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Preface

SIMLAB is the work of many. For us this Users' Guide is acknowledge­

..nt of a certain coincidence of history. We simply have reached the end

of • loog fiscal year and it is ttme to close shop for a short rest.

Before this lonl year belan, StMLAB was an Iowa State computer simu­

latic~~ model. Richard Suttor and Jerald Barnard were its early builders.

This v~. more than a decade ago when both were doctoral candidates in the

Economics Department at Iowa State University.

With the energy crises came an opportunity to again make use of the

Iowa State model. this time at the University of Minnesota. Parts of the

model were rebuilt as an energy impact analysis and forecasting system for

a study funded through the newly-formed Minnesota Energy Agency. A two­

region input-output, also developed at Iowa State University in the 1960's,

was made an integral part of this new, expanded computable economic model

of a nationally-linked regional economic system.

About this time, a new course called Community Development Simula­

tion was organized in the Resource and Community Development Program with

the help of Bob Barrett, Director of the Urban Studies Institute at Mankato

State University. Half of the course was built around the computer simu­

lation model. The other half was built around a gaming simulation model -­

the City Game. This was a laboratory setting for learning about the uses

of social ana economic information in city and regional planning through

role playing. Form this setting came SIMLAB -- a r~gional development sim­

ulation laboratory.

Sinee the mid 1970's. SIMLAB has been extended from primarily a teach­

ina aid to an effective research tool. The user-interactive mode was sup­

planted by • batch-proces.ing mode in its application as a regional
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economic impact forecasting and simulation system.

SIMLAB has undergone a series of tests of its usefulness as a research

aid. Most recently it has been u~~d in studies of industrial renewal in

the Twin Cities Metropolitan Area, irrigated agriculture in West Minne­

sota, peatland development in northern Minnesota, copper-nickel development

in Northeast Minnesota, and the importance of the. mineral industry in the

State of Minnesota. In each study, some part of SIMLAB was improved so that

now it has the most complete set of regional economic data and procedures

heretofore available in a single computable model of a regional economic

system. The complete system is now available for the use of researchers

and teachers in the regional and management sciences.

We wish to share SIMLAB with others. We hope this Guide will now help

us in this new purpose.



1. INTRODUCTION TO SIMLAL

This manual is a users' guide to the Minnesota Regional Development

Simulation Laboratory, called SIMLAB. We introduce SIMLAB by answering

a few of the most frequently asked questions about it.

What is SIMLAB?

SIMLAB is a computer-based, user-interactive regional economic fore­

casting and simulation system. It was built in 1975 as part of a course on

Community Development Simulation. Studies of the economic base of Mower

and Itasca counties -- one agricultural, the other timber and tourism -­

were available for building a small computer model of the two c,1mmunity

economic systems. A computer program was prepared for simulating the ef­

fects of changes in market conditions and government policies on industry

employment, output and income in each county.

Since 1975, SIMLAB has been improved and extended in many ways. It

now provides access to a growing library of computer simulation programs.

Besides Mower and Itasca counties, SIMLAB is available for four Minne,sota

plannin~ regions -- Northwest, Headwaters, Arrowhead and Metropolitan Coun­

cil, three special studies (West Minnesota irrigated agriculture, extended

Northeast Minnesota copper-nickel development, and Ea~t Range copper-nickel

development) regions,and the State of Minnesota.

How 1s SEMLAB put together? ~

The computable economic model in SIMLAB is actually a series of modules-­

market, investment, demand, production, value added. employment, labor force,

population and household. The modules are interactive -- the output data

of one module are the input data for the next module. The production module

is central to system performance -- it links the regional economy to the

rest of Nation.
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The production mod,·~~ may have as many as 95 industries which relate

to one or more of the remaining eight modules and the Control Module.

Each of the ten modules has a function as follows:

• Market module links production in the Region to markets in rest of

Nation and, hence, it "drives" the production subsystem.

• Invesoment module links total private spending for plant and equip-

ment in Region to gross output of capital-producing industries in

Region.

• Demand module links final users of goods and services in the Region

with gross output of all producing sectors in Region and (through

imports) in rest of Nation.

• Employment module links gross output levels to labor input levels

derived from the employed work force of each industry in Region.

• Value added module links gross output in Region with depreciation,

business taxes, and profits of each industry in Region.

• Labor force module contains the demographic and economic data which

specify the regional labor supply.

• Population module relationships include variables represe~ting

the demographic and economi~ forces determining changes in

regional population.,

• Production module contains the core regional input-output model

which interacts with the other modules.

• Control module enables user interaction with each SIMLAB module.

Even in a small area, inter-sector and i~ter-industry linkages are

important in accounting for the cumulative economic effects of resource

development on local communities. The patterns of interindustry linkages

will vary from year to year because of shifts in export-import balances.



CertAin market conditions, for example, may improve relative to the

given development assumptions. This improvement in market prospects results

in more exports of a particular locally-produced industry output, provided

capacity exists in this industry. Projected long-term market expansion is

accompanied by increased industry capacity through expansion investment.

The supply of required labor inputs increases, also, through local labor

mobility, commuting and migration.

When industry output increases, the value added by locally-employed

resources is recycled, in part, within the local economy. The process of

income generation is accelerated and dampened as export markets expand and

contract. Thus SrMLAB provides the computable model of the development

region and the procedures for readily using the model in simulating the

regional economic effects of foreseeable or probable changes in levels of

mining activity and organization of production.

Who may use SIMLAB?

Anyone with access to Lhe SIMLAB Library may use SIMLAB. It was used

recently to simulate the local economic effects of copper-nickel develop­

ment in Northeast Minnesota. It is a sophisticated research tool for the

.,easurement of investment, demand, production, employment and related changes

associated with certain prescribed changes in types and levels of mining

ac~iv1ty in the East Range Development Regions. It is also a readily ac­

cessible, user-activated library for verifying certain statements about the

local effects of copper-nickel development. It extends the use of avail­

able information on regional economic conditions to a much wider range of

user clientele than simply the technicians and analysts working on ~environ­

mental and economic impact studies. The wider clie~tele includes consultants,

students, teachers, community leaders, extension workers, journalists, and
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others who are willing to risk the small time commitment required to

acquire user access to SIMLAB.

How is SIMLAB used?

SIMLAB is now being used in quantitative studies of the direct, in-

direct and induced socio-economic effects or impacts of new industry develop·'

mente Direct effects include new industry employment of part of the regional

labor force and purchases of inputs from area business firms. Other area

business firms become indirectly affected if they furnish inputs to directly

affected firms. Household spending induced by new industry payrolls affects

the area retail, wholesale, and service sectors. In addition, regional pop-

ulation may increase through migration in response to job opportunities

created by these direct, indirect, or induced effects. Demand for essen-

tian public services may also increase.

Effucts from development are typical of the kind SIMLAB can trace,

account for, and measure quantitatively. SIMLAB can also be used to analyze

effects from existing industry expansion or contraction. This analysis

can be conducted statewide, at the region or multi-county level, and for

sub-county incorporated places.

Simulation models, like SIMLAB, enable the user to deal with uncer-

talnty. StMLAB is designed for the user who can make plausible alterna-

tlve assumptions concerning present and future events. The user interprets

these events in terms of changes he specified in SIMLAB variables and para­

11me(.e.rs.-

11 Variables are defined as the numerical indicators of socia-economic con­
ditions which change in value from year to year during the course of each
computer run. Perameters are the numerical indicators which are held
at user-specified levels during the simulation run. All variables and
paraaeters are part"" equations representing the economic structure
and activity of a region, such as interindustry transactione, busine8s
apendinl for new plant and equipment, household spending. and local
labor market and population changes.
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In the current copper-nickel study, SIMIAB had severnl useR. It was

used, first. in organizi.ng data collection and assembly. Existing data

sources. largely in state and federal agencies, were consulted in building

the regional data base. Supplementary business and household surveys were

undertaken to help fill known data gaps. Secondary data, already in SIMLAB

files, were used, also.

Second, SIMLAB helped in data analysis and interpretation. A series of

individual models of regional activity clusters (e.g., population, labor

force, and employment) are linked together into a recursively interactive

computer model of a regional economic system. Local effects of given changes

in local industry outputs are derived by use of the computer model. These

effects are based on both the internal and the external linkages of this

economy. These linkages, of course, change in magnitude and importance in

the local economy and the Nation from year to year.

Third, SIMLAB was a tool for testing and validating statements about

economic and demographic consequences of local effects of public policies

for dealing with these consequences. In the case of a large-scale develop­

ment project, such as copper-nickel mining, or an accumulation of smal1­

scale development projects, public officials oftentimes must justify need

for certain public facilities and services. Suppo'rting statements of prob­

able population, emplOYment and income effects of projected private develop­

ment are prepared, the adequacy of these statements can be examined in the

context of the various SIMLAB simulations.

SIMLAB generates projections of future regional activity which are

consistent with pre-specified soeto-economic par,ameters. These projections

are comper simulations of future conditions based on the initial conditions



and pre-specifi~d values represented by a mathematical model of the

regton.!1

The next chapter shows the importance and role of interindustry link-

ages in the SIMLAB system and the use of input-output methodology in

building SIMLAB. In Chapter 3., the model equations are presented and their

assumptions and data sources are documented. In Chapter 4. procedures

used to construct regional input-output transactions tables are described.

In Chapter S, the computer output is explained and the reader is walked

through a SIMLAB computer run.

1:/ The SDILAB application of the wor:d "simulation" is very general and
is to be distinguished from the kind of system simulation done by
operations researchers and industrial engineers. In system simula­
tion, the effects of random processes on variables of interest are
studied. In contrast, SIMLAB user-specified changes in model var­
iables and parameters are likely to be non-random cyclical and/or
trend representations of socia-economic processes.
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2. INTERINDUSTRY LINKAGES AND THE SIMLAB SYSTEM

Interindustry linkages in a region are represented by an inter-

industry transactions table. Individual columns in the table refer

to the acquisitions of goods and services of each industry from itself

• and all other industries in the Region. The rows refer to the disburse-

ments of each industry to iteelf and all other industries in the Region.

The interindustry transactions in an area eccnomy are thus disaggregated

into a series of interacting industry, final demand, and import sectors.

H~llie B. Chenery and Paul G. Clark, Interindustry Economics,John
Wiley and Sons, Inc., New York, 1959.

o

o

o

o

o

Producing industries buy raw materials, semi-finished and

finished goods, capital and labor in the area to produce their

products which, in turn, are sold to other producing industries,

and to final users in the area.11

Final demand consists of household consumption, capital forma-

tion, government purchases, and export~.

Imports are purchased by producing industries, both as goods

reworked into products for resale,and as capital equipment.

Households and governments also purchase imports. Imports

represent dollar outflows which have no further effect on

regional income and profits.

Households furnish labor services to producing industries and

governments, receiving, in return, wages and salaries used to

purchase consumer goods and services.

Exports of area-producing goods provide dollar inflows which

become personal income and profits and which are used, on balance

of payments account, to pay for imports.
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The dollars flow among area producing industries, households, and

governments are measures of the degree of economic interdependence in a

regional economy. They are used to analyze and estimate the direct,

indirect and induced effects of changes in final demands for industry

output in the region.

Strong linkages among local industries, coupled with low levels

of imports, means a high level of regional economic self-sufficiency.

With little dependence on outside sources of required goods and services,

the local effects of a stimulus, such as new industry, will be strong

and widespread because of a corresponding expansion in a local labor

force with high expenditures for locally-available goods and services.

Imports of manufactured products, however, reduce the potential impacts

of the labor force expansion. Meas"rement of interdependencies between

exports, imports, and regional household spending, therefore, is an

important part of an impact analysis.

Transactions Table

In input-output analysis, an interindustry transactions table is

prepared for use in measuring first-order interdependencies. Each data

element xij in the transactions table shows the dollar volume of (1)

purchases of each industry, i, as a user of goods produced by industry j,

and (2) sales of the same goods from industry j to industry i. Thus the

table cross-classifies industries into their separate roles as users and

supplier.. The dollar volume of purch.~~i is us~ally measured ov~r the

course of a year.

Figure 2.1 illustrates the input-output transactions table used 1n

preparation of the SIMLAB production module. The left margin of the

table lists the regional industries producing goods used in production

Dy r ••ional industries listed along the top margin. Thus, a typical
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element in Figure 2.1 shows the dollar value of intermediate product

th thpurchased by the j sector, a user, from the i sector, a producer.

Each element can be thought of as a link in a chain connecting each in-

du.try, the intermediate users of its products and households with

regional industry. Households furnish inputs of labor services to

industries listed along the top. Regional industries also product goods

used by regional households and government or for capital investment.

These U8~rs are represented by the column of entries summarily labeled

"local" under "final demand". Regional industries may also export

output to industries and final users located outside the region as 1n-

dicated by the column of entries labeled "export" under "final demand".

The sum of all purchases by an industry, including any imports of inter-

mediate and primary products, is its total outlay as recorded in the

bottom row of entries. Gross output for each industry is the sum of

all sales to intermediate users, final demand, and export; and is recor-

ded as an entry in the column at the far right. Total outlay and total

outputs for a given industry are defined so as to be equal, so the trans-

actions table provides a complete accounting of regional casll flows.

An input-output transactions table for the United States economy has

been constructed by the Department of Commerce using primary data sources.il

The National transactions table is used as a secondary data source in

constructing regional transactions tables following methods extensively

discussed in published literature.11 These procedures together with

41

1/

u.s. Department of Commerce, Social and Economic Statistics Admini­
stration/Bureau of Economic Analysis, Input-Qutput Structure of the
U.S. Economy: 1967, 3 Volumes, Washington, D.C., 1974.

W.I. Morrison and P. Smith, uNonsurvay Input-Gutput Techniques at
the 8aa11 Area Level: An ~valuation, II Journal of Resional Science,
Vol. 14, No. I, 1914, pp. 1-14.
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supplementary information on regional industry input requirements are

used in developing the transactions tables used in SIMLAB. Chapter IV

discusses the technical details of this procedure, its assumptions, and

resulting limi.tations as they affect the SIMLAB system. The resulting

transactions table is the core of the SIMLAB procedure for measuring the

effects of new industries and other kinds of marked change in the re-

gional economy.

Measurement is possible because the input-output transactions table

contains the necessary information and can be manipulated to yield the

required measures of interindustry interactions. The next section

demonstrates mathematically that this is indeed the case. The non-

tecilnical SIMLAB user should appreciate the need for this demonstration

but does not need to understand its details in order to use SIMLAB.

The necessary mathematical relationships are programmed into the SIMLAB

computer package and are performed as needed during the course of user

interaction with the system.

Input-Output Relationships

From the data in the transactions table, it is possible to calculate

a series of ratios of individual industry purchases to total outlay

represented as,

A • x ij
ij x )

j

(1)

where,
th

x
ij

• interaediate product slaes to the j sector by the

th
i .ector;

thx • total output of j sector (which is identical to total
j

outlay from the a... sector);
th

A
ij

• intermediate product purchases from the i sector of

thoutput by the j .ector.
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Total sales by the i th industry is represented by;

x •i
1· 1, ... , n (2)

where, y - final demand for product from industry 1.
1

Since x ij • XjA
ij

, the total sales equation can be rewritten as

d..and are to be ..t. Increased final demand for product i will also

Equation (6) abows that total output muat increase if increas.s in final

Equation (4) can be rearranged algebracially to give,

X • (I_A)-l Y (6)

A
nxn

• matriX of interindustry coefficients Aij ;

Y • vector of • final demands for the n goods;nxm

1 • the identity aatrix.nxn

Xi • 1 1 + I:xjAij
(3)

Hence, for all industries, total sales can be expressed in matrix

form as

xl Yl all' 8
12

, · . . a 1n xl

'" Y2 ~t'
a22 , · a2n x22

• + (4)

x Yn anI' a
n2

, · . . 4 x
n nn n

or

X-Y+AX (5)

where, X • vector of industry gross outputs;nxl

where,

r~quire incr••••d production of i if inc-rea.eeI input requ1r_ents of

ladustry j are to be INt. The aatrix (I-A) -1 indicat.s the required
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change in output of all industries if final demand in anyone industry

changes. This matrix is at the core of the SIMLAB procedure for measuring

the effects of new industries and other kinds of marked change on the

regional economy.

The coefficient Aij is a measure of the linkage among regional in­

dU8tires. These linkages depict the outcomes of production decisions

made by regional businessmen in producing their repsective products,

taking into account relative input prices, engineering or production

technology, and market conditions. As such, the coefficient Aij depcits

an efficient interindustry structure insofar as it results from a profit-

motivated use of intermediate goods, capital, labor, and natural resources

as sparingly as technology permits in the production of a given level of

output. Because technology changes slowly, the coefficients are

relatively stable.

In preparation of the SIMLAB production module, the regional trans-

actions table initially contained 95 rows and 95 columns (which were

derived from the United States transactions matrix containing 95 sectors).

Less sectoral detail would inpair model accuracy. For some studies,

the matrix has contained as many as ten additional sectors. The ex-

panded table is then used to derive a detailed breakdown of industry in
•

a region. Once done, the results are aggregated to 70 or fewer sectors

for inclusion in SIMLAB only because of computer capacity constraints.

When more ca.puter capacity 1s available in the future. SIHLAB could

have about 100 individual industry groups.

