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1. Introduction

Purpose of This Report

Thisreport documentsthe objectives, analytical approach, and development of the National Energy
Modeling System (NEMS) Macroeconomic Activity Module (MAM) used to develop the Annual
Energy Outlook for 2002(AEO2002). Thereport catal ogues and describesthe modul e assumptions,

computations, methodology, and parameter estimation techniques.

Thisdocument servesthree purposes. First, itisareference document providing adescription of the
NEMS MAM used for the AEO2002 production runs for model analysts, users, and the public.
Second, this report meetsthe legal requirement of the Energy Information Administration (EIA) to
provide adequate documentation in support of its models (Public Law 94-385, section 57.b.2).
Third, it facilitates continuity in model devel opment by providing documentation fromwhich energy
analysts can undertake model enhancements, data updates, and parameter refinements as future

projects.

Model Purpose

NEMS

The National Energy Modeling System (NEMYS) is a comprehensive mid-term energy forecasting
and policy analysis tool used by EIA. NEMS projects energy supply, demand, prices, and
environmental emissions, by region, given assumptions about the state of theeconomy, international
markets, and energy policies. The MAM links NEMS to the rest of the economy by providing
projections of economic driver variablesfor use by the supply, demand, and conversion modul es of
NEMS. Macroeconomic variables such as GDP, disposable income, industrial gross output,

inflation, interest rates, and employment drive energy demands and are important determinants of
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energy prices and quantities. Changes in energy supplies and prices can in turn affect GDP,
inflation, interest rates, and other macroeconomic variables. To capturetheseeffects, NEMSallows

for feedback to and from the macroeconomy.

MAM

The MAM is able to address the macroeconomic impacts associated with changing energy market
conditions and aternative macroeconomic growth cases. Energy price changes represent acritical
source of interaction between energy markets and the economy. Consumersfacing higher pricesfor
energy may reduce their energy consumption. Nonetheless, because a large component of energy
expenditures is non-discretionary, nominal expenditures on energy are likely to rise, consuming a
larger share of the household budget. Asaresult, consumers are likely to reduce expenditures on

other goods and services.

Energy services also represent a key intermediate input in the production of goods and services.
After energy pricesincrease, production costs per unit of output are likely to rise for firms, at least
initially. Reacting to higher pricesin general, wagesincrease 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 dointerest rates. Theincreasein interest ratesin turn causes reductionsin interest-rate
sensitive components of aggregate demand. Aggregate demand declines, leading to reductionsin
output asaresult of risingenergy prices. TheMAM provides such dynamic macroeconomicimpacts
to therest of the NEMS.

Model Summary

The MAM of NEMS is composed of five submodules: the National Submodule, the Interindustry
Submodul e, the Employment Submodul e, the Regional Submodul e, and the Commercial Floorspace

Submodule. The first four submodules are based on large, proprietary econometric models
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developed by DRI-WEFA, a Global Insight Company. The National Submodule of MAM usesthe
Eviews version of the DRI-WEFA U.S. Quarterly Macroeconomic Model. The Interindustry
Submodule of MAM uses DRI-WEFA's Personal Computer Input-Output (PCIO) Model in
conjunction with the Macroeconomic Model. The Employment Submoduleof MAM usesthe DRI-
WEFA's Employment Model in addition to the Macroeconomic Model. The Regional Submodule
isastraightforward sharing algorithm that appliesfactorsbased on simulationsof DRI-WEFA'sU.S.
Quarterly Macroeconomic, PCIO, Employment, and Regional Modelsto disaggregatethe National,
Interindustry, and Employment Submodule results to the nine Census Division level. Theregional
shares used in the modul e change over the forecast period, reflecting the changing growth patterns
across regions over time. The Commercial Floorspace Submodule, developed by the EIA, uses

regionalized variables to compute changes in regional forecasts for 13 floorspace types.

The structural DRI-WEFA models are designed to work in tandem with each other, and are used in
thisway by EIA to create the macroeconomic baselineswhich areinput totheMAM. DRI-WEFA's
PCIO uses fina demands generated by the DRI-WEFA U.S. Quarterly Model as inputs;, DRI-
WEFA's Employment Model uses the gross output generated by PCIO as well as some
macroeconomic concepts as inputs, the DRI-WEFA Regional Model uses DRI-WEFA U.S.
Quarterly Model, PCIO Model, and Employment Model outputs as inputs.! The Commercial
Floorspace Model calculates baseline values for regiona floorspace based on inputs of the DRI-
WEFA models.

The Submodules of MAM operate in asimilar, sequential manner. The set of variables generated
by the National Submodule includesfinal demands for goods and services, interest rates, inflation,
housing starts, and disposableincome. The Interindustry Submodul e cal culates the industrial gross
output needed to satisfy thefinal demandsforecasted by the National Submodule. The Employment

Submodule calculates 2-digit SIC level employment by manufacturing industries, as well as

! DRI-WEFA isin the process of preparing documentation of the four structural DRI-WEFA models used to develop the basdline
forecast: Macroeconomic, Personal Computer Computer Input-Output, Employment, and Regional models. Although these four models are
proprietary, the documentation under preparation, which will be available to the public in April, 2002, will give an overview of the four models
and how they link together.
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employment for aggregated construction, services and trade sectors based on the gross output
projections of the Interindustry Submodule. The Regional Submodule disaggregates the forecasts
generated by the National, Interindustry, and Employment Submodules so that they can be used by
the NEM S end-use sector demand models. The Commercia Floorspace Model forecasts regional

floorspace based on regional disposable income, population and inflation adjusted interest rates.

The configuration of MAM isflexible. If one of the NEMS models is modified to require a new
macroeconomic input variable, MAM can be expanded to add the new driver, as long as the new
variableiscontained in one of thefull DRI-WEFA models. Currently, MAM forecastsroughly 120
macroeconomic variables, asubset of which is passed back to the NEM S common data structure to

be used by the energy demand, supply, and conversion models.

MAM National Submodule

TheMAM National Submodule callsthe DRI-WEFA Quarterly Model of the U.S. economy, which
was recently converted to operate in the Eviews system. The National Submodule supports the
NEMS energy supply, demand, and conversion modules by providing mid-range macroeconomic
projectionsfor the period from 1990-2020. The National Submodul e also providesfeedback effects
for analyses of different energy scenarios by capturing the macroeconomic effects of changes in

energy variables.

The growth potential of the economy is rooted in the growth of the factors of production,
specifically, labor, capital, and energy, and the aggregate productivity of thesefactors. Theuser may
choose one of the three growth scenarios provided in the National Submodule (low, mid, or high

growth) and subsequently incorporate energy market feedbacks.

TheNationa Submodulerespondsto information concerning energy priceand quantity changesfrom
the other NEM Smodules. NEM S determinesthereaction of energy pricesand quantitiesto changes
ineventsor policies. These energy impacts are passed to the National Submodule of MAM and the
economy reacts, producing altered macroeconomic variables. Thealtered macroeconomic variables

are then passed back to the other NEM S modules for the next solution iteration
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MAM Interindustry Submodule

The Interindustry Submodule provides industrial gross output projections to NEMS for use
principally by the Industrial Demand Module. The Interindustry Submodule also calculates the
interindustry impacts based upon changes in the fina demand forecasts generated by the National
Submodule. The feedback mechanism in the Interindustry Submodule is based on changes in
generated output conceptsfound in the M acroeconomic Model. Generated output reflectstheinput-
output relationship between the producing industry and both intermediate industries and final
demand. The generated output forecast is used to calculate changes from the baseline forecast
created with the full PCIO model

The Interindustry Submodule contains detail for thirty-five industrial (manufacturing, agriculture,
mining, and construction) sectors and ten non-industrial service sectorsand devel opsprojectionsfor
the period of 1990-2020. The Interindustry Submodul e calcul ates deviationsfrom agiven baseline
industrial grossoutput projection when macroeconomic final demands change and generated output
changes in the Macroeconomic Model. 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 energy supply and
demand submodules, which in turn alter the macroeconomic outlook, changes in interindustry
projections do affect the results of the National Submodule during the next solution cycle. The
NEMS energy supply and demand modules determine the reaction of energy variables to changes
in energy market conditions. Theseenergy market resultsare passed to the National Submoduleand
the economy reacts to the atered inputs. The atered industrial gross output projections are then

passed back to the other NEM S modules, and the system iterates until convergence is attained.

MAM Employment Submodule
The Employment Submodul e cal cul atesthe empl oyment impacts of altered energy market conditions
based on the following causal relationships. When energy market conditions change, the level and

composition of macroeconomic final demands are affected. In turn, the level and composition of
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industrial gross outputs required to satisfy the new final demands are changed. Finally, faced with
new demands for their output, industries will adjust the number of workers employed. The

Employment Submodule represents this last link in the chain.

MAM Regional Submodule

The Regional Submodule is a sharing algorithm based upon simulations of the DRI-WEFA U.S.
Quarterly Macroeconomic Model, the DRI-WEFA PCIO Model, the DRI-WEFA Employment
Model, and the DRI-WEFA Regional Model. Thissharingalgorithmisutilized to disaggregate some
of theNational, Interindustry, and Employment forecaststo thenine CensusDivisionlevel of detail.

Theregiona shares vary over time through the forecast period.

MAM Commercial Floorspace Submodule
The Commercial Floorspace Submodule uses the regional forecasts of real disposable income on
aper capitabases, regional population, and interest rates adjusted for regional inflation to calculate

thirteen floorspace types for the nine Census Divisions.

Model Contact

Ron Earley, Economist

Office of Integrated Analysis and Forecasting
International Economic and Greenhouse Gas Division
(202) 586-1398
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2. Alternative Modeling Approaches and Selection

Rationale

Background
The following theoretical discussion was primarily written during the design phase for the MAM
(circa1992). Theissuesraised and taken into consideration when selecting the modeling approach

for the MAM are still relevant and informative.

National Submodule

Thissectionidentifiesand critically discussesa ternative macroeconomic andinterindustry modeling
approaches. Thediscussion first treats the most widely used large macroeconomic models. Small
structural macroeconomic models are next reviewed as possibl e alternatives to the chosen response
surface approach. General equilibrium models that focus on the long-run growth path of the
economy are then addressed. A discussion of input-output based macroeconomic models that
attempt to bridge between the large macroeconomic model s and the general equilibrium approaches

isprovided next. Last, vector autoregressive models are explored.

L arge Macroeconomic Models. DRI, The WEFA Group, and other macroeconomic forecasters
produce large econometric models of the U.S. economy. The DRI model has been used at EIA for
many years. A large macroeconomic model such asthe DRI model has the advantage of sufficient
detail that it is likely to be able to address the majority of requested analyses. It isaso likely to
include the variables required as drivers by the NEMS supply, demand, and conversion models.
Such models also have large staffs devoted to the maintenance and improvement of the model and

the provision of base case forecasts.

The DRI Quarterly model is composed of 1200 equations.? It provides detail on fina demands,

2 Brinner, Roger E. "Philosophy and Properties of the DRI Model of the U.S. Economy.” Quarterly Model
of the U.S. Economy: Version US89A., March 1990.
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aggregate supply, prices, incomes, interest rates, and U.S. tradeflows. The DRI model incorporates
ashort-term specification of financial conditions, output, and pricesinto along-term growth model.
The level of inflation-adjusted demand is driven by prices, income, wealth, expectations, and
financial conditions. The capacity to supply goods and services is keyed to a production function
combining the basic inputs of labor, capital, and energy. Pricesadjust when thereisexcessdemand

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
isextremely useful in the assessment of thetime-profile of the adjustment path over the 5 to 20 year
horizon. The DRI modél is capable of analyzing the effects of price changes for energy or other
goods, 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 incorporating
specific types of energy technology changes and theissue of efficiency in energy use. DRI includes
energy use as part of itslong-run production function. However, the long-term general equilibrium

constraints imposed in the model are weak.

Thereis also afundamental inconsistency in the use of alarge macroeconomic model as a part of
NEMS. Since NEM Sfocuses primarily on energy, the objectiveof MAM, asone of twelve modules
in NEMS, is to provide the feedbacks between the energy markets and the rest of the economy.
Large macroeconomic models are designed as stand alone models, and therefore typically include
an energy block within their own structure. Consequently, use of these large modelsimpliesthe use
of two energy models: 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
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representation with a set of equations that replicate NEM S behavior for the energy sector. In one
mode, the macroeconomic model's energy equations are disabled and simply passthrough 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 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

eguations.

Small Macroeconomic Models. One aternative to alarge macro model isasmall model tailored
precisely to the needs of NEMS. A small model has the advantages of ease of development and
maintenance. However, problems with this approach, and any approach in which an independent
macroeconomic model isdeveloped, includelack of support for the provision of base caseforecasts
and considerable resource costs for development and maintenance of a tailored macroeconomic
model.

Thelack of detail in asmall macroeconomic model another potential concern. A small model may
not provide sufficient detail to executeall scenariosthat alargemodel isableto address. Also, small
models suffer from the criticism that important linkages are necessarily omitted in their design.
Small models also have the potentia to grow into large models, because adding new variables
required by the NEMS may involve creating one or more new blocks within the model, each
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. Thefundamental theme of the general equilibrium model isthat the
production side of the economy (the transformation of commodities into other commaodities) is
distinguished from the consumption side (the acquisition and eventual consumption of goods and

services). Thetwo arethen linked to provide asimultaneous determination of equilibrium balances
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between the production and consumption sides of the economy.?

Stocks of commodities, which may be consumed directly, maintained as inventories or offered as
factors of production, are owned by households in their physical form or by means of a variety of
financia instruments. Each consumer's income, or wealth, is determined by evaluating the
consumer's stock of commaodities in terms of those prices at which the commodities can be sold.
Income and aknowledge 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 al 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 model*) or CES functions for

each industry and then obtaining the aggregate production.

A standard procedure hasevol ved among general equilibrium modelersto calibratethe 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 datais employed, and sensitivity analysisiswidely used for parameters whose values

are uncertain and/or crucial to the results.

3 Much of the genera equilibrium analysis draws heavily from the following sources: Applied General
Equilibrium Analysis by Herbert Scarf and John Shoven, Cambridge University Press, 1984 and Dale
Jorgenson and Peter Wilcoxen, "Environmental Regulation and U.S. Economic Growth", Energy and
Environmental Policy Center Discussion Paper, November 1989.

4 Dale Jorgenson and Peter Wilcoxen, "Environmental Regulation and U.S. Economic Growth," Energy and
Environmental Policy Center Discussion Paper, November 1989.
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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 dataset isacollection of datain which equilibrium conditions of an assumed underlying
equilibrium model are satisfied. If equilibrium is reflected, demands equal market suppliesfor all
commodities and supplies and demands can be separately disaggregated by agent. Four sets of
equilibrium conditions satisfied by most of the constructed benchmark equilibrium datasetsare: (1)
Demands equal suppliesfor all commodities; (2) Nonpositive profits are madein all industries; (3)
All domestic agents (including the government) have demands that satisfy their budget constraints;

and (4) The economy isin 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 datainvolved
and the nature of these adjustments variesfrom case to case as aternate sets of benchmark accounts
are constructed to fit differing models. The data usually refer to a single year, although some
averaging acrossyearsisdonein constructing portions of those data setswhere substantial volatility

OCcCurs.

Although most genera equilibrium modelsuseliterature estimatesof crucial elasticities, Jorgenson's
model uses econometrically estimated values of these elasticities. The endogenousvariablesin his
model of producer behavior are the value shares of sectoral inputs for the four commaodity groups.
Thereare 14 unknown parametersfor eachindustry. These parametersareestimated using datafrom
1974-1985 for each industry, subject to restrictions implied by the monotonicity of theinput value
shares. Some authors have argued that there is an hierarchy of submodels, and that the number of
restrictions required to estimate the parameters for each industry may present interpretational

problems.®

s See Chapter 3, "Numerical Specification of Applied General Equilibrium Models: Estimation, Calibration,
and Data," written by Mansur and Whalley in the Scarf and Shoven book.
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In addition, the general equilibrium models are full employment models. These models cannot
cal cul ate disequilibrium costsbecause the model sdescribeequilibrium points. Factorsof production
are treated as perfectly mobile between aternative uses and the alocation of factors by industry in
equilibrium equalize the returns received net of taxes and gross of subsidiesin all industries. The

models solve for a steady-state equilibrium, but ignore the path of adjustment.

Much of the policy analysisthat the macroeconomic model sanalyzeimplies some cal cul ation 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.®

Thedifficulty inincorporating system energy price and quantity resultsisasignificant drawback to
incorporating ageneral equilibrium macroeconomic model for NEM S, because estimatesof 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 modelsisthat their scopeisfar beyond that
of macroeconomic analysis; they embody afully devel oped 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 entire NEM S 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,

itisnot clear that support is available for provision of base case forecasts.

6 See the preface of the Scarf and Shoven book for a good description of the advantages and disadvantages to
general 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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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 analyzethe capital costsof environmental policiesand theintroduction
of new technologies. The inability to address the path of adjustment is a problem. They are
thereforeof littleusein answering questionsconcerning the short-run disequilibrium costs associated

with energy taxes, although they are well equipped to predict long-term impacts.

Input-Output Based Macro Models. The LIFT (Long-term Interindustry Forecasting Tool)
availablefrom INFORUM at the University of Maryland is alarge macroeconomic model based on
a78-sector input-output model.” The advantage of this approach isthat, likethe DGEM model, the
computable general equilibrium constraintsimposed by theory are maintained by the model so that
the model istheoretically satisfying. The bottom up approach to modeling isideal for analyses of
technology, productivity change and capital costs.

LIFT isablend of the econometrically estimated equations coupled with the general equilibrium
emphasison buildingamodel of the aggregate economy based on producer and consumer decisions.
While conforming to these equilibrium conditions, the model forecasts 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 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

7 The LIFT analysis draws heavily from the following sources: "The INFORUM Approach to Interindustry
Modeling" 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 Economics Systems Research, Vol. 3, No. 1,
1991.
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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. Thisisthepart of themodel that insuresthat the aggregations of individual components
are calculated, and is concerned 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 atwo-stage estimation procedure.
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 seriesdatato 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 NIPA. The level of
disaggregation available in the model is adistinguishing 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 categories of structures. The private residential
categories depend upon consumption or income, interest rates, stocks, and demographic data. The

private non-residential categories depend upon industry outputs, interest rates, and stocks.

