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1. Introduction

Purposeof This Report

This report documents the objectives, analytical approach, and development of the National

Energy Modeling System (NEMS) Macroeconomic Activity Module (MAM) used to develop

the Annual Energy Outlook for 1994 (AEO94). The report catalogues and describes the

module assumptions, computations, methodology, parameter estimation techniques, and

mainframe source code.

This document serves three purposes. First, it is a reference document providing a detailed

description of the NEMS MAM used for the AEO 1994 production runs for model analysts,

users, and the public. Second, this report meets the legal requirement of the Energy

Information Administration (EIA) to provide adequate documentation in support of its models

(Public Law 94-$85, section 57.b.2). Third, it facilitates continuity in model development by

providing documentation from which energy analysts can undertake model enhancements, data

updates, and parameter refinements as future projects.

Model Summary

The MAM of NEMS is composed of three submodules: the National Submodule, the

Interindustry Submodule, and the Regional Submodule. The National Submodule and the

Interindustry Submodules are response surface representations of the large, proprietary

econometric models developed by Data Resources, Inc./McGraw-Hill (DRI). The Regional

Submodule consists of a set of regional shares that are used to disaggregate the results from
dt

the National and Interindustry Submodules to the nine Census Division level. The regional

. shares used in the module change over the forecast period, reflecting the changing growth
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patterns across regions over time.

The MAM provides forecasts of economic driver variables to the NEMS system. The MAM

also forecasts the impacts of changes in energy market conditions on the aggregate economy.

The set of forecasts generated by the National Submodule includes interest rates, final

demands for goods and services, housing starts, and disposable income. The Interindustry

Submodule calculates the industrial output needed to satisfy the final demands forecasted by

the National Submodule. The NEMS Residential Sector Demand Module, Commercial Sector

Demand Module_ and Industrial Sector Demand Module require regional forecasts of such

driver variables as housing starts, commercial floorspace, and industrial output. Therefore, the

Regional Submodule disaggregates the forecasts generated by the National and Intefindustry

Submodules so that they can be used by tile NEMS demand modules.

The National Submodule of MAM is a response surface representation of the DRI U.S.

Quarterly Macroeconomic Model. The Intedndustry Submodule of MAM is a response

surface approximation of DRI's Personal Computer Input-Output (PCIO) Model. The

Regional Submodule is a straightforward sharing algorithm that applies factors based on

simulations of DRI's U.S. Quarterly, PCIO, and Regional Models. DRI°s U.S. Quarterly

Model, PCIO Model, and Regional Model are designed to work in tandem with each other.

DRrs PCIO uses final demands generated by the DRI U.S. Quarterly Model as inputs, and the

DRI Regional Model uses the DRI U.S. Quarterly Model and PCIO Model outputs as inputs

for the regionalization algorithm. Similarly, the response surface representations developed

from the DRI models to create the MAM are also designed to work in tandem with each

other.

MAM Approach

The goal of the response surface models in MAM is to replicate the effects of changing

energy prices in the DRI full scale models. There are three DRI models that are used to

create any macroeconomic baseline: the DRI U.S. Quarterly Macroeconomic Model, the DRI
o
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Personal Computer Input-Output Model (PCIO), and the DR/Personal Computer Regional

Model. For the AEO 1994, MAM uses response surface models developed from the U.S.

, Quarterly Model and the PCIO for the National and Interindustry Submodules respectively.

The Regional Submodule of MAM used for the AEO 1994 consists of a set of regional shares

" developed using the DR/Regional Model in conjunction with the other two DR/large models

listed above.

MAM Nafional Submodule

The MAlVI National Submodule is a response surface representation of the DR/Quarterly

Model of the U.S. economy, modeled using annual data. The National Submodule supports

the NEMS energy supply, demand, and conversion modules by providing mid-range

macroeconomic and industrial output forecasts for the period of 1990-2010. The National

Submodule also provides feedback effects for analyses of different energy scenarios, including

energy tax scenarios, by capturing the macroeconomic effects of variations in energy prices.

The National Submodule is capable of addressing alternative growth paths for labor force and

total factor productivity to enable the analysis of the macroeconomic effects of alternative

ways of achieving economic growth. Three macroeconomic growth path scenarios are

provided in the National Submodule: baseline, high, and low growth.

The National Submodule responds to two sets of information: energy prices (wholesale and

retail levels) and exogenously specified supply-side information on labor force growth and

productivity. The NEMS system determines the reaction of energy prices to changes in

events or policies. These energy price impacts are passed to the National Submodule of

MAM and the economy reacts, producing altered macroeconomic variables. These altered

variables are then passed back to the other NEMS modules for the next iteration. In

developing AEO94 forecasts, only energy price information is used to calculate

macroeconomic feedback.

I

The growth potential of the economy is rooted in the growth of the factors of production,
t,
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specifically, labor, capital, and energy, and the aggregate productivity of these factors. The

user may opt for one of the three growth scenarios provided in the National Submodule

(baseline, high, or low growth) and subsequently incorporate energy price feedbacks, or, as an

alternative, the user can calculate adjustments to baseline outputs and apply these adjustments

to the baseline path to generate a new forecast. The National Submodule code that enables

the user to generate the adjustment coefficients for the baseline is contained in the Growth

Rate Adjustment Submodule. The Growth Rate Adjustment Submodule is composed of two

options. The first option for adjustment of the coefficients, GRASUB, is a response surface

approach that allows the user to modify the percentage change assumptions used by the

National Submodule directly. The second option utilizes a Griffin Procedure (GRIFSUB) that

linearly extrapolates the difference between the high and low growth scenarios provided in the

National Submodule, producing a growth path between the two cases. These procedures are

described in Appendix B to this Volume. Additional discussion of the National Submodule

methodology is provided in Chapter 4 of this Volume. A listing of inputs and outputs to the

National Submodule is provided in Appendix A to this Volume.

MAM Interlndusfsy Submodule

The Interindustry Submodule provides interindustry projections to the NEMS Industrial

Demand Module. The Interindustry Submodule also calculates the interindustry energy policy

impacts based upon feedback from the final demand forecasts generated by the National

Submodule. The feedback mechanism in the Interindustry Submodule is modeled in an

analogous manner to the DRI-PCIO modeling mechanism.

The Interindustry Submodule contains detail for thirty-five regional industrial sectors and ten

non-regional service outputs and develops projections for the period of 1990-2010. The

Interindustry Submodule calculates deviations from a given baseline interindustry projection

when macroeconomic final demands change. Because of the structure of input-output

modeling, the Interindustry and National Submodules do not iterate directly with each other,

but are instead processed sequentially. However, through their effect on the projections of the
4,
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energy supply and demand submodules, which in turn alter the macroeconomic outlook,

changes in interindustry projections affect the results of the National Submodule. The NEMS

energy supply and demand modules determine the reaction of energy prices to changes in

events and policies. These energy price effects are passed to the National Submodule and the

• economy reacts to the altered price paths. The altered macroeconomic final demands are in

turn passed to the Interindustry Submodule, which calculates the effects on interindustry

activity. The altered interindustry projections are then passed back to the other NEMS

modules, and the system iterates until convergence is attained. Additional discussion of the

inputs and outputs to the Interindustry Submodule is provided in Appendix A to this Volume.

MAM Regional Submodule

The Regional Submodule is a set of share parameters based upon simu|ations of the DRI U.S.

Quarterly Macroeconomic Model, the DRI PCIO Model, and the DRI Regional Model. These

share parameters are utilized to disaggregate some of the National and Interindustry forecasts

to the nine Census Division level of detail. The shares vary across regions and over time

through the forecast period.

The national level forecasts generated by the National and Interindustry Submodules are

inputs to the Regional Submodule, and the aggregation of the regional totals produced by the

Regional Submodule is identical to the national figures generated by the National and

Interindustry Submodules. Therefore, to the extent that national output grows, regional output

also grows. In addition, the results generated by the Regional Submodule are consistent with

production in energy producing sectors and industrial energy prices generated by the NEMS

system.

Response Surface Modeling

The use of response surface approximations, also known as reduced form equations, of the

• proprietary DRI models allows distribution of the MAM to users outside of EIA. However,

response surface analysis is appropriate for only a subset of all possible policy analyses. In
qp
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orderto maintainthe capabilityto performsuch policy analyses as energy taxes that require

feedbackeffects, a system that links the proprietaryDRI model to NEMS will be developed

beyond the AEO94 productiontime frame. Within the proposedexternal linkage design, DRI

routineswill be executed by the full DRI U.S. QuarterlyModel, and the results passed to the

responsesurface approximationof the InterindustryModel and the share algorithm of the

Regional Module. This linked system will not be a partof NEMS releasable to the public. It

will be available to the Departmentof Energyand to usershaving a contractualagreement

with DRI.

The response surface approximationsare constructedby estimating the large DRI models

discussed above on "pseudodata"generatedby repeatedsimulationsof the DRI models

(furtherdiscussed in AppendixE to this report). The MAM response surfaces aregenerated

from scenarios of the DRI models thatprimarily vary energy prices, since the goal of the

MAM in NEMS is to provide energyprice feedbackto the NEMS system. The resulting

changes to the macroeconomicvariablesof interestarerecorded,and then each of these

macroeconomic variables is regressedon all of the exogenous variables to obtain a single

response surface equationfor each dependentvariable. The resulting responsesurface model

is a macroeconomic feedback model that respondsto changes in energy prices in a way that

replicates the behavior of the much larger and more complex DRI models upon which the

responsesurface is based.

Archival Med/a

At the time of this writing, the MAM has not been archived. The MAM will be archivedon

IBM magnetic tape compatiblewith the EIA IBM 3390 mainframesystem, as part of the

National Energy Modeling System productionruns that generatethe AEO 1994.

Model Contact

Kay A. Smith, SupervisoryEconomist

Office of Integrated Analysis and Forecasting
4
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Energy Demand and Integration Division

Integrated Economic International Forecasting Branch

Telephone

" (202) 586-1455

Organization of this Report

Section 2 of this report discusses the purpose of MAM, detailing its objectives, primary input

and output variables, and the relationship of MAM to the other modules of the NEMS

integrated system. Section 3 of the report describes the rationale behind the MAM design,

providing insights into further assumptions utilized in the model development process to this

point. Section 3 also reviews alternate macroeconomic modeling methodologies drawn from

the literature, providing a comparison to the MAM approach. Section 4 details the module

structure, using graphics and text to illustrate model flows and key calculations.

The Appendices to this report provide supporting documentation for the MAM files currently

residing on the EIA mainframe. Appendix A lists and defines the MAM input data,

parameter estimates, forecast variables, and outputs. A table referencing the equation(s) in

which each variable appears is also provided in Appendix A. Appendix B contains a

mathematical description of the computational algorithms used in MAM, including equations

and variable transformations. Appendix C is a bibliography of reference materials used in the

development process. Appendix D consists of a model abstract, and Appendix E discusses

data quality and estimation methods.

EnergyInformationAdministration
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2. Model Purpose

ModelObjectives

EIA is currently engaged in an extensive effort to enhance its ability to forecast and evaluate

developments in world and domestic energy markets, hEMS, the result of this effort, is a

comprehensive mid-term energy forecasting and policy analysis tool. N-EMS projects energy

supply, demand, prices, and environmental emissions, by region, given assumptions about the

state of the economy, international markets, and energy policies. The MAM links NEMS to

the rest of the economy by providing macroeconomic inputs and industrial sector activity to

the energy modules of NEMS. Macroeconomic variables such as GDP, disposable income,

prices, interest rates, and unemployment drive energy demands and are important determinants

of energy prices and quantities. Similarly, changes in energy supplies and prices can affect

GDP, prices, interest rates, and other macroeconomic variables. To capture these effects,

NEMS allows for feedback to and from the macroeconomy. For example, disposable income,

mortgage interest rates, and housing starts are important determinants of the residential

demand for energy. Disposable income and population over age 16 are relevant to forecasted

fuel demands in the transportation sector. Forecasted levels and changes in industrial output

are important determinants of industrial sector energy requirements.

The configuration of MAM is flexible. If an energy demand model is modified to require a

new macroeconomic variable, MAM can be expanded to add the new driver, as long as the

new variable is contained in the full DRI model. Currently, MAM forecasts over 120

macroeconomic variables, a subset of which are passed back to the NEMS data structure to be

used by the energy demand models. The data base used to develop the MAM coefficients is

available to the public from the Energy Information Administration. Additional information
q,

regarding this data base is obtainable from Ms. Kay Smith, Supervisory Economist, Office of

Integrated Analysis and Forecasting, Energy Demand and Integration Division, Integrated
4,
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Economic International Forecasting Branch (see Model Contact discussion above).

Relationship of MAM to other NEMS Modules

The National Submodule of MAM provides forecasts of variables used as inputs in other

NEMS modules, including interest rates for residential and commercial consumers, final

demands for goods and services, housing starts, commercial fioorspace, and disposable

income. The National Submodule is a national response surface approximation of the DRI

U.S. Quarterly Model that relates percentage changes in macroeconomic variables to the

changes in energy prices generated by the NEMS system, producing a percentage change from

a DRI baseline forecast of productivity and labor force growth rates. The most important role

of the National Submodule in NEMS is to capture the macroeconomic impacts of energy price

change and energy tax feedbacks. Table A-2 of Appendix A to this report details the 126

outputs of the full-scale DRI U.S. Quarterly Model that are used to develop the NEMS MAM

National Submodule forecast. Appendix A, Tables A-3 through A-7 provide additional detail

regarding the input and output variables used in the MAM.

The Interindustry Submodule of MAM calculates the industrial output needed to satisfy the

final demands that are forecasted by the National Submodule. The outputs of the

Interindustry Submodule, specifically the levels of industrial output, are used by the NEMS

Industrial Sector Demand Module and Transportation Sector Demand Module to calculate

energy consumption for each of these sectors.

Since the Residential, Commercial, Transportation, and Industrial Sector Demand Modules are

regionally disaggregated, the MAM Regional Submodule allocates the subset of

macroeconomic variables required by the energy demand and conversion modules to the nine

• Census Division level of detail. The subset of macroeconomic variables that are not required

by the NEMS system are not regionally disaggregated.
o
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MAM receives energy prices from the Electricity Mat-kotModule, Na_wal Gas Supply

Module, and Petroleum Market Modules of NEMS in order to calculate the energy price

feedback to the macroeconomy. The calculated feedbacks are them translated into changes in

the macroeconomic variables, which are then passed back to the NEMS system to be used in

the demand modules as described above.

The NEMS demand modules and the primary macroeconom_ic outputs received by each

module from MAM are summazized below. Variable names and descriptions as included in

the MAM are providsd in Appendix A to this report.

NEMS Demand Sector Module MAM Outputs used by the Denumd Module

Commercial Commercial floorspace, 10 year Treasury bill

interest rate

Industrial Industry-specific final demands

Residential Housing starts, mortgage interest rate

Transportation Disposable income, population over 16 years of

age

Q
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3. Model Overview and Rationale

, TheoreticalApproach

The version of MAM that is integrated into the NEMS system contains two response surface

models of the DR1 models. The National and Interindustry Submodules of MAM are

response surface models of DR/'s U.S. Quarterly Model and the PCIO Model. The regional

results of the National Submodule are derived using simulations of a DR/Regional Model

compatible with the other DR/models. A response surface model of the DR/Regional

Model is currently under development by EIA but will not be incorporated for the AEO94

production runs. The theoretical structure of the DR/models is described in the Alternative

Approaches section of this Volume.

Fundamental Assumptions

MAM NafJonal Submodule

The National Submodule is able to address the following types of analytical issues:

• Macroeconomic impacts associated with changing energy prices,

• Impacts associated with the imposition of an energy tax, and

= Alternative growth paths for the economy.

Energy lhiee Changes. Energy price changes represent a critical source of interaction

between energy and the economy. Consumers facing higher prices for energy may reduce

their energy consumption. Nonetheless, since a large component of energy expenditures is

non-discretionaw, nominal expenditures are likely to rise, comprising a larger share of the

household budget. As a result, co,tsumers are assumed to reduce expenditures on other goods

and services.

, Energy services also represent a key intermediate input in the production of goods and

Energy Information Administration
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services. After energy prices increase, production costs rise per unit of output for firms.

Reacting to higher prices in general, wages increase as consumers attempt to maintain real

disposable income. Higher wage costs and spillover price effects on other variable costs

further escalate production costs throughout the economy. This process places upward

pressure on the nominal prices of all intermediate goods and final goods and services in the

economy. As prices increase, so do interest rates. The increase in interest rates in turn

causes reductions in interest-rate sensitive components of aggregate demand. Aggregate

demand declines, leading to reductions in output as a result of rising energy prices.

In addition to the world oil price, the National Submodule receives information on the

wholesale fuel prices for industrial coal, natural gas, and electricity, and final demand prices

for fuel oil, coal, gasoline, electricity, and natural gas.

Alternative Economic Growth Rates. The growth potential of the economy is essentially

grounded in the growth of the factors of production -- labor, capital, and energy -- and the

aggregate productivity of these factors. Three alternative growth trajectories for the economy

exist in the National Submodule: baseline, high, and low growth. The National Submodule

is capable of analyzing exogenously specified small changes in the paths for labor force

growth and productivity in order to alter the growth path for the economy at the margin in

order to create a new base case. The National Submodule is also capable of generating

alternative cases by user specification of interpolation between the existing growth trajectories

(see discussion of the GRASUB and GRIFSUB subroutines in Chapter 1 of this Volume).

Energy Taxes. Energy taxes affect the economy through two fundamental mechanisms. First,

energy prices throughout the economy are altered. Second, and of equal importance, is the

loss in real disposable income felt by consumers. A tax increase effectively reduces the

household budget remaining t'or the purchase of other goods and services. As suppliers of

labor, workers facing a reduction in real income attempt to bargain for higher wages.

_t
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The National Submodule assumes that tax collections take the form of indirect business taxes.

A critical question concerns the actual disposition of the collected funds. If the funds are

used by the Federal government to reduce the Federal deficit, this represents a loss in income

to consumers which has adverse impacts in the near and mid-term; this is contrasted to the

. eventual benefit of lower real interest rates due to the reduction in the Federal debt level.

Returning the collected revenues to the economy help relieve the adverse impacts of the tax,

but the Federal deficit is not reduced and there are no long-term benefits derived by reducing

the Federal debt level. The response surface model _ deals with deficit reduction, not

rebating taxes.

MAM Inferindusey Submodule

As described previously in this report, consistency between the Nationa_ and Interindustry

Submodules is critical to ensuring meaningful macroeconomic and interindustry results. The

DR/Model on which the response surface Intefindustry Submodule is based, DRI's PCIO, is

a standard input-output model. DRI's PCIO takes as inputs final demand components from

the DR/U.S. Quarterly Model and determines the level of interindustry activity. The MAM

National and Interindustry Submodules are joined similarly, with the main difference that

changes in interindustry activity are determined by changes in final demand components in

MAM.

This type of input-output model represents a top-down approach to interindustry modeling.

Aggregate demand, in the form of the final demand components, is calculated first by the

macroeconomic module, and is used in determining the detailed output required of the

interindustry sectors to achieve this level of aggregate demand. The disaggregation can be

made along several lines which have theoretical appeal: homogeneity of product,

homogeneity of process, homogeneity of energy service, etc. From a practical standpoint

however, the choice of disaggregation is limited by the availability of data. The input-output

, model is disaggregated into 114 output sectors. The output groupings are listed in Table 1.