The matrix fj - A)-l ....ures the required chanae ~n output of all

industrie. in final deaand in anyone industry chanaes. Because us. of

the matrix [1 - ~ -1 hinae. on bowledle of final deaaads, .n important

I
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part of the SIHLAB model consists of equations, with user-controlled

variables and parameters, for projecting final demands. Given projected

final demands, the computer 1s used to calculate the required outputs in

preparation for further analysis. To facilitate further analysis, SIMLAB

includes several auxiliary modules which the user can access. These

modules contain information which, when combined with user-generated

output changes, provide additional results on socio-economic impacts.

The user can interact with, and interface, the input-output modules,

the demand projections module, and the impact assessment modules. To

assist the user in this task, an inter~ctive control program is also part

of the SIMLAB system. F'gure 2.2 shows the four basic kinds of modules

in the system. All SIHLAB calculations are made in a logical sequence

beginning with the demand projections modules. Thus, in Figure 2.2, the

calculation sequence proceeds from left to right and then through the

auxiliary modules in the order indicated.

SIMLAB Overview

Use of the input-output procedures to project socia-economic vari-

abIes requires, first, projections of regional final demands. In the

SIMLAB adoel, the final deaand coaponents are exports to the re.t-of-

world and local 1Dve.~~nt in pland and equipment, inventory accumula-

tiOD, personal or household COIlsUlitpion. and go"ernmeat purchases. The

SIMLAB sequerace ot calculations starts with relioul exports because the

uDderlylna theory 1. one in which tb. exportiDI laduetrle. drive the

".aioul eeoa.a.y.!1

•

1/



Figure 2.2
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Econoaic bas. industries are those which produce goods and services

for sale outside the region, generating an inflow of dollars on regional

balance of payments account in the process. The inflow sustains regional

economic activity and. if the inflow increases, causes the level of

regional activity to grow through the system of linkages between the base

industry~or industrie~and other regional industries supplying the base

industry. As previously shown in this chapter. the input-output coeffi­

cients provide a quantitative description of these linkages.

The input-output coefficients also provide a quantitative descrip­

tion of the linkages among regional industries supplying those producing

for the other regional final demands. including investment in plant and

equipment. changes in business inventories and household and government

pruchases. Because' there are SIMLAB modules for porjecting these final

demands. as well as exports. the SIMLAB model must utilize all inter­

industry linkages represented by the input-output transactions table in

generating its projections.

Once all final demands have been estimated and the output required

of these final demands calculated. the STIMLAB program proceeds to use

the calculated output levels to project regional employment, work force,

and population. The system is then closed, recursively, by using these

results in the projection of final demands and production in the next

year.

Simulation of Alternative Area Futures

In the SIMLAB modules. socio-economic ·processes and events are rep­

resented by numerical variables, parameters, and relationships. The

relationships programmed into the modules have been constructed from

theoretical and empirical evidence which appears in the economic

•
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11teratur.. This manual p~ovideti ref~renee to the literature and a

description of the effects the user can expect should he modify a given

variable or parameter (s•• Chapter III). This description of effects

111~.trates the assuaptlons and economic logic built into the SDKLAB

model.

Once the user modifies a variable or parameter, programmed inter-

actions among the modules illustrated in Figure 2.2 require SIMLAB aalcula-

tions to occur in a logical sequence consistent with the economic base

theory of regional economic activity. For example, a change in the growth

rate of the national economy will lead to a change in the growth in demand

for regional exports, calculated in the market module. A change in

regional exports will lead to calculation, in the production module, of

changes in regional otuput required if the change in the export compon-

ent of final demand is t~ be met. Should these calculated changes cause
~

regional plant capacity to be exceeded,or should they require labor

inputs in excess of available labor supply, SIMLAB will calculate the

maxL~um output obtainable under the existing constraint. In the case

of excess demand for labor, migration and commuting into the region will

be ·handled in the labor market and population modules. Further discus-

sion relevant to the question of model performance can be found at the

end of this chapter.

Before studying the details of SEKLAB model perfo~ance, the user

should consider his measurement problem in the context of the .ssump­

~ions he is willing to make about the future evolution of th~ local

economy. User analysis of assumptions must begin with analysis of

change in regional economic indicators. This change may be characterized

by, among other things, increasing demand for products produced by

regional industry, change in regional ~arket share for exported goods, and
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cbana. in total reglonal output. Local industries may be growing.

atatic. or deelininl and local worker productivity may also be changing,

Ieadina to chanaina employment levels and population. Measurement against

this .ovlQ8 backaround involves the use of alternative sets of user­

provided ..sumptions in preparation of simulated alternative forecasts

or futures. An overview of user preparation and interpretation of these

SIMLAB projections is discussed next.

Baseline and Development Scenarios

To measure socio-economic impact i~ a changing local economy, a

benchmark or baseline projection must be prepared first. The baseline

projection must be designed to accurately represent local economic events

as they would unfold in the absence of the socia-economic event the SIMLAB

user has under study. Thus, the baseline projection will nearly always

depict historical trends, particularly in:

1. U.S. gross output

2. Regional exports and/or market share

3. Regional worker productivity

4. Regional employment and earnings

Trends in U.S. gross output are taken into account in preparation

of benchmark projections because the local economy 1s a part of the

national economy which prOVides markets for regional exports. The vol­

ume of regional exports determines the local balance-of-payments-position

and generates the direct and indirect effects measured by the regional

input-output table as discussed above. Trends in regional market share

for exported goods provide an indication of the competitive position of

regional export industries. Local output per worker or worker produc­

tivity in export industries determines employment and earnings in these
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industries and through induced effects. employment and earnings in local

household serving industries. Employment and earnings are, in turn,

significant factors in determining migration caused shifts in regional

population and population mix.

In SIMLAB analysis, development assumptions or scenarios are user

specified changes in the baseline trends. Fed into the syst~, the

scenarios cause the generation of data representing the evolution of the

regional economy under changed (from the baseline) circumstances. Dif-

ferencea in the two data sets. baseline and simulation projections, rep-

resent socio-economic impacts.

Uncertainty, as already described, in the exact shape or form of

future events,such as copper-nickel developmen~ suggests that the SIMLAB

user adopt an experimental approach, feeding in alternative plausible

sets of development assumptions or scenarios and observing the results.

In formulating scenarios, the user should consider the different kinds

of uncertainty described previously and formulate assumptions which, in

the context of the problem at hand, represent the kind of uncertainty

involved. If the user does not understand the nature of his uncertainty

problem, then perhaps the analytical problem at hand should be reviewed

and redefined. This approach will result in a systematic and thorough

investigation of the problem SIHLAB is being used to analyze. It will

also help avoid the pitfall inherent in routinely treating SEMLAB fo~e-

casts aa explanations of area economic events. It is the user who must

interpret and explain the projections generated with SIMLAB •..
Because the programmed relationships within modules and the

interactions among modules do not change, the only entities in SlHLAB



20

analysis which affect projections ar~ the assumptions. Thus, user

interpretation of porjectlons should focus on the simulated effects of

the assumptions.

The user can change parameters in the various modules and. hence,

in much of the model underlying StHLAB. Thus. the user has responsi­

bility to evaluate the validity of the model he has created. However,

there are no generally accepted criteria for assessment of model ade­

quacy and reliability, or model validation, because of the differing

needs of various model users. A model which adequately represent re-

giona1 economic structure and process with sufficient accuracy for one

user may be inadequate for another. Each SIMLAB user must decide, there­

fore. on his performance requirements. The discussion of this subject

will alert the user to the need of establishing performance requirements

which meet his specific needs.

Some users may require a model which projlcts with a minimum level

of accuracy if it is to be useful for planning and/or decision-making.

Model accuracy will be of interest whenever erroneous projections will

result in improper plans or decision which impose unwanted costs on the

SIMLAB user. Should this be the case, the user may want to evaluate

model projection error. However, this discussion can only offer some

general guidelines since the exact nature of the error evaluation will

depend on the needs of the user and the particular kind of error he

wishes to avoid. For example, certain users may wish to avoid over.ly

optimistic predictions. Others may wish to avoid pessimistic predic­

tions. The SIMLAB user must identify the kind and magnitude of fore­

cast error he wished to minimize before proceeding with error evalu­

atlon.



21

Ofte aeneral .ethod of error "valuation consists of using the model

to leD,erate esti..tea of already-known hlsotrical values of the variables

to be projected using historical value of user-modified variables and

par_tel's. The model senerated values are then compared with the known

values. Coapariaoo will let the user observe whether the model can be

expected to cODsistently underpredict or overpredict actual values, whether

the absolute aaanitude of error is within acceptable limits, whether the

--anitude of error decreases or increases with time, and whether the

.adel tracks abrupt shifts or turning points in the historical series.

Comparison of the actual and model-generated values will aid in this

evaluation.

A quantitative measure of the average error in predicting the values

of a variable. Y, is prOVided by the standard error of estimate, de-

fined as

SEE •

N

where Yi • the actual value during period i of the variable to be predicted;
~

Yi • predicted or model-generated value of the variable for

period i;

N • the number of predictions.

In addition to providing a measure of model prediction accuracy when

using known historical values of parameters and variables, the standard

error of estimate can be used to compare the results of simulations

using alternative sets of assumptions.

However, none of these tests of model adequacy are scientifically

valid. To be scientific, the SIMLAB user should make projections and

then, after a suitable period of time has elapsed, compare them with



22

actual values of forecast variables. Waiting until the future becomes

history ia not often practical so scientific procedures are rarely

used to evaluate forecasting models.

Sctentific evaluation procedures are rarely a practical means to

eatablishing the validity and credibility of socio-economic models. A

more practical but admittedly ad h2£ procedure can be used to validate

the SIMLAB model. This procedure consists of adjusting model parameters

so that the model projects through historical observations. Model esti-

ma~es and predictions can also be compared with primary data obtained

from household and business surveys. However, 11' following this pro-

cedure. the SIMLAB user should consider the consequences of forcing the

mode 1 through historical data which are not representative of long-term

trends. A recession year, for example, may not be a satisfactory choice

for model calibration since many socio-economic variables. such as employ-

ment, will be below their normal or trend levels.,
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3. SIMLAB MODULES

This chapter explains SIMLAB model variables and parameters and

documents input data sources. It also provides the STIKLAB user with

a reference for variable and parameter modification. All user-modifiable

variables and parameters are listed. For critical model variables,

there is a discussion of effects to be expected should the user intro­

duce changes. For many of the variables and parameters, an explanation

of the real world economic circumstances under which a variable or para­

meter changes Is also provided. From an understanding of the effects

of changes, the user .can devise a simulation strategy which represents

economic events as they could occur. The discussion is organized

around the cluster or modules of SIMLAB variables and the equations

they appear in. For each module, equations are presented first. The

equations are then explained, starting with the production

module.

Production Module

The production module equations account for the dollar value

of output producing by eac.h regional industry. In the SIMLAB model,

industry output is assumed to change as needed to satisfy final demand

subject to constraints imposed by regional industry production capacity.

Capacity is determined by avai.lable capital equipment and labor force.

The production module equations are:

1. Total Final Demand for Industry i Product

FDi,t+l • REXPORTi,t+l+GPCFOi,t+l+8INCHi,t+l+PCEi,t+l

+LGEl,t+l+SGEi,t+l+FGETOi,t+l
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2. Output Required ~y Final Demand, Industry i

. -1
XDi ,t+l • (I-A) * FDi,t+l

3. The Leontief Inverse, (I_A)-l

hotli regional transactions estimated by the Minnesota Two-

Region Input-Qutput Program (See Chapter IV)

4. Regional Output Constrained by Capacity-Creating Capital. Industry i

XOi,t+l • CCAPi ,t+l I CAPOUTi,t+l

5. Regional Output _Constrained by Pollution Abatement Capital, Indu~try 1

XPi,t+l • PACAPi,t+l I CAPPOLi,t+l

6. Realized Regional Output, Industry i

Total Final Demand

In the SIMLAB input-output framework, f1nal demand represents

society's use of goods not needed to produce other good,,_ Goods not

needed to produce other goods are the object of economic activity ~ince

tbey may be used to satisfy human wants. In the SIMLAI model.relional

exports of the produce of industry i, shown as REXPORT, satisfy ne.d.

located outSide the relion. Goods held as inventories for future uae

are represented by tbe variable BINCH
i

. Goods produced by industry i

may a1ao be inatalled as facilities for future production••s ..a.urad

by the va~iab1e GPCPOi , gross private capital foraation. Individuals

conau.e product i to a.tisfy tbeir ~di.te wants as ....ured by the

variable PCl
i

• Local loveruaent ..y uae product 1a aa __'Ired by

tbe variable LGl
i

in the proc••• of providina servle... SiBilarly,

state love~t us.. 10048 denoted by the variable SG&i in tbe proce••
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labor force.

Regional output required of final demand is that level of output

-1The Mtrix (I-A.) 1. naed .fter Iobel Laureate Wa••11y Leootlef
who eoeatructed the first t,a.put-output lIOClel.

processes. Discarding some output, waste, and inefficient use are not

Rglcma1 Out2!t CoB.trained hX Outp!t Incre••!. Caeltal. The ux-

in Chapter 1 of this .anual. Regional output required of final demand

industries. Thus, regional output required of final demand is larger

than final demand by the dollar value of these necessary inputs. In an

lnput-output model this output 18 calculated as tbe product of the,

measured in the SIMLAB input-output framework.

Regional Output Required for Final Demand. In the SIMLAB model,

reaitmal output is determined by the level of final demand subject to

.
uy not be attainable should reaional capital stock. fundil\l for new

output needed as inputs in the production processes of other regional

capital fo~atiOft. and/or labQr force be inadequate as explained In this

constraints tmposed by the availability of capital stock, availability

of industry i needed to satisfy a given level of final demand plus the

of financing for new capital formation, and the size of the available

18_ vol... of protluetioe In ..ch indu8try attainable fr_ alreu,.

cbaptel'.

by Federal government is represented by FGETOi • Total final demand

roi for the product i is the sum of these separate final demands which

exhaust the list of possible uses for goods not used in production

of providing governmental services. All product i used within the region

1/

•t Leontief inverse and POI- ..here FD i is final delUnd for the product of

Industry i. The ''Leontief Inverse" 11 1s the matrix (I-A)-1 discu.sed



installed regional plant and equipment is measured as the ratio of

output increasing capital OICAPi and ,the capital-output ratio for each

8/industry, an element in the capital-output vector CAPOUTMi .- This

formulation assumes that the capital-output ratio measures the full

capacity level of output available from the existing accumulated stock

of capital equipment. However. the existing stock of capital equipment

cannot be fully utilized unless there is enough pollution abatement

capital available to control emissions to the environment at full capa-

city production; and unless the existing labor force, with the aid of

capital, is large enough to generate full capacity output. For these

reasons, the SIMLAB model contains additional equations representing

conditions which must be met before full capacity output can be achieved.

Regional Output Constrained by Pollution Abatement Capital. The

SIMLAB model assumes that regional industry will not operate its

plants at levels of output which exceed the emission control capacity

of pollution abatement equipment. The level of production, of product i,

XP
i

, attainable without exceeding emission control capacity is equal to

the existing quantity of pollution abatement capital in each industry

as recorded in the vector PACAPi , divided by CAPPOLKi , the pollution

abatement cap~tal output ratio in each industry.!1

Realized Regional Output. Realized regional output Xi is the level

of output consistent with final demand and the capital stock and

SIKLAI capital output data are from Clopper Almon. Jr., et ale
1985: Interindustry Forecasts of the American Economy, D.C.
Heath and Co., 1974, pp. 72-73.

The pollution abate.ent capital output ratios are only estimates
which the user is free to chanae. Liter~~ure on the quantity of
pollution abateaent capital needed to meet existina and future
env1raa-ental resulationa is almoat non-existent.
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financial constraints on output as explained in this chapter. This is

the minimum of the three values XD
i

, XOi , XP
i

• Thus, SIMLAB calculations

of realized regional output in industry i, Xi' will never by larger

than final demand, XDi ; and will never be larger than the smallest

feasible level of XOt or XPi , should XDi exceed XOi or XPi • Thus,

output in each regional industry will never exceed the capabilities of

regional plant capacity or the ability of regional industry to finance

new capital formation; nor will it ever exceed the sum of final demand

plus intermediate purchases.

Regional labor force does not necessarily enter the SIMLAB model

as a constrain& unless the user specifies. Since SIMLAB is intended

for regional analysis it can be assumed that regional labor force

requirements are met through migration and commuting, if necessary

(as shown in the discussion of the population module).

Market Module

The market module takes exports or regional production for exter­

nal markets into account. According to the economic base theory of

regional ec~nomic activity, external economic events influence regional

economic conditions through changes in the market for regional products.

The SIMLAB market module allows the us~c to simulate the effects of

changes in the markets for regional production. Projections of U.S.

Gross Output by industry~ the regional market share of that output,

and changes in these variables pro~ide the means for simulation of

future regional induetry exports.

The market module variables, parameters and equations for each

industry are:

7. u.s. Gross Output, Industry i

USGOi ,t+l • USGOi • t * (1 + GROTJlRi ,t+l)
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8. Regional Exports, Industry i

REXPORTi,t+l a USGOi ,t+l* REGMKS i ,t+l

9. National Growth Rate, Industry i

GROWTHR
i

(No Equation)

10. Regional Market Share, Indu8try i

REGMKS i ,t+l • REGHKSi,t * (l+REGMKSRi,t+l)

11. Rate of Change in Regional Market Share, Industry i

REGMKSR
i

(No Equation)

The notation "no equation" meaDS that a particular variable or parameter

is not determined within the SIMLAB model. These variables and para­

meters which are exogenous to the SIMLAB model may still be .odified by

users for simulation. The effects of user modification of ..rut IaOdule

variables and parameters viII be as follows:

u.s. Gross Output. SDILAB National gro•• output is ..a.ured 1n

constant 1970 dollars. Iocreasioa Mational Gro•• Output in resional

exportlna industry i viII cauae an increase in regional production for

export with attendant iocr in other regional industry output. in-

come. and .ploJlMDt. Inere 1n Hational Cross Output in a specific

industry will cau.e re.1oul output increases in the ... indu.try pro­

vided &aDe re.ional production in that industry i. for aternal aark.eta.

