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Abstract

A macro economic modelling technique is presented in
which continuous closed loop cash flow betwsen economic
blocks is defined in terms of linear and non-linear trans-
fer functions. The economic system is postulated to be a
continuous system from the macro point of view, though
solved discretely at the end of each time step. Non-linear-
ities are identified and defined mathematically by logic
switches and distribution functions. Cash flow versus time
is the principle solution parameter; cash rates and cash
levels are readily converted to the real parameters of
interest such as the number of jobs created/eliminated,
amount of raw material and energy used, number of new cars,
aircraft, or homes built, etc.

The effects of govermment spending on the U.S. aero-
space economy is used as an example to illustrate modelling
and programming techniques. Six basic FORTRAN subroutines
are used for computing cash flow and display of the results.
Model results agree with empirical data: between two and
three jobs are created in the service and consumer goods sec-
tor for every primary and secondary job created in the aero-
space sector; 55,000 aerospace workers are unemployed when
a billion dollar per year govermment spending program is
terminated; the economy inflates '"naturally" at a rate of
5% per year and at a peak rate of 10% per year during mas-
sive goverrmment spending; the economy is.damped fairly
quickly - within 3-4 months when goverrment aerospace spend-
ing is terminated. The most interesting result of the exam-
ple program is the '"natural" occurrence of inflation, which
is due, in this model, to the creation of commercial paper
within the corporate banking and accounting system.

Disclaimer

This paper is presented in the interest of demonstrat-
ing how techniques used for integrated system analysis may
be applied to macro economic simulation. Conclusions made
by the author as to the nature of the U.S. economy and Gov-
ermment economic policy are his own and in no way reflect
U.S. Govermment or U.S. Navy thinking.

Introduction

From the macro point of view, discrete variations and
non-linear discontinuities in economic systems appear as
continuous lumped parameters. This is due in part to the
manner in which statistical economic data is collected, but
this is due mathematically to the sum of a large number of
discrete elements assuming an integral form,
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in which f(x) is continuous or, in the worst case, piecewise
continuous. This implies that tle techniques, methodologies,
and system analysis methods used in the closed loop simula-
tion of continuous physical systems may oe applied to macro
economic simulation. The methodologies include numeric in-
tegration, signal flow analysis, linear and non-linear trans-
fer functions, and multivariate function analysis.

Modeling

A macro model is defined by naming its constituent com-
ponents, listing the input/output transfer functions of its
components, and identifying real, logical, and information
links between components. The cholce of model components is
often dictated by the sources or forms of data available for
initialigzation of the model. The anatomy of the model is
also determined by its intended use, output requirements,
and the assumptions which necessarily must be made.
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Validation criteria also must be considered when con-
structing a macro economic model; the model should be con-
figured in such a way that the model can be validated. It
is expected that the model will be changed and improved as
a result of validation tests.

The development process for a macro economic model is
outlined in block diagram form in Figure 1. This is a
closed-loop model optimization process which may be summar-
ized as:

1. Definition of the economic system to be modeled.

2. Listing of desired and necessary assumptions to be

made about the economic system and about the model.

Listing of criteria which must be met for the

model to be considered valid.

Definition and identification of the data base.

Definition of the macro model.

Programming of the model.

Testing and exercising the model.

Evaluation of model results.

. Redefinition of the model, data base, validation
criteria, model assumptions, and economic system.
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These are described in more detail in sub-sections below.

1.0 Economic System Definition

The economic system to be modeled must be defined and
identified in terms of its primary and secondary macro units.
The availability of data heavily influences the identifica-
tion of macro economic blocks in the simulation model; how-
ever, this should not influence the identification of "real-
world" economic system blocks for which no data or very ob-
scure statistics exist. The first attempt at a system defi-
nition is usually not a problem because the modeler usually
has a good idea of what it is he wants to simulate. It
may, however, be necessary to redefine the system being
simulated as a result of validation testing to postulate
artificial economic conditions or to place qualifications
on use of the model. This is handled in part by the next
subsection.

2.0 Listing of Model Assumptions

Certain assumptions must be made about the economic
system and its model in order to model it with Macro units.
The most important assumption is that macro models can be
used for economic systems and subsystems. This is a test-
able assumption; the responses and interactions of macro
subsystems can be observed and validated. Assumptions
about basic model data and transfer functions are not al-
ways testable, though these may be adjusted to "tune" the
model. The assumptions made in defining the economic
system and in constructing a model must be listed so that
the modeler and user are not led to make erroneous con-
clusions or extrapolations from simulation results. The
list of assumptions helps to validate the model by de-
lineating regions in which it cannot be expected to be
valid.