The Industrial Sector Demand Module does not require this level of detail. Therefore,
,t
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interindustry projections provided to the NEMS system are an aggregation of the input-output

sectors to the level requested by the Industrial Sector Demand Module. Because of the

structure of the input-output model, and of input-output modeling in general, it is not

necessary to directly link the full DRI-PCIO model with NEMS in order to capture

meaningful changes in interindustry activity.

EnergyInformationAdministration
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Table 1. Output Groupings within full DRI-PCIO Model
, ,I. '1 ,, , ,, ,_ _-'J-' ' ..... " ,. ,,_, T i ,

Number of
J

Real Gross Output SIC Coverage Output Sectors
| i i ll,ll ii i H i ii, i l lm i

Agriculture 01,02,07,08,09 4

Mining 10-14 8

Construction 15,16,17 6

Manufacturing 20-39 69

Transportation 40-42,44-47 7

Communications 48 2

Utilities 49 3

Wholesale Trade 50,51 1

Retail Trade 52-59 1

Finance, Insurance, and Real Estate 60-67 2

Services 70-87,89 6

Government N/A 2

Note: SIC is Standard Industrial Classification

MAM Regional Submodule

The MAM Regional Submodule models economic activity at the nine Census Division level

of detail by applying share factors to the National and Interindustry Submodule forecasts of

economic activity. The aggregation of the regional forecasts produced by the Regional

• Submodule is identical to the National and Interindustry Submodule forecasts. As the

national economy expands over forecast period, the regional results reflect this expansion.

EnergyInformationAdministration
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The Regional Submodule is also consistent with production in energy producing sectors and

the regional energy prices generated by the NEMS system.

Some limitations to the Regional Submodule exist. Regional variations in capital costs are

not generated, and all regions are assumed to react to the same national set of interest rates.

Technology change influences total factor productivity, and is captured through the derivation

of potential GDP at the national level only. However, the various energy modules within

NEMS capture the entry of new technology at the regional level. Last, MAM addresses only

national decisions on fiscal policy through the National Submodule. State tax policy, such as

a change in state gasoline taxes, is not directly considered.

The Role of Oncer_in_ in Model Des/gn

As discussed previously, MAM utilizes response surface approximations of the DRI U.S.

Quarterly Macroeconomic Model and the DRI PCIO Model. The uncertainty issues

underlying the full DRI models, and therefore, the MAM response surface approximations, are

not addressed in this report, but are topics for DRI's documentation of the U.S. Quarterly and

PCIO Models.

Response Surface Modeling

The response surface approach adopted for the NEMS MAM utilizes assumptions regarding

the choice of input variables, the regression methodology, and the choice of lag structures and

terms in the regression equations. The input variables used to develop the regression

coefficients that characterize the NEMS MAM are documented in Appendix E to this report.

These variables are drawn from the DRI full-scale model approach, which is further discussed

and compared to MAM in the next section of this report. The regressions utilized to develop

the MAM are linear, and include lagged terms as presented in Appendix E to this report. As

in the case of the input variables, the regression structure draws upon the approach used in

the DRI full-scale models. Additional support for these assumptions is a topic for DRI's

documentation of the full-scale models.

Enersy Information Administration
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Alternative Macroeconomic Modeling Approaches and Reasons for

• Selection

Na_onal Submodule

This section identifies and critically discusses alternativemacroeconomicand interindustry

modeling approaches. The discussion first treats the most widely used large macroeconomic

models. Small structuralmacroeconomic models are next reviewed as possible alternatives to

the chosen responsesurface approach. General equilibrium models that focus on the long-run

growthpath of the economy are then addressed. A discussion of input-outputbased

macroeconomicmodels that attemptto bridge between the large macroeconomicmodels and

the general equilibriumapproachesis providednext• Last, vector autoregressivemodels are

explored.

Large MncroeconomlcModels. DRI, The WEFA Group, and other macroeconomic

forecastersproducelarge econometric models of the U.S. economy. The DRI model has been

used at EIA for many years. A large macroeconomic model such as the DRI model has the

advantage of sufficient detail that it is likely to be able to addressthe majorityof requested

analyses. Such models also have large staffs devoted to the maintenanceand improvementof

the model and the provision of base case forecasts.

The DRI Quarterlymodel is composed of 1200 equations,i It provides detail on final

demands,aggregatesupply, prices, incomes, interest rates, industrialproduction,and U.S.

trade flows. The DP,I model incorporatesshort-termspecificationof' financial conditions,

output, and prices into a long-termgrowth model. The level of inflation-adjusteddemand is

drivenby prices, income, wealth, expectations, and financial conditions. The capacity to

supply goods and services is keyed to a productionfunction combining the basic inputs of

i Brinner, Roser E. "Philosophy and Properties of the DRI Model of the U.S. Economy." Ouarterly
. Model of the U,S. Economy: Version US89A.. March 1990.
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labor, capital, and energy. Prices adjust when there is excess demand or supply or when the

prices of inputs change.

The DRI Quarterly Model excels at short-run and mid-term analyses and forecasts and does

reasonably well in long term analyses through the potential GDP equation and its components.

It is extremely useful in the assessment of the time-profile of the adjustment path over the 5

to 20 year horizon. The DRI model is capable of analyzing the effects of energy or goods

price changes, or any policy having only direct price effects, such as energy taxes. It is also

able to differentiate estimates of both short-run and long-run adjustment costs, with the long-

run being dependent on their depiction of one long-term aggregate production function.

The types of analysis in which the DRI model is suboptimal include the effects of

incorporation of specific types of energy technology changes and the issue of efficiency in

energy use. DRI includes energy use as part of its long-run production function. However,

the long-term general equilibrium constraints imposed in the model are weak.

There is also a fundamental inconsistency in the use of any of these models as a part of

I_MS. Since N-EMS focuses primarily on energy, the system objective of MAM, as one of

twelve modules in NEMS, is to provide the feedbacks between the energy markets and the

rest of the economy. Large macroeconomic models ere designed as stand alone models, and

therefore typically possess detailed energy sectors within their own structure. Consequently,

use of these large models implies the use of two energy mod_ls: EIA's and the energy sector

in the macroeconomic model. These two energy models may not be consistent. •

A second alternative is to utilize a large macroeconomic model and replace its energy sector

representation with a set of equations that replicate l_MS behavior for the enell_y sector. In

one mode, the macroeconomic model's energy equations are disabled and simply pass through

unaltered the energy price and quantity calculated from the other NEMS components. In

another mode, the macroeconomic model energy equations are run separately from the energy
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model if standalone macro simulations are appropriate. It must be recognized, however, that

stripping out the energy sector of a macro model is not trivial and may significantly alter the

• behavior of the remaining equations.

Small Macmeeonomi¢ Models. One alternative to a large macro model is a small model

tailored precisely to the needs of the NEMS system. A small model has the advantages of

ease of development and maintenance. However, one problem with this approach, and any

approach in which an independent macroeconomic model is developed, is lack of support for

the provision of base case forecasts and resource costs needed to develop a macroeconomic

model.

The lack of detail in a small macroeconomic model is also of potential concern. A small

model may not provide sufficient detail to execute all scenarios that a large model is able to

address. Also, small models suffer from the criticism that important linkages are necessarily

omitted in their design. Small models also have the potential to grow into large models, since

adding a new variable required by a demand module may involve creating one or more

sectors of the model consisting of several additional equations. The result may be a much

larger model than originally intended with attendant increases in the time and resource costs

of maintenance.

General Equilibrium Models. The fundamental theme of the general equilibrium model is that

the production side of the economy (the transformation of commodities into other

commodities) is distinguished from the consumption side (the acquisition and eventual

consumption of goods and services). The two are then linked to provide a simultaneous

determination of equilibrium balances between the production and consumption sides of the

i
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economy. 2

Stocks of commodities, which may be consumed directly, maintained as inventories or offered s

as factors of production, are owned by households in their physical form or by means of a

variety of financial instruments. Each consumer's income, or wealth, is determined by

evaluating the consumer's stock of commodities in terms of those prices at which the

commodities can be sold. Income and a knowledge of relative prices permit the consumer to

express demands for goods and services and supply of labor that are made available for the

productive side of the economy.

In the general equilibrium model, producers are assumed to be informed of the prices of all

inputs and the prices at which outputs can be sold. These prices are taken to be independent

of the scale and composition of productive activity; each producer then selects, from the

technically available choices, the production plan that maximizes profits. The general

equilibrium model explicitly addresses the substitutability of factors of production (or

consumption) by either incorporating separate translog production functions (such as

Jorgenson's DGEM model3) or CES functions for each industry and then obtaining the

aggregate production.

A standard procedure has evolved among general equilibrium modelers to calibrate the whole

model to a benchmark observation coupled with use of literature estimates for certain key

parameters, particularly elasticities. A sequence of data adjustments is frequently used to

force equilibrium conditions on observed data before calibration begins. With these

adjustments in mind, no test of the model to data is employed, and sensitivity analysis is

z Muchof thegeneralequilibriumanalysisdrawsheavilyf/_mthe followingsources:,_upliedGeneral
B__auilibriumAnalysisby HerbertScarfandJohnShoven,CambridgeUniversityPress,1984andDale
JorgensonandPeterWileoxen,"EnvironmentalRegulationandU.S. EconomicGrowth',Energyand
EnvironmentalPolicyCenterDiscussionPaper,November1989.

3 Dale JorgensonandPeterWileoxen,"EnvironmentalRegulationandU.S. EconomicGrowth,"Energy
andEnvironmentalPolicyCenterDiscussionPaper,November1989.
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widely used for parameters whose values are uncertain and/or crucial to the results.

. The assumption of an "observable" equilibrium leads directly to the construction of a data set

that fulfills the equilibrium conditions for some form of general equilibrium models. A

• benchmark equilibrium data set is a collection of data in which equilibrium conditions of an

assumed underlying equilibrium model are satisfied. If equilibrium is reflected, demands

equal market supplies for all commodities and supplies and demands can be separately

disaggregated by agent. Four sets of equilibrium conditions satisfied by most of the

constructed b_;nchmark equilibrium data sets are: (1) Demands equal supplies for all

commodities; (2) Nonpositive profits are made in all industries; (3) All domestic agents

(including the government) have demands that satisfy their budget constraints; and (4) The

economy is in zero external sector balance.

These conditions are not all satisfied in input-output or other national income account data.

In constructing benchmark data sets, various adjustments are necessary to the blocks of data

involved and the nature of these adjustments varies from case to case as alternate sets of

benchmark accounts are constructed to fit differing models. The data usually refer to a single

year, although some averaging across years is done in constructing portions of those data sets

where substantial volatility occurs.

Although most general equilibrium models use literature estimates of crucial elasticities,

Jorgenson's model uses econometrically estimated values of these elasticities. The

endogenous variables in his model of producer behavior are the value shares of sectoral inputs

for the four commodity groups. There are 14 unknown parameters for each industry. These

parameters are estimated using data from 1974-1985 for each industry, subject to restrictions

implied by the monotonicity of the input value shares. Some authors have argued that there

is an hierarchy of submodels, and that the number of restrictions required to estimate the

t
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parameters for each industry may present interpretational problems.4

In addition, the general equilibrium models are full employment models. These models

cannot calculate disequilibrium costs since the models describe equilibrium points. Factors of

production are treated as perfectly mobile between alternative uses and the allocation of

factors by industry in equilibrium equalize the returns received net of taxes and gross of

subsidies in all industries. The models solve for a steady-state equilibrium, but ignore the

path of adjustment.

Much of the policy analysis that the macroeconomic models analyze implies some calculation

of the adjustment costs. Some authors have argued that the general equilibrium model results

show relatively rapid change in capital stock in the face of a price change. Additionally,

neither the financial nor the international sectors are fully modeled and the working

assumption is that all private and public agents are bound by the budget constraint,s

The difficulty in incorporating system energy price and quantity results is a significant

drawback to incorporating a general equilibrium macroeconomic model for NEMS, because

estimates of energy's substitutability in the production functions and the consumer choice

equations are implicit in the general equilibrium component.

A more fundamental problem with general equilibrium models is that their scope is far

beyond that of macroeconomic analysis, they embody a fully developed energy.economy

feedback mechanism. As such, general equilibrium models have even more fully developed

energy sectors than the large macroeconomic models and are capable of substituting for the

4 See Chapter 3, "Numerical Specification of Applied General Equilibrium Models: Estimation,
Calibration, and Data," written by Mansur and Whalley in the Scarf and Shovea book.

s See the preface of the Scarf and Shoven book for a 8ood description of the advantaaes and 0
disadvantaaes to 8eneral equilibrium modeling. See also John Shoven and John Whalley, "Applied
General-Equilibrium Models of Taxation and International Trade: An Introduction and Survey," in the

Journal of Economic Literature, Vol. XXII, September 1984, pp. 1007-1051.
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entire NEMS system. It would be extremely difficult to strip out the energy sector from a

general equilibrium model and make it exogenous. Also, because general equilibrium models

are academic rather than commercial tools, it is not clear that support is available for

provision of base case forecasts.

General equilibrium models have the advantage that they explicitly incorporate general

equilibrium constraints, are based on optimizing behavior on the part of economic agents, and

have a considerable amount of detail for investment decisions. The latter point makes these

models particularly well equipped to analyze the capital costs of environmental policies and

the introduction of new technologies. The inability to address the path of adjustment is a

problem. They are therefore of little use in answering questions concerning the short-run

disequilibrium costs associated with energy taxes, although they are well equipped to predict

long-term impacts.

Input-Output Based Maem Models. The LIFT (Long-term Interindustry Forecasting Tool)

available from IlqFORUM at the University of Maryland is a large macroeconomic model

based on a 78-sector input-output model. 6 The advantage of this approach is that, like the

DGEM model, the computable general equilibrium constraints imposed by theory are

maintained by the model so that the model is theoretically satisfying. The bottom up

approach to modeling is ideal for analyses of technology, productivity change and capital

coSTS.

LIFT is a blend of the econometrically estimated equations coupled with the general

equilibrium emphasis on building a model of the aggregate economy based on producer and

consumer decisions. While conforming to these equilibrium conditions, the model forecasts

, ' The LIFT analysis draws heavily from the following sources: "The INFORUM Approach to
Interinduatry Modelin 8" by Clopper Almon and "LIFT: INFORUM's Model of the U.S. Economy" by
Margaret Buckler McCarthy. Both articles are contained in special issue of Economies S_s_ms

• _, Vol. 3, No. I, 1991.
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the path to the equilibrium. Final demands are determined by behavioral equations, which

were estimated with econometric techniques. These categories are based on the National

Income and Product Accounts (NIPA). It uses input-output coefficients that change over time
4'

to calculate industrial output.

LIFT consists of three general blocks. The first block calculates output for 78 industrial

sectors, using dynamic input-output coefficients. The second part of the model is the price

block, which calculates factor income, by estimating the components of gross product

originating by industry (value-added) and unit prices by product. The final component is

what Inforum refers to as the accountant. This is the part of the model that insures that the

aggregations of individual components are calculated, and is concemecl with macroeconomic

variables that are not industry-specific, such as the savings rate, interest rates, government

sector, and the unemployment rate.

Personal consumption expenditure (PCE) equations have been estimated for the categories

corresponding to the NIPA. The PCE equations are derived from a two-stage estimation

prooedure. First, from cross-sectional data, parameters are estimated for the level and

distribution of consumption expenditures by income size class, the age structure, and other

demographic characteristics. Second, the cross sectional estimates are combined with time

series data to estimate parameters for relative prices, changes in income, and trends. Total

consumption is disposable income less savings.

A strength of the model lies in its treatment of investment decisions. Investment consists of

equipment, construction, and inventory change, corresponding to the NIFA. The level of

disaggregation available in the model is a distinguishing feature. Equipment investment

equations have been estimated for approximately 50 industries. Investment depends on

changes in industry output and changes in the relative prices of capital, labor, and energy,

with a lag of 5 years. Construction is determined for approximately 30 ¢megories of

structures. The private residential categories depend upon consumption or income, interest
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rates, stocks, and demographic data. The private non-residential categories depend upon

industry outputs, interest rates, and stocks.

t

The input-output model determines the unit prices for the 78 products by solving the dual pair

• of equations. The real side of the model is in terms of products. Income is defined in terms

of industries. This portion of the model contains a bridge that translates value added between

its product and industry classification. In the equation formulation, there are variables that

capture the tightness of the economy in determining prices and incomes.

The model derives aggregated totals consistent with the detailed information contained in the

other two components concerning production techniques and consumption equations. It also

consists of macroeconomic variables that are not industry-specific yet are needed in order to

arrive at industry totals. Exmnples of such variables include the government sector, interest

rates, unemployment rates, and the savings function.

The LIFT model derives aggregate totals of final demands based on a detailed specification of

industrial output. In addition, investment categories are analyzed in terms of the 78 industrial

sectors, so capital stock changes reflect detailed investment specifications. Third, LIFT is

capable of addressing income distributional effects as the consumption equations are estimated

with data from 20 income groups, aggregated in the model to five income classes.

The LIFT model, having large amounts of detailed sectoral information, requires more

analysis of both inputs and model results. The complexity and integrated aspects of LIFT

increase the challenge and time required to identify and analyze the contributing factors

underlying anomalous results obtained from a model run.

The model contains an accounting system that considers both income and price effects, with a

• complete representation of both the production and consumption sides of the economy. In

this respect, the model resembles the general equilibrium models. Unlike general equilibrium
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models, LIFT does not focus on the derivation of the steady state equilibrium, but instead on

the path to reach the equilibrium. The model is explicit in the treatment of investment, and

capital cost effects when energy prices change are better handled in these models. However,

the ease of use and the relative simplicity of calculating energy price feedback effects may be

sacrificed.

Vector Autoregnessive Models. VAIL models are pure time series models estimated on

historical data. The approach is non-theoretic in that the theoretical linkages between

variables (the model structure) are ignored. The model is entirely specified by the length of

lags and the endogenous variables. For example, if five endogenous variables are to be

forecasted, then there are five equations in the model and each equation contains the lags of

the dependent variable and lags of all of the other endogenous variables. If the lag length is

one, then each of the five equations would contain five lagged variables. If the lag length is

two, then each equation would have ten arguments, etc.

Ease of model development is the primary advantage of the VAR approach. Implementation

requires only the list of variables to be predicted and the correct lag length. One drawback to

VAR models is their tendency to become cumbersome as the number of variables increases,

since the lag terms required for this approach impact the degrees of freedom and result in

potential collinearity issues. In addition, it is difficult to specify the correct lag length, since

too many lags implies inefficiency while too few implies omitted variable bias. Imposing a

priori constraints is difficult in that there is little guidance from theory and the behavior of the

model is fundamentally altered with each constraint.

J

Another consideration with this approach is that VAIL models are fundamentally altered

whenever an equation is added or removed. If a sixth variable is added to the original five

equation model, the model behavior is likely to change. This feature is a source of instability

and unreliability as the model develops. Finally, it is difficult to imagine the ability of a
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VAR model to address the analysis of a gasoline tax with revenue neutrality.

• Comparison of approaches, The time period of rite forecast varies among the model

approaches reviewed. The DGEM currently extends the furthest to 2050, while the DRI

model forecasts to the year 2015 and LIFT goes to 2010. The theoretical underpinnings of

each approach differ, end impact the level of support for long-run analysis. Accordingly, the

applicability of a functional form is partly dependent upon the forecast horizon.

Most large scale macroeconomic models such as DRI and WEFA are essentially demand-

driven and contain key equations to address the aggregate supply curve of the economy. In

the short and mid-run, this structure may be the most desirable depiction of the economy.