If BOlle part of relional produetion in a specific induatry i. for ex­

temal ..rut.. that IMWltry i. part of the re.iooal ec~ie ba.e.

The concept of relloaal ec.-aic baae 1. explained in Cbapter ODe of

tbis ..ul. 'luetuatloee 18 lI.tioul Gro•• Output can oceur .. a

re.ult of })uaiH•• eyel_, reelera1 lover=ent .peod1al. or other

aationel ecOllGaie eveets.

!!JHH! lxP2rts. Iner_1aa rea1_a! aport. will cause iDer_.

18 ....loul aroes product. _,loJMftt -.d iRe... Deer..... 1. rea10ul
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exports will have the opposite effect. The level of regional ex-

ports can fluctuate with changes in demand by users of regional products

or because of a decline in market share, explained below. Demand changes

can be caused by change in a parce of a regional product relative to the

price of competing goods; by increases in the cinomes of consumers; by

increases in consumption of complementary goods; or by increasing con-

sWIler acceptance of substitute products produced outside the region.

National Growth Rate. The aMual National growth rate for each

10/industry ia a parameter in the equation for National gross output.--

Increases in the National industry i growth rate implies that ~igher

levels of gross output will originate from regional industries over

time. Decline in the growth rate implies the opposite. The growth

rat~ for total National gross output may differ consider~bli from the

growth rate of specific industries~ Specific industries may grow

(positive growth r~te) or decline (negative Ir~h rate) or r...in

static (zero gr~b ratej while the growth rate of total Ratiooal aros.

output fluctuates OYer the course ' of the business cycle or in response

to Federal economic policy. Because SIHLAB National gross output i.

11leasured in constant 1970 dollars, the SDILAI National arovth rate refers

to change in the annual quantity of products and service produced and

not to chanse. in their ~ey value which is affected by chanaes in the

price level.

b.tonal Market Share. a_alonal ..rk,t share i8 the proport ion

of lational anaual Iro•• output of a specific industry which i. exported

J!!/ Projections of "tional growth rate. by industry uaed in SDtLAI are
from the U. S. Depart1leDt of Labor, lur..... of Labor Statistics, The
St£!Sture of th, u.s. IC9!9!l in 1980 aM 1985. Bull'tiD 1831, wa"h­
lDitoa, D.C. 1975.
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by regional producers in the same industry. Increase in regional market

share implies an increase in regional output. income. and employment.

A dec.line in regional share can have the opposite effect. Furthermore.

an increase in regional market share in an industry which exhibits large

fluctuations over the course of the business cycle or in response to

National and international market forces can increase the amplitude and

frequency of fluctuation in regional output. income. and employment.

Rate of Change in Regional Market Share. Changes in regional market

share may occur. for example. because discovery of a gradual exhaustion

of a primary resource or because of the appearance or disappearance of

competing producers outside the region. Changes ~n market share are

conceptually distinct from demand fluctuations, explained above. al­

though both may cause regional industry i exports to increase or decline.

Regional market share changes do not necessarily imply changes in total

National output from industry i while demand fluctuations do tBply

changes in National output. The SIMLAB user should us. changes in the

Mational gr~h rate paraaeter to simulate the effects of demand fluc­

tuations and confine us. of resional llarket share cbanges to economic

circ\D8tanc•• which iaply mar~t share chanaell.

Inv••t-.nt MOdule

The inv••t-.nt module generate. e.timates of three distinct kinds

of capital fOl'1l8ttoa ..de by each re.lonal industry. Capacity er.atins.

r.,lac~t.ad pollution abat__t capital forution by each reaional

industry are ••t~ted usins the followina equatloaa:

17.. eapacity-CreatiDa Inv••taent. IDdu8try i

IIVCi ,t+l • CAPOUTi ,t+l * (!Ditt - Xi,t)
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13. Capacity-Creating Capital-Output Ratio, Industry 1

CAPOUT1, t+1 - CAPOUT1 • ( 1+CHCAPOUT1, t+1)

14. Pollution Abatement Investment, Industry i

INVPAi,t+l • CAPPOLi,t+l * (XDi,t - Xi,t)

15. Pollution Abatement, Capital Output Ratio, Industry 1

PCAPPOLi ,t+l • PCAPPOLi,t • (1+CHCAPPOLi ,t+l)

16. Capacity-Creating Capital, Base Period, Industry i

11. Pollution Abatement Capltal, Basc. Period, Industry i

PACAPi,t_l == PCAPPOLi 1· x. 1, t- 1., t-

18. Capacity-Creating Capital Depreciation, Industry 1

CADECCA1 • DEPRCCAi * CAPPOLi,t+l * Xi,t+l

19. Capacity-Creating Capital Depreciation Rate, Industry i

DEPRCCAi ,t+l - DEPRCCAi,t (l+CHDEPRCCAi ,t+l)

20. Pollution Abatement Capital Depreciation, Industry i

CADEPAi,t+l • DEPRAi * PCAPPOLi ,t+l * Xi ,t+l

21. Pollution Abatement Capital Depreciation Rate, Industry 1

DEPRPAi ,t+l • DEPRPAi,t tTl (l+CHDEPRPAi ,t+l)

22. Replacement Investment, Capacity Creating, Industry i

RINVCi,t+l • CADECCAi,t

23. Replacement Investmeftt, Pollution Abatement, Industry i

24. Total Capital Depreciatioo. Industry i
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25. Total Replacement Investment, Industry 1

26. Total Investment Net of Replacement, Industry i

INVi,t+l • INVC1 ,t+l • INVPAl ,t+l

21. Investment Constraint, Period t+l, Industry i

28. Investment Constraint, Period t+k, Industry i, k- 2, 3, •••• n

INVLMCi • 15~ i,k

INVLMAi • .5 ~ 1,k

29. Capital Goods Producing Industry i Share, Industry 1 Capital Spending

INVCOi,1 (No Equation)

30. Gross Private Capital Formation, Industry i

GPCFOi,t+1 - i INVC01,1 (RINVI ,t+1 + IWVCl • t+1)

31. Capacity-Creating Capital, Period t+k. Industry 1, k-2.3•••••n

32. Pollution Abatement Capital. Period t+k. Industry i. k·2.3 ••••n

Capacity-Creatina Investaent. Capacity-creating investment in-

creas.s the capacity to produce output. In the SDKLAB model. investaent

....arcb on industry iave.t-.at decisions indieatea the .~istence of an
a,prox~tely one year las between an increa.e 1n sal.. aDd a corr••­
poed1na inc!'e... in inatalled production capa.city. ~•• Michael 1(. Evan••
". It\&dy of la.tuatl"Y Invutaent Deei.ion.~· Tha Ieview of lcot\GlUca.
St,tl'S1S-. XLIX. pp. IS1-164.

in period t+l 1s deter=ined by CAPOUT • the industry capital output
i

ratio, multiplied by the difference b.tween previous period output reO",

IIIqulred ot final delUlld and roal1aed output, XDi • t -11•
t
;;- This fopalation

III
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is consistent with the following model of business firm investment be-

havioT which illustrates the assumptions involved.

Suppose that capital desired by an industry. K, depends on output,

Q. of that industry and the cost of capital r; and that these variables

are related as

K • aQr(1

where "a" and "a" are constants.l1/ The constant "a" is a scalar. The

constant a is the elasticity of demand for capital relative to its cost.

When l' goes up (1 percent. it can be sho"WD that capital desired goes down

by a percent, for a given level of output Q, with labor or other inputs

being substituted for capital to produce the same level of output.

Differentiating both sides of this equation with respect to time.

dividing both sides by K~ and re-arranging yieldp

K.,g, -o!'
K Q r

where the dot above a variable indicates its derivative with respect to

time. Assuming that the cost of capital does not change. which is the

same thing as saying that r • 0, gives

!.~
K Q or

This expression says that change in capital desired by firma equals the

change in their output. Q, multiplied by their capit&l-output ratio.

r../Q. which is the SIMLAB variable CAllOUT.

The SIMLAB inve.~t model is an approximation to this theoretical

result. First. the variable l( is replaced by its d bcrete approxima­
~

tiOD

Althouab the investaent lIOdel asswaptiona are 50IleWhat arbitrary,
they are often -..de l'ty others. For exampl., tbia ltOdel 1. nearly
the ... as that of Clopper Alaon J Jr.. et al. J 19.5: 11lterinduatrl
F()l'eeast.of the AaerlcanlcooQtlX. D.C. Heath" Co•• 1974, pp. 49-63.
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where

and

in the SIMLAI -.odel. Then the variable Q is replaced by the approxi-

mat ion

Q • XD - Xt t t

wbere XDt and Xt are the SIMLAB variables for desired and realized

out?ut. respectively.

The substitutions for AKt+1, Kt+1, Kt s~ply involve replacing

the theoretical variables with their SEKLAB counterparts. The substi-

tution for Q involves assuming that firms will want to add capacity for

sbortfall. in production. Empirical results cited above indicate it will

take thea about a year to install tbe extra capacity, thus the capital

{ormation i. assumed to be completed a year after the difference between

desired and actual output occurs.

Capacity-Creatina Capital Outp!!t.Ratio. The capital output-ratio

CAPOUTil11 equals the capital output ratio in the preVious period mul­

tiplied by one plus the percentage change in the capital output ratio,

CHCAPOUT. UMr. wt.hina to .1aulate the effecta of cba&- in CAPOUT

..y specify 11000-acro values of CBCAPOUT. Valu•• of CBCAPOUT lar._r than

zero will baYe the .ffeet of requiriq lar.er capieal invutaeat. ia

w SDILAI tIOClel eapital-output ratioe i'o1' each 1DO.\lIatry are Maptecl
froa ClOP.. per Abal., Jr., et al.. 1"5: ...... lDS1Eft;".'UrOI'!;HSI
olsbl _liS- !s9Ell, D.C. Heath aDd Co•• 19'4, pp. 72- 3.
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o~der to generate an additional unit of output. Values of CHCAPOUT less

than zero will have the effect of requiring smaller investments to

generate additional otuput.. Changes in the amount of investment re-

quired to generate additional output can occur because of changes in

production technology, chang1nl quality of raw material resources, or

14/substitution-- of capital equipment for labor in the production process.

SIKLAB users wi.shing to simulate the effects of non-zero values of

CHCAPOUT should establish the logical connection between economic events

and the values of CHCAPOUT they wish to use. Users should be aware that

changes in CAPOUT
i

have t.plications for changes in worker productivity

or output per worker explained in the discussion of the employment

module.

Pollution Abatement Investment. Expension investment increases

industrial capacity to produce and hence increases capacity to contami-

nate the enviornment. If this contamination is to be controlled, in-

v.sa-ent in pollution abateaent equipment IlUst accompany incr.u•• in

procluction. The SIKLAB aodel a.sumes that expansion iDve.taent in

pollution ab4t...nt capital 1. d.te~ned by th. product of CArPOL
1

,

the pollution abat__t capital output ratio, and lDi,t - li,t' the

diffet'8ftce bet... output requlI'edl of final d_nd awl realized output.

Thutl. the SIKLAB lIOdel of in"••ment in eon~ination control uk••

tbe .......uaptioe8 •• the lIOcIel of inv.atwtent in output incr.uinl

capital.

J,!/ S"titutioa., occur because of tecbaolollcal c....e aDd/or
laecauae of _1. labor cc~.ta per \lDlt of output relative to capital
coat.. Iaer."1D&ly atrfLoa_t worker health .ad safety reaulati088.
1101'8 alleut _1081_" aDd aborter work weeb all .., have the
.ffect of lacreaataa ua1t labor coate relati". to capit.al coate.



However, SIMLAB users must understand that investment in pollution

control equipment does not increase capacity to produce. The user in-

tere.ted in the implications of the trade-off between more pollution

control per unit of output and more expansion investment can specify

different values for the pollution abatement capital output ratio.

CAPPOL. Increases in CAPPOL will operate to constrain simulated region-

al output because pollution abatement capital formation absorbs funds

otherwise available for capacity creating investment.

Pollution Abatement Capital-OUtput Ratio. The pollution abatement

capital-output ratio PCAPPOL is a measure of the installed quantity of

pollution abatement equipaent per unit of output. In the SIMLAB DIOdel,

PCAPPOL can be user-modified by an amount CHPCAPPOLi • In the real world

PCAPPOLi can be expected to increase for nearly all industries as in­

creasingly more stringent enviornmental regulations come into effect.

However. the study of industry pollution abatement invest1Mmt require-

-.uts 1a atill in It~ infancy and there 1s relatively little literature

useful as a quide to the SIMLAB us.r in establisbing quantitative rela-

tionahip. between industry environaental atanetards and tbe inveshMmt

in pollution abateaent euqi.,..nt needed to meet those standards. Ten-

tat1ye quantitative data in the SIMLAB .cdel bave been .sti.ated from

15/published lnforwetlO1l.- However, because these data r.flect attaclaent

of pollutlOD abat_t equ1PMDt to exi.tina capital stock. aa vell a.

to .. plaDt and equia-ent the, .y bave resultecl in aD over••tillate of

... q_tttattve clata appear8 i8 '1''' W. Se••l aDd Gary L•

..ti..... "C-pit.•1 ~1tUl'ea for Air. Water aM Soliel Waste Pol­
lucleft "c__c. 1975 ... Plasmed 1976". u.s. Depal'taeat of ee-ere••
...... of k..-ic Auly.l.. hnez of Cu.-r_t --IIM-. Ju1, 1916.
pp. 14-17.
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the cost of pollution abatement equipment which must be attached to

new capacity-creating plant and equi?IDent.

Base Period Capacity-Creating Capital Stock. Base period output-

increasing capital stock, CCAPi,t_I' equals the base period capital­

output ratio. CAPOUTi ,t_l' multiplied by teb base period level of

realized output, Xi,t-l. The base period output increasing capital

stock 1s the initial endowment of capital needed to start the SIMLAB

simulation run. The SIMLAB base year is 1970.

Baa. Period Pollution Abat_ent Capital Stock. Base period pol-

lution abatement capital stock, PACAPi,t_I' equals the base period

pollution abatement capital output ratio multiplied by base period

realized output, Xi •t - l •

Capacity-Creatins Capital Depreciation. Capacity-creatina capital

depreciation equals the capacity-creating capital depreciation rate

multiplied by the product of CAPPOLt,t+l and li.t+l.

C8paclty-Creatina capital Depreciation late. The eapaclty-creatlnl

capital depreciatiOft rate in the current period, DIPIlCCAi.t+l' equal.

the capacity-c:reatina depreciatima rate in the previous period .ulti-

16/plied by one plus the current period chana.e, CBDIPRCCAi,t+l.- At

present, the var:lable CHD~CCAi,t+l is .et to zero in all StJIQ.AB runa

unl... the user .peeifie. otMrwi.e.

Pollutioa Abat...t Capital Depreciation. Pollution AbateMDt

capital "epreciatioa. CADIlAi 1. equal to the pollution abat...t

ItMLAI capital depreciation rate. for Minoeeota ioduatri•• are
freYa var1oU8 18sues by tbe Nt...ota eo-J.S.ioaeT of Ilevenue,
nelli_e.ota Stat,CoQ2ratioo IQ.':" Tax. It. Paul. MiDDeRta.
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capital depreciation rate, DEPiAi , JDultiplied by the pollution abatement

capital output ratio PCAPPOLi .

Pollution Abatement Capital Depreciation Rate. The pollution

abateaent capital depreciatio~ rate in the current period, DEPIPAitt+l

equals th- depreeiation rate multiplied by one plus the current period

relative change in the depreciation rate, CHDEPRPAi,t+l- At pr••ent,

for lack of specific data on pollution abateaent capital depreciation,

DEP~A1 1s .et equal -to DEPllCCAi,t+l and CHDEPRPAi,t+l Is set equal to

zero in all SIMLAB runa.

Replac-.ent Inve8tment,Caeaclty-Creating_ Current period capacity

creating rapl.e_nt investment, RINVC i ,t+l' equal. previou.s period

capacity creating capital depreciation, CADBCCAt,t- The SDKLAI prosr..

is written so that tbis relatiooahip hold. as long as accumulated net

busineee income, defined below, 1n each indutry 1. aa larse ••

CADlCCAi,t+l. Should accUBUlated e.minss fall abort of tbis 1.~.1.

IIJIVC1 i. set equal to the _11er aJIOUllt. Should acclallated Det bua­

ne.. locOlMt. includlna current period business incc.e f fall to be larae

enoush to pay the industry v... bill, tben workers' waa.. are paid out

of depreciation allovaDees. At this pottlt, further arovth 1n industry

output do.. DOt occur. Sc.e '1er810llS of SDILU layoff enouab workers

in thla 81tuatl00 to el1a1ute ., exe... of ,ros. bueiDe.. apeue 0"1'

aro•• 1'• .,..... In theM '181'8100., capital. foaution aM ,rovth 18 output

c_ COftt1llue. The SIJG.AI uaer should epecif, whether he veat iDe••

1.... to be pa1. out of depreciation .11owaac•• or out of the btU

¥beD _ arr_a to ... SDILAI.

