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Overview
The United States energy system has undergone massive, in many cases unexpected transformations over the past several decades [Hirsch 2002]. Unexpected trends and events, surprises, make energy forecasting over multiple years or decades a notoriously difficult task [Smil 2000]. Decisions related to the US energy system often involve large, long-lasting infrastructure, and thus require energy projections over those timescales. As a result, inaccurate predictions of energy production, demand, and prices can bring disastrous consequences to seemingly sound decisions. 
Methods
We retrospectively analyze projections from the Energy Information Administration’s Annual Energy Outlook from 1982 to 2012, focusing on thirty key US energy quantities, including production, consumption, and prices of oil, coal, natural gas, and electricity. For each of these quantities, we characterize trends in the frequency over time of surprises, defined as the largest historical percent errors between the projected and actual values. 
Results
We find that the frequency of surprises has increased over the past decade for a broad range of quantities. In six of the seven quantity categories examined, the frequency of surprises has increased between the decade beginning in 1995, and the decade beginning in 2005. In addition, for production, consumption,  and consumption per unit GDP of primary fossil energy, the frequency of surprises in the decade beginning in 2005 is also greater than in the decade beginning in 1985. The increase in the frequency of surprises includes both high and low surprises, as well as an increase in short-term surprises, from projections zero to five years into the future, and medium and long-term surprises from projections as far as eighteen years into the future.
Conclusions
This analysis characterizes the distribution and quantitative characteristics of historical surprises to gain insight into the volatility trajectory of the US energy system. These results illustrate that in the last thirty years, the US energy system has experienced decades of relative predictability, and decades of increased unpredictability. If US energy markets have indeed become more surprise-prone, long-term energy-related decisions, such as energy infrastructure investment and climate policy decisions, should consider the possibility of major, but relatively low-probability, changes in relevant energy quantities . One way of accounting for surprises in decision-making is a robustness approach, which considers numerous potential scenarios without directly ascribing them probability. 
Historical retrospective evaluations of the causes and possible predictability of past surprises is one way of determining the types of scenarios to include in such a robustness approach. Further research is needed in this area.
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