The DRI and WEFA models are capable of extension to the year 2030, but this strains the

credibility of a quarterly model. The theoretical structure of the LIFT model lends itself to

extension to the year 2030, but the model is data intensive end the extension challenging and

difficult to support. DGEM exclusively focuses on the long-term.

The path of adjustment to/he new equilibrium is an important component of the modeling

system. The general equilibrium approach addresses the supply and demand of each

industrial sector and consumer group assuming no short-run dislocation costs in getting from

one equilibrium position to another. These models are capable of comparing two steady-state

situations, where all factors are fully employed, as compared to explicit modeling of

dislocation costs.

Large macroeconomic models, such as those developed by DRI end WEFA, are strongest in

evaluating short to mid-term changes in aggregate demand, as opposedto detailed sectoral

demands. These models incorporate aggregate supply constraints, but not at the sectoral level

of detail. Consequently, aggregate supply is determined by a single production function

. driven by labor supply, the aggregate capital stock, energy, and a technology trend. This

results in a weak treatment of the sectoral tradeoffs among capital, labor, energy, and other
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materials. This lack of detail fundamentally weakens the large models' ability to address

long-run issues.

The LIFT model represents an effort to blend explicit treatment of the adjustment path into a

long-run general equilibrium view of growth. LIFT represents both the production and

demand sides of the model, incorporating detailed industrial and investment detail.

All three modeling systems provide extensive industrial detail, but differ fundamentally in the

industrial structure development. The DRI approach is top-down, responding to the question

"what is the level of industrial output needed to satisfy a given level of final demand?" The

DGEM and LIFT approaches both are bettem-up. The industrial outputs are integral to the

determination of the level of the aggregate economy. Conceptually, the bottom-up view of

the economy is more appealing, but the models relying on this view are typically larger and

more complex to understand and operate.
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Inb Submodub
The modeling methodology for industrial activity is linked directly with the choice of the

model used for the national economy. Issues introduced in the previous section describings

alternative national economic modeling approaches apply to modeling industrial activity as

• well. The discussion of LIFT and the general equilibrium models are examples of embedded

industrial modeling within a national framework. The Industrial Submodule must model

industrial activity to support the Industrial Energy Demand Model, as well as other energy

modules in NEMS. The choice of which industrial activity model to use as part if MAM

depends on several criteria. First, is the industrial model consistent with the National

Submodule? Second, does the industrial model forecast output for the energy consuming

industries in the detail required by the Industrial Energy Demand Module? Third, is the

industrial activity model flexible enough to handle possible future changes in industrial

aggregation needed by other HEMS energy modules?

Using an input-output model directly linked to the macroeconomic model which estimates

national economic impacts satisfies all of these criteria needed for the Industrial Submodule of

MAM. The following section describes input-output modeling in general, along with the

extensions to standard input-output analysis that makes the input-output model used by MAM

more flexible.

Input-output analysis was developed by Wassily Leontief in the late 1930s to determine the

level of output that each of the n industries in an economy must produce in order to just

satisfy the total demand for each product, with no shortages or surpluses. A representative

equation of this model (for interindustry sector 1) can be expressed as:

Xl = altx t + at2,1r2 + ... + at.x" + dt (I)

where
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x 1 is output from industry1,

a j j is the input from industryI requiredfor

productionof each unitof output from industryj,

x_ is outputfrom industryJ,

d ! is the final demandfor industryl's output,and

j indicatesthe industry,rangingfrom 1 to n

Rearrangingterms in the above equationgives:

i

The variables representingoutput of every sector withinthe economy (x _s) appearon the left

side of equation (2). A similar equationis constructedto representthe output of each

industrialsector. The system of equationsfor the entire economy then consists of a square

matrix of dimension n whose elements are all - a ij except for those which lie along the

principal diagonal of the matrix,which are (1 - a .,), multiplied by the column vector of

variables that representeach industry'soutput, and equatedto the column vector of final

demands. Switching to matrixnotation for brevity, the system can be expressedas:

(I-A) • z ffid (3)

where

I is the n x n identity matrix,

A is the n x n input coefficient matrix,

x is the n x 1 variablevector,
l
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d is the n x i final demand vector, and

n is the number of industrial sectors

m

" The matrix (I- A) is called the technology matrix. In order to solve the above system for

interindustry activity, the matrix (I- A) must be inverted, which is possible as IonS as (I- A)

is nonsingular. Premultiplyins both sides by (I- A) 4 gives:

- (!- A ) -s • d (4)

m

x is the column vector of computed output,

(I- A) .I is the inverse of the technology matrix, and

d is the column vector of final demand

The model given by equation (4) translates final demand by industrial sector into total output

by each sector. However, the National Submodule provides final demands by macroeconomic

concepts. These macroeconomic final demands must be passed through a bridge matrix that

translates them into the form required by the input-output model.

The model described to this point is a static model. Because the technology matrix is fixed in

the model described to this point, a specific level of final demand in one catesosy requires the

same level and proportions of output from all interindustry sectors, regardless of the year to

which the forecast pertains. This is an unduly restrictive and unrealistic assumption for the

• purposes of long-term forecasting, especially given the long delays accompanying release of

input-output benchmark tables and updates. In order to provide a more reasonable forecast,
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DR/employs two methods within the model that introduce temporal change to the

interindustry forecasts. The first uses a unique bridge matrix for each year of' the forecast

(through2015). The second applies row-scalars to the technology matrix.

The purpose of the bridge matrix is to allocate final demand by macroeconomic concept to

those ind_es which produce the final products. By using a unique bridge matrix for each

year of the forecast period, a given level of macroeconomic final demand does not translate

into the same levels of final demand broken out by industrial sectors for each year. How the

bridge matrix allocates final demand across a number of industrial sectors can be illustrated

by lookingstthefinaldemand componentNon.ResidentialProducers'DurableEquipment-

Other(excludesAutomobilesand Office& ComputingEquipment).WithintheDR1 model,

final demand in this category is allocated across 47 of the 114 industrial sectors, including:

Farm & GardenMachlnery,Constructlon& MiningMachinery;MetalworkingMachlnery&

Equipment;ElectricalMachinery;andRadio,TV and CommunlcationsEquipment.Because

the bridge matrix simply translates final demand by macroeconomic concepts into final
i

demand by industrial sectors, each column of the bridge matrix must sum to 1.0. Therefore, a

unique bridge matrix for each year indicates that the interindustry mix of final products

required to satisfy a given level of macroeconomic final demand changes over time. As an

illustration of a changing bridge matrix it may be that in the future more Electrical Machinery

and less Farm & Garden Muchtnery is required to satisfy a given level of Non-Residential

Producers' Durable Equipment-- Other macroeconomic final demand. In this case the

Elecwical Muchtnery coefficient within the Non-Residential Producers' Durable Equipment --

Other bridge matrix column rises while that for Farm & Garden Machinery falls. The full

DRI-PCIO Model develops projections through a logistic time trend, which is adjusted using

recent historical values corresponding to the model components.

The second method of introducing change, applying row-scalars to the technology matrix, has

a different intent and a different effect. A row-scalar is a number that changes over time, and

is used to multiply all elements in one row of the direct requirements matrix. The row scalars
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introduce general trends in technical requirements to the input-output modeling framework,

but should not be construed as a method for representing specific technological changes

. within ind,. Since each row of coefficients in the matrix represents the usage of that

industry as an input into all other industries, the row scalar multiplies the proportion of input

" usage into all other industries by the same factor for each year. This does not allow for cell-

by-cell adjustment of the technical coefficients. The historical row scalars are reconciling

terms. Actual historical final demand is provided to the static input-output model. If the

resulting computed output exceeds the actual output for a given industry, the row scalar for

that industry and that year is less than one. If the computed output is less than the actual

output for a given industry, the row scalar for that industry and that year is greater than one.

Making this comparison for all industries results in time-series of row scalars over the

historical period. Regression on these historical row scalar time-series results in forecasted

annual row scalars for each industry through the year 2020. These forecasted row scalars are

then analyzed and adjusted if the historical trends are not expected to continue in the future.

The final model, including the bridge matrix and row scalars, is:

- [I - (,41j x rell.,)]" * (alt., * dr,.,) (5)

where

,am

x is the column vector of computed output,

I is the n x n identity matrix,

A is the n x n direct requirements matrix,

n, is the column vector of row scalars for year t,

• B, is the bridge matrix for year t.

d is the column vector of final demand for year t,
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l, j is the interindustry sector, ranging from I to m,

and

k is the final demand component, ranging from 1 to a

m

I

The full DRI model does not calculate the Leontief inverse matrix ((I- ,4) 4 ) when

computing a solution. Instead, an iterative technique is used because it is computationally

simpler than calculating the inverse matrix for each year of the forecast, and it provides a

close approximation to the actual Leonfief inverse matrix.: The technique is based on the

identity:

(I-A) "l = I + A + A 2 + A 3 + A 4 + ... (6)

where

I is the identity matrix, and

A is the direct requirements matrix, with each

component _j showing the proportion of good t

used in the production of good j

Intuitively, this identity expresses the multiplier impact of a change in final demands. The

total requirements resulting from a given level of final demand (1- A) 4 equals the _rect

impact/, plus the first round input requirements of the direct impact A, plus the second round

input requirements resulting from the first round A =,all the way through the ruthround when

_ i ,ll ,ll

' See Chian$, Fu_ldamenta| Metl_ods of Mathematical Economies, Third Edition, pp.120-122 for a
di_uuion of approximating an inverse matrix in the context of input-output modeling.
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the process converges. Usually abouteight to ten iterationsarerequiredfor convergence with

the currentapproach.

q

The InterindustrySubmodulestructurein MAM is grounded in the classical approachto I-O

• modeling. AlternativeI-O modeling approachesbuild upon the frameworkpresented by

Leontief and describedabove, but the foundationis structurallysimilar for this class of model.

MAM Regbnal Submodule

P,esional models generallyfall into threebroad classes: top-down models, bottom-up models,

md input/output models. Bach class of models has a particular set of"characteristics. Top-

down or shift-sharemodels are desirablefrom the perspectiveof consistency and short-run

forecasting capability. A top-down model containssimple sharing techniquesthat assure that

the sum of the partsequalsa predeterminednational total. In addition, becauseshares do not

change radically over the short-term horizon, the top-down approachforecasts well in the

short run. One drawbackto top-down models is that they are not designed to explain why

one region gains in share at the expense of another.

Bottom-up models are bettersuited to explain interregionalshifts in national marketshare.

These are structuralmodels of s region'seconomy. There are limitations to bottom-up

models. In a national system, each regional model is estimated separately. As s

consequence, the sum of the partsrarelyequals a predeterminednational total. Another

disadvsntagerelates to the unconstrainednature of estimating the models. Because of the

unconstrainednatureof the models, the elasticities of regional employmentor value added

with respect to national employmentor productionmay be significantly different from one.

In the Ions run, these models tendto over- or under-forecasteconomic activity if these

elasticities are greateror less then one when aggregatedover all regions. Since the data

• needed to develop detailedmodels that forecast regional economic activity is not readily

available, there is substantialcost of developing and maintaininglarge-scale, well developed
Q
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regionaleconometricmodels for the nation as a whole.'

Regional input-outputmodelsare frequentlydiscussedin regionaleconomicsliterature. Input- e

output tables contain information about interindustry flows and simulate well over the historic

period from which they are constructed. There is nothing in an input-outputtable that can

determinewhy a stateor region is gaining or losing shareor why a region'sindustrymix is

changing. In addition, the time path of impacts is difficult to determineusingregional

input/outputmultipliers.

Most regional modelsdescribedin the literatureare detailedrepresentationsof a particular

regionof the U.S. as opposedto a regionalrepresentationof a national model. Few

organizationsmaintain regional modelsof the nation as a whole, and thosethat do use

different methodologiesdependingon the time horizon of the forecast,detailof industrial

aggregation,and consistencywith national macroeconomicforecasts. WEFA, for example,

has 51 state models and does regional analysis, but the WEFA state models are not linked to

yield a national aggregate consistent with their national forecasts.

Of the regional models that incorporate the entire national economy, there are different

methodologies, corresponding generally to the three types of regional models. Each class of

models has strengths for certain types of analyses. The discussion below focuses on different

examples of these classes of regional modeling. Four regional models are presented: the DRI

Regional Information Service (P,XS), the Bureau of Economic Analysis (BEA) National-

Regional Impact Evaluation System (NRIES), the BEA Regional Input-Output Modeling

System (RIMS), and the Regional Economic Models, Incorporated (REMI) Economic-

Demographic Forecasting and Simulation (EDFS) Model. These models contain regional

representations of a model that is national in scope, rather than separate regional models that

* An artiole by Farrell and Hall (1991) described the extent to which regional economists were engaged
in meamsrin8 and foreeastin8 Iooal eeonomio aetivity. They eonducted a survey of regional economists
and found that rousldy 12 percent of the respondents were measuring and forecasting Iooal activity and
that data eolleotion was the foremost problem encountered in forecastin$ regional economic activity.
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are not automatically consistent to a national aggregate. In addition, these models are used

frequently by other government agencies and businesses in analyzing regional impacts in both

, forecast and impact analyses.

DRI Regional Information Service (RIS). The RIS uses a system of quarterly models to

forecast over 100 concepts for each state and region? The forecast horizon is 25 years, to

2015. The principal indicator of sectoral economic activity is employment, which is forecast

separately for 20 manufacturing and about l0 nonmanufacturing industries. Wage rates and

major components of income are modeled, and the housing sector is examined in detail, with

forecasts of single- and multi-family housing starts, and the corresponding actual and desired

stocks. Population, labor force, and unemployment rates are also predicted within the model.

Variations in regional energy prices also determine regional output; however, only regional

industrial electricity prices are used as part of the RIS model.

The RIS model analyzes the different parts of the U.S. in a two-stage procedure. The country

is first broken down into nine regions (approximately the nine Census Divisions _°) in the core

model and then individual state models use the regional results to derive state impacts. This

approach has been adopted both because it reduces the costs of solving whenever the

complete 50-state detail is not required, and also for theoretical reasons. DRI argues that the

factors determining the choice of location are different at the regional than at the state level.

The focus of DRI's core nine-region model is an analysis of the relative success of each

geographical area in attracting and retaining the types of industries that serve national

markets. This leads directly to the study of industrial location, in which context it is clear

that the factors determining the choice of location sre different at the regional level and the

state level. For example, when a firm is deciding whether to set up in the West or the South,

. t Data Resources, Inc., "An Overview of DRI's Regiondl Information Service."

no Two Census regions, the Paeifie and Mountain, are instead split into Pacific Northwest and Pa©ifie
. Southwest.
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it considms general cost comparisons, proximity to markets, and general sttractiveaess. The

choice between San Diego and Phoenix. however is more likely to be influenced by many

other considalions such as tax burdens end home prices as examples.

One of the fundamental features of the DR/RIS system of nine regional models is the direct

link to the other models in the DR/system. In particular, the regional totals are constrained

to yield the national control totals from the macro model for key variables such as

employment by industry, wage rates, population, and the labor force. While it is possible that

the summation of the nine regions nmy yield different results, a balancing procedure ensures

consistent results between the national and regional estimates. The model forces regional

relocation md adjustment in order to attain a national result.

The RIS system focuses squarely on the determination of employment by region. Three

factors essentially drive the regional growth differentials: national industrial mix, amplitude of

the business cycle in each industry, and regional cost differentials. Ref0onal costs, in turn are

functions of wage rates, tax burdens, energy prices, unionization and education of the labor

force, and home prices. The determination of regional output is derivative from the

employment growth patterns given stfixed set of productivity by industry measures. Also,

regional investment patterns follow movements in regional employment growth.

Even at only the nine-region level, the R/S model is large and requires much hands on

experience to effectively run the system. It is accessible only through the DR/mainframe end

is run throush the DRI proprietm7 software package, Economic Programming System (EPS).

At prmmt, no one outside of DRI personnel runs the model. The expense of completing an

integrated run in conjunction with a DR/macro forecast precludes extensive examination of

alternative caseL In addition, because the regional model is so large, it requires a large

mnount of training in order tObecome familiar enough with its properties to use model results

for policy mudys_. The derivation of baseline regional forecasts consistent with a baseline

macro forecast, is certainly feasible as is the limited investigation of specific policies or key
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economic growth paths.

, Using the DRI RIS system directly as the regional macroeconomic model in NEMS is not

feasible for several reasons. First, the size and specification of regional detail in the model

• makes it too large for NEMS uses, especially when the purpose of NEMS is to forecast

regional energy variables as opposed to regional macroeconomic concepts. Second, it is

possible to derive regional shares using forecasts from the DR/RIS model; however, the

shares would not change as energy prices change. Third, the complexity and size of the DR/

KIS model requires a substantial investment in training of EIA personnel to adequately

incorporate the full RIS model into NEMS.

Nalionai-llt_omd Impact Evaluation System (NRIES EL). NRIES ITis an annual econometric

project and impact model used to estimate the distribution of impacts of alternative policies

and to provide short- to medium-term projections of state economic activity. The model is

maintained by the Regional Economic Analysis Division within the BEA at the Department of

Commerce. st

NRIES consists of 51 individual state econometric models, s national model, and a set of

indexes that measure trade flows among states. The forecast horizon is ten years, through the

year 2000. NRIES is structured so that (1) coefficients of equations pertaining to variables

that differ little among states, such as Federal fiscal and monetary variables, are estimated

within the national model, and (2) coefficients of equations pertaining to variables that differ

substantially among states, such as industry product, employment, and income, are estimated

within the individual state models.

Variables projected within the national model are termed "top-clown" while those projected

n* JR. Kort_ J.V. Cmrtwright, ILM. Beemiller, "Linkin8 Resional Economic Models for Policy Analysis,"
Regioul F,r,osmmic Analysis Division Bureau of Economic Analysis, Department of Commerce, July

. 1984.
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within the state models ere termed "bottom-up". When bottom-up variables ere aggregated to

nationd totals, they ere termed "sum-of-states" and these aggregations are the national

projections. Changes in individual state economics can both affect, and be affected by, _ - ,

changes in the national economy.

The 51 individual state models form the core of the system. Each state model forecasts

output, employment, wage rates, nonwage sources of income, population, state and local

government revenues and expenditures, investment, labor force, unemployment, and retail

sales. The national model derives such variables as final demand components, Federal

government receipts and expenditure.%money supply, interest rates, consumer and producer

prices, tax rates, and various Social Security variables. The model also captures interstate

commodity flows.

The focus of the state models is on the derivation of output for the 20 two-digit SIC

manufacturing sectors and 10 one-digit nonmanufacturing sectors. Manufacturing activity is

mainly a function of relative costs of business, interstate flow transactions, and national model

variables such as consumption, investment, and interest rates. Output in the

nonmanufacturi'ng sectors is mainly a function of local-demand variables such as state

disposable income or population and national variables such as interest rates.

Employment is essentially derived as a function of industry output. Investment in

nonresidential structures and equipment is specified as a function of interest rates and state

total output, but not at the industry level.

The NRIES is particularly useful for evaluating the interregionai distributional effects with its

explicit representation of interregional flows. Also, NRIES derives a simultaneous solution at

the regional and nstiond levels. The bottom-up nature of the model assures complete

consistency between the national and regional results. The national model on top provides

needed control to assure that the simple summation of the state results does not yield a
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systematicoverorunderstatementofthegrowthpotentialoftheaggregateeconomy.

