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1. Introduction

" Purpose of This Report

B _ This report documents the obJectrves, analytlcal approach, and development of the Natlonal

Bnergy Modelmg System (NEMS) Macroeconomlc Actrvrty Module (MAM) used to develop the _
‘Annual Energy Outlook for 1997 (AE097). The report catalogues and descnbes the module
assumptxons computatrons, methodology, parameter estrmatron techmques, and mamframe

5 source code.

“This document serves three purpOSes.‘ First, itis a reference document providing a detailed |
description of the NEMS MAM used:for the AEO 1997 production runs for model analysts, |
users, and the pubhc Second, this report meets the legal requlrement of the Energy Informatlon :
,. Admrmstratlon (EIA) to provide adequate documentanon in support of i 1ts models (Publzc Law

- 94-385, section 57. b.2). Th1rd, it facrhtates continuity in model development by provrdmg /
documentanon ﬁ'om which energy analysts can undertake model enhancements data updates, - x
-and parameter refinements as future projects ' ‘ |

~ Model Summary /’

“The MAM of NEMS is composed of four suhmodules the Natronal Submodule the /
Intenndustry Submodule, Employment Submodule and the Reglonal Submodule. The Natlonal v
Submodule, Employment Submodule and the Interindustry Submodules are response s surface
representatlons of the large, propnetary econometnc models developed by Data Resources, -
Inc /McGraw-Hxll (DRI) The Regronal Submodule consists of a set of reglonal shares that are
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: used to dtsaggregate the results from the Nattonal and Intermdustry Submodules to the nine
Census Division level The regtonal shares used in'the module change over the forecast penod,

| reﬂectrng the ehangmg growth pattems across regtons over ttme

The MAM provxdes forecasts of economxc dnver variables to the NEMS system The MAM also
forecasts the i xmpacts of changes i m energy market condluons on the aggregate economy. The set
B of forecasts generated by the Natlonal Submodule mcludes interest rates, final demands for goods
j and servrces housmg starts and dlsposable income. The Intenndustry Submodule calculates the
| mdustnal output needed to satisfy the ﬁnal demands forecasted by the National Submodule The
. NEMS Resrdentral Sector Demand Module, Commerctal Sector Demand Module and Industnal
- Sector Demand Module require regional forecasts of such driver vanables as housmg starts,
commerc1al ﬂoorspace and industrial output The Employment Submodule calculates ,
employment by manufactunng mdustnes at a 2 digit SIC level as well as constructlon serv1ces .
o ‘and trade aggregatron The Regronal Submodule dxsaggregates the forecasts generated by the
o Natxonal Employment, and Intenndustry Submodules so that they can be used by the NEMS |
‘ | demand modules

: The National Submodule of MAM isa response surface representatton of the DRI U S. Quarterly‘ o
- Macroeconomxc Model. The Intermdustry Submodule of MAM is a response surface
. approxrmatlon of DRI's Personal Computer Input-Output (PCIO) Model The Employment
Submodule of MAM i isa response surface approxrmatton of DRI's Employment Model The -
~Regional Submodule isa stralghtforward shanng algorithm that applies factors based on
e s1mu1atnons of DRI's U S. Quarterly, PCIO and Regional Models DRT's U S. Quarterly Model,
PCIO Model, Employment Model, and Reglonal Model are des1gned to Work- in tandem thh
. each other. DRT's PCIO uses fmal demands generated by the DRIU.S. Quarterly Model as
. mputs DRI's Employment model ; uses the output generated by PCIO as well as some
- | macroeconomic concepts as inputs, and the DRI Reglonal Model uses the DRI U.S. Quarterly
- Model and PCIO Model outputs as mputs for the reglonahzatlon algonthm Stmllarly, the
‘response surface representatrons developed from the DRI models to create the MAM are also
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| deSigned td work in tandem with each other.

MAM Approach
'l'he goal of the response surface models in MAM isto rephcate the effects of changmg energy
pnces in the DRI full scale models. There are four DRI models that are used to create any
| macroeconom1c baselme the DRIU.S. Quarterly Macroeconomic Model the DRI Personal -
Computer Input-Output Model (PCIO), the DRI Employment Model, and the DRI Personal
' Computer Reglonal Model. For the AEO 1997, MAM uses response surface models developed
from the U S. Quarterly Model Employment Model and the PCIO for the Natlonal, Employment
and Intermdustry Submodules respectively. ‘The Reglonal Submodule of MAM used for the
AEO 1997 consists of a set of reglonal shares developed usmg the DRI Reglonal Model in -
con;unctlon w1th the other three DRI large models listed above.

MAM Natlonal Submodule : . .
- The MAM National Submodule is a response surface representatlon of the DRI Quarterly Model .

of the U.S. economy, modeled using annual data. The Natlonal Submodule supports the NEMS o

energy supply, demand, and conversxon modules by prov1d1ng mld-range macroeconomic and
industrial output forecasts for the penod of 1990-2015 The National Submodule also provides
feedback eﬁ’ects for analyses of dlﬁ'erent energy seenanos by captunng the macroeconomlc '

_eﬂ'ects of vanatlons in energy pnces Three macroeconomlc growth path scenarios are provxded ,

~ inthe Natlonal Submodule: basehne, high, and low growth.

The National Submodule responds to two sets of information' wholesale and retail energy prices.
R The NEMS system determmes the reactlon of energy prices to changes in events or pollcles

| These energy price impacts are passed to the Natlonal Submodule of MAM and the economy .
mcts, producing altered macroeconomlc vanables These altered vanables are then passed back
to the other NEMS modules for the next iteration. In developmg AEO97 forecasts only

= wholesale energy pnce mformatlon is used to calculate mMacroeconomic feedback

yo
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: The growth potentlal of the economy is rooted in the growth of the factors of productlon,
specifically, labor, caprtal, and energy, and the aggregate produc’uvrty of these factors. Theuser
R ‘may opt for one of the three. growth scenarios provided in the Natronal Submodule (baselme |
" high, or low growth) and subsequently mcorporate energy pnce feedbacks. Addmonal . '
.'drscussron of the Natlonal Submodule - methodology is provrded in Chapter 4 of this Volume A' -

_ hstmg of nputs and outputs to the National Submodule is provrded in Appeldtx A to th1s '

Volume

Econometnc Model of Employment by lndustry ' .

/ The Employment Submodule calculates deviations ﬁ'om a glven basehne employment projectron
The Employment Submodule calcu]ates the employment 1mpacts of altered energy market condttxons _

. based on the followmg causal relatlonshlps When energy pnces change, the level and composmon

of macroeconomic final demands are affected. In tumn, the level and composmon of mtermdustry‘

gross outputs reqmred to sausfy the new final demands are changed Finally, faced wrth new

demands for their products mdusmes will adjust the number of workers employed The response o

. surface Employment Submodule represents this last link in the chain.

MAM lntenndustry Submodule o , 7
The Intenndustry Submodule provrdes mtenndustry pro;ectrons to the NEMS Industnal Demand -

o Module The Intermdustry Submodule also calculates the mtermdustry energy pohcy lmpacts based

© upon fwdback from the ﬁnal demand forecasts generated by the Natlonal Submodule The feedback ‘

mechanism in the Intenndustry Submodule is modeled in an analogous manner to the DRI-PCIO o

modehng mechamsm

The Intenndustry Submodule contains detail for thirty-five reglonal mdustnal sectors and ten non-

- regional servrce outputs and develops prOJectrons for the penod of 1990-2015 The Intenndustry;

Submodule calculates deviations from a glven baseline mtermdustry projectron when

" macroeconomic ﬁnal demands change Because of the’ strucmre of mput-output modelmg, the
, Intermdustry and Natxonal Submodules do not iterate d1rectly wrth each other, but are instead

: Energy Information Administration ; : ,
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processed sequentially. However, through their effect on the projections of the energy supply and
_ demand submodules, which in turn alter the macroec:onomic outlook, | changes in interindustry -
, projections affect the results of the National Submodule ‘l’he NEMS energy supply and demand
modules determme the reaction of energy pnces to’ changes in events and policies. These energy
price eﬁ'ecls are passed to the National Submodule and the economy reacts to the altered price paths -
“The altered macroeconomic final demands are in turn ‘passed to the Intermdustry Submodule whrch : |

. ealculates the effects on mtermdustry activity. The altered mtenndustry pro;ectrons are then passed ‘

back to the other NEMS modules, and the system rterates until convergence 1s attained. Addmonal ‘
d1scuss1on of the mputs and outputs to the Intenndustry Submodule is provrded in Appendlx Ato
: thxs Volume ‘

| MAM Regional Submodule \
The Regional Submodule is a set of share parameters based upon s1mulat10ns of the DRI U.S.
' Quarterly Macroeconomrc Model the DRI PCIO Model, and the DRI Regronal Model. These share
parameters are utilized to drsaggregate some of the Natlonal and Interindustry forecasts to the nine
Census Dmsron level of detall The shares vary across reglons and over time through the forecast " 3 |

; pexio_d.

g The natlonal level forecasts generated by the Natxonal and Intermdustry Submodules are mputs to |
the Regronal Submodule, and the aggregatron of the regronal totals produced by the Regional
Submodule is identical to ‘the natlonal ﬁgures generated by the Natronal and Intenndustry;_
Submodules Therefore, to the extent that natxonal output grows reglonal output also grows. In;
addition, the results generated by the Regronal Submodule are consrstent with productlon in energy ‘v_<
producmg sectors and mdustnal energy pnces generated by the NEMS system B -

Response Surface Modellng v .

‘The use of response surface approxxmatlons, also known as reduced form equatrons of the
‘ propnetary DRI models allows distribution of the MAM to-users outside of EIA The response -
~ surface approxrmatrons are constructed by estlmatmg the large DRI models discussed above on

, Energy Informatlon Admxmstrat:on : , )
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| pseudo data” generated by repeated sunulatlons of the DRI models (further discussed in Appendrx
E to this report) The MAM response surfaces are generated from scenanos of the DRI models that

: pnmanly vary energy prices, | smce the goal of the MAM in NEMS is to provide energy price |
feedback to the NEMS system. The resulting changes to the Macroeconomic vanables of interest
are recorded, and then each of these macroeconomic vanables is regressed on all of the exogenous * '
B vanables to obtain a smgle response surface equatron for each dependent vanable The resultmg -

- : response surface model is a macroeconormc feedback model that responds to changes in energy

| 'pnces in a way that replicates the behavior of the much larger and more complex DRI models upon. :

- which the response surface is based o |

 Archival Media |
o MAM has been archrved on a drive compatrble IBM RS- 6000 590 senes, as part of the Natronal
Energy Modelmg System productlon runs that genérate the AEO 1997.

| Model Contact

| Kay A. Smrth Economrst |
 Office of Integrated Analysis and Forecasting
Energy Demand and Integration Division ‘_
Integrated Econormc Intematronal Forecastrng Branch

~ Telephone
(202) 586-1455

: Energy Informanon Admrmstranon , :
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_ Organization of this Report

‘ Sectlon 20of thrs report dtscusses the purpose of MAM detailing its objectlves, primary input and

~* output vanables, and the relatxonshrp of MAM to the other modules of the NEMS integrated system

Section 3 of the report describes the ratronale behmd the MAM desrgn, prov1d1ng msrghts into - |
~ further assumptlons utilized in the model development process to this pomt. Sectxon 3 also rewews .
alternate macroeconomic modelmg methodologres drawn from the hterature provrdmg acomparison ..
o the MAM approach. Section 4 detarls the module structure usmg graphxcs and text to 1llustrate |
model flows and key calculatlons - o

"The Appendxces to this report provrde supportmg documentatlon for the MAM files currentlyd '

_ res1dmgontheEIAmamﬁ'ame AppendlehstsanddeﬁnestheMAMmputdata,parameter-bl. S

_estimates, forecast variables, and outputs. A table referencmg the equatlon(s) in which each variable
appears is also provxded in Appendrx Al Appendrx B contains a mathematical descnptlon of the
computatxonal algontbms used in MAM, mcludmg equations and variable transformatlons _

:Appendrx Cisa bﬂahography of reference matenals used in the development process Appendlx b

‘ consxsts ofa model abstract, and Appendrx E dlscusses data quahty and estrmatlon methods

Energy Informatlon Administration S
NEMS Macroeconomic Aetmty Module Documentation Report ‘ 7




2. Model Purpose

- Model ObjectiVes

"‘EIA is currently engaged in an extensrve effort to enhance its abxhty to forecast and evaluate
developments in world and domestic energy markets. NEMS, the result of thrs eﬂ’ort, is a

: comprehensxve mid-term energy forecastmg and pohcy analysrs tool. NEMS pro_;ects energy supply, - -

demand, prices, and envxronmental emxssxons by region, given assumptlons about the state of the | ,
;economy, international markets, and energy pohcxes The MAM links NEMS to the rest of the =
" economy by provrdmg macroeconomrc mputs and mdusmal sector actmty to the energy modules '

- of NEMS Macroeconomlc vanables such as GDP dtsposable income, prices, interest rates, and

unemployment drive energy demands and are important determmants of energy pnces and quantmes _
- ijmrlarly, changes in energy supphes and prices can affect GDP pnces, interest rates, and other
macroeconomic variables. - To capture these effeets NEMS allows for feedback to and ﬁom the
,macroeconomy For example dlsposable income, mortgage interest rates and housmg starts are
. important determmants of the residential demand for energy. Dlsposable income and populatlon
 over age 16 are relevant to forecasted fuel demands in the transportatton sector 'Forecasted levels
and changes in mdustnal output are mportant determmants of mdustnal sector energy reqmrements
b. The configuration of MAM is. ﬂexrble Ifa.n energy demand model is modlﬁed to requlre anew
. macroeconomlc vanable MAM canbe expanded to add the new driver, as long as the new variable
- is contamed in the full DRI model. Cun‘ently, MAM forecasts over. 180 macroeconomic varxables,
| a subset of which are passed back to the NEMS data structure to be used by the energy demand
models The data base used to develop the MAM coefﬁcwnts is avallable to the public from the
: Energy -Informanon Administration. Addltlonal mformatlon regarding this data base is-obtainable .'
from Dr. Kay Smith, Economist, Oﬁce of Integrated Analysxs and Forecasnng, Energy Demand and -

'4 Integration D1v1s1on, Integrated Economic Internanonal Forecastmg Branch (see Model Contact

d1scuss1on above)

‘ Energy In.formation. Administration o ' ,
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Relationship of MAM to other 'NVEMS Modules

' The National Submodule of MAM provides forecasts of variables used as inputs in other NEMS
‘modules, including interest ates for residential and commercial consumers, final demands for goods

_and serv1ces, housing starts, commerclal floorspace, and dlsposable mcome The National ‘,

) Submodule isa natxonal response surface approxxmatxon of the DRI U S. Quarterly Model that -

. relates pefcentage changes in macroeconomrc vanables to the changes in energy pnces generated by_
- the NEMS system, producmg a percentage change ﬁom a DRI baseline forecast of productlvxty and

1abor force growth rates The most 1mportant role of the Natlonal Submodule in NEMS is to capture
‘ the macroeconomlc xmpacts of energy pnce change and energy tax feedbacks. Table A-2 of
AppendrxA to this report details the 109 outputs of the full-scale DRI us. Quarterly Model that are
used to develop the NEMS MAM Natlonal Submodule forecast. Table A-3 describes the forecasts.

: prov1ded by the Employment Submodule and Table A-4 provides the forecasts of the Interindustry =~ .- -

- | Submodule. Appendlx A, Tables A-5 through A-7 prov1de additional detall regardmg the mput and .
output vanables used in the MAM. ' ' :

. The Inten’ndustry Submodule of MAM calculates the industrialoutput needed to satisfy the final
~ demands that are forecasted by theNation_al ’Submoidule. The outputs of the Interindustry

Submodme, speciﬁcally the levels 'of induSu'ial output, are used by the _NEMS Industrial Sector

- Demand Module and Transportation Sector Demand Module to calculate'ener'gy'consumption for

each of these sectors.

' Smce the Residential, Commercial, Transportation, and Industrial Sector Demand Modules are}

v reglonally drsaggregated, the MAM Reglonal Submodule allocates the subset of macroeconomlc
variables required by the energy demand and conversron modules to the nine Census Drv1s1on level
of detail. The subset of macroeconomic vanables that are not reqmred by the NEMS: system are not
regxonally dlsaggregated | |

Energy Informanon Admmrstrat:on . v :
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MAM recelves energy pnees ﬁ'om the Eleetnc:ty Market Module, Natural Gas Supply Module, and
. Petroleum Market Modules of NEMS in order to calculate the energy price feedback to the ,
, macroeconomy ‘The calculated feedbacks are then translated into changes in the macroeconomlc

variables, which are then passed back fo the N'EMS system to be used in the’ demand modules as

described above.
The NEMS demand modules and theg primary macroeconomic outputs received by each module from
MAM are summanzed below Vanable names and descnptlons as mcluded in the MAM are '

/ provxded in Appendlx A to this report.

'NEMS Demand Sector Module  ~ MAM Outputs used by the Demand Module

Commercial = ' Commercial floorspace, 10 -year‘Tlreasury bill interest.
o S .k ate B
 Industrial : o . . Industry—spemﬁc final dema.nds
Residential =~ o o Housing starts, populatlon
" Transportation . | o Disposable income, population over 16 years of age

Energy Information Administration B . o
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3. Model Overview and Rationale
| Theoretlcal Approach '-

The version of MAM that is- mtegrated into the NEMS system contains three response surface _
models of the DRI models. The National, Employment, and Intenndustry Submodules of MAM are
response surface models of DRl's UsS. Quarterly Model, Employment Model, and the PCIO Model.
The regional results of the National Submodule are derived using simulations of 2 DRI Regional
'Model compatrble thh the other DRI models ‘The theoretical structure of the DRI models is
described in the Altematrve Approaches sectlon of this Volume. - | | v

‘Fundamental Assumptions' |

MAM Natlonal Submodule o ‘ ST ,
The Natxonal Submodule is able to address the macroconomic 1mpacts assoctated with cha.ngmg

- energy pnces and altematlve macroeconomrc growth cases.

. Energy Pnce Changes Energy pnce changes represent a crmcal source of i mteractron between
‘ energy and the economy. Consumers facmg hrgher pnces for energy may reduce their energy
nsumptron Nonetheless since a large eomponent of energy expendltures is non-dlscretlonary,
y nominal expenditures are 11kely to nse compnsmg a larger share of the household budget As a':

result, consumers are assumed to reduce expendltures on other goods and services.

Energy services also represent a key mtermedlate mput in the productlon of goods and services.
v _ Aﬁer energy prices increase, production costs rise per: unit of output for firms. Reacting to higher
pnces in general, wages mcrease as consumers attempt to maintain real dJSposable income. Higher
| wage costs and spillover pnce effects on other vanable costs further escalate productlon costs
: throughout the economy. - Thxs process places upward pressure -on the nommal pnces of all 4 '

- Energy Informatlon Admmxstrauon - , S
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mtermedxate goods and ﬁnal goods and services in the economy As prices mcrease, so do mterest
rates. ‘Thie i mcrease in interest rates in tnrn causes reductions in interest-rate sensmve components
of aggregate demand. Aggregate demand dechnes, leadmg to rednctlons in output asa result of

nsmg energy prices.

| In addition to the world oil pﬁce,*the National Submodule feceives informaﬁon on the wholesale fuel
prices for mdustnal coal, natural gas, refined products, and electnctty, and final demand pnces for "
"~ fuel orl, coal, gasolme electnclty, and natural gas : : .

: Alternanve Economlc Growth Rates. The growth potentxal of the economy is essentrally grounded |

in the growth of the factors of productlon - labor, .capital, and energy -- and the aggregate

- 7 productmty of these factors. Three alternative growth najectones for the economy exist in the
i National Submodule: bascline, hlgh and low growth | -

o MAMEmploym‘eht Submadule o

The Employment Submodule calculates the employment impacts of altered energy market 'conditions ‘

. based on the followmg cauysal relatronshlps When energy prices change the level and composmon o

of macroeconomic ﬁnal demands are affected In turn, the level and composmon of interindustry
'gross outputs required to satxsfy the new final demands are changed ‘Finally, faced with new
demands for their products lndustnes wﬂl adjnst the number of workers employed. The response

surface Employment Submodule represents this last hnk in the cham ' |

The Employment Submodule projects natlonal level employment for twenty manufactunng'
industries (the twenty two-dlgrt SIC categones thhm manufactunng), as well as for ten more
aggregated sectors outsxde manufacturing, annually for the penod 1990-- 2015 (Table 1). The |
summation of sectors two through tlnrty gives total ’non-agricultm'al employment (EEA).

\

‘ - - Energy Information Administration
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" Table 1. Variables Projected by th‘eiEmploy.ment Submodnie |

EEA Tota!Non-AgncnlumlEmployment
EGF Federal Government Exployment
| EFR * .| Fibance, hsmeemdmamsmploymm
EM | MiningEmployment _
AESVv ' ' Smﬁmployment_ o ‘ - N G o : .
lEest : ‘sﬁie&l;&aleovumm’smpxoym: A ERET
ER R TWMCommumauons &PubthﬁlmsEmployment
ETR ' fkReuilTnchmplayment s '
le2e " | Lumber & Wood Products Employmen:
E25. . | Funiture & Fixtures Employment
de Stone, Clay, & Glass Employment -
E33 - . | PrimayMenlsEmployment
B4 " | Fabricated Metal Products Employment
E35 Machinery (except Electrical) Employment 1
E36 . | Electrical Machinery Employment PR |
B7 . "rmspomuonsqmpmmamploymem R
E38 ‘ Instraments Employment
fe MlsoeﬂmeonsManufacunngmplaynmt o
E20 - Food&ProductsEmpluyment
B2l | Tobacco Manufactures Employment
B2 . Textile Mill Products Employment
E23 Appml&m'rmmducsamploymem
B2 __| Paper & Products Employment |
27 | Printing & Publishing Employment
> :Chemmls&AlldemductsBmploymem
E29 + | Petroleum Products Employment
B30 ‘, v mw&mmmsmﬂw\ o
E3i | Lesther & Products Employment \
EAG | Agricultural Employment -

- Energy Infonnat:on Admlmstrauon
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B ‘MAM Intenndustry Submadule
As descnbed prevrously in thrs report, consrstency between the National and Intenndustry )

: Submodules is critical to ensunng meamngful macroeconomlc and mtermdustry results The DRI
Model on which the response surfacc Intermdnstry Submodule is based, DRI's PCIO 1s a standard
: mput-output model. DRI‘s PCIO takes as inputs ﬁnal dema.nd components from the DRI U.s.
- Quarterly Model and determmes the Tevel of mtenndustry activity. The MAM Natlonal and
’ - Intermdustry Submodnles are joined smnlarly, with the main drﬁ‘erence that gha.ngea in mtenndustry
' actrvrtyare determmed bychanges in final demand components in MAM.

| Thrstype 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

macroeconomlc module, and i is used in detenmmng the detailed output reqmred of the mtenndustry
_ sectors to achreve this level of aggregate dcmand The drsaggreganon can be made along several
- lines which have theorencal appeal homogenerty of product, homogenelty of process, homogenerty \
of energy service, etc. From a practrcal standpomt however, the choice of drsaggregatron is limited -
by the avarlabrhty of data The input-output model is drsaggregated into 114 output sectors The
output groupings are listed in Table 2. The Indusmal Sector Demand Module does not require this
level of detail. Therefore mtenndustry pro_]ectlons prov1ded to the NEMS system are an aggregatron |

. of the input-output sectors to the level requested by the Industnal Sector Demand Module Because

of the sn'ucture of the mput-output model and of mput-output modehng in general it is not |
necessary to drrectly link the full DRI-PCIO model with NEMS in order to capture meamngful‘
: cha.uges in mtenndustry act1v1ty ' ’ ‘

Energy Information Admmrstranon '
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 Table 2. Output Groupings within full DRI-PCIO Model

_ R . b 'Nu’mbero‘f/:‘
Real Gross Output - . SIC Coverage | " Output Sectors
Agicslwre - | on02070800 | 4
Mining~ | 1014 |
Constructon . - | 151617 6
 Manufacturing o 3039 69
Transportation | 40424447 7
Commumcatlons" o T 7~48 2
| Utilities | 49 3
Wholesale Trade | ses 1
Retall Trade . 5259 1
Finance, Insurance, and Real Estate | 60-67 2
Services N | 70-87,.89 6
 Govemment | na 2
| Note: SIC s Standard Industrial Classification |

MAM Reglanal Submodule | A ,
" The MAM Reglonal Submodule models economc act1v1ty at the nine Census Division level of demll
by applymg share factors to the National and Intermdustry Submodule forecasts of economic actmty
‘The aggregatlon of the reglonal forecasts produced by the Reglonal Submodule is identical to the
Natlona.l and Intenndustry Submodule forecasts. As the natlonal economy expands over forecast
, penod, the reglonal results reﬂect this expanswn. The Reglonal Submodule is also conswtent thh | ‘
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vproductron in energy producmg sectors and the regronal energy pnces generated by the NEMS _
system

Some lnmtatrons o the Reglonal Submodule exist. Reglonal variations in capltal costs are not
generated, and all regrons are assumed to react to the same natronal set of interest rates. Technology /
| change mﬂuences total factor productmty, and is captured through the denvatlon of potentral GDP ‘.
~ atthe natlonal level only However, the vanous energy modules within NEMS capture the entry of
| new technology at the regronal level. Last, MAM addresses only natronal decrsrons on ﬁscal policy
. -through the National Submodule State tax pohcy, such asa change in state gasolme taxes is not
: dlrectly considered.