3.0 Validation Criteria

The validation criteria are used to test the model
for validity and to aid in the preliminary construction
of a valid model. The criteria will change as the model is
debugged and improved. These criteria specify (1) the
form the model must have and (2) the tests the model must
pass to be acceptable to the modeler and user. The purpose
of a validation is not necessarily to demonstrate exact
duplication of real world data for all possible economic
conditions, but to define sets of economic conditions for
which the model gives creditable results, to estimate how
much error the model produces in regions outside these
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Figure 1. Block Diagram of Model Development/Optimization Process.

conditions, and to define regions -here the model is in-
valid or "hopelessly wrong". Validation criteria should
be selected with this in mind.

L.0 Data Base Definition

The definition of a data base for macro economic
models is the most difficult task in model development
because first, data sources must be searched; then, be-
cause data is seldom in the form required for a model,
transformations must be done on the available data to
put it into forms usuable in the simulations; and, rea-
sonable guesses and assumptions must be made about data
wnich is non-existant; these assumptions will be open
to question when the model is exercised. The data base
comprises gross statistical data on economic units, trans-
fer functions for macro blocks (multipliers, multivariate
functions, statistical tables and distribution functions)
and values for initialization of the model. If the model
contains adaptive elements (blocks whose structures or
transfer functions are changed or logically switched
while the model is run), decision tables may also have
to be defined.

During modeling and validation testing, it often
becomes apparent that the data base is inadequate and
will have to be redefined. In fact, the data base is
never constant and will change adaptively as the model
is exercised at new economic conditions. The biblio-
graphy contains a list of statistical sources useful
for macro economic data bases.

5.0 Macro Model Definition

The model is determined by the definition of the
economic system, requisite assumptions, validation cri-
teria and the data base. A block or signal flow dia-
gram is a common method for documenting and visualizing
the model, especially for continuous flow parameters.
Macro blocks and external gains or transfer functions be-
tueen blocks are shown on the block diagram with logic
and internal functions listed separately; the external
connections, alone, between macro elements tend to create
a complex diagram.
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Figure 2. Example of a Simple Three
Element Macro Model.

The format of a diagram is shown in Figure 2 for a
simple macro model of a three-macro block economy which
consists of a consumer industry sector C, employee sector
E and govermment sector G. Arrows between the blocks de-
note linear transfer functions (constant multipliers)
which indicate what percentage of a block's input is
passed to another block. For example, all employees in
block E transfer an average of 25% of their salaries to
the govermment in income taxes; the remaining 75% is all
spent in the consumer industry. The govermment spends
807% of its cash income in the consumer industry sector
and 20% on paying its employees. The consumer macro
model is more complex: the consumer industry is permitted
(assumed) to make a 10% profit on its gross; half of this
is turned over to the govermment as income tax, the other
half is returned to the consumer industry block as re-
investment; the consumer industry is assumed to spend
S0% of its gross on other consumer purchases within itself
and the remaining L0% is paid to its employees. The equa-
tions for this simple model are therefore,



C(tl) = .55 C(to) + .75 E(to) + .8 G(to) (2)

G(tl) = .05 C(to) + .25 E(to) 3)
E(t)) = .4 C(ty) + .2 G(ty) “4)
t = g+t (5)

where,

t_ is the initial time,

At is the time interval or time-step at which the
model is recomputed

and t is the new time at the end of the time interval.

Equations 2-5 are initialized with data for C(ty), E(ty),
G(to), ty» and At, and are then recomputed once for each
pass or time interval.

6.0 Model Programming

Models are usually programmed sequentially, with one
block computed at a time, until all blocks are computed,
then time is stepped and the blocks are recomputed. The
programming task is simplified if subroutines are con-
structed for ccmputing blocks which have similar struc-
tures. The size of the time-step depends upon the rate
at which cash or goods are transferred and accounted in
the system. It may be desirable to have blocks computed
at different rates and time-steps to allow for realistic
economic transfer rates.

Routines for sampling, printing, and plotting data
are necessary for output display. Examples of output
routines and block subroutines are given in the example
program.

7.0 Model Trial

Testing and exercising the model initially locates
bugs and instabilities; as the model is exercised over
extended conditions its validity may be tested to extend
its credibility. The test, evaluation, and validation
of a model is a continuing process which is expected to be
repeated with the application of new sets of conditions
as the model is used.