The input-output model determines the unit prices for the 78 products by solving the dual pair of
equations. The rea 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. Inthe equation formulation, there are variablesthat capture the

tightness of the economy in determining prices and incomes.
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The model derives aggregated totals consistent with the detailed information contained in the other
two components concerning production techniques and consumption equations. It aso consists of
macroeconomic variables that are not industry-specific yet are needed in order to arrive at industry
totals. Examples 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 inputsand model results. The complexity and integrated aspectsof LIFT increasethechallenge
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 models,
LIFT doesnot focuson thederivation of the steady state equilibrium, but instead on the path to reach
the equilibrium. The model isexplicit 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 Autoregressive Models. VAR models are pure time series model s 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
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equationsin 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 fivelagged variables. If thelag lengthistwo, then each equation would haveten arguments,
etc.

Ease of model devel opment istheprimary advantage of theV AR approach. Implementation requires
only thelist of variables to be predicted and the correct lag length. One drawback to VAR models
istheir tendency to become cumbersome asthe number of variablesincreases, becausethelagterms
required for this approach impact the degrees of freedom and result in potential collinearity issues.
Inaddition, itisdifficult to specify the correct lag |ength, becausetoo many lagsimpliesinefficiency
while too few implies omitted variable bias. Imposing apriori constraintsis difficult in that there
is little guidance from theory and the behavior of the model is fundamentally atered with each

constraint.

Another consideration with this approach isthat VAR models are fundamentally altered whenever
an equation isadded or removed. If asixth variableisadded to the original five equation model, the
model behavior islikely to change. This feature is a source of instability and unreliability as the
model develops. Finadly, it isdifficult to imagine the ability of a VAR model to address complex

analyses such as a carbon tax with revenue neutrality.

Comparison of approaches. Thetimeperiod of theforecast varies among the model approaches
reviewed. The DGEM currently extends the furthest to 2050, while the DRI model forecaststo the
year 2023 and LIFT goesto 2015. Thetheoretical underpinnings of each approach differ, and affect
the level of support for long-run analysis. Accordingly, the applicability of a functional formis

partly dependent upon the forecast horizon.

M ost |arge scal e macroeconomic model s such as DRI and WEFA are essentially demand-drivenand
contain key equations to address the aggregate supply curve of the economy. In the short and mid-
run, this structure may be the most desirabl e depiction of the economy. The DRI and WEFA models
are capable of extension to the year 2030, but this strains the credibility of aquarterly model. The
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theoretical structure of the LIFT model lends itself to extension to the year 2030, but the model is
dataintensive and the extension challenging and difficult to support. DGEM exclusively focuses

on the long-term.

The path of adjustment to the new equilibrium is an important component of the modeling
system. Thegeneral equilibrium approach addressesthe supply and demand of eachindustrial 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 and WEFA, are strongest in
evaluating short to mid-term changesin aggregate demand, as opposed to detail ed sectoral demands.
These models incorporate aggregate supply constraints, but not at the sectoral level of detail.
Consequently, aggregate supply isdetermined by asingle production function driven by labor supply,
the aggregate capital stock, energy, and atechnology trend. Thisresultsin aweak treatment of the
sectoral tradeoffs among capital, labor, energy, and other 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 along-
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 approachistop-down, responding to the question "what
isthelevel of industrial output needed to satisfy a given level of fina demand?' The DGEM and
LIFT approacheshboth arebottom-up. Theindustria outputsareintegral to the determination of the
level of the aggregate economy. Conceptually, the bottom-up view of the economy is more
appealing, but the modelsrelying on thisview are typically larger and more complex to understand

and operate.
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Interindustry Submodule

Themodeling methodology for industrial activity islinked directly with the choi ce of themodel used
for the national economy. Issuesintroduced in the previous section describing aternative nationa
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, aswell as other energy modulesin NEMS. The choice of which
industrial activity model to use as part if MAM depends on severa criteria. First, isthe industrial
model consistent with the National Submodule? Second, doestheindustrial model forecast output
for theenergy consumingindustriesin the detail required by the Industrial Energy Demand M odule?
Third, istheindustrial activity model flexible enough to handle possiblefuture changesinindustria

aggregation needed by other NEM S 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 extensionsto standard

input-output analysis that makes the input-output model used by MAM more flexible.

Input-output analysis was devel oped by Wassily Leontief inthelate 1930sto determinethe 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:

X = @ X t a;,x, t .+ oa,x, + d, (1)
where
X4 isoutput from industry 1,
aj; istheinput fromindustry 1 required for production of
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each unit of output from industry |,
isoutput from industry |,
d, isthefina demand for industry 1's output, and

] indicates the industry, ranging from 1 to n

Rearranging terms in the above equation gives:

(l-a;)x, - a;,x, — . - a,,x, = d, 2)

The variables representing output of every sector within the economy (x ; S) appear on the left side
of equation (2). A similar equation is constructed to represent the output of each industrial sector.
The system of equations for the entire economy then consists of a square matrix of dimension n
whose elements are all - a;; except for those which lie along the principal diagonal of the matrix,
which are (1 - a ;) for i = j, multiplied by the column vector of variables that represent each
industry's output, and equated to the column vector of final demands. Switching to matrix notation

for brevity, the system can be expressed as:

(I-4) » x = d 3
where

I isthe n x n identity matrix,

A isthe n x n input coefficient matrix,
X isthen x 1 variable vector,

d isthen x 1 final demand vector, and
n is the number of industrial sectors

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

Energy Information Administration
NEMS Macroeconomic Activity Module Documentation Report 19



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

nonsingular. Premultiplying both sides by (I - A) * gives:

x = (I-4)"1' x d (4)
where

X is the column vector of computed output,

(1-A)* isthe inverse of the technology matrix, and

d is the column vector of final demand

Themode given by equation (4) trand atesfinal 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 astatic model. Because the technology matrix isfixed in the
model described to thispoint, aspecificlevel of final demandin onecategory requiresthe samelevel
and proportions of output from al interindustry sectors, regardless of the year to which the forecast
pertains. Thisis an unduly restrictive and unrealistic assumption for the purposes of long-term
forecasting. In order to provide a more reasonable forecast, DRI employs two methods within the
input-output model that introduce temporal change to the interindustry forecasts. Thefirst usesa
unique bridge matrix for each year of the forecast (through 2020). The second applies row-scalars

to the technology matrix.

The purpose of the bridge matrix is to alocate fina demand by macroeconomic concept to those
industries which produce the final products. By using a unigque bridge matrix for each year of the
forecast period, agiven level of macroeconomic final demand does not tranglateinto the samelevels
of final demand broken out by industrial sectorsfor each year. How the bridge matrix allocatesfinal
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demand across a number of industrial sectors can be illustrated by looking at the final demand
component Non-Residential Producers Durable Equipment -- Other (excludes Automobiles and
Office & Computing Equipment). Withinthe DRI model, final demand in thiscategory isallocated
across 47 of the 114 industrial sectors, including: Farm & Garden Machinery; Construction &
Mining Machinery; Metalworking Machinery & Equipment; Electrical Machinery; and Radio, TV
and Communications Equipment. Because the bridge matrix simply trandates final demand by
macroeconomic concepts into final demand by industrial sectors, each column of the bridge matrix
must sumto 1.0. Therefore, aunique bridge matrix for each year indicatesthat theinterindustry mix
of final productsrequired to satisfy agivenlevel of macroeconomic final demand changesover time.
Asanillustration of achanging bridge matrix it may bethat in the future more Electrical Machinery
and less Farm & Garden Machinery is required to satisfy a given level of Non-Residential
Producers Durable Equipment -- Other macroeconomic final demand. In this case the Electrical
Machinery coefficient within the Non-Residential Producers Durable Equipment -- Other bridge
matrix column rises over time while that for Farm & Garden Machinery falls. Thefull DRI-PCIO
Model developsthe bridge matrix projectionsthrough logistic timetrends, which are 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 adifferent effect. A row-scalar isanumber that changes over time, and isused
to multiply all elements in one row of the direct requirements matrix. The row scalars introduce
genera trendsin technical requirementsto theinput-output modeling framework, but should not be
construed as amethod for representing specific technological changes within industry. Since each
row of coefficients in the matrix represents the usage of that industry as an input into al 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 alow 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 theresulting computed output exceedstheactual output
for agiven industry, the row scalar for that industry and that year islessthan one. If the computed

output islessthan the actual output for agivenindustry, therow scalar for that industry and that year
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is greater than one. Making this comparison for all industries results in time-series of row scalars
over the historical period. Regression onthesehistorical row scalar time-seriesresultsin 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:
Xt :[1_(Aijxrsil,t)]_l*(Bik,t *dyy ) ©)
where

X is the column vector of computed output,

I isthe n x n identity matrix,

A isthe n x n direct requirements matrix,
rs, is the column vector of row scalars for year t,
B, isthe bridge matrix for year t,

is the column vector of final demand for year t,
i) is the interindustry sector, ranging from 1 to n, and

k isthe fina demand component, ranging from 1 tom

The full DRI model does not calculate the Leontief inverse matrix ((I - A) ) when computing a
solution. Instead, an iterative technique is used because it is computationally simpler than
calculating theinverse matrix for each year of theforecast, and it provides a close approximation to

the actual Leontief inverse matrix.® The technique is based on the identity:

(I-4)1 =T + 4 + A? + 43 + 4* + . (6)

8 See Chiang, Fundamental M ethods of Mathematical Economics, Third Edition, pp.120-122 for a discussion
of approximating an inverse matrix in the context of input-output modeling.
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where

I isthe identity matrix, and
A is the direct requirements matrix, with each
component a,; showing the proportion of good i used

in the production of good |

Intuitively, this identity expresses the multiplier impact of a change in final demands. The total
requirements resulting from a given level of final demand (I - A) * equals the direct impact I, plus
thefirst round input requirements of the direct impact A, plus the second round input requirements
resulting from the first round A 2, all the way through the nth round when the process converges.

Usually about eight to ten iterations are required for convergence with the current approach.

The Interindustry Submodule structure in MAM is grounded in the classical approach to 1-O
modeling. Alternative I-O modeling approaches build upon the framework presented by Leontief

and described above, but the foundation is structurally similar for this class of model.

Employment Submodule

Just as maintaining consistency between the Interindustry and National Submodulesis critical for
deriving meaningful industrial gross output projections, maintaining consistency between the
Employment and Interindustry Submodulesis critical to ensuring meaningful employment results.
The Employment Submodul e cal cul atesthe empl oyment impacts of atered energy market conditions
based on the following causal relationships. When energy prices change, thelevel and composition
of macroeconomic final demands are affected. In turn, the level and composition of interindustry
gross outputs required to satisfy the new final demands are changed. Finally, faced with new
demands for their products, industries will adjust the number of workers employed. The response

surface Employment Submodule represents this last link in the chain.
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The DRI Econometric Model of Employment by Industry,® uses interindustry gross output from
DRI's Personal Computer Input-Output (PCIO) Model’® as its major input when determining
employment. Final demand components are used to calculate interindustry gross outputs, whichin

turn are used to determine employment.

The DRI Econometric Model of Employment by Industry provides the baseline employment
projectionsfor usewithin MAM. Itislinked to forecasts of real Industry output produced by PCIO,
and to aggregate macroeconomic variables from the U.S. Quarterly Model. Employment for each

sector is derived as labor hours divided by the average number of hours worked per employee:

Employment = (LaborHours) | (Hours Worked per Employee)

Labor hours are calculated as;

LaborHours = (RealOutput) /| (Hourly Output per Employee)

Real output for each industry isan exogenousinput passed from the PCIO model. Hourly output per
employee (productivity) istheratio of total output from anindustry to thetotal labor hoursrequired
to produce the output. Explanatory variables for labor hours by industry include:

e  year-over-year change in output
e ratio of wagesto product prices

e  ratio of wagesto capital costs

9 DRI/McGraw-Hill, An Econometric Model of Employment by Industry, (Lexington, MA, May 1994).

0 pRIM cGraw-Hill, Description and User Guide for PCIO, the EIA Input-Output Model for the IBM

PC, (Washington, DC, August 1990).
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*  aggregate sector productivity

e exogenous shifts, represented by time trends

Explanatory variables for hours worked per employee (average hours) include:

e year-over-year change in employee hours
e  ratio of actual to potential output
e aggregate hours per week

e ratio of non-wage compensation

The sectoring chosen for the Employment Submodule is based on that used for the Interindustry
Submodule, but is somewhat less disaggregated for two reasons. The first is that the raw
employment data upon which the structural model was based did not allow for some of theindustry
disaggregations supported by the gross output data. The second is that some of the manufacturing
sectors maintained in the Interindustry Submodule are large in terms of energy use, but small in
terms of employment. In these cases, the energy-intensive three- and four-digit SIC manufacturing

sectors are combined to the two-digit level in the Employment Submodule.

Regional Submodule

Regiona models generally fal into three broad classes. top-down models, bottom-up models, and
input/output models. Each classof modelshasaparticular set of characteristics. Top-down or shift-
share models are desirable from the perspective of consistency and short-run forecasting capability.
A top-down model contains simple sharing techniques that assure that the sum of the parts equals
apredetermined national total. In addition, because shares do not change radically over the short-
term horizon, the top-down approach forecasts well in the short run. One drawback to top-down
models is that they are not designed to explain why one region gains in share at the expense of

another.
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Bottom-up models are better suited to explain interregional shiftsin national market share. These
are structural models of a region's economy. There are limitations to bottom-up models. In a
national system, each regional model isestimated separately. Asaconsequence, thesum of the parts
rarely equals a predetermined national total. Another disadvantage relates to the unconstrained
nature of estimating the models. Because of the unconstrained nature of the models, the elasticities
of regional employment or value added with respect to national employment or production may be
significantly different from one. In the long run, these models tend to over- or under-forecast
economic activity if these elasticities are greater or less than one when aggregated over al regions.
Since the data needed to develop detailed models that forecast regional economic activity is not
readily available, thereis substantial cost of devel oping and maintaining large-scale, well devel oped

regional econometric models for the nation as awhole.*

Regional input-output model sarefrequently discussed inregional economicsliterature. Input-output
tables contain information about interindustry flows and simulate well over the historic period from
which they are constructed. Thereisnothing inaninput-output tablethat can determinewhy astate
or regionisgaining or losing share or why aregion'sindustry mix ischanging. Inaddition, thetime

path of impactsis difficult to determine using regional input/output multipliers.

Most regional models described in the literature are detailed representations of a particular region
of the U.S. asopposed to aregional representation of anational model. Few organizations maintain
regional models of the nation as awhole, and those that do use different methodol ogies depending
on the time horizon of the forecast, detail of industrial aggregation, and consistency with national
macroeconomic forecasts. WEFA, for example, has51 state model s and doesregional analysis, but
the WEFA state models are not linked to yield a national aggregate consistent with their national
forecasts.

' Anarticle by Farrell and Hall (1991) described the extent to which regional economists were engaged in
measuring and forecasting local economic activity. They conducted a survey of regional economists and
found that roughly 12 percent of the respondents were measuring and forecasting local activity and that data
collection was the foremost problem encountered in forecasting regional economic activity.
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Of the regional models that incorporate the entire national economy, there are different
methodol ogies, corresponding generally to the three types of regional models. Each classof 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 (RIS), the Bureau of Economic Analysis (BEA) Nationa-Regional Impact
Evaluation System (NRIES), the BEA Regiona Input-Output Modeling System (RIMS), and the
Regiona 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 are not automatically consistent to a
national aggregate. In addition, these models are used frequently by other government agenciesand

businesses in analyzing regiona impacts in both forecast and impact analyses.

DRI Regional Information Service (R1S). The RIS usesasystem of quarterly modelsto forecast
over 100 concepts for each state and region.** The forecast horizon is 25 years, to 2015. The
principal indicator of sectoral economic activity isemployment, which isforecast separately for 20
manufacturing and about 10 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. Variationsin regional energy
prices also determine regional output; however, only regional industrial electricity prices are used

as part of the RIS model.

TheRIS model analyzesthedifferent partsof the U.S. in atwo-stage procedure. The country isfirst
broken down into nine regions (approximately the nine Census Divisions®) in the core model and
thenindividual state modelsusetheregional resultsto derive stateimpacts. Thisapproach has been

adopted both because it reduces the costs of solving whenever the complete 50-state detail is not

12 Data Resources, Inc., "An Overview of DRI's Regional Information Service."

¥ Two Census regions, the Pacific and Mountain, are instead split into Pacific Northwest and Pacific
Southwest.
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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.

Thefocus of DRI'score nine-region model isan analysisof therelative success of each geographical
areain attracting and retai ning the types of industriesthat serve national markets. Thisleadsdirectly
to the study of industrial location, inwhich context it is clear that the factors determining the choice
of location are different at the regiona level and the state level. For example, when a firm is
deciding whether to set up inthe West or the South, it considersgeneral cost comparisons, proximity
tomarkets, and general attractiveness. The choicebetween San Diego and Phoenix, howeverismore
likely to be influenced by many other considerations such as tax burdens and home prices as

examples.

One of the fundamental features of the DRI RIS system of nineregional modelsisthedirect link to
the other models in the DRI system. In particular, the regional totals are constrained to yield the
national control totalsfrom themacro model for key variablessuch asemployment by industry, wage
rates, population, and the labor force. Whileit is possible that the summation of the nine regions
may yield different results, abalancing procedure ensures consi stent resul ts between the national and
regional estimates. Themodel forcesregional relocation and adjustment in order to attain anational

result.

The RIS system focuses squarely on the determination of employment by region. Three factors
essentially drivetheregional growth differentials: national industrial mix, amplitude of the business
cyclein each industry, and regional cost differentials. Regional 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 a
fixed set of productivity by industry measures. Also, regional investment patternsfollow movements

in regional employment growth.

Even at only the nine-region level, the RIS model is large and requires much hands on experience
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to effectively run the system. Itisaccessibleonly through the DRI mainframe and isrun through the
DRI proprietary software package, Economic Programming System (EPS). At present, no one
outside of DRI personnel runs the model. The expense of completing an integrated run in
conjunction with a DRI macro forecast precludes extensive examination of alternative cases. In
addition, because the regional model is so large, it requires alarge amount of training in order to
become familiar enough with its properties to use model resultsfor policy analysis. Thederivation
of baselineregional forecasts consistent with abaseline macro forecast, iscertainly feasibleasisthe

limited investigation of specific policies or key economic growth paths.