\ The Role of Uncertamty in Model Des:gn : :

As discussed prevrously, MAM utlhzes response surface approx1mat10ns of the DRI U.S. Quarterly‘
Macroeconomrc Model and the DRI PCIO Model The uncertainty issues underlymg the ﬁ.tll DRI -
i models and therefore, the MAM response surface approxrmatrons, are not addressed in this report
: ‘but are toplcs for DRI's documentatlon of the U.Ss. Quarterly and PCIO Models

‘ Response Surface Modelmg ‘ » _
The response surface approach adopted for the NEMS MAM utilizes assumptlons regardmg the
chorce of i mput vanables the regressron methodology, and the choice of lag structures and terms in

the regressron equatrons The input variables used to develop the regressmn coefﬁments that =

' characterize the NEMS MAM are documented in Appendix E to this report These va.nables are
drawn from the DRI full-scale model approach, which is ‘further discussed and compared to MAM |
- in the next section. of this report. The regressions utrhzed to deVelop the MAM are lmear and
- include lagged terms as presented in Appendrx E to this report. Asin the case of the input varxables, )
bthe regression structure draws upon the approach used in the DRI full-scale models. Addrtronal
support for these assumptrons isa toprc for DRI‘s documentatron of the full-scale models

~ Energy 'Inforrnation Administration L -
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Alternatrve Macroeeonomlc Modelmg Approaches and Reasons for?i

’ Selectlon -

Natlonal Submodule v
“This section identifies and cnhcally dlscusses alternative macroeconomxc and mtermdustry modehng -

approaches The discussion first- treats the most w1dely used large macroeconomlc models. Small | | -

 structural macroeconomxc models are next rewewed as possible alternatlves to the chosen response
surface approach " General ethbnum models that focus on the long-run growth path of the

economy are then addressed. A discussion of i mput-output based macroeconomlc models. that

attempt to bndge between the large macroeconomlc models and the general ethbrmm approaches o

is provxded next. Last, vector autoregresswe models are explored

~ ' Large Macroeconomic Models. DRI, The WEFA Group, and other macroeconomtc forecasters -

| produce large econometnc models of the U.S. economy. The DRI model has been used atEIA for .
| many years. A large MAacroeconomic model such as the DRI model has the advantage of vsufﬁcl\ent . |
detail that itis llkely to be able to address the majority of reqnested analyses Such models also have
large staﬁ’s devoted to the mamtenance and improvement of the model and the prov:smn of base case

‘ forecasts

: The DRI Quarterly model is composed of 1200 equatlons It provrdes detall on final demands,

aggregate supply, prices, incomes, interest rates, industrial productlon, and U.S. trade ﬂows The

| DRI model mcorporates short-term specxﬁcatxon of ﬁnancral conditions, output, and pnces into a
‘long-term growth model. The level of mﬂatton-adjusted demand i is driven by pnces, income, wealth

,expectatlons and financial condltlons The capacity to supply goods and servrces is keyed toa

‘ productlon ﬁmctlon combining the basw mputs of labor, capital, and energy. Prices adJust when :

therc is excess dema.nd or supply or when the pnces of i mputs change

b Brinner, Roger E. "Phxlosophy and Propernes of the DRI Model of the u. S Economy Qu_ang:hLMM_el
szf.thﬂl.S...E&mmmxlemn.llS.SﬂAu March 1990
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‘ The DRI Quarterly Model excels at short-run and mrd—term analyses and- forecasts and does
reasonably well in long term analyses through the potentlal GDP equation and 1ts components 1t
s extremely useful in the assessment of the ume-proﬁle of the adjustment path over the 5 to 20 year
| honzon The DRI model is capable of analyzmg the effects of energy or goods price changes, or any "
pohcy havmg only dlrect price eﬁ'ects such as energy taxes. Itisalso able to differentiate estlmates'

of both short-run and long-nm adjusunent costs, with the long-run bemg dependent on therr ) |

deprctlon of one long—term aggregate productron functlon

The types of analysis in whxch the: DRI model is subopttmal mclude the effects of i mcorporatlon of

. spectﬁc types of energy technology changes and the i issue of efficiency in energy use. DRI includes .

( energy use as part of its long-run productr_on function. However, the long-term general equilibrium
constraints imposed in the model are weak. | : "

There is also a fundamental mconsrstency in the use of any of these models asa part of NEMS ‘
- Since NEMS focuses primarily on energy, the system objective of MAM as one of twelve modules
in NEMS, is to provide the feedbacks between the energy markets and the rest of the economy
Large macroeconomic models are desrgned as stand alone models and therefore typrcally possess
’ detalled energy sectors w1th1n their own structure. Consequently, use of these large models implies -
the use of two energy models EIA's and the energy sector in the macroeconomlc model. These two

. energy models may not be consistent.

A second altemative is to uﬁhze a large 'macroeconomic model_ and replace 1ts energy sector
representation‘ with a set of equations that r'eplicate' NEMS behavior for the energy sector. In one.
mode, the macroeconomic model's energy equatrons are disabled and simply pass through unaltered -
the energy price and quantlty calculated from the other NEMS components In another mode, the
\macroeconormc model energy equatlons are run separately from the energy model if standalone
macro s1mulatrons are appropnate It must be recogmzed, however, that stnppmg out the energy _

sector of a macro model is ot trivial and may srgmﬁcantly alter the behavior of the remammg

equations.
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~ Small Macroeeonornic Models. One alternative to a large macro model isa small;model tailored

o ‘precisely to the needs of the NEMS system. A small model has the advantages of ease of
developmentandmaintenanoe.v Honrev_er, one.problem wrththls approach, and any approach m
which an indepencient macroeconomic model is ‘developed, is lack of supptrrt for thephﬁsion of

base case forecasts and resource costs needed to develop a macroeconomic model.

The lack of detail in a small macroeconomic model is also of potenual concern. A small model may. |
not provide sufficient detail to execute all scenarios that a large model is able to address "Also, small
“models suffer from the cntrcrsm that 1mportant linkages are necessanly ormtted in therr desrgn

* Small models also have the potentral to grow into large models, smce addinga new variable requlred -

bya demand module may mvolve creatmg one or more sectors of the model consrstmg of several
addmonal equatlons The resuIt -may bea much larger model than ongmally mtended with attendant o

mcreases In the time and resource costs of mamtenance

- Gene'ral Equilibrium Models The ﬁrndarnental theme of the general equilibrium model is that the

productlon side of the economy (the transformatmn of commodmes into other commodities) is
: dlstmgurshed from the consumptlon side (the acqursmon and eventual consumptron of goods and :
v services). - The two are then linked to provide a simultaneous determmatron_of equrlrbnum balances

' ~ between the prodnotion’ and cdnsumptionrsides of the 'economy._2 B

- Stocks of commodities, Whieh may be consumed directly, maintained as inventories or offered as _‘

‘factors. of production, are owned by households in 'their./physicaleo_rm or by means ofa variety of

2. Much of the general equilibrium analysis draws heavﬂy from the followmg sources: Apnhgdﬁ_engml :

: 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
anrromnental Pohcy Center Discussion Paper November 1989
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ﬁnancial mstruments Each consumer‘s mcome, or wealth is determmed by evaluatmg the
consumer's stock of commodities in terms of those prices at which the commodmes can be sold.
Income anda knowledge of relatlve pnces perrmt the consumer to express demands for goods and '

| semces and. supply of labor that are made avarlable for the productxve s1de of the economy.

In the general equxhbnum model producers are assumed to be mformed of the pnces of all mputs

and the prices at which outputs can be sold. These pnces are taken to be mdependent of the scale - R

| and composrtion of producuve actlvrty, each producer then selects, from the techmcally available
. choices, the produetlon plan that maximizes proﬁts The general ‘equilibrium model exphcrtly
addresses the substltutablhty of factors of production (or consumptron) by either mcorporatmg'
‘ A separate translog production functions (such as Jorgenson s DGEM model’) or CES functtons for

keach mdustry and then obtammg the aggregate productlon

. A standard procedure has evolved among general equilibrium modelers to calibrate the whole model:
- to a benchmark obserVaﬁon coupled' w1th use of bliter_ature estimates for certain key parameters,

- L vparticularlyelasti’cities‘ A sequence of data adjusunents' is frequently used to force equilibxium

condmons on observed data before calibration begms With these adJustments in mmd, no test of
the model to data is employed, and sensmvrty analysrs is wrdely used for parameters whose values
are uncertam and/or crucial to the results. L
The assumption of an "obserVable" eqtulibﬁum leads dire'ctly to the construction of a data set that
fulfills the eqmllbnum condlttons for some form of general equthbnum models A benchmark
ethbnum datasetisa coIlectlon of data in which equilibrium conditions of an assumed underlymg
ethbnum ‘model are satlsﬁed K equilibrium is reflected, demands equal market supphes for all
_ commodities-and supplies and demands can be separately disaggregated by agent. Four sets of
- ethbrmm condttlons satisfied by most of the constructed benchmark equlhbnum data sets are: (l)

3. Dale Jorgenson and Peter Wilcoxen, "Envn-onmenlal Regulation and U.S. Economlc Growth," Energy and
* - Enviropmental Pohcy Center Discussion Paper November 1989.
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, Demands equal supphes for all commodttxes, [¢3)] Nonposrtlve proﬁts are made in a11 mdustnes, 3) -
" All domestic agents (mcludmg the govemment) have demands that satlsfy their budget constramts
and (4) The economy is m zero external sector balance. '

‘ These conditions are not all satisfied in mput-output or other nattonal income account data In
constmctmg benchmark data sets various ad;ustments are necessary to the blocks of data mvolved -
and the nature of these ad_)ustments varies from case to case as altemate sets of benchmark accounts |
- ‘are constructed to fit differing models The data usually refer to a smgle year, although some
averagmg across years is done in constmctmg pomons of those data sets where substantral volatility

occurs.

Although most general equlhbrmm models use literature estxmates of crucial elastlcmes, Jorgenson s
model uses econometncally estimated values of these elastlcttles The endogenous variables in his
odel of producer behavror are the value shares of sectoral inputs for the four commodrty groups
_There are 14 unknown parameters for each mdustry These parameters are estimated using data from
1974-1985 for each industry, sub_] ect to restrictions implied by the monotonicity of the input value .‘
_shares. Some authors have argued that there is an hlerarchy of submodels, and that the pumber of
'A restrictions requlred to esttmate the parameters for each mdustry may present mterpretatronal

problem_s

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

calculate dlsethbnum costs since the models descnbe equrhbnum points. Factors of productlon ;

are treated as perfectly mobrle between alternattve uses and the allocatlon of factors by mdustry in

| ethbnum equalize the returns recelved net of taxes and gross of subsrdles in all mdustnes ‘The
-models solve for a steady-state equrhbnum,. but ignore the path of adjustment.

= _ | See Chapter 3, "Numeneal Specification of Applied General Ethbnum Models: Esumatlon, Cahbratxon,
and Data, written by Mansur and Whalley in the Scarf and ShO\ren book. ,
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Much of the pohcy analysxs that the macroeconomrc models analyze 1mphes some calculatxon of the .
adjnstment costs Some authors have argued that the general ethbnum model results show
g relatlvely raprd change in capltal stock in the face of a price change Addmonally, nerther the |
" financial nor the international sectors are fully modeled and the workmg assumptlon is that all
pnvate and public agents are bound by the budget constraint.® ’ |

The dlfﬁculty in mcorporatmg system energy pnce and quantlty results isa s1gmﬁcant drawback to

: ‘mcorporaung a general ethbnmn macroeconomic model for NEMS, because estimates of energy's '
substttutablhty in the productron functlons and the consumer choice equatrons are 1mp11c1t in the |
general ethbnum component .

A more fundamental problem with general ethbrmm models is that their scope is far beyond that
of macroeconomic analysis; they embody a fully developed energy-economy feedback mechamsm _
- As such, general ethbnum models have even more fully developed energy sectors than the large, " :
- macroeconomic models and are capable of substttutmg for the entire NEMS system It would be
extremely difficult to stnp out the energy sector from a general equilibrium model and make it
exogenous Also because general ethbnum models are academic rather than commemal tools,

it is not clear that- support is avarlable for provision of base case forecasts ‘

General eqmlibnum models have the advantage that they exphcltly mcorporate general ethbnum :

constramts are based on optlmlzmg behawor on the part of economlc agents, and have a

. considerable amount of detail for_mvestment declsrons. The latter point makes these models
particularly well equipped to analyze the capital costs of environmental policies and the introduction

' of new technologies._ The lnability to address the path of adjustment is a'problem. They are

therefore oflittle use in answerlng questions concemi_ng:the‘short-nm disequilibrium costs associated

S See the preface of the Scarf and Shoven book for a good desmptlon of the advantages and drsadvantages 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 J_Q_mnamﬁﬂzmgmm
Lm Vol. XXII, September 1984, pp. 1007-1051.
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with energy taxes, although they are well equipped to predict long‘-term impacts. \

Input-Outpnt Based Macro Models The LIFT (Long-term Intermdustty Forecastmg Tool)
_ avallable from INFORUM at the Umvers1ty of Maryland isa la.rge macroeconom1c model based on |
a 78-sector mput-output model.- The advantage of this approach is that, like the DGEM model the
computable general ethbnum constramts 1mposed by theory are mamtamed by the model so that

- _the model is theoretically satlsfymg The bottom up approach to modelmg is 1deal for analyses of E
T technology, productlwty change and capltal costs

LIFTisa blend of the econometncally estxmated equatlons coupled thh the general ethbnum o

emphasxs onbuilding a model of the aggregate economy based on producer and consumer decisions.
While conforming to these ethbnum conditions, the model forecasts the path to the equlhbnum '
Final demands are determmed by behavmral equatlons whlch were estimated with econometnc
techmques These categones are based on the Nauonal Income and Product Accounts ('N]PA) It
uses mput-output coefficients that change over time to calculate mdustnal output.

LIFT consists of three general blocks The first block calculates output for 78 mdustnal sectors, v
'usmg dynamic mput—output coeﬁiclents The second part of the model is the price block which
’ calculates factor income, by estimating the components of gross product ongmatmg by industry
- (value-added) and unit pnces by product. . The ﬁnal component is what Inforum refers to as the
~ accountant. This is the part of the model that insures that the aggregatlons of mdmdual components
are calculated, and i is concerned wnh macroeconomlc vanables that are not mdustry-specrﬁc such '

- asthe savmgs rate mterest rates govemment sector, and the unemployment rate.

‘ s | The LIFT analysis draws heavﬂy from the followmg 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 i in speexal issue of Emngmms_s_}mmm Vol. 3,No. 1,

- 1991. . .
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- Personal consumptlon expendlture (PCE) equatrons have. been estrmated for the categones_'
corresponding to the NIPA. The PCE equatrons are derived from a two-stage esnmatron procedure , ’
’prrst, from cross-sectlonal data, parameters are estimated for the level and dlstnbutron of .'
consumptlon expenditures by mcome size class the age structure and other demographic |
- charactensncs Second, the cross sectronal esnmates are combined thh time series data to estimate
b. parameters for relatlve pnces, changes in income, and trends Total consumpnon 1s dlsposable :

 income less savmgs

A strength of the model lies in rts treatment of investment decisions. Investment consists of |
, "equlpment, construction, and mventory change, correspondmg to the NIPA The level of
| disaggregation available in the model is a distinguishing feature Equrpment mvesnnent equatrons |

have been estimated for approxrmately 50 industries. Investment depends on changes in mdustry
output and changes in the relative prices of capital, labor and energy, with a lag of 5 years
Constructron is determmed for approxrmately 30 categones of structures. The pnvate residential
categones depend upon consumptlon or mcome, interest rates, stocks ‘and demographlc data. The
. pnvate non-resrdentlal categones depend upon mdusn'y outputs mterest rates, and stocks.

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

kk equations. The real side of the model is in terms of products Income is defined in terms of -
industries. This pomon of the model contains a bndge that translates’ value added between its.

| prodnct and industry classrﬁcatron In the equation formulatron, there are vanables that capture the .

tightness of the economy in determxmng pnces and i mcomes

,The model derives aggregated totals consmtent with the detailed mformatlon contamed in the other
two components concerning productron techmques and consumptlon equations. It also consists of _

macroeconomic variables that are not mdustry-speclﬁc yet are needed in order to arrive at industry

. totals. Examples of such variables mclude the govemment sector mterest rates, unemployment_ _

rates, and the savmgs ftmctron
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‘The LIFT model denves aggregate totals of ﬁnal demands based on a detalled speclﬁcatton of
-industrial output. In addrtron, mvestment categones are analyzed in terms of the 78 mdustnal
sectors, so capital stock changes reflect detailed mvestment specrﬁcatlons Thrrd, LIFT is capable .
of addressmg income d15tnbutronal effects as the consumptlon equatlons are estlmated with data
.ﬁ'om 20 income groups aggregatedm the model to ﬁve mcome classes. ‘ '

: "I’.he LlFT model havmg large amounts of detailed sectoral mformatton, reqmres more analysrs of
both mputs and model results The complex1ty and integrated aspects.of LIFT increase the ‘challenge .

’and time required to 1dent1fy and analyze the contnbutmg factors underlymg anomalous results TR

,obtamed from a model run.

The model contams an accountmg system that considers both mcome and pnce eﬁ‘ects with a

complete representatron of both the produetlon and consumptlon sides of the economy In this

respect, the model resembles the general ethbnum models. Unhke general equlhbrmm models, - |
_ LIFT does not focus on the denvatron of the steady state equlhbnum, but instead on the path to reach .

o the ethbnum The model is explicit in the treatment of i mvestment, and capital cost effects when

energy prices change are better handled in these models. However, the ease of use and the relatlve-' |
,srmphctty of calculatmg energy pnce feedback effects may be sacnﬁced.

' Vector Antoregrasive Models. VAR models are pure time ser'ies models estimated on historical
data. The approach is non-theoretic in ‘that the theorettcal linkages between vanables (the model
: structure) are ignored. The model i rs entrrely speclﬁed by the length of lags and the endogenous |
vanables For example, if ﬁve endogenous vanables are to be forecasted, then there are ﬁve
equatlons in the model and each equatlon contams the lags of the dependent vanable and lags of all v‘
 of the other endogenous vanables If the lag length is one, then each of the ﬁve equatlons would
“ , 'contam five lagged vanables If the lag length is two, then each ‘equation would have ten arguments,
etc.
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- Easeof model development is the primary advantage of the VAR approach.. Implementation requires
' only the hst of variables to be predicted and the correctlag length. One drawback to VAR models
lrs thelr tendency to become cmnbersome as the number of variables increases, since the lag terms’ \
reqmred for this approach lmpact the degrees of ﬁ'eedom and result in potentlal collmeanty 1ssues
- In addmon, itis drﬁicult to specrfy the correct lag length, since too many lags implies inefficiency
while too few 1mphes omitted vanable bias. Imposmg a pnon constramts 1s drfﬁcult in that there
s little- gurdance, from theory and the behavior of the model is fundamentally alt_ered with each.
_constraint. : R

Another consrderatlon with this approach is that VAR models are flmdamentally altered whenever
b/’an equation is added or removed. Ifa sixth vanable is added to the ongmal five equatron model the
model behavior is hkely to ‘change. Tlus feature is a source of instability and unrehablhty as the

model develops Fmally itis difficult to 1magxne the ablhty of a VAR model to address the analysis
ofa gasohne tax with revenue neutrahty

: Companson of approaches The trme penod of the forecast varies among the model approaches

| reviewed. The DGEM currently extends the furthest to 2050, while the DRI model forecasts to the

year 2020 and LIFT goes to 201 5 The theoretlcal lmderpmmngs of each approach differ, and 1mpact :
the level of support for Iong-run analysis. Accordmgly, the apphcabrhty of a ﬁmctlonal form is
partly dependent upon the forecast honzon

. Most large scale macroeconomlc models such as DRI and WEFA are essentially demand-dnven and |
contain key equatxons to address the aggregate supply curve of the economy. In the short and mid- |
- run, this structure may be the most desirable deprctlon of the economy The DRI and WEFA _models

| are capable of extension to the year 2030 but thls strains the credlbrhty ofa quarterly model The
| theoretical structure of the LIFT model lends 1tselfto extensron to the year 2030, but the model is
data intensive and the extension challengmg and difficult to support DGEM exclusxvely focuses

‘ . onthe long-term
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- The path of adjustment to the new ethbrmm is-an 1mportant component of the- modelmg e

= system The general ethbnum approach addresses the supply and demand of each industrial sector

" and consumer group assuming no short-run dislocation costs m gettmg from ‘one ethbnum
“ posxnon to another. These models are capable of companng two steady-state s1tuattons where all
: factors are fully employed, as compared to exphcrt modehng of dwlocatlon costs. ° '

.Large'macroeconomic models, such as those deyeloped by DRl and WEFA, are strongest"}in |
- evaluatmg short to mrd—term changes in aggregate demand, as opposed to detalled sectoral demands.

' " These models mcorporate aggregate supply constraints, ‘but not at the sectoral level of detail.

: Consequently, aggregate supply is determined by a smgle producuon ﬁmctron dnven by labor supply, . .
the aggregate capxtal stock, energy, and a technology trend. “This results in a weak treatment of the
sectoral tradeoffs among capltal labor energy, and other matenals ThlS lack of detall
‘ fundamentally weakens the large models abxhty to address long-run i 1ssues -

“The LIFT model represents an eﬁ‘ort to blend exphclt treatment of the adjustment path into a long-
vrun general eqmlibnum v1ew of growth LIFT represents both the productlon and demand s1des of e
the model mcorporatmg detailed mdustnal and mvestment detall '

B All three modelmg systems provrde extensxve mdustnal detail, but drffer ﬁmdamentally in the
-industrial structure development The DRI approach is top-down, respondmg to the questron "what -

is the level of mdustnal output needed to satisfy a glven level of final demand"" The DGEM and o

-LIFT approaches both are bottom-up The mdustnal outputs are integral to the determlnatton of the
level of the aggregate economy. Concepmally, the bottom-up v1ew of the economy is more |
_appealing, but the models relymg on th1s view are typxcally larger and more complex to understand -

and operate
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: Employment Submodule
Mamtalmng consxstency between the Intenndusny and Employment Submodules is cntlcal to |
ensurmg meanmgful mtermdustry and employment results The DRI Econometnc Model of |
| 'Employment by Industry 7 on which the response surface Employment Submodule is based, uses
’ interindustry gross output from DRTs Personal Computer Input-Output (PCIO) | Model® as its major
mput when determining employment. Final demand components are used to calculate mtenndustry .
- gross outputs which in furn are used to determme employment o
The DRI Econometric Model of Employment 'by Industry provides the baseline employment
pro_]ectxons for use w1thm MAM. Itis hnked to forecasts of real Industxy output produced by PCIO
‘ and to aggregate MAcroeconomic vanables from the U.S. Quarterly Model. " Employment for each

- -sector is derived as labor hours dxv:ded by the average number of hours worl»cedpet employee:
K Enploymént = _(LaborHouns) | / (Hours Worked perﬂ Emp.loyee)
L_abor hours are calculated as:
. LaborHours = (Rea‘lbutp‘ubt) b/, (Hourl y Ou tput per Emp_l oyée)
Real output for eaeh mdustry isan exogenous mput passed from the PCIO model. Hourly output per

- employee (productlvxty) is the ratio of total output from an mdusu'y to the total labor hours required
* to produce the output; Explanatoryr vanables for labor khours by mdustry include:

’DRI/McGraw-Hin, An Econometric Model bemplaymemby Industry, (Lexington, MA, May 1994). -
o 8DRI/McGraw-l-Iill, Descnptxan and User Guide for PCIO the EI4 Input-Output Model for the IBM PC
(Washmgton, DC, August 1990). o
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. year-over-year change _inj output

e  ratio of wages t_o product pnces B

. ‘tatio of wages to capitel costs
e }aggregate sector prodnctxvxty o
-+ exogenous shifts, represented by time trends

Explanatory variables for Ahour-s worked per employee (average houts) include:
. yeaf-over-year change 1n emp_loyee hours.
e ratio of actual to potential output R
°* eggregate hours per week
-+ ratio.of non-_wage "compensati'on ’
‘The sectonng chosen for the Employment Submodule is based on that used for the Intermdustry
' Submodule, but is somewhat less dlsaggregated for two reasons. The first is that the raw
employment data upon whlch the structural model was based did not allow for some of the mdustry '
dxsaggregatlons supported by the gross output data. ‘The second is that some of the manufactunng
. sectors maintained i m the Intenndustry Submodule are large in terms of energy use, but small in
'terms of employment In these cases, the energy-mtenswe three- and four-dlgxt SIC manufactunng o |
oy sectors are combined to the tWO-dlglt level in the Employment Submodule | |
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Intenndustry Submodule ‘ : , »
The modeling methodology for mdustnal actmty is linked dxrectly with the choice of the model used

. for the natlonal economy Issues mtroduced in the prevrous ‘section descnbmg altematrve national

, ~economic modehng approaches apply to modelmg industrial act1v1ty as well The discussion of ‘

. LIFI‘ and the general equlhbnum models are examples of embedded industrial modeling within a |

- nanonal framework. The Industrial ‘Submodule must mode] mdustnal activity to support the

i Industnal Energy Demand Model, as well as other energy modules in NEMS The choice of which .

mdustnal actxvrty model to use as part if MAM depends on several cntena. First, is the xndustnal -

model consistent with the National Submodule? Second does the mdustnal model forecast output -

for the energy consummg industries in the detail required by the Industnal Energy Demand Module?