Models may be validated in two ways: (1) test at
one given set of economic conditions, or (2) test at sets
of economic conditions which bracket the region within
which the model will be exercised. The second method
appears to be more desirable from a users point of view,
however, it entails considerably more work than a single
test and in some cases there is only enough validation
data for one economic condition, and the first method is
forced. Use of the single test method implies that
reasonable extrapolations will be made from the test set
of conditions to sets at which the model is exercised.
Due to the non-linear nature of economic systems the
validation conditions for the first method should be
chosen fairly close to the expected exercising conditions.

8.0 Evaluation

In evaluation, results of model runs are compared
with the validation criteria. The overall response of the
model is also noted and new validation criteria developed
to evaluate unreasonable responses. The evaluation
determines the credibility of the model and delineates its
valid response regions. Output data is analyzed and
interpreted.

As a result of evaluation, the model, validation
criteria, assumptions, and system definition may have to
be redefined; this is discussed in the next sub-section.
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The purpose of a validation should not be to prove
that a model exactly simulates the response of an economic
system, but should be to define the regions in which the
model may be exercised and with what degree of credibility;
a validation should also delineate the regions in which a
model is invalid so that a user is appropriately warned.

9.0 Redefinition

During evaluation it often is realized that the wrong
data has been used in the simulation model and that more
data or new data must be obtained. Better methods of
modeling occur to the modeler during evaluation and the
model is then redefined.

New and better validation criteria also occur to the
modeler during the evaluation phase and these will have to
be redefined. Basic assumptions made about the model and
the economic system may have to be adjusted and finally
the economic system itself may have to be redefined. The
process shown in Figure 1 is a closed loop process which,
with recursive repetition, can result in convergence of
the model to an optimal form. For complex models each
trip around the development loop is expensive and the
number of optimizations and redefinitions may have to be
limited by time or money to one or two; the resulting model
may then be adequate but sub-optimal.

Example Program: The Effects of Government Spending Upon
the Aerospace Economy

Secondary effects on the U.S. economy due to multi-
billion dollar government spending is a popular subject for
speculation among politicians, economists, and the public
in general. If the government spends three billion dollars,
on say, a space shuttle program, the effect on the economy
is expected to be multiplied as the prime contractors pay
money to their employees and secondary corporations who in
turn pass money on to others. Any government spending
program will certainly cost the government less than the
initial appropriation because of the cash return in income
taxes from the principal recipients, but exactly what the
over-all return will be is difficult to predict from
current data on the U.S. economy. This is due to the
intermixing of extraneous economic effects, that is,
effects which are exogenous but undefined for our problem.
In a simulation model we can segregate these effects and
examine only those sectors of the economy in which we are
interested: in this case, the aerospace sectors. Pro-
gramming the model on a computer, we can perform ambitious
economic and social experiments in time spans of a few
seconds and make predictions of economic effects or, at
least, trends.

The purpose of the example economic simulation model
is to answer the following questions:

1. What are the secondary economic effects of
government spending in aerospace programs?

2. How many jobs are created when the government
initiates a multibillion dollar spending program?

3. What is the over-all return to the U.S. treasury
in income taxes?

4. What are the inflationary effects of government
spending?

5. 1Is there a spending strategy whereby the govern-
ment can maximize economic benefits to the
taxpayer while minimizing deficit spending?

6. What are the long-term effects of regulatory
mechanisms such as increasing/decreasing the
income tax rate?

Model

A cash flow model was chosen for the simulation
because cash and account levels are easy to calculate, the
mechanics of cash flow are easy to visualize, and cash
flow is readily convertible into equivalent parameters,
such as number of jobs, number of cars produced, kilowatt
hours of electricity, tons of raw material, etc. The model
is MACRO; that is, all aerospace corporations are grouped



into one block, all subcontractors are in another block,
all consumer companies are in another block, etc. The
cash flow model is constructed by diagraming the pro-
portion of total cash input that each block receives from
other blocks in the model. The blocks in the current
model are:

Aerospace companies

Subcontractors

Raw material and power companies
Electronics and machinery companies
Consumer companies

Banks

Savings and Loan accounts

U.S. Treasury

Aerospace employees

10. Subcontractor employees

11. Resource and power company employees
12. Electronics and machinery employees
13. Consumer company employees

14. Banking employees
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The blocks are linked by transfer functions which may be
(1) constant coefficients, (2) functional coefficients of
a number of variables, (3) decision functions which
contain networks of tests to be done before the transfer
function is specified. The model blocks and linear
coefficient links are shown in Figure 3. The source or
input to the model is cash flow from the U.S. Treasury
into the aerospace industry at a rate of $1 billion per
year for three years. At the end of three years all
aerospace contracts are terminated, the cash input is cut
off, and the economic effects are observed. The model
output consists of cash levels of the total input to each
block. These are sufficient to provide monitoring of all
block outputs via the transfer functions and the con-
struction of accounts of particular interest, such as the
total number of jobs generated. Not shown in Figure 3

is the accounting system which monitors the model output,
and the bank account system, which computes savings and
loan accounts and determines whether corporate profits
are to be used to repay loans or be reinvested in the
corporate blocks.