!tI••"s tavuS!!Bt. Polluti_ ANt_t. PollutlOD aNt_t

replac_t 18"Ut1Ieat ifi the CUl"r_t perloc1. l.unPA1,t+l ..ual. pollutloa
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abatl-ment capital depreciation in the previuus period, CADEPAi •
,t

Iotal Capital Depreciation. Total capital depreciation, CADEt'

equals the sum of capacity-creating and pollution abatement capital

depreciation.

Total Replacement Inveatment~ Total replacement investment equals

the sum of capacity-creating and pollution abatement replacement invest-

mente

Total Investment Net of Replacement. Investment net of replacement,

INVit equals capacity creating investment plus pollution abatement in-

vestment.

Investment Constraint, Period t+l. Regional capacity-creating

investment IHY in period t+l in the year following the base year t is

constrained to be less than or equal to the current period investment

limit, INVLMCi , multiplied by regional industry i net business income,

NBUSINCi • INVLMCi is set equal to 15 which is one and one-half times the

average equity price earnings ratio on the New York Stock Exchange at

ithe time of this writing. The value lNVLMC varies from industry to

industry and from t~e to tia. over the course of the business cycle.

iThe SIMLAB user can simulate with other values of INVLMC if he likes.

Investaent Constraint, Period t+j. I.eglonal capacity-creatil1&

inv••t.-nt bealnn1na witb the ••cond year after the baae year and con-

tinuina out to year n. the n-oer of years belDI stmulated. i. constrained

to be no IIlOre tbaa tbe fir.~ ~)Oriod 1nvestllent li.it plus a fraction

INeLItA! of acc..wated industry 1 Det bust.... tncoae. AOiBUSIHC
i

•

This relationship brlD,s tato the SIMLAI IN.Hlel the possibility of self-

fluDclq expansioo in•••taeot from acclaulated retaiD'M 'lavina_ once

st.ulated re,ional d.v.lo....t ,et. underway. The fractioD INVLMBi
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is set equal to .5, the approximate proportion of profits retained by

17/corporations.-

Capital Goods Producing Industry. The capital goods producing

industry i share of industry 1 capital spending, INVCO
i

, is the para­

meter relating spending for capital goods by each industry 1 to final

demand for the product of industry i. 18/

pross Private Capital Formation. Industry i gross private capital

formation equals the sum of industry 1. replacement investment, RINv1,t+l'

and industry 1 capacity creating investment, INVCl,t+l' moltip1ied by

the industry i share of industry 1 capital spending, INVCoi,l' and this

product is summed over all industries 1.

Industry i gross private capital formation is the use of industry i

product as a capital good by other industries denoted, 1. A capital

good is one which is used in the production of other goods for a period

longer than one year. Capital goods are depreciated over their useful

service life. The depreciation rates used in SIMLAB were explained

above.

Capacity-Creating Capital, Period t+k. Capacity-creating capital

in the second and subsequent periods after the base year equals capacity-

creating capital in the previous period, CCAP1 ,t+k_l' plus capacity­

creating investment in the current period, INVCi,t+k- less the differ­

ence between capacity-creating replacement investment, RINVCi,t+k'

and capacity-creating capital depreciation. CADECCAi,t+k_l.

11/

181

u.s. Depart1ftent of COIUlerce. Bureau of the Census. Statistical Ab­
stract of the United States 1976, Washington, D.C., 1976. p. 522.

Values of INVC01 included in SIMLAB are from the United States De­
partment of Commerce, Survey of Current Business, 55(9). September
1975. pp. 9-21.
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Pollution Abatement Capital. Period t+k. Pollution abatement capital

in the .econd and subsequent periods after the baae year equal. pollu­

tion abatement capital in the previous period, PACAPi,t+k-l plus pollu­

tion abatement investment in the current period, INVPAi •t+k• leas the

difference between pollution abatement replacement investment, RINVPAi •t +
k

,

and pollution abatement capital depreciation, CADEPAi,t+k.

Demand Module

The demand module includes equations which estimate the components

of final demand other than exports and gross private capital formation

discussed above. All final demands constitute an ultimate use of indus­

try output. An ultimate use of goods and services is one in which the

goods are transformed into waste materials or destroyed; as distinguished

from uses which transform goods into other goods as part of a production

process. In an input-outout accounting framework, the ultimate uses

for goods and services are inventory change, capital formation, personal

consumption, and local, state, and Federal activities. Goods held in

inventories are not consumed or destroyed there, of course, but are held

there pending final use. Goods used in capital formation are those

which require more than one year to be fully used up by a production

process. Personal consumption includf.s non-durables which ~re used up

during the current period and durables which. like capital, last more

than one year. By convention in the input-output accounting framework

used by SIMLAB government,expenditures are treated as a final use.

33. Business Inventory, Industry i



lDftuatl'y 1

D'¥OUT1tt+1 • tnOUTi • t *

36. Total PerAOOal Conswaptlon Expenditure.

37 • Total Disposable IncotBe

38. Total Personal Income

39. Personal Consumption Expenditure. Industry i Product

PCEi.t+1· PCEi.t * t+ [( =::=: -0 +EUSINi(:::_l ~ ] }
40. Elaaticity of Demand With Respect to Total PCE for Industry i Product

No Equation
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41.. Local C:overnment Expenditur(\~ fnr Indu~try 1 "r(~duct

LGE e LeE * (1 + :OPULt _ 1 )
.• i, t+l i t -, POPUL

t
_

2

42. State Government Expenditures for Industry i Product

SGE
i

.
t
+

1
• SGE * (1+ POPULt _ 1 )

, i,t POPUL 2
t-

43. Federal Government Expenditures for Industry i Product

FGETO
i

1 = FGETO * (1+POPULt _ 1 )
,t+ i,t POPUL

t
_

2

Business Inventory .. Business inventory in industry i, BIN.,
1

equals the product of the industry inventory-output ratio for the indus-

try, INVOUTi , and industry output, Xi,t+l" The industry i inventory

output ratio is kept by the industry to provide the needs of inter­

19/mediate and final users of its output.--

Total Personal Consumption Expenditures. Total current period per-

sonal consumption expenditures, PCEt +1, equal the average propensity to

consume, set at .89 in the equation, multiplied by previous period total

disposable income, DIt • Use of previous period disposable income is re­

quired in order to make the SIMLAB model recursive.. The average propen-

aity to consume was set at .89 ta order to arrive at a level of personal

:!J./ SIMLAB inventory-output ratios are from the U.s. Department of
Commerce, Survey of Current Business, 53(11), November 1975.



consumption .xpend1tu~. consistent with Minnesota sales tax revenue

data. StKLAB users may choos. alternative values for the average pro-

penaity to consume.

Total Disposable Income. Total disposable income in the previous

period. Dlt , equals the decimal fraction .84 multiplied by total personal

income in the previous period. Use of previous period values is neces-

aary in order to make the StKLAB model recursive. The value of the

fraction .84 was determined by averaging the ratio of Minnesota dispos-

able income to total personal income as reported in the Survey of Cur­

rent Business. 20/ Disposable income represents what consumers have to

spend or save after taxes and/or payroll deductions.

Total Personal Income. Total personal income in the previous

period equals 1.4 times total worker earnings in the previous period.

By definition total personal income equals worker earnings less contri-

butions for social insurance plus diVidends, interest, and rent. plus

transfer payments. Examination of Minnesota data indicated that with

these adjustments, total personal income was about 1.4 times total

worker earnings.~/ This ratio may vary from region to region so SIMLAB

users should consider substituting their own relationship between earn-

ings and personal income.

Personal Consu~p~lon,ExpendituresFor Industry i Product. In the

StKLAB input-output model~ goods and services used for personal consump-

tion are treated as being sold to consumers by the industry of origin.

20/ U.s. Department of Commerce, Survey of Current Business, issues for
April each year, 1971 and 1975.

The data are from computer tapes provided by the U.S. Department
of Commerce. Regional Economic Information Service.
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The fact t~ttt most consumer goods move through the wholesale and retail

trade sectors is taken into account by assigning trade margins for all

consumer goods to the trade sectors. Similarly, transportation and

shipping charges are assigned to the transportation sector. The result

is to di~tribute personal consumption expenditures to the industry of

origin in prqducers' prices. This procedure is an accounting convention

used in the construction of the U.S. Department of Commerce input-output

tables. A mqre realistic procedure routing all consumer goods through

the trade and transportation sectors and then back to industry of origin

is also possible but this requires input-output tables specifically con-

structed to reflect the routing of consumer goods through the trade

sector. Such tables are not currently avai1able. 22 /

Personal consumption expenditures for the product of industry i,

peEi , equals personal consumption expenditure for the produce of indus­

try i in the previous period multiplied by one plus a series of variables

determining change in peEt. The variables determining consumption ex­

penditure change are population change POJ:"JLt _
1

/POPULt _
2

-1; the

elasticity of demand for c.ommodity i, ELASIN.; and change in total
1

regional personal consumption expenditures, PCEt/PCEt_I-I. This rela­

tionship attributes changes in consumption spending for commodity i to

changes in regional population and to changes in the total personal con-

sumption expendi~ures of regional consumers. With increasing population

and/or increasing total consumption, consumption spending for commodity

i increases. Estimates of regional ELASINi which measures commodity i

See: Hollis B. Chenery and Pual G. Clark, Interindustry Economics,
Wiley and Sons, 1959, pp. 146-149; and James A. MacMillan, Chang-mei
Lu. and Charles F. Framingham, }~n1toba Interlake Area, A Regional
Development Evaluation, Iowa State University Press, I97S,pp.37-54.
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consumption Tespons~ to changes in total consumption are derived from

estimates in published studies. 231

The ILASINi concept used in input-output models is not the same as

that used in studies of household consumer behavior. In studies of the

lattel: kind, expenditure catagories,like "recreation",~re often used.

However, "recreation" may include entertainment services, fishing hooks,

golf balls, and air transportation. All these 1 sre separate industries

in an input-output model.

In other ways, the two kinds of COtlSUmer expenditure theories have

much in common and the SIMLAB consumpt.ion expenditure equations make

use of the results. For example, the long-run S~B forecasting eq'l~-

tions do not includ~ price variables and variables representing household

characteristics found inthe published studies of consumption behavior.

In these studies, these variables are statistically much less important

than total expenditures in explaining consumption over long periods pf

time, probably because of the role of habit as determined by current

241and expected future income in determining consumer behavior.-- Since these

variables are relatively less important and also difficult to predict accur-

ately, the long-run projections of the SIMLAB model may be more accurate

by omitting them and relying on habit.

Local Government Expenditure. Current period expenditures of local

government for the product of industry i, LGE., equals previous period
1

LGE multiplied by one plus the previous period rate of change in regional

Clopper Almon, Jr., et al., 1985: Interindustry Forecasts of the
American Economy, D.C. Health and Co., 1974.

Houthakker and Taylor, op cit., p. 165, theorize that habit and
income are related through a changing consumption mix as income
grows.

...
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population. This formulation is based on the assumption that government

expnediture is determined by population change. The SIMLAB model makes

this assumption for expenditures of all general government activities.

G~ueral government activities include the courts, the policy, fire pro-

tection and other services which are provided to everyone equally. These

are sometimes called "public goods". Goods and services sold only for

a price are the function of governmertt enterprises which are treated as

producers in the regional input-output table.

State Government Expenditure, Industry i. Expenditure of state

government for the product of industry i, SGE
i

, equals previous period

SGEi multiplied by one plus the same set of variables appearing in the

equation for local government expenditure.

Federal Government Expenditure. Expenditure of Federal government

for the product of industry i, FGETOi , 1s explained in the same way as

expenditures of local and state government. This equation works well

enough in Minnesota which has relatively little defense industry or other

industry selling a large share of its product to the Federal Government.

The assumption being made is that Federal purchases in the region are

exclusively to serve regional needs determined by population change.

Employ!ent Module

The employment module includes SIMLAB equations for estimating

regional industry employment, output per worker, and earnings per

worker.

44. Total Employment, Industry i

EMPLOY. 1· Xi +l/OUTPWK. +11,t+ .t 1,t
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45. Output Per Worker, Industry i

OOTPWKi , t+1 • ( 1+CHOUTPWKi , t+1) 'if OUTPWKi , t

46. Earnings Per Worker. Industry i

EARPWKi , t+1 - (1+CHEARPWKi , t+1) 'Ie EARPWKi , t

47. Total Earnings, Industry i

TURN i , t+1 • EARNPWKi , t+1 • EMPLOY i , t+1

48. Total Earnings, Region

TEARNt +1 - ~ TEARN i ,t+l

49. Resident Labor Force, by Age and Sex, Region

RLBF • LFPAR 'Ie POPLa,s,t+l a,s,t+l a,s,t+l

so. Resident Total Labor Force, Region

12

RTOTLBF t +1 - k:l RLBFa,s,t+l

51. Labor Force Participation Rate, by Age and Sex

LFPAR t+l" (l+PCHLFPAR t+l) • LFPAJ.a,8, a,s, a,_.t

52. Labor Demand, Occupation j

KIN(XDi ,t+l' XOi,t+l' XPi,t+l)

i • I, ••• , 52 j. 1, •••• 9

53. Work Force Supply, Occupation j, j • 1, •••• 9

EMPLOYSj , t+1 • LFOCCUPj t t+1 * RTOTLBFt+l + (IXCOIMj , t+l...ouTCOlHj • t+l )

S4. Employment, Occupation j, j • I, ••• , 9

EMPLOYj , t+1 • MIN (EMPLOYDj , t+l' EKPlDYSj , t+ 1)
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55. Total Employment, Region
9

REMPLOYt+1 - j ~1 EMPLOYj t t+1

56. Industry Required Occupational Mix, Industry i

9
subject to t OCCUPM1 j t+l • 1

j-l t t

57. Regional Resident Work Force Supplied Occupational Mix, Occupation j

LFOCCUP _ EMPLOYSj,t + INMIGj,t - OUTMIGj,t
j t t+1 RTOTl..F t

9
subject to j~l LFOCCUPj,t+l - 1

58. Unemployment, Occupation j, j- 1, ••• , 9

UNEMLFj , t+1 • EMPLOYSj , t+1 - EMPLOYj , t+1

subject to UNEMLlitt+l ~ 0

59. Unemployaelltt Region
9

UNEMLFt+1 - I tJNIMLFj t t+1
j-l

60. Inc~tinl Worker., Occupation j

j - 1, ••• , 9 subject to IMCOEM ~ 0

61. IncOII8Jtina Rate, Occupation j

IMCt'IIIj , t+1 - (1+PCHDICOMIi , t +1) * lRC(IOlj If t

subject to IKCOItIlj • t+l ~ 1

62. OUtc-.uttq 'Worker.. Occupation j
•

OUTCOIMj • t+1 - otrrCOlllj ,t+1 * (IMPLOYSj , t - DlPLOYj t t)

subject to OUTCOIMj • t+l ~ 0
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63.

I

I
I
I

Out·(;01IJmuting Rate, Occuaptionj

I. OUTCOKRj , t+1 • ( 1+PCHOUTCOMRj t t+1) * OUTCOMRj , t

subject to OUTCOMRj,t+l ~ 1

Regional Employment. Regional employment in each industry i,

EMPLOyi
25/ is equal to realized regional output in each industry i, Xi

multiplied by output per worker in each industry it OUTPWKi - This equa­

tion simply says that given the level of industry realized output from

the production module, industry employment is determined by worker pro-

ductivlty in that industry. In other words, increased industry output

requires more workers.

This assumption will not always hold true since industries can also

increase output by installing capital equipment which produces larger

volumes of output using the same or fewer workers. However, the 8ub-

stitution of capital for labor nearly always has the effect of increasing

output per worker. SIMLAB users wishing to simulate the effects of capi-

tal substitution can specify larger output per worker ratios. To remain

consistent, users should then consider whether larger capital output

ratios should be specified in the investment and proLuction modules.

Changes in the capital output ratio, CAPOUT arL discussed in the section

of this chapter on the investment module.

The user who wishes to simulate the effects of increasing output

per worker causeli by substitution of capital for labor must be prepared

to make an assumption .s to why free entelprise firms would want to do

this. lteasons for substitution include technological improvemeuts which

25/- M1nnesota data on employaenc in each industry are derived from
data 1ft various annual i.suee of the u.s. Department of C~rcet
£!uatl Jusines. Patterns and from data furnished by the Mlnneaota
nepartMet of laploya:mt Securlty _
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inerease returns to investment in plc!nt and equipment; government policies

and other events which reduce the cost of corporate borrowing; and labor

market events which increase labor costs per unit of output relative to

the cost of capital per unit of output.

Output Per Worker. Output per workr in each regional industry i

equals one plus the relative change in output per worker, CHOUTPWKi,t+l

26/multiplied by output per worker in the previous year, OUTPWKi,t.--

Users wishing to simulate the effects of increasing or declining levels

of output per worker must specify positive or negative values, respec-

tively, of CHOUTPWK.

