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Overview
We take advantage of an unusually long panel data set to allow for the estimation of a complex specification of the relationship between per-capita, state-level energy emissions and per-capita economic growth. In particular, we usa a newly developed spatio-temporal panel data estimation procedure to account for linkages between states due to factors such as interstate energy commerce and the time series properties of the data. When we fail to account for spatial dependence within the data we find strong evidence of an inverted-U shaped relationship between energy emissions and state-level GDP. However, the evidence of this relationship breaks down when we specify the model with spatial dependence while variables such as interstate electricity commerce and percentage of electricity produced from renewables remain significant. Our results suggest that reductions in per-capita energy emissions is taking place because some states are switching to less carbon intensive energy inputs and because some states (arguably with laxer environmental regulations) are exporting electricity to states with stronger environmental regulations.
Methods
To control for spatial dependence, temporal dependence, and state-level independent effects we propose a fixed effects and first-difference estimation procedure that includes a spatial autocorrelation coefficient in the error term. In the spatial econometrics literature this is sometimes referred to as the spatial error model. This spatial specification is a parsimonious way of controlling for how space affects the relationship between energy emissions, economic growth, and electricity commerce. If this spatial specification is the true data generating process yet the spatial autocorrelation coefficient is omitted then the standard errors will be biased downward which has implications for possibly incorrectly inferring a significant relationship between energy emissions and economic growth.
We refer to our proposed estimation scheme as the iterated spatial fixed effects and iterated first-difference estimation procedures. These procedures consists of an algorithm whereby the spatial autocorrelation coefficient is estimated by a Newton-Raphson method and then the spatial dependence is filtered out of the data to yield a more appropriate estimation of the relationship between energy emissions and economic growth. Further, after the spatial dependence is filterd from the data our estimation procedure yields robust standard errors which control for heteroskedasticity and serial correlation within the data.

Results
When we fail to account for the spatial dependence within the data then our estimation results suggest that the relationship between energy emissions and economic growth are highly statistically significant (and suggest an inverted-U shaped relationship) even with controlling for heating/cooling degree days, state-level fossil fuel production, interstate electricity commerce, energy prices, and percentage of electricity produced from renewables. When we control for space then this relationship between energy emissions and economic growth becomes no longer significant, yet state-level production of some fossil fuels, interstate electricity commerce, and percentage of electricity produced from renewable remain significant.
Conclusions

Our results suggest that reductions in per-capita energy emissions is being driven by reductions in carbon-intensive energy imputs and by some states (arguably with laxer environmental regulations) exporting electricity to states with stronger environmental regulations. The latter may suggest a pollution haven hypothesis whereby the states with lax environmental regulations may export electricity generated from more carbon-intensive energy inputs and thereby create more energy emissions within state. If it appears that some states are becoming pollution havens at least partially through interstate electricity commerce then this suggests the possible need for regional state panels (the states that engage in the electricity commerce) to regulate energy emissions. Our results also have implications for the EPA’s newly proposed Cross-State Air Pollution Rule.

Our proposed model is based upon a reduced-form relationship between energy emissions and economic growth so we cannot imply that our results suggest a causal relationship, but heuristically our results can lead to further understanding of the causes of variation in state-level emissions.
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