Accounting

The major computing task of an economic model is not
concerned with the mechanics of the model (system cash
flow in this model), but with accounting - sampling
input and output parameters of the model blocks, computing
cumulative totals, converting cash to equivalent parame-
ters, and then displaying these accounts in tabular or
graphical form. Solution of the model is basically an
accounting task in which each block in Figure 3 is
solved sequentially. When all accounts have been
computed for one month, time is stepped by another month
and the accounts are recomputed. The program uses one
subroutine for each type of accounting done. The sub-
routines used are:

A corporate subroutine

An employee subroutine

A bank account (savings account) subroutine
A corporate loan subroutine

A list (table-generating) subroutine

A plot (printer-plot) subroutine
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A subroutine is called for each block in Figure 3, except
the U.S. Treasury block, which is computed in the main
program. Subroutine arguments include input expressions,
identifiers, plot symbols, and scale factors. The main
program and its subroutines are shown in Figures 4-10 and
described in sub-sections below.

Main Program

The main program, Figure 4, is run four times - once
for each of three sets of 11 parameters which are listed
as the program is run and once again to plot 47 parameters.
This is done to minimize the amount of storage required.
Data for these parameters could have been stored during
One pass and then output at the end of a run in the form
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of lists and plots; the number of data points accumulated
would then be equal to the number of parameters separately
listed and plotted multiplied by the number of time

frames. List headings, plot titles, and plot symbols are
read as data by the main program. Accounts are initialized
by the main program and subroutines are called to compute
corporate blocks, employee blocks, private bank accounts,
corporate loan accounts, list output parameters, and make
printer plots. These subroutines are described below.

Corporate Block Subroutine

The subroutine for computing corporate blocks,
SUBROUTINE CORP, is shown in Figure 5. This subroutine
computes total block cash gross, taxable income, and
profit, and stores these in FORTRAN identifiers used in
the subroutine arguments. Also computed in the corporate
block subroutine are maximum gross corporate profits and
the printer plot symbol positions for corporate gross and
profit. Arguments used in calls to the CORP subroutine
are:

TOTIN - FORTRAN identifier where total gross input
to a corporate block is stored.

TAXINC - A FORTRAN identifier where taxable
corporate income is stored.

TAXIN - A FORTRAN expression for gross income
whose profits are taxable.

CNONTX - A FORTRAN expression for cash inputs to
the corporate block which are non-
taxable.

PROFIT - A FORTRAN identifier where corporate
profits are stored.

CMAX - A FORTRAN identifier where maximum gross
block cash input is stored.

PMAX - A FORTRAN identifier where maximum profit
value is stored.

NCORP - An integer number which identifies a plot

array element for the corporate block
gross input. The plot array is L.

NPROF ~ An integer number which identifies a plot
array element for corporate block profit.
The plot array is L. The plot symbols
for L(NCORP) and L(NPROF) are stored
respectively in LS(NCORP) and LS(NPROF).

Employee Subroutine

SUBROUTINE EMPL, the employee subroutine shown in
Figure 6, computes the income of the employees of a
corporate block and stores it in the FORTRAN identifier
used in the subroutine argument. The peak income is also
computed and the position of a plot symbol for the
employee block is computed. Arguments used in the EMPL
subroutine are:

EMP - TFORTRAN identifier for corporate
employee block.

TAXIN - TFORTRAN expression for employee block
income.

EMAX - FORTRAN identifier for storage of peak
income value.

NPLOT - Number to denote an integer array element

where the plot symbol position for gross
block input is stored. This array is L.
The corresponding plot symbol is stored
in the array LS. L and LS are both in
dimensioned COMMON.

Bank Account Subroutine

This subroutine, Figure 7, computes the value of
employee bank accounts and the banks' own accounts.
Interest is credited to accounts monthly. Total bank
account level, account totals for two employee groups,
the level of banks' own accounts and maximum levels of
account totals, accounts of the two employee groups, and
banks' own accounts are computed. Arguments used in a
call to SUBROUTINE BANKAC are:

ACIN - TFORTRAN identifier where total net value
of all bank accounts is stored.



