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Overview

This work presents a unique decomposition analysis of 30 sectors and end-use consumption activities for the United States, over the period 1960-2008.  We quantify the separate extents to which (1) economic activity, (2) sectoral shifts in economic activity, (3) changes in sectoral energy intensity, and (4) fuel mix affect the national emissions of carbon dioxide.  Due to the length of the data set, we are able to compare changes in each factor in periods of high energy prices with those in periods of low energy prices.  By comparing this data set with the historical projections from the U.S. government’s official energy model (which was used to calculate the cost and pathway for national compliance with the Kyoto treaty), we evaluate to what extent the country’s business-as-usual trajectory achieved or missed the projected targets for each element of our decomposition analysis.  

Methods
We present a unique decomposition of 30 sectors and end-uses of energy consumption for the United States, over the period 1960 to 2008.  Our data set covers manufacturing, “other industry” (agriculture, mining, and construction), travel, freight, households and services; the analysis applies both simple Laspeyres and the more complex Log Mean Divisia (LMDI) indices (Ang and Zhang, 2000; Ang, 2004; Ang, 2005; Greening et al., 1997; Murtishaw and Schipper, 2001; Schipper et al., 2001). From this, we identify how the energy intensities of each end use affected overall energy use, as well as how structural change (shifts in industries, mode shifts in the transport sectors, changes in consumer appliance ownership and home size, etc.) affected energy use. Expanding the decomposition to include CO2 emissions, we show how these factors combine with shifts in final fuel mix and electricity fuel mix to affect overall emissions.
In addition, we present a retrospective analysis of the U.S. government’s primary analytical and forecasting model, the National Energy Modeling System (NEMS).  Retrospective analyses can help energy modelers improve future models and inform model users of potential sources of uncertainty in future projections (Craig et al., 2002).  NEMS was used in the mid-90s to analyze the prospective costs and strategies for compliance with the Kyoto Protocol (EIA, 1998).  Comparing the detailed output of the model projections with the data set we construct, we discuss to what extent the last decade—during which time the United States had no official climate policy—was on or off track with respect to the decomposed elements of our analysis. 

Results

The result is that since 1960, major reductions in the energy intensities of key sectors—manufacturing, transport, and households—contributed to a large overall reduction in the ratio of energy use to GDP in the United States. Nevertheless, structural shifts continued to play an important role, contributing about one third of the overall reduction in energy consumption. While structural changes in manufacturing restrained energy use, the increase in the residential building stock and appliance ownership amplified consumption. Similarly, an increased share of car and air travel for personal transportation and trucking for freight raised energy use in the transportation sector. Our work identifies these intensity and structural changes during periods of high and low energy prices and high and low economic growth, which may further clarify the measurement of the rebound effect (see, e.g., Schipper, 2000).
Sample results for the transportation sector: 
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Conclusions
Understanding the various factors shaping the history of carbon dioxide emissions can help ground future efforts to forecast or analyze the costs of climate mitigation with empirical rigor.  By comparing previous modelling results to the historical record, both consumers and producers of energy models can improve the way their apply and interpret their results.  
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