, However, there are limits to its immediate usefulness. First, the model currently projects only

through 2000. An extension to the year 2015 would be a major effort and could be done only

" through BEA. Model size is also a consideration. The bottom-up aggregation of 51-states

nature of the model makes it large and cumbersome. But perhaps the most difficult

methodological issue is consistency with the National Submodule results. The National

Submodule, based on the structural DRI Model of the U.S. Economy, is capable of addressing

a large variety of policy issues ranging from specific energy initiatives to accommodating

monetary or fiscal policy to supply side effects related to capital formation. These issues

cannot be adequately covered using the strict bottom-up approach as typified by NRIF_.

Regional Input.Ouqmt Modeling System (RIMS El). RIMS is also developed and maintained

by BEA. RIMS represents a set of regional input-output coefficients and multipliers for use

in estimating the regional impacts of economic policies. 12 Coefficients and multipliers can be

estimated for any county or group of counties in the U.S. and for all of the approximately 500

industries in the BEA set of benchmark input-output tables. RIMS can be used to estimate

the impacts of project and program expenditures by industry on regional output, earnings, and

employment.

The available detail, both in terms of the regional disaggregation and the industrial

disaggregation, is the raison d'etre for the RIMS model. RIMS also has major limitations

characteristic of other regional and national input/output models. The multipliers are derived

from a linear Leontief production function which assumes constant returns to scale and no

substitution among inputs. Also, RIMS does not identify the time paths of impacts, and does

not take into account the interregional flows of goods and services. In addition, RIMS is a

BEA model and is maintained and operated by BEA. The flexibility of a regional model that

n "Rqional Multipliers: A User handbook for the Resional Input-Output Modeling System (RIMS II),
• Bureau of Eeonomi© Analysis, Department of Commerce, May 1986.
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is directly linked to the NEMS system and operatedby EIA personnel would be lost.

lh_iond EconomicModels, incorporated(REMI)gconomic-Demogml_C Fomcudq and

Simulation(EDFS) Model. The REMI EDFS model, an annualregional forecastingmd

policy simulationof both the private and public sectors of the United States, has been

publicly available since 1980. The model's forecastperiod extends to the'year 2035 and the

regions covered include the 50 states and Washington,D.C. Model runs frompost sample

period forecasts for these 51 regions indicate the model may be more successful in long-term

forecasting.13!

The REMI EDFS model, composed of five blocks, employs a highly simultaneousmodel

structurewhere most interactionsbetween blocks flow both ways. The structureof the model

incorporatesinterindustrytransactionsand endogenous final demand feedbacks. The model

includes substitutionamong factors of productionin responseto changes in relativecost

factors, migrationresponse to changes in expectedincome, wage response to changes in labor

marketconditions, and changes in the share of local and export marketsin responseto

changes in regional profitabilityand productioncosts.

Block-I of the model, outputlinkages, interactsextensively with the other blocks of the

model. It includes output equations, consumptionequations,real disposable income

equations, investment equations, and government spending equations.

The output equations employ an input/outputstructurerepresentingthe interindustryand final

demand linkages by industny. Outputs for 53 sectors (49 privatenon-farmindustriesand three

government sectors) are calculated. Regional informationis producedby applyingregional

purchasecoefficients to historical and projectedinput/outputtables from the Bureauof Labor

n The RBMI EDFS analysis draws heavily from George I. Treyz, Dan S. Ricknum, Oan8 Shao, "The
REMI Economic-Demographic Forecasting and Simulation Model" InternationalReaional Seienee
Reviqpw,Vol. 14, No. 3, p. 251, 1992.
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and Statistics (BLS).

. The consumption equations translate real disposable income into consumption demand. Real

disposable income (personal income adjusted for taxes and the cost of living) data by sector is

" based on data from the BEA.

The investment equations are based on residential, non-residential, and equipment investment.

Government spending is predicted for six components: federal civilian, federal military, state

and local educ_ttion, health and welfare, safety, and miscellaneous.

Block-2 of the model, factor demands, assumes industries demand profit-maximizing levels of

factor inputs. The optimal choice of inputs demands two stages. First, industries demand

fixed shares of composite value added and intermediate inputs and, second, industries choose

optimal levels of the components of composite factors. Block-2 is composed of labor, capital,

and fuel demands. While fuel demand is not explicit in the model, the cost of fuel enters the

demands for labor and capital.

Block-3 of the model, regional population and labor supply, determines the interaction of the

model's demographic and economic sections. The cohort algorithm applies fertility and

survival rates from state-specific 1980 data trended backward and forward by the Bureau of

Census (BC). The migrants category consis_ of international, retired, former military and

their dependents, and economic migrants. International migration is calculated by applying a

fixed regional share to BC data.

Block-4 of the model consists of production, labor, and capital costs, along with prices and

profits. Relative labor cost is based on several BC Current Population Surveys and REMI

data.

Block-5 of the model, market shares, is based on the effects of national and regional
e
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industries in the region• The model uses the Department of Commerce's 1977 Census of

Transportation data for manufacturing industries and subjective estimates for non-

manufacturing indu._es.

Summary of Regional Models Reviewed. Similar to requirementsfor the national

macmeconomic model, three system requirements must be addressed by the Regional

Submodule: (1) develop a baseline path for regional economic activity, (2) calculate regional

economic feedbacks internal to the modeling system, and (3) evaluate detailed regional

impacts. However, decisions about the regional economic modeling are directly tied to

decisions about the macroeconomic system of models.

Regional consequences of energy actions and events are partially addressed through the

supply and demand models directly. For example, energy production and energy price

impacts are derived within the energy components of the system. The regional component of

the macroeconomic model addresses the secondary effects which arise because of regional

reactions to regional energy issues or regional effects caused by national impacts. For

example, the regional macroeconomic model is intended to incorporate economic impacts of

differences in regional energy prices and labor costs.

Based upon the above discussion, a system that fully integrates the interindustry structure into

the aggregate economy hes specific advantages. Bottom-up interindustry/macro modeling is

attractive for numerous reasons, which may not apply to regional/interindustry bottom-up

models (as in lqRIES 1I). This assertion requires some critical design and segmentation

considerations in the sectoral detail versus regional detail. In addition, bottom-up regional

models may not be able to confront the type of detailed energy policy options that lqEMS

requires. For example, neither the imposition of s national tax policy nor the consideration of

the disposition of the collected revenues can be addressed using a bottom-up regional

economic model.
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The ability to address the fundamental determinants of growth is critical to the

macroeconomic modeling. The regional models to date are demand-driven systems that

, simply do not address the underlying supply constraints on the economy. The

macroeconomic models address investment behavior in detail; in the regional models,

• investment behavior is handled poorly or not at all.

Size of the system is a critical constraint. Regional modeling, particularly if bottom-up,

forces the entire system to grow rapidly to an unmanageable size.

Conclusions on Regional Submodule Slmcture. Based upon the discussion of alternative

regional modeling considerations presented above, the following conclusions are advanced:

1. The MAM Regional Submodule is compatible with the National and Interindustry

Submodules and incorporates regional impacts by utilizing regional shares based on a smaller

version of the DR/Regional Model estimated using industrial outputs from the Interindustry

Submodule.

2. Existing regional models have several drawbacks. First, the size and complexity of the

DRI regional model is a major hindrance to direct incorporation within NEMS. The system

of regional models maintained by BEA is unusable for NEMS because at least one of the

following conditions holds: (1) the BEA system contains its own macroeconomic model (a

simpler representation than what is required by NEMS analysis), (2) the BEA forecast periods

do not match the NEMS requirements; (3) some BEA models are incapable of analyzing the

stream of impacts over time. Using models that are maintained or updated on schedules over

which EIA has no control would not add to NEMS flexibility.

3. The share approach has three primary advantages: (1) direct linkage and consistency with

• the national and interindustry models used in NEMS analysis; (2) regional output corresponds

to national aggregates, and (3) the ability to generate regional forecasts consistent with the
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NEMS energy models' forecastsof productionin industriessuch as refining and mining.

A responsesurfaceregional model is ultimatelyplannedfor NEMS, where regional shares

will change as regional energy prices fluctuate. The regional shares will be based on repeated

simulationsof the smallerversion of the DR/regional model available for EIA analysis.

S_, Three considerationsundedie the decision to adopt the response surfaceapproach

for NEMS:

o EIA time and projectresourceconstraintseliminate the option of developing a

complete structuralmodel in-house for the AEO94.

o Incorporatingan existing proprietarymodel as the MAM would have raised the

issues of disclosure and inconsistencies between the MAM energy equations

and the NEMS view of energy marketbehavior.

o Removing the energy sectorfrom an existing proprietary model and linking

the remainderwith NEMS would have raised disclosure issues and non-energy

proprietaryequations.

The responsesurface approachhas the advantageof being able to avoid the common

econometricproblemsof multicollinearity,limited sample variability, and short run

disequilibria. Also, therecan be no simultaneous equationbias because the exogenous

variables are controlledand an approximationto the reducedform equations is estimated.

The usefulness of the responsesurface is determinedby the closeness with which it is able to

approximatea complex surface by using a hyperplanc_ This is more of a numerical analysis

issue as opposed to a statisticalconsideration.

Response surfacemodels have been in use since 1959 when G.E.P. Box and colleagues

began publishing paperson the subject.14 While responsesurface, or reducedform, models

" See Box and Draper(1987) for an excellent history and discussion of the technique.
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are widely usedin the naturalsciences,they havenot been in commonuseamonB

economists.A notable exceptionis the seriesof'papersby JamesM. Grimn (1977a, 1977b,

, 1978, 1979) that estimatecostfunctionsbasedon pseudodatagenerated by repeatedrunsof'

linear programmingmodels. Other applicationsof'pseudodata in economicsincludeAttanui

, and Green (1981), Say (1984, 1987), andKolstadand Wolsk (1983). The useof' pseudodata

for the estimationof economicmodelshasbeencriticized (Maddala _d Roberts,1980) but

not without a spirited reply by Griffin (1980). Finally, sincethe purposeof this model is to

reproduce the outputof' a larger model, the only possibledatafor this purpose is pseudodata.

e
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4. ModuleStructure

Figure i fFaphically illustratesthe design and flow of the MAM within the NEMS system.

Figures 2 through5 provide supportingillustrationsof the submodule flows. Key

computationsandequationsusedin MAM aredescribedfollowingtheir graphic

representation.

Figure 1 depicts MAM in the context of the NEMS system. The three primary submodulesof

MAM: the National,Interindustry,and Regional Submodules, are shown in the diagram. The

national level variablesare calculatedwithin the National Submodule. The interindus_y

activity variables are forecastedby the InterindustrySubmodule. The regionalizedvariable

forecasts are generatedby the Regional Submodule. The whole of Figure 1 illustratesthe role

of MAM withinthe HEMS system. MAM receives energy price forecasts, system

information,and refinery activity from the NEMS system.

Figure 2 illustratesthe flow of the National Submodule. The system information(including

the numberof years, regions, price lag terms,and driver variables), the DRI macroeconomic

baseline forecastgeneratedexternally to the HEMS system, and additional drivervariable

information are inputto the National Submodule. The response surface approximationthat

comprises the National Submoduleexamines the percentage changes in the macroeconomic

variables from the DR/baseline by includingdynamic impactsof lagged exogenous variables.

Final demands are calculatedusing this algorithm.

Figure :9illustratesthe flow of the lnterindustrySubmodule. System information (including

the growthrateadjustmentmethodology that is selected, if any), the historicalyears, the

numberof industriesthat are modeled, m_dadditional information, along with the final

demandscalculated in the National Submodule,are input to the InterindustrySubmodule.

Changes in interindustryactivity for a subset of the industriesmodeled are then calculated

using the responsesurface approximation,followed by the calculation of industrialoutputs,
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manufacturing outputs, service outputs, and total industrial output. Aggregations are

performed to develop the composite outputs required by the NEMS Industrial Sector Demand

, Module, end the industry growth path is checked. If the growth path assumption is modified

from the DIU baseline, then the DRI baseline forecast is updated to reflect the revised growth

' path. The interindustry final outputs are forecasted in this submodule.

Figure 4 illustrates the Growth Industry component of the Interindustry Submoduie. This

component models the industrial outputs from energy-producing industries that come from

NEMS. These industries are: Coal Mining, Oil end Gas Mining, Petroleum Refining, Gas

Utilities, and Electric Utilities. This component draws upon industry-specific inputs to

estimate growth paths for these five sectors, based upon historical growth and the growth in

the industry.specific inputs coming from the sppmpriate NEMS modules.

Figure 5 illustrates the Regional Submodule. The Regional Submodule operates upon a

subset of the macroeconomic variables that are forecasted by the National and Interindustry

Submodules, specifically, the macroeconomic variables that are required by the NEMS

demand modules at the Census Division level of detail. The inputs to the Regional

Submodule are the national final demands and the interind_'_ry final outputs. The Regional

Submodule applies regional shares to each input to calculate the Census Division levels of

final demand and interindustry output.

Q
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Figure 2. National SubmoduleFlow_"

. u Tables Ao7 end A-8 of _x A to this reportprovide the definitions, umtp, oaloulstion, and
dimensions of the items_ntaixmd in the input/outputblooks (dwmbi) of this dhtsmm. The prooem

blooks (reotansle8) of this disaramare furd_ dimumed in the second Notion of Appendix B, "The
• NationalS_xmod_e'.
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Figure 3. Interindustry Submodule Flow, continued from previous

page_.
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• n TablesA-4,A-6,A-7,andA-8 of AppendixA tothisreportprovidetheclef'tuition,dimensions,and
usap ofthe/n_ componentscontainedintheinput/outputblooks(rhombi)ofthisdiasram.
The oaloulafionalstepsillustratedinthereetansularblocksofthisdiagramarefurtherdesoribedinthe

" third section of Appendix B to this report,"TheInterindustrySubmodule'.
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Figure 4. Growth Industry Component of Interindustry 8ubmodulew
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is TablesA-4,A-6,A-7,and A-8 ofAppendixA tothisreportprovidethedefinitions,_ions, and

usageoftheGrowthIndusW/Componentitemsreferencedintheinput/outputblocks(rhombi)ofthis
flowdiagram.Thecel©ulationalprocessesprovidedintherectnn_darblocksofthisdia_unare
further described in the fourthsection of Appendix B to this report, "The GrowthIndustrySubmodule'.

EnergyInformationAdministration
l_n_.aumnic Activily MeduleD_umen_fion Report 54



Figure 6. Regional Submodule Flow"

n, Table A-I of Appendix A to this reportdefines the HEMS system information and indices required by
• the Regional Submoduleas illustratedin the input/outputblooks in the upper risht oomer of this flow

diqFam and the deoision blocks (diamonds) appearinsthroushout the diasram. The ©aloulations
desoribed in the rectanfgularblocks of the diagramare furtherdetailed in the fifth section of Appendix

• B to this report, "TheRe$ional Submodule'.
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Figure6. RegionalSubmoduleFlow, contlnuedfrompreviouspage".
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20 Table A-I of Appendix A to this report def'mesthe NEIviSsystem informationandindioes requiredby
the Regional Submodule as illustratedin the input/outputblock of this flow diagram. Further
disouseion of the Regional Submodulecalculations is provided in the fifth section of Appendix B to this
report, "The Regional Sutnnodule'.
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I

Key Computations and Equations

MAMAppmach
The goal of the MAM response surface models is to replicate the results of changing energy

prices in the DR/models. Three DR/models are used to create any macroeconomic baseline:

the DR/U.S. Quarterly Macroeconomic Model, the DR/Personal Computer Input-Output

Model (PCIO), and the DR/Personal Computer Regional Model. Per the AEO94, MAM uses

response surface models developed from the U.S. Quarterly Model and the PCIO for the

National and Interindust_ Submodules respectively. The Regional Submodule of MAM used

for the AEO94 is a set of regional shares developed through simulations of the DR/models.

MAM National Submodule

The National Submodule of the MAM is a response surface representation of the DR/U.S.

Quarterly Macroeconomic Model. To create the outputs from the DR/model (pseudo data),

the DR/model is executed roughly 200 times varying designated input variables that

ultimately become independent variables in the response surface equation2s. Some simulations

used to generate the pseudo data varied the world price of oil. This truly exogenous variable

directly impacts the domestic energy supply price (WPI05). When the world oil price

simulations were run, the personal consumption (PC) deflators for fuels (PCNFUEL,

PCNGAS, PCSHI-IOPE, and PCSHHOPG), the investment, tax receipts, and pollution

abatement expenditure variables were not constrained. The model was allowed to change

these variables as WPI05 changed. This approach was adopted because, if these variables had

been held constant, the DR/model would have produced anomalous results for the

macroeconomic variables of interest, including GDP, disposable income, interest rates.

Similarly, when the energy consumption deflators were varied, WPI05 and the other

explanatory variables were allowed to vary. Thus, the variables on the right hand side of the

regression specification are not truly exogenous, although they are exogenized when the full-

• st See Table2 fortherangeof ehansesin energypriees.
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scale DRI model is run. Table 2 shows the energy price variations, which were determined

by incorporating AEO energy price ranges. !

Table 2. EnergyPrice Variationsfor Pseudo-DataGeneration
4

illllin ill I I i liilil I r I I II'

EnerIy Price Series Range of Percent Chan|es
ii i iiii i iiiill i iill i it

World Oil Price 30% to 60% (plus and minus)
J IllIlllllI I I I I . I ,ll

PCNFUEL (Residential Fuel Price) 3% to 32% (plus and minus)
i i i i iiiiii

PCNGAS 2% to 22% (plus and minus)
ii i [

PCSHHOPE 3% to 26% (plus and minus)
i i , i i -i

PCSHHOPG 2% to 17°/; (plus and minus)
II I El II II Iil'lllilill I

The exogeneity consideration is addressed as follows. To create the pseudo data base for the

regressions, all induced price effects were treated as if dXj (the percent change from base)

was zero in the resulting output data set for the remaining explanatory variables, even though

these variables ere nonzero in the original model output. Similarly, when the energy

consumption deflators are varied, no variables were constrained in the full-scale DRI model

run, but the induced deviations of WPI05 and the other explanatory variables from the base

were set to zero, holding them at the baseline. Consequently, the coefficients on WPI05 and

all of the other price indices capture all effects of a change in the energy supply price,

including the effects that occur through induced changes in other energy price deflators.

The regression takes the form:

j-s j-I

where dY and dXj refer to the percent change from base of the dependent and independent

variables respectively. The dependent variables are further described in Appendix A to this
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report. The independent variables are:

• XI=ICNRMI&PET87 (real investment in mining & petroleum)
X2=ICNRPU87 (real investment in public utilities)
X3=PCSHHOPE (PC deflator for electricity)
X4=PCSHI-IOPG (PC deflator for natural gas)
X$-PCNPUEL (PC deflator for heating oil)
X6=PCNGAS (PC deflator for gasoline)
XT-WPI05 (wholesale price deflator for fuels)
xg=_PABE87 (real pollution abatement expenditures)
X9z&TXGF (federal excise tax receipts).

The purpose of the MAM is to link the macroeconomy to the energy sector. The wholei

simulation process begins with the specification of a base macroeconomic case. However,

once NEMS begins iterating, it computes its own estimates of the relevant fuel prices. These

prices are received by MAM from NEMS, aggregated to WPI05, multiplied by the coefficient

a7 in the above equation and the resulting change in the macroeconomic variable is passed

back to NEMS.