Earnings Per Worker. Earnings per worker in industry i, EARPWKt ,t+l

equal one plus the relative change in industry earnin\!" per worker,

CHEARPWK
i

, t+1 multiplied by industry earni.ngs per worker in the previous

period, EARPWKi,t.£Z1 SIMLAB users can simulate the effects of changing

earnings per worker by specifying positive or negative values of

CHEARPWKi,t+l·
-,-- .--

•

26/ Initial estimates of regional output per worker by industry may be
their National counterp3rts calculated from output data in the U.S.
Department of Commerce, Bureau of Economic Analysis, Summary Input­
Output Tables of the U.S. Economy: 1968,1969,1970, BEA Staff Paper
No. 27, Washington. n.c., September 1975. Employment data are from
the U.S. Department of Labor, Bureau of Labor Statistics, The Structure
Ef the u.s. Economy in 1980 and 1985, Bulletin 1831. Washington, D.C.,
1975. These estimates can then be adjusted upward or downward to
correspond to what is known about regional productivity •

27/ Estimates of regional EARPWKi may be their National counterparts
calculated from earnings data in U.S. Water Resources Council, 1972
OBERS Projections, Regional Economic Activity in the U.S., Volume 1
Washington, D.C., April 1974. Employment data is from U.S. Depart­
ment of Lahor, Bureau of labor Statistics, The Structure of the U.S.
Economy in 1980 and 1985, op.cit. These estimates can then be adjusted
upward or downward to correspond to regional earnings data supplied
by the u.S. Department of Commerce, Regional Economic Inforaat1on
System.
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Total Earnings,Industry. Total current period earnings in industry i

TEARNi,t+l' equal current period earnings per worker in industry i,

EARPWKt,t+l' mUltiplied by current period employment in industry i,

EMPLOY i • t +1•

Total Earnings, Region. Total regional current period earnings,

TEARNt+1, equal the sum of total earnings in all industries, TEARNi,t+le

Resident Labor Fo~ceJ by Age and Sexe The resident regional labor

force by age and sex, RLBF t+l' equals the regional labor force par-a,s,

ticipation rate by age and sex, LFPAR t+l' multiplied by the regionala,s,

population by age and sex, POPL t+l. The labor force participationa,s,

rate is the proportion of the regional population age 16 and over which

is working or seeking work. Individual decisions concerning the

value of leisure, the number of years of education, the number of

children. early versus late retirement, aLld other things, determine the

labor force participation rate. Projected changes in the labor force

participation rate are discussed below. Information on the regional

population by age and sex is from the Census. 28! SIMLAB projects future

developments in regional population characteristics as explained below

inthe discussion of the population module. These characteristics are

important during the initial part of the simulation run in determining

the size of the regional labor force. Gradually, during the simulation

run. the ~portance of initial characteristics diminishes as population

composition changes because of the joint effects of births. deaths. and

aigration due to economic opportunities associated with chang•• in the

u.s. Department of Co.-erc•• Bureau of the Census, General Social
and Ec2ft0l1l1c Characteristics, Hinn••ota. Washington. D.C.,
March. 1972.
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regional economy. The reader can see that the SIMLAB model is constructed

80 that regional economic changes cause changesin regional population

characteristics and that the link between the two is the regional labor

force.

Resident Total Labor Force t Region. The resident total regional

labor force, RTOTLBFt +1, equals the sum of the labor force age-sex

c.omponents, RLBF +1.a,s,t

Labor Force Participation Rate. The regional labor force partici-

pation rate in the current period, LFPAR +1' equals one plus thea,s,t

relative change in the labor force participation rate, PCHLFPAR t+l'a,s,

multiplied by the labor force participation rate in the pervious per-

iod, LFPAR • Labor force participation rates are projected to
a,s,t

change, both Nationally and in Minnesota during the rest of this century.

The SIMLAB model takes projected chang~s in regional labor force parti-

cipation rates into account during simulation runs. Increases in labor

force participation have the effect of reducing the size of regional

population needed to fill a given number of available jobs.

Labor Demand, OccuPti~. SIMLAB estimates regional labor demand

by occupation. There are nine occupations:

1. Professional

2. Managerial

3. Sales Worker

4. Clerical

5. Crafts

6. Operative.

7. Other Nonfars. nonmine

8. Sorvice

9. rarm
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Labor demand in occupation j, EMPLOYJ)j,t+l' equals labor demand

for occupation j sUDIlled over all industries 1. Labor demand for occu-

pation j in industry i is the product of three variables; the proportion

of industry i work force in occupation j, OCCUPMi,t+lt the inverse of

- -1
industry 1 output-per-worker, OUTPWKi ,t+l ; and realized industry i

output, MIN (XDi,t+l' XOi,t+l' XPi,t+l>. The variables OUTPWKi,t+l

and MIN (XDit t+1' XOi, t+l' XPi, t+1) h:6ve already been discussed in this

chapter. Data on the variable OCCUPMi,j,t+l is from the U.S. Department

of Labor. 29 /

Work Force Supply, Occupation.

by occupation. Work force supply in

the proportion of the regional labor

multiplied by the total labor force,

SIMLAB estimates regional work supply

occupation j, EMPLOYS. +1' equals
J,t

force in occupation j, LFOCCUPj,t+l'

RTOTLBF
t
+1, plus the difference

bet1r:aen incommuting and ou,;commuting by workers in occupation j,

INCOEMj,t+l - OUTCOEMj,t+l. Base year values of LFOCCUPj are from the

30/Census.-- Values of LFOCCUPj subsequent to the base year are endogenous

to the SIMLAB model because of inmigration and outmigration estiaated

in the population module.

Eaaployment, Occupation. Employment in occupation j in the current

period, EMPLOYj,t+l' is the mln~um of EMPLOYDj,t+l and EMPLOYSj,t+l.

This simply means that no more workers can work than are available to

work or .mployers are willing to hire.

11/

]9./

u.s. Department of Labor, Bureau of Labor Statistics, T~rrow's
Mao2!?!!'r Needs. Volume II! National Tren.ds and Outlook: Industry
!aRloeent ._d Oecupational Structure, Bulletin 1606, Wuhinaton,
D.C., 1969.

Bureau of the Census. general Social and Econ~c Characteri8tics,
lUnnesota, op.cit.
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t+lTotal regional employment, REMPLOY ,

equals the sum of employment in all nine occupations.

Industry Regional Occupational Mix. The occupational mix required

by industry i, OCCUPMi,j,t+l equals one plus the relative change in

the occupation mix, PCHOCCUPMi ,j,t+l' multiplied by the occupational mix

in the previous period, OCCUPM1,j,t' subject to the constraint that

OCCUPMi ,j,t+l summed over the nine occupations equal unity. In SIMLAB

runs the variable PCHOCCUPM1,j,t+l is set equal to zero unless other

values are specified by the user.

Regional Resident Labor Force Supplied Occupational Mix. In periods

subsequent to the base period, the current period labor force supplied

in occupation j, LFOCCUPj,t+l' equals labor force supplied in occupa­

tion j in the previous period, EMPLOYSj,t' plus the difference between

occupation j inmigration and outmigration, in the previous period,

INMIGj,t - OUTMIGj,t' divided by the previous period resident total

labor force, RTOTLFt • Values of INMIGj,t and OUTHIGj,t are estimated

in the SIMIAB populat ion module discussed in this chapter.

The regional resident labor force equation is lagged in order to

make the SlMLAB model recursive. This may lead to a alight inaccura~_y

in estimation of the regional labor force supplied occupational mix

should the rate of deaths and retirements vary among the occupations

from year to year. Deaths and retirements are taken into account,

however t since RTOTLFt depends on regional population and deaths and

retireaents are calculated in the population module.

Un!!plo~ent, Occupation. Unemployment by occupattoD t UMEMLF
j

,

equals the difference between labor supply in occupation j and employ-

aent in occupation j. EMPLOYS j ,t+l - EMPLOYj,t+l subject to the re­

atriet10n that unemployment be greater than or equal to zero.
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Unemployment t Resion. Regional unemployment, UNEMLFt +1, equals

the sum of unemployment in the nine occupations. This limited concept

of unemployment is to be distinguished from those more broad concepts

which specifically allow for underemployment, unemployment resulting

from job turnover, and unemployment resulting fra. unemployed workers

not having information on available job openings.

IncOlDllWting Workers, Occupation. Current period incoaRuting tIOrkers

in occupation j. INCOEHj,t+l' equal the incOUIIluting rate, INCOMR j ,t+l'

multiplied by the pervious period difference between labor demand and

labor supply in occupation j, EMPLOYDj,t - EMPLOYSj,t' ~ubject to the

restriction that incommut1ng be greater tha'n or equal to zero.

Incommuting Rate, Occupation. nheincommuting rate in the curr'tnt

period, INCOMR
j

. t +1, Io!quals one plus the percentage change in the in­

commuting rat~, }"CHINCOMBi,t+l' multiplied by the previous period 1n­

commuting rate. Puhlished data for the variable INCOMR
j

is not generally

available. This variable is not the same as the Census travel-to-work

concept. Rather, it is a measure of the proportion of rCKional job

openin&s which would be filled by commuters. Therefore, SIMLAB users

~i8ning to take cOJDIDUting into account, must consider takinK a survey

or using some other ap~roach to estimation of INCOMR
j

. In many cases,

estimation of INCOMR
j

may not be worth the expense. For example,

in some regions the number of 1ncomauting may not be a significant portion

of the regional work force.

OuteOllDutina Workers, Occupation. Current period outca.auting

worker. 1n occupation j, OUTCOEMj ,t+l' equ41 the out-c~tlftl rate,

OUTCClflj,t+l' multiplied by the previous period difference between

rqional labor supply in occupation j, EMPLOYSj ,t and resional _ploy­

Mat ill occupation j, IMPLOYj,t' 8ubjlllCt to th. re.triction that out-
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commuting be greater than or equal to zero. This sepcification assumes

tbat a fraction of workers in excess supply within the region will

work outside and commute.

Outc~tipg Rate, Occup!tion. The current period outcommuting

rate. OUTCOMR. l' equals one plus the relative change in the out-
J ,t+

caamutioa rate, PCBOUTCOMRj,t+l' multiplied by the previous period out-

commuting rate, OL~COMIj,t.

Value-aJded lIOdule equations for each industry estimate the pool

funds from which depreciation, taxes, and any profits must be drawn.

For each realonal industry, value added plus the cost of materials,

i~•• aDd services purchased from regional industries, plus labor

ii.n"v1(~es aDd goods purchased from suppliers outside the region (imports)

the gross value of industry production in producer'~ prices.

1ft ~ input-output fr8DeWOr~aro8. value of industry production cal-

culated in tbl. maaDer must equal the sum of industry sales to other

restona! industries plus final delipu,d.

64. Total Value Added, Industry i

65. Value-Added bte, Industry i

From Mlnneeota Two-Ileston Input-Output Program

66. Iaports, Industry 1

IMPORTt,t+l • RlGIMPRi ,t+l * Xi,t+l

67. I.port Rate, In~u.try i

From Mionesota rwo-legion In~ut-OUtput Proaraa

68. ausiness Taxes. IQdu8try 1

ITAXi • t +1 • BTAX1ti • t +1 * Xi,t+l
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69. Business Tax Rate, Industry 1

70. Net Business Income, Industry i

NBUSINCi.t:+l • VAi,t+l .~(TEARNi,t+l + BTAXi ,t+l + CADEi.t+~

Total Value Added. Total industry i value added in the current

period, VAi,t+l' equals the rate, VARi,t+l' multiplied by current period

industry i realized output, Xi ,t+l.

Value-Added Rate. The SIMLAB industry i value-added rate is calcu-

lated by the Minnesota Two-Region Input-Output Program. This program is

explained in Chapter 5.

ImpQrts. Regional industry i imports are goods and services needed

in production which are not available from regional suppliers. Imports

by industry i, IMPORT., equal the regional industry i import rate,
1.

REGIMPRi,t+l' multiplied by regional indus~ry 1 realized output, Xi,t+l.

Import Rate. The SIMLAB industry i import rate is calculated by

the Two-Region Input-Output Program explained in Chapter 5.

~iness Taxes.. Regional industry i business tax~a equal the re-

giona1 industry i business tax rate, BTAXRi,t+l' multiplied by realized

industry i grO$8 product, X
ist

+1•

Business Tax Rate. The regional industry i business tax rate~

BTAXRi • t +1, equals one plus the relative change in the business tax

rate, CHBTAXRi • t+1, multiplied by the prevous period business tax rate,

BTAXI:1 t t .11.1

Bua1ue.. tax rate. as a fraction of industry aro.s 8alea are from
various annual i.sues of the Minne.ota Departaent of aevenue, The
!f1pMOta State Corporation tncoae Tax, St. Paul. Minne.ota.

I
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Net ·Business Income. Industry i net business income in the current

period. NBUSINCi,t+l' equals value added, VAi,t+l' less the sum of total

earnings, TEARN1 t+l' business taxes, BTAX .1' and capital deprecia-
, i,t.

tion, CADE
i
,t+l. The concept of net business income is similar t0 9 but

not the same as, the concept of profit. Profit is an industry-wide

concept and there can be more than one firm in an industry. Thus, some

firms in an industry with positive net business income may experience

negative profits or losses.

Net business income can be viewed as an estimate of net regional

industry i cash flow from operations. This variable is important in

determining the limits to regional borrowing for investment purposes.

This limit is expressed in the two investment limit equations found in

the investment module.

The role of NBUSINC
i

in the investment limit equation suggests the

effects of simulating higher TEARNi , BTAK
i

, and CADE
i

• These variables

reduce net business income and hence regional accumulation of cash as-

sets. This reduction reduces regional ability to service debt and hence

imposes constraints on regional borrowing for expansion and pollution

abatement capital. SIMLAB users experimenting with the effects of higher

rates of business taxation may find the investment limit ~onstraining

growth in regional output. This result is realistic since it ts often

suggested that high local tax rates discourage investment and expansion

by business firms.

Population Module

The SIMLAB population aodule is an age-cohort survival model. Pop-

ulation module equations represent regional demographic characteristics.

The population module calculations for each year in the simulation run
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assumption that regional economic conditions as they affect employment

deteraine trends in regional population characteristics. Results of the

population module calculations provide the user with an opportunity to

qUickly and ea81ly check the validity of his assumptions since detailed

regional demographic data 1s readily available. 32/ Population aodule

equation. are as follows:

71. Reaional Population by Age and Sex

RPOPUL +1 - RPOPUL t + BIRTH t+l - DEATH +1a,s.t a,s, a,s, a,s.t

+ INMIG - OUTHIGa,s,t+l a,s,t+l

a • 1, •••• 66 R • 1, males; s • 2. females

72. Births by Sex, Region

BIRTHs, t+l - [BIRTHRa ',2, t+l * POPUL., ,2,t] * MFBIRTHRs

s • 1,2 a' : 14, ••• , 50

a' • 14. • •• , 50

76. Total neaths. Region

15. Deaths, Age and Sex, Region

TD&A.THt+1 • t t DEATH t+1a 8 a.s.

Por example, see the U. s. Departaent of Co...rce. Bureau of the
C..U8, Current Population aeport., Popul.atlO1l Estl..te. and Pro­
3~~~iona' Series P-25, Washington, D.C. In M1aD••ot., the State
'18DD1a& Aaeocy baa extensive survey data on demoa~.ph1c char.e­
tui.tica.

BllTHRa ',2,t+l - (I+PCHBIRTHR.',2,t+l) * BIRTHlat ,2,t

DEATH . t+l - DEATHIt 1 * POPULa,8, a,8,t+ a,.,t

74. Birth Rate, Female Age 14-50, legion

XI

73. Total Births, Region
2

TBIRTHt +1 - I BIRTHs t+l.-1 '
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77 • l!'~iiriit io.. By Age and Sex, Region

INMIG - NEMPDEPRt +.1 • POPULa ,s,t+la.s,t.... l

subject to EMPLOYDj,t - EHPLOYSj,t ~ 0

,
18. Inmigrant Age-Sex Distribution, Region

INPOPUL . t+l - (l+PCHlPOPUL t~l) * IPOPULa,8, a,s. ,'- a.s.t

subject to L L INPOPUL
t
+1 • 1

a s

79. Inmigrating Employee Dependent Rate

EMPDEPR
t
+1 • (1+PCHEMPDEPR

t
+1) * EMPDEPRt

80. Outmigration By Age and Sex
9

OUTKIGa,s.e+l - OEHPDEPRt+1*OPOPULa,s,t* L [<l-ouTCDMRj,t+l)
j-l

* (EMPLOYS j • t - EMPLOYDj • t >]
subject to EMPLOYS - EMPLOYD > 0

j,t J,t -

81. Outm1grant Age-Sex Distribution, Re~ion

POPUL t+l • (I+PCHOPOPUL +1) * OPOPUL , ta,s. a,s,t a,s,

subject to r ! OPOPUL +1 • I,a,s,t
a ~

Reiional Population. Regional population by age and sex in the cur-

rent period, RPOPUL t+l' equals regional population by age and sex ina,s,

the pl"evioWi period, lPOPUL t' plus current period births, BIRTH t+l'a,., a,s,

ainus deaths, DUTY t+l.' plus inmigrat ion, INHIG t+l' minus out-.,S, a,s,

.1,rat1on, OUTMIG t+l-a,.,
Birth_" hX Sex. Reatonal current period births by sex, BIRTH., t+l '

equal. the ..egional fertility rate for each 1,000 fellal8. between the
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ages of 14 and 50, BIRTHRa ',2,t+l' multiplied by the number of females

between the ages of 14 and 50 in the previous period, POPUL • 2 t; witha , t

the result of this multiplication multiplied by proportion of new

33/babies which are female and the proportion which are males, MFBIRTHR .­s

Use of the number females ages 14 to 50 1n the previous period,

POPUL , 2 t' is necessary in order to make the SIHLAB model recursive.a , ,

This may result in a slight thwough not significant overestimate of the

number of births since some previous period females ages 14 to 50 have

died. To some extent this error may be offset by not including births to

current period inmigrating females. Not including births to current

period inmigrating females is also necessary in order to make the SIMLAB

model recursive.

