
WHAT IF OIL IS LESS SUBSTITUTABLE? A NEW-KEYNESIAN MODEL WITH OIL, PRICE AND WAGE STICKINESS INCLUDING CAPITAL ACCUMULATION.  

Verónica Acurio Vásconez, Université Paris 1, Panthéon – Sorbonne, Paris School of Economics, 0033 6 27 52 75 82, Veronica.Acurio-Vasconez@malix.univ-paris1.fr 
Overview

The recent empirical literature on energy has already stated the fact that energy is not perfectly substitutable to other quantities, considering this input as a critical production factor and a consumption good.  In Fouré et al. (FBQF12), Hassler et al. (HKO12), van der Werf (WERF07) and Stern and Kander (SK12) among others, energy (or fossil energy) is introduced in the production function through a constant elasticity of substitution (CES) function with two factors: energy and a Cobb-Douglas combination of capital and labor.  Each of this papers estimates the energy elasticity of substitution using different methods.
On the theoretical side, Lindenberger and Kümmel (LK10) establish that energy-dependent production functions reproduce past economic growth without the Solow residual using the called Linex production function.  Hassler et al. (HK012) construct a model of directed technical change.  However, on Dynamic Stochastic General Models (DSGE) that include energy (mostly understood as oil), as well as in a large amount of climate change papers, energy is considered as being a perfect substitute to others factors.  This assumption is done through the utilization of Cobb-Douglas functions on the consumption flow of households as well as on the production function of intermediate good firms 
.  
While it is true that firms and households can react to changes in energy prices, e.g. shifting away from energy towards capital or labor in the case of firms and to final domestic goods consumption for households, this substitution has become less evident in the last years, especially when talking about oil substitution.  This effect will be evident looking at the oil consumption per capita series in US and the real oil price since 1970.  Oil consumption per person has remained constant from 1990 to 2008, while its price has been continuously increasing, meaning that people continue to consume oil even if its price was extremely high.  This empirical fact, tell us that, without a strong change on the economy, getting away from oil dependency has become an almost impossible task.  The assumption of a perfectly substitutable oil, could be one of the reasons why economists are merely unable to conceive how oil interacts with the economy.
In order to shed some new light onto these questions, this paper enlarges the model developed by Acurio Vásconez et al. (AVGIP12), where oil is incorporated into a (DSGE) model through a Cobb-Douglas function in the consumption flow and in the production function of intermediate firms.  Here the production function is an integrated CES, which includes oil and a Cobb-Douglas combination of labor and capital.  On the household's side, the model uses a basic CES function that integrates final goods and oil to define the consumption flow.
Along with this framework, the model adds stickiness, in prices and nominal wages à la Calvo, in order to analyze one of the conclusions given by Blanchard and Galí (BG08) regarding the softer impact onto the economy after an oil shock, which is the reduction of the wage rigidity.  
Once the model have been log-linearized around its steady state, it is estimated using Bayesian methods, with data over the period 1984:Q1 - 2007:Q1.  The estimation recovers an elasticity of substitution parameter equals to 0.12 for the production sector and equals to 0.11 for the households.  These results exhibit that oil is weakly substitutable to other quantities in both sectors.  The model is also able to recover four well-known stylized facts after an oil price shock in the 2000s': a weak GDP decrease coupled with a low level of inflation rate, a decrease on real wages and an inelastic price elasticity of oil demand.  Finally, the model proves that a change on nominal wage rigidity, certeris paribus, amplifies the negative response of the economy to an oil shock 
Methods

The model is constructed in a New-Keynesian framework.  It assumes an open economy where oil is imported from a foreign country at an exogenous price.  The model consists of three sectors: Households, Firms and Government.  
A typical household, consumes both oil and domestic goods, tied together by a CES function.  It also supplies a differentiated service to the production sector, invests in government bonds and capital, pays taxes, and receives profits from the firms in the economy.  In the sector of the firms there also exists a final good firm that will use the intermediate goods, produced by the intermediate firms, in order to create the final good that will be sold to the consumers.  For the sake of simplicity no oil is needed for the creation of the final good.  The intermediate firms use oil, capital and labor in order to create the intermediate good.  The production function is a CES, which includes oil and a composite factor formed by a Cobb-Douglas combination of labor and capital.  The model also includes a Government sector with spendings and a Central Bank that sets the nominal short-term interest rate by a monetary policy.  Finally the model is estimated using 8 macro series and 8 shocks, which are: real oil price, real capita price, government expending, TFP, oil productivity, wage markup and price markup shock.
Results

Regarding the estimated of the main behavioral parameters, it turns out that the mean value for the oil's elasticity of substitution is equal to 0.12 for the production sector, which is close to the value found in Fouré et al. (FBQF12).  For the consumption sector, the oil's elasticity of substitution is equal to 0.11.  This result confirms the fact that the elasticity of substitution of oil and other factors in US is very low, in both sectors.  In addition, the estimated steady state for the output elasticity is 8.5%.  Turning to the estimated processes for the exogenous shock variables a number of observations are worth making.  The oil price, the capital price, the monetary and the government spending processes are estimated to be the most persistent.  Finally, the shocks that drive the economy are, in descending order: the oil productivity, the government spending, the real price of oil and the wage markup.
The impulse response function analysis recovers four well-known stylized facts after an oil price shock in the 2000s': a weak GDP decrease coupled with a low level of inflation rate, a decrease on real wages and an inelastic price elasticity of oil demand.  Finally, one can test and compare the the reaction of the economy to an oil price shock, assuming a flexibilization of wages, ceteris paribus.  This experiment shows that the reduction of the nominal wage rigidity amplifies the negative response of the economy to an oil shock. 
Conclusions
In recent years, the inclusion of energy or oil into theoretical models has seen a rapid development, but still some questions and factors have not been taken into account.  One of these is the oil substitutability.  Using a DSGE model this factor is now taken into account, through the introduction of oil in the production and in the consumption side by the utilization of CES type functions.  Using Bayesian techniques, it can be prove that the elasticity of substitution between oil and other factors is weak.  The model recovers as well four well-known stylized facts after an oil price shock in the 2000s': a weak GDP decrease coupled with a low level of inflation rate, a decrease on real wages and an inelastic price elasticity of oil demand.  In addition to that, the model also includes nominal price and wage rigidities.  As it turns out in this model a change within wage rigidity amplifies the negative response of the economy to an oil shock.
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