AEMP - TFORTRAN expression for monthly deposits
of first employee group.

BEMP - TFORTRAN expression for monthly deposits
of second employee group.

AEAC - TFORTRAN identifier where account level of
first employee group's accounts is
stored.

BEAC - TFORTRAN identifier where account level of
second employee group's accounts is
stored.

BAC - A FORTRAN identifier where account level
of banks' own accounts is stored.

BP - FORTRAN identifier where bank profits are

stored. Bank profits are computed in
SUBROUTINE CORPAC.

ATM - FORTRAN identifier where the maximum net
total of all bank accounts is stored.
BAM - TFORTRAN identifier where the maximum

value of employee group and banks' own
accounts is stored.

Nl,N2,N3,N4,N5,N6 - Integer numbers which identify
plot array elements for bank account
values. The plot array is L. Plot
symbols are stored in a corresponding
array LS.

Corporate Account Subroutine

This subroutine, SUBROUTINE CORPAC, Figure 8,
computes corporate loan balances and adjusted profits for
each corporate block. It also computes bank profits,
scales loan balances for plotting, and computes plot
symbol positions. Arguments used in SUBROUTINE CORPAC
are:

BIN -~ FORTRAN expression for total cash input
to banks and available for corporate
loans.

BP - FORTRAN identifier where bank profits are
stored.

CL,DL,EL - FORTRAN identifier where monthly

amounts loaned to three respective
corporate blocks C, D, and E are stored.

CLT,DLT,ELT - FORTRAN identifier where loan
balances, for corporate blocks C, D, and
E are stored.

CP,DP,EP - FORTRAN identifier where corporate
profits adjusted for loan payments are
stored.

BINMX - FORTRAN identifier where maximum monthly
amount available for corporate loans is
stored.

ALM - FORTRAN identifier where maximum monthly
amount loaned to a corporate block is
stored.

ALTM - FORTRAN identifier where maximum corporate
loan balance is stored.

PM — FORTRAN identifier where maximum corporate
profit is stored.

BPM - FORTRAN identifier where maximum monthly
bank profit is stored.

N1,N2,N3,...,N11 - 1Integer numbers which denote an
array element in the plot position array
L. The corresponding plot symbols are
stored in array elements LS(N1), LS(N2),
LS(N3), ., LS(N11).

Listing Subroutine

SUBROUTINE LIST, Figure 9, prints one line of text
containing the month number and parameter values of 11
FORTRAN variables used in the subroutine arguments. This
subroutine is called once for each pass through the
computation sequence in the main program. When called,
its arguments may be variables or FORTRAN expressions.
The use of expressions in the argument list permits the
output and display of parameters which are not otherwise
computed in the program. Headings and titles for the
listing are created by the main program.
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This subroutine, shown in Figure 10, generates plots
of 47 variables on a line printer. The number of variables
plotted is only limited by the number of FORTRAN symbols
available. The column position of each plot symbol is
computed either in the main program or in one of the block
subroutines and stored in the array L. The plot symbol is
stored in a corresponding element of the array LS. Plot
headings are generated by the main program.