Using the DRI RIS system directly as the regional macroeconomic model in NEMS is not feasible
for severa reasons. First, thesizeand specification of regional detail inthemodel makesit too large
for NEMS uses, especialy when the purpose of NEMS is to forecast regiona energy variables as
opposed to regional macroeconomic concepts. Second, itispossibleto deriveregional sharesusing
forecasts from the DRI RIS model; however, the shares would not change as energy prices change.
Third, the complexity and size of the DRI RIS model requires a substantial investment in training
of EIA personnel to adequately incorporate the full RIS model into NEMS.

National-Regional Impact Evaluation System (NRIES11). NRIES I isan annual econometric
project and impact model used to estimate the distribution of impacts of aternative 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.™

NRIES consists of 51 individual state econometric models, a 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 asFederal fiscal and monetary variables, are estimated within the national model,

¥ JR.Kort, J.V. Cartwright, R.M. Beemiller, "Linking Regional Economic Models for Policy Analysis,”
Regional Economic Analysis Division Bureau of Economic Analysis, Department of Commerce, July 1984.
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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-down™ while those projected within
the state models are termed "bottom-up”. When bottom-up variables are aggregated to nationa
totals, they aretermed "sum-of-states” and these aggregations are the national projections. Changes

inindividual state economics can both affect, and be affected by, changesin 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 fina demand components, Federal government receipts and
expenditures, money supply, interest rates, consumer and producer prices, tax rates, and various

Socia Security variables. The model aso captures interstate commodity flows.

Thefocus of the state modelsis on the derivation of output for the 20 two-digit SIC manufacturing
sectors and 10 one-digit nonmanufacturing sectors. Manufacturing activity is mainly afunction of
relative costs of business, interstate flow transactions, and national model variables such as
consumption, investment, and interest rates. Output in the nonmanufacturing sectorsis mainly a
function of local-demand variables such as state disposable income or population and national

variables such asinterest rates.

Employment is essentially derived as a function of industry output. Investment in nonresidential
structures and equipment is specified as afunction of interest rates and state total output, but not at

theindustry level.

The NRIES is particularly useful for evaluating the interregional distributional effects with its
explicit representation of interregional flows. Also, NRIES derives a simultaneous solution at the
regiona and national levels. The bottom-up nature of the model assures complete consistency
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between the national and regional results. The national model on top provides needed control to
assure that the ssmple summation of the state results does not yield a systematic over or

understatement of the growth potential of the aggregate economy.

However, there are limits to its immediate usefulness. First, the model currently projects only
through 2000. An extension to the year 2020 would be a major effort and could be done only
through BEA. Model sizeisaso aconsideration. The bottom-up aggregation of 51-states nature
of the model makesit 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 alarge 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 NRIES.

Regional Input-Output Modeling System (RIMSI1). RIMSisalso devel oped and maintained by
BEA. RIMS represents a set of regional input-output coefficients and multipliers for use in
estimating theregional impactsof economic policies.” Coefficientsand multiplierscan beestimated
for any county or group of countiesinthe U.S. and for all of the approximately 500 industriesin the
BEA set of benchmark input-output tables. RIM S can be used to estimate theimpacts of project and

program expenditures by industry on regional output, earnings, and employment.

The available detail, both in terms of the regional disaggregation and theindustrial disaggregation,
isthe raison d'etre for the RIMS model. RIMS aso has mgjor limitations characteristic of other
regional and national input/output models. The multipliers are derived from a linear Leontief
production function which assumes constant returnsto scal eand no substitution amonginputs. Also,
RIMS does not identify the time paths of impacts, and does not take into account the interregional

flows of goods and services. Inaddition, RIMSisaBEA model and is maintained and operated by

5 "Regional Multipliers: A User handbook for the Regional Input-Output Modeling System (RIMS 1),
Bureau of Economic Analysis, Department of Commerce, May 1986.
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BEA. The flexibility of aregional model that is directly linked to NEMS and operated by EIA

personnel would be lost.

Regional Economic M odels, Incorporated (REM1) Economic-Demogr aphic For ecasting and
Simulation (EDFS) Model. The REMI EDFS model, an annual regional forecasting and policy
simulation of both the private and public sectors of the United States, has been publicly available
since 1980. The model's forecast period extends to the year 2035 and the regions covered include
the 50 states and Washington, D.C. Model runs from post sample period forecasts for these 51

regions indicate the model may be more successful in long-term forecasting.®

The REMI EDFS model, composed of five blocks, employs a highly simultaneous model structure
where most interactions between blocks flow both ways. The structure of the model incorporates
interindustry transactionsand endogenousfinal demand feedbacks. Themodel includessubstitution
among factors of production in response to changes in relative cost factors, migration response to
changesin expected income, wage response to changes in labor market conditions, and changesin
the share of local and export marketsin responseto changesin regional profitability and production

Costs.

Block-1 of the model, output linkages, interacts extensively with the other blocks of the model. It
includes output equations, consumption equations, real disposable income equations, investment

equations, and government spending equations.

The output equations employ an input/output structure representing the interindustry and final
demand linkages by industry. Outputs for 53 sectors (49 private non-farm industries and three
government sectors) arecal culated. Regional informationisproduced by applying regional purchase
coefficients to historical and projected input/output tables from the Bureau of Labor and Statistics

* The REMI EDFS analysis draws heavily from George |. Treyz, Dan S. Rickman, Gang Shao, "The REMI
Economic-Demographic Forecasting and Simulation Model” International Regional Science Review, Vol.
14, No. 3, p. 251, 1992.
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(BLS).

The consumption equations transate real disposable income into consumption demand. Red
disposableincome (personal income adjusted for taxes and the cost of living) data by sector isbased
on data from the BEA.

The investment equations are based on residential, non-residential, and equipment investment.
Government spending is predicted for six components: federa civilian, federal military, state and
local education, health and welfare, safety, and miscellaneous.

Block-2 of themodel, factor demands, assumesindustriesdemand profit-maximizinglevel sof 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 compositefactors. Block-2 iscomposed 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 themodel, regional population andlabor supply, determinestheinteraction of themodel's
demographic and economic sections. The cohort agorithm appliesfertility and survival ratesfrom
state-specific 1980 datatrended backward and forward by the Bureau of Census(BC). Themigrants
category consists of international, retired, former military and their dependents, and economic

migrants. International migration is calculated by applying afixed 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 themodel, market shares, isbased on the effects of national and regional industriesinthe
region. The modd uses the Department of Commerce's 1977 Census of Transportation data for

manufacturing industries and subjective estimates for non-manufacturing industries.
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Summary of Regional M odelsReviewed. Similar to requirementsfor thenational macroeconomic
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. Theregiona 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 differencesin regional energy prices and labor costs.

Based upon the above discussion, a system that fully integrates the interindustry structure into the
aggregate economy has specific advantages. Bottom-up interindustry/macro modeling is attractive
for numerousreasons, which may not apply to regional/interindustry bottom-up models(asinNRIES
I1). This assertion requires some critical design and segmentation considerations in the sectoral
detail versusregional detail. Inaddition, bottom-up regional models may not be ableto confront the
type of detailed energy policy optionsthat NEM S requires. For example, neither the imposition of
a national tax policy nor the consideration of the disposition of the collected revenues can be

addressed using a bottom-up regional economic model.

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.
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Size of the system isacritical constraint. Regiona modeling, particularly if bottom-up, forcesthe

entire system to grow rapidly to an unmanageable size.

Conclusionson Regional SubmoduleStructur e. Based uponthediscussion of aternativeregional

modeling considerations presented above, the following conclusions are advanced:

1. The MAM Regiona SubmoduleiscompatiblewiththeNational, Interindustry, and Employment
Submodules and incorporates regional impacts by utilizing regional shares based on a smaller

version of the DRI Regional Model estimated at the Interindustry Submodule level of aggregation.

2. Existing regional models have several drawbacks. First, the size and complexity of the DRI
regional model isamajor hindrance to direct incorporation within NEMS. The system of regional
models maintained by BEA isunusablefor NEM S because at |east one of the following conditions
holds. (1) the BEA system contains its own macroeconomic model (asimpler 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 model sthat are maintained or updated on schedules over which EIA hasno control would not
add to NEM S flexibility.

3. The share approach has three primary advantages: (1) direct linkage and consistency with the
national, interindustry, and employment models used in NEMS analysis; (2) regional output
correspondsto national aggregates; and (3) theability to generateregional forecasts consistent with

the NEMS energy models forecasts of production in industries such as refining and mining.
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3. Module Structure

Figure 1 graphically illustrates the design and flow of the MAM within NEMS. Figures 2 through
7 provide supporting illustrations of the submodule flows. Key computations and equations used

in MAM are described following their graphic representation.

Figure 1 depicts MAM in the context of NEMS. The five primary submodules of MAM: the
National, Interindustry, Employment, Regiona and Commercia Floorspace Submodules, areshown
inthe diagram. The National Submodule calcul ates the national level variables. The Interindustry
Submodul e createstheindustrial grossoutput projections. The Employment Submodul e determines
theemployment projections. The Regional Submodulegeneratestheregionalized variableforecasts.
The Commercial Floorspace Submodule calculates regional commercial floorspace forecasts. The
whole of Figure 1 illustrates the role of MAM within NEMS. MAM receives energy price and
quantity forecasts, system information, and energy supply sector activity from NEM S and provides

national and regional economic projectionsto NEMS.

Figure 2 illustrates the flow of the National Submodule. The system information (including the
number of years, regions, and driver variables), the DRI-WEFA macroeconomic baseline forecast
generated externally to NEMS, and additional driver variableinformation are input to the National
Submodule. Thefeedback mechanism withinthe National Submodule usesthe NEM Senergy price
and quantity input values to calculate how the macroeconomic concepts change based on a full

simulation of the DRI-WEFA Quarterly Macroeconomic Model in Eviews.

Figure 3 illustrates the flow of the Interindustry Submodule. System information including the
industriesthat are model ed and additional information about energy-producing industries, areinput
to the Interindustry Submodule. Changesin interindustry activity are then calculated by using the
reactions forecasted for generated output by the National Submodule, followed by the calculation
of industrial outputs, manufacturing outputs, service outputs, and total industrial output.

Aggregations provide the composite industrial gross outputs for reporting purposes. The
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interindustry gross outputs are forecasted in this submodule.

Figure4illustratesthe Growth Industry component of the Interindustry Submodule. Thiscomponent
models the industrial outputs from energy-producing industries that come from NEMS. These
industriesare: Coal Mining, Oil and Gas Extraction, Petroleum Refining, Gas Utilities, and Electric
Utilities. Thiscomponent drawsupon industry-specificinputsto estimate growth pathsfor thesefive
sectors, based upon historical grossoutput levelsand the growth in theindustry-specificinputsfrom

the appropriate NEM S supply and conversion modules.

Figure 5 illustrates the Employment Submodule. System information along with the changesin
gross output calculated by the Interindustry Submodule are input to the Employment Submodule.
Employment by industry is forecasted in this submodule.

Figure 6 illustrates the Regional Submodule. The Regional Submodule operates upon a subset of
the macroeconomic variables that are forecasted by the National, Employment, and Interindustry
Submodules, specifically, the macroeconomic variables that are required by the NEMS demand
modules at the Census Division level of detail. Theinputsto the Regional Submodule are some of
thenational macroeconomic variables, theinterindustry grossoutputs, and employment by industry.
The Regional Submodule applies regional shares to each input to calculate the Census Division

levels.

Figure7illustratesthe Commercia Floorspace Submodule. The Commercial Floorspace Submodule
forecasts 13 floorspace types for each of the nine Census Divisions. Inputs to this submodule are
regional values for disposable income percapita, population, and interest rates adjusted to reflect
regional inflation.
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Figure 1.
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Figure 2. National Submodule Flow"’
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Tables A-1, A-2, A-6, A-7, and A-8 of Appendix A to this report provide the definitions, usage, calculation,
and dimensions of the items contained in the input/output blocks (rhombi) of this diagram. The process

blocks (rectangles) of this diagram are further discussed in the second section of Appendix B, "The
National Submodule”.
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Figure 3. Interindustry Submodule Flow'®
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TablesA-1, A-2, A-3, A-4, A-6, A-7 and A-8 of Appendix A to this report provide the definition,
dimensions, and usage of the interindustry components contained in the input/output blocks (rhombi) of this
diagram. The calculational stepsillustrated in the rectangular blocks of this diagram are further described
in the third section of Appendix B to this report, " The Interindustry Submodule”.
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Figure 4. Growth Industry Component of Interindustry Submodule '°
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¥ TablesA-1, A-4, and A-8 of Appendix A to this report provide the definitions, dimensions, and usage of the
Growth Industry Component items referenced in the input/output blocks (rhombi) of this flow diagram. The
calculational processes provided in the rectangular blocks of this diagram are further described in the fourth
section of Appendix B to this report, " The Growth Industry Submodule”.
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Figure 5. Employment Submodule Flow?°
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Tables A-1, A-5, and A-8 of Appendix A to this report provide the definition, dimensions, and usage of the
Employment Submodule asillustrated in the input/output blocks (rhombi) of this diagram. The

calculationa stepsillustrated in the rectangular blocks of this diagram are further described in the second

section of Appendix B to this report, " The Employment Submodule”.
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Figure 6. Regional Submodule Flow?'
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Table A-1, A-2, A-3, A-4, A-5, and A-8 of Appendix A to this report defines NEM S information and
indices required by the Regional Submodule asillustrated in the input/output blocks in the upper right
corner of this flow diagram and the decision blocks (diamonds) appearing throughout the diagram. The
calculations described in the rectangular blocks of the diagram are further detailed in the fifth section of
Appendix B to thisreport, "The Regional Submodule”.
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Figure 7. Commercial Floorspace Submodule Flow?*?

COMFLR
SUBROUTINE

v

Read model addfactors
and lagged endogenous
and exogenous

variables

A4

Read regional
exogenous variable

forecast

Y

Solve model by floorspace

type within Census Division

Sum floorspace types

across Census Divisions for

National totals

v

Write NEMS

macroeconomic variables

A
RETURN

22

Tables A-1, A-2, and A-8 of Appendix A to this report provide the definition, dimensions, and usage of the
Commercia Floorspace Submodule asillustrated in the input/output blocks (rhombi) of thisdiagram. The
calculationa stepsillustrated in the rectangular blocks of this diagram are further described in the second
section of Appendix B to this report, "The Commercia Floorspace Submodul€e”.
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Key Computations and Equations

MAM Approach

The goal of the MAM s to provide a feedback effects between energy market changes and the
aggregate economy. Five structural models are used to develop the baselineforecast. Thefirst four
are proprietary DRI-WEFA models. the DRI-WEFA U.S. Quarterly Macroeconomic Model, the
DRI-WEFA Personal Computer Input-Output Model (PCIO), the DRI-WEFA Employment Model,
and the DRI-WEFA Personal Computer Regional Model. For the AEO2002, MAM usesan Eviews-
programmed DRI-WEFA Quarterly Macroeconomic Model for the National Submodule, and the
DRI-WEFA PCIO and Employment Models for the Interindustry and Employment Submodules
respectively. The Regional Submodule of MAM used for the AEO2002 is a set of regional shares
developed through simulations of the full slate of DRI-WEFA models.?® Commercial floor space
by building type is calculated by using a regional econometric model developed by the Energy

Information Administration.

MAM National Submodule

The National Submoduleisamajor component of estimating energy market impacts on the nationa
economy. The methodology underlying this submodul e has changed from previousyearsin that the
direct insertion of the Eviews-programmed version of the DRI-WEFA Quarterly Macroeconomic
Model precludes the necessity of calculating asmaller model to mimic the larger model. All of the
energy prices and quantities present in the larger macroeconomic model are directly tied to energy
concepts calculated in NEMS. The transformation of NEMS energy concepts into DRI-WEFA

energy concepts occurs in the National Submodule.

23DRI-WEFA isin the process of preparing documentation of the four structural DRI-WEFA models used to develop the baseline
forecast: Macroeconomic, Personal Computer Computer Input-Output, Employment, and Regional models. Although these four models are
proprietary, the documentation under preparation, which will be available to the public in April, 2002, will give an overview of the four models
and how they link together.
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MAM Interindustry Submodule

The DRI-WEFA Input-Output Model for the Personal Computer (PCIO)* is used to prepare the
baseline forecast of gross output by sector of the economy.. The Interindustry Submodule of the
NEMS MAM calculates how gross output by sector change when macroeconomic final demands
change. Changesto macroeconomic final demands are determined within the National Submodule
of MAM by simulation of the DRI-WEFA Eviews Macroeconomic Model and these, in turn, drive

affect the concept of generated output by sector contained in the macroeconomic model.

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 isused in determining the detail ed output required of theinterindustry
sectors to achieve this level of aggregate demand. The disaggregation can be made along several
lineswhich havetheoretical appeal: homogeneity of product, homogeneity of process, homogeneity
of energy service, etc. From apractical standpoint however, the choice of disaggregationislimited
by the availability of data. The PCIO input-output model is disaggregated into 254 output sectors.
ThelIndustrial Sector Demand M odule does not requirethislevel of detail. Therefore, interindustry
projections provided to NEMS are an aggregation of the PCIO 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-
WEFA-PCIO model with NEMS in order to capture meaningful changes in interindustry activity.
Thisis accomplished within MAM through the use of the DRI-WEFA Quarterly Macroeconomic
Model industrial production forecast concept of “generated output.” These generated output
eguationsreflect theinput-output rel ationshi p between the producing industry and both intermediate
industries and final demand. These generated output forecast is used to cal cul ate changes from the
baseline forecast created with the full PCIO model.

