possible across the OECD 17 member countries without leading to additional environmental damage. 
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