* Third, is the industrial activity model ﬂexrble enough to handle pos51ble future changes in mdustnal

aggregauon needed by other NEMS energy modules? A

‘ 'Using an input-outptxt model directly linked to the macroeco‘nomic model which estimates national A

| economic impacts satisfies all of these criteria needed for the Industrial Submodule of MAM. The

| following section describes mput-output modehng in general, along with the extensions to standard. '_
mput—output analysxs that makes the mput—output model used by MAM more flexible. ‘

Input-output analy515 was developed by Wassﬂy Leontlef in the late 1930s to determme the level of
output that each of the n industries in an economy must produce in order to Just satlsfy the total
demand for each product with no shortages or surpluses A representatlve equatlon of this model

- (for interindustry sector I) can be expressed as:

is output from industry 7,

' Energy Information Administration
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a,; is the mput from mdustry 1 requn'ed for productlon of each unit of
- output from mdustry j :

X | is output from mdustry j, , :
d 1 s the final demand for mdusuy I's output, and

i indicates thelxndustry, ranging from I ton
Rearrangirtg terms in the above eqﬁation gives:' |

V(l'aAll) x, — & 1n¥n ’='d1. ) , (5) i

The vanables representmg output of every sector w1thm the economy (x; s) appear on the left side .
| of equatlon 3). A srmﬂar equatxon is constructed to represent the output of each mdustnal sector..

The system of equatlons for the entlre economy then consists of a square matnx of d1mens10n n

whose elements are all - a ;; except for those which lie along the pnnelpa] dlagonal of the matnx, S

7whxch are (1-a ) multlphed by the column vector of vanables that represent each mdusu'y s

j output, and equated to the column vector of fina.l demands. watchmg to matrix notation for brev1ty,'

the system can be expressed as:

(I-2) *x=4d TR 6)

where

. isthenxn identity rrxatrix, o
. is them x n input coefﬁc;ent matnx,
isthenx 1 vanable vector, _
:  \ is the n x I final demand vector, and

is the n’timber of industrial sectors

C IR R I e
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‘«'I"he' matrix (I A'A) is called the technology matrix In order to solve the .abOVe system " for
mtermdustry actlvrty, the matnx a- A) must be mverted, which is possrble as long as (I A) is
nonsmgular Premultlplymg both s1des by (I A) 1 g1ves

X = (1-2)7F e d S o m

where
x ~ is the column vector of computed output
d-4* is the inverse of the technology matrix, and

d s the column vector of final demand

' "The model given by equation (7) translates final demand by mdustnal sector into total output by each
T sector However, the Natronal Submodule provrdes final demands by macroeconomxc concepts
"These Macroeconomic ﬁnal demands must be passed through a bridge matnx that translates themv :

into the form reqmred by the mput-output model

~ The model described to this point is a static model. Because the technology matrix is/ﬁxed in the
.- model described to this point, a specific level of final demand in one category requires the same level
. and'proportions of output from all:interlndustry sectors regardless of the year to Which the forecast f
pertams This is an unduly restrictive and unreahst:c assumption for the purposes of iong-term _
| foremstmg, especially. glven the long delays accompanying release of i mput—output benchmark tables
and updates In order to provxde a more reasonable forecast, DRI employs two methods wrthm the
' model that introduce temporal change to the mtenndustry forecasts. The first uses a unique brrdge .
matrix: for each year of the forecast (through 2015) ’I'he second apphes row-scalars to the

’ : Energy Information Administration ; o .
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teclmology matrix.

~ The purpose of the bridge matrix is to allocate ﬁnal demand by macroeconomic concept t'o those
| industries whlch produce the ﬁnal products By using a umque bndge matrix for each year of the g

forecast period, a given level of macroeconomic final demand does not translate into the same levels S | ,

of ﬁnal demand broken out by mdustnal sectors for each year. How the bndge matrix allocates final - |
"demand across a number of mdustnal sectors can be illustrated by looking at the ﬁnal demand

component Non-Reszdentzal Producers’ Durable Equtpment - Other (excludes Automoblles and
: | Ofﬁce & Computing Eqmpment) Within the DRI model, final demand in this category is allocated'

actoss 47 of the 114 industrial sectors, mcludmg Farm & Garden Machmety, Construction & :

| Mlnmg Machmery, Metalworkmg Machmery & Equzpment' Electncal Machmery and Radzo v ‘“
and Commumcanons Egquipment. Because the bridge matrix srmply translates ﬁnal demand by-
macroeconomtc concepts into final demand by mdustnal sectors, each column of the bridge mamx’ :
must sum to 1.0. Therefore a umque bndge matrix for each year mdncates that the mtenndustry mix
 of final products Tequired to satisfy a glven level of macroeconomxc final demand cha.nges over time. |
Asan 1llustratlon of a changing bndge matrix it may be that in the future more Electrical Machmery '
“and less Farm & Garden Machinery 1s reqmred to satrsfy a given level of Non-Residential
Producers'DurabIe Equzpment Other macroeconomlc ﬁnal demand. In tlns case the Electrzcal '_
- Machinery coeﬂic1ent within the Non-Reszdentzal Producers' Durable Equzpment -~ Other bndge
| matnx column rises while that for Farm & Garden Machinery falls. The full DRI-PCIO ‘Model
develops pro_]ectlons through a logistic time trend, which is adjusted using recent hlstorlcal values
o corresponding to the model components. o L | o

IS

" The secnnd method of mtroducmg change, applymg row-scalars to the technology matnx, has a

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

‘to multiply all elements in one. row of the drrect reqmrements matrix. The row scalars introduce

- general trends in techmcal reqmrements to the' mput-output modeling ﬁ'amework, but should not be L

construed as a method for representmg spec1ﬁc technolog:cal changes thhm mdustry Since each_

row of coefﬁcmnts in the matrix represents the usage of that industry as an mput into all other
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mdustnes, the row scalar multlphes the proportlon ofi mput usage into all other mdustnes by the
- same factor for each year. This does not allow. for cell-by-cell adJustment of the techmcal
: coeﬁclents The historical row scalars are. reconcllmg terms. Actual h1stonca1 final demand is

- provxded to the smtlc mput—output model. Ifthe resultmg computed output exceeds the actual output

-for a given mdustry the Tow scalar for that mdustry and that year is less than one. If the computed ,
' outputlslessthantheactual output forangen mdustry therowscalarforthatmdustryandthatyear L
is greater than one. Makmg this companson for all mdustnes results in tlme-senes of row scalars

I over the hxstoncal period. Regressmn on these h1stonca1 TOW scalar time-series results in forecasted

annual row scalars for each industry through the year 2020 These forecasted row scalars are then |
: analyzed and adjusted if the historical trends are not expected to continue in the future.

The ﬁnal model, ihc'luding the bridge matrix and row scelars, is:

Xie = LI - (A, %715, )10« (B o dy, ) - ®

where
| is the column vector of computed output,

x
I is the # x n identity matrix;
A is the n x n direct requlrements matrix,

rs, o is the column vector of row scalars for yea: z,
B , isthe bridge matrix for year?, ‘ '
~d - isthe column vectoroffmal demand for year ¢, ;
- i,j. isthe mte_nndusufy sector, ranging fromIton, and \'
) 'k isthe final demand component, ranging from Itom .-
Energy Information Administration

NEMS Macroeconomic Activity Module Documentation Report S 34




R The full DRI model does not calculate the Leonnef mverse matrix ((I  A) 1) when computmg a
’ solutlon Instead, an iterative techmque is used because it is computatronally simpler than

calculatmg the i inverse matrix for each year of the forecast, and it provrdes a close approxlmatlon to B e

,theactualLeontlef inverse matrix.’ The techmquersbasedonthe uientlt)r
(I-mtezeasateateaten. O
where

E is the 1dentxty matrix, and

~

A -is the direct reqmrements matnx wnh each- component
a; ; Shomg the proportlon of good i used 1n the
production of good j ‘ ' '

'Intumvely, this 1dent1ty expresses the multlpher rmpact ofa change in final demands The total

| reqmrements resultmg from a glven level of final demand (I - A) " equals the dxrect impact 1, plus
* the first round input reqmrements of the d1rect 1mpact A, plus the second round input reqmrements
resultmg from the first round A2, all the way through the nth round when the process converges
Usually about eight to ten iterations are requlred for convergence with the current approach

‘The Intermdustry Submodule structure in MAM is grounded in the classrcal approach to I-O
modeling. Alternatlve ) ¥o] modelmg approaches build upon the framework presented by Leontief
 and descnbed above, but the foundatron is structurally similar for this class of model

' _ K See Chiang, 2 : athe : j Thlrd Edmon, pp.120-122 for a discussion
*of approxnnatmg an mverse matnx in the context of mput-output modehng ,
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- MAM Regmnal Submodule
Reglonal models generally fall mto three broad classes top-down models bottom-up models and
input/output models Each class of models has a particular set of charactensttcs Top-down or shift--
share models are desirable ﬁ'om the perspecuve of consmtency and short-run forecastmg capablhty .
A top-down model contams simple sharing techmques that assure that the sum of the parts equals }
- a predetermined nauonal total. In addmon, because shares do not change radlcally over the short- '
 term horizon, the top-down approach forecasts well in the short nm One drawback to top-down
' models is that they are not desrgned to explain why one region gams in share at the expense of

another

Bottom-up models arc better sulted to explam mterreglonal shlﬁs in national market share. These
are structural models of a region's economy. . There are hmltatlons to bottom-up models. In'a
| national system, each reglonal model is estimated separately Asa consequence, the sum of the pa.rts N
rarely equals a predetermmed natlonal total. Another dlsadvantage relates to the unconstramed |

nature of estlmatmg the models Because of the unconstrmned nature of the models, the elastlcmes S

of regional employment or value added with respect to natlonal 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 all regions.
 Since the data needed to develop detailed models that forecast regional economic activity is not -
' readrly available, there is substanual cost of developing and maintaining large-scale, well developed .

reglonal econometnc models for the natxon asa whole

~Regional inpnt-output models are frequently discussed"in regional economics literature' Input-output ’

_ tables contain mformatron about mtenndustry ﬂows and sxmulate well over the historic period from .’
which they are constructed There is nothmg inan mput-output table that can determine why a state |

An article by Farrell and Hall (1991) descn'bed the extent to which regtonal 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 forecastmg local activity and that data
collectlon was the foremost problem encountered in forecasting regxonal economic activity. -
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-or regron is gmmng or losmg share or why a regrons mdustry mix is changmg In addmon, the time
path of i 1mpacts is drﬁcult to determme usmg regronal mput/outpm multrphers '

Most reglonal models descnbed in the hterature are detailed representatrons ofa pa.rtlcular reglon |
of the U. S. as opposed to a regional representanon ofa natlonal model. Few orgamzatlons mamtam h
reglonal models of the natron asa whole and those that do use dlfferent methodologles dependmg ,,
on the ume horizon of the forecast, detail of mdustnal aggregatlon, and consrstency with natronal

, ‘macroeconomlc forecasts WEFA, for example, has 51 state models and does reglonal analysrs, but :
the WEFA state models are not lmked to yleld a natronal aggregate consrstent with their national
forecasts ’ ' ‘ '

 Of the regronal models that mcorporate the entrre natronal economy, there are different

- methodologies, correspondmg generally to the three types of reglonal models. Each class of models TR

has strengths for certain types of analyses The d1scuss1on below focuses on dlfferent examples of
' these elasses of regronal modehng Four reglonal models are presented the DRI Regional

' Informatron Servrce (RIS), the Bureau of Economlc Analysis (BEA) Natronal-Reglonal Impact =

Evaluation System (NRIES), the BEA Regional Input-Output Modeling System (RIMS), and the ,'
Reglonal Economic Models, Incorporated (REMI) Economlc-Demographlc Forecastmg and
Simulation (EDFS) ‘Model.- These models contain regronal representatlons of a model that is

’ 'natlonal in scope, rather than separate regional models that are not automatlcally consistent to a
" national aggregate In addition, these models are used frequently by other government agencres and
busmesses in analyzmg regxonal n:npacts in both forecast and impact analyses '

DRI Reglonal Informatron Service (RIS) The RIS uses a system of quarterly models to forecast :

over 100 concepts for each state and region.’ 1 The forecast horizon is 25 years, to 2015 The =

principal indicator of sectoral econom1c actmty is employment, which is forecast separately for 20 _
manufactunng and about. 10 nonmanufacturmg mdustnes Wage rates and major components of :

" Data Resources, Inc., "An Ovemew of DRT's Regronal Informatlon Servrce
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. incbme are modeled; and the housing ‘sector is examined in detail with fore'<:asts of single- and
: multr-famlly housing starts and the correspondmg actual and desrred stocks. Populatlon, labor

- force, and unemployment rates are also predrcted w1th1n the model. Vanatlons in reglonal energy

prices also determine reglonal output, however only reglonal mdustnal electnclty pnces are used
_ aspart oftheRIS model ' ' ‘ ’

| The RIS model analyzes the different parts of the US.mna two-stage procedure The country is ﬁrst

- broken down into nine regions (approxxmately the nine Census Divisions'?) in the core model and ‘
" then individual state models use the reglonal results to derive state rmpacts This approach hasbeen :
adopted both because it reduces the costs of solving whenever the complete 50-state detarl is not
‘ reqmred, and also for theoretical reasons. DRI argues that the factors determmmg the chorce of
- locatlon are different at the regxonal than at the state level

B The focus of DRT's core mne-regron model is an analysis of the relatrve success of each geographlcal ‘
N area in attracting and retammg the types of industries that serve natronal markets This leads dtrectly

| to the study of industrial locatlon, in whlch context it is clear that the factors determmmg the choice

~ of location are different at the. regtonal level and the state level. For example when a firm i is ‘
) . ‘decrdmg whether to set up m the West or the South, it cons1ders general cost oompansons proxmlty
A to markets, and general attractxveness The choice between San Dlego and Phoemx, however is more -

a "; llkely to be mﬂuenced by many other cons1deratlons such as tax burdens and home prices as

examples

‘One-of the fundamental features of the DRI RIS system of nine regional models is the direct link to
the other models iri the DRI system In partlcular the regronal totals are constramed to yield the
national control totals ﬁom the macro model for key variables such as employment by mdustry, wage '
‘rates, populatlon and the labor force Whlle itis possrble that the summatlon of the nine regions

2 Two Census regions, the Pacrﬁc and Mountam, are mstead spht into Pacrﬁc Northwest and Pacrﬁc
Southwest. -
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may yield d1fferent results a balancmg proeedure ensures consrstent results between the national and
reglonal estimates. The model forces reglonal relocanon and adjustment in order to attam a national
result. ‘ ' ”

‘The RIS system focuses squarely on the determmatlon of employment by reglon " Three factors‘ .

| essentially dnve the regional growth dtﬁ'erentta]s national industrial mix, amphtude of the busmess '
cycle in each mdustry and reglonal cost dxﬁ'erentlals Regional costs, in turn are functlons of wage '
rates tax burdens energy prices, umomzatlon and education of the labor force, and home prices. |
: The determmatlon of regional output is denvatlve from the employment growth patterns givena
. ﬁxed set of producnvrty by industry measures. Also, regronal mvestment patterns follow movements
in reglonal employment growth ‘ .

Even at only the n’ine-region level, the RIS model is large and requires much hands on experience
' to eﬁ'ectlvely run the system. Itis accessible only through the DRI mainframe and is run through the
DRI propnetary software package, Economic Programmmg System (EPS) At present, no one .

outsrde of DRI personnel runs the model. The expense of completmg an mtegrated nn in

' conjunctlon with a DRI macro forecast precludes extensive exammatton of alternatrve cases. In
' addmon, because the regional model is so large, it reqmres a large amount of tralmng in order to
‘become famlhar enough w1th its properties to use ‘model results for policy analysrs The denvatlon |

of baselme reglonal forecasts consrstent witha basehne macro forecast, is certamly feasrble as is the' R

e hmlted mvestlgatton of spemﬁc pohcres or key economlc growth paths

Usmg the DRI RIS system d1rectly as the reglonal macroeconomlc model in NEMS is not feasxble o .
for several reasons First, the size and speclﬁcatxon of regxonal detail in the model makes it too large _

. for NEMS uses, especrally when the purpose ‘of NEMS is to forecast reglonal energy vanables as

/ opposed to regional macroeconom:c concepts. Second, it is'possible to denve reglonal shares usmg B

-~ forecasts from the DRI RIS model however, the shares would not change as energy pnces change. -

- Third, the complexlty and size of the DRI RIS model reqmres a substantral mvestment in trammg :
. of EIA personnel to adequately mcorporate the full RIS model mto NEMS '
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‘ Natmnal-Regmnal Impact Evaluatlon System (NRIES II) NRIES II isan annual econometnc
‘ '.proJect and impact model used to estlmate the dlstnbutxon of i rmpacts of alternatlve pohcles and to
provide short- to medium- term pro;echons of state economic activity. The model is maintained by .
the Regxonal Economlc Analys1s vaxsron w1thm the BEA at the Department of Commerce .

1

-

NRIES consrsts of 51 mdrvrdual state econometnc models a national model, and a set of mdexes

o =that measure trade ﬂows among states The forecast horizon is ten’ years through the year 2000.

- | NRlES is structured so that (1) coefficients of equatrons pertammg to vanables that differ httle
among states, such as Federal ﬁscal and monetary vanables, are estimated wrthm the national model, . | o
" and (2) coefficients of equatlons pertalmng to vanables_ that drﬁ'er substantially among states, such
- as :industry pr'oduct, employment, and income, m‘eMated_ w1th1n the mdmdual state models. .

= Vanables pro_lected within the national model are termed "top-down" while those pro;ected within

- the state models are termed "bottom-up" When bottom-up variables are aggregated to national = .

‘totals, they are termed "sum-of-states” and these aggregatrons are the national pmjecuons Changes
B A in mdrvxdual state’ economrcs can both aﬁ‘ect, and be aﬁ'ected by, changes in the national economy.

~The 51 individual state models form the core of the’ system Each state model forecasts output,
employment, wage rates, nonwage sources of income, populatlon, state and local government

revenues and expenditures, mvestment, labor force, unemployment, -and retarl sales. The natronal

R -',model denves such variables as final demand components Federal government recelpts and

- ,expendxtures money supply, interest rates, consumer and producer prices, tax rates and various
_Soclal Secunty va.nables The model also captures interstate commodxty ﬂows -

The focus of the statc models is on the denvatlon of output for the 20 two-drgxt SIC manufactunng :
sectors and 10 one-dlglt nonmanufacturmg sectors. Manufacturmg actlvxty is mamly a function of

B JR Kort, 1.V. Cartwright; RM. Beemiller, *Linking Regional Economic Models for Policy Analysls,"
. Regional Economic Analysis Division Bureau of Economic Analysis, Department of Commerce, July 1984.
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relative costs of busmess interstate ﬂow transacuons, and natlonal model variables such as

R consumpuon, investment, and interest rates.. Output in the nonmanufactunng sectors is mamly a
function of local-demand vanables such as state dlsposable income or populauon and natxonal, -

vanables such as mterest rates. .

- Employment is eSsentially derived as a function of industry output. Investment in nonresidential
“structures and equipment is specrﬁed asa functxon of interest rates and state total output, but not at

- the mdustry level.

The NRIES is partlcularly useful for evaluatmg the mterreglonal distnbutlonal eﬁ'ects thh its
' exphclt representatlon of: mterreglonal flows. Also, NRIES denves a simultaneous solutlon at the

regxonal and natlonal levels. The bottom-up nature of the model assures. complete consistency |
: between the national and regional results. The national model on top provrdes needed control to
‘assure that the simple summation of the state results does not yneld a systematic over or
tmderstatement of the growth potenttal of the aggregate economy.’ |

: However; there are limits to its immediate usefulness; First, the model currently projects only
th'rough‘2000 An extension to the-year 2015 would be a major effort and could be done only
through BEA. Model size is also a consxderauon The bottom-up aggregatron of 51-states nature

| of the model makes it large and cumbersome But perhaps the most d1fﬁcult methodologtcal issue '

is consrstency with the National Submodule results. The Natlonal Submodule based on thev
structural DRI Model of the Us. Economy, is capable of addressmg a large variety of pohcy issues
: rangmg ﬁ'om speclﬁc energy 1mt1at1ves to accommodatmg monetary or fiscal policy to supply side
effects related to capital formation. These issues cannot be adequately covered usmg the strict

- Vbottom-up approach as typxﬁed by NRIES

| Regional Input-Output Modehng System (RIMSII) RIMS is also developed and maintained by
BEA. RIMS represents a set of regional input-output coefficients and multipliers for use in
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estimating the regional impacts of economic policies.* Coefficients and multipliers can be estimated
for any county or group of counues in the U.S. and for all of the approxrmately 500 mdustnes inthe
- BEA set of benchmark input-output tables. RIMS can be used to estimate the impacts ofprOJect and

| program expendltures by mdustry on reglonal output, earnmgs, and employment

The avaﬂable detall, both in terms of the regional dtsaggregatron and the mdustnal dlsaggregatlon, B

i is the raison d'etre for the RIMS model. RIMS also has major lmntatrons charactenstlc of other f
reglonal and national mput/output models The multipliers are denved from a hnear Leontref
productxon finction which assumes constant retums to scale and no substltu_tlon among inputs, Also, -
RIMS does not ldennfy the time paths of impacts, and does not take mto account the 'interregio'nal'
flows of goods and services. In addition, RIMS is a BEA model and i is maintained and operated by
.BEA. The ﬂex1b1hty of a regronal model that is dlrectly linked to the NEMS system and operated
by EIA personnel would be lost. -

- Regional Economic Models Incorporated (REMI) EcOnomic-Demographic Forec‘asting and
Sxmulatxon (EDFS) Model The REMI EDFS model, an annual regional forecasting and policy
simulation of both the pnvate and public sectors of the United States has been pubhcly available
since 1980. The model's forecast_penod extends to the year 2035 and the regions covered include
the 50 states and Washin-gton, DC. Model runs from post sample period forecasts for these 5 1

 regions indicate the model rnay_ be more success_ﬁﬂ 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 modet incorporates

‘ mtermdusn'y transactions and endogenous final demand feedbacks. The model ineludes_substitntion

I "Regxonal Mulnphers A User handbook for the Regtonal Input-Output Modeling System (RIMS II),
‘ " Bureau of Economic Analysrs, Depanment of Commerce, May 1986.

1 The REMIEDFS analysis draws heavily from George L. Treyz, Dan S. Rickman, Gang. Shao, *The REMI

Economic-Demographic ‘Forecasting a.nd Simulation Model” mmwm Vol
‘14No3p2511992 _ '
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among factors of proddction in response to changes in relative cost factors, migration response to
changes n expected mcome wage response to changes in labor market condmons, and changes in
the share of local and export markets in response to changes in reglonal profitability and productxon \
costs. '

Block-1 of the model, 'o'ut'put linkages, interacts extensively with the other blocks of the model. B
mcludes output equations, consumpuon equatlons real dxsposable mcome equatlons, mvestment
equa’aons and government spendmg equatrons

 The output equatlons employ an mput/output structure representmg the mtenndustry and ﬁnal

kdemand lmkages by mdustry Outputs for 53 sectors (49 pnvate non—fa.rm industries and three
government sectors) are calculated. Regional mformauon is produced by applying regional purchase |
coefficients to histo‘rikcali and projected input/ontput tables from the Bureau of Lahor and Statistics_

- The consumptlon equatlons translate real ‘disposable i income into consumptxon demand Real :
: dlsposable income (personal income adJusted for taxes and the cost of hvmg) data by sector is based -
_ondatafrom the BEA. o ' '

The mvestment equatlons are. based on residential, non-re51dent1a1 and eqmpment mvestment
' Government spendmg is predlcted for six components federal c1v1han federal mlhtary, state and
local educatlon, health and welfare, safety, and mlsce]laneous

Block-z of the model factor demands assumes mdustues demand proﬁt-maxlmmng levels of factor
inputs. The optimal choice of i mputs demands two stages. Fnst, industries demand fixed shares of
composxte value added and intermediate inputs and, second, mdustnes choose optlmal levels of the
, oomponents of compos1te factors.. Block-2 is composed of labor, capital, and fuel demands. While
fnel demand is not exphclt in the model, the cost of fuel enters the demands for labor and capltal.
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Block-3 of the model, regronal populanon and labor supply, determmes the mteracnon of the model'

o demographrc and economic sections. The cohort algonthm apphes fertlhty and survival rates from =

state-specxﬁc 1980 data trended backward and forward by the Bureau of Census (BC) The mlgmnts .
category consists of international, renred, former mrhtary and their dependents and economic
| migrants. Internanonal migration is calculated by applying a fixed regronal share to BC data \

: Block-4 of the model consists of producnon, labor and caprtal costs, along wrth pnces and proﬁts
Relanve labor cost is based on several BC Current Populanon Surveys and REMI data. -

Block-S of the model ‘market shares, 1s based on the effects of nanonal and regronal mdustnes in the
region. The model uses the Department of Commerces 1977 Census of Transportanon data for
' manufactunn,g mdusmes and subjective estimates for non-manufacturing industries.

; Summary of Regmnal Models Revrewed. Similarto requlrements for the nanonal macroeconomic
model three system reqmrements must be addressed by the Regronal Submodulc (1) develop a‘ B
| . baselme path for regional economic actrvxty, ) calculatc reglonal economlc feedbacks internal to _. |
the modehng system, and (3) evaluate detalled reglonal 1mpacts However, decrsrons about the
regxonal economrc modehng are dxrectly txed to dec1s1ons about the macroeconormc system of -
models.

Regional consequences of energy actions and events are partially addressed through the supply and |
'demand models dxrectly For example, energy productron and energy price 1mpacts are derived
_ "wrthm the energy components of the system. The regronal component of the macroeconomic model
- addresses the secondary effects which arise because of regronal reactions to regronal energy issues
or regional effects caused by nanonal impacts. For example, the regional macroeconomrc model is

- intended to mcoxporate ‘economic unpacts of drfferences in reglonal energy pnces and labor costs.