2 The calculations performed by a standard input-output model, of which PCIO is an example, are described
in the Alternative Macroeconomic Modeling Approaches section of this report.
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Note: SIC is Standard Industrial Classification

Table 1. Major Output Groupings within MAM

Real Gross Output SIC Coverage

Agriculture 01,02,07,08,09

Mining 10-14

Construction 15,16,17

Manufacturing 20-39

Transportation 40-42,44-47

Communications 48

Utilities 49

Wholesale Trade 50,51

Retail Trade 52-59

Finance, Insurance, and Real Estate 60-67

Services 70-87,89

Government N/A
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Table 2. Detailed MAM Interindustry Submodule Sectors, p. 1

Commodities

Interindustry Submodule Sector

Other Agricultural Products

Agricultural Production - Crops (SIC 01)

Livestock and Products
Forestry and Fishery Products
Ag., Forestry, and Fishery Services

Other Agriculture Including Livestock (SIC 02,07-09)

Iron Ore Mining

Nonferrous Metals Mining
Stone/Clay Mining & Quarrying
Chem. and Fertilizer Mineral Mining

Metal & Other Non-metallic Mining (SIC 10,14)

Coal Mining

Coal Mining (SIC 11, 12)

Crude Petroleum
Natural Gas

Qil & GasMining (SIC 13)

New Construction
Maintenance & Repair Construction

Construction (SIC 15-17)

Food & Kindred Products

Food & Kindred Products (SIC 20)

Tobacco Manufactures

Tobacco Products (SIC 21)

Fabric, Yarn & Thread Mills
Miscellaneous Textile Goods

Textile Mill Products (SIC 22)

Apparel
Misc. Fabricated Textile Products

Apparel & Other Textile Products (SIC 23)

Lumber & Wood Products
Wood Containers

Lumber & Wood Products (SIC 24)

Household Furniture
Other Furniture & Fixtures

Furniture & Fixtures (SIC 25)

Paper Mills, Exc. Building Paper
Paper & Allied Products
Paperboard Containers & Boxes

Paper & Allied Industries (SIC 26)

Printing & Publishing

Printing & Publishing (SIC 27)

Inorganic & Organic Chemicals

Inorganic Chemicals (SIC 281) -- 29%
Organic Chemicals (SIC 286) -- 71%

Plastic Materidls & Resins
Synthetic Rubber
Cellulosic & Noncellulosic Fibers

Plastic Materials & Synthetics (SIC 282)
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Fertilizers
Agricultural Chemicals, NEC

Agricultural Chemicals (SIC 287)

Miscellaneous Chemical Products
Drugs, Cleaning and Toilet Prep.
Paints & Allied Products

Other Chemicals & Allied (SIC 28, NEC)

Petroleum Refining

Petroleum Refining (SIC 291)

Misc. Petroleum & Coal Products
Paving Mixtures, Asphalt

Asphalt, Coal & Miscellaneous Products (SIC
295,299)

Rubber Products
Miscellaneous Plastic Products

Rubber & Miscellaneous Plastic Products (SIC 30)

Leather & Footwear

Leather & Leather Products (SIC 31)

Glass & Glass Products

Glass & Glass Products (SIC 321-323)

Hydraulic Cement

Cement, Hydraulic (SIC 324)

Stone & Clay Products

Other Stone, Clay & Glass (SIC 32, NEC)

Coke Oven Products
Blast Furnaces & Basic Steel

Blast Furnace & Basic Steel (SIC 331)

Primary Aluminum

Primary Aluminum (SIC 3334)

Steel Foundries, Heat Treating
Primary and Basic Nonferrous Metals

Other Primary Metals (SIC 33, NEC)

Ferrous and Nonferrous Forgings
Metal Containers

Fabricated Structural Metal Products
Screw Machine Products & Fasteners
Automotive and Other Stampings
Other Fabricated Metal Products

Fabricated Metal Products (SIC 34)

Engines & Turbines

Farm & Garden Machinery
Construction & Mining Machinery

Oil Field Machinery

Materials Handling Machinery
Metalworking Machinery & Equipment
Specia Industry Machinery

Genera Industrial Machinery
Miscellaneous Nonelectrical Machinery
Office, Computing & Account. Machinery
Service Industry Machinery

Industrial Machinery & Equipment (SIC 35)
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Electrical Machinery
Household Appliances
Electrical Lighting & Wiring Equipment

Radio, TV, and Communications Equipment

Electronic Comp. & Accessories
Misc. Electrical Machinery & Equipment

Electronic & Other Electric Equipment (SIC 36)

Motor Vehicles & Equipment

Aircraft & Parts

Ship & Boat Building & Repairing
Railroad Equipment

Miscellaneous Transportation Equipment
Ordnance & Accessories

Transportation Equipment (SIC 37)

Instruments & Supplies
Optical, Ophthalmic & Photo Equipment

Instruments & Related Products (SIC 38)

Miscellaneous Manufacturing

Miscellaneous Manufacturing Industries (SIC 39)

Railroads & Related Services
Passenger Transportation, NEC
Motor Freight

Water Transport. & Related Services
Air Carriers & Related Services
Pipelines, Except Natural Gas
Transportation Services, NEC

Transportation Services (SIC 40-47)

Communications, Exc. Radio & TV
Radio & TV Broadcasting

Communications (SIC 48)

Electric Utilities

Electric Utilities (SIC 491, pt 493)

Gas Utilities

Gas Utilities (SIC 492, pt 493)

Water & Sewer Services

Water & Sewer Services (SIC 494-497, pt 493)

Wholesale Trade

Wholesale Trade (SIC 50,51)

Retail Trade
Eating & Drinking Places

Retail Trade (SIC 52-59, 739)

Finance & Insurance
Real Estate & Rentals

F.I.R.E. (SIC 60-63, 65-66, 153)

Personal Services, Exc. Automotive
Business Services

Automobile Repair & Service
Movies & Amusements

Medical, Educational Services, NPO

Services (SIC 70, 73, 75, 76, 78-80, 82-84, 86, 89)

Federal Government Enterprises
State & Local Government

Government Enterprises (SIC pt 41, 431)
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MAM Employment Submodule
The Employment Submodule characterizes employment changes for inclusion in NEMS. These

changes are added to, or subtracted from, the baseline projections provided by the structural
employment model to derive new employment levels. The Employment Submodul erel ates changes
in employment to changesin generated output fromthe National Submoduleof MAM. Thischange
makes the model more intuitive -- when an industry's output demand increases, its input usage
generaly increases as well. Labor is one input to the production process. The Employment
Submoduleisconstructed similarly to thenterindustry Submoduleof MAM. WithinMAM changes

in employment are determined by changes in generated output.

MAM Regional Submodule

The Regiona Submodule disaggregatesthe results of the National and Interindustry Submodulesto
the nine Census Division level of detail. AEO2002 uses regional shares derived from simulations
of the DRI-WEFA Personal Computer Regional Model designed to be compatible with both the
DRI-WEFA Quarterly Macroeconomic and PCIO models. Regiona sharesthat vary over timefor
each macroeconomic growth case areincluded in NEM Sfor the AEO2002 production runs. These
regional shares are developed from simulations of the three full DRI-WEFA models in integrated

mode, then applying the appropriate regional shares to the macroeconomic growth case.

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
changeinfluencestotal factor productivity, and is captured through the derivation of potential GDP
at the national level only. However, the various energy moduleswithin NEM S capture the entry of
new technology at theregional level. Last, MAM addresses only national decisionson fiscal policy
through the National Submodule. Sate tax policy, such as achangesin state gasoline taxes, is not

directly considered.
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MAM Commercial Floorspace Submodule

New to the 2002 Annual Energy Outlook is a commercial floorspace forecast done with a model
independent of the Regional Submodule of the MAM. The C-OMFLR Submodule of MAM
contains 140 equations of which 117 ( 13 commercia floorspace types in each of 9 Census
Divisions) are estimated using historical data reaching back into the seventies. The remaining
twenty-three equations are identities that aggregate floorspace by Division (9 Divisions), across
region by floorspace type (13 types) and across all regions for a national total. The submodule
forecaststhirteen floorspace typesin each of the nine Census Divisionregions. The model forecasts
thousand squarefeet of commercial floorspace at aquarterly interval. Since commercial floorspace
is a stock measure, the fourth quarter solution is provided to the NEMS common block as the

reported annual floorspace forecast. The thirteen commercial floorspace types are:

l. Stores — stores and restaurants

. Warehouse — manufacturing and wholesale trade, public and federally-owned

warehouses

"l. Office — private, federal, and state and local offices

V. Automotive — auto service and parking garages
V. Manufacturing
VI. Education — primary/secondary and higher education
VII. Health — hospitals and nursing homes
VIII. Public —federal and state and local
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XI.

XII.

XIII.

Religious

Amusement

Miscellaneous, non-residential — transportation related and all other not

elsawhere classified

Hotel — hotels and motels

Dormitories — educational and federally-owned (primarily military)
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Appendix A: Model Input and Output Inventory

Introduction

ThisAppendix describestheinput data, parameters, variabl es, and datacalibrationsthat are currently
required for the execution of the National, Interindustry (including the Growth Industry Component
of the Interindustry Submodule), Employment, Regional and Commercial Floorspace Submodules
of the Macroeconomic Activity Module (MAM). These data provide a detailed representation of
drivers required to support macroeconomic activity forecasting in support of MAM. Appendix A
also presents the primary outputs generated by MAM, and the MAM filenames required for the
generation of NEMS scenarios. As described in the main text of this Volume, the National
Submodule of MAM uses the Eviews DRI-WEFA Quarterly Macroeconomic Model of the U.S.
Economy, and the Interindustry and Employment Submodulesof MAM use proprietary econometric
models developed by DRI-WEFA.*

Table A-1 identifies the controlling MAM input data, including user-specified modeling switches
and variable subscripts used in the MAM FORTRAN source code. The user-specified switches
presented in Table A-1 enable the model er to choose between alternative growth path assumptions

in the scenario development process.

Table A-2 definesthe macroeconomic variabl es contained within the National Submoduleof MAM.
All the numbered variablesin Table A-2 are both inputs to, as well as outputs from, the National
Submodule. Theindex i in Table A-2 indexesthe NEM S variable that appearsin theith row of the
array. The unnumbered variables are cal culated outputs from the National Submodule. The DRI-

IpRI-WEFA isin the process of preparing documentation of the four structural DRI-WEFA models used to develop the baseline
forecast: Macroeconomic, Personal Computer Computer Input-Output, Employment, and Regional models. Although these four models are
proprietary, the documentation under preparation, which will be available to the public in April, 2002, will give an overview of the four models
and how they link together.
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WEFA Name column in Table A-2 gives the DRI-WEFA variable names that are used in the full
DRI-WEFA models from which the MAM is developed. The variables which have an entry in the
third column are also made available to the other NEM S modules through the MACOUT common
block.

Table A-3 defines industrial gross output variables contained within the Interindustry Submodule
of MAM. All the variables in Table A-3 are both inputs to, as well as outputs from, the
Interindustry Submodule and are also made available to the other NEMS modules through the
MACOUT common block.

The Growth Industries Component of the Interindustry Submodul e cal cul atesindustrial grossoutput
growthratesfor theenergy sectors(Petroleum Refining, Coal Mining, Oil & GasExtraction, Electric
Utilities, and Gas Utilities) based on physical activity for the appropriate NEMS supply or
conversion modules. TableA-4 describesthe NEM Svariablesused to cal culate the growth ratesfor

each sector.

Table A-5 defines the employment levels aggregated to the 2-digit SIC category which are passed
as solution values to the NEM S common block. The Employment Submodule operates at a more
disaggregated level (the same level as the Interindustry Submodule) but the projections are
aggregated to provide employment at the 2-digit SIC category level.

Before calling on the Eviews version of the DRI-WEFA Quarterly Macroeconomic model,, MAM
must calculate the 26 DRI-WEFA input values using 41 NEMS selection variables. Table A-6
definestheinput energy variables. For each, the DRI-WEFA model mnemonicis given along with
itsdefinition. Thefinal column of Table A-6 liststhe NEM S variables which are used to calcul ate
the corresponding DRI-WEFA selection variable.

Table A-7 identifies the files used by MAM during the NEMS execution process. Table A-7

indicates whether each file is an input or an output file, and describes the general contents of each
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file.

Table A-8liststhelayout of the MCBASE input file, which is especially important because it isthe
basis for any MAM run. The NEMS user chooses one of the three macroeconomic growth cases
(low, mid, or high) contained in MCBASE to drive the energy market solution. MCBASE is a
partitioned workfile, with the entire set of consistent variableslisted in Table A-9 provided for each
growth case. Each growth case is labeled in the row preceding the variable values. The values
contained inthe MCBA SE file are devel oped by simul ating the four large scale DRI-WEFA models
plus the Commercia Floorspace Model sequentially in the following order: U.S. Quarterly Model
of the Macroeconomy, PCIO, Employment Model, Regional Model and Commercial Floorspace
Model. Therequired variablesfrom each model areextracted to createMCBASE. Thethird column
of Table A-8 indicates the source model for each variable. The variablesinthe MCBASE file are
national in scope, and cover the period from 1990 through 2020, annually. The fifteen variables
derived by the Regional Model are national aggregates of regional model results.

Table A-9 provides alisting of the MACOUT common block variables referenced by other NEM S
modules. The entriesin the first column indicate the variable row number within each MCBASE
growth case as in Table A-8. The final column lists the referencing NEMS modules, with a
description of the module abbreviationsfollowing Table A-9. Asindicated in thefirst column, the

final four entriesrefer to arange of variables. Table A-9liststherow descriptionswithin each range.
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Table A-1. Controlling MAM Input Data

Input Name Input Type (filename) Input Description

EXM Run-time option (SCEDES) MAM Model Switch, 1 =on, 0 = off

MNUMYR = 31 System parameter (PARAMETR) Number of solution years, 1990 - 2020

CURIYR System parameter (Integrating Module) | Current solution year, index, 1990 = 1

CURITR System parameter (Integrating Module) | Current solution iteration

MMAC Run-time option (SCEDES) M acroeconomic growth scenario: 1 = Low, 2 = Mid, 3 = High
WWOP Run-time option (SCEDES) World Oil Price scenario: 1 = Low, 2 = Mid, 3= High
MACTAX Run-time option (SCEDES) Carbon tax scenario: 0 = none (i.e., AEO case), 1 = Deficit

Reduction, 2 = Personal Tax Rebate, 3 = Corporate Tax Rebate,
4 = Social Security Tax Rebate

MACTXYR Run-time option (SCEDES) First year of carbon tax

MACFDBK Run-time option (SCEDES) M acroeconomic feedback lever, 1 = on

MCNMIND = 35 MAM parameter (MACPARMYS) Number of regionalized interindustry output variables

MCNMSERV = 10 MAM parameter (MACPARMS) Number of non-regionalized service output variables

MCLHISYR = 1999 MAM parameter (MACPARMYS) Last historical year in the forecast

MCNMMAC = 52 MAM parameter (MACPARMS) Number of non-regionalized macroeconomic variablesin the
baseline

MCNMMACREG =57 MAM parameter (MACPARMS) Number of regionalized macroeconomic variablesin the baseline

MCNUMMNEF = 29 MAM parameter (MACPARMS) Number of manufacturing interindustry variablesin the baseline

MCNUMREGS = 11 MAM parameter (MACPARMYS) The nine Census Divisions, a placeholder for California (currently

not in use), and the national total of all Census Divisions

MCNMFLTYPE=14 MAM parameter (MACPARMS) Number of commercial floorspace types, including total
NUMEMPL = 46 MAM parameter (MACPARMS) Number of Industrial Employment categories
MCBIMPRDOI(N. 1 =11t011 1 MAM parameter (MACPARMS) Base vear (1987) manufacturing aross output by Census Division
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Table A-2. MAM National Submodule Variable Description

i DRI-WEFA Name MACOUT Common Macroeconomic Variable Description
Block Name

1 CONS96C MC_CONS96C Personal Consumption Expenditures, Total, Billions of chained 96

2 CD9%6C MC_CD96C Personal Consumption Expenditures, Durable Consumer Goods, Billions
of chained 96$

3 CDMVAP96C MC_CDMVAP96C Consumption of Motor Vehicles and Parts, billions of chained 96%

4 CDFURN96C MC_FURN96C Consumption of Furniture, billions of chained 96%

5 CDCMPASW96C MC_CDCMPASW96C Consumption of Computers and Software, billions of chained 96$

6 CDFURN_CSW96C MC_CDFURN_CSW96C Consumption of Furniture, exc Computers and Software, billions of
chained 96$

7 CDOTH96C MC_CDOTH96C Consumption of Other Consumer Durables, billions of chained 96$

8 CDOOPHT96C MC_CDOOPHT96C Consumption of Ophthalmic Products, billions of chained 96$

9 196C MC_196C Gross Private Domestic Investment, Total, billions of chained 96$

10 IFIX96C MC_IFIX96C Gross Private Fixed Investment, billions of chained 96$

11 IFIXNR96C MC_IFIXNR96C Gross Private Fixed Nonresidential Investment, billions of chained 96$

12 IPDENR96C MC_IPDENR96C Gross Nonresidential Investment in Equipment, billions of chained 96%

13 IPDENRLV96C MC_IPDENRLV96C Net Nonresidential Investment in Light Duty Vehicles, billions of chained
96$

14 IPDENREQC96C MC_IPDENREQC96C Gross Nonresidential Investment in Communications Equipment, billions
of chained 96$

15 IPDENRMCP96C MC_IPDENRMCP96C Gross Nonresidential Investment in Computer Equipment, billions of
chained 96$

16 IPDENRSW96C MC_IPDENRSW96C Gross Nonresidential Investment in Software, billions of chained 96$

17 IPDENROTHR96C MC_IPDENROTHR96C Gross Investment in Nonresidential Producers' Other Durable Equipment,
billions of chained 96$

18 ICNR96C MC_ICNR96C Gross Nonresidential Investment in Structures, billions of chained 96 $

19 ICNRBAO96C MC_ICNRBAO96C Gross Investment in Nonresidential Structures, Buildings and Other,
billions of chained 96$

20 ICNRMIAPET96C MC_ICNRMIAPET96C Gross Investment in Nonresidential Structures, Mining and Exploration,
billions of chained 96$

21 ICNRPU96C MC_ICNRPU96C Gross Investment in Nonresidential Structures, Public Utilities, billions of
chained 96$

22 IFIXR96C MC_IFIXR96C Gross Residential Fixed Investment, billions of chained 96$

23 ICR96C MC_ICR96C Gross Residential Investment, billions of chained 96%

24 IPDER96C MC_IPDER96C Gross Investment in Residential Equipment, billions of chained 96$

25 GDP96C MC GDP96C Gross Domestic Product, billions of chained 96$
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26 GDP96CFE MC_GDP96CFE Gross Domestic Product at full employment, billions of chained 96