Total Births, Region. Total regional births, TBIRTH
1
+1, equals

the sum of male and female babies born, BIRTHs ,t+l.

Birth Rate. The current period fertility rate per 1,000 females

between ages 14 to SO, BIRTHR , 2 +2' equals ~ne plus the current perioda , ,t

relative ~bange in the birth rate,PCHBIRTHR J 2 +1' multiplied by thea , ,t

birth rate in the previous period, BIRTHR, .34/ With differenta ,s,t

.s8\8Ptions concerning PCUBIRTHR., 2' the SIMlAB U8er can simulate thea ,

effects of different fertility levels on resional labor force and popula-

tion",

Deathe. Ale and Sex. Relional deaths by age and sex in the cunent

period, DIATH t+l' equal the res10nal current period death rate bya,e,
aa. and sex, DEATD t+l' aultiplied 'oy previoua period regional popu-a,a, .

33/-
~J

M!QD...ota dat4 on births ar. from th~ State Depar~nt of H.alth.
The•• data are available for each county.

Valu.. of the "ariable ~BIIlTlUt ',2 used by SIMLAB in the absence
ot tiona to the contt'.~ are c01l8iatent vtih the Censu8
uleri•• II" population project10D8 for the UDited Stat•••
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351lation by age and sex, POPUL t.--- Use of the previous period valuea,s,

of the variable POPUL t instead of the current-period value,is neces-a,s,t

eary in order to make the SIMLAB model recursive.

Total Deaths, Region. Total current period regional deaths,

TDEATHt+1, equal the sum of current period deaths by age and sex,

DEATH t+l.a,8,

Inmisrat ion , By Age and Sex. Regional current period inmigration

by age and sex, INHIG +1' equals the number of dependents per worker,a,s,t

NIMPDEPRt+
1

, multiplied by the age-sex distribution of regional inmigrants

in the five year period before the most recent Census, IPOPUL t+l'a,s,

multiplied by a quantity which is the previous period regional demand

for workers by occupation in excess of those available from the regional

population, EMPLOYDj,t- EMPLOYSj,t' adjusted for incommuting by occupa­

tion, l-INCOMRj,t+l. Thus, regional inmigration is assumed to occur in

response to unfilled jc-b openings. The SIMLAB program is written so that

only positive or zero levels of worker excess demand are admissible.

Inmigrant, Aae-S6x Distribution. The regional inmigrant aae-sex

distribution, IPOPUL t+lt equals one plus thea •• ,
relative change in the

labla lPOPUL t+la,.,
the•• values involve. the assumption that persons who inmigrate to the

ale-sex component, PCHl~PUL +1' multiplied by the age-sex distribu-a, •• t

tion in the previous period, IPOPUL • In the absence of user a••ump-a,.,t

tiona, the variable PtHIPOPUL +1 is set to zero. Value. of the var-a,.,t

are from the U.S. Census of Population. 361 Use of

:111 In MiDll88ota., death rat•• by ale and sex for each cOUllty are obtained
fra. the State Depar~nt of Health.

u.s. Bureau of tbe Ca.us, Subject I.eport., Kiaration ..ewp State
1e00000c S .... PC(2)-2I, Waahilllton, D.C •• July 1972.
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region in response to future unfilled joh openings will have the same

age-sex characteristics as those who found the region sufficiently attra(~-

tive to move there during the five years prior ro the 1970 Census.

In-migratin., Employee-Dependent Kate. Tht! inmigrating employee

dependent rate, EMPDEPlt+1, is the number of persons the average iami­

gratin. worker brings with h~. The current period value of the dependent

rate equals one plus the current period percentage chanae in the rate,

PCHEMPDEPRt+1, multiplied by the previous period rate, EKPDEPl.t • The

variable PCHEMPDEPRt +1 ia set to zero in st.ulation runs unles8 the user

specified otherwise. Values of EMPDEPl.t+1 may be obtained frOll survey

work. Alternatively, Census data on household .ize can be used a. approx-

tmate estimates of the value of EMPDEPRt+1 and projections of household

37/ "size can be used to estimate future values of PCHEPDEPR
t
+1.-- The._

data are only surrogate estimates of the inmilratinl employ•• dependent

rate because the household characteristics of the job seeker who would

move may depend on the region he or she is moVing to; and upon the res10n

he or she 1s moVing froa. Howsebold characteristics of tbe job ...ker

say also depend on his or her education and oecupatiOG. Thus, SIMLAI

O88r8 should eonsider possibilities for independent verification of

assumptions cODcerniDltbe ..,10Y8e dependent rate. 381

Out-a1l!at~OG. Iy yet and. Sex. Outlli.ration by a.e and sex,

OU'1'M1Ga ,.tt+l' equal. the outaiaratins worker depencleat rate, ODfPDlPltt +1 ,

371-

'.Ii

ProjectiC1lUJ of the nuaher of persouI' per hoUMhold in Minnesota are
available fre. the Mi:oe,sot. State Pla.1D& "'ency, Offiee of the
State DeIIO,rapher, Mie;uta PORYl.Cion Projeetl.a.197o-Z000,
It. Paul, MiD8eaota, .-ber, 1975.

In IUDauot., • 1977 State P1a_1.. Alaey popul.tioe survey provided
••tillat.. of cOWlty -.l 8ub-eounty populac101l char.cteristlcs (coo­
alatent with the 1970 Ce1MIU8 of Popul.•tiOft eatiaat.a>. tbrouah whicb
WlMLU r.phic curve. are fitted by adjuatiq the a.peadent
rate other v.ri_l•••
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multiplied by the regional population age-sex distribution, RPOPUL t;a,s,

and this product is multiplied by a quantity which is the previous period

regional supply of workers in each occupation who are in excess of

In the absence of

cOftlparison with Census and the State Planning Agency population survey

account college-going, military service, and retirement to other areas.

Values

di8trlbution in the previous perind, OPOPULa,.,t·

uaer assumptions, the v-Ti-hle PCHOPOPUL i. set to zero.. a,s,t+l

tion on excess demand for workers, explained above, there can only be

Out-aiarant A&e-Se~ Distributionw The regional outmigrant age-sex

DIn 1 e plus the relative chanoe indistribution, OPOJ;Ul"oa,a,t+l' equa II on . . .,

each ale-sex component, PCHOPOPUL multiplied by the age-sex
a,s,t+l'

This migration theory works for Minnesota. In SIMLAB runs on Minne-

either inmigration or outmigration or no migration of workers in a given

occupation dU~'ing any given year. However, inmigration of workers in one

t1ve to the number of persons 1n each occupation who a~e seeking work.

are subtracted in each year. These adjustments are made to take into

occupation and outmigration of those in another is permitted by the model.

excess suuply of workers are admissible. Because of a simila:c restric-

data already cl~ed.

Correct values of the adjustments are determined by trial and error 1n

sota data a fraction of persons age 20 to 24 and of those age 66 and over

The SIMLAB program is written so that only positive or zero levels of

regional demand, EMPLOYSj,t - EMPLOYDj,t' adjusted for current period

outcommuting by occupation, (l-OUTCOMRj,t+l). Thus, regionaloutmigra­

tion is assumed to occur in response to a shortage of job openings rela-
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of the vat'iable OPOPUL. t+l are frOll the census •.!!.! Uae of theae
, ".,

vAlue.i...olves' the asaWltplon that per.ona who outo:ailrate froa the

~.lloft be~.. of' anexe... supply of workers 1n their occupation. will

_v.cu' ......~.ex cha'rac~..rl.tlc.of tho•• who left the resion

"darh\8'tbe five Years prio~, to the 1970 Censa.

U,..I.~~"'c9f ttae C_Wlt ,Slbject "'port., !Ulration Between State
~'.ItE•• op. 'clt!l ' " '
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4. CONSTRUCTION OF REGIONAL IXPUT-OUTPUT TABLES

This chapter explains procedures used to con8truct regional trans-

actloes tables. Tvo kinds of transaetions tables are constructed for

StMLAB. One kind represents regional interindustry interactions as they

are at pre.ent or at some specific time in the past. SIMLAB us.s this

table in aenerating baseline projections of regional economic activity;

and in generating projections which include the impacts of user-specified

deviations in baseline trends in cases where changes in interindustry

interactions or the appearance of new industry is not involved. A second

sort of transactions table represents regional interindustry interacti~ns

as they would be in the presence of user-specified new regional industry.

SIMLAB uses this table to generate projections of regional economic

activity which include the impacts of new industry.

Two-Region Input-Output Model

SIMLAB input-output tables representing existing regional industry

are developed using the detailed 367 industry U.S. input-output tables

40/as a secondary data base.-- These tables are appregated to about 100

industrial sectors because of computer capacity constraints. All cal-

culations are made using a Fortran program called the Minnesota Two Region

Input-Output Model run on a Control Data Cyber 74 computer. The program

requires about 140 K of core and executes in about 90 seconds of central pro-

cessor time. OUt-of-pocket computer cost is less than 50 dollars. Var-

lous data problems often make multiple runs necessary.

40/ u.s. Department of Commerce. Social and Economic Statistics Admin­
istration/Bureau of Economic Analysis. Input-Output Structure of the
U.S. Economy, 1967. u.s. Government Printinb Office, Washington,
D.C., 1974.



Asa.ption8 underlying these ("(~lcuLitions are as followM:

, • TI",r~ n rt' no .10 I nt 11FOdUt't N;

2. FAch product 1s supplied by on~ sector;

3. The quantity of each input used in a sector 1s in fixed rela­

tionship to the level of output of the sector;

4. The input structure at the National level prevails at the

regional level;

S. That an output surplus in the region becomes an export to the

National economy;

6. That an input or consumption deficit in the region becomes an

import from the National economy.

The computational sequence may be summarized as follows:

1. Calculate total U5~ or consumption of each sector output by

using sectors and finald demands in the region.

2. Calculate inter-regional flows of output as the difference

b~tween total output and total use in each producing sector.

The results of the calculations is the two-region input-output mod,l

diaplay""'d in Table 4.1. In the table. study region is designated as

Region A. The rest of the Nation is designated Region B. Quadrant I

represents the final demands for industry outputs produced in Region A.

Qu~drant II represents intermediate demands in Region A. Quadrant III

contains the primary inputs and imports of intermediate goods by Region A

industreis. Quadrant IV includes the final demands. interindustry trans­

actions. and primary inputs of the rest-of-Nation economy. The input­

output tables in the printouts include the dollar values of all inter­

industry and inter-sectional flows of goods and services bought and sold

within the specified region and the rest of the Nation.
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The technical coefficients appearing in each quadrant of Table 4.1

are unique. Adopting the notation that a single superscript indicates

a particular region and that a double superscript indicates the source

of a flow by the first letter and the destination of the flow by the

second letter. the technical coefficients in the four quadrants are

defined 18:

2.

3.

4.

in Quadrant I;

in Quadrant II;

in Quadrant III:

in Quadrant IV:

where X
ij

-= purch.qses of output of the i-th sector by the j-th sector

XO j • total input of the j-th sector

The relationships ktnong the technical coefficients are:

1.

2.

J.

From these re1ationships :it can be seen that a component attr:ibu-

table to 1nter-reg1onal flow l' 1so1ated from the flg10nal Ind National
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intersectoral transactions. Thus, the resional technical coefficients

in Quadrant 1 are unique to each regton.itl

'Iaplementdlton of the two-region input-output program requires user

identification and specification of base year regional gross product by

industry and preparation of estimates of base year final demands. Final

demand multipliers fro~ the regional transactions table are calculated

and inserted in the simulation model described in the previous chapter

of this manual.

The regional input-output table calculat.ed in this manner may be

modified using information on eXisting industries from other sources.

In addition, the tables may be modified, using procedures described in

the next subsection, to include new, hopothetical, industry. These mod-

tfied tables may then be uded in SIMLAB calculations of the socio-

economic impacts of new regional industry.

New Industry Adjustments

Representing new regional industry in an input-output transactions

table requires specification of new industry gross product and inputs,

calculation of additional regional industry outputs needed to supply

the new industry, and calculation of regional interindustry interactions

as they would be once regional producers are supplying the new industry

inputs. This done, adjustments to final demands may be required in order

to balance regional industry sales with disbursements.

This discussion is drawn from Henry H. Hwang and Wilbur R. Maki,
A Users' Guide to the Minnesota Two-Region Input-Output Computer
Model. (in process), Department of Agricultural and Applied
Economics and Agricultural Experiment Station, University of
Minnesota, St. Paul, 1978.
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All SIMLAB economic variables measured in monetary terms are in

1970 dollars. Therefore new industry gross product and the dollar value

of new industry inputs must be specified in 1970 dollars. New industry

gross product estimates are developed from user-specified levels of

physical output. Initial specification of new industry inputs must be

comprehensive and without regard to availability from regional suppliers.

All required inputs must be classified according to the Standard Industrial

Code of 1967 (SIC).42/ This list is then compared with a comprehensive

list of regional industries also classified according to the 1967 SIC.

Regional producers of new industry required inputs are assumed to be the

n~w industry suppliers unless the SIMLAB user specifies otherwise.

Required inputs not produced within the region must be assumed to be

imported unless the SIMLAB user specifies that a new regional supplying

industry will come into existence to serve the new industry.

If th~ new regional industry will employ existing technology, then

the inputs shown in the U.S. National input-output tables for the same

industry are used in SIMLAB. If the new regional industry will employ

yet-to-be developed technology, engineering studies must be used to

estimate inputs. Both approaches have been used in SIMLAB studies.

The additional regional gross product required to produce the

new industry inputs is calculated using an auxillary SIMLAB computer pro-

gram. This program calculates modifications to the existing regional

Executive Office of the President, Bureau of the Budget, Standard
Industrial Classification Manual 1967, u.s. Government Printing
Office. Washington, D.C •• 1967.
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industry (baseline) input-output rable according to the following pro-

eedurc:

Let,

r::::
A.r - i

....

1

I ~ l' ~ 2' •••,- -.wJ

AO
A •

.::
denotes the table of existing regional N-industry transactions derived

using the Two-Region Input-Qutput Program already described. Then, let

"n • rAil' A12 , A13, ••• AUf

f A21 , A22 ,
I
t
I

I ~ l' '\i 2' ••• ~
L

be the regi~al direct requirements table, derived frOB Art and let
AO'"a

1
",0
a ·2

~J

be the NXI vector of new indWltry ioputs (10 1970 dollars).

Then.
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-1"'0 ,.
(I-An> A· A •

.

~J
1s the IXI vector of additional regional outputs required if regional

industry is to produce the new industry inputs. The next step is to

calculate a new set of regional interindustry interactions as they would

be onee regional producers are supplying the new industry inputs.

Regional interindustry interactions can change in at least two ways

as a result'of the appearance of new industry. One set of changes occur

as a r~sult of increases in regional industry output required to supply

the new industry inputs. A second set of changes occurs if the new

industry supplies inputs to existina regional industry which previously

Chanaes of the first kind are calculated for sn,~ as follows.

Vsina the direct requireaents table An defined above and the XXI vector
,.

of additional res10nal output., A , the matrix

z • " A

"21Al' A22A2 •••

. . .
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is calculated. Then, recalling the regional transactions table ~

defined above, a second transactions table

is calculated. "0The vector of new industry inputs A is then inserted
0'\

as an additional column in~. This completes calculations needed to

take changes of the first kind into account.

No changes of the second kind need to be taken into account if the

new induotry makes no intermediate sales to other regional industry. In

this case, new industry sales are to one or more regional final demands.

as discussed later on in this chapter. If intermediate slaes are made to

other regional industry, these are entered in the appropriate places and

new column totals of intermediate purchases are calculated. If the new

industry sells product to regional industry which previously was an

inported input then industry t.ports are reduced by a corresponding amount.

Special problems arise in cases where the new industry sells a

required input at a higher unit price than it could be imported for.

This can occur, for example, when a locally produced input must be 8ub-

stituted for an tmported one because of shortages or other supply inter-

ruptions. Fossil fuels could one day be a catie in point in HiMesota.

In this cas. other adjust.-nts are needed to take the difference in the

price of the imported good and the regionally produced good into account.

If the regionally produced lood has a higher unit price,the imports

being substituted for are reduced by an a.ount corresponding to the

physical quantity of goods involved; and the remaining difference attri-

butahle to the different unit prices is subtracted from purchasing indua-

try value added, or added to ,orchasina industry Iroa. product; or

subtracted froa industry p&ytIeIlts to bouseholde (labor). or combinationa
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of these three possibilities. The decision in this case hinges on who

can be expected to bear the additional cost of the more expensive input.

Reducing purchasing industry value-added implies that the owners of

capital in the industry will bear the cost. In the SIHLAB model. ~nvest­

ment in plant and equipment by that industry will then be reduced and the

level of industry output will. through time, be lower. If industry gross

product is increased, this implies that purchasers of the product will

accept a higher unit price. Special adjustments must be made to the

SIMLAB model if it is to accept this scenario. For example, the assumed

level of output per worker must be increased; otherwise industry price

level increases will cause increases in industry employment, an unlikely

event. Finally, if industry payments to households are reduced, this

implies that industry can offset material input cost increases by red~cing

the wage bill. Reducing the wage bill can be accomplished by reducing

the work force, or reducing the wage rate, or both. In practice, the

rate of growth of the wage bill rather than its level may be reduced.