; Based upon tlie above discussion,«. a system that ﬁrlly'integrates the inte’rindustr_y structure into the
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aggregate eeonomy has specific advamages Bo&om-up"mteﬁndusﬂy/macm modeling is attractive
for numerous reasons, which may not apply to regxona]/mtenndustry bottom-up models (as in NRIES |
). This assertlon reqmres some critical des1gn and segmentatxon considerations in the sectoral'.
detail versus reglonal detall In addmon, bottom-up regional models may not be able'to confront the -
type of detalled energy policy options that NEMS requires. For example nexther the 1mposmon of
a national tax pohcy nor the cons1derauon of the dlsposmon of the. collected revenues can be ,

addressed usmg a bottom-up reglonal economlc model

The ability to address the fundamental determmants of growth is cnt1ca1 to the macroeconomlc -

modeling. The reglonal models to date are demand—dnven systems that sxmply do not address the - i

' underlymg supply constramts on the economy The macroeconomc models address investment .
behavmr in. detail; in the regional models mvestment behavmr is handled poorly or not at all.

_Slze of 1he system is a critical constramt Reglonal modelmg, partlcularly if bottom-up, forces the

entire system to grow rapidly to an u.nma.nageable size.

Conclusmns on Regional Submodule Structure. Based upon the dxscussmn of altematlve reg10na1

. modehng cons1deratlons presented above, the followmg conclusmns are advanced
1. The MAM Reglonal Submodule is compatlble with the Natlonal and Intermdustry Submodules
and mcorporates regional impacts by ut1hzmg regional shares based on a smaller versmn of the DRI

Regional- Model estimated usmg industrial outputs from the Intenndustry Submodule

2. Exxstmg regxonal models have several drawbacks. Flrst, the size and eomplexxty of the. DRI

| regional model is 2 major hmdranee to direct mcorporatlon within NEMS The system of reg10nal o

' models maintained by BEA is unusable for NEMS because at least one of the followmg conditions
| holds (1) the BEA system contains its own maeroeconomlc model (a simpler representation than
what is requxred by NEMS analy51s), @) the BEA forecast penods do not match the NEMS
- reqmrements (3) some BEA models are mcapable of analyzmg the stream of 1mpacts over time:
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‘Usmg models that are mamtamed or updated on schedules over whlch EIA has no control would not
add to NEMS ﬂexrblhty : '

3. The share approach has three primary aduantages? (1) dxrect linkage and consistency 'With the

" . national and mtermdustry models used in NEMS analysxs, (2) regional output corresponds to

. natxonal aggregates, and (3) the ablhty to generate regional forecasts consrstent thh the NEMS
energy models' forecasts of productron_ in mdusmes such as refining and mining. ’

Summary. Three consrderatlons underhe the decrsxon to adopt the response surface approach for
.0 | EIA time and proJect resource consn-amts ehmmate the opuon of developmg a complete
- structural model m—house for the AEO97.
Incorporaung an existing propnemry model as the MAM would have ralsed the i 1ssues
of dlsclosure and mconsxstencles between the MAM energy equatrons and the N"EMS' ‘ |
- view of energy market behavior. . ' ' § ‘ |
| Removing the energy sector. from an exrstmg propnetary model and linking the
: remamder w1th NEMS would have ralsed d1sclosure issues and non-energy propnetary :

equations.

_ The response surface approach has the advantage of being able to avoid the common econometnc -
problems of multicollinearity, limited sample vanablhty, and short run dlsethbna Also, there can
~.be no simultaneous equation bias: because the exogenous variables are controlled and an

E ‘approximation"to the reduced form equations is estimated. 'The usefulness of the'reSponse surface

SRR 1> determmed by the closeness with which it is able to approxrmate a complex surface by usmg a_

: bhyperplane Thrs is more ofa numencal analysrs issue as opposed toa statlstrcal consrderatlon

o Response surface models have been in use Since 1959 when GEP Box and colleagues_began
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puBlishing' papers on the subjeét." Whilé res‘pbnée surfacev or reduced form, models aré widely |
used i in the natural sciences, they have not been in common use among economists. A notable

_ exceptlon is the series of papers by James M. Griffin (1977a, 1977b 1978, 1979) that esumate cost
functions based on pseudo data generated by repeated runs of linear programmmg models. Other -

, apphcatlons of pseudo data in economics include Attanasi a.nd Green (1981), Sav (1984 1987), and.

| Kolstad and Wolak ( 1983) The use of pseudo data for the éstimation of economic models has been ‘
'cntmzed (Maddala and Roberts, 1980) but not vnthout a spirited reply by Gnﬁ'm (1980) Finally, |
“since the purpose of this model is to reproduce the output of a larger model the only possable data

; o for thJS purpose is pseudo data. ‘ '

e See Box and Draper (1987) for an excellent history and discussion of the techmque
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4, -Mo,dule~Strncture y

 Figure 1 graphically illustrates the design and flow of the MAM within the NEMS system. Figures
2 through 6 provrde supportmg illustrations of the submodule ﬂows -Key computations and
eqnanons used in MAM are described followmg thexr graphrc representatron ‘

| .Frgure 1 deplctsMAM mthe contextoftheNEMS system The fourpnmarysubmodu.les of MAM:

the National, Employment, Intermdustry and Reglonal Submodules, are shown in the dragram. The
~ national level variables are calculated within the Natronal Submodule The mtermdustry activity
vanables are forecasted by the Intermdustry Submodule. The regronahzed variable forecasts are

. generated by the Regronal Submodule. The whole of Frgure 1 illustrates the role of MAM within

the NEMS system MAM receives energy price forecasts system mformatron, and reﬁnery actrvrty : o
: from the NEMS system ‘ : : : o :

Figure 2 illustrates the flow of the Natlonal Submodule ’I‘he system mformatron (mcludmg the.
N number of years, reglons, pnce lag terms, and driver vanables), the DRI macroeconomrc baseline
forecast g_enerated externally to the NEMS system, and additional drrver vanable information are
inplit to the National Submodule. T‘be response surface approximation that eomprises tbe National
Submodule exammes the pereentage changes in the macroeconomi‘c}variables from the DRI baseline _
o by including dynamxc mpacts of lagged exogenous vanables Fmal demands are calculated usmg R
this algonthm ‘ ' |

- Frgure 3 illustrates the ﬂow of the Intermdusu'y Submodule System mformatron the histoncal”
- years the number of industries that are modeled, and addmonal mformatlon, along with the ﬁnal
demands calculated in the Nauonal Submodule are input to the Intenndustry Submodule Changes
1 mtenndustry act1v1ty fora subset of the industries modeled are then calculated using the response
surface approxrmatron, followed by the calculatlon of mdustnal outputs manufacturing outputs,
- service outputs and total mdustnal output. Aggregatrons are performed to develop the composite
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- outputs requrred by the NEMS Industnal Sector Demand Module The mtenndustry ﬁnal outputs
are forecasted in thrs submodule ‘ ‘
Frgure 4’illustrates the Growth Indusu'y component of the Intermdustry Submodule. This component | |
‘models the industrial outputs from energy-producing industries that come from NEMS. These o
. industries are: Coal Mining, Oil and Gas Mining, Petroleum Refining, Gas"Utilities, and Electric

Utilities. Tlns component draws upon industry-specific inputs to estimate growth paths for these five e |

sectors, based upon hrstoncal growth and the growth in the mdustry—specrﬁc mputs commg from the
appropnate NEMS modules N

_".Figurc 5 illustrates the EmploymentSubmodule ‘ System information along with the changes in
gross output calculated by the Intenndustry Submodule are mputs to the Employment Submodule
. Changes in emp]oyment are then calculated usmg the response surface approxrmatron Ernployment '.
‘ by mdustry is forecasted in thrs submodule. - ' |

B ngre 6 'i_llustra'tes the Regional Subrnodule. The Regional/ Submodule operates upon a suhset_of .

" the maCroecononiic variables that are 'forecasted by the National and Inteﬁndustry Submodules |
, spectfically, the macroeconomic variables that are requrred by the NEMS demand modules at the-
~ Census Dwrsron level of detarl The inputs to. the Regxonal Submodule are the natxonal ﬁnal

demands and the mtermdustry final outputs The Regional Submodule apphes regronal shares to

" each mput to calculate the Census Drvrsxon levels of final demand and mtenndustry output
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© Figure 1. MAM Calculational Flows within NEMS

Conversion, and Integration Modules ' ‘ '
NEMS System .
MAM National Submodule calculates changes to
NEMS Petroleum, . " | based on percent changes between NEMS baseline
. Nanural Gas, and Coal : and solutiop evergy prices
s }\
Submodule calculates ! o :
industry-specific changes —0(5 -Snbqu.nles(:‘
using changes from Ppeacix. '
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- Figure 2. 'Natipnal’-Submddme Flow”

SUBROUTINE NEMS Energy
MACROSUB Prices

anchmauﬁecononﬂc
yaﬁnble
Calculate the p hange in the macr ymic variables fromthe "
DRI bascline capturing the (approximate) dynamic effect of lagged
- exogenous variables :
Est the jon macr nomic variables using the percent change
’ : . from the DRI baseline

: " NEMS ; .

% Tables 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 (yhombi) 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. ,,lnte\r_i‘ndustty Submodule Flow™

mmwgnmmmmm;'

Tables A4, 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 (thombi) of this diagram. The
calculational steps iltustrated in the rectangular blocks of this diagram are further descnbed in the fom'th
section of Appendix B to this repon, *The Intermdustry Submodule '
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Figure 4. Growth Industry _Co‘rhpénent of Interindustry Submodule s -

Depudincmhidnﬁrym.uﬁmemﬂ:h(:oﬂ
Mining, Oil and Gas Extraction, P um Refining, Gas .
7 Utititen, or Electric Ui

mmwmmfamw )
- ;aumyummwsmmum, .
e : . estimate ’

T

Tabl&é A-4,‘ A-6, A-7, and A-8 of Appendix A to this report prbvide the deﬁnitiohs-, dimensi_ohs, and usage

of the Growth Industry Component items referenced in the input/output blocks (thombi) of this flow

- diagram. The calculational processes provided in the réc_tangular blocks of this diagram are further '
-described in the fifth section of Appendix B to this report, "The Growth Industry Submodule”
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" Figure 5. En_iployment Sdbmodule?o |

Wuwmmwmmﬁm
" baseline given the change in Interindustry Outpat

Bumemesohnmemploymlm:hlsmg
the change from the baseline

Tables A-3, A-7, and A-8 of . Appendxx Ato thls report provxde the deﬁmt:on, dxmensmns, and usage of the
- Employment Submodule as illustrated in the input/output blocks (thombi) of this diagram. The ,
- calculational steps illustrated in the rectangular blocks of this diagram are further described i in the thxrd
' section of Appendu Bto thls report, "The Employment Submodule
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' Figure 6. ,Régional Submodule Flow?'

S

Table A-1 of Appendix A to thxs report defines the NEMS system information and indices required bythe
Regional Submodule as illustrated 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 sixth section of Appendix B to this report, "The
* Regional Submodule”. : ' C D '
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| _Key‘Computation‘s and Equatidns a

MAM Approach , :
The goa] of the MAM response surface models is to rephcate the results of cha.nglng eneir"gy pnces |
in the DRI models Four DRI models are used to create any : macroeconomic baseline: the DRIU. S.
: Quarterly Macroeeonomrc Model, the DRI Employment Model the DRI Personal Computer Input-
: ‘Output Model PCI10), and the DRI Persona.l Computer Regronal Model. For the AE097 MAM |
| | | uses résponse surface models developed from the U S. Quarterly Model, the Employment Model
. and the PCIO for the Natlonal Employment, and Intenndustry Submodules respectlvely The ‘
" Regional Submodule of MAM used for the AEO97 is a set of reglonal shares developed through
sunulatlons of the DRI models :

. MAM Natlanal Submodule ,
. The Nattonal Submodule of the MAM isa response surface representauon of the DRI US. Quarterly _
| » Macroeconormc Model. To create the outputs from the DRI model (pseudo data), the DRI model

R is executed roughly 200 times varymg desi gnated input variables that ultlmately become independent

' .vanables in the response surface equanon Some sunulatrons used to generate the pseudo data

. varied the world price of oil. This truly exogenous variable dtrectly impacts the domestic energy

: supply price (WPIOS) When the world oil pnce sunulatlons were run, the personal consumptlon
~ (PC) deflators for fuels (PCNFUEL PCN GAS PCSHHOPE and- PCSHHOPG) were not -
| ‘constrained. The model was a]lowed to change these vanables as WPIOS changed ‘This approach
was adopted because if these variables had been held constant, the DRI model would have produced'
. anomalous results for the macroeconormc vanables of mterest mcludmg GDP, dlsposable income,

interest rates Similarly, when the energy consumptxon deﬂators were vaned WPIO5 was allowed |

to vary. Thus, the vanables on the right hand side of the regressxon spemﬁcatxon are not truly

- exogenous, although they are exogemzed when the full-sca.le DRI model is run. Table 3 shows the

energy price variations; whxch were determmed by mcorporatmg AEO energy pnce ranges.

See Table 3 for the range of changes in energy prices

R
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Table 3,.' | Energy Priee Variations_ for Pseudo-Deta Generatiorr

| Energy Price Series SR Range of Percent Changes
; World Oil Price . - _ | 30% t0 60% (plus and minus)
PCNFUEL (Resrdenual Fuel Pnoe) - 13%t032% (nluS‘and.rninus) ‘;
-PCNGAS v 3 2% to 22% (plus and nrinu’s) o
PCSHHOPE e 3%t026%(plusandmmus) IR

PCSHHOPG' © o | 2% to 17% (plus and minus)

The exogeneity consideretion is addressed as follows. To create the pseudo data base for the

o regressions,;all induced price »effects,yvere treated as if d)g (the percent change from hase) was zero |
'in"the'remltingoutput data set for the remammg explanat'ory'variables, even though these variables
are nonzero in the oﬁgina] model output. Similarly, when the energy,c(msur'nption' deﬂ_ators are o
vaﬁe.d; no variables were constr'ained in the'full-scale DRI model run, but the induced deviations of
',WPIOSV and the other explanatory variables from the base were set to zero, holding them at the
baselme Consequently, the coefﬁcrents on WPIO5 and all of the other price mdrces capture all
effects of a change in the energy supply pnce mcludmg the effects that occur through mduced :

changes in other energy price deflators.

The regression takes the form: -

dY: = g."‘i iB e iy dx; . ,*8; dY +62dYF‘é- e a0

where dY and dX; refer to the, percent change from base of the -dependent and independent variables
' respectlvely The dependent vanables are further descnbed in Appendrx A to this report The -

~_ independent vanables are:
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X1=PCSHHOPE (PC deflator for electnclty)

X2=PCSHHOPG  (PC deflator for natural gas) T

. X3=PCNFUEL -+ (PC deflator for heating oil) =
|  X4=PCNGAS - (PC deflator for gasoline) - -
: X5=WPI05 . (wholesale price deflator for fuels)

' The purpose of the MAM i to link the rnacroeconomy to the energy sector. The whole simulation
‘process begins with the speCIﬁcatlon of a base macroeconomrc case. However, once NEMS begins
1teratmg, it computes its own estimates of the relevant fuel pnces These prices are received by _
~ MAM from NEMS, aggregated to WPIOS muluphed by the coefﬁcxent s in the above equatwn and

. the resulting change in the macroeconomxc vanable is passed back to NEMS. - '

The coefficients on variables X1-X5. provrde the ablhty to calculate the effects of various energy
: Jpohcres For example, ataxon gasolme would affect the personal consumptlon deflator for gasolme '
- directly and federal excise tax receipts, but it would not directly: affect the wholesale pnce of |
~ gasoline. Altematlvely, a change in the wholesale price of gasoline would affect the prlce_at the_‘
pump, which would directly imnact the PC d_eﬂator for gasoline. The coefﬁcientcz5 estimates the
- entire effect of a change in the wholesale price of fuel. Therefore, the model does not include the |
effect of changes in the deﬂators and investment wheén these changes result from a change in.the
- retail price. However NEMS calculates 1ts own estlmates of the retail prices of the vanous fuels.
Changes in these prices will have macroeconomlc consequences. Thus, a method is requlred to
~ calculate the macroeconomlc unpacts of changes in the retail prices of fuels when the changes come
‘ from NEMS.

o ~This calculation is addressed as follows. The coefﬁcient asbmeasures the effect of 2 change in

" WPI0S. NEMS reports a change m WPIOS in each 1teratron, so the product of as and dX will
capture that effect, mcludmg the 1mp11ed effect on PCNGAS and the other deﬂators However,

suppose NEMS also reports a change in the retall price of gas, correspondxng to a change in .

PCNGAS. K this change is greater than the unphed change that would have occurred in the DRI
model, then there is a greater effect on the macroeconomy than that captured in a. This additional
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effect is captuned by the followmg techmque A preprocessor model has been esttmated to predlct o
the change in the PC deﬂators and mvestment from changes in the correspondmg wholesale pnces ‘
The preprocessor isa simple equahon (dXJ-bdZt, where b is the coefficient PCPASS inthe MAM -

code) relating percent changes from base of the four persona] consumptlon energy price deflators

‘ (dX,) to percent changes in the relevant wholesale pnce dz). For example, the PC deflator for
B natural gas is related to the wholesale price of natural gas and the PC deflator for electricity is related

to the wholesale price ¢ of electncny ‘Thus, the preprocessor’ -allows the calculation of what the DRI ’
-model would have predxcted the PC deflator to be, given the wholesale price. The NEMS estlmate

- of the PC deflator could be hxgher or. lower than this. If it is higher, then an additional amount is

‘ added to the change in the macro vanable If it is lower, then the effect on the macro vanable is

- reduced. In order to accomphsh this, the model subtracts the change in PC deflators and 1nvestment - _‘

-+ variables from the preprocessor model from those changes passed to MAM from NEMS and sets the |

§ percent change from base, dX;in equatton a 1) equal to this amount In other words for the four PC '

| - deflators, the fol]owmg relatlonshxp is set R ‘ '

dxj = a XS b+ az, | . ap

- where j=1..4 and k=1..5

in Equatlon [¢ 1) where dX‘Nms’ is the change from base passed from NEMS and p *dZ is the -
predncted change in d}g from the preprocessor model ® By this means, the macroeconomic variables 7
are adjusted to account for changés in the PC deflators cormng from NEMS that ,dlffer from the

23 Z, is the wholesale fuel price associated with the appropriate PC deflator and type of energy
) " investment. Z1 is the wholesale price of coal; Z, is the wholesale price of natural gas; Z; is the
wholesale price of electricity; Z, is the world oil price and Z; is the wholesale price of reﬁned :
: products For wholesale prices, MAM uses NEMS industrial pnces )
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values that would have been predlcted by DRI and whlch are already mcluded in the as coeffic1ent |
‘ in Equanon (10)

| - To make the apphcatlon of these additional feedback enhancements more ﬂexlble, user switches
B were added to allow the user to specxfy which mdependent vanable (or combmatlon of mdependent ;
vanabls) to use in calculatmg macroecononuc feedback For examplc in AEO forecasts, the

.switches for wholesale energy prices (X4 in equation 10 above) are.on (or in: FORTRAN notahon, /. « l'
1) and the switches for all other variables (X1, X2; X3) are off (take the value of 0) |

. The ﬁrst step in the solution of the Nahonal Submodule isto calculate the percentage changes of the v
| mdepeudent vanables in Equatlon (10). DDRIVER calculates such pereentage changes, using
',NEMSenerg_y pnccs (X1 through X4) that correspond to the appropriate DRI variable. The
~ percentage Changes‘fr'om the DDRIVER etluatiOns are then applied toEquation (10) above.

MAM Employment Submodule ’ :
- The response surface Employment Submodule characterizes employment changes for inclusion in

NEMS. These changes are added to, or. subtracted from, the baselme pro;echons prov1ded by the

structural employment model to denve new employment levels The response surface employment
equations previously contamed in the National Submodule of MAM related changes in employmcnt
B dlrectly to changes in energy prices from the mtegratxng module of NEMS The revxsed Tesponse

surface Employment Submodule relates changes in employment to changes in gross output from the - -

’ Intermdustry Submadule of MAM This change makes the model more mtumve — when an
| mdushy.'s output demand i mcreases, _lts,mput usage generally increases as well. Labor is one input

_ to the production process.

The Employment Submodule is constructed sxmxlarly to the Intcrmdustry Submodule of MAM
Within MAM changes in employment are determined by Qhanges in gross output The response
surface Employment Submodule is spec1fied as a partlal ad_]ustment model. Increasmg and

' decreasmg employment is costly for busmesses Fxrms will not adjust employment to the ultimately

: Energy Information Adnumsn'auon : :
NEMS Macroeconomic Activity Module Documcntanon Report 60




’ desired level immediately when output demand changes, but will wait to see whether the demand -
' change persxsts For each sector, the equatlon for change in employment is: -

bE; .= ((B1 + (32 * tJ.me)) *x AGO; . ) + (B * BE; i, ) "'(12) o
where: , k :
| AE, , L= ch’ang'e'in employment for industry i in penod t,in millions of‘persons .
time = a time counter, which equals 1in 1995 T |
AGO;, = change in gross output for mdustry i in period 1, in mllhons of $l987

'AE,.;,‘, ; = change in employment for lndustry i in the previous period, in rmlhons of

persons

In order to esnmate the coefﬁcrent matnces B, Bs» and B, each of the output aggregates contamed}' -
in the Intenndustry Submodule was mcreased W1th1n PCIO by 1 rmlhon dollars ($1987) throughoutv |

- the forecast period of the employment model while holding all other gross outputs constant The |

k resulung change from baseline levels of employment as pro_]ected by the structural employment o

| model were regressed agamst the change in gross output and lagged change in employment

. Although only 30 dxsaggregated employment sectors are. reported the response surface model' ‘
f-operates at the Interindustry Submodule level of dlsaggregatlon (45 sectors) Except for two -
employment sectors, each sector s change in employment is related to that sector" s change in gross
output only Because of differences between the response surface and structural modeling systems,
two of the 45 employment sectors (Agncultural Production — Crops, and Reta11 Trade) are each

" related to two gross output categories. Employment inthe Agncultural Producnon - Crops sector o ';

is based on gross output m both the Agrrcultural Producnon Crops sector (equanon 30) and the

Other Agriculture mcludmg leestock sector (equatton 31). Employment in the Retail Trade sector ,

B 1 based on gross output in both the Retail Trade sector (equatlon 43) and the Services sector

| (equanon 45)

:'The B, coefficient, which can vbe viewed as the: base year (or constant) .coefﬁcient relating "
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employment change to al million dollar ($1987) output change, is positive for all industries, as _
would be expected. The purpose for the time counter is to capture t the productivity trends contained |
in the structural employment model The |32 coefficient is generally negatlve, mdrcatmg that
~product1v1ty increases over time for most industries. The [53 coefﬁcrent is genera]ly posmve,,
mdrcatmg that most mdustnes do not 1mmed1ately ad]ust employment fully to the desrred level when
‘output demand changes ‘

'MAM Intenndustry Submodule | |
| The Interindustry Submodule of the NEMS MAM isa response surface representauon of the DRI 1 |
.z,Input-Output Model for the Personal ‘Compiter (PCIO)“ The Intenndustry Submodule of the
NEMS MAM does not generate baselme forecasts of Industrial Gross Output. PCIO i 1s used for this
| purpose The role of the Intenndustry Submodule is to calculate how Industrial Gross Outputs -
o \change when macroeconomrc  final demands change Changes to macroeconomic final demands are
- determmed wrthm the National Submodule of MAM

| The Intermdustry Submodule operates in a manner shghtly different from a standard input-output .
model. The ways in whlch the two drffer are fourfold

1) The exogenous driVer for a 'standard Input-Output model is a matrix of forecasted final "
demands. For PCIO the matrix consrsts of 47 final demands forecasted annually through the
year 2020.- The exogenous driver for the Intenndustry Submodule isa matnx of forecasted
~~ changes from baseline levels in ﬁnal demands For the Intenndustty Submodule the matrix
| ) E consists of changes from basehne levels for 46 final demands forecasted through the year

' 2015

T

© 2) The A matrix (direct requirements matrix) in the PCIO model is replaced by the & matrix.

% The calculations performed by a standard lnput-output model, of which PCIO is an example, are described
h -in the Alternative Macroeconomic Modeling Approaches section of this report. :
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The amatrix shows the amount by which each industry's gross output changes for a change .

" of $1 in edch final demand in the base year (1992) of the Interindustry Submodule.

3)

‘There is no oW scalar matrix, nor is there a bridge matrix, in the Inteﬁndustry ' Subr'nodule

o : Instead a second matrix of coefficients (the ﬂ matrix) is mcluded whxch descnbes the way ) ;

4)'

in whlch the relanonshlps between mdustnal gross outputs ‘and ‘macroeconomic final -
demands change over tnne in the PCIO model It represents the combmed effect of both the
changmg bndge matnx and the changmg row sca.lars in PCIO. " -

The output from a standard Input-Output model isa matnx of forecasted gross. output levels

‘ by mdustry For PCIO the matnx consrsts of gross output for 114 mdustnes forecasted

annually through the year 2020. The output from the Intenndustry Submodule is a matrix
of forecasted changes from basehne ]evels in final demand. For the Intermdustry Submodule‘ B

“the matnx consrsts of changes from baselme levels for 45 industries forecasted through the
- year 2015 These solutxon changes from baseline levels are then added to the baseline levels

and passed to .the NEMS 1ntegratmg system for use by the energy modules and for

report-writing purposes.