The coefficients on variables XI-X6 and xg-x9 provide the ability to calculate the effects of

various energy policies. For example, a tax on gasoline would affect the personal

consumption deflator for gasoline directly and federal excise tax receipts, but it would not

directly affect the wholesale price of gasoline. Alternatively, a change in the whole, ale price

of gasoline would affect the price at the pump, which would directly impact the PC deflator

for gasoline. The coefficient ct7 estimates the entire effect of a change in the wholesale price

of fuel. Therefore, the model does not include the effect of changes in the deflators and

investment when these changes result from a change in the retail price. However, NEMS

calculates its own estimates of the retail prices of the various fuels. Changes in these prices

will have macroeconomic consequences. Thus, a method is required to calculate the

macroeconomic impacts of changes in the retail prices of fuels when the changes come from

" NEMS.
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This calculation is addresmJas follows. The coefficient _ measuresthe effect of a change

in WPI0$. HEMS reports a change in WPI05 in each iteration, so the product of _ and dX7

will capture that effect, including the implied effect on PCNGAS and the other deflators and

investment. However, suppose N'EMS also reports a change in the retail price of gas,

corresponding to a change in PCNGAS. If this change is greater than the implied change that °

would have occurred in the DR/model, then there is a greater effect on the macroeconomy

than that captured in (zT. This additional effect is captured by the following technique. A

preprocessor model has been estimated to predict the change in the PC deflators and

investment from changes in the corresponding wholesale prices. The preprocessor is a simple

equation (dXj=bjdZk,where bj is the coefficient PCPASS in the MAM code) relating percent

changes from base of the four personal consumption energy price deflators and the two

energy investment categories ((IX;) to percent changes in the relevant wholesale price (dZk).

For example, the PC deflator for natural gas is related to the wholesale price of natural gas

while investment in mining and petroleum is related to the crude petroleum price, etc. Thus,

the preprocessor allows the calculation of what the DR/model would have predicted the PC

deflator to be, given the wholesale price. The HEMS estimate of the PC deflator could be

higher or lower than this. If it is higher, then an additional mount is added to the change in

the macro variable. If it is lower, then the effect on the macro variable is reduced. In order to

accomplish this, the model subtracts the change in PC deflators and investment variables from

the preprocessor model from those changes passed to MAM from HEMS and sets the percent

change from base, dXj in equation (1) equal to this mount. In other words, for the four PC

deflators and the two investment variables, the following relationship is set

d_ = dX_ _ - bj*dZk,where j=l..8 and k=l..5 (8)

in Equation (7), where dXj°_us) is the change from base passed from NEMS and bj*dZkis
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the predictedchange in dXjfrom the preprocessormodel,n By this means, the

macroeconomicvariables areadjustedto accountfor changes in the PC deflatorsand

. investmentvariables coming from NEMS that differ from the values that would have been

predictedby DILland which are already included in the _ coefficient in Equation (7).

In previous applicationsof responsesurface modolins, the National Submodule used energy

price percentagechanges from base only in orderto calculate macroeconomic feedbacks. The

coefficients obtainedfrom regressions on pseudo dataestimate the impacts of these energy

price percentase chanties on selected macroeconomic variables. As an enhancementto

NEMS, additional energypolicy variables, such as energy investments, tax receipts end

pollution abatement equipment,were added to the list of variables used to create the pseudo

data. This means that these variables can be used to calculate macroeconomicfeedback even

though only enerlD,priceswere used in creatingthe AEO 1994 forecasts. These additional

variableswere added in the hope that the enhanced capability to address macroeconomic

feedback would be helpful in other energy policy applications.

To make the application of these additional feedback enhancementsmore flexible, user

switches were added to allow the user to specify which independentvariable (or combination

of independentvariables) to use in calculating macroeconomic feedback. For example, in

AEO forecasts,the switches for all energy prices (X3-X7 in equation7 above) are on (or in

FORTRAN notation, 1) and the switches for all other variables(XI. X2, X8, X9) areoff

(take the value of 0).

The first step in the solution of the National Submoduleis to calculate the percentagechanses

of the independentvariables in Equation (7). DDRIVER calculates such percentasechanges,

using lqEMS energy prices (X3 through X7) that correspondto the appropriateDRI variable.

,,,H ii

, 22 Z_ is the wholesale fuel prioe associated with the appropriate PC deflator and type of energy
investment. Zt is the wholesale price of coal; Z2 is the wholesale price of natural fpts; Zs is the
wholesale prioe of eleotrioity; Z4 is the world oil price and Zs is the wholesale prioe of refined

• produota. For wholesale prices, MAM use=IqEIvIS industrial prices.
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The perceatale chanses from the DDRUVERequations are then applied to Equation(7) above.

For AB094 ForecaStSoneither the energy investments,pollutionabatement apendin8, nor the

tax variables were used.

MAMInm__.m_ S_

The InterindustrySubmoduleof the NEMS MAM is 8 responsesurface representation_f the

DR1 Input-OutputModel for the PersonalComputer(PCIO)_. The InterindusU_Submodule

of the NEMS MAM does not 8ene,_ttebaseline forecastsof IndustrialGross Output. PCIO is

used for this purpose. The role of the InterindustrySubmodule is to calculatehow Industrial

GrossOutputschange wh_ macroeconomicfinal demandschange.Changesto
macroeconomicfinaldemandsaredeterminedwithintheNationalSubmoduleof MAM.

The InterindustrySubmodule operates in a mannerslighdy differentfrom a standard

input-outputmodel. The ways in which the two differ arefourfold:

1) The exogenous driver for 8 standardInput.Outputmodel is i matrixof

forecastedfinal demands. For PCIOthe matrixconsists of 47 final demands

forecasted annuallythrouBhtheyear 2020. Theexogenousdriverfor the

InterindustrySubmoduleis a matrixof forecastedchangesfrombaselinelevels

in final demands.For theInterindustrySubmodulethe matrixconsistsof

changes from baseline levels for 46 final demands forecastedthrough the year

2015.

2) The A matrix (direct requirementsmatrix)in the PCIO model is replacedby

m 'the a stnx. The a matrixshows the amountby which each industry'sareas

outputchanses for a change of $1 in each final demand in the bum year (1992)

of the Interindusuy Submodule.

i i HillIII

The oa|oulations performed by a standard input-output model, of which PCIO is an example, are
demribed in the Alternative Maoroeoonomi©Modelin8 Approaohessection of this report.
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3) There is no row scalarmatrix,nor is therea bridge matrix, in the Interindustry

Submodule. Insteada second matrix of coefficients (the ,0 matrix) is included

, which describes the way in which the relationshipsbetween industrialgross

outputsand macroeconomic final demands change over time in the PCIO

' model. It representsthe combined effect of both the changing bridge matrix

and the changing row scalars in PCIO.

4) The outputfrom a standardInput-Outputmodel is stmatrixof forecastedgross

outputlevels by industry. For PCIOthe matrixconsists of gross outputfor 114

industriesforecasted annuallythrough the year 2020. The output from the

InterindustrySubmodule is a matrixof forecastedchanges from baseline levels

in final demand. For the Interindu.-t_ Submodulethe matrixconsists of

changes from baseline levels for 45 industriesforecasted throughthe year 2015.

These solution changes from baseline levels are then added to the baseline

levels and passed to the NEMS integratingsystem for use by the energy

modules and for report-writingpurposes.

The response surface model respondsto changes from baseline levels in macroeconomicfinal

demand components and calculates consistent changes in interindustryactivity. Eachof the

equationsin the InterindustrySubmodulehas the same generic specification re_atingchange in

interindust_ activity i to change in final demandj:

Axo,. ( E[g,.: . ( * )] * AFro) (9)
J,,l

where
,¢

¢,
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AIOt is the changefrom bmline level in industrialgrossoutputfor sector t,

_j is the bie-year coefficientwhich relateschangesin final demandcomponentj

to changesin industrialgrossoutput for sectori, (t not neces_uily equal to j),

I]lj is the time-dependent coefficient of change for translating changes in final

demand component j into changes in interindustry activity for sector i,

time, is an annual time counter which equals 0 in the base year (1992), and

APDj is the change from baseline level in final demand component j

In order to estimate the two coefficient matrices a and ,8, the first final demand component in

the macroeconomic model was increased 1000 million dollars ($1987) throughout the forecast

period of PCIO while holding all other final demands constant. The resulting change from

baseline levels of grou output for each of the 114 industries of PCIO was then calculated,

and the changes aggregatecl to the level of industrial detail required for the Interindustsy

Submodule (45 sectors). The mapping of PCIO sectors to Interindustry Submodule sectors is

shown in the following table. This process was repeated for each of the macroeconomic final

demand categories of the National Submodule. The result of these controlled simulations of

PCIO was 2070 time series of interindustry impacts, each relating change in gross output of a

specific industrial sector to changein a particular final demand component.

Each of the 2070 output time series was divided by 1000, the amount by which each

macroeconomic final demand was incremented when running the PCIO model, resulting in

multipliers relating change in industrial gross output to change in final demand. A linear

regression was then performed on each of the multiplier time series, with time as the

independent variable. The at_ coefficients represent the amount that sector i's output would

change for a unit change in final demand J, for the base year of the simulation. Since the

PCIO model is not static, time is included in the regressions. The _0_coefficients are

designed to capture the effects of both the changing mw scalars and the changing bridge

matrix within PCIO. A linear time specification was chosen for the initial estimation of the

Interindustry Submodule.
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Table 3. Mapping of PCIO 8ectDrs to MAM Iniadndustry Submodule

Se_, p. 4

PCIO 8eetsr latedmlustsySub_dule Sector

OtherAsrioulturalProduots AsrioulturalProduction- Crops (SIC 0l)
v

Livutook and Produots OtherAgrioultureInoludingLivestook (SIC 02,07-
ForestryandF_ ProducU 09)

, A4J.,Fommy, md Fidserybrvices

IronOre_ Metsl& OtherNon-metallicMining(SICI0,14)
Nonferrous Metals Mining
smo/c_y _ • _uTyins

md Fm_fizlr_ _

Coal lvfinin$ Coal Minins (SIC 11, 12)

CrudePetroleum Oil & Gas Mining (SIC 13)
NaturalOu
New Oil & Ou WellDrilling

New Eleotrio Utility Faoilities Construction(SIC 15-17)
New Gas Utility Faoilities
New PetroleumPipelines
New Hishways and Streets
OtherNew Construction
Main_ & Repsk ComU_tion

Food& KindredProduots Food& KindredProducts(SIC20)

Tobeooolvlmsufaotures Products(SIC21)

Fabrio, Yam & Threed Mills Textile Mill Products(SIC 22)
Misoellaneous Textile Goods

Apparel Apparel& OtherTextileProducts(SIC23)
Miso.Fabric4ted TextileProducts

Lumber & Wood Products Lumber& Wood Products (SiC 24)
Wood Containm=

Household Fumitmu Furniture& Fixtures (SIC 25)
OtherFurniture& Fixtures

PaperMills,Exo.BuildingPaper Paper& AlliedIndustries(SIC26)
Paper & Allied Produots
PsperbomdContainers& Boxes

Printing & Publishing Printing& Publishi_ (SIC27)
4

Inorsmsic & Orstnio Chemiosls lnorgsnic Chemioals (SIC 281) -- 29%
Orsanic Chemioais (SIC 286) - 7I%
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TaMe 3. Mapping of PCIO Sectom to MAM Intedndustry Submodule
Seclnm, p. 2

ill i i

Plutic Materials& Resins Plasticlviatorials& Synthetics(SIC 282) +
Syntb_]tubber
Cellulosic& NouceHulceie Fibers

qp

Fertilizers Agricultural Chemicals (SIC 287)
_ultund Chem_uds.

i llll i | i

lvlboelhaseous Chemical Products Other Chemicals & Allied (SIC 28, NP_,C)
ClemfingmadToilet Prep.

Paints & Allied Products
ill i llll

PetroleumRefiniq Petroleum Refrains (SIC 291)
i iii

Misc. Petroleum& Coal Products Asphalt, Coal & Miscellaneous Products (SIC
Paving Mixtm_ Asphalt 295.299)

ii iiI ii i

Rubber Products Rubber& Miscellaneous Plastic Products (SIC 30)
l_r, ellmseouaPlastic Products

i,. i

I,eathar & Footwear Leather& LeatherProducts (SIC 3I)
i i i i i

Glass & Ohm Products Glass & Glass Products (SIC 321-323)
i Jlllllll iii• i i i i i

Hydraulic Cement Cement, Hydraulic (SIC 324)

Stone & Clay Products Other Stone, Clay & Glass (SIC 32, NEC)

Coke Oven Predssets Blast Furnace & Basic Steel (SIC 331)
Blast Furnaces& Basic Steel

PrimmTAlumiaum PrimaryAluminum (SIC 3334)
i

Steel Foundries.Heat Treatins Other PrimmyMetals (SIC 33. NEC)
Prim_ and_ NonferrousMetals

ii

FerrousandNonferrous ForsinSs Fabricated Metal Products (SIC 34)
Metal Containers
FabricatedStnteanl Metal Products
Screw Machine Products & Fasteners
Automotive mid Other Stampinss
Other FabricatedMetal Products

¢
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Table 3. Mapping of PCIO Sectors to MAM Interindustry Submodule
Sectors, p. 3

. Engjsms & Turbines IndustrialMachinery & Equipment(SIC 35)
Farm& GardenMachinery
Consmwtion & _ Machinery

w Oil Field Maehinmy
Meteri,dsHsndUnsMaehi.e,y
MetalworkingMsehinmy & Equi_ent
Special_tustry_hin_
¢_end _! _hin_
Miscellaneous Nonel_triosd M_hinesy
Office, CompufinS& Acco.nLMachinery
Ser_ce_ Mao_my
,,,,m ii

Electrical Machinery Electronic & Other Electric Equipment(SIC 36)
Household Applimtoes
El_trical Lighting & Wirm$ Equipment
Radio,TV, and CommunicationsEquipment
Electronic Comp. & Accessories
Misc. ElectrioalMao_ & Equipment

Motor Vehi©les& Equipment TransportationEquipment (SIC 37)
Aircraft&Parts
shipa tk,ttBuikU.S&
ReihmdF_luipamt
Miscellaneous TransportationEquipment
Ordnance& Accessories
i

lnsmsments & Supplies Insmunents& Related Products(SIC 38)
Optical, _c & Photo Equipment

iiii

Miscellaneous Manufacturing Miscellaneous ManufacturingIndustries(SIC 39)
ii i

Railroads A Related Servioes TransportationServices (SIC 40.47)
PassengerTransportation,NEC
Motor Freight
WaterTransport.& Related Services
Air Carriers& Related Services
Pipelines, Except Nettnl Ou
TransportationServices,

i ii

Communications,Ex©.Radio & TV Communizations (SIC 48)
Radio & TV Bmadeasti_

Electrie Utilities Electric Utilities (SIC 491, pt 493)

Gas Utilities Gas Utilities (SIC 492, pt 493)

• Water & Sewer Services Ware, & Sewer Services (SIC 494-497, pt 493)
i i i

Wholesale Trade Wholesale Trade(SIC 50,$1)
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Table 3. Mapping of PCIO Sectors to MAM Intedndusl_ Submodule
Sectors, p. 4

i i i i i i |llll

Retail Trade Retail Trade(SIC 52-57, 59, 739) '
i i ill i i lll|l ii

Finanoe & Inmma_©e F.I.R.E. (SIC 60-63, 65-66, 153)
RealEstate& Rentals _v

PersonalServ/_s,Exo,Automotive Servioes(SIC58,70,73,75,76,78-80,82-84,86,
BusinessServioes 89)
Fating& Drinki_Plae,e.
AutomobileRepair& Servie_
Movies& Amusements
Medioal,Edu_tionalServioes,NPO

FederalGovernmentEnterprises GovernmentEnterprises(SICpt41,43l)
State & LoeslOov_mn_t

i i ., |

MAM Regional Submodule

The Regional Submodule disaggregates the resultsof the National and Interindustry

Submodules to the nine Census Division level of detail. AEO 1994 uses regional shares

derived from simulations of the DRI Personal Computer Regional Model designed to be

compatible with both the DR/U.S. Quartedy and PCIO models. Regional shares that vary

over time for each macroeconomic growth case are included in NEMS for the AEO 1994

production runs. These regional shares are developed from simulations of the three full DRI

models in integrated mode, then applying the appropriate regional shares to the

macroeconomic growth case.

The Regional Submodule does not explicitly addressthe issue of technology change and labor

productivity, but this can be analyzed using the National Submodule. R&D expenditures and

exogenous specifications of the rate of technology change can be introduced through an

increase in total factor productivity. This influences potential GDP and all the other

macroeconomic variables including wage rates. The change in the national output then flows

through to regional output.

t
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Appendix A: Model Input and Output Inventory

t

Introduction

f

This Appendix describes the input data, parameter estimates, variables, and data calibrations that

currently reside on the EIA mainframeand personal computer environments designated for the

exeoution of the National, Interindustry (including the Growth Industry Component of the

Interindustry Submodule), and Regional Submodules of the Mam'oeconomic Activity Module

(MAM). These data provide a detailed representation ofdrivers required to support

nmm'oeconomic aotivity forecasting in support of MAM. Appendix A also presents the primary

outputs generated by MAM, and the MAM fdenames residing on the EIA mainfi'amefor the

generation ofNEMS w,enados. As described in the main text of this.Volume, the National and

Interindustry Submodules of MAM are response surface approximations of large, proprietary

econometric models developed by Data Resources, In¢./McCnaw-I-_ (DRI). AcA_ordingly,the

DRI modeling variables that are used to implement the response surface approximations are

presented in this Appendix, along with the MAM modeling variables that are ultimately produced.

Table A-I identifies the non-matrix MAM input data, including user-specified modeling switches

and variable subscripts used in the MAM FORTRAN source code residing on the EIA mainframe.

The user-specified switches presented in Table A-I enable the modeler to implement alternative

growth path assumptions in the scenario development process.

Table A-2 defmes the DRI baseline forecast that is input to MAM for the calculation of the final

nutm'oeconomic variables. The baseline forecast variables for MAM are defined as

EBMAC_muoo,t,_,ce_a_3.u_n_w corresponding to row i, the NEMS variable name, and the

variable description. The baseline forecast variables are annualvalues expressed in billions of

' 1987 dollars except where noted in Table A-2. If economic growth rate adjustments are required

(depending upon the user-specified switch GRAFLAG), the original DRI baseline macroeconomic
t+
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variablesare storedin EBMACOLDandEBMAC. TableA-2 is arrangedinthe orderof the

arrayprovidedin theMAM inputfileon the EIA mainframe.The indexi in Table A-2 indexes the

NEMS variablethatappearsin the ith row ofthe array. TheNEMS Name columnin TableA-2

gives the HEMS variablenameused in MAM,as opposedto the DRI variablenamesthat areused

in the full DRI models fromwhichthe MAMis developed.

TableA-3 definesEBIND_ucswmv_ theDR/baseline input for the industrial

outputforece_ correspondingto row i, and provides variabledescriptions. If economic growth

rates arerequired(dependinguponthe user-specifiedswitchGRAFLAG), the originalDR/

baselineindustrialoutputforecastvariablesarestored in EBINDOLDandEBIND is assignedthe

value of ESIND.

The MAM parametersarepresentedin Table A-4. Table A-4 providesdescriptionsof each

patmneter,includingthe dimensionsof eachparameter.

Before callingthe National Submodule,MAM calculateseach economic drivervariable,

DD_v_uo_owat+uom._, requiredfor the macroeconomicforecast.Table A-5

defines DDRIVER, the drivervariablecorrespondingto row i, the DRI model mnemonicfor each

of these driversthat is used to develop thecorrespondingMAM variablepresentedin Table A-2,

and the variabledefinition. Foreach activateddrivervariable,Table A-5 defines the variables

used to calculatethatdriver. Equation(B- 1) of AppendixB to this reportis a representative

structuralequationfor all of theenergy retailprice drivers.