The SIMLAB user must be prepared to make decisions concemign all thes.

possibilities based on evidence he has assembled.

New levels of relional interindustry disbursements and disbursements

to households, producers of imported goods, and to value added ..y require

adjustments to final demands in order to reconcile regional industry aale.

with d1ahurscaeDtsa If hiaher levels of gross product .re involved. fo~

ex..ple, the SIMLAI user .ust be prepared :0 specify bow that extra

product will 'be COIUI\a8d. AIIon& all the catalori.s of final deaand. the

StMLAI .adel 1s particularly sensitive to adju.~nts to the level of

_ports aade by reslonal ba•• industries. In particular, if the SDILAB

user assuses that new Industry input requireaents are aet by divertins

output from exports then, over tilae, the level of resiona1 output and
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employaent may be lower than indicated in the baseline run. This occurs

when the regional multiplier effort of growing national markets 1s

stronger than the effect of an additional regional industry. Negative

impacts. as it were, may bt' the result of regional base industry market

share is reduced by diverting exports to laocl consumption. This is

not the result of 3 flaw in the model, only a consequence of the user's

assumptions.
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5. OPERATING SIMLAB

This chapter explains SIMLAB computer output and walks the reader

through a SIMLAB trial run. the trial run illustrates the role of the

interactive control module in the SIMLAB system. A series of eight

tabular sUDIIIaries are produced, starting wit~ export market indicators.

Export markets "drive" the regional economy and:t hence, they are presented

first, followed immediately by intermediate and local final demand in­

dicators and investment and capital stock indicators. Other tables show:

intermediate purchases, tmports and value adda~; output, earnings and

employee compensation; industry employment, by occupation; total popula­

tion and labor force, by sex ano aie class; and hours worked and output

per hour.

The SIMLAB output presented in this chapter is from an actual StMLAB

run of the Minnesota economic .cdel. Socio-economic indicators found in

SIMLAB output are defined in the following discussion.

Export Market Indicators

Export market indicators for the 55 Minnesota industries are pre­

sented in Table 5.1. Detailed attributes of this table are as follows:

a. Gro•• output for each industry 1. the total annual dollar value

of industry sales meeaured in producer'. prices. Both Hational

and regional industry gro•• output are printed out.

b. lelional exports are the ~unual dollar value of re.ional

aoods and .ervices sold to the rest of the Mation and to

forelan countries.

c. Actual ..rut share for each industry ia the ratio of regional

export. by each iDdu8try to total National aro.s output from

the ... industry.
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Annual change in market share is the historical or user­

specified annual compound rate of change in regional market

share.

Potential market share represents the level of regional exports

attainable in the absence of labor and capital constraints on

relional gross output. Operation of these constraints within

the SIMLAB model is explained in Chapter 3.

Inte~diate and Local Final Demand Indicators

lnter.ediate and final demand indicators for the 55 Min~sota

industries in Table 5.2 &bow the individual industry and sector require­

ments of industry output produced in Minnesota. Attributes of these

demands are as follows:

a. Intermediate purchases are the annual value of regional

industry sales to other regional industries.

b. Personal consumption expeuditures are Annual regional industry

sales to regional households and/or individuals. In the SIMLAB

econc.1c .ccounts, each industry producina a COftSU8er load is

treated a8 sellilll directly to consUlar.. Trade marJl1ns then becOlDf'

the gro.s output of the wholesale and retail trade sectors.

c. Gro@. private capital fo~tiOA i. the annual value of regional

industry product uaed a. capital lood. by other regional indus­

tI'1e.. Capital lood. are goods used to produce other goods.

capital aoods take lOnler thaD ODe year to wear out or be used

up. lodwatry lnt.,.raediate purchaae. are used up on one year

or 1_.
d. Iaventory chanae ts the annual chana. in the value of loods

held by indu8tries for future delivery.
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e. Government use of regional industry product is broken into

state/local and Federal. In the SIMLAB system of accounts,

only government use of regional industry product within the

region is treated in this way. Thus, for example, regional

industry production of ordnance and other items used in

National defense is treated as an export.

Investment and Capital Stock Indicators

InvesbDent and capital stock requirements of the 55 Minnesota in~

dustries are listed in Table 5.3. Output-increasing investment is dif­

ferentiated into pol1ution-abat~ent investment and expansion from

replacement investment as follows:

a. Output increasing investment is the annual v.lue of industry

purchases and installation of capital goods. Expaneion invest­

ment leads to increases in capacity to produce. Replacement

inve.~nt offsets depreciation of installed capacity. If only

replac-.ent inves~ent occurs t then production capacity dc~a

DOt increase. The SIMLAI aaoctel does not take the "vintaae"of

capital equipll8Dt into account 80, "old" capItal i ••••\Bed

to be .s ,Tocluctlve aa "new" capital. Total eXpalUliOD plue

repl.e~~t output incr".in& iDves~t 18 al80 printed out.

b. Pollution ahateaent lave.meet i8 the anaual v.lue of industry

purchas.. of loads OT equipment used to control ..i ••lon of

hantul ••bat_c.es to the _vlr~t. Iotb 0,...1011 and

replac_t inv••t_t 1. polluti~ll abat_t are ta. into

ace_t. Total ....1_ plu8 replac:..-nt pollutiOD abat_t

t..._.t 1s 41ao pr1nt" out.

e. cap'_1 8teu. 1_ the _. of paat __1 i."..~t aDd 1••t&l­

tea .f c._t.~_....". i.... ""'1.......... eOfttl'o111U eN--.da
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and equipment less the sum of annual depreciation charges.

Capital stock is aot measured at aa annual rate, llke 1nvset­

aent, but as the sum total of annual investment, less acc\JlllU­

Iated depreciation. Output-increasing capital stock is the

value of net available, or working. production capacity.

Pollution abatement capital stock 1s net available, or working,

pollution-control capacity. Total capital stock is the sum of

the value of output-increasing and pollution-abatement capital

stock.

Intermediate Purchases, I.ports and Value Added Indicators

Intermediate purchases, imports and value added of the 55 Minne­

sota industries are presented in Table 5.4. The individual outlays

are identified .s follows:

a. Intermediate purchases are the annual value of products pur­

chased by area industries from other supplying industries located

in the regi.on. These purchases are those made on curreDt

account Ilnd do aot include capital goods purchased.

b. Value added can be viewed as a theoretical cOllcept and as a

practical accoUlltiq concept. Econaaic theory defines value

acldecl a. • ....ure of the annual contribution of labor aDd

iDv..teet capital (iacludina capital held by govermaent for

public use) to tbe ...a1 value of industry output ....ured in

proclucer's pric... PrOIa an aecountil1l point of view, value

addu r.'.....t. che part of tbe proeeeel. Iroa the aale of

OttCP\lt lett 0981' after ,.ysaeat 1. ucle to _pp1ier. for area·

pr~_ 1aCel1ledtate proclucts ... 11Iported taterae4iate products

._ ..... the proclucctoo proe.... h_ v.lue added. each iDdue-



CHUNoa

6J.lSI.
1712600.

ll'JoG•
11&5750.

1SlaD.
o

alGal.
29060.111.
13..7,2Q.
11~Cl.O.

.1~05a.

311SiO ..
J.5S.s.. iJ.
~'60.. , •
2Z1Jcll.
~llJZI.

11J3~1'.

569"1.
111129"0.
lJ..,JdO.

,s2111.,.......
..1.1"51.

I
29.l.J'.

17'1{,'1.
.13...'.'.
l~J"'J"12'''''..2...1,,••,1.

613••,.
ZSIZiO.
1 .
Jl.lj'....,...
2..."1.
J.l6·.1lt.
Z~"al.
S.....lI.
IM6'71.
11...., ••",..,..

21..,111,
'Ot....4t ••.".a,.

.....1 ••

....." ..'.7741.
1..' ....
,.1••••
II....'.
1.,It4fI.
161U••

•...,.....

I KPcmT 5
rOT'l

CHU't 01

OTiiEIl

CHUNOl

VALU! AOQEO

cttUNUl

-.._---.--._._---_._---_..-.-INTER
Ki.OIATE
PURCHASES

1~Z7~122. ~6Z7a7C. 1SS.7S.. ola661l.
~112175. ~ll/'5D. 132'015. ;5~SS~5.

1't6910. ZS51JD. 73510. JZe&lt Q.

12,0621. 1203Z..". Z D95069. 3291U ••
17Saa. 13.160. 35111. ..1..0 I.

o a Q I
1.8330. 28..510. 118aOO. ..03.511.

10UZ1U6&. 80 ..Z090. 31369..... 111790S~.

1olleS9. 10..1650. 1&Od.l1. ~6;'Zjl.

12512285. Z257700. Z157115. il1..61;.
13756518. lS59.20. l,ll01l. S011.,JZ.
51.'4,13. 1110..a. 1~.'97. ZDS9U7.

926711. ..ZZ&ZQ. 1.198Z69. idla.,i.
• .,.019. 5.076". 137111. 717~1.

21.,.1. 121.Z0. 21'1160. ..D6S' I.
..·...71590. 617b9a. .Ia&718. 1g ' ....211.
, ..J6092. .JJ31,Z8. 25'''53,) ~916IJ'.

Z.9.1...13. Zll..650. 91..031. J01.65'.
11.12..&1. 6Ul,.JII. 1123.79. 1615541 9.

65;9Q1. 22..170. sa3S~9. 72771i.
li3Q.~Z. .~a90. l1Z611,.. 2Z222•••
9.aZ71. .7~Q3a. ~9'19. l11J~~.

fttJ6S71. ..261..0. Z,""I. ,''',,,,.
I I , •

51a,~a. ZIT'aO. 257511. .,,,SI.
2165732. 17Z6Z,D. 12Saz... 29._'1'.
',l1IS1. 6J2.,30. IIftl....,. .,31"11 ,.
J21oCt910. Z6t.'6'. tI"'.. J.,1t' a.
2.39.31. ~l'd'l. 91""'. 1.tS....

1..'118. ,.,21. ""7'. "1J'.
".111. ..OI'tO. ~,Z.I. li1J60.

12'101'. 115S••U. 116661. 1"'1'1.
sa''''9. ~6Iz.,a. 196161. 7•••• 1.

- 2..ZJ61. "'SiG. 1••351. Jtll$O.
11M'''. 21'7Z..0. .,16.11. It,,.,l.

2.':';11. 6.0.21. l"S11. 7 ..4t~'.
96ZI71. 192&1'0. " ••19. Z'l'....
'.9.1.1. '72ft". "'1". 1Jl.66 ••
.'7lt7D. 1• .1'.'8. 1616621. .lltAt" I.

1.731SI. il6ljl.. ".191. 11,.111 I.
"Z.~11. ....,~2U. 1........~. 1...9.1. t •

1.... '1.. .1...,.1,. 1"111. '.167\1.
,5,tOI6. .7""'. 16M'7,... , .. 't...~ ...,Z",'2. 12......... 131'1.1•• 2_,.-.tl.1t"'IZ.. S.l.'.... 191'11Z. • 114.
.i6l'l6. ..04.'. 11.....1,.. 1..3 .
lJ.I',,.,. 1..'..... U'••I. IIIJUI.
........11. ,.z,~.... 2•.1177... .....,u••
"lIlll. ~I'.I. 111117'. '."ii'.
........... .,..".. ",17'. ' ..' ..'1.

"91..11. ' ....IT.. ~1.t.4. 1I,Z.,;,.
..k"'. 11.t". 141.,1. 1"eUI.,..l'ft,... 1••,1.1. 1...1.... "I4t_'.

llt1l&t. , ....1. .,,'1. '~I_
I 1..1161". I,a...,.. ...~,J, .

1•••II'.'.1'••• 'Z••• 11• ..al.J.',., ' •

IN'fR~OIATi PURCHASES. IHPO~TS, AND V4L~£ ADO!D INOICATORS
Of S~£ClfI~J INDUSTRIES

KINhfSOrA , 191.

INDUSTRY

NO. TITL~

..~•....._ _ _.---.__..-_._ .

.....--...----...

85

-....~--_._~_._-~ ...._------~_._._-_ .._-----~---.-~---_ ..----------

,. LIVi-STOCK
2 OTHER AG
J AG••FOR.,

••-..--.' "IRON ORgS
S OTHER H~T

6 COPPER OR
7 MON-HETA&..
, COHSTl<UCr
9 ORONANCi

--(0· .. 'fOOO "NU
11 It£AT PRO*,
12 GfCA IN "I&..
11 8£VtRAGES
1,. APPAREL A
If LO"ING

- -'16 MOOD Pt<OU
l' "PER PNO
1t 'KINrIN~

l' CHE"lCA&..$
II P£THOL£u.1
21 Ruaa,ta A,.

• -~Zl STOh£.CLA
21 PfitillAiC.Y I
,.. PRUtARY C
It O'Hift Pill
Z6 .TAL FAd
" "~CHI,.£ftY

--"2'- ILECIiUC
It ItOTOR ViM
J' AIRCll,r
11 01H£M JRA
I' lid1'tUM!N
II MISC. "AN

- q I.. TANSPORTA
It Ula.. TRAN
" LOCA&.' itA
11 taUCK ritA
II &11 ruNS
:I t C4\ftfIJ,dCA-a... .IUCT.I"
..1 GAS UrlLI
,I _Jfit UTI
.., W"&.£~A ...(
.... .,aIL ,.It, ,.Ulie.;l •

••_...... IWAL tSTA

.., .,as I L.Q

... "'IPI($~

... U •••AIi' A!WW....'
11 .-oleA\...(I' 'calM", ..•, ,ra,••MV
•• 8'atO ••
., O'MI. '.VT'.'AL

--.---.------.---- -_..-.....------..----.--- -----_..__ ..---- ---'-_._---..--
Table 5.4.

..



c.

try pays wages, salaries, dividends and taxes; accumulates

retained earnings; and deducts depreciation charges. The input­

output treatment of value added is lIlost consistent with the

accounting point of view because, by convention, interest pay­

-.nts are included in the list of intermediate purchases. This

treatment of interest is equivalent to viewing cash acquired by

business using bonds, loans, and notes as an intermediate good.

In the ea-puter printout,total~~eadded Is grouped into earn­

inas, and other value added. Earnings are regional industry

payments of wages and salaries. Other value added is the sum

of business retained earnings, dividends, indirect taxes paid

by businea., and depreciation charges.

Lmports are the annual value of area industry pruchas.s of

products purchased from supplying industries loeated in other

regions. thus, by accounting for purchases froa supplier.

located inside and outside the resion plus VaaU, aalariea,

dividend.s, interest, and taxes,Table 5.. 4 presente a breakdown of

area industry current account expenee8 sbowi08 the d••tiaa­

tion of eaeb eatqory of exp8ase.

OUt2'!t gd "miS•. 'er Worker Indieator.

Output aad ••nu.naa per worker 1••e18 and rat.. of cbaaae are

ltsted 1. Table '.5. thea. data show producti.lt1 trends a. follows:

a. Output per worker ia _1 lDdu.t~ Ira.. output (abowD 11l

t.le 5.1) ,IY1d.. .., "'1''' 1 .....try.,la,.at. Out-

put "I'1IOeb.. le oft_ referre4 to •• "pnducclYitt".

Iif. "",.J:("(~. ia OUC.t ,. wert. i8 • _re of lUor proclue-

•·••fJ' - eM lac...... ill output _iell juatlfi.. the lac.._
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c. Earnings per worker are gross wage, salary, and other labor

income plus the earnings of proprietorsh1r which can be im­

portant in sectors where small businesses are numerous.

d. Annual change is a aeasure of the historical trend in earnings

per worker.

e. Employee compensatiOD is the annual total of wages, salaries

and other employee renumeration paid directly to eaployees

and indirectly for thea by the busines6 firms which make up

each industry. Unless the SIKLAB user specified his assump­

tion as to the ratio of eaployee compP.luJation to vages and

salaries, SIKLAB vill equate earnings per worker aDd coapensa­

tion per vorker.

Total Imeloyaent Indicators

Industry employaent requirements are listed by occupation in

Table 5.6. Hearly all users should find these occupational elassifica­

tions to be reMsonably self-explanatory so no further explanation will

be att..,ted here.

Total Poelation and Labor Force Indicators

Total population and labor in tbe State is .~rlaed by .ex aDd

ase cla•• io Table 5.7. Attribute. of thos. data are as followa:

a. Population is croa.-cl•••1(ied by age and .ex.

b. The labor force conaiats of thos8 ..le and f...l ......1". of

the aoe-1M.atrial population age 16 to 6S ,..ra who are .,loyed

or wbo are able to work aad are ...kina work.

c. TM labor force pal'ticipatloQ rate 1. the perceot.._ of th_

....1.Ci0ll10 each 1- catqory vlllch Ie aleo part of tile

laM!' fOl"c8.. 1Uoo1 _ worker. 8Bd ole1.r tIIOrura typicall,
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have males although, historically, the female participation rate

has been rising.

Total Hours Worked and Output Per Hour Indicators

Total hours worked and output per hour for the 55 Minnesota in­

dustries are presented in Table 5.8. Attributes of these measures, which

are used, also, as productivity indicators, are as follows:

Length of the workweek and the number of weeks worked per year are

reported in Table 5.8. Unless the SIMLAB user specifies otherwise,

a standard forty-four week and a fifty-week working year are assumed

to prevail in all industries. Future versions of SIMLAB will include

results from individual industry studies of hours worked per year

by full-time and part-time work force.