Model Results

The output of a model run is shown in Figures 1ll- 1h.
One billion dollars per year is input to primary aerospace
corporations for three years at a rate of $83-1/3 million
per month. At the end of 36 months, government aerospace
spending is terminated and the effects on the economy
noted. The list in Figure 1l shows the job market break-
down and the monthly cash flow to banks from employees.
The employees of prime aerospace corporations and their
subcontractors feel the effect of spending termination
immediately: at the end of four months, everyone is
unemployed. The consumer industry feels the effect at the
same time and 30% of the new jobs created in the consumer
sector are eliminated. The damping rate is not as great as
in the aerospace sector because the consumer sector is able
to maintain itself and the employment level steady states
out to 5,550 permanent new jobs created and self-maintained
in the consumer, raw materials, and machinery industries
as a result of the government spending program. At the
peak employment period 281,900 jobs were generated; 55,000
of these were in aerospace, 145,000 were in the consumer
industry and the remainder were in the raw materials,
electronics, machinery, and banking industries which
support both aerospace and one another. The model predicts
an average of 2.6 jobs created in the consumer sector for
every aerospace job. Employees of the consumer industry
are therefore the real beneficiaries of government aero-
space spending; this is reflected in the net bank savings
and income tax figures for this employee group. After the
cash input to aerospace corporations is terminated, cash
continues to circulate within the consumer, raw materials,
and electronics and machinery industries which operate at a
lower cash flow rate and finally achieve a steady state
where the economy is self-maintained. Despite the fact
that all corporate profits are used first to repay loans,
and second to reinvest in the industry, the corporate loan
balances for the consumer, raw material, and electronics-
machinery industries increase throughout the period the
model is run. As a result these industries show no net
after-tax profits. The income tax tabulations show that
the U.S. Treasury receives 2.23 times as much income from
individuals as from corporations, even though corporations
pay at a 50% income tax rate. (This agrees well with U.S.
Budget figures for the 1960's. The individual/corporate
ratio for 1970-1972 was about 3; this is probably because
corporations have declared lower profits for the recession-
ary period.) The figures for net cumulative income tax
return to the U.S. Treasury show that the government
receives all the money back that it originally spends along
with an additional $.7 billion; this money is not free; it
has been obtained at the expense of borrowing the original
$3 billion and inflating this amount by $.7 billion. The
average inflation rate for the first 36 month period is 5%
per year, but has reached a peak rate of 10% at the end of
36 months. The average inflation rate over a 5 year
period is 4.8%. The only inflation source in this model is
within the banking model which recirculates money deposited
in accounts to the consumer, raw material, and electronics
and machinery industries in the form of loans. A 4%
interest on accounts is credited to the accounts and paid
in paper money backed by commercial bonds; 25% of this
interest is paid to the Treasury as individual income tax.
The banks realize a 2% paper profit on money loaned (this
is the difference between the prime rate and the deposit
dividend rate); half of this is paid to the U.S. Treasury
as corporate income tax and the other half is loaned out
and recirculated in the model. The rapid recirculation of
deposit and loan money results in the creation of addi-
tional jobs and higher cash flow in the consumer, raw



material, and electronics and machinery blocks. Infla-
tion results because paper money is created in the banking
system. Attempts were made to control or decrease the
inflation rate by adjusting the individual and corporate
tax rate upward. Increasing the average individual in-
come tax rate to 50% results in an average inflation ratc
of 2% over the first three years. Increasing the corpor-
ate income tax rate to 70% results in an average inflation
rate of 8% over the first three ycars. One interpreta-
tion of this high figure is that corporations pass higher
costs on to the consumer. In this model, the higher
inflation rate, as measured by the Treasury return,

occurs because money is returned to the Treasury sooner;
corporations maintain their 10% profit margin which would
result in higher costs being passed on; employecs receive
the same proportions of corporation gross cash inflow and
therefore banks deposit and loan the same amount of money,
but corporations are unable to pay off their loans as
rapidly as with a lower tax rate. Increasing the
individual income tax rate does lower the inflation rate
but does not control it. In this model, the source of
inflation is in the banking system. To control inflation,
the banking model must be adjusted. This is the topic of
a separate study.

Bibliography

T.F. Dernburg and D.M. McDougall. Macroeconomics.
McGraw-Hill. 1960.

U.S. Department of Commerce. Statistical Abstract.
Annual. (See bibliography in "Guide to Sources
of Statistics").

U.S. Department of Labor. Handbook of Labor
Statistics. Annual.

U.S. Government. Economic Report of the President.
Annual.

RAW MATFRIAL
AND POWER

ELECTRONICS
AND MACHINIRY,

EA

AOSPACE
EMPLOYEES

F

2] EE

ELECTRONICS
AND MACHINZRY

tC

CON-UMIR
COMPAKILS'
EMPLOYEES

U.S. AEROSPACE ECONOMY

FIGURE 3.

EXAMPLE MODEL.