TheNational SubmodulecalculatesEPMACLucn_._, the percentagechangein the

macroeconomicvariablei measuredfromthe DR/baseline forecastvalue, where

i =I,2,...MCNMMAC+MCNMMACREG.TableA-2, numbersI through 123 describethe

pertinentvariables.
p

The InterindustrySubmodulecalculatesEDINDLucrrR,the change from the DR/baseline forecast
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of interindustry activity for sector i, where i=I,2,...MCNMIND+MCNSERV (except for i=14, 32,

33, 38, or 39). Table A-3 describes these variables. These industrialoutputs grow according to

' the appropriate supply sources received from other NEMS energy modules.

The Growth Industries Component of the Interindustry Submodule calculates

MCINDGKOW_ for j=1,2,...5, the growth rates for the industries corresponding to i=14,

32, 33, 38, and 39 as in EDIND above. Table A-6 describes MCINDGKOW, the growth variable

corresponding to row j, the variable definition, and the corresponding row of EDIND.

The MAM outputs are described in Table A-7. The dimensions of each output are presented,

along with the MAM mnemonic and subscript notation.

Table A-8 eross-references the MAM inputs, variables, parameters, and outputs with Appendix B

of this report. The equation numbers appearing in Table A-8 represent the first or primary

occurrence of each item. Variables may appear in numerous equations of the FORTRAN source

code, so only the primary occurrence is provided in the table.

Table A-9 identifies the files used by MAM during the NEMS execution process. Table A-9

separates the files into input files and output file spedfic_ttions, and describes the general contents

of each file.

Table A-1. Non-Matrix MAM Input Data

_put Name Input VariableDeseHptlon ....

GRAFLAG=0 No GrowthRateAdjustmentstoDRIbaseline_¢ inputvariables

, GRAFLAG- 1 GrowthRateAdjustmentstoDRIbaselinemaeroeeonmnicvmiablesandindustrial

outputforecastsrequired.(OriginalEBMACstoredinEBMACOLD;originalEBIND

. storedinEBINDOLD)
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ORASWlTCH= l _ RateAdjusUnentsachievedusing sub_ ORASUB, a _ _

appro

GRASWITCH- 2 (kow_ RateAdjustmentsachievedusingsubroutineGRIFFSUB,aninterpolation '

approach

MCIYR Currentyearsubscr/ptindex;avalueof I ccmespoeds to 1990 °

MCLI-HSYR= 3 Numberof historicalyean, specifically1990, 1991, and 1992

MCNELAO=2 Numberofyetn; ofendogeno_ lags in thefofw,_

MCNMDRVRS= I0 Numberof maemeconomicdrivervariables

MCNMH)VARS =46 Numberof'_ ia_ndus_ _ variables

MCNMII_ = 35 Numberof regicaaliz_ industry_ in the fotw,ast baseline

MCNMMAC= 66 Numberon non-regimalized_c variablesin thebaseline

MCNMMACRF._= 57 Numberof regimalizedmaemeeonamiovariablesin the baseline

MCNMSERV= I0 Numberof non-regimaliz_ serviceindustrysectorsin theforeeut baseline

MCNUMMNF= 29 Numberof numuf_g variablesin thebaseline

MCNUMRHGS= II The nineCeasusDivisions, aplaceholderforCalifornia(curronflynot in use), andthe

nationaltotalof allCensusDivisions

MNUMCR= I I Row of natiomdtotalsforthe regionalizedvariables

MNUMYR =29 Numberofyean;availablefor theforecastperiod,specific,ally 1990 to 2015, 2020,

2025, sad 2030. Forthe AEO 1994, only theperiodof !990-2010 is used.

Table A-2. DRI Baseline Forecast Data

1 CDMV&P87 Constnnptionof MotorVehicles andPart,_

2 CDFURN87 ConstruCtionof FurnitureendHouseholdEquipment

3 CDO87 C,onmnption of OtherDurables

.. 4 CNFUEL87 C,onsmnptionofFuelOilandCoal

5 CNFOOD87 ConsumptionofFood

6 CNCS87 ConsumptionofClothingandShoes

7 CNGAS87 Consumptionof Gasoline& Oil
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I I

8 CNOO87 _ptioa of OtherNmdurables

9 CSHHOPF._7 Comumptimof Eleetrielty

• 10 CSHOUS87 Conunpfion of Homing

I1 CSHHOPO87 Cemumptioaof Natu_ Gas
Q

12 CSHHOPO87 Comumptioaof OtherHomeholdOpmttion

13 CSTRANS87 _fioa of T_on Service8

14 CSO87 Commmptionof OtherServices

15 CSMED87 C_mnptim of MediealCare

16 IPDER87 Iavesmmmin ReddmtialPmducas' DurableEquipnmat

17 ICR87 Invmmmstin ResideafidStmctmm

18 ICNRPU87 InvestmentinNon-RemdenfidS_, PublioUtilities

!9 I_vlI_ET87 Investmentin Non-RmideatialStmem_, MiningandExploration

20 ICNRB_O87 Investmentin Non.Rcddmflsl Su'ucmr_ BuildingsendOther

21 IPDBNROTHR87 InvestmentinNon.RmidentialProducers'DurableEquipment,Other

22 IPDENRMCOF lnvestnmutinNon-RmidentialProducers'DurableEquipment,Office

(Billioes of CurrentDollers)

23 IINDENRAUTO87 lnvesmmntinNon.ResidentialProduoers'DurableEquipn_mt,

Automobiles

24 INV87CH Totallnvento_ Change

25 OFO87 GovecmnentSpending:TotalNon-Defense

26 GFML87 GovegnnmntSpending:TotalDefense

27 0SL87 Oe_mnmt Spending:State& Local

7.S EXS'mL_0 F.xpomofFood,Feed,and_ven_

29 EX87NIAI Expm'tsof_ Supplies& Matedals

30 EXNIA2BM Expom of Computers& Pedphertls (Billions of CurrentDolls,s)

3 ! EX87_M Expmls of CapitalGoodsexcludingAutos,Computers,& Pedplmmls

32 EXS_IA3 _ ofAutos

33 EX87NIA4 Expmlsof Coa.vmm"Goods

34 EX87NIAO Expom of OtherGoods

35 EXS87 ExpomofServiom

36 TYF87 ExportsofFaotorInoome

• 37 M87NIAI00 Importsof Petroleum& Products
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38 MSTNIAO Importsof Food,Feed, and_m

39 M87NIAi@P_r Imparmof Indutrial Supplies& Mxt_als exeludi_ Petrolmun

40 MNIA2BM Impormof Computan & Pa.iplmr_ (Billionsof CummtDolling)

41 MST_M hnpcxmof CapitolOoc_ exoludin8Autos.Computw_& Peripha_

42 M..87NIA3 Importsof Automobiles

43 M87NIA4 Importsof _ Goods

44 M87NL_ _ of OtherGoods

45 MS87 Impom el'SinCere

46 PAYYF87 lmpom ofFactor Inoonm

47 GDP87 Orcm_0 Produ_(ODP)

48 ONP87 Omu NafiomdPmde_

49 ODP87FE FullEmploymentODP

50 PODP ImplicitODPprice deflat_ (I987 = 1.0)

Sl _ lmplidt PriceDeflatorfogExtmt_ of Goods& Services(1987 - 1.0)

52 PM lmplidt PrioeDeflatorforImportsofGoods& Servioes(1987 = 1.0)

53 RMOBS3NS Averase MarketRateofU.S. _unant ThreeMonthBills

54 RMMBCI_WNS AverageYieldof New-lmue,High-Grade,_ Bonds

$S RMMTOCCNS Convm_onalMoNgageCommitmmtRate

56 RMPUAANS YieldcatAA Utility13m_

57 REALRMOBLUS RealAverageYieldon U.S. GovqmmmntlO-Yetr Bonds

58 EC1WSP EmploymentCost Index,Wages& Salaries(June !989 = 1.0)

59 KR,CNF UnitLaborCost Index,Non-FarmingBusinessSector(! 982 - 1.0)

60 SQTRCARSlMP Unit Sales ofA_m, Imported(kfdlio_of Units)

61 SQTRCARSDOM UnitSales of Automobiles,Dmnestie(Millionsof Units)

62 SQDTRUCKS Truckl_liverim, Total(Millionsof Units)

63 RUC UnemploymentRate,AllCivilianWinkers

64 B_CH U.S. Trade,Wei_d Exchm_ Rate (I980-82= 1.0)

65 WPI ProdumrPrice Index(1982 = 1.0)

66 WPII4 ProdueerPdce Index,T_on (1982 = 1.0)

67 CPI ContainerPriceIndex0982-84= 1.0)

68 YD87 DisposablePermnalIncome

69 WSD Wage& SalaryDisbursengnts(Billions of CurrentDollars) .

ModelDoeumontationReport
_o ActivityModuleof theNationalEnergyModelingSystem A-6



70 YP87 Permml Income

71 SFRD,dBL Shipmmtsof MobileHomes(Millionsof Units)

' 72 HUSTSI Sinsle-Fmnily,HousingSims (lvlilltomof Units)

73 HUSTS2& Multi.Family.Homing Starts(lvlillio_ of Units)

74 KQMH Stockof MobileHomes(Millionsof Units)

75 KQHUSTSI Stockof Sinsle-FamilyHousing(Milfionsof Units)

76 KQHUffrs2& Stock _Multi-Family Housing(Millims of Units)

77 N PopulationIncludingArmedForcesOvefseu (Millions)

78 NI6& Pepuladm Aged 16andOver(Million)

79 MNFWORT Mmufaeau_g Wqe Rate0qomimlDollm PerHour)

80 NMFFWORT Nen-MmufaeturingWageRate(Nmnin_ DollarsPerHour)

81 COIvffLSI_ ToudC_nmer_alFloorSpice(BillionSquareFeet)

82 KAMUSE _al FloorSpaee,Amtmm_t (B_on Squm'eFeet)

83 KAUTO CommmeialFkxx Space,AutomobileSales (Billion SquareFeet)

84 KDRM Czmm_itl FloorSpace, I_mmitories(Billion SquareFeet)

85 KEDUC Ccmum_al FloorSpace,Education(BillionSquareFeet)

86 _TH _ial FloorSpaee,Health(Billion SquareFeet)

87 KHOTEL C_nunereialFloorSpace,Hotel(Billion SquareFeet)

88 KIlO Ca_nmereialFloorSpace,Manufactm_g(Billion SquareFeet)

89 KMISCNR CommercialFloorSpace, MiscellaneousNon-Residential(Billion Square

Feet)

90 KOFFICE _ FloorSpace,Office(BillionSquareFeet)

9i KPUB _al FloorSp_e, Public(Billion SquareFeet)

92 KREL Couun_ial FloorSpace,Religion(Billion SquareFeet)

93 I_TOP,ES _ial FloorSpace,Stores(Billion SquareFeet)

94 KWARE C_mnm_ial FloorSpace,Warehouse(Billion SquareFe_)

95 _.A Fanployment,Non-^gri_tund0veUious)

96 EC Employmn_Conu_ Cousm_oa(Milh'cms)

97 EGF Employment,FederalGovernment(Millions)

98 EFIR Employment,Fhumee._, RealEstate(Millions)

99 EMI Employment,Mining(Millions)

, 100 ESV Employment,Services(Millions)
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tot eOSL emptoymmt.SttteA_ _t 0_mot=)
102 BR Emp_t. Tramcmrtafim& PublicUtilities (Milliom)

to3 wr _ptoyn_t. whote_®a _ Tnde0vm_)
104 B24 l_loymmt, Lumber& WoodPmdeetsO,911tom)

105 B25 F_lo_t. Fm_itum& Fixtu_ (l_dgi_)

106 ID2 Bmpl_ Stt_, Clay,& Ohm 0_lima)

to7 m3 mnpk,m_ _ taed_te,tdmO_o,=)
108 1334 Employmmt.FabricatedMetalProducts0vfillious)

to9 ms ,_pk_mt, _ eu_ meotriotl(zvummm)
tto m6 emp_ eteeeimt_ _)

111 B37 Employment.TrmapcgtationBquipment(Millions)

1!2 B38 Employment,_ta (Mimom)

113 E39 Employment,MboellaneoesManufaetmi_ (Mab'om)

114 s2o _ploym_t,Food&_odms 0zim_)

11$ E21 Employment,TobacmMmufteturin8 (bfdlions)

116 E22 Employment.Textilehfilb Ovfdlio_)

117 E23 Employment,Apparel& OtherTextileProducts0btillions)

l18 E26 Employment,Paper&Pmd_ (Mimmm)

119 E27 Employment,Printing& PublishingOvfillkxm)

120 E28 Employment,Chemieads& Allied Products(Millions)

121 B29 Employngnt,Petroleum& Produeta(Millicm)

122 B30 Employn_t, Rubber& lvfmeellmeousPlastics(blilliem)

123 _ 1 Fas_ployment,Leather&LemherProdumOdillkm)

i 24 PEXNIA2BM ImplicitPrioeDeflator,F.apomof ComputanandPeripherals(I 987 - 1.0)

125 PMHIA2BM ImplicitPriceDeflator,Importsof ComputersendPeripherals(1987 = !.0)

126 PIPDEHRMCOF ImplicitPrioeDeflatm',InvestmeatinNm-Remdentisl,Produoers'Durable

Equipment,Ofl]oe(1987," 1.0)

l,
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Table A-3. DRI Baseline Industrial Model Inputs

I Input ,,IndustHai Output VsHsble DeseHptbnill i , l lll - , ,, _ i i i i i,i ii _ p' i J i rainI i / , ,nl,,,,,,,] , ,, ,,, i i i i
e

! Food&KindredProdem(SIC20)

2 Tobacco Products(SIC21)
t

3 TextileMill Products(SIC22)

4 Apparel& OtherTextllm (SIC23)

$ Lumber& WoodProduots(SIC24)

6 Fernitere& Fixtmm(SIC25)

7 Papa'& AlliedIndustria (SIC20")

8 PrintinS&PubUshinS(SlC27)

9 In_c Chemieab(SlC28l)

1o _o __s (SiC286)

1! Plastic Materials& Syn_ ($IC 282)

12 A_tend Chemi_(SXC287)

!3 OtherCbenicals & Allied(SlC28, nec)

14 PetrolemnRefining(SIC 29I)

15 Asphalt,C_al,& MiscellaneousProducts(SIC295, 299)

16 Rubber& MiscellaneousPlasticProducts(SIC30)

17 Leatha"& LeatherPr(xfucts(SIC 3I)

18 Glass& GlassProducts(SIC32I, 322, 323)

19 Canmt, Hydraulic(SIC324)

20 OtherStone,Clay,& Glass Products(SIC 32,nee)

21 Blast Furnace& BasicSteel (SiC 331)

22 PrimaryAluminum(SIC3334)

23 _ PfimmyMetals(SIC33,nee)

24 FabrieatedMetalProducts(SIC34)

25 t.duser__ a _.ipmentCSXC35)

26 Eleotsxmio& Otha ElectrioE,quipmeat(SIC36)

27 Transp(xtadonEquipment(SIC37)

• 28 Instnm_ts & RelatedProducts(SIC38)

29 hfmceHaneousManufacturingIndustries(SIC39)
*t
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A__ _ _ (SiC0_)

3_ _ __ _ __ U_ (SICO2.O7._,O9)

32 CollMining(SlCIt.m2)

33 oil& o__ (sIc13)

34 _ &_ _ _Iclo,14) "

3S _eo (SlCIS,16,17)

36 T_ 8ervlem(SIC40,41.42. 43.44.45,46, 47)

37 C__m_km (SIC48)

38 _ Utilities(SIC491,partof493)

39 Ou UtJlitia(SIC492,partof 493)

40 Water& Sewer Serviom(SiC 494,495,496,497, INertof 493)

41 Whol_ Trade(SIC.9),5I)

42 RotailTrado(SIC52, 53, 54, 55,$6,57, 59, 739)

43 Fhumov,_ RealRstlt=(SIC60, 61, 62, 63, 65, 66, 153)

44 Services(SiC 58, 70, 73, 75, 76, 78, 79, 80, 82, 83, 84, 86, 89)

45 Govemnmt Enterpdsm(SIC pm of 4I, 43 I)

Table A-4. Parameters used In MAM

,,I)a_r.Nme parameterDescription ........

ECIND_ Base year_ whichtrmmla_ chanses in the finaldmnamiomnpcmeatjinto

changesin_setivityfecseet_i (fec i -1, 2, 3, ... MCNMIND+

MCNMSERVtndj - I, 2, 3, ... MCNMFDVARS)

ECMACu PredioWcoefficientj eemspmdin8 to thenmemeemmmievadable i (fori = 1,2,

3, ... MCNMMAC+ MCNMMACREGand j = l0 eontempofanm_ meflieients +

10 one-yem'-lNg_ts + !0 two-ymr lag_ts + two mxlogmmwla_

when=10mn_lmods to thenumtmrof IvlAMdrivm'vmriablmu r=premmtedin

TtbleA-Sbelow). See TableA.2 numbersI tlueugh 123 f_tdeseripti_ofthese

variableL

ECNDCI-I_ Time-depe_t codlk_ontofchangofor translating vhangesin thefinaldmmmd .

eomlmnmtj intodmgm in interindustryactivityforsectori (fori andj asin

ECnqD above)

_t_oe Repro
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...... ii

RBOSI-IRS_.w:s_ Pa_st shareforrqion j of'_o vm'kbloi inymu"MCIYR(tot j - i. 2.

3, ... MCNUMREOSsad i= 1, 2, 3, ... MCNMMACRF_) andpen_t shamfor

relp jofindustritddmmmliinymrMCIYR(forj uabovemli=

MCNMMACREG+I,MCNMMACREO+2.... MCNMMACREO+MCNMIND)
o

Table A-So MAM Driver Variables

.............I ,, , DIU mmtmmk , C_lated VariableDdlniti,,op,,,,.........

I I_&PKI_ Inwmumt mBoaitidmt_ Strmtm_ _ & R_lmlm, 1

dollars(not.,tivtted)

2 ICNRPU87 Mvesm_t inNmmmidmtialSWaotur_ PublicUtil/tia, 1987dollam

(notactivated)

3 iPDENROTHRff7 A HoldingVariableforN_mrmi&ntialIn_t in_'

DurableEquipment,Other,1987 dollars(.-_t _vatai)

4 PCSI_OPE Implicit_ Deflstc¢,_ Spending,Ele_ri¢ity

Variables_ to calculatePCSHHOPEfollow.

PELRS _ ofResidmtislEIw,tricalSawioe_g totheFinal

DemandDeflator

MCIYR NEMS SystemCurretttYear Subscript

MC_O = 2 NumberofYearsof__o_s _ intlmForecast

MCADJ UserS_ Adjustm_tVariable

MCPGDP87 1987 Ba_ GDP Deflator

PCBPR/CE 1987ValueforPELRS

BDR/VER BaselineValueofhheDriver Variable

PCPASS Adjustn_t FactortoPreventDoubleCountingtheEffect Captured

by_ WPIO$CoeflicietR

PCWPI0$ Perceatal_Chanp inthe WPI0$4(contsptmdin$ to timei_city

price)tam oftbe WPIO$frombaselinevalue

" INFDSW Switch CmttrollingFeedbsckfor IndividualDdwr Variables

ModelDomaneatationReport
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5 PCSttHOPG lmpiicit Price Deflator, Consumer Spending, Natural Gas

PNGRS Price of Residential Natural Gas Service Corresponding to the Final

Demand Deflator

Other Variables used to Calculate PCSHHOPG are analogous to the

variables used to calculate PCSHHOPE above, but the subscripts and

definitions of the PCSHHOPG variables correspond to natural gas

instead of electricity.

