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Overview

Frequent changes to environmental policies are expected to weaken innovation. There are indeed many examples in the academic literature highlighting the negative impact of policy uncertainty (i.e. uncertainty arising from policy change and complexity) on innovation. Barradale (2010) describes how chronic uncertainty over the renewal of the production tax credit (PTC) in the U.S. has been driving investment volatility in recent years. Meyer and Koefoed (2003) investigates how turning the renewable promotional scheme from a feed-in-tariff (FIT) model into a quota-based system with tradable green certificates (TGCs) in Denmark has generated uncertainty for investors. The complexity of transition rules and the increased uncertainty over the formation of prices under the green certificates scheme are emphasized by the author. Agnolucci (2006) shows how the introduction of a biennial revision of feed-in-tariffs in Germany through a modification of the Renewable Energy Act (EEG) may cause significant uncertainty. While praising the results achieved by the German renewable energy policy, he demonstrates that political uncertainty was behind the decrease in additional capacity in 1997-1998, 2000 and 2003. Wiser et al. (2007) highlight the negative impacts of the PTC expirations on annual added wind capacity in the US, showing that “lapse years” in 2000, 2002 and 2004 exhibited a significant drop in added capacity compared to other years.

This paper attempts to bridge a gap in the empirical literature analyzing the econometric relationship between policy uncertainty and innovation dynamics in the wind industry. We focus on dynamic efficiency
 and estimate the impact policy and its surrounding uncertainty on innovation in the wind industry in 18 OECD countries over the years 1995-2009. 
 We use patents as a key indicator of private sector’s efforts to improve the long run cost-effectiveness of wind power generation. Learning-by-researching is indeed one of the main vectors – along with learning-by-doing – of costs reduction for carbon free technologies.
 We restrict our attention to wind energy because Europe is a leading producer of wind energy, representing the largest share of wind installed capacity in the world. Moreover, this sector is one of the most mature sources of renewable energy, one that received widespread policy support in the past decades.
Methods

To estimate the impact of policy uncertainty on the development of renewable energy, we go a great length towards constructing sound empirical proxies. We start from the assumption that, as wind energy was not cost competitive with conventional electricity sources during the time period covered by our analysis, it can be assumed that most changes in capacity are attributable to government demand-pull policies such as feed-in-tariffs (Walz et al. 2011). Inspired by the real option theory, we thus use regression analysis to identify the “surprise element” of policy changes which are embedded in annual added capacity data. Unlike those used in previous studies on renewable energy technologies, our proxies for policy stringency and policy volatility are robust to three major concerns. First, we net out the effects of those non-policy factors which might drive capacity addition on top of government policies. Second, our proxies account for the fact that rational investors refer to expected policy and policy changes, namely future capacity additions rather than current ones, to make their decisions. Finally, and more fundamentally, we clean our proxies from the issue of potential reverse causality between installed capacity (and its volatility) and innovation. More specifically, we control for the fact that innovation may stimulate capacity additions through technology improvements resulting in greater efficiency and/or lower costs. Finally, our empirical analysis address the econometric issues linked with estimation in a count data setting characterized by unobserved heterogeneity.

Results

We show that a higher  level of policy commitment in EU countries is associated with higher innovation in wind energy technologies. Such effect is however lower in those countries where policies are more uncertain. These results are robust across different proxies for innovation and the inclusion of various control variables.

Conclusions

Our empirical findings provide additional evidence on the relationship between environmental policy and innovation. On one hand, we confirm that the level of policy commitment positively affect innovation in wind technologies. On the other hand, we provide novel insights on the relationship between innovation and policy uncertainty. Namely, uncertainty surrounding environmental policy lowers the benefits associated with a given level of policy commitment. Those countries where uncertainty is higher are characterized by less innovation on average and ceteris paribus. 

This is an important insight for policy making, as it suggests that while planning the strength of the commitment to renewables, governments should also consider that policies which are stable over time or change only slowly would maximize the beneficial effects of policy commitment. Big and sudden changes in government policy are not compatible with private investments in innovation which involve large capital expenditures, are often made on a long-term horizon and are irreversible or quasi irreversible. 
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� One may distinguish between four criteria to evaluate a given policy instrument: ecological accuracy (to which extent the instrument manages to achieve emission targets or more generally the ecological objectives of the policy); static efficiency or cost-effectiveness (to which extent the policy instrument allows to reach goals at a cost no greater than any other instrument); dynamic efficiency or cost-effectiveness (to what extent the policy instrument gives the right incentives to develop new technologies and reduce costs over time); and political acceptability (how the policy is accepted by stakeholders, i.e. individuals, interest groups, political parties, firms, etc.). 


� The countries included in the analysis are: Austria, Belgium, Czech Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Italy, Luxembourg, Netherlands, Poland, Portugal, Spain, Sweden and the United Kingdom18 European countries: Austria, Belgium, Czech Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Italy, Luxembourg, Netherlands, Poland, Portugal, Spain, Sweden and the United Kingdom


� In most Integrated Assessment Models (IAMs), technological change is driven by both effects.