27 CONS96C MC_CONS96C Personal Consumption Expenditures, Total, billions of chained 96$

28 196C MC 196C Gross Private Investment, Total, billions of chained 96$

29 EX96C MC_EX96C Exports of Goods & Services, billions of chained 96$

30 M96C MC _M96C Imports of Goods & Services, hillions of chained 96$

31 G96C MC_G96C Government Consumption Expenditures & Gross Investment, billions of
chained 96$

32 CD96C MC_CD96C Personal Consumption Expenditures, Durable Consumer Goods, Billions
of chained 96$

33 CN96C MC_CN96C Personal Consumption Expenditures, Nondurable Consumer Goods,
Billions of chained 96$

34 CS96C MC_CS96C Personal Consumption Expenditures, Consumer Services, Billions of
chained 96$

35 ICNR96C MC_ICNR96C Gross Nonresidential Investment in Structures, billions of chained 96 $

36 ICR96C MC_ICR96C Gross Residential Investment, billions of chained 96$

37 IPDENR96C MC_IPDENR96C Gross Nonresidential Investment in Equipment, billions of chained 96$

38 IPDER96C MC_IPDER96C Gross residential Investment in Equipment, billions of chained 96$

39 IFIX96C MC_IFIX96C Gross Private Fixed Investment, billions of chained 96$

40 IFIXNR96C MC_IFIXNR96C Gross Private Fixed Nonresidential Investment, billions of chained 96$

41 IFIXR96C MC_IFIXR96C Gross Private Fixed Residential Investment, billions of chained 96$

42 EX96CNIAQ MC_EX96CNIAQ Exports, Food Goods, Feeds, & Beverages, billions of chained 96$

43 EX96CNIA1 MC _EX9CNIA1 Exports, Industrial Supplies & Materials, billions of chained 96%

44 EX96CNIA2 MC_EX96CNIA2 Exports, Capital Goods exc autos, billions of chained 96$

45 EX96CNIA3 MC_EX96CNIA3 Exports, Automotive Vehicles, Engines & Parts, billions of chained 96$

46 EX96CNIA4 MC_EX96CNIA4 Exports, Consumer Goods except Automotive, billions of chained 96$

48 EXDAN96C MC_EXDAN92C Exports, Goods, billions of chained 96$

49 EXS96C MC_EXS96C Exports, Services, billions of chained 96$

50 M96CNIAO MC_M96CNIAOQ Imports, Food Goods, Feeds, and Beverages, billions of chained 96$

51 M96CNIAL MC M96NIAL Imports, Industrial Supplies & Materials, billions of chained 96$

52 M96CNIA2 MC_M96CNIA2 Imports, Capital Goods excl. Autos, billions of chained 96$

53 M96CNIA3 MC_M96CNIA3 Imports, Automotive Vehicles, Engines & Parts, billions of chained 96

54 M96CNIA4 MC_M96CNIA4 Imports, Consumer Goods except Automotive, billions of chained 96%

55 | MS96C MC_MS96C Imports, Services, billions of chained 96

56 INV96CCH MC_INV96CCH Change in Business Inventories, billions of chained 96$

57 GFML96C MC_GFML96C Federal Government Defense Expenditures on Goods and Services,
billions of chained 96$

58 GDP MC GDP Gross Domestic Product, billions of nominal $
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59 CONS MC_CONS Personal Consumption Expenditures, Total, billions of nominal $

60 | MC_| Gross Private Domestic Investment, billions of nominal $

61 GNP96C MC_GNP96C Gross National Product, billions of chained 96$

62 PCWGDP MC_PCWGDP Chain-Type Price Index, GDP, 1996 = 1.0 (1987 = 1.0 in
MC_COMMON)

63 RMGBS3NS MC_RMGBS3NS Discount Rate on 3-Month U.S. Treasury Bills

MC_RLRMGBS3NS Real Discount Rate on 3-Month U.S. Treasury Bills
64 RMMTGCCNS MC RMMTGCCNS Conventional 30-Y ear Mortgage Commitment Rate
65 RMPUAANS MC_RMPUAANS Yield on AA Utility Bonds
MC_RLRMPUAANS Real Yield on AA Utility Bonds

66 REALRMGBLUS MC_REALRMGBLUS Real Average Yield on 10-Year U.S. Government Bonds, Constant
Maturity

67 ECIWSP MC_ECIWSP Employment Cost Index, Wages & Salaries, Private Sector, June 1989 =
1.0

68 SQTRCARS MC_SQTRCARS Unit Sales of Automohiles, Total, millions of units

69 SQLV MC_SQLV Unit Sales of Light Duty Vehicles, Domestic, millions of units

70 SQDTRUCKSL MC_SQDTRUCKSL Truck Deliveries, Light Duty, millions of units

71 SQDTRUCKSHAM MC_SQDTRUCKSHAM Truck Deliveries, Heavy and Medium Duty, millions of units

72 RUC MC_RUC Unemployment Rate, All Civilian Workers

73 WPI MC_WPI Producer Price Index, All Commodities, 1982 = 1.0

74 WPI14 MC_WPI14 Producer Price Index, Transportation Equipment, 1982 = 1.0

75 WPI11 MC WPI11 Producer Price Index, Machinery & Equipment, 1982 = 1.0

76 LC MC LC Civilian Labor Force, millions of persons

77 RMFEDFUNDNS MC_RMFEDFUNDNS Effective Rate on Federal Funds

78 CPI MC CPI* Consumer Price Index (All Urban) - All Items, 1982-84 = 1.0

79 YD96C MC_YD96C* Disposable Personal Income, hillions of chained 96

80 | wWsD MC WSD! Wage & Salary Disbursements, billions of nominal $

81 YP96C MC_YP96C! Personal Income, billions of chained 96%

97 SHUMBL MC_SHUMBL! M obile Homes Shipments, millions of units

98 HUSTS1 MC_HUSTS1* Single-Family Housing Starts, Private including Farm, millions of units

99 HUSTS2A MC HUSTS2A 2 Multi-Family Housing Starts, Private including Farm, millions of units

100 | KQMH MC_KQMH* Stock of Mobile Homes, millions of units

101 | KQHUSTSL MC_KQHUSTSL® Stock of Single-Family Housing, millions of units

102 | KQHUSTS2A MC KQHUSTS2A! Stock of Multi-Family Housing, millions of units

103 | N MC N!? Population Including Armed Forces Overseas, millions of persons

104 | N16A MC _N16A* Population Aged 16 and Over, millions of persons

105 | RWM@SUM MC MFGWGRT!® Average Annual Manufacturing Wages, nominal $
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106 | RWNM@SUM MC NMFGWGRT* Average Annual Non-Manufacturing Wages, nominal $
MC COMMFLSP(1)* Commercia Floor Space, Total, billion square feet
107 | KAMUSE@SUM MC COMMFLSP(2)* Commercia Floor Space, Amusement, billion square feet
108 | KAUTO@SUM MC_COMMFLSP(3)* Commercia Floor Space, Automobile Sales, billion square feet
109 | KDORM@SUM MC COMMFLSP(4)* Commercia Floor Space, Dormitories, billion square feet
110 | KEDUC@SUM MC_COMMFLSP(5)* Commercia Floor Space, Education, billion square feet
111 | KHEALTH@SUM MC COMMFLSP(6)* Commercial Floor Space, Health, billion square feet
112 | KHOTEL@SUM MC_COMMFLSP(7)* Commercia Floor Space, Hotel, billion sguare feet
113 | KMFG@SUM MC COMMFLSP(8)* Commercia Floor Space, Manufacturing, billion square feet
114 | KMISCNR@SUM MC_COMMFLSP(9)* Commercial Floor Space, Miscellaneous Non-Residential, billion square
feet
115 | KOFFICE@SUM MC COMMFLSP(10)* Commercia Floor Space, Office, billion square feet
116 | KPUB@SUM MC_COMMFLSP(11)* Commercia Floor Space, Public, billion square feet
117 | KREL@SUM MC_COMMFLSP(12)* Commercial Floor Space, Religion, billion square feet
118 | KSTORES@SUM MC_COMMFLSP(13)* Commercia Floor Space, Stores, billion square feet
119 | KWARE@SUM MC_COMMFLSP(14)* Commercial Floor Space, Warehouse, billion square feet

! MACOUT Common Block Variables provided at the National and Census Division level; all others provided only at
the National level.
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Table A-3. MAM Interindustry Submodule Variable Description

MACOUT Common Block Name

Industrial Gross Output Variable Description (millions of fixed 92%)

MC_MFGO(1)?

Food & Kindred Products (SIC 20)

MC_MFGO(2)?

Tobacco Products (SIC 21)

MC_MFGO(3)?

Textile Mill Products (SIC 22)

MC_MFGO(4)?

Apparel & Other Textiles (SIC 23)

MC_MFGO(5)?

Lumber & Wood Products (SIC 24)

MC_MFGO(6)?

Furniture & Fixtures (SIC 25)

MC_MFGO(7)?

Paper & Allied Industries (SIC 26)

MC_MFGO(8)?

Printing & Publishing (SIC 27)

MC_MFGO(9)?

Inorganic Chemicals (SIC 281)

MC_MFGO(10) 2

Organic Chemicals (SIC 286)

MC_MFGO(11)

Plastic Materials & Synthetics (SIC 282)

MC_MFGO(12) 2

Agricultural Chemicals (SIC 287)

MC_MFGO(13)

Other Chemicals & Allied (SIC 28, nec)

MC_MFGO(14) 2

Petroleum Refining (SIC 291)

MC_MFGO(15)

Asphalt, Coal, & Miscellaneous Products (SIC 295, 299)

MC_MFGO(16) 2

Rubber & Miscellaneous Plastic Products (SIC 30)

MC_MFGO(17)

Leather & Leather Products (SIC 31)

MC_MFGO(18)?

Glass & Glass Products (SIC 321, 322, 323)

MC_MFGO(19)2

Cement, Hydraulic (SIC 324)

MC_MFGO(20)2

Other Stone, Clay, & Glass Products (SIC 32, nec)

MC_MFGO(21)2

Blast Furnace & Basic Steel (SIC 331)

MC_MFGO(22)2

Aluminum (SIC 3334, pt 3341, 3353-5, 3363, 3365)

MC_MFGO(23)2

Other Primary Metals (SIC 33, nec)

MC_MFGO(24)2

Fabricated Metal Products (SIC 34)

MC_MFGO(25)2

Industrial Machinery & Equipment (SIC 35)

MC_MFGO(26)2

Electronic & Other Electric Equipment (SIC 36)

MC_MFGO(27)2

Transportation Equipment (SIC 37)

MC_MFGO(28)2

Instruments & Related Products (SIC 38)

MC MFGO(29)2

Miscellaneous M anufacturing Industries (SIC 39)
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MC_MFGO(30) 2

Agricultural Production, Crops (SIC 01)

MC_MFGO(31)2

Other Agricultural Production Including Livestock (SIC 02, 07, 08, 09)

MC_MFGO(32)2

Coal Mining (SIC 12)

MC_MFGO(33)2

Qil & Gas Extraction (SIC 13)

MC_MFGO(34) 2

Metal & Other Mining (SIC 10, 14)

MC_MFGO(35)

Construction (SIC 15, 16, 17)

MC_MFGO(36) 2

Chemicals & Allied Products(SIC 28)

MC_MFGO(37)2

Petroleum Refining & Related Industries (SIC 29)

MC_MFGO(38) 2

Stone, Clay, Glass, & Concrete Products (SIC 32)

MC_MFGO(39) 2

Primary Metal Industries (SIC 33)

MC NMFGO(1)*

Transportation Services (SIC 40, 41, 42, 43, 44, 45, 46, 47)

MC NMFGO(2)*

Communications (SIC 48)

MC NMFGO(3)*

Electric Utilities (SIC 491, part of 493)

MC NMFGO(4)*

Gas Utilities (SIC 492, part of 493)

MC NMFGO(5)*

Water & Sewer Services (SIC 494, 495, 496, 497, part of 493)

MC NMFGO(6)*

Wholesale Trade (SIC 50,51)

MC NMFGO(7)*

Retail Trade (SIC 52, 53, 54, 55, 56, 57, 59, 739)

MC NMFGO(8)*

Finance, Insurance, Real Estate (SIC 60, 61, 62, 63, 65, 66, 153)

MC NMFGO(9)*

Services (SIC 58, 70, 73, 75, 76, 78, 79, 80, 82, 83, 84, 86, 89)

MC_NMFGO(10)*

Government Enterprises (SIC part of 41, 431)

MC NMFGO(11)*

Total Services Output (SIC 40 - 99)

'MACOUT Common Block Variables provided only at the National level
2MACOUT Common Block Variables provided at the National and Census Division level
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Table A-4. Interindustry Growth Determined by NEMS Quantities

MACOUT Common

Block Name

Interindustry Sector
Definition

NEM S sour ce

MC_MFGO(32)

Coa Mining (SIC 11,

COALOUT Common Block:

12) CQSBB - Total Coal Production
MC_MFGO(33) Qil and Gas PMMOUT Common Block:
Extraction (SIC 13) RFQTDCRD - Tota Crude Oil Production

RFPQNGL - Total Natural Gas Plant Liquids
Production

OGPRDNG - Total Dry Natural Gas Production
OGPRSUP - Supplemental Natural Gas Production

MC_MFGO(14)

Petroleum Refining
(SIC 291)

PMMOUT Common Block:

RFQPRDT - Total Petroleum Product Supplied
PMMRPT Common Block:

RFQPRDT - Total Imported Petroleum Products

MC_NMFGO(4)

Gas Utilities (SIC
492, part of 493)

PMMOUT Common Block:

OGPRDNG - Total Dry Natural Gas Production

MC_NMFGO(3)

Electric Utilities (SIC
491, part of 493)

UEFDOUT Common Block:

UGNTLNR - Total Electricity Generation
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Table A-5. MAM Employment Submodule Variable Description

DRI-WEFA MACOUT Common Block Name | Variable Description (millions of persons)

Variable Name

EEA MC_EMPNA(1)? Total Non-Agricultural Employment

EC MC_EMPNA(2)? Construction (SIC 15-17) Employment

EGF MC_EMPNA(3)? Federal Government Employment

EFIR MC_EMPNA(4)? Finance, Insurance, and Real Estate (SIC 60-67)Employment
EMI MC_EMPNA(5)? Mining (SIC 10-14) Employment

ESV MC_EMPNA(6)? Services (SIC 70-89) Employment

EGSL MC_EMPNA(7)? State & Local Government Employment

ER MC_EMPNA(8)? Transportation, Communications, Public Utilities (SIC 40-49) Employment
ETR MC_EMPNA(9)? Retail Trade (SIC 52-59) Employment

ETW MC_EMPNA(10)2 Wholesale Trade (SIC 50-51) Employment

E24 MC_EMPNA(11)2 Lumber & Wood Products (SIC 24) Employment

E25 MC_EMPNA(12)2 Furniture & Fixtures (SIC 25) Employment

E32 MC_EMPNA(13)2 Stone, Clay, & Glass (SIC 32) Employment

E33 MC_EMPNA(14)2 Primary Metals (SIC 33) Employment

E34 MC_EMPNA(15)2 Fabricated Metal Products (SIC 34) Employment

E35 MC_EMPNA(16)2 Industrial Machinery and Equipment (SIC 35) Employment
E36 MC_EMPNA(17)2 Electronic and other Electrical Equipment (SIC 36) Employment
E37 MC_EMPNA(18)2 Transportation Equipment (SIC 37) Employment

E38 MC_EMPNA(19)2 Instruments (SIC 38) Employment

E39 MC_EMPNA(20)2 Miscellaneous Manufacturing (SIC 39) Employment

E20 MC_EMPNA(21)2 Food & Kindred Products (SIC 20) Employment

E21 MC_EMPNA(22)2 Tobacco Products (SIC 21) Employment

E22 MC_EMPNA(23)2 Textile Mill Products (SIC 22) Employment

E23 MC_EMPNA(24)2 Apparel & Other Textile Products (SIC 23) Employment

E26 MC_EMPNA(25)2 Paper & Allied Products (SIC 26) Employment

E27 MC_EMPNA(26)2 Printing & Publishing (SIC 27) Employment

E28 MC_EMPNA(27)2 Chemicals & Allied Products (SIC 28) Employment

E29 MC_EMPNA(28)2 Petroleum & Coal Products (SIC 29) Employment

E30 MC_EMPNA(29)2 Rubber & Miscellaneous Plastics Products (SIC 30) Employment
E31 MC_EMPNA(30)2 Leather & Leather Products (SIC 31) Employment

EAG M CiEM PNA(31)* Agricultural (SIC 01, 02, 07-09) Employment

'MACOUT Common Block Variables provided only at the National level
2MACOUT Common Block Variables provided at the National and Census Division level
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Table A-6. MAM EVIEWS Driver Input Variables

i DRI-WEFA DRI-WEFA NEMS source
Variable Variable
Definition
&TXGF Tax Revenue EMISSION Common Block:
EMREV(l) for I =1 to 5 - Emission Revenue by
Demand Sector
2 | WPIO51 Producer Price AMPBLK Common Block:
Index - Coal PCLEL - Coal Price to Electric Generators
3 | WPIO53 Producer Price NGTDMREP Common Block:
Index - Gas OGWPRNG - Natural Gas Wellhead Price
Fuels
4 | WPI054 Producer Price AMPBLK Common Block:
Index - Electric PELRS - Residential Purchased Electricity Price
Power PELCM - Commercial Purchased Electricity Price
PELIN - Industrial Purchased Electricity Price
PELTR - Transportation Purchased Electricity
Price
5 | WPIO55 Producer Price AMPBLK Common Block:
Index - Utility PNGRS - Residential Natural Gas Price
Natural Gas PNGCM - Commercial Natural Gas Price
PNGIN - Industrial Natural Gas Price
PNGTR - Transportation Natural Gas Price
PNGEL - Natural Gas Price to Electric
Generators
6 | WPIO561 Producer Price INTOUT Common Block:
Index - Crude IT_WOP - World Qil Price
Petroleum
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P1057

Producer Price
Index - Refined
Petroleum

Products

AMPBLK Common Block:
PTPRS - Residential Total Petroleum Price

PDSCM - Commercial Distillate Price

PRSCM - Commercial Residual Fuel Price
PDSIN - Industrial Distillate Price

PRSIN - Industrial Residual Fuel Price

PDSTR - Transportation Distillate Price
PJFTR - Transportation Jet Fuel Price

PMGTR - Transportation Motor Gasoline Price

PRSTR - Transportation Residual Fuel Price
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DTFUELSALLB Demand for All QBLK Common Block:
Fuels - All QTPAS - Petroleum Consumption, All Sectors

Sectors QNGAS - Natural Gas Consumption, All Sectors
QGPTR - Natural Gas Pipeline Consumption
QLPIN - Lease and Plant Fuel Consumption
QCLAS - Coal Consumption, All Sectors
QMCIN - Metallurgical Coal Consumption,
Industrial

QCIIN - Net Coal Coke Imports, Industrial
QUREL - Uranium Consumption, Electricity
Generation

QTRAS - Renewables Consumption, All Sectors
QSTRS - Solar Thermal Consumption,
Residential

QSTCM - Solar Thermal Consumption,
Commercial

QEIEL - Net Electricity Imports

QMETR - Methanol Consumption, Transportation
QHYTR - Liquid Hydrogen Consumption,
Transportation

QTREL - Total Renewables, Electricity
Generation

QPCEL - Petroleum Coke, Electricity Generation
RESDREP Common Block:

QGERS - Geothermal Consumption, Residential

DENDUSE@COAL | End-Use OBLK Common Block:

Demand for Coal | QMCIN - Metallurgical Coal Consumption,
Industrial

QCLAS - Coal Consumption, All Sectors
QCLEL - Coal Consumption, Electricity

Generation

QCIIN - Net Coal Coke Imports, Industrial
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DENDUSE@ELC

Electricity Sales
to Ultimate

Consumers

OBLK Common Block:

QELAS - Purchased Electricity, All Sectors

11

DENDUSE@PET

End-Use
Demand for

Petroleum

OBLK Common Block:

QDSAS - Distillate Consumption, All Sectors
QDSEL - Distillate Consumption, Electricity
Generation

QKSAS - Kerosene Consumption, All Sectors
QJFTR - Jet Fuel Consumption, Transportation
QLGAS - Liquified Petroleum Gases, All Sectors
QMGAS - Motor Gasoline Consumption, All
Sectors

QPFIN - Petrochemical Feedstocks, Industrial
QRSAS - Residual Fuel Consumption, All Sectors
QRSEL - Residual Fuel Cons., Electricity
Generation

QOTAS - Other Petroleum Consumption, All
Sectors

QSGIN - Still Gas Consumption, Industrial

QPCIN - Petroleum Coke Consumption, Industrial
QASIN - Asphalt and Road Oil Consumption,

Industrial

12

DENDUSE@NG

End-Use
Demand for

Natural Gas

OBLK Common Block:

QNGAS - Natural Gas Consumption, All Sectors
QGPTR - Natural Gas Pipeline Consumption
QLPIN - Lease and Plant Fuel Consumption
QNGEL - Natural Gas Consumption, Electricity

Gen.