6 PCNFUEL Implicit Price Deflator, Consumer Spending, Fuel Oil and Coal

PDSRS Price of Residential Distillate Service Corresponding to the Final

Demand Deflator

Other Variables used to Calculate PC_ are as in PCSHHOPE

above.

7 PCNGAS Implicit Price Deflator,Consumer Spending. Gasoline and Oil

PDSTR Price of Distillate for Transportation

QDSTR Quantity of Distillate for Transportation

PMGTR Price of Motor Gas for Transportation

QMGTR Quantity of Motor Gas for Transportation

Other Variables ,,:'_ ,o Calculate PCNGAS arc as in PCSHHOPE

above.

8 WPI05 Producer Price ads and Related Products and Power

PCLIN Industrial Price of Steam Coal, 1987 dollars

PNGIN Industrial Price of Natural Gas, 1987 dollars

PEIJN Indu_ Price of Electricity, 1987 dollars

IT_WOP World 0il Price, 1987 dollars

WPIBY Base Year (1.989) Price of the Respective Component used to

generate WPI05 (Electricity, Coal, Oil, or Natural Gas)

WPIWT Portion of Total WPI05 for the Respective Component

BPRICE 1989 Value of each WPI05 Component_ Producer Price Index

BPRIC_5) Base Year (! 989) Price of the WPI05 Component

MCPGDP87 1987 Base GDP Deflator

MCADJ User Specified Adjustment Variable

_DRIVER Ba,,eline Value ofthe Driver Variable

INDSW Switch Controlling Feedback for Individual Driver Variables .
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9 &PABF._7 PollutionAbatementInvestmentby U.S. Business, 1987doUBts(not

J,:_iveJzd)

• 10 &TXOF Fe6erslIndirectBusinessTax andNontaxAem_ (not8ctivated)

4.

Table A-6. Variables Calculated in MAM

..... J Calculated Variable Definition I .....

i Growthin Cml l_fming 32

2 Growthin Oil andGas Mining 33

3 _ inPetroleumRefining 14

4 Growthin GasUtilities 39

5 Grow',hin ElectricUtilities 38

Table A-7. MAM Model Outputs

Output Var_atlbleName Out ut Variable Descri tion .........

ESINDtmm_ Industrialoutputforecastforsector i in regionj inyear MCIYRforj = 1, 2, 3, ...

MCNUMREGSandi - 1, 2, 3, ... MCNMIND. See TableA-3 numbersI throuSh

35 for adescriptionof thesevariables.

ESINDzttmzt IndustrialoutputforecastforChemicals& Allied Products(SIC 28);

Sum of ESIND_, fork = 9, lO, II, 12, 13

ESIND=_ IndustrialoutputforecestforPetroleum& CoalProducts(SIC29);

SumofESl_lD..u._,4_ andE_IND...._,_

ESINDm.m_ Industrialoutputforecastfor Stone,Clay,& GlassPmdtt,,.:':_(SIC32);

Sumof ESIND_ fork = 18, 19,20

" ESIRD_ Industrialoutputforecast forPrim_ MetalsIndm_ries(SIC33);

Sum of ESIND_wct.t.ucm_ fork = 21, 22, 23
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BSIND_tt,cnnt Industrialoutputfmeumtfortotalnumufacturingoutput,

Sumof ESIND_, fork = 1, 2, 3.... MCNUMMI_

ESIND41jj_mt Ind_ outputfofeeut fortotalindustrialoutput;

Sumof ESD4Dtm_,ca.t.t_n_,fork - 1,2, 3.... MCNMIND

BSIND_ Industrialoutputforeca_fortotalgrossoutput;

Sum ofESIND_4z,MClVlt al_ F_S]_.Vtl_v.l.lm, nt

F_.SMACtucmt Non-regionalizedsolutionmacfoemnomiovariablei in yearMCIYR for i = I, 2, 3,
.. MCNMMAC. See Table A-2 numbersI throush66 fora descriptionon these

vsriables.

The solutionmaomeceoomicvsriablescecreepmdingto i = I, 2, 3, ...

MCNMI_VAI_ erethedeme_ componentswhichdrivetheln_

Sure.

ESMACREAL_j_m,t Reel finaldemandforinvestmentin non-residential,producers'durableequipment,
office

ESMAC_ Realfinaldemandfor_ of ¢ompute_andperipherals

E.SMACI_ Real _ demm_ for impostsof computersendpefiphends

ESMACREG,,_n-a Solution_o vsriablei forresionj in yearMCIYRforj = I, 2, 3, ...
MCNUMREGSandi = 1, 2, 3.... MCNMMACREG.See TableA-2 humbert 67

through123 fora descriptionof thesevarir.bles.

ESSERVmcrvt Service industryoutputfonc_ forsectori inyearMCIYR fori = I, 2, 3, ...
MCNMSERV. See Table A-3 numbers36 through45 fora descriptionof the

variables.

ESSEP,V__j_va Totaloutputforall serviceindustries.

Table A-8 provides a cross referencebetweenvariablename,variabletype, andnumberof the

mainequationcontainingthe variable. (Variablesmayappearin numerousequations.)

Table A-8. Cross-Reference with Appendix B Equations
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Variable CalculationMethodololff Equation Containing

Primary Occurrence
P

DDR/__+.oa=._ CalculatedinMAM (13-I)

BBIND v,mvm_ InputfromMACINTERin (B-! 2)

theHEMScommon

EBINDOLD._maz.l=mamv_ Storage (B-22)

E:BMAC,z:m__w, cuo__ Input/MACIN'rBR 03-5)

EBMACOLD_.c__3_oa_nz Storage (13-I0)

F-CINDMcmmaz..cmmzv.MaMw_.s Paramet_/MACINTER (13-10)

F._MA__m_ P_m_r/MAC_ (B-4)

BC_v, smmamv_.zs PIz_memr/MACINTBR (B-10)

IH:DINDmzmmm+_v, mom. CalculatedinIn_ ' 03-10)

EPMA ,.c.zc_o CalculJm_dinNational (13-4)

ESII_) ,._m_ Output/MACIN'rl_ (B-13)

ESMAC_,.,w=jw_= Output/MACINTER (13-5)

F.SMAC__ OutpuUMACINTER (13-7)

ESMACREO Outpu_CINTER (B-6)

ESSERVMcmmmv+1.mmr_ Output/MACINTER (B-12)

MCINDOROW_ Calculatedin Growth (13-24)

Industry

REGSHRS_m_I.ud__ua_n__ Pm_neter/MACINTER (B-34)

GRAFI_G Input,usersp_itied NIA

GRASWITCH Input,userspecified N/A

MCIYR Inpu_ACINTER (B-I)

MCLHISYR ParameterInputfromNEMS (13-10)

GlobalDataStructure

(ODS)

MC_O PmzmeterInputfromGDS 03-I)

MCNNfl)RVRS PJzm_r Inputfi_omODS (13-4)

MCNMFDVARS Paranmcr Input fromGDS (B-10)
.q

MCNMIND Pmmm_ InputfromODS (B-12)

MCNMMAC Pammet_ InputfromODS 03-6)
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MCNMMACREG ParameterInputfromGDS 03-7)

MCNMSHRV P_ameterInputfromGDS (13-20)

MCNUMMNF ParameterInputfromODS (B-18)

MCNUMRF.GS PermneterInputfromODS (B-34)

MNUMCR ParemeterInputfromGDS 03-6)

PerameterInputfromGDS N/A

MAM File Descriptions

TableA-9 identifiesthefilesusedbyMAMduringtheNEMSexecution:

Table A-9. MAM Input and Output File Specification

Filename: FileDescription Inputor Output

600SPIU_AC_name.

l_l_93T.date/_p

MCIBA_ B_di_ v_omot'_ _va. _m

iadum_almeff_eatfile iqmt

Mlem ooeffioimt file laimt

MCOP,X_ Ore_ rate_immat _ file

MCBA_ _uc_oaJo Imelim_mriofik lapin

MCROStB l_/_ _ _ni_mu fromDR1R_Z

_1 _ file

Rmultafile Output
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Appendix B. Mathematical Description

Introduction

AppendixB provides a detailedmathematicaldescriptionof equations, transformations,and

other computationsfor the National,Interindustry(includingthe GrowthIndustryComponent

of the IntefindustrySubmodule),and Regional Submodules of the MAM used to generatethe

AEO 1994 productionrunsof the NEMS system.

The NationalSubmodule

The National Submoduleof the MAM is a responsesurface representationof the DR/U.S.

QuarterlyMacroeconomicModel andis used in the A_O 1994 productionruns of NEMS to

provide each of the energysupply, demand,and conversion submoduleswith key

macroeconomicfinal demandcomponentforecasts.

If economic growthrateadj_ents are requiredfor a specific scenario, the user must set the

switches (see Table A-1 of AppendixA of this report), and MAM calls one of two Growth

Irate AdjustmentSubmodules(depending on the user-specified switch, GRASWITCH),which

adjuststhe DR/baseline forecastfor each demand component as follows:

In SubroutineGRASUB, P-.,BMAC_crYtis updatedusing a response surface approach

based upon user-inputchanges to either the labor force, capital, or total productivity

growth assumptions. Under this methodology, the user must specify the forecast

values for the laborforce, capital,or total productivityvariables that are desired to be

differentfrom the DR/baseline forecast that is currentlyused as the default forecast in
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the National Submodule of MAM.

In Subroutine GRIFFSUB, EBMACj_ay_ is updated by applying an interpolation

routine that calculates values ranging between the low and medium growth rates

contained in the low and trend macroeconomic growth cues (already specified in the

MAM) or the medium and high growth rates in the trend and high macroeconomic

growth cases already specified in MAM.

In both the GRASUB and GRIFSUB options, the original DR/baseline forecast for

each final demand component j in year MCIYR is stored in EBMACOLDtucr _

Either Growth Rate Adjustment Submodule then calls the Interindustry Submodule with

GRAFLAG = 1 for an initial pass.

MAM then calls the Interindustry Submodule with GRAFLAG = 0.

Before calling the National Submodule, MAM calculates the macroeconomic driver variables,

DDRIVER, as described in Table A-5 of Appendix A of this report. A representational

equation for all the energy retail price drivers, the driver variable corresponding to the

PCSHHOPE variable described in Table A-5 of Appendix A of this report, follows:

DDRIP'ER4,ucaI._ o = ((PELRStt,ucm t

• (L0 +
• (MCPODP87scr_ [ PCBPRIC£t) (B-1)

[ (BDRIVERsOgnz- 1.0 - (PCPA$$ 4

• PCWPIO$3,ucna))) • INFDSW 4

PCPAS$ Description. As discussed previously, the MAM National Submodule is a reduced
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form, or responsesurface,representationof the DR/Quarterly MacroeconomicModel. The

fundamentalpremise of MAM is to treat the Dill model as a black box which, when fed

• certaininputs,generatescertainoutputs.The outputsare then regressedon the inputs to create

the responsesurface.

To createthe outputsfrom the DR/model, called pseudo data, the DR/model is executed

numeroustimes varying the designatedinput variables,that are ultimatelyused as the

independentvariablesin the responsesurface equation. Some of the simulations used to

generate the pseudo datawere createdby allowing the world price of oil to change. This is a

truly exogenous variable that directly affects the domestic energy supply price (WPI05).

When these simulations were run, the personalconsumption (PC) deflatorsfor fuels

(PC_, PCNGAS, PCSI-IHOPE,and PCSHHOPG)as well as the investment,tax

receipts,and pollution abatement expenditurevariables were not constrained.That is, the

model was allowed to changethese variables as WPI05 changed.This approachwas adopted

because, if they had been held constant,the DR/model would have given very strange results

with respect to the macroeconomicvariables of interest,e.g., GDP, disposable income, interest

rates, etc. Similarly, when the energy consumptiondeflatorswere varied, WPI05 and the other

explanatory variables were allowed to vary. Thus, the variables on the right hand side of the

regressionare not truly exogenous, although they are exogenized when the DRI model is run.

This problem was addressedas follows. For those simulations in which WPI05 varies, dXj

was set to zero (the percentchange from base) in the resulting outputdata set for the

remaining explanatoryvariables,even though they are not zero in the original model output.

Similarly, when the energyconsumptiondeflatorsare varied, no variables are constrainedin

the model run,but the deviationsof WPI05 and the other explanatory variables from the base

are set to zero, thus holding them at the baseline. Consequently,the coefficients on WPI05

contain all the effects of a change in the energy supplyprice, including the effects that occur

• through changes in the energyprice deflators.
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The result is an equation of the form

j.t j.t

-/
/

where dY and dXj refer to the percent change from base of the dependent and independent

variables respectively. The independent variables are:

\

X1-'-ICNRMI&PET87 (real investment in mining & petroleum)

X2=ICNRPU87 (real investment in public utilities)

X3=PCSI-IHOPE (PC deflator _'oyelectricity)

X4=PCSHHOPG (PC deflator for natural gas)

XS=PCNPUEL (PC deflator for heating oil)

X6=PCNGAS (PC deflator for gasoline)

X7=WPI05 (wholesale price deflator for fuels)

xg=&PABE87 (real pollution abatement expenditures)

X9=&TXGF (federal excise tax receipts).

As stated previously, the purpose of the MAM is to link the macroeconomy to the energy

sector. The whole simulation process begins with the specification of a base macroeconomic

case. However, once NEMS begins iterating, it computes its own estimates of the relevant

fuel prices. These prices are received by MAM from NEMS, aggregated to WPI05, multiplied

by the coefficient a_ in the above equation and the resulting change in the macroeconomic

variable is passedback to NEMS.

The coefficients on variables X1-X6 and xg-x9 provide the ability to calculate the effects of

various energy policies. For example, a tax on gasoline would affect the personal consumption
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deflator for Sasoline directly and federal excise tax receipts, but it would not directly affect

the wholesale price of SL_oline. A change in the wholesale price of gasoline, on the other

, hand, would affect the price at the pump, which would directly impact the PC deflator for

gasoline. The coefficient a_ estimates the entire effect of a change in the wholesale price of

' fuel. Therefore, the modeler does not want to include the effect of changes in the deflators

and investment when they arise out of a change in the wholesale price. However, NEMS

calculates its own estimates of the retail prices of the various fuels. Changes in these prices

will have macroeconomic consequences. Thus, a method to calculate the macroeconomic

impacts of changes in the retail prices of fuels when they come from NEMS, and ere not the

result of an exogenous policy effects, is required. This potential for double-counting is the

crux of the problem that is addressed in the MAM through the use of the PCPASS variable.

This problem is addressed as follows. The coefficient a_ measures the effect of a change in

WPI05. NEMS has reports a change in WPI05 in each iteration, so the product of a_ and dX_

captures that effect, including the implied effect on PCNGAS, the other deflators, and

investment. However, suppose that NEMS also reports a change in the retail price of gas,

corresponding to a change in PCNGAS. If this change is greater tt..,a,_the implied change that

would have occurred in the DR/model, then there is a greater effect ozt the macroeconomy

than that captured in a,7. This additional effect is captured by the following technique. A

preprocessor model has been estimated to predict the change in the PC deflators and

investment from changes in the corresponding wholesale prices. The preprocessor is a simple

equation (dXjmbjdZ_ relating percent changes from base of the eight PC deflators and the two

investment catesories (dXj) to percent changes in the relevant wholesale price (dZt). For

example, the PC deflator for natural gas is related to the wholesale price of natural gas while

investment in mining and petroleum is related to the crude petroleum price, etc. Thus, the

preprocessor allo_ the calculation of the DR/model prediction of the PC deflator given the

wholesale price. The NEMS estimate of the PC deflator could be higher or lower than tlAis.If

• it is higher, t._- an increment to the change in the macro variable is required. If it is less,

then a decremeat to the effect on the macro variable is required. So, the predicted change in
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PC deflators and investmentvariablesfrom the preprocessormodel aresubtractedfrom those

changes passed to MAM from NEMS end the percentchange from base, dXj in the above

equationis set equal to this amount.In other words,for the four PC deflators and the two

investment variables, the following relationshipis set:
6'

dXj ffidXj(_am)- bj*dZ_ 03-3)

in the previous equation where dXj°'ms) is the change from base passed from NEMS and

bj*dZkis the predictedchange in dXjfrom the preprocessormodel. By this means, the

macroeconomic variable is adjustedto accountfor changes in the PC deflators and investment

variables coming from NEMS that aredifferent from the values that would have been

predicted by DRI and which are alreadyincludedin the a_ coefficient in the previous

equation.

Equation(B-l) correspondsto Equation(7) in the main text of this report The driver

variable correspondingto WPI05, the producerprice index for fuels and related productsand

power, is calculated as follows:

DDp_,,E_caz.m:m.4o = ((WPl0._zm * (1.0 + UC,4_s_caz))Lo),zwz)sw,

MAM then calls the National Submodule. Equation(B.4) corresponds to the discussion

surroundingEquation(7) in the main text of this report In calculating the percent ch_se

from the DltI baseline for the macroeconomicvariablei, the National Submodule capturesthe

(approximate)dynamic effect of lagged exogenous variables by including the effects of ten

contemporaneouscoefficients, ten one-year-lag coefficients, ten two-year-lag coefficients, and

two endogenous lags of dependentvariables as follows:
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1i
If MCIYg > MCLHISYR

fori = I, 2, $.... MCNMMAC+ MCNMMACREO

Equation (B.$) corruponds to Equation (8) in the main t_xt of this report. Using the percent

change from the DRI baseline for the current year plus the two.year endogenous lag, the

N_ional Submodule G_imatw the solution macro_,onomic variables (non-regionaliz_ and

regionalized) as follows:

KSM,4C_me = (1.0 + EPM,4C_.._o) * EBMAC_ (8-6)

for i = I, 2, 3, ... MCNI_C
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for i = !, 2, 3, ... MCNMMACREO

Equations(B-Q and (B.7) correspondto the discussion surround/nsEquation(8) in the main

text of this report. Usin8 the solution and DR/bueline macroeconomicvariables, the

HationalSubmodulecomputesthree real final demandsas follows:
i

E_iC_,4/.s_mt ; _C_,,u _ I _._C_c._z_._m. _ (B-S)

(lnvatmmt in non-_ durable, office equipment)

2_C_ - 2_Cso_a _ I _tC_co_cm_s _ (B-9)

(ExpmUofcomputers_d periplzmls)

(lmpom of compums md p_phemls)

Equations (B-8)_ (B-9), and 03-10) are not discussed explicitly in the main text of this report,

but they are treatedin a mannersimilar to that discussed surroundingEquation(8) in the

maintext.

Model Dooumentation R_3ort
lvhoroeoonomio Aotivity Module of the Hatiomd Enersy Modelins System B-8



The IntedndustrySubmodule

• The InterindustrySubmoduleof" MAM is a responsesurface representationof the DRI-PCIO

model which respondsto chanses from baseline levels in macroeconomic final demand
.i

componentsand calculates consistent changes in interindustryactivity.