~The response surface model responds to changes from baselme levels in Macroeconomic ﬁnal’

demand components . and- calculates consrstent changes in mtermdustry act1v1ty Eachi of the

equatlons in the Intenndustry Submodule has the same genenc specxﬁcatxon relating change in

mtenndustry actrvrty i to change in fina.l demand j F

ATO, = ( f[di 5 + (B, J *”t/:i.me,: ’),] *‘Ap,'pj ): (13)

where

J=1
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AlIO; is the change from baselme level m mdustnal gross output for sector 7, q, is the

o base-year coefficrent Whlch relates changes in final demand component jto changes in -
industrial gross output for sector i, (l not necessanly equal to ) B j18 the ttme-dependent

'coefﬁcrent of change for translating changes in ﬁnal demand component Jjinto changes |

in mtenndustry activity for sector I, time , is an annual time counter whrch equals Oin the

~ base year (1992), and AFD,; is the change from basehne level in ﬁnal demand component

" In order to estitnate the two"coefﬁcient matnces and ,6, the first .ﬁnal‘dema‘n_d component in the
‘ - macroeconomic model was 1ncreased 1000 millionadollars'{$'1987) thrOughout the forecast period
- of PCIO while holding all other final demands constant The resultmg change from baselme levels :
of gross output for each of the 114 mdustnes of PCIO was then calculated, and the changes

aggregated to the level of industrial detarl requlred for the Intermdustry Submodule (45 sectors). The

mapping of PCIO sectors to Intenndustry Submodule sectors is shown in the followmg table This

| process was repeated for each of the macroeconormc ﬁnal demand - categones of the National

. “Submodule The result of these controlled srmulattons of PCIO was 2070 time series of- mtenndustry

unpacts each relatmg change in gross output of a specrﬁc mdustnal sector to change in a particular

ﬁnal demand component

Each of the 2070 output time series Was divided by. 1000; the amount by Which each macroéconomic

- final demand was mcremented when runnmg the PCIO model, resultmg in multtplrers relating

| change in mdustnal gross output to change in final demand. A linear regressron was then performed ’
on each of the multiplier time senes, with- trme as the independent vanable The g;; coefﬁcrents

répresent the amount that sector {'s output would change for a unit change in final demand Js for the

base year of the srmulauon Smce the PCIO model i is not static, trme is mcluded in the regressrons o

The B; coefﬁcrents are designed to capture the effects of both the changmg row scalars and the
“changing bridge matnx within PCIO. A hnear time specrﬁcatron was chosen for the 1mtxal
estimation of the Intenndustry Submodule. o '

-,
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Table 3. Mapplng of PCIO Sectors to MAM lntermdustry Submodule 2
" Sectors, p. 1

_ Intérindustry Submodule Sector
.- -§ Other Agricultural Products o | A cullural Producnon Crops (SIC 01)
, Livestock and Products . h S Otber Agnculture Includmg leestock (SIC 02 07-09)
| Forestry and Fishery Products :
t Ag., Forestry and Fishery Semces ) v »
;Iron Ore Mxmng : s S Mgtal-&Oth’er Non:metallié Mining »(S'IC- ib,l4)
| Nonferrous Metals Mining , S : : a - . _ ‘
‘ ‘StonelClay Mining & Quarrying
Chem. and Fertilizer Mmeral Mmmg ,
CoalMining - Coal Mining (SIC 11, 12)
| Crude Petroleum . | Oil & Gas Mining (SIC13)
| Natural Gas - - L ' S
New Oil & Gas Well Drilling
New Electric Utility Facilities ‘ " | Construction (SIC 15-17)
New Gas Utility Facilities ‘ 4 T e
New Petroleum Pipelines Lo R o I .
New Highways and Streets S ) : : B o
| Other New Construction
- Mairxtenance & Repair Construction .
| Food & Krndred Products : Lo _ Food & Kindred Products (SIC 20)
Tobacco Manufacmres o B " | Tobacco Products (SIC 21)
| Fabric, Yam & Thread Mills .| Textile Mill Products (SIC 22)
,Mlscellaneous Textile Goods , o
Apparel ' Apparel & Other Textile Products (SIC 23)
- Misc. Fabncated Textlle Products : S
| Lumber & Wood Products B | | Lumber & Wood Products (SIC 24) ’
| Wood Containers - : L
| Household Furniture . .~ - ) | | Furniture & Fixtures (SIC 25)
'Otheannntme&lemres : _ e . ‘
j Paper Mills, Exc. Bmldmg Paper - ' Paper & Allied Industries (SIC 26)
Paper & Allied Products : - . - o
| Paperboard Containers & Boxes
| Printing & Pubhshm& ;- . 3 \ PnntmL Pubhshmg (SIC 27)
|| morganic & Organic Chemicals | { Tnorganic Chemicals (SIC 281) - 29%

Organic Chemicals ‘(SIC 286)-- 71%.
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Table 3 Mappmg of PCIO Sectors to MAM Intermdustry Submodule

'Sectors. p. 2

| Plastic Materials & Resins
| Synihetic Rubber

Plastic Materials & Synthetics (SIC 282)

_ Celluloslc & Noncellulosic Fibers

| Agricultural Chemicals (SIC 287)

‘Miscellaneous Chemlcal Producis =
| Drugs, Cleaning and Toilet Prep.

Other Chemicals & Allied (SIC 28, NEC) 4

} ’Pmnts&AlhedProducts

_Petrolenm Refining (SIC 291)

i Petroleum Refining -

| Misc. Petroleum & Coal Products
| Paving Mixtures, Asphalt ‘

| Asphalt, Coal & Mlscellaneous Products (SIC N
295,299)

-If Rubber Products

Rubber & Mscellaneous Plasuc Products (SIC 30)

7 stcellaneous Plastic Products :
. Leather&l'-_‘ootwear

Lmhe_r & Leather Products (SIC 31)

it Glass & Glass Pr_oducts

| Hydraulic Cement

Glass & Glass Products (SIC 321-323) -
Cement, Hydraulic (SIC 324)° |

Stone & Clay Products : |

| Coke Oven Products
| Blast Furnaces & Basic Steel

_{ Other Stone, Clay & Glass (SIC 32, NEC)
‘Blast anace & Basic Steel (SIC 331).: ¢

anary Alummum (SIC 3334)

. |t Steel Foundﬁes; Heat Treatmg ,
| Primary and.Basic Nonferrous Metals

) Other anary Metals (SIC 33, NEC)

| Ferrous and Nonferrous Forgmgs
| Metal Containers - -

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

Fabricated Metal Products (SIC 34)

L Other Fabricated Metal Products
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Table 3. Mappmg of PCIO Sectors to MAM Intermdustry Submodule
Sectors, p. 3

; Engines &.Turbines e T | Industrial Machinery & Equipment (SIC 35)
| Farm & Garden Machinery o ' I o
| Construction & Mining Machinery
~j§ Oil Field Machinery '
.} Materials Handling Machinery - ,
| Metalworking Machinery & Eqmpment - °
" Special Industry Machinery : '
* # General Industrial Machinery
- I Miscellaneous Nonelectrical Machinery
i Office, Computing & Account. Machmery
Service Industry Machmely ,

Electrical Machmery , "~ ] Electronic & Other Electric Equipment (SIC 36)
| Household Appliances ' R i S .
| Electrical Lighting & Wiring Equipment

| Radio, TV, and Communications Eqmpment
| Electronic Comp. & Accessories

Misc. Electrical Machmery&Equxpment

i Motor Vehicles & Equipment o ‘| Transportation Equipment (SIC 3‘7) o
| Aircraft & Parts : S ..
i Ship & Boat Building & Repalnng
t Railroad Equipment
| Miscellaneous Transportation Eqmpment
| Ordnance & Accessories : '
| Instruments & Supplies =~ SR Ins:ruments & Related Products (SIC 38)
' Optical, Ophthalmic & Photo Equipment SN , .
| Miscellaneous Manufacturing _ | Miscellaneous Manufactunng Industries (SIC 39)
| Railroads & Related Services = - | Transportation Services (SIC 40-47) '
| Passenger Transportation, NEC : ‘
| Motor Freight
| Water Transport. & Related Services
| Air Carriers & Related Services
-} Pipelines, Except Natural Gas
1 Transportatlon Services, NEC ‘ v .
| Communications, Exc. Radio & TV | Communications (SIC48) -
{ Radio & TV Broadcasting : o .
| Blectric Utilities | Electric Utilities (SIC 491, pt 493)
| Gas Utilities o | Gas Utilties (SIC 492, pt 493)
{ water & Sewer Services o B S Water & Sewer Services (SIC 494-497 pt 493)
_Wholesale Trade S | Wholesale Trade (SIC 5051)
Energy Information Administration’
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Table 3. Mappmg of PCIO Sectors to MAM Intenndustry Submodule
Sectors. p. 4

| Retail Trade | Retail Trade(SIC52:57,59,139).

| Finance & Insurance - . F.I.R.E.‘(SIC‘60-\63,65-66,153)‘
| Real Estate & Rentals b —

"ParSonal Services, Exc. Automotive =/ | Services (SIC 58 70, 73, 75 76, 78-80 82-84, 86,
| Business Services ‘ N | 89).

|| Eating & Drinking Places
§ Automobile Repair & Service
- § Movies & Amusements —
" Medlml EducauonaISemces NPO

Fed_eralGovemmentEnterpnses RN Government Enterprise s(SICpt4l,43l-5'
'f_State & Local Government T LT TP LeD

- MAM Reglanal Submodule , . . :
The Regional Submodule dlsaggregates the results of the Natlonal and Intenndustry Submodules to
." the nine Census Dmsxon level of detail. AEO 1997 uses reglonal shares denved from simulations
of the DRI Personal Computer Regional Model des1gned to be. compatlble w1th both the DRI U.S.
Quarterly and PCIO models. Regional shares that vary over time for,each macroeconoxmc growth |
s case are included in NEMS for the AEO 1997 production runs. These regional shares are devéloped A
B from sunulatlons of the three full DRI models i in mtcgrated mode, then applymg the appropnate‘

+

‘ reglonal shares to the macroeconomlc growth case.
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‘A'pp‘en.dix A: Model Inﬁput' and: OutpU‘t Inv‘en’tory\
Introduction.

This Appendxx describes the input data, parameter estimates, variabl'es' and data calibrations that
currently reside on the EIARS- 6000 designated for the execution of the N atronal Employment,
Intenndustry (mcludmg the Growth Industry Component of the Intenndustry Submodule), and
Regronal Submodules of the Macroeconomrc Activity Module (MAM) These data provrde a’ f
:detalled representation of drivers requrred to support macroeconormc actrvrty forecastingin
support of MAM Appendix A also presents the primary outputs generated by MAM and the

4 ~ MAM filenames resrdmg on the EIA mainframe for the generatron of NEMS scenanos ‘As

described in the main text of this Volume, the Natronal Employment, and Intenndustry
Submodules of MAM are response surface approxrmatrons of large, propnetary econometric

" models developed by Data Resouirces, Inc. /McGraw-Hrll (DRD). Accordmgly, the DRI modelmg
' vanables that are used to lmplement the response surface approxrmatrons are presented in thls
Appendix, along with the MAM modelmg vanables that are ultlmately produced

- Table A-1 ldentrﬁes the non-matnx MAM input data, mcludmg user-specrﬁed modeling switches

" and variable subscripts used i in the MAM FORTRAN source code residing on RS-6000. The

user-specified switches presented in Table A-1enable the modeler to 1mplement altematrve |

_ growth path assumptrons in the scenano development process S

~ Table A-2 defines the DRI baselme forecast that is mput to MAM for the calculatron of the ﬁnal
X maeroeconomrc vanables The baselme forecast variables for MAM are deﬁned as’ _
v EBMACMMACMMACRE&; m,,correspondmg to row i, the NEMS vanable name, and the
variable description The haseline forecast variables are annual values e'xpress'ed in billions of
1987 dollars except where noted in Table A-2. Table A-2 i is ananged in the order of the array |
provrded in the MAM input file on the EIA RS 6000. The mdex i in Table A-2 mdexes the
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NEMS vanable that appears in the ith rc row of the array. The. NEMS Name column in Table A-2 :
. grves the NEMS variable name used in MAM as opposed to the DRI varrable names that are

usedin the full DRI models from whlch the MAM is developed

: Table A-3 deﬁnes the employment levels aggregated to the 2—d1g1t SIC category whlch is passed

o as solutron values. to the NEMS common block. The Employment Module solves ata more

.drsaggregated sectormg scheme but employment levels are aggregated to provrde employment at’ ]
the 2—drg1t SIC category '

Table A-4 defines EBIND,,c,.,M,,t,M,C,,,MS,_:Rv MNUMYR? the DRI baselme mput for. the mdustnal .
outpnt forecast correspondmg to row i, and provides vanable descriptions.

The MAM parameters are presented in Table A—S Table A-5 provrdes descnptrons of each

parameter, mcludmg the drmensrons of each parameter :

~ Before calling the National Submodule' MAM calculates each economic driver vari'able _
'DDRIVERMMVRS mmmc ) requrred for the macroeconomic forecast. Table A-6 ‘
defines DDRIVER, the driver variable correspondrng to row i, the DRI model mnemomc for

each of these drivers that i is used to develop the corresponding MAM variable presented in Table -

A-2,and the vanable deﬁmtron ‘For each actrvated dnver variable, Table A-6 defines the "
. vanables used to calculate that dnver Equation (B-1) of Appendlx Bto thrs reportisa. -
'representatrve structural equatron for all of the energy retail pnce dnvers

The Natronal Submodule calculates EPMAC, iMCTYRMCNELAG? the percentage change in the
.macroeconomxc variable i measured from the DRI baseline forecast value, where »

=1,2,. ..MCNMMAC+MCNMMACREG Table A—2 numbers 1 through 109 descnbe the |
. pertment vanables ’

The Interindustry Submodule calculates EDINDM, the change frorn the DRI baseline forecast
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of mtenndustry actxvrty for. sector i, where i=1,2,. .MCNM]ND+MCNSERV (except for i= 14 32,
33,38, 0r 39) Table A-4 descnbes these vanables These mdustnal outputs grow accordmg to
the appropnate supply sources received from other NEMS energy modules

f The Growth Industnes Component of the Intenndustry Submodule calculates o

A MCINDGROW avumyr for 3-1,2, .5, the growth rates for the indisstries corresponding to =14,
32, 33 38 and 39 as in EDIND above. Table A-7 describes MCINDGROW the growth vanable
correspondmg to row j, the variable defimnon, and the correspondlng row of EDIND

~ The MAM outputs are descnbed in Table A-8. The drmensrons of each output are presented

along with the MAM mnemonic and subscnpt notation.

Table A-9 cross-references thé MAM inputs variables, parameters, and outputs with Appendix B
of this report. The equatlon numbers appea.rmg in Table A9 represent the first or pnmary |
occurrence of each item. Vanables may appear in numerous equatlons of the FORTRAN source .

: code, s0 only the pnma.ry occurrence is provrded in the table.

| Table A- 10 identifies the ﬁles used by MAM durmg the NEMS executxon process Table A-IO
separates the files into mput files and output file specrﬁcanons and descnbes the general .

: contents of each file.

Table A-1. Non-Matrix MAM Input Data

InputName _ Input Variable Description - |
MCIYR ‘Current year subscript index; a value of 1 corresponds to 1990
. MCLHISYR; _6j © Number of historical years, specxﬁcally 1990, 1991, 1992, 1993, 1994, and 1995
MCNELAG =2 o Number of years of endogenous lags in the forecast
- MCNMDRVRS = 5 " Number of macroeconomic driver vanables :

MCNMFDVARS =50, Number of final interindustry demand variables
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 MCNMIND =35 - -

© MCNMMAC=82
MCNMMACREG = 57
MCNMSERV = 10
MCNUMMNF =29 -
MCNUMREGS = 11

" NUMEMPL = 46
MNUMYR=29

Number of regionaﬁied industry sectors in the forecast baseline

‘ Number on non-regionalized macroeconomic vanables in the baselme -
‘ Nmnber of reglonahzed macroeconomic variables in the baselme v
. Number of non-regionalized service mdustry sectors in the forecast baselme

Number of manufacturing variables i in the baseline '

‘ The nine Census Divisions, a placeholder for Cahforma (cmrently not in use) and
" the natlonal total of all Census Dmsrons ‘ ’
- Number of Indusmal Employment categories

Number of years available for the forecast period, specifically 1990 to 2015, 2020,

- 2025, and 2030. For the AEO 1997, only the period of 1990-2015 is used

MCNMFLTYPE=14

Number of commerclal ﬂoorspace types including total’

Table A-2. DRI 'Baseli:nfe Forecast Data |

NEMS Name . Input Macroeconomlc Vanable Dascnptnon 3

o9C

IFIX92C
INV92CCH

G92C

EX92C
-~ M9%2C
GDP92C

* Personal Consumpnon Expenditure, Total, billions of chamed 928
Total Fixed Investment; billions of chained 92§ '
Inventory Change; billions of chamed 92% | ,
Government Consumotion ‘Expenditure,s & Gross Invesunent;‘billions
of chained 925 o o |
Exports of Goods & Services; billions of chamed 92%
‘Imports of Goods & Services; billions of chained 92§
" Gross Domestic Product billions of chamed 92%

- GDP92CRESID' - = Gross Domestic Product resxdual billions of chained 928

GNP92C
PCWGDP
CDLV87 -

_ Gross National Product; bllhons of chamed 92$
Imphclt Pnce Deﬂator, GDP; chamed, 1992-1 0
Consumpuon of Motor Vehlcles and Parts nght Vehicles

CDMV&P_@PM ' Consumption of Motor Vehicles and Parts excl Lrght Vehicles

CDCMPB7 -

-Consumption of Furniture and‘Household"Equipment, Computers B

CDFURN@CMP87 - Consumption of Furniture and Household Equipment, excl Computers -
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15. cpos? Consumptxon of Other Durables -

16.  CNFUELS7 - ConsmnptxonofFuelelandCoal
7. CNFOOD87  Consumption of Food
18 CNCs®7  Consumption of Clothing and Shoes
19.  CNGAS87 = . Consumption of Gasoline & Ol
20. CN0687 | CoMﬁon of Other Ndndﬁrablesif :
21 CSHHOPES?  Consumption of Electricity
2. CSHOUSS7 = Consumption of Housing
23 " CSHHOPGS87 ‘Consumpuon ofNaturalGes
24, CSHHOPOS7 Consumption ofOther Household Operation
B CSTRAN887 A Consumpnon of Transponahon Services -
2.  CSOFS7  Consumption of Free Financial Services
2. CSO@FI87 - Consumption of Other Services, exchreeFmancxal Semces
28. - CSMED87  Consumption of Medical Care :
' 29 S 1PDER87 o - Investment in Residential Producers Durable Eqmpment
30 ICRS7 . Investment in Residential Struictures
. 3i. ‘ICNR'PUSV']‘ o Investment in Non-Resxdentml Stmctutes, Public Uulmes
32 ICNRMI&PETS7 Investment in Non-Residential Structures, MlmngandExplorauon
33 : ICNRB&087  Investment i in Non-Resxdentlal Stmctures Buzldmgs and Other -
34 . IPDENROTHRS? Investment in Non-Res:dentJal Producers’ Dln'able Eqmpment, Other
35. . IPDENRAUTO87  Investmentin Non-Reswlentlal Producers’ Durable Eqmpment,
- E o R Automobﬂes | '
36 INVBICH Total Inventory Change
‘3. GFO8T Government Spending: Total Non-Defense
38 - GFM‘L87~, o Govemment Spendmg Total Defense B \
39, GSL87 ' Government Spending: State & Local Purchases | |
'40.  EXSTNIAO ' Exports of Food, Feed, andlBeverages o A -
41. EX8TNIA1 ~ Exports of Industrial Supplies & Materials ' SR o
4. EXNIAZBM  Exponts of Computers & Peripherals (Billions of Current Dollars).
-43.‘ | : 3 EX87NIA2@BM - Exports of Capital Goodsexcludmg Au_tos, Computers, &Penpherals .
44 » ’, EX87N1A3 ~ Exports of Autos ‘ , . - o |
a5 EX87NIA4 - Exports of Consumer Goods
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a7,

49,
50.

1.
52,
53.

55.

56.
57.
58.

59.

. 6L

' 62.
63.

65.

67.
68.
69.
70.
71.
72.
73.
74.

75.
_76..

EXS87NIAO
EXS87. .
TYF87
M8TNIA100

" MSTNIAD
- M87NIA1@PET
* MNIA2BM

MS7NIA2@BM

MB87NIA4

 M8TNIAS

MS87
PAYYFR7

 GDP87.
 GNPS87

GDPSTFE’
PGDP
Mo
RMGBS3NS -

RMPUAANS

REALRMGBLUS
- ECIWSP

JULCNF
SQTRCARSIMP
SQTRCARS -

- SQDTRUCKSL
SQDTRUCKSH&M

RUC
EXCH

" Exports of Other Goods
' ,ExponsofSetvim_‘ o
Eiportsof!-‘actorlncomg

Imports of Petroleum & Products

_Imports of Food, Fwd,andBeverages
~ Imports of Industrial Supplies & Materials excludmg Petmlemn

Imports of Computets & Penphexals (Billions of Gnrent Dollars)

" Imports of Capital Goods excluding Autos, Computers & Penpherals

Imports of Automobﬂa

_ Imports ofCo'nsumu Goods

’ Impoi;tsfof Other Goods
.,Imports“of Services A

. Imports of Factor income

Gross Domestic Product (GDP)

 Gross National Product

Full Employment GDP

lmplxc:t GDP price deﬂator (1987 =1. 0) o .
Implicit Price Deflator for Exports of Goods & Services (1987 = 1.0)
‘Emplicit Price Deflator for Imports of Goods &'Serviées (1987 = 1.0)
. Average Market Rate of U.S. Government Three Month Bills "
o Convennonal Mongage Commxtment Rate
o Yleld on AA Uuhty Bonds -
Real Avexagc Yieldon U.S. Govemment IO—Year Bonds
' Employment Cost Index, Wages & Salaries (fune 1989 = 1.0)
Uit Labor Cost Index, Non-Farming Business Sector (1982 = 1.0
* Unit Sales of Automobiles, Importd (Millions of Units)
Unit Sales of Automobiles, (Millions of Units)

Truck Dehvenes, Light: Duty (Millions of Units)

Truck Dehvenes, Hmvy and Medium Duty (Mﬂhons of Umts)

Unemployment Rate, Al than Workers.
U.S. Trade, Wexgh;ed Exchange Rate (1980-82 =1.0).
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T wer Producer Price Index (1982 = 1.0)

78. . .WPL4 ProduoerPncelndex, Transportauon (1982=1.0
7. CP  Consumer Pncelndex (1982-84 10)
8. YD8T Disposable Personal Iocomé
8. WSD . Wage& Salaxy stbnrsements (Billions of Current Dellars)
- 82 ‘ _YRS7 ' Personal lncome X
$£.  SHUMBL Shipments of Mobile Homes (Millions of Units) .
84,  HUSTS1 Single-Family, Housing Starts (Millions of Units) -
8. . HUSTS2&  °  Multi-Family, Housing Starts (Millions of Units)
8. KQMH  StockofMobile Homes (Millions of Units)
- 87. KQHUSTSI._ ‘ | .- Stock of Smgle-Famﬂy Housmg (Mﬂhons of Units)
- 88. . KQHUSTSZ& : Stock of Muln-Famﬂy Housmg (Mxlhons of Umts)
v 89 N " ; . Population Includmg Armed Forces Overseas (Millions) -
9. NI6& - PopulationAged 16 and Over (Millions) .
oL 'MNFWGRT  Manufacturing Wage Rate (Nominal Dollars Per Hour)
9. NMFFWGRT ) .‘ Non-Manufacturing Wage RAte_(Nomiﬁal Dollars Per Hour)
93.  COMFLSPC " “Total Commercial Floor Space (Billion Square Feet) -
| - 94 'KAMUSE R ‘Commercial Floor Space, Amusement (Bimon Square Feet) -
) ~ 95. KAUTO - Commercial Floor Space, Automobile Sales (Billion Square Feet)
9.  KDORM.  Commercial Floor Space, Dormitories (Billion Square Feet)
97 KEDUC ~* Commercial Floor Space, Education (Billion Square Feet)
98, KHEALTH . 'CommerciamoorSpace,Hdui (Billion Square Feet) | .