13

WPI05

Producer Price
Index - Fuels and
Related Products

and Power

Calculated from MCKCOMM inputs 2 through 7
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PCWCNFUEL

Personal
Consumption
Deflator,
Household Fuel
Qil

PTPRS - Residential Price of Fuel Oil

15

PCWCNGAS

Personal
Consumption
Deflator,
consumer

gasoline and oil

PMGTR - Transportation price of gasoline

PDSTR - Transportation price of diesel fuel

16

PCWCSHHOPE

Personal
Consumption
Deflator,
household

electricity

PELRS - Residential price of electricity

17

PCWCSHHOPG

Personal
Consumption
Deflator,
household

natural gas

PNGRS - Residential price of natural gas

18

CNFUEL

Consumption of
household fuel

oil

QTPRS - Residential consumption of heating fuel

19

CNGAS

Consumption of
Consumer

gasoline and oil

QMGTR - Transportation consumption of
gasoline
QDSTR - Transportation consumption of diesel

fuel

20

CSHHOPE

Consumption of
household

electricity

QELRS - Residential consumption of electricity

21

CSHHOPG

Consumption of
household

natural gas

QNGRS - Residential consumption of natural gas
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22 | JQIND12 Production of CQSSB - Production of coal
coal mining

23 | JQIND13 Production of oil | RFQTCRD - Production of crude oil
and gas RFPQNGL - Production of natural gas liquids
extraction OGPRDNG - Production of dry natural gas

24 | QENG Index of Calculated from MCKCOMM inputs 9 through 12
Domestic Energy
Demand

Table A-7. MAM Input and Output File Specification

Filename File Description Input or
Output
MCPARMS Parameter file Input
MCBASE.WK1(LOW, MID, Macroeconomic (including Interindustry and Input
or HIGH) Employment) variable file (scenario specific)
MCRGBAS(LOW, MID, or Regional variable file (scenario specific) Input
HIGH)
MC_NATIONAL.WK1 National variable solution results and baseline Output
values, including percent changes from base
MC_EMPLOYMENT.WK1 Employment variable solution results and Output
baseline values
MC_INDUSTRIAL.WK1 Industrial variable solution results and baseline Output
values
MC_REGIONAL.WK1 Regional variable solution results and baseline Output
values
MC_COMMON.WK1 Common block variables for all submodules,
including National, Employment, Industrial and
Regiional

Table A-8. MCBASE Input File Layout
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DRI-WEFA Name

MACOUT Common

M acr oeconomic Variable Description

Block Name

1 CONS96C MC_CONS96C Personal Consumption Expenditures, Total, Billions of chained 96$

2 CD96C MC_CD96C Personal Consumption Expenditures, Durable Consumer Goods, Billions
of chained 96$

3 CDMVAP96C MC_CDMVAP96C Consumption of Motor Vehicles and Parts, billions of chained 96%

4 CDFURN96C MC_FURN96C Consumption of Furniture, billions of chained 96%

5 CDCMPASW96C MC_CDCMPASW96C Consumption of Computers and Software, billions of chained 96%

6 CDFURN_CSW96C | MC_CDFURN_CSW96C Consumption of Furniture, exc Computers and Software, billions of
chained 96$

7 CDOTH96C MC_CDOTH96C Consumption of Other Consumer Durables, billions of chained 96$

8 CDOOPHT96C MC_CDOOPHT96C Consumption of Ophthalmic Products, billions of chained 96$

9 196C MC _196C Gross Private Domestic Investment, Total, billions of chained 96$

10 IFIX96C MC_IFIX96C Gross Private Fixed Investment, billions of chained 96$

11 IFIXNR96C MC_IFIXNR96C Gross Private Fixed Nonresidential Investment, billions of chained 96$

12 IPDENR96C MC_IPDENR96C Gross Nonresidential Investment in Equipment, billions of chained 96$

13 IPDENRLV96C MC_IPDENRLV96C Net Nonresidential Investment in Light Duty Vehicles, billions of chained
96$

14 IPDENREQC96C MC_IPDENREQC96C Gross Nonresidential Investment in Communications Equipment, billions
of chained 96$

15 IPDENRMCP96C MC_IPDENRMCP96C Gross Nonresidential Investment in Computer Equipment, billions of
chained 96$

16 IPDENRSW96C MC_IPDENRSW96C Gross Nonresidential Investment in Software, billions of chained 96$

17 IPDENROTHR96C MC_IPDENROTHR96C Gross Investment in Nonresidential Producers Other Durable Equipment,
billions of chained 96$

18 ICNR96C MC_ICNR96C Gross Nonresidential Investment in Structures, billions of chained 96 $

19 ICNRBAO96C MC_ICNRBAO96C Gross Investment in Nonresidential Structures, Buildings and Other,
billions of chained 96$

20 ICNRMIAPET96C MC_ICNRMIAPET96C Gross Investment in Nonresidential Structures, Mining and Exploration,
billions of chained 96$

21 ICNRPU96C MC_ICNRPU96C Gross Investment in Nonresidential Structures, Public Utilities, billions of
chained 96$

22 IFIXR96C MC_IFIXR96C Gross Residential Fixed Investment, billions of chained 96%

23 ICR96C MC_ICR96C Gross Residential Investment, billions of chained 96$

24 IPDER96C MC_IPDER96C Gross Investment in Residential Equipment, billions of chained 96%

25 GDP96C MC_GDP96C Gross Domestic Product, billions of chained 96

26 GDP96CFE MC_GDP96CFE Gross Domestic Product at full employment, billions of chained 96$

27 CONS96C MC CONS96C Personal Consumption Expenditures, Total, billions of chained 96$
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28 196C MC _196C Gross Private Investment, Total, billions of chained 96$

29 EX96C MC_EX96C Exports of Goods & Services, billions of chained 96$

30 M96C MC _M96C Imports of Goods & Services, hillions of chained 96$

31 G96C MC_G96C Government Consumption Expenditures & Gross Investment, billions of
chained 96$

32 CD96C MC_CD96C Personal Consumption Expenditures, Durable Consumer Goods, Billions
of chained 96$

33 CN96C MC_CN96C Personal Consumption Expenditures, Nondurable Consumer Goods,
Billions of chained 96$

34 CSs96C MC_CS96C Personal Consumption Expenditures, Consumer Services, Billions of
chained 96$

35 ICNR96C MC_ICNR96C Gross Nonresidential Investment in Structures, billions of chained 96 $

36 ICR96C MC_ICR96C Gross Residential Investment, billions of chained 96$

37 IPDENR96C MC_IPDENR96C Gross Nonresidential Investment in Equipment, billions of chained 96$

38 IPDER96C MC_IPDER96C Gross residential Investment in Equipment, billions of chained 96$

39 IFIX96C MC_IFIX96C Gross Private Fixed Investment, billions of chained 96$

40 IFIXNR96C MC_IFIXNR96C Gross Private Fixed Nonresidential Investment, billions of chained 96$

41 IFIXR96C MC_IFIXR96C Gross Private Fixed Residential Investment, billions of chained 96$

42 EX96CNIAO MC_EX96CNIAQ Exports, Food Goods, Feeds, & Beverages, billions of chained 96$

43 EX96CNIAL MC_EX9CNIAL Exports, Industrial Supplies & Materials, billions of chained 96%

44 EX96CNIA2 MC_EX96CNIA2 Exports, Capital Goods exc autos, billions of chained 96$

45 EX96CNIA3 MC_EX96CNIA3 Exports, Automotive Vehicles, Engines & Parts, billions of chained 96$

46 EX96CNIA4 MC_EX96CNIA4 Exports, Consumer Goods except Automotive, billions of chained 96

48 EXDAN96C MC_EXDAN92C Exports, Goods, billions of chained 96$

49 EXS96C MC_EXS96C Exports, Services, billions of chained 96$

50 M96CNIAQ MC_M96CNIAOQ Imports, Food Goods, Feeds, and Beverages, billions of chained 96$

51 M96CNIAL MC_M96NIAL Imports, Industrial Supplies & Materials, billions of chained 96$

52 M96CNIA2 MC_M96CNIA2 Imports, Capital Goods excl. Autos, billions of chained 96$

53 M96CNIA3 MC_M96CNIA3 Imports, Automotive Vehicles, Engines & Parts, billions of chained 96

54 M96CNIA4 MC_M96CNIA4 Imports, Consumer Goods except Automotive, billions of chained 96%

55 MS96C MC_MS96C Imports, Services, billions of chained 96

56 INV96CCH MC_INV96CCH Changein Business Inventories, hillions of chained 96$

57 GFML96C MC_GFML96C Federal Government Defense Expenditures on Goods and Services,
billions of chained 96$

58 GDP MC_GDP Gross Domestic Product, billions of nominal $

59 CONS MC_CONS Personal Consumption Expenditures, Total, billions of nominal $

60 | MC | Gross Private Domestic Investment, billions of nominal $

61 GNP96C MC GNP96C Gross National Product, billions of chained 96$
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62 PCWGDP MC_PCWGDP Chain-Type Price Index, GDP, 1996 = 1.0 (1987 = 1.0in
MC_COMMON)
63 RMGBS3NS MC_RMGBS3NS Discount Rate on 3-Month U.S. Treasury Bills
MC RLRMGBS3NS Real Discount Rate on 3-Month U.S. Treasury Bills
64 RMMTGCCNS MC_RMMTGCCNS Conventional 30-Y ear Mortgage Commitment Rate
65 RMPUAANS MC_RMPUAANS Yield on AA Utility Bonds
MC_RLRMPUAANS Real Yield on AA Utility Bonds
66 REALRMGBLUS MC_REALRMGBLUS Real Average Yield on 10-Year U.S. Government Bonds, Constant
Maturity
67 ECIWSP MC_ECIWSP Employment Cost Index, Wages & Salaries, Private Sector, June 1989 =
1.0
68 SQTRCARS MC_SQTRCARS Unit Sales of Automobiles, Total, millions of units
69 SQLV MC_SQLV Unit Sales of Light Duty Vehicles, Domestic, millions of units
70 SQDTRUCKSL MC_SQDTRUCKSL Truck Deliveries, Light Duty, millions of units
71 SQDTRUCKSHAM MC_SQDTRUCKSHAM Truck Deliveries, Heavy and Medium Duty, millions of units
72 RUC MC_RUC Unemployment Rate, All Civilian Workers
73 WPI MC_WPI Producer Price Index, All Commodities, 1982 = 1.0
74 WPI14 MC_WPI14 Producer Price Index, Transportation Equipment, 1982 = 1.0
75 WPI11 MC _WPI11 Producer Price Index, Machinery & Equipment, 1982 = 1.0
76 LC MC LC Civilian Labor Force, millions of persons
77 RMFEDFUNDNS MC_RMFEDFUNDNS Effective Rate on Federal Funds
78 CPI MC_CPI Consumer Price Index (All Urban) - All ltems, 1982-84 = 1.0
79 YD96C MC_YD96C Disposable Personal Income, billions of chained 96%
80 WSD MC_WSD Wage & Salary Disbursements, billions of nominal $
81 YP96C MC_YP96C Personal Income, hillions of chained 96%
97 SHUMBL MC_SHUMBL M obile Homes Shipments, millions of units
98 HUSTS1 MC HUSTS1 Single-Family Housing Starts, Private including Farm, millions of units
99 HUSTS2A MC_HUSTS2A 2 Multi-Family Housing Starts, Private including Farm, millions of units
100 KQMH MC_KQMH? Stock of Mobile Homes, millions of units
101 KQHUSTSL1 MC_KQHUSTS1?2 Stock of Single-Family Housing, millions of units
102 KQHUSTS2A MC_KQHUSTS2A 2 Stock of Multi-Family Housing, millions of units
103 N MC N?2 Population Including Armed Forces Overseas, millions of persons
104 N16A MC N16A 2 Population Aged 16 and Over, millions of persons
105 RWM @SUM MC_MFGWGRT 2 Average Annual Manufacturing Wages, nominal $
106 RWNM@SUM MC_NMFGWGRT 2 Average Annua Non-Manufacturing Wages, nominal $
MC_COMMFLSP(1)? Commercial Floor Space, Total, billion square feet
107 KAMUSE@SUM MC COMMFLSP(2)? Commercial Floor Space, Amusement, billion square feet
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108 KAUTO@SUM MC COMMFLSP(3)? Commercia Floor Space, Automobile Sales, billion square feet

109 KDORM @SUM MC_COMMFLSP(4) 2 Commercia Floor Space, Dormitories, billion square feet

110 KEDUC@SUM MC_COMMFLSP(5) 2 Commercial Floor Space, Education, billion square feet

111 KHEALTH@SUM MC_COMMFLSP(6) 2 Commercial Floor Space, Health, billion square feet

112 KHOTEL @SUM MC COMMFLSP(7) 2 Commercia Floor Space, Hotel, billion square feet

113 KMFG@SUM MC_COMMFLSP(8) 2 Commercia Floor Space, Manufacturing, billion sguare feet

114 KMISCNR@SUM MC_COMMFLSP(9) 2 Commercial Floor Space, Miscellaneous Non-Residential, billion square

feet

115 KOFFICE@SUM MC_COMMFLSP(10) 2 Commercia Floor Space, Office, billion square feet

116 KPUB@SUM MC COMMFLSP(11) 2 Commercial Floor Space, Public, billion square feet

117 KREL@SUM MC_COMMFLSP(12) 2 Commercial Floor Space, Religion, billion square feet

118 KSTORES@SUM MC COMMFLSP(13) 2 Commercia Floor Space, Stores, billion square feet

119 KWARE@SUM MC COMMFELSP(14)2 Commexcial Floor Space, Warehouse, billion sauare feet

120 EEA Employment® Total Non-Agricultural, millions of employees

121 EC Employment® Construction (SIC 15-17), millions of employees

122 EGF Employment® Federal Government, millions of employees

123 EFIR Employment® Finance, Insurance, and Real Estate (SIC 60-67), millions of employees

124 EMI Employment® Mining (SIC 10-14), millions of employees

125 ESV Employment® Services (SIC 70-89), millions of employees

126 EGSL Employment® State & Local Government, millions of employees

127 ER Employment® Transportation, Communications, Public Utilities (SIC 40-49), millions of
employees

128 ETR Employment® Retail Trade (SIC 52-59), millions of employees

129 ETW Employment® Wholesale Trade (SIC 50-51), millions of employees

130 E24 Employment® Lumber & Wood Products (SIC 24), millions of employees

131 E25 Employment® Furniture & Fixtures (SIC 25), millions of employees

132 E32 Employment® Stone, Clay, & Glass (SIC 32), millions of employees

133 E33 Employment® Primary Metals (SIC 33), millions of employees

134 E34 Employment® Fabricated Metal Products (SIC 34), millions of employees

135 E35 Employment® Industrial Machinery and Equipment (SIC 35), millions of employees

136 E36 Employment® Electronic and other Electrical Equipment (SIC 36), millions of employees

137 E37 Employment® Transportation Equipment (SIC 37), millions of employees

138 E38 Employment® Instruments (SIC 38), millions of employees

139 E39 Employment® Miscellaneous Manufacturing (SIC 39), millions of employees

140 E20 Employment® Food & Kindred Products (SIC 20), millions of employees

141 E21 Employment® Tobacco Products (SIC 21), millions of employees

142 E22 Employment® Textile Mill Products (SIC 22), millions of employees
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143 E23 Employment® Appardl & Other Textile Products (SIC 23), millions of employees

144 E26 Employment® Paper & Allied Products (SIC 26), millions of employees

145 E27 Employment® Printing & Publishing (SIC 27), millions of employees

146 E28 Employment® Chemicals & Allied Products (SIC 28), millions of employees

147 E29 Employment® Petroleum & Coal Products (SIC 29), millions of employees

148 E30 Employment® Rubber & Miscellaneous Plastics Products (SIC 30), millions of employees
149 E31 Employment® Leather & Leather Products (SIC 31), millions of employees