Depending on the value of GRAFLAG, the InterindustrySubmodulerelates change in

interindustryactivity for sector i (except for i = 14, 32, 33, 38, or 39 which are processedby

the Growth IndustrySubmodule) to change in final demandj as follows:

If GRAH,AG = 1 and MCIYR > MCLHISYR

MC_FD_',tm

EDIND_ = _ ((£CIND u + £CNZ)CHq
_._ (]).u)

• (Mclre - _cM;_,))
• (F.e_cj.w.a.j - F-.BM.,(COLDj.Mcn_)

If GRAFLAG = 0 and MCIYR > MCLHISYR

MC_VXJ_

EDIND_ = _., ( (ECJNDq+ ECNDCH_I
j., Ca.lz)

• (MCIYR- MCZ,mbT_)
• (_,Cj_re - F_k_,tCj_.O)

for i - I, 2, 3.... MClqMIHD + MClqI_oERV (except for i - 14, 32, 33, 38, or 39)
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Equations (B-II) and (B-12) correspond to the discussion surrounding Equation (9) in the

main text of this report. The Interindustry Submodule next estimates the industrial output

forecast for the 10 non-regionalized service industries and the 35 regionalized industries

(along with selected composite industrial outputs) as follows:

ESSF__ucsu_,uc _ = EBIND_._ + F.DIND_c _ (B-IS)

for i = MCNMIND+I, MCNMIND+2, MCNMIND+3 ....

MCNMIND+MCNMSERV (except for i = 38 or 39)

F_lIVDummcz_cm ¢ = EBIND_c._ + EDIIVD_cn, s (!1-14)

for i = 1, 2, 3.... MCNMIND (except for i = 14, 32, or 33)

13

ES/NDumm_crn t = _F.&_Dmamc.z_ca_ (B-IS)
f,,9

(National total of chemical and allied products in year MCIYR)

F_D#_.uHclt37_ = _j_/'D_c&14_llcjl,l¢ + ESlNDum_c_ts, ucm¢ (11-16)

(National total of petroleum and coal products in year MCIYR)

20

_mam_crnt = _ F_J]VDmamcs_ca_ (B-17)
f'18
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('National total of stone, clay, _ glass products in year MCIYR)

• ES/ND_ce,_cn, x - _ ES/ND_wmce.,_c.,,rx (B-18)
/-21

(National total of primary metals industries in year MCIYR)

Mt.2VUJmmvP

|-1

(National total of all memufactm'_ ou/put in year MCIYR)

M_

l-'l

(Total national industrial output, mauufacturin8 and non..memufactming, in year MCIYR)

MCgV'MIHD',M_

ESSEeVucs_zev.l,_:n, e = _ F.,SSERV__uc:uejmm,__.j_(B-21)
i-M_.I

(Total national service indus_ output in year MCIYR)

F.S/NDjmn.,-_.e._cn,e = _m_uuc_41_cr_ (B-22)
+ ESSERF_jmsnv.l,ucn,e

(Total national gross output, industries and service industries, in year MCIYR)
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If GRAFLAG ---1, the Interindustry Submodule stores the final DRI baseline industrial output

forecast in EBINDOLD _ updates the values in EBIND as follows:

q

EBINDOLDtucm t = EBINDtt#c._ (B-23)
J,

and

EBIND_c._ = F_lNDusouc&tuc. _ (B-24)

fori= I,2,3,...MCNMIND

Equations (B-13) through (B-24) provide supporting detail for the discussion surrounding

Equation (9) in the main text of this report.
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The Growth Industry Submodule

Petroleum Refining, Coal Mining, Oil and Gas Mining, Electric Utilities, and Gas Utilities

(the industry sectors corresponding to i =14, 32, 33, 38, and 39 respectively) are all

benchmarked in DRI historical years, but change at rates calculated from selected NEMS

energy variables instead of changing at the rates applied to other industries in the

Interindustry Submodule. Figure 4 in Chapter 4 of the main text of this report illustrates the

flow of the Growth Indusuy Submodule, providing additional detail regarding the growth

paths and dependencies of these growth paths. Table A-6 also describes MCINDGROW.

For MCIYR > MCLHISYR:

F_.8/NDusvuotlOon = (1.0 + MC/NDG_:TW3ac_) 0t-2S)
* F-_/NDj_M,,_c&t4,uc__ t

F_/NDummc_zao-ri t = (I.0+ MCINDGROWl.ucn,R) 013-26)
* F-.,S/ND_c._2,uc__ l

f.S//_usm_c_3aan = (I.0+ M¢__OW2,uarR) 03-2"/)
• ES/NDm_rw._3,uctr__ l

For MCIYR <= MCLHISYR:
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F._lND_puc&t4jecr,,e = EBINDu_cn,_ (B-28)

F_lNDaispuc_2,ucrr e = EBINDsT..uc_ (B-29)

F.,SiNDuspucjus.ucem = EBINDs3_c _ (13-30)

For MCIYR > MCLHISYR:

ESSERVu_Hcsm_m,ucem = (I.0 + MC/NDGJ_OWs_wcrm)(B-31)
* F_$F_Vs-_nim_,ucne-_

F.SSERV__Mcsm_crre= (1.0 + MCINDGI_W4,uc_) (B-32)
• F.SSF.RV___ac__t

For MCIYR <= MCLHISYR

ESSERVs_u_jw_m = EB1NDu,ucr,m (B-33)

F.,5$£Rg__ucsusmjw.n I = EB/ND39_crfe (B-34)

The Growth Industry Submoduleis not further describedin the main text of this report,

exceptfor the illustrationof this Submodulein Figure 4 of the main text, so the equations
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presented in this section are not supporting additional text.
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The Regional Submodule

The Regional Submodule of the MAM apportionsthe nationaltotals of the regionalized

variablescomputed in the National and InterindustrySubmodulesinto sharesfor each of the

nine Census Divisions as follows:

F_MACREOj;U.c_ = F_.3MACRF_uc:wma_cr m , REOSHRSj_cm¢ (B-35)

for i = 1, 2, 3, ... MCNMMACRF._

F__INDj,ulcn,x = F_.SINDH_ , REGSHR,_j,i,,u_ce_,_..n_ (B-36)

for i = 1, 2, 3, ... MCNMII_

D

F.SINDj._.ucrm : _., F._INDj,_ucn,x(B..37)
i.,O

(Total chemical and allied products in region j in year MCIYR)

F__lNDj,._,ucr,m = F_lHDj,lt,w.n_ + F._J_Dj,ls,ucme (B..38)

(Total of petrolm,,a and coal products in region j in year MCIYR)

F,SINDs,._ucr_= _ F._INDs._uc_ (B-39)
i-lg
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(Total of stone, clay, and glass products in region j in year MCIYR)

F_.,SIl_Dj,._,uc.q,e : __. F__lNDj,t,ucn,e (B-40)
J=21

(Total of primarymetals industries in region j in year MCIYR)

(Total manufacturing output in region j in year MCIYR)

MC.JVMIHD

E_lNDj, tt,ucrnt = _., F.SINDj,_,ucrm(B-42)
i-I

• .

at

(Totalindu.mialoutput,manufac_ andnon-manufact.ri_,in regionj in yearMCIYR)

where

j = 1, 2, 3, ... MCNUMREGS-2

Equations (B-35) through (B-42) provide supporting equations for the discussion provided on

pp. 69-70 of the main text of this report.
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Appendix C. Bibliography

Introduction
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Appendix D. Model Abstract

Model Name:

, Macroeconomic Activity Module of the National Energy Modeling System

Model Acronym:

Description:

MAM is comprised of three Submodules: National, Interindustry, and Regional. The National

Submodule is a response surface approximationofthe proprietary U.S. Quarterly Macroeconomic

Model developed by Data Resour_cCmtw-I-rdl, Inc. (DR/). The U.S. Quarterly Model is a

1,200 equation econometric specification that forecasts macroeconomic driver variables at the

national level of detail.

The Interindustry Submodule is a response surface approximation of the DRI Personal Computer

Input-Output (PCIO) Model. The DR/PCIO Model is a detailed input-output representation of

interindustry linkages that works in tandem with the full DR/U.S. Quarterly Model.

The Regional Submodule consists of a set of shares at the nine Census Division level of detail

developed from simulations ofDRFs U.S. QuarterlyMacroeconomic Model, PCIO Model, and

Regional Model. The regional shares included as the Regional Submodule of MAM are used to

disaggregate the national results generated by the National and Interindustry Submodules of

MAM to the nine Census Division level of detail.

ModelDoeumentstionReport
_o ActivityModuleoftheNationalEnergyModelingSystem D- 1



Purpose of the Model:

MAM links the NationalEnergyModelingSystem (N'EMS)to the restofthe economyby

providingindustrialsector activityandmacroeconomicinputsto the energymodulesof NEMS.

Macroeconomicvariablessuch as GDP, disposableincome,prices,interestrates,and

unemploymentdriveenergydemandsandare importantdeterminantsof energypricesand

quantifies. Conversely,changesin energysuppliesand pricesimpactGDP, prices, interestrates,

and other macroeconomicvariables. MAM respondsto changesin ettergysuppliesandprices to

generateforecastsof approximately170 macroeconomicvariablesfor use invariousenergy

moduleswithinlqEMS.

Most Recent Model Update:

August1993.

Part of Another Model?

NationalEnergyModeling System (NEMS).

Model Interfaces:

MAM providessectoralmacroeconomicdrivervariablesincludinghousing starts, commercial

floorspace,andinterindustryprojectionsto the HEMS ResidentialSector,CommercialSector,

and Indu,mialSectorDemandModules. MAM providesfinancialindicatorssuch as interestrates

to both the demandandsupplymodulesof NEMS.

o
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Official Model Representative:

Kay A. Smith, SupervisoryEconomist

Office of IntegratedAnalysisandForecasting

. EnergyDemand andIntegrationDivision

IntegratedEconomic InternationalForecastingBranch

(202) 586-1455

Documentation".

Model Domnnentation Report: Macroeconomic Activity Module (AO.M)of the National Energy

Modeling _ystem, December 1993.

Archive Media and Installation Manual(s):

At thetimeof thiswritin_ theMAM hasnotyetbeenarchived.TheMAM willbearchivedon

magnetic tape compatiblewith the EIA IBM 3090 _e computeras partof the HEMS

productionrunsused to generatethe AnnualEnergyOutlookfor 1994 (AEO 1994).

Energy System Described:

Domesticmacroeconomicsector.

Coverage:

• Geographic: Nine CensusDivisions.

t

• Tune Unit/Frequency:Annual, 1990through2010
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• Products: Forecastsof domesticmacroeconomicdrivervariables,at the national,

interindustry,andnineCensusDivision levels of detail.

• Economic Sectors: Nationalmacroeconomicactivity.

Modeling Features:

• Model Structure: MAM is composed of threeSubmodules:National,Interindustry,and

Regional. The threeSubmodulesareexecuted sequentiallyin the orderp_ and

mbsequentSubmodulesbuildupon the resultsof previously-executedSubmodules.

• Modeling Techniques:The National and Inte"nndustrySubmodulesof MAM are

econometricresponse surfacerepresentationsof largeproprietaryeconometricmodels.

TheRegional Submoduleof MAM is composedof sharesdeveloped from simulationsof

largeeconometricmacrocconomic,interindustry,andregionalmodels.

• SpecialFeatures: None.

Non-DOE Input Sources:

DR! InputdatafromtheDR1U. S.QuarterlyMacroeconomicModel,theDRI PCIOModel,and

the DRI RegionalModel.

DOE Input Sources:

MAM reliesuponthe DRI Inputdatato generate the baselinegrowth path. Alternativegrowth

pathsaredeveloped basedon alternativeeconomic drivervariablegrowth path assumptions.

DOE datais not used to develop theMAM.
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Computing Environment:

• Hardware Used: IBM 3090; IBM-compatible personal computers

• Operating Systems: MVS; MS-DOS

. • Languages/SoRware Used: VS FORTRAN, Ver. 2.05;

• Memory Requirement: 747,728 bytes

• Storage Requirement: 40 tracks of an IBM 3380 disk pack

• FAtlimatedRun Tune: 3.7 cpu seconds for a 1990-2015 mn in non-iterating NEMS mode

on an IBM 3090

• Special Features: None.

Independent Expert Reviews Conducted:

None.

Status of Evaluation Efforts by Sponsor:

None.
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Appendix E. Data Quality and Estimation

Introduction
F

This Appendixdiscussesthe dataqualityandestimationproceduresperformedto constructthe

response surfeceMacroeconomicActivityModule (MAM) includedin theNationalEnergy

Modet_ System(NEMS)andusedtogeneratethe1994Annu_ner_ Outlook(AEO94).

Pour issuesareaddressedinthisAppendix:worldoilpricescenarioresults,thepseudodata

generationmethodologyandprocedure,theregionalshareestimatesusedintheMAM generated

throushdmxdationsof thefullscaleDRI models(discussedinChapter1of themaintextofthis

report),andthereBressionparametersanddiagnosticsresultingfromthesimulationprocess.

World Oii Price Scenario Results

The value of responsesurfacemodelslie in how well theyapproximatethe largermodel. For

comparisonpurposes,two identicalexperimentswererunusing thefull DRI QuarterlyModel and

the lqEMS MAM responsesurfacemodel. One experimentchangedthe world oil priceby 20%

comparedto base immediately. The secondexperimentincreasedworldoil priceby 23%by the

end of the forecastperiod, increasingit by 1%eachyear. FiguresE-1 throughE-5 show the

resultsof these two experiments.
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Figure E-1. PCOF CoefficientCheck, YD87
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FigureE-2. PCOF CoefficientCheck, GDP87FE
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Figure E-3. PCOF CoefficientCheck, GDP87SUM
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Figure E.4. PCOF Coefficient Check, EEA
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Figure E-S. PCOF Coefficient Check, CPI
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Pseudo Data Generation Methodology

" National Submodule

This section presentsthe procedureused to developthe pseudo datafor the responsesurface

approximationof the DR/full scalemodelsincludedasthe HEMSMAM. The observationson

whichthe responsesurfacemodel areestimatedarepseudodatageneratedbyrepeatedrunsof the

DRI U.S. Quatledy Model for variousvaluesofthe inputvariables.The firsttask was to

generatea "basecase"or "mostlikelyscenario'for the macroeconomicvariables.This case was

developedusing theAugust 1992DR125-yesr long termforecast,"TREND25YR0892"as the

basecase. Chansesstart in 1993 andcontinuethrough2017. The time pathsof the changes in

inputvariablesfollow two paths- immediateandramped. In the immediatecases, the world oil

pricerises above baselinebya specificl_rcentage amountandremainsabovebaselineby this

percentasethroughoutthe simulationperiod. In the rampedcases, the fullamountofthe clmnge

is in placewithinfive years,thereafter_ed for the remainderof the forecastperiod.

Changesin WPI05 arecreatedbyvaryingthe world priceof crudeoil, an exogenous variablein

theDRI model, accordingto typicalScenarioscont_ned in theAnnual Energy Outlook, as well as

typicalenergytax scenariosconsideredinpast analyses.

Although the DRI model includesan equationfor exchangerates,the pseudodatasimulation

froze the exchange rate atbaselinelevels andforceda one-for-onepassthroughof changes in

domestic interestrateson foreigninterest rates. Thisprocedurewas adoptedbecause the MAM

is primarilya nationalmodel.

Theupperand lower rangesOfchanges to &TXGFand&PABE were determinedin partby prior

experiencein solvin8the modelfor priorenergytax _+wl_om. A $100 realcarbontax

sitmdafionwas used as the upperboundof percentngechanges inritepersonalconsumption

, deflatorsfor enerSyand excise taxes. Theupperboundsof thechangesincluded$400 billionfor

excise tax, 37% for the world oilprice, 32%for the personalconsumptiondeflatorfor fuel oil,

" 22°/;for the deflatorfor motorgasoline,26% for the deflatorfor electricity,17% for the deflator
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for naturalgas, $10 billionof realinvestmemin minin8andpetroleumstructures,$20 billionof

realinvestmemin publicutilities,and$10 billionof realpollutionabatementequipment. Once

theseupperboundsof changeswerechosen,fouradditionalsimulationswerecreated_

percentagesof these ma_mm _. Forall prices,equalpereentageincreasesand reductions
i

were made.For exemple,theupperboundof the personalconsumptiondeflatorfor motor

gasolinewas a 22% increaseand22%decreaserelativeto the baselinedeflatorandthe additional

ednmlationsclmnMin8the motorgasolinedeflatorwere 80%, 60%,40%, and 21P/_of the Inr8_

increase. Tiros,the personalconmmpfiondeflatorfor motorgasoline was increased(and

reduoed)by 22_, 17"4,13%,9*4,and4% relativeto baselinelevels.

The second _tesory of inputvariablesconsistedof those concepts thatwould be used to alterthe

8ene_growthpathoftheeconomy,_ dmSminthecivilianlaborforce,chansesin
equipmeminvestmeat,andchansesin productivity. Thegenend rule in determiningthe ransesof

these varhtblesis that the dmnses necessaryto cause anapproximately0.25 percentage

difl'mea_ in the Ions-rim8rowthof GDP compm_ to baselinelong-runGDP growth were

introduced.IMmr force was increasedby 5% atmost,investmentwaschangedby20%, andthe

productivityvariablewasincreasedresultinginatmostanincreaseinGDP of $200 billion,

roushty3.5%ofpotene_outputby20_7.

Interindustry Submodule

In orderto estimatethe two eoeffi(aeatmmices • and p, thefirstfireddemandcompoeventin

themacroeconomic nmdelwas increased 1000 milliondollars($1987) throushout the foreuat

periodofPCIOwht3eholdingallother_ demandsconstant.Theresultingchangefrom
levelsof grins ¢mtlmtfor each of the 1]4 indumies of PCIO was then¢_leulated,

_dthedmSm qS-mtedtothelevdofiadu.trtddine_ forthet,m_du_

Sulmmdule(45 xt_MT). Thenmppin8ofPClO sectorsto Intefindw_y Submodulesectorsis

nhownin Table 3 in the nmintext of this report. Thisproumwas_ for ew,hofthe
p

maaveconon_ finaldenm_ cetegofies of the NationalSubnmdule.The remit of these

mntrolledninmlndonsof PCIO was 2070 time seriesof _ impem, each rdatin8
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changein gross outputof a specificindustrialsectorto changein a particularfinaldemand

component.

Eachof the 2070 outputtimeserieswas dividedby 1000, the amountby which each
t,

macroeconomicfinal demandwas incrementedwhen runningthe PCIO model, resultingin

multipliersrelatingchangein indumislgross outputto dmnge in finaldemand. A linear

regressionwas thenperformedon eachof themultipliertimeseries,with time as the

independentvariable. The a, c,oemcientsrepresentthe amountthatsector i's outputwould

dmnge for a unitdmnse in finaldemandj, for the baseyearof the sinndafion. Since the

PCIOmodelis not static,time is includedin the regressions. The p, co_cients are

designedto capturethe _ of both the changingrow scalarsandthe chansin8 bridge

matrixwithinPCIO. A lineartimespecificationwas chosenfor the _ estimationof the

InterindustrySubmodule.

Regional Share Estimates

As discussedpreviously,re_onal shareestimateswere developedby simulatingthe full scaleDRI

models. The sharesareused in theNEMSMAM to disa88regatethe results of the Nationaland

Industry Submodulesto the CensusDivisionlevel of detail,for those variablesrequiredon a

regionalbasis as diso.med in ChapterI of the maintext of thisreport.

Supporting Data Availability

Theregressioncoefficient&diagnostics,andstatim'caltestsp(_bnnedusingtheDR1full-scale

modelsto develop theNationalandInterindus_ Submodulesof theMAM reside in electronic

formon floppydiskettes. In addition,the regionalshareestimatesdeveloped for the MAM

R_onal Subtmdule arestoredonltoppydiskettes. Diskettesare availablefromMs. KaySmith,

SupervisoryEconomist, as referencedin the ModelContactdiscussionin ChapterI of the main

text ofthis report.
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