Other SIMLAB tables designed to meet user specifications can be

obtained through modification of the SIMLAB computer program. Tables

5.1 to 5.8 are illustrative of the possibilities.

SIMLAB Trail Run

SIMLAB user assumptions are inputed into the system as response~

to a series of queries from the computer. This section explains the steps

in the SIHLAB query sequence. Each query requires a response from the

user. Responses may consist of a typed-in "yes" or "no" or an instruction

for parameter modification as explained below. The discussion which

follows illustrates and explains what can happen during a SIMLAB run.

However. the exact sequence of events experienced by users will vary some­

what depending on user responses to queries from the computer.

Computer Hook-Up. SIMLAB users can access the computer via tele­

phone using a portable teletype. After dialing, a tone 8ignals the U8er

to place the telephone handset in the holder located in the back of the
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tel type. This connecta the tel.typ~ to the University of Minnesota

computer. U.ers of • hardwired teletype must follow dialing instruc­

tions at the teletype 8ite. The University Computer Center telephone

nuaber to be used depends on u~.r affiliation and whether 30-character

or lO-character print-out i8 desired.

Computer Access. Once teletype hook-up is achieved, the user types

in his account number, a password, and other information in order to call­

up SIlnAB. This procedure will vary with the affiliation of the user And

the current version of SIMLAB. Users obtain this information upon ar­

ranging to use SIMLAB.

User access to SIMLAB is limited to the interactive control module.

Th~re is no access to the underlying model or its program, except by

by special arrangement for a "future option" of SIMLAB as explained

below. The user responds to queries from the control module with a

"yeait or "no", eJf.c.ept when following instructions for parameter modifica­

tion as explained below. A typical encounter with SIMLAB may go more or

less like the following one t depanding on user responses.

"Do you want your output formatted for use on a teletype?"

Teletype users must answer yes unless they have arranged to dis­

pose regular computer printout.

"Would you like to access the information module?"

Users will generally want to answer "yes" in order to review data

already in SIMLAB and to have an opportunity for data modification. A

poSitive response will automatically lead to the next question.

"Would you like to see a listing of parameters?"

A positive response will result in a printout of all SIHLAB variable

and par.-.ter names grouped according to the module they appear in as

follow:

•



Market
43/

(Kest of Nation)--

95

1. U~S. Gross Output (USGO)

2. Regional Exports (REXPORT)

*3. National Growth Rate (GROWTHR)

4. Regional Market Share (REGMKS)

*5. Rate of Change in Regional Market Share (REGMSR)

Investment (Region)

6. Replacement Investment, Output Increasing (RINVC)

7. Expansion Investment, Output Increasing (INVC)

8. Replacement Investment, Pollution Abatement (RINPA)

9. Expansion Investment, Pollution Abatement (INVPA)

10. Output Increasing Capital (CCAP)

11. Pollution Abatement Capital(PACAP)

* 12. Output Increasing CapitaliOutput Ratio (CAPOUT)

* 13. Pollution Abatement Capital/Output Ratio (PCAPPOL)

* 14. Rate of Change for Capital/Output Ratio~CHCAPOUT)

* 15. Investment Limit on Net Business Income (INVLMC)

*16. Investment Limit on Accumulated Net Business Income (INVLMA)

* 17. Investment Matrix (INVCO)

Demand (Region)

18. Business Inventory Change ,- (BINCH)

19. Gross Private Capital Forma:ion (GPCF)

20. Personal Consumption Expenditure (PCE)

21. State and Local Government Purchases (SOOVE)

22. Federal Covernment Purchases (FGOVE)

*23, Exogenous Final Demand (No Symbol)

~I parameter which can be modified by the user during
Parameter modifications result in changed -'values
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24. Total Final Demand by Sector (FD)

25. Rate of Change fo~ Exogenous Final Demand (Consult SDMLAB Staff)

*26. Rate of Change for State and Local Government Purchases Per Capita
(RSGEMP)

*27. Rate of Change for Federal Governm~nt Purchases Per Capita (RFCEMP)

*28. Business Inventory/Output Ratio (INVOUT)

29. ·A variable to be included in a future SIHLAB

*30. 'Personal Income Elasticity C~~fficient (ELASIN)

31. A variable to be included in a future SIHLAB

32. A variable to be included in a future SIMLAB

Value Added (Re~lon)

*33. Value Added,Rate (VAR)

34. Earnings (EARNINGS)

35. Bamin'gs Per Worker (EARPWK)

*36. Rate of Change in Earnings Per Worker (EARPWKR)

37. Employee Compensation (No Symbol)

*38. Employee Compensation Rate (No Symbol)

*39. Annual Percentage Change in Employee Compen~ation Rate (No Symbol)

*40. Business Tax Rate (BTAXR)

41. Business Income (NBUSINC)

42. Accumulated Net Business Income (ACNBUSINC)

*43. Annual P.ercentage Change in Busineea Tax Rate (CHBTAXR)

44. Reglonal Imports (IMPORT)

*45. Regional Import Rate (REGIMPR)

*46. Capital Depreciation Rate, Output-Increasing (DEPRCCA)

*47. Capital Depreciation Rate, Pollution Abatement (CADEPA)

48. Maximum Income Ava:l.lable for Investment (No Symbol)

49. Total Personal Income (No Symbol)

so. N91l-1tesldent Personal 'Consumption Expenditures (No Symbol)

•
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*51. Personal Income/Earnings Ratio (No Symbol)

*52. Unemployment Compensation Rate (No Symbol)

*53. Transfer Payments Rate (No Symbol)

*54. Proprietorial Income Rate (No Symbol)

*55. p.e.E. / Savings Ratio

Employment (Region)

56. Emplo~ent by Industry (EMPLOY)

*~7. Output Per Worker Ratio (OUTPWKR)

*58. Output Per Hour Worked (OUTPHW)

*59. Rate of Change in Output Per Worker Ratio

*60. Hours Worked Per Week (HRWPW)

*61. Rate of Change in Hours Worked Per Week (HRWPWR)

*62. Hours Worked Per Year (HRWPY)

*63. Weeks Worked Per Year (WKWPY)

*64. Rate of Change in Weeks Worker Per Year (WKWPYR)

65. Employment Snpplied by Occupation (EMPLOYS)

66. Employment Demanded by Occupation (EMPLOYO)

67. Unemployment by Occupation (UNEMLF)

68. Household Workers (No Symbol)

*69. Household Workers/Population Ratio (No Symbol)

*70. Rate of Change in Household Workers/Population Ratio(No Symbol)

71. Other State and Local Government Employment (No Symbol)

*12. Other State and Local Government Employment/P.C.E. Rat:f.o

*13. Rate of Change in Other State & Local Government Employment/P.C.E. Rat10

74. Other Federal Civilian Government Employment (No Symbol)

• 75. Other Federal Civilian Government Employment/Population Ratio

* 76. ~te of Change in Other Federal Civilian Government ELlployment/
Population Ratio
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77. Federal Military Employment (~o Symbol)

78. Other Government and Household Workers Final Deaand Distribution

*79. Industry Occupation Matrix

Labor Porce (Region)

80. Total Labor Force

81. Labor Force Distribution by Occupation (LBFOCU1 1n .... Year,
LFOCCUP durins .1aulation run)

82. Labor Force Age Distribution (LBFAGEG)

*83. Labor Force Participation late Male (LPPABK)

.. 84. Rate of Change in tbe Labor Force Participation late Male (LFPAIIIl)

*85. Labor Force Participation Rate Female (LFPAllF)

.. 86. Rate of Change In tbe Labor lool ~c Participation bte '_1e (LFPAUJ')

PopUlation (Relion)

87. Population by Age (Male) (POPM)

88. Population by Age (Feaale) (POPP)

*89. Fertility late by Age (Female) (FERTILY)

*90. Annual Change in Fertility Rate (ACFEaTY)

*91. Male/Feule Birth Ratio (HFBIRTD)

*92. Death Rate by Ase (Male) (DIATHIlI)

*93. Death Rate by Aae ('_le) (DIATHltF)

*94. National Miaration Distribution by AI. aM Sex (DIGOIS)

.. 95. 'late of ChaD._ in !lational Miaratl00 Distrlbutloa (lIKlGDI)

.96. Hational !'aployee Dependent Rate (lIDtPD1Pa)

.. 97 • late of Chanae in aational 81Iploy. Oependeat late (~)

*98. 'Relloul Milration Distribution by Aae act lex

• 99 • late of ChaD&e in 1le&1onal Miarat100 DutJr1butioft

* 100. "'1oaallllplo,... Depeeclent late (1IG'D1ft)

* 101. laCe of. Chaqe 1a ....10..1 "'10" DepeM.t bCe (JtQIDIrDIft)
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102. Inmigration/Employment Equilibrium Relationship by Occupation

103. Outmigration/Employment Equilibrium Relationship by Occupation

104. Inmlgration by Occupation (INMlGOC)

105. Outmigration by Occupation (OIMlGOC)

106. Incomautting (COHIN)

*107. IncOlllllutting/Inaigration Ratio (COMIHR)

*108. Rate of Chanae in IncORSutter/lnmigratioa RatIo (RCOMIKR)

109. Out-Cc.autting (COMOUT)

.110. (Nt-CORaUtting/Outalgration Ratio (COMOtJTI)

111. Rate of Change in Out-co-.tting/Out1li&ratlon Ratio (1lC0M0Tll)

.112. In/Out Male Cohort Movement by Age (± eotmIVM)

*113. In/Out Female Cohort Movement by Age(± CO&t'MVF)

Production ("Sloo)

114.

115.

116.

Gros. legional Product (Current Year) (I )
t

Gro.s Regional Product (Previous Year) (It-I)

Required Output of Flnal DeMDd (ID)

117. Output Conatraint by capttal Stocks (XO)

-1*118. Leontief (Inver••) Matrix (1 - A)

o - !lID (DID HODlrlCATlOll OJ' THIS PAIAIeTII)

I.Z.I,Y • ADD MI)UIT Z TO IICTOII,Y

2,1.Y,1 - IIPLACI IICTQI X,Y VITI ~l I

',I.Y.I • CIMICI SlcrGl I.t II Z 'acarr

At the end of the par...t.r prtat-out. SIMLAI will ask,

''Would you lib i ••truet1.. for par_tel' cit...., ..

It. poaitive r...... will renlt 1n priDtout ot the tollov1na in­

atnett.. for par_tel' ehaDae.:

Cl... ICl... A
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4,Z,Y • ADD AMOUNT Z TO COLUMN Y TOTAL

S,Y,Z • REPLACE COLUMN Y TOTAL WITH AMOUNT Z

6,Y,Z • CHANGE COLUMN Y TOTAL BY Z PERCENT

7 • STOP (PROGRAM TEDmATE)

8 • Pltun (ClJUEJfT PAlWmTER PRINT OUT)

These instructions refer to the SIMLAB data base. See Tablf 5.9 for a

_.ple data baH. In tbe data bu., variables are arranged

by sector number or row number (denoted X) and colUBn nu-oer (4enoted Y).

All users interactive variable. and parameters are In the data base where

tbey are labeled usina the same DOtation appearing in Chapter 3 of this

aanual. SDKLAJ users gust bave tbe correct data base in order to succe••­

fully MOdify paraaetera. Data bas.s can be obtained when arraaaing to

WJe SDfLAI.

The next q\uestioa la,

''Would you like to s.. a liat of tabl.s'"

A positive respoase aDd a COIIIU, followed by typilll in the I'W8bera

1-9, e~cb separated by a c~, will result in prlntout of the table

titles. This is for reference in anaver1q furtber questions.

"Would you like a list of the po.albi. ,roup!... of .c.-i.e

indicator. tut you can track?"

A positive r ••poa.. viiI result in pr1otout of a list of truncated

versl00a of the ei.ht tul•• 18 tbe SDILAI output. The ...el' cao ..itor

hi. 5taal.tloa run by eleetilll this option. At this piat. a positive

r.spooae ODly .eta the list for ref6reece.

At tlli. peiDt the lafonatioo r_ti. 1. exhausted ad. tbe

cOAtrol ....K '''1'1....e._:
-WOUd )'OU 11... to ace.. f.tv8 optl.. of ID&AI'·
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Table 5.9. Computer Print-Out of Selected User-Modified Parameters in SIMLAB.
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Users should make a positive response only if they have arranged

for a special version of S~B. Otherwise, there will be nothing to

access. A negative response will suppress the following questions:

"Do you want to run SIMLAB for baseline tables?"

"Would you like to printout the XD calculation?"

nWould you like to print out PCEIMP?"

"Would you like to print out BUSINC?"

"Would you like to print out the GPCF calculations?"

"Would you like to use the exogenol's final demand vector to make

a special computation?"

"Would you like to make a special multiplication of a transposed

Leontief matrix?"

''Would you like to exclude capital constraints?"

"Would you like to print out the demographic.s? II

"Would you like to print out the constraining and forecasted gross

Outputs?"

"Would you like to see the population calculations?"

"Would you like to freeze earnings in declining industries rather

than debt financing?"

These queries are intended for user specified problems. The user

must pre-arrange their use so appropriate modifications to the control

module and/or the underlying model can be made. The normal query

sequence resumea with:

"What region would you like to simulate? Type in the number which

represents that region"

A list of available regions is then printed out.

"File n&llle?"

•



•

..

User must respond with a file name if he wants to preserve his

SIMLAB output for later reference.

"Would :vou like to see the data base?"

At this point the user has selected the region of interest. A

posit.ive response to this question will result in data base printout.

The user who wants to modify variables and parameters will almost

certainly want to see the data base.

"What tables would you like to see?"

This question is redundant if the U$er has accessed the informa-

tion module.

"How many years would you like to simulate?"

The user must type in a number.

UHow often do you want to modify parameters?"

!heuser types in a number representing the number of years to his

first parameter change only. He is given another opportunity to answer

this question before the run resumes after the first parameter change

is made, if he elects to continue the run as explained below.

S~8 will now run for the shortest period of time specified in

response to the last two questions. The answers to both questions must

be integers less than fifty representing calendar years; and the answer

to the second question must be an integer smaller than the answer to the

first question. If, no parameter is to be modified, the answer to the
,

.econd question is zero. typed in as O. Tf this response is given, the

SIMLAB run automatically comn~nces.

After the run is compl~te, the user is presented with the following

•

series of questions:

Year XXXX bas been reached

Would you like to see the new data babe? (yes or no)
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no

Save new data base?

No

Continue run?

No

It has been a pleasure t~ play with you

Thank you. have a nice day

Stop

The "no" answers illustrated here have the effect of terminating the

simulation run. Should the user want to save the data generated during

simulation, he must have ready a file number to type in when asked

for it. If the user chooses to continue the run, he will be asked for

parameter modifications.

At any time, the user may abort the simulation run by typing in

the alternative in9tructions:

TERMINATED

or STOP

The user types in

BYE

to log off.

The SIHLAB data base 1s modified using the parameter change instruc­

tions lIbicb SIHLAB will print out on cOIIIIIland. These instructions are

used to manipulate SDKLAB according to user wisbes.

Upon gaining access to SIHLAB the user must first respond to the

SIlfLAB queries explained in Chapter 5. The query sequence can vary.

depend1n& on user responses. Provided the SIMLAB run 1s not terminated.

the UMr 18 p'resented with the query. "What par,Uleters do you want to

lI04Ilfy?" Tbta query i.pres.nted each time tbe user has pre-indicated

•

c
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•

•

•

in response to the question "How often do you want to modify parameters?"

For example, suppose the user has responded to this question with

the answer, "S", indicating that he wishes to modify parameters each

five years, beginning with the base year.

SIMLAB then waits for instructions. For example, suppose the user

wishes to modify the 1970 to 1980 rate of change in output per worker

for the Construction sector which is sector 8. The user examines the

data base until he locates the variable OUTPWKR. (The reader should

now look for this parameter in the sample data base included with this

appendix.)

This variable appears in the SIMLAB data base, which is segmented

into blocks of data. The parameter change instructions (see, pp. 99)

refer to these blocks. Thus, OUTPWKR occurs in a block with the var­

iables EMPLOY and OUTPWKK. The rate of change in OUTPWKR for the con­

struction industry for 1970-80 is variable number 57 (see the list of

variables pp. 95-99). This variable occurs in column 3 of its partic­

ular data block. If the user wants to change this variable from its

present value t which is .04830, ';0:. say, .05001, the appropriate in­

struction 1s:

57, 2, 8, 3, .0~OOl

The other parameter change instructions are implemented in ;-the S8me

way. After the parameter change instruction, the user must type in a

zero (0) indicating that no further changes to variable 57 will be made.

The user 1s then free to specify changes to another variable if he wishes.

When all changes are complete, the user types in "yes" vb-icb indicates

that the run is to continue until the next pre-selected stop.

SIKLAB users will quickly discover that laying out all query re­

.pons.. an.d.paraaeter chanae instructions on paper ~efore computer
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hnuk-uJl is the best wa.y to proceed s'i nee some mistakes will be a.voided

mlo computer costs reduced. Cost for a single SIMLAB run of 25 years

may reach 30 dollars (1979) depending on the amount of paper used in

printout. The print command (see page 99) is instruction number 8.

Potential SIMLAB users should practice creating their simulation scenarios

on paper using the sample data base included in this manual.

•

•

•