151 Gross Output PCIO? Food & Kindred Products (SIC 20), millions of fixed 92%

152 Gross Output PCIO? Tobacco Products (SIC 21), millions of fixed 92$

153 Gross Output PCIO? Textile Mill Products (SIC 22), millions of fixed 92$

154 Gross Output PCIO? Appard & Other Textiles (SIC 23), millions of fixed 92%

155 Gross Output PCIO? Lumber & Wood Products (SIC 24), millions of fixed 92%

156 Gross Output PCIO? Furniture & Fixtures (SIC 25), millions of fixed 92$

157 Gross Output PCIO? Paper & Allied Industries (SIC 26), millions of fixed 92$

158 Gross Output PCIO? Printing & Publishing (SIC 27), millions of fixed 92$

159 Gross Output PCIO? Inorganic Chemicals (SIC 281), millions of fixed 92$

160 Gross Output PCIO? Organic Chemicals (SIC 286), millions of fixed 92$

161 Gross Output PCIO? Plastic Materials & Synthetics (SIC 282), millions of fixed 92$

162 Gross Output PCIO? Agricultural Chemicals (SIC 287), millions of fixed 92$

163 Gross Output PCIO? Other Chemicals & Allied (SIC 28, nec), millions of fixed 92$

164 Gross Output PCIO? Petroleum Refining (SIC 291), millions of fixed 92$

165 Gross Output PCIO? Asphalt, Coal, & Miscellaneous Products (SIC 295, 299), millions of fixed 92$
166 Gross Output PCIO? Rubber & Miscellaneous Plastic Products (SIC 30), millions of fixed 92$
167 Gross Output PCIO? Leather & Leather Products (SIC 31), millions of fixed 92$

168 Gross Output PCIO? Glass & Glass Products (SIC 321, 322, 323), millions of fixed 92$

169 Gross Output PCIO? Cement, Hydraulic (SIC 324), millions of fixed 92$

170 Gross Output PCIO? Other Stone, Clay, & Glass Products (SIC 32, nec), millions of fixed 92%
171 Gross Output PCIO? Blast Furnace & Basic Sted (SIC 331), millions of fixed 92$

172 Gross Output PCIO? Aluminum (SIC 3334, pt 3341, 3353-5, 3363, 3365), millions of fixed 92$
173 Gross Output PCIO? Other Primary Metals (SIC 33, nec), millions of fixed 92$

174 Gross Output PCIO? Fabricated Metal Products (SIC 34), millions of fixed 92$

175 Gross Output PCIO? Industrial Machinery & Equipment (SIC 35), millions of fixed 92$

176 Gross Output PCIO? Electronic & Other Electric Equipment (SIC 36), millions of fixed 92%
177 Gross Output PCIO? Transportation Equipment (SIC 37), millions of fixed 92%

178 Gross Output PCIO? Instruments & Related Products (SIC 38), millions of fixed 92%

179 Gross Output PCIO? Miscellaneous Manufacturing Industries (SIC 39), millions of fixed 92%
180 Gross Output PCIO? Agricultural Production, Crops (SIC 01), millions of fixed 92$
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181 Gross Output PCIO? Other Agricultural Production Including Livestock (SIC 02, 07, 08, 09), millions of
fixed 92$

182 Gross Output PCIO? Coal Mining (SIC 12), millions of fixed 92%

183 Gross Output PCIO? Qil & Gas Extraction (SIC 13), millions of fixed 92$

184 Gross Output PCIO? Metal & Other Mining (SIC 10, 14), millions of fixed 92$

185 Gross Output PCIO? Construction (SIC 15, 16, 17), millions of fixed 92%

186 Gross Output PCIO? Transportation Services (SIC 40, 41, 42, 43, 44, 45, 46, 47), millions of fixed 92$

187 Gross Output PCIO? Communications (SIC 48), millions of fixed 92%

188 Gross Output PCIO? Electric Utilities (SIC 491, part of 493), millions of fixed 92%

189 Gross Output PCIO? Gas Utilities (SIC 492, part of 493), millions of fixed 92$

190 Gross Output PCIO? Water & Sewer Services (SIC 494, 495, 496, 497, part of 493), millions of fixed
92%

191 Gross Output PCIO? Wholesale Trade (SIC 50,51), millions of fixed 92$

192 Gross Output PCIO? Retail Trade (SIC 52, 53, 54, 55, 56, 57, 59, 739), millions of fixed 92$

193 Gross Output PCIO? Finance, Insurance, Real Estate (SIC 60, 61, 62, 63, 65, 66, 153), millions of fixed
92%

194 Gross Output PCIO? Services (SIC 58, 70, 73, 75, 76, 78, 79, 80, 82, 83, 84, 86, 89), millions of fixed
92%

195 Gross Output PCIO? Government Enterprises (SIC part of 41, 431), millions of fixed 92$

197 Employment Employment® Food & Kindred Products (SIC 20), millions of employees

198 Employment Employment® Tobacco Products (SIC 21), millions of employees

199 Employment Employment® Textile Mill Products (SIC 22), millions of employees

200 Employment Employment® Appardl & Other Textiles (SIC 23), millions of employees

201 Employment Employment® Lumber & Wood Products (SIC 24), millions of employees

202 Employment Employment® Furniture & Fixtures (SIC 25), millions of employees

203 Employment Employment® Paper & Allied Industries (SIC 26), millions of employees

204 Employment Employment® Printing & Publishing (SIC 27), millions of employees

205 Employment Employment® Inorganic Chemicals (SIC 281), millions of employees

206 Employment Employment® Organic Chemicals (SIC 286), millions of employees

207 Employment Employment® Plastic Materials & Synthetics (SIC 282), millions of employees

208 Employment Employment® Agricultural Chemicals (SIC 287), millions of employees

209 Employment Employment® Other Chemicals & Allied (SIC 28, nec), millions of employees

210 Employment Employment® Petroleum Refining (SIC 291), millions of employees

211 Employment Employment® Asphalt, Coal, & Miscellaneous Products (SIC 295, 299), millions of employees

212 Employment Employment® Rubber & Miscellaneous Plastic Products (SIC 30), millions of employees

213 Employment Employment® Leather & Leather Products (SIC 31), millions of employees

214 Employment Employment® Glass & Glass Products (SIC 321, 322, 323), millions of employees
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215 Employment Employment® Cement, Hydraulic (SIC 324), millions of employees

216 Employment Employment® Other Stone, Clay, & Glass Products (SIC 32, nec), millions of employees

217 Employment Employment® Blast Furnace & Basic Sted (SIC 331), millions of employees

218 Employment Employment® Aluminum (SIC 3334, pt 3341, 3353-5, 3363, 3365), millions of employees

219 Employment Employment® Other Primary Metals (SIC 33, nec), millions of employees

220 Employment Employment® Fabricated Metal Products (SIC 34), millions of employees

221 Employment Employment® Industrial Machinery & Equipment (SIC 35), millions of employees

222 Employment Employment® Electronic & Other Electric Equipment (SIC 36), millions of employees

223 Employment Employment® Transportation Equipment (SIC 37), millions of employees

224 Employment Employment® Instruments & Related Products (SIC 38), millions of employees

225 Employment Employment® Miscellaneous Manufacturing Industries (SIC 39), millions of employees

226 Employment Employment® Agricultural Production, Crops (SIC 01), millions of employees

227 Employment Employment® Other Agricultural Production Including Livestock (SIC 02, 07, 08, 09), millions of
employees

228 Employment Employment® Coal Mining (SIC 12), millions of employees

229 Employment Employment® Qil & Gas Extraction (SIC 13), millions of employees

230 Employment Employment® Metal & Other Mining (SIC 10, 14), millions of employees

231 Employment Employment® Construction (SIC 15, 16, 17), millions of employees

232 Employment Employment® Transportation Services (SIC 40, 41, 42, 43, 44, 45, 46, 47), millions of employees

233 Employment Employment® Communications (SIC 48), millions of employees

234 Employment Employment® Electric Utilities (SIC 491, part of 493), millions of employees

235 Employment Employment® Gas Utilities (SIC 492, part of 493), millions of employees

236 Employment Employment® Water & Sewer Services (SIC 494, 495, 496, 497, part of 493), millions of
employees

237 Employment Employment® Wholesale Trade (SIC 50,51), millions of employees

238 Employment Employment® Retail Trade (SIC 52, 53, 54, 55, 56, 57, 59, 739), millions of employees

239 Employment Employment® Finance, Insurance, Real Estate (SIC 60, 61, 62, 63, 65, 66, 153), millions of
employees

240 Employment Employment® Services (SIC 58, 70, 73, 75, 76, 78, 79, 80, 82, 83, 84, 86, 89), millions of
employees

241 Employment Employment® Federal Government, millions of employees

242 Emplovment Emplovment® State & Local Government, millions of emplovees

! Macroeconomic: DRI-WEFA U.S. Quarterly Macroeconomic Model
2 PCIO: DRI-WEFA Input-Output Mode! for the Personal Computer

3 Employment: DRI-WEFA Econometric Model of Employment by Industry
“ Regional: DRI-WEFA Regional Model for the Personal Computer
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Table A-9. MAM Variables Used by Other NEMS Modules

MCBASE DRI-WEFA MACOUT Common M acr oeconomic Variable Description Referencing
Row Name Block Name NEMS
Number Module
84 GFML96C MC_GFML96C Federal Government Purchases, Defense, billions of TRAN
chained 96$
75 EXDAN96C MC_EXDAN96C Exports, Goods, billions of chained 96% TRAN
53 GDP96C MC_GDP96C Gross Domestic Product, billions of chained 96$ RENEW
TRAN
57 EX96C MC_EX96C Exports of Goods & Services, billions of chained 96$ TRAN
58 M96C MC M96C Imports of Goods & Services, hillions of chained 96$ TRAN
88 GNP96C MC_GNP96C Gross National Product, billions of chained 96% TRAN
89 PCWGDP MC_PCWGDP Chain-Type Price Index, GDP, 1996 = 1.0 (1987 = 1.0 COMM
in MACOUT) EPM
IND
NGHIST
NGPTM
NGTDM
REFETH
REFINE
RESD
TRAN
UEFP
ULDSM
WELLAK
WELLEOR
WELLOFF
90 RMGBS3NS MC_RMGBS3NS Discount Rate on 3-Month U.S. Treasury Bills UEFP
92 RMPUAANS MC_RMPUAANS Yield on AA Utility Bonds NGPTM
NGTDM
UEFP
MC_RLRMPUAANS Real Yield on AA Utility Bonds COALCPS
WELLOGS
93 REALRMGBLUS | MC_REALRMGBLUS | Real Average Yield on 10-Year U.S. Government COMM
Bonds, Constant Maturity NGTDM
94 ECIWSP MC_ECIWSP Employment Cost Index, Wages & Saaries, Private NGTDM
Sector, June 1989 = 1.0 UEFP
95 SQTRCARS MC_ SQTRCARS Unit Sales of Automohiles, Total, millions of units TRAN
97 SQDTRUCKSL MC_SQDTRUCKSL Truck Déeliveries, Light Duty, millions of units TRAN
100 WP MC WPI Producer Price Index, All Commodities, 1982 = 1.0 UEFP
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101 WPI11 MC_WPI11 Producer Price Index, Machinery & Equipment, 1982 = UEFP
1.0
102 WPI14 MC_WPI14 Producer Price Index, Transportation Equipment COALCDS
COALCPS
105 CPI MC_CPI Consumer Price Index (All Urban) - All Items, 1982-84 NGTDM
=10 TRAN
106 YD96C MC_YD96C Disposable Personal Income, hillions of chained 96$ COMM
HEM
TRAN
109 SHUMBL MC_SHUMBL M obile Homes Shipments, millions of units RESD
110 HUSTS1 MC_HUSTS1 Single-Family Housing Starts, Private including Farm, RESD
millions of units
111 HUSTS2A MC_HUSTS2A Multi-Family Housing Starts, Private including Farm, RESD
millions of units
115 N MC_N Population Including Armed Forces Overseas, millions COALCPS
of persons COMM
RESD
TRAN
TRANFRT
116 N16A MC_N16A Population Aged 16 and Over, millions of persons RESD
TRAN
118 RWNM @SUM MC_NMFGWGRT Average Annual Non-Manufacturing Wages, nominal $ | COALCPS
Located in Commercial MC_COMMFLSP Commercial Floor Space by Type of Building, billion COMM
MC_REGIO | Floorspace square feet
NAL.WK1,
an output
file
149-183 Gross Output MC_MFGO Gross Output by Manufacturing (SIC 20-39) Sector, IND
millions of fixed 92$ TRAN
TRANFRT
184-193 Gross Output MC_NMFGO Gross Output by Non-Manufacturing (Agriculture, TRAN
Mining, Construction) Sector, millions of fixed 92$ TRANFRT
119-148, Employment MC_EMPNA Employment by Industrial (SIC 20-39, Agriculture, IND
197-242 Mining, Construction) Sector, millions of emplovees COMM

NEMS M odule Descriptions:

COALCPS
COMM
EPM

HEM

IND

Coal Production Module

Commercia Sector Demand Module

Future Emission Policy Module
Household Expenditure Model
Industrial Sector Demand Module
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NGHIST
NGPTM
NGTDM
REFETH
REFINE
RENEW
RESD
TRAN
TRANFRT
UEFP
ULDSM
WELLAK
WELLEOR
WELLOFF
WELLOGS

Natural Gas Interstate Transmission Module Historical Processing Code
Natural Gas Transmission & Distribution Tariff Module

Natural Gas Transmission & Distribution Module

Ethanol Code - Separating for Petroleum Marketing Module
Refinery (Petroleum Marketing) Module

Renewables Module

Residential Sector Demand Module

Transportation Sector Demand Module

Freight Portion of Transportation Module

Electricity Market Module Financial Planning Routines
Electricity Market Module Demand Side Management Routines
Oil & Gas Production, Alaskas

Qil & Gas Production, Enhanced Oil Recovery

Oil & Gas Production, Offshore

Oil & Gas Production, Main Module
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Appendix B. Mathematical Description

Introduction

Appendix B provides a mathematical description of equations, transformations, and other
computations for the National, Interindustry (including the Growth Industry Component of the
Interindustry Submodule), Employment, Regional and Commercial Floorspace Submodules of the
MAM used to generate the AEO2002 production runs of the NEM S system.

The National Submodule

The National Submodule of the MAM uses the Eviews version of the DRI-WEFA U.S. Quarterly
Macroeconomic Model and is used in the AEO2002 production runs of NEMS to provide each of
theenergy supply, demand, and conversion submodul eswith key macroeconomic variableforecasts.
Thereis now adirect link between the NEMS model and the DRI-WEFA macroeconomic mode!.
Thisreplaces the kernel regression (anonparametric estimation technique) model representation of
Standard and Poor’s DRI Quarterly Macroeconomic Model previoudly found in the National
Submodule of MAM.

Included in the National Submoduleis adirect link routine that converts NEM S energy price and
quantity variables into concepts required by DRI-WEFA model. These concepts are described in
Table A-6 in Appendix A of this model documentation. Before calling the DRI-WEFA mode,
MAM calculatesthe starting levels of the NEM S energy driversand the level s of those same energy
drivers with every successive NEMS cycle. These drivers are then passed to the Eviews program

where it is converted to quarterly frequency that is required by the DRI-WEFA model. The DRI-
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WEFA energy variables will show the same percentage changes from the initia starting values as
theNEM Senergy variables. Eviewsthen extractsthe needed macroeconomic variablestotheannual

frequency, which NEM S requires.

Developing direct links from NEM S to the DRI-WEFA Quarterly Macroeconomic Model allows
greater user flexibility and precludesthelengthy processrequired to estimate either response surface
or kernel regression database, which requiresmany case-specific simulations of theunderlying DRI-
WEFA model.

The Interindustry Submodule

Thebaselineforecast of sectoral gross output isfirst devel oped using the DRI-WEFA PCIO Model.
The Interindustry Submodule of MAM calculates changes of sectoral gross output from baseline
levels based on changes in macroeconomic final demand components that feed into the
macroeconomic model calculation of generated output by sector. The change in generated output
by sector isthen used to drive consistent changesin industrial gross output within the Interindustry
Submodule.

The Growth Industry Submodule

The description in the preceding section appliesto all the industrial gross output sectors except the
energy supply sectors. Industrial Gross Output for the Petroleum Refining, Coa Mining, Oil and
Gas Extraction, Electric Utilities, and Gas Utilities sectors are al benchmarked in DRI-WEFA
historical years, but change in rates determined by selected NEM S energy supply and conversion
modules. Figure 4 in Chapter 3 of the main text of this report illustrates the flow of the Growth
Industry Submodule. Table A-4 aso describes the NEMS variables used to calculate
MCINDGROW, the growth rate for each energy supply sector. The solution output, ESIND, for
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these sectorsis calculated as:

+10)

i, CURIYR ~

*ESND.

i, (CURIYR - 1)

, CURIYR

ESIND. = (MACINDGROW
‘ (B-1)

The Employment Submodule

The baselineforecast of employment by sector isderived using the DRI-WEFA Employment M odel
to createan employment baseline. The Employment Submodul e cal cul atesthe empl oyment impacts
of altered energy market conditions based on thefollowing causal relationships. When energy prices
change, thelevel and composition of macroeconomic final demands are affected. Inturn, the level
and composition of interindustry gross outputs required to satisfy the new final demands are
changed. Finally, faced with new demands for their products, industries will adjust the number of
workersemployed. The Employment Submodulewill show the same percentage change asthegross

output changes calculated in the Interindustry Submodule.
The Regional Submodule

The Regional Submodule of the MAM apportions the national totals computed in the National,
Interindustry, and Employment Submodules between the nine Census Divisions. Thefirst stepis
to calculate the national aggregates by looping through the EBREG regional levels contained in
MCRGBAS:

EBREGIUM, v = EBREGIUM; qvr (B-2)
+ EBREGl, r, CURIYR
Next, regional shares are calcul ated:
REGSHRS | cjavwe = EBREG, | cinv (B-3)
/EBREGSUM

i, CURIYR
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Theresulting sharesare applied to the National Submodul e (including Employment) valuesto arrive

at theregional levels:

ESVMACREG = ESMACREG

r,i, CURIYR 11,i, CURI'YR (B-4)
*REGSH RSr, i, CURIYR
and to the Interindustry Submodule valuesto arrive at the regiona levels:
ES NDr, j, CUR'YR ~ ES ND11, j, CURIYR (B-5)
REG3HRS

r,i, CURI'YR

The Commercial Floorspace Submodule

New to the 2002 Annual Energy Outlook is a commercial floorspace forecast done with a model
independent of the Regional submodule of the Macroeconomic Activity Module. The COMFLR
submodule of MAM contains 140 equations of which 117 ( 13 commercial floorspacetypesin each
of 9 Census Divisions) are estimated using historical data reaching back into the seventies. The
remaining twenty-three equations are identities that aggregate floorspace by Division (9 Divisions),
acrossregion by floorspacetype (13 types) and acrossall regionsfor anational total. Thesubmodule
forecaststhirteen floorspacetypesin each of the nine Census Divisionregions. Themodel forecasts
thousand square feet of commercial floorspace at aquarterly interval. Since commercial floorspace
is a stock measure, the fourth quarter solution is provided to the NEMS common block as the

reported annual floorspace forecast.