99, . KHOTEL - Commercial Floor Space, Hotel (Billion Square Feet) \ ' ’
100. -KMFG l ’ Commermal Floor Space, Manufacturing (Billion Square Feet) -
iOL : KMISCNR ) \ » Commeicial Floor Space. Miscellaneous Non-Resndentxal (Bxlhon Square Feet)
102.  KOFFICE " Commercial Floor Space, Office (Billion Square Feet)

103.  KPUB  Commercial Floor Space, Public (Billion Square Feet) .~ -
104, KREL . - Commercial Floor Space, Religion (Billion Square Feet) ‘
105. KSTORES - Commercial Floor Spaeé, Stores (Billion Square Feet)

106 - KWARE o Commcrcxal Floor Space, Warehouse ('Bxlhon Square Feet)

107, PEXNIAZBM - Iplict Price Deflator, Exports ofComputers and Peripherals (1987 = 10)
108. - PMNIA213M o 1mphcxt Price Deﬂator,-lmpons of Computers and Peripherals (1987 =1.0)
109. ~ PIPDENRMCOF  Implicit Price Deflator, Investment in Non-Residential, Producers' Durable
' o »quuipment-,‘Ofﬁce (1987=1.0) S o
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Table A-3. Vanables Pro,]ected by the Employment Submodule

Macroeconomlc Activity Module of the Nanonal Energy Modeling System

o v.fmemme' COMMONBIockName ‘Description
EEA . MC_EMPNAGLLMCIYR) | Total Non-Agricularal Employment
BC. MC_EMPNAQ.2MCIYR) Construction Exnployment
EGF | Mc_EMPNAG3IMCIYR). Fedmzcovammploy.m‘
EFIR - MC_EMPNA(L4 MCIYR) Finance, lnsumee,andkmll’smteﬁmploymmt
EMI | MC_BMPNAGSMCIYR) ' Mining Employmet
ESV “MC_EMPNA(L6,MCIYR) ‘| sesvices Employment -
EGSL | MC_EMPNAQTMCIYR) - | Swte'& Local Government Employment
ER MC_EMPNA(LSMCIYR)\ ‘l‘mnspomnon, Commummons, & Public Uulmes Employment
ETR | MC_EMPNAQOMCIYR) Retail Trade Employment
ETW MC_EMPNAG,I0MCIYR) Whomle'rmdesmploymm
E24 MC_EMPNAQ I MCIYR) Lumber & Wood Products Employment _
E25 MC_EMPNAQIZMCIYR) meune&l-':mul’:‘mployment
E32 'MC_EMPNAQ,13MCIYR) Stone, Clay.&GlmsEmploymmt
E33 MC_EMPNA(, 14 MCIYR) PmnaryMetalsEmployment
| B34 MC_EMPNA(LISMCIYR) . Fabricated Metal Products Employment
JE3s MC_EMPNA(L16MCIYR) Machinery (except Electrical) Employment
E3 'MC_EMPNAGL1T.MCIYR) " | Enectrical Machinery Employment '
E37 MC_EMPNAQLISMCIYR) _Tmpmmsqmpmmpjoymt
E38 | MCEMPNA.19MCTYR) lmlmmemsEmployment
E39 MC_EMPNAQL2OMCIYR) M:scellanewsManufacumngEmploymmt 3
E20 MC_EMPNA(21, MCIYR) Food & Products Employment
1 MC_EMPNAQ22MCIYR) Tobacco Manufactures Employment
B MC_EMPNA(L23 MCIYR) Textile Mill Products Employment
E23 | Mc_EMPNA@24MeTYR) ‘Apparel&omerrmlemdmmploymem
E26° | Mc_EMPNA@2S MCIYR) Paper & Products Employment
B MC_EMPNA(26 MCIYR) | Printing & Publishing Employment
E28 MC_EMPNA(L,27 MCIYR) } Coemicals & Allied Producss Empioyment
B9 . | Mc_EmMPNAQ28MCTYR) ‘Petioleum Products Employmeat
E30 'MC_EMPNAQ,29,MCIYR) Rubber & Miscellaneous Products Employment
B31 MC_EMPNA(L30MCIYR) Leather & Products Employment
EAG Mjc:_?xMPNA(Lsr.McrYk) | AgnmlmralEmp!oyment ,
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Table A-4 DRI Baselme Industnal Model Inputs

f
Input Industual Output Vanable Descnptlon ’

e

1 Food & Kindred Products (SIC20)
2 Tobacco Products (SIC21) |
3 © Textle Mill Products (SIC22) |
4 - Apparel & Otber Textlles (SIC 23)
5 Lumber&Wood'Products.(SIC 24) .
6 - Fumiture &'Fixm'res (SIC 25) |
7 Paper & Allied Indistries (SIC26)
8 'Printing & Publishing (SIC 27)
9 - Inorganic Che:hicals (Slé 281)
© 10 ‘Organic Chemicals (SIC 286)
- 11 Plastic Mamﬁéls & Synﬂletics‘({SIC 282)
, 12 Agricultural Chemicals (SIC287) ~
13 Other Chemicals & Allied (SIC 28, nec)
14 Petroleum Refining (SIC 291) o
15 Asph:;ﬂt, Coal, & Miscellaneous ProductS (SIC 295, 299) _
16 Rubber & Miscellaneous Plastic Products (SIC 30) °
17 Leather & Leather Products (SIC 3y .
18 Glass & Glass Products (SIC 321, 322, 323)
19 Cement, Hydraulic SIC 324)
» 20 - Other Stone, Clay, & Glass Products (SIC 32, nec)
21 . Blast Funace & Basic Steel (SIC 331) -
2 Primary Aluminum (SIC 3334)
23 ~ Other Primary Metals (SIC 33, nec)
24 Fabricated Metal Products (SIC 34)
25 - Industrial Machinery & Equipment (SIC.35)
26 Electronic & Other Electric Equipment (SIC 36)
27 Transportation Equipment (SIC 37) |
28

~ Instruments & Related Products (SIC 38)

' Mode] Documentation Repon
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29 Miscéllaneous Manufacturing Industries (SIC 39)
30 . Agricultural Production, Crops (SIC o1 ‘

31 . Other Agricultural Production Includmg Ltvestock (SIC 02, 07, 08, 09)
32 . Coal Mining (SIC 11, 12).
33 Oil & Gas Mining (SIC 13)
34 Metal & Other Mining (SIC 10, 14)
35 Construction (SIC15,16,17) '
36 Transponatton Services (SIC 40, 41, 42, 43, 44, 45, 46, 47)
37 Communications (SIC48)
- 38 Electric Utilities (SIC 491, part of493)
39 Gas Utilities (SIC 492, part of 493)
40 Water & Sewer Services (SIC 494, 495, 496, 497, part of 493)
41 Wholesale Trade (SIC5051)
') Retail Trade (SIC 52, 53, 54, 55, 56, 57; 59, 739) |
43 - Finance, Insurance, Real Estats (SIC 60, 61, 62, 63, 65, 66, 153)
44 Services @sIc 58,70, 73,75, 76, 78,79, 80, 82, 83,84,86,89)

a5 Govemment Enterprises (SIC part of 41, 431)

Table A-5 Parameters used in MAM

Parameter Name - Parameter Descnphon

- Base year coefﬁment which translates changes in the ﬂnal demand component i
into changes i in interindustry activity for sectori (fori=1, 2 3,. MCNMIND +

- 'MCNMSBRVandJ 1,2,3,. MCNMFDVARS) A

ECMAC,, B Predxctor coefficient j j correspondmg to the macroeconomic variable i (fori=1,

' | 2,3, . MCNMMAC + MCNMMACREG andj—lﬂcontemporaneous

coefficients + 10 one-yem'-lag coefﬁcnents +10 two-year lag coefficients + two

: endogenous lags, where 10 corresponds to the number of MAM driver variables _
- as represented in Table A-5 below). See Table A~2 numbers 1 through 109 fora’

‘ descnptlon of these vanables

v,
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-

Timta-depéndent coefficient of chanée for translating changes m the final demand
component j into changes in mtenndusuy acuwty for sector i (for iandjasin

" ECIND above)

Percent share for region j of 1 macroeconomc vanable iin year MCIYR (for j=1.

2, 3, .MCNUMREGS andi=1,2,3,. MCNWACRBG)andpercentshare
- for region j of industrial demand i in year MCIYR (for j as above and i =
MCNMMACREGH MCNMMACREG+2 MCNMMACREG«!—MCNMIND)
. Predictor coefﬁaent of change for translatmg changes in mdusmal actmty for
E ‘/sector i and jth explanatoryyanable (=1..3) v

Table A-6 MAM Dnver Varlables

i DRI mnemomcyr, . Calculated Vanable Definition
1 PCSHHOPE  Implicit Price Deflator, Consumer Spending, Electricity
R | Variables used to calculate PCSHHOPE follow.
PELRS Pnce of Residential Elecmcal Ser\nce Correspondmg to the Final
Demand Deflator
- MCIYR NEMS System Current Yea: Subscript Index
MCNELAG =2 Number of Years of Endogenous Lags in the- Forecast
- MCADI ( User Specrﬁed Adjustment Variable ‘ i
~ MCPGDP§7 1987 Base GDP Deflator
PCBPRICE 1992 Value fof PELRS
BDRIVER  Baseline Value of the Driver Variable ,
 PCPASS ' Adjustment Factor to Prevent Double Counting the Effect Captured
| o by the WPIOS Coefficient S
: PCWPIOS . Percentage Change in the WPIOS4 (correspondmg to the electncxty
B price) term of the WPIOS from baseline value
INFDSW Switch Controlling Feedback for Individual Driver Variables

Model Docmnentauon Report
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2 PCSHHOPG ~  Implicit Price Deflator, Consumer Spending, Natural Gas
o o  Variables used to calculate PCSHHOPG follow. |
PNGRS o ' A - Price of Residential Natural Gas Service Correspondmg to the Final
’ Demand Deflator - .

Other Vanables used to Calculate PCSHHOPG are analogous to the

vanables used to calculate PCSHHOPE above (hsted in the table
' beginning with MCTYR and ending with INFDSW), but the '

subscripts and definitions of the PCSHHOPG variables correspond ‘

_ o to natural gas instead of electnclty
3 . PCNFUEL o Tomplicit Price Deflator, Consumer Spendmg, Fuel Oil-and Coal
\ o  Variables used to calculate PCNFUEL follow.
PDSRS ' ; : Price of Residential Distillate Semce Correspondmg to the Final
 Demand Deﬂator

Other Variables used to Calculate PCNFUEL are as in PCSHHOPE 1
" above (listed in the table beginning with MCIYR and ending with-
INFDSW), but the subscripts and definitions of the PCNFUEL
, .. variables correspond to fuel oil and coal instead of electricity.
4 "~ PCNGAS DR Imblicit Pxice Deflator, Consumer Spending, Motor Gasoline

including Diesel Fuel, and Oil. -
_  Variables used to calculate PCNGAS follow
PDSTR : " Price of Dlsnllate for Transportation.
QDSTR o Quanuty of Distillaté for Transponauon
PMGTR : L ‘Price of Motor Gas for Transportation -
. QMG’l'R o | Quanuty of Motor Gas for Transportation

" Other Variables used to Calculate PCNGAS are as in PCSHHOPE
above (hsted in the table begmmng thh MCTYR and ending thh
INFDSW), but the subscnpts and definitions of the PCNGAS
variables correspond to motor gasoline, diesel fuel, and ol mstead

' of electncxty
) 5 WPIS . Producer Price Index, Fuels and Related Products and Power
R PCLIN- ~ Industrial Price of Steam Coal, 1987 dollars
PNGIN - Industrial Price of Natural Gas, 1987 dollars
PELIN Induétrial Price of Electricity, 1987 dollars.
Model Documentauon Report
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IT_WOP . World Oil Price, 1987 dollars

. WPIBY Base Year (1992) Prics of the Respective Component usedto

o generate WPIOS (Electricity, Coal, Oil, or Natural Gas)
WPIWT R o P{mio'n of Total WPIOS for the Respective Component -

- BPRICE ) " 1992 Value of each WPIOS Component's Producer Price Index |
BPRICE(S) = - Base Year (1992) Price of the wmos Component
MCPGDPS7. . 1987Base GDP Deflaior

MCADJ - User Specified Adjustment Variable
BDRIVER Baseline Value of the Driver Variable
INDSW o - Switch Conuomg Feedback for Individual Driver Variables

Table A-7. Vanables Calculated in MAM

" 'j ' Calculated Variable Definition_ i
1  Growth in Coal Mining = 32
2 Growth in Oil and Gas Mining 33 '
3 Growth in Peu'oleum Reﬁmng o 14
4 . " Growth in Gas Uulmes ot 39
5

Growth in Electric Utilities 38

Table A-8. MAM Model Outputs

Output Variable Name Output Vanable Description

ESIND”_Mm . e IndusmaloutputforecastforsectonmreglonjmyearMClYRforJ—l 2,3,.
o MCNUMREGS andi=1,2,3,. MCNMIND See Table A4 numbers 1 through ‘
_ _ 35 for a description of these variables. ’ |
‘ ESINDW ' , - Industrial output forecast for Chemzcals & Allied Products (SIC 28)

SumofES]Nme fork 9,10,11,12,13 -
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 ESINDaspem
'ESINDjsincrvs.
+ ESIND o, cavm
ESNDapen

ESMACREAL, ;v

ESMACREAL, yicvs

ESMACREAL;yicrve -

ESMACREG,; jycrvs
ESSERViyic.

ES_SERVuamsmvsmm

ESEMPMCNMSER\Nt MCIYR

Industnal output forecast for Petroleum & Coal Products (SIC 29),

Sum of ESNDWUMCR.M.MCI\’R and Estmmcn.xs.Mm -

Industna.l output farecast for Stone, Clay, & Glass Products (SIC 32),
Sum ofESlNDm fork=18,19,20

Industnal output forecast for anary Metals Industnes (SIC 33),
Sum of ESINDWW for k= 21,22,23

Industrial output forecast for total manufacmnng ‘output;

" Sum of ESIND,panscramcrves fork=1,2, 3, . MCNUMMNF
'Industnal output forecast for total mdustnal output
* Sum of BSINDMM, fork= 1 2,3,. MCNMIND

Industrial output forecast for total gross output;

Sum of ESINDMNWW;m and BSSBRVucmsnwmm

Non-regionalized soluuon macroeconomlc vanable iin year MCIYR fori= 1
3,. MCNMMAC See Table A-2 numbers 1 through 82 for a descnptton on

’these vanables

The solution macroeconomlc variables correspondmg toi= 1 2 3.

. MCNMFDVARS are the demand components which dnve the: Intermdustry
. Submodule. ) ‘

- ~ Real final demand for i investment in non-resrdentta.l producers durable -

equlpment, ofﬁce
Real final demand for exports of computers and penpherals
Real final demand for imports of computers and penpherals

: Soluuon macroeconom:c ‘variable i for region j in year MCIYR for j 3 =1,23,.

- MCNUMREGS andi=1,2, 3, .. MCNMMACREG. See Table A-2 numbers 67
: through 109 for a descnpnon of these variables.

E Semce industry output forecast for sector i in year MCIYR for i= 1 2,3,.

,2,

MCNMSERYV. See Table A4 numbers 36 through 45 for a descnpuon of the -

variables.

Total output for all service industries.

“Employment levels for each industrial and service mdustry

Model Documentation Report

Macroeconomxc Acttvrty Module of the National Energy Modehng System -

A-14




Table A9 provxdes a cross reference between vanable name, variable type and number of the

main equanon contalmng the vanable (V ariables may appear in nUMErous equations.)

- | Table A-9. _‘Cross\-,Referen'ce With'Appendix B Equaiibns

Variable

Macroeconomlc Actwny Module of the National Energy Modehng System

. Calculation Methodology

'm)RIvrak.m,,,.wn_,,-\,,,u,.,,m,CNEMG ‘ ' Calculated in MAM
EBNDMWVM Input from MACINTER in
o ; theNEMS common
- EBINDOIDMWm\,m Storage
B_Bmumm\v-lm A _InputhAClNTER
- EBMACMMAC«MW:WMR InpllthAC]NTER
mmmmm ' " Parameter/MACINTER °
ECEMPranmonizs N ' ParameterMACINTER
13CMAcmm.w;r,.c,q,.,,muaﬁsz | Parameter/MACINTER
mmmmmvxmvm ParameterlMACINTER
| E:‘.DIND,mm,r.‘.cNMSEWMNUMYR Calculated in Interindustry
EDEMPW,,M Calculated in Employment
- EPMACuchoni0 MO0OUREE MR MATAS | ' Calculated in National
Esmmmmvm S , ‘mmuﬂMACNTER_,
ESEMPMWMCNMSERV MoTR _ OutpuMACINTER
B ST —— | - OutputMACINTER
ESMACREAL, ,omnys oﬁ:put/MACINTER'
ESMACREGischxecs iaomARES UMY © OupWMACINTER
ESSERVcpsenversmancrs . Output/MACINTERV
| ‘MCINDGROWSM _ Calculated in Growth
| | " Industry
REGSHR Sypenmacs-sosomnsomconosomans  ParameteMACINTER
MCIYR -  InputMACINTER
Model Documentation Report
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®n
(8-15)

®-12)
®-6)
®13)
®12)
®-5)

B-13)

B-13)
(B-12)

(B-5)

(B-15)
®-12)

(B-6)

®8
®-7
®-14)
®2)

®3%
®n
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. MCLHISYR

MCNELAG
MCNMDRVRS

' MCNMFDVARS ‘

MCNMIND
- MCNMMAC

MCNMMACREG

MCNMSERV
~ MCNUMREGS
MNUMCR
MNUMYR

Parametet Input from
NEMS Globél Data~
Structure (GDS)
Parameter Input from GDS

Parameter Input from GDS

_ Parameter Input from GDS
’ p'mm Input from GDS

‘ParameterlnputfromGDS :
o Pmmeterlnputﬁ-omGDS,

Parameter Input from GDS

- Parameter‘ Input from GDS -

‘Parameter Input from GDS.
" Parameter Input from GDS

Pmmeter Input from GDS

 MAM File Descriptiqﬁs

@13

®B-1)

®4)
_(B-13)

(®-14)

(B-6).
®
- (B-20)

®-18)

®-34)
®6)

N/A

| ‘.Tabvlé A-10 identifies the'ﬁles used by MAM du_ring the NEMS éxecﬁtion_:

Table A-10 MAM Input and Output Flle Speclflcatlon

Filename:

- MCPARMS
MCINADJ
MCIBASE .

mcsamD

. MCECMAC

" MCRGSHR

MACOUTI

File Descnpuon ' Input or Output

Adjustment factor file
* Baseline values ofthe driver varables
Industrial coefficient file
Macro coefficient file
Macroeconomic baseline scenario file
. Regional share coefficients from DRI
 Regional Mode! ~
" ‘Resubts file
Ress e~
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'_Afp'pendix B. Mathematical Description

| lntroduction

. Appendrx B provides a detmled mathematxcal descnptlon of equatxons, transformatlons and

 other computatrons for the N: atxonal Employment Intenndustry (mcludmg the Growth Industry .
. Component of the Intenndustry Submodule), and Regnonal Subrnodules of the MAM used to
' generate the AEO 1997 productxon runs of the NEMS system Tt also provides a commented
versnon of the 1mportant subroutmes in FORTRAN code used to generate the AEO97 Tuns..

L4

The National _Submodule'

The Natlonal Submodu}e of the MAM isa Tesponse: surface representatlon of the DRI us.
Quarterly Macroeconormc Model and is used in the AEO 1997 productlon runs of NEMS to |
provxde each of the energy supply, demand and conversron submodules thh key

macroeconom1c ﬁnal demand component forecasts

Before calhng the Natlonal Submodule, MAM calcu]ates the macroeconormc dnver variables,

. DDRIVER as described in Table A-6 of Appendlx A of this report A representatlona] equatlon
for all the energy retail price dnvers the driver vanable corresponding to the PCSHHOPE
vanable descnbed in Table A-6 of Appendlx Aof th1s report follows: '

DDRIVER

4, MCTYRMCNELAG = ( (PELRS) \worvx .
| *(10+MCADJmm))' o | -
* (MCPGDP87 / PCBPRICE ) K ) . (B.l) .
/ (BORIVER, wor- 1.0 - (PCPASS, ,, o

* PCWPIO5, ,rve))) * INFDSW,
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;PCPASS Descrlptlan. As dtscussed prevrously, the MAM Natlonal Submodule is a reduced -
form, or response surface nepresentatton of the DRI Quarterly Macroeconomxc Model. The )
fundamental premise of MAMiis to treat the DRI model asa black box Wthh when fed certam
: mputs generates certain outputs The outputs are then regressed on the mputs to create the

. response surface

To create the outputs from the DRI model, called pseudo data, the DRI model is executed
~ numerous times varying the’ desrgnated mput vanables, that are ulttmately used as the ' .
N mdependent vanables in the response surface equatlon ‘Some of the s1mulatlons used to generate
the pseudo data were created by allowing ¢ the world price of orl to change. Tlus isa truly
-'exogenous vanable that directly affects the domestlc energy supply price (WPIO5). When these
simulations were run, the personal consumptlon (PC) deflators for fuels (PCNFUEL PCNGAS

| , PCSHHOPE and PCSHHOPG) were not constramed That i is, the model was a]lowed to change

these vanables as WPI05 changed This approach was adopted because 1f they had been held
: constant the DRI model would have given very strange results with respect to the :

3 kmacroeconormc vanables of interest; e. 8 GDP dlsposable mcome interest rates, etc. Smularly,

i when the energy consumptlon deﬂators were vaned WPIOS and the other explanatory variables _
_‘ ‘were allowed to vary Thus, the vanables on the nght hand s:de of the regressron are not truly

: exogenous a.lthough they are exogemzed when the DRI model is run. \

. This prohletn was addreSSed as follows. For those simulations in which WPI05 varies, dX; was

- setto zero (the"percent change.from base) in the resmting output data set for the remaining

' explanatory variables, even though they are not zero in the ongmal model output Srmllarly,

- ~when the energy consumptlon deflators are vaned no variables are constrained i in the model run,

'. but the deviations of WPIOS and the other explanatory variables from the base are set to zero, -

o thus holdmg them at the baseline. Consequently, the coefﬁclents on WPIOS contam all the effects ~

) ofa change in the energy supply price, including the effects that occur through changes in the

2 energy price deflators
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‘ Therestxlt is an'equatioh of the fon_n
av, f:a is dX e f:y ax;. +a , Y, *8dY,, T | ®B2)

‘where dY and dX1 refer to the percent change from base of the dependent and mdependent
vanables respectrvely The mdependent variables are

| X1=P_CSHHOPE‘  (@C deftator for electricity)

X2=PCSHHOPG ~ (PC deflator for natural gas)

, X3=PCNFUEL | »v | - @C deflator for heating oil)
X4=PC"NGAS E PC deﬂator for gasohne) k
X5=WPI_05 . (wholesale price deflator for fuels)

As stated prevrously, the purpose of the MAM isto lmk the macroeconomy to the energy sector
The whole srmulatron process begins thh the specxﬁcatlon of a base macroeconormc case
o However, once NEMS begins 1teratmg, it computes its own estlmates of the releva.nt fuel pnces
" These pnces are recelved by MAM from NEMS, aggregated to WPIOS, multiplied by the e
coefficxent o, in the above equatron and the resultmg change in the macroeconomic vanable is

' passed back to NEMS

The coefficients on varxables XI-XS prov1de the abrhty to calculate the effects of various. energy
policies. For cxample a tax on gasolme would affect the personal consumptton deﬂator for -
gasohne directly, but it would not d1rectly affect the wholesale pnce of gasolme A change in the :
wholesa]e price of gasoline, on thc other hand would affect the price at the pump, whrch would

. dlrectly impact the PC deﬂator for gasolme The coefﬁcxent o estlmates the entire effect of a

change in the wholesale price of fuel. Therefore, the modeler does not want to include the effect
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- of changes in the deﬂators when they anse out of a change in the wholesale pnce However,
NEMS calculates its own estrmates of the retail prices of the vanous fuels Changes inthese
. pnces will have macroeconomic consequences Thus, a method to calculate the macroeconomrc o
| . 1mpacts of changes in the retail prices of fuels when they come from NEMS, and are not the
:result of an exogenous pohcy effects, lS requlred Thrs potentral for double-countmg is. the crux
R of the problem that is addressed i in the MAM through the use of the PCPASS vanable o

- This problem is addressed as follows The coefﬁctent as measures the effect of a change in

“"WPIOS5. NEMS has reports a change in WPIOS in each 1teratron, so the product of as and dX5

’captures that effect, mcludmg the implied effect on PCNGAS, the other deﬂators, and

o mvestment. However, suppose that NEMS also reports a change in the retail price of gas, - |

: correspondmg toa change in PCNGAS If this change is greater than the nnphed change that

- would have occurred in the DRI model then there is'a greater effect on the macroeconomy than

that captured in os. This addmonal effect is captured by the fo]lowmg technique. A preprocessor |

3 ’model has been estlmated to predlct the change in the PC deﬂators and mvestment from changes
“in the cornespondmg wholesale pnces The preprocessor isa s1mple equatlon (dXJ- de) relating -
| perccnt changes from base of the four PC deflators (dXJ) to percent changes in the relevant .
wholesale price (dZ,). For example the PC deflator for natutal gas is related to the wholesale
,pnce of natural gas. Thus, the preprocessor allows the calculatlon of the DRI mode] predlctron of

the PC deﬂator given the wholesale price. The NEMS estimate of the PC deﬂator could be hlgher
or lower than this. If it is higher, then an mcrement to the change in the macro vanable is -
reqmred. Ifitis less thena decrement to the effect on the macro vanable is nequlred So, the
predicted change in PC deflators and investment variables from the preprocessor model are
subtracted from those changes passed to MAM from NBMS and the percent change from base,
d.XJ in the above equatlon 1s set equal’ to thls amount. In other words, for the four PC deﬂators,

the followmg relatronshlp is set

dX,=dX,(NEMS’-b,*de
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‘. in the previous equatlon where dX,‘"EMS’ is the change from base passed from NEMS and b, *dZ,‘
isthe predxcted change in dX; from the preprocessor model By tlns means, the macroeconomlc
B variable i is adjusted to account for changes in the PC deflators and investment vanables cormng
from NEMS that are dxfferent from the values that would have been predlcted by DRI and wh:ch
are already mcluded in the. o coefﬁc:ent in the prevrous equauon , .

