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Overview

In recent years, U.S. energy policy efforts have been primarily driven by state governments. In the absence of a firm commitment on energy policy by the national government, several state governments have designed innovative policies for low-carbon energy development, renewable energy portfolio standards, demand side management (DSM), and regional carbon trading agreements. The degree of state involvement suggests significant potential for increased energy efficiency, energy security, carbon mitigation and economic development. However, in most cases state level models, which generally employ econometric techniques,  do not include a detailed description of the energy sector. Energy specific models generally do not have a state-level resolution. State policy makers, however, need analytical tools to help them assess the potential impact of new energy policies. This paper describes a new model of the Indiana economy designed to simulate responses of the economy to energy policies. The paper describes the results of the model as well as the data and methods used in the development of the model, including the methods used to overcome the derth of substate energy data.  
Methodology
We have developed an econometric, simultaneous equation, dynamic, multi-region energy and economy model for Indiana. The model is designed for use in evaluating alternative energy development and management scenarios. This model describes the state economy, with an emphasis on the connection between energy demand, energy prices and economic activity at the state level and  six economically and geographically homogenous sub-state regions. The model links natural gas, motor gas, and electricity across four end use categories (residential, commercial, transportation, and industrial) and ten economic sectors. Standard economic indicators are used for these sectors, including employment and earnings. The exogenous variables in the model include national GDP; national employment by sector; energy prices for motor gas, natural gas, and electricity; and climate change indicators such as heating and cooling degree days, average temperatures, and temperature variances.  We have also developed detailed estimates of energy consumption for the six multi-county sub-state regions included in the model. The full data set consists of approximately 1200 variables measured annually over the 1974-2011 period.  The model contains over 200 stochastic equations and over 300 identities.  Stochastic equation parameters are estimated with OLS and corrected for autocorrelation using both Stata and SAS. The model was fit over the 1977-2007 period.
Results

This paper reports the results of model development and simulation by describing the structure of the state and regional model elements, along with indicators of model fit and ex post and ex ante performance. Specific attention is given to displaying and identifying the specifications of the individual energy consumption equations along with the theory behind these specfications. Mean Absolute Percent Errors and tracking behaviour are reported for key endogenous variables across the sample period and for several years beyond the end of this period. In addition to describing the model, the paper discusses the process of model development, identifying key issues in constructing a large-scale model of this type, the most difficult problems encountered in data set and model development, and how these problems were overcome.

The model does an excellent job of replicating and tracking the major endogenous variables over the sample period. Mean Absolute Percent Errors are generally less than five percent, which is considered to be excellent performance for regional models. Moreover, the large majority of turning or inflection points for these endogenous variables are accurately replicated by the model across the 31 year sample period.  

[image: image1.emf]Percent impact in Indiana, 2019
0% 1% 2% 3%

2.5%

Non-wage income per capita

GDP per capita

Unemploymentrate 0.3%
Total employment 0.1%
Average income per capita 0.0%

-1.9"/— Average annual wage

-2% -1% 0%

Cumulative percent impact in Indiana, 2013-2019
0% 1% 2% 3%

1.8%

Total non-wage income

Total GDP 0.7%

-0.1% Total income

-1.4% Total earnings

-2% -1% 0%









-1.9% 

-2% -1% 0% 

Average annual wage 

2.5% 

1.1% 

0.3% 

0.1% 

0.0% 

0% 1% 2% 3% 

Non-wage income per capita 

GDP per capita 

Unemployment rate 

Total employment 

Average income per capita 

-1.4% 

-0.1% 

-2% -1% 0% 

Total earnings 

Total income 

1.8% 

0.7% 

0% 1% 2% 3% 

Total non-wage income 

Total GDP 

Percent impact in Indiana, 2019 

Cumulative percent impact in Indiana, 2013-2019 

[image: image2.emf]Percent impact in Indianapolis region, 2019
0% 1% 2%

3%

Average annual wage I_ 0.4%
Non-wage income per capita
Unemploymentrate

GDP per capita

Average income per capita

-1.3% Total employment

-2% -1% 0%

Cumulative percent impact in
Indianapolis region, 2013-2019

Total non-wage income
-0.5% Total GDP
-0.6% Total income

-0.9% Total earnings

-2% -1% 0%







			Slide Number 1


			Slide Number 2













Percent impact in Indianapolis region, 2019 

Cumulative percent impact in 

Indianapolis region, 2013-2019 

-0.9% 

-0.6% 

-0.5% 

0.0% 

-2% -1% 0% 

Total earnings 

Total income 

Total GDP 

Total non-wage income 

-1.3% 

-0.6% 

-0.5% 

-0.4% 

0.0% 

-2% -1% 0% 

Total employment 

Average income per capita 

GDP per capita 

Unemployment rate 

Non-wage income per capita 

0.4% 

0% 1% 2% 3% 

Average annual wage 

To illustrate the efficacy and performance of the Indiana Energy-Economy Model beyond the sample period, we briefly report the results of simulations  of two energy development/management policy scenarios. The first focuses on the Indiana Utility Regulatory Commission’s (IURC) order in 2008 that required Indiana jurisdictional utilities to file three-year DSM plans to achieve a two percent electricity savings goal by 2019. We assume that all utilities in the state achieve their two percent energy efficiency mandates and end-users achieve a 30 percent improvement in energy efficiency by 2019.  The second scenario addresses the impacts of the construction and operation of a Substitute Natural Gas (SNG) plant that has been proposed for the southern part of the state, with a commitment by the Indiana Finance Authority to purchase a large percentage of the plant’s output at approximately $6/MMBTU.  This cost, which is now far above the wellhead price for natural gas, will be passed along to Indiana consumers. We show the impacts of these policies by running reference scenarios based on rising energy prices and slow growth in GDP, and a policy scenario reflecting the implementation of these scenarios. The paper also discusses how this modelling effort can be extended to incorporate technology elements of energy development.
Preliminary results from utilizing the model to analyse the DSM scenario for the State of Indiana and for the Indianapolis region are provided in the accompanying figure. Policy impacts are given for 2019 and for the seven year period from 2013-2019. As these results demonstrate, the DSM policy is projected to result in a slight increase in non-wage income for Indiana, a slight increase in unemployment rate for Indiana and a slight decrease for Indianapolis, and similar results for GDP.  Total earnings and total income both drop somewhat for both the state and the region.  
Conclusions

The modelling effort described in this paper represents a distinct advance in the ability to identify potential impacts of alternative energy policies. The results of model specification, simulation, and ex ante forecasting clearly demonstrate the utility of the simultaneous econometric modelling framework for conducting analysis of alternative energy development scenarios and policies at the state level. This endeavor has produced useable policy analysis results and serves as a “proof of concept” for the regional econometric modeling approach to policy analysis in this field. By constructing and utilizing the state-level econometric model of Indiana to determine the economic and energy consumption impacts of the IURC DSM order, as well as the SNG plant development scenario, we have demonstrated that this analytical framework is capable of addressing critical policy alternatives. The ability to disaggregate these potential impacts by sectoral employment and earnings, by fuel type and end use sector, and by multi-county subregions, can be a major aid to elected officials, agency staff, and other stakeholders in the public sector.  This model and these results can also be used to inform the private sector as to the likely impacts on their respective industries, and can assist energy utilities in planning for the future.  The approach can also be readily generalized to any state economy within the U.S.