Regional level, commercia floorspace at timet is a function of atime trend and of lags of own
floorspace; aggregate, regional, commercial floorspace; interest rates adjusted for regional inflation,
regional, real disposableincome on aper capitabasisand regional population. The general form of

the estimated commercial floorspace equationsis:
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Commflrspj k.t = & k + bj k*trend + bj k j* Commflrspj k t-j + b k* Commflrspj -
+bj K*realrate; t-j + bj k*realing t-j + bj k* popi t-j

Commflrspj t = ZCommflrspj k t

where;

i =1to 9 CensusDivisions

k = 1to 13 Commercial Floorspace Types

t=time

j =lags of timet

8 k = estimated constant for commercial floorspace k in Census Division i equation

bi k = estimated coefficient for explanatory variablein commercial floorspacek in Census Division
I equation

trend = time

Commflrspj k t-j = lags of own commercial floorspace

Commflrsp; t-j = |ags of regional, aggregate commercial floorspace

realratej t-j = short-term interest rate adjusted for regional inflation

realincj t-j = regional, real disposableincome on aper capita basis

POPi t-j = regional population aged 16 and over

Thereisan estimated equation for each of thethirteen commercial floorspacetypes, k, in each of the

nine Census Divisions, i. The thirteen commercial floorspace types are:

Stores — stores and restaurants
Warehouse — manufacturing and wholesal e trade, public and federally-owned warehouses
Office — private, federal, and state and local offices

Automotive — auto service and parking garages

g A~ w D PP

Manufacturing
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6 Education — primary/secondary and higher education

7 Health — hospitals and nursing homes

8. Public — federal and state and local

9 Religious

10.  Amusement

11. Miscellaneous, non-residential —transportation related and all other not elsewhereclassified
12. Hotel — hotels and motels

13. Dormitories — educational and federally-owned (primarily military)

Thereal rateof interest isconstructed using the nominal discount rate on 3-month Treasury billsand
the al-urban consumer price index. DRI-WEFA supplies the data for both series. The 3-month
Treasury bill rateisfrom DRI-WEFA'’ sQuarterly Macroeconomic Model andisquarterly beginning
in1970. ltsmodel mnemonicisRMGBS3NS. Thisnominal interest rateisnot ameasureof interest
rates at the Census Division level. Regional measures of inflation are used to deflate the nominal
interest rate and thereby construct areal rate of interest. DRI-WEFA’s regional measure of prices
comes from their Regional model. Itsmnemonicis CPl. The historical, al-urban consumer price

index is quarterly beginning in 1975 and is available for all Census Division regions.
The general specification for the real, short-term rate of interest is:
Rea_RMGBS3NS; t = RMGBS3NSt - ((CPlj t{ 1}/CPlj t{ 5})-1.)* 100.

where:

i =1to 9 CensusDivisions

t=time

Real_RMGBS3NS; t = rate of short-term interest adjusted for regional inflation
RMGBS3NSt = nominal discount rate on 3-month Treasury bills
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CPlj t = regional, all-urban consumer price index

Theregional, real disposableincome per capitaisconstructed using regional, real disposableincome
and regional population (those aged 16 and over.) Data Resources Inc. supplies the datafor both
series and both come from their Regional model. Their mnemonicsare Y D96C and NR16A. Real
disposable income is measured in billions of chained 1996 dollars. It is available regionally
beginning in 1975 for all Census Divisions but Mountain and Pacific. Real disposable income for
the Mountain and Pacific Census Divisions begins in 1985. As mentioned, the measure of
popul ation used al so comesfrom DRI-WEFA’ sRegional model. Thehistorical populationfor those
aged 16 and over is quarterly beginning in 1971 for all Census Divisions except Mountain and
Pacific. Population for the Mountain and Pacific Census Divisions beginsin 1975. The general
specification for the regional, real, disposable income per capitais:

PerCapita_YD96C; { = YD96C; t/NR16A; ¢

where;

i =1to 9 Census Divisions

t=time

PerCapita_YD96C; t = regional, rea disposable income per capita

YD96C;j t = regional, real disposableincomein hillions of chained 1996 dollars
NR16A| t = regional population aged 16 and over

In general, the period of historical data available for equation estimation is the same across Census
Divisions. That rangeisfrom thefirst quarter of 1975 to the last quarter of 2000. The presence of
lagged right-hand side variables reduces that amount of data. As mentioned earlier; quarterly,
commercia floorspace data begins at the start of 1970. It is the explanatory variables and not
commercia floorspace or the lag structure that restricts the amount of data available for equation

estimation. Time series for both real disposable income and the all-urban consumer price index
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beginsin the first quarter of 1975. The available data for population is not a constraint. It begins
in the first quarter of 1971. The exceptions are the Mountain and Pacific Census Divisions.
Limiting the estimation range for these two Census Divisionsisrea disposable income. It begins
in the first quarter of 1985. There is aso less population data as compared to the other Census
Divisions. Populationfor Mountain and Pacific Census Divisionsbeginsinthefirst quarter of 1975.
Datafor the consumer priceindex for the M ountain and Pacific Census Divisionsbeginsin 1975 just

like that for all other Census Divisions.

All equation estimation and hypothesis tests were done using WinRATS-32, version 5.0. Ordinary
|east squareswas used to estimate the equations. The Lagrange multiplier techniquewas used to test
for the absence of serially correlated residuals. Cochrane-Orcutt method of estimation was used,
when necessary, for correcting for serially correlated errors. In-sample, dynamicforecastsweredone

as ageneral check of each estimated equation’s behavior.

The nominal interest rate, consumer price index, real disposable income and population are al
exogenous to the commercial floorspace model. DuringaNEMS simulation, MAM’s DRTLINK
submodule supplies the commercial floorspace model with the nominal interest rate forecast. The
MAM’s REGIONAL submodule suppliesthe forecasts for the all-urban consumer priceindex, real
disposableincome and population at the Census Division level. Theseforecastsare conditioned on
assumptions about energy prices and quantities supplied by the other Module' sin NEMS. NEMS
isan annual model; and, as mentioned earlier, the commercia floorspace model is quarterly. The
annua interest rate, consumer price index, real disposable income and population forecasts are
expanded to a quarterly frequency by making each quarter’s value equal to the annual value. The
resulting commercial floorspace forecast is quarterly and is compressed by returning the fourth

guarter value to the NEM S common block.
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References

Almon, C. "The INFORUM Approach to Interindustry Modeling," Economic Systems Research,
Vol. 3, No. 1, 1991.

Attanasi, E.D., and E.K. Green. "Economics of Coal Resource Appraisal: Strippable Coal in the
[llinois Basin." Southern Economic Journal, 47, 1981, pp. 742-752.

Balard, C., and D. Fullerton, John Shoven, and John Whalley. A General Equilibrium Model for
Tax Policy Evaluation, The University of Chicago Press, 1985.

Box, G.E.P. and N.R. Draper. Empirical Model-Building and Response Surfaces. New Y ork, John
Wiley & Sons, 1987.

Brinner, R., "Philosophy and Properties of the DRI Model of the U.S. Economy," Quarterly Model
of the U.S. Economy: Version US89A.

Chiang, A. Fundamental Methods of Mathematical Economics. Third Edition. New Y ork: McGraw-
Hill, 1984.

Model Documentation Report
Macroeconomic Activity Module of the National Energy Modeling System C-1



Connaughton, J., and R. Madsen. "A Comparison of Regional Forecasting Techniques,” TheReview
of Regional Studies, 1991, pp. 4-9.

Data Resources/McGraw-Hill Inc. "An Overview of DRI's Regiona Information Service."

__"Preliminary Model Documentation for the DRI World Model," Prepared December 10, 1990.

__ "Regiona Information Service RIS Modd: Structure and Use." DRI/McGraw-Hill Internal

Document.

Energy Information Administration, "Integration Methodology of the National Energy Modeling
System,” DRAFT, June 28, 1991.

__"Components and Linkages of the National Energy Modeling System,” DRAFT, July 1, 1991.

__"Model Documentation: Mini-Macroeconomic Personal Computer Model (PCMAC)," Model
Documentation Report for the Annual Energy Outlook 1991.

__"National Submodule Component Design Report,” May 1992.

Farrell, C., and W. Hall. "Measuring and Forecasting Local Economic Activity: A Status Report,”
The Review of Regional Sudies, 1991, pp. 34-38.

Griffin, J. "Long-Run Production Modeling with Pseudo Data: Electric Power Generation." Bell
Journal of Economics, 8, 1977a, pp 112-127.

__"TheEconometricsof Joint Production: Another Approach.” Review of Economicsand Satistics,
59, 1977b, pp. 389-397.

Model Documentation Report
Macroeconomic Activity Module of the National Energy Modeling System C-2



__"Joint Production Technology: The Case of Petrochemicals." Econometrica, 46, 1978, pp. 379-
396.

_ "Statistical Cost Analysis Revisited." Quarterly Journal of Economics, 93, 1979, pp. 107-129.

__ "Alternative Functional Forms and Errors of Pseudo Data Estimation: A Reply." Review of
Economics and Statistics, 62, 1980, pp. 327-328.

Hewings, G. Regional Input-Output Analysis. Sage Publications: London, 1985.

Hudson, E., and D. Jorgenson. "U.S. Energy Policy and Economic Growth, 1975-2000." The Bell
Journal of Economics, Autumn 1974, p. 461-514.

__"The Economic Impact of Policies to Reduce U.S. Economic Growth.” Review of Income and
Wealth, Vol. 1, No.3, (November 1978), p. 205-229.

Hoffman, K., and D. Jorgenson. "Economic and Technological Models for Evaluation of Energy
Policy." The Bell Journal of Economics, p. 444-466.

Isard, W. Methods of Regional Analysis. Cambridge: The MIT Press, 1960.

Jorgenson, D., and P. Wilcoxen. "Environmental Regulation and U.S. Economic Growth." Energy

and Environmental Policy Center discussion paper, E-89-14, Harvard University, November 1989.

Krikelas, A. "Why RegionsGrow: A Review of Research onthe Economic BaseModel," Economic
Review, Federal Reserve Bank of Atlanta, July/August 1992, pp. 16-29.

Kolstad, C.D, and F.A. Wolak. "Competitionin Interregional Taxation: The Case of Western Coal."
Journal of Political Economy, 91, 1983, pp. 443-460.

Model Documentation Report
Macroeconomic Activity Module of the National Energy Modeling System C-3



Kort, J., J. Cartwright, and R. Beemiller. "Linking Regional Economic Modelsfor Policy Analysis,”
Regional Economic Analysis Division, Bureau of Economic Analysis, Department of Commerce,
July 1984.

Maddala, G.S. and R.B. Roberts. "Alternative Functional Forms and Errors of Pseudo Data
Estimation.” Review of Economics and Statistics, 62, 1980, pp. 323-327.

McCarthy, M. "LIFT: INFORUM'sModel of theU.S. Economy," Economic SystemsResearch, VVol.
3, No. 1, 1991.

McCarthy, M. "A Model for Examining the Energy-Economy Interactions in the Wharton World
Model," WEFA, December 1982.

Meade, D., Description and User Guidefor PC-10, DataResources/M cGraw Hill, Washington, DC,
August 30, 1990.

Miller, R., and P. Blair. Input-Output Analysis. Foundations and Extensions. Englewood Cliffs,
New Jersey: Prentice-Hall, 1985.

Oxford Economic Forecasting, "World Model Overview,” Oxford Economic Forecasting,
Templeton College, Oxford U.K.

Pindyck, R., and D. Rubinfeld. Econometric Models & Economic Forecasts, Second Edition. New
York: McGraw-Hill, 1981.

Ross, M. and R. Hwang, A Model for Long-Term Industrial Energy Forecasting (LIEF), Lawrence
Berkeley Laboratory, February 1992.

Sav, G.T."TheEngineering Approach to Economic Production FunctionsRevisited: An Application

Model Documentation Report
Macroeconomic Activity Module of the National Energy Modeling System C-4



to Solar Processes.” Journal of Industrial Economics, 32, 1984, pp. 21-35.

__ "Tax Incentives for Innovative Energy Sources. Extensions of E-K Complementarity." Public
Finance Quarterly, 15, 1987, pp. 417-427.

Scarf, H., and J. Shoven. Applied General EquilibriumAnalysis, Cambridge University Press, 1984.
Shoven, J., and J. Whalley. "Applied General-Equilibrium Models of Taxation and International
Trade: Anlntroductionand Survey." Journal of Economic Literature, Vol. XXII (September 1984),

p. 1007-1051.

Treyz, G.l., D.S. Rickman, and G. Shao. "The REMI Economic-Demographic Forecasting and
Simulation Model," International Regional Services Review, Vol. 14, No. 3, 1992.

U.S. Department of Commerce. " A Preview of the Comprehensive Revision of the National Income
and Product Accounts. Definitional and Classification Changes,” Survey of Current Business,
Volume 71, Number 9, September 1991, 23-31.

U.S. Department of Commerce. "Benchmark Input-Output Accountsfor the U.S. Economy, 1982,"
Survey of Current Business, Volume 71, Number 7, July 1991, 30-71.

U.S. Department of Commerce. "Regional Multipliers: A User Handbook for the Regional Input-
Output Modeling System (RIMS-11). Bureau of Economic Analysis, May 1986.

WEFA Group. "The Wharton World Econometric Model," Revised, December 1984.

Model Documentation Report
Macroeconomic Activity Module of the National Energy Modeling System C-5



Appendix D. Model Abstract

Model Name:
Macroeconomic Activity Module of the National Energy Modeling System

Model Acronym:
MAM

Description:

MAM is comprised of five Submodules. National, Interindustry, Employment, Regional and
Commercial Floorspace. The National Submodule uses the Eviews version of the proprietary
Quarterly Macroeconomic Model of the U.S. Economy devel oped by DRI-WEFA, aGlobal Insight
Company. TheQuarterly Macroeconomic Model isa 1,200 equation econometric specification that

forecasts macroeconomic driver variables at the national level of detail.

Thebaselineforecast of sectoral gross output isfirst devel oped using the DRI-WEFA PCIO Model.
The Interindustry Submodule of MAM calculates changes of sectoral gross output from baseline
levels based on changes in macroeconomic final demand components that feed into the
macroeconomic model calculation of generated output by sector. The change in generated output
by sector isthen used to drive consistent changesin industrial gross output within the Interindustry
Submodule.

Thebaselineforecast of employment by sector isderived using the DRI-WEFA Employment Model.
The Employment Submodule calculates the employment impacts of altered energy market

conditions based changes in sectoral output.

The Regional Submodule consists of a set of shares at the nine Census Division level of detail
developed from simulations of DRI-WEFA's Quarterly Macroeconomic Model, PCIO Model,
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Employment Model, and Regional Model. Theregional sharesincluded asthe Regional Submodule
of MAM are used to disaggregate the national results generated by the National, Interindustry, and

Employment Submodules of MAM to the nine Census Division level of detail.

The Commercia Floorspace Model forecasts thirteen floorspace types in each of the nine Census
Divisionregions. Themodel isdriven by regional disposableincomeper capita, regional population
and interest rates adjusted for region inflation.

Purpose of the Model:

MAM linksthe National Energy Modeling System (NEMYS) to therest of the economy by providing
industrial sector activity and macroeconomic inputs to the energy modules of NEMS.
Macroeconomic variables such as GDP, disposable income, aggregate prices, interest rates, and
employment drive energy demands and are important determinants of energy prices and quantities.
Conversely, changes in energy supplies and prices impact GDP, prices, interest rates, and other
macroeconomic variables. MAM responds to changes in energy supplies and prices to generate
forecasts of approximately 120 macroeconomic variablesfor usein various energy modules within
NEMS.

Most Recent Model Update:
September 2001

Part of Another Model?
National Energy Modeling System (NEMS).

Model Interfaces:

MAM provides sectoral macroeconomic driver variables including housing starts, commercial

floorspace, industrial grossoutput, light duty vehicle sales, and disposableincome projectionsto the
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NEM SResidential Sector, Commercial Sector, Industrial Sector, and Transportation Sector Demand
Modules. MAM providesfinancial indicators such as aggregate prices and interest ratesto both the
demand and supply modules of NEMS.

Official Model Representative:

Ron Earley, Economist

Office of Integrated Analysis and Forecasting
International Economic and Greenhouse Gases Division
(202) 586-1398

Documentation:

Model Documentation Report: Macroeconomic Activity Module (MAM) of the National Energy
Modeling System, December 2001.

Energy System Described:

Domestic macroeconomic sector.

Coverage:

o Geographic: Nine Census Divisions.

o Time Unit/Frequency: Annual, 1990 through 2020

o Products: Forecasts of domestic macroeconomic driver variables, at the national,

interindustry, and nine Census Division levels of detail.

° Economic Sectors: Nationa macroeconomic activity.

Modeling Features:
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o Model Structure:. MAM is composed of five Submodules: National, Interindustry,
Employment, Regional and Commercial Floorspace. The five Submodules are executed
sequentially in the order presented, and subsequent Submodules build upon the results of

previously-executed Submodules.

o Modeling Techniques: MAM uses|arge econometric proprietary models, plusaCommercial
Floorspace Model developed by the Energy Information Administration. The Regiond
Submoduleof MAM iscomposed of sharesdevel oped from simulations of |arge econometric

macroeconomic, interindustry, employment, and regional models.

o Specia Features. A direct link exists between NEMS and the DRI-WEFA Quarterly
Macroeconomic Model of the U.S. Economy which has been converted to operate in the

Eviews system.

Non-DOE Input Sources:

DRI-WEFA input data from the DRI-WEFA U. S. Quarterly Macroeconomic Model, the DRI-
WEFA PCIO Model, the DRI-WEFA Employment Model, and the DRI-WEFA Regional Model,
plus data on commercial floorspace acquired from F.W. Dodge Statistics and Forecasting Group,
Building Stock Database.

DOE Input Sources:
MAM relies upon the DRI-WEFA Input data to generate the baseline growth path. Alternative

growth paths are devel oped based on alternative economic driver variable growth path assumptions.
DOE datais not used to develop the MAM.

Independent Expert Reviews Conducted:

None.
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Status of Evaluation Efforts by Sponsor:

None.
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