Equation (B-1) corresponds to Equation (10)in the'tnain text of this report. The driver va‘rlable '
: correspondmg to WPIOS the producer pnce mdex for fuels and related products and’ powcr is-

calculated as follows:
L . ((WPZO5,_, * (1.0 + MCADY, ))
DDR _ e _ T MCIYR 14, MCIYR 7 »
; TV; S MCIYRSMCNELAG —  (BDRIVER; ,orvm - 1.0) *INFDSW, = :(Bf") ’

MAM then calls the National Submodule. Equation (B-4) corresponds to the discussion

" surrounding Equation (lO) in the main tex'tof' this report. In calculating the pe:cent change from
the DRI baseline for themacroeconomic variable i, the National ‘Submodule captures the , ’
(approxnnate) dynamlc effect of lagged exogenous variables by including the effects of ten
contemporaneous coefficients, ten one-year—lag coefﬁments ten two-year-lag coefficients, and

two endogenous lags of dependent variables as follows

i MClYR > MCLHISYR

EPMAC, e rye e §‘ (ECMAC,  * DDRIVERJ T samzac)

. i

f‘ (ECMAC_,_ jocnvs * DDRIVER, xm,mms_l) -

gl (ECMAC;, JoZtM * DDRIVER x:m)

* ECMAC:. 31 * EP'MAC: MCIYR+MCNELAG- -1
'+ ECMAC, ,, * EPMAC, ... -~
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fori:i,2,3.....McNmAc+MCNmACREG o

, Equatton (B-S) corresponds to Equatlon (lO) in the main text of thlS report. Using the percent
: 'change from the DRI baséline for the current year plus the two-year endogenous lag, the National

Submodule estimates the solutxon macroeconomic yanables (nonfreg10nalxzed and regxonahzed)

| as follows:
ESNAC_,;" " = (1 U + EPMAC; mzm+mac) * EBMAC; MCIYR (B"6) k
fori=1,2,3, ,..MCNWAC »
ESMAC'RE’GMCR i merm = (1.0 + EPMAC,

z+14czmc Mczmmmzmc) ‘ / (B-7) B

S %
, EBMAC; +MCNMMAC, uc:rm

fori=1,2,3,... MCNMMACREG
Equations (B-6) and (B-7) correspmd to the discusSion ‘Surrounding Equations (10) and (11) in

the main text of this report Using the solution and DRI baseline macroeconomjc variables'; the
 National Submodule computes three real final demands as follows:

ESMACREALl MCIYR ESMAsz MCIYR / EBMACM&MCRE@G mcrre  (B-8)
(Invesnnent in ncm-residenﬁal, durable. office equipment)
ESMACREALz MEIYR ESMAC’M MCIYR /. MMACMC*MCRBG*I. ucmv ®-9)
(Exports of eompntem and peripherals)
ESMACREAL; yeryg = E.%IAC“ MCIYR / EBMACMC«MCREGQ e (B-10)
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| (Imports of computers and‘péﬁphera]s) -

Equanons (B-8), (B-9), and (B 10) are not dlscussed exphcxtly in the main text of this report but
they are treated in a manner SImllar to that dlscussed surroundmg Equauon (8)in the main text
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" The Employment Submodule o

i The Employment Submodule isa response surface version of the DRI Econometnc Model of

o }Employment by Industry “The Employment Submodule calculates the employment impacts of

. altered energy market condmons based on the followmg eausal relattonshlps When energy

_} 'pnces change, the level and composmon of macroeconomlc final demands are affected In turn,
. the level and composmon of mtenndustry gross outputs required to sattsfy the new ﬁnal demands .
are changed Finally, faced with new demands for their products, mdustnes will ad]ust the ’
 number of workers employed ‘The response surface Employment Submodule represents this last

‘hnk in the cham ‘ '

The Employment Submodule is constructed s1m11arly to the Intenndustry Submodule of MAM. .
- Within MAM changes in employment are determmed by ghang_s in gross output. The response
surface Employment Submodule is specrﬁed as a partial ad_]ustment model. Increasmg and
decreasing employment is costly for businesses. Firms will not adjust employment to the
ultrmately desired level unmedlately when output demand changes, but wrll wait to see whether

 the demand change persmts For each sector, the equanon for change in employment is:

AE, Lt LBy +/ (sz* t.tme})--) * AGO; .t )' +”(?3 * AEi L) (5?11)

2

change in employment for industryi m period ¢, in millions of persons
a time counter, which equals 1 in 1995 o
= change in gross output for mdustxy iin penod t in mﬂhons of $1987
= change in employment for industry i in the pr_ev10us period, i in _rmlh_ons of:

persons

- I MCIYR > MCLHISYR
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Epmpz werve = ( (ECEMP, . * 0.001 ) - |
+ (ECEMP,; , *.0.001 ) « (MCIYR - 7))* EDINDGom J— (B-12)

3 ; + ECEMP, , *ED.E.MP MCIYR - 4)

| fori=1,2, 3, .MNUMEMP L+2

N EDEMP is the ca]culated cha.nge in employment levels resultlng when there isa change in the
_' sector's industrial output ESEMP is the addition of the old employment level (before any |
change in industrial output) and EDEMP Equatlons (B-l 1) and (B-12) correspond to the
discussion surrounding Equatlon (12) in the main text of tlns report.

3
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The _Interin’dus’t_ry Submodule

The Intenndustry Submodule of MAM isa response surface representation of the DRI-PCIO
. model which responds to changes from baselme levels in macroeconormc final demand

‘ \ components and calculates consistent changes in mtermdustry actnvxty

EDIND; yeres = ;11 - { (ECIND, ; + ECNDCH,
| * (MCIYR'- MCLHISYR))

* (E'SMAC'.7 MeTYR EBMACJ wervr) )

fori=1,2, 3, .. MCNMIND + MCNMSERYV (except fori =14, _3i; 33,38, 0r 39)

: Equations (B-13)' and (B-14) correspond to the discussion‘ surrounding Equation (13) in the main
| text of this report. The Intenndustry Submodule next estimates the mdustnal output forecast for

the 10 non-reglonahzed service industries and the 35 reglonahzed mdustnes (along with selected
composne mdustnal outputs) as follows ‘ "

ESSERV

3 HMDHCIKR = EBIIVD

i, MeTYR + EDIND

i,MCIYR -

fori‘=MCNMND+1,MCNmND+2,MCNMND+3, .
- MCNMIND+MCNMSERY (except for i = 38 or 39)
DM ori=3
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- fori=1,2,3,.. MCNMIND (except for i = 14, 32, or 33)

E'SINDm 36 MCIYR i ESIND, mwaa i,MCIYR . ' (B'16)

.1. =39
(National total of chémical and allied products in year MCIYR)

= ESIND o+ ESIND,,

‘ ,ESIND MNUMCR, 14, m:m MNUMCR, 15, MCIYR (B-17)

MNUMCR, 37, MCIYR

(National total of petroleuﬁ and eoﬂ products in year MCIYR) :

Esrmmmmz .38, MCIYR = i28 ESINDHNUMGR J. MCIYR - (B'18)

(National total of stone, clay, and glass products in year MCIYR)

i=21

ESINDmm 39 MCIYR = i ESINDmUum i,MCIYR 4 . , (B'l9)

(National total of primary metals industries in year MCIYR)

Esmmuucx 40, MCIYR i‘f ESIND s, i, MCIYR . (B-ZO)

 (National total of all manufa_cturing output in year MCIYR)

ESINDmm 41,MCIYR : f ESIND, MNUMCR, i, MCI¥R S (,B'ZI)

(Total national industrial output, manufacturing and non-manufacturing, in year MCIYR)

: Model Documentauon Report
Macroeconomlc Actmty Module of the National Bnergy Modeling System

B-11




 (Total national service industry output in year MCIYR)

®-23)

(Total national gross output, industries and service industries, in year MCIYR)

Equations (B- 15) through (B-23) prov1de supportmg detaxl for the d1scuss1on surroundmg -
Equanon (13) in the main text of this report '
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The Growth Industry Submodule

Petroleum Reﬁmng, Coal Mmmg, 011 and Gas Mlmng, Electnc Utlhtles, and Gas Utlhtres (the
«mdustry sectors correspondmg toi=14, 32, 33 38 and 39 respectrvely) are all benchmarked in
DRI historical years, but change at rates calculated from selected NEMS energy variables mstead |
of changmg at the rates applied to other industries in the Intermdustry Submodule. Figure 4 in
Chapter 4of the mam text of this report lllustrates the ﬂow of the Growth Industry Submodule, :
providing addmonal detail regardmg the growth paths and dependenc:les of these growth paths
Table A-7 also descnbes MC]NDGROW ’

ForMC\IYR>MC§LH’ISYR:_Kl S

(1.0 + MCINDGROW, ,rye) ' (B-24)‘v"‘i ‘

- ESINDW::R 14, MCIYR 7
S ! * E‘S'.m»mnuaz. 14v,ucrm—1
ESINDypcn 32, merm = (1-0 + MCINDGROWl worer) @ 25)
' * ESII\TDM 32, ucrm-1 o
ESINDM&‘.SIS.MCIYR = (1.0 + MCINDGRO . mezvr) | | b(B 26) -
’ * ESINDmca,n_.ucrm -1 \
~ For MCIYR <= MCLHISYR:
| ESIND, = EBIND,, veryn - @2

ml‘ MCIYR
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ESINDHNM 33, MCIVR _EBIND33,xcm -

 For MCIYR > MCLHISYR:

= (1.0 + MCINDGROWS wervm)
* ESSE‘R‘GB ~MCNMIND, MCIYR 1

= (1.0 + MCINDGROW4 werge)
* ESSERV39 -MCNMIND,MCIYR-1 -

For MCIYR <= MCLHISYR -
= EBLNDgg MCIYR . ) v . . (B-32) -
B33
The Growth Industry Submbdule is not flirth"er described in the main text of this report, except

for the illustration of this Submodule in Flgurc 4 of the main text, so the equatlons presented in
tlus sectlon are not supportmg addmonal text. '
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 The Regional Submodule

~ The ~Regional Submodule of the MAM appdrtioﬂs -thé national totals of the regionalized variables
v computed in the National and Intenndustry Submodules mto sha.res for each of the nine Census

'\ D1v1s1ons as follows:
ESMACREGJ i, merem = ESMACREG,eecs. : Hcm * REGSI-LRSj xerm (B-34) :
_fori=1,2, 3, .. MCNMMACREG
ESINDJ i, xcntx = Esmxcwms i, uczm *. REGS}IRSJ 1+MCRMMACREG, MCIYR (3-35) :
fori=1,2,3,... MCNMIND
» ESINDJ 36, MCIYR iESI J 1i,MCIYR : i (B‘36)
(Total chemical and allied products in region j in year MCIYR)
' ESIIVDJ 37.MCIVR ESINDJ 16,MCIYR + ESINDJ 15, MCIYR N ~@®B-37)

o (Total of petroleum and coal prbducts-in lr'egion jinyear MCIYR) ,

Es:a\m””cm szs IND, ; werm B-38)

i=18

(Total of stone, clay, and glass products m region j in yéa.r MCIYR)

_739 MCIYR

L
J
N

ESIND , ESINDJ s erm - B3
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| (TotalofpnmarymetalsmdnstnesmreglonjmwaCIYR) |
| ‘ ESMJ 40.MCIYR TESIND;’ . MeIYR
- qommufacmﬁng outputmreglon jidyearMCfIYR)
’. .‘ESINDJ 4. mcTR M;%WDJ.’.'-SIND i, MCIYR ‘_ | _ (B-41)
(Total mdustnal output, manufactunng and non-manufactunng, in regxon jin year MCIYR)

___123  MCNUMREGS -2 N

t Equanons (B 35) through (B-42) prov:de supportmg equatlons for the dlscussmn provxded on pp.
69-70 of the main text of this report '

| Importan’t'Subrouti'nes' in MAM dee

" There are six subroutines itt MAM of which four (MAC, MACROSUB,.INDUST'SUB and
EMPLOYMENT) are impbrtant in ca]culating the sol-ution values of ‘macrbeconeh]ic concepts in
MAM Included below is a commented version of the Fortran code of these four major ' |
subroutines used to generate the AEQ97 macroeconomxc forecast. '

C******************************************************************

SUBROUT]NE MAC

'C******************************************************************

C The MAC subroutme dlrects the executlon of the Macroecononuc

C Actlvxty Module (MAM) It does so by setting parameters computmg
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- driver vari'ables, ca]lmg the r/emain'ing subrouiines, and writing
to the COMMON block so]utxon values of non-regronal and reglonal :
'macro variables. The other subroutines called by MAC are:

READMAC - reads MAM parameter, coefﬁcrent basehne and
adjustment values. - ) :

MACROSUB - runs a response surface model for non-reglonal

: , and reglonal macroeconomic vanabl’es ‘
lNDUSTSUB -runs a response surface model for mdustnal and

- service outputs S :
'EMPLOYMENT - runs a response surface model for employment
'MACOUTPUT - writes to files MACOUTI and MACOUT2 parameter,
. coefficient, baseline, ad_;ustment and solution '
values for MAM.

C****‘**'**********************,********************‘****************** v

ano0aaon o,n'n.()n 6o 0nan

. C Create aggregate energy price index from mdustnal coal, natural gas, 3
- C electncxty, world oil, and total petroleum pnces '
c ‘
C where ,
MCPGDP PCWGDP price deﬂator, 1987 = 1 0
PCLIN - price of coal industrial.
' WPIBY(I) = 9500 base coal pnce Wp1051 1992
WPIWT(1) = 0452 coal share of wp105
BPRICE(I) base coal price used in wp105 1992
'PNGIN ° - pnce of natural gas, mdustnal
WPIBY(Z) =.7590, base natural gas, wp1053 1992
WPIWT(Z) =.2191, natural gas share of wpi05. '
BPRICE(Z) base natural gas pnce used in wpi0s, 1992

0

a0 a000aa0a
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annoana 'n‘ a0 o o) 0_'0‘_0 -

PELIN - price of purchased electricity, industrial.

WPIBY(3) =1 2630 base electncxty price, wp1054 1992
WPIWT(3) = 2476, electnclty share of wpi05. |

BPRICE(3) base electnc1ty pnce used in wp105 1992
IT_WOP - world oil price.

WPIBY(4) = 5800 base world 011 pnce wp10561 1992
WPIWT(4) 1527, crude petroleum share of wp105
BPRICE(4) base world oﬂ pnce used in wp105 1992.

PTPIN - price of total petroleum, industrial.

WPIBY(S) =.6460, base reﬁned petroleum pnce, wp1057 1992,

7 WPIWT(S) = 3354, refined petroleum share of wpi0S.
' BPRI_CE(S_) ‘ b_as_e petroleum price used i in wpi05, 19_92.

BPRICE(6) - PCWGDP price deflator for 1992, 1987 = 1.0.

WPIOS(MCIYR) =

| 1 (PCLIN(II,MCIYR)*(I O+MCADJ(10,MCIYR)))*MCPGDP(MCIYR)

2 *WPIBY(1 )*WPIWT (1 )IBPRICE( 1 )/BPRICE(G)

3 +(PNGIN(1 l,MCIYR)*(l 0+MCADJ (1 l,MCIYR)))*MCPGDP(MCIYR) ».

4 *WPIBY(Z)*WPIWT(Z)/BPRICE(Z)/BPRICE(6)

5 +PELIN(1 l,MCIYR)*(l 0+MCADJ (12,MCIYR)))*MCPGDP(MCIYR)
6 *WPIBY(3)*WPIWT(3)/BPRICE(3)/BPRICE(6) ‘

7 +(T. __WOP(MCIYR 1)*(1 O+MCADJ ( 13,MCIYR)))*MCPGDP(MCIYR)
8 *WPIBY(4)*WPIWT(4)IBPRICE(4)/BPRICE(6) | /

9 +(PTPIN (11 ,MCIYR)*( 1.0+4MCADJ( 14,MCIYR)))*MCPGDP(MCIYR)

1 *WPIBY(S)*WPIWT(S)/BPRICE(S)/BPRICE(6)

C Calculate changes from baseline but restrict years prior to

C forecast to baseline values.

IF(MCIYR LE MCLHISYR .OR. MACFDBK EQ. O) THEN
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DO 201=1, 11
DDRIVER(I,MCIYR) O 0
20 CONTINUE ‘ '
ELSE -

| o Calculate individual changes to the WPIO5 componénts |
'C Usedto avoid double countmg the effect captured by WPIOS
C WPIO51 - coal.
PCWPIOS(I,MCIYR) (PCLIN(I I,MCIYR) * (1 0 + MCADJ(IO,MCIYR)))
1 ‘ /BDRIVER(II,MCIYR) 1 o . ‘
C WPIOSB - gas fuels. , : ,
PCWPIOS(Z,MCIYR) (PNGIN(11,MCIYR) *(1 O + MCADJ (ll MCIYR)))
1 /BDRIVER(IZ,MCIYR) 1.0
~ C WPIDS4 - electric power.
| PCWPIOS(3,MCIYR) (PELIN(I LLMCIYR) * (1 0+ MCADJ(IZ,MCIYR)))
1 o /BDRIVER(IB,MCIYR) 1.0 |
C WPIOS61 - crude petroleum. o S
PCWPIOS(4,MCIYR) (IT_WOP(MCIYR n*@ O + MCADJ (13,MCIYR)))
1 S BDRIVER(M,MCIYR) 1.0 .
. C WP1057 refined petroleum products
PCWPIOS(S,MCIYR) (PTPIN(1 1,MCIYR) * 1.0+ MCADJ(14,MCIYR)))
1, IBDRIVER(IS,MCIYR) 1.0 ‘

C Calculate % change from basehne for the four PC'’s.
C PCSHHOPE ; -
| DDRIVER(4,MCIYR+MCNXLAGPC)-(
1 (PELRS(1 1, MCIYR)*(1 0+MCADJ(5,MCIYR)))
2 *MCPGDP(MCIYR)/PCBPRICE(])/BDRIVER(4,MCIYR)—1.0
3 -(PCPASS(4)* PCWPIOS(3,MCIYR)))*INFDSW(4) |
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- CPCSHHOPG
| DDRIVER(S,MCIYR+MCNXIAGPC)-(
1 (PNGRS(ILMCIYR)*(1 0+MCADJ(6,MCIYR))) , |
2 *MCPGDP(MCIYR)/PCBPRICE(Z)/BDRIVER(S,MCIYR)-1 0
3"7 | (PCPASS(S) * PCWPIOS(Z,MCIYR)))*]NFDSW(S) '

C PCNFUEL
 DDRIVER(6 MCIYR+MCNXLAGPC)=( |
1 - (PDSRS(11MCIYR)*(10+MCADI(MCIYR)) R
2 *MCPGDPMMCIYRYPCBPRICEGVBDRIVERGMCIYR-O .
3 -(PCPASS(6) * PCWPIOS(4MCIYR)))*INFDSW(6) R
C PCNGAS
DDRIVER(7 MCIYR+MCNXLAGPC)=
1 ((PDSTR(11MCIYR)*(1.04MCADI(8 MCIYR)) |
2 “*(QDSTR(11,MCIYR)/(QDSTR(11,MCIYR}+QMGTR(1 ] l,MCIYR))))
3 +(PMGTR(11MCIYR)*(1.0+MCADI(9 MCIYR)) -
4 *QMGTR(11MCIYRY/(QDSTR(11 MCIYRM#QMGTR(11 MCIYR))
5 *MCPGDP(MCIYRYPCBPRICE@YBDRIVER(MCIYR}-10
6 -@CPASS()® PCWPIOS(4,MC1YR)))*1NFDSW(7) B

" C-Calculate change from basehne for WPIOS
* DDRIVER(8,MCIYR+MCNXLAGW)—((WPIOS(MCIYR)*(1 0+MCADJ(15,MCIYR)))
r /BDRIVER(S,MCIYR)—I 0)*IN".FDSW(8)

C Calculate change from baselme for WPI05 glven altemate spec1ﬁcat10n
C WPIO5{0 TO 5}. ) ' ' o :
o DDRIVER(I l,MCIYR+5)-((WPIOS(MCIYR)*(1 0+MCADJ( IS,MCIYR)))
1 - /BDRIVER(S,MCIYR)-I 0)*]NFDSW(8) '
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ENDIF

'C Call the Macroeconomic Snbmodule.,
- CALL MACROSUB

C Call the Interindustry Submodule.
 CALLINDUSTSUB

' C Call the Regional Submodule.
' CALLREGIONSUB.

C Call the Employment Submodule.
'CALLEMPLOYMENT

C***********************************‘****‘**'******{F***********‘****;k** '

SUBROUTINE READMAC
C**#******************************.*****************;k***************
' C The READMAC subroutine reads many separateﬁles for parameters,
' coefficients, and for baseline and adjustment values used by the
‘ Macroeconomic Activity Module (MAM) Thgse. files.only need to be
read once in a run, so this subroutine is executed for the first -

iteration of ﬂie first year. Files read include:

" mcparms - parameter values of Macroeconomic Activity Module -
mcmad_] adJustment values for macroeconomic driver vanables
mcxbass ‘baseline values for macroeconomxc driver vanables

mcecmd coefficients for mdustnal output.

‘n'dn,on‘nnnn‘_

mcecmac - coefﬁclents for non-regmna] and reglonal Macroeconomic
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C : 3 variables.
C mceoemp - coefficients for mdustnal employment

- C mcbass - baselme values for non-regional and regrona] rnacroeconomlc

vanables, industrial output, and employment.

C
c o o
C Two files, rncrbass and mcbass, have separate values for each of three
C possxble scenerios: hlgh moderate, and low economic growth

. C****************#*************************************************

C*********************************#********************************

SUBROUT]NE MACROSUB

'C******************************************************************

C The MACROSUB subroutme contams response surface models for mvestment

C wholesale prices, consumer prrces

C******************************************************************

C Use coefﬁcxent esttmates along with percent changes in
C pnce and supply-side variables to pro_]ect change in-

C macroeconoxmc‘forecast vanables

 C Add three to number of non-regronal and reglonal va.nables
C for price deﬂators

- DO 290 I = l MCNMMAC+MCNMMACREG+3 ’

C *##+xs+ Begin the WPI0S Mode] *##+#+%

K C Imtlahze percent change in whol&sale prices by settmg
- C EPMACW and ALTCMACW to zero.

EPMACW (I,MCIYR+MCNELAGW) 0 0

~ C Set number of Iagged endogenous vanab]es to zero for the
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C .alternative' RSM specification.
- ALTPMACW(IMCIYR+0) =00

N ’Cvasirm year is greater than historical year then aggfegate
C »peroen‘t change.in:wholesale prices for eXoger_lous and endogenous
C variables. . . |
 IF(MCIYR :GT. MCLHISYR) THEN
C If using specification: WPI05{0 to 2} y{1to 2}.
. IF(SWITCHEC®@ EQ. DTHEN .
DO 330J = 1, 1+MCNXLAGW
EPMACW(I,MCIYR+MCNELAGW) EPMACW(I,MCIYR+MCNELAGW)
1 . +ECMACWQJ) |
2 | *DDRIVER(S,MCIYR+MCN)(I..AGW+1-J)
330  CONTINUE

DO 340 =1 MCNELAGW
EPMACW(LMCIYR+MCNELAGW) EPMACW(I,MCIYR+MCNELAGW)
1 + ECMACW(I,(MCNXLAGW+1)+])
2 fEPMACW(I,MCIYR+MCNELAGW-J~)
340  CONTINUE : o .
C Elseuse specxﬁcatxon WPIOS(O to 5}
ELSE o .
C For the alternative specxﬁcatlon there are five lagged ) |
C exogenous vanables and zero lagged endogenous vanables
DO 342 J=1, l+5 o
ALTPMACW(@IMCIYR+0) = ALTPMACW(IMCIYR+0)

_ +ALTCMACW(LY)
2 ~ * DDRIVER(11,MCIYR+5+1-J)
342 CONTINUE | :
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ENDIFM
ENDIF'

/ C v *;***tfk Begin the PC Mod’el_******* L

C Imtrahze percent change in consumer prices by settmg EPMACPC to zero.

EPMACPC(LMCIYR+MCNELAGPC) 0. 0

c If sim year is greater than hrstonca.l year then aggregate o
C percent change in consumer pnces for exogenous and endogenous variables.
TR (MCIYR .GT. MCLHISYR)TH.EN
- DO'350 PCNUM=1,4 ’
DO360] = 1, 1+MCNXLAGPC
EPMACPC(I,MCIYR+MCNELAGPC) EPMACPC(I,MCIYR+MCNELAGPC)
+ ECMACPC(PCNUM I,J)
* DDRIVER(PCNUM+3
| |  MCIYR+MCNXLAGPC+1-J)
360 CONTINUE o
350 CONT]NUE

- DO 370 = l MCNELAGPC
EPMACPC(I,MCIYR+MCNELAGPC) EPMACPC(I,MCIYR+MCNEI.AGPC)

+ ECMACPC(NUMPCS+1,LY) | !
* EPMACPC(I,MCIYR+MCNELAGPC—J)

: C Estimate the MACToeconomic variableé based on surll of percent change
C of consumer prices, wholesale prices driver variables from baseline.
- D04201=1, MCNMMAC - L
| C Ifusmg specxﬁcatron WPIOS{O to 2} y{l to 2}
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' IF (SWITCHECQ) EQ. 1) THEN _
' ESMAC@IMCIYR) = (1 0+EPMACI(I,MCIYR+MCNELAGI)

1 o +EPMACPC(I,MCIYR+MCNELAGPC) -
2 +EPMACW(I,MCIYR+MCNELAGW)
3 - *EBMACOIMCIYR) |

- C Else use specification: WPIOS{O to 5}
"C For the alternative spec1ﬁcatxon there are five lagged

. & exogenous vanables and zero lagged endogenous variables.

ELSE
ESMAC(I,MCIYR) (1 0+EPMACI(I,MCIYR+MCNELAGI)
1 +EPMACPCLMCIYR+MCNELAGPC)
2 +ALTPMACW(I,MCIYR+O) |
' . EBMAC(I,MCIYR)

C**************************"“*****‘"‘********************************’i"

SUBROUTINE lNDUSTSUB

C******************************************************************

o C The INDUSTSUB subroutlne contams surface model for mdustnal

C and services output.