MAINPROGRAM ECOP!F
INTEGER HEADN
DIMENSION HEADN(3¢33),LISTP(106)
COMMON MrL(47)LS(47)
PM=1U000.
DO 25U IC=1,4
IF(IC=3)10,10,20
1u  READ (501000) ((HEADN(I»J)»J=1933),121+3)
WRITE(6¢1010) ((ASADN(I»J) »J=1933),121+3)
WRITE(6r1u02)
GO TO uo
2u READ(5/,1020)LS
DO 30 I=1,40
READ(5/,1030)LISTP
3u WRITE(6,1030)LISTP
WRITE(6,1040)
4y M=0
C ZtRO ACCOUNTS
A=0.38=0¢$APZU.3ABP=0,5CL=0.CLTZU.3$CP=0,5DLT=0,%DP=0,%E=0.350L=0,
EA?uasEB=u.$EC=0.$Eu=0.sEE:O.SEF=0.$0PF=0.$EL=0.%EP:O.SELT:O.sBP:U
usT=0,
BAC=0.
AEAC=U,
BEAC=U.
CLT=0,
pLT=0.
ELT=0.
AIN=1,0E09/12,E00
Sy M=M+1
IF(MeGT«36)AIN=0,
CALL CORP(A)AT+ATIN» «O5%A, APy AMX ) P¥X0T912)
CALL CORP(BiBTre3%Are05%BrABP»AMX¢PMXrB80s13)
CALL CORP(CrCTre675* (EA+EBH+ECH+ED+EE+EF) 1 CL4CP+,0NSKCLTICPyAMX,PMXy
$9,45)
CALL CORP(DsDVre1*x(A+B)4e2%C, ,0054«DLT+DP s AMXIPMXs10,45)
CALL CORP(E/ET/re1*x(A+3+C+D)+ ,24E+DL+DPFIEL+EP+.005%ELTPEPy AMX,) PMX,
$11r45)
C EwPLOYEES
CALL EMPL(EA» U4®AIEMX)1)
CALL EMPL(EBr.7¥39EMX,2)
CALL EMPL(EC» . 7%CoEMXy3)
CALL EMPL(EDe 8*NsEMX)4)
CALL EMPL(EE?.7*%E+EMX,5)
CALL EMPL(EF/r9%3PsEMXs45)
C NUMBER OF J0BS
AN=EA/1000,
BnN=c8/1000.
CN=EC/1000,
DN=EQ/1000,
EN=EE/1000.
Fiv=eF/71000.
TNZAN+BN+CN+ON+EN+FN
ETZEA+EB+EC+ED+EE+EF
EMX=AMAX1 (EMX/,ET)
L(B)=1.+124,*ET/EMX
C BANK ACCOUNTS, LOANS, AND CORPORATE BALANCES
CALL SANKAC(ACIN, 075%(EA+EB) ¢ ,075% (EC+ED+EE+EF) »AEAC)3EAC,BACY
$BP»AIM)BAMI19+17,18+20+21+39)

CALL CORPAC(ACIN »BPoCLeDLPEL)CLT»OLT)ELT/CP+DP »EP,3INUX,
SALMyALTMIPM,BPVM 14591 45,22023¢2493R925¢269114915,16)
DPF=0P

C INCOME TAXES
TAXINUZ +25% (EA+ER+EC+EN+EE+EF) +.N1x (AEAC+BEAC) /12,
CORPTAZ05% (AT+BT+CT+DTH+ET+.n2*ACIN=0005% (CLT+OLT+ELT))
USINSTAXIND+CORPTX
UST=ZUST+USIN
TRMX=AMAX1 (TRuX»UST)
TMAXZAMAX1(TMAXe» TAXIND,»CORPTY)
L(27)=1.+1244«TAXIND/ TYAX
L(28)=1,+124+%CORPTX/ TAX
L(29)=1.+124+%xJST/TRMX

FIGURE L. MAIN PROGRAM. (CONTINUED ON NEXT PAGE.)



GO 10 (10yr1lurl2ueldy)eIC
100 CALL LIST(ANPG Irmile ONySNPF IrTay V7S (TA+T3) » o U75#ECr e 0TS¥ENr o UTSHE
$E)
50 10 2u0
11¢  CALL LIST(AB»CensErCLADLPEL,CLTPOLT L)
50 TO 2uL
ey CaltL LIST(APtn3P,CPrDRPIEPI 3P, 25% (EA+E3) s, 25% (ECHEN+EE+EF) y TAXTIND,
*UST,UST)
Gu TO 2ob
130 Calu pPLOT
20y IF(4=06)50r25ur2U
250 CONilnie
1U0U  FORWAT(1BAL/15A4)
100¢  FORWAT (1HY)
101y FORMAT(33A4)
102U FOURWAT(4T7AL)
1030 FURMAT(16A%)
104U FORMAT(LHUPSHWONTH» 100 (1H) p 26 (1HL))
STOP

FIGURE L. MAIN PROCRAM. (CONTINUED FROM PREVIOUS PAGE.)

SUBROUTINE CORP(TOTIN, TAXINC, TAXINsCNONTX,PROFITsCMAX)PMAX»NCORP,
SNPROF)

COMMON MeL (47)9LS(4T7)
TAXINC=TAXIN
TOTINZTAXIN+CNONTX/ 9
PROFIT=.05xTAXIN

CMAXZAMAX1 (CMAX» TOTIN)
PMAX=AMAXL (PMAX»PROFIT)
LINCORP)=1+1244«TOTIN/CMAX
L(NPROF)=1,+4124, «PRUFIT/PMAX
RETURN

TAXIN TOTIN

CNONTX

CORPORATE SUBROUTINE AND MODEL
FIGURE S
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SUBROUTINE EMPL(EMP»TAXIN/EMAX,NPLOT)
COMMON Me (47) 1 LS(4T)

EMP=TAXIN

EMAXZAMAX1 (EMAX» TAXIN)
LINPLOT)=1.+124¢xTAXIN/EMAX

RETURN

TAXIN

CONSUMER

INDUSTRY

EMPLOYEE SUBROUTINE AND MODEL

FIGURE 6.

SUBROUTINE BANKAC(ACIN,AEMP+BEMP+AEAC/BEAC+BAC/BPyAIM/BAMyNL1IN2/N3
SoNY P NSIN6)

COMMON MrL(47)oLS(UT)
ACIN=AEMP+BEVP+,(05%BP
AEACZAEAC+.03+4AEAC/12,+AEMP
3EAC=BEAC+,03+BEAC/12,+BEMP
BAC=BAC+.05%8P
AIM=AMAX1(AIM,ACIN)
BAM=AMAX1(BAM)AEACBEAC,BAC)
LIN1)=1.+124.¢ACIN/AIM
LINZ)=1.+1244«AEMP/AIN
LINS)=1.+124.«BEMP/AIM
LING)Z1.+124.+AEAC/DAM
L(NS)=1.+124+%BEAC/BAM
L(No)=1.+124.+#BAC/BAM
RETURN

BANK ACCOUNT SUBROUTINE

FIGURE 7.
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SUBROUTINE CORPAC(BL1M,2PeCLINL,EL/CLT+DLT»ELT¢CP/DP/EP»BINMXsALM,

SALTMePMeBPMyNLIN2eN3»NU»PNSPNEIP N7 NBrNI,N1Q»N1L)
COMMON MrL(4T7)pLS(U4T)
CL=.7*3IN
DL=.15xpliy
EL=.15%BIN
CLYT=1,005%CLT+CL=CP
DLT=1,0U5%DLT+JOL-DP
ELT=1,005«ELT+EL=-EP
IF(CLT)10,20r20
CpP==-CLT
CLT=0.

G0 10 30

CP=U.

IF(ULT)IY0,50050
DP==0LT

pLT=0,

GO TO 60

OP=u.

IF(ELT)70,80080
EP==ELT

ELT=0.

GO TO 9u

EP=U.

CONTINJE
BP=.02%BIN/12,
BINMX=AMAX1 (BINMY,BIN)
ALM=AMAXL(ALMsAL,BLCL,DLPEL)
ALTM=AMAXL (ALTMsCLTPDOLT,ELT)
BPM=AMAX1 (BPM/,BP)
PM=AMAX1 (PMyCP»DPIEP)
L(N1)=1,+124.%3IN/BINVX
LIN2)=1,+124.+%3P/BPM
L(N3)=1.+124+%CL/ALM
LINY)Z1.+1244%0L/ALM
LINS)=1.+124.%EL/ALM
LIN6)=1,+124+#CLT/ALTY
LINT)I=1441244%DLT/ALTY
LINB)=1.+124%ELT/ALTH
LIN9)=14+1244%CP/PM
LIN10)=1.+124,%xDP/PM
LINL11)=1e4124,%EP/PM
RETURN

END

FIGURE 8. CORPORATE ACCOUNT SUBROUTINE.

SUBROUTINE LIST(C2+C3,C42C5+C6,C79CB1C99C10,C110C12)

COMMON MrL (47),LS(47)
WRITE(6910)MrC20C3+1C4,C50C60C7>C8,C9¢C10,C11,C12
FORMAT(I6,4Xr11F11.0)

RETURN

FIGURE 9. LISTING SUBROUTINE.

SUBROUTINE PLOT
COMMON MrL(47)rL5(47)
DIMENSION LINZ(126)
DO 10 N=2,125
LINE(N)=1H
LINE(1)=1H,
LINE(126)=1H.

D0 ¢0 Nz=1,47
LINECL(N))=LS(N)
WRITE(6r30)MrLINE
FORMAT(1X»13+12X2100A1,26A1)
RETURN

FIGURE 10. PRINTER PLOT SUEROUTINE.
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