
LONG-RUN INCOME & PRICE ELASTICITIES OF ENERGY CONSUMPTION: THE SYLIZED FACTS 

Brantley Liddle, Energy Studies Institute, National University Singapore, E-mail: btliddle@alum.mit.edu
Hillard Huntington, Energy Modeling Forum, Stanford University, E-mail: hillh@stanford.edu
Overview

Estimating the relationship between economic development and energy demand and determining whether that relationship changes as levels of development change have been popular questions in energy economics (e.g., Judson et al. 1999; Medlock and Soligo 2001; and van Benthem and Romani 2009). The current paper contributes to the literature by assembling a wide panel dataset of energy consumption and prices for 37 OECD and 37 non-OECD countries, employing estimation methods that address nonstationarity, heterogeneity, and cross-sectional dependence.
Data & Methods

Drawing from the International Energy Agency and other sources (for price data) we assemble a panel dataset consisting of total final energy consumption per capita, real GDP per capita, and real energy price index. The dataset is particularly large considering the inclusion of country-specific energy prices—74 OECD and non-OECD countries. The unbalanced data spans 1960-2016, with the full 56 years of data for 17 countries and all countries having at least 18 years.
We expect the data to exhibit both cross-sectional correlation and nonstationarity, and the relationships, possibly to be heterogeneous. At the same time, as mentioned above, the data is unbalanced and some cross-sections have relatively few time observations. Fixed effects estimation in OLS allows the analysis of variance overtime even when there are relatively few time observations. First differencing converts I(1) variables into stationary series. The mean group estimation approach addresses heterogeneity by first estimating cross-section specific regressions and then averaging those estimated cross-sectional coefficients to arrive at panel coefficients. The common correlated effects (CCE) approach accounts for both the presence of nonstationarity and unobserved common factors by including in the regression cross-sectional averages of the dependent and independent variables. 
Hence, we employ several panel estimators and we partition the panel according to GDP and/or year. We estimate the following dynamic base equation:
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where subscripts it denote the ith cross-section and tth time period, TFC is total final energy consumption per capita, GDP is GDP per capita, and price is a measure of energy price, α is a cross-sectional specific constant, [image: image4.png]


 are common time effects, the βs are (potentially) cross-sectional specific coefficients to be estimated, and ε is the error term. So, the long-run GDP and price elasticities, respectively, are:
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(2)
In order to determine whether the responses to income and prices are asymmetric, e.g., do increases in GDP have the same absolute effect as decreases in GDP on energy consumption, we also consider the following equation:
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where, [image: image11.png]


 is the first difference operator and the superscripts + and – represent, respectively, increases and decreases in GDP and prices.
Results & Discussion
Table 1 reports the basic results for two different estimators and Equations 1 and 2. Equation 3 was analysed as well. Also, the sample was partitioned several times according to GDP level.
Table 1. Dynamic models, 74 countries 1960-2016, unbalanced

	
	MG-DCCE
	
	
	P-CCE
	
	

	
	All
	OECD
	Non-OECD
	All
	OECD
	Non-OECD

	TFC t-1
	0.405****

[0.296 0.515]
	0.582****

[0.480 0.682]
	0.286***

[0.122 0.451]
	0.825****

[0.793 0.857]
	0.887****

[0.859 0.914]
	0.622****

[0.530 0.713]

	GDP
	0.444****

[0.342 0.545]
	0.393****

[0.290 0.497]
	0.467****

[0.263 0.670]
	0.481****

[0.392 0.570]
	0.463****

[0.359 0.568]
	0.453****

[0.317 0.590]

	Price
	-0.036**

[-0.071 -0.001]
	-0.067***

[-0.113 -0.021]
	-0.004

[-0.055 -0.047]
	-0.050****

[-0.071 -0.028]
	-0.102****

[-0.138 -0.066]
	-0.022*

[-0.046 0.002]

	GDP t-1
	-0.114**

[-0.220 -009]
	-0.145**

[-0.269 -0.020]
	-0.016

[-0.222 0.191]
	-0.323****

[-0.406 -0.239]
	-0.349****

[-0.450 -0.247]
	-0.226****

[-0.350 -0.101]

	Price t-1
	-0.006

[-0.052 0.039]
	0.0003

[-0.060 0.061]
	-0.012

[-0.082 0.059]
	0.022**

[0.003 0.041]
	0.070****

[0.035 0.105]
	0.007

[-0.015 0.291]

	Long run
	
	
	
	
	
	

	GDP
	0.553****

[0.287 0.820]
	0.595***

[0.183 1.006]
	0.632***

[0.201 1.063]
	0.902****

[0.748 1.057]
	1.013****

[0.754 1.272]
	0.602****

[0.423 0.781]

	Price
	-0.071

[-0.168 0.026]
	-0.159*

[-0.345 0.026]
	-0.022

[-0.145 0.100]
	-0.158****

[-0.242 -0.074]
	-0.281***

[-0.469 -0.094]
	-0.040

[-0.090 0.009]

	
	
	
	
	
	
	

	Obs/x-sects
	2445/74
	1526/37
	919/37
	2525/37
	1563/37
	962/37

	CD (p) ρ
	-0.8 (0.41) 0.22
	6.9 (0.00) 0.20
	0.9 (0.37) 0.23
	-4.1 (0.00) 0.20
	-5.1 (0.00) 0.20
	-2.4 (0.02) 0.20


Notes: MG-DCCE=mean group dynamic common correlated effects; P-CCE=pooled (not MG) common correlated effects. ****, ***, **, and * indicate statistical significance at the 0.001, 0.01, 0.05, and, 0.1 levels, respectively. 95% confidence intervals in brackets. CD, (p), and ρ are the test statistic, corresponding p-value, and mean absolute correlation coefficient of the residuals from the Pesaran (2004) CD test, respectively. 
Some stylized facts uncovered so far:

· Elasticities are larger and CI’s smaller for static models compared to dynamic models; but, there is evidence that dynamics are important, e.g., lagged variables are significant

· Equation 3 regressions suggest asymmetries w/r/t GDP—energy demand falls by more in recession than it increases in growth periods. This is true for both OECD and non-OECD panels. No asymmetries for prices. 

· Individual country estimates (Equation 1) are not always significant. No evidence that individual estimates vary according to income; however, there is greater dispersion of estimates at lower income levels. 

· For pooled, static models there is some evidence that GDP elasticity falls with income. However, for dynamic models, elasticity is very similar across income bands. 

· Price elasticity appears to be larger (absolute terms) for OECD than for non-OECD

· Most evidence suggests that GDP elasticity is similar for OECD and non-OECD. An exception are the dynamic model, PCCE results (last two columns, Table 1), where non-OECD has lower elasticity than OECD. However, that result is contradictory to the dynamic model, PCCE income band results, where the GDP<10K and GDP>30K bands had same elasticity. 

· Many results suggest that the GDP elasticity is less than unity. An exception are the MG-DCCE results when the panels are split OECD, non-OECD. 
Before the Washington meeting we will further examine the possibility of different income elasticities over-time and across development levels, and test for evidence of energy leapfrogging.
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