) C*********************************************{***********‘*****\*****

C Calculate changes in industrial and service output (EDIND).

. C Compute change in mdustnal outputs |
| DO 4601= l,MCNMIND+MCNMSERV

- C If the industry is petrolenr_n refining '_(S_IC 2915, coal nlining (SIC 11,12),
C oil & gas mining (SIC 13), electric utilities (SIC 491), or gas utilities |
-C (SIC 492) then call GROW]NDUST subroutme to compute changc in /k

- C_ industrial outputs.
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- IF(I.EQ 14 ORIEQ320RIEQ33 0RI.EQ38 |
1 OR I.EQ. 39) THEN
CALL GROW]NDUST(I)
ELSB _ r
| C Add changes to the mdustnal baselme to produce an mdustnal
C and service output forecast. Execute IF statement 1f I counter
c is less than or equal to number of mdustnes Othermse
C execute ELSE statement for semces
IF (I LE. MCNM[ND) TI-IEN
- ESIND(1 l,I,MCIYR) EB]ND(I,MCIYR) + EDIND(I,MCIYR)
- ESSERV(I-MCNI\/III\ID,MCIYR)-EBH\ID(I,MCIYR) + EDIND(IMCIYR)
ENDIF

C End IF statement sorting petroleum reﬁmng, coal m1mng, oil and; gas

C mmmg, electric utlhtles and gas utilities from rest of mdustnes |

C and services. - |
ENDIF

C Aggregate solutron and basehne values for first 29 mdustnal categones
:C of total manufactunng output ES TOT MANUF OUTPUT
IF ( .LE. MCNUMMNP) THEN L
ESIND(1 I,MCNMIND+5,MCIYR) ESlND(l l,MCNMIND+5,MCIYR)
+ ESIND(l I,I,MCIYR)

EBIND(MCNM]NDHS,MCIYR) -EBIND(MCNM]NDHS,MCIYR) /
1 +EBIND(I,MCIYR)
,ENDIF_ -
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-C Aggregate solunon and baselme values for mdustnal semces categones
C 36t045 for total service output TS TOT SERVICE OUTPUT | o
IF(I GT MCNM]ND.AND I.LE. MCNMIND+MCNMSERV)THEN o
ESSERV(MCNMSERV+1MCIYR) ESSERV(MCNMSERV+1,MCIYR)
| S B * ESSERV(I—MCNMIND,MCIYR) ‘ ‘

EB]ND(MCNMINDH&MCIYR) EBIND(MCNM]ND+18,MCIYR)
1 \ o +EBIND(I,MCIYR)
ENDF

- C Aggregate solutJon and basehne values for first 35 mdustna.l categones '
C for total industrial output, ES TOT IND OUTPUT
~ IF@.LE. MCNMIND) THEN - |
B ES]ND(I 1,MCNMIND+6,MCIYR) ESIND( 1 1,MCNMIND+6,MCIYR)
7 1 - +ES]ND(1 I,I,MCIYR)

EBIND(MCNMIND+16MCIYR) —EB]ND(MCNM]ND«&-I6,MCIYR)
1 . +EBINDOIMCIYR), : -

C Sum total indusn'ial output and total service output of total "gross ‘outp_ﬁ‘t‘ - L
C for solution and baseline, ES TOT GROSS OUTPUT. o o |
ES]ND(I IMCNMIND+7,MCIYR) ESIND(I 1,MCNNHND+6,MCIYR)

1 - + ESSERV(MCNMSERV+1,MCIYR)

EBlND(MCNMIND+17,MCIYR) -EBlND(MCNMIND-!-l6,MCIYR)
1 L +EBIN'D(MCNMIND+18,MCIYR)

- C Sum industrial categones 9 through 13 composmg SIC code 28 for
C solutmn and basehne, ESIND CHMALL(ZS)
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| DO4801 1,5
ESIND(IIMCNM]ND+1,MCIYR) ESIND(ll,MCNM]ND+1,MCIYR)
| +ESIND(118+I,MCIYR) :

ESIND(MCNM]NDHI,MCIYR) -EB]ND(MCNMINDHI,MCIYR)
o 0 +EB]ND(8+I,MCIYR)
480 CONTH\TUE |

. C Sum industry categories 14 and 15 composmg SIC code 29 for
‘ R C solutlon and baseline, ESlND PETRCL(29)

 ESIND(1 1,MCNMIND+2,MCIYR) ESIND( 11 14,MCIYR)
| +ESIND(11, 15,MCIYR) '

EBIND(MCNMINDHZ,MCIYR) -EBIND(14,MCIYR)
o +EB1ND(15,MCIYR)

| v C Sum mdustry categones 18 through 20 composmg SIC code 32 for
- .C SOll.lthl’l and baselme, ESIND SCG(32) 7 o
. ESlND(l I,MCNMIND+3,MCIYR) ES]ND(II 18,MCIYR)
- +ESIND(11, 19,MCIYR) B
o+ ESIND(I 1,2_O,MCIYR) 4

| EBII\ID(MCNMND+13,MCIYR) —EB]ND(IS,MCIYR)
1 © +EBIND(I9MCIYR)
| ;+EB1ND(20,MCIYR)

e Sum mdustry categories 21 through 23 composmg SIC code 33 for ; ‘7 o
- .C sohmon and basehne ESIND PRIMET(33).
‘ BSIND(I 1,MCNMIND+4,MCIYR) ESIND(I 1,21,MCIYR)
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1 - +ESIND(L,22MCIYR)
2 +ESDDULZMCYR)

EBIND(MCNMlND+l4,MCIYR) -EBIND(ZI,MCIYR)
| | - +EBIND(22MCIYR)
2 © +EBIND@3MCIYR) =

~C End of subroutine INDUSTSUB. Return to calling subroutine MAC.
END

. C***************#**************************************************

SUBROUTINE GROW]NDUST(I)

‘ C******************************************************************

C The GROWINDUST subroutme computes changes in industrial outputs

- C for the followmg mdustnes petroleum reﬁmng (SIC 291), coal

c ‘mining (SIC 11,12), oil & gas mining (SIC 13) electnc utilities
of (SIC 491), or gas utlhtles (SIC 492). '

’ C******************************************************************

=

C****:******************:ﬁ***************#***#*******#*,*******'****** L

SUBROUTINE REGIONSUB

’ C******************************************************************
" C The REGIONSUB subrounne computes regional shares for the reglonal-

C macroecononnc variables based on the baselme values of the

AC reglonal macroeconOch: variables. These shares : are then used to

'C "share out", at the regional level, the reglona.l macroeconomic
C

vanables measured at the natlonal level
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C**************t*********************************************,,******

C Apply the reglonal shares to the national level to create regional
C levels consxstent wrth the nattona.l level from the natronal submodule :

- C*************,‘*'**************************************'*********‘?"****' ‘
SUBROUTINE EMPLOYMENT
C******#*******#***************************************************

‘C The EMPLOYMBNT subroutine is a response surface model for employment

C********#********************************************************* 3

C Initialize mdex GOIND to account for drfferences in degree of mformatlon - R
for agriculture and services. There are coefﬁcrent estimates sphttmg into o
agriculture and servrces (ECEMP ) There is no smnlar splitin agnculture

and’ servrces for the change in mdustnal output (ED]ND) and for the

employment baseline (EBEMP ) The GOIND mdex is used to multiply the ‘same

change in industrial output for agnculture and services by the- ‘more

detailed employment coefﬁcrents GOIND is also used to aggregate the

detailed xmpacts on agnculture and services so there is but a smgle .

category for each (ESEMP.) ’

GOIND =1 |

.nnovn a0 aa

C Initialize the change in employment for the current mdustry and year.
EDEMP(EMPIND,MCIYR) 0.0 '
CHK employment mdustry is "AglEmpVAgZGO" "SerEmpVSerGO or "S&L Gowvt"

L C thenreduceGOlNDbyl

IF EMPIND .EQ. 31 .OR. EMP]ND.EQ 46
1T 0REMPINDEQ48)TI—IEN
GOIND GO]ND 1 |
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ENDIF

C Compute the change in employment
EDEMP(EMPNDMCIYR) ((ECEMP(EMPIND 13)]
1 +(ECEMP(EMPIND,2))*(MCIYR-7))*EDIND(GOIND MCIYR)
2 +ECEMP(EMP1ND 3)*EDEMP(BMPINDMCIYR l) |
GOIND GOlND + 1

C End DO loop through employ_rnent'eategoﬁes. ,
570 CONTINUE o

| 'C End IF block for sim year greater than historical year
'ENDFF
C Compute the solution values for employment remembering thefe are |
C changes in employment for splits in agrieulture and in services. I |

| C These changes are summed to create the solution values for agrieulture
. C and services. The GOIND index is used to. sum agnculture (30 and 3 l)
C and servics (45 and46 )

-GOIND =1

~- C Add two to number of employment categones for breakdown of services

'C and agnculture
DO 580 EMPIND 1, NUMEMPL+2

C The changc in the second categones of the split in agnculture (AglEmpVAgZGO)
C and in semces (SerEmpVSerGO) is added to the solutxon for total agnculture :

- C [AGR(01)] and for total services [SVCES(MANY)] resultmg from the first

' C categones of agnculture (AglEmpVAglGO) and services (SerEmpVSerGO)
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c Therefore, the IF statement is executed if the mdustry is number 3lor
- C number 46. These are the. second categories of agriculture and of services. . '
lF(EMPlND.EQ 31.0R. EMP]ND EQ 46)'1'HEN ' '
GO]ND GO]ND 1 ‘
_ ESEMP(II GOIND,MCIYR) ESEMP( 11 GO]ND,MCIYR)
R EDEMP(EMPIND,MCIYR)

C Execute the ELSE statement for industries that are not the second categories

- C of agnculture and of services.

ELSE .
ESEMP(11 GO]ND,MCIYR) ESEMP(11,GOIND MCIYR)
1 - +EBEMP(GOIND,MCIYR)
2 . +EDEMPEMPINDMCIYR)
ENDIF .

C Aggregate the employment categones as manufacturmg, non-manufactunng,

C services, and total. _ . ‘
IF (EMPIND NE. 30 .AND. EMPIND .NE. 45) THEN

C Manufacturing employment' categories 1 through 29.

. IF(GOIND 1E. MCNMIND-6) THEN |
ESEMP(11 47,MCIYR)=ESEMP(11 47 ,MCIYR)+ESEMP(11 GOIND,MCIYR)
EBEMP(47,MCIYR) -EBEMP(47,MC1YR) +EBEMP(GOIND,MCIYR)

ENDIF

- C Non-manufactunng employment categones 30 through 35.
IF (GOIND GT. MCNMIND-6 -AND. GOIND LE. MCNM]ND)THBN

ESEMP(II 48,MCIYR)-ESEMP(1 1 48,MCIYR)+ESEMP(1 1 GOIND,MCIYR)"
EBEMP(48 MCIYR) -—EBEMP(48,MCIYR) +EBEMP(GOIND,MCIYR)
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ENDIF

c Semce employment categones 36 through 46
'IF (GOIND..GT. MCNMIND) TI-IEN
ESEMP(II 49MCIYR)—ESEMP(11 49,MCIYR)+ESEMP(11 GO]ND,MCIYR)
| EBEMP(49,MCIYR) -EBEMP(49,MCIYR) +EBEMP(GOIND MCIYR)
ENDIF _ .

 C Total hbn-agriéulﬁxral emp]oyment'Manufacturing, Non-ﬁnanufacmﬁng and Service.
IF (GOIND .NE. 30 .AND. GOIND .NE. 31) THEN o
| ESEMP(II,SO,MCIYR) ESEMP(11,50. MCIYR)

1 -+ ESEMP(11,GOIND MCIYR)
. EBEMP(SOMCIYR) =EBEMP(S0OMCIYR) -
1 . +EBEMP(GOINDMCIYR)
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- Appendix D. Model Abstract |

- Model Name.
Macroeconomlc Acnvrty Module of the Natlonal Energy Modelmg System

| ModelvA'cronym: -

"Descrlptlon- |

MAM is comprised of four Submodules: Natronal Employment Intenndustry, and Reglonal »
The Natronal Submodule is a response surface approxrmatlon of the proprietary U.S. Quarterly
Macroeconomlc Model developed by Data Resources/McGraw-Hill, Inc (DRI). The U S.

| Quarterly Model is a 1,200 equation econometnc specification that forecasts macroeconomlc , :
‘dnver vanables at. the natlonal level of dctarl ' '

The Employment Submodule isa response surface approxrmatlon of the DRI Econometnc

: Model of Employment by Industry. The DRI Economemc Model of Employment by Industry, '
on which the response surface Employment Submodule is based uses mtermdustry gross output

- from DRI's Personal Computer Input-Output (PCIO) Mode] as 1ts major mput when deterxmmng )
employment, ' ‘ '

The Intenndustry Submodule isa response surface approximation of the DRI Personal Computer .
Input-Output (PCIO) Model. The DRI PCIO Model is a detailed mput-output representatlon of
mtenndustry linkages that works in tandem with the full DRI Us. Quarterly Model

The Regxonal Submodule consrsts of aset of shares at the nine Census Drvxslon level of detail
‘developed from simulations of DRT's U. S. Quarterly Macroeconomic Model PCIO Model, and -
- Reglonal Model The reglona.l shares mcluded as the Reglonal Submodule of MAM are used to
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drsaggnegate the natronal results generated by the Natxonal and Intenndustry Submodules of
MAM to the nine Census Drvrsron level of detail.

o Purpose of .the- Modet:

' MAM Imks the Natronal Energy Modeling System (NEMS) to the rest of the economy by

’ .Macroeconormc vanables such as GDP, dlsposable mcome, prxces, mterest rates, and

| unemployment drive energy demands and are rmportant determmants of energy pnces and |
\ quantmes. .Conversely, changes in energy supphes and’ pnces lmpact GDP pnces, mterest rates, |
and other rnacroeconomlc vanables MAM responds to changes in energy supplies and pnces to |
| generate forecasts of approxrmately 170 macroecononuc vanables for use in vanous energy

. modules wrthm NEMS

 Most Re_eent Model Update:
June 1996. | o

- Part of Another Model"
Natrona] Energy Modehng System ('NEMS)

' Model Interfaces:

MAM provxdes sectoral macroeconomrc dnver vanables mcludmg housmg starts, comrnerc1a1
ﬂoorspace, and mtermdustry projections t to the NEMS Resrdentxa] Sector, Commercral Sector,
and Industna.l Sector Demand Modules MAM provrdes ﬁnancral indicators such as mterest
rates to both the demand and supply modules of NEMS .
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Offlclal Model Representatlve- “

Kay A Smlth, Economlst

" Office of Integrated Analysxs and Forecasting

Energy Demand and Integratxon Division

Integrated Econormc Intematlona] Forecastmg Branch B
- (202) 586-1455

Documentation:
Model Documentatwn Report Macroeconomlc Acnvzzy Module (MAM) of the Natlonal Energy
Modelmg System, December 1 993 ‘

_ vArchlve Media and Installatlon Manual(s)

The MAM has been archlved on a drive comparable The MAM will be archxved on IBM RS-
| 6000 series, 590 as part of the National Energy Modehng System productlon runs that generated
| the AEO1997. |

\' En’ergy;SyStem Descri’bed:-

Domestic macroeconomic sector.

| Coverage- | _
,_ * Geographlc Nme Census D1vxslons

e  Time Unit/Frequency: Annual, 1990 through 2015

: Model Documentation Report e .
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e Products Forecasts of domesnc Macroeconomic dnver vanables at the nauonal
mtermdustry, and nine Census Drvrsron levels of detail.

[ 3 " Economic Sectors: National‘maeroecmomic activity.

'-'Modelmg Features- | v |
o Model Structure MAM is composed of four Submodules Nauonal Intermdustry
’ , Employment, and Regronal The four Submodules are executed sequenually in the order |
. presented and subsequent Submodules build upon the results of prevrously-executed ‘
: Submodules ' ' '

. Modeling Techniques- The National Employment; and Interindustry Submodules of |
 MAM are econometnc response surface representanons of large propnetary econometric
| models The Reglonal Submodule of MAM is composed of shares developed from

o srmulanons of large econometnc macroeconomlc mtenndustry, and regional models

® SpeeialFeatures: None. -

Non-DOE lnput Sources. )
DRI Input data from the DRI U. S. Quarterly Macroeconormc Model the DRI PCIO Model and
. the DRI Reglonal Model. ‘ ' ‘

DOE lnput Sources.

MAM relies upon the DRI Input data to generate the basehne growth path. Alternative growth
paths are developed based on altemattve economic dnver variable growth path assumptxons :
DOE data is not used to develop the MAM ' ‘ :

Model Doeumentanon Report S . r
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Computlng Envnronment
Hardware Used IBM RS-6000 590 senes, IBM-companble personal computers
Operating Systems UNIX; MS-DOS
" Languages/Software Used: FORTRAN,
eMemory-Requi'reI‘nent' 1 megabyte
Storage Requu'ement 20 megabytes
, Estlmated Run Tiime: 3. 0 cpu seconds for a 1990-2015 run in non-xteratmg NEMS mode

Spema] Features None ‘

lndependent Expert Revnews Conducted

;. None.

Status of Evaluatlon Efforts by Sponsor-

N one.
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| "Appendix E. .'Da'taiQ_ualit.y a'rtd Estimation -

Introduction -

‘This Appendix discusses the dath quality and .e_st_imation procedures.perforrued to constr'uct the
response surface Macroeconomic 'ActivityModule (MAM) included in the National Energy .
Modelmg System (NEMS) and used to generate the 1997 Annual Energy Outlook (AEO94)
Four issues are addressed in thlS Appendix: world oil price scenario results, the pseudo data
o generatlon methodology and procedure the regional share estimates used in the MAM generated '
_ through simulations of the full scale DRI models (drscussed in Chapter 1 of the main text of this R
‘ report)‘, and_the regres_sron parameters anddlagnostlcs resultmg from the srmulatlon process.

World” Oil Priee Scenario Results _ N

The value of response surface modeIs lie in how well they approximate'the l'arger model. For |
comparison purposes, two identical expenments were run usmg the full DRI Quarterly Model _
. and the NEMS MAM response surface model One expenment changed the world oil pnce by

- 20% compared to base 1mmed1ately The second expenment increased world oil price by 20%.

- by the end of the forecast penod increasing it by 1% each year. Frgures E-l through E-4 show .

_the results of these two expenments
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Figure E-1. PCOF Coefficient Check, YD87 ~
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* Figure E-2. PCOF Coefficient Check, GDPS7FE
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~ Figure E-3. PCOF Coefficient Check, GDPS7-
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" Figure E-4. PCOF Coefficient Check, CPI
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Pseudo D_a_ta Generation Methodology\

S Nahonal 3ubmodule . ,
o | Thrs section presents the procedure used to develop the pseudo data for the response surface - |
| approxrmatton of the DRI full scale models included as the NEMS MAM: The observations on .
- which the response surface model are estrmated are pseudo data generated by repeated runs of the ‘
DRIUS. Quarterly Model for vanous values of the input variables. The first task wasto
 generate a "base case” or "most hkely scenario” for the macroeconomrc variables. This case was
: 'developed using the February 1996 DRI 25-year long term forecast, "TRENDZSYROZ%" as the o
_' , base case. Changes start in 1996 and continue through 2020 The time paths of the changes in
' input vanables follow two paths — nnmedlate and ramped In the immediate cases, the world oil
price rises above baseline by a speciﬁc perceutage amount and remains above baseline by this
percentage throughout the sxmulatton period. In the ramped cases, the full amount of the change : '
~ isin place thhm five years, thereafter mamtamed for the remamder of the forecast period. - ’
b’ Changes in WPIOS are created by varymg the world pnce of crude oil, an exogenous vanable in
* the DRI model accordmg to typlca.l scenanos contamed in the Annual Energy Outlook as well .

- as typtcal energy tax scenarios consxdered in past analyses

: Although the DRI model includes an equatlon for exchange rates, the pseudo data srmulatton
froze the exchange rate at basehne levels and forced a one-for—one pass through of changes in
domestrc interest rates on forelgn interest rates Thrs procedure was adopted because the MAM

s pnmanly a natlonal model '

| A $100 real carbon tax s1mulat10n was used as the upper bound of percentage changes inthe »b
- _ personal consumption deﬂators for energy and exc1se taxes. The upper. bounds of the changes
o mcluded $400 brlhon for excise tax 37% for the world oil pnce, 32% for the persona]
consumption deflator for fuel oil, 22% for the deﬂator for motor gasoline, 26% for the deﬂator
for electncxty, 17% for the deﬂator for natural gas $10 billion of real mvestment in mrmng and
petroleum structures, $20 billion of real mvestment in pubhc utllmes, and $10 bllhon of real -
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' pollutron abatement eqmpment Once these upper bounds of changes were chosen, four
E addmonal srmulanons were created using percentages of these maxnnum changes For all pnces,
_ equal percentage mcreases and reductions were made For example, the upper bound of the -
personal consumptron deﬂator for motor gasolme was a 22% increase and 22% decrease relative |
| to the baselme deﬂator and the additional snnulatlons changxng the motor gasolme deflator were, '
80%, 60%’ 40%, and 20% of the largest mcrease. Thus, the personal consumption deflator for
motor gasoline was increased (and reduced) by 22%, 17%, 13%, 9%, and 4% relative to baseline |

levels.
Employment »qumodule 5

In order to estrmate the coefﬁcxent matnces each of the output aggregates contained in the

’ Intenndustry Submodule was increased wrthm PCIODby 1 million dollars ($1987) throughout the - '

forecast penod of the employment model whrle holding all other gross outputs constant The
resultmg change from baseline levels of employment as prOJected by the structural employment
- model were regressed agamst the change in gross output and lagged change in employment

Although only 30 dlsaggregated employment sectors are reported the response surface model
operates at the Intermdustry Submodule level of dlsaggregatlon (45 sectors) Except for two
employment sectors, each sector's change in employment is related to that sector's. change m
o gross output only. Because of dlfferences between the response surface and structural modelmg
- systems, two of the 45 employment sectors (Agncultural Production - Crops, and Retatl ‘Trade) \_ '
. are each related to two gross output categories. Employment in the Agncultural Productlon - '

) Crops sector is based on gross output in both the Agncultural Production -- Crops sector and the

, Other Agriculture including Livestock sector. Employment in the Retail Trade sector is based on

gross output in both the Retail Trade sector and the Services sector. 7 .

. The Bj,.coefﬁcient, which can be viewed as the base year (or constant) coefficient relat.ingf
employment change to a 1 million dollar ($1987) output change, is positive for all industries, as
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would be expected. The purpose for the time counter 1s to capture the productrvrty trends

- contained in the structural employment model. The Bz coefficlent is generally negatrve,

. mdlcatmg that productmty increases over time for most mdustnes The B3 coefﬁcrent 1s
_ \generally posmve mdxcatmg that most mdustnes do not 1mmed1ately adJust employment fully to
the desrred level when output demand changes ’ ' '

'lnterin‘dustry Submodule ,‘ '

K - Inorderto esttmate the two coefﬁcrent matnces @ and (3 the first final demand component in
the macroeconormc 'model was increased 1000 mllhon dollars ($1987) throughout the forecast
penod of PCIO while holdmg all other ﬁnal demands constant. The resulting change from v
baseline levels of gross output for each of the 114 industries of PCIO was then calculated, ~

“and the changes aggregated to the level of mdustnal detaﬂ required for the Interindustry
v‘Submodule (45 sectors). The mapping of PCIO sectors to Intenndustry Submodule sectors is

~ shownin Table 3in the main text of this report. Tlus process was repeated for each of the

- ~ macroeconomic ﬁnal demand categories of the Natronal Submodule. The result of these

controlled sunulatxons of PCIO was 2070 time series of mtenndustry 1mpacts each relatmg

change in gross output of a specific industrial sector.to change i ina particular ﬁnal demand

“component.

- Each of the 2070 output time series was d1v1ded by 1000 the amount by which each

| macroeconormc final demand was incremented when runmng the PCIO model, resultmg in'
mulnphers relatmg change in mdustnal gross output to change in final demand A hnear

regression was then performed on each of the _multrplrer time series, with time as the -

| independent variable. The 'ct- coefficients represent the amount that sector i's output Would -
change for a unit change in final demand Js for the base year of the simulation. -Since the
PCIO model is not statlc time is included in the regressions. The B coefficlents are

" designed to capture the effects of both the changmg row scalars and the changmg bridge .

matrix yvithin PCIO. A linear time'speciﬁcation was' chosen for the initial estimation of the
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Interindustry’: Subrhodule." |

: Regional Share Est:mates _ . . ,

N As dlscussed prevmusly, reglona] share estunates were developed by 51mulat1ng the full scale -
DRI models. The shares are used in the NEMS MAM to dlsaggregate the results of the National -
‘and Intenndustry Submodules to the Census Division level of detail, for those vanables requlred

ona reglonal basxs as dlscussed in Chapter 1of the main text of this report. '

A Supportmg Data Availab:llly

The regressxon coefficients and diagnostics developed usmg the DRI full-scale models to develop o

the Natxona.l Employment, and Intenndustry Submodules of the MAM reside in electronic form

7 . on ﬂoppy dxskettes In addition, the regional share estimates developed for the MAM Regional

Submodule are stored on ﬂoppy diskettes. Diskettes are avmlable from M. Kay Smith,
Economxst as referenced in the Model Contact d1scuss1on in Chapter 1 of the mam text of thls

report.
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