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Overview

Households use energy services (e.g. lightning, TV entertainment, and cooling food) by combining electrical appliances and electricity. Therefore, households face simultaneous consumption and investment decisions: how much energy to consume and what stock of electrical appliances to hold. The widely used model to estimate residential energy demand, the dynamic partial adjustment model (see for instance Houthakker, 1980; Bernstein and Griffin, 2006; Paul et al., 2009; Alberini and Filippini, 2011) accounts for the fact that households may not adjust electricity consumption immediately in response to changes in prices, income, and other relevant factors, because of behavioral habits or adjustment costs for the capital stock of appliances. However, forward-looking behavior is generally neglected. 

Rational households looking at the constant maximization of utility over time (Becker and Murphy, 1988) would also take expectations about future prices or consumption of electricity into account when making their consumption and investment decision. Hence, expectations about future prices or consumption may have an impact on current decisions. To our knowledge, until today, none of the studies on residential electricity demand considers expectations about future consumption or prices.  A recent partial exception - since it focuses on gasoline not electricity- is the study by Scott (2012), where the author estimates rational habit models for gasoline demand in the US. However, her empirical approach includes the lead of price as explanatory variable instead of the lead of consumption as suggested by the theoretical model used in this paper.
We propose rational habit models with forward looking consumers for residential electricity demand and apply them to a panel of 48 US states between 1995 and 2011. We estimate lead-consumption models using fixed-effects, instrumental variables, and the GMM Blundell-Bond estimator. We find that expectations about future prices and consumption significantly influence current consumption decisions, which suggests that households behave rationally when making electricity consumption decisions. This novel approach may improve our understanding of the dynamics of residential electricity demand and the evaluation of the effects of energy policies.

Methods

We define a rational habits lead-consumption model of residential electricity demand, where current consumption is a function of both past and future consumption levels, prices, other variables (price of gas, heating and cooling degree days, income, size of household) as well as unobserved factors. Static and dynamic models of electricity demand can be derived from our rational habit model. To empirically investigate the dynamics of residential electricity consumption, we estimate lead-consumption models using fixed-effects, instrumental variables (2SLSFE), and the GMM Blundell-Bond estimator. Furthermore, we estimate short-and long-run price elasticities from our model.
To account for unobserved heterogeneity bias using panel data, we specify fixed effects models. Further, to solve the potential endogeneity problem of the lead and lag of consumption as well as of the price of electricity, we use two-stage least quares estimators and GMM estimators. One of the advantages of the 2SLSFE estimator is that it can also be used with a relatively small N, as in our case. The instruments used in our 2SLSFE model are the two-periods lags and future values of the electricity price, the input prices of coal and gas for the electricity sector, and the on-period lag and lead of heating degree days.  To control for potential endogeneity of the price of electricity we also estimate the 2SLSFE model by instrumenting the price as well as the lag and lead of consumption. The fixed effects and GMM estimators are used for comparison purposes. 
Results

We find that expectations about future prices and consumption significantly influence current consumption decisions, which suggests that households behave rationally when making electricity consumption decisions. The estimated coefficients of the lag and lead of consumption have the expected positive sign and are highly significant in all specifications. The values of the coefficients are fairly robust across all specifications and vary between 0.422 and 0.483 for the lag and between 0.206 and 0.374 for the lead. The electricity price coefficient is negative and significant in all specifications. Income has a positive effect on current electricity consumption and the coefficients of heating and cooling degree days are highly significant and have a positive effect in all specifications. Finally, the coefficient of the size of the household is negative and significant, except for in the GMM specification. Our GMM specification passes the Arrelano-Bond test for serial correlation as well as the Hansen test of overidentifying restrictions. To test the validity of the 2SLSFE specifications, we report several test statistics. The underidentification test shows that the model is identified. To exclude the possibility of weak identification, we report the Kleibergen-Papp rK Wald F statistics. We furthermore provide the Hansen J statistic as overidentification test for the instruments used which shows that we cannot reject the null hypothesis of joint validity of instruments for all 2SLSFE specifications.
Estimated elasticities are in in line with our expectations and fairly robust across specifications. Short-run elasticities in rational habit models range from 0.1077 in the 2SLSFE model to 0.2708 in the GMM specification, whereas long-run price elasticities range from 0.2087 (2SLSFE) to 0.7355 (GMM). Overall, we can argue that residential electricity demand is relatively inelastic in the short-run and more elastic to price change in the long run as agents have more opportunities to adapt their behavioral habits and replace their electrical equipment. 
For comparison purposes, we also provide results for the dynamic partial adjustment model as well as for a lead-price model in the appendix of the paper. 
Conclusions

The understanding of factors affecting residential electricity demand and its responsiveness to price changes is of great relevance for designing effective energy saving policies. Our empirical analysis suggests that the traditional dynamic adjustment model is not sufficient to explain households’ behavior in energy consumption, as it assumes agents are myopic. We provide evidence that agents are forward looking when choosing electricity services to maximize intertemporal utility. Therefore, the partial adjustment model may lead to biased estimations of the impact of energy policies that change the price of electricity of have an impact on future consumption. 

The novel rational habits approach may hence improve our understanding of the dynamics of residential electricity demand and the evaluation of the effects